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Abstract The arid valley area of the upper reaches of the Minjiang River in the Chengdu-Lanzhou railway of
China is a unique geographical unit. It is the most vulnerable ecological environment and the most difficult
to restore vegetation. This study took a typical restoration sample plot (ca. 2.5 a) of excavated slope in the
arid valley area of Chengdu-Lanzhou Railway to study the vegetation diversity among different restoration
stages, offering a theoretical and expirical basis to the vegetation restoration of this region in the future. The
average number of species, Margalef index, Simpson index, Pielou index, and other indicators were calculated
by investigating the type, height, coverage, and abundance of vegetation at different recovery stages of the
slope. The results showed that there are limited differences in the number of species of herbs among the three
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restoration stages. However, the number of shrub (2—8—12) and shrub and herb (18-22-29) species obviously
increased successively along restraint stages, which were mainly from Asteraceae, Lamiaceae, Rosaceae,
and Leguminosae. Moreover, three artificially sown herbaceous Leguminosae species had a greatly reduced
importance value and dominance ratio (Medicago sativa) or disappeared (Vicia bungei and Oxytropis bicolor)
in later restoration stages (HSC). In addition, the diversity index of herbs did not show significant differences
among the three restoration stages, and the average number of shrub species, and the total shrub and herb
species in HSC were significantly lower than those of primitive plant community stage (WPC); however, the
Pielou index of HSC was significantly higher than that of WPC. The artificial introduction of some common
Leguminosae and local species such as Lespedeza bicolor (Leguminosae), Eschenbachia blini, and Anaphalis
sinica could be expected to restore the vegetation community of an excavated slope in the arid valley area of
the upper reaches of Minjiang River. Arid valley vegetation restoration technology should be used to fully restore
this special geographical unit to its original state in further research.

Keywords Chendu-Lanzhou railway; arid valley; excavated slope; vegetation restoration; plant diversity
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Fig. 1 Location photo of the sample plot and the plant restoration of excavated slope. HEC: Herbaceous vegetation community stage
(recovery in early stage); HSC: Herb-shrub vegetation community stage (recovery in lately stage); WPC: Original vegetation community stage.
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Table 1 IV and SDR2 of each species in three restoration stages

70 Y F # = HEE IV i G Htt SDR2 (P/%)
Type Species Family Genus HEC HSC WPC HEC HSC WPC
W5 & Eschenbachia blinii t %%l Compositae Hil 58 Eschenbachia 0.58 049 042 100.00 100.00 96.01
K7 Medicago sativa %} Fabaceae 7@ Medicago 0.39 0.16 - 2530 9.88 -
# 7 Anaphalis sinica %%} Compositae #7 )@ Anaphalis 031 039 049 36.89 66.69 94.35
3% Artemisia stechmanniana %j &l Compositae & & Artemisia 025 011 021 19.66 450 17.67
3t Caryopteris divaricata JEF A} Lamiaceae )& Caryopteris 022 015 019 23.45 32.82 26.26
B A5 Potentilla discolor i1 #l Rosaceae % 32 )5 Potentilla 018 034 0.27 342 1147 1160
VSB L Ophiopogon bodinieri KIT4F} Asparagaceae 5Fi % J@ Ophiopogon 018 0.24 0.38 9.01 1119 5716
IEAE Aster hispidus %} Compositae i@ Aster 017 037 0.04 2473 3136 3.25
Jb4EHH Bupleurum chinense 4 JEF} Apiaceae LEiH )& Bupleurum 015 032 0418 2099 35.35 13.69
G ol
sk %L%I;%?’btescens var. purpurascens JEFl Lamiaceae L3 )E Perilla 012 011 0.04 14.08 9.6 5.25
Herb K5 #3k7E Gypsophila oldhamiana 11 %} Caryophyllaceae fi3k1tJ& Gypsophila 0.1 - 0.03 6.91 - 2.52
Hiffi )L Oxytropis bicolor t Tl Fabaceae 5 J® Oxytropis 0.07 - - 1.52 - -
JEF 2% Swertia bimaculata JEHHE} Gentianaceae 3% )& Swertia 0.07 0.05 018 324 6.83 2312
# # = Dracocephalum tanguticum J&JE %} Lamiaceae # = )& Dracocephalum  0.04 0.05 015 0.73 145 14.73
¥ % Rubia cordifolia 7§ 5 Rl Rubiaceae P55 JE Rubia 0.04 011 0.07 052 1160 3.72
KAe ¥ i . Vicia bungei T 8} Fabaceae By i & & Vicia 0.04 - - 1.47 - -
i FE® Reineckea carnea KI1%4%} Asparagaceae iit+f5J& Reineckea - 0.06 - - 6.08 -
5K Mt Androsace bulleyana IR Primulaceae )R Androsace - - 0.19 - - 6.19
M5 Oxytropis T F Fabaceae B JE Oxytropis - - 0.15 - - 718
56 Pedicularis %24%} Orobanchaceae L%t )& Pedicularis - - 0.08 - - 3.27
K114 Asparagus cochinchinensis  KI'14% %} Asparagaceae K |14 & Asparagus - - 0.04 - - 5.25
4 B i Bk Amygdalus tangutica % 7% Bl Rosaceae BkJ® Amygdalus - 056 0.51 - 100.00 100.00
7K ¥ Cotoneaster multiflorus 1R Rosaceae )T J& Cotoneaster 0.39 - 71.79 -
Pk 4T Cotoneaster horizontalis ~ #7ii#} Rosaceae )7 J& Cotoneaster - 0.29 0.08 - 3212  10.90
k¥ Lespedeza bicolor Ik} Fabaceae #iki 7@ Lespedeza - 029 043 - 19.69 38.46
-7 Cotoneaster hissaricus R} Rosaceae #1-¥J& Cotoneaster v 019 041 v 31.26 68.84
WA HERY Rhododendron simsii A% EF} Ericaceae F:%1¢ )8 Rhododendron v 014 037 v 9.28 937
Shrub #1%%)L Caragana sinica 7 F} Fabaceae 39 )LJE Caragana - 012 0.23 - 15.03 2411
W& 2.4 Lonicera hispida H4F| Caprifoliaceae 24 )& Lonicera - 012 015 - 11.88 8.58
[& 1 Juniperus chinensis 1%} Cupressaceae HIH1E Juniperus - - 0.15 - 21.49
w=Lli#l Salix paragplesia ¥HFl Salicaceae HilJ&E Salix - - 0.14 - = 11.09
fi: 55 /N5¢ Berberis diaphana /NEER| Berberidaceae  /NEEJ® Berberis - - 0.14 - - 6.55
J& 1% T Ostryopsis davidiana MeA R} Betulaceae JR T J& Ostryopsis - - 0.10 - - 21.80
#kAT Myrsine africana iFACF Primulaceae  #ATJ8 Myrsine - - 0.07 - - 1.92
TR F %L No. of herb species 16 14 17 : - -
FEAR) PP %L No. of shrub species 2 8 12 - - -
LR MR £ No. of herb & shrub species 18 22 29 - - -

HEC: BT H VA B R E 5D - HSC: BB A B B RS« WPC: JE A B #E & I B I 6) T LR 2 5 5 N LR34~
B VR ZFTENRE S I, H R T SR P B A A S AN R A R LT SR BEAR —, M T S A A RS L
HEC: Herbaceous vegetation community stage (recovery in early stage); HSC: Herb-shrub vegetation community stage (recovery in lately stage);
WPC: Original vegetation community stage; t: Three species artificially sown after slope restoration; V: The species appeared in the early stage
of restoration, and because the calculation scale of the important value and comprehensive odds ratio of the shrub in the latter two stages is
different, the important value and comprehensive odds ratio were not calculated.
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Table 2 Independent-samples T test and single-factor variance analysis of diversity index of herb, shrub, and herb-shrub synthesis

among/between restoration stages

= b T 422 A
ZFEVEFE %L Diversity index 7 $2!§FHerb 5 ;i HEAR 7?hrub 5 jl&éfm & H;_erb & Shnj;b
PR %L No. of species (S,) 2 0.313 0.734 6 0.481  0.029* 6 0.128  0.005**
Margaleffg 4t Margalef index (D,,) 2 0.713 0.500 6 0.893 0.126 - -
Simpson?& %1 Simpson index (Ds) 2 0.008 0.992 6 0.314 0.658
Shannon-Wienerfii 41 Shannon-Wiene index (H) 2 0.016 0.984 6 1.685 0.239
PieloudF % Pielou index (J) 2 0.345 0.712 6 1.357 0.012*

*HEP = 0.05/K T E 3, **/EP = 0.01/KF LA W35,
* Significant at the 0.05 level; ** Extremely significant at the 0.01 level.
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Fig. 2 The comparison in diversity index among/between
restoration stages. Different letters indicate significant differences in
different stages of recovery. HEC: Herbaceous vegetation community
stage (recovery in early stage); HSC: Herb-shrub vegetation
community stage (recovery in lately stage); WPC: Original vegetation
community stage.
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