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Figure 1 Effects of the native adult plants identity on mycorrhizal growth response (MRQG) of the seedlings of S. krylovii (a), A. frigida (b), L.
chinensis (c) and A. cristatum (d). Sterisks indicate the significant effect (P < 0.05) of AMF inoculation on the shoot biomass of seedlings; NS indicates
that no significant effect was detected between AMF inoculation and non-AMF inoculation treatments; bar groups with different capital letters indicate

significant differences (P<0.05) among adult plant treatments’*”)

FERWY, PRIEEAAER, FEY A EPSFERA
R, (HEEH TIRAMF-ERE N7 Y) e 2,
JE PR AMFGEZEJR 7 W 1R 2006 LSRRy, S8t
HEEFRAAMFIRIREAN, 7 /ETE f 2T, R, b
AR ) 1) 8 95 0 e A A A e D O i 1
e, RIPTEAI ) 3 s R A A o USRI % s T
ARPEIAFp R, eSS IER SR Kokt + 1k
AR AR VI, BRI A I TR S B3t

1.2 GBI ®hE R T e
BE. ARAFHEH R BERIH B

2028 7044, 28 BEAE A 0k o) A AR 2 2R At
FeP¥ B IR R 5 B AR T BRI Ry =k
ATHEH, (HARREE R Pk P AR A T 2 —
BeZs BEABER N S, R B b R R 2
BEN e B JERE 76 2 R B T s X AR 1
W R SEHLHIRASTE], 2 BE0 At as BE(light gap) FIAR
25 Bk (soil gap). 75 BEEFa P 1A] PR k= b T A ol 76 55
TREARAE DN RESE S () — Fh Hb T 25 B, AR 25 B 98
— 3 DX PN 1 b DR AR AR R R X K 43 Fl R
43354 ST HE T R B (E12) .

1548

T IR A S ORI 0 2 BRER, AN TR AR
FIHIRBE 2 RN — I 25 B, R ORI T
I 2T B AR3~10 e B/ NS BE, - TTE R T T Y
RO AR = 10 em AR A BEAM 5 2107, G BE A
SEAEXS JFAE R DR RTSE T, AR ARTE i 2 B
BARFILIT A& B3 0925 B, K AMERY) ER . %
JEAMB R ZR B s, HA R SIE R R AR
{ELs 9 SR R A BRI 7 B AR i, 23 B
TR T A AR I SR o0 4 MR AL ) 1) S S R ) R
i e 2 A 2 B Sl A AR E AR A T s,
IEIAME RIS TR 28 BEAMEAE Y B0 e R SR

HERE HERE

RN

2 (MR

Figure 2 (Color online) Gap type"”



P A

KGN HES, BIARMERARHEY T 2SO B, #ME
SRR B/ NS BE. MR As BE R E R OR AR )
FRSE AR, EN SR E RS A B (1213)°, 3641
P — G SR B A M 1) 23 BEJ).

T I E P S PSS DL AR i X REAEL AN [ B b B 5
B ZS BEWF S, R IR AR R R RO ) BLAR /N T
10 em/NYG72S BE AT 5 25 46 o 4% R A 19 P AT
R EYrE . BRRRELL R [ R TS, AL R
/NS BERRAE T A R T R A R R A MR B
e 106 BB 3 AN - K 4y, i v B R R R AL R U
B AR K T20 em Al KOG ZS BEHGE A #ME AR A RHE
Y AR, EEUR T RSB R R i
T2 EARARHED PP FFT BRI PG . BRit
ZAh, RSB T £ HHEY FAME R AR Y 2 6]
(T 524, R T HMER AR Y H K5,

Ty — T, A5 BEE R R R Ry, IR
MBI A K. B ZS BRI BERNT 10 ecm/ NS BEFY)
T HEE SR AR AR B S T 20 emRABE, i/
F10 e/ BEH RS ENO-N) i B 5 5 A
25 BERYR A, K2 BERG I T A4 m] WAL G AR B A - 3
TR, (RS A PR )2 KD, Bl 4RIt
575 L B B T (RS R AR (NO, BB R (PO, )
BT KA RIS, BRI s B2 LA o D, TR
b A2 BEAR 25 BE I8 /0 1 V& P S5 AR 2 1) 135G
A, SRR AR S TR

1.3 GRS TR A& 4 B Ry

LK S 114 T 25 i gl 2 e e L A0 I Tt
G A TRGHE I R RSO RURR T, R, St
PAMEE S B0 B SR, AN (U] AR o s v 224

PE, BRI BV ZAA BT TR IR 2 B 4 2 M 4k T
BOIRAS. X454 Clements' ™ 2 HY 7B TRZLEE M
1 StringhamE AR B ER S -2 Sk R S,
R AL T IV T0T R 75 Ao i i 5 2 [ o 345 v A
PRI IR ZREE A S, XTIk E O R, oA
721 5 2RI 6 R R E A, EREA
T FRRAR T R A A PR RIS AR e, ELREYR
Yy Rh AR LRI IR BT A 7 0 R, T
HORE B35 R T R R R 2 R O, PRt ]
DLAeREm A= 7. ik, FRATESE T R EIR AL R A
G BEAME 6 5 B ) A BRARRL (151 4). AR5 IR I B
b R FH AT 30 ek P A e RO AT A B, 3 R RO
TE AR EE 1520~30 e JFHATRCHG, BB #E5~8 cmihf
1o b, T R R — R R YA ) R R
50~60 e XIJE], BAFES~10 em™. 3 i R Ak ) HE
FH ATl /INE J A R (58 4, (R EAMB R AR 1
FIFEREE h AR, I, h TAME R X R AL B
J 3 4 SV R T b e S, R e 0
A ) A R A I AME R AR, T G RREE
JRRETR 2R

AT S e ) P A e R IR i s 4, BHLIE—
A DB TERETE I SE S OL S, AT RZ e 4 24
U, R CROR FH A T 3 Ao A S e 2 2
R ZAREPED, X AFE v BE TR, B AP R O Y
R R M a M A KR A A =, i ELRERS
LI ZAREPE AR X TEIRAS DR B ) B
ARSI, 78R SR B JGAME B SR INBEAE, T HE e
15%~34% B S A 77 7 W K st B S i O,
AR AL P B LRSI R 2R E. ]
A, S R i T A - P A B AU i, B T

207 ) 207 )
® i ® ez
151 O iRa 15/ O iRew é
=< =<
#0 10 §0 10 Q °
th th
flia 5 fla
5 Q L g 5 Q
0 : ‘ 0 : : : :
cK 10 20 40 cK 10 20 40

RN (em)

RN (em)

B 3 ZSEEA/NEEEI AP AE RS, (a) SRIEAEETE; (b) RARIG S
Figure 3 Seedling survivorship in undisturbed controls (CK) and different-sized and type vegetation gaps. (a) Medicago falcata; (b) Bromus

inermis "

1549



M % & 2020468 He5% H16H

(S TR
MER B

N e
Sy

EEFA
L E e

L

EENE

B 4 (RO ()R ME S T TR TE A BRAR L
Figure 4 (Color online) Reseeded grassland subclimax management
model

R/ ELR LE, U8 T IR YRR A5, A R
HEZS IR R E ] R,

2 BAEE R SRk 2 A S

IR AR FR ALy B 5 — PR D R, By kb
o F IR P DR BRI I DI 1% B 2 e SRR RE A AL
IR RHE, R, 3R AR U B e B MR A 52 5
TR AT B AR R R O T BT kAN
J5 ORI R S, AR T T R
e, AR MRS LK R, TR Rl B 1k

i A A L 8 9 W A R e 3 o A A AR IR R
it >, SR A IR S B AN A8 A B ARRE SRS R A 4] .
Ve SR A e i b 9 5 PP sl TE R Bt P B A MG R R,
AR 1R 1 55 20 R4 3t [k 175 0 8 A [R] B AR R,
I e A B B A e S R FE AR AT R R A
O BMRER T AL AME AR RE . AR AL
P AR AR S RS A

2.0 #hREHORERE

K R R B B R AR SIS, R AN A
SR 8 Ml PR A B SR R AF ORERSR AR I 330
) AT R, HBEE PR IR AL I A B AR
1 PPl E B A5 A E RN A D IR SR R AR A
Yy, 8 LAZAE R B T T TR A (9 DA
IR A w5 HAR IR Dy fe i p. R A2
T JUE AR 20 R A OIS DL T, AR T LA S b
HERHEY), — BCE AN AT RO S AU YA TR
BRI TR

2.2 H#MEHLI

FMEHUBE AT {4 FH BB S BRI LY, B
FEA . HEAE. #ME. B B —RTIRE. AME
MUK BE &V R EDSUR #) FE T R 8%, <V il
T AT — k<5 cm, RI«“T”RIIF 42856 )% Ky
5~10 cm. “V’ BTG5 AT 7E LI b il /NS B, AR

WMEETNER MNBREA MBS ETE
-t IBHER / L WE BEBE: 5~10 cm
e =) ﬁ%%vgﬂw WY B\ Zaln v Sl
-2 > “&;.iiiii ﬁ% \
3 11/<400 {57 N/ A \p
o FezspE ! |
/} g RFEEE (& 2 ]
LRI + g | ‘
(PSF+) i ETE -~
HESHIHRZSHE B -
v ETR W =

FEEBHRTDE

B 5 (MR e) B FAT S e AN I S AR [ BT R R ARARL, W MR TR, PSFHUFAMY 5 B E R
PR BRIER B B DB S~V . . SEEGRASS, W T HkRAMEILE T BIHAR, <V REAMEILUOUE R ITAS,

R FH i B2 35 s ORI Ay i JEE

Figure 5 (Color online) No-tillage reseeding technology model for degraded grassland restoration. Monocots indicates gramineous plants; dicotyledon
indicates leguminous plants; PSF+ indicates positive or neutral effect of plant-soil feedback; II-IV indicates light, moderate and strong & extreme
degradation; the down arrow indicates “T” slot opener; “V” indicates “V” slot opener; Utilization intensity means grazing or cutting rate

1550



P A

Ml TR B =400 mm/af g R IR AL R ) S RME Y
AME B IR AL R AR A BHE Y AN, X TR
<400 mm/aiRfbF R, TCISARARHAE GRHEY), N
BT BT AR, ZIFERS T B4R 5 T
IR, AMUEATIRIEER, A8 A ME i ZRHFIR
ARBHEYIE A KT TT 028 BEEREE, IR IR A Aot
ANEYIFN AT S, IR T SE IR IR, fE R
B HlL X (AE 24 5 T 4275 mm/a)fifi <V I V4 25 1
FPRTE TAMEE TR AATE %, FIik67%; MTENSE
TS DR Hb X (4F- R T :350~370 mm/a)fiff FH 2]« T %4
TFVE R R B 7 L T BGR323. 73 k/m’, eV I TF A %
PEE213.7%.

2.3 FMEEIAR

TE St A MEF AR Z R, R R S X R AR
FREE. AR E AR R HRIE . Wk, Rk
(594 FEFEGB19377-2003) P4 e, FRoAi T T4
NP AN TR PR B e S St () A MR AR G R

A RO E R, AMERABMACE, 1THELS om;
KRBT BRI EE, FFERE3~S om. #ME -5 i LA
[ EAT; b TR R — 4 (P,05 = 54%) LA 1:3 110 L] 58
SHRA EHATHLERAME, 7 £1~2 om.

AR R A, AME TS S SRR AR
W, F7#E15~20 cm; SRA“EIT RIFVA RS, FHATREE
3~5 cm. AME S IEAL RN T, OB R T R R
(P,O5=54%) LA 130 LUl 58 iR & J5 A THL s bR, 7
+1~2 cm.

R FON R ERAL, #MEETE S SR, 1THE
20~30 cm; 4AME X FEFN>400 mm/ask H VB4
%, AMEH X PR <400 mm/a SR FHCBIT BITA 28, JF
WERPES em. #ME - StELAE FRINEA T, B Rh 1A w iR
F5(P,05= 12%) A1 100 LU BNR & 5 #EFh, B £1~2 em.

A AR, ANTFEAME, AT LR FH R R o
TRFABICE +3EE A ME KM (HANSR R T 88 537 %
i, AAMEE T, Tk R R
24 FRGERMSF

TR B G AN IS S A R A AR
WK EN15~25 mg/kg, HEARUBE S A H 10~
15 mg/kg, T HEECH & H A F]100~150 mg/kg, WK
IR, At AR HL

FE R — RS AE AR, #ME S A T ek

HHRIEL WRER, —AERME S RMIE I T IE R 3%
LD SR ABHE Y R 21T, A = S~
10 em.  ARUCHI G R TBAE, SEBAR AR AR
P T A A K B ORI . AMEETE
G OPHEY) R, — AR BR300 kg/ha; Jf
[FIEE i A 40 R e Z kNS ke/ha, RIIFEE
500~8001% JE Wit =, AN & e+ AR ABHEY) F b,
— B LAREIR — 4 R, AR A25~30 kg/ha; #MERAR
BHEY F L, NABRIRER, A }50~60 kg/ha; HF%
TRt FH, A5 VR IR 2% {24 %) s i AL J IO 57 B V.

3 RAELER

R R A5 2 R A A R R
RIS, DR LA X i A A A - S /N R
B, PRV R A 7 O ) [R]EE OT 4ERR R AR,
B A AR A SRS T RE. A SCHR AR AL R
RHHAMEBE I SHAR, o TAMEDF SR
Jirt A R B R EOE SO E R, # MR R AR AR KGN
23 BN, AR S R b A P LR AR S T A v R
A EHHERIEST, KW TECT B, #2874
FEHoR, MRl RA R IR, Wik, hEmgdE
b, R FRR AR B AR A e A ME B T 6.

FR G4 [ M R B e . B E . 2 ES
EEISEA TR}, R LIRS T 4000 mLA T JE 5
INF100 VRIS B/ T50% FERR K F300 mm.
KT0°CAEFIRE T 1000°CHY B, FRATHR T3 B
I IR A0 A S B A MRS 52 R i) 4 ) R T AR
439316341, 2y FREFF AT (BRIEESSN
1912.60%(F1).

F 1 EBERPHMNERTRREEREEZRHERCTAH)

Table 1 The area of total grassland with reseeding potential in China
(10 thousand hectares)

FLF TR 53 X FFREA EEAMEEE (%)
AKX 1417.56 983.64 69.39
ARAFIX 835.77 294.16 35.20
T IX 6547.75 1539.70 23.51

TR X 14027.79 498.46 3.55
Fadtx 8581.81 192.90 225
PHRE X 2071.94 450.67 21.75
PR X 1392.29 433.63 31.15

Mt 34874.91 4393.16 12.60
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There are 400 million hectares of grasslands in China, accounting for about 40.7% of the Chinese territory, which provide
fundamental ecological and economic benefits. However, more than 90% of this grassland ecosystem is threatened by
degradation. This leads to the loss of biodiversity and a decrease in ecosystem functions, such as productivity, soil
preservation and pest control. Currently, restoration of degraded grasslands is the most urgent task for grassland ecological
management in China. No-tillage reseeding is one of the best practical technologies for grassland vegetation regeneration,
because of the significant opportunity to improve productivity and plant diversity through establishing suitable species with
minimum disturbance of the soil. Here we present a conceptual framework, which integrates plant-soil feedbacks, gap
principles, and subclimax management models to guide our understanding of no-tillage reseeding. The key components of
no-tillage reseeding in degraded grasslands consist of the selection of reseeding species, reseeding technology and reseeded
grassland management. Native plants can affect the success of establishing species in revegetation due to competition for
light, nutrients and water, and revegetation species with neutral or positive plant-soil feedbacks must be selected that can
establish under these conditions. Our previous studies show that small light gaps can increase the performance of reseeded
legumes, while larger light and soil gaps are needed for grass reseeding. Therefore, we predict that small gaps for legumes
and large gaps for grasses will benefit these species respectively in no-tillage reseeding. According to the subclimax
management model, suitable grassland management, for instance, mowing, grazing and fertilization, can maintain plant
community composition, productivity and biodiversity, when the target species were successfully established. On the basis
of this conceptual framework, no-tillage reseeding technology has been invented and applied in the semi-arid and semi-
humid degraded grassland, and the plan for degraded grassland restoration nation-wide is proposed. We invented the “T”
and “V” slot opener, which will result in minimal disturbance and help to maintain soil moisture after no-tillage reseeding.
Given that plants differ in their ability to use soil nutrients; phosphorus, boron and molybdenum fertilization is
recommended for legume reseeding and maintenance, while nitrogen fertilization can be applied to improve the
performance of grasses. In summary, our study presents the scientific hypotheses and a framework for no-tillage reseeding
technology, which will advance our understanding of successful grassland restoration and play an important role in
sustainable grassland development in China.

grassland restoration, revegetation, no-tillage reseeding, productivity, plant diversity
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