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Effect of Shrub Encroachment on Grassland Community Structure and

Above-ground Biomass on the Loess Plateau
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Abstract: Shrub encroachment is widespread in the grasslands of northern China. Shrub encroachment
changes the plant community structure, plant diversity and productivity, which directly influence the
grassland conservation and its sustainable utilization. This study elucidated the differences of plant com-

munity structure and above-ground biomass between shrub-and grass patches with different slopes which
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formed after shrub encroachment on the Loess Plateau. We observed species composition, species diversity
and above-ground biomass in these patches. The result showed that; (1) there are significant differences in
plant community structure (P = 0. 001) and aboveground biomass (P <C 0. 001) in shrub patches and
grass patches. But there is no significant effect in different slopes (P > 0.1). (2) In shrub encroched
grassland, we found 29 species, of which 27 species were found in grass patches and 18 species in shrub
patches. Shrub encroachment significantly altered species composition. The dominant species Stipa bun-
geana was replaced by Caragana brachypoda in shrub patches. The species richness was lower than that
of grass patches, but the community evenness was increased. (3) The above-ground biomass of shrub pat-
ches was higher 251.2 g » m ’ than that of grass patches. In the shrub patches, the above-ground biomass

of shrubs and semi-shrubs were increased by 452.1 g » m *, perennial grasses decreased by 176.5 g+ m *, and

other functional groups decreased by 24.4 g« m °. (4) The loss of species has less negative impact on the
above-ground biomass. However, the newly emerging species and dominant species promoted the above-
ground biomass. Although shrub encroachment have improved the aboveground biomass, its negative
effect of species richness and shift in dominant species may change the maintaining mechanism of palnt di-
versity and community stability.

Key words: shrub encroachment; species richness; species diversity; dominant species; above-ground bio-

mass
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1

Table 1 Plant community composition of shrub-encroached grassland

Life form

Relative abundance

Semi-sunny

Semi-shady

Species name

Grass patch Shrub patch

Grass patch

Shrub patch

Stipa bungeana 80. 16 2.98 74.52 10. 32
Perennial bunch grasses Stipa grandis — 0.41 4.85 0. 40
Perennial rhizome grasses Leymus secalinus 5.95 — 4. 88 1.54
Caragana brachypoda 1.71 43. 81 4.01 46. 36
Shrubs am/i/ semi-shrubs Artemisia sacrorum 1. 69 51.65 3.05 37.75
Thymus mongolicus — — 0.01 —
Potentilla bifurca 2.25 0.15 0.02 0.11
Saussurea recurvata 1.43 — — 0.01
Galium verum 1. 30 0.28 — 0.01
Polygala tenuifolia 0.57 0.02 0.46 —
Dendranthema lavandulifolium - 0.06 1.24 3.11
Potentilla multifida 0. 06 — 0. 26 —
Patrinia rupestris 0. 86 0.07 — —
Viola prionantha 0.13 0.07 - —
Dracocephalum heterophyllum 0. 24 — — —
Saussurea alata — — 0.73 0.01
Perennial forbs Viola dissecta - - 0.24 0.01
Scutellaria scordifolia 0. 35 - — —
Potentilla chinensis 0. 20 — — —
Medicago ruthenica 0. 06 - - -
Adenophora paniculata 0.01 - — —
Leontopodium leontopodioides 0.18 - — —
Potentilla acaulis - - 1.58 -
Allium ramosum — — 0.06 —
Artemisia scoparia - - 0. 36 -
Potentilla simulatrix - 0. 30 - -
Thalictrum aquilegifolium - 0.02 - —
1.2 Heteropappus hispidus 2.85 0.15 3.70 0.39
Annual and biennial
herbaceous plants Androsace erecta — — 0.02 —

2.2

0.04),

; 27.8% (P = 0.03).
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1 (A) (B)

Fig. 1 Changes of plant community species composition (A) and dominant species (B) in different patches

2

Table 2 Changes of species diversity in different patches after shrub encroachment

Aspect Patche type Species richness Simpson diversity Evenness Shannon-wiener diversity
(SW) Grass patch 8.00+1.58a 0.3440.24b 0.3840. 24b 0.8140. 10a
Semi-sunny Shrub patch 5.8041. 48b 0.4740. 08ab 0.48+0. 10ab 0.7740. 45a
(NE) Grass patch 7.20+2.28a 0.42%+0. 11ab 0.467+0.07ab 1.0840. 10a
Semi-shady Shrub patch 6.00+1.41b 0.5940. 03a 0.62=40. 05a 0.8840.21a
+ s 0.05 (P < 0.05)

Note: The value is the mean =+ standard deviation. Different lowercase letters in the same column indicate significant differences at 0. 05

level (P < 0.05)

1. s / 0. sIV. V. 1.2 ;
, % (P < 0.05), %%% (P < 0.001)

I . Perennial bunch grasses; [I. Shrubs and semi-shrubs; [ll. Perennial rhizome grasses; [V. Perennial forbs; V. Annual and biennial
herbaceous plants; the asterisks indicate the differences between the shrub-and grass patches. One asterisk indicates significant
difference (0.01 << P <C 0. 05), three asterisks indicate the extremely significant difference (P <Z 0. 001)

Fig. 2 Changes of plant aboveground biomass in different patches
251.2 g+ m “(P . ./
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< 0.001), . .
10.8 g+ m “(P = 0.03), , (SG,x = 3+D
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The green dots represent grass patches, and the orange dots
represent shrub patches. Abbreviations and colors: SL. Species ’ ’ -
loss effect (red); SG. Species gain effect (light blue) ; ° N
CDE. Context-dependent effect (purple); SRE. L. Species ’ ’
richness effect of species loss (pink); SIE. L. Species identity , .
effect of species loss (orange) ; SRE. G. Species richness
b
effect of species gain (black); SIE. G. Species identity C28]
effect of species gain (light green) ’
Fig. 3 Effects of species richness variation on ’

above-ground biomass in shrub encroachment grasslands o
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