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Effects of Nitrogen Addition on Nitrogen and Phosphorus Contents of Plant
Functional Groups under Fencing and Grazing Management
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Abstract: Nitrogen deposition intensification influences nutrient cycling in grassland ecosystems, yet plant nutri-
ent responses under grazing and enclosure remain unclear. This study conducted a two-year multi-level nitrogen
addition experiment in an alpine steppe in Qinghai to investigate the responses of nitrogen (N) and phosphorus
(P) contents at both the plant functional group and community levels to nitrogen addition under enclosure and
grazing conditions. The results showed that N addition significantly increased the N concentrations in grasses,
sedges, forbs, and the community as a whole (P<Z0.001) , but had no significant effect on legumes (P>
0.05) ; N addition significantly enhanced the P concentrations in grasses, sedges, and the community (P<C
0.001), while significantly reducing that in legumes and forbs (P<Z0. 05). Management practices further regu-
lated the nutrient response pathways: under enclosure condition, nitrogen addition primarily induced a phospho-
rus dilution effect, thereby increasing the N: P; while under grazing condition, it promoted nitrogen absorption
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and altered phosphorus dynamics, leading to an elevated N: P, with the overall N: P being higher in enclosed
grasslands. The study demonstrated that grazing and fencing, as distinct management approaches, were key
factors regulating the response of plant nutrients to nitrogen deposition in the alpine steppe, holding significant
implications for understanding regional nutrient limitations and guiding sustainable grassland management.
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Table 1 Analysis of variance results for main effects of nitrogen addition

Ak 3 F B W) 3 28 95 7K NS W GRS FeF
Treatment df Response variable Community Grass Sedge Legume Forb
IR 6 % T & Nitrogen content 18.410™" 127.571" 28.908™" 1.845™ 12.752™
Nitrogen addition (N)/ W 4 it Phosphorus content 19.644" 22.888" 13.186™ 13.558™" 5.650"
(grm*a D FBEH NP 15.815™ 41692 13.806™ 4.864" 14.639™

T x FIR P<C0. 05, %% iR P<C0. 01, #*F /R P<C0. 001, “ns” F/mA &
Note: * indicates P<<0. 05, ** indicates P<<0. 01, *** indicates P<<0.001, and “ns” indicates insignificant
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Table 2 Descriptive changes in plant N: P stoichiometry in response to N addition under grazing condition

R fi b B KT IS RS R AR
Nitrogen addition Parameter Community Grass Sedge Legume Forb

N, A% (N content) 17.744-2.89 12.67+0.51 11.684-0.84 30.51+£2.77 20.80+£1.87
it (P content) 3.394£0.05 3.16+£0.18 3.47+0.06 3.66£0.24 3.37+£0.18

AL (N:P) 5.2340.95 4.02+0.22 3.37+£0.32 8.34+0.85 6.18+0.48

N, A it (N content) 17.9842.76 12.31£1.20 13.0540.80 27.07+£1.25 19.9940.61
Wit (P content) 3.22+0.18 2.94+0.23 2.58+0.05 3.49+£0.04 4.23£0.05

AWEIL (N:P) 5.5940.53 4.20+0.53 5.0640.32 7.76+0.41 4.73£0.15

N, A4 (N content) 18.92+1.41 14.27+0.88 14.90+1.10 26.59+0.71 21.19+2.42
W& it (P content) 3.42+0.08 2.79£0.04 3.14+0.16 4444041 3.39+£0.41

AWEL (N:P) 5.5340.40 5.1240.34 4.75+0.25 6.01+0.58 6.25+1.16

N, A% (N content) 20.98+0.80 16.43+0.87 17.684-0.22 28.3240.09 30.99+4.27
it (P content) 2.95+0.01 2.75x0.12 2.84+0.03 3.15+£0.04 3.50+0.30

AW (N:P) 7.1140.29 5.9840.27 6.2340.11 9.00+0.15 8.85+1.14

N, A& (N content) 20.94+1.16 18.07+1.09 20.77£0.13 31.52+£3.20 28.61£1.52
&t (P content) 2.95+0.05 2.890.08 2.91+0.02 3.21£0.09 3.44+0.11

AWEL (N:P) 7.0940.40 6.254-0.39 7.144-0.08 9.82+0.89 8.33£0.53

N; A& (N content) 25.18£0.91 20.2240.17 25.40£0.70 31.78+£1.44 27.28+£3.48
Wit (P content) 3.52+0.11 3.92x0.04 3.11+0.12 3.45+0.01 3.32+£0.25

AWEL (N:P) 7.16+£0.24 5.160.05 8.17£0.36 9.214+0.45 8.22+0.82

N A& (N content) 24.85+£2.75 24.67£1.08 23.98£6.76 25.7240.50 32.13£4.00
& (P content) 4.07£0.24 4.360.21 3.52+0.25 4.2540.22 4.09£0.02

AWEIL (N:P) 6.1240.72 5.66+0.19 6.82£1.91 6.05£0.35 7.86+0.98
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Fig.2 Changes in plant nitrogen and phosphorus content and N : P ratio at different nitrogen application rates

TE: (a)~(e) 43 B BEE K R REE PR RE2E R A3 U8 5t 5 (D~ () 330 2 4 R 43 2 i Bl 5 4t 5 (k) ~ (o) 43331 SR X6 B 43 2 ) U LE o
IR 22 R IRARMED (n=4) o /NG PR R IR AN [ IS In Ak B i) 4776 22 S . 3% 4 (P<<0. 05)

Note: (a)-(e) represent nitrogen content at the community level and for four plant functional groups: grassland, sedge, legumes, and forbs; (f)-
(j) represent phosphorus content for the corresponding categories; (k) -(o) represent the nitrogen-to-phosphorus ratio (N: P) for the correspond-
ing categories. Error bars indicate the standard error (n=4). Lowercase letters indicate significant differences (P<C0.05) between different nitro-

gen application treatments
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Table 3 Descriptive changes in plant N: P stoichiometry in response to N addition under fencing condition

IR K- EiEton HETE KO RH W TR He BT
Nitrogen addition Parameter Community Grass Sedge Legume Forb

N, A it (N content) 15.9141.01 11.5540.95 14.114£0.44 33.0142.52 21.8044.60
Wit (P content) 2.90-+0.14 2.85+0.22 2.4340.27 3.54+0.13 3.4340.25

AL (N:P) 5.254+0.17 4.08+0.42 5.99+0.72 9.3340.77 6.3541.31

N, A& (N content) 15.01+1.87 12.1840.43 13.58+1.38 34.07+5.72 21.04+1.37
Wit (P content) 3.3640.26 3.5540.21 2.5240.13 3.0940.31 3.3240.23

AW (N:P) 4.484-0.47 3.4440.21 5.4140.50 10.86+1.82 6.3440.50

N, A& (N content) 17.6941.27 13.14+0.82 14.8941.11 32.004£4.79 21.9340.65
W& & (P content) 2.734:0.07 2.644-0.19 2.8140.12 3.92+0.36 2.93+0.18

AL (N:P) 6.48+0.55 5.0040.27 5.2940.37 8.18+1.05 7.4840.24

N, A& & (N content) 18.854+0.87 14.9140.34 20.94+1.43 31.3840.02 24.4441.43
Wit (P content) 2.9140.10 2.7540.18 2.904-0.03 3.49+0.27 3.26+0.15

ABELL (N:P) 6.48+0.34 5.4240.43 7.2240.51 8.9940.68 7.4940.43

N, A it (N content) 20.121.00 17.3140.43 21.14+0.16 32.5740.90 27.484-1.96
Wit (P content) 2.684-0.13 2.644-0.22 2.6040.16 3.2240.09 2.7240.22

AW (N:P) 7.5140.36 6.5640.32 8.1340.38 10.124+0.45 10.13+0.99

N, A it (N content) 22.1740.31 19.5440.65 23.9941.35 35.1042.93 27.064-1.92
Wit (P content) 2.844-0.10 2.8240.21 2.854-0.07 3.2940.11 2.85+0.06

AW (N:P) 7.794+0.13 6.9340.45 8.42+0.49 10.67+0.98 9.50+0.63

N A it (N content) 22.7340.86 20.40+1.31 25.22+1.78 36.564-1.87 33.8142.12
W& & (P content) 3.19+0.15 3.16+0.15 3.284+0.11 4.3040.04 3.1740.14

AW (N:P) 7.1340.42 6.46+0.41 7.6940.68 8.50+0.48 10.660.72
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Fig. 3 Response patterns of plant nitrogen, phosphorus content, and stoichiometric ratios to nitrogen addition in enclosed and grazed sites
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Note: (a)-(e) represent nitrogen content at the community level and for four plant functional groups: grassland, sedge, legumes, and forbs; () -
(j) represent phosphorus content for the corresponding categories; (k) -(0) represent the nitrogen-to-phosphorus ratio (N: P ratio) for the corre-
sponding categories. Data points and lines represent mean values for each treatment. The solid and dashed lines denote the Grazing and Fencing
treatments, respectively. Due to the lack of independent replicates for management measures, the patterns shown are descriptive results, and no
tests of statistical significance were performed
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