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Effect of intercropping on bacterial community composition in rhizoshpere of wheat

( Triticum aestivum L.), maize ( Zea mays L.) and faba bean ( Vicia faba L.)
SONG Ya-Na'?, MARSCHNER Petra’, ZHANG Fu-Suo', BAO Xing-Guo', LI Long""  (1.College of Resources and
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Abstract: Cereal/cereal and cereal/legume intercropping systems are popular in the northwest of China and often result in yield
increases compared to sole cropping. The aim of this study was to investigate crop yield and the effects of intercropping on bacterial
community composition in rhizosphere of wheat, maize and faba bean at different growth stages. Rhizosphere bacterial community
composition was studied by denaturing gradient gel electrophoresis ( DGGE) of 16S rDNA. The results showed that intercropping
increased crop yield, enhanced bacterial diversity and changed bacterial community composition in rhizosphere compared to sole
cropping, and the effect was most pronounced in the wheat/faba bean intercropping system when the two species at anthesis. In
maize/faba bean intercropping system, the effect was only on maize in seedling. The effect was less pronounced in wheat/maize
intercropping. The effects of intercropping on diversity of microbial community in the rhizosphere that may, in part, explain the
yield increase compared to sole cropping. Furthermore the results provide evidence that aboveground plant diversity and
belowground biodiversity are linked.
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WX ETZIEE BESSE LA R REEY R —8H . XFER T, 8/ R R R
BB BERHRA B BRI TR IR, BB MRS R R

REASAZTHRAYSHEERYRMEBERAL ER AN, RESREREEMATFEEK
B, BT P HAE 0.1% ~ 5% M4 YR AT IR B I AE SR 3 5% 7 Ik U W RS R S I BT
R Z BB KR % . DGGE(denaturing gradient gel electrophoresis, THEERREAK)RER T T DNA BE&
B R EKEARD FEERE ST ENATEMHFEMAYMESHRED, WRAER B BRE. 18R
FRRREY , EERESHRRIIFME DGCE EAMA THERRNEYRFA BB EENERNWE W,
W0+ AR FE YRR R AR R EART R E % 18 DGGE £—
FREE VR A DB TE S I B T i

B B % 16 4 B B9 £ 4 o W SR R O T, I R PR AR R AR ™ KT SR T A AR B . X T RLE
EEDHTRUEYBHEENTIRERLRE, ARETRETH LAY EH#ESHTHEYSHHRF
EEBBERD B ENEEERR PO A SEER LN T HRBEDSHEETEEW, TRFH
Y BETE G R RE AU R R R R AR M= BRREN BEE —ER#K. Bk, EHR
FIF PCR-DGGE FEH MR T/ME/BRE EXR/BEM/IE/IEXK 3 MHEEERPIEDBRRAERF ELE WA
BB, FIEAFRBER B EYBEEMMENREERN=BRE NI RERRYTMEBLHE R
i
1 HE5AE
1.1 RABRIT

EXHRMERE 2003 FABEIN M HAEMNRE. RBREAUTHARERBETHST % (38°37'N,
102°40'E) , £E & 7K 200 ~ 250 mm, KF 0 CHI 10 CHFE 551K 3208 CTHI 2622 C, i+ HAEE L B2
THENESE 19.14 kg™ , 28 1.18 g kg™ , R 68.8 g kg™, BRBE 17.3 mg kg™ ', BEHP 233 mg kg™ ',
B 1150 mg kg™' o ARBHUB IR FEHFI K /D Z/ EREE D, AHEBREREF S L ERIEEARNE W,
REKEEFTRAEILHES, ARLBERE: S£ENE(W), FEEXRM), FERE(F), /ME/ETHE
(W/F), EXR/REMIEWF) ,/NE/ERBE(W/M) ,/PXEF 8 (5.6 m’ , FEVLXHHES], EE 3 1K, A 1ERN S
MW, DEMFFH 2014( Triticum aestivum 1.2014) , EXK G F A 8 16( Zea mays L. Shengdan 6) , & & &
FhAIEE 5 5 (Vicia faba L. Lincan 5), AHERFAL, HACAIR 225 kg N hm™* ,BEAE AR 40 kg P hm ™, HAEH
REBEEN=RIBEAE , £ 5B AL 2/3 FAERMER 13 ERENERTHHOBEER, & . EXAE
GATES AR 0.133 m,0.40 m F1 0.20 m, E/ELE S, BMEMEFRLBEIZTERL4T,PETEE
K2FAREXR2FTERE 417, ME EXRMNESHMHEEE SR 75 TH hm ™ .12.6 TT¥E hm > F1 22.9 77
B hm™?, BT EHRRFACREIEDERTE, LB TRK, MEBIMERNWBEHERSIFAEEN
3A20H3A27 B4 A 15 B ,3FERRWRRREISHR . NEBFENT A, 897 AJKMEX10 A
Fa . EYRREREMAM S ,KAZET —FER—/PMXHH#TRI—-LEHEER
1.2 HEERE

B4 51T 2005 FEBIENRBEIFEMSA13A 6 A20 M7 A 24 B#FEfTT 3B, HF,5AH
13 HEUEEAC B AR/, BAER G R/PE/ B G, A /N E REHLETEY, MEXKNLE, A FRE;
6 A 20 B/NE BREHEAFI, EXRAEH, TELEMRE;7 A 24 BAPMEZWRE, BT WHEE,.E
KFALH, HBEER BREMER/BRCEELBHITRE, RAHN LT EEBERBR AN LR P EEE
HBEESREARBE AN IR L AR ERAEELEAW T ERTRIENBE L L. BIEAESD, B4
LHEBHNERELZMVILEEY S K. A5 S HKEDHREFELHBEAG N L MRS, AELES , ESMLER
BREEPHEVLER A EER, BN REFAFEED S FIBEE, SR 2ERAEHER N EERDHAED &
4 BRBREESIBEER 2 MER . DEMNRGEREFHTFRTHAS S —FEYHIE 1T B, B IH1E
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HHRERRA 247, EXFTPEE, EHERBHREEELBBAXKEFRE. BEBREFH LAY
FEREE, RET 2 mm 25, BRETRBRER SIWREMARERY, BIHE0 LERED -20 CHHE
THRTLEBEDHEEHBBIR, '
1.3 TRV BELEME PCR-DGGE 41
1.3.1 T34 S DNARB K8 FastDNA® SPIN® Kit (For Soil) (Q-BIOgene) HJiRF & 1k, #RB 0.5 ¢
F-20 CHREMNRRE L L, FZREHRR L RHAT L EHMEY S DNA HIER,
1.3.2 #H%§ 16S tDNA ¢ R 5| H PCR 771 #f7#xE A PCR,1 XK PCR RAHIFI Y F (9 ~27):GAG TIT
GAT CCT GGC TCA G, J5B|#) R(1525 ~ 1542) : AGA AAG GAG GTG ATC CAG CC™™ , JL- Xt 16S rDNA f9 4K 3%
TU ., PCR AR RN 25 pl, o 2 pd F B 50 £5 %) DNA AR IR MK 23 pl, R AFE 0.5 pl Tag DNA
BAM (2.5U0 p7", RABHA,JLH), 2.5 ul dNTPs (2 mmol L™" each, AT, L#), 2.5 ul 10 (PCR-buffer (X
F AR, L), BT USSI9E 2 1l (5 pmol ™' AT, E¥) A1 13.5 pl BA/K, PCRY HEEFH:93 C 5 min,
35 KIEFF, 295 C 30 s, IBA 55 C 30s, FEMT72 C 2.3 min, BAE—# 72 C 10 min, 2 K PCRRAZIY F
341GC:CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GCC TAC GGG AGG CAG CAG 1 R
534:ATT ACC GCG GGT GCT GG™™ ¥ #¢ 4 & K 4 200bp 72/ HY— B 16S DNA F B, ZERTSI®EMT —14 GC
e FE K BY [k DNA Jr B £E 347 28 b B 5% e el vk B o A5 . 2 K PCR RBLAER R R 50 pul, 331 A 2 il 13K PCR
B4 7 ) SR AR BN SR L WK 48 pl, SIS HE 1 pl Taqg DNA BAHEE (2.5 U ™', RAAHR,JEIR), 5 pl dNTPs (2
mmol L' each, 4T, E#), 5 ul 10 (PCR-buffer (XN BF{R,dLEHT), & 4 pl 514 F 341GC # R 534 (5 pmol
pl™ AT, B¥E) f129 ol #B4iK, PCR I B FH:94 °C 5 min,35 WIEHF, M 94 C 1 min, BK S5 C 1
min, ¥EM# 72 °C 2 min, BJF—25 72 °C 10 min, i 1.5g/100mL A& B EB(R4L 2 48 ) e 5 K2 PCR ¥ 17
Y.
1.3.3 PCR P4 R PE B B S e B 3k (DGGE) 40 pl 9 2 YK PCR F=¥) # 17 DGGE, R A K 30% ~ 55%
B 8 9% B BB T U8 BE R I (AL MR 100% JRE 7 mol L' AR BN 40% 285 FH B ) ZE 1 (TAE
Zrh#h 150 V60 CF ¥k 5 h, B ¥K/EF 10 ml SyBR green I (Sigma) (1 (TAE # %% 10 000 £5) iR Ik fe 5
45 min, $RJ5 F Alphimager RZiAM . F TotalLab (Nonlinear dynamics, Newcastle upon Tyne, England) 344 %% B¢
B h&S ML EMEERTRFLLOE, AT HBRERERRR LIRS, W& &0 B MTE S 5%
FIARMEALAL 38 . P ZE B MR _EINPE AN ARAERE , DAARHERE P 9 3 R RO 0L B N An o, SR R L B
HAFPRMEAL AL, BT A DGGE B MR AL 3 RITEH MU BRERBME, RER VAR RE KB E
(Escherichia coli) Z£7 53, B ( Alcaligenes faecalis) Fl 5% {2 8 i B ( Pseudomonas fluorescens ) J& & DNA R4 2 1K
PCR =4, FARER 54 003 B BUERR LI%E A DGGE B E A AW RE M TIE, NTiXTH & Z TR ER
BT A Y,
1.4 BHELHT
1.4.1 MAYBEEWHSHEEMBSE #F DGGE BRMEFASEREATEHEMYSETER.
LR Shannon-Weaver index = — E (nl/N) x In(nl/N)

Kef,n! HENHHEE, N IE—BSREERENN,

BISE: Evenness = H/In b

F#1, H 25 Shannon-Weaver index, b HF—FEM F it G
1.4.2 WAEDHESHAHABKSHT B CANOCO 4.0(Microcomputer Power, Ithaca, USA) 3k {48 18 A [E) 4b 38
DGGE %5 5 i 45 55 B #0160 B B9 307 10 BUIE N 3 A W B V8 5 W 4L BRGBEAT AT A0
1.4.3 HEGT RA SAS PRREREFX T BRAGAE YRESH B RS S E B # T 20
ZEUH.
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2 BRS59W
2.1 R

e IR EREL 3 HIEYHES —EFEHN
EEER, SEIMEXRMENINETESHIET
BRI, B 5 EKIENER B3k 3 B 3 K E
(p<0.05) (%1). 5EEMNEEIEREBEE (p
<O.0)EMEXRMTE, MEEWF, 5/HENEE
FRILFEAEZA, EEXREEFBEEHRES,BS
BERIHERARXDBERKTE(E D,
2.2 BIRBERRAHEBESW

5 1EEET 2005 46 5 A 13 B, BB ERRIRIH
BOAXMNEMBEDK S BELEBTERE, NE.
BREMLETAEKEH. REAHE 16S 1DNA B PCR-
DGGE B & WM BNREENEFZHERITET
AERE Y% 45 F 2 B $8 4% Shannon-Weaver index H1 3
SIHE Evenness, 3 2 &5 01 WK [F] 40 ¥ 6] §9 £ B4
MYSERBARELER  HARMREYHBEE
E5R

HEiE X PCR-DGGE Bl FHEMMNEBENEER
BFAL G R AT WS 43T (PCAYBRR TEY AR Fr 4

®1 TEMNHASRPIZE . EXNESH-R

Table 1  Grain yield of wheat, maize and faba bean in different
cropping systems
s} Vi =

Treatments Yield(kg hm~?) Yield increase( % )
INEE BEW 5262 +229 b -
Wheat e W/F 5603 = 751 b 7
W e W/M 6503 + 195 a 24
Ex BHEM 15226 2191 b —
Maize @ & M/F 22233 + 1594 a 46
Y5 W/M 20406 + 3050 a 34
#Y BEF 5737+282 a —
i:: I8 ¥ W/F 5781+ 358 a 1
[6]fE M/F 6745 = 1456 a 18

W B VE/NE sole wheat; M: B 1E E K sole maize; F: BEZE T sole
faba bean; W/M: /N3 /E K [B]#E intercropping of wheat and maize; W/F: /]\
/& E ME intercropping of wheat and faba bean; M/F: E /& B [ {£
intercropping of maize and faba bean; F [6] the same below; 3 W EH & W 3#4{&
+ RERE,F—EYFEHRTEE, BEMHEKE p<0.05 Means
of three replicates + standard error. Values in a given species followed by

different letters are significantly different (p < 0.05)

HHESMARA R (E 1) 7EEMA 0 A A A5 B 57 KT G AL AR B 3R B R [R) 4b 2853 75 FE B AR AT 7
HEMNERFBERA MAGENALETALNEZRBER /D, B 1 TR, T BELREER/NENE
SR PR B REVE S A B E R LR | L, U R R R SR D E B SR MEYR R
AR o T AR 4 B4 B4 0 ) £ A BRI AR R A0 W B R S Z R E R 0 AR LR A, WL
EMBERE EELEARFAFFESURFE—ENEZR. HE | ER8ENZNBERIHNE —
RERWARB RS W03 SEENE BEREHIE

2 BIANABRGANBEEHSEERNHOBEGH 13 H)
Table 2 Shannon-Weaver index and evenness of bacterial community in

rhizosphere on 13 May

0¥} E2:3:3 HaE
Treatments Shannon-Weaver index Evenness
N BEW 2.820.2a 0.9420.03 a
Wheat &1k W/F 2.8+0.1a 0.92:0.02 a
3= BAEF 2.8£0.5a 0.93:0.04 a
Faba bean [A}{E W/F 2.7+0.4a 0.89:0.06 a

SRERVHME « IRERE F-FIFRHEAREE, BEHEKY
p < 0.05 Means of three replicates + standard error; Values in the same
column followed by different letters are significantly different (p < 0.05); ¥ [A]

the same below

2.3 55 2 YRIBURE AR B 40 B A K 45 4 AR

/"% Wheat 7R & Fabadean
® W A BEW
- A ® [BIfEW/F A [H4{EW/F
9
N
T [}
~ ® A
R @
i
+H ®
- &
°

E/RS 1 PC1(36.7%)

1 51 WHREREHE %L 165 tDNA  PCR-DGGE B i #9
ERAHFEGA13R)

Fig. 1
community in rhizosphere based on 165 rDNA DGGE profiles on 13 May

Principle components analysis ordination diagrams of bacteria

FE2WMEEN  NEMBEARIALY, EXERLTER. WX EXNEL 3 MEDHHAT TR
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PRAEBEEHNEIT, BENENBERERFAFEFENZSHEEGHEEERRS TREEI K, AER
BTAREYREAEREN SRS, P, DE/BEEREEE (p<0.05)RET NENEIRFAE TR
EHME; SREEKREE, SNENETRENERBRARTFESHEETBEEM(p <0.05)(F 3). B
HEHELEANIOBEEARLBERREREER,

4 16 S tDNA B9 PCR-DGGE B ¥ M B FLE RAIT T R HE B E S WA EB A1 (B 2). 4
REREMENE FRNETRABREFASZR , BRAENAREYRRAEHFEEHART=ETER (A
2), BAENERFAEREEMNART S EREMEN N EREL ERERSELEMEN N EFEAEER,
BERORFAEREENEARMNS N ERENESEZRAE BRSEXRAENEENERETHE, M
EXMNE, EEEAERNEXRBRAERELEWARABARARTFREEK; B MERERNEXRNE —KE
AR AERELENARS BEEXRG A —B,

%3 F2ARMBREAENESNSEENSSE(6 A 20H) /¥ Wheat E ¥ Maize 7% & Faba bean
Table 3 Shannon-Weaver index and evenness of bacterial community in : %{f}; g/F : %ﬁ ﬁ/F : %ﬁ FW/F
rhizosphere on 20 June o [ WM o FfE WM A [A4F M/F

biig::] E2:3 2 k)3
Treat Sh -Weaver index Evenness - A
a B
N BEW 2.5+0.1be 0.93+0.02 a L
&
Wheat [/ W/F 2.7:0.1a 0.93£0.02a =L -
o
&€ W/M 2.6%0.2 abe 0.91+0.02a ok A a . a
4 om (ol -~
Ex BEM 2.2:0.14 0.92+0.03 a p G-~
el J
a
Maize /% M/F 2.7£0.2 ab 0.95+0.02 a § - ",
a1 e W/M 2.6+0.2 abe 0.94+0.02 a #H N ®o °
ES BT 2.4:0.1¢ 0.93+0.03 a - .
Faba bean [A}{E W/F 2.6+0.1 ab 0.92+0.06 a L !
ERS51 PCl (28.3%)
[E]4E M/F 2.520.1be 0.90+0.03 a

B2 E_REBEREAERELZM 16S tDNA H PCR-DGGE H # &9
ERS5HT(6 H20H)
Fig. 2

IRERTHHE HFRRE R—FIFERARREE, BEEK

¥ p < 0.05 Means of three replicates + standard error. Values in the same

Principle components analysis ordination diagrams of bacteria
column followed by different letters are significantly different (p <0.05) Pl P 7 e

community in rhizosphere based on 168 IDNA DGGE profiles on 20 June

2.4 553 WHRAR PR B B IR S A AL

FIIWBUSENZEWRE M BEEMERNBIRAEHESWHT T . KR EEHEARRY, EX
HAEREN, BEEANBERENRFEERESHERNRAELZR, EX/EEAEXN ERMEZL KR
PAEFESHEURAEEEEW, FARALENYIEREREEER . B 3 ZRRNAE 3 WRHE, [ Xt
EXRNBERFAFHESHARBRAEES W, ARLENRESHET QMR HESWARE S5 1E
BAEE EHEG T MBRERAEER.
3 itig

AHRERERBIET EFEMF=RRE . RARRARE MR AR T RE 1R # R A 251y
PR BF N/ EREEMER/BLRENEBRATRAMEYRRGRATBRBOMEM, W
EANE/BEGRERRTHETEREZERNAE/NE L. 2 REG 7 8 5 R A B 57 & YAIE B 8] 16 Xt £E
VIR A T A SRR A R A # W

WNE/BRERERRTE, YAMEYHLTERIYE (5 1 KEAE,5 7 13 H)RESNEME DR
Priil B B T S B SRR R A U R B R s T Y WA A B S (56 2 B 6 A 20 H )R
EfEEERFNENEIRFAEFELRE R ET R AFEHELEWAR. & TERERPNEDE
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KERRAE DR, AREDEOHLIERSLM %4 SIRDRARARRRAHSHERIIRC A2 A)
OB REENNERTERER, & Table 4 Shannon-Weaver index and evenness of bacterial community in
BRTPERNERPBEETIENED, YEPE or R MW

i ERH HEE
KEEBE G RIER (5 2 WEE,6 B 20 B), [|]4E Treatments Shannon-Weaver index ~ Evenness
BERETEARGAERESMEAR, BT  Ek  BEN 25:02d 0852006
EHAHE., AR MAE YRS EWEREEY M 14 M/F 2.840.3a 1.01£0.08 a
E&E%Wﬂﬁﬁ%ﬁﬁﬁcﬁ‘fﬁ[‘”,F)fu'ﬁ%fﬁﬂéii 32 HEF 2.5:0.4ab 0.92+0.05a
ﬁﬁﬁi%ﬁ%%%éﬂﬁﬁ%ﬁ%‘&ﬂﬁc%ﬁﬁ%% Faba bean |8]4f M/F 2.3:0.1b 0.94:0.03 a
HMETE/EN, EASZIANETHE N, MEBHEX SREEPHE+ FHRRE, A-FIFHHAREE, B EHEK

5%%4\?[‘@#5—'}‘ ,E*ﬁ%ﬁﬂ%ﬁ%%mgﬂﬂi%@ ¥ p < 0.05 Means ?f three replicates :t stfmda!d enior. Values in the same
WSS E O NS B R AR T A column followed by different letters are significantly different (p < 0.05)

FHRAMAEREE R RERESWEAAE | m | EXMase R fubebem

BOBWER. SEREROEXSTRIMOES | T Omemr Amswr

RAER (%53 WEEE,7 A 24 H), EXBRAEBE & i

SUMBEHNRENE KENEIRABE IR S| o “a

5, ENEGEMEN ERRIEAEHEEHER S

RERE. = s
A R RARBEYREARRESRER | T

AR AEKR B EYRIRAE SR 0E Y [

W, MEHEEY, SENEMBIRIRAE S HMS
AL, B/ R /R SRR = R B3 553 RERIRFR4BE B % 454 165 rDNA #) PCR-DGGE %
WEREILPEALH(R LR, WUNE/BER  Lonnronun)
EMNTEFEDRGEENABE LY, BIEM kg3 Principle components analysis ordination diagrams of bacteria
E5ZTR/ENTEXRNEHEEHBFR M ZEEE#ER  community in rhizosphere based on 165 rDNA DGGE profiles on 24 July
BEAEWEM(FE2,%K3), MM E EXREIENE LR
MEEHEUEEBL , BRERBTINEHIRRARGAFSHEETHAR(E2,K3). BEMEEKHEX
B VEVEY R Br 40 B 5 B 1 R R AR B K T X RIVEFE D O R i

ERRBEEORHERAHEYREENAEEERRY  BEFAHRA P RENNE EXELETLH
BARAEREENABRATEREZR. XUERHUTHEHEENM (1) L HRB KR WIERR TEDR
KM, WAHRRAER —HESHR L ERY ERFPDEIREYRFAEREEHWABRRAREE
R Q) BERERAEYH A BERMEYREEMARNEWEMESR ENRATNEESY A5
AHRPBREFLIEREBEDERTMRA, TRE-—CRELEZ TEDMHEAES ., RENN , EAXFRD,EE
ERFEDRFMEEREWHBRN T, BREGEARNREDREMN BRI AEFESENABRRAHER
W, XRE TR TEYWRRE LS, RoMRRE pHE7 Y AR, REBE—-EHR,
WA AR T RESED RIS AR ESWAREARWER, X F-E5REFHELARE
HEHBEXRBENIIERAY  WEEAAENEAERESW AN R EERE P RA#T

B, /NEIEE EXRBIRNE/EKREEGRBAF=BRE, BB TIEY R M E LS
WA, EETEDRIAEREENARNERERENE/BIRERRPENRSY ., EA T HEHAEEKR
W ERHYDEHEESHTHRMEDSENTERTR R, MEEER PEDRERE AW &S Z T
ERERHFEEBATERE —E T,

ER 1PC1(39.4%)
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