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Analysis of the CSR ecological strategies and leaf functional traits of dominant
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Abstract; Plans have developed CSR ecological strategies—competitive ( C) , stress-tolerant (S), and ruderal (R)—to
cope with various stressful environments and compete with other plants for resources by modulating their leaf functional
traits. Ziwuling represents the only fully intact natural secondary forest habitat on the Loess Plateau, with research on the
CSR ecological strategies of its dominant species being scarce. We conducted a systematic investigation into the ecological

strategies of the ten dominant woody plants in Ziwuling’s natural secondary forest using ten leaf functional traits, which
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revealed that the ten plants could be classified into three strategies: S, S/CS, and S/CSR, with S/CS and S/CSR strategies
being dominant in the vegetation, accounting for 40.0% and 38.3%, respectively. Specifically, S plants exhibited
characteristics such as low leaf nitrogen content (1.6—2.0) mg/L, leaf phosphorus content (0.13—0.17) mg/L, specific
leaf area (1.0—1.9) m*/kg, 8"N (-1.36—-1.12) %o, and high leaf thickness (0.08—0.13) mm. In contrast, S/CSR-
type plants showed higher nitrogen content (2.6—3.0) mg/L, phosphorus content (0.18—0.22) mg/L, specific leaf area
(2.5—3.7) m’/kg, leaf "N (=1.14—=1.03)%o, and lower leaf thickness (0.05—0.11) mm, while S/CS plants had
intermediate values for these traits. Principal component analysis ( PCA) indicated that specific leaf area, leaf nitrogen
content, leaf phosphorus content, and 8N were the main leaf functional traits that differentiated among strategies. The
structural equation model further revealed that physiological, water, and nutrient factors played distinct roles in the
formation of different ecological strategies. S-strategy plants were primarily influenced by nutrient and physiological factors,
whereas C-strategy and R-strategy plants were influenced by the indirect effects of physiological and nutrient factors. This
study suggests that dominant plants in Ziwuling’s natural secondary forests adjust their resource acquisition capacity and
allocation patterns by modifying leaf morphology, water, and nutrient uptake, resulting in ecological strategies adapted to

various environmental conditions.
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equation model
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Fig.1 Overview of the study area
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Table 1 10 selected coexisting plant species in the study

YiF4 (¥ ERRE f2E
Species name Family name Life form Importance value
A KR Quercus wutaishanica Mayr. 53R IR A 27.54
YA Pinus tabuliformis Carriere. AR WA 18.26
M# Platycladus orientalis (L.) Franco. JisEaS WHITA 14.95
114 Populus davidiana Dode Ly EFRAR 14.03
PRk Cerasus pseudocerasus (Lindl.) G. Don Rk VEMHTEAR 12.75
VUALHF Cotoneaster zabelii Schneid. W PR AR 25.39
e P4 32 3% Viburnum schensianum Maxim. AR TE AR 16.65
L Rosa xanthina Lindl. e AR 15.95
ZE4M Acer ginnala Maxim. AR L IR 15.57
KBz B4 Lonicera ferdinandii Franch. 2AF TEAHHEAR 12.82

1.2 IIfEPRIRINE 5 CSR A ms 72

2023 4F 4 HHEATRE IR TEREHL N ST 100 m x 100 m D7, IR AT EEAT 1 9 4 20 mx20 m 7F
AREETT o BEATEAREETT N, VAT AR B A AR PA BE B 5 B4R (7E 130 em & BEANT &) Al AN, 74
ATEAFEF WA S m x 5 m BFEARFET, LA A MR AR KRR & E 5 Bum fEEAs, REIE
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TER 225 JUH S il S/CSR Mg Z [ 22 5 W] i, BAKINF S WA YI Y LNC \LPC LA K 3°N (KT S/
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A T A 82 C (A ;S .S/ CS I S/CSR SRS LT W 80 (HI%A BEER .

R2 10 FiEY CSR EHRMAER
Table 2 CSR ecological strategy classification of 10 plant species

Pfh e 0 RG] AR || R S A 0 ZR B L 1) RS
Species CSR/% Strategy | Species C1SR/% Strategy
gj:ji wutaishanica Mayr. 325414 3/CSR %l?uﬁrif schensianum Maxim. 25:39:17 §/CSR
;’%\a tabuliformis Carriere. 1900 i ff)finthina Lind. 20:67:13 8/
ggjgcladus orientalis (L.) Franco. 31:69:0 3/ ztjatfiir zabelii Schneid. 17572411 s/CS
;ljilux davidiana Dode 2076410 e ff Z?imala Maxim. 26:38:15 8/CSR
e puendocerasus (Lindl.) G. Don 7 VKR Z@:Widd Franch 23688 5/c8

R
(G
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[LERiER
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Fig.2 CSR ecological strategy classification of 10 plant species
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L LWC LT A 80 WL IEARSE T F- 87 C F LDMC 25 0 AH ¢, 76150 [, = Fh s mg a0 My w434 {67 &
AR, 242 AU A E] LWC AT LDMC (KB 525,
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Table 3 Principal component loadings of leaf functional traits
PR bR PC1 PC2 PC3 RERINT 7N PCl1 PC2 PC3
Leaf trait indicators (42.1%) (24.0%) (13.2%) Leaf trait indicators (42.1%) (24.0%) (13.2%)
LDMC -0.039 -0.611 0.247 LNC 0.452 -0.052 0.009
SLA 0.423 0.170 0.036 LPC 0.396 -0.238 -0.006
LA 0.436 0.107 0.241 3B -0.107 -0.224 -0.566
LT -0.281 0.285 0.342 3N 0.409 0.137 -0.049
LWC -0.022 0.605 -0.271 310 -0.104 0.107 0.605

LNC: M58

Specific leaf area; LT ;" JEE Leaf thickness; LWC ;% 7K it Leaf water content

Leaf nitrogen content; LPC; -3 &5 5 Leaf phosphorus content; LDMC ; T4 i & i Leaf dry matter content; SLA; [LH I 17 FH

B S JRR T = 2RASREAED A H 3 IIRe kAR, BEE Y BB K AL R D RE MR AE AR
[FIN A B2 5. S/CS HI S/CSR BIMMIHY LNC 78 7 H ik Bl KM, i S BUAEMITE 6 2 9 H R 22181
K, =AY SLA s —30 ¥7E 6 H kBl Hrh S/CSR Bl AR, 4 3.66 m*/kg, S/CS,
S/CSR B LPC 7£ 0.18—0.22 mg/L Z [Al7% 3l ,S B LPC 78 6 HiAFIEAR(E, H 5 & 9 AWK T S/CS,
S/CSR, S AUMEYIN) LWC £ 6 HiLRNIE(H 58 T, 1M S/CS . S/CSR MM LWC 1F 6—8 H 2 T,
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Fig.4 Principal Component analysis of plant traits among three ecological strategies
LNC: M%7 i Leaf nitrogen content; LPC ;M- %% it Leaf phosphorus content; LDMC; M%) Jii ¥ i Leaf dry matter content; SLA ; Lt I Tij £
Specific leaf area; LT M2 Leaf thickness ; LWC ; I% 7K & Leaf water content
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(IR RN 0.05) , XFT S SRS, AR BE N X HAT W38 IE R0 (B AR R B 0.49) |, [RIE A B R 3 1 7%
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