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Abstract: The objective of this study was to reveal the effects of different forms of nitrogen fertilizers on peren-
nial alpine cultivated grassland plant communities and soil properties. A 4-year-old perennial mixed-seeded
grassland established in 2019 at Qinghai University’ s comprehensive experimental demonstration base of pla-
teau specialty agriculture and animal husbandry was used as the research object. Four treatments of control
(CK), amide nitrogen fertilizer (U), ammonium nitrogen fertilizer (A) and nitrate nitrogen fertilizer (N) were
set up to determine and analyze treatment effects on the plant community structure, soil physicochemical proper-
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ties and microbial biomass. The results showed that application of different forms of nitrogen fertilizers signifi-
cantly affected plant productivity, soil physicochemical properties and microbial biomass of artificial grassland,
while the effect on plant diversity was not significant. Different forms of nitrogen fertilizers showed U>N>A
in promoting plant productivity, with an increase of 62. 60% , 53.71% and 25. 85% over control. respectively.
Application of amide nitrogen fertilizer significantly increased soil water content and soil conductivity and signifi-
cantly decreased soil bulk density and pH value. Application of ammonium nitrogen fertilizer significantly
increased total phosphorus and decreased soil microbial biological carbon to nitrogen ratio. Application of nitrate
nitrogen fertilizer significantly increased soil quick phosphorus, total nitrogen, microbial biochar and microbial
biochar-phosphorus ratio. Redundancy analysis showed that soil pH value and bulk weight were key soil factors
influencing perennial alpine cultivated grassland plant communities. In summary, it is recommended that amide
nitrogen fertilizers should be given priority in the development of nitrogen application programs for perennial
alpine cultivated grassland productivity maintenance and soil improvement.
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Table 1 Effects of different forms of nitrogen addition on soil physical and chemical properties

AL FR Treatment CK U A N
FHEE KR SWC/% 15.18+0.23" 15.8540.06" 15.554-0.26™ 15.7140.15"
& BD/(grem ™) 1.59+0.00" 1.4340.01° 1.5140.01 1.50+0.01"
pH i 9.2540.04" 8.7840.04" 8.8740.02" 8.8440.05"
HSEEC/(pS m™ D 82.80+3.93¢ 167.2745.02° 96.5342.19° 127.8743.63"
AHLEE SOC/(g-kg D 4.65+0.21° 6.154+0.31" 6.06+0.33" 6.24=40.18"
B8 NH, " -N/(mg-kg ™) 10.0440.41¢ 17.88+1.19" 20.7341.99* 16.15+0.23"
fili 2% NO, -N/(mg-kg D 9.8340.32" 12.6040.12 12.804+0.21" 12.7340.23"
A AN/(mg-kg D 10.81+0.20 21.18+2.26 18.004-2.73" 20.85+0.31*
LW TP/(g- kg™ 0.31-+0.00 0.48+0.01" 0.55+0.01* 0.4140.03°
HALWE AP/(mg-kg™ D 2.65+0.19 4.6340.19¢ 5.85+0.08" 7.3140.42°
4% TN/(g kg D 0.54+0.00° 0.66+0.01" 0.6540.02" 0.7740.05"

: FAT A R/ING P B3R AN [l b B E] 7R P<<0. 05 7K F- 22 57t i 3%

Note: Different lower case letters in the same row indicate significant differences between treatments at the 0. 05 level
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Fig. 3 Effects of different forms of nitrogen addition on soil microbial biomass and stoichiometric ratios
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Note: A indicates microbial biomass carbon, B indicates microbial biomass nitrogen, C indicates microbial biomass phosphorus, D indicates micro-

bial biomass carbon to nitrogen ratio, E indicates microbial biomass carbon to phosphorus ratio, and F indicates microbial biomass nitrogen to phos-

phorus ratio
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AHOCPESI BT (R 2>, S5 REKW 1 FA: W& 5 BD fMlpH
{8 2 18] S 4% B 3% A0 56 (P<<0. 01, 5 EC #INO, -N
2 ] B0 5 3 E AR 6 (P<<0. 01D, 5 SOC, AN Fil AP

Z A5 B EIEAR(P<<0. 05), 5 SOC,NO; -N,
AN, TP, AP, TN Z [A] £ % & & 1E A1 ¢ (P<<0. 0D
Shannon-Wiener Z £ PEF8 805 NH,  -N Z [A] &2 I 3%
R 2 (P<<0. 05) , Pielou ¥ 2] FE 45 805 NH, -N
TP Z A2 3 EAHDC(P<<0. 0D,

x2 EYRHESTESEZENEXEST

Table 2 Correlation analysis between plant characteristics and soil properties

S8 Hiy 1Ay it E s Shannon-Wiener §§ %% Pielou 5 %4 Simpson 4§ %%

Parameters Aboveground biomass Coverage Shannon-Wiener index Pielou index Simpson index
THEE KA SWC 0.499 0.647" —0.387 0.275 —0.097
T BD —0.838" —0.746™ 0.548 —0.537 —0.104
pHH —0.8347 —0.972" 0.567 —0.573 —0.136
B3R EC 0.723" 0.671° —0.532 0.279 0.361
FHLEKk SOC 0.637" 0.8917" —0.430 0.429 —0.223
B NH, T-N 0.576 0.701° —0.587" 0.768™ —0.039
A& Z NO, -N 0.760" 0.919™ —0.520 0.698" —0.033
HAUA AN 0.661° 0.838™ —0.492 0.498 —0.100
4% TP 0.468 0.738™ —0.444 0.776™" —0.016
A AP 0.640° 0.796" —0.471 0.357 —0.300
2% TN 0.518 0.723™ —0.402 0.169 —0.306

R/ P < 0.05,%*F /R P <0.01, FIA

Note: * indicates P << 0. 05, ** indicates P << 0. 01. The same as below

X AN [A] it AL 3T A AR W AR AR S SRR
AW AT R AT A OC AT (BR 3D . SR E
B, M b iS5 MBC, MBN Fl MBN/MBP 2 [
5O IE M 58 (P<<0.05) , % B 5 MBC, MBN,

MBN/MBP £ # i 2 1F #8 5& (P<<0.01) , Shannon-
Wiener £ #1415 %t 5 MBC, MBC/MBP il MBN/
MBP & 1 3 17 #H )¢ (P<<0. 05) , Pielou 244 J& 45 %k
5 MBC/MBN Z [H] £ & 3 i A 5¢ (P<<0. 05),

R3 EUBESIEMEVENSERLFZTSILNBEXESH

Table 3 Correlation analysis between plant characteristics, soil microbial biomass, and stoichiometric ratio

28 Hiy A ik 6 Shannon-Wiener 4§ % Pielou & %4 Simpson 1§ 5

Parameters AGB Coverage Shannon-Wiener index Pielou index Simpson index
WU W) ik MBC 0.616" 0.758" —0.579° 0.022 —0.069
WA 9 B R MBN 0.693" 0.896™ —0.457 0.472 —0.108
A W R MIBP 0.013 —0.197 0.448 0.027 —0.133
T A 0 A W B 2 L MBC/MBN —0.214 —0.317 —0.056 —0.648" 0.036
TR W A ) s B B LE MBC/MBP 0.434 0.664" —0.653° 0.010 —0.001
T A W HE & AU I MBN/MBP 0.597" 0.909" —0.653" 0.415 —0.041

VA )RR AE 5 M A R A A
KAt 2z i oA T TR A (O o FER Y RRIE S
- S HEAPE B0 TUAR A3 A, A HE T Bl i R T
69.70% By AE S (E 4A) . 25 R E W, BD(R'=
0. 7456, P=0.001) , pH (R*=0. 9215, P=0. 002) ,
AP(R*=0. 7421, P=0.003),NO, -N(R*=0. 8899,
P=0.005),SOC(R*=0.7295,P=0.007) ,NH," -N
(R*=0.7054, P=0.008) , AN (R*=0.7041, P=
0.009) , EC (R*=0.5856, P=0.016) , TN (R*=

0.6213,P=0.016), TP(R*=0. 5967, P=0. 024) j&
5 W) AR ) T I S B B AL Y (R AAD . TR
YIRRAE S - B W) A W i KAk 27 it i RRAE 09 OT
AT, A HE S Al AL i B T 56. 46 %0 (198 S (&
4B) . &5 F % W], MBN/MBP (R*=0. 7389, P=
0.006) , MBP(R*=0.7034,P=0.007) MBN(R*=
0.5902, P=0.019) . MBC/MBN (R*=0. 5325, P=
0. 04) J& 52 W i Py #F V% 19 ¢ B + HE AR W) 2= 4R AR
(K 4B).
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Fig.4 RDA analysis of plant characteristics, soil physicochemical properties, microbial biomass, and stoichiometric ratios
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