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Effects of Water and Nitrogen Addition on Leaf Functional Traits of
Populus tomentosa under Different Thinning Intensities

WANG Yafei DING Xiaofei JIA Liming

(College of Forestry , Key Laboratory of Silviculture and Conservation of Ministry of Education, Beijing Forestry University , Beijing  100083)

Abstract To systematically reveal the synergistic regulatory mechanisms of thinning intensity and water-
nitrogen addition on leaf functional traits in plantations, this study conducted a split-plot experiment with
Populus tomentosa plantations in the Yellow River Flood Plain. Two thinning intensities (50% and 75%) and
three water-nitrogen treatments (water-nitrogen addition, single water addition, and control) were established.
The response characteristics and coupling relationships were analyzed from three dimensions: leaf water status,
structural construction, and nutrient stoichiometry. The results indicate that: (1) Leaf relative water content
remained generally stable, whereas leaf dry mass water content exhibited high sensitivity to thinning and its
interaction with water-nitrogen treatments, showing a significant increase of 43.05% under 75% thinning with
water-nitrogen addition. (2)Structural traits showed no significant overall changes, with low variation in leaf dry
matter content and high variation in specific leaf mass, demonstrating potential plasticity. (3) Among nutrient
traits, leaf carbon content remained relatively stable, whereas leaf nitrogen and phosphorus contents as well as
their stoichiometric ratios responded significantly to the treatments. The leaf N: P ratio (mass ratio) ranged from
11.06 to 18.46, with an average value of 13.94, indicating that the P.tomentosa plantations in the study area
were generally under nitrogen limitation. (4) Multivariate analysis revealed significant coupling relationships

among leaf water content, structural traits, and nutrient allocation, with leaf dry mass water content and
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specific leaf mass identified as key traits driving nutrient partitioning. (5)Principal component analysis revealed

that the first two principal components cumulatively explained 66.4% of the variation. Thinning at 75%

promoted leaf adjustment towards high resource-use efficiency, while 50% thinning maintained a conservative

strategy. Different water and nitrogen treatments primarily diverged along the nutrient structure dimension, with

the single water addition treatment showing strong association with nutrient ratio traits. Overall, thinning and

water-nitrogen regulation drive coordinated changes in leaf functional traits by altering resource availability ,

thereby influencing plant resource utilization strategies.
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Table 1 Growth status of forest trees at the beginning and end of the 2023 growing season

X 2023 44 KR 2023 A KRR
kb Beginning of the 2023 growing season End of the 2023 growing season
Treatment
M2 Dy, /om e H/m W42 Dy, /em B H/m
T,,CK 14.56+1.94 15.21+0.68 15.83+1.86™ 17.36+1.17
T,,W 14.23+0.24 15.38+1.76 15.64+0.32" 16.69+1.50
T,,WN 14.54+1.88 16.59+0.36 16.00+£1.79* 17.55+2.12
T,.CK 13.63+1.40 14.49+0.44 15.17+1.47° 16.94+0.44
T,,W 13.04+0.50 14.62+0.67 14.59+1.11° 16.73+0.69
T,,WN 13.61+0.99 15.15+0.44 15.73+0.98™ 16.88+0.17

TE AN F/ING PR A R B0 22 57 2%

Note: Different lowercase letters indicated significant differences between treatments.
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Table 2 Two-way ANOVA of the effects of thinning intensity and water-nitrogen treatments on leaf traits and stoichio-

metric characteristics

AR SRV Source of variation

£zt [F] At o JK IR Ak B I £ 588 B > K LS i b 3
Indexes Thinning intensity(T) Water and nitrogen addition treatment( WNT) TxWNT
F P F P F P

I M B K Ry 4.445 0.057 0.203 0.819 3.907 0.049
T BT 5 7K Dy e 6.117 0.029 0.620 0.554 16.204 <0.001
D R 7)in s . 0.027 0.872 0.172 0.844 2.527 0.121
HeF R L, 0.738 0.407 2.836 0.098 0.171 0.845
A LR o (LC) 3711 0.078 0.238 0.792 2.626 0.113
42X o(LN) 3.519 0.085 2.860 0.096 6.706 0.011
A4 o (LP) 11.554 0.005 32.806 <0.001 4778 0.030
C:N 8.145 0.015 2224 0.151 11.813 0.001
C:P 40.740 <0.001 57.731 <0.001 13.373 <0.001
N:P 2.058 0.177 32.741 <0.001 0.741 0.497
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Different capital letters indicated significant differences between thinning intensities under the same water and nitrogen treatment , while different

lowercase letters indicated significant differences between water and ni

E1

trogen treatments under the same thinning intensity.
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Fig.1 Changes in leaf water status under different thinning intensities and water-nitrogen treatments
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Table 3 Variation characteristics of leaf functional traits under different thinning intensities and water-nitrogen treat-

ments
R L Z
Etii’z Coefﬁcieanifiation/%

T,,CK T, W T, WN T,.CK T, W T,;WN

R R K Ry 9.34 3.37 14.74 2.85 12.70 13.32
R T B 7K i Dy 7.60 5.23 4.97 3.53 7.40 9.83
TR T Ly 1.67 3.67 8.54 1.04 2.60 3.08
Lot L, 3.07 32.26 29.11 3.39 20.61 35.42
A LR o (LC) 6.70 3.69 3.96 6.03 2.45 6.94
2 o(LN) 6.39 7.65 321 2.47 11.61 5.20

i 54 w (LP) 9.89 7.67 6.82 4.79 8.02 2.38
C:N 479 10.58 4.97 8.03 9.12 8.61

C:P 5.21 3.90 3.35 9.15 5.89 6.08

N:P 3.71 14.62 8.34 5.93 7.80 3.31
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B AR 5 R BN 1.04%~8.54% , FHovp T, WN Ab PR £
e, Ty CK AR B AR (R 3) o Ly, FE A5 AL B ] TR A WL
2 2% 5 (P>0.05, K 2) , HAE 5+ R K 3.07%~
35.42% , U SRR B W 4 /5 T Ly, HLDA T, WN &b 3
728 SRR R A R (R 3) 0



414

F QA AN [ ] i BE R K RS A 6 A D RE AR 5 693

[a]4%50%
Thinning 50% (Ts,)
501

Ba Aa I

40t i T 1

1

30r

20

R4
Leaf dry matter content/%

[E]£%75%
Thinning 75% (Ts)

Aa Aa Aa

0.03F

0.02} Aa

Aa

ol f 1A

—_—

0.01r

Leaf mass per area/(g-cm™2)

i Aa l

T,,CK ToW

T, WN

T,sCK TsW  TWN

AbFRTreatment
AN KB R R R TRD K A B S R (0] A5G0 3 =2 10 28 5 4 35, AN )/ NG SR s A R] () i AR [ 7K /A I i) 2 52 4 35

Different capital letters indicated significant differences between thinning intensities under the same water and nitrogen treatment , while different

lowercase letters indicated significant differences between water and nitrogen treatments under the same thinning intensity.
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Fig.2 Changes in leaf structural traits under different thinning intensities and water-nitrogen treatments
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T,, represented 50% thinning, T ; represented 75% thinning; WN indicated water and nitrogen addition treatment, W indicated only water addi-
tion treatment, and CK indicated no water or nitrogen addition treatment. Different capital letters indicated significant differences between thinning
intensities under the same water and nitrogen treatment , while different lowercase letters indicated significant differences between water and nitro-
gen treatments under the same thinning intensity.

3 AEEEREMKRAETH AR B BEERUFITERE
Fig.3 Leaf carbon, nitrogen, and phosphorus contents and their stoichiometric characteristics under different thinning

intensities and water-nitrogen treatments
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Fig.4 Correlation between leaf water status, structural traits, and nutrient and stoichiometric characteristics
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Table 4 Path analysis of the effects of leaf water content and structural traits on nutrient content
i H A U HK AR EIR BT R i e
Leaf nutrient Leaf moisture/structural traits Direct path coefficient
DWWC LDMC LMA
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Ly -0.477 0.167 0.052
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Fig.5 Principal component analysis of leaf functional traits under different treatments
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