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sparse vegetation, serious desertification and fragile ecological environment. Land desertification leads to
the decline of land productivity and restricts the development of agriculture in this area. Therefore, it is of
great significance to improve the farmland ecological environment in the arid zone of central Ningxia.
[Objective] In order to provides basic data and theoretical basis for the rational utilization and
development of land resources and the further study of soil fungal diversity in arid areas. [Methods] This
research used Illumina MiSeq high-throughput sequencing technology to study the species and diversity of
soil fungi, and analyze the fungal diversity index and community structure. [Results] Among the five
treatments, fungi species were abundant and richness index had no difference. The diversity index of fungi
was highest in Zhangzagu No. 5 millet and lowest in quinoa, and there were significant differences.
Ascomycota was the most dominant phylum in the rhizosphere soil of different crops, and the relative
abundance ranged from 73.00% to 89.14%, which was much larger than the subdominant
phylum: Basidiomycota (3.9%—16.5%) and showed a very obvious advantage; Apart from that
Acremonium and Schizothecium were common dominant genera. Through DCA correspondence analysis
and correlation analysis, it was found that soil available phosphorus and soil alkali-hydrolyzed nitrogen
affected the structure and functional diversity of soil fungi community. The change of soil microbial
community structure and functional diversity was the result of interaction between soil physical and
chemical properties and microorganisms. [Conclusion] The soil nutrients of recreational and crop-growing
farmland can be increased in different degrees, the soil pH decreases, and the fungal community structure
and diversity change. It shows that rational farmland use is conducive to enriching the structure and
diversity of soil microbial community, improving soil characteristics, and then promoting the stability of
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soil ecosystem in the region, and improving the rational utilization of farmland land resources.

Keywords: Arid zone of central Ningxia, Rhizosphere soil, Fungal community diversity, Community structure
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Figure 1 Temperature and rainfall in Tongxin County from May to September in 2017

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2966 TEY I8

Microbiol. China

RS 35, SRE R T B ETERE B+
B, BIOMARES £ o B HUS AR ER 1+ ATCH H £4%
W, TUKENIRAAT RS, W 2 mm B M
i, BREMRR . VEWREYERY), —a R ET
—80 °C, MTwmulsEMT, Hn—aaskiT, M
T - e BT I R
1.5 TIEHAEYE DNA BYREUFNN F

Wi R AR Y A HERE 5 26 B VIR 2R AR D R
WA A7 BRZA w1 HEA T Tllumina MiSeq e il 7, )
RIS 9 ITSSF (5'-GGAAGTAAGTCGTAACAA
GG-3"AlJz 514 ITSIR (5'-GCTGCGTTCTTCTC
GATGC-3)% EL# ITS1 X471 T PCR #3, PCR
VAR Z : 5xReaction buffer 5 uL, 5%GC buffer 5 pL,
dNTPs (2.5 mmol/L) 2 uL., Forward primer (10 pmol/L)
1 pL, Reverse primer (10 pmol/L) 1 pL, DNA
template 2 uL., ddH,O 8.75 uL., Q5 DNA polymerase
(2 U/uL) 0.25 pL. PCR [ )i 5544: 98 °C 2 min; 98 °C
155, 55°C30s, 72°C30s, 25-30 ME#R; 72 °C
5 min. P IEERILT 2% MRS R IR, VIHCH
(R BeR e Axygen BERE [RISGRGRI & RS H R B
1.6 5o

FE TR, ATRE A — R AR AT
BERIRTA, R T ARUES BT 45 SR aT SR e, A0
TN} BT ARAR A 3807 9 ) B AR — 2B i PEAL A
MRS AT TR 2ot p 4. i 5eie il QIIME
) (Quantitative insights into microbial ecology,
V1.8.0y R BIZERTFH, SRIGXS AT 8 . A It
BRI G TS . BIBRbRER : JFHIHE<150 bp,
H A B R 75 5 ms | DS BeaiEEe-1 1Y
JEHs S A ESAR RIS T Shit B AR
W5, HAmmBaEr I LL 97%I0 7 5 A LR R 4
JEARAE 2 HIC(0TU)
1.7 TIEBUHREINE

BT 25 03 H 443513 1 mm A1 0.25 mm i
D FH - A AR B I o DU YRR pH
ME R K R 1:5; A HLF(Soil organic matter,
SOM)R F H SR IR P25 fa vk —— M ;. A0

(Available kalium, AK)RH NH,0Ac 2Kk IEt
B 9 s 3 A (Available phosphorus , AP) % F
NaHCOs-fHE T L Bk ; 4% ((Total nitrogen, TN)
KD ER S Blf#%((Alkali-hydrolyzable nitrogen,
AN AP sl
1.8 HEAE

F)F Microsoft Excel 2010, DPS X B 2502k
T T RAERE; o 2RI 2 R
Chao!"™"®  Shannon"?"PA &% Simpson*"Z:452 H iy
TR A QUIME BRI LHFEATE ] | FE
ST E AR AL B oA, I R IR
T TG 2 BRI ] Canoco 4.5 FRAA4X)
1E J& 7K~ b Y 3 BT B TR E AT 3 R o
(Principal component analysis, PCA) M -3 FRAL P i
L TE FE 7 22 PR 3547 %8 B 43 A7 (Correspondence
analysis, DCA).

2 HR54560
2.1 AEMEMRIR TIEIBL TR

XTHUAR 1) 25 £y £ 3ERE i A THAR M B A o
GER R, AFEWEDIMRPR bV R el 22 5%
AESAR, HAFTEREIG2ZESAA ARG 1),
SHERIAHEL, FEIEYEE S T HIEAA . AL,
B 2R . TAUASC B R IOl B i, AT 3 pH{H
W pH(ET S, C>L>H>Y>Z, H C. LAY
H., Y. ZAMZE2ZEREE; 5 CAFML, L,
H. Y. ZBBIEIET 0.12%. 2.34% ., 2.47%F0
3.08%. THELRGTHEIN C>L>H>Y>Z, H C
WERS L, H, Y. ZhFR LS, HhZ
AhE 2 S B 5 CAEHLL, L. H. Y.
Z REFRAFRIREAR T 11.67% . 15.00% . 23.33% 0
30.00%. TIEAHLE SRR N L>C>H>Y>Z, H
C. LAFS H, Y., ZbFZRfFAE LS, Hih
Z Mz RRE; 5 LAMMK, C. H. Y.
Z R BIREAR T 2.79% . 14.66% . 18.00% Fl
24.68%. TIEGAAA S RN L>H>C>Y>Z, H
BACFRAIAEEZ S, Hoh L L AR Z AbBR 22 5

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PIMESE: TR SR R AR PR L e ECTR RS 2 R SR A

2967

W 5 LRI, H. C. Y. Z AF5 5%
T 9.51%. 16.04%. 24.34%H127.90%, 345
FHEEIN L>Z2>Y>C>H, FabMaf 25, HL
LAbFES C. HAMHE A2 R e #; 5 LA
I, Z. Y. C., HAFHIFEL T 8.44% . 14.00%.
52.84% Fl 62.15% o - 3 WAL W 5 A W SR B R
Z>L>Y>H>C, H Z AbBi5HAy 4 FpabBRiR] 225 8
F; 5 ZAFEAAEL, L. Y. H. C AR HIFRE T
23.27%. 41.00%. 41.27%F1 45.15%. ZiREY+H
FFARPR L HEAA LT . B SR S ) A

R, A TRRBRBWE S R s, KPP B A0S
e d

22 AEMEMIRPRHIZEEREE S H1M
i 3d Ilumina MiSeq il & J7, 453

F1 TEAIERER T IEIBIMERR

968 506 Z5JFH, e 97%HH LR I 3 )5 dh 3K A5
1 848 4 AN[AIAY ITS1 [X. OTU, 5 HACFREL R RIS Z
FEPESPTEAS IR ILER 2, N3 2 Rl LIARAI, AL
LT ARBR e BB HEVR 45 45 20 (Chaol 54
ACE #5500 K Z>C>H>L>Y , ZREEFE SO0 %
A Z>C>H>Y>L, HILnlAl, C BT B R ZHE
PEFS O = & BEFS B A AL, M, B H. L.
Y AFEAA T BT, XU ARBEA U SRR
BEE R, ROMIRT AR B DR S5 A A = B S
R R T2 R, R R B AR R
IR R R T B 2, 2 Z bR
T Simpson 845 L 4bFR2 7 2%, Shannon 5%
S At 4 FRAb BRI IA B EKF. WL, HIEEEZ
FEPE S REYI AR K A 22

Table 1 Physical and chemical properties of rhizosphere soil of different crops

QbPE pH 2R AL g A A AL

Treat TN (g/kg) SOM (g/kg) AN (mg/kg) AK (mg/kg) AP (mg/kg)
C 8.11+0.05a 0.60+0.03a 14.26+0.29a 33.01+3.85ab 268.33+10.09¢ 1.98+0.61b
H 7.92+0.01b 0.51£0.06bc 12.52+0.54b 35.58+8.35ab 215.33+13.27¢ 2.1240.47b
L 8.10+0.02a 0.53+0.01b 14.67+0.05a 39.32+0.81a 568.93+0.03a 2.77+0.28b
Y 7.91£0.08b 0.46+0.01cd 12.03+0.28b 29.75+7.89ab 489.33+64.14b 2.13+0.31b
Z 7.86+0.01b 0.42+0.01d 11.05+0.30c 28.35+0.70b 520.90+33.95ab 3.61+0.49a

I BRI P bR ERR, R rh/NE T REORARPR L A B R B 28 5 225 (P<0.05). C: RHBF; H: K35
L: #4&; Y. Z: &7 T
Note: The data representations are mean + standard error. The small letters in the table indicate that the physical and chemical properties of

rhizosphere soil are significantly different among different crops (P<0.05). C: Fallow; H: Soybean; L: Quinoa; Y, Z: Millet. The same as
below.

*2 FRMEVRRLIREERESHM

Table 2 Diversity of fungal communities in rhizosphere soil of different crops

e D it
e e i ey
Treat OTUs Chaol index ACE index Simpson index Shannon index
C 1 104 535.86+102.99a 541.09+101.94a 0.95+0.02ab 6.06+0.71ab
H 1015 506.51+37.16a 517.40+51.54a 0.94+0.03ab 5.78+0.40b
L 975 505.24+39.64a 516.66+40.61a 0.92+0.02b 5.24+0.30b
Y 948 491.63+50.80a 501.31+44.58a 0.94+0.03ab 5.68+0.51b
zZ 1088 568.75+84.07a 575.23+79.61a 0.97+0.01a 6.92+0.10a

TE: RAPAE/NG FEAFA AL BE ) 22 57176 0.05 /K 23,

Note: Different small letters in the table represent significant differences between treatments at 0.05 level.
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Figure 2 Composition and relative abundance of fungal communities

HE: A BRI B: (RSB HHE.
Note: A: Fungal phylum; B: Dominant fungal genera.
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Figure 4 Correspondence analysis between fungal community composition and soil physical and chemical properties of

rhizosphere soil of different crops (DCA)
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®3 FRMEYRFLIBEERIFESHMES DEBAERZERBEXME
Table 3 Correlation between fungal community diversity and soil physical and chemical properties in rhizosphere soil of
different crops

AR oH AL £ A R LN
Relevance SOM (g/kg) TN (g/kg) AN (mg/kg) AK (mg/kg) AP (mg/kg)
Chaol index —0.183 —0.338 —0.210 —0.487 0.078 0.683
ACE index —0.135 —0.300 —0.232 —0.488 0.219 0.731
Simpson index —0.556 —0.699 —0.416 —0.838* —0.114 0.450
Shannon index —0.578 —0.725 —0.488 —0.867* 0.003 0.519

W HHHEMEAE 0.05 K R E.

Note: *Significant correlation at 0.05 level.
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3 wig
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HIHERE YIRS 2R RO, SRR
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(Z)IMPR T3 EL T 2 AR B . BEE (L)W
%, VLA T (@)W ER I EL i 2 REE A, B8
(L) R B - 48 B 2RI, X PTRE S A [FIFEY)
(AR B 3 IA AN TR], DT ) T AR s B B A 245
L PR S BOL E EIRE AR R R AR k. IEAb,
I R IR B 1 - 8 TR 2 PR MR B R A T A
K-, X5 van der Wal 21 B i 2 1 5
SERAAL, U BRI VEY) AR 1 S R TR R 2 M
PESH B R AR, 9 R iR 3R

PIREREEHE , U 2R .

+ R R BRSSO RS R G A e A
VAT RE R, AR 28 R G0 P Ml e 45 T 2 9 1
Mo FRETNKZHEAR, &b ELEn o
HRO RSN SRAT IR, RS SMIERA Ty T
EETEMEHP, AT A 8 BT
TR TR E R RO, (6 5 ARy & ik
73.00%—89.14%, FEALHEEET 1(K 24), XULH]
AWFFERY 5 FAb A4 R T ol Ak B - 3E TR RIS
S5, 1A 5 FLA LIRS N . PR )R 2 e
JEH, R EA BOER AR AR RE S . H
NBFFE R, RAAHA T TR TREE 8 B X
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JEEIR I R AAFAE—E IR R, BTRES @ e At ik
(AR B 18 H AR X 3 B f 3 v T R AR AR AR B
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FHREA X, B A MR REA R
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