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Synergistic Regulation Effects of No-till Reseeding on the
Vegetation-Soil-Livestock System in Degraded Grasslands

XU Zi-ying', LIU Meng-ge', SHI Juan', FENG Zi-xuan', YANG Xia®, L. Hong-mei*, GUO Xiao-jing®,
YANG Jun-wei*, FAN Ya-dong®, ZHANG Ying-jun', JING Jing-ying"
(1. College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China; 2. Grassland Workstation, Yuyang
District, Yulin City, Yulin, Shannxi Province 719000, China; 3. Beijing Debon Dawei Technology Co. , LTD, Beijing 100176, China)

Abstract: Grassland degradation is one of the major global ecological challenges, especially in the arid and semi-
arid areas of northwest China, where degraded grassland seriously affects the ecosystem functions and the devel-
opment of animal husbandry. In this study, a four-year field experiment was conducted in Yuyang District,
Shaanxi Province, and systematically evaluated the effects of reseeding and modern intensive grazing techniques
on degraded grassland productivity, vegetation community structure, soil physicochemical properties, and meat
quality of sheep. The results showed that reseeding significantly enhanced grassland productivity, particularly
by increasing the biomass proportion of legumes, which increased soil nitrogen content and improved vegetation
nutritional quality. In addition, principal component analysis (PCA) revealed that reseeding restructured plant
communities to include more plants with high nutrtional value. Grazing on reseeded grassland increased amino
acid content in sheep meat and enhanced its flavor. In general, reseeding technology plays a pivotal role in
restoring degraded grassland and advancing sustainable development of animal husbandry, offering a scientific
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foundation for grassland management in arid and semi-arid areas.
Key words: Degraded grassland ; Reseeding ; Productivity ; Soil nutrients; Forage quality
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1E 32 B BOR B 22 (1 G TE o I BOR E S B IR A
A 3 35 A 0 AR R R, TR 1R A v R A O
PESR E IR = B A P R S, DT AE 2 e A R
SEMEY ZHENFREHEY S T IERGEZ
[B) 9 R M R it ol 3 - 9 b o, 4 5 7R A O BA
RO IFE— BRI R W R A S A SR
EMEY

AR L A% G2 B A O =X, S0 BF DB B 08 A7 R %
(SN B 7/ A N S R T A /X = i o 5| W i
T N A Y TS R O AR W B TR A5 R A )
RE . DA 7E K 52 Ml A 25 T e Y [R] IR 3 5 T M ik
W HEWRERSRENY, BRHEENZ, %
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PRI - Ik R -F O 7 =5 R G A T

VAR, R 9 2 W A JB 174 42 0 7 Al
A E S AN PR, SRR R A B A
FYTRHE AR & T R B R AR 1 RS
W TR AT e R A A R
Mo b TE R 2 (Festuca arundinacea Schreb. )
FUHS 3 (Dactylis glomerata 1. ) g 35 $2& & T 1 & 5=
PR T, 2% B O ML AR 1 RO R D e Y 1
I, A B v e Uk £ 2 RN IR R Uk Ak 2T AR 1 R
AN 7 01 B b b I s R 6 Y A 5T R
& AR TR Y A )RR B G B R
THEMERNE R TR NEEERK, W
I TR D] B BRI 7 1 it 7 1R Ak b A A - 1 -
R G i By [ 45800, X T AR TR 2 T fiE

PE SR SR E 5 & POl PR & e B i B
WHIERE X,

M 60 A A AT I b T B A RE T AR ik D, Bk
S AE S TR AR B AN B 0 R B OR B AR RS £l A
5 e o Mk 2 3R Rl Y BOR BB A B 3, (AR E
BT XoF D45 5 it o = B RURE 8 R s S Y K B
e AfF 5 AT A A B, JE LR AR 2 5 b X A R
B RGP AR S5 HUE R RAR . AR
LB G Ay BH b DXy S 750 51R £k 5l oA A 5 X060 4, ik
F5 4L DU AF (1) BF AN 5 (2021—2024 4F) , R G IEAE T
AWRERE X A S RE 2 E N W, PRN
AL HE - HEF o 5 A (A HLRR L4 A s R LR
RO A LA S W) 8 3R o CAn Bl RT s PR RS LR E
T AR AE R T SO M AR . Ak DESY IR HE—
A3 BT T RN R G B b A= 7 ) R ) B VR D) RE R (A
SR AR LORARAE Y ) R DL R B AR RS R G
16 WOl i ) FH A (8 Cln X P9 R R A S ) ) 4%
5 THI ) 52

AWFR R AR R R R RN g
PRI RN, 24 3 A % DR AR 100 A % 40 4 L
Ja 2l BB it O B A& 205 w0 b 1) 4 24 4k 3R R A
2, B 7E 50 UE F A AR - - R S i 4
W T7, R B b A 25 A N AR Ak R R AT R LR A
s . WER A R o R E TG T Rk T R X A
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1 ##5FE

1.1 I H R

A2 50 Hby A7 T B TG A MR T A PR X R
FELHT R AT (38°15/ N, 109°11'E) ok M 4F S 44 5L BF
8. 6°C, I fmi it J&E 38. 4°C, S AR IR B — 29°C, 4F ¥ [ K
389.2 mm, i 4k 1050 m. {5 Hh b ¥ + & R 5 £
Ly R VDAY A8 2 T | Ja A Y v R o T B KBl
PR RS KRR 2> B A AN, A T4 4K
HEHHMBERE, BT R+, H 115
R B KD R, 0~10 em LR 2R
EEO0.06% S 2.3% HAHES. 9 mg-kg L.
+HEpHE M 8. 97 1% Hh X HH B JS Y g T B2 il A 4
R IX, A7 5 KU VD A FH 52 i T8 B XL e 3 b 55
[F] B 75 25 T 5 & A b R K BRI, LA RO 0 T T AR
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filt o3 0 A b 7 18 52 T O o R OB Ak RS A B R
Bi MY 2 MR AR, DL B (Leymus chinensis
(Trin. ) TzveD H AL #HF, FEALEMEH TS
(Artemisia scoparia Waldst. & Kit) , K [ 42 (Guel-
denstaedtia verna (Georgi)Boriss) B Bt F 5 (Cleis-
togenes squarrosa ( Trin. YKeng) 55 .

1.2 HRFZE

1.2.1 XEB&F R EZRECRR E R A
WAk Eh B R 4> AR AR GB19377—2003)" Y 43
G 7 A b R TSR A i AR R SR B B VG A AR T
R AL R O S 4 6 b T 20204 5 H
A AT HNE R ANEALBE R 9BM-3. 0 8 G Bk 4 %
B, 5 HEATHE S 20 em, 2R L “f8] T RUIF 4%, FF i
VRS em, 8 F IR 1~2 cm, #ME S H R . 56
K FH B R B AL X AL T, D R O SR AR A

90%) TG T 48 # (Bromus inermis Leyss, f 7 % 2
K 85% ), Kb 1(Control) i 7R 4% 1y %f IR 3t 16
M s 4b P 2(Reseeding) W AME S H 5 5 1o 8 4%
DIATEC Ll 1: TIR A 40, 36 A B2 15 kg-ha '3 5
MK EANEL AN EHE 3.3 ha, BT AME
) ol %) R, 475 b B FH R — R (P,O, > 46 %0)
iR Bkt BN 75 kgrha L AP A S RN
9.13 kg-ha "' AR 55 kM Ab B E FH B R R
2 AT H R AR R AT DL B T R
G HAF TG o O BE 2 A e B B e | A% GR RR 2 A
X LG AR R AEARROR

S AN B T R RS BRI L 2023 4F 8
H 10 H 3£ A 60 R g1l 2, 78 S B 4 4% 7 v 25 o I
J 4 2 A 3R (MIGO R R F A L A4 G 1B 5
Jei P R Ml R AT A, TR R R R R A R AT M A
K, 9L WA R B AR 13~33 kg, AR 54 K
o AR E N 17.4~37.5 kg, FHWE 5.7 kg £ 1.
[Fi) B, 39 B2 DX 48 ] L S A Ry ko R, HORR 4 B
T KA FFHURE 1 6 (60: 400, H: b ke i Bk 7 48 75 4
A R TEAT 2N AR A A IR 2 C2F D J 000K A R b
FERHE Sy A ARG AR . MG #8553 3 o 0 %
B E B AOCE L, BRI IE AR 1 E s G
LA TR (MIG) B 7 AR5 4% SRR 55, B MIG 41
K FAR M AL AN (KD, SS 20 A8 36 X uf gt 75 45 1]
CRS BB . PRALXT B 78 50 F AR 1k &R 2 ik
XoF PR it I 04 4 TR

1.2.2 FSMRMAEZRLR  JHEREEFEESN
MW AR LR A . T 2021—2024 48 I 7R B4R
(19 /N T ) 245 b B b 1 o A P BEATL A B 5 A
O7 HEEEE 2040, 5 m X 0. 5 m BRE T, PR FE 7 A
PELH N o B R R R BY U0 5% B JSRE T N T A AR
TE 53 Wy b B N 2F B ARA% Y BE T b B RS R A AR S
AWy IR SR BN A W R A 3 R (Legu-
minosae) \ R AFL(Gramineae) 2§} (Compositae) Fl
HAhZE (Others) , B J5 F 1 _LAE YA S 7E 75°CHERE N
M 2 i, AR R ST REAE R AR R T
3 AT AN X A [R) Dl BE A A9 52 o AR T R B ) Al
TR R ZREERR S B TR
A% -2 9 45 0 (Shannon — Wiener index)=
—>P,InP,
o % 48 K0 (Simpson index )= 1 — > P7
= & ¥ $8 80 (Richness index )= S

A2 PR [R]— 4 5 v o A 0 1) A A R
B8, SRR —MEJr i R g

JRim T Re i A a5 S AR Y B Y BT
FATHRERE i L.

Wi 5 oy [ 50 3 2 R AR 1, SR L IR R0 I
FE¥I Y 4 R B (Total nitrogen, TN) FHEEHT He (675
I 52 A8 9 4= W5 & & (Total phosphorus, TP) | J& 7%
WA - I B 1 I i 42 8% £ (Tootal potassium, TKD |
ol L G SO 2 A R B 11 % i (Crudee protein,
CP) il 128 [G 1 BOASCI 52 A8 4 f B D5 35 i (Ether
extract, EE) it F£8 4053 00 BETHIU e AL 4 7T i Vbl
1 (Soluble sugar, SS) i 14> 7 2l £F 4 5 {30
F W) bR T 4 5 18 (Crude fibre, CF) | HPE 3k 5 21 4
(Neutral detergent fiber, NDF ) J g 14 1 i £F 4k (A cid
detergent fiber, ADF)  HlJK 43 (Ash content, AC)™ .
BEANE B FE TN 0~20 em A9 2 B3 A~ £ REIEFT
B4, it 20 R A, 7l (8152 56 % R A7 4 S LA R o
AN 5, SR FH Bk T2 & B I8 4 - H B0 it bL 2 I . 1 458
2 W% (Rapidly available phosphorus, AP) | J& F %
WA - K ' B 1 I A 3 2L B (Rapidly available potas-
sium, AK) | H 4% iR 8 45 1t 15 DU 2 A7 HILk (Soil organic
carbon, SOC) HL [% & A7 2 4= & (Total nitrogen,
TND R BE 10 22 pH AH TR 8 EALIN & 1 43¢
4 B (Total carbon, TCY'™ . b 4h , X 4E 24 b #1 5X
(MIGHFR M A 11 H 10 H 3478 52, 7] %t 4R
F DL S (SSOB % £ I F T @ B 1
D ARG, i 2 R 0 3 B A A AR AR
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1.3 #iEaE

AWF 5% K F Excel 2024 # B 45 i & /N X %€
{5, JF 46 F§ SPSS 27.0. 1 8 47 8L A % Jr 2 4 B
(One-way ANOV A FIBUH 2 F 22 53 1 (Two-way
ANOVAD , 73 Hr kb 8 4F (7 S H A2 B AR A 53t 2E
77 1B RS 43 A AN T8 ) R A O A S g R TR 2H A
(Y520, IR F Duncan 22 85 #5325 6 AN [a] b 24 8] (1)
2 5 AT W E ER Y . FE LSy 3 B (Principal Com-
ponent Analysis, PCA) R HI R 4. 4. 2 8 #47, F
H ggplot2 fil FactoMineR 559 R 41 2 i PCA &, 5
B AE Bl T RERE 22 4L

it A A 5 DL Y {E + R E R (Mean+ SE)
LR o

2 HEREGH

2.1 #MEWMRKRBAEMM FEYEHEMW

AN G R M b AR R Y 52 R AE R [ ARy
B 2 R BEE AR AR A, 2021—2024
AF R b S b AR ) R R AR 3 R T (P<<0. 01,
La) , [A) BF AR 0 5 %M XT38 16 7 b . _E Af ) 6 19 52
i) HL AT (2 2 09 32 AR I (P<<0. 01D, 26 B b 3% 15 it
Xof b A ) e R T I RO AR AN R AR A 22 87 A 22
5o ERGT BT A R — LR T ASFAE R R 45
Iy B B A2 Ak s #CE 1b) , &5 3 R 2021 4E A
2024 4 (0 BHE AE F2 843 2 B P oA B 0 A A 25 5
IEAh BRI R AR AL 9 % 3 4 1R Bk Ak i
BRI XT3y 2 1 s Rk AR K .

(a) 450 (b
_ 2021 -/E|3-2022£|5|:|2023£|5-202214-/E|3 50F
C‘JE 400 #ME Reseeding™ L el Others.
80 350 | KM Year™ = ==+ .
% 300 A2 Tnteraclion™ S 55k - L g
g b & S AR Composie | 2 Vear
_— & / b - 1
§ 200 a o 00y Rt | 22023
1w 150} X AN /| o202
] b = \\ Eﬂ— Lcguminosae /
= L HH N ' / ~
= 100 c 25F N T e - —
mosL ¢ ¢ c S i AR Gfamincae
1 ) \,,;7_7,;,* |77 1
n \ -2 0 2 4
KA #ME 0
Control Reseeding FAF 1 PC1(34%)

1 MEAENEMENENZNEEREDESR
Fig. 1 Effects of reseeding on grassland biomass and principal interannual variations
TE = (a) FME X8 A 4t 52 M B AR BR ) 28 5 (b) R0 Ak BT 2% 45 0 Dy BERFSE W 6149 32 1053 23 A7 5 AN R/ S BE e 7R Ak B 0] 22 53 Wik 25 (P<0. 05) 5 3R 7R

P<20.05;**& /R P<<0. 01, F [d]

Note: (a) Interannual dynamics of the effects of reseeding on total biomass; (b) Principal component analysis of the effects of reseeding treatment

on functional groups in each year; Different lowercase letters indicate significant differences between treatments ; * means P << 0. 05 ; ** means

P <C0.01, the same as below

W 2 f 7R, 5 AR MG G HEAR E, #h4% b B G
BHAE P A 25 U800 AF 0y 35 e B0 FR 2 0 AR KL
2021 4F 4N J5 L RHRIR ASBHE ) 09 5 LU AR LT R
A I B TE o GORY TR e R, 3k )
415, M4 RN 22 28 B0 o7 LU WA BT R B, 43 31 R B
T 14% M 20% . 20224, GRHEY Y o5 LLTE AN
ESE B TF BN 48% 5 2023 4 kMK JE TR AR AR
B Wy 09 L 38 O WE 3G, 43 i 1G24 % 0
14 %, L RABHERME G 1) &7 LIk B T 57%, 1 44
BHAI 2 R AAE MR IS 09 5 LE IR AR . B 2024 4F b
5 A G R A7 BB R g, 80 T 59%, 4 LR ik
72%  FRI I A KA RN S o bR 1 4

AL BB 200, R AME TG W E R T
R P 0 A A A A A AR B o L b 3 S
B 1 b TR B TR AR P AE 2023 47 e B
TR TERE S AR O R TR R
FHHZ T 38R R 22 25 B0 o Lb 7 A 476 5 35 ki 52 1
FRERAS . PCA STt E— A5 0F S M Ab #15 R 4
T b BRAE A YRR VE 2540 A7 TE B 25 S (&l 3D

W 1T RN X 7 A -2 9 48 B0 % 3% AR 8
BOHAEE R . B 2023 4F , 5 R ARG B AT L, #b
% 0 b 1) 2 3 AR AR BOR P Rl E E R R TR (P
0. 05) ; £ 2024 4F %M &b 5 Fr A% - 4 40 15 $ L K o
W ARAE B B = T RAME AL (P<<0. 05)
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Fig.2 Effects of reseeding treatment on biomass and proportion of each functional group in grassland

E=NCA

52

TE = (a) (D) #h% 5 ARA f A XS Ml B 22

W (A PR EZS 5 (e) L (d) A 55 R A MR b HE 2 D BER (1 LR 1) 4F B 31 25

Note: (a), (b) interannual dynamics of effects of reseeding and control treatments on aboveground biomass; (¢), (d) Interannual dynamics of the

effects of reseeding and control treatments on the proportion of each functional group
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FRE4r2 PC2(30.1%)

AR} Gramineae

R} Compositae

[®@] A#M% Control
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2

F o1 PC1(34.2%)
3 MESRMBLBEFEDEENEIR S 2 (PCA)

Fig.3 Principal component analysis (PCA) of vegetation functional groups under reseeding and control

2.2 #ENEMBEREF@AROZME

A7 T A R A ) T R T D R
TEBEEMGE2) . WG 2023 47 %M H1 #FE 5 I 2
SER R AN AL B RR 9 0k e RLAT 4R

DL R TR M Uk Uk 27 4 35 1 3 T R R AL B (P
0.0D), HHLAR 7 & St 7E 4B AL 3 T W 2508 T AR A K
AEFE(P<C0.05), | 2024 4F % W& $2 & T AR MR Y
APl AR A P DLSORE K 4 E i (P<<0. 0D,
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F1 WMEREXNER-ENEY EEREBENYMEETENI I
Table 1 Effects of reseeding treatment on Shannon-Wiener index, Simpson index and Species richness
Ffy Year Wy Fh Z KR 48 L Species diversity index A A% Control #ME Reseeding Py
2021 4F % #R 48 %0 Simpson index 0.5540.06 0.654-0.02 0.097
TrAR -4 4438 80 Shannon-wiener index 0.98+0.10 1.15+0.04 0.124
YA =E ' Species richness 3.50+0.23 3.75+0.22 0.438
2022 4F H FR 4550 Simpson index 0.58+0.03 0.614£0.02 0.397
T -HE 946 %L Shannon-wiener index 1.11+0.07 1.19+0.04 0.319
W) Fh =5 Species richness 5.00+0.39 5.70+0.30 0.175
2023 4F H FR 4550 Simpson index 0.54+0.05 0.68+-0.17 0.024
T A -4k 4045 %0 Shannon-wiener index 1.074+0.11 1.29+0.07 0.118
Yy & B Species richness 4.58+0.40 5.9040.34 0.016
2024 4F 5 T FR45 4L Simpson index 0.46+0.05 0.64-+0.05 0.021
T -HE 9135 %L Shannon-wiener index 0.96+0.10 1.33+0.13 0.036
YyBh & Species richness 6.3040.63 6.50+0.56 0.816
FE:P<<0. 05 F/RAAAE B M P<<0. 01 FoRTrfE B &£ 5%, T
Note: P<<0. 05 indicates a significant difference; P<Z0. 01 indicates an extremely significant difference. The same as below
F2 WMEBELENEDEFRROZME
Table 2 Effects of reseeding treatment on plant nutrient quality
A4y Year i H Items K 4ME Control #M%E Reseeding P1H
2023 4 L TP/ % 0.1240.01 0.2240.01 <0.001
L TK/ % 1.5440.06 1.8240.05 <0.001
AR SS/(grkg D 48.3443.15 49.6842.62 0.745
HEMH CP/% 14.6141.46 17.1140.30 0.125
L4 CF/ % 26.454-0.99 30.624-0.53 <0.001
MG EE/ % 4.08+0.26 3.33+0.16 0.022
PR A 4 NDF/ % 64.45+1.93 64.30+£1.17 0.947
R PEVE U 27 4t ADF/ % 38.334+1.14 43.240.87 0.002
2024 4 2W TP/ % 0.164-0.01 0.28+0.01 <0.001
LM TK/ % 1.70+0.10 2.100.09 0.009
AR SS/ (g kg D 60.9144.34 40.74+1.44 0.001
MEM CP/% 10.464-0.57 17.3740.67 <0.001
ML 4 CF/ % 37.1941.22 34.0142.51 0.269
KGN EE/ % 3.70+0.26 2.3340.13 <0.001
MK 5 AC/ % 6.2240.53 9.0940.73 0.005
YRR A4 NDF/ % 60.1841.34 63.3841.89 0.185
R PE VR A 4 ADF/ % 52.3841.39 56.19+1.64 0.094
2.3 AMEX BRI 3 MEREXTEEAERAOZMW

M A it Y 2 B Tk S B R B R 2 A
2 RMA PR & E (R 3. BRI SRR 4b
W FERI T LR AR 2ANE R (P
0. 01) 5 = 3 v 3 25 Wl M1 4 ik ) 25 2 A7 A W] I A
ks e A 55 A R 1 A B L kb B AL 3 R T REOR
AN 5 A, R B Y e A B pH {ELAE
AN B AT BT B, LS OR AN R TA] A7 A 3
ZH(P<<0.05,% 3),

2.4 #MEX A F @ BA R
I FE D10 A 0 M ) 1) SR 2L, 5 S R A

Table 3  Effects of reseeding treatment on soil physical and
chemical properties
I #h #h

Ittnli if)fltjfl Re:!;ifing P
4 TC/ % 1.40£0.16 1.64+0.15 0.307
ALK SOC/ % 0.48+0.03 0.654+0.04  <0.001
2R/ TN/% 0.0640.00 0.0740.00 0.004
HAHE AP/(mg-kg 1) 5.88+2.54  8.55+1.23 0.290
HACA AK/(g-kg™H  0.17+40.01 0.1540.01 0.024
pHA{E pH value 8.9740.06 8.78+0.04 0.005
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] i Ff 22 6] A7 B B 25 55 o FE RS TR A B b, 4R
(SS) L2 1 S8 LR 2 & ik fe v, Ry 18. 1804 5 Hok 4
BT W R & o 17.74% . 4
W A LR 10 B R K AR 0 T AL R e TR R R A
LMK SRR T 3 = T SS b B 5 1 4 T
IR R TN R KR 0 T A R I A R L 4 A R
B & R MIG T BT SSA L (P<C0. 0D,
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Table 4 Relative contents of amino acids in muscle under dif-

ferent feeding patterns A%
i H S LR £ i)
Items MIG SS P

T4 5 % & Dry mater content 23.80+£0.26 24.55+0.35  0.204
KA Aspartic acid 1.660.03 1.73%£0.06  0.299
22 %R Serine 0.70£0.01  0.7540.03  0.097
A& 2 Glutamic acid 2.98+0.06 2.7840.10 0.150
% % Proline 0.67+0.01 1.3540.10 <<0.001

H A Glycine 0.7940.02  0.76+0.04  0.481
N 2 Alanine 1.0540.02  1.0740.04  0.652
Jib & 2 Cystine 0.24+0.00  0.1140.02 <<0.001

K @R Arginine 1.1440.02  1.194£0.05  0.338

2H % % Histidine 0.55420.01  0.6640.00  0.001

fi% % 2 Tyrosine 0.71£0.01  0.654+0.00  0.033
FELE R Leucine 1.5140.02  1.5240.05  0.943
J28 Threonine 0.8240.01  0.8740.03  0.189
AR Valine 0.924+0.01 0.87+0.03  0.193
555 & B 1soleucine 0.854+0.01  0.83+0.03  0.362
RN Phenylalanine 0.74+0.01  0.86+0.01  0.002
AR Methionine 0.49+0.01 0.51+0.01 0.414
WK Lysine 1.6740.03 1.7040.06  0.685
{45 Tryptophan 0.24+0.01  0.0040.00 <<0.001
AR B Total AAs 17.74+0.30 18.18+0.63  0.525
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