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Effects of dominant shrubs on soil microbial composition in the semi-arid
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Abstract: Although soil microorganisms play a critical role in soil organic matter decomposition, nutrient cycling and
ecosystem productivity, we still know very little about how microbial communities are affected by environmental factors and
how the structure and function of soil microbial communities influence key soil processes, especially for the arid and semi-
arid river valley district. Studies focusing on soil microbial communities under this region are still under-represented when
compared to moist forest and grassland ecosystems. Thus, the objectives of this work were to quantify the effects of shrubs on
soil physicochemical properties and microbial composition ( Phospholipid fatty acid, PLFA) , and to find out soil factors that

significantly affect soil microbial composition. To achieve this, we investigated the variations of soil properties between
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dominant shrubs and shrub-interspaces at a set of sites along the mountainous semi-arid valley of the upper Minjiang River,
Sichuan Province. The dominant shrubs had significant effects on soil physicochemical properties and microbial composition,
while the effects of shrub species seem to be trivial. The soil under shrub canopies had more organic carbon and nutrient
resources, higher water content and lower bulk density than those of the shrub-interspaces. The bacterial communities’
abundance did not vary significantly between the two types of soil, while fungi and arbuscular mycorrhizal fungi ( AMF)
tended to dominate under shrubs. Furthermore, the correlation based Principal Component Analysis (PCA) demonstrated a
clear dissimilarity of microbial community composition and physicochemical properties between shrub and shrub-interspace
soils. Besides, the PCA revealed that the microbial community composition was a more sensitive and effective indicator than
soil physiochemical properties in this study. Backward selection procedure and the combined redundancy analysis ( RDA)
were used to select the most important soil physiochemical variables affecting soil microbial communities. Though the main
factors varied among the four sites, the nitrogen ( N) associated factors ( Total N, Available N and carbon-to-nitrogen ratio)
always played a pivotal role in structuring the microbial groups, especially total microbial biomass (total PLFA) and the
bacterial groups ( Gran-positive ( G+), Gran-negative (G—), general bacteria (B), and cyclo bacteria (cyclo)). The
correlation between fungi groups (fungi, AMF) and N associated factors was relatively weak. Total phosphorus and carbon-
to-phosphorus ratio strongly affected the fungi and AMF groups in Feihong and Mutuo. This may indicate the importance of
phosphorus in shaping fungi and AMF communities, as well as the indispensable role that fungi and AMF communities may
play in influencing phosphorus availability and cycling. In addition, soil water content exerted effects on the microbial
composition in the two relative humid sites, Cuoji and Mutuo. Moreover, pH did not significantly affect microbial
communities , though previous studies have pointed out its important role in affecting microbial composition. This may be due
to the small variation of pH in this semi-arid river valley. Collectively, the enrichment of soil nutrients and better physical
condition under shrub canopies were the main reasons for the difference of microbial community composition between shrubs
and shrub-interspaces. Our work demonstrated the important role of shrubs in the semi-arid valley of upper Minjiang River,
and provided insights into the nutrient cycling of semi-arid valley. It also revealed the importance of nitrogen and phosphorus
for bacterial and fungal communities, respectively. Future studies on the plant-soil relationship in dryland ecosystems should

pay more attention to fungi and AMF communities.

Key Words: Minjiang River; semi-arid valley; microbial community composition; PLFA; dominant shrubs;
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Table 1 Basic characteristics of the four sites

e GER K PRFHE AT
Sites Latitude and longitude Altitude/m Dominant shrub species
LHK N 31°50'27.7" E 103°42'1.3" 1730+12.5 NG 2ERGH Bauhinia faberi ,5FFH; , FARIAE Sophora davidii
FH N 31°47'56.0" E 103°44'17.1" 1741+7.1 BT Artemisia gmelinii , )| H V2§ Ajania potaninii

cJ N 31°42'7.5" E 103°51'45.5" 1832+6.4 BRATE , 46 &5 Pulicaria chrysantha , A HI1E

MT N 31°32'5.1" E 103°40'7.2" 1695+7.1 A IR Caryopteris tangutica , /NS5 i F
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FIRREA I REIATT 2012 4 7 A W5 TR WA X, ZEAH [RREHRAS [R] K 2 44 5 DU A X 88 4 591 15
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Fig.2 Principal component analysis of soil microbial PLFAs at the four sites
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Fig.3 Redundancy Analysis of the main types of microbial community and soil physiochemical factors at different sites

SWC.: 1% /K soil water content; TN: LA total nitrogen; TP S total phosphorus; C/N: %% Lt carbon to nitrogen ratio; C/P: MW b

carbon to phosphorus ratio; AN:; A 4{% available nitrogen

*4 BEEFSEARZEHRNOTIEZREEFS T EBEYEZ LN Pearson X 57
Table 4 Pearson correlation between the main types of soil microbial and the environmental variables selected by stepwise model selection
AR LHK FH CJ MT
Variables /N AN TN TP SWC C/N AN SWce pH AN c/p
PLFAT  -0.52** 0.39" 0.52** -0.46""  -0.50"" 043" -0.06 0.64"" 0.07 0.69 " 0.56 "
GP 0.54** -0.54"" -0.53"" 0.44 ™" 0.47" -0.45" 0.12  -0.61"" -0.21 -0.74"" -0.44"
G- 046" -0.38" -0.48"" 041" 0.35 -0.51"" 0.02  -0.64"" -0.09 -0.62"" -0.43"
G+/G- 049" -047"" -0.52"" 0.12 0.55** -0.25 0.09 -0.49"" -0.21 -0.70*" -0.38"
B 0.52**  -0.43"" -0.54"" 0.46 ™" 042" -0.49"" 0.07 -0.65"" -0.15 -0.70"" -0.45"
cyclo 0.55"*  -0.44"" -0.30 0.29 0.40" -0.27 -0.19  -0.56"" -0.22 -0.61"" -0.41"
Cy/pre 0.51"* -0.49"* -0.33 -0.16 0.39" -0.28 -0.19  -0.38" -0.34 -0.54"" -0.23
F -0.18 0.07 -0.12 041" 0.34 -0.10 0.07  -0.08 0.26 -0.35 -0.39"
F/B -0.22 0.05 -0.18 0.24 0.37" 0.01 -0.02  -0.08 0.27 -0.34 -0.36"
AMF -0.12 0.04 -0.20 0.64"" 0.39" -0.37" 0.13 0.04 0.09 -0.25 -0.18

* P<0.05, * % P<0.01
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