55 45 55 5 1 S & 7 i Vol.45,No.5
2025 4F- 3 H ACTA ECOLOGICA SINICA Mar. ,2025

DOI:; 10.20103/j.stxb.202406111355

R I M sl R ) T O, RS L, D T SR 5 22 A v B B AN [ AR K B U ) i 0 e AR AR AE. A A AR 4R, 2025, 45 (5) -
2386-2400.

Hao X T,Huang Y R,Zhang S,Cui J,Wang H Y ,Hao H Z,Ma Y B.Characteristics of leaf functional traits of plants at different growth stages in the Ulan
Buhe desert section of the Yellow River.Acta Ecologica Sinica,2025,45(5) :2386-2400.

HEAES=mMDEEARERKEHAEDM ISR
FFE

MFE EA K B R AR, B
1 E AR FE e B S Pt EEmR - 015200

2 E Gl H R BT U U TREORBT T L ZRIR - 015200

3 SRS AR A AR G B 5 GO Tty , LUK 015200

4 NS DO A S R rhte SRR o O KR BPIRAOK B, L Z R 014400

FEE 87 B0 5 22 A A DX A0 AR I T BE PR AEAS [ A 4 st 1 00 728 S 0 | 4% O 2 A0 AR A M %o 122 DX R R B 5 119 335
el AT 22 A R B 500 ( Salix matsudana) MR KR ( Haloxylon ammodendron) R FEXF G2 FELE KR WIH (5 A W) EK
REECII (7 HA)) AR (9 H#0)3 B4 B RE 14 AmFZRRMeR , ST AS 6] A 4 I 2l RE R A 28 S 5 R ) Fg A 2
PERHX G F RN, S5RFH . (1) FEARFAKE 2 At Dige R L AR FREA S o w173 2
MRS K A5 B S BB K, 70 M 91.78% (45.74% ,2 Fike By i M e 5 R4 38 LE R (83 Q) 28 53 R S die /N (BN T
5% ) s SR E K M TE IR ER B, MR L EEI T AR e ER AR R RS AR W R AR AE A 22 5 (P<0.05) . (2) IRIR
T B IR B A A S MR A0 R 5 IS 8 C R P A A D BE IR TP 2R A HEA T 3 BSLRIFE AR T, (3) RS R K ol gk
T 50 23.89% MR 26.87% HNT U REMERAR 5 AP IR RE R 3 B R SR AR I D RE MR 1 R R LA LR B
IV 25 3R TR R0 St S BOR: FE [R] 52 i P AR AR i D BE IR R R - AL T LA 3o 038 T R PR R PR ) R A G R
PRI IR AR BB S AN T 4 L 2538 1 R 24 I R B AR A T B e 3 A A SR

SR T AR s T RERR s AN [FI AR B I s UG IR 5 3 1o S

Characteristics of leaf functional traits of plants at different growth stages in the

Ulan Buhe desert section of the Yellow River

HAO Xuting'** ,HUANG Yaru"?,ZHANG Shuai',CUI Jian'*,WANG Haoyi'>,HAO Huizhong* ,MA Yingbin"*" "

1 Experimental Center of Desert Forestry, Chinese Academy of Forestry, Bayannur 015200, China

2 Combat Desertification Engineering Technology Research Center, National Forestry and Grassland Administration , Bayannur 015200, China

3 Inner Mongolia Dengkou Desert Ecosystem National Observation Research Station, National Forestry and Grassland Administration, Bayannur
015200, China

4 Changji Canal Water Supply Station of Wulate Sub center of Water Resources Development Center of Hetao Irrigation District, Bayannur 014400, China

Abstract; By Investigating the variation patterns of functional traits in Salix matsudana and Haloxylon ammodendron leaves
across different growth stages in the Yellow River Ulan Buhe Desert region, this study explore how these species adapt to the

unique environmental conditions of the area. Salix matsudana and Haloxylon ammodendron in the Ulan Buhe Desert section
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of the Yellow River were selected as research subjects, with 14 leaf functional traits measured across three growth stages:
early (early May) , peak (early July), and late (early September). The variation and correlation of leaf functional traits at
different growth stages, as well as their response to meteorological factors, were analyzed. The results showed that; (1)
Leaf functional traits of both species exhibited varying degrees of variation across different growth stages. Among them, the
coefficient of variation of leaf dry weight of Haloxylon ammodendron and relative water deficit of Salix matsudana were the
highest, at 91.78% and 45.74% , respectively. The coefficient of variation of leaf carbon stable isotope ratio (8”C) of both
plants was the smallest ( both less than 5% ) ; There were significant differences ( P<0.05) in the water content, leaf
width, and leaf shape index of dry willow leaves, as well as in the water content, specific leaf area, and specific leaf weight
of Haloxylon ammodendron during the early, vigorous, and late stages of growth.(2) The correlation between functional
traits of Haloxylon ammodendron leaves exceeds that in Salix matsudana leaves; Leaf length and 8" C consistently emerge as
key indicators, ranking among the top three comprehensive functional traits of two plant leaves.(3) Meteorological factors
explained 23.89% of the variation in leaf functional traits of Salix matsudana and Haloxylon ammodendron, with specific
humidity (QV) and precipitation ( PCP) being the main meteorological factors affecting leaf functional traits of Salix
matsudana and Haloxylon ammodendron, respectively; QV and total effective radiation on clear sky surfaces (PAR) are
meteorological factors that jointly affect leaf functional traits of two plant species. Plants adapt to complex environmental
changes by modifying leaf functional traits and balancing trait relationships, thus optimizing survival strategies through

adjustments in resource acquisition and material allocation.

Key Words: Salix maisudana; Haloxylon ammodendron; leaf functional traits; different growth stages; meteorological

factors ;adaptation strategy
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SKAEJEAE IAE 13 P ShBETEIR X 87 C, RGE ML IX FFHR M 451 R AR A KU AR AR - S BEEAR
SRS R 78 SERRAE , DA 7R S0 B AR 1 o B T - P VB 42 b A=A 73 A Py i 17 45 368 17 AL 1 4 R 4 A B
MiZXASBE SR EAEEZ XL,

1 #MR57FE

11 RS

REHLAL T N St B iy 5 5 2 A R R A s R AR AR 40°10705.36"N,106°5102.18"E , 47 L IX SR J&
TR TR OB L, X R T VT — SR A T, S T LR Y Pl Al R 2 KR
%, AF IR EETE 7.5—8.6°C Z [A] AR R /K 4 140mm 7645, 4F 1 H I 1] 2y 2800—3400h, B0l 228K, £
SRR H B I 30d , P XGEZY 3.7m/s B T BT 2 BE4E 200—250 YBL E, 2 RA 75 XL P L
JAHTPG R AL, D2 B 2 4F 11 A B4R 5 H Z 6], BRAESZ RN 00, R i v AR g A B i), S 2L
X SR B BT A6 3 /™ Y X —

1.2 R R AR

T2022 4 5 F  FERSE X BT B B0 2 0 43 I B 5 R TOHe U TE AR HAC H R AR R R AR
AR IEAT G5 A A [ S SRAE AR, A RRAB AR BE B X7 10 KA, W B SE AR AR IEAT AR IR ARIISE (R 1) o IR
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Table 1 Growth indicators of Salix matsudana and Haloxylon ammodendron( Mean+SD)

SEHE B/ m
7 A 4A 4A N
oyt PRI f@ﬁ% )/ em SEREE/m Average crown widthm
. Average breast diameter . -
Tree species ( ground diameter) Average tree height ] it
East-West North-South
MWD Salix matsudana 33.19+9.11 8.83+1.12 7.94+2.24 7.44+2.24
AR Haloxylon ammodendron 4.00+2.60 2.63+0.59 2.27+1.53 2.23+1.53
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10'05.36"N,106°51'02.18"E) A K Z2 N 5 H —9 i 25 K A 8006 ST EEL(PAR) (42 K 3R 1A I 1) T 4 IR 2
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A E IR . ] Canoco 5.0 Z:ifil RDA 237 &, AW 5% v LAt D) RE R (LFW | LSFW .LDW LA \LWC SLA |
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2 HRESH
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LWC SLA SLW NERIATEA KA R R R ] 4477 1 35 25 7 (P<0.05) .
2.2 FEY I REHCRAR DG B F Lo b
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Fig.1 Correlation between leaf functional traits of Salix mandshurica
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Fig.2 Correlation between leaf functional traits of Haloxylon ammodendron
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Fig.3 Principal component analysis of leaf functional traits of Salix mandshurica at different growth stages
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Fig.4 Principal component analysis of leaf functional traits of Haloxylon ammodendron at different growth stages
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Fig.5 Redundancy analysis of leaf functional traits and meteorological factors in Salix matsudana
PAR ;B2 LA WUR ST BB Clear sky surface photosynthetically active radiation total ; SW; 4= K & M S % 7] T 4@ BB All sky surface shortwave
downward irradiance ; T: {4 & Temperature; QV: LI Specific humidity ; RH : #HXHE B Relative humidity ; PCP ; %7K Precipitation corrected ; PS:
W E ST Surface pressure; WS KU Wind speed
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Fig.6 Redundancy analysis of leaf functional traits and meteorological factors in Haloxylon ammodendron
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Table 4 Explanation and significance test of meteorological factors on functional traits of Salix matsudana and Haloxylon ammodendron leaves

iRk [EHT fifk e TR T P P

Plant species Meteorological factors Explain/% Contribution rate/% Importance ranking

S Qv 18.3 76.5 1 24 0.002

Salix matsudana PAR 1.5 6.1 2 1.9 0.166
SwW 1.3 5.6 3 1.8 0.186
PS 1 4.4 4 1.4 0.23
WS 1 4.1 5 1.3 0.278
T 0.3 1.5 6 0.5 0.552
pCP 0.3 1.2 7 0.4 0.646
RH 0.2 0.7 8 0.2 0.8

ol PCP 12.1 45.1 1 16.6 0.002

Haloxylon ammodendron PAR 10.6 39.3 2 12.6 0.002
RH 2.8 10.3 3 3.9 0.042
T 0.7 2.7 4 1 0.284
WS 0.4 1.6 5 0.6 0.442
2% 0.2 0.9 6 0.3 0.566
SwW <0.1 <0.1 7 <0.1 0.898
PS <0.1 <0.1 8 <0.1 0.95

PAR . 525 TG A0 51 2L Clear sky surface photosynthetically active radiation total ; SW . 4> KR M % 1] T 4H BB All sky surface shortwave
downward irradiance; T i Temperature; QV: LB Specific humidity ; RH ; FHXVEE Relative humidity ; PCP ; f£7K Precipitation corrected ; PS ; Hi 3 &
71 Surface pressure; WS : XU# Wind speed
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Table 5 Redundancy analysis constraint sorting results

LM Salix matsudana W Haloxylon ammodendron
HeJF i
Sort axis il 1 2 %h 3 4 Bl 1 ) % 3 %l 4
Axis 1 Axis 2 Axis 3 Axis 4 Axis 1 Axis 2 Axis 3 Axis 4

$EAF{H Characteristic value 0.207 0.0208 0.0104 0.0007 0.2681 0.0006 0 0

=N
SR B ) 20.7 22.78 23.82 23.89 26.81 26.87 26.87 26.87
Explanatory variables
FhHA Pseudo correlation 0.5081 0.4454 0.4047 0.1818 0.5189 0.4097 0.2442 0.2386

T O AR B
mRllaZE 86.62 95.3 99.67 99.95 99.77 99.99 99.99 100
Explain the fitted variables

RAEZEL R Fr g R R (R ) , SR SRR FREEXR, L QV . PAR  RH &0 241t

DIRetAR ) F 2L T, QV . PAR \PCP J&SZ M AR IR D Re PRk 1) 2L K+, B LWC 5 PAR &
FAHK;LDMC 5 PAR SW SB35 MH56;1SI 5 PAR T WS BHME;8°C 5 T BEMEL, BB LWC 5 oV,
PS MK SLA 5 RH PS WS B E 155 LDMC 5 QV.PS W EM ;87 C 5 WS SW B E e, H, 5450
LEW LSFW LDW 1 LA 19 [ )5 77 F2 o, QV /Y [a1 5 FR 8RR, B LEW [ LSFW 52 QV W52 0 i K, LFW | LSFW |
LDW LA #15 QV BB EIEASCCR ;LW LSI R  PAR A9 IR1E REUR A, B LW (LSI 52 PAR B2
R, LW 5 PAR SIEAHICKE R, LSI 5 PAR W2 B AAHCOC R, R LEW LSFW Yy [[I5J7 f2H  PCP (1)
[IH R ER R, B LEW 1 LSFW 52 PCP (W2t kK, H =435 PCP 2 B F IEAHICIE R ;LA (LL LSI LP [1H]
572 PAR (I 280K, LA LL LSI LP 5% PAR HIEM Kk, HI 5 PAR S B FAERR,

3 itig

3.1 R[EAE A IR D RE IR 14 22 5 AR AL RRAE

A Dy REAH R IE H A2 351 R 28 A5 DR ) S [ 52 ), A 47 ] DA gk it etk m 9 1 A 2 1A 9 D 5
P51 FH B4 S, bR 4728 S P — R R b S WA A A Al M O Mg R T, i T g
PR 32 38 1 TR R SR 35 95% AL, SR BRI AR S35 FRIAE 28%—52% 2 1) 50 AWFoE & B0, M -
ARAE SRR 3.7%—45.74% R PR AR S5 2.25%—91.78% , I FIE P A7 72 AN [R 72 B2 1 A2 S
(LS AR 1 0 73 S e B /DN, 33 5 A % 32 6 0 o W TR AR ) ) B R A 2 S P R 9 485 SR — 350, AR K TR R AR
T BT T3 HT , EAHE 0 B P AL B R B LA Z2 78 | R D %k ST M 2% 1 1) B PR A AR RS K I 22 5, Hovh ) ELAG
RWD FI##: LDW 978 5 R AU K, 3% 87 C AR S REI M5/, X AT AR 5 22 A AV 5 45 1 A 55
SHOX BRI RS K AN 56 MM I K R R, LR 114 PR S5 2 4 2 B T R IR A
PSR, 5 A L, AR R IIEE T R A AE IR B kK Ay 2 A i e EAR R b, B ) 2 B AR bR
S e R b S 0, D RE PR AR S R ot A R i AR AR BVARARAE S AR R TS, nT T K X
LA X5 A 1 320 1 SR e S L R FH B8 A G, AR X6 ] A A PR A A I A 45 51

LDMC ZF&7RAE Y 0 UR S EURUA) 04 500k 0, S ke R AR 9 %t 85 33 400 Jo B4 B A7 B, AL 40 %o 9 R AR
B Thgetok e MRS E O FE bR ) AR ZE P, RHIRIAR R Y LDMC 4565 A= K Z s i g i, 5 A—7 A
i} LDMC A1 LA 5338, K4 g T 0 A4, SR P4 B0l % w7 H—9 H it LDMC 1 1A
BERARLE SLA W/, Herf 1A 65 Ed )y | 58 HL 5 R ] g DR AR AR I e AR A RE T8 | SR o i 7%
WIS, CA /NI R TR AR BT | PR ) 070 58 1 A A A B0 & | DL AB ) O B SR B G2 1 - i 2
RIS, MW I RM B 9 A IRIF IR TR AW A BE S B B SF BB fE s ms Y Lwe W&
PR BEE A=K ZR B /)N, SR AE K 225 S5 B3 (P<0.05) |, FEL Y BE IS 1] (R 334 0 AS D AR B+
W 1A B o S S A B SR R v R IR A P R TR = I B M R S U A R P SR 1
HUF ,LDMC = AR BA B HC U IR B AU RE T, REASAR A i 2E IR B VR U 8 = A B R Rt TR,
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FHAIXE K 53 AR EUCRE F3 % AR 5T € I, SR A0 R A 4 1 AR 420 1143 4 A PIR =2 ) ) 2 4 b 3 TR K (P <
0.001) , AHEAE ISR AL, 255 F Mo o Hra R (18 2) AR ANUE X 4 RO R i 7 SN [A) 2R KT
TR 2 R AR . REMIAIAR Y SLA 5 LDMC 433 50K 2 (P>0.05) Rtk i 3 (P<0.001) fkH X,
X RPFLTAED T RAED A AR ST A R — B, A H R R AT BE R AR AR E R I £ |
T FROP B Z BIREE SR T AT, PR ARAR S Tl i FEAIR SLA 19 LDMC, BEARER I R P FR/K 43 1) SR T
FRIBE S48, BEATCHK A BIOR A JRE B i e 2 e it ad ek A8 22 | BRI A oG & VR IR BE T, AT
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MR OCR B . I FRERKD 2 TR ERE T XK R B, HE 7 52 21K 4 5 B I Bl i, Ay
PRV, 2 38 3 9 1 I R Ox 3% 20 W e A it R P 55 B8 0 RN 2 78 i 38 8 A Y Jo A K B SILA
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