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HATIHAES IS RSD AbHE + by A2y & i, (HAS [ A B Bt ke ot ) i 177 S PR R AR AL R . BeAb, TR IS 24k T
B Y25 B 35(P<0.05)FRAIX SB Ak ¥ + 3 RIS M) T (1) & e (CRL R R B 6 = 30%) , Horhoxt B SRR AN AR AE 4 T A 2B R A1 Al
PHIRRERRER IR 39.2% ~ 47.8% F1 32.3% ~ 36.7%. AR, LIAHYIGRHE A VIR RSD 4B REIE IR = + e Bl K
e, BIETEAERVEYIFEIRS:, T AMBE SIS B 2R AT B T A B AR IR o ik, BIST4S A2 RSD AbFR AR KA G HT
EHHE R SRS IRIE AR R .
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Effects of Reductive Soil Disinfestation and Bacillus subtilis Inoculant on Soil Phenolic Acids

of Lil

XIA QiZg', LIU Zihao', ZHANG Jingging', LIN Yulan', ZENG Liangbin®, ZHANG Jinbo'** CAI Zucong'**, ZHAO Jun'**"
(1 School of Geography, Nanjing Normal University, Nanjing 210023, China; 2 Institute of Bast Fiber Crops, Chinese Academy
of Agricultural Sciences, Changsha 410205, China; 3 Jiangsu Engineering Research Center for Soil Utilization & Sustainable
Agriculture, Nanjing 210023, China; 4 Jiangsu Center for Collaborative Innovation in Geographical Information Resource
Development and Application, Nanjing 210023, China)

Abstract: In order to clarify the effects of reductive soil disinfestation (RSD) incorporated with different organic materials and
Bacillus subtilis inoculant on soil phenolic acids, a field experiment with three treatments, i.e., CK (control without soil
treatment), MO (RSD incorporated with 6 t/hm* fermentation waste liquid from sugar industry), and SB (RSD incorporated with
15 t/hm? plant residues), was performed on Longya Lily cultivated soils in Yuanjiang City, Hunan Province. Each soil treatment
was subsequently split into two sub-plots for the inoculation of B. subtilis Y25 (CK_Y25, MO_Y25, SB_Y25) after replanted
Longya Lily emergence. Soil samples were collected at post-RSD treatment, growth and harvest stages of replanted Longya Lily,
and high performance liquid chromatography (HPLC) was used to analyze soil phenolic acids. Results showed that SB
significantly (P<0.05) altered soil phenolic acids patterns, and increased the contents of syringic acid, p-coumaric acid, ferulic
acid and total phenolic acids as compared to CK, while MO had no significant effect on the composition and content of soil
phenolic acids. The contents of phenolic acids in the RSD-treated soils were increased by Longya Lily replantation, but MO and

SB showed different dynamic patterns with the growth of replanted Longya Lily. B. subtilis Y25 inoculant could significantly

OHA4TE . FHEAQRRFEILA TR H (42090065, 42077031, U21A20226). HrEL M AL 352 B 015 TR H (ASTIP-IBFC)FIVT. 757445 HF
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* Sl HAE# (junzhao37@njnu.edu.cn)
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(P<0.05) reduce the contents of phenolic acids in SB-treated soil, with the degradation rate higher than 30%. In particular, the

degradation rates of p-coumaric acid and ferulic acid were as high as 39.2%-47.8% and 32.3%-36.7% at the growing and harvest

stages of replanted Longya Lily, respectively. In conclusion, RSD with plant residues as organic materials can increase the content

of soil phenolic acids, while the introduction of exogenous microorganism with phenolic acid-degradation function can be used as

an effective supporting measure to reduce soil phenolic acids after reductive soil disinfestation.

Key words: Plant residues; Soil phenolic acids; Reductive soil disinfestation; Bacillus subtilis; Longya Lily
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JE—REENED R T, TESAR R W FRIA
FFIE Yo . WA 25 7 ik A L3Rt
FRW, Y ERIEY) A - b R R B W L
Ja, BASHEMR RA K, FEAIR R EHE M, 2
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BRI R — e R, RIS T AR
PR AL IR AE , WA IR A, 8 A
W) AL AR RS 0 A KU T, R, B iR
K BN ISR IR SR 7 A AR i R DGR A

5 1A JiL 1 38 4 P (Reductive Soil Disinfestation,
RSD)ZFEAEWFIAETT, 83 1) 3 i H DL 5 431
FHLPRE A 32 R AR = 5, FEE A K 5
M, R 2 ~ 48, POEAE RIS A,
PR SR A5 B AR AL - eI B A ikl K
NS ERFE B, RSD AMFRETHBR BN . B, 3k,
I W5 S B SR E D L B RS B L RN 35 SR A T R 3%
VERERS L HUS T W MEORTS (EWRSFE . sk
T DA R S I RN R SR T 0 S o i AL
e, 5= RSD AbFRE Z A HLIIRIRIE, SR, FH5FF
TR A WL R P & & SRR IS e,
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AT I S AR A Ak R, FRATTIA A AR
FFEAR Y 5 Ry 3 225 RH) RSD AbE 214 fin 1 8 rh
T3 2 1) 5 s, AL L X A 3y R ) B4 3k ny A K S
25 - e 1 Bl P A AR A K B B S AR L AL IR i =
AER A 5% F2 3

A5 R, SN A ) TR R RR S Al i 1 4
13 R 2 ) S5 %) 4 i, AR - S I R 11 5 i 2 17T 2 i
VE R TS & TR DL S 2E R T
XC1 AR T A R R A e iR e 1 . AR
KR BERRR . RS R B & i, Kk, 4b
5 T 2 9y TR 5 £ DI e P Al A P R T A — o R
BE IR R RS R A PR RSD b 3y > 1Y 1 1 1y
PR 7K S48 T 5 | 1 670 TR RSN o AR IR 2 i B R A5
JEBLVLAR 7 b T T 7 Sk ek 8 AR AR LA

BRI LUAE 5k I A ISR RSCR [ AT ILYI A RSD Ak
BB AT RO bR T AR | A R A TS
FERAFIA FU ARG AE IRl L, 8 e ST
AR RSD AR B X 4 3l R S W Jo 21 it % 2
IR, AR e O S P A P SR 2R
A Y25 BB, OF5E LIRS TR e o T
B AR R T Y Bl A A A L B 2 T BRI 0
FOO R AL R0, 572 MAEYI I R H #E4F  AE
Xf RSD Ab B TEAE R XS 2E A B2 A, I i
A e FH LA T TR i 0 R 1) 2 400 T R0 ke Z i T L
SEBTRIE N5 6 A P XS AR (A HE . 29 RSD
Ak B B 2 IO Y B H T 5 i ) O A A B
Befi

1 #RERE

1.1 HAREXER

HH [l T rf E A B2 BRI T B VL
IRIGIEHL(28°51" N, 112°11' E), %X @ W Py i
S A, AR 16.9 °C, AEHREK RN 1322 mm,
RIATZ M R e 4 5 A —4F, H0~20cm +
AN pH 4.7, B 5% 81.2 uS/cm, AL
W 12.0 g/lkg, DA 1.3 glkg, AW 150.4 mg/kg,
AR 313.7 mg/kg, AT TR FIE K k] TR
39 2.2 x 107 F1 2.3 x 10° copies/g(LA T +i1).
1.2 R w

RSD A3t A HLYENA A 2 R ISR L FHEL
KA PR T, H DA A e W 08 L 7% 5
347.8 g/kg, &R GE N 16.8 g/kg, C/N K 20.7;
VIR A DR S 442.4 g/kg, A SN 4.7 g/kg,
C/N 2 94.1. IR BER . FEY) SR LA S A BT 38
MIBRR & L3 1, P RO P iR & A, X
N 6.8 pg/g(VAT it TIE), Hwh & sy &
WO 707.7 pglg, TMAEPIERE B S RS 11
494.8 ng/g. AEFLZEHUFT IR (Bacillus subtilis)Y25
[l ARl B2 Bt B 5 2 B VE MBI 5 e O il 5T 5% U AT
FHEME, AR IR SIS R K R AR BB R . T A
i 56 T P EL AT BB R A A
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Table 1  Phenolic acid contents of soil before treatment and organic materials used in RSD treatment

Ty iR s 1 b P - Tl Wl 2 1 I W (MO) T 5% 5 (SB)
R FER R 0.6+ 0.0 63.6+ 1.4 35.9+73
R 0.6+ 0.0 157.5+1.7 44.1+55
THR 1.9+0.1 342.4+43 540.9 = 48.9
=R 0.4+0.0 298+22 90.6 £ 15.7
X 4 AR 0.6+0.0 342+6.8 90022+57.5
by 2 12 1.4+0.1 353+22 1574.5+289.5
KGR 0.6+ 0.0 0.0£0.0 20.0 £ 8.9
R 0.5+0.1 41.6+12 182.8 +33.1
PR R 0.1+0.0 3.4+0.9 3.8+ 0.6
SR 6.8+0.2 707.7 £ 14.7 11 494.8 £ 439.8
TE: RPEE N PE £ AREZE0=3), T,
1.3 HiENRIEIT S T EFRRE /I piyioE i

HH ()RR R XA i T, X 13 ab 8
351 DCK, AMEAEAT HIEA B XTI @MO,
TSI LA A T E A MR RSD b3 (6
t/hm?); GSB, WM LIHE Y 5% it R 3 Z A WL
RSD #hFH(15 t/hm?). &l X R B it AL BE, A5 it
A B ZEAUAF IR Y25 AR AT I, DABEALIX 241
HEH) 3 DGR, 78 F XN REHLHES R X8, 36 6
AAE, 43k CK. CK Y25, MO. MO Y25,
SB 1 SB_Y25, 3 WREKE, 18 M/NX, HA/NXH
025 m®, BRI A, WA EE R E A
+ e T RSD AbFE, HH AR R RS IR £ R
Ik, LB 35 d, KbEREE SRS 8 T SR
HARVE T, BJa SO/ N—3 . SN R 4P e
A AR R TR T R A A, &L
HEANHR L DX PR 3 , — 2P T A G 2B B oRS F2f
FFFIE Y25, 5 —PAE AR X IR, Y25 TRtk
M 1< 10° cf/mL AY¥REE, FR(15 Bi=1 hm’)100 kg
TMEWIIR , T 2020 4F 3 A 25 H & — kBt 5 HHE P
BRI B

3 9I7E RSD AbFEJE (2019 4 9 H 29 H). A&
£K311(2020 4F 4 H 30 H)FKHEI (2020 457 A 15 H)
KA IERES . FEMCRER, HERN 2.5 em i+
BRTEA /N HE “S” TR LR BEHLIEIL 8 1~ 0 ~ 20 cm [
AT 1A RS, AR IR 45 4
HERE S (R ), o 9 A4NFE T RSD Ab 5 R 4E
TIAh 36 MRS TE A K MBGRINRE . IrE
FE S S BRAG P AR AR FN 2% 005 2 2 mm i 9706, —
#Bor—80 CHRAF, HTHHEL DNA MHEH; —o
TREARKA, BRI 50 Bif, HT LIEmBERSS

1.4 HARFE

141 THEFIAPILYEH R B RRZEY BRI+
R R ECS I8 Wang VTR, FREL 10 ¢
KT EEEGO HYE T 50 mL 0% %, A 20 mL
2 mol/L NaOH ¥ , #&KIR¥ 2L 12 h(30 C,
220 r/min)/5 £5.0>(3 000 r/min, 3 min)JFUEE FIEW,
SRJ5 5 mol/L HCLIAW Ay i pH % 2.5 J5 A
MR OTRAEI 3 K, BB . R TR 28 R A
AR LEET @S C), Prigskit Al 5 mL FEESH
B, 022 pm AHLRIERGT B RAFT-20 C
UKFE 28 T o 4 BRE 3R 5 i B BB A I R W RN )
B 18 T I R 25

142 PG TR RN E  RIEELE
SRR, RPN TR . BTERIR . XPRERHR . R
M2, THMR. FHEMR. WER. KHRMF=ZER 9
T 53 72 49 O A0 5 A o BREBCUEE O o PR 400 S s o
(W B ILhEY), 2l =98%)%% 1 mg, MIA 10 mL
P75 A T 1 1 100 pg/mL AOARIEVE T, FTAS bR TR
FH0.22 pm A LR IER I 385 2 W 1 mL S S0R
GFRUE TR, AR5 R EE R R TR s v VR I ) s o ot
2k . FH = 20 A (4 3% (High  Performance Liquid
Chromatography, HPLC)Waters €2695 &4t PDA £
U258 X s s YRR L 3 4 905 4 Y P ) W R AR A
FE, miEHR Waters C5(250 mmx4.6 mm, 5 pm),
TS (A 0.16% Y ZBRZK I W (B)ZH A, H:
FEEEEE N : 0 min, JEBIH AN 5%, WBHH BN
95%; 5min, FSIAH A K 20%, FisAH B h 80%:;
10 min, JishAH A R 35%, Ji A B A 65%; 21 min,
WA AR 45%, sl B 2 55%; 30 min, Jis)
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1H A R 60%, st B A 40%; 33 min, JisifH A
M 5%, B B 24 95%; 35 min, JishAH A S 5%,
FLshAH B M 95%. ¥ 0.6 mL/min, J§1 280 nm,
FEIR 40 °C; HERERE 10 pL. DUARVERE S A0 45 B sk ]
AR, SRR B ER IS Y B T A, I AR
o A T 28 R 25 T 2 0 o 1 W v AR TS HE  d
143 +3EDNA R AR & A
FastDNA® SPIN Kit for Soil(MP Biomedicals, USA)
PEECE LN 4] DNA, 4d DS-11 B e 6
T (DeNovix, USA)JFi#: 580 CIRAFIEH o 2EAIFT I
J& 7% E 7 PCR 7 QuanStudio 3 Real-Time PCR
system(Applied Biosystems, USA) 347, IREAZR
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GAG-3', 10 umolVL)All 1 pL I8 5|4 (BsI6SR: 5'-
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6 uL ddH,O 12 WL DNA,, JZ [ 25114 95 “C HAEYE 1 min,
B 95 C AEMES s, 60 'C B KAEMH 30 5, 39 M.
S8 Zhao ST AT ERUT R BRI LR,
TR Z R HERN 2 3 1 S b 2T R R 0 F2 R
1.5 #iEaiE

FIFH SPSS 22.0 #4750t HT, SRR R 5 22
53 HT(One-way ANOVA)L A Duncan 355 £ 5 HL K
B Z A PRI IR & e ME 22 ) WEME, SR T A
B9 He A 45 TS A BN TS RS B ZE FRAT B S A S okt
IR R A Y s s R R 55 preomp BR
BRI AL 9 FPEyER UE1T T 8343 B (Principal
Component Analysis, PCA), R &HZHNE T2

43 #F (Permutational Multivariate Analysis of Variance,

FIA ggplot2 A2z TR ATl s R AR X R i %
TR B ZEMUAT B Y25 IRINTESS - HEAb B ) LA I
STER R S 52, L MO A3, HEAARE
JrR: Y25 BOMIR MR (%)=(MO +HEAb 3 f-F-
PR & E-MO_Y25 W &)/MO AbFR )T
1R 75 1% 100,

2 #R

2.1 RSD &bEEXT 1 358 i BR 25 4 JoR ) 22 Ml

HPLC Rl 25 o, 5 CKAHEL, MO AbEEx)
T B RS Y) T A A RN S B TC R A 2R, T SB
ACHE - B EORANR KRR . KRR R,
BRI ) B i T (P<0.05)14 N, 1A% 27.46 pg/g
(K1 1A). 5 CK fi MO Ab2EAH L, SB Ah 3 i % (P<0.05)
BT B A GRR . B . T HRMEZEREN
i, Hohsx SR MBI i £, &SR
ErE A HIIRE] CK Al MO AR FH I 20.6 175 F1 26.8 17,
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%, T RSD A B Xof ¥ 2 Y i A SR 11 2 4
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35 (P<0.05) 14 Jin 1T 458 v X6 485 52198 0 o] 2 1 11 o5
WO/ SR : SB 44%, CK 9%, MO 7%; F#MR .
SB 28%, CK 22%, MO 18%), T T &M . &2 %,
X 8 O HE R R R 1 o L D) ) 3 (P<0.05) T B
(Kl 1B). PCA 4r#ri/~(& 1C), MO 1 CK 4bHif
IR RS AN AL, T SB ALH 3 (P<0.01)k AR
T EMEm RS . 250K, RSD AbHEIXS +3ER R
Yy i 520 5 i TG I RL R B 3 U0 AR G , b i)
Bt AT WL RSD AL REAS 1 248 hin + HE 2
i, U IR RS L
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Fig.l Effects of RSD treatment on content (A), proportion (B), and ordination (C) of soil phenolic acids
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Fig.2 Dynamic changes of total phenolic acid contents under
different soil treatments
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Fig.3 Dynamic changes of phenolic acid contents under different soil treatments
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Fig.4 Changes in population of Bacillus genus under different treatments
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