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Abstract: [ Objectives ] Fungi play an important role in rhizosphere soil nutrient cycling. Effects of long-term
phosphorus fertilizer application on the soil fungal communities in sweet potato rhizosphere were explored, in
order to diminish the potential unfavorable impacts of P application methods in the rhizospheric microecological
environment. [ Methods ] A long-term experiment was established in 2011 with sweet potato-wheat rotation
system located in Nanjing, Jiangsu Province. In 2020, three treatments were selected for this experiment: no
phosphorus fertilizer (NK), chemical fertilizers (NPK), and organic and chemical fertilizers (NPKM). The
rhizospheric soils of storage and fibrous roots were collected at the storage root expansion stage of sweet potato.
The basic soil chemical properties were determined using standard chemical analytical methods, and the relative
abundance, composition and diversity of fungal community were analyzed using Illumina Novaseq High-
throughput sequencing technology. [ Results ] 1) Long-term P application altered chemical properties of
rhizospheric soils. The organic carbon (SOC), dissolved organic carbon (DOC), available phosphorus (AP), and
available potassium (AK) were all significantly increased by P application in both storage and fibrous rhizosphere.
The SOC, DOC and AK contents were in order of NPKM>NPK>PK (P<0.05), while AP was in order of
NPK>NPKM>NK (P<0.05). Only the AP under NPK was significantly different between the two root types.
The pH in fibrous and storage rhizosphere were found to be highest in NPKM, and lowest in NPK treatment.
The fibrous rhizosphere pH was 0.81 units higher than that in storage rhizosphere under NPKM treatment. 2)
The dominant fungi were Ascomycota (70.2%-77.9%), Basidiomycota (5.9%—8.5%), and Mortierellomycota
(1.8%-8.1%), regardless of treatments. The relative abundance of Ascomycota in storage rhizosphere was
similar among the three treatments, while that in fibrous rhizosphere was significantly (£<0.05) higher in NK
treatment than in NPKM treatment. The relative abundance of Basidiomycota and Mortierella was not significant
different between NPK and NPKM treatments, nor between the two root types. While the relative abundance of
Basidiomycetes and Mortierella in NK treatment decreased by 70.4% and 62.9% compared with NPK treatment,
and decreased by 44.0% and 151% compared with NPKM treatment in storage roots. 3) The specific quantities of
fungal OTUs were 122 and 113 in storage rhizosphere under NPKM and NPK treatments, respectively, while in
NK treatment, it was only 86. The specific quantities of fungal OTUs were 160 in fibrous rhizosphere under
NPKM treatment, and 114 and 127 in NPK and NK treatments, respectively. The observed species and Shannon
diversity index were significantly higher in fibrous rhizosphere under NK treatment than those in storage
rhizosphere (P<0.05). The observed species, and Shannon diversity index were highest under NPKM treatment.
Topological network analysis showed that the relationships of fungal communities in the rhizosphere of storage
roots were more complex, but those in fibrous rhizosphere had stronger interactions. Redundancy analysis
indicated that the AP, SOC, and pH in rhizosphere soil were significantly (P<0.05) correlated with fungal
community. [ Conclusions ] Long-term chemical phosphorous fertilization decreased pH, but significantly
increased organic carbon and AP in rhizosphere soil. Combined application of chemical and organic fertilizers
alleviated the decrease in soil pH, thus maintained higher abundance and diversity of fungi communities in the
rhizospheric soils.

Key words: sweet potato; storage root; fibrous root; rhizospheric fungi community; long-term fertilization
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Table 1 Soil chemical properties of rhizospheric soils of sweet potato under different fertilization treatments
Root type Treatment
(gkg) (mg/kg) (mg/kg) (mg/kg)
TR NK 5.61+0.03 aA 7.3540.02 cA 86.67+3.56 cA 9.3+1.4 cA 197.67£1.15 cA
Storage root NPK 5.34+0.03 bA 8.82+0.02 bA 108.67+1.61 bA 56.1£1.3 aB 204.67+0.58 bA
NPKM 5.62+0.09 aB 10.31£0.09 aA 128.67+1.53 aA 31.4+1.7 bA 267.67+0.58 aA
LTHERR NK 5.63£0.01 bA 7.07£0.21 cA 87.33+0.58 cA 8.120.8 cA 146.33+2.52 cA
Fibrous root NPK 5.29+0.02 cA 8.14+0.04 bA 103.17+3.21 bA 62.2+2.0 aA 164.33£0.58 bA
NPKM 6.43£0.05 aA 9.64+0.04 aA 127.67+1.04 aA 28.9+0.3 bA 197.33£1.53 aA
F7 225381 Analysis of variance (F value)
R FZEH Root type (R) 147.51%** 144,717 3.49 1.67 7157.46™
b3 Treatment (T) 360.28" 1268.18" 522.58" 2112.69™" 3338.46™
HRRIALAEH RXT 157.82"" 8.41™ 3.13 17.57** 188.46™

E: NK., NPKHINPKMZFHIZRRATEREAL . M AR LA DITCHUIC R St AL B . R ZA RN R 30 [ — 2 BUAR Bt AL Ak 2 1]
2SR FFIARRIRE T 528 W) — A B PR R R 26 R B] 22 53 W3 (P<0.05). Tr2adpii, =, %, w035l 3R 8 B0 3 30.05
0.01110.001 & Z /K-,

Note: NK, NPK and NPKM represent no phosphorus fertilizer, chemical fertilizers and organic and chemical fertilizers, respectively. Different
lowercase letters after data in a column indicate significant difference among treatments under the same root type. Different capital letters after data in
a column indicate significant difference between two root types under the same treatment (P<0.05). In the analysis of variance, *, ** *** indicate the
effect of variable at 0.05, 0.01, 0.001 significant levels, respectively.
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S-NK S-NPK S-NPKM F-NK
AbFE Treatment
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1 FEMEABL IR A E A BRRPR IR E E R %)k TR
Fig. 1 Main fungal phyla in storage and fibrous root rhizospheric soils as affected by fertilizer treatment
E: S-NK. S-NPK Fll S-NPKM 7 5l 2R fEMARAMRPRAEREAL . HE A BT LA ATE HITCHUILEC & e AL 35 F-NK, F-NPK 1 F-NPKM 73
TFTREF AR PRABEAL | it R B AL NE A HU UL L 5 0 T AL 2
Note: S-NK, S-NPK and S-NPKM represent no phosphorus fertilizer, chemical fertilizers and organic and chemical fertilizers in rhizosphere soils of

storage roots, respectively. F-NK, F-NPK and F-NPKM represent no phosphorus fertilizer, chemical fertilizers and organic and chemical fertilizers in
rhizosphere soils of fibrous roots, respectively.

NPKM A3 55, b NPK MBI 242 25 69.5%,
PR RUAR BR A 1, NK A FRAR bRl A2 8

ARG = R RO B35 i 2T AR (P<0.01), T I 2
HJE (P<0.05). KB (P<0.01) FIZE F K R
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Fig. 2 The relative abundance of the dominant fungi phyla in rhizospheric soils as influenced by fertilizer treatments
F: NK. NPK Fl NPKM Z0 il fCFRAFBEAL . i B AL A LU RS S AR B . #E FIRELPRER, AR/ING SRERIR A —
FEARBR LI AEAL BEE] 2 5 B35 (P<0.05), *FRR [F]— AL AL TR T fiff AR 5 27 AR =22 8] 22 5 | 3 (P<0.05).
Note: NK, NPK and NPKM represent no phosphorus fertilizer, chemical fertilizers and organic and chemical fertilizers, respectively. The error bars
above the bars are the standard deviation, different small letters indicate significant difference among treatments of the same root type, and * indicates
the significant difference between two root types in the same treatment (P<0.05).
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Fig. 3 The relative abundance of fungi genus in rhizospheric soils under different fertilizer treatments

¥: NK. NPK FI NPKM F3 S CRA RN . i A B AL e A HLICHUIE BC & b AL B . T 90 BT AR B 1>0.5%. 4 LiRZELN
PR, ARG R 3R R ] — 2R AR bR e S HE b B 8] 22 S B 35 (P<0.05), *3R7m [ — it HE b B T Al GBUAR 45 2 AR 2 1) 22 5 3%
(P<0.05),

Note: NK, NPK and NPKM represent no phosphorus fertilizer, chemical fertilizers and organic and chemical fertilizers, respectively. The relative
abundance of the listed fungal genus >0.5%. The error bars above the bars are the standard deviation, different small letters indicate significant
difference among treatments of the same root type, and * indicates the significant difference between two root types in the same treatment (P<
0.05).
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Fig. 4 The specific OTUs of rhizosphere soil fungi under
different fertilizer treatments
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AEHCE &t AL 2R

Note: S-NK, S-NPK and S-NPKM represent no phosphorus fertilizer,
chemical fertilizers and organic and chemical fertilizers in rhizosphere
soils of storage roots, respectively. F-NK, F-NPK and F-NPKM repre-
sent no phosphorus fertilizer, chemical fertilizers and organic and
chemical fertilizers in rhizosphere soils of fibrous roots, respectively.
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Fig. 5 The alpha diversity index of soil fungi in rhizosphere under different fertilization treatments
H: S-NK. S-NPK il S-NPKM 73527 i OARAR PR ASSERRAL . i B A0 (L AL FA LA UL BC & M AL B85 F-NK. F-NPK Fl F-NPKM 4}
SFIREF AR PR A TERENL . G AR AIC A PUCHUIE R & A3, P AR IR B R RELE . AE IR N SR o Al B2k 43 A RS A
AE A S/ ME . 3/4ME . VA EFAPFEEL, ANEFRERIRF 2R BUAR R A F AL ] 22 57 03, R[] — M IEAL BT AR R

R R [H) 25 53 5 2 (P<0.05),

Note: S-NK, S-NPK and S-NPKM represent no phosphorus fertilizer, chemical fertilizers and organic and chemical fertilizers in rhizosphere soils of
storage roots, respectively. F-NK, F-NPK and F-NPKM represent no phosphorus fertilizer, chemical fertilizers and organic and chemical fertilizers in

rhizosphere soils of fibrous roots, respectively. The upper and bottom horizontal line outside the box, the upper and bottom frame and the horizontal

line inside the boxes represent the maximum, minimum, 3/4 value, 1/4 value and average value of the sample number, respectively. Different small

letters above the box indicate the significant difference among treatments of the same root type, and * indicates the significant difference between two

root types in the same treatment (P<0.05).
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Table 2 The relationship coefficient of fungal relative abundance with soil chemical properties

1447 Index ALK AR AR A B
Soil organic C Available P Available K Dissolved organic C

T[] Ascomycota —0.644™ NS NS NS —0.681**
#HF i1 Basidiomycota NS NS 0.654™ NS NS
Wi fi1# 1] Mortierellomycota 0.715™ NS NS 0.571 0.698™
WA B8 Archaeorhizomyces NS NS —-0.522" NS —0.475"
M 8 Aspergillus NS NS NS NS NS
WiAIRE IR Mortierella 0.543" NS 0.515" NS NS
B ITHEJE Fusarium NS NS NS NS NS
RFEH® Trichoderma 0.474" NS 0.627* NS NS
TR Entoloma NS NS 0.516" NS NS

TE: *—P<0.05; **—P<0.01; NS—JCH.EHIZE,

Note: *—P<0.05; **—P<0.01; NS—No significant correlation.

B (RDA), i ) S0 B 5 PEAG IR 0 8 7 5 NPK AL F 2500 14 AP & &, A HEgs Rk

P L A BE VR A LAE7E B MG R (P<0.05) AR PR £
AL (B 7). 458 EKW], RDAL F1 RDA2 P
L R R R EVE S5 M 25 510 79.38% FERH— T
] b, NPKM AZbFE5 NK. NPK 438 40, H
1 NPKM 2 FEXF DOC % & Al pH MY FE MK, T

WIRR PR 14 AP, DOC K pH 5 F 18 B 7% 45 #7218
WEEAOCHE, Hh e — Ty b, AR B I AR
KL SRR EHE DOC, pH 2 B EEM L LR
(P<0.01), TARRR I EPEHEA S50 5 AP 2 8 3 7
MHXKR,
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Table 3 The relationship of fungal community diversity indices with chemical properties of rhizosphere soil
e AL AR B T IRVEA LA
FE#5 Index . . pH . ) . .
Soil organic C Available P Available K Dissolved organic C
Chaol#54§ Chaol NS 0.584" NS NS NS
WEER PRI Observed species NS 0.501" NS NS 0.535"
FAFEEL Shannon NS NS NS NS NS
TE: *—P<0.05; NS—#HHK.,
Note: *—P<0.05; NS—No significant correlation.
fif AR e LFUAERRAR R

Storage root rhizosphere
o8

[ K425 Unassigned [ TZE 1] Ascomycota [l #1715 ] Basidiomycota
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Fig. 6 The networks of rhizosphere soil fungi under different fertilization treatments
T ERAAHANEIR S OTU ZMIRIE SRR, mAINOREERRN,

Note: The thickness of the connecting line represents the weight relationship between OTUs, and the size of the point represents the size of the degree.
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Fig. 7 Relationships between fungal community

composition and soil chemical properties, fertilizer
treatments in rhizosphere soils

TE: S-NK. S-NPK I S-NPKM 435l 7 it BUR AR PR AT BENT |
Tl R AL AL A HLICHLALBC & i FAAL B85 F-NK, F-NPK il F-
NPKM 735l R £F EARMR R ASTEBENL | i B0 AL A A LT
NEBCEHEFIALEE . AP—AHRLE; DOC—IR A HLik .

Note: S-NK, S-NPK and S-NPKM represent no phosphorus fertilizer,
chemical fertilizers and organic and chemical fertilizers in rhizosphere
soils of storage roots, respectively. F-NK, F-NPK and F-NPKM rep-
resent no phosphorus fertilizer, chemical fertilizers and organic and
chemical fertilizers in rhizosphere soils of fibrous roots, respectively.
AP—Available P; DOC—Dissolved organic carbon.
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