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FEE b R MR R BT A SRR (3 8 AR B F IR IR RE T . DA HUR T R X EE AN ( Populus euphratica) HTFF
X4, I AT B R AE KRBT B D AR MR ST R KRR (GWD) M 157 & T BE PR 18] (AU 56 2R | 8 7% 914 XA s 1 52
FEEIREE 1A Al N R, S5 R 5 7 A D RE IR A AR SRR BE AN (9.20%—40.02% ) , MR FL(LA) ZE R BEE R K,
¥ &4 (LDMC) 51 A&kt (LWC) 28 AR BE R, GWD K6 B [ B R A A8 A AE , HHHEIRTE AR GWD =2
()22 5 3% (P<0.05) , 5 GWD 4K i 3 A3 (P<0.01), M HEIFL (SLA) (LA LWC 50T 8 (LDM ) S i 3 1IE M 56 (P<
0.01) , 5rHJEEE(LT) (24U (LTD) \LDMC 2 4% 3 1) 514 5 (P<0.01) ;LDMC 5 LT LTD,LWC 5 LA SLA 2} 3 IE
A& (P<0.01) , [ WA 730 o8 P fR 1] A AR Y7 S5 AU R 8 By T TR o s . %6 25 M1E 0 Fr 6 B LA (LT X} GWD 28 fk fe fill
J AT AR B 2 AR T - 52 552 085 X M T K R AR b, Bifi GWD FEAIK, #14% SLA (LA \LDM LWC 3/, i LT LTD,
LDMC 3, Hph g AR 4 R YRR A I BE 7 A0 F 90 B S A0 kg ARS8 1) B SR04 B R BE 0 A0 < B SR, 4 v T AR AR TR
AR A T RWR S A, AT o R XA IE B T /MY LA [SLA \LDM, K[ LT . LDMC \LTD % — &34 F T
IR AR AEAT SR A RIS SR 2 BE T AT SR AL A, 3 AT B8 S HGE B T R AU A BT A A A SR

SR A I RERIR R KR AR MR A AR A

Leaf functional traits of Populus euphratica and its response to groundwater

depths in Tarim extremely arid area

WEI Yuanhui, LIANG Wenzhao, HAN Lu, WANG Haizhen "
College of Plant Science, Tarim University, Alare 843300, China

Abstract; Plant functional traits, defined as morpho-physio-phenological traits, reflect the response and adaptation of
plants to the environment, and function as a bridge between the plant and environmental factors. In this study, we explored
how leaf functional traits responded to groundwater depth (GWD) and their interactions of P. euphratica growing in different
arid habitats, and examined the relationship between leaf functional traits and groundwater depths in Tarim extremely arid
area, in order to reveal the potential ways of P. euphratica in adapting arid desert environment. The experiments were
carried out at eight sampling points (50 mx50 m) with different GWD in the upper reaches of Tarim river, Xinjiang
Province, northwestern China in the summer 2019. Seven leaf functional traits of ten P. euphratica individuals in each plot
with stem base diameter (BDH) >10 c¢m were measured, and the GWD and soil moisture of each plot were measured. We
then carried out one-way ANOVA and Duncan tests to assess differences in leaf functional traits (specific leaf area, SLA;
leaf area, LA; individual lamina mass, LDM; leaf water content, LWC; leaf thickness, LT; leaf dry mass content,
LDMC; and leaf tissue density, LTD) under eight GWD. Pearson correlation and the stepwise regression were conducted to

determine the quantitative relationships between leaf functional traits and GWD. The results showed that seven leaf traits
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varied in varying degrees from 9.02% to 40.02% , while the maximum and minimum coefficient of intraspecific variation
were LA and LWC, LDMC, respectively. The leaf traits showed large variation along groundwater depth gradient. The leaf
functional traits had significant difference in the eight groundwater depths, and were extremely significant correlation with
GWD (P<0.01). LA, SLA, and LWC were positively correlated with LDM ( P<0.01) , but negatively correlated with LT,
LTD and LDMC (P<0.01). LDMCs were positively correlated with LT and LTD, and LWCs were positively correlated with
LA and SLA (P<0.01), which indicated that P. euphratica adapted to the harsh desert environment through mutual
adjustment and trade-off with leaf functional traits. Stepwise regression analysis showed that LA and LT were the most
sensitive to the change of GWD, and they could be used to indirectly diagnose the change of GWD in arid desert area. The
SLA, LA, LDM, and LWC of P. euphratica declined, on the contrary, the LT, LTD and LDMC increased with GWD
decreasing, which indicated that P. euphratica had changed from development strategy with high growth rate and resource
utilization to conservative strategy with enhancing nutrient storage and defense ability, broadening its ecological amplitude
and enhancing its fitness in desert adversity. In brief, P. euphratica formed trait combination with series of functional traits
in extremely arid area, such as smaller LA, SLA, LDM and larger LDMC, LTD, LT, which were beneficial to reduce water
loss, store nutrient and enhance drought tolerance. This may be its main ecological strategy for adapting to arid and barren

environments.

Key Words: Populus euphratica; leaf functional trait; groundwater depth; intraspecific variation; trait combination;

ecological strategy

AL L) R AR AR i 17 35825 A I X A4 285 2R R T BB A — 8 5% Al P TS 25 45 W R/ BRR 1 f Ae
VETC & AMEFNP A G E R IR VR e AR A G AT A4, T LASE 7 AR 25 2R G X BRBE AR 0l 7,
TR S Z MR EEA N ARSI REEAR b v AR A EA T A 1 TSR AR B
B LI REAS T, S A SRR A BRI R ] B A O SR G R D), MR (Can et T AR RS ) B R
0 4 Z5 T SR o A B AR AT o BUR  REAT USRI ) S [v) B3 2 Ao oy S LR 2SR L AR
DAFEAIFF PRGBS 466 J32 ) e 17 A% ) 75 TR, 22 80K PRV 7K 7 D RE P MA P S (R R 58 i MR 5 PR 5
T ZIA R OCFR AEAE ) Z RS [R) Wy b (] 14 22 5 5 T B 9% B — W b (R K1) BIFSE BB B0 B2 B Mtk ] 195G 3
A RLSE R G0 & T RRE I o™ B IR BT D RE MR AR A i 5 iy b R MR S PR R 22 [ 06 R
W Jrs o PRI AR5  Fe 35 DX A Ao e PR T 198 A B 0C 2R e HC B PR B 0 88 1) A8 A IR AT B TR 20 B e T A
W R AR AT KA BRMSCR 1T R B A A7 3 7 S W) B B (Y S ok 3 T R LA S VA 4 2 R SR e RE S
il 5 S 1) AR S PR PRI B S S

4% ( Populus euphratica ) SEMIFL (Salicaceae ) #J& ( Populus ) Hi iy & B2 R F R IR, |2 040 T35
AR 3y 5T DX B AR SR AR A R G RRE (AR A OCHERD T ARk M BT UL R RS K A BT T
KA 3R IRAAFEE AR, B A K M RTTARAE T BRI 44 09 BE AR . MR /KA T R 2 L 52
W EAAS BB A AR SRR OGS B R 7 . B, AN E B XA AR Sh A DA 5K o2k B b R K
DL R TGS A K IR IR VR F AR Oy T R IT T T ST AR R T R S B X A
THREHEIRS Hh T KA HH R 4 o b AT 5 28 S AR A7 SR g () I DLl o PR A SC AR BT | YA [)
TKABEHERZR A A AT G D BB S b B AR A i R RS R D RE IR AR B A B &R R
PFLUR SRR ) R R S 1 52 DXAAAZ - DO RE PRI 75 AT B S A R 7 B2 AR A R 34 SR I A o
T MR G 5 AR 2 SR A 35 o B iy R TR B PR 7 ok e ] R 1% o) R T Ay B B A A iy 5 S B IX A A A
RIS BRI S B s H A i AR SR R SR B AR

1 HREXHER
5 X 3l 57 38 B A 3007 , % X LAY I R Ay B A, X VR IR & 4R34 B BRI 5L
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2729.0 h 4 10.4 °C, = 10°CAERR 4340 °C 5 iR 2 40.6°C, o i IR B -23.4°C , AR IREK
i 48.5 mm , AFEHZE LI 1998.4 mm, ZIXE HELZRRKA, KPR FRE JEZCH I HRKE, XEHE
VIRETE S5 F B 0 TeE o )RG5 B B YR Z A AR M B, DL FEFP A% (Populus euphratica) | JKH
$ﬁ(Populus pruinosa) R B2 Z R ( Tamarix ramosissima) \%f’lﬂﬁ(Lycium ruthenicum ) E5E4 H
( Halimodendron halodendron ) . % B¢ ¥l ( Alhagi sparsifolia ) | 77 35 ( Phragmites australis ) . T & ( Glycyrrhiza
uralensis ) SHHY) , T IHERRUIAMA L (K L) |

2 MBERE

2.1 EPANEER A

ZHT A SIS AT I, eI BT 3 S B R AR A AR T A TR/ N R BT RO B ST R
CUE VO B B ST BT I, AR PSR VE 25 M 2 AR KA S5 3 R /KSR E IS VR (U, U,) B R (U,) (VDR
TEEL(U,) AT IR E I =3 (U, U, U, U E 50 m x 50 m FEHL 8 (3 1), RIHAHLBAZ T4:LL 5 m x
5 mONFEARPICHE TR R IC M0 F2 (DBH) >2.5 em A TRIR AW F R4 fie W S iE S bs, [
B, I SRR AR IR R MR A B A A S T

R1 TRERNHMBHERHE

Table 1 The quantitative characteristics of P. euphratica populations in different habitats

e (S T e b g andr
Plot Longitude and latitude depth/m Density/hm DBH/ em height/m crown/m branch/m
U, 80°57'49", 40°28'36" 1.5 416.3 15.86 7.33 3.31x3.18 2.15

U, 80°58'27", 40°30'04" 2.4 290.5 17.89 7.21 3.90x3.78 2.43

U, 81°09'10", 40°26'29" 3.3 171.3 18.04 5.76 3.47%x3.25 2.78

U, 81°59'43" 40°41'19" 4.6 120.2 25.92 6.91 3.20%x3.11 3.17

Us 80°23'35", 40°19'44" 5.3 268.1 18.11 7.45 3.42x3.52 3.48

Ug 80°24'14", 40°20'12" 6.5 252.0 17.59 7.80 2.94x2.86 4.06

U, 80°24'05", 40°19'54" 7.4 180.2 18.05 4.44 2.91x3.06 2.49

Ug 80°24'31", 40°20'16" 8.7 81.4 28.93 8.12 3.31x3.43 3.67

Uy 38R 1.5 m MU T /K3 ZREEHL The survey plot with 1.5 m groundwater depth in the source of Tarim river; U, ; &V 2.4 m Hb T K HEGAEHL
The survey plot with 2.4 m groundwater depth in the source of Tarim river; Uy : 7 145 3.3 m Hb T /KIEEREEH The survey plot with 3.3 m groundwater
depth in Nankou town; U, ; VPEEH Ti4H 4.6 m 1 N /K ZRFEHE The survey plot with 4.6 m groundwater depth in Shaherik town; Us: B FL$2EL 5.3 m
NKIERREHL The survey plot with 5.3 m groundwater depth in Awti county; Ug: P FCHEEL 6.5 m i R /KB EEFEHL The survey plot with 6.5 m
groundwater depth in Awti county; U,: FIFLHEE 7.4 m # F/KHERAEML The survey plot with 7.4 m groundwater depth in Awti county; Uy : BT FCHE R
8.7 mil F/KHEVRFEHE The survey plot with 8.7 m groundwater depth in Awti county; DBH; Diameter breast height

2.2 FHYIRE AN RAES T RE MR E

ARG, LA AT A/ IS (RS 0 A3, TOAEAR ) b vfo G R Y R i T e, AR 0L e it A e
W R KBRGRBR BRI e T ARAAE D) T3 PE A, AR AR /N (T /NS ) ] LR AR SR AR ) 2R A A ik S A
TFEATE, IR GV D | B S SR SRR A & I I s AN RS S o | AR B L 1 B 2R 5 i 2
Y5 S0 R IREE Al iR SRR AP 23, AR A /B R R I A LR B SRR ARV, I L R S, T RE
FLSLRAE AT M A )= i e 2 0SS AR ) X PR S5 A )W

R H] 2 2019 4F 8 A, U ALY AR KRR A sl H AW f ok, A Bk b BE AL e 1 A R B |
Joi HUE (9 10 A4S pik (DBH>10.0 em) R AR . AR SRARRRR e b L B 00 J] 7 1o B OIGE B AR R
U0 3—5 A YAR AR/ IS (CRIRTEZMAE) RS BT T AR5 39T A/ NSO H AR sV B o L 19 3 R it
PR A2 AT L4 [ AR AR BTV TR P TSy ol S 6 = A DA PR BE S P AT
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FERE ST 12 h 9 BCREAS 3 5 GEn F, skeTF i F J2 Jk, F T = RO 2 ik = ok o A 1 - v
AL IEEEE (2 A8 PRI R BE (LT) o 48 (Image R4 ) M & T AR (LA ) |, B S {7 KOF
(J15rZ—) FRitiy B 8 (LEM) |, B0 THEAE 105°C 47 30min ,80°CHE T 48 h( EfE &) , FrLAt +&
(LDM) , 31 L A (SLA = LA/LDM) -5 7Kt (LWC = (LFM-LDM) /LFM) -4 5t & & (LDMC = LDM/
LEM) FliH2H 2195 % LTD =LDM/ ( LAXLT) !+
2.3 MK S S K I

2019 4F 4—5 F PR FT— H T K20 (PVC 4,10 m) TR 30T W 0 A 3l 3l T~ 7K 2 828
fb, R KR (GWD) R A Fkmie" . 8 A A S A 2 A LM R FIE BUK S & (KM% ) , ik
b T A, i 43 ) AR EOKCRE N 0 B2 AN (PVC ), BB B R K
BEAEE P A UL, IS T AR ST % , 57 RIS 1 s B RO W 11 2 B 2B i F 2 g I 5 B Ay
TOKHRR . FYIRERCRESE T PR R X M A (5 D) REE A TR IE 1.0 m, 43 5 21 8 5ERE 20
em HUEAE ARG PR S0 % >R LTI (80°C) e HHE &K i (SWC)

2.4 BAEsHT

TSR RIS 7K SRR Y 5A A% i 2 B8 MR SR SRS 4, SR R K R 5 25 73 BT (one-way ANOVA) FlI
Duncan 1T 25 FLAL, Pearson AH 5G4 H8A 47 T e MR 22 18] B9 A B OC 28 K O b 7K BEIR B4 i 1 G 3R
FER B A S5 AT 5 8 7 b S /KRR (Ve ) THEDIREMEIR (X) O R AEAY i ) X6T 1l 7K 5 8 g 7
FERHHIR . e R FH SPSS 19.0 5%, A Origin 2018 7E .,

3 ZBRES

3.1 Hb R OKIRVRER BT SR R

22 A0 R i T SR X 8 N T KSR TS M 7 T B & &L (LDMC) (ML (LA) | Heit
AL (SLA) WEEE(LT) (T8 (LDM) (HHHZUR B (LTD ) LA S B & 7K & (LWC) - ¥{E 73510 0.399 g/
2.15.004 cm” 78.775 ¢cm*/g.0.371 mm .0.184 g .0.358 g/cm’ F160.22% , $AM M AR A 728 5 22 50 s B
YN LASLDM>SLASLTD>LTSLDMC>LWC, Hid LA 1 LDM 728 SR EE 85 ( >30% ) , SLA LTD A1 LT 748 7 74
BEJEH (15%<X<25%) ,LDMC \LWC ZZ SRR (<15% ) , 0] LA X T 7K 33 RAR b i fusk

F2 PHEHAEROERFE
Table 2 The variation of leaf traits of P. euphratica

DI IN FoRAE e/MHE LREIVR S-S v O 22 5 5 FRE %
Functional traits Maximum Minimum Median Mean+SE Variation coefficient
M A Leaf area /cm? 25.380 3.715 15.360 15.004+6.605 44.022

i AT Individual lamina mass/g 0.324 0.062 0.193 0.184+0.059 32.065

- FJE B Leaf thickness/mm 0.552 0.289 0.356 0.371£0.052 16.020

Hen i A Specific leaf area/ ( cm®/g) 103.093 37.646 82.617 78.775+16.184 20.545
4 i & Leaf dry mass content/ (g/g) 0.556 0.308 0.408 0.399+0.055 13.853

M2H 21 Leaf tissue density/ (g/cm®) 0.636 0.274 0.338 0.358+0.065 18.118

M F5 7K 2 Leaf water content/% 69.22 44.45 59.21 60.22+5.73 9.199

N=240

3.2 I RE MR L R KRR A Ak

Bkt R 7K HEER (GWD) RS, 3 BUR T S5 X AR 6 A D Re Mtk & A= 1 3578 1k ( P<0.05, &
1), HH LA SLA LDM B GWD 34 i 12 g & (K % (P<0.05) , LT . LDMC , LTD | &2 i 3 8 Kt (P<
0.05) . T ENEE R, A GWD K LDMC LA SLA LT . LDM F1 LTD f¥2% R ikl i & /K (P<0.01)
LA B GWD 1425 5 B3 MER K, 8 &> GWD (KR GWD 1.5 m 5 2.4 m [A]) 2 [8] 2% 552 . 3 (P<0.05) ;SLA 7F
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GWD<3.3 m 4.6 m<GWD<6.5 m .GWD7.4 m GWDS8.7 m ¥ [a] 22 551 il # ( P<0.05) ,LDM 7£ GWD<2.4
m.GWD 4.6 m 5.3 m<GWD<6.5m.7.4 m<GWD<8.7 m P[] 25§ (P<0.05) ,{H GWD 5.3 m 55 6.5
m . GWD7.4 m 5 8.7 m [A]|ZH AN B E(P>0.05), LT £ GWDS.7 m .GWD7.4 m 4.6 m<GWD<6.5 m GWD<
3.3 m¥ i) 22 T 44 B 2 (P<0.05) ;LTD £ GWD=7.4 m 5 GWD<2.4 m [a] 22 7 B & (P<0.05) , i fE GWD
<6.5 m A EEA] 22 R 2% (P>0.05) ;LDMC 7£ GWD 8.7 m 7.4 m 4.6 m<GWD<6.5 m 3.3 m GWD<2.4
m P[] 22 534 1 35 (P<0.05) , B GWD 3, R F /K AEBE (GWD <2.4 m) 58 F KA (GWD =174
m) ) LA LT SLA \LDMC 255 I 3 PE3 i | 18 34 8 3% K F (P<0.01) . LWC B GWD FREmm />, 76 8 4~
GWD A3 22 5 ¥R 3% (P>0.05)
3.3 O BE MR R A AE BLOC R

TR IR RN 7 PR ] A AR DG 48 R 2 858 e 3 K- (P<0.01,%% 3) . LA 5 SLA, LDM
5 LA SLA,LDMC 5 LT LTD ¥ M i IEAH K (P<0.01) ;LA SLA 5 LT . LDMC LTD % [a] ¥4 52 4% i 25 17
A (P<0.01) ,LDM 5 LDMC LT 4 i & it ¢ (P<0.01) , ItAM, LWC 5 LDM LA SLA S4% i & 1EA1 &
(P<0.01),1M5 LDMC LT ,LTD 4% i & TAAHOC (P<0.01) , B T /KSR , S oK o S sl B K
RERS iy Rk e A E S A ML 2 B st T8 s R it o AR, T RR il s A AR Z K
ST, I AR 53 R S A TR R T RN I ZH R B S T B s S i AR TR K A SR
N5 o0t 30 458 1Y) 7 A e

553
(=]

ABa

&'> E?> EE’> B;> CE?

=
3

T AR
Leaf area/cm?
N
(=]

bt mER
Specific leaf area/(cm?/g)
o]
(=]

S
(=]
T

33
(=]
1

s s
ABabc =~ ABabc ~ABab Aa

<
W

o
w

B
Leaf tissue density/(g/cm’)
(=]
~

T
Individual lamina mass/g

045 r DCEde DCde  Ce

SXTLALA

-
0.25 L L L L 0.25 . .
145 2,4 343 446 53 6.5 7.4 8.7 1. 5 3 6 5,3 6.5 7.4 8.7

KR Groundwater depth/ m

R

Leaf thickmess/mm

TR AR
f ¢
E

B 1 #HEn R IhEe R RS i T KRR 89 0 R
Fig.1 The response of leaf functional traits of P. euphratica to groundwater depths
RFAKRG TR 2R B E (P<0.01) , RFE/NG FREFR 2R B3 (P<0.05)

3.4 WM DIREMIR S R KR B 5C R
TR X 7 A DI RE R T KB R Y AR A O (P<0.01,5% 4) , Hirf LWC (LA SLA \LDM
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5 GWD 24 M AH X (P<0.01) ,LT LTD LDMC 5 GWD £ H B 3 FAH)E (P<0.01) o A48 mIHAMT B
H R KBRS0 A i 1 AR R R R Y TR U R (Y = 1.894-0.127X, , +13.438X,, R* =0.656, P<
0.01) , ZE B T /K BER B HE )8 12 8 WA - D BEMIRAS Ja) B AU G 22, LA LT X R 7K IR AR 1k e f5s% , mT i)

FEAR B LA (LT R B 55 3 Xl R K BRIRAR A

x3 HHMIREREREXRY

Table 3 Correlation coefficients of leaf functional traits of P. euphratica

1 A L . o1 411 8% BT
Functional traits ndviduat fammna eal dry Leaf thickness Leaf area pectlic fed od l,bsue
mass mass content area density
400 J5 "
Leaf dry mass content ~0.7415
/& Leaf thickness -0.7124 " 0.7698 **
WHTAIAR Leaf area 0.9193** -0.8761"* -0.7861 "
HLH AR Specific leaf area 0.5747** -0.7985"* -0.7437 ** 0.8303*
IH-2H 21 %5 )3 1eaf tissue density -0.1299 0.4258 ** 0.1710 —-0.4400 ** -0.7587 "
%7K i Leaf water content 0.7415** -0.9998 *~ -0.7698 ** 0.8761"" 0.7985 " -0.4258 **
#% P<0.01
x4 HEHIIRRERK S TKEREEX S
Table 4 The relationship between groundwater depth and leaf functional traits of P. euphratica
SI=N X 41 411 8% BE A e EL
Functional traits " ,WI ua Leaf area cal any peetiie Leaf thickness a ]:%ue scal water
lamina mass mass content leaf area density content
f,@Tﬂ(ﬂ@ -0.5397 ** -0.6214"" 0.6291 "~ -0.5832"" 0.6176 " 0.2965 " -0.6291 "
Groundwater depth
3.5 WM N T RS R D VIR A
IIREMEAR A B FRAE A [7) & B 54 A ) AR 3 L 2 7 t6E (G ohmeteR [ HE
K EH SRR Z AT AU S . TR Nz _
A TERF SRR AR A 3 T AR SLR2 T, i R 2 b X e WER A %é
RN P N - Y z — It H > Al !
g SRR o (1 2) s A )0 TR ] R | (e
U S i L I U S S Y = A 1L W o IR = 1
g . A EmEa R K @
BRI R KA 1 R R M R K 5 e B | b | s | x 3
1] b3z i s2 B RIS A R 5 105 5 22 4t T By 40 # B kR ) R g
45K (LT LDMC \LTD) FM i LR i i s i 1 5, e — —
KU LA SLA . LWC . LDM, # K LT .LDMC . LTD f{ & WK

PR, DR RIBD K 23 B PR AT 37 20 A 5t Lt 52
REJ), TTREAE H 45 T S 20K MRS P AR A7 .l DL Bl
GWD [ RS R S AL , 578 o - A PR 8] A4 A1
HLIR AU SR T - AR BB WA B PR R R
STUYIVAn RS AL SN 8

arid habitat

4 e

THY D REHERAVE T B TEAR ) 5 FREE G AR (0 e AR 52, R A R A Pt o % R RO A 25 2R A
Pyt R YR AR S R G BE R B S A 3K LI REMIR 5 APk 2 0y AR 68 B D5 A0 R BB )P B M
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Fig.2 The ecological strategy of P. euphratica adapted to desert
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ORI F IO Y], BRSO S MR 38 B P58 A8 A6 TR iU AR AP 3w 17 AR B R W], e 3Rk H
UL 2T ) T DX B A, bR KO A AR T SR AR KR S A AR — K IR R A T R
PEAR 0 98 B A OGS AR SO T3 AT L3l 8 AN TR] N K R (¥ S A R R, & I A% DAy
ANTA] A A B PR e R I 3 R N AR Ak, AR S BT 9.20%—44.02% Z [1] | 24 B A T T 53 el ik Ptk
(RN R 5120 AT T RR IR AR P 7 S /N TR () 28 S (L0 A X AS [) 35 38 1 7 Al 1 e 4 A
B, A A S SR RE A2 S R 4 7 2 R R S 21.98% , WY TIELAO AR VD AT AR A

LA (Fh NS AR B 5 K (44.02%) , LDMC \LWC %78 5 R 80 I, F W] LA XT b 7Kk 31 R A8 A A Uk i
LDMC 2 %8 JF AR Ul ke A8 i 2 ORSp R . PR AE T R R 5E rh AR K A9 52 7K 3 BRI, 14 P 25 7K
SR LY T AR, PR DG SE S A i D RE AR B4 A 22 S /0N (H AR AF 5 359 308 7 1 ) BB R ) ol
WSS R E<30% 7 A LA LDM 2553 2B 30% ; [RIEHA 7 A hREHEIR 5 GWD 2 24k 3%
FHIE(P<0.01,5% 4), HAE 8 1~ GWD T ByFPHEE (Bk LWC) fF7E R #2255 (& 1), JUH & LA LT LDMC 7&
GWD7.4 m 5 8.7 m YAl 3525 55 (P<0.01) , OB W i 1 52 X 0% 45 A 5% (FREEFE AR GWD) 1 5 35 Hh 52
Wi 25 FE AR T BEMEIR B AR S A SRy, 3828 LA A0 BT 8o, A A I Th BEMEIR 55 GWD AR 3 9 [l 5 56 &
(Yeyp=1.894-0.127X,,+13.438X,,,,R*=0.656, P<0.01) , 7] LA LT X i T 7K 3% A8 Ak A A5, mT Tl 4215 1
F LA LT AT 555 8 X b T 7K BEERAR AL

FEAR I T X, K oS BR A A 4 Ao A e BRI 7, S SR ) A Kk f s B v, Ry
XAV AE AL 08 A ARG 3 2ok 25 PR ] A4 AH BRI S5 A | S 28T W — 22 9103 0 R P45 10 A A D e vtk 4
A T REEIR AT 1 S b AR ) X R BT 0 RS R T, RO E AR B A IR R i A
B LA R WA PG RE R BRI B R AR ERE 777 s SLA FI LDMC B T RS 4R o A e A P
277 (185 SLA X LDMC) N3R5 1 R RAF (1K SLA , =i LDMC ) [8] (1 — AN SEAKUEE S, LT 5% IR 3R K5y
TRA7 TR B A 5, LTD S B T v R 38 A48 g, S5k i 32 e A AH 50 s LWC 2 s i 4 41
LUK A FRIE SRR OC A BB AR, AR 5 S R XA 3 T RS R A B R R AR A B 2
B MR (B A G IRAR 2 E , WASR X LT MR 0 R IR AR 0 0 s [N, M S AR A A A B L
HAEEE 0 T | 38 i e MR A3 e AT RR4ERE AR ORI AIE B B A A7 5 A g B
# LA SLA LWC 5 LDM 54 i & IEAHE (P<0.01) , 5 LT LTD .LDMC 4% i 2 A 415 (P<0.01) ; LDMC
5 LT.LTD,LWC 5 LA SLA S8 3 2 TFAHE (P<0.01) |, 3 Al Ptk e AT -5 050 4 1 300 A A7 AE A o 1 SR 3R 45
AR GERNEVIADC, TR X GWD T Rt & 155 T R BRI 7 BRI A 38 R, DI By
PR A (LWC) |, I T 4o 24 AR ARy 8, (0T R 4 BE | £ 52 AR 2 4L [ B
RBH bR S B e TR R AR AP T AR, 3 R AL B R T 22 ol A 7 W R A A 4 41
R R TWy I, ARG SRR N 7K A A7 2 7K 40T 4 R e e I T S /K e | 285 SR 35l SLA (LA i (R R /)
FILT LTD .LDMC 3§ K521 SAA7 1 0/ LA SR AT 25 08 1 BRI 25 95 A | 3 6 40 A 7K S5 R s 11 7 B g
IS TRIEER/IN SLA SR i P 2K 4 1) I e 3 TR 5 A B 8 AN BEL 7, DA R A P 7K 43 B0, B i 1A
R BE T RHR K B A FURRCR DO R T A T RO R B T AR AT, B T R AR T
“CTHPE” Sem A Y E B TR KR IR K IRE 77 M R BRI R R T R SE T SR, R
T BRI ERCE, RS Se e 3 41 8U% B I WA ) 2% 1 P AR i ) RBLIRBLTS . LDMC Al
LTD KAt A 40, %t B A Hp Sy saai Y 45 AR BT R B 2 1 K LT .LDMC \LTD, 3 /K 7%
Sk R K A BE T R R BR B b b K A3 UK s I AR B IR T, H e A RS IR ) AR AR I 5 o) PR A i 38
BTN RE 1), AN i AR S S A DT . ARBF T 45 R 5K SLA (LA F1E5 LT, LTD . LDMC fYH4)
R T G i 355 37 W JR AU AT R IR B A 98 2530 A — 210230 T L B LA S Y A A S B Rl i A it
Wy RE IR (A BRI T S AU, KB T —E T RS DU IS N H B T | O AR K
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TEREY) I REAZS 22 b IR 2 533 T it 7 ol AR5 TP e AN [i] 1 S 05 1) ] 5 s« R 174) 2 BB T A S8
TRAFGEIRDS M T AEIAE A 7 - R Z TR AU o e DRt — it o A 7 5 3 A 7 ) K oy s R
BT, ARAGIF R T F32 53 F0 ] 5 B 0 BE 1 8K HIZ A 2R 25 201 50 B RE ) A0 22, e JOR ARG ot T B 5 vy o
B2 M, TE S T — Wi A PR SFRTSR M) 8 BE T A b AR 4 A O AR LR Bk 2 (G PR I i skt 3 o et ] A ok
A FLA S0 s R SRR T /N SLA LA [LDM, K LT LTD .LDMC #9F SR g &, i it
PRI TR A ORGSR B AR ZH 2 AR A3 B K R SR T 5 B AENE 7 R PR R T e
T8 AR s R X H i TR AT AR IAEE . IRt Bl ARk AR % 5 DX K % 5 e, A A A N R
AT g e 2R HR RN IRR I RE ) B TF 0 ALK | e A8 Sy LA i [ B 57 53 i A7 RN BT A8 R 7 1) DR B SR
TERR T S I X I e AR MBS Ay, TS T2 VB A 0 0T PSR A6 114 oo I R A B JH sk AU ) g MR ] 56
FR TR I 7] A A 5005 07 SR, DAL ot o b A S T 2 X S A B o A i A e R A2 SE v Fr D Re R
GWD FEIA T FE , DA R /KSEGA0 B, § 4% 45 D RE MR 4L i (0 ST BT 2 A9 GWD A H A= K ot o5
FX GWD 2 5.02 m, BRIt 35 R T 55 B IX A 1 A K A G D T /KRR I <5.0 m, 1Ay XSS5 V6 A 4%
PR ALK

5 #ig

(1) 35 R g~ S DX AR 25 S B Al A i PR ) ol P 28 S5 e, b v T AR (LA ) 28 55 8 B e vy, i
T i (LDMC) 5 57K (LWC) 22 SRR REEUI  LDMC 7E B8 IR HCh A2 e v IR

(2) Wt A UIREPEIRS GWD S 5 AHOC (P<0.01) FLAFAE WL AU DG 2R , A 173 B i 1 574 34
SBEEPERAL A o B GWD FRAIR, WA AR A M A B A vl ey 2 K AR AN G EUR B 1 B0 T 90 B SR e 78 oy
AS 5 [ B IR0 AF FIBTAENRE T (0 DR~ USRS, ¥ 98 1 A= 250, 9 0i 1 O - R0 A3 A B2

(3) B A ek Az 55 X IUK BT R H sk, WA i T/ LA (SLA (LDM HIR LT LDMC \LTD 55— R 5147
HITF kA ARG AEAT IR0 RIS 55 5 50 BE T3 14 A A5 AT SR, DT i v HAE B s+ 2 50 IR R i AR A7

e AR S 52 2 DXt T /K7 ORI, B R S A BT BEAR ) A A RO B S IIRESRIG . e R
PR BAE Y LR AR 55 DI BE SO SR B UK AR D OR3P A R SRAB IR AZ, 3 e R AR R A 17 XL 0 |
FRIKIEMZRIN K IRGEREINRE . RIS A ORA S PRI, 350047 12 3 A2 K 5 BAE 0K A2 <5.0 m, 6N X
SR DR A2 A A A K T AR SR AL TRk B AR

23 3L HR ( References)

[ 1] Cornelissen J H C, Lavorel S, Garnier E, Diaz S, Buchmann N, Gurvich D E, Reich P B, ter Steege H, Morgan H D, van der Heijden M G A,
Pausas J] G, Poorter H. A handbook of protocols for standardised and easy measurement of plant functional traits worldwide. Australian Journal of
Botany, 2003, 51(4) : 335-380.

[ 2] Blonder B, Kapas R E, Dalton R M, Graae B J, Heiling ] M, Opedal @ H. Microenvironment and functional-trait context dependence predict
alpine plant community dynamics. Journal of Ecology, 2018, 106(4) . 1323-1337.

[ 3] Funk]JL, Cornwell W K. Leaf traits within communities; context may affect the mapping of traits to function. Ecology, 2013, 94(9) ; 1893-1897.

[4] ERE, SKE, BORZE, HRY, RS XU FERRARM MR PRI rm i L. AR ARFREE 20, 2017, 26(5) : 754-762.

[ 5] Wright I J, Westoby M. Leaves at low versus high rainfall: coordination of structure, lifespan and physiology. New Phytologist, 2002, 155(3) :
403-416.

[ 6] Vendramini F, Diaz S, Gurvich D E, Wilson P J, Thompson K, Hodgson J G. Leaf traits as indicators of resource-use strategy in floras with
succulent species. New Phytologist, 2002, 154(1) . 147-157.

(7] whitk, FIE, e, TR, WU, S5 ARG T R X R OB L A M L. 22252440, 2017, 37(20) : 6836-6846.

[ 8] BRIEME, MRIET, RKE, 1L, A2 B R R K R §14 SRsc Rt RIS R 2. A%, 2011, 31(2):
344-353.

[9] ECIR, BE, BhEing, BRAMR, 255530, B3, S B RS AR R TR AR, JLatbhil RE54R, 2019, 41(2) : 62-69.

[10] Thomas F M, Yu R D, Schifer P, Zhang X M, Lang P. How diverse are Populus “diversifolia” leaves? Linking leaf morphology to ecophysiological

http ; //www.ecologica.cn



5376 JAE = 41 4

[18]

[19]

[20]

[21]

[22]

[23]
[24]
[25]

[26]
[27]

[28]

[29]

[30]
[31]
[32]
[33]

[34]

[35]

[36]
[37]
[38]
[39]
[40]

and stand variables along water supply and salinity gradients. Flora, 2017, 233. 68-78.

EHE, BRUM, BRI, W20, )38, R KIS B4 (Populus euphratica) W I ASGHIFIK ) T BRI, i EVEL, 2016,
36(5) : 1302-1309.

WA, BRORMS, EAR%E, fEE. 518 (Populus euphratica) W T E5H SUIRER AR, HHEIVMEL, 2018, 38(4) : 765-771.

MRIEEE, 2585, R, BB R [RIHL T OKSRIRAC M T 8 0 OG- AT. TR IXBHRSERE, 2013, 27(11) : 80-85.

EW, M3, R, XRRS. 1D8]. §14% (Populus euphratica) W) WA PR T /K SRR AG M ;. A2 25124, 2016, 35(3) : 29-36.
ZRE KRIE, SRICOE, BEAK, ML SOIENE, Bh sk, BRAREE. RN ENGER B LA BT RN R, RS A, 2017, 28(2) .
537-544.

XIEE, Dy MY REHRDIST L. hERE . ARk, 2015, 45(4) @ 325-339.

Wright T J, Groom P K, Lamont B B, Poot P, Prior L D, Reich P B, Schulze E D, Veneklaas E J, Westoby M. Short communication; leaf trait
relationships in Australian plant species. Functional Plant Biology, 2004, 31(5) . 551-558.

Reich P B, Walters M B, Ellsworth D S, Vose J] M, Volin J C, Gresham C, Bowman W D. Relationships of leaf dark respiration to leaf nitrogen,
specific leaf area and leaf life-span: A test across biomes and functional groups. Oecologia, 1998, 114(4) . 471-482.

Hallik L, Niinemets U, Wright I J. Are species shade and drought tolerance reflected in leaf-level structural and functional differentiation in
Northern Hemisphere temperate woody flora? New Phytologist, 2009, 184(1) ; 257-274.

Wright I J, Reich P B, Westoby M, Ackerly D D, Baruch Z, Bongers I, Cavender-Bares J, Chapin T, Cornelissen ] H C, Diemer M, Flexas J,
Garnier E, Groom P K, Gulias J, Hikosaka K, Lamont B B, Lee T, Lee W, Lusk C, Midgley J J, Navas M L, Niinemets U, Oleksyn J, Osada
N, Poorter H, Poot P, Prior L., Pyankov V I, Roumet C, Thomas S C, Tjoelker M G, Veneklaas E J, Villar R. The worldwide leaf economics
spectrum. Nature, 2004, 428(6985) . 821-827.

I, R, B, HAE, B, A BRI B R IR A R M. A AR 2 S IR AR, 2015, 37(3):
309-317.

L, RN ke, BESG, 4B, B, sk, B, YAEH (Ammopiptanthus mongolicus ) MR X TR IE K F i hi . E
ML, 2019, 39(6) : 126-134.

WA, FrEE, R, B R B BA AL A MR AE B R S . AR SRS, 2017, 36(5) : 1277-1284.

JARK, Ze/hgz, BB, I, B BHURIC VY D REMEIR 0 RUEE A8 S K SGHE. th EVBEL, 2016, 36(1) : 20-26.

Westoby M, Falster D S, Moles A T, Vesk P A, Wright I J. Plant ecological strategies; some leading dimensions of variation between species.
Annual Review of Ecology and Systematics, 2002, 33: 125-159.

Hetherington A M, Woodward F 1. The role of stomata in sensing and driving environmental change. Nature, 2003, 424(6951) : 901-908.

Milla R, Reich P B. The scaling of leaf area and mass: the cost of light interception increases with leaf size. Proceedings of the Royal Society B:
Biological Sciences, 2007, 274(1622) . 2109-2115.

Garnier E, Laurent G, Bellmann A, Debain S, Berthelier P, Ducout B, Roumet C, Navas M L. Consistency of species ranking based on functional
leaf traits. New Phytologist, 2001, 152(1): 69-83.

Geng Y, Wang Z H, Liang C Z, Fang J Y, Baumann F, Kiihn P, Scholten T, He J S. Effect of geographical range size on plant functional traits
and the relationships between plant, soil and climate in Chinese grasslands. Global Ecology and Biogeography, 2012, 21(4) : 416-427.

Reich P B. The world-wide fast-slow’ plant economics spectrum; a traits manifesto. Journal of Ecology, 2014, 102(2) . 275-301.

&, o, BAE, SRR, B bR LR/ NSO R D BRSO LR S AR AR 2SR, 2020, 40(8) : 2691-2697.

e, BRE, i, EAE, BRERE, EERAL. SR PRSI H M RS LK AN M. AR ARSI, 2019, 39(20) ¢ 7670-7678.
Wilson K B, Baldocchi D D, Hanson P J. Spatial and seasonal variability of photosynthetic parameters and their relationship to leaf nitrogen in a
deciduous forest. Tree Physiology, 2000, 20(9) : 565-578.

Garnier E, Cortez J, Billes G, Navas M L, Roumet C, Debussche M, Laurent G, Blanchard A, Aubry D, Bellmann A, Neill C, Toussaint J P.
Plant functional markers capture ecosystem properties during secondary succession. Ecology, 2004, 85(9) : 2630-2637.

VAR, SR, ST, MR, XV, AR, KOG, TRIIELSE. WA R SR AR A Sl B MR X 3 SR AR AR R . R AR
A2EH, 2015, 39(9) : 857-866.

THSAE, BREZEE, VRURAL, JETIE. NS SR ISR I R SRR MR OC B B AR R . A AR AR AR, 2014, 38(10) : 1029-1040.
Niinemets U. Global-scale climatic controls of leaf dry mass per area, density, and thickness in trees and shrubs. Ecology, 2001, 82(2) : 453-469.
AEHI. e TE ) B — e A S R OIR B A LRI S [ D], 22 22K, 2011,

WRIEME, 25 i, Tk, khpek. SRIMME X PE & RS IR T 0 & S m i %) LUBFFE. VL, 1996, 16(3) @ 306-309.

A, AR, RIH. AR S RIS ESL AR O R, Rl R R, 2012, 34(1) ¢ 64-69.

http ; //www.ecologica.cn



