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Effects of Biocrust Addition and Non-woven Fabric Covering on the
Restoration of Degraded Alpine Grasslands

HU Hao', WANG Qing', HE Xiao-fan?, CHEN Ying-yan', NIE Jia-xin', LIU Fang-qian', ZHOU Jin-Iu',
LI Yu-hong', ZHAO Kun', ZHANG Jian-1i*, WANG Xiang*, SHAO Xin-qing', JIA Shan-gang"
(1. College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China; 2. College of Grassland Science,
Gansu Agricultural University, Lanzhou, Gansu Province 730070, China; 3. Xinjiang Uygur Autonomous Region Grassland Station, Urumqj,
Xinjiang 830049, China; 4. College of Land Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: The degradation of alpine grassland on the Qinghai-Tibet Plateau severely threatens regional ecologi-
cal security, creating an urgent need for restoration techniques that balance rapid vegetation recovery with long-
term functional enhancement. This study employed a field-controlled experiment to systematically investigate
the effects of biocrust addition, non-woven fabric covering, and their combined treatment on the ecological res-
toration of degraded alpine grassland. Sixteen plots were established in Gangcha County, Qinghai Province,
using a randomized block design. Vegetation characteristics, soil physicochemical properties, and erosion resis-
tance were measured. The results showed that: (1) The non-woven fabric treatment rapidly restored vegeta-
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tion, and significantly increased aboveground dry matter and vegetation coverage by 375.5% and 107.6%,

respectively,

compared to the control. (2) The biocrust treatment facilitated long-term ecological function

recovery, and enhanced plant diversity and moss crust coverage by 40.4% and 863.6% , respectively. It also

significantly increased soil organic matter and total nitrogen content in the crust layer by 20.8% and 13.1%.

(3) The comprehensive treatment exhibited the strongest synergistic effect, reducing the soil erosion modulus

by 83.1% compared to the control group. In conclusion, non-woven fabric covering is suitable for rapid vegeta-

tion recovery, biocrust addition promotes long-term soil improvement and biodiversity, and their combination

offers synergistic advantages in enhancing nutrient availability and controlling soil erosion. This study provides

an optimized multi-objective technical approach for restoring degraded alpine grassland.

Key words: Alpine grassland ; Soil erosion resistance ; Ecological restoration ; Synergistic effect
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Fig.1 Monthly mean temperature and monthly precipitation

in Gangcha County, Haibei, Qinghai Province, in 2024
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Table 1 Principal grass species in grasslands under different treatments after the growing season

i

Treatments

Es il

Major grass species

CK 515 (Stipa capillata 1..) 75 A5 (Carex moorcroftii Fale. ex Boott) (BT /R Z& M 4 (Aster altaicus Willd.) 2 R Z B 5
(Potentilla multifida 1..) V% & (Artemisia frigida Willd.) K283 (Suaeda glauca (Bunge) Bunge)

NF B LR R (Poa crymophila Keng) $15 (Stipa capillata 1..) (8 EF (Carex moorcroftii Fale. ex Boott) B /R 48 ) i A€
(Aster altaicus Willd.) | IWHE B (Sibbaldia procumbens 1..) (2 53 Z b 3% (Potentilla multifida 1..) JRERIE (Suaeda glauca

(Bunge) Bunge) Jlt47 3¢ (Lepidium apetalum Willd.) JKERFHE (Oxybasis glauca (1..) S. Fuentes, Uotila & Borsch)

BC B BOR (Poa crymophila Keng) 15 (Stipa capillata 1..) (K ZEF (Carex moorcroftii Falc. ex Boott) AR5 # 1 (Astraga-
lus laxmannii Jacq.) AR TAE (Dracocephalum heterophyllum Benth.) B JR Z& 5 ek 4E (Aster altaicus Willd.) (2 Z b5 2
(Potentilla multifida L.) AT (Lepidium apetalum Willd.) JKZ%E (Oxybasis glauca (L.) S. Fuentes, Uotila & Borsch)

NB B BR (Poa crymophila Keng) i BEVK L (Agropyron cristatum (L..) Gaertn.) £13 (Stipa capillata 1..) T WA 5 (Carex
moorcroftii Falc. ex Boott) B /R Z& M i 46 (Aster altaicus Willd.) (11 %5 5 (Sibbaldia procumbens 1..) | JK 5408 3% (Suaeda glauca
(Bunge) Bunge) M473% (Lepidium apetalum Willd.) JRE%%E (Oxybasis glauca (1..) S. Fuentes, Uotila & Borsch)

7 : CK(Control) : J& 4b BE X 8 41 ; NF (Non-woven fabric) {¥ % 5 JG 25 #i (9 4b BE 4 ; BC (Biocrust) {2 ¥ I & &8 45 Fz (1) 4b B4 ; NB (Non-
woven fabric and biocrust) % i JC 5 4 IF SN 75 8 45 K 19 25 A AL 320
Note: CK (Control) : no-treatment control group; NF (Non-woven fabric) : treatment with only non-woven fabric covering; BC (Biocrust) : treat-

ment with only moss crust addition; NB (Non-woven fabric and biocrust) : combined treatment with non-woven fabric covering and moss crust addition
HIZ 4 ARES T CRAL, A AL B X 45 p )2 £ B T CKAHEA B T &S . BCATE

R AR THRCR B (P<<0.05), RIMECRIXEE 4RI LSR0 T m oA B HOR A )2 B A

KAV AR5 A B AR S K JZR MR R B R s PR R B B CK AR T 20. 800 M13. 1%
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Table 2 Vegetation characteristics and biocrust properties of grasslands under different treatments
b T MR it/ &4 HH R R . BR-BAE R
L : . . . S . LA B K . ,
Treatments Aboveground dry biomass, ~ Vegetation density, VD/  Vegetation coverage, Vegetation height, ~ Biocrust coverage, Simnson index Shannon-Wiener
! ) AB/(g'm”?) (plant-m %) VC/% VH/cm BC/% psont index
CK 24.845.61° 190.9£20.39° 38.25+7.93¢ 5.19£1.32° 2.25+2.22" 0.7140.04" 1.3640.2"
NF 117.942543 582+39.53" 79.42410.45° 6.09+0.38 §£2.71° 0.77£0.06" 1.630.25"
BC 71.4+38.05" 525470.98" 56.25+9.91" 7.6412.38 21.6846.07° 0.8340.03" 1.914+0.23"
NB 63.3£17.09" 376.9+28.11° 85.674.64' 6.324+1.21" 18.33£6.13° 0.75+0.05" 1.580.19"

T R P SR /NG 5 B 3R A2 78 1 2 M 22 57 (P<C0. 05), F I . CK(Control) : 2/ X B4 s NF (Non-woven fabric) { # 3 J¢ 2 1ii 14
Kb HEZH s BC(Biocrust) { R Al & #E 45 Kz 19 4b B 2H ; NB (Non-woven fabric and biocrust) 4 5 JC 25 11 7 U Il & B 45 1z 10 28 & Ab B 4H

Note: Different lowercase letters in the same column in the table mean significant difference at the 0. 05 level, the same as below. CK (Con-
trol) : no-treatment control group; NF (Non-woven fabric) : treatment with only non-woven fabric covering; BC (Biocrust) : treatment with only
moss crust addition; NB (Non-woven fabric and biocrust) : combined treatment with non-woven fabric covering and moss crust addition

° 70 RAFHAEL Gramineous forage 'E 490 RAFHAEL Gramineous forage 16 ﬁ?&ﬂ#&(ﬁ Gramineous forage
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Fig.2 Vegetation coverage, density, height, and biocrust coverage of grass ands under different treatments

TE FER PR 3 0 AN 5] /N5 52 B A 3R 7 A TR) R 28 A6 AN [A) Kb B2 () A7 7 28 e o ANTR)/NG R 3R R A7 A8 i 3 22 53 (P<<0. 05), R [l . CK(Con-
trol) : JG &b ¥R X B 41 ; NF (Non-woven fabric) {7 55 JC 2 1 (19 4b 141 ; BC (Biocrust) {7 Il &5 &F 45 1z (4 4 ¥4 ; NB (Non-woven fabric and bio-
crust) B 3 J0 2 A I S IN # BE 4 B2 0 255 Ab PR 2E

Note: The different lowercase letters in the bar chart annotations indicate differences among treatments within the same grass type only. Different
lowercase letters in the chart mean significant difference at the 0. 05 level, the same as below. CK (Control) : no-treatment control group; NF
(Non-woven fabric) : treatment with only non-woven fabric covering; BC (Biocrust) : treatment with only moss crust addition; NB (Non-woven
fabric and biocrust) : combined treatment with non-woven fabric covering and moss crust addition

R3N[E) AL IE X B A 35 T R 0 R

Table 3 Effects of different treatments on soil physical properties of grasslands

Qb FE Treatments pH + 1€ /K% Soil water content, SWC/ % + 548 # Soil bulk density, SBD/ (g-cm ®)
CK 8.27+0.06" 3.24£0.45" 0.86+0.07"
NF 8.240.07" 5.6240.98° 0.7940.09"
BC 8.14£0.07" 3.3140.54" 0.84=0.07°
NB 8.36+0.05" 4.12+0.81° 0.82+0.05"

7 : CK(Control) , JG &b B Xt B8 241 ; NF (Non-woven fabric) ¥ 7 35 JC 25 17 (19 4b # 21 ; BC (Biocrust) {3 78 il & #% 2% Fz 59 4 B 24 ; NB (Non-
woven fabric and biocrust) & 35 JC 25 155 3 s i & 8 45 iz 19 25 4 db B 4]

Note: CK (Control) , no-treatment control group; NF (Non-woven fabric) ,
crust) , treatment with only moss crust addition; NB (Non-woven fabric and biocrust) ,
moss crust addition

NF &b B0 5 35 oh 38 1 3% 50 A 501k, 45 Bz )2 o S0k
O S & R 98 CK R IE 2 T 269% FI
18.3% . NB &b XF $ oy s 8 & = R0 i o

treatment with only non-woven fabric covering; BC (Bio-
combined treatment with non-woven fabric covering and

5iRJZE L HEREAE BEAT A SC R . AR AR, CK
2 (& 3a) B AE 1 %5 3 5 1l b 1 Joit 6 R R
B3 A G (P<<0.05) M 32 8 5 2 35 & B R

LG Z R )E 4 % CK#E T 30.6%0 5
38. 3% 4 FHUE B R A Ab P B . S L R
NBAMHAE R 2 R R E R E T L EA LK,
B CK 1 30. 3%, MR ALK T BC Ab 2

2.3 ETHEHEBLEMTERSBOBEXESHT
Xof AN () Az 2 1 52 Ak BT IR Ak v TE 5T LAY A

53 E A G (P<<0. 01) s NF 20 (& 3b) i 58 4% B A A
Bl v 5L 5 2 IE A 56 (P<T0. 05) , 3 R4 81 5 4 Bk
53 7R 56 (P<<0. 05) ; BC AR FE R (18 3¢) , Hb
T R AR A BL T S A R e R
IEAHIE(P<C0. 01) ;1M NB 4b#R (& 3d) , 481 5 4l
BeOE A NLT S B R R B A G
(P<<0.05),
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Table 4 Effects of different treatments on soil nutrient contents
— - - T
T R i %}ﬂ & il . ‘ ﬁﬂlﬁ A AL . A AL
Soil denth  Treatments Total nltrogfn, Total phosphﬁ)rus, Total pOtaSSEll’Il, Soil organic maﬁtter, Available potasilum, Available phospllorus,
i TN/ (g-kg ™) TP/ (g-kg ") TK/ (g kg ™) SOM/ (g-kg H AP/ (mg-kg ') AK/(mg-kg ")
4z CK 3.240.24° 0.4640.0 2° 9.82+0.73" 45.71+2.9° 212.30424.28 4.22+0.86"
(0~2 cm) NF 3.2540.19" 0.52+0.02" 9.29+0.37" 52.0742.52% 251.16+4.21" 15.57+4.8°
BC 3.62+0.39" 0.51+0.01° 9.46+0.31 55.23+3.25" 231.20+13.74" 18.6845.49"
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ment with only moss crust addition; NB (Non-woven fabric and biocrust) : combined treatment with non-woven fabric covering and moss crust addition

(a) CK
pH
A TN [0
i\@? TP |3 056
ﬁz"'fq}TK 0.84 0.53
HHLE SOM [oss 09
g&‘ﬁ(‘/ﬁ] AK 0.48 -0.41
R AP 07075 0 0.52-0.78
i&J_ |%Ei h{: AB -0.8 -0.41 -0.91 0.88
FIBEEE VD -0.81-0.57 -0.87 0.95 0.98
*ﬁ%})‘iﬁﬂ{ VC 0.89 0.5 0.99 204
*g%&ﬁg{ VH }o.510.46 0.69 -0.48 0.54 0.79 -0.95-0.77-0.85 -0.53
:tj—ﬂ?(‘?:i SBD |0 )31 0.67 2093 0.8 0.76 0.77 0.68 -0.9
:tiﬂ@/k%ﬁ SWC }o.76-0.82 0.52 037 -0.54 0.74 0.64 -0.55
L7 2213 BC |06-095 03048 0.6 0.63 086 0.81 048038 032 095
= =g ay SRS
£5%§:§5§<§>§§3m
REE D g i i 0 B
HHAE R R e
EHESEE RSN
oL EgETOR
4 H
e i
(© BC
pH
/j’;;(‘ TN |o41
ABETP | 0
ZAHTK Jo.st 083 065
’é’HLEi SOM 1-0.92 0.71 0.78
}E%(-’ﬁi AK |[oss 0.6 0.79
E%{@? AP 09905 0.6 0.96 0.85
i&J_ |%Ei=l{ AB | -1 0.5 0.93 0.84 0.99
*H%)}i%ﬁz VD (099045 -0.46-0.91-0.76-0.98-0.99
*Jél*}ﬁﬁﬂ{ VC o910 0.8 1 078095091 -0.9
FEHRE VH Jo7700 ~0.67-0.33-0.75-0.79 0.86 -0.65
75 H SBD 094 081 0.6 0.49 ,
i‘jﬁ@/ki SWC -0.49-0.57-0.86-0.43-0.53 046038
Zh 2 35 BC 0.81-0.78-0.37 028033000
TZEMSX20QUIaoY
QE%§:§<§<>>>£300
REZ D g fmmmn 2
HHHE SRRz YN
ERHEEEEE TN
' orEgEt R
4 HEK
2 3
3

(b)
pH
A/ TN
AW TP
AHRTK
FHHLE SOM
AR AK
A AP
i LT int AB
MY VD
HEBEEEE VC
FEBE T VH
+ 1 H SBD

THEE KA SWC o

44 s BC

(d)
pH
A/ TN
AWl TP
AHRTK
FHHLE SOM
AR AK
A AP
i LT int AB
MY VD
HEBEEEE VC
FEBE T VH
+ 1 H SBD
FHEE KR SWC
45 % 35 )% BC

NF
-0.7
0.97 0.53
26 -0.5 0.4
-0.61 0.99 2 -0.6
0.91 ( 30.95 0.55 ]
0.82 0.92 0.77 091
0.85-0.73 -0.8 -0.67-0.57 -0.6 08
-0.5 <0.92 0.46 -0.68-0.74
0.66 -0.42-0.67 -0.35 -0.4 -0.59 0.92
0.73 -0.86-0.84 -0.91-0.98 0.87 06
-0.81 0.85 -0.87 -0.62
0.41 -0.81 -0.95 04
-0.37-0.68 -0.63-0.54 -0. 0.91-0.36 0.7 -0.310.62
[ 7
GateE i Beyp
SRHSEEgS N
e Trmmafas | (0
4 Ha
= +
-0.2
NB
-0.4
1-0.98
1-0.91 0.81
0.72 0.72-0.76 -0.6
0.58 -0.66
-0.6 0.71 -0.97
0.43 0,48 0.46 -0.93 -0.8
-0.74 0.61 -0.42 0.91
0.82 -0.67-0.95 0.53 _-l
-0.46 0.72 -0.53 0.74 0.93
}-0.91 0.95 0.78 -0.89-0.43 0.55 0.74 -0.58
0.62 -0.76-0.38 0.75 -0.61-0.77-0.47 0.31-0.87 *: P<005
0.7 -0.83-0.48 0.79 0.44 -0.62-0.77-0.44 -0.92 0.99 ** P<001
0.98 -0.92-0.96 0.7 0.48 -0.47-0.38 0.91 -0.84 0.48 0.58
[ 7
GateE i Beyp
R
e T rEEERas
4 Ha
= +

TEAEBEMBER . LIEERPBRES T

Fig.3 Correlation analysis between vegetation and soil properties of grasslands under different treatments
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Note: CK (Control), no-treatment control group; NF (Non-woven fabric) , treatment with only non-woven fabric covering; BC (Biocrust) : treatment
with only moss crust addition; NB (Non-woven fabric and biocrust) : combined treatment with non-woven fabric covering and moss crust addition
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