5537 B 17 W) E &~ £ Eild Vol.37,No.17
2017 4F 9 A ACTA ECOLOGICA SINICA Sep.,2017

DOI: 10.5846/stxb201606071097

FIHYE VP, R, RALER, R4, fLERTE, AROCUE. AN TR AR A B AR AR AR I 8 B A P 5T K A ) 22 R A2 524 4k, 2017,37(17)
5621-5629.

Wang J Y, Xu J H, Wu LK, Wu HM, Zhu Q, Kong L. F, Lin W X.Analysis of physicochemical properties and microbial diversity in rhizosphere soil of
Achyranthes bidentata under different cropping years.Acta Ecologica Sinica,2017,37(17) :5621-5629.

AEEEERFFHRRELIEEAERAMED S
R

TR RN BRI R gk 00 SLEE Ak
1 AR A ARl 222 B, AR 350002

2 MR A MR 25 AL E ) 2 O T S LIRS, AR 350002

3 REEAMRR A= AR AR 25t B 5 e A R 0 =, AR 350002

R DI FRIEARAE BRI AR PR B R, SR H L A A S W H A AW i B DT 19 A W0 b a2k X o S AR Jot L AR Bt
FEIRER SRR T AT . SRR M IR AT 2 R 0 AR L R (Wi e TR RO ) R BT T
AR I T A At AR EE A RRER R AR Y B 2 B T (AR RREO BN N, BRI, AR A 1a B
TS X AT LG AR PR LR T A A 22 R (RS AR 10a T 30a Y HIEAR LU ZREVE A R0 A T AR L, £
Herh i PLEAs AR 4522 [T Gram (- ) KIS A Bl 22 1 4 BROE AT A . b7, 2B W 2 e, ¥ 2% PR PR 7R
Gram(+) /4= 22 [CBAE B Gram (—) B HARL A 2 AR A FRAG G INT T R Ak, L3 rh—SEmg i SUMF ML B 5 2 5 LY o
RBER A S5 2% At ) T A 0 IR A WD S M {15 P T 5 A Gl A S O 2 38 0 22 | SR A IS A i R A D 9 A 2
fifl, WF5E 20 RTAE VR A IRIE I T AR AR P A W) 5 AR R D) 8 22 A ol A 00 2 A e sl VA 1 P 090 77 2 S s o 9 A 25

SRR VR VR UL s AR AR TR s AR PR )

Analysis of physicochemical properties and microbial diversity in rhizosphere soil

of Achyranthes bidentata under different cropping years
WANG Juanying"*?, XU Jiahui’®, WU Linkun"*?, WU Hongmiao">’, ZHU Quan'*’, KONG Lufei'*?,

LIN Wenxiong'*? *

1 College of life science (Fujian Agriculture and Forestry University, Fuzhou 350002, China
2 Key Laboratory of Biopesticide and Chemical Biology, Ministry of Education, Fujian Agriculture and Forestry University, Fuzhou 350002, China
3 Fujian Provincial Key Laboratory of Agroecological Processing and Safety Monitoring, Fuzhou 350002, China

Abstract: In this study, the rhizosphere soils of Achyranthes bidentata, which was grown in a monoculture for multiple
years, were investigated for analyzing the major elements, trace elements and rhizosphere microbial community structure by
means of agricultural chemistry and phospholipid fatty acid ( PLFA) analysis techniques. The results showed that
consecutive monocultures of A. bidentata increased the contents of major elements (total phosphorus, alkaline hydrolysis
nitrogen, available phosphorus, and available potassium). However, the ability of consecutive monocultures to change the

total nitrogen content and total potassium was not obvious. In addition, total calcium, total magnesium, total manganese,
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and available zinc contents also increased with the increasing years of monoculture. Further analysis of PLFA profiles showed
that there were no obvious differences in the rhizosphere microbial community structures between the control and newly
planted A. bidentata. Besides, different results were depicted by 10 years and 30 years of consecutive monoculture, which
showed that the total PLFA, bacteria (especially G™), and fungal content increased significantly, and the G*/G ratio
decreased with increasing years of monoculture. Moreover, some microbes involved in material cycling and lignin
degradation, such as Hydrogenobacter, fungi ( PLFA18;2w6,9), and some beneficial bacteria including Pseudomonas
increased significantly with increasing years of monoculture. These results suggest the important biological basis for the
promotion mechanism of A. bidentata under a monoculture system. The case study exemplifies the ecological significance lof

rhizosphere microbial structure and its functional diversity in monoculture promotion or monoculture inhibition.

Key Words: Achyranthes bidentata; continuous cropping promotion; phospholipid fatty acid; rhizosphere miceroorganisms
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DL MRS A TR B Al [ — B ] ol A 7 AN ) 328 VR AT IR %) - 4 v | e JCBRAR R R, >R FH S U
DA TR] R RISEELUT 4 AR R IEREAS . (1) X R 4 BOX R T4 b 3, H HARTEVEYI N A2
M3 (CK) 5 (2) BRI 1a 1958 (3) 3EAE 10a 1Y 145 (4) 3%4F 30a 1Y 135, H b FPAE AL 2R FIAS [F4F
RR AR, RVFTEERME /N  BORJ5 FIAE 4 T

WA A 7 H 20 H W 7—9 A, B 9—10 A, #&FET, it A HLE S8 1200kg/hm? | B 1 2
50cm ZEA7 FREE MR Rl 205 AR A AR IR AR Kk U T 389 SR R ) ) ) B i, AR B8 5 PR 2 R B AR 1
K9 H 20 H ) BURE, H3ERE &R TS BOREYS |, 4R IRAR PR e OB D7 ik R . 1 JE ™R BRI 4 b -
ThFR)Z 1SRG A A2 T AR, R B AR A SR MR R AR Pt AR 3 RE T 2mm
FLARI FJ5 43 BB 43, — 3543 AT 00 R S BEAR A 5, 55— 35593 F T SR e gl M w A A R .
1.2 PR e ik
1.2.1  EERREITRIE

FREUX T 5 35 1.000g 25 ATFERIR T, AN SmL W BT ER , HL JRIEH 360V, 1% 3h ZHAF 1, 15 HAY
BHG A 500l i A AL S B RS 230V, LUS &R Smin 4> F 500l i A0S, B2 LIE R AR
Je BCH FF L, A 20mL BUZE/K 308, 28 100mL, IEMARAFIH T4 N 4 P 4 K iIE . B N il
FE R HBY BOE . AL P I R (BRIR S AR 48 ) SRR T L (ko SRAL K il e SR F S R 4 12 12
JEF L
1.2.2 PRI R e

S R T R AE K KT IR i AU 2mm B SERL , FREX 0.1000g +4F, iITA SmL ¥R AHER 1 1mL
1) 30% 3o S A0 &, 2 s W A, SO AT AR AR RN 1,

R1 BRI TIERS

Table 1 The working conditions of the microwave instrument

A% Step number JEBE Pressure/MPa i ] Time/min 1% Power/W
1 0.5 5 3
2 1.0 2 2
3 1.5 2 2
4 2.0 30 3

FERE S WA 2 10mL 2045, 10000r/min 2.0 3min, $ LIGWAENH HEBAUK E R 2 25mL, i
S5 TR RIS (28 I ISR WEX- 130A J5 WS 435606 BE TSk il it 4= 38 vh 4 & Fe \Mn . Zn
Cu.Ca Mg &> (£ 2),

AR e Bk ARRINGE SR O S R (DTPA) =422 FREUX TG PR 2 AR PR 134 10.00g
T 50mL B0 A I AHTSEEL A0 DTPA 123849 20mL, 5 if i35 , & T 25°C , 180r/min SF AR IR 3% 3h,
SERIEEYE PR B IR IR A S BT E . BR T AR DTPA VR4V e B Ah , kB R A TR S
S IC RN E A
1.3 HEERUEYRETE PLEA AEWbric s b

TSR WIRE IS SR T R PR BE A 105 R ( PLFA) ZE Wi bRic i EAT I 2 ™ #4038 0 o 20mL Y
0.2mol/L ) KOH H iAW A 4g (TR +REIN R 50mL B BSR4 IR G192, 76 37°C FiRE 1h (BEASIE
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B R JFH I FEdh 10min 851 1 6C) . A 3ml. 1.0mol/L SRRV YE (1R pH ) 55401 I
10mL 1FE &% (fff PLFAs F 24 HLAHF ) ,600rpm/min .0 15min, K58 )2 IE O % 2 5l & b R R
TR KB A ) B JE K PLFAs W R TE ImL AR R Ly 1:1 MIE C ke « R T BE BRI Wb, A
10pmol/ LY A5 19:0, 53 3E 5 FIfE GC 23#T,

F2 WFX-130A REFRBI LI ETT NMEETEEE
Table 2 The working conditions of WFX-130A atomic absorption spectrophotometry

% Wk Wbk T Rbek e B B é’ﬁ‘bﬁ%

Element Wavelength/nm Slit width/nm  Lamp current/mA Burner Acetylene flow/ Air g

height/mm (L/min) (L/min)
Fe 248. 3 0.4 3.0 6 1.7 6.5
Mn 279.5 0.2 3.0 6 1.7 6.5
Zn 213.9 0.4 3.0 6 1.0 6.5
Cu 324.7 0.4 3.0 6 1.7 6.5
Ca 2.7 0.4 3.0 6 {7 6.5
Mg 285. 2 0.4 2.0 6 15 6.5

K HZEE Agilent 6890N B AH 3% AX , F5 4. — B B2 /7 TH = AR, 70°C 2 86 1min, #:%5 20°C/min T+ &
170°C , £54% 2min, /R )5 5°C/min FHEZE 280°C , 4E4% 5Smin, T )5 UL 40°C /min THE Z 300°C , 1.5min J5 450, #F
FEfE 1L, #EFE A3 L 10021,

1.4 Bdiatr

T3 2253 W1 R Excel F1 DPS 3.0 454 Bt Bk FH LR 05 22 28 Wi 3% ] Tukey 75 (P<0.05) 453
Mo SN A REVEARRR AR R R 1Y 4 FEAR Z 18] BB PLFAs 19 3 A de kB B 508 % 850 1k, LABR
[CHE RS R R REE  HI(WPGMA) #17T R GRS, IR H] Canoco B F#4T F 153 (PCA) 5317 .

2 EREH

2.1 HHEERALTE T
211 EHEPREITTE T

M 3 AL, BR T 2% 28 T B RS, A AR, S 2 uk i A SR R R A
BB BT, B AR AR 10a Y - 398 rp sk 008 55 )0 1) B 1 B 20 B S i B 0 T SEAE
30a MY I A o AT L AR IRGEVE S LRI RE TR (Rl &t R) & L,

®3 TREEERTFBRRFLIEFRETENSE

Table 3 The contents of major elements in rhizospheric soils of Achyranthesbidentata monocultured for different years

AR o R WA 29 HER 24 MR
Years Total N/(g/kg)  Alkaline N/(mg/kg)  Total P/(g/kg)  Available P/(mg/kg)  Total K/ (g/kg) Available K/ ( mg/kg)
CK 0.1864a 62.4167b 0.4691d 5.6654¢ 4.8415b 85.3831d
1 0.2172a 47.8333¢ 0.6095¢ 30.4313b 4.7476b 124.481c¢
10 0.1839a 72.9167b 0.6704b 33.0212b 6.7807a 141.6841b
30 0.2154a 92.1667a 0.8554a 69.6497a 6.5305a 326.2264a

CK . ZE/R X 8 435 CK stands for control soil ; [ — 2 A ) bk o 7R A Rl RE i 25 K36 0. 05

212 BIEPREE TR ST

WY KB bR T H R R ES SR SR A R R AR R 3G i g s, w3 ROt
(A itgk AR S I BRI AR R IR 2T (FR ) WA
BHERITCR IR R I, B T GRS b VR AR BR A3 I mi s m &k, -8 A 2008k A 8UEE A 38U
AR RS TG IR (3 5) |, X IR AR AR S s i 3 b 2 B M T R WAL R X T
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Table 4 The contents of total trace elements in rhizospheric soils of Achyranthes bidentata monocultured for different years

HEEAERL a 4ok 2o 4o S L4 44
Years Total Fe/(g/kg) Total Zn/( mg/kg) Total Ca/(g/kg) Total Mg/ (g/kg) Total Mn/ ( mg/kg) Total Cu/( mg/kg)
CK 16.2462b 144.4509h 3.2763b 50.1141¢ 78.2078d 5.3539h
1 20.3367a 96.8374c¢ 3.4375b 60.3953b 153.3852¢ 9.8602a
10 16.0942b 90.2212¢ 6.0046a 66.5294a 171.0388b 8.9071a
30 14.8668c¢ 241.2107a 6.0542a 66.7024a 215.5304a 8.9762a

£5 ARFEEERTFRRFRIBEFEASHETENEE

Table 5 The contents of available trace elements in rhizospheric soils of Achyranthes bidentata monocultured for different years

HEAFAERR AR AR A3 EEEYS S
Years Available Mn/ (mg/kg) Available Zn/(mg/kg) Available Cu/(mg/kg) Available Fe/(mg/kg)

CK 0.2173d 0.7057b 1.0235¢ 1.9135¢

1 3.9144a 0.7051b 1.3604b 10.9692b

10 1.6892¢ 0.7003b 0.9064d 9.7467b

30 2.3409b 0.9335a 1.4584a 12.706a

2.3 AN[FEAEAEFR PR AR PR - e i A M 7% PLFAs A5l

WA IR TR 45 R W A 3] 15 B PLFAs BOZAEYIARIE (K 6) . BFEAIE I PLFAs AEYbric, 4 120,
16:0; 35 % [CBH I 40 B PLFAs A= hRic, 0 i14.0.a15:04al7.0; &% % GBI 40 B PLFAs 2B ¥ 4nic, 10
16:109t.16:1 o 7c.cy19:0; L H PLFAs A= ¥45ic, 41 10Mel8.0; H. & PLFAs AE#IbRic, 40 182 06,9181
w9c;ﬂ§

R 6 AEEFEERFBRRELIEH R PLFAs HIRE

Table 6 Concentrations of the different specific PLFAs in rhizospheric soils of Achyranthes bidentata monocultured for different years

AR AR it iR la 10a 30a Tl W 2R 22 S0k
PLFA CK lyear 10 year 30 year Microbial group and Reference
1 120 0.3727b 0.5376ab 0.8752a 0.8204a Bacteria
2 16:0 20.0309¢ 25.3751he 33.1255a 31.4254ab Bacteria , Pseudomonas'*)
3 i14.0 2.5079b 5.4585a 3.6673ab 3.5107b G*
4 al5:0 2.159b 2.8121a 3.1126a 2.8525a G*, Bacillus' >
5 al7.0 3.9793b 5.426a 4.905a 5.2761a G*
6 164109t 2.9468¢ 4.0504b 7.0209a 2.0967d G
7 16:107c 10.5912¢ 15.584h 16.6542b 22.2387a G
8 eyl90 3.1326ab 2.9419ab 3.3196a 2.4184b G
9 10Me18:0 1.6448b 2.3569a 1.522h 1.5948h Actinobacteria [%*
10 18:2w6,9 4.3207¢ 5.2616h 5.7101b 6.8189a Fungi 2!
11 18: 1w9c 13.089b 14.2357h 17.2059a 18.5091a Fungi
12 18:0 13.013b 19.7458a 20.2572a 17.9982a Hydrogenobacter %7
13 20:4w6c(6,9,12,15) 0.6092b Oc 1.4171a 1.4782a Protozoa [2>:27]
14 13.0 0.3403b Oc 0.6903a 0.4164b Unspecific
15 9Mel5:0 4.449¢ 6.2429h 7.0335a 6.0734b Unspecific

e BE BT concentration unit ; ( nmol/g d.m. soil) ;la TR 1 A1 year refering to the rhizospheric soils of Achyranthes bidentata
monocultured for one year;10a /R FAE 2 A 10 4F 13 10 year refering to the rhizospheric soils of A. bidentata monocultured for ten years,30a /R Flt
FE A A 30 4F -4 30 year refering to the rhizospheric soils of A. bidentata monocultured for thirty years
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P ST R AR A AP PLEAs AEWARic, 735l 18.0 F120:4 06c¢(6,9,12,15) ,FPRFEE, BR T la i)
HR PR 398 BRI 20 [ AR AR AT 13,0 B9 PLFAs bRicdb, JoAWBENE NG 05 PR 7 BT A5 H 4 A A, HLFpAE
AR PR 145 PLFAs 3= 5 B o #f s TR IR 498 iE—20 00 Wil B30, R0 2 16.:0 X 2SI g i R 1)
i bl T AVEAEBR A i g, 3SR B AR R W, 1M 1140 A RN TR
2.4 R[RFEAEF R A AR PR 13 PLFAs Fp2As 481k

M 7 0f LUE R RIEVEAEBR A A AR B 1B AR AR TR ( PLFAs) A= Wbric ff s 2= 5 8 1
SN R A AT R A8 PR A4 TR - S A W b R B i A8 A R SRR L, 40 2 0 A0 B8 > 5 2 ER B R Al B G > LR >
F [CPHEANEE G iy, JHFHE M SHEME 1a W EIEM L, BT G I & & FREZAM, EAE 10a 1 30a 4
Ferb AL SUE Y (LG B PLFAs A0ER .G~ LB S AR LTt 5340, G/ G 1 b B b 9% R 4 R 119 3
I R, T BA/ A R A LU (B 2 B AR s B AR R

RT FEEFEEFERFBRREFLIED S PLFAs MELFHA GBS
Table 7 The total PLFAs and percentage of different specific microbial PLFAs to total ones in rhizospheric soils of Achyranthes bidentata

monocultured for the different years

I H Item Xt AR CK la 10.a 30a

& PLFA Total PLFA 83.1863¢ 110.0285h 126.5162a 123.5279a
4045 Bacteria 54.933a 56.504a 57.4441a 57.1649a
G* 10.3961b 12.4356a 9.2338b 9.4127b
G” 20.0886a 20.5265a 21.3383a 21.6644a
FH# Fungi 20.9642a 17.7198b 18.1142b 20.5061a
N/ EH G /G /% 51.8839b 60.5722a 43.2946¢ 43.48¢
Fungi/Bacteria/ % 38.1893a 31.367h 31.5483b 35.9248ab

Total PLFA ¥ & BA{\ concent unit: (nmol/g d.m. soil) ; H: & 847 FH “ %278 the other units indicated in “%”

2.5 BT PLFAs AW RIC A REVEAR BRI 26 B 3 1043 43t

PP A TR (6 MALIR 3 YRE ALy AT 03 3 T (I8 1A) | AR AR X AR PRI M RE VR S5 F A
BB , FERsr 1(PCL) M F ST 2(PC2) 4 BIf# R B 7 2278 1 1Y) 44.3% 1 74.2% , X HRFLEAE 1a B4
AR B - 49 BE B AR, ¥ 040 T 2 d 1 19 IE U, 3 4E 10a S5EE 30a BB AR, Y900 T 205 1 i
Ui, AN 1B PR, MR B8 0k 14.23 B AS[RE VR AR FRAR 2 AR by 38 ] 5 2 58 — 2R i CK, i
PE Ta R4 IRARER L8 IMELE 10a FEAE 30a M PRAFR AR PR BN SRAESE — 2 | UL 4k + e A= Yy 2 4
PEABZSAL, ARt A, X A5 S B T I ZE R AR, S5 B B SR A R T LA | EEAE
RRUR 1 - B B (AN Ta) W0 DX T3 R AT BRAS 114 1 3B o (%A 10a %4 30a) .
2.6 A[FEEVEFRRAF ARSI 4528 PLFAs FIKI TR IUAR ST (RDA)

M RDA( Bl 2) 255 R 342 PLFAs DUSCGE SR e R A 1E 3 MR, i —22 3R H G* /G R Gl
Y K SRR B AR A R E R R R UG, T S AR IR R . AER AR % R B ME B A0 1 i A

KEBBIITUER (EHE 20 AR s 28 ) SRS UIAHC, T B DL BB/ Y LS T
R RLRNK,
3 e

AT ABIFFE R 7E B — A M AR T ARl A P TR ELE S I LR 3 50 (1) R 3E3R B = sk
P2 (2) AR MU AR T F RN 5 (3) MEAE TR A A A AR Al 0T 3 AR, R
[ (2 A R R SR, IVKE S BRSE U AR T ZR U AR PR 130y R A TAR KR, &
HEA LTS 5 AU AR KB AR | B O R AR R AR, (ER, SR I R K 1
TR TR BE i B R R R R R AR R O R BRI T4k A E DR N A —
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B 1 AEHEEERGBEIRIRTEH PLFAs £MRIEER D ST (A) FARESH(B)
Fig.1 Classification of PLFAs biomarks in rhizospheric soils of Achyranthes bidentata monocultured for different years by principal

component (A) and WPGMA cluster analysis (B)

PR R B T AE ] — F B A, 23 T L4 A 3
T Wy BB AR U R AT T B TR SR O HG IC, FE IETH % B
KA FE S A AR B E W D RE A K R B AR A A i u
g, HRAEFEDY R VEVE T ZORARER AT 25 0 (2F
FAFFEE Bacillus ) WY TEREECE B AR TR A AR 3, T2 £
%i@%( Fusarium oxysporum) 55 R G H ( Ralstonia
solanacearum) B 55 1\ 35 5 TR R | IE 2 RRI) 8
AW IX FR AT S BT 2 BRI A B A5 AR BRI B s B
FRREIT AR T U] T A MR A5 5 T e
ZREE R H AL

ARG R T A VM I TR B ], »
FER A IREE S PR RS R ETTR & u
SN, SRR AR S, SRTAT, X425 K JC R 52
HIRII R, FBEZEAEDY M Chen 5 TR 245 SR AIA N,
HAEEAE 2a AL, 1E/E 20a 09 HIEAHLE 42
R A A ORISR MR A BTN, s
JEHC R SR (Heds ) A AR % — —
e L e R B2 AREEEERFBERRTERZSE PLFAs MIXETET
TR S UG 1 R U I TR gy
&, I MARPRIA: Yy 6 SR B TR BRI, i, ADF Fig.2
FEM IR W f HEAT A BN S 107 12 A= P A i
B WEFEEAE N A AR B - S A i B A L . 46
REH TR R AR PR e W R T 445
TR A A T U, B VE AR BB, T W A T8 254
eSO, H A AN G RE E  22 TQ B PR A e n B 2 T ) A 2 TC PR M A T Y B B AR K T LA
G'/G™ I EWI R R, BTAWFFEUZLGAE S B, UL -3 vh nl R T 3% 00 B i 22 AFIE 1 AR 28 i - 05

EEER

AN

Redundancy analysis ( RDA ) between group-specific
phospholipid fatty acid (PLFAs) and soil nutrients variables in
rhizospheric soils of Achyranthes bidentata monocultured for

different years
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