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Abstract: [Objective] To explore the diversity of arbuscular mycorrhizal fungi (AMF) in root zone of
Amorphophallus konjac with and without soft rot under different durations of continuous cropping.
[Methods] A specific primer pair (AMV4.5NF/AMDGR) targeting the 18S small subunit rRNA gene of
AMF was used for PCR amplification of the DNA from the root and rhizosphere soil samples of
diseased and healthy 4. konjac plants under non-continuous cropping and 2 and 3 years of continuous
cropping, respectively, and the DNA library was constructed. Based on high-throughput sequencing and
bioinformatics analysis, the relationship between soft rot and AMF diversity in the root zone of 4.
konjac was investigated. [Results] AMF infection occurred in the roots of A. konjac with specific
structures such as hyphae, vesicles, and arbuscules. The total infection rate, infection intensity, and
spore density of AMF in healthy plants were significantly higher than those in diseased plants under the
same continuous cropping duration (P<0.05). Both the total infection rate and infection intensity of
AMF in diseased plants decreased remarkably with the prolongation of continuous cropping. A total of
53 species in 9 genera of AMF (49 known species and 4 novel species) were identified from all
samples. Glomus and Paraglomus were the dominant genera of AMF, accounting for 41.5% and 26.4%
of the total AMF community, respectively. Among the species identified, Paraglomus sp. VTX00308
showed the highest relative abundance (12.3%) and was shared by all samples. Continuous cropping
duration, soft rot, and their interaction significantly affected the Shannon and Simpson indices of AMF
in the roots and the Chaol of AMF in the rhizosphere soil (P<0.05). Six AMF species considerably
varied in relative abundance after soft rot occurred under continuous cropping (P<0.05). Difference in
AMF species composition, relative abundance, and community structure was revealed between diseased
and healthy plants under different continuous cropping durations by non-metric multidimensional
scaling. Correlation analysis indicated that the incidence and severity index of soft rot were negatively
correlated with the Shannon index (root and rhizosphere soil), Chaol (root), Simpson index (root), total
infection rate, infection intensity, and spore density of AMF in the root zone of 4. konjac (P<0.01).
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[Conclusion] AMF spore density in the rhizosphere soil and AMF infection rate, species number, and

community diversity in the roots of 4. konjac plants with soft rot all decreased compared with those of

the healthy plants, leading to remarkable shifts in the root-zone AMF community structure under

continuous cropping. Our results suggest that soft rot occurrence during continuous cropping may

reshape the AMF community in the root zone of A. konjac through altering the species composition,

relative abundance, and diversity of AMF in both the roots and rhizosphere soil.

Keywords: Amorphophallus konjac; soft rot; continuous cropping; arbuscular mycorrhizal fungi;
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Figure 1 The incidence and severity index of soft
rot disease in Amorphallus konjac plants under
different continuous cropping durations. Error bars
indicate the standard deviation of the means (n=3).
Different upper- and lowercase letters for a given
variable indicate significant difference among the
treatments (P<0.01).
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Figure 2 Myecelial structures of arbuscular mycorrhizal fungi (AMF) colonizing roots of 4. konjac. A:
arbuscule; B: vesicle; C: internal hypha; D: external hypha.
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Table I Colonization characteristics of AMF in 4. konjac roots

Treatment Total infection rate/% Infection intensity/%  Spore density/(number/100 g air-dried soil)
H1/1 year 53.96+2.49b 17.08+0.20a 46.67+5.51bc
D1/1 year 42.81+1.63¢ 12.34+0.93c 25.00+3.00d
H2/2 years 79.20+2.05a 17.50+0.41a 101.33+2.31a
D2/2 years 13.04+0.54d 2.97+0.25d 50.33+0.58b
H3/3 years 55.21+0.67b 15.92+0.67b 44.00+2.00¢
D3/3 years 12.46+1.28d 2.95+0.18d 18.33+0.58¢
Sources of variation

Continuous cropping duration 142.638"" 180.799™ 439.892""
Health status 2795.485" 1937.0447 588.007""
Continuous cropping 443.147" 154.275™ 46.162"

durationxhealth status

H: healthy plants; D: diseased plants. Data are the means+tstandard deviation (n=3). Values with different lowercase letters in
the same column are significantly different at P<0.05. *: P<0.05; **: P<0.01; NS: P>0.05. The same applies to the following

tables.
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Figure 3 Venn diagram of AMF operational
taxonomic units (OTUs) in all samples. R: root; S: soil.
The same applies to the following figures and tables.

x2 NWFHEREMDE

Table 2 Quality and classification of sequencing data

PEA T FEME (R 2), HRHE observed species Ui
ol THRE S, K 4 ATE S, WRER g
JIEWLI ) ) AMF P)RhE0R TR s BEE FEA
FIEE N, A ] b 35T UL 2 19 AMF P #h &t
LW T2, UL P AR TR,
J7 R FE BB A A8 43 K A it vh K43 AMF
{HA ] g A /D1 AMF FP2 Rl & 3.

=eHIR
700 | =+DIR
600 I e e
s - i « -
6 5007 A A -eH]S
2 wr= =eDIS
£ 400 e =+ H2S
T i
300 -
5 = «D3S
£ 200 e
100 /g"'ffi e
ol ¥

0 20000 40000 60000 80000
Number of samples sequenced

4 AR RIFRI £

Figure 4 Rarefaction curve of all samples.

Proportion of

Glomeromycota Proportion of

Sample  Treatment Raw reads Effective reads effective reads/% reads Glomeromycota reads/%
Root HIR/1 year 140 435 135 736 96.65 126 803 93.42
DIR/1 year 142 233 137 707 96.82 129 814 94.27
H2R/2 years 139 086 134 539 96.73 120 876 89.84
D2R/2 years 138 382 133 531 96.49 120 491 90.23
H3R/3 years 139 639 135 081 96.74 123 372 91.33
D3R/3 years 137 456 133 011 96.77 128 168 96.36
Total 837 231 809 605 96.70 666 195 92.58
Soil H1S/1 year 139 926 134 642 96.22 125 432 93.16
D1S/1 year 137 312 132 317 96.36 123 075 93.02
H2S/2 years 124 769 120 261 96.39 112 749 93.75
D2S/2 years 122 407 118 399 96.73 108 863 91.95
H3S/3 years 127 181 122 586 96.39 111 004 90.55
D3S/3 years 131 005 126 158 96.30 111 339 88.25
Total 782 600 754 363 96.39 692 462 91.79
Total 1619 831 1563 968 96.55 1358 657 92.18
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Figure 5 A phylogenetic tree of all AMF species identified in the root zone of 4. konjac based on Neighbor-Joining analysis.
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TEA R AR AR BRI bk . (AR B AMF
V&, BRAE 5 8 A BR B 55 8 1Y AMF F35il)
A7 6 AMF 3001 41.5%1 26.4%, I H 3= 5 e i
) 10 1~ AMF Efher, 5 P NERERE . 4 1
KERBEHEM | N2 HER R T AMF F, Ui
BRETR R MR ERBER R E AR AMF #7510
L3 . (EA TR, TEFTA Kl 2 ) AMF
Fprp, £ B SR Paraglomus sp. VTX00308 Xif
N 191 824 A % ¥ 5, Glomus LES06
VTX00310 ¥R =Z (122 834 %), 4 &ALy

Glomus Yoshimural3a Glol . Glomus sp.
VTX00069 . Glomus N1 F1 Paraglomus N2 33 1
A 2 FARITH, BEWIATR AMF B Fh ) 3 77
TEA—1E (R 3).

2.4 AMF % o ZH1%

XF VR bR R EE AR R AR PR
AMF [ o ZREE T (R 4R W], MFLEEAR
FRAIET , BEFARPRAR R FIARER + 1% AMF b,
FiHE S5 B Chaol 8 ECHIFIHEZ A1 Shannon
FeRUE bR, 1M Simpson 48 ECFE N RR A AR

£33 ET MaarjAM BIEERBEFRIE AMF £ERHE

Table 3
MaarjAM database

Identification and classification of AMF species in the root zone of A. komnjac based on the

AMF species OTUs Reads | AMEF species OTUs Reads
Paraglomus sp. VTX00308 295 191 824| Claroideoglomus Shil4b Cla-24 VTX00340 2 85
Glomus LES06 VTX00310 122 834| Glomus sp. VIX00130 1 67
Glomus Yoshimural3a Glo2 60 386 | Claroideoglomus sp. VTX00225 1 67
Glomus sp. VTX00310 43 251 | Archaeospora LH-Ar02 1 59
Paraglomus Glom 1B.13 VTX00308 25 30483 | Glomus MO-G46 VTX00096 3 45
Paraglomus sp. VTX00281 1 6719 Archaeospora sp. VTX00245 1 37
Glomus NES25 VTX00332 6 3641 Paraglomus Yoshimural3b Paral 1 31
Glomus NES31 VTX00151 14 3262 Paraglomus Para2 VTX00308 4 23
Paraglomus N1 1 3088 Glomus sp. VIX00117 1 20
Diversispora MO-D2 VTX00353 2 2 883 Ambispora Hernandez-Hernandez17 Ambl 2 17
Acaulospora sp. VITX00026 1 2397 Paraglomus sp. VIX00001 1 16
Claroideoglomus sp. VIX00057 1 2114 Paraglomus sp. VITX00239 1 16
Acaulospora Acaul0 VTX00028 1 2027 Paraglomus occultum VTX00238 1 14
Paraglomus Alguacill2b ACA1 VTX00352 11 1926 Glomus Alguacillld Glo G17 VTX00172 2 14
Claroideoglomus Yoshimural3b Glo17 3 1370 Claroideoglomus sp. VTX00278 2 9
Glomus sp. VITX00122 1 1 009 Claroideoglomus Alguacil12b GLO G3 VTX00357 1 9
Glomus sp. VITX00090 1 813 Glomus Yoshimural3b Glo7 1 6
Scutellospora sp. VITX00041 1 780 Glomus Obasel3 Clade G VTX00219 1 6
Diversispora sp. VIX00353 1 653 Glomus sp. VTX00387 1 5
Glomus Varela-Cerverol5 BG11 1 591 Glomus LH-G105 1 4
Paraglomus sp. VIX00238 2 366 Acaulospora N1 1 4
Paraglomus LH-Pg01 1 291 Archaeospora Yoshimural3b Archl 1 3
Glomus Yoshimural3a Glo5 1 199 Glomus Yoshimural3a Glo1 1 2
Glomus sp. VITX00063 1 188 Glomus sp. VTX00069 1 2
Diversispora sp. VITX00040 1 181 Glomus N1 1 2
Glomus Yoshimural3a Glo6 5 141 Paraglomus N2 1 2
Paraglomus Para2 VTX00001 1 106
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Table 4 Species richness and diversity indices of AMF in the root zone of 4. konjac

BFIRE AMF FEEME IR

Treatment

Chaol

Library coverage/%

Shannon index

Simpson index

Root

Soil

HI1R/1 year
DIR/1 year
H2R/2 years
D2R/2 years
H3R/3 years
D3R/3 years

Sources of variation

244.60+31.27ab
173.89+22.10b
293.59+14.24a
274.41+41.59a
245.434+24.39ab
178.09+£32.19b

Continuous cropping duration 102.158™"
Health status 146.135"
Continuous cropping durationx 0.537"8

health status
H1S/1 year

D1S/1 year
H2S/2 years
D2S/2 years
H3S/3 years
D3S/3 years

Sources of variation

858.75+7.52a
671.89+16.94cd
683.78+36.50c
622.32+24.79d
834.56+3.53ab
793.69+10.83b

Continuous cropping duration 261.060"
Health status 266.706"
Continuous cropping durationx 59.735™

99.93+0.001b 2.76+0.09a 0.68+0.03b
99.95+0.001a 2.61+0.052 0.68+0.06b
99.92+0.002b 2.85+0.11a 0.76+0.02a
99.92+0.001b 2.65+0.03a 0.75+0.03a
99.94+0.001ab 2.80+£0.21a 0.75+0.01a
99.95+0.001a 2.21+0.18b 0.62+0.01¢
9.620" 5.562" 12.893"
5.890" 25.521"" 10.736"
1.393N8 5.177" 8.123"
99.81+0.002ab 4.70+0.052 0.910.03a
99.85+0.003ab 4.47+0.22a 0.88+0.01a
99.85+0.002ab 3.85+0.23b 0.69+0.03b
99.86+0.006a 3.33£0.03c¢ 0.70+0.07b
99.79+0.004b 3.2840.31c¢ 0.59+0.01¢
99.79+0.002b 3.26+0.18c¢ 0.64+0.01bc
51717 72.059™ 101.484™"
0.976"™ 7.906" 0216
0.433N8 2.425M8 2.006™

health status

Z 25N B GEAE 3 AR RBRAM) o ANRlEAE
AT, R RMERRE SR 2 AMF 19
Chaol F5%% . Shannon F5%f1 Simpson 55028 ki
SR, R R A R A R A I S T e AR
FEARPR 3, AR FIERE AMF [ Chaol
TR bt A I VR AR PR 1 S 2 I SE RIS TR
#, 1M Shannon Fl Simpson FEEZHHAL ., %
VEAERR | FERRAER R K — 35 038 BAE FH B2
JEFH R AMF BE%1Y) Shannon $54%. Simpson $§
B AEAPR 3% AMF 14 Chaol $8%1(P<0.05).
2.5 AMF #%4H M

AN FEAFAERRBESE R . Bk AR R AR B
+ 3% AMF B£9% th 2R BR¥E 5 )@ (Paraglomus) . BR
% % & (Glomus) . It W Bk 8 H &
(Claroideoglomus) . i & %% J& (Archaeospora) .

JC 1 ¥ %5 J& (Acaulospora) . % i % 75 )&
(Diversispora) . W HIERYE R & (Ambispora) . J&
B 1 % % J& (Scutellospora) Fl unidentified
Glomeromycota 9 & . 25 FE M I 2
BRYERE B MBRBERE , & B AFEEA R
PR . R RS LR e, H
FH X F L 23 B 4E FFAE - 5.48%-84.60% Fl
8.05%-22.28%. BHH EMAFIRIVIER:, FE
PRAR R Bk e 2 Jm A X - B RR 2 FR AR, AR
B -3 W SE RIS T s A, JBEF R AR
FOFIAR PR - 18 b S R4 55 Ja AR 0 3= B U] i 45 14
PRATF BR A T 32 8 T 55 (11 6)

FERNAKY b, ASFREVEAEBRE itk | fdtbk
WAFRER L AMF EE>1%894 6 1> AMF
R 5), IrAFEMIEERC Paraglomus sp.
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100 ® Paraglomus
90 | B Glomus
g0 ® Claroideoglomus
B Archaeospora
2 70 ¢ B Acaulospora
g 60 + B Diversispora
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2 50f
< B Scutellospora
-:% 40 | ® Unidentified
T Glomeromycota
20+
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Root Soil
Treatment
6 BEFIRIH AMF BKFEHEMEE
Figure 6 Relative abundance of major AMF genera in the root zone of 4. konjac.
x5 BEFRE AMF #KERTEE
Table 5 Relative abundance of major AMF species in the root zone of 4. konjac
Glomus Paraglomus
Treatment VTxoosogmg Yostimuratza G 05109 Vo003 v, lom 1B.13
Glo2/% VTX00308/%
Root HIR/1 year 0.43£0.03¢ of 0b 11.31£0.05a  6.89+0.23a  4.30+0.35a
DI1R/1 year 2.73£0.27b 1.54+0.11c 0b Oc 0d 0.04+0.01c
H2R/2 years 0.32+0.02¢ 0.41+0.01e 0b 2.71+0.18b 2.83+0.23b  0.96+0.09b
D2R/2 years 1.45+0.04c 3.84+0.04b  0b 0Oc 0d 0.02+0c
H3R/3 years 0.83+0.12d 0.77+0.05d 0b 2.61+£0.20b 0.24+0.05¢  0.56+0.05b
D3R/3 years 3.224+0.20a 4.37+0.06a 0.33+0.01a Oc 0d Oc
Sources of variation
Continuous cropping duration ~ 93.330" 15109727 58061.353" 2954237 952793  100.301"
Health status 792.976" 10616.852"  58236.765" 10905.686  2796.033" 257.840"
Continuous cropping durationx  34.480" 569.405" 58061.353™ 2952.872"  951.6677 = 96.684"
health status
Soil H1S/1 year 1.04+0.05¢ 0d Oc 10.70£0.40a  1.10+£0.04a  1.53+0.03a
DI1S/1 year 9.83+0.21¢c 0.12+0.01c 0.03+0c 2.30+0.08¢c Oc 0.09+0.01d
H2S/2 years 1.77+£0.04d 0d Oc 4.06+0.15b 0.07+0.01b  0.76+0.04b
D2S/2 years 10.56+0.22b 1.97+0.09b 0.45+0.05b  Oe Oc 0.01+0e
H3S/3 years 1.96+0.11d 0.11+0.01c Oc 0.55+0.01d Oc 0.14+0.01c¢
D3S/3 years 19.29+0.61a 3.39+0.11a 1.04+0.05a Oe Oc Oe
Sources of variation
Continuous cropping duration ~ 601.241" 1296.030" 485541 19777777 2128557 2129.624™
Health status 77339037 43253957 1460.1227 27112097  2569.3017  7030.156"
Continuous cropping durationx  463.476" 1135.119"  485.541™ 741.306" 21285577 1627972
health status
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Figure 7 Non-metric multidimensional scaling (NMDS) ordination biplots based on Bray-Curtis similarities
of AMF community in the roots (A) and rhizosphere soil (B) of 4. konjac.
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Figure 8 Pearson correlations between soft rot disease and AMF community diversity and infection
characteristics in the root zone of 4. konjac. *: P<0.05; **: P<0.01.
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