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Abstract: Taking soil fungi communities in tea plantations under three modes namely conventional
management (M1) , intercropping management ( M2), and modern technology supporting management
(M3) in Anxi County of Fujian Province as research objects, their diversity, composition, and function
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were studied by using high-throughput sequencing technology, and the relationships between soil
physicochemical indexes and soil fungi community were analyzed. The results show that there are evident
differences in the soil physicochemical indexes of tea plantations under different management modes, and
there are significant ( P<0.05) differences in pH value, electric conductivity, water content, total
phosphorus content, C/P ratio, and N/P ratio under different management modes. There are differences
in effects of different management modes on diversity and composition of soil fungi communities in tea
plantations, the diversity of soil fungi community in tea plantation under M1 mode is generally high, the
relative abundance of Ascomycota is obviously higher under M3 mode than under M1 and M2 modes, and
those of Chaetomium Kunze, Saitozyma X. Z. Liu, F. Y. Bai, M. Groenew. et Boekhout, and Penicillium
Link are evidently higher under M3 mode than under M1 and M2 modes. The correlation analysis result
shows that soil bulk density shows significant negative correlations with the relative abundance of Diatrype
Fr. and Metarhizium Sorokin; total nitrogen content in soil shows a significant negative correlation with the
relative abundance of Trichoderma Pers., but shows a significant positive correlation with that of Humicola
Traaen. In terms of phylum level, C/N ratio, total phosphorus content, water content, and bulk density
of soil are the major factors affecting soil fungi communities in tea plantations, among which, C/N ratio,
total phosphorus content, and bulk density all mainly affect the relative abundance of Ascomycota and
Basidiomycota, and water content mainly affects those of Mortierellomycota, Rozellomycota, Ascomycota,
and Basidiomycota; in terms of genus level, C/N ratio, N/P ratio, and pH value of soil are the major
factors affecting soil fungi communities in tea plantations, among which, C/N ratio and N/P ratio mainly
affect the relative abundances of unidentified Glomeromycota and Saitozyma , and pH value mainly affects
those of Trichoderma, Saitozyma, and Fusarium Link ex Fr. The FUNGuild function prediction result
shows that undefined saprotroph fungi are relatively abundant under all three modes; compared with M1
and M2 modes, dung saprotroph-undefined saprotroph-wood saprotroph and fungal parasite-undefined
saprotroph fungi under M3 mode show an evident enrichment phenomenon. The comprehensive study
result shows that Ascomycota, Mortierellomycota, and Basidiomycota are the dominant fungi phyla in soil
of tea plantations; undefined saprotroph fungi are the relatively abundant functional group in soil of tea
plantations; M3 mode which under synergy of multiple technologies including modern drip irrigation,
voice-controlled deworming, and predator mite release is beneficial to maintenance of diversity of soil
fungi in tea plantations and exerting of their functions.

Key words: tea plantation; management mode; soil fungi; community characteristics; functional
prediction
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Table 1  Soil physicochemical characteristics of tea plantations under different management modes (X+SD)"

M2 pH EC BD wC TC TN TP C/N C/p N/P
M1 5.06+0.03a 0.02+0.01b  1.40+0.02a 22.65+1.37ab 10.92+1.18a 1.08+0.10a 0.28+0.18c 10.08+0.21a 23.54+17.47a 2.32+1.74a
M2 4.82+0.07b 0.07+0.0la 1.38+0.04a 27.47+1.40a 13.22+1.60a 1.42+0.17a 3.27+0.49a 9.31+0.25a 4.56+0.96b 0.50+0.11b

M3  4.63+0.06c 0.04x£0.00ab 1.40+0.03a 21.46+1.00b 11.15+0.63a 1.15+0.06a 1.58+0.49b 9.69+0.26a 11.32+3.14ab 1.14+0.30ab

D pH: pH {f pH value; EC: H 5% Electric conductivity (mS + em™ ) ; BD: %8 Bulk density (g + em™); WC: & /K4 Water Content (%) ; TC:
2Tk & it Total carbon content (g - kg™ ) ; TN: 2% & i Total nitrogen content (g - kg™'); TP . 28§ & &t Total phosphorus content (g - kg™') ;
C/N: C/N It C/N ratio; C/P: C/P [t C/P ratio; N/P. N/P [, N/P ratio. [A] %]t A [l /NG 2 5 3 7R O[] 45 SRS =X ] 2% 5 1. 2 (P<0.05)
Different lowercases in the same column indicate the significant ( P<0.05) differences between different management modes.

DM B3 Mode. M1: % #L% F Conventional management; M2. [A]{F % fft % Hl Intercropping management; M3. Fg % # 1%+ R % B Modern
technology supporting management.

®2 AEEEAXTHEEIBEREE o SHEESHTY

Table 2 Analysis on a-diversity of soil fungi communities in tea plantations under different management modes"

X Richness $8%{  Shannon §%{  Simpson $§%X Chaol ¥5%X ACE 8%
Mode Richness index  Shannon index  Simpson index Chaol index ACE index
A Conventional management 589.50+30.50a  5.83+0.12a 0.96+£0.01a  634.50+28.54a 639.91+£29.70a
[BIYEEF4E 2 Intercropping management 561.00+8.00a 4.09+0.74a 0.79+0.09a  601.90+19.66a 614.49+23.60a
BeE A H AR Modern technology supporting management 515.50+9.50a 5.96+0.26a 0.96+£0.0la  551.23+12.72a 557.78+12.77a

D [ 51 o R ) NG B s AN ) 4 B X 18] 25 5 i 2 ( P<0.05) Diffferent lowercases in the same column indicate the significant ( P<0.05) differences

between different management modes.
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Fig. 1 Principal component ( PC) analysis on soil fungi communities
in tea plantation under different management modes
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Table 3 Relative abundance of phyla of soil fungi in tea plantations
under different management modes
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FHRS B A 5 (20.86% ) 5 F R RS ER 1 & A7 5
J& ( Penicillium Link ) , A7 XF == £ 73 3] 24 15. 06% i
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FRXS 5 AR AR A OGP A LR 5, 4
RN HIER T S5 EMTTIE (Diatrype Fr.) FIS4E R
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Table 4 Relative abundance of genera of soil fungi in tea plantations
under different management modes

i X %Y
- ) Relative abundance!
‘ X /% e
Il Relative abundance! Ml M2 M3
Phylum ; -
MI M2 M3 WAL EE R Mortierella 10.56 11.34 5.35

s EFHJE Chaetomi 2.91 0.52 20.86
FHEH ] Ascomycota 36.68 11.28 61.49 {mlﬂj%; ae 'ommm
WA ] Mortierell 82 59.30 735 JRBABRE R Saitozyma 8.74 1.76 15.06
? iii_l‘ Orltlf.}re b ’ ’ ’ 2 W8 JE Talaromyces 8.28 0.18 1.01
*E\f%{l\ ] Basidiomycota 18.42 3.96 16.46 TR Penicillium 403 0.26 10.59
ERZETH ] Glomeromycota 0.58 0.10 0.02 SFAHF MR Geminibasidium 5.88 0.15 0.47

-

E% '] Mucoromycota 2.08 0.46 3.24 Unidentified Glomeromycota 0.39 0.01 0.02
51 Chytridiomycota 0.35 0.15 0.04 ANE B Trichoderma 3.59 0.41 2.73
1] Entomophthoromycota 0.00 0.02 0.11 Unidentified Mucoromycota 0.18 0.23 2.90
BIEHE] Rozellomycota 0.06 0.14 0.01 % T )8 Fusarium 0.15 1.06 2.35
HAll Other 29.00 24.59 11.28 HAlh Other 55.28 84.09 38.66

D M1: % M4 B Conventional management; M2. [H] {25 4 34
Intercropping management; M3. ft 2 B 18 K & # Modern
technology supporting management.

D'M1. % #14 P Conventional management; M2: [a] VE & Fp 45 3
Intercropping management; M3. fit & B 18 KR & H Modern
technology supporting management.
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Table 5 Correlation analysis on relative abundance of major genera of soil fungi and soil physicochemical indexes in tea plantations

5 AR PR AR C R ALY

)

JB B Correlation coefficient with soil physicochemical indexes'

Relative abundance of genus oH EC BD wC TC N TP /N C/P N/P
W AEEJE Mortierella 0.761 0.220 -0.577 0.739 0.527 0.432 0.294  -0.125 0.185 0.190
EFHIE Chaetomium -0.769  -0.208 0.567 -0.731 -0.516  -0.421 -0.282 0.113  -0.197 -0.202
JEFRER & Saitozyma -0.419  -0.609 0.866 -0.953 -0.835 -0.770 -0.667 0.530 0.244 0.239
W JE Talaromyces 0.851 -0.862 0.601 -0.416 -0.648  -0.727 -0.820 0.906 0.992 0.993
H 8 )& Penicillium -0.578 -0.453 0.760 -0.882 -0.720 -0.640 -0.520 0.365 0.062 0.057
WFHTF B Geminibasidium 0.872  -0.839 0.566 -0.376  -0.615 -0.697 -0.795 0.887 0.986 0.987
Unidentified Glomeromycota 0.885 -0.824 0.544 -0.352 -0.594 -0.677 -0.779 0.875 0.981 0.982
KREHJE Trichoderma 0.319  -0.987 0.973 -0.901 -0.985 -0.998* -0.996 0.967 0.843 0.840
Unidentified Mucoromycota -0.842  -0.085 0.461 -0.641 -0.407 -0.305 -0.161 -0.011 -0.317 -0.321
BT 8 Fusarium -0.987 0.317 0.071 -0.284 -0.011 0.097 0.243  -0.406 -0.667 -0.671
Cyberlindnera 0.972  -0.662 0.324 -0.113 -0.380 -0.478 -0.603 0.731 0.905 0.907
M558 Aspergillus 0.894  -0.813 0.528 -0.334  -0.578 -0.663 -0.767 0.866 0.977 0.978
[ LB 8 Orbilia -0.506  -0.528 0.813 -0.919 -0.777 -0.704 -0.591 0.444 0.147 0.143
Bifiguratus 0.861  -0.851 0.584 -0.397 -0.632 -0.713 -0.808 0.897 0.990 0.990
Gliocladiopsis 0.917 -0.781 0.482 -0.282 -0.534 -0.622 -0.731 0.837 0.965 0.966
Pseudophialophora -0.831  -0.105 0.478 -0.656 -0.425 -0.324 -0.181 0.009 -0.298 -0.303
LA T HJE Scedosporium 0.968 -0.230 -0.161 0369  0.101  -0.007  -0.155 0322  0.597  0.601
Unidentified Mortierellomycota 0.893  -0.019 -0.366 0.557 0.309 0.204 0.058 0.115 0.414 0.418
HFLEE Oxyporus 0.883  -0.826 0.547 -0.355 -0.597 -0.680 -0.781 0.877 0.982 0.983
Cladophialophora -0.827 -0.113 0.485 -0.661 -0.431 -0.331 -0.188 0.017 -0.291 -0.296
[ 7175 )& Staphylotrichum 0.909 -0.793 0.499 -0.301 -0.550 -0.637 -0.744 0.848 0.970 0.971
J& B & Humicola -0.311 0.986 -0.975 0.904 0.986 0.998 = 0.996 -0.965 -0.839 -0.836
Sagenomella 0.947  -0.725 0.405 -0.200 -0.460 -0.553 -0.670 0.788 0.939 0.940
KR TR R Entoloma 0911 -0.789  0.493  -0.295 -0.544 -0.632  -0.739  0.844  0.968  0.969
FEAISEIE Diatrype -0.063 0.912  -1.000 * 0.982 0.996 0.981 0.941 -0.869 -0.675 -0.671
5 It 45 /& Rickenella -0.834  -0.099 0.473 -0.651 -0.419 -0.319 -0.175 0.003  -0.304 -0.308
UL Z BHURE Pestalotiopsis -0.823  -0.120 0.492 -0.667 -0.438 -0.338 -0.196 0.024  -0.284 -0.288
LR B Metarhizium -0.035 0.900 -0.998 0.987 0.993 0.975 0.931 -0.854 -0.654 -0.650
Wi 25528 Calonectria -0.834  -0.099 0.473 -0.651 -0.419 -0.318 -0.175 0.003  -0.304 -0.309
Conlarium -0.850  -0.069 0.447 -0.628 -0.392  -0.290 -0.145 -0.027 -0.332 -0.337

1>pH; pH {8 pH value; EC: i 5% Electric conductivity; BD: 238 Bulk density; WC; K3 Water content; TC . 205+ Total carbon content ;
TN: % & Total nitrogen content; TP 4% & Total phosphorus content; C/N: C/N F C/N ratio; C/P; C/P H C/P ratio; N/P: N/P H. N/P

ratio. * ; P<0.05.
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pH: pH {H pH value; BD: 2 H Bulk density; EC; L 5% Electric conductivity; WC. K& Water content; TC: 4k &t Total carbon content; TN,
2% # & Total nitrogen content; TP, 28§ & Total phosphorus content; C/N; C/N kb C/N ratio; C/P; C/P Lt C/P ratio; N/P; N/P [ N/P ratio.
Asc: R THIAEXT 3 Relative abundance of Ascomycota. Mor; WAL B AR R FE B Relative abundance of Mortierellomycota; Bas: HFHEIEAE
X} JE Relative abundance of Basidiomycota; Glo: ¥K#& B ]/ A1 X} & & Relative abundance of Glomeromycota; Muc: B % ]I HHXT 3= & Relative
abundance of Mucoromycota; Chy: T 1 1) B A % 35 BE Relative abundance of Chytridiomycota; Ent: HE T AH X BF Relative abundance of
Entomophthoromycota; Roz: % 2& T 104 AHXT 32 B Relative abundance of Rozellomycota. Mort: #% %5 J& [ 41 %] 3= & Relative abundance of Mortierella
Coem. ; Cha; EFCHJRE MY FERE Relative abundance of Chaetomium Kunze; Sai: JFFSEREH & AYAHXT 3 B Relative abundance of Saitozyma X. Z. Liu,
F. Y. Bai, M. Groenew. et Boekhout; Tal: % 2% ili%)& (4%} 3 & Relative abundance of Talaromyces C. R. Benj.; Pen: 7 %% & A1 XT & Relative
abundance of Penicillium Link; Gem: X T )& MAHXT =F & Relative abundance of Geminibasidium H. D. T. Nguyen, N. L. Nick. et Seifert; UGlo:
Unidentified Glomeromycota F AT =F J& Relative abundance of unidentified Glomeromycota; Tri: KEH BB A X 3 Relative abundance of Trichoderma
Pers.; Fus: #jt 158 J& M40 =E B Relative abundance of Fusarium Link ex Fr.; UMuc: Unidentified Mucoromycota [ #H %} =& Relative abundance of
unidentified Mucoromycota. Oth; HAh ] (@) A48 Xt 32 )5 Relative abundance of other phyla (genera).

B2 FEITEAEE(A).E(B)EXNEES T EBELIERNESEI S (CCA) HiFE

Fig. 2 Ranking map of canonical correlation analysis (CCA) on phyla (A) and genera (B) with soil physicochemical indexes in tea plantation
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Table 6 FUNGuild function prediction on soil fungi communities in L o X
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ISR XTI e F11.06% ; A DD RES I LUB 0 M 2 S 211
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M1 M2 M3 - . ) .
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L) W/ Animal pathogen . B . N s ) N !
MBCFHR Arbuscular mycorrhizal 0.58 0.10 0.02 XF%F/_:E_*FI%EE N %E‘EEE —*EXF%/EE . )FE%}% JE —
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undefined saprotroph-wood saprotroph
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M55 Plant pathogen 0.13 097 1.18 M1 il M2 A H, M3 B 28 AR - R e Ui A -

KRR - 38 2 - A B L Plant pathogen-  0.15  1.06  2.35 R A B - R VR A R e

soil saprotroph-wood saprotroph

+39¢)85 4 Soil saprotroph 0.12 0.16 0.01 RER,

KAGEDIHE Unassigned 45.26 79.75 27.11

H5E B A Undefined saprotroph 41.07 14.11 32.40 3 iﬂL Vk}

K RE SUE A - A JEH Undefined saprotroph- 0.14 050 0.24

wood saprotroph
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