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Abstract: The stability of artificial sand-fixing vegetation community is an important criterion to evaluate

the success of vegetation restoration in arid and semi-arid sandy areas. In this paper, we used the fuzzy
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comprehensive evaluation theory to evaluate the stability of seven dominant plants of artificial sand fixation
at the slope scale (upslope, midslope and downslope) in the wind-sand area of northwestern Shanxi Prov-
ince. The growth status of dominant plants, soil quality, biomass and diversity of understory plants and
Godron index were selected to evaluate the stability of plants by calculating the average membership de-
gree. The results showed that: (1) the biomass of branches and leaves of Pinus tabuliformis in trees was
the largest (1 457.1 g), the biomass of branches and leaves of Caragana korshinskii in shrubs was the lar-
gest (1 429.1 g), and the biomass of branches and leaves of dominant plants was the largest under slope.
(2) The soil moisture of shrub surface layer (0—20 cm) was better than that of tree surface layer, and dif-
ferent plant forests showed the largest soil moisture under slope. The soil organic matter, alkali-hydrolyz-
able nitrogen, available potassium and available phosphorus in the surface soil of each plant were much
higher than those in the abandoned land. The soil nutrient indexes of P. tabuli formis and C. korshinskii
were significantly higher than those of other plants, and the nutrients under different plants were also the
best in the slope. (3) The biomass of understory plants: Populus cathayana tree was the largest (87. 2
g), C. korshinskii shrub was the largest (50. 4 g), and the biomass of slope was the largest. The richness
index of understory plants in tree was the highest in P. cathayana, the diversity index and evenness index
of understory plants in tree were the highest in Pinus sylvestris and P. tabuli formis, and the diversity in-
dex of understory plants in shrubs was basically similar. (4) Godron index: the intersection coordinates of
Robinia pseudoacacia in trees were closest to the community stability point, and the intersection coordi-
nates of C. korshinskii in shrubs were closest to the community stability point. Based on the average
membership of each index, the order of tree stability index was as follows: P. tabuliformis (0.69) > R.
pseudoacacia (0.67) > P. cathayana (0.66) > P. sylvestris (0.39) > Salix matsudana (0.28). The
order of shrub stability was as follows: Caragana microphylla (0.82) > Amorpha fruticosa (0.64). The
stability of trees and shrubs was much higher than that of abandoned land (0. 20). As a whole, P. tabuli-
formis tree and C. korshinskii shrub have the highest stability, which are suitable for afforestation.
Downbhill is a better choice of slope position. This study can provide a basis for the restoration and scientif-
ic management of artificial sand-fixing vegetation in the wind-sand area of northwestern Shanxi and the Lo-
ess Plateau.

Key words: windy and sandy hilly area in northwest Shanxi; slope scale; membership degree; community stability
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Table 1 Basic information of sample plot
N \ R B fr - 76 = AR FA
H A ;
L) 2 ) ﬁﬂﬂ Elevation Slope ‘jj)()g o Crown width Plant height Canopy
Plant type Site ot Slope/
/m position /em /em coverage
1 393.65 I Up 11 119.17.67£13.32a 228.00417.09b 0.784£0.03b
v \
Pinus tﬁ)&i}‘brms‘ 1391.53 F Middle 15 124.67411.72a 250. 00+ 10ab 0.86+0.01ab
1 388. 84 T Down 26 143.33421. 89a 287.67+33.56a 0.88£0.03a
1393.78 I Up 10 96.17+15.63a 214.50410. 68b 0.58+0.09a
..
Poi)uluﬁciﬁ;hayana 1 391. 66 F Middle 25 114.83=+1. 20a 354.38+24.53a 0.62+0. 10a
1 388.29 T Down 15 106. 1744, 75a 418.29+32. 04a 0.6540.11a
1 389.96 I Up 8 96.00£3.79b 188.10%16. 45a 0.73%+0.05a
. 2
?rj(e Pii'lu{?\it)ﬁ;ﬁfri\' 1 387.41 F Middle 15 131.00£6. 05a 189.03+8. 37a 0.80+£0. 04a
1 383.83 T Down 28 138.00+5. 20a 241.554+36.50a 0.82+0.03a
1 392.47 I Up 10 102. 83410. 98a 342.67+15.67a 0.64+0.03a
Robinia flsj'j%doaca(‘ia 1 388.18 # Middle 16 83.83+24. 66a 264.4749.68b 0.55+0.11a
1 385.62 T Down 13 93.00+11.63a 352.83427.15a 0.59+0. 10a
1 392.06 I Up 5 47.174+15.90a 191. 67+25. 66a 0.28+0.06a
=4
= 1389.77 i Middle 15 26.83+3. 42a 113.33420.82b 0. 24-£0. 05a
Salix matsudana
1 386.43 T Down 10 54,5045, 48a 196.67+35.12a 0.31+0.09a
1 388.18 I Up 10 190.67+61.63a 142.3349. 29ab 0.4940. 10a
'S
(‘aragani?;jr\'himkii 1 386.81 # Middle 13 116.67=+6.98a 112.67420. 4b 0.57%£0. 04a
WA 1 384.15 T Down 19 172.33+18.58a 177.33+28.31a 0.58+0. 04a
Shrub 1.388.31 FUp 9 142.83414. 30a 146.67+5.77a 0.4640. 04a
Amorpha fruticosa 1 386.15 #1 Middle 16 152.67+16. 36a 144.6748. 39a 0.44+0.08a
1 383.96 T Down 22 139.67=+7. 22a 137.33£2.89a 0.49+0. 04a
1 386.15 + Up 10
X B2 -
Control Abajiffg land 1384.97 1 Middle 25 - -
group ¢
1 382.49 T Down 14

RN FERERIRAE P<<0.05 K- L HA R EXES

Note: Different normal letters indicate significant difference at the P<C0. 05 level
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25t e T B BRI Origing #4458 1%

2 G550
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B1 R, AS [ 340 4 1 SR A o A ) i A
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A I A 4y i S 4 (0 o e R T (1 457, 1 @), HOR
FEREF AN (1 077.1 @) T #5 (892, 5 g) il M (847. 1
&) VRMIA7. 37 @, B MK A Y RIS 1/
30 HEAH AT 45 (1 429. 1 @) BAKE R Wy ik de v
Yy h SR (458. 0 @) AW Y 3 £ s S [ 3% 037 &
B ZHMBEW A Y BT R B A A AR
YA B35 22 5 (P <0, 05) . BR T 5 M Fl 45
MR T A R R K (B D,
2.2 AEAMBHEYRELERSE
2.2.1 TEEkS K2 SR, ARNERLHHDMEZE
KB EEF(P<0.05), HEARKFE12.68%
SR 12. 09%) EJE 0~20 cm T HK A&
HETIRARME N (EH 11, 9% >3 11. 8%
SRS 11,5 % >R TR 10, 9% > HI#E 10, 1% > 5

30007 CI¥4 Mean B3 |- Uphill

2400

1800F A

/(g/branch)

b
12004 | |° c a

B i
Biomass of branches and leaves

6001

0

4 5
FEHh Sites

M 8.5 %0 s 5 F 4 L AR A7 45 IR 5 Hb AE AN [) 39 17
FR)E KRB EZE S (P<<0.05), T Al
W HOK RN R RT3 s (& 2),
2.2.2 TiEFS HE 3 AL RFEEEMAEY N E
EHREFES B FEER EEF(P<0.05) ., FAPE
FEHEANR G &P ERS MY REFTH (7.0
g/kg) HITHIAA (6.9 g/kg) , HARTT A HHEA BT & &t
MR B R TR (5. 7 g/kg) > BB (4. 9 g/kg)
>4 7 g/kg) s HEAR TS5 (6. 3 g/kg) KT %8
HRL(4.5 g/kg) s FHERS MY R)Z LIEAVIT S
wmARE T (3.8 g/kg) .

Bl 3 @R, IR R 2 e R T A i
TR (33, 9 mg/ke) , HEAR TR ALY 32 )2 + HEm
i R B R O MRS (31, 4 mg/ke) > HIBE (27, 5
mg/kg) >R HL(26. 4 mg/kg) >F 4% (26. 0 mg/kg)
>REFHN(23.4 mg/kg) s HEARR)ZE T U A S i
HFF 2% (36. 2 mg/kg) KT LM (30. 0 mg/kg) .

Bl 3 o AT AR 2% )2 S Al - 1
HMNZ R HEF R A (70,5 mg/kg) > (64. 8
mg/kg) > Jil# (53. 3 mg/kg) >FMI(47. 3 mg/kg) >
FEFHS (44, 2 mg/kg) s #EAR T NH7 25 (52. 3 mg/kg) K
TEHEME(38. 9 mg/ke) s TEHE AR KA R )2 1 K
BRS BR T TR R HL(36. 4 mg/kg) .

Bl 3 om AR 22 )2 A & R T R
WD E 52 M A o JFE Al T E AR A 5 A AH 22 AR /N . 24
12 mg/kg 7247,

IR 4 > BRSO LR AR, &
TS TE A R A Y - TR AP 7 i 3 25 5%
(P<0.05) . IMHFA 54 TR M0 A7 5500 3

e+ Mid-slope 3 T Downhill

1~8 M FEHL R (1. IMAN ;2. T4 53, B FF 5 4. IR ;5. 520005 6. #7455 7. SSF0ME 8. 48 3 o, i [
R KRE T4 2R AR FAE Y 8 ) 22 57 B3 RRVNG 78 38R (7] — H 9 76 A R 3 437 b 3 ) 22 53 5 3% (P <<0. 05), F Al
B 1 TR b AT P B - A )

1—8 indicate number of plant site (1. P. tabuliform; 2. P. cathayana; 3. P. sylvestris; 4. R. pseudoacacia; 5. S. matsudana ;

6. C. korshinskii; 7. A. fruticosa; 8. Abandoned land, CK). Different uppercase letters indicated significant differences among

different plant means, and different lowercase letters indicated significant differences among different slope treatments of the same

plant (P < 0.05). The same as below

Fig.1 Biomass of plant branches and leaves in different places
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Fig. 2 Soil moisture of 0—20 cm under different plant sites
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Fig. 4 Biomass of understory plants in different plots
T2 AIMHRTHEWEBEAR
Table 2 Composition of undergrowth plant groups in artificial forests
M HE ) R MR AE 4 41

Understory plant group Understory plant composition

B H Setaria viridis HZE Chenopodium aristatum
—ARE AR Y

Hos Do o .
B 2% Dracocephalum moldavica
Annual herb ,

HEOR Poa pumila

BiF Hb ) Euphorbia maculata K R FE Chenopodium glaucum

K Artemisia dalai-lamae
Wi e Avena fatua

o g ..
5 BEEL Leonurus artemisia

— AR B Z AR H A )

Annual to perennial plants

WAL Heteropappus hispidus

8 Incarvillea sinensis

Pl & Elymus dahuricus AW Equisetum hyemale
WA B B Carex lanceolata

DK 48 Gueldenstaedtia verna

,ﬁf% Astragalus propinquus
A7 S =
épjfgniﬁ*i? Wil 3k Echinops sphaerocephalus

W E = Salsola collina RS K Cynanchum thesiodes

KIV4& Asparagus cochinchinensi JEASE Thalictrum aquilegifolium

B Geranium wilfordii
W LT Oxytropis bicolor
B Artemisia capillaries
¥I®ifE Calystegia hederacea

HLAEHW T Viola philippica

LA R HE R

Perennial shrub or subshrub

AR T Lespedeza bicolor HEF Thymus mongolicus

CJ—4EE Annual plant
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Different normal letters represented significant differences in understory plants among different sites (P < 0. 05)
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Table 4 The membership degree and average value of 4 comprehensive stability indexes of different plants
B Y WEHS g
) e Al R TR AR E o gy S He
Plant type Growth status Soil Understory A <
. . . Godron Mean Sequence
of dominant quality plant biomass index
plants and diversity
WA Pinus tabuliforms 1 1 0.19 0.55 0.69 1
KM Robinia pseudoacacia 0.75 0.43 0.69 0. 82 0.67 2
?f%:ei H¥ Populus cathayana 0. 81 0.98 0.56 0. 30 0. 66 3
WEFH Pinus sylvestris 0.74 0.37 0 0.44 0.39 4
Ml Salixz matsudana 0 0. 06 0.43 0.62 0.28 5
HEA P 4 Caragana korshinskii 0.91 0.94 1 0.41 0. 82 1
Shrub LM Amorpha fruticosa 0.48 0. 39 0.68 1 0. 64 2
X #8 Control group #&3iiH#s Abandoned land — 0 0.61 0 0. 20 —
o 100 — 100 100 100
?m:@cg S 80 80 80 80
w25 60 60 60 60
== O
;gg S 40 40 40 40
- g ) .
=5 2 LA wl/ B 20 B A 20 s
I3 P. tabuliforms P. cathayana P. sylvestris R. pseudoacacia
< 0 \, 0 (Wl e 0 .

~
S

0 20 40 60 80 100

yi

~

0 20 40 60 80 100

0 20 40 60 8I0 100 0 20 40 60 80 100

R
S NS

R
N ~

2 100 100 100 100
=5 80 o 80 80 . 80
M;—o\
w28 60 ; 60 60 / 60
?;é 2 40 40 40 40
(5] Ny
ZEE 5 24 20 gk 20 SRR 20 BeH
g S. matsudana 0 C. korshinskii 0' A. fruticosa o Abandoned land
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o 2 B 5 B Tl 2 B 3 5 Rt o S B 3 4 Rt T B 34 Rt
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of species number/%
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Fig. 8 Different plant Godron scatter plots
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