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Effects of Precipitation Changes on Plant Community Diversity and Soil C: N: P

Ecological Stoichiometric Characteristics in a Desert Steppe of China

GAO Jiang—ping', ZHAO RuiHeng'” , ZHANG Li-hua', WANG JunHeng', XIE Zhongkui’
(1. College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China; 2. Gaolan Comprehensive

Experimental Station of Ecology and Agriculture, Northwest Institute of Ecology and Environment and Resources, Chinese Academy of
Sciences, Lanzhou 730000, China)

Abstract: Studying the influence of precipitation patterns on plant community diversity, soil C: N: P ecological stoichiometric
characteristics,, and the relationships between key soil factors and plant community diversity is of great significance for the protection of
plant community diversity in desert grasslands. This paper was studied in the desert steppe of the west of Loess Plateau using a three—
year precipitation manipulation experiment (40% reduction in precipitation, 20% reduction in precipitation, natural precipitation,

20% increase in precipitation, and 40% increase in precipitation) , explored the influence of changes in precipitation in dry and wet
years on the diversity of plant community and soil C: N: P ecological stoichiometric characteristics. And we also explored the
relationship between soil C: N: P ecological stoichiometric characteristics and the key soil factors and the diversity of plant community
under changes in precipitation. The results showed that in a normal year and the drier year (2013 and 2015) , Patrick richness and
Shannon-Wiener diversity index were significantly low under the 20% reduction treatment compared with the control and 40% increase
treatments, respectively. During the wetter year, Patrick richness and Shannon-Wiener diversity index were no different between any of
the precipitation treatments. In the normal year and the drier year, the soil organic carbon ( SOC) , total nitrogen ( TN) , and total
phosphorus ( TP) contents and the carbon-nitrogen ratio ( C: N) , carbon-phosphorus ratio ( C: P) , and nitrogen-phosphorus ratio ( N:

P) all decreased with an increase in precipitation ( the decrease in the C: N ratio was statistically significant) . During the wetter year,

SOC, TN, C: P, and N: P increased with an increase in precipitation. During the normal year, precipitation treatments had no
significant influence on soil water content, having a limited influence on the plant community. TN, N: P, SOC, C: N, and microbial

biomass nitrogen ( MBN) had a more prominent influence on plant community diversity. In the wetter year, precipitation was abundant
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leading to a rise in soil nutrients. Water was not the most important factor limiting to plant growth whereas soil water content, soil

nutrients, and ecological stoichiometric characteristics jointly regulate plant community diversity. In the drier years, precipitation

treatments had a significant impact on soil water content, whereby an increase in precipitation led to high losses of soil nutrients.

Therefore, soil water content was the most important factor affecting plant community diversity during drier years. These observations

indicate that under dry and wet years, plant community diversity and soil C: N: P ecological stoichiometric characteristics have variable

responses to precipitation and soil C: N: P effect on plant community were also different. These results provide a theoretical basis for the

protection and management of desert steppe systems under future projected changes in precipitation.

Key words: desert grassland; change of precipitation; plant community diversity; soil C: N: P; wet and dry years
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Table 1  Plant families, genera, and species groups in the study site
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Fig. 1  Precipitation control device
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Fig. 5 Effect of precipitation treatment on soil C: N: P ecological stoichiometric characteristics
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Table 4  Correlation coefficients for the redundancy analysis ordination first two axes and key soil factors and ecological stoichiometry
WK 2013 4 2014 4 2015 4=
1 i 2 i 1 i 2 i 1 2
S KE -0.0797 -0.4276 -0.5375 0.1393 -0.7051 0.2182
i35S -0.0776 0.1871 0.0019 -0.5384 -0.2740 -0.0615
A Bk -0.4628 -0.1918 -0.6308 0.2177 -0.3714 0.179 6
2% -0.5930 -0.2806 -0.6587 -0.0246 -0.3725 0.293 6
X -0.3313 -0.068 4 -0.3519 0.003 4 -0.2642 -0.3573
AL 0.4617 0.3340 0.008 9 0.4578 0.020 1 -0.3446
e Lt —-0.3485 -0.2135 -0.5525 0.2385 -0.2920 0.3270
AL -0.5352 -0.3386 -0.5854 -0.0302 -0.2912 0.429 6
R 0.093 4 -0.3011 -0.1029 0. 400 6 0.026 8 -0.2344
AR -0.076 4 -0.1961 -0.0846 -0.0255 -0.1730 -0.1550
AR -0.26138 -0.2654 -0.0832 -0.2182 0.2621 0.5199
HAZA -0.0410 0.018 6 -0.6382 0.0926 0.2728 0.0720
(GRS -0.1442 -0.3068 0.1128 0.5130 -0.4134 -0.1755
[CGE7E -0.249 1 -0.4833 -0.1103 0.4745 -0.346 1 -0.3780
PR A L -0.0672 0.2657 0.396 2 -0.0021 0. 066 0 0.692 4
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