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Plant diversity in different positions of gullies and valleys in the loess region of
western Shanxi Province, northern China

Jiang Shan Wei Tianxing Fan Dehui YuHuan Ye Xiaoman Xie Yu Li Shijie
(School of Soil and Water Conservation, Jixian National Forest Ecosystem Observation and Research Station, CNERN,

Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] In order to provide more precise protection and restoration of small watershed
gullies in loess hills and gullies, the natural restoration capacity of different geomorphic parts of gullies
(gully floor, gully sunny slope and gully shady slope) was investigated in terms of plant diversity and
ecological niche width. [Method] Through field investigation at the National Field Scientific Observatory
of Forest Ecosystems in Jixian County, Shanxi Province of northern China, we analyzed the growth
characteristics of plant communities and their diversity in different parts of the landscape, and compared the
similarities between plant communities in different parts of the landscape. [Result] (1) There were 98
species of shrub and grass in 40 families and 76 genera in the study area, including 34 species of shrub in 17
families and 27 genera, and 64 species of herb in 29 families and 51 genera. Total number of family species
in the shrub layer was showed as gully sunny slope > gully shady slope > gully floor, while in the herb layer,
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it was showed as gully floor > gully shady slope > gully sunny slope. (2) The dominant species in shrub
layer was Rosa xanthina, Vitex negundo var. heterophylla, and Indigofera tinctoria. The dominant species in
the herbaceous layer were Phragmites australis, Artemisia annua, and Carex lancifolia. In the shrub layer,
Rosa xanthina and Periploca sepium in the gully floor had larger width of ecological niches, and Vitex
negundo var. heterophylla and Indigofera tinctoria in the gully sunny slope and gully shady slope had larger
width of ecological niches. In the herb layer, Phragmites australis and Artemisia stechmanniana in the gully
floor had larger width of ecological niches, and Carex lancifolia in the gully sunny slope and gully shady
slope had larger width of ecological niches. (3) Margalef index, Shannon-Wiener index, Simpson index and
Pielou index were not significantly different (P > 0.05) among varied geomorphological parts (gully floor,
gully sunny slope, gully shady slope). Jaccard’s coefficient between communities was 0.50 < ¢ <
0.75. The Jaccard coefficient reached a maximum of 0.630 between gully sunny slope and gully shady slope.
[Conclusion] Overall, the gully is found to be naturally resilient, with the gully sunny slope and gully shady
slope among the geomorphological sites being more resilient to natural vegetation than the gully floor. The
complexity of community composition at different landscape sites is shown as gully sunny slope > gully
shady slope > gully floor. The dominant species varies in different geomorphological parts of the gully, from
gully sunny slope, gully shady slope to gully floor, and the dominant species evolved from drought-tolerant

sun-loving plants to shade-tolerant plants as light decreases and water increases.

Key words: plant diversity; niche; soil and water conservation; gully and valley
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Tab. 1 Basic information of sample plots

S filgina 7

HhIE WK e Wz

Gully sample plot No. Position Longitude Latitude Elevation/m Aspect/(°) Slope/(®)

HJE Gully floor 110°46'40"E 36°16'24"N 898.4

1 YB3 Gully sunny slope 110°46'25"E 36°16'13"N 891.1 140 14
YABA Gully shady slope 110°46'44"E 36°16'30"N 905.2 320 30
Y4 J& Gully floor 110°46'15"E 36°16'08"N 914.0

2 V& 3% Gully shady slope 110°46'14"E 36°16'07"N 917.0 70 35
Y4 BHI Gully sunny slope 110°46'15"E 36°16'08"N 918.0 250 36
Y4 Gully floor 110°44'34"E 36°16'42"N 920.0

3 VA PHY% Gully sunny slope 110°44'34"E 36°16'42"N 928.0 210 40
VABAM Gully shady slope 110°44'34"E 36°16'42"N 925.0 40 39

E: 3 ) BUIEAR 00, £ 77 191 €% - Note: aspect is measured with north as 0 degrees, turning clockwise.
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Tab.2 Top five species importance values of shrub and grass communities in different geomorphological positions

JEIX HAL B2y
Level Position Major species
e FHIF(14.78%) + FIZ(11.59%) + RIEKAAT (10.57%) + ALHIC10.38%) + B (5.56%)
A
Gully floor Rosa xanthina (14.78%) + Vitex negundo var. heterophylla (11.59%) + Lespedeza juncea (10.57%) + Periploca

sepium(10.38%) + Cynanchum rostellatum (5.56%)
I126(16.40%) + FERIBL(12.17%) + K (8.46%) + FLHI(8.15%) + WA (6.27%)

i N[ 2P 4
Shrub  Gully sunny slope : ) :
(8.15%) + Pinus tabuliformis (6.27%)

Vitex negundo var. heterophylla (16.40%) + Rosa xanthina (12.17%) + Indigofera tinctoria (8.46%) + Periploca sepium

ARHE(12.50%) + 3725 (10.30%) + [ HI5E1£(9.66%) + HEHIEL(8.79%) + ALAN(7.06%)

I
Gully shady slope

Indigofera tinctoria (12.50%) + Vitex negundo var. heterophylla (10.30%) + Wikstroemia chamaedaphne (9.66%) + Rosa
xanthina (8.79%) + Periploca sepium (7.06%)

P (12.24%) + FHIEE (8.07%) + 1AL (6.18%) + 115 (4.64%) + KM T%(4.32%)

HJE
Gully floor
(4.64%) + Spodiopogon sibiricus (4.32%)

Phragmites australis (12.24%) + Artemisia stechmanniana (8.07%) + Artemisia annua (6.18%) + Incarvillea sinensis

PREF B (13.55%) + MR E(10.73%) + HALHTHH(9.60%) + FEALE (6.75%) + 19 45(5.68%)

EA I

Herb  Gully sunny slope ; .
Phragmites australis (5.68%)

Carex lancifolia (13.55%) + Setaria viridis (10.73%) + Peucedanum harry-smithii (9.60%) + Artemisia annua (6.75%) +

EAEE (13.31%) + PEETEF(11.82%) + FI R H(7.92%) + HEALATHH(5.99%) + W #(4.92%)

A

Gully shady slope o e
Patrinia scabiosifolia (4.92%)

Artemisia annua (13.31%) + Carex lancifolia (11.82%) + Setaria viridis (7.92%) + Peucedanum harry-smithii (5.99%) +

VE: 555 R A E ZEH . Note: data in the brackets are important values.

R3 FERMIEEEMBER S LESMEE

Tab. 3 Niche width of top five shrub-herb plant communities in different positions

AL Position A i%ﬂzﬁg AR Ct’.‘}{lﬁfg
Shrub Niche width Herb Niche width
I Rosa xanthina 0.84 73 Phragmites australis 0.56
KL Periploca sepium 0.64 HETE Artemisia stechmanniana 0.56
VA Gully floor J4% Vitex negundo var. heterophylla 0.60 WAL E Artemisia annua 0.39
RMEAT Lespedeza juncea 0.58 3 Incarvillea sinensis 0.37
WEE Cynanchum rostellatum 0.46 AT E L Carex lancifolia 0.34
%% Vitex negundo var. heterophylla 0.69 WAL Carex lancifolia 0.78
K& Indigofera tinctoria 0.62 AALRTEH Peucedanum harry-smithii 0.67
YAFHYE Gully sunny slope RN Rosa xanthina 0.62 M) B Setaria viridis 0.58
KLHI Periploca sepium 0.58 BAET Artemisia annua 0.54
5Lk Ailanthus altissima 0.40 W% Patrinia scabiosifolia 0.41
3% Vitex negundo var. heterophylla 0.69 N EEL Carex lancifolia 0.73
K& Indigofera tinctoria 0.61 WAL Artemisia annua 0.64
VHFAYE Gully shady slope HHIEL Rosa xanthina 0.59 R 5 Setaria viridis 0.48
T SASETE Wikstroemia chamaedaphne 0.51 AALRTEH Peucedanum harry-smithii 0.43
KL Periploca sepium 0.47 W% Patrinia scabiosifolia 0.38
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Tab. 4 Similarity coefficients of shrub and grass
communities in different geomorphological positions

TiH plalis PR A
Item Gully floor Gully sunny slope Gully shady slope

plajis |

Gully floor

VB

Gully sunny slope 0.521 !

A

Gully shady slope 0.545 0.630 1
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FAJZ) Simpson 8% Margalef 5%, Shannon-
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