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ReSponse of Sml Multlfunctlonalltytoa*Reduced Mlcroblal ﬁlvenswy PO

CHEN Gui-xian' 1 W Chuan-fa’ , GE Ti- & , CHEN Jian- -ping’ JDENG Yang- 'S f b a w1

(1. Schoo of RE‘SOUTCCb and “Environmental Engineering, Jlan‘gm ‘University of Science and Technology, Ganzhou 341000, China; 2. State Key Laboratory for Managmnglotlc
auld Chemlcal Threats to thé-Quality and Safety of Agm products Tnstitute of Plant Vlrology , Ningbo Univessity, Ningbo 315211, Chma)

Abstr;:;t Sml rrucrobl}l communitiés play an important role‘in drlvmg},a variety-of eco,sy@tem functions and ecological processes and are the primary driving force in maintaining
the biogegchefieal éycle. It has heen observed that soil niicrobial diversity; deéreases with land use intensification and climate change in the global background. It is essential
to investigaté‘whether the reduction in soil microbial diversity can affect soil multifunctionality. Thus, in this study, the dilution-to-extinction method was used to construct the
gradient of soil microbial diversity, combined with high-throughput sequencing to explore the impact of the reduction in bacterial, fungal, and protist diversity on soil
multifunctionality. The results showed that the soil microbial alpha diversity (richness and Shannon index) was significantly lower than that of the original soil. Principal
coordinate analysis (PCoA) showed that the microbial community structure of original soil was significantly different from that of diluted soil, and the response of bacterial and
fungal communities to diluted soil was higher than that of protists. The regression model showed that there was a significant negative linear relationship hetween the average
response value of soil multi-function and the index of microbial diversity, indicating that the change in soil microbial community was the key factor in regulating soil
multifunctionality. The regression model showed that there was a significant negative linear relationship between soil multifunctionality and microbial diversity, indicating that
the change in soil microbial community was the key factor to regulate soil multi-kinetic energy. Through the aggregated boosted tree analysis ( ABT) and regression model, we
found that some specific microbial groups, such as the Solacocozyma and Holtermaniella of fungi and Rudaea of bacteria, could significantly promote the change in soil
multifunctionality, which showed that key microbial taxa play an indicative role in biological processes. Furthermore, the structural equation model revealed that bacteria could
affect soil multifunctionality through the interaction between microbiomes, which was the key biological factor driving the change in soil multifunctionality. This study provided
experimental evidence for the impact of soil microbial diversity on soil multifunctionality, and promoted the notion that maintaining a certain diversity of soil microbial
community in a single agricultural ecosystem, especially the diversity of key microbial taxa, is of great significance to the sustainable development of ecosystem function in the
future.

Key words: soil bacterial diversity; soil fungal diversity; soil protist diversity; soil multifunctionality; wheat biomass
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1.1 HHERE S

AW AT T 2021 4E 3 A MR E L ZR I
Prii B E e sk (35°6. 57'N, 118°38. 14'E) (/)N
FIAI R (R)Z 0 ~20 em). %5 H A
2013 AETFUAMEAT/NE DO P 2 8 | AT B 5
LR KR OB TR, M b A
FALPERANT :pH 4 5.16 . o[ S (TN)] K 3. 19
grke ! ol Bk(TC) 124,60 g-ke Y ol SR
(NO;-N)J . 59:33) mhg-ke™" Ml wf Hi_ KA
(NH, -N)/] Ay 40. 30 Smg sk 7' -+ 5 5 B % g i %
Wi 2 ont 0, — R ANDS C OB AT, 9 LAY
PARERTE 121,90 min FREAPWE™ KHE
SR I Bl B o 1 T 0 e
(PDA) B FRFERN .5 ¢ KA +35 25 mL KR /KFE
IMRGIRG Z 5 B B Bl 4 B AR E) LB A
YA PDA [ERIGSRIE F, T 37C i 6 42, JF
ROLANGE | BB o A A M fE B R B KL K
BT BRI K B A B840 B AE 25°C 35 35 4 Hh bk e 1y
F5 20 d, i A ERAE , K R 5 CO, ki
{F%%XHE,%] 1. 18 mg- (kg-h) -
1.2 Rt

W5 g RKH LIS 25 mL KEK TR 2
min, FE 1 min 6 LGB0 R
BB TR R B 100, 10° . 10° F1 10°, K5
DL 1:25 By K AN ] e i - 98 8 b 3 A 2K TR 7K
SRR A e L B E R S TR
AT, Fa R E AR IRA Ry OS (AR K -5E) . DO
(HFh 10 HBE TR ) . D3 (FERR 10 7 R R )
D6 (47 10 i BEFHIR) . D9 (4P 10 " Fi BT R )
1SS (HFhKERK ) . e 58 U K B 7K fiff 1458
TR R IR E| HRIREKE T 60% , B 13 H T 25C
BEFRAA R CTIURS 3% 2 JA. T T Ak R R 2R AR
HINAE 14 cm,l_%_ 11 em, BN E2EEC P 5% L
0.7 kg, BRSNS 330 AL FEASC P
/N < M 9997 VE MRS X 42 42T 3 d il K
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2 FhHL I JR £.0.25 g-kg™'. KH,PO,: 0.15
g-kg 'FI KC1:0. 04 g-kg 'HEINFAL. Frf Ak FE L
PRERE T, BRI 12 h, H KEE 25C +
2°C TR IBJIELE 20°C +2°C , 55 37 40 [b) D v XK, fe
48 KRR A T A 495 /K 19 60% . 10 d Z S5 1]
Wi, A E AR KB 3 N, — 1A Z

1900

DO D3 D6 D9 SS

il ik 1 2R A

. 121°C, 90 min, K21k i 25°CiE kR0 d . . 25°CcRECE 2

K 3

AREK M TIR Kt I

JR#:0.125 gkg!

FiE10d & Frbi—1EH % s

Ja B R 2 | B R FEAL 2 A H 2 5 R4k
INZE SRR (T 1) AR SRR B AR TR R

—AFESD (AL 3 MR ) B NER R 15
BB R RAZ A, R T - 80%C .
4°C TN LB, T J5 22 DNA $: R + 5 2 1 fg
P
W DO: HFEE 1R i
W D3: FFE107 % - A b
B D6: FEFE 1004 1 2 i
W D9: FFR1 07 L Ak dhi

SS: Kk

FR#: 025 g-ke™!

KH:POy: 0.15 gk
KCl: 0.04 g-kg™'

Pk 2 A1k 999"

e

OS: AR 1%

Iiﬂ'ﬁi‘ ﬁﬁ&]’fl# A HOR N AR dh
sy oy : gl wwenze 7/ 7|9 € g
#"" “,“ -~ ‘F"l g 1 gchg'mane of the experimental des1gn ! - [ =

ﬂ%m% RN o
.it%m PR BLER (DOC) | L HE AL

(DON) . NOZAN | 414 (AP) | 4tk ( AMn) i

xﬁ%ﬁﬁ(AZ“n) uﬁz%(Acaﬁn xﬁz%<AMg)ﬁii§%
ARFR A 2 HEHER. 0.5 mol-L™' K,S0, $H
DOC #0 DON,ﬁmﬁ%ﬁ*ﬁfifm%(FlashSamart,%
BRI, D) P 1 mol- L7 KCI #2HUNO; N,
fifi ] 3% 22 W 80 4 M AL ( AA3; SEAL Analytical
GmbH, Norderstedt, &) &', AP K 0.05

mol-L~" HCI-0. 025 mol+T."' (%sto4)7£imUi?281.

3 AMn, AZn, ACa Fll AMg 4R HI TR 11 it i I
EPL 0.1 g BEPMA 10 mL W ASER, 10 mL
HF F11 mL ¥ HCIO, ,190°C {47 2 h, Al A 10 mL
3 mol-L™" HCl 2 1 min, 55 i F oo B & % 5
TR EHEREAL(ICP, Varian, 50 5%

S HR G PR SE 1Y 6 Tl i b K A Bt 3 A A0
CO, B bRy - He L h gt A ¥ i S 4. K
it B L FE S G PR AH 1 o8] 25 1 i (AG) | B-
AT (BG) | 27 4 — WK fift i ( CBH ) Fil B-K
WEF A (XYL) , 5 ZIEPIAH I V-2 ok 52 32 4 4
T (NAG) F1Z 5 BEAE B 10 2 PE W 12 1 ( PHOS) .
JiL AR K i T A R 5% A0 S LA it ARG Y0 4 A
MER AG, BG, CBH, XYL, NAG 1 PHOS &%)

Y

S350 < 4- EF*%ML@H a-D A AT 4- Eﬁﬁtﬁﬂ&
Fi-B-D- A AT . 4- 1 3L I F-B-D-2F 4 — AT
4-HBEATE I -B-D- A ML HE 1T | 4-H EIEHR-N-2,
Pk I -B-D - AT AN 4-F BEDTE I -BE R L. 17 1 ¢
THEHINA 120 mL pH 8 5.5 B L TRENE P, T
e 1P R B TRRAS SR E R 200 pL Y
FIS0 WL BESEIFIRNA 96 FLEE M REEFRA 1 ,25°C
TE RS 35 40 ROGBE 35 4 h, 15 95 45 000 B AR X
(Infinite M200 PRO, Tecan, Hombrechtikon, ¥i-)
PEWOR A 365 nm AR 450 nm R llE 29
5. 20 g +- 8% A 250 mL IG5 ,25°C % EHEEOE
5% 24 h JE R AR AU, FIHAAR AR E CO, B 1k
HABY (Agilent 8890 , ZZ4HE , £ ).

/INZE R i TR K Pk T ¥ 2 S TE LA T
105°C A 0.5 h, Ff 65°C HE+ 2= 0 &, FrHCE 73K
(CEX7) 8
1.4 DNA $#£HECSY 1y

FREL 0.3 g 13418 Power Soil DNA H2HUAF
% (MoBio, San Diego, 3¢ ) il ¥& i 14 15 B i 47
DNA #H. fff F§ NanoDrop 43 ¢ % £ 31 ( Thermo
Scientific, Wilmington, 3¢ [ ) #E1T DNA ¥ B 2 , i
FH 1% BN MsE S L PR JEA T DNA Jo s A 0. v 300 o
¥ A6 T~ M 55 4% B K Nlumina MiSeq PE250
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(Mumina, San Diego, CA,ZE[E) & L ikfT. {#H
51 ¥ 515F- 806R ( 515F: 5'-GTGCCAGCMGCCG
CGGTAA- 3, 806R: 5'-GGACTACHVGGGTWTCTA
AT-3")) tsl-its2 (itsl: 5'-CTTGGTCATTTAGAG
GAAGTAA- 3’ its2: 5'-GCTGCGTTCTTCATCGATGC-
3') Fl Euk560F-TAReukREV3 ( Euk560F ; 5'-CCAGC
ASCYGCGGTAATWCC-3', TAReukREV3:5'-ACTTTC
GTTCTTGATYRA-3") 43 5l X} 4l I 16S rRNA %t [
V4-1 DX, B ITS1-2 XA A A= 4 18SV4-1 X
B TY Y, BT A EEE R N BITE 15pL (R R
HEFT. PCR 9738 254 4 :95°C 3 min, 95°C 30 s,
55°C 30 s, 72°C 45 s, 35 MG, 72°C ZEfH 10 min.
Py e G, T 1. 5% 3505 BE BE i B Pk I PCR
P, IR PCR =Wt T4tk m S RIR GG
M SO, )5, ff ] Qubit® 4.0 9% %1% ( Thermo
Science ) M & S i &, - 7E lumina MiSeq_ PE250
5 AT SO BEA IR DNA I s 2 |
e 28 [ [ 5 AR B AR A Bl (NCBI) | $ 00
PRINA795951. ' L

RS AEQUNE 2(v. 20208 )1 ﬁﬁﬁ&ﬁi& :

A ) e R 22 barcods #FAPTAT. 3t
HJ&??X/YTH%Q’ I i q2 demux T ﬁFXﬂEﬁﬁWﬁ
7B TR ), 2732 Phyed 15090 14

U 20| BRI 51 9A e Ao K1

ANTI1S0 b 583580 A 6 1 e RO

21915 | A S e 5 A TR T 2 R RS SR
i DADA2S) 220 5 H £ Brit & 1k, |5 %
100% A1 ol 28 2 45 2 & 3% 77 51 28 /K ( amplicon
sequence variants, ASV ) 4l &30 505 5% , EL1#7 928 5%,
JEUA 1S 285 4, i FH B I3 silval321%°) | UNITE
database™ 1 pr2 database'™' 43 5| % 40 1 . ELTE I
S A AT A R XTSRRI ASV A& iE— 2
S P S M B SR AR R T ASY (SR AE AR W)
B LR | FASVYMRZEREY) ASV) R 5t
PEFEF A SEUDTF 20 B9 ASV, 5 oF, B REAR
TS EI 50 645 reads, FLI#184 861 reads, i A=A 4
41 933 reads.
1.5 TIEZYREMITE

TN R Tnet: i AR TR 2 2
REFEBUM TR 6, . A R | P fE R
FIBR (A 40 S, Forp P g 1 ) 2 B0, BB [ —
RG2S DIRE AT AT i BE 110 58 B, P Il
FATR f e O AR SR S AN A B Z A
O PR AR 0 X L 2 R v R B AT T
HHREAR

1 N x. —u
M, = > Bl 1
LS )

A, M, OREDT i LIRS DRER R, N O L)
AR BB, », RS i 5 7 R IR R AR B Y 5
PRI, w, S5 j b 3 D RE AL 78 i i A AR AR
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Fig. 2 Richness index, Shannon index and B diversity of bacterial, fungal, and protist communities under different microbial diversity gradients



11 4] WG4 . 322 BB X A 1) 20 o P R AT A i ) 5279

®1 TERENSHERETLESYAFSQE, £WFEMNEEHEY

Table 1 ~ Soil available nutrient, biological activity, and wheat biomass under different microbial diversity gradients

THEZ TR L TR R R 0S DO D3 D6 DY ss
®(DOC)/mg-kg ™! 60.16+0.10a  70.36+1.97a  132.02+3.36b 128.60 +13.46b 140.83+7.38b  153.14 +13.07hb
o(DON)/mg kg ™" 16.19£0.10b  7.28+0.85a  18.29+0.83h  18.77+2.95h  20.05+1.33b  19.93 +1.26h
w(NO; -N)/mg-kg ™! 5.58+0.10c  1.32+0.05b  1.2£0.10ab  1.59%0.19b  1.11+0.07ab  0.15+0.0la

ey ©(AP)/metkg! 17.28 +0.10c  15.53£0.39b  14.43+0.21ab 14.47 +0.38ab  14.35£0.26ab  13.65 £0.17a
o(AMn)/g-kg ™! 0.04+0.10a  0.12+0.01b  0.13+0.01b  0.13£0.01b  0.12+0.0lb  0.13=0.01b
w(AZn)/mg-kg " 2.13£0.10a  3.42+0.03c  3.25+0.08hc 3.59+0.18c  3.120.14bc  2.92+0.07h
w(ACa)/gkg ! 0.75+0.10a  0.74+0.05a  1.46+0.07b  1.5+0.07b 1.37+0.05b  1.54+0.05b
w(AMg)/g-kg ! 0.10£0.10a  0.10%0.0la  0.16+0.0lbc  0.17+0.0lbe  0.16+0.01b  0.18+0.0lc
AG/nmol- (g+h) ! 8.00+0.10bc 11.210.34c  11.26+1.3lc  8.88x1.12¢  4.37+0.32a  5.00=0.18ab
BG/nmol- (g+h) = 250.41+0.10b  160.98 +7.10a  241.95 +10.43b 248.81 +8.94b  126.09 +4.72a  209.97 +2.81b
CBH/nmol- (g+h) = 61.48+0.10b  59.14+3.47b  92.21+6.37c  85.96+3.74c  27.45+2.31a  66.86+1.87h
FHUEMIEYE XYL/nmol« (g+h) ! 30.08£0.10a  48.70+2.38b  87.90+4.43c  47.84+2.78b  36.68+2.20ab  29.46 +1.54a

66.82+0.10a  205.43 £8.09¢  273.23 +10.78d 145.74 +13.78b  127.51 £8.19b
551.14 £0.10c  329.27 +13.74b  295.26 +7.31b 201.28 +11.40a 167. 64 +8.95a

204.49 £6.07c
191.34 £11.74a

NAG/nmol - (g+h) ="
PHOS/nmol + (g-h) ~!

CO, B LR/ mg- (kg-h) ~! 1.19 0. 10a 1. 40 £0.06ab 1.28 £0.06a 1.17 £0.03a 1.53 £0.01b 1.22 £0-06a

et y/hs NETHE/g 7.96£0.30a  8.21+0.38ab  10.35+0.16¢  10.27 t?. 29¢  10.70 £0.33¢~ 9:53@ %O:I?Zbc

) BB AP = b2 (n =) RFUNG 657 P <0. 05 BRI 508 | £/ L
% = /
Fori DOC HiIE B0 2 SS AbEE 5 08 AT FE N | : il
T 155%. AMn, AZn, ACa Fil AMg FEFBEAEEE 53 L
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ﬁ%fr%ﬁf“ﬁﬁi‘jaﬂz%i‘ﬁm:ﬁ“ﬁt@ G D3 | Az
A6 S B JA. J AG . GBH RIX YL 3% -
é%ﬁmﬁa‘:m s, SR 11,26, 02,21 A &Mo’/ AMe
nmol- (f&+h) ', BG FTE 0S Al D6 HABEERS , Bt A
M 250. 41 nmol - (g-h) ~'. 5 &GP A K AYBF NAG B
TG R AE D3 AR, 4 273,23 nmol+ (g+h) g
5GP EE PHOS {55 14 Rl & 5 B 6 5 i 14 S
WML, 55 08 M AR T 70%. 5, 5 08 # naG
LU, W B AL I 0 T/ NA W AR i E D9 Ab B din
rRNE A R B B 10. 70 g, BTN 34.42% . CO: it %
AN

M 3 "], BB &% 4 DOC, AMn,
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PR 5L R 3 TG, NO, -NAIT AP SA0E | B AE A
A ZREME R B IEASC. DON &8 R 5 B L4
PR WA, 3R W is M b 2 5 B G 20 1Y g
XYL 2 520G NAG 5 M5 A W 2 RE 1k
2 RENMK. S 5BIEA N PHOS 541W , &
PR AR AR 22 P 2 I S R OG. A S S5k
PEA B ( AG, BG, CBH Al XYL) ifi 75, NAG Al
PHOS X - 86 A5 Wy 22 FE MR A e o BE R 2. /N2
AW S R RUE Y 2R B U K
2.3 (Y ZREERR RN 3L TR A R

FIRA (D) B 3G 250 AW iE RN

2 3 4 5 & 7 .8 9

1

L AT F R EEAR A, 2. MW H RIS EL, 3. A B BHENE, 4. K
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Fig. 3 Correlation between microbial community diversity and

soil available nutrients, biological activity, and wheat biomass
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Fig. 4 Linear relationship between microbial diversity ( bacteria, fungi, and protest) and soil multifunctionality
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Fig. 6 Linear relationship between microbial taxa and soil multifunctionality
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