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Screening of water-saving and sink-enhancing plant species in arid and
semi-arid regions of Northwest China

Ma Shenke Wang Chunmei Zhao Chunlin Dou Xiaomin
(School of Environmental Science & Engineering, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The study of shrub and grass plants suitable for survival in the arid and semi-arid
regions of Northwest China can not only improve the ecological environment of Northwest China, but also
conform to the concept of sustainable development, which is of far-reaching significance for the ecological
restoration and the water-saving and carbon-sink-enhancing work in the region. [Method] Based on the
field survey and literature research of local dominant plants, this study selected ten herbaceous plants and
seven shrubs as research objects. Field experiments were conducted, then their growth trait indexes,
photosynthesis physiological indexes, biomass and carbon storage indexes were tested. The hierarchical
analysis method was applied to comprehensively evaluate the water-saving and carbon-sink-enhancing
performance of herbaceous plants and shrubs, respectively, so as to screen out the suitable plant species.
[Result] (1) In herbaceous plants, water-use efficiencies of Agropyron elongatum, Astragalus laxmannii
and Poa annua were high. In shrubs, water-use efficiencies of Juniperus sabina, Caragana korshinskii, and
Amorpha fruticosa were high. (2) In herbaceous plants, total carbon stocks of Medicago sativa, Melilotus
officinalis, and Astragalus laxmannii were high. In shrubs, total carbon stocks of Amorpha fruticosa,

Caragana korshinskii, and Hippophae rhamnoides were high. (3) Water-saving and carbon-sink-enhancing
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herbs ranked in descending order of Medicago sativa > Melilotus officinalis > Astragalus laxmannii > Alcea

rosea > Elymus dahuricus > Artemisia desertorum > Agropyron elongatum > Festuca elata > Lolium

perenne > Poa annua. Water-saving and arbon-sink-enhancing shrubs ranked in descending order of

Amorpha fruticosa > Caragana korshinskii > Hippophae rhamnoides > Juniperus sabina > Lespedeza

bicolor > Salix cheilophila > Corethrodendron scoparium. [ Conclusion] The study has screened out water-

saving and carbon-sink-enhancing plant species suitable for survival in the arid and semi-arid regions of

Northwest China. It can not only provide a basis for the plant configuration in the region, and improve

ecological environment, but also provide scientific and technological support for ecological reconstruction

and increase of carbon sinks in the region.

Key words: water-saving; carbon sink enhancing; hierarchical analysis method; comprehensive assessment;

northwest region
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Tab. 1 Physical and chemical properties of soil in mining area
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Tab. 2 General situation of experimental materials
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Plant species Family name Life form Plant species Family name Life form
Fr ARG )L 2R HEAR YHTIE SF EZUET VN
Caragana korshinskii Leguminosae Shrub Astragalus laxmannii Leguminosae Perennial herb
SR X FEIHEAR FaAR RAR AR LA
Amorpha fruticosa Leguminosae Deciduous shrub Poa annua Gramineae Annual herb
kT AR ELLEAR [ =2 RAFL EZT VN
Lespedeza bicolor Leguminosae Upright shrub Festuca elata Gramineae Perennial herb
e X R MEE ARAF EZUSL VN
Corethrodendron scoparium Leguminosae Shrubbery Lolium perenne Gramineae Perennial herb
Wik AT R AR R RAFL TSGR VN
Hippophae rhamnoides Elaeagnaceae Deciduous shrub Elymus dahuricus Gramineae Perennial herb
o VLIRS HEAR HVKE RAF EZESUERVN
Salix cheilophila Salicaceae Shrub Agropyron elongatum Gramineae Perennial herb
WHEA FaE HEHEAR EES HRER} PIAE AR REA
Juniperus sabina Cupressaceae Creeping shrub Alcea rosea Malvaceae Biennial herb
BLAHE 2R AR TR RO Wi HF EZCEEE UN
Melilotus officinalis Leguminosae Annual or biennial herb Artemisia desertorum Compositae Perennial herb
HAEE T X EZ VN
Medicago sativa Leguminosae Perennial herb
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Fig. 1 Physiological trait indicators of different shrub and herbaceous plants
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Tab. 3 Hierarchical analysis screening table for herbaceous plants
Hir)Z HENJZ b2 TR
Target level Standardized layer Indicator layer Programme level
Pk i Plant height (0.020 6)
AR %
Growth condition (0.109 1) FRE Root length (0.008 )
5% Coverage (0.079 7)
B RRAE R
Aboveground carbon stock (0.117 0)
Bfit b 0T e b B Alcea rosea (0.089 3)
Carbon stock (0.350 9) Underground carbon stock (0.1170)  s5:# 1 o/iym perenne (0.050 3)
g i PR Elymus dahuricus (0.080 0)
e N . i . VE A i .067 2
AR Solbon s L170) e 0013
Water-saving and sink-enhancing AR AR AT . . 5 .
plant screening Transpiration rate (0.034 4) At Medicago sativa (0.203 8)
SIS BKHE Melilotus officinalis (0.175 0)
53 g
. £ Festuca elata (0.055 7)
Yoo . . Stomal conductance (0.013 5) FRVKEE Agropyron elongatum (0.061 4)
Photosynthetic physiology (0.189 1) 445 2 FE Poa annua (0.044 2)
Net photosynthetic rate (0.044 7)
UNGEEES
Water use efficiency (0.096 4)
o A=
A Aboveground biomass (0.175 5)
Biomass (0.350 9) R A

¥ 755 R A TERRTS 7. F Al Notes: data in parentheses represent the scores of indicators. Same as below.
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Tab. 4 Hierarchical analysis screening table for shrubs

Htrj=
Target level

HEN =
Standardized layer

Indicator layer

ECLIN E S

Programme level

Pk Plant height (0.020 6)

A KR
Growth condition (0.109 1)

K Root length (0.008 8)

5 Coverage (0.079 7)
I RAf
Aboveground carbon stock (0.117 0 )

T fiti T i &
Carbon stock (0.350 9) Underground carbon stock (0.1170)
B WHLAA Juniperus sabina (0.112 2)
N Soil carbon stock (0117 0) KT Lespedeza bicolor (0.087 6)

TR GV AE D I i . : 164 Corethrodendron scoparium (0.067 6)
Water-saving and sink-enhancing AR 45078 )|, Caragana korshinskii (0.240 5)
plant screening Transpiration rate (0.034 4) LR Amorpha fiuticose (0.261 3)

o S G Wk Hippophae rhamnoides 0.146 4)

Photosynthetic
physiology (0.189 1)

Stomal conductance (0.013 5)
A

YOI Salix cheilophila (0.084 4)

Net photosynthetic rate (0.044 7)
KA FIH 20

Water use efficiency (0.096 4)
B R

EX7)
Biomass (0.350 9)

Aboveground biomass (0.175 5)
MR A=

Underground biomass (0.175 5)
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