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Relationship between leaf functional traits of Populus euphratica and soil factors
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Abstract: Plant functional traits can reflect the adaptation of plant species and their ecological strategies to surrounding
environment. Populus euphratica is an ecological key species of desert ecosystem playing an irreplaceable role in climatic
regulation, biodiversity conservation, and maintaining the desert ecosystem stability and Oasis ecological security. Studying
the relationships between leaf functional traits of desert plants and their responses to environmental changes helps to better
understand the trade—off patterns of traits and adaptation strategy to extreme drought, then provides a theoretical basis for
the population protection and restoration of fragile desert ecosystem. In this study, we explored how leaf functional traits and
soil factors responded to groundwater depth (GWD) , and examined the relationship between leaf functional traits and soil
factors in Tarim extremely arid area, in order to reveal soil factors that influencing the functional traits and the adaptation
strategies of P. euphratica to arid desert environment. The experiments were carried out at twelve sampling points with

different GWDs in the upper reaches of Tarim River, Xinjiang Autonomous Region, northwestern China. Six leaf functional
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traits of P. euphratica individuals, soil factors, and the GWD in each plot were measured. The leaf functional traits and soil
factors in different habitats ( different groundwater depths) were analyzed and the relationship between these traits and soil
factors were discussed combining with Pearson correlation, stepwise regression, and redundancy analysis. The results show
that; (1) there were significant differences in leaf functional traits of P. euphratica under different GWD habitats ( P<
0.05) , the specific leaf area (SLA) , leaf width (LW ), and leaf area (LA) decreased, while the leaf length (LL) , leaf
dry matter content (LDMC), and leaf tissue density (LTD) increased with the increase of GWD ( P<0.05). The leaf
functional traits of P. euphratica exhibited different degrees of variation, with the higher coefficient of variation of LW, LA
(48.6% , 39.4% ) which were more sensitive to GWD changes. (2) The soil organic carbon (SOC), total nitrogen (TN) ,
total phosphorus (TP) , and nitrogen phosphorus ratio (N/P) in shallow GWD habitats were significantly higher than those
in deep GWD habitats ( P<0.05) , while the carbon nitrogen ratio ( C/N) was the opposite. Among them, the coefficient of
variation of TN, SOC, and N/P were high ( =40% ) which were more sensitive to GWD changes. (3) Stepwise regression
and redundancy analysis revealed that soil environmental factors including C/N, N/P, TN, and SOC had the higher
influence, and could better explain the leaf functional traits variation of P. euphratica. The C/N of soil significantly affected
LW, LA and SLA, the N :P significantly affected LL and LDMC, and TN significantly affected LTD of P. euphratica leaves
(P<0.05). (4) With the increase of GWD, the nutrients of soil pool decreased and the forest soils became arid and barren.
In order to survive, P. euphratica adopted the ecological strategy, such as reducing LW, LA, and SLA, increasing LL,
LTD and LDMC, which were beneficial to enhance resilience, to adapt the arid barren desert environment. The study
indicates that P. euphratica adapts to extremely arid environment by forming synergistic trade—offs between leaf functional
traits. Soil C/N, N/P, and TN are the most critical soil factors affecting the leaf functional traits of P. euphratica. The
findings of the study provide a scientific guideline for conservation, rejuvenation of P. euphratica forest and restoration of

desert vegetation in Tarim extremely arid area.

Key Words: Populus euphratica ; leaf functional traits; soil factors; groundwater depth; adaptation strategy
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PEATRR R B E SRR AR AR SRR AR N IR B R AR R Y DGE N R AR AR AR B R
WFSETEBAE Y DI RE MR S 1 IR AR 2 (R AR LG 2R A B T IR B S A ik I T 52 005 PR b
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4% ( Populus euphratica) ZAHWIEL (Salicaceae ) )& ( Populus ) Hie i & e 5 4R 19 F 5t F B Fh , HA i
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P RIRE M, X ADE IR BT TT AL, AR 3 H ORI R0R 38 27200, 4R SF 20 10.6—11.5°C , AR FK AR T
50mm, FEX 78 K it 1998.4mm , HIESEH FEONEA AR L o I DAY IE IS S5 R ) A TR A = R A B R A
BRI Wi, LR N EHRS (Populus euphratica) . JK A% ( Populus pruinosa) , MRF 3253 4 Z2 A AR Ml
( Tamarix ramosissima ) %% 24 ¥ ( Halimodendron halodendron) . B M) AT ( Lycium ruthenicum ) 3% 53¢ §i| ( Alhagi
sparsifolia) | =E ( Phragmites australis) ZEHEWY)
1.2 FEMBEE SRR A

2021 4 7—8 Hilid Sb i A , 45 SR 5E XSG B 25 A LR AR TR L Rt R K R AE R R S
O AERE BRI BRI (A,) (B HBL(A,) IHER (A)) BTRLER B (A,) EREARAHEE 5 2R KRR
IR TESIAA AR, BERLIEE 3 B 50mx50m #£ 07, AR R, AFEAEBFEIEARE(E 1)

F 1 FEHERBE

Table 1 Basic characteristics of the plots

GBEE Hu R KR

Jioges

Ef‘ Longitude and groundwater Deniﬁhmz Diameter at breast Hf;'f’/m
latitude depth/m height/cm

A, 80°57'49", 40°28'36" 1.5 548.3 31.34 8.21

A, 81°09'10", 40°26'29" 3.0 340.5 29.35 8.29

Ay 81°59'43", 40°41'19" 4.8 214.2 28.12 7.24

A, 80°24'05", 40°19'54" 7.1 180.8 19.53 4.56

A BT JE Headstream of Tarim river; A, R I14H Nankou town; A;VPHEEL Shaya county; A,FITFCHEE Awati county

1.3 FHPFE SRS S I &

FEREASRETT I BEMLEE R AR A AT 10 K, AR et b 38 0 Jo] 45 BT IO J3 52 38 Jes HU 3 1 241 A /)N
B 1AL A A B AU bRIC R MR R . LUIECR A SR LR F- ORSEE R 0.0001g ) Bk - 5, S8
Je L bR R R (RS BE 0.01mm) P& 1 rh ik 5% b b R = AN S R BE O (. 38 3T CanoScan
LiDE200 $9 A4 R, 12 Tmage J P HC (AR LR 5 i R AR AL 2B AR S LL, em ) (5
(I i G A 55 il B A BE B, LW, em) I TEIAR (LA, em?) 2548 bR, F985 - A i ABEAR 105°C 2 5F 30min

http ; //www.ecologica.cn



1720 JAE = 44 %

80CHLT 48h BfHE AR\ M TH, M HIBI(SLA, em®/g) = M E R/ 95 & & (LDMC, g/g) =
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1.4 HIEREECRE S FRIE
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(TP, g/kg) K FHARBADL L (O 58 ; 40 & (TK, g/kg) R KA EE I & 5 BRE L (C/N) = H LB/
R AW (N/P) = 5/ W,
1.5 #dEiba

K JH Excel 2010 R 4.1.2 XPEHE A TAL BRI G387 o B S Xt i DhRe iR | IR I R Fpr i 22 1T
A5 5 A CV = (bR FH{EX100% ) , 35 5K 3R 7 22 53 B ( One-way ANOVA) FIZ 5 14 ( Duncan %)
A6 B AN [ b T 7K VR SR A - Dy RE AR RN I R - 1 22 R, SRS FH Pearson AHOC/M M Az I D REPEIR 5 £
FEHLAL PR R A0 AR O JfFLLJL%ﬁ‘*ﬁ(Redundancy analysis , RDA ) A PFA% 135 K 752 il 5 4% i DO RE MR A9 4R
X EE B I JE SR P A 1A 5 125 43 BT S 35 52 0 1 A 0 ) e T bR ) G A -3 R 7

2 GRS

2.1 EARIT D REEIR N T KRR B A S
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a a
9% b 050 07
) b K E
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Es = X5 :
=% § @2 0.40 Y3 0.5
39 60 < Eﬂ Q
By ¢ ILE Tz b
= =E 035 204
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40 0.30 0.3
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i1 R 7K HEYR Groundwater depth/m

BEl1 A ThEe MR R i T AR R A Y i
Fig.1 The response of leaf functional traits of P. euphratica to groundwater depth gradients

ANEING PR T A IAEE T MR 2 1 22 57 .35 (P<0.05)
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P78 S5 B K v (48.6% 39.4% ) LDMC 75 5 BB /N (<15%) (% 2)

R2 MRS T EEFHTERAE

Table 2 Variation characteristics of leaf traits of P. euphratica and soil factors

PR L e BRME H/ME V- HE bR 22 5 Z B %
Leaf traits and soil factors Maximum Minimum Mean=SD Coefficient of variation
11K Leaf length/cm 8.64 3.25 5.28+1.28 24.31
5% Leaf width/cm 7.13 0.48 3.75+1.82 48.60
TR Leaf area/cm? 24.00 2.54 11.30£4.45 39.40

He M-I R Specific leaf area/(cm?/g) 110.11 32.93 66.40+15.52 23.37

I 2% B Leaf tissue density/ (g/cem?) 0.75 0.21 0.38+0.1 27.60
HF4) & i+ Leaf dry mass content/ ( g/g) 0.73 0.28 0.42+0.06 14.88
A HLBR Soil organic carbon/ (g/kg) 5.16 1.83 3.25+1.33 40.79

+ 3 4% Total nitrogen/ (g/kg) 0.74 0.23 0.46+0.22 47.00

+ 3 4% Total phosphorus/ (g/kg) 0.72 0.55 0.65+0.06 9.66

+- 384247 Total potassium/ (g/kg) 20.15 18.56 19.24+0.48 2.51

+ 3R A EL Carbon nitrogen ratio 9.98 6.32 7.50+1.36 18.12

+ 3 E W L Nitrogen phosphorus ratio 1.08 0.37 0.69+0.28 39.84

2.2 HIERETFUTHL R KRR AR fE

WE 2 fis, BHEAE LR (SOC) A% (TN) 4 (TP) A B L (N/P) Fi GWD B4 i f#A% , AN GWD
A B A AE i 35 22 57 (P<0.05) 3 81 (TP ) EAH GWD A 85 70 i & 22 5% (P>0.05) , SOC.TN N/P 7£ GWD
L5mAE B AL (C/N) WIFE GWD 7.1m A didw i , S 2 THE A (P<0.05) . HIERFIER R

6 r 0.8 ¢ 0.8 r
a ;
a
2 17 B 07 ;
£ 2 o i 2w 7
® 5 b R I i b
L_f\__g 4 @E/ % 41 2
5 5} =} | C
& 3 I & gg 0.6
B2 ® 5 ®2
HE +E H £
2 c z 041 =
o d 3 L
-ci . % 2] c [77) 0.5
d
15 4.8 7.1 L5 3.0 4.8 7.1 L5 30 48 7.1
20.0 ¢ 1 12
a
a a
105 a a 517 10} 10} 7/"
2 ° b
ﬂﬂmﬂi a vy M% 9 é RE 08
ey zz °f ge 08} 7%
B2 190 Ey & 2
® g ® = ®
HE IR sz 06 ¢
= = B
2 185 | Z b b i’ d
7 % : % )
18.0 6 % 0.2 %

~
=

1.5 3.0 4.8 7.1 1.5 3.0 4.8 7.1 ’ 1.5 3.0 4.8
1 Rk Groundwater depth/m

B2 HTIERFEHTKERBENTL
Fig.2 The variation of soil factors along groundwater depth gradients

AN AT K BB BT e K 7 2 [ 22 53 .3 (P<0.05)
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ok w5 BRAK Y TN, SOC N/P C/N. TP 28 (TK) (£ 2), Hith TN, SOC . N/P 1478 55 2 KU &
(=40.0%) ,TP 5 TK 25 SB35 ( <10% ) , TK 7EAN A GWD A= B8 fb A /)N | B fa e
2.3 #Hig Rk RS R R

Pearson FHIHT45 K Bn (K 3) , i (LL) 5+ 9 & & (LDMC) (M4 21% B (LTD) |, e i1
FA(SLA) 5HEF(LA) M58 (LW) , #H5E (LW) 5L (LA) , i T4 5 7 & (LDMC) 5 -2 2185 3 (LTD)
S IFA G (P<0.01) ;LL 5 LW LA SLA,LDMC .LTD 5 LW LA SLA £ # i & AH % (P<0.01) , +33
HHLEK(SOC) 54E (TN) 2B (TP) A # L (N/P), TN 5 TP .N/P,TP 5 N/P 2 i IE A (P<0.01) ;
B (C/N) 5 2B L (N/P) )5 8 25 674 DG (P<0.05) .

-0.54 0.72 0.68 SLA \ ‘
L -0.4
056  -061 = 052  -060 LDMC -035 055  -022 0.29 CIN
-0.6

0.42 -0.51 -0.43 -0.50 0.61 LTD 0.96 0.99 0.79 -0.35 -0.61 N/P

1.0

/ / / 08
0.6
0.97 ™
L 0.4
0.87 0.85 TP , 02

-030  -032  -011  TK | 02

-0.51 0.92

B3 S EERzER T IERTZ ERNHEX RS
Fig.3 Correlation coefficient of leaf traits of P. euphratica and soil factors
w% P<0.01, % P<0.05; LL; 4 leaf length; LW .- 5g leaf width; LA M- T& X leaf area; SLA ; LI TH Y specific leaf area; LDMC ; -4 i &
it leaf dry mass content; LTD . M2HZUEE leaf tissue density; SOC: HIEF ML & i soil organic carbon; TN : +3E4 % & it soil total nitrogen;
TP + 32 W 5 soil total phosphorus; TK; 4= 3E 48 & 5 soil total potassium; C/N 5% %t carbon nitrogen ratio; N/P. & # [ nitrogen

phosphorus ratio

TUARATHT(RDA) R (F 4) A DI RE MR ZE SRS T 4 26 11 40 0 i B 50 1R 69.33% .4.05% , Hif 2 il
B R R IE £ 08 73.38% , AT 2 FAE S B b S A PEIR S IR P SC R I L E R T 4l
g, HAPS TR THRA L (C/N) BB (N/P) 2R (TN) AP (SOC) X H-PEIR B R0 | 5Tk
FN C/N(34.46% ) >N/P (22.54% ) >TN (20.48% ) >SOC (15.13% ) , 45 1 Sl ) = SR T 285 (TP) 447
(TK) X H-HAR B RE 0, TTHRR R TP (5.45% ) > TK(1.92%) . MWHEFE LRI IL, LW LA 5 43 N/P TN .SOC
TP &+ ,SLA LL LTD LDMC 5 C/N TK ZI1EAE, Hrp LW 5 N/P,LDMC 5 C/N (JIEAH SRR, Al i,
13 N/P TN SOC TP & & & A EE N s LA (LW 85 ; e 3% C/N & i94E8E R LL LTD .LDMC ,SLA 1|
By, %W C/N N/P TN [ SOC S22 e i D fg iR AR AL i =22 -+

B LRl (3£ 3) , A DI RE MR S R P AR B E W RIH R (P<0.01) . Hidr,
(LL) M98 (LW) F 22 3 A L (C/N) FIEBE L (N/P) B9S2, T AL (LA ) 552 + 3R A (C/N)
AR CTN) B2, LA (SLA) (T4 50 f (LDMC) 22U B2 (LTD ) 7351 52 4 A L (C/N) (A
BELL(N/P) (R (TN) BYsZNR , FRiEfb ol R BT (5R 3) , 13 C/N J23200 LW (LA SLA ZZ{L Y G HE +
K, 23 N/P J&2520 LL LDMC A2 fb G5 + e+ TN W22 LTD AR fh i S8 1R+
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3 e
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%L B e A P BRI 0 3E N RE A1 AR R
B, R RIS T W S RE AR 192 52 R BN =
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AN AU NTTE AR @ R 7: R DB Ry (A < R I T
Koy AU N BT S A
Prfe H ISR E R AR S T MR BEAS TE 0 UK 0
AR A AT B0, e AR 23 AR IR T 3 A% R B
Lo T ) TR A S A TR A I I R Tt R 7
FIFRBEZ LA TG Sl Z et &Y, BT K
BRI, K 3980 5 K S RAR, 7K o3 i i e s 1
K, 51K K g B £ 4 52 DT 400 o 48 43 24 A
K M9 5K A2 B (5 - AR AR ) 5 [ st A ek 2 ok
SRR AERFIA N K o3P AR ) 08 2o 3 i 4 2
ety o e R R AR 2R B oK It e DR KA sk

R A/m
1.5
o | ® 30
A48

¢ 7.1

(=]

RDA2 (4.05%)

RDAI (69.33%)

E 4 #HGHINEEERS TEEFH TR
Fig.4 Redundancy analysis of leaf functional traits of

P.euphratica and soil factors

SR R T BRI AL G AR I K BB R K R, A% I R B 2 1 KT
-5 it T AR P A B BT (TR SR ) DU AR, TR A% I A B8 3 2 39 i B mT LA o P i A
BN A A K J3 ARG, SCRE RS AR I8 > 1 o o i AR ] e el i 52 B i 7 RO P A B
THUE TR X RSOGO A3E 2 RIN 52 DX R K SRS N A S, RS T S 1 A
M3k SRR A R TR K IR B AR B I T Mg o AR < N ER T (R 1) W R AR R 2 0 i
JE (BUIRZEIE BIE ) it A Fan SR 5010 K BUSREBIE AR LD 1) T B0 i LR 6 3R 8 A8 482

£3 PEHEERE T ERFHERS LIRS

Table 3 Stepwise regression analysis of leaf functional traits of P. euphratica and soil factors

. N ACIEES:
Hohi 7 bRt R i
X . . Standard regression R P
Indicator Regression equation .
coefficient

4 Leaf length(LL) LL=3.726+0.462C/N *** -2 .569N/P *** Bex=0.521, By,;, ==0.577  0.973 0.000
M-5% Leaf width(LW) LW =8.506-0.906C/N """ +3.050N/P ™" Bey=-0.662, By, =0.441 0986  0.000
T A Leaf area( LA) LA=25.899-2.311C/N *** +6.480TN ** Be,x=-0.762, By =0.331  0.966 0.000
LTI Specific leaf area( SLA) SLA=130.550-8.493C/N ** Be/n=-0.828 0.654 0.001
9 i % 8 Leaf dry mass content(LDMC)  LDMC=0.533-0.17IN/P ** By,p =—0.772 0.555 0.003
I-2H 2155 B Leaf tissue density (LTD) LTD=0.580-0.412TN * By =-0.682 0.412 0.014

#xx P<0.001, ==* P<0.01, * P<0.05

FEAEI AR A HE AL AR P BR T S0 5 A 358 AR AR L 1 DR A i A 85 5 I el SR i 40 5 22 0070 2%
DIREMER Z Al 23 2 B DM R sl G R 0 i S I TR A L T AR A I O A RE D B L i T
R T AE )08 BEUR AR SRIBCFIR T, o1 J5 % k5 ik 4 058 2 U 2 B 1 R %) 3% 0 K 3 i e K By AR g
Syt R R B W I T RRURIT L T8 R P 2 ) L S T G, I 1 5 B A B A T
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