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Effects of Different Fertilization Levels on Rhizosphere Soil Fungal Community Structure and

Diversity of Hulless Barley and Pea Mixed Cropping Pattern

GUO Tongxin1’2’3, YAO Xiaohua'**, WU Kunlun"*?, YAO Youhua'**"

(1 Academy of Agriculture and Forestry Sciences, Qinghai University, Xining 810016, China; 2 Qinghai Academy of
Agriculture and Forestry Sciences, Xining 810016, China; 3 Qinghai Key Laboratory of Hulless Barley Genetics and Breeding/
Hulless Barley Branch of State Wheat Improvement Centre, Xining 810016, China)

Abstract: Using [llumina MiSeq high-throughput sequencing technology for ITS region of fungi, combined with NMDS, RDA
and Mantel test analysis, the differences in the composition and diversity of rhizosphere soil fungi community of the different
fertilization levels of no fertilization (ONP), low nitrogen and phosphorus (LNP) and high nitrogen and phosphorus (HNP) under
the three cropping modes of Hulless barley monoculture (Q), pea monoculture (W) and hulless barley and pea mixed cropping
(QxW) were investigated, soil physiochemical properties and their correlation with the rhizosphere soil fungi community
structure were also analyzed. The results show that soils are alkaline under the three cropping modes, and soil physicochemical
properties are significantly different under different fertilization levels. A total of 18 fungal groups are detected under different

treatments. Ascomycota (63.5%-78.5%), Mortierellaomycota (3.6%—14%) and Basidiomycota (1.1%—-6.9%) are the common
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dominant groups. At the genus level, Penicillium and Mortierella have the highest relative abundance in the mixed rhizosphere
soil of hulless barley and pea, which may be the main fungal communities driving the conversion of organic nitrogen and
phosphorus into inorganic nitrogen and phosphorus in soil. Bipolaris, Blumeria, Fusarium and Cladosporium are the four
potential pathogenic fungi genera with the highest abundance in soil fungal community, and the relative abundance in the
rhizosphere soil of hulless barley and pea mixed cropping is lower than those of hulless barley and pea single cropping. There are
significant differences in the relative abundance of the four potential pathogenic fungi under different fertilization levels in the
mixed cropping mode. Under LNP and HNP levels, the indices of fungus richness (ACE, Chaol) and diversity (Shannon,
Simpson) are lower in rhizosphere soil of mixed cropping mode than those of hulless barley monocrop, while the indices of
fungus richness (ACE, Chaol) are significantly lower under mixed cropping mode than those of ONP level. However, the
diversity (Shannon, Simpson) index is higher than the level of ONP. According to the relative abundance of fungi community at
the genus level under different treatments, the mixed cropping pattern can significantly increase the relative abundance of
beneficial fungi in rhizosphere soil. Through the analysis of the dominant population and o diversity of microorganisms in
rhizosphere soil, compared with hulless barley monoculture and pea monoculture, the mixed cropping pattern of hulless barley
and pea can increase the relative abundance of Penicillium, Mortierella and other phosphorus-soluble and ammoniating fungi in
rhizosphere soil at genus level, reduce the relative abundance of Bipolaris, Blumeria, Fusarium, Cladosporium and other potential
pathogenic fungi groups. Correlation analysis shows that available nitrogen, available phosphorus and organic matter are the main
driving factors affecting the difference of rhizosphere soil fungal community structure.

Key words: Hulless barley and pea mixed rhizosphere soil; Non-metric multidimensional analysis (NMDS); Redundancy analysis

(RDA); Mantel test; Fungal community structure
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il 46.31 ~ 67.93 mg/kg, T ERIAAE - 0E Rk o
T2t Pt i R ARG A s B . H R EIR
VEA S50 5 2k Bt 25 i I 2 %) 386 0 e T s PR RAAEG, 7
LNP 7K F- N KT HNP K-, (HIEWEZES . ALK
SN 1581 ~21.84 g/kg, 3 MR A PR
FRIEAFEREAL KT T ERB QxW>W>Q s

IRAVERLCAE HNP R A ML & i b, 3 5 T ONP,
LNP. Jrfg 3 gtk 135, pH /~F 8.02 ~ 8.24,

TR B AR RN AR 2 90 Bt it AE A )
R TR AL IRVEBGXTE HNP R pH &k, H
5 LNP L #E 25 . WHNEF 20T RWEE 2): Fl
MRS . HAA . 2. A%EE. pH B3
S (P<0.05); Jtifl ek A H3EAHLm . 2%,
MR . AR E(P<0.05); ML SRR A AL
Fi. AW, AR, HRE. pH BRI BN E
fEH(P<0.05).

1 LEBAMR
Table 1  Soil physicochemical properties under different treatments
MR ALK E& {e35n
FHHLE (g/ke) A (g/kg) 2 (gkg)  HEMA (mgkg) ARWE (mg/kg) pH

Q ONP 15.81+0.58d 0.95+0.02¢ 0.64 +0.03 ¢ 19.75+1.75d 46.31+2.16d 8.07+£0.02 ¢
LNP 17.86 £0.13 ¢ 1.09+£0.04bc  1.09 +0.04 be 23.07+1.84 ¢ 54.76 £ 1.74 ¢d 8.05+£0.05¢

HNP 1891+1.16b 1.19+0.04 b 1.19+0.04b 26.40 + 0.61 be 57.18 £2.66 ¢ 8.02+0.06 ¢

w ONP 16.24 £ 0.93 cd 1.31+0.01 ab 0.72+0.04 ¢ 25.11+1.96 ¢ 57.60 +1.52 ¢ 8.16+0.03 b
LNP 18.37+0.60 b 1.34+£0.01 a 1.25+0.01b 29.92+1.28b 67.93+1.25a 8.12+0.01b

HNP 20.70 + 0.33 ab 1.41£0.03a 1.52+0.03 a 28.92+2.67b 65.08 £ 0.76 ab 8.09 + 0.04 be

QxW ONP 17.44+1.08 ¢ 1.18+£0.03 b 0.68+0.02 ¢ 28.87+1.76 b 5598 +1.26¢ 8.24+0.05a
LNP 18.74£1.56 b 1.22+0.02b 1.27+0.01 b 32.68+0.75a 64.20 = 1.20 ab 8.15+0.01b

HNP 21.84+040a 1.35+0.02a 1.36 £ 0.02 ab 33.57+0.79 a 61.87+0.39b 8.11 £ 0.04 be

E: R Q. W, QXW i URFE R, Bt ffE
[l K P RIS1/ING FREAS [R5 4% A T H] 22 5 35 (P<0.05).

FHREBEIRAE; ONP, LNP, HNP A 5ICERAGEAL . RARE . maw:, T

F2 MEEXMERA TN TRBUEREEHRERAES T

Table 2 Two-way ANOVA on effect of cropping pattern and fertilization level on soil physicochemical properties

1 PR Jiti AE K S s
F P F P F P

B HLE 47.80 <0.001 78.15 <0.001 50.54 <0.001

A 4.28 0.030 15.66 <0.001 0.72 0.586

£ 1.78 0.197 0.85 0.442 5.10 0.006

PR 27.39 <0.001 19.14 <0.001 21.08 <0.001

R 32.09 <0.001 4.46 0.027 17.44 <0.001

pH 36.46 <0.001 3.07 0.071 14.95 <0.001
22 AELETHEERNFEHEM OTU B HIFEl 1A AT, A ACBE| ERRFA OTU 3 H B
ST AR EMZES, 9 4B OTU HCh 455 4>, 3L

I GRS I B R SNBSS B S S HO0 R
PEVEAT VAL o B ITS M P 4RAT 2 261 871 X} JF LR
P, 2244 757 T, 2 088 520 A ST
H, BAEES R 78 518 KAFIFH, FE
A= 87 353 A FITA, IR EETE 229 ~ 358 bpo X
BT AT kb B A 55 51 AT OTU R4S 5] - FU
OTU ¥t H#fr4tit, I hlibmE (& 1), EUER
AN ) Ab B AL RRAE FURE A RRAE A8, DA i
OTU REFrERMPFEE, AR AT
Y.

H1 QHNP 547 OTU B H&Z, H 116 1>, Q<xWLNP
FiG OTU $tH b 64 4. I 1B ATLUE 1, HEE
YRR A KRB N, £33 OTU 0z i
Wiz, WG AR e A AKCE B, A
OTU HUekeAR)G T s & BRI IR AR A it NE K-
fehn, +3Eh OTU BUBHRE .
2.3 AELAETHEEREETL Alpha SHEFES R
LA PR PR RO 35 R TE 99% DL L.
&2 A, TRREAAE ACE 8%k, W e N £ A 48 o
BT, AE HNP ZKOF T 5 = A P KT 3k 5 2Pk 22
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Fig. 3 Relative abundances of soil fungi (A, B) and abundances of main dominant groups (C, D) under different fertilization levels of mixed

crops
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FRSE, Wr b = BE g i, Firb HNP B LNP 5 9.5%,
HA M8 & 225 Blumeria TE LNP (0.6%) F B KT
HNP (6.9%); Fusarium %) 5Bl M0 &2 A3,
SeREARIE THEr s Fusicolla £ HNP (4.1%) F=EJ¥ 3%
ST LNP (10.2%). DA 255 F AN b B 32 FL P
R SEMTET KO L C B 22 57 (R )@ /K AT
FPE2E R ORI AR 2 S 8 R W 4
¥ A=Ak AN it A K ST - 458 EL TR 0 =F B AT
W EPER
2.5 AELLETREFLEEERZHMA NMDS

ST

WAl 4, Stress=0.016, UEHIAE i FLH HAT PR
fif e S, HEARI AR MR R E AR
Ao EER R, M ALK B2 A 2 55
EIEOL , HABAERE U EA R AE ACE T+ i 43 55
PR EK, IR S A i ES, U
WA it L DR I A0 A AR TR =2 A o [R]— K-
AN FFPAER R RRE L AT R, 72 LNP. HNP JKF
TQ. W, QxW A EZHI.

1.0

~0.5F , \
N ,// | -
=mQONP  'm QLNP = QHNP
e WONP i@ WLNP o WHNP
o . AQxWONP{a Q<WLNP 4 Q<WHNP
1.0 0.5 0.0 0.5 1.0
NMDS1

4 EFEBZEL M NMDS 447

Fig. 4 NMDS analysis of soil fungal community structure
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Fig.5 RDA analysis of dominant fungal groups and environmental

factors at phyla and genera levels in mixed crops
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Table 3 pRDA of influences of soil environmental factors on fungi

community

WA REEAE fift B BE 71 (%) F{i  Pfa
e 0.359 35.9 3.9 0.002
A BT 0.150 15.0 1.8 0.198
HRA 0.179 17.9 3.0 0.046
pH 0.087 8.7 1.4 0.196
2R 0.610 6.1 1.1 0.392
0 0.410 4.1 0.7 0.592

F 4 Mantel R INEEF 5IRIE LR E DR R LA
Pk
Table 4 Mantel test correlation between environment parameters
and soil microbe community structure

AR e® e HEME A¥EE pH
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