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realization of ecological sustainable development. Reseeding and phosphorus application are important measures to
restore and improve the productivity of degraded grassland. In order to address the problem of moderate degradation
of alfalfa (Medicago sativa) stands in the rain-fed area of the Loess Plateau, this study used Festuca arundinacea as
the experimental renovation species. The research was carried out from 2018 to 2020, using a two-factor randomized
block experimental design, and three reseeding rates (R;: 20.2 kg+ha '; R,: 40.4 kg-ha '; R,: 60.6 kg-ha ') and
a gradation of four phosphorus application rates (F,: 0 kg-ha '; F,: 75 kg-ha '; F,: 150 kg-ha '; F.: 225 kg-
ha '). The grassland productivity, yield stability, sustainability and soil nutrients were studied. The results showed
that reseeding and phosphorus application significantly promoted the plant height and density of forage. In 2018, the
hay yield was highest in the R,F; treatment, at 9.3 t-ha '. In 2019—2020, the hay yield and crude protein yield of
total hay were highest in the R,F, treatment (11.1,11.4 t-ha 'f12.4.2.2 t-ha ', respectively) , and these values
were, respectively, 60.4%, 51.8% and 62.5%, 59.1% higher than those of F,R,. The coefficients orizons of
variation of this treatment were 50.0% and 40.2% lower than those of F R,, respectively, and the yield
sustainability index was increased by 4. 7% and 7. 7%, respectively. The soil physical and chemical properties of 0—
20 cm and 20—40 cm horizons were affected by reseeding and phosphorus application. Soil organic matter, total
nitrogen content and soil bulk density increased initially and then decreased with increased reseeding and fertilizer
application rates. By contrast, the pattern of change in soil porosity with reseeding rate was the opposite, and these
properties increased with increased phosphorus application rate. In summary, the reseeding rate of 40.4 kg+-ha ' and
phosphorus application rate of 150 kg-ha ' were the best treatments for improving grassland productivity, increasing
grassland vegetation cover, sustainability of grassland production and improving the soil environment in degraded
alfalfa grassland in the rain-fed area of the Loess Plateau.

Key words: degraded alfalfa grassland; reseeding; phosphorus application; productivity; yield stability; soil
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MR T SR T RO 1 A A S S e (P<Z0. 01) 5 il B i AR S8 BAE M o T
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oA AR T RO R A B SR (P<20. 01) , % 25 R 3236 Mk i JC 3552 i (P> 0. 05) ; 4R A5 it i £ 11
A R 2 AR R X R R E e AR OIR SR S T R DL RO T R LR A A R I R (P
0.01,%1).

F1 HEERRF EURFEREGMAFEENTESN

Table 1 Analysis of variance for forage growth and development, yield, and yield stability and sustainability

4 % Factor H, H, D, D, DM, DM, CPY CV,, CVey SYL SYlp
33{57\ Year *% %ok *kk )%k *kk *kk *kk ns ns ns ns
Jifi#  Phosphorus application ok Kook ok Kk *x% *x% *x% * % * ok
% H# Reseeding rate ok Kok ok ok *x % *x% *x% ns ns ns ns
SE Ay X it e Y ear X phosphorus application ok ok * ns ook ook sk ns ns ns s
ARy X #ME L Year X reseeding rate ok ns * ns kkk ksk ok s s ns s
Jifi Bl 1 X #ME 1 Phosphorus application X reseeding rate ok ns ook Hokk *ok ook HoHk ns ns ns ns
A5 X Bl 1 X 4T i Year X phosphorus application X * ns ook ns ook ook ook ns ns ns ns

reseeding rate

*; P<C0.05; **; P<(0.01; ***; P<C0.001; ns: A~ & 3 No significance. H,: 7 # # M. sativa plant height; H,: Z5REF ¥ F. arundinacea
plant height; D, : B 45 % & M. sativa density; Dy: FEIRFEFHE F. arundinacea density; DM, : H 15 T 5 7% 8 M. sativa hay yield; DM, : FIRFEF
T W74 F. arundinacea hay yield; CPY : &1 5 M 7 4t Crude protein yield of total hay; CV, )+ &1 577 548 5 Z %L Coelficient of variation of
total hay yield; CVpy: BT 54L& (M 77 5 A8 5 2 %0 Coefficient of variation of crude protein yield of total hay; SYI,,: AT 5 7= i ] £ 42 48 %0 Total
hay yield sustainability index; SYI.py: & HOHLER [ 7= 5 7] £ 2% 45 5 Sustainable index of crude protein yield of total hay.

2.6 AME— AR AT LR ALK 09 R

O T 4% S Rt 98 % R [ 2 A - 9 2 S o B3 (P<20. 05, 181 6) , NI #ME T, 0~20 em A R, R, %
R BIFEAL 2. 0% 1. 3% ,20~40 cm B4 BIFEAK 0. 7% 2. 1% s AR B & F , F, FL N FL 8 F 78 0~20 em 43 51
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Fig. 6 Effects of reseeding—phosphorus application on soil physical and chemical properties
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AT, BB 0~20 ecm B Ry 5 R, (R, 435I AH 22 0. 1% .0. 5%, 20~40 cm B 43 5l AH 25 0. 4% .
1.0Y% s A i@ i F ,0~20 ecm B F JF FF B F 20 038 3. 626 .5. 4% F1 5. 3% ,20~40 cm B 43 5138 m 2. 1% .
4.2% F16. 1% (& 6).

AN R I S5t R Bl i X A [R) B 2 A P B s 2 (P<<0. 05) , AR AME T ,0~20 em Y R X R,
IR, 20 #2185 0. 9% .2. 9%, 20~40 cm BF 43 #2553, 6% .2. 9% s SRl i~ , F, JFL f1 F, 8 F 76 0~20 cm 34 il
14.4% .19. 4% F119.8% ,20~40 cm IF 3411 8. 1% .12. 8% 1 16. 1% (K 6) .

AR T, TIELAE BT 0~20 cm B R, Ry R 70l 48 5 17 2.5% .6. 0%, 20~40 cm B 43 5§ i 1
3.0% .12.3% ; A [A] it @ K, 0~20 em B, F F, M F, 5 F ¥ M 22 0.1 g-kg ', 20~40 ecm B ¥ A1 22 0.1 g-
kg '(E16),

2.7 MXESH A LE M T ARER
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Fig.7 The relationship between hay yield and crude protein yield of total hay and phosphorus application rate and reseeding rate

20184F BT RO A - o HAME = OV R BEAME I 2 B &S b g 60. 6 kg-hm
W R M Rk B A, 8 13 t-hm 732019 — 2020 4F B T HOMLE 1177 0 5 AME 2 AR O R B Ab
e a8 25 FIHE PR, A E R o8 40. 4 kg-hm BRI A E L, 09 1. 7 1.6 t-hm 5 34F M T HE
FLAR 7 B 5 i 109 G R 4 S AR LR Pk I it ol k1) 1 0 S T i S BRI, b i o 150 kg - hm B IK F R S
WA1.4.2.3F2.1t-hm (7).

S50 T AR R B (1 8) , i %% BE X T R A 3 IE SN (P<C0. 05) , X} + A ML 7 & 47 76 o 3% B3
IERON (P<<0.001) , + 4845 AL % & 5 58 4 SR AR 8 3 142 IE 200 (P<<0. 001) , + 38 AL 0 )™ o A8 5
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FBOCAT W i 2 L 808 (P<<0. 001) , X 77 4 ]
FELL A8 B B35 1IE 0V (P<<0.05) , 325 X}
TR LB R A B R
BN (P<<0.001) , + 34505 4 HEFL BB A7 b
BB O (P<0. 001) , 7=k 28 5 2 Boxd = 4 i
A RFSE 48 B A8 etk 2 B B2 S (P<<0. 001) o
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Fig. 8 Structural equation model
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FUAH GO 2, RO 2R 2% 388 T8 I 35 AH DG G 2 5 i S 9 18 SRR W38 19 B o A %

% F $om B (P<<0.05) . Red lines indicate positive correlations, green lines

g8, A R X R T R A A S R TR
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WR LT AC P K 500 6 5 & LG S BB oT 45— 2. 1 2019 — 2020 4F BT H 7= 2 B it 1 2 114
BN 3 I S T S AR A A, EL7E M Bl 150 kg hm 2R A R g 8 it B A BE 2 R v 49. 9% 144, 0%,
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indicate negative correlations, and black lines indicate no significant
correlations. Arrow widths indicate significant standardized path coefficient

strengths (P<C0.05). ***: P<C0.001; **: P<<0.01; *: P<<0.05.
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