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Coordination and trade-off of leaf functional traits in Populus euphratica and their
response to tree age and soil factors
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Abstract: [Objective] This study aims to investigate the characteristics and influencing factors of leaf
functional traits of Populus euphratica at different tree ages. Additionally, it aims to explore the intraspecific
variation and adaptation characteristics of leaf functional tarits. The findings of this study aim to establish a
theoretical basis for protection and management of P. euphratica. [Method] In this study, P. euphratica
trees of different tree ages were selected as research object, and the changes in leaf morphology,
photosynthetic physiology, nutrient traits and their responses to tree age and soil factors were studied by
means of correlation analysis and variance decomposition. [Result] With the increase of tree age, leaf dry
matter content, chlorophyll a content, chlorophyll b content, total chlorophyll content, leaf carbon content,
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leaf nitrogen content, and leaf phosphorus content increased, while specific leaf area and leaf thickness
decreased. There was a certain correlation between the leaf functional traits, in which chlorophyll a content,
chlorophyll b content and total chlorophyll content were significantly positively correlated with leaf dry
matter content, leaf carbon content, leaf nitrogen content, and leaf phosphorus content, negatively correlated
with specific leaf area and leaf thickness, and the relationship between traits was regulated by tree age. The
specific leaf area, leaf dry matter content, chlorophyll a content, chlorophyll b content, leaf carbon content,
leaf nitrogen content and leaf phosphorus content were mainly affected by tree age and soil pH, and leaf
thickness and total chlorophyll content were mainly affected by tree age and soil total nitrogen content. It
showed that tree age, soil pH and soil total nitrogen content were the main influencing factors of leaf
functional traits, and compared with soil factors, tree age had a higher explanation rate for the variation of
leaf functional traits, which could explain 15.1%—38.1% of the variation. [Conclusion] With the increase of
tree age, P. euphratica adapts to environmental changes through certain trait variations and trait
combinations, and the influencing factors of leaf functional traits are different. Among them, tree age and
soil factors jointly regulate the change of leaf functional traits, and tree age may play a more critical role in

determining the variation of leaf functional traits in P. euphratica.

Key words: Populus euphratica; leaf functional trait; tree age; soil factor; coordination; trade-off
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12 12.73 11.79

1.3 Rt ThRE IR A E
13.1 v A B ARG R

BRI R iE T T4, ME I 6 5 & (EH
UiF b R ORCORS #4 21 0.01 mmDW & 1 A R FE (leaf
thickness, LT), Il & I8 3= ik, 5 F WKAEAS R AL
BEINE 3 KPCFE . /- v700 S/ H#
J&, M Image J BAF o0t BRI H S AL AR5
¥k Fr7E 105 °C 2% 10 min, 7E 80 °C (b4 P 5
ZEE 48 h H&EUEEE, ST RE K E. f
Jr e Cspecific leaf area, SLA) M THIF 5 -
TR A, M5 7 & (leaf dry matter content,
LDMC) At |11 & 5 i v 6 o & 1) B AR
132 A fRpagnlE

WL 22 BT B E E M R BB 5, I R S
T 70 & &R E . H A kS & (leaf
carbon content, LCC)¥ I & K F H 4% g 2 41 hin #4
1%, ™% & (leaf nitrogen content, LNC) FJ Il 2 K
F UL IR € BUER W A6V, 1% 7 & (leaf phosphorus
content, LPC) [ i& K H AHBR BT LL (7%
133 st aEan

FIH B iR HE ke gk 3 & . R B AN,
T L F 09:00—10:00, 35 B[R] £ B . K/ —FH
O, BEF I K, FREC 0.2 g BY AN 22 AN 15 mL
BUE P, N 10 mL JEK 4%, 125 TR E
R, HEM FEeKE. RBORAE SN et
FEit 663 F1 645 nm T LG, JE4r Al H MR EK a
¥ & (chlorophyll a content, Chla). M4t & b & &
(chlorophyll b content, Chlb), M- 4t & & & (total
chlorophyll content, Chl(a + b)) AN £k 5 a & m Al
Lk b TR,



55

S L) 582 14 P T B bR G [0 A X A . S LR 7 F¥g o 85

RT3 o TSR I P 22 VIR TR R A 5 2 B B R] 5

Chla = (12.72A¢63 — 2.59A645)VN(1 000W)™" (1)
BT 5% 25 (RIS ShAE TR SRS 358 K1 1)
Chlb = (22.88465 — 4.6TAge3) VN(1 000W)™  (2)

A VR R EBGEAARF (mL) s W R IRFREUH F 5
(gD N MRAEE: Agey M Agys 73 MFIRTE 663 nm
A1 645 nm AT B GEEAE
14 TEBAERENE

B IR L E T A AR BT I 6 S
T B BT I RE , 43 ) B AR IR A E
A MR & & (soil organic carbon, SOC), #l IK & &
VR 5 13 4% & & (soil total nitrogen, STN), FH
15 5 3 4 % & & (soil total phosphorus, STP).
I FH A 233 L 326 s oil electric conductivity,
SEC), pH 1l & +3% pH.
1.5 HELAESHHF

K Excel 2010 SPSS 20.0 1 R 4.2.1 X &4l 2k
ITREMG T ot . RSB ZRTT 202 E L
BORAT I DhRe MR 22 57 0 s K Pearson 1A

FHOCVEREAT 2 AT, FH R FZ 0 [ 35 i ik 2 25 A
T S R 7 2295 i oy At L 3B R RO 16856 i 1)
Re IR AR 520, [F]B 48 A Origin 2022 #ATIER.

2 HER AT

FREMRABH S F EEEEERER
R D RE TR IR 4% B R RURRAE L Ot AR PE AN A K
R, Ao TR A AR CEE TR M0 & &
MR JE DS e A A B IR (283K as IH2RE by I
SRR R IR B MRS B S
o B 1 IR B A RS MR, Bl R
B, B O SEAE MBS S, T A BT N,
6 R i 15347 18] (A -0 o AP AE S 3 22 7 (P <
0.05); Ti1 L PH T AR JE2 32 B AR i 8 Jin B A - 22
BTN B, HK 2 Wi A7 6 2 35 22 57 (P <
0.05); Wit & AEBMEAR T =, Bl A i A0 K, B

2.1

90 a ~ 067 0.50 .
—_ on
7 I 50 0.66 | a
oo 85 i\ 2 c 045F &
g 80} Wy T £
&5§75 4 2 0.64 1 2 040F
e Pl g i T g
4 0.63 <
=570t Rg = S 035} be
R 8 + £ 062f 5 b
2 651 & E F 030 ¢
g Z. 061 ¢ 8 030F d
& 00¢ < 0.60 ¢ 025}
55— : s s 8 059 s : s
1 2 3 6 9 12 1 2 3 6 9 12 1 2 3 6 9 12
~ 120 ~ 044 a W L7
o0 115} 4 w042 ab 216l
2 ol & 040} ab E - 2
= ab ab = | = 15} ab ab
= 105t g 5 038 5
s b : = 5 036} be 2,0
= £ 1.00} ¢ 2 & o34 m g 1 be
#% S 095 v eed| be M= 13t c
:‘%; X c Eﬁg’; 0.32 . Tﬁ‘s:
3090} ¢ T3 030} T g2 ¢
T 58| =2 028} 200
2 080} S 0261 A
5, s 024 s 1.0}
0.75 L— : s s O : ; e s s
1 2 3 6 9 12 1 2 3 6 9 12 1 2 3 6 9 12
= N Ton
w 600 o 40 . o 1.6
& a @38t a g ¢
%580- < 36} g 15¢
g S 34t b g
S 560 | b HWE 5| i 5 14} b be
= be 41 = 1 g
&S 540 ngfggm' # 2 13t
it 8 cd i g 28 i 9 cd
£ 9 50f 4 d Tz 26t . £ 8 1.2} d
£ _ D24Fcd g £ d
5 500-* g 27t F\/ 81.1- e
5 a0l . g L By -
— 1 2 3 6 9 12 3 12 3 6 9 12 8 1 2 3 6 9 12
P /a Wi /a Wi /a

Tree age/year

Tree age/year

Tree age/year

NFE/NG FRER IR AR 22 57 .3 (P < 0.05) . Different small letters mean significant differences at P < 0.05 level among varied tree ages.

K1

AFERE L. 7790 SR EBMRZE R

Fig. 1 Leaf morphology-nutrient-photosynthetic physiological traits of Populus euphratica at different tree ages
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Tab. 2 Correlation coefficients among leaf morphology, nutrient, photosynthetic physiological traits

PR

Trait SLA LDMC LT Chla Chlb Chl(a+b) LCC LNC
LDMC -0.837"
LT 0.627" -0.796"
Chla —0.334™ 0.353" —0.246
Chlb -0.282" 0.325™ —0.246" 0.909™
Chla+b) -0.322" 0.350™ -0.251" 0.988" 0.963"
LCC —0.568" 0.576™ —0.446" 0.263 0.213 0.232°
LNC -0.619™ 0.818" -0.659" 0.302" 0.268" 0.296™ 0.494™
LPC —0.5417 0.6617 -0.520 0.3327 0.239” 0.304" 0.490™ 0.565"

7F: SLA. LA LDMC. HHF405 & & s LT. # v )&% Chla. 4¢3 a® & Chib. M43 b & & Chla +b). 4¢3 Sh; LCC. & & LNC.
R & LPC. M & &, *RRAE0.05/KF L EZEH I, **RIRIE0.01/KF LM EFEH K. FIAl. Notes: SLA, specific leaf area; LDMC, leaf dry
matter content ; LT, leaf thickness; Chla, chlorophyll a content; Chlb, chlorophyll b content; Chl(a + b), total chlorophyll content; LCC, leaf carbon
content; LNC, leaf nitrogen content; LPC, leaf phosphorus content. * means significant correlation at 0.05 level, ** means extremely significant

correlation at 0.01 level. Same as below.
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Tab. 3 Factor matrix and principal component
contribution rate of leaf functional traits
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EEL7 Principal component (PC)

Index

PC1 PC2

SLA —0.361 0.209
LDMC 0.402 —0.241
LT —0.338 0.246
Chla 0311 0.479
Chlb 0.293 0.495
ChlCa+b) 0.311 0.495
LCC 0.292 —0.198
LNC 0.354 —-0.225
LPC 0.323 —-0.170
¥ EE Eigenvalue 4.863 2.153
TI#k 3 Contribution rate/% 54.0 23.9
2T 51k % Cumulative contribution rate/% 54.0 77.9
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Fig. 2 Coordination and trade-offs of leaf morphology, nutrient and
photosynthetic traits
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x4 HREDEEERSTERT. MEREXCERY
Tab. 4 Correlation coefficients of leaf functional traits with soil factors and tree age
PR Trait SocC STN STP pH SEC TA
SLA —0.669 —0.784" -0.741" 0.687" -0.531" —0.659"
LDMC 0.812" 0.891" 0.814™ -0.753" 0.687" 0.903"
LT —0.578" -0.719 -0.697" 0.617" —0.467 -0.534
Chla 0.623™ 0.616™ 0.599" -0.474 0.499 0.709"
Chlb 0.628™ 0.651" 0.677" -0.532" 0.387 0.713"
Chl(a+b) 0.629™ 0.633™ 0.630™ —-0.497" 0.479 0.715"
LCC 0.702™" 0.708" 0.542" -0.457" 0.619” 0.757"
LNC 0.884" 0.848™ 0.713” —-0.736" 0.644™ 0.854"
LPC 0.759™ 0.801°" 0.680" —0.684" 0.818" 0.816™

VE: SOC. BB A &; STN. LIEL % & &; STP. LIELB & &; pH. 13pH ; SEC. LIEHTEH,; TA. Wk, T H. Notes: SOC, soil organic

carbon; STN, soil total nitrogen; STP, soil total phosphorus; pH, soil pH; SEC, soil electric conductivity; TA, tree age. The same below.
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