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Abstract: [Objective] To elucidate the resource allocation patterns of leaves from different age classes of
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the aim of providing a theoretical foundation for understanding the adaptive strategies of plants to nutrient
fluctuations in forest ecosystems and their ecological significance. [Method] In this study, we established a
controlled nitrogen and phosphorus addition experiment in the Lingkong Mountain Forest Farm of Taiyue
Mountain, Shanxi Province. We systematically measured eight functional traits across three major
categories—structural, pigment, and chemical characteristics—in leaves of different ages from P.
tabuliformis. Combining this with dynamic monitoring of soil nutrients, we employed Pearson correlation
tests and regression analysis to explore the synergistic and trade-off relationships among multiple traits in
leaves of different ages. Additionally, we utilized redundancy analysis to identify key soil environmental
factors significantly influencing the functional traits of P. tabuliformis leaves and to elucidate the response
patterns of these traits to nutrient inputs. [Result] (1) Regarding structural and pigment characteristics, low
N treatment significantly increased the specific leaf area (SLA) of current-year needles by 18.5%, while
simultaneously reducing their leaf dry matter content (LDMC) by 7.96%; indicating that nitrogen application
enhanced the resource acquisition capacity of current-year leaves; Chlorophyll (CHL) content increased
significantly only in current-year leaves with N addition, while second-year CHL decreased significantly by
16.0% under low N treatment. In contrast, P addition and the combined N + P effect had limited impact.
(2) Regarding chemical properties, low N and low P addition significantly increased P content in second-
year needles. High P and N + P additions significantly suppressed P content in both current-year and one-
year-old needles. All three nutrient addition treatments significantly increased carbon content in current-year
leaves, but none significantly altered leaf N content. This reflects distinct differences in the response of
leaves of different ages to exogenous nutrient inputs, with the adaptation process primarily achieved through
adjustments in P allocation and changes in carbon accumulation. (3) Leaves at different developmental
stages showed marked functional differentiation. Current-year leaves had lower leaf thickness (LT) and
LDMC, but higher SLA, leaf N content, and leaf P content, indicating an acquisitive “fast investment-return”
strategy. In contrast, older leaves had higher LT and LDMC, but lower SLA, leaf N content, and leaf P
content, reflecting a conservative “slow investment-return” strategy. These findings indicate that leaves of
different ages in P. tabuliformis adapt to changes in the nutrient environment through strategic
differentiation. (4) Leaf traits were generally significantly correlated, and the trade-off relationships among
traits varied with leaf age, indicating that functional coordination and resource allocation patterns shift across
developmental stages. (5) The dominant soil factors driving changes in leaf functional traits differed among
leaf ages: soil pH was the main factor for current-year leaves, soil total phosphorus for 1-year-old leaves, and
soil water content for 2-year-old leaves. These results suggest that leaves at different developmental stages
differ in their sensitivity to soil environmental conditions. [Conclusion] Nitrogen and phosphorus additions
significantly affected the functional traits of P. fabuliformis needles, and leaves of different ages showed
distinct responses to nutrient inputs. These findings provide new insights into understanding the mechanisms
by which leaves of different ages in evergreen tree species adapt to N and P deposition, as well as revealing
the process of plant resource allocation optimization through trait coordination under changing nutrient
conditions.
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Fig. 1 Diagram of the experimental plot design
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Tab. 1 Soil basic information of test plots

oL pH1H EC /(ms-cm™) SWC/% SOC/(gkg™ TN/(g-kg ™D TP/(g'kg ")
CK 7.24+0.01c 11.71 £ 0.20ab 5.05+0.02¢g 11.30 £ 0.03d 0.94 +£0.01bc 0.49 £ 0.00b
N1 7.45+0.03b 12.13+£0.48a 6.95 +0.08d 14.75 £ 0.69a 1.04 £0.02b 0.49 +0.00b
N2 7.19£0.10c 1221+ 0.41a 8.81 +£0.10b 8.51 £ 0.35f 0.86 + 0.04cd 0.47 £0.01c
P1 7.58+0.01a 12.19+0.21a 7.30 £ 0.07¢ 13.74 £ 0.02b 1.30 £ 0.02a 0.52+0.0la
P2 7.52 +£0.03ab 1221 +£0.17a 6.06 = 0.08¢ 7.24+0.24¢g 1.29+0.18a 0.51+0.0la
NI1P1 7.53 + 0.06ab 11.43 +0.44b 10.16 = 0.03a 12.02 +0.03¢ 0.94 + 0.02bc 0.44 £ 0.00d
N2P2 7.50 +0.01ab 10.01 + 0.04¢ 5.41+0.22f 9.56 +£0.05¢ 0.80 = 0.04d 0.47+0.01c

7 EC. 13 3%, SWC. 387K & SOC. HIEA MBS & TN, TIEAE & & TP LIeFE . TR AR/NG FREFRRA AT 7] 2

FREFEP<0.05.,
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Tab.2 Two-way ANOVA of the effects of N, P addition
treatment and leaf age on leaf functional traits (¥ value)

PR b ¥ i AbTE x i
R (LT 6.261%* 17.856%* 0.446
e AR (SLA) 5241%%  93955%* 0.704
)5 & & (LDMC) 4.575%%  137.859%* 0.570
4K & 8 (CHL) 5.204%% 10.668%* 0.852
A (LCC) 3.443%% 4.656* 4.924%%*
2 L (LNC) 1.436 153.170%* 0.349
- & & (LPC) 19.460%*  280.770%* 6.681%*
N/P 10.164%%  61.212%* 6.399%
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Fig. 2 Effect of nutrient addition on structural traits and chlorophyll content of Pinus tabuliformis needles from different ages
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Fig. 3 Effect of nutrient addition on C, N, P content and their stoichiometric ratios of P. tabuliformis needles from different ages
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Fig. 4 Correlation of leaf functional traits between current-year leaves, one-year-old leaves and two-year-old leaves in P. tabuliformis
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Fig. 5 Linear fitting results of leaf functional traits in P. tabuliformis
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Fig. 6 Redundancy analysis of leaf functional traits of P. tabuliformis and soil factors
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