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Physicochemical properties and fungal community
characteristics of rhizosphere and non-rhizosphere soils
of Hippophae rhamnoides in Pisha sandstone area of
Inner Mongolia

SUN Meimei, TIAN Li’, QIAO Ziwei, ZHANG Xueya, GAO Zewen

College of Life Sciences, Yulin University, Yulin 719000, Shaanxi, China

Abstract: [Objective] To compare the physicochemical properties and fungal community
characteristics between rhizosphere soil and non-rhizosphere soil of Hippophae rhamnoides
growing for different years in Pisha sandstone area of Inner Mongolia. [Methods] A total of
12 rhizosphere and non-rhizosphere soil samples were collected from the Pisha sandstone area
of Ordos. Chemical methods were used to analyze soil physicochemical properties, and the
fungal community composition in soil was analyzed by high-throughput sequencing. The
correlations between fungal community characteristics and soil properties were analyzed.
[Results] Total nitrogen (TN), available nitrogen (AN), available potassium (AK), organic
matter (OM), and electrical conductivity (EC) of rhizosphere soil were higher than those of
non-rhizosphere soil (P<0.05). Soil moisture content (SMC) increased as the planting years
increased (P<0.05). The fungal richness and diversity in rhizosphere soil were higher than those
in non-rhizosphere. Ascomycota and Mortierellomycota were the common dominant phyla in
rhizosphere soil and non-rhizosphere soil, and Mortierella, Penicillium, and Aspergillus were the
common dominant genera. The key fungal groups in non-rhizosphere soil and rhizosphere soil
were Mortierella and Gibberella, respectively. The redundancy analysis showed that OM was a
key soil factor affecting the soil fungal distribution. Mortierella was correlated with OM, AN,
and total potassium (TK) (P<0.05). Gibberella was correlated with AN, OM, and EC (P<0.05).
[Conclusion] The planting of H. rhamnoides in Pisha sandstone area of Inner Mongolia increases
the nutrients and fungal richness in the rhizosphere soil, improving the stability of the soil
environment. Moreover, the cultivation of H. rhamnoides increases the soil moisture, improving
soil and water conservation and contributing to the ecological restoration. This study provides a
theoretical basis for biodiversity conservation in the study area as well as for the ecological
restoration and sustainable management of H. rhamnoides shrubland.

Keywords: rhizosphere soil; Hippophae rhamnoides shrubland; soil fungi; community
structure; soil physical and chemical properties
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Table 1 Survey of Hippophae rhamnoides sample
plot in Dongsheng District, Ordos, Inner Mongolia

Sample plot  East longitude North latitude Altitude
number (E) N) (m)

9a 109.525 983°  39.511 859° 1461.9
4a 109.510 858°  39.533 890° 1422.5
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Z 5 ¥ BB A FEAS B DU £ MR, AT AR Y L
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S BB R R O A AT RS, ]
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14 HEFRITRSH
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FIH R 5 5 (version 3.3.1)#F4T 3 AR ¥R 4 #7
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Circos-0.67-7 241l Circos FEAR S5HFh R,
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(version 3.3.1) Ay pheatmap U ¥ 17 AH 5 1
Heatmap 437 . 1 il SPSS26.0 # 4 dEf7 B
)7 253 Hi (one-way ANOVA), fifi i Waller-Duncan
LT 2 Em i, SR EAREZERIR

2 EREGHN

2.1 HIERBUHRS

TN, AN, AK., OM & &Fl EC R MR
B A g8 b 3 5 2 v T AR AR B - BE AR B (P<0.05);5
4 AELE VLT TN, AN, AK Fil EC L& =T 9 4F
AV IEAR(P<0.05); 9 AEAEVR AR SMC 23 5
T 4 AFA VAR (P<0.05); RPr t 3 S AER PR 1
1 SMC JC 2 #2210 (P>0.05) (3¢ 2).
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Bl 0 P B ARG I, SRR LR B i 2R 8
Wik TE 22, P A1 EGA F 35 000 J5 HE A&,
RIS, a0 P R A 8 B R Y
FLRARER S, WP E A8, HE ITS1 5
PRI P25 1R, RN 81 574 267 4%,
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A AEAR B 1338 (P<0.05) 5 9 4EAE AR BR T3 1Y Sobs
FRECE E =T 4 AR B £ (P<0.05) ; #5 4k
JH 1Y Shannon 5%l Shannon’s evenness 54 JC
B #2255 (P>0.05); 78 3% /% (coverage)¥J K F
99.00%, it BN 7 25 SR B A% AC R AT i 1Y LS
BL(FR 3)o ML B ZAEME ST AT LK B 45 4k PR A
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K2 IDEHMZAIE L IEBLER

Table 2 Soil physical and chemical characteristics of different groups of Hippophae rhamnoides field

Item F4 F9 G4 G9
TN (g/kg) 0.36+0.02b 0.19+0.01d 0.47+0.01a 0.32+0.01¢
TP (g/kg) 0.4140.02ab 0.43+0.03a 0.39+0.05ab 0.35+0.01b
TK (g/kg) 17.74+1.56ab 15.75+0.41b 19.67+1.55a 19.75+0.24a
AN (mg/kg) 8.65+1.04c 7.79+0.71c 57.90+4.16a 27.39+1.47b
AP (mg/kg) 0.58+0.05b 0.72+0.13ab 0.72+0.03ab 0.90+0.10a
AK (mg/kg) 47.33+1.53b 35.33+0.58c¢ 103.335.00a 43.00+2.65b
OM (g/kg) 2.18+0.40d 6.29+0.55¢ 11.42+0.70a 10.14+0.32b
pH 8.57+0.02¢ 8.87+0.01a 8.56:0.01¢ 8.65+0.02b
EC (us/cm) 104.47+2.11b 48.20+2.03d 117.1545.65a 74.00+4.56¢
SMC (%) 2.88+0.10b 10.90+1.12a 2.73+0.44b 9.91+1.42a

Different lowercase letters in the same line indicated significant difference between different groups (P<0.05). F4: Four years

non-rhizosphere; F9: Nine years non-rhizosphere; G4: Four years rhizosphere; G9: Nine years rhizosphere. The same below.

x3 BMRESIERFEIIZEER o ZHESH
Table 3 Alpha diversity analysis of the rhizosphere and non-rhizosphere soil fungi of Hippophae rhamnoides

Item F4 F9 G4 G9
Sequences 35 848 35 848 35 848 35 848
ACE index 202.792+39.484b 390.423+160.626ab 493.567+118.710a 553.066+173.374a

Chaol index
Shannon index
Sobs index
Shannon’s evenness

Coverage

202.162+39.974b
2.730+0.428a
198.330+39.463b
0.516+0.062a
99.967+0.000a

392.195+160.933ab
3.246+0.804a
365.000+145.688ab
0.551+0.101a
99.869+0.001ab

488.060+117.839a
3.567+0.284a
407.000+£94.170ab
0.595+0.027a
99.728+0.001bc

542.962+167.325a
3.208+0.660a
460.670+144.970a
0.523+0.082a
99.694+0.001c¢

O AFAMRPR RIS W, (HEARRPR R
8] 022 57 o BE 06 ffk 8 L T A v 4 A 25 SR 1Y

89.05% (&l 1)

2.3 PEBRIRPRSIERIR LIRE B RFLAMEY

EF

¥ # W ] (Ascomycota) .
(Mortierellomycota) 141 - [ '] (Basi diomycota)
v I G O K xS g (B e U S ey
KIFH ) 93.84%—99.18% (& 2)., FHE w1 1EMR
B - 48 v (8 AE X 3 B AR AR PR 3 T T =
(31.26%), A8 11 7E AR PR A3 v g A X 32 B2
FEARAR bR 1= 38 b i [ 41K (20.61%) o 7EJR KT |
(1 3), £ E R AT - HEA H 5 R
B39 M Bl 55 JE (Mortierella, 4.26%—36.53%) .
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Figure 1 PCoA of fungal communities of the
rhizosphere and non-rhizosphere soil of Hippophae
rhamnoides.
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Figure 2 Circos sample and species relationship of the rhizosphere and non-rhizosphere soil fungi of

Hippophae rhamnoides (phylum level).
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ARG =F B 2 R TR AR B 1 48(P<0.05).
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Figure 3 Circos sample and species relationship of the rhizosphere and non-rhizosphere soil fungi of

Hippophae rhamnoides (genus level).
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(r>=0.7115, P=0.010) (3 4).
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g_ unclassified k fungi
¢_unclassified_k__fungi
f unclassified k fungi
o unclassified k fungi
p_ unclassified k fungi
g__ Plenodomus

g Coniosporium

g Kamienskia

g llyonectria

g Fusarium

g Monocillium

g_ unclassified_f Sporormiaceae

f _Sporocadaceae | mF9
g_ Genolevuria | - gg
f  Rulleraceae ]

4 PERIRIRPR S IERMPR L IREE LDA A HFEEARIEKF)

Figure 4 LDA discriminant bar graph of the rhizosphere and non-rhizosphere soil fungi of Hippophae
rhamnoides (from phylum to genus level).
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B hl: g_ Gibberella
W il: g [llyonectria
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M kl: g Mortierella
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Bl nl: g Scutellospora
B ol: g unclassified f Nectriaceae
B pl: g unclassified f Psathyrellaceae
B ql: g unclassified_k_fungi
M rl: g unclassified p Mortierellomycota

mom(woDSV _

mma:p_ Ascomycota
mm b: p_ Mortierellomycota

5 WERMIRPR SIEMRIRLIRE E LEfSe 2 HTEE b 5 X E (A2 B7KF)

Figure 5 Evolutionary branch graph of LEfSe analysis of the rhizosphere and non-rhizosphere soil fungi of
Hippophae rhamnoides (from phylum to genus level).
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140 o F R4 HBABSLEREET enviic 51
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Figure 8 Heatmap correlation analysis between dominant fungi and environmental factors at genus level

(Spearman).
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