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Fig.1 Geographical location of the study area and the research plots
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Fig.2 Temporal variations of soil organic carbon and total nitrogen contents under three shrub species
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Fig.3 Temporal variations of soil total phosphorus and total potassium contents under three shrub species
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Fig.4 Temporal variations of soil available phosphorus and available potassium contents under three shrub species
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Fig.5 Temporal variations of soil stoichiometric ratios under three shrub species
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Table 1 Summary of vegetation characteristics investigated for the three shrub species
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Bz EERes FE P = /em 5k I /em® Wy S
2006 Ypohze 1-1 4 32 41x40 16
1-2 4 22 38x32 22
1-3 6 32 40x37 48
Wit 2-1 8 66 156.5x143.5 9 045
2-2 6 73.25 126.25%x112.25 59
2-3 8 76.75 131x113 753
IIFEW N 3-1 11 41.67 104.33x73.33 467
3-2 11 55 126.5x112.5 95
3-3 10 68 132x128 136
2016 Lie 1-1 6 43 63%55 44
1-2 4 38 56%52 30
1-3 7 46 53x42 84
WL 2-1 8 91 164.33x134.67 72
2-2 10 96.25 135.5x124.75 160
2-3 10 80.75 124.75%103.75 33
PaE A 3-1 12 55.5 120.0x117.5 126
3-2 9 39 73.5%x70 103
3-3 9 35.38 70.25%60 226
2021 L7 1-1 6 41.67 47.67x42 57
1-2 7 37.5 49.0x45.5 132
1-3 9 15 38x22 332
HE 2-1 13 58.67 168.33x139.67 293
2-2 17 58.75 89x75 187
2-3 14 61.6 138.4x99.6 148
UIFEW N 3-1 9 43.33 110x101 2794
3-2 10 46 102x89 385
3-3 10 349 72%x67 121
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Wk *Polygala tenuifoliat* Willd. 1 &g/
NS L *Caragana tibetica* Kom. 1 Bk #ET5)
g Ak *Allium mongalicum™ Regel 3 2000
RIM-#BE S *Oxytropis aciphylla* Ledeb. 1 1 1
ERWS *Ajania achilloides*(Turcz.) Poljak.ex Grub. 10 500
H1E#E *Astragalus galactites* Pall. il 1 5 2 6
VAR 3 *Ajania fruticulosa*(Ledeb.) Poljak. 17 -
WEIESE *Prilotricum canescens*(DC.) C.A.Mey. 1 20
WH4ELF *Stipa glareosa*P.A. Smin 2 2 13 21 1
SM-ZERT *Plantago minuta* Pall. 25 28
10
WML *Echinops gmeliniit* Turcz. 2 7N
BIRNELE *Convolvulus ammannii* Desr. 1 10 32 27 33
TtRaTH *Cleistogenes songorica*(Rashev.) Ohwi 2 6 24 9 8 17 2 13 41 1
W *Artemisia annua*L. 11 14 20 20 53 150 Lo
-1 12 13 -1 12 13 -1 12 13
FEHI 5
B: [U&AR 20064 20164 202145
B *Krascheninnikovia ceratoides* (L.) Gueldenst. 1 ¥
WL *Echinops gmelini* Turcz. 4 R
H1Li# *Olgaea leucophyla* (Turcz.) ljin 1 3 (B AET5)
FHE *Sarcozygium xenthoxylon* Bunge = 1 2 3
KM-LLRY *Reaumuria trigyna* Maxim. 7l 4 2000
=P *4ristida adscensionis* L. |15
It BB *Iris tenuifolia* Pall. 3 1 15
LAY *Reaumuria soongarica* (Pall.) Mexim 1 10 5 3 3 500
) *Potaninia mongolica™ Maxim. 16 2 1 3 1
KEBER|TA *Asparagus gobicus* N.A. Ivan ex Grub. | 21 1 %) 1
7y 8o, um mucronatum* Maxim. 19 10
HHE *Zygophyll o 1
RBEELSE *Stipa gobica* Roshev. 28 2 100
HALEE *Astragalus galactites* Pall. | 45 2 1
EWRIH *Ajania achilloides* (Turcz.) Poljak.ex Grub. 9 [ 47
WHEESE *Stipa glareose® P.A. Smim. 48 1 1 11 3 6
R )L *Caragana brachypoda* Pojark. | 23 6 11 12 13 1 14 10
ium mongolicum™ Rege 6 50
i 4k Al golicum* Regel 2 20 3
TR T ¥ *Cleistogenes songorica* (Roshev) Ohwi | 62 4 13 1 15 15 17 121
BIRTEAE *Convolvulus ammanniit* Desr. 96 60
FIM-#BEE *Oxytropis aciphylla* Ledeb. 179 24 | 88 2 17 4 1
%M ZERT *Plantago minuta* Pall. 15 9 80 [7000 120 3
W *Artemisia annua* L. [ 109 | 50 3 B 180 =0
31 32 33 31 32 33 31 32 33
e
CHE 20064F 20164% 20214¢
A *Scorzonera divaricata*Turcz. 1
K& *Cirsium setosum*(Willd.) Besser ex M. Bieb. 1
48§ *Potaninia mongolica*Maxim. 1 1 B/
H L& *Olgaea leucophyla*(Turcz.) ljin 2 (BRAETT)
B ¥ *Eragrostis pilosa*(L.) P. Beauv. 3
3R *Ferula bungeana* Kitag. 5 2000
H ¥ *Pennisetum flaccidum* Griseb. 8
BRA *Allium polyrhizum*Turcz.ex Regel 6 3
RBER|TL *Asparagus gobicus* N.A.Ivan ex Grub. 1 1 2 1 2 2 500
W32 *Corispermum™* sp. 10
Begi#e *Krascheninnikovia ceratoides* (L.) Gueldenst. 3 B 1 1 4
Y- Z *Iris tenuifolia* Pall. 5 1 5 1
Pemt-8838 )L *Caragana stenophyla* Pojark. 14 100
TR T *Cleistogenes songorica*(Roshev.) Ohwi 5 4 2 5 5) 1
BEFE *Salsola collina* Pall. 25 2
VWA *Stipa glareosa* P.A. Smim. 6 1 20 1
WM RIS *Echinops gmelinii* Turcz. 1 2 7/ B 21
FIM-WBR S *Oxytropis aciphylla*Ledeb. 13 2 15 16 3 10
BHAL#EE *Astragalus galactites* Pall. 1 9 18 16 4 2 6
s dE *Allium mongolicum™* Regel =~ 9 | 27 4 8 26 2
B L *Caragana brachypoda* Pojark. | 31 3 20 34 3 11 53 9 21
S&M-ZER] *Plantago minuta* Pall. 2 58 80 60 1
i *Artemisia annua*® L. 21 2 120 39 70 Lo
Wk *Agriophylum squarrosum*(L.) Moq. | ESEE 200
F1Kk3E *Bassia dasyphylla*(Fisch.et C.A.Mey.) Kuntze [I53IM 500 1
2-1 22 23 21 22 23 2.1 22 23
IS

7 3Tl DA A b o A ]
Fig.7 Density heatmap of associated species of Three types of shrubber




54 FAAE . BRI IR SR S RSN T 259

10 05 o0 o5 1o
IR P<0.001, **3R 7R P<0.01,* 7R P<0.05, H i R[r>0.3 (1) i E A 5
KIS 3 il D SR Iy i M i i L S PRI R TR SR S ]
Fig.8 Heatmap of correlations between soil nutrients, stoichiometric ratios,

and environmental factors for three types of shrubland
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Table 2  Significance test results of RDA model
for three shrubland types

LN Jihh ki

FiH PiH B
B3| R/% R/%
GpaAE 80.7 742 12.51 0.001 @R
UIFN 67.5 56.7 6.23 0.006 ST
HE 87.0 82.7 20.14  0.003  pEpEEmET
ABEREE pn LM

1_

RDA2(18.5%)

e, 17 DU A AT N SOC T 52 B 5 14 I [ 114 I8 3h e
fiE. SOC 11 B 223 H W A & A Bl Pk 2 )5 b 1
P& A AR R SR i R [ 2510 O G R
SOC £ 2016 47 )5 [n13% , 1] 5 -5 H e i A6 AN [R] B b 7]
Sl AR A 8 53 b e S 47 D 0 XUk o e 45K
7 ek 55 A7 51 BEMLAR MRS AT S 7 XU PO A R
SOC B P45 15 (%IncMSE=10.82) , [a] 422 3¢ 3 XUkt
Xof B (1) P TE RE

RDA1(62.2%)

RDA1(62.3%)
©20064E A 20164E M 20214

K19 3N LSR5 i M Al LS PR T IR 5 RDA 407

Fig.9 Redundancy analysis (RDA) of soil nutrients, stoichiometric ratios,

RDA1(56.9%)

and environmental factors for three types of shrubland
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Fig.10 Importance scores (%IncMSE) of environmental factors in the random forest model for three types of shrubland
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Long-term changes and driving factors of soil nutrients in
typical shrub communities of the desert steppe

Wang Haoyi, Yu Xiao, Xin Zhiming, Ma Yuan, Luo Fengmin, Li Xing, Cui Jian, Lu Jiahua
(Experimental Center of Desert Forestry /Dengkou Desert Ecosystem Research Station of Inner Mongolia/ Ulan Buh Des-
ert Oasis Wild Field Scientific Observation and Research Station of Inner Mongolia Autonomous Region, Chinese Acad-

emy of Forestry, Dengkou 015200, Inner Mongolia, China)

Abstract: Elucidating the long-term dynamics of soil nutrients in desert shrublands and their underlying drivers
is crucial for understanding ecosystem stability and providing theoretical support for ecological restoration. In
this study, three typical shrub species—Ceratoides latens, Tetraena mongolica, and Sarcozygium xanthoxylon—
in the Hobq Desert were selected as research subjects. Based on long-term field surveys and laboratory measure-
ments, we analyzed the long-term variations in surface soil nutrients (C, N, P, K) and their stoichiometric ra-
tios, examined the trends in climatic and vegetation factors, and quantified the relative contributions of environ-
mental factors to soil nutrient variation using random forest models and redundancy analysis. The results showed
that from 2006 to 2021, soil organic carbon increased significantly across the three shrublands, albeit with dis-
tinct inter-specific patterns. Total nitrogen exhibited divergent trends among species, while total phosphorus gen-
erally decreased in C. latens and T. mongolica shrublands, but decreased first and then increased in S. xanthoxy-
lon shrubland. The C: N, C:P, and N: P ratios increased overall. Random forest and RDA analyses revealed in-
ter-specific differences in the explanatory power of environmental factors on soil nutrient variation. Soil nutrient
variation in C. latens shrubland was primarily influenced by both climatic factors (wind speed and precipitation )
and vegetation factors (canopy width and height) (adjusted R>=74.2%). S. xanthoxylon shrubland was sensitive
to climatic factors and also significantly affected by species richness (adjusted R>=82.7%). In contrast, the mod-
el for T. mongolica shrubland had a relatively lower explanatory power (adjusted R*>=56.7%) , with precipitation
and wind speed being the prominent contributing factors. The dynamics of soil nutrients and their responses to en-
vironmental factors exhibited pronounced inter-specific specificity among the three shrublands. This study pro-
vides data support based on long-term monitoring for the restoration and management of desert shrubland ecosys-
tems.

Key words: desert shrubland; soil nutrients; environmental factors; long-term dynamics; random forest model



