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Effects of Nitrogen and Phosphorus Addition on the Productivity and
Biodiversity in Degraded Alpine Steppe
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Abstract: To investigate the appropriate nitrogen addition concentration for synergistically restoring productivity
and maintaining biodiversity in degraded alpine steppe, this study conducted a randomized block experiment in
the northern Xizang alpine steppe (elevation 4634 m). Six nitrogen addition gradients (0, 5, 10, 15, 20, and
25 g*m “+a ' N) were set under natural conditions and with phosphorus application. Mixed-effect models were
used to analyze the effects of nitrogen addition on plant aboveground biomass, community structure, and diver-
sity. The results showed that short-term nitrogen addition significantly increased plant aboveground biomass,
with the promoting effect strengthening as nitrogen concentration increased. Simultaneously, nitrogen addition
significantly reduced plant diversity, with the inhibitory effect intensifying with higher nitrogen concentrations,
accompanied by an increase in the importance value of grasses and a decrease in the importance values of sedges
and forbs. Phosphorus application enhanced the positive effect of nitrogen addition on aboveground biomass but
did not significantly exacerbate the inhibition of plant diversity. This study reveals that moderate nitrogen addi-
tion (10~15 g+m *+yr 'N) with phosphorus application may be an effective restoration measure for degraded
alpine steppe, providing a scientific basis for the sustainable management of alpine steppe ecosystem.
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Fig.1 Map of the study sites
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Table 1 Mixed-effects model analysis of the effects of nitrogen addition concentration, phosphorus addition treatments,

and their interaction on aboveground biomass (AGB) and agronomic efficiency of applied N (AE) in alpine steppe

i B P AGB ARRFHERAE
b # Treatments : :
df F P df F P
ZUAN IR B Nitrogen addition concentration 5 822.954 <20.001 4 13.803  <20.001
Jifti % &b ¥ Phosphorus addition 1 6.324 0.498 1 38.969  <0.001
SRS e BE < Jiti i 4b BE Nitrogen addition concentration X Phosphorus addition 5 17.034  <<0.001 4 15.649 0.015
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Fig. 2 Effects of different nitrogen addition concentration on
aboveground biomass of alpine steppe under ambient and phos-
phorus addition conditions
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Fig. 3 Effects of different nitrogen addition concentration on
agronomic efficiency of applied N in alpine steppe under ambi-

ent and phosphorus addition conditions
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Table 2 Mixed-effects model analysis of the effects of nitrogen addition concentration, phosphorus addition treatments, and their

interaction on the relative importance values of different plant functional groups in alpine steppe

ib B Treatments

i ARARF} Grasses W LRl Sedges 42 Forbs
F P F P F P

SNk B Nitrogen addition concentration
Jiti % 4 B Phosphorus addition

G e B X it W AL FE Nitrogen addition concentration X Phosphorus addition

5 33.984 <C0.001 7.523 <<0.001 20.261 <Z0.001
1 1.901 0.173  0.043 0.837 2478 0.121
5 3.143 0.014  2.545 0.038  0.192 0.964
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Table 3 Mixed-effects model analysis of the effects of nitrogen addition concentration, phosphorus addition treatments, and their

interaction on the plant species diversity of alpine steppe

R H D E
Ab B Treatments dr
F P F P F P F P
RIS B Nitrogen addition concentration 5 70.860 <C0.001 103.155 <C0.001 63.675 <C0.001 40.407 <Z0.001
Jiti i 4k B Phosphorus addition 1 8.676 0.092 9.258 0.115  8.234 0.907  7.257 0.363
FUTN e B < i g Ak B 5 3.631 <C0.001 1.179 0.329  1.074 0.383  0.963 0.447

Nitrogen addition concentration X Phosphorus addition

11 : Margalel ¥ 4= 5 BE 5 4 (R) . Shannon-Wienner #)ff Z £ P35 £ (H) . Simpson $§ 40 (D) & Pielou ¥y # 44 2) FE 45 4 (E)

Note: Margalef species richness index (R), Shannon-Wiener species diversity index (H), Simpson index (D), and Pielou species evenness

index (E)
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phorus addition conditions
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