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FHREHLIX 20 R80T, 3B 0N R K- (N, ;0 kg N/hm* (N, ;50 kg N/hm* N, ; 100 kg N/hm® \N, ;200 kg N/hm* ) F1 P9 BEAE K
(P, :0 kg P,0,/hm* P, :65 kg P,0,/hm” P, 117 kg P,0,/hm* P, :210 kg P,0,/hm*) , RBEEL 4L A 3L 16 FhAbBE . PRAL T i
JIE 45 (2021 48) FEH =48 (2023 48) A7 1M 3 B A Rk . 25 2R R, 2021 48 S UK (N,) B R m i A9
(AGB) I8 T LA PR (SOM) HRL A (AN) FEERLHE (AP) & 52023 48, H R K (P, F1 P,) B AGB B3 & T Hph ik
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AEBEAEXT AGB . SOM 1 TN /54 & R i/ A, i R RBCR AN B 32, SR BB AL 1Y 3t B S R FAUIE . 2540 B iR, I
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YERT, 5 2 (200 kg N/hm® F1 117 kg P,0/hm® ) SRR e A 5 1t N 28 =41 B AC 9 HE 8007 76 R HE /E AR  l ( 50 kg N/
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Effects of nitrogen and phosphorus fertilization on grassland productivity and soil

physicochemical properties of degraded grass-mixed grasslands
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Abstract ; Fertilization is crucial for restoring and enhancing the productivity of degraded grasslands ; however, the enduring
impacts of a one-time fertilizer application on the vegetation and soil quality in alpine grasslands are not well understood.

This study sought to assess the long-term effects of a one-time application of nitrogen and phosphorus fertilizers on the
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vegetation and soil physicochemical properties in alpine perennial grass-mixed grasslands that have been established for over
two decades. The experiment used a randomized block design with four levels each of nitrogen (N,: 0, N,: 50, N,. 100,
N,: 200 kg N/hm®) and phosphorus fertilizers (P,: 0, P,: 65, P,: 117, P,: 210 kg P,0,/hm*) , along with their
combinations, yielding a total of 16 treatment combinations. Grassland productivity and soil physicochemical properties were
assessed in the first and third year after fertilization (2021 and 2023, respectively). The findings indicated that the elevated
nitrogen level (N, ) notably enhanced aboveground biomass ( AGB), as well as soil organic matter (SOM ), available
nitrogen (AN), and available phosphorus ( AP) levels in 2021. The AGB was still significantly higher than the other
treatments at medium and high phosphorus levels (P, and P,), as well as AN, AP, and soil total phosphorus (TP)
contents in 2023. There was a significant correlation between nitrogen and phosphorus fertilizers and AGB, SOM, and AN,
respectively; phosphorus fertilizer showed a significant association with AP and total phosphorus ( TP ); nitrogen-
phosphorus interactions substantially impacted SOM and total nitrogen (TN) levels, and inter-annual correlations were
significantly linked to AGB, SOM, and AN, respectively. Nitrogen and phosphorus fertilizers promoted all measured
indicators in 2021, while phosphorus fertilizers still significantly enhanced AGB, SOM, and TN in 2023, indicating that
the legacy effect of phosphorus fertilizers was greater than that of nitrogen fertilizers. The structural equation model revealed
that nitrogen fertilizer effects were most pronounced in the first year, especially at high nitrogen and medium phosphorus
levels (200 kg N/hm® and 117 kg P,0,/hm®) , whereas phosphorus fertilizer significantly influenced AGB and indirectly
increased below-ground biomass via available phosphorus in 2023. The effects of phosphorus fertilizers continued into the
third year, particularly with the low-nitrogen and high-phosphorus combinations (50 kg N/hm” paired with 117 and 210 kg
P,0,/hm”) , demonstrating greater endurance. Combining economic inputs, a single application of high phosphorus with low
nitrogen yielded better fertilization and legacy effects. The results of the study can provide an important reference for

cultivation and restoration practices in degraded mixed-grass alpine grasslands.

Key Words: nitrogen and phosphorus addition; mixed-sowing cultivated grassland; grassland productivity; soil physical

and chemical properties; fertilizer legacy effect
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0
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PRI E (37°11'52.95"N,102°47'04.13"E) , i3k 2902.5
m, JOZ X G AR Sk KBl e DR R A R R AT
WAL ZIE 1, HFERRN SR ) 4, 4k
ORI M RPN AT Tt A RACR AR A ) AT (2021 4F) AT T R A (R 1)
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Table 1 Soil basal conditions before fertilization
+)Z Soil layer/cm

B1 {BEHREASBSEKEL
Fig.1 Changes in temperature and precipitation by month in the

experimental year

FEHT Index

0—10 10—20 20—30
+ AT Soil bulk density/( g/cm?) 0.93+0.01 0.89+0.01 0.92+0.02
+ 35 K & Soil moisture content/ % 13.05+0.01 15.85+0.01 15.54+0.01
- HERR B pH 7.36+0.02 7.43+0.02 7.4420.02
+HEA LR Soil organic matter/ ( g/kg) 56.16+1.30 50.30+1.96 49.27+1.90
+3E5H 4% A Soil available nitrogen/ (mg/kg) 152.64x1.30 171.02£2.92 134.98+2.51
+ 3L B Soil available phosphorus/ ( mg/kg) 20.21+0.82 23.81+1.36 21.10+1.05
+ 34 Soil total nitrogen/ (g/kg) 2.97+0.14 2.74+0.11 2.79+0.14
1384 Soil total phosphorus/ (g/kg) 0.95+0.04 0.87+0.03 0.93+0.04

1.2 RXEBt

L 1999 AETEH IR AR Mk A7 KA g L F i A 25 2R e il g il A 110 224 A R IR B b S XF 42 TR AR b
NTC P48 ( Bromus inermis) (V3 M 5K ( Poa crymophila) | 3 BE P 98 5 ( Elymus nutans ) F1 i 7 VK 5
(Agropgyron cristatum) ,1RHE FeB R 1210101, RS X R IS A 5 A 7 A A5 A AL B | A AR K TR 18 2
2—4 FAe, FH BRI A Y B (CEIEAED) IRT 60 ¢/ m? B 5= 1, ASWF 5T R FHBEML X 413038 e 0, 3
S HERR BUE 2R, /N AR 5 mx5 m, /NXTEIFR 1 m, AR 4R DB63/T 662—2007 i FE 5 L+ AR KL
T PR s FEIR A0 N T 5 1 de At AP 9 2 45 SR FH = DR 3R e, O it FES 24 4 At JIE 55 = 4
MR A S EAE B, BB SRS 4 AIKSF, 43908 Ny 20 kg N/hm?® (N, ;50 kg N/hm* |N,:100 kg N/hm* I N, ;200
kg N/hm” ; BB WL 4 K, 43900 P, .0 kg P,O;/hm” P, ;65 kg P,0,/hm® P, ;117 kg P,0,/hm’® Fl P, ;210
kg P,05/hm* B RCHE 414 3% 16 A ab 3, AN b 3 R, AL NIRE (N=46%) , B L i B AR 45
(P,05=12%) . FA RN 2 YCHUE , &5 00t B IR0 B i & 1 — 2, I TE) 35002 2021 4F 4 6 H
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Hf), BRUOEAE S HEAK T BR K 3 AN RIS B e LA/ INXHE K 54 0R 2.25 kg
1.3 WESRARSTT ik
1.3.1 YR E

S3HITE 2021 #2023 4F 8 A M AITERABIFAEMIHAT LY iy 7E5 b N BEYLE RS | m® HE AR RS T
FHINALTT,80% AEMRITUGITAERY H I 9 F 4], 7E45/NX AR EENLIERL 3 4~ 0.5 mx0.5 m AYRETT, 57 HuIAI 57
it By, 80 °C LB IEEAH AT i FARY R, fEC R AW N, TINAR 10 em BOARESBEAL
W3 g B RIREE 40 em IR R LS 1.5 mm P RIPEFHETE 65 C ML RE R ITA R R THEYHM T
W,
1.32 sk B E

- EHURE SR B RE R A B4R 6 om MRENER 0—30 em +FE, A 10 em — 2, B/ XCREE 3 44, 72
FHORGEVEN 1A LA A ISR S 0 3 R4) . HIEAME O E 2% (R R i) T AR R
ITIE s S KGR AIME T 125 s pH SR TIR BETHINSE 5 A BILBT R T A ARk 5 - 39 USCRUR Wik 4 ik 5 -9
RO R R IR VNI S — PR AP L (ks IR ZUR FHELIE R0k IR WR R BT L (LRI E
14 geitortr

FH Microsoft Excel 2021 Ba#4 3 ; Fi] SPSS(SPSS v 25.0,SPSS, Inc, Chicago, Illinois, USA ) & FHEfT =R &
J7 225301 ( Three-way ANOVA) |, g /K- P<0.05; F Origin 2024b 18, B 25 A H +FrE1R  FH R
4.0.2(R Development Core Team ) piecewise SEM ¥4 273 B 4544 1 FEAR AY | FR55F 2 L s 2t DA % e i %o A4 90 o
Y S 3o e A A 250, TOPSIS ( Technique for order preference by similarity to an ideal solution ) f A ZE A
P A ) 08t S A L0 3R AR AR YR et A 7 g R 33 PR B ) 520

2 HRE5S

2.1 N[ A Ak 3T R T AR R TR A b A ) ) 5

=RZEFZLE R T b A B 54EPR (F=559.076,P<0.001) , &L ( F=4.821,P<0.01) , B AE
(F=6.962,P<0.001) flI4EFr x AIE(F=3.977,P<0.05) ¥ B FHHIFE(F 2) . 2021 4E R L B8 T s -4
Prit (P<0.05) (& 2) #5403 N, P, A I AR e i, ik 465.01 g/m?®, SR AR L AE 2023 AFA)4E4F
T X b b AR N R R R AR TR ROR AN EAE AR B 1.95%—48.82% [T, HPAERR x BEAE(F=1.295,
P>0.05) SN 25, Ui AR B[R] B A 2t B3 2400y FE RUIE K, N, P AT N, P A AN i A Ak B4 M |- A )t 4 i) 4
T 48.82% F145.16%(P<0.05) . Hu N A ¥t H4EFR (F=26.544,P<0.001) I HAH &, L BN N, P, AL
2023 4F45¢ 2021 AT AN 70.36%

x2 BEELEBEEREEYVE=ERSN

Table 2 Three-way ANOVA of biomass between years for each fertilization treatment

. y . N
AR AFERR 559.076 <0.001 AR AR 26.544 <0.001
AGB A 4.821 0.004 BGB AR 0.391 0.760
Al 6.962 <0.001 W 0.656 0.582
AEBRx AL 3.977 0.012 ARBRx AL 1.422 0.245
AEBRxBEAL 1.295 0.284 AR BR B AL 1.024 0.388
RHE WAL 0.371 0.945 AACXHEAL 1.312 0.248
AEBRx Z A xBEHE 0.568 0.818 AR BRx L x B AL 0.743 0.669

AGB: #i_ [ =¥ aboveground biomass; BGB: #i N 44 belowground biomass
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N,

Po P P, Ps

P, P, P, P
N3

NO:0 kg N/hm?;N1:50 kg N/hm? ; N2:100 kg N/hm?*;N3:200 kg N/hm? ;P00 kg P,O5/hm?;P1.65 kg P,05/hm?;P2:117 kg P,05/hm?;P3;
210 kg P,05/hm® RNRIKE FRERR [ — KT T AR R ZUK |1 225, REVNG 8 F0R 7 — ZK P R AR R [ 22 57, 2R Rl 2 8

TR R TN 257 (P<0.05)

2.2 ANIEIEAE AL B IR AR e A et SR HRAR SR A R

221 TIEYEPER

SIRE T2 R F LA 5AERR WA OC (F=4.590,P<0.05) (5% 3) ,2023 4EA, LA E
7E 0—10 em 1 )2 P,/KF T H N P AN, P ARER 5 20T N P, AT N, PLAREE (P<0.05) (1] 3) ;10—20 em 12
A AL - I A F R T A IC AR R, + S /K 54 R R T W A0 M (P>0.05) ,2021 4F 1 58 5K &t
16 NP AL H B, 2023 4F RIS KA 12 F N KR AR —E, 380 NP A S K e s

*3 ZHERAEERETERSMEKE=FESN
Table 3 Three-way ANOVA of SBD and SMC between years for each fertilization treatment

T PR 4.590 0.036 THESKE 4B 0.488 0.487
SBD A 0.176 0.912 SMC A 1.907 0.137
e 1.103 0.354 BEAE 0.322 0.809
AEPRx AL 0.895 0.449 PR AL 0.741 0.531
AR PR AL 0.305 0.822 A R e 0.184 0.907
ANEXBEAL 0.516 0.858 AL IE 0.477 0.885
AR PR FUNE BT 0.853 0.571 AEPRx FUExBEAL 0.939 0.498
SBD: 132 H soil bulk density ; SMC ; 35 7K soil moisture content
222 IR
3 pH S54FEPR x FALE E K (F=4.384,P<0.01) (% 4),2023 4FHuis B ALY B &5 T 4% 12 13

pH(P<0.05) (&l 4) ;7€ N, 7KV T, pH Bifi %5 85 % 5 (3 2 BB, 0—10 em 12 AP 5 FBR (F =
15.240,P<0.001) , 5B ( F=3.539,P<0.05) , Al ( F=2.810,P<0.05) ,4FFrxEAC ( F=3.039,P<0.05) 1%L
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Fig.3 Changes in SBD and SMC under different soil layers in 2021 and 2023 for each fertilizer treatment

xR (F=2.923,P<0.01) $ 8 E A, M- S5EPRxBEE (F=0.328,P>0.05) 138 HAE A B3, 3B s e Xt +
BEA ML Y 35 B 0N K F AR, 7 0—10 em )2 F,2021 4F N, P, AL FEA HLF & 2 553k 59.36 ¢/kg (P<
0.05),2023 4F N, P, AbFEA ML 35 = T A A AL BE(P<0.05) o 2023 4 20—30 em )2 NP, #l N P, 4b B
AU A A AE AL BT HEES T 30.84% —30.95% (F=5.284,P<0.01) , BLitiff N,P,H1 N, P, AbHi i A i 3%
BB (F=3.393,P<0.01),

SRR I E NG R R ISR S AERR A W A CE (P<0.05) (£ 4), 0—10 em )2 4%
BCAS AL (F=13.191,P<0.001) FIEAE ( F=2.851,P<0.05) ¥ B FH A%, 2021 4F,0—10 em -+ JZ Bt
JIEEF, NP AL 3R+ S AR 0 & 5 T NP il NP AR (P<0.05) (181 5) T 5 IEAE# T2 T B
B E M (P<0.01) ,2021 4E 0—10 ecm + )2 N ZKF R, NP, FIl N, P, AC P -+ 8 20wl 28 5 T LA 45 Ab B ( P<
0.05) . 2023 4F Ht AL A 12 P37K5F5¢ii%ﬁ§i@€ﬁ§?;(f’<o-05)H%@iﬂﬂﬁ@fﬁﬁﬂ’ﬂiﬁ[lﬁ’ﬁiﬁ[lo

0—10 cm T2 LR 5EFR(F=15.240,P<0.001) FIBEAE ( F=3.074,P<0.05) A B EMCHE(FK ),

20 em +2 T, FHAR 54FFR x ZAE(F=4.448,P<0.01) B 41X, w&%ﬁfﬁﬂlﬁ)ﬁ”—iﬂﬂexfiifééﬂé/u
BRI, T 4B 5 AR BR a8 Ak S 4 S B AH 56 (P<0.01) , S AU ( F=3.320,P<0.05) FIEEIE ( F=4.085, P<
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0.05)7E 10—20 em 12 TR BEMI, 2021 4E,10—20 em 2T, Bt A NCH N AL 3R B ST

F4 FHEIEAEFERRETIEREE GIRERAERE EAMEB=EEST
Table 4 Three-way ANOVA of pH, SOM, AN, AP, TN and TP between years for each fertilization treatment

. SR L .
- ¥ N ’ ’
TR AFBR 0.021 0.885 THEEHLE  AFbR 15.240 <0.001
pH A 0.938 0.428 SOM A 3.539 0.019
A 2.481 0.069 WAL 2.810 0.046
AEBRx AL 4.384 0.007 AEBRxEE 3.039 0.035
AR BRxEAL 0.353 0.787 AR BRx@EAL 0.328 0.805
RN xBEIL 2.000 0.054 AN 2.923 0.006
AR BRx EUE xBEAL 0.920 0.514 AR BRx A xBEAL 0.990 0.457
A AN AEBR 5.759 0.019 TR AP AERBR 0.530 0.469
A 13.191 <0.001 A 1.219 0.310
e 2.851 0.044 e 7.186 <0.001
AEBRx AL 1.377 0.258 AEBRx AL 0.444 0.722
AEBRxBEIL 0.569 0.637 AR BRi e 0.246 0.864
RN XA 1.926 0.064 AL BEAL 0.413 0.924
AR B x U < A 1.953 0.060 AEBRx A < B AL 0.133 0.999
2R TN AEBR 5.083 0.028 4k TP 4EBR 235.136 <0.001
AJE 0.176 0.913 e 1.042 0.380
W 3.074 0.034 B 3.907 0.013
EBRx A 0.999 0.399 AEBRx AR 1.688 0.178
AEBRxBEIL 1.252 0.298 AR BRI 1.684 0.179
RN <BEAE 0.999 0.450 AU B AR 0.456 0.899
AR BRxEUAE xBEAL 0.707 0.700 AR BRxE N xBEAL 0.629 0.768

pH: 3B 6 & pH; SOM: 3 A HLIE soil organic matter; AN # 5% % available nitrogen; AP : # #{ % available phosphorus; TN: 4= % total

nitrogen ; TP : 27 total phosphorus

N LB (P<0.05) (K 5) ;2023 4F,0—10 em +J2 F N, P ACHR 0 2 5 T HA A A0 3 ) H I 2k & 1.38
g/kg;10—20 cm 1 JZEF N, P AR HC A i & i BOR NS AR B $2 = T 19.42% (P<0.05) . Z6 KA, A
BV IR AE 55 — AP 2 Wi NS X0t - 38 8= T T S B4R TR
2.2.3 577 ALY ) TOPSIS 25470

WFFE 0—10 em + 2 AL 5 XA P i s e B LA | SR o B U A0 R R A T 4B (11 6) , 80T
AL AT B S0l e o N [ AR 5 i A g k() e B, S5 SR R S50 5 R T B R (2021 4. P=
0.071, Fisher's C =10.413;2023 4F P=0.216, Fisher's C =7.822), 2021 4E & EXTHb A= ¥y 4 5
Wi, 2023 AFEREAE X b _E Az e B ) L A 5 Ao 52 ) - 0 OO (R s ) T R AR, R K
X Hi T AR R B ROV 3 R TR AN R B RN SR AR RION R B, 2021 AR EUAE X b 1 AR Y i
SRR 0.6691 32023 AEREAEXT i b A= 4 SN K 0.7326 ;%) b T A= ik AN S 1.2092, it ,2021 4E
SRt FH AT BT R b AR i 2023 AEBA OB 1 A | R R R 1 T R R A
ZFtE . TOPSIS £G4 Mk W] 2021 4F N, P AL FREZE G548 800 0.658 (&1 7) , il HE >4 4F vy 2L A it AT AR 3%
ST 52023 AR R i it P B R A, e N P AR BRZR B AR 48 50k 0.680,

3 it

3.1 WAL IR AR IR w7 T S
PENEAE Sy B REAR YA T 13 R A5 AR AR LR bl I e 20 e 3R] ik R0 o R i vy e A 7
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