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W OE: E R, BE CK A CRRANATN) . 1 A (400 g/m’) L Kot A AL AN EE(2 Lim®) 3 FhHHEAE TS, R
FH Hlumina MiSeq 538 fE P 5k, BRITIT S0 AL BT 498 fh A o L BB B i sg ), AR B Sk W B R RIER 45
REW . SRR S T 13 pH, S A SRR, S S AT R S Y B R T IR R, A
TR 46.80% F142.81% , RS0 50 0] T T 45.94% F143.13%, TSRS B0 FHET 44.32% F121.48%,
B A LR R A R S B IC R E N . o E AL SR BN T L e A BB IR M 2R R R . FET TR L, ik
WAb PRSI T AR JE 1R 1] (Proteobacteria) . 2 BLTA [ ] (Gemmatimonadota) 55 4 4 18 [T AR XS F2 8, MIBE I T 4% 25 14 [ T(Chloroflexi) .
5 7 % '] (Mortierellomycota) B A X F & 5 728 K &, s 4k 90 ab BEAE 3 T 2F 92 0 B )8 (Gemmatimonas) . B 7k 5t W @
(Neocosmospora)55H &5 P JB AHXS 2 B (380, T RRAR T 25 ;5808 (Phoma) 578 E HURAINT £ . TURITRMY, +4 pH. A
UL T 5 2 5 W T R R 2E A S - B DN T, T pHLL TR L A S LA T A G U S R L TR AR 2L A O e 1
Ao ik, % BT i i O VR AL L M RN AR A A AR RS, S5 5 SRR i, ) i P A SO0 5
FrA:zr=,

KGR A A8 LA, SRR
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Effects of Peroxides on Chemical Properties and Microbial Communities of Peanut

Continuous-cropping Soils

LI Xiaoxue" %, ZHUANG Shunyao'", LIU Ming'"*

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China; 2 University of Chinese Academy of Sciences,
Beijing 100049, China; 3 National Engineering and Technology Research Center for Red Soil Improvement, Nanchang
330046, China)

Abstract: In order to clarify the application effects of peroxides, three soil treatments were set up, namely CK (no reagent added),
calcium peroxide treatment (400 g/m?, T1) and hydrogen peroxide treatment (2 L/m?, T2) and the effects of peroxides on soil
properties and microbial communities were investigated by using Illumina MiSeq high-throughput sequencing methods. The
results showed that T1 increased but T2 decreased soil pH, both T1 and T2 significantly reduced soil nutrient contents, with
available phosphorus content reduced by 46.80% and 42.81%, available potassium content decreased by 45.94% and 43.13% and
nitrate nitrogen content declined by 44.32% and 21.48%, respectively. However, peroxides had no significant effect on soil
organic matter and ammonium nitrogen content. T1 increased the diversity and richness of soil bacterial and fungal communities.
At the phylum level, peroxides increased the relative abundances of beneficial bacterial phyla such as Protebacteria and
Gemmatimonadota, while decreased the relative abundances of Chloroflexi and Mortierellomycota. At the genus level, peroxides
increased the relative abundances of beneficial fungal genera such as Gemmatimonas and Neocosmospora, while decreased the
relative abundances of harmful fungal genera such as Phoma. Redundancy analysis showed that soil pH, nitrate nitrogen and
available potassium were the key soil factors affecting bacterial community composition, while soil pH, available potassium and

available phosphorus were the key soil factors affecting fungal community composition. In conclusion, peroxide can alleviate the
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peanut continuous-cropping obstacle by improving the microbial environment, thus, can be effectively applied to practical

production combined with fertilization measures.

Key words: Continuous-cropping peanut; Red soil; Soil chemical properties; Microbial community
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Wk R, BZEGE PEAGAS [ AL TH B R X R g LA
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R, AR Ly M B AR A ARG . AR, o
AR SO AT AR ISR A P B i ) AR 1 A, R
WA K B A EwREE ., K, R eER
{CEA A A, HOBETE 3 PR 43 A oy AR
K, R AR U, i A 7R A A
AP RIS o] DA R R PR 2T pH, RS, &
R HEAEEUY, H R AR R R Ak B R T
SEBRAE T o AHIE, AR T L AR AR AR
T TR B3 %) 1 FHRICR S EEA A R IR o &5 1, A
FERE PR S AL AS A A AL S R SR R S 3
ARFRFR , DA 3Bk 2 1 B RN A R D R AR R A T
PRI H XA AR RERG T IROCR | LU G2 i AE A %

VR R4 A R H AR I
1 #MR57EZE

1.1 IR

TR 1l A7 VL PG U VR T A U XX 5 o R
2B LTI AR 2SS U5 (28°13'N, 116°55'E), %0 & I
Py = RO A, 1 HPEARIE 5.9 C, 7 AR
AR 30 °C, AFERRKE 1750 mm. {56 4 3R
DU 20 21 €0 58k - B & 1 T R 213, LI B A o
9. pH 5.96, AHLE 10.11 g/kg, 4A 0.68 g/kg, 4=
# 0.85 g/kg, 480 13.32 g/kg, AR 84.96 mg/kg,
HAH 385.00 mg/kg. ZIAKHT 2010 4EE FIF4R
FRREAEAE , RS D RIFRA
1.2 REigit

RIGILBE 3 AR, 200k CKORBS AT
). TIENN 400 g/m® i A ALES) . T2(40 2 L/m® i
FALE), RABEALIX %] 50 FHRNX, BAS/ DX H
BUA 3 mx 5Sm, BABEE 3 REE ., RIEIF AT
4 224 M H L I 5 (PR 300 kg/hm®, 5 B AT
600 kg/hm®, ZALHF 300 kg/hm?) AT A B ILAEIR
Jitio RIS T 2023 4F 3 H AR es, W TEAE
A, T 8 H i sEA IR, S 1Al 44 0 b A > 16
HEFT R A (ECAE 2R Ao AE 155 fikk
- SRR Sy ek S R AR (Rl PR G ok A A A o
SHEL =60%)F1 30% it EALE, AL
R 2= S Y BB A R B RV A2k
A BR A F AL
1.3 TEHEGRESHW
1301 FEACRE AREIGRET, R i P L IE
34N, ANOHGRAEAE T R BR BHERIZ AR 5 5
2=y, P AEBURFHE 0 ~ 20 cm F)2 +8E. # 34
IIREFLOMRAI RN 2 0y, — IR T —80 C UKAR
T HIERUE YRR SR o, i — 0 HAR KT,
AP RS Ao 0 I A T - 980 20 HT
1.3.2  HEEAEREARIE B3 pH R T
WE (F/KBEEE 12 2.5), FHHLF(SOM)RH milsh
PR IR LA BRI S R (NH,-N) SR
FH B i vk , A 2B (AP)R AR B BT LE (51
WME, B (AK) R O RRER B AT
FET AR (NOL-N) & R AU K 41 o e
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1.3.3 MUY DNA SRS mad sy FIA
E.ZN.A.® Soil DNA kit (Omega Bio-tek, Norcross,
GA, U.S)fEMA YK BIEF4] DNA, JHfHiH
1% BYBIE BRI FL UK A Nano Drop 2000 435 %4k
PEIY DNA JEAT RS LK B R4l B i o Bl )
Fil ABI GeneAmp® 9700 %I PCR LA 7410 . 1 Y
PCR ¥84, #5197 %1h 338F: ACTCCTACGG
GAGGCAGCAG #il 806R: GGACTACHVGGGTWT
CTAAT, FWH5|#F5 R ITSIF: CTTGGTCATTT
AGAGGAAGTAA F1 ITS2R: GCTGCGTTCTTCATC
GATGC. PCR Y IR 20 uL MR NAZR : 4 uL
5 x FastPfu Buffer, 2 pL 2.5 mmol/L dNTPs, 0.8 uL
EM G145 pmol/L), 0.8 pL SZ[A514(5 pmol/L),
0.4 uL B4, 02 uL BSA, 10 ng 14 DNA, #h5g
ddH,O % 20 pL PCR " #4554 47:95 'C FiZE 14 3 min,
27 MERNO5 'C 28 30s, 55°C Bk 30s, 72°C FE
45 s), 72 °C #Eff 10 min, FMEA 3 AEE,
gD A R 2R AT B ) S A el A
14 HESWT

PRI AT ARAS A - fb 2 T BE SR F SPSS 23.0
AT, RAE R T2 0 H1(One-way ANOVA)
K LSD it A7 Ab B ] 22 57 8 S PEARG 56, -8 Origin
2018 BEAT#4: &, i FH Fastp 0.19.6 X X 5 &

G4 B4, FLASHI.2.11 #£47 pari-end XU 51 $f
1, BT EIASHE ] QIIME2 JiFEH ) DADA2 i
PEXF AR B 2 S5 B AL 7 9 2R 1 7 A e b L, SR
Mothur 1.30.2 JFHAEY o ZHME4EH5 4N Shannon
SR ACE 35558, % RDP classifier D1 - 3r& k5
97% AHUIKF-H OTUERE 3 200 KR F 5131 7
YL, IO IR I E AR G FEAR Y
BEE DR AL, AR M2 E i s 2R, R 9% 2
FIRE B Jm AL R 85 (3.3. DI TIUA 0 HT(RDA)
FARARIIHT(PCoA) A M Spearman FH 473 H7 o

2 HEREHWN

2.1 AREAEX LIENFERZ

a1 AL, T1 4bHE, +3E pH A
i, T T2 ARERFRAI T 4% pH; T1 5 T2 AbFR R %
I T HEAEAE A 1 G SOl P o i, A A
rli 1014 mg/kg W3 FFEN 53.96 mg/kg Fl
58.01 mg/kg, 4l FRET 46.80% Fl 42.81%, HAL
BERWPITRET 45.94% 1 43.13%; T1 5 T2
Ab PR 3 AL E AT CKOARFEA T MR, &
ARG AP, H22 2 RB 80 0 2 HKF; M
BT CK AN, TIEAASA SRR T1 AR B R
fiX, T2 WFERSRGREEAN N, (H2EFRE
F 5 E KT

F1 ARLEMNTIELFERBFM

Table 1 Effects of different treatments on soil chemical properties

b B pH SOM AP AK NH,-N NO,-N
(g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 6.31+£0.15 ab 103+243a 101.4+13.0a 5333+ 1443 a 122+0.13a 8.80+0.89 a
Tl 6.53+0.04a 9.63+1.87a 53.96+17.5b 288.3+58.38 b 148+0.82a 490+032b
T2 5.99+0.30b 9.68+151a 58.01 £8.44b 303.3+16.07 b 238+0.63a 6.01+2.03 ab

T RPBE A « RiE2E, RIBVEARS /NG 7B [l 3R 20 TR 22 5334 25 MK (P<0.05), T 1AL

22 AREGEX TIEMAEMBEEMINSHEEDN
A
2.2.1  AN[FEIAEFNT I A P TR o ZAEVE RS2
ACE 88 F L H TRIEMAWRE G 5,
ACE 8% K, RoRMAEDR DI BB Z .
Shannon & 80U T RAEAF# 244, Shannon F5%k
K, FRMAEDREN 2SS . MR 2 AT,
HET CK AbI, TIEAFEAEFER ACE f550M
Shannon F8407E T1 AFR/E A T &, 76 T2 035
WA FFRRAR . A a i, T1 Ab3AT ASR s 3P i
A RETE ZE R 2R, T T2 AR B IE 4 AH I .

*2 TRLETLHRARSEERN o ZHFEEE
Table 2 a diversity indexes of bacteria and fungi in soils under
different treatments

Qb PR ] HW
ACE #5%0 Shannon #§%{  ACE #§%{  Shannon 5%k

CK 2934+166ab 6.22+0.07a 458.21 £28.66a 3.42+0.14a
Tl 3003+145a 6.32+0.13a 465.56+7592a 3.63+0.08a
T2 2699+98.0b 6.17+0.16a 375.81 +82.24a 2.73+097 a

2.2.2  AN[EAEEEXT IR YR B 2R R
mE 1 P, XAeAEE IR YR T
PCoA ZHr, S5HEMH, X T 45, PCl il PC2 )
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Fig. 1 Principal co-ordinates analysis of bacterial (left) and fungal (right) communities at genus level under different treatments

2.2.3  AN[RIALFEXT A SRR W REVE T K9 Fh 2H A
SpALT| T OTU WIMIXT FEMERE S, XTFE

sty P2 R R PR AR R BEHE A BT 10 57 9 DL R 1] 2
Tl R = BEAARIE (B 2), 25K, 72K
b, BB H W] ELEQRE LT
(Actinobacteriota) . 8 #| ] (Proteobacteria) . 825 1
I"'J(Chloroflexi) . FRAT [ ](Acidobacteriota). Zf il
P [ ](Gemmatimonadota) , J&EER ] (Firmicutes) . K
KA ] (Myxococcota) . AT ] (Bacteroidota) . i #
["](Cyanobacteria) Fl1##& & 4 & [ ] (Patescibacteria), #H
XA (5 B FEERY 77.98% ~ 80.71%. 5 CK
REFRAR LG, T1 AR TR TR AR X =F BE R AR T
17.76%, T1 1 T2 Kb BT AR TR T 1T AR XS = B2 53 il
T 3.25% 1 16.51%; T2 AT SRS 5R | T FIRRFT BRI
TR A B 23500 16.17% F1 8.76%, HIEET CK
AEERAYBIRRAR T 12.64% 1 26.39%; T1 AHE T AT
B TTRA 28 RO TR 1] Y AR X T B2 43 0 13.53% N
6.19%, AHET CK ALBEAFJIHE T 13.70% Fi
40.36%,

KM AERMAWEI ELORE TR
(Ascomycota) . fH T B[] (Basidiomycota) . #¥ 1 25 |']
(Mortierellomycota) , A/3ZSEIA J(unclassified_k__Fungi)

% [ J(Chytridiomycota) . & 2Z [ ](Rozellomycota) .
E%# [ J(Mucoromycota) . ER%E % [ ](Glomeromycota) ,
Zoopagomycota FIfii#E IV [ ](Kickxellomycota), H:H,
TR WP BT ROKERET . W=
BTy d FERPCHTE T, AR R 2L b BAHXS F2
7 99% L E. 5 CKAMEAHLL, T1 A1 T2 Ab#4 N
TR VAR T A R, Hoh, R
G T 4.02% 1 25.89%, A B 14 BN T
177.88% #1 20.19%; TR, WA A
FEECE T TAAIXT FBEAE T1 R T2 AP R 344 Br R R,
TR TRET 32.11% M 72.73%, #ifsE]
SIAERET 0.40% 1 56.80%, AGrZEELE T4
TRET 23.14% F129.26%.

2.2.4  A[FEAEFNS - e E IR ETR SR KRN Y
s R 3 PR, TEEACEE, A ERARR - REHE
AT 10 AL A0 DL B IR TR 2 A e
(Sphingomonas). unclassified f _Micrococcaceae .
norank_f _Roseiflexaceae. norank f norank o__
Gaiellales . norank f _norank o Vicinamibacterales . *§
Y & (Gemmatimonas) . Mk & & (Terrabacter) . #-1
¥ & (Bacillus) . norank f_Gemmatimonadaceae F1
norank_f norank o C0I19., 5 CK Ab¥EAiLL, T1
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Fig. 2 Relative abundance of bacteria (left) and fungi (right) at phylum level in soils under different treatments

RbHER , norank f Roseiflexaceae . ¥ [ 16 & |
2 A0 FF TR R 09 A X B Ay N T 14.53% .
51.58% F1 12.39%, 9% W o 0 5 s A0 b AT 1 )
AR 2 BE 4> S 5.44% FI 2.28% F [ 4.53%
M 1.72%, 725 FRET 16.73% M1 24.56%; T2 4b
BB T R B i R 2 N 1 A X R
B, BRAR T Hb AT BRI R ZE AT TR R S A S
Horp, ZEFUAT R A X R 2.26% TR
1.23%, TFET 45.58%,

AL PEAHNT R HEART 10 A7 A0 3B R
YN B IR W )@ (Neocosmospora) . 25 /5 8% &

(Phoma) . #J1 T J& (Fusarium) . Cystofilobasidium .

K88 & (Clonostachys) . #5f8 & (Mortierella) . [
8 (Aspergillus) . /NG5EH & (Leptosphaerulina) . &
R EWEE (unclassified k Fungi). WTFHTHIE
(Geminibasidium), T1 F1 T2 AP RFEHE . Hifd
B J R R ARG 2 AL CK AR B n, 25
MAEJE . Cystofilobasidium . 9% 0% J& B4 AH X = B2 1)
AT R, Hordr, BraRae v e BAE R RE 2 T
94.81% FlI 774.27%, HCREFEEAXT BB T
104.93% FI 219.73%, i {25 J@ AH X F BERG I T
48.02% Fl 161.90%, 25 i %@ AHXS FREREAR T

1007 W Sphingomonas 100r W Neocosmospora
W unclassified f Micrococcaceae W Phoma
W norank fRoseiflexaceae W Fusarium
g0l W norank f norank o Gaiellales 30l W Cystofilobasidium
W norank f norank o Vicinamibacterales m Clonostachys
m Gemmatimonas - W Mortierella
| Terrabacter Aspergillus
3 W Bacillus 3 L W Leptosphaerulina
X 60r . X 60 ) .
= W norank_f Gemmatimonadaceae = W unclassified k__Fungi
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= m others = - W others
= 40f E 40p
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Fig. 3 Relative abundance of bacteria (left) and fungi (right) at genus level in soils under different treatments
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35.29% Fl 63.24%, Cystofilobasidium 43 3 A% T

66.87% Fl179.79%, 1M #6125 J& W 43 FIREAK T 19.44%

1 64.45%. MHET CK ALFR, Hie )] & AR

16 T1AEFR RGN T 33.74%, TifE T2 kbR FFEAL T

12.70%.
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HRAHREEE Hy 39.38%, RDA2 MHAIMRREEE A 23.60%,
SRR 62.98%, 3 pH | A AL BOE S R
M T BT FEE 7 2EL B P 5 - 96 PR 75 X T ECBR, RDAT il
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Fig. 4 Redundancy analysis of soil bacterial and fungal communities under different treatments(phylum level)
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Table 3 Correlation analysis of soil dominant bacterial and fungal phyla and chemical characteristics

I pH SOM AP AK NH;-N NO;-N
Actinobacteriota(FLZE I [ 7) —0.669" 0.133 0.283 0.502 0.083 0.733"
Proteobacteria(Z JEHi [ ]) 0.008 -0.150 -0.050 —0.142 0.183 -0.300
Chloroflexi(Z & I ]) 0.126 0.183 ~0.033 0.100 -0.250 0.167
Acidobacteriota(FRFT 14 1) 0.385 0.000 -0.067 0.033 -0.333 -0.033
Gemmatimonadota(3£ 5L ML [ ]) 0.192 -0.467 -0.717" —0.418 0.067 —0.617
Firmicutes(JEEE [ ]) 0.728" 0.550 0.417 0.134 —0.433 —-0.050
MyxococcotaCHiBRT]) 0.685" 0.301 -0.025 -0.286 —0.100 —0.452
Bacteroidota({L ¥ 1% 1) 0.672" -0.310 -0.226 —-0.458 -0.075 -0.795"
Cyanobacteria(i¥% #:1]) -0.176 0.067 0.483 0.142 0.067 0.217
Patescibacteria(f 5 4N B 1 ]) -0.360 ~0.400 -0.383 -0.452 0.250 -0.383
Ascomycota(T-#1H17) -0.636 —0.400 -0.317 -0.285 0.400 —-0.217
Basidiomycota(H ¥ [1) 0.669" 0.467 0.433 0.510 —-0.600 0.300
Mortierellomycota(# 175 ]) 0.377 0.050 0.133 0.285 ~0.683" -0.033
unclassified k Fungi(R/>ZEHE ) 0.276 0.517 0.467 0.117 -0.133 0.167
Chytridiomycota(E % [ ]) 0.510 0.183 -0.433 -0.460 -0.083 -0.300
Rozellomycota(# 25 i1 ]) -0.159 0.217 -0.300 -0.092 0.533 0.333
Mucoromycota(FE:5 [ 7) 0.542 0.795" 0.218 0.244 —0.485 0.285
Glomeromycota(BR4¥E [ ]) -0.197 —0.603 —-0.318 —0.420 0.025 ~0.636
Zoopagomycota(fili H % ]) 0.643 0.251 0.477 0.387 —0.661 0.059
Kickxellomycota(FiZ5IE[ ) 0.418 0.717" 0.033 -0.117 -0.150 0.133
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