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Different fertilization treatments affect rhizosphere soil
nutrients and fungal communities of ‘Cabernet Sauvignon’
grapes

SA Xiaomei', LI Ming **
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2 Ningxia Grape and Wine Research Institute, Ningxia University, Yinchuan 750021, Ningxia, China
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Abstract: [Background] The grape production in eastern Helan Mountains has the problems of
poor soil nutrients, neglect of organic fertilizer application, and environmental pollution caused
by the burning of fruit plant branches. [Objective] In view of the problems caused by long-term
application of chemical fertilizers to the soil, we carried out field experiments to study the
effects of fertilizer application and fungicide spraying on the soil physicochemical properties
and the fungal community composition and diversity, aiming to underpin the sustainable and
healthy development of wine grapes. [Methods] The physicochemical properties of the
rhizosphere soil of ‘Cabernet Sauvignon’ were examined. Illumina MiSeq high-throughput
sequencing was performed to determine the fungal community composition and diversity in the
rhizosphere soils in seven treatments: conventional fertilization (CK), earthworm
manure+fermented branches+100xfungicide (T1), earthworm manuret+fermented branches+
200xfungicide (T2), earthworm manure+fermented branches+300xfungicide (T3), earthworm
manuretunfermented branches+100xfungicide (Al), earthworm manure+unfermented
branches+200xfungicide (A2), and earthworm manuret+unfermented branches+300xfungicide
(A3). [Results] Compared with CK, other treatments significantly changed the chemical
properties of the rhizosphere soil. Specifically, the fertilization treatments increased the organic
matter, did not alter the soil pH, improved the soil structure, and activated the available
nutrients in soil. Compared with CK, The number of fungal operational taxonomic unit (OTU)
decreased in all treatments, and A2 treatment increased the fungal richness and diversity in the
rhizosphere soil. Ascomycota, Basidiomycota, Chytridiomycota, and Mortierellomycota were
dominant in all the seven treatments at the phylum level, accounting for 74.40%—-86.97% of the
total relative abundance. T2 and A2 treatments increased the grape yield by 19.34% and
14.72%, respectively. The correlation analysis showed that total nitrogen was the main factor
affecting the fungal community structure; microorganisms were not significantly related to
yield; electric conductivity and total nitrogen were factors closely associated with yield.
[Conclusion] T2 and A2 treatments improved the soil microbial community structure and soil
nutrients, which promoted grape growth and improved yield and production efficiency,
providing a theoretical basis for the selection of suitable fertilization schemes for grapes.

Keywords: earthworm manure; high-throughput sequencing; soil fungi; community diversity; yield
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Effects of different fertilization treatments on pH (A) and EC (B) of grape rhizosphere soil.

Lowercase letters in the graphs indicate significant differences between treatments at the 0.05 level of

significance. The same below.
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Figure 2 Effects of different fertilization treatments on total phosphorus (A) and available phosphorus (B)

in grape rhizosphere soil.
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Figure 3 Effects of different fertilization treatments on total nitrogen (A) and alkali-hydrolyzable nitrogen

(B) in grape rhizosphere soil.
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Figure 4 Effects of different fertilization treatments on available potassium (A) and organic matter (B) in
grape rhizosphere soil.
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HEWEN 10.58%, Al ZbFEAY) Shannon 48 £/,

T2

65 - T
137

A3

6 AREIEAELERRLIRAER OTU 5L
Figure 6 Petal diagram of fungal OTUs distribution
in rhizosphere soil under different fertilization
treatments.

Jg4.565 1, HFEIE N 7.11%; &AL P Simpson
FBFEI N T3>T1>A2>CK>A3>T2>Al, 5 CK
(0.907 HAHEL, T3, T1 1 A2 ZbFEAY Simpson
R, Hrh T1, A2 I AEPEAY Simpson
FEER/IMHZEAK, 39124 0.920 8., 0.920 7,
B AT 1.48% . 1.47%.

T B ZAEEIE B 0y AR i 2 4k R 4 Hr
(non-metric multi-dimensional scaling, NMDS) [t
A0 4% 1 o A A ] - 8 TR A 2H PN AN 2 ] i) 22
S, WE 8 FraR, NMDS K1 7R A [F] Ak B E
G S R A — R IR i S PR . A3
T3 fb BRFEAS ) 4 EL A HEVE 1 NMDS2 Jr ) 22 i
HIIR , CK Ab JAEA (] 4 EL IR A 7% 1T NMDS1 5
) 2= FE R ., 2 BF it ES X 4 98 TR R s b A 4
B AT R
2.5 AEIEAELESIRF TIEERER %S
F)2H RR R AR Xt = FE RS20 43 A

H & 9 Al A1, FH#EER [ ] (Ascomycota) . HF
I 1 ](Basidiomycota) . 4% B[ | (Chytridiomycota)
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Figure 7 Grouping box plot of alpha diversity index of rhizosphere soil fungal community under different
fertilization treatments. A: Shannon index. B: Simpson index. C: Chaol index. D: Observed_species index.

*: P=0.071; **: P=0.22; ***: P=0.034.

Ik fUE 1 ] (Mortierellomycota)¥y) &y 7 AL
PEAT, dBAHXT R 74.40%-86.97%. £
fb PR+ 338 1 FE T ] (Ascomycota) A8 X} 32 i F I
% AI>CK>TI>A2>A3>T2>T3, 5 CK (73.5%)
AL, A1 AR RE 0 AR B s, B IR
6.85%, T3 Ab FRHAR XS 4= BF B AL T HAd ab 21,

g 12.16%. A[Fl4bPE 41 Basidiomycota
X RE R T2>CK>A1>T3>A3>A2>T1, 5
CK (6.10%)fH L, T2 b3 5 1 TAH X 3= 5
B, N 9.91%, WA 62.46%, HAbAAFEHH
TET XN, Hod T1 b8/,
1.64%, [ A 73.11%. 45 4L 1 Chytridiomycota
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Figure 8 NMDA analysis of inter-root soil fungal
communities in different fertilization treatments.

MXT R LRI T3>CK>T1>T2>A1>A3>A2, 5
CK (2.64%)FHEE, T3 AbFRTE G JAEXT 325 e
H 4.04% , BEE A 53.03%. 454035 Mortierellomycota
MXTFEERIA A2>A3>T3>T1>CK>T2>Al,
5 CK (2.56%)M b, Bk T2, Al LbFRAN, 54k

8

=]

[=:33
[=]

5
(==
T

Relative abundance (%)

[
[=]
T

OCKI CK3 Ti12 T2.1

9 TELELIREEVKFHBRRBXNERE

100
L | @ Others

T2.3 T3.2 Al.l
Sample name

PR ARG X F R R ey, Hid A2 AbFERY
AR R, N 5.30%, HEIEN 107.03%.
i & 10 AT, AS[R] 4k P75 55 & (Gibberella)
X FE RN A A3>CK>T2>T1>A2>A1>T3,
HAL AR R FE IR EZER, 5 CK
(25.87%)FH Ht , A3 Kb BR A4 7R B AR AT 2 BE ok,
 28.62%, 1A 10.63%, T3 kb FRAGHIXT 3= 5
BN, R 20.11%, MK 22.27%. 45 4b BREE S
J& (Alternaria)fH X F R A1>T3>T1>T2>
CK>A2>A3, 5 CK (1.73%)fH L, A1 bR
SRR, N 11.17%, -5 545.66%. F5A0HE
e ] T & (Fusarium)AEXS £ B2 R BICA T2>A3>CK>
A1>A2>T3>T1, 5 CK (7.77%)#Lt, T2. A3 4b
PR ] T 8 AT B2 3 10.74% . 10.69%,
IR E 38.22%. 37.58%., 4% Ak FEE TR R
(Chaetomium)AH X B2 K IR CK>A2>T3>A3>
TI1>A1>T2, 5 CK (0.11%)#H 0, AP 5%
YRR, BR CK4h, A2 4b P E 555 8 A
SRR, 4 0.10%, % CK s/ 9.10%.

@ Kickxellomycota
0 Blastocladiella
@ Aphelidiomycota
@ Zoopagomycota
@ Olpidiomycota

@ Mucoromycota
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@ Ascomycota
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Figure 9 Composition and relative abundance of soil fungi phylum level in different treatments.
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Figure 10 Genus-level composition and relative abundance of soil fungi genus level in different treatments.

26 AREMAELENEERRTEERER
TAIKFELBLER

FH T 11 AT, 5 Ak 3R A AR s L g v EL TR
JEBIAATER 22 55, HOAS [ A PR 2 - S8 LT
HEVE AT 4 R Rk ﬁ%‘ﬂj@ T1 KLIE'E%J—
A3, CK. A2 2bFRIHH—3, T2 h—K,
Al REIRIHR—2 . H, T1 AbFERY 3 Tﬁ‘%@J%
(Acrostalagmus) . 1%##4%%(Clonostachys). %
% )& (Sarocladium) . Ji§ Jii % J& (Humicola) = & &
B, A3 LR TR JE (Fusarium) . S TR S
(Acremonium) . 75:%5)& (Gibberdlla), Leptasphaeria.
A 8 J& (Calvatia) . Pseudobensingtonia 3= & &
fi 5, CK Ab ¥ %) Coprineluss, Gaertneriomyces,
E7¢H JE (Chaetomium) , Sk Hi %% (Cephalotrichum) ,
Cladorrhinum, -+ Ji i iR 45 /)N 6 J& (Heydenia)
IR #3 %€ 141 J (Pseudogymnoascus) £ & & % = ,
A2 AbFE Y 58 T JE (Chaetomium) . Sk 5 @
(Cephalotrichum) , Cladorrhinum, f _Nectriaceae.
Solonocarpus, %% )& (Mortierella) . % f#
7 J& (Stachybotrys) £ & JE e, T2 AFRE

Coprineluss, £k & (Typhula) . Hi%%)& (Rhizopus) .
e 71 JE (Fusarium) . 37 T & (Acremonium)
#17% )@ (Melanospora) ., Titaea F- & FE fie iy, T3 AbFH
B ] 74 g (Filobasidium) . £ Microascaceae, 1R
J&a 14 & (Rhizophlyctis) , A3 ff1%¢) (Cladosporium) .
ith 25 & (Aspergillus) 3= & B iy, A1 LB 76
14 )& (Filobasidium) | {1 #1 [ J& (Cer atobasidium) ,
J& 7¢ 5% J& (Coniothyrium) . 5%4% 7 J& (Alternaria)
FE R
27 AERELEE~EER

R 1 AJAl, AL B4 - RN T2>
A2>T3>A1>A3>T1>CK, 5 CK M, #4b#
YR A R, o T2 AR A
. PR 19.34%,
2.8 TEEBUMR, EEMEBERH. EE
MR EEIE XSS
281 TREEMBEERESTEBAMREX
5

it Pearson FRAHIC (K 2) WA 4b2E
A B S AR A A OG5
B WGP Z (B AR OCPE AN R 25 vk PE . 25 R BoR
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Figure 11 Biclustering map of species composition at the taxonomic level of the genus.

x1 TRLEHE~E
Table 1 Grape yield under different treatments

Filobasidium \ 5 Phylum
1

Ascomycota
Coniothyrium 0 Basidiomycota
Chytridiomycota
I Mortierellomycota
Mucoromycota

f  Plectosphaerellaceae; g unidentified

fib B e B 7E A
Treatment Yield (kg/hm?) Price (CNY/kg) Output value (CNY/hm?) Cost (CNY/hm?)

LhE
Profit (CNY/hm?)

CK 6 960.15+48.97¢ 7.5 52201.20 16 200
T1 7 263.00+33.44b 7.5 54 472.50 18 975
T2 8306.40+30.19a 7.5 62 298.00 19 275
T3 7 753.50+46.13a 7.5 58 151.25 19 575
Al 7 027.95+36.67a 7.5 57 209.70 18 975
A2 7 984.80+39.42b 7.5 59 886.00 19 275
A3 7 350.00+34.56a 7.5 55 125.00 19 575

36 001.20
35497.50
43 023.00
38576.25
38234.70
40 611.00
35 550.00

AT NE P R AN [l b B 22 57 4 2 (P<0.05)

Different lowercase letters indicate significant differences between different treatments (P<0.05).
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x2 TEEELETAELRENERSEENEERER Pearson tHX %574
Table 2 Pearson correlation analysis between soil chemical properties and dominant fungal genera in
grapevine under different fertilization treatments

Item pH EC TP AP TN AN AK oM
Coniothyrium  0.06 —-0.01 —-0.10 —0.18 0.19 —0.39* —0.14 —0.13
Gibberella 0.08 —-0.16 0.17 0.01 —-0.21 —0.09 0.13 0.03
Alternaria 0.21 —-0.05 -0.36* —0.24 0.06 —-0.31 —-0.28 —0.18
Sarocladium 0.43* —0.17 0.02 0.23 0.54%* 0.43* 0.09 0.44*
Fusarium —0.24 0.10 0.27 —-0.26 0.39* —0.45%* 0.12 —-0.28
Coprinellus -0.19 —0.01 0.49%* —-0.09 0.15 0.05 0.43* 0.01
Chaetomium —-0.12 —0.04 —0.47* 0.01 —0.14 0.09 —0.38* —-0.32
Solonocarpus —0.48* 0.46* -0.34 0.38* 0.29 0.10 0.03 0.00
Acremonium 0.01 0.02 0.43* —0.10 0.06 —0.10 0.21 0.05
Typhula 0.09 —.12 0.34 -0.21 —0.02 -0.15 —0.13 -0.20

*: P<0.05; **: P<0.01. The same below.

pH 5 Solonocarpus & & & Ml %, i
Sarocladium £ i 2 1F #15¢ ; EC 5 Stolonocarpus

EC. AR . 4R A i e % i B 2R
MFE4 ¥, T pH. EC IR w4y -

BRFIEME,; 2B Aternaria, Chaetomium &5 T
R REMMIE, 5 Coprindlus, Acremonium 5. 2.8.3 BEEFES5TEBAMR. EEZHM
EIEM; A% Solonocarpus 2B EIEH  MXRMESH

A RS AR . B 2R
Pearson AL R B /R (K 4), pH 5 EER

*; 2% 5 Sarocladium £ B EIEAHE, M5
Fusarium £ i 3 1E AR ; il 205 Coniothyrium,

Fusarium 2 g ZFMAH<, mY Sarocladium &
WFIEME; #AM S5 Coprinelus & i 2 1E4H
5%, i Chaetomium & & 2 M 5¢; AR
Sarocladium & 8 & IEAH G, & Ab P 4 3 4l |
AR AR AR IR AR R R
JE K FLE LA RE R L35 50 1

FHIEMSE, M EC, &R 5 i AR & IEARSE,
AL H EC Rl B 5 - i VTG I IR 1

£ 3 T EEIELETHEECHERSERE SN
K==/ Pearson XM 34

Table 3 Pearson correlation analysis of soil chemical
properties with fungal diversity and yield under

2.82 TIEEESHM., TE25HIEEAME different fertilization treatments
HEMSHT Item Chaol Observed s Shannon Simpson Yield
i%fi’f»{ﬁ‘l‘iﬁlﬁﬁgﬁ‘lﬁ\?%[ﬁ@ Pearson pH —-0.364 —0.159 -0.141 -0.068 —0.458*
. . e EC 0.448*  0.361 0.151 0201  0.614**
HRAELE R BN (% 3), EC 55 Chaol 2 EFIE
i e . . b TP 0.11 ~0.095 -0.12  -0.233  0.525*
MO, M el WA A RS Ry (403 osaom 0324 0499% 0287
BFEIEAS; ARWES Chaol FI Simpson f2 TN —0448* 0363 0.071  —0.049 —0.287
FIEAX, M5 Observed species Bk @B FHIE AN 0102 0.191 0.612%*% 0.551%*% 0.083
FI: ©%5 Chaol W EMAMA,: WWMAS AK —0.185 —0.284 0.154  0.023  0.247
OM 0.092  0.161 0.265 0349  0.237

Shannon F Simpson M #F IEA X, K403

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



TEARE S5 AN () it AL Ak B X ol 5 B ] 2 AR s 2 385 2 R B T R 9 1) 52 4889

x4 TENBEE~ESIHEBEAMR. ER
ZHEMERY Pearson FH X4 4

Table 4 Pearson correlation analysis of grape yield
with soil chemical properties and fungal diversity in
different treatments

Item r

pH 0.458*
EC 0.614**
TP —-0.287
AP 0.247
TN 0.525%*
AN 0.083
AK 0.247
oM 0.237
Chaol 0.111
Observed s 0.031
Shannon -0.016
Simpson 0.000

3 Wi
3.1 [ e AR A HR X AR B S Ak M TR B
AT

T HEF A AR A K R Fe R R
HEORE, B2 3PP A Y 2 R E Y
ZEA M, AR U7 JE A 3 R A A% O A A
AFEYE, LIS TR IR TR O
B E A AR R AR PR S R R AR
Zlnl i, G 3 B A0 A =5 1 F AR AR 25 3t
Mg E . BN Rk, LMY
&R B I RE SRR,

ARG, B AR B R 2% A2 bR,
HAh b PR+ 3% pH (HIH#RE, HAPHZERA
B, BREIMEAESN, HALL B 3 BEC &iE
YRR, SRS FxEPY 45
IR 5 AL, X 32 S A AR5 +
HE | M ARZEAY | gt AR A S W HLEEAS R A O .
JE R0 3 B 5 1 AR ) R R R ot o e 2
ST R B, Bk A o N it o e AL IE BE R =

TIEER ARG, SALBRITTL R —
B, MERBERTEANRA -2, AE T E Ak
AR BRRAT, 5N AT BE R IR B Y
BAIE AL PRS- B 5 e AR, e i 45
R R R, AR = B it A HLAE BEA 2 de
r LA S, DIAMUIE . 25 A0 ATt
RO e, HAIR A A HLY RE Al oE 4 4
AU ARSIl W, Bt
NERESE ry LA Fh IR A ik, X SRR SR 4 )
WEFE A HLICHLBC Tt X i A 3R AR A i 4
Rl Bk B EC R A R Y], FEA A
AT, Mo ZeR AR IE S T LA
PR, e R . A A LR
i REW, SANRA R -8, FEEN
Je Bl AL Ja P SE N A LR &, fedtt
SRR AR R, IR ARl IR St
TP BT AT A R Y], b
2N A G By B 19 P37 5 @ ST D) S
R BRI RO SR 2y, W R R A L
i, SARBBITAIR 2, it
RO A A S T il e 91 2 L R A A
2% R R IGC 5 W AT B BT 45 SR — 2L, TR AT
A M 95 2 it A e e B B, (M SIS R Y
B 0 2 OR BE B I A Ak Sy 83057 23 AR ) I
A B,
3.2 AEMEARAIERT RFR IR E E SR
S0

TR YA R A SR E B E R
MR, s LERAR IR, 25 LR
W, dekHEIETT, eV RIS ARE R kit
firf, AR E RSN RS
5 EBEAYUR D A . RIEPARISE NS Ty
17, AT ST AL ROV, i HR R Y
LA NER A, X A R A AR A A
RAFEZMW, YOI NI RAL T P A
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BT ARPSN, FER RN, A LR
S RS R ARG, AR SRR,
T - 43 2 REPE R N3 A2 Kb BR LT Z AR MR B
BT CK, WF5E & B R] REJE R Ol 4 4 pH H %
%, T 0 ‘B PR P B 5 A ) 2 K T
5 CK ML, A2 bHANLE SEAES, H
T3 pH {H N, S EAERMESRSEE KA
PRIEICE 3G 0, DA L TR 2 MR B0 B4 5
3.3 AERAELERRIIESA SN EER
A A

- B O B R S AR, AR
I IT SR, A U R ) TR T TR A R )
¥, FA%D T Pearson AHICHESHT & BE,
IR G R AR S R R
-, X —Z518 S AT 45 R — 5. i oLms AR
MIBFFE s SRR B, KRR AR S FT Bt A HLIE
3 pH &AL R A SR T 58
TS & TV 5 A B XoF T A 2 B Ak W R
SRR TR ORI, A AR R T G A ) 3
HT, XSARRGEHRER -8 Alsd, +
BRI TR TR R £ b
RAET], 58T EEIWRER -8 55,
AL PR A SR T VR A BTN, ik
TG P, X5 PR 25 R AR
AR EN, EEEARR SR PR
TR AR, Kk T A 1w, ]
RS R I B A DU E Y, 7
BRI [ FNPE 7 B 1 A AR = 5 1 i mT g 2 4 s
(AT AL A HE T J68 A LA 3 B i S 80
N TR Tl A, AR TR
AR, AR T LR E, 15
+ TR, BIEHEIE TN R, HA&
R ff AR L FEFHE R (WBE ) 3 Fusarium 251
YIRS, eI A b, AR 2
5, fEE YRR A — R 5 W E

TEE I AT AR 2R BRI AR
Ak BT WA v B AN TR . I, SR TR
230 TH KA HLIE R 25 G 000 24035 S L R AR v
SRR 20 B N AEBIL TR 7 2k — 2 B AR5

4 Zik

0T 57 i S o 4 2 R o - 398 T T AR 9 45 0 114
AR X A 2 AR R A R S ARl
ek e 2 0 B AR A R AN [ FES Ak P %o - 4 P
PO o S ECRR R P A5 A B B2 I, A LT 4598
T2, A2 b PHRERESE A 40 MR P b B AL P IR
SN SRR B L2 AR AR B
AR B A S 1IE 4 ECTR 0 J3ll O 1 TR 1D RIHH T 1
1, JEAKF T ARERIE NI EE; 548y
{2 i 2
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