5550 % 43 + I E W Vol. 59, No.3
2022 45 A ACTA PEDOLOGICA SINICA May, 2022

DOI: 10.11766/trxb202007230412

WE, bEVE, FEH, BER, FEL, BRR. KBRS N R LIRS B IE—— L B SR o ) (1], -
Bt 2022, 59 (3): 699-707.

GUO Qi, BU Chongfeng, LI Yiping, JU Mengcheng, LI Yahong, WEI Yingxin. The Spatial Distribution Characteristics of Soil Nutrients
Underlying Biological Crusts at Regional Scale: A Case Study of Mu Us Sandy Land[J]. Acta Pedologica Sinica, 2022, 59 (3): 699-707.

X REEME R TRLIEF T BIZ B 595 FE
— U ES R A

S 1 L. 2% e kE3 = 1 1 S
o, MEBT ZEI, WEKR, 2Ta, FNK

(1. VHILRMBIEE K2fK LRSS T, Bepiigik 7121005 2. FEFBREBEKFRRK SRR, Beiigis 7121005 3. Frisde b /R HiR
X AT, S8 AFF 830002)

& E: AENRXTZA RIS, A EE B AES RGN SRS B R, H AT G X IRR A s
TR RO AR AR H AT PR . VeI 35 B S R VP b AR 146 NFES, DIBEGH 2RSS & 2ot ok, TRAST T X8k
JUBE | RAX R Mg K AR B HLER (SOC), &R (TN), &® (TP) BYZS[ElFFrE . Atk s M HE N &, 45
R AWEE R ARTE T LR i, 3 R RIS R (CV) A, BFHER/NIIF A CVrp (60.5% ) > CVsoc
(37.9%) > CVy (30.8% ); AFEFRFHIZSAVASSAFEARR], TP SHAEIAHER LR PR 23 6] [ AR CER 2, SOC, TN
FREOEAY, A1) AAHOCHEP AR ZEIREHIROL . MUK PO ARIROC A PR R 0 BB, XN AR 2 N AR
TIEFO O AR X AR =, PR s TP & & H AR 1] PU 08, SOC. TN &kt [ 7R [n] 74 S22 B0 5 M1 i - (IR A R o0 A
R, ZHEAREAMBEEMCKR (r=02818, P<0.01),

KEER: VSR, BEREDH; HHRS; B EREG BRER

FESES: S153.6 XERFRETE: A

The Spatial Distribution Characteristics of Soil Nutrients Underlying
Biological Crusts at Regional Scale: A Case Study of Mu Us Sandy Land

GUO Qi', BU Chongfeng' ", LI Yiping?®, JU Mengcheng', LI Yahong', WEI Yingxin'

(1. Institute of Soil and Water Conservation, Northwest A & F University, Yangling, Shaanxi 712100, China; 2. Institute of Soil and Water
Conservation, CAS & MWR, Yangling, Shaanxi 712100, China; 3. Department of Natural Resources of Xinjiang Uygur Autonomous Region,
Urumgqi 830002, China)

Abstract:  Objective As an active ground cover widely distributed in arid areas, biological crusts have an important impact on the
nutrient cycle of desert ecosystems. At present, research on the nutrient effects of biological crusts is mostly concentrated on the plot

scale. This study explores the spatial characteristics of biological crust nutrients at the regional scale. We aim to provide a reference

* [HRHRFPEISTHE (41971131), EFRHE S LITRITIE (2017YFC0504703 ) #XB) Supported by the National Natural Science
Foundation of China ( No. 41971131 ), National Key R&D Program Project ( No. 2017YFC0504703 )

+ il{E1E#H Corresponding author, E-mail: buchongfeng@163.com
EF @A 2  F (1996—), F, BRI, S-EarRA, EZNFEYEEASZNIIA . E-mail: guoqi3l54@nwafu.edu.cn
Wk B 2020-07-23; WS EORS H I : 2021-02-20; 45 % H M (www.cnki.net): 2021-04-23

http://pedologica.issas.ac.cn



700 + e 2 il 59 &

for research methods on the nutrient characteristics of biological crusts at the regional scale and also provide a scientific evaluation
for the ecological value of biological crust in a desert ecosystem. Method The ecological restoration project carried out since 1959
has enabled the vegetation coverage in Mu Us to reach 40-50%, and biological crusts are widely distributed in this area as a sign of
sandy land fixation. This study selected 146 sample points that cover the entire Mu Us Sandy land, and used geostatistics combined
with multivariate statistical analysis to explore the spatial heterogeneity, distribution pattern and influencing factors of the soil
organic carbon (SOC), total nitrogen (TN), and total phosphorus (TP). Result Biological crusts increased the nutrient content of
the desert soil. The autocorrelation range of SOC and TP was relatively large, with variable ranges of 171.83 km and 147.78 km
respectively, while the autocorrelation range of TN was relatively small. The nugget coefticients of SOC, TN, and TP were 53.3%,
49.86%, and 20.2%, respectively. SOC and TN exhibited moderately strong spatial autocorrelation, while TP exhibited strong spatial
autocorrelation. The content of TP decreased from east to west, whereas the content of SOC and TN presented a high-low-high-low
band distribution from east to west. Importantly, the main control variation factors of the three soil nutrients were different. The
stepwise regression model of SOC introduced three variables, soil moisture (sm), surface downward shortwave radiation (srad), and
normalized vegetation index (NDVI), while the stepwise regression model of TN introduced two variables, average temperature (Tas)
and normalized vegetation index (NDVI). Additionally, wind speed (ws) and soil moisture (sm) were introduced into the stepwise
regression model of TP as the first and second factors, respectively. ~ Conclusion Biological crusts in the Mu Us sandy land

increased the nutrient content of desert soils. Three kinds of nutrient elements (TN, TP and SOC) showed spatial correlation and were

directly or indirectly affected by vegetation conditions, surface water and heat balance, and other factors. On a regional scale, the

nutrient content of soils under this biological crust was higher in the eastern part of the study area and lower in the southwest.

Key words: Biological crust; Mu Us sandy land; Soil nutrients; Semivariance function; Spatial variability
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Table 1

Table of explanatory variables

fem

Explanatory variables

TEf#

Annotation

JXi# Wind speed (ws)
[% 7K & Precipitation ( pr)
138 Soil moisture ('sm )
3R Mean temperature ( Tas )
F 2R R T 5238 8% Palmer drought severity index ( PDSI)
I FIK ¥R K2 Vapor pressure deficit ( vpd )

3 — AL A B F5 %X Normalized difference vegetation index ( NDVI )

WS E ZE (i Potential evapotranspiration ( pet )

b 18] T 45 3% 48 8F Downward shortwave flux at the surface ( srad )
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Table 2 Descriptive statistics of soil nutrients underlying biological crusts
eIty /ME RAE FEE bR 2 5 5 R i FE 3} 3 K-S %
Index / (g'kg™) Min. Max. Mean SD CV/% Skew. Kurt. K-S Test
+HEH PR SOC 0.56 20.47 10.51 3.99 37.9 -0.02 0.17 0.08
2% TN 0.08 1.66 0.91 0.28 30.8 -0.16 -0.26 0.20
2 TP 0.17 1.18 0.48 0.29 60.5 0.38 -0.88 0.13 ( Box-Cox )

x3 2ELEFIIESRITER

Table 3 National soil nutrient content classification standard table

Ei=E e = o i fi& P
Index Extremely high High Upper middle Medium Inferior Extremely low
SOM / (gkg') >40.00 30.00~40.00 20.00~30.00 10.00~20.00 6.00~10.00 <6.00
TN/ (gkg") >2.00 1.50~2.00 1.00~1.50 0.75~1.00 0.50~0.75 <0.50
TP/ (gkg') >2.00 1.50~2.00 1.00~1.50 0.75~1.00 0.50~0.75 <0.50
x4 EYERTRIEFHSTRIBBILEESHEIRY
Table 4 Theoretical model and correlation coefficient of soil nutrient variation function under the biological crust
3 " P .
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Co/ (Cot C) 1%
THEA LR SOC Eieg i 9.171 18.35 53.30 171.83 0.816 15.6
2% TN AL 0.056 0.12 49.86 69.33 0.742 9.48x10™
4H% ( TPBox-Cox ) Atk 0.040 0.05 20.20 147.78 0.652 5.48x10°
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Fig. 2 Spatial distribution of biological crust and its underlying soil nutrients in Mu Us Sandland
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Table 5 Pearson correlation between soil nutrients underlying biological crusts and influencing factors
HES K
Environmental WS PDSI pet pr sm srad Tas vpd NDVI SOC N
parameters
PDSI —0.58**
pet —0.15%* 0.34%*
pr —0.74%* 0.42*%*  —0.05
sm —0.79%* 0.42%*  —0.17* 0.85%*
srad 0.29*%*  —0.02 —0.04 0.17* —0.19*
Tas —0.76%* 0.55%* 0.59%* 0.33%* 0.45%*%  —0.6**
vpd —0.04 0.18%* 0.86%*  —0.25%*  —0.37** —0.26** 0.53%*
NDVI 0.02 -0.07 —0.06 0.14 0.08 0.15 —0.11 —-0.09
SOC 0.24**  —0.17* —-0.11 0.01 -0.07 0.3%* —0.32%¥*  —0.14 0.24%*
N 0.21%* —0.21* —-0.11 —0.04 0.1 0.23**  —0.28**  —0.13 0.28%* 0.82%*
TP 0.2% —-0.13 —-0.02 0.08 —-0.11 0.33**  —0.27**  —0.05 0.04 0.37%* 0.28%*

. *FIRm P<0.05, **F/R P<0.01, PDSI, pet. pr.

BRI Mok . LERRE . R TS TR,

sm, srad, Tas, vpd, NDVI, SOC., TN, TP #-il{CEME/R T 2L,

WHKFREZE . B— AR pas g, LA dlaR, L, L

2. Note: * means P<0.05, ** means P<0.01, PDSI, pet, pr, sm, srad, Tas, vpd, NDVI, SOC, TN, TP represent palmer drought

severity index, potential evapotranspiration, precipitation, soil moisture, downward shortwave flux at the surface, mean temperature, vapor

pressure deficit, normalized difference vegetation index, soil organic carbon, soil total nitrogen, soil total phosphorus, respectively.
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