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Effect of soybean continuous cropping on bulk and rhizosphere soil microbial

community function
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2. Institute of Soil and Fertilizer Sciences , Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China) . Acta Ecologica Sinica ,2006,26(4) ;1144 ~
1150.

Abstract: Soybean is a main crop in northeast China, but a reduction in crop production occurred widely as a result of continuous
soybean cropping on the same soil. This phenomenon is called continuous cropping obstacles. When soybean is cropped
continuously in the same field for years, the yield would be reduced by 10% ~ 30% or even more. The area with continuous
cropping problem is about 700 000 hm” in parts of northeast China alone. Much work on the problem has been done, however, the
origin of replant disease remains unexplained.

Some researchers considered the problem as a disturbance of soil fertility due to the facts that soil enzyme activities and pH
decreased and soil structure degraded after continuous soybean cropping. Another hypothesis for the soil problem concerns the
phytotoxic or allelopathic effects of shoot or root residues. The latest hypothesis for the decline in soil health focuses on the shift of
soil microbial community in continuous cropping system, but it is not yet proved. Therefore, this study aimed to determine the
effects of soybean replant disease in the field on rhizosphere and bulk soil microbial community functions. The bacterial community
function was characterized for 4 cropping systems, namely, normal rotation with corn ( corn-corn-corn-soybean, CCCS),
alternation of soybean with other crops (soybean-corn-soybean, SCS), continuous soybean for 4 years (CS4) and continuous
soybean for & years ( CS8) at podding and harvest stages using Biolog method. Our resulis showed that functional diversity,
evenness indices and AWCD from rhizosphere microbial community were significantly higher than those from bulk soil microbial
community at both growth stages. Functional diversity and AWCD of bulk microbial community from SCS and CS8 were higher than
those from CCCS and C$4 treatments at podding stage; At harvest stage functional diversity and AWCD from CCCS and SCS were
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higher than those from €34 and CS8. AWCD of rhizosphere microbial community from the treatments of SCS, C$4 and CS8 at
podding was higher than that at harvest stage, suggesting that soybean root might excrete larger amounts of organic carbon at first
stage than at latter stage. The microbes degrading amino acid, carbohydrate and carboxylic acid were mainly affected by soybean
continuous cropping in bulk soil.
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REEFHEFEREREFLRN. B 193 F%N BERIAXEEIHTR S KEAEHRN 36.2%
AL ,1996 FRETAFM AABKEEDEFTHRECE 0% UL, KEEEF=BRK, ZETE, BERE
HEEERZMBEMRXY . 5198 FRAERSHER A BRI /REHDEEAH 133 ® KT i TiE
ERR MR TN . M 20 4 80 FRES , R TAEHERBE=NHRCETRTRES ., FE¥HEE+
- REE - MR T KRR, KBRS THY, SEE R R+ pH T ;
B HEEYRNMEBYRARC Y R EEEY MEFEE, KT AT AR RS Y q
FHE. METRWAREA BAFEED, T RMEYBETLREERBNEIERRZ—", &3xHH :
Biolog 7 B BT SR T K S ME AR FRAT LR AR RV BB RER W, MR AR K G EERER S + 4/
R FR3UAE  B v 2 18]  O6 28 4 e 240 A S BRARHE .

1 HEE5HEZE
1.1 fhif T

R TRELE KRB X CEERBRLRY, ARLHES ARG ERE(ER-ER-EX-KT),18
HKG-EXR-KG), KEESE da FiE/E8a b7, MEE JEZ EMEHE WS, 55 F 2004 FATH
KK EWRB B A AR ER K THR, EEZEHO~5S5em WRL , BERBHERESBELEN L+
Kt AERZRAEMERKEN HEIEIRE L, AXAENH ORI EH . ETRkEPHFELE, TE
it 2 mm 5, & £ AT Biolog IR T AE o
1.2 Biolog i B &

SELEHE T E, RBAYT 0T HEOFS# T RMAZRE 100 ml K314 BH K
(0.85% ) #9250 ml =fMiH , BH . MIRWEBEE 107 %, 7 Biolog M FRBFLFMA 150 pl B 25CHy
7+ 168h, 5 24h {£%,

1.3 (UEHiRAHF

Biolog GN2 {#*F- 4% #1 Biolog Reader ¥ H 3% @ BIOLOG % @] ( BIOLOG, Hayward , USA) ,
1.4 ¥EDIWHIE

% Fi Biolog 8 P-4 35 #¢ 72h M BIE 4T BB 40 it , K Shannon & FEPE 48 U Shannon ¥4 57 B 18 Bk RAE
T BRI T BE B M 5 Biolog GN2 B4R 95 A AR IR #E 4T 32 B4 2+ HT ( Principal Component
Analysis, PCA) o BIOLOG VM P & FLBR IR /3 KT, B2 .6 0, F2-F4, H5-H7, E E#R 5. 20 FF, F5-G12, b
.28 F,A7-C10, RER 2K, 24 7, DI-E12, R A H2.5 #, A2-A6, H 2812 #F, C11-C12, F1, H1-H4, H8-HI2,
% i SAS Release6.12 #1T S MR MERF B E K RS 2.

2 #R
2.1 EEN LEMA VBB RES AR S ERRR T

EEPRARMEYHE SN OERBEER T LK, EEMNEE a W T EMEY SEER
HeddE, SOeEEHRMEYSEREERAR, WHRBELERFMEY SHEEMBYEREDEE
BTk, EAE 4a 71 8a M HM + HBAEY MK TEEMDHE,

2.2 EEXEILEA T2 L3 (Average Well Color Development, AWCD) Y 8 1
AT, HIRRUE Y BETE AWCD ER M EFB AN B E R TREMAEY , HAEH IR G 8 X R bR
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EEE RGN 8a L EMAEYTE AWCD B T EEM EAF 42, WENBR IR ALY AWCD METH
o 3 MK IR, ZEMCERNE , B AL R RIEE GO + R A Y BEVE AWCD B H FEMF 40 71 82 14k, SfIb
K B ARR A KRR A L M U B R AWCD R B, BRIEFE LARMAEY AWCD EX R ERBLE RS,
3 168 /AT oA AL B L AR FAR BRI A M) AWCD ZESE SEMI B TR, L R T AF 8a b 3B K4S
HHBTFRER64.5% , S HEHBRIRELS TR T TR 20.9% ~41.7%

B GENMELBIR/BENENEENRERESHAE
Table 1 Effects of soybean replant on bulk and rhizosphere microbial functional diversity and evenness

B 3EM &3]

W H podding stage Harvest stage
Ttem Shannon % FEHE Shannon ¥ 4] Shannon & FEE Shannon ¥J57
Shannon diversity Shannon evenness Shannon diversity Shannon evenness
& E# '3,982 £ 0.052¢ 0.898 + 0.009b 4,021 +0.078ab 0.903 +0.007ab
Bulk soil I 4.110£ 0.041b 0.908 + 0.007b 4.115 £ 0.066ab 0.908 + 0.016ab
HEAE 4a 4,051 £ 0.062bc 0.90120.011b 3.781 + 0.248b 0.856 + 0.031b
HAE 8a 4,111 £ 0.035b 0.912 £ 0.008b 3.803+0.182b 0.855+0.031b
REs E# 4,323+ 0.011a 0.950 + 0.003a 4.212:0.041a 0.930x 0.009a
Rhizosphere soil W% 4,248+ 0.027a 0.938 + 0.006a 4,256 +0.020a 0.940 £ 0.002a
HAE 4a 4.248 +0.037a 0.938 + 0.006a 4.182 2 0.009a 0.922 + 0.003a
HAYE 8a 4,254 £0.006a 0.937 £ 0.002a 4.268 = 0.019a 0.940 + 0.003a

F Duncan 8531, Z2FRNFBER N S ERBEKE (n=4) Tested by Duncan method, the letter in the same column means significant
difference at p <0.05 (n =4); IE# Com-com-corn-soybean (CCCS) ;i 2 Soybean-com-soybean (SCS) ; ¥ £ 4a Continuous soybean for 4 years (CS4) ; ¥ 1E
8a Continuous soybean for 8 years (CS8); F[@ the same below

16 1.6

—
M

S BF Optical density
[

0.4
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B 1 IR Ca) FIUCER I (b) L /R bR i A M1 TS AWCD 4k
Fig.1 AWCD of bulk and rhizosphere microbial community at podding stage (a) and at harvest stage (b)
—&— 1 {KE% Bulk soil of CCCS; —M—+ B2 Bulk soil of SC8; —&—+ ki fE 4a Bulk soil of CS34;—@—+ & #% 4k 8a Bulk soil of
CS8;——H R IE # Rhizosphere soil of CCCS; —[—# R Rhizosphere soil of SC5; — & —H R %4k 4a Rhizosphere soil of €845 ~~O -1
% 1E 8a Rhizosphere soil of CS8

2.3 EEX 6 RBIFEF AEME W

FERE IR, MEFEN 8a W LEBUEYR 6 KEAHER FEFEMER 40 05, K HEBIFHAD
KEF, EFEMEF 4 CHBOBRUMEAE, EEBFRNEER X RRE, BEYE, AN H AR
B TR A R T L £ 1K 43 B0 136.0%,104.89% ,56.8% ,121.5% ,292.4% 1 89.5% , #EAF 4a 1R FR YT b B A Ak
REF AR+ 54058 70.1% ,291.5% ,63.3% ,106.9% ,55.3% #1 198.1% , TEWIRE , EFEMDIEM +1F
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PRI 7N FEBAF A PR B T HE 1 4a 70 8a A0 TR, AL SEMRPRAE Y2 R A K, HEAE 4a 71 8a 18 FRAUE 5 HE
KRB G VRBRITA R 518 T LK 104.4%,174.7% 1 58.7% ,78.0% , H AW BAR R 5 + &34 W3¢ 4%
ERBFEHFHRARERTK .

X 25 SR AN AR B -k FAR B2 0 % 7 28 5% 5 B0 ) P SR R R, ) — &b R E 7 A 390 0 AR
MEBRBAFRERA K G TR PR 7S 28 5% 07 60 ) FA 3 e W3R 1R B 4 51 5 60.6% ,50.3% ,41.6% ,
17.2%,103.4% H1 52.6% »

MR 2ATUE N, EXFAE R EER, B2 MR IR BRIR &4 A + R BUE D+ BRI, BRI ;
B H 1 T BB R AR R W10 AR §

®2EENTNNEOREAXREN A ROLE | ‘
Table 2 Effects of soybean replant on substrate utilization by soil microbial community in soil

mHe HHER L £ ML ReyRk % H bk

Item Amino acid Carbohydrate Carboxylic acid Polymer Amine Mislaneous v

W podding stage G

I EfHE 0.37 £0.04¢c 0.55+0.13cd 0.56+0.07cd 0.30£0.06¢c 0.12+0.03d 0.36 +0.04cd
R 0.59 £ 0.09be 0.61 +0.04be 0.66 £ 0.06bc 0.48 % 0.03b 0.35+0.04abc 0.43+0.08be %

HEE 40 0.40+0.02¢ 0.29+0.02d 0.48£0.01d 0.26+0.01d 0.22+0.0lcd 0.21+0.01d )

HE 8a 0.50£0.10bc 0.74£0.17he 0.62 £ 0.06¢ 0.41 £ 0.07be 0.25+0.07bed 0.56 + 0.08ab

" E# 0.88+0.04a 1.12£0.04a 0.88+0.01a 0.66 £0.04a 0.47+0.03a 0.69x0.00a
3 0.5310.06be 0.90+0.14ab 0.79 + 0.04ab 0.51+0.06b 0.31+0.04be 0.59£0.07ab

HAE 42 0.68 + 0.08ab 1.13+£0.09a 0.78 £ 0.02ab 0.54 + 0.04ab 0.34 + 0.05abe 0.63+0.07a

A/ 8a 0.70 £ 0.08ab 1.14£0.06a 0.82£0.02a 0.53+0.01b 0.39 £ 0.05ab 0.64+0.03a

3k # Harvest stage v

T4 EE 0.51+0.03a 0.51+0.03a 0.56+0.04abc  0.41+0.09ab 0.32£0.04a 0.3410.05ab
b 0.46 £ 0.06a 0.61+0.16ab  0.56 % 0.04abc 0.44+0.02a 0.26 + 0.09ab 0.41£0.09ab

HEE 4a 0.40+0.03ab 0.29+0.07b 0.47 + 0.04be 0.27 £0.05h 0.24 +0.01ab 0.29+0.02b

#E 8a 0.31+0.08ab 0.30£0.11b 0.43£0.08¢ 0.27 £ 0.05ab 0.22+0.01ab 0.33£0.08ab

BEx  E# 0.41£0.04b 0.68 +0.03a 0.57+0.05sbc  0.51£0.04a 0.20 £ 0.05ab 0.39 £ 0.04ab
W 0.48 £0.06a 0.7620.11a 0.58 + 0.03ab 0.51+0.04a 0.21 £+ 0.03ab 0.41 2 0.04ab

AR 4a 0.39 £ 0.03ab 0.5920.14ab  0.54 % 0.05abe 0.43+0.03a 0.15+0.01b 0.37 £ 0.09ab }

EAE 8a 0.46 +0.03a 0.82+0.07a 0.62+0.05a 0.47+0.04a 0.19+0.02ab 0.5020.044 :

F Duncan ¥ 8t7t, RPN FRERRHN 5% 2R BFE/KE (n=4); Tested by Duncan method, the letter in the same column means significant
difference at p < 0.05 (n=4); L& Bulk soil; fRER Rhizosphere soil; IEE Corn-corn-corn-soybean; i # Soybean-corn-soybean: # {F 4a Continuous soybean

for 4 years; % £ 8a Continuous soybean for 8 years

2.4 LEEPUEYRIEShEE R (PCA)

M PCA B LIE S, RS LENMEYREEFSR(E2) MR RTES 4 £, LM YR
HEAATES 23 8M. LAEERES 2 2B, LIEEE 2 BES I RIR.

R MAEYRENRAS LEMEYTERAKEZR REMAEYBERES 4 2B, LAY
BESGER122B. EELEBEYRIEETE PCLEIE S M, E/E 4a F 8a AT K L R B4 ) BE 5 4%4E
L, B 7E PC1 H A S
3 iTig
EABERE PR, EE 6 FREEKBHERNRE, EF 8 LHEMERRTWBIF FEME 4a K
Ho BB REN K TEMERBEL, MEEEERORM, KA KRR 2, 3055 65 7 1 4
BRARRINER. KEEERBETHE-HM4AY-HY-ARGSHEERANS R, £ - FREWIIRBEES
H ] B U RS B AR R, AR RN LM YRR LS M A B R R R A PLE, U
EERG S LEMEYREZRMKR.

FEBERTNEL BT, R EYHEDRBEREMY S EMM. XRHREEEERA
B, EXZREIBYR LB RE R EYBENSHEE, XTEHT - TERRTBIHH
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e |
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[ %]
EE4 2PC2(10.3%)
L)

FE 45 1 PCl (37.6%) EmR45 1 PCI (26.8%)

B2 WA ERS I (a) AR (D)
Fig.2 Principal component analysis of bulk and rhizosphere microbial community at podding stage(a) and harvest stage (b)

—&@— KT 7E Bulk soil of CCCS;— M — 1 &1 # Bulk soil of SCS;—A&— 1 {£i% fE 4a Bulk soil of C54; —@— 1 %% 1€ 8a Bulk soil of CS8;—
O— B IE#E Rhizosphere soil of CCCS; — (- bF 3 # Rhizosphere soil of SCS;— & — R Fr ¥ fE 4a Rhizosphere soil of CS4;—O—1R PR 1E 8a
Rhizosphere soil of CS8

KABRMAM, B —FEHBRRHEYHEIREREER - MENRRBENSH, AR R FARELERE W,
St A BENREFENS NERPEELEE ERTOENEN 8a 0B, KA B Z B AR E
ER,XEHTFLEELEEEZ JaMEEKGEREHEAET LERS, LRFPEHFIBE T M SHRIEAELE
M AR E SRR AR TRE.

WA E SRR BT B BA R ARk, BRBERBUE Y B RA RN NG R . M E YR
HMARBKEFARANER TRATEMEYRENNE. FAHAERRYE, KIR-LEERFREK
B R FARBR B E AWCD R & RKER A AREFRA, XRAMEDHEDEZREA I WD WR
KRR XM ERBREHMAEYHE AWCD MISRREMAREERS T LM EDRE AREL X
WXHRERNEAD, BARERAEERAIWRERE, AERELERL TERANDRBRFRHMEY
BENERK, BRKEEELEXN T EBEYRENETEL R, FRRAREHREEBRLENMEDHE
MER. FHEVRAKTEFRERRT LRI ARAE RE T HAKE HBEEBERNARNE
BARETRAIRRE. B, Nk SO 7RG, 8 B R A B MM 98, 4 REMAR A
LR AEYRE S EFRBZRNKXER,

BT Biolog 77 ¥ A B ) R BR 14 , A F 52 F AR RBAR 47 st I B S AE DB VS THRE L L 5 R 1R IR AR Z I 52
%o Biolog HIERIMEM HE TP REERKKNEEFHEDHEE, MAERBREEPEREERNMEDH
WEHE" , GHR Biolog 77 IETE P M1 A= M0 55 3% 7 5 UM 5 #) + S AR WD BB R B 16STDNA 7 3 I 52 O 0 A6 o i
B9 1%" " B LR A Biolog WK R L EM AR AT REEASRE, R AL RMEY IS HHEX
REMERENERESBRGEYH LER™ .,

R Biolog A HFAE—EH AR BEEAFRLERNIRAAREFERORE LEMEDTHE D ETE
ER, RKEEGEHMERBLAMEDHET RO I RN, AR BEL AME  REVEMEME TR
MBS LM PCl FRAREMX, WARKESEFZAHT LAMEYRETHREX A LRBKEESERY
R, BEMAEYBREIRS IR, EFEPANLRBHS M PC REEMAX, EREHAREL, &1
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MAMRMES PO EBEMR, TEMEDHELRSHIFRY, AN EXBEOHAFRLE, EXFH
AR R ERNRBRARIT RS L AR K FEHRIE, BRIERS O H M 5 BRERREHED
B EEBRIR . X LA R AL 5, 7E X T A (G0 e A IR, W S AR IR 2K B TR 10 SR T
FEREFERmA LR L EMAEYRR R RE T AN S , R4 R R R X, RRE B
PARMHEMELXREN MY R KRG EFRARE BN EEAR KRR K, BEERLETR
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