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Abstract: Grassland degradation and desertification directly affect the functions and services of the grassland ecosystem.
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Vegetation restoration is one of the essential measures for the restoration and control of sandy land, but little research has
been conducted to investigate the effectiveness and optimal modes of typical ecological restorations in sandy grassland. In
this paper, we combined field investigation and laboratory analysis to compare the grass community, soil physical and
chemical properties between the severe sandy grassland as a control (CK) and three typical ecological restoration measures,
including fencing enclosure ( FE) , Salix cupularis sandy barrier (SCSB) and Salix cupularis sandy barrier plus planting
grasses (SCSBPPG) , in the eastern Qinghai-Tibetan Plateau, China. The results are as follows: (1) Compared with CK,
the grass coverage, aboveground biomass, Margalef richness index and Shannon-Weiner diversity index significantly
increased by 13.54, 13, 3.09 and 1.80 times with FE, respectively, and by 11.24, 10.50, 1.05 and 0.83 times with
SCSBPPG, respectively ( P<0.05) ; while SCSB had no significant influence on the four indexes. (2) The soil bulk density
presented no significant differences among the three typical ecological restoration measures. Soil moisture distribution showed
a similar pattern (SCSBPPG>FE>SCSB) in the soil layer of 0—10 ecm, 10—20 cm and 20—30 cm. At the same time, soil
moisture content in SCSBPPG and FE had the most significant increase in the soil layer of 0—10 c¢m, 244.90% and
176.92% , respectively ( P<0.05) while there was no significant difference between CK and SCSB (P>0.05). (3) The
value of pH in this study area ranged from 5.74 to 6.21. FE and SCSBPPG had significantly reduced the soil pH value of
three soil layers from O to 30 cm compared to CK ( P<0.05). Besides, the soil organic matter, total N, total P, and total K
contents of three soil layers in the soil profile under the three ecological restoration measures had the same descending order
(FE>SCSBPPG>SCSB). The soil organic matter, total N and total P of FE and SCSBPPG were significantly higher than
that of CK in the three soil layers, and the maximum increase came at the 10—20 cm soil layer. The soil organic matter,
total N and total P of FE had the maximum rate of increase of 243.62% , 93.94% , 68.97%, respectively while that of
SCSBPPG had the maximum rate of increase of 118.46%, 45.45%, and 41.38%, respectively. SCSB significantly
decreased the amount of soil organic matter, total N, and total P in the three soil layers ( P<0.05). Therefore, fencing
enclosure is more conducive to restore the light sandy grassland while the restoration of severe sandy grassland may need to
combine shrub and grass planting measures in the Qinghai-Tibetan Plateau. Our results could provide evidences for the

recovery and sustainable management of sandy land.
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enclosure, FE) A1 & LML ( Salix cupularis sandy barrier, SCSB) A7 5 & LAV B + Fh 52 ( Salix cupularis
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DX A 4 S B VA SRt BR (CK) | SR X N R A5 1 (MO | 1 S0 ) AR — B0 HARE B Al AH 24 1
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e R A MO SR A RFF A = L, N TR 2 48 AR O TR i | TP AR SRS (Festuca sinensis) . FETE
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LLIEE A RIS | A6 RAE T N THEAR R BEAL I 3 b B R R R R T B N R SRR I RE 7 1
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1 B AREESREER
Fig.1 Sandy land under different ecological restoration measures
CK: FJEVMLEH Control; FE; FEIALEfF KL Fencing enclosure; SCSB: A% &5 ILMITI BT Salix cupularis sandy barrier; SCSBPPG; ik
1 LLAI YD B+ Fh B 52X Salix cupularis sandy barrier plus planting grasses
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Table 1 The environmental condition and community characteristics of sandy land under different ecological restoration measures

1 N 25 LM Sali lari %
B SRHE I FEUED Salix cupuleris DB g
estoranion Environmental conditions i e um ?r © Major dominant species
measures Height/m Canopy/m species
T YRR o, P TE R .
CK ii;ﬁggﬁﬂﬁlé \%?}Z > A J 5 HBEL & 5 ( Kobresia pygmaea)
FE EAAE WO B, VR ) A % 30 Y35 EF S (Stipa capillacea K.) |
T R EIEh YIS BRES %ﬁﬂ(lgupleurum chinensis DC.)
VA B W B, A P E JIH 3 ( Ajaniapotaninii P.) | &
SCSB ot SIS BB, 18 M ! 5 L
R, HED R L - ; .
- ; o o FLEE M (Anaphalis lacteal M.) |
Elr N
SCSBPPG TFEH R B Bl Yy L BRI, #h 2.87 2.86 24 OB Pl

R EAE R
CK. FEEVMEE M Control; FE . FEI# 3 H I3 Fencing enclosure; SCSB: ik = LUMIVP AR Salix cupularis sandy barrier; SCSBPPG ; fiik

Fe LD i+ Fp 54855 Salix cupularis sandy barrier plus planting grasses

THE AR 50 M ECRE A 2R VG RN g A6 7 1) 19 °F- 24, Margalef = & £ 48 %1 . Shannon-Weiner Z2 #1445 %1 . Pielou 3%
S RERE B b 2 R AR AR MR A ST - I R SR FH R T3k 5 18 5 K A SR P A
T 38 pH SR A LAV P LA E 84 N i s R Al - ER AT L kil 34 P &
- He 4 K e R A A A A - JOE e
1.4 St 5500

e Excel 2013 XHERIEATRI AL 48P, SR )5 R F SPSS 24.0 84X 256 0 MEAT 4115 40 i, ol I 2
PRI 7 22 53 M S0 A ) MR A SR A AT 4% Vi R4 B0 22 57 DA RS RIS A 0—10 em 10—
20 ¢m ,20—30 em + )2 I T A AR L2 5, 3T Duncan 350 A [F) S 780 A 250k &2 AR CE AT 2 /LA, B
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THEIJEAE Origin 9.0 FH22 i, i & PR B0 0.05,
2 ER545H

2.1 EHBEEEARAE

AT A A5 S B OT V DAk R A ) B VA AR B SE M AN 6 2 IR M AR 2SR AR S IS, FE () AR
YIETE K 2 B i, LR S SCSBPPG, T SCSB ZR{bAN 3% #HAL T CK, FE Hi B R AT A )i Margalef
F & FEFREL  Shannon-Weiner ZAEVEFE B0 51 8 #3855 T 90.33% ,0.26 kg/m’* 2.50,1.55( P<0.05) ,SCSBPPG
P EEA G B AW Margalef 75 45 %1 Shannon-Weiner ZAEMEFE BB E AN T 75.00% .0.21 kg/m*.0.85 .
0.71( P<0.05) ,SCSB ZHEYIBEE RS CK M 2ZE A B35 (P>0.05) . =Rl BRI AR 5 A B XT Pielou 3

SRR BUE AN 3 (P>0.05) ,

R2 DHMARESREREKX N EREYBERHE

Table 2 Grass community characteristics of sandy land under different ecological restoration measures

W Rt s l’@,LE%% :I\Erialzf; Shanr‘mn—\xlie‘i,ner Pizl;oub”
] - Aboveground Fa BEAREL SRR Yoy eE
Restoration Total plant . . .
biomass/ Margalef Shannon-Weiner Pielou evenness
measures coverage/ % ) . . . .
(kg/m?) richness index diversity index index
CK 6.67+1.67a 0.02+0.01a 0.81+0.19a 0.86+0.25a 0.67+0.06a
FE 97.00+1.00¢ 0.28+0.03b 3.31+0.23¢ 2.41+0.08¢ 0.83+0.03a
SCSB 7.00+1.53a 0.005+0.002a 1.01+£0.22ab 0.91+0.08a 0.83+0.07a
SCSBPPG 81.67+8.37b 0.23+0.02b 1.66+0.21b 1.57+£0.27b 0.63+0.11a

R NE NP B (E BRI, RIFAR ] TR R AR R A SR AR TE 0.05 7K FA7 78 B 3 V22 5 (P<0.05)

2.2 TEEYERER

AR A T B I, 87 AL
T L AR K R E LA LY PR bR T =
P AR SR G R T VD i IR F AR L] 2, 45 R 3k
BV AL R A £ 2 B AR AR 1.25—1.77 g/em’ Z 1],
5 CK AL, =R B B 0—30 em #5122 15
BEILREZER(P>0.05)

HHOK SR SN AR E BB, S
K /D R VD o R B R, =R A SRR
B4 )2 LS K E S 2 8 SCSBPPG>FE>SCSB
B2 Ak A H SCSBPPG £ 0—10 ¢m . 10—20 ¢m 20—
30 em 12 H 3 A K435 SCSB i 2 i 14.60% |
14.33% .0.90% (P <0.05) (K 3), 5 CK M I,
SCSBPPG #1 FE ¥R Z3AN T 0—10 em +)Z 1 HEHK
H(P<0.05), ¥ M 53 5~ 12.64% .9.13% , ¥ IiF ik
244.90% 176.92% ;T 10—20 c¢m ,20—30 em 12 13
KA T i % 24 5 (P>0.05) . SCSB A 0—30 cm 4%
+ 2 S EMET CK TR E 2k (P>0.05)

2.3 bHEfbeEE R

25
0—10 cm

V27 10—20 cm

20 L [d20—30em
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Soilbulk density/(g/cm?)

2
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o
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Different restoration measures
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Fig.2 Effect of different ecological restoration measures on soil

bulk density

[l — 2 JZ AR TR R AN R A SR AR LA 0.05 KF77 15 2

BE22 5 (P<0.05)

148 pH B AE ) Ak K B B ZE R, WA K B ROR M E E AR b, WESY X pH (E A
5.74—6.21 Z i, 5 CK Ak, FE Fl SCSBPPG 1 Z FE(R T 0—10 em,10—20 ¢m,20—30 cm 1) 13 pH
(P<0.05) ,SCSB X} 0—30 cm £ 1 JZ 158 pH Jo B 252 (P>0.05) (Kl 4),
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THEE KR
Soil moisture content/%
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Different restoration measures
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Fig.3 Effect of different ecological restoration measures on soil Fig.4  Effect of different ecological restoration measures on

moisture content soil pH
7l b 2R [R5 R 305 R R A 25 4K B R A1 7 0.05 7K 47 75 () — £ SRR B R A ) 2R S BERIE 0.05 K FAA 42
EE22 5 (P<0.05) B2 (P<0.05)

AP R BIEAC S AR, Y B R EERIE . — e AE R A B HAEER L,
R R =R AE SRR 0—30 em & 12 HIEA VL& & M KB/NIUT R FE SCSBPPG ,SCSB, H FE #l
SCSBPPG [a] |2 - A HLBT & & 44 .2 = T SCSB(P<0.05) (%K 3). 5 CK AL,0—10 em -2 FE,
SCSBPPG + A HLF & B 1A T 186.38% .27.23% ,SCSB f &K T 41.91% ( P<0.05) ; FE .SCSBPPG
B9 10—20 cm + 2 HHEFHUTE 25 &S T 243.62% ,118.46% ,SCSB i F W/ T 30.87% ( P<0.05) ;20—
30 em 1 J2H, FE SCSBPPG 34 ML & &2 W 38N T 193.73% .43.87% ,SCSB i EREL T 47.41% ( P<
0.05), t3E4 N [ 95% LUK 4 P B 40%—60% KR AP >, Wik, AHLURARA BT 8 N P &
AN, =AM ESKER TR 0—30 em % 12 B N 2 P SRS AR A —B (%
3), T CK,FE () 0—10 em 2 134 N 4 P 84070 B &5 T 85.37% .26.83% , SCSBPPG /i T
4.88% 4.88% ( P>0.05) ,SCSB . E &K T 36.59% .36.59% ., 10—20 cm + )27 FE +3E4 N 4 P 8% CK
BEWNT 93.94% 68.97% ,SCSBPPG B T 45.45% 41.38% ,SCSB . E P& T 30.30% .31.03% ( P<
0.05), FE 120—30 cm )2 L34 N 4P 4 CK WEHE N T 88.89% ,10.53% ,SCSBPPG 1) 20—30 cm +
=444 N 8 CK S EHEINT 13.89% ( P<0.05) , 4 P w5 T 2.63% (P>0.05) , SCSB AY20—30 cm 1+ 2+
HERE CK EPRAN T 41.67% 52.63% ( P<0.05) , —Fl/EAMEHR AT HIES K E0—30 em £ HEEGHEHN
1 FE>SCSBPPG>SCSB ML R (% 3) . FE RZEHIE(0—10 em) 4 K 5 CK & 3.91%,SCSB . SCSBPPG
B CK BT 19.29% 8.41% (P<0.05) ; FE B EHIN T 10—20 em + /2 T34 K &, $0E5 27.59%,
SCSBPPG SCSB X} 10—20 ecm + )2 + 14 K & WA R E,20—30 cm +)2H,FE [k CK B &M T
8.72% ,SCSBPPG % CK JC i 3 AE 1k ,SCSB I FFFAI T 8.87% (P<0.05) ,

3 g
3.1 AESWRERAHE YR 8RR
M 1 AB B S A RE L S BV D 3 9 LR SRR ASCR . AT TE R, RIAS S 77 A 8 g L o+ o e A X

P TR RS S5 R M LA Margalef & T E0M Shannon-Weiner Z A M55, IL4h
P55 Tl 7 1 e DX O BIF S 4 SR — B AT RE R R T A B R AR T A RS R S B AR
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Table 3 Effect of different ecological restoration measures on soil chemical properties

R ‘VX’E*E#Q ﬁmbﬁ. %’ﬁ e e .
Soil depth /em Restoration Soil organic Total nitrogen/ Total phosphorus/ Total potassium/
measures matter/ ( g/kg) (g/kg) (g/kg) (gkg)
0—10 CK 4.70+0.11b 0.41+0.01b 0.41+0.01b 11.77+0.28¢
FE 13.46+0.15d 0.76+0.01¢ 0.52+0.00c 12.23+0.23¢
SCSB 2.73+£0.08a 0.26+0.01a 0.26+0.01a 9.50+0.12a
SCSBPPG 5.98+0.05¢ 0.43+0.01b 0.43+0.01b 10.78+0.15b
10—20 CK 2.98+0.01b 0.33+0.01b 0.29+0.01b 10.33+0.23a
FE 10.24+0.05d 0.64+0.01d 0.49+0.01d 13.18+0.29b
SCSB 2.06+0.03a 0.23+0.01a 0.20+£0.01a 9.78+0.27a
SCSBPPG 6.51+0.11c 0.48+0.01¢ 0.41+£0.01c 10.73+0.28a
20—30 CK 3.67+0.04b 0.36+0.01b 0.38+0.01b 13.53+0.18b
FE 10.78+0.15d 0.68+0.01d 0.42+0.01c 14.71£0.17¢
SCSB 1.93+£0.05a 0.21+0.01a 0.18+0.01a 12.33+0.25a
SCSBPPG 5.28+0.06¢ 0.41+0.01¢ 0.39+0.01b 12.78+0.28ab

RN N (R DR, 2% LR IS [ R R R AN e A= S A E) 78 0.05 /K478 B384 25 57 (P<0.05)

32 AESWREE RO L B B S

b A AN LS KR AR SO A AR LR S S, AR SEER AR W, =k AR AR R AR A
7] )22 E 475 AR T IR T W35 2 e 3 AR ST A SRR ] 72 A B e LY s+ B A 0—30 em
# LR RIS K R R, ORI B E R A i Iy i L e 5K B R fIiR . B s A ] 2
F18 Ji PR AT R = A A SR T A B VR S R e fel - ML IR AR R AE AL, HLAD o - R, £
K EKBES 22, PTTAR SR SR RE W] i 2e V0ot B 78 B, 3 S ¢t EABL i E I OR L LB 4 RIS
IKEEFFATT TG o ATBE s LD B+ B A R LA i R S 3 o 1 R BROKBE ), — e R BE L1155
T ORGSR X5 5 RO TR IEARST . BLAh, Hh T LD A S R A, BT R A JHE B AR
HXTFE K BAT BB VEHT, 5 A8 0l i B i (B T HE AR R A B B AR L, 7T LASE g A R Il K A i 2k . A
P A IIHE N A 12 RO REAE K- J7 18] b il 3Kk o e AR Ak, S B0 K o FEE A N SR A | T RE S K
GREAR T 3 At st R AT IR v LMD B 2 b S T AT ) 397K 43 I T L T VD b R AR Y S SO A, T
A LD B A2 U0 i B R AR % 1 R A, MBS BRER K R 5 8 R LR
3.3 AESWRE R LA R B S

T HERAE T E A M AR B B AR S o A, L AR R I SO T R A R T R R L
A e pH R EEFR A RATAN R HIE ) A B, 1 pH A R R L3R Ay AR 2/ S LA
WA KB OIARSG . AR, 55 X IR L, FRIA 6 3 R AT 8 e LA 0 o+ o B 28 B 25 AR T 0—10 em
10—20 cm ,20—30 cm +3E pH, 0 7 HIEH HLTRIA N 4 P &, ok 5 HAB I 45 RAH R 22 = FhA:
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SWREREX 0—30 em £ LR BIHAPU 4 N 2 P & AR —E, SR B0 A BB RS A i L
YD+ B AR S A i e LMDV D RS 5008 HRRH BE, FER RA 5 e LD e+ b R R i 1 A BL
Figs N 42 P AT B LI B iR T DL fa AR e, [BIRS B  AE cCOR A 15 g LA e + o e A8 0
pH FEAR I S 5 AT AR Vb bt b A= i i, 32 e 1 R VE M B SR T s 12 R R R fETE
SMRAERHAS IS BT | A MLSOMI i SR B BGR TAL A ML I B A | i T BRI B 7 A 3 g Lz
B+ A e A BT T B, b L AR e B VR AR Bk A R T R A AU R
TIHAPUREMA N 4 P BEM, HAVUR AR T HRBZEYIEE, N iEst 74 N 2 P M
U S, BB E B T CO, RN, 0 MHERC, AR F 3 C N RUREAES i T A SR e i
i+ foh AT U b AR Bl o AR T LA B R, L LMD A A B o R 4 i R 0 B IR ORI, B T
FHER KT ARAL Y BB R A UT S R4 N A P AR T B E A A 1 e L
U BASE S DB IRV 1 R, 3 PV AR I, o 2 o LM A A A R e 1 Rl 7R 40 PRI T 1R e
IR T HEMNE] R AP N P &, BB AL A N 42 P Sl T HMAMmAM A SRERS L, xS
Deng 55 i AR 22 BAR 13042 P 3 BEIORIFIE 2 SR — B0 TSR OB SE L 2 B 20—60 em Y0 b ey (L0 -39 4
P & B AR BRI I AR A B S . =R A2 AR L34 K55 HAb SR 0 A AR — B0 AR AR R IR
FER AR K, HUCRATBE R LIV B+ B 8 A i i Ll et /s, 5500 B BE ORI S i o 5 0
T 10—20 em 20—30 cm 34 K i, M HAN PR IR A A8 fE . X RER NN £ K R A T+
St o S B, o AR 2 5T (E AR AR R A4 70 i I s LA A IR R, S B0l
e 4 K A i T HAR A IR A 25 BT IA A B A RN B0 g LD 3+ b 5 ) 7 L SR o3
(¥R (T AR AR BRI I ACR LU S0 A Rt — 2R, e, AR e 3 AR Bl B e
A g LAY D B 55 R R ARES 536 U AS A 52 e AL AR b 75 30 5 (o WL e i — A0 e e

4 Zig

AR, (1) B SR A AR TR Y i Margalef 325 B 45 50 A1 Shannon-Weiner 22 #£ 14
TR B T 13.54 % (13 £5.3.09 1551 1.80 %, HAT I e LAY s+ b Bops X %) ik L 8 B 40 1) b 5 4
BT 11.24 £5.10.50 £% .1.05 £5A10.83 fi5 {2 0F T Vb A BEE KR . (2) =P AR S AR 20 v
AR A AN S A1 R LY B+ e s A AR R A R TR R R R RO R ), LR BRI
SRS AT A R LI AR DR L g < B J ™ Ry AR T - K A3 i 2 TR AT, BRAIG T R DA TR ) 3
K, (3) BB F FAG 5 LAY s+ Fh B B B T RIEAHLR A N 4 P &, HAE +)2 10—20
em AR, B B B A 1 de R M 581 4 243.62% ,93.94% 68.97% , Afi 15 i LIV i + o Rk 42 465 X g
KI5 118.46% 45.45% \41.38% , FEIA 3 B (3G AR e b, A 1 s LMDV o — o B2 B AR T 38
AL AR, P, FR B O 1A B A I AR G 8 B U A 5 b 9 A 8T B, i o B B
VDAY M ) A A IR 3 S A BT VD B 5 R AR 2 A 0 A R T s R VD A R VK, T S VD M i
PR 6 BRI AT RE S4B AR A
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