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Effects of Shrub Introduction on Soil C-N-P Stoichiometry and Their
Trade-off with Water in a Desert Steppe

LIU Meng-di', ZHANG Zhen-jie', WANG Hong-mei"*, ZHAO Ya-nan', 1.1 Ao-tian'
(1. College of Forestry and Prataculture,, Ningxia University, Yinchuan, Ningxia 750021, China; 2. Key Cultivation Laboratory of

Ecosystem Restoration and Reconstruction, Ministry of Education, Yinchuan, Ningxia 750021, China)

Abstract: To investigate the effects of shrub introduction on soil moisture, C-N-P stoichiometry, and their
trade-off relationships in a desert steppe, this study was conducted in the desert steppe of eastern Ningxia. The
research compared sites with shrubs introduced for different durations (8, 17 and 27 years) with a site enclosed
for grassland restoration for 17 years. Soil water, soil organic carbon (SOC), total nitrogen (TN), total phos-
phorus (TP) contents, and their stoichiometric ratios in the 0-100 cm soil layer were analyzed. The root mean
square deviation (RMSD) was used to quantify the trade-off between soil water and nutrients. The results
showed that soil water content significantly decreased with increasing shrub introduction years (P<Z0.05). Soil
TN showed a significant increasing trend (P<C0.05) , while TP initially increased and then decreased; both
were consistently higher than those in the enclosed grassland. SOC and TN exhibited a strong coupling relation-
ship. The soil N: P and C: P ratios fluctuated and decreased with increasing soil depth. Trade-off analysis
revealed that the mean RMSD was 0. 55 in the enclosed grassland, compared to 0. 39 in the sites of shrub intro-
duction. As soil water decreased, the synergistic effect between soil water and nutrients disappeared in the O-
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100 c¢m layer. In summary, nearly 30 years of shrub introduction improved the nutrient content in the 0~100

cm soil layer while maintaining relatively stable soil stoichiometric ratios. However, water stress might emerge

as a consequence.
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Fig.2 Changes in soil water physical properties at the 0-100 cm depth during the shrub introduction
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Fig.3 Changes insoil C, N and P content at the 0-100 cm depth during the shrub introduction
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Fig.4 Changes in soil C, N and P stoichiometric at the 0-100 cm depth during the shrub introduction
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Table 1 Correlation coefficient between soil water physical properties and C, N and P contents at each soil depth
+ R E Soil depth/cm #8545 Index SW EC BD FC cp NP SOC TN
0~20 EC —0.95
BD —0.19 0.49
FC 0.30 —0.54 —0.92
CP 0.22 —0.42 —0.81 0.97"
NP —0.13 0.11 0.13 —0.50 —0.69
SOC —0.93 0.77 —0.15 —0.03 —0.01 0.21
TN —0.96" 0.84 —0.07 —0.04 0.03 0.03 0.98"
TP —0.90 0.82 0.12 —0.39 —0.41 0.54 0.91 0.85
20~40 EC —0.92
BD —0.79 0.81
FC 0.52 —0.41 —0.86
CP 0.65 —0.74 —0.97 0.83
NP —0.04 0.23 —0.37 0.79 0.38
SOC 0.41 —0.69 —0.72 0.39 0.82 —0.09
TN 0.32 —0.64 —0.63 0.28 0.75 —0.16 0.99”
TP 0.10 0.13 —0.42 0.83 0.39 0.98" —0.13 —0.22
40~60 EC —0.52
BD —0.53 —0.23
FC 0.55 0.33 —0.98
CP 0.53 0.38 —0.95" 0.99"
NP —0.79 —0.10 0.82 —0.89 —0.91
SOC —0.72 0.92 —0.16 0.18 0.20 0.17
TN —0.74 0.91 —0.13 0.15 0.18 0.20 0.99™
TP —0.33 0.96" —0.25 0.39 0.46 —0.28 0.77 0.76
60~80 EC —0.96"
BD 0.65 —0.81
FC —0.32 0.50 —0.91
CP —0.34 0.51 —0.90 0.99"
NP —0.41 0.19 0.42 —0.73 —0.71
SOC —0.96" 0.96" —0.81 0.56 0.58 0.16
TN —0.96" 0.85 —0.42 0.09 0.11 0.62 0.87
TP —0.42 0.47 —0.74 0.86 0.88 —0.48 0.65 0.30
80~100 EC —0.82
BD 0.28 —0.55
FC 0.16 0.40 —0.74
CP 0.12 0.47 —0.53 0.94
NP —0.28 —0.01 —0.51 —0.16 —0.45
SOC —0.99" 0.85 —0.33 —0.10 —0.06 0.28
TN —0.99™ 0.86 —0.32 —0.09 —0.05 0.26 0.99™
TP —0.56 0.49 —0.83 0.24 —0.01 0.84 0.58 0.57

i %, P<<0. 055 %%, P<<0. 01300, P<0.001. FC, HA$fK i BD, LHEA T ;SW,0~100 cm LHEF K G CP, BAFLBUE NP, B
FLBLEE EC, RO § 3, SOC, AP TN, 18 %; TP, L2

Note: *, P<C0.05; %%, P<<0.01;*** P<C0.001. FC, Field capacity; BD, Bulk density; SW, Soil water content(0-100 cm) ; CP, Capillary
porosity ; NP, Non— capillary porosity ; EC, Soil electric conductivity ; SOC, Soil organic carbon; TN, Total nitrogen; TP, Total phosphorus
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