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Abstract: Studies on the effects of the interspecific interactions of maize||soybean intercropping on the rhizosphere microbial com-
munity structure and their relationship with crop yield are of theoretical and practical significance for elucidating the yield effects of
interspecific crops in intercropping systems. The aim of this study was to explore the changes in microbial community structure in the
rhizospheres of soybean and maize planted under an intercropping system (soybean||maize) with a 2 : 3 line ratio and a randomized
design pattern with three types of partitions between two crop roots. The intercropping partitions were a mesh barrier (MB, with ex-
change of root extudates without roots interaction) or a polythene film barrier (PB, without exchange of root extudates and roots inter-
action) to separate the maize roots from soybean roots or no barriers (NB) between the roots. An independent monoculture (M) was
set up as a control. BIOLOG and terminal restriction fragment length polymorphism (T-RFLP) assays were used to investigate the mic-
robial community diversity in the maize||soybean rhizospheres. The results showed that the land equivalent ratios (LERs) under NB,
MB, and PB conditions were 1.39, 1.13, and 0.98, respectively, at a plant row ratio of maize||soybean of 2 : 3. These findings suggest
that the LER increases with increased interspecific root interactions from PB to NB under the same intercropping pattern. Further ana-
lysis revealed that the microbial diversity and evenness indexes in the rhizosphere of both intercropped maize and soybean similarly
increased with the increase in interspecific root interactions from PB to NB. Average well color development (AWCD) analysis
showed that the rhizospheric microbial communities under NB and MB conditions had the strongest overall ability to utilize carbon
sources as substrates, whereas those under PB and M conditions had a lower ability in this regard. The enhancement of interspecific
root interactions increased the ability of rhizospheric microbes of intercropped soybean to utilize amines, polymers, amino acids, and
carbohydrates (four types of carbon-source substrates) by 181.01%, 32.6%, 37.84%, and 78.28%, respectively. However, the capabi-
lity of microbes in the intercropped soybean rhizosphere for utilizing two other carbon sources (phenols and carboxylic acids) de-
creased. Moreover, the ability of the microorganisms in the intercropped maize rhizosphere to utilize carboxylic acids, carbohydrates,
and amines increased by 46.26%, 6.54%, and 15.84%, respectively, whereas their ability to utilize phenols, polymers, and amino acids
decreased. T-RFLP analysis revealed a significant increase in the abundance of dominant bacteria, such as Rhodococcus (Actinomy-
cetes) and Halobacillus (Firmicutes), in the rhizosphere of intercropped soybean under NB compared with that under PB; whereas the
abundance of beneficial dominant bacteria, such as Rhodococcus (Actinomycetes) and Bacillus (Spirochetes), markedly increased in
the rhizosphere of intercropped maize under NB conditions compared with that under PB conditions. As a result, the crop yield and

LER increased under intercropping conditions.
Keywords: Soybean|/maize intercropping; Interspecific root interaction; Rhizosphere microorganisms; Bacteria; Community struc-

ture; Diversity; Land equivalent ratio
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Fig. 1 Intercropped patterns of soybean and maize under different separating treatments
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PAVERT IR B HE S 61.02% (P<0.05), E KMok E
55 HORP R e B — 2K, 45 AL By T A, JCRR AN
PR BE AL P PR b B E TR EE R 21.88% 1 19.48%
(P<0.05).
UK i 7, BRI, JO R R ) B A 2
)R SRR i S B G 39.15% Al 46.25% (P<0.05),

&1 MERASRCENEEERMA I8 BREM T L SEAFM

Table 1 Effects of partition patterns of interspecific roots on grain yield, hundred-grain weight and land equivalent ratio of inter-
cropped soybean and maize
7 =% . . a2 A, ~ . .
—— A= Grain yield (kg-hm ™) ki #E Hundred-grain weight (g) HY
FoK Maize K Soybean FoK Maize K. Soybean Land equivalent ratio (LER)
Jok No barrier 3231.29+168.71a 887.62+60.97ab 32.98+1.32a 16.67+0.45ab 1.39+0.16a
[%f% Mesh barrier 2324.26+123.76ab 932.91492.48a 32.33+1.88a 17.34+0.73a 1.13+0.11b
4[ Polythene film barrier 2021.92+114.62b 717.04+81.27bc 28.73+1.34b 16.46+0.90b 0.98+0.03¢c
HifE Monoculture 2006.80+325.26b 637.88+22.90c 27.06+0.39b 15.79+0.69b

[RIZNASIF] FAEF R AL BRIA] 78 P<0.05/K F-22 5+ 8 3 . The values within the same column followed by different letters are significantly different at P<0.05

level.
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AR PR A T oK 5 DRl ) LA o AR s 240 T 10 % 28540 I 2 A B 5 31

T 4 o A D) 2 S S i 35 R O P R (0 R I 5 R
= g AR, HAAR Ry B> TG >4 B> A, H
FF I B L B B 1 9.82% (P<0.05), Hofth kb FH 2
[BEE P NTE .

#t LER 15, JCRRALHLAY LER A 1.39, & & T
HAh A4 HR (P<0.05), 15d W JC R Ak 35 H A b BRAH
bl b b B 5 R A5OR e, BRI 7 R A e
Do oy Ak L) B R R FH ARk 2, HE LER iy 113, 4
B b 3 S5 /1N, S 0.98, Uk B L W U5 R FH A5 AN B AR
A3, R UL, AN R AR ZR EOVE Ab B A R A b
7 B S, 2 IR O I A B MY i
o, S AR AR Bl s, MR AL H (R 52
el AbER) ;i R A PR AR EE (RP 4R (9 AR,
Tt P [ AR 2R A i 3 58 6 0 () 4 = e L

16 [ 2 —=NBS
14 —e— MBS

12 f  T+PBS
1o | —— MS

08 r
06 r
04 r
02 r

0

AWCD

0 24 48 72

96 120 144 168

WAL FEAE, X AT g 5 R R BAER AN S BUR &
THAE M 2E A K
22 AREMERAEMETEXRMAKZHRIETIELA
HEET
TE B A5 R G REARR S, B 24 h E 1R
AWCD A, 75 1| H Fifi b 1] 42 1k 1) 2h 2 18 (] 2), BEE
15 % s a) B4 2B K, B A %o 5 R A R R R B A, 24~
120 h A [ml B P A 9 A28 A6 S AR TRl . [T 2
7, RN G AR B A A 0 A Y20 kg TG o Ak X
JU& e 5 ) R T 6B 7 v T LA AR B, BRI 2, 4R
FIANER A HEIE . A UL, JC R 1R B b B, AR B £
TR A W R R e VR VS 0 R g ) iR, 4 BRI
BR3P B 55 o 3 U R Y A R AR R ELAR, R
VIHEVR G AR A AR A 2, LA e ) bk
r b —=—NBM
—— MBM

—eo— PBM
—— MM

0 24 48 72 96 120 144 168

R5 75} [E] Incubation time (h)

2 AEMERZRSRLETEEXE (a) FAENK (b) IRFLIFWMED I ETLE (AWCD) BEtEF=ETEIRE L
Fig. 2 Changes of average well color development (AWCD) of microorganisms in rhizosphere soil of soybean (a) and maize (b)
with incubation time under different partition patterns of interspecific roots of intercropped maize and soybean

NBS: Jolf &k &.; MBS: R [k 57 ; PBS: 4% Kk ©; MS: BA4E K T ; NBM: JCI E 2K ; MBM: MI[E & ; PBM: 42§ £ 2K; MM: #4E £ &, NBS: no

barrier for intercropped soybean; MBS: mesh barrier for intercropped soybean; PBS: polythene film barrier for intercropped soybean; MS: monoculture soybean;

NBM: no barrier for intercropped maize; MBM: mesh barrier for intercropped maize; PBM: polythene film for intercropped maize; MM: monoculture maize

23 ARMERAEETEMEER KEMRRL

B xR R R F AR E

2 R, KRGMPR A Pt 6 KRR
YR FHRE 7 d5c 5 19 O 1 S FIR PR 2K, XTIk A5 )
) FHRE 1 55 55 10 6 K AR Bl A= 4 %o 1 26 0 2 i
J5 (TCRR AN W B S 28 RN R A W 2 (G PR R ERLAE ) )
FHAE 7 55k, X i KA G W 2 R B 55 o %o B 25 )
FHBE T e . Wi K A A 2 AT RE T B 55 42 79 il
YED S [R) Rr i o TR, Bl 5 i RDAR 2R BA A 3 o,
K GARPR - R W%t 13k 6 KRR IR RE 77 Bk
T ER SRR ASA T T BT BB R A6, X ek
REWS . BILBRISFR KA P 4 KRR IR
JEE W) F FH 3 91 OF 2 48 7 181.01%., 32.6%. 37.84%
H178.28%, M E KRR, Br T X5 . RE
W28 R TR SR FH /K7 A T T B A, XL IR 2
WK AL B W 25 0 e 285 1 e U5 JEC 420 ) FH 4 301 - 359 388 i

46.26% ., 6.54% 1 15.84%. X —Z5 AR PEIH K &
1T A o 1) AR 2 A T 048 5 ok AR B = B 632 W R )
AR I AN
24 FRIMEBRAEAEETEEEKR KEMIRERL

BMEMEEER D DI

SHTas R 3 N, 5 A A T
fiE ZREPEM G A R4 1 (PCL). F ALY 2 (PC2),
Wi o B R T Jy 2278 |1 27.88% Hl1 26.06%. HF
— B HrE R BN, 5 PR R B VRN AR bR 4 15
A YR AR BRI 53 B . 7E PCL B JERR . ™
I 1T 4 A B g 1) 1 R A A R T 2 ) A AR B AR
AR R BT B 25 S, A3 A TR TR X JR] (B
B, JH H G Bl A0 190 g A BB ) K 2 R B 2 0 3R R AR
S3 AR AEAS [F] A DX J] A, AELAE R P B8 5 30 T 4 ol T B
VR kb B ) R SR PR B A 0 2H AR T, B8 4 I S A
AT UL, T e R TIG B A 38 R AR PR A= ) 2 S A R
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#
3
B

®2 NEMEMRRSFRCE TEMEERS KRR YIXT BR R0 71 A gE

Table 2  Utilization ability to carbon substrates of rhizosphere microbes under different partition patterns of interspecific roots of in-
tercropped maize and soybean
(=7 Abp FRIRE ZRYIZ LS BriRs AR e
Crop Treatment Carboxylic acids Polymers Carbohydrates Phenolics Amino acids Amines
R Tel
. 0.957+0.017a 0.675+0.018b 0.517+0.011a 1.027+0.017a 0.652+0.021a 0.933+0.006a
Soybean No barrier
4 b
PA . 0.825+0.007b 0.745+0.016a 0.514+0.015a 0.784+0.003b 0.687+0.003a 0.558+0.008b
Mesh barrier
)
. 0.969+0.017a 0.509+0.013¢ 0.290-:0.009b 1.074+0.003a 0.473+0.026b 0.332+0.010¢c
Polythene film barrier
e 0.915+0.027a 0.489+0.010c 0.234+0.012¢ 1.037+0.025ab 0.512+0.000b 0.346+0.008¢c
Monoculture
E N Tk
. . 0.939+0.006a 0.741+0.002¢ 0.505+0.002a 0.994+0.005b 0.650+0.011a 0.563+0.006b
Maize No barrier
1o
. 0.841+0.001b 0.773+0.006a 0.469+0.004b 0.829+0.013¢ 0.472+0.006b 0.820+0.005a
Mesh barrier
,% =N
b . 0.642+0.006¢ 0.752+0.001bc 0.474+0.004b 1.091£0.052ab 0.649+0.018a 0.486+0.021c
Polythene film barrier
HE 0.658+0.006¢ 0.764+0.006ab 0.431+0.002¢ 1.126+0.059a 0.49740.011b 0.511+0.006¢
Monoculture

[R5 [ — A E AN W) B R AN R A R R)#E P<0.057KF- 2% 57 52 # . The values within the same column of the same crop followed by different letters are

significantly different at P<0.05 level.

50
U

A 4 0 NBS
1.5 © MBS
) & PBS
A MS
10 7 1 NBM
& MBM
2 0.5 + PBM
< | | | | . | AI\/I[M
2 -2.0 -15 -1.0 05 0 0.5 1.0 1.5
S 0.5 -
&
—1.0
. S
A -1.5 1
29
PCAI (27.88%)

3 FE#ER RS FRLE T EEXZ M E KRR E
WREIRF R FHER E B2 47

Fig.3 Principal component analysis of carbon utilization pro-
files of microbes in rhizosphere soil under different
partition patterns of interspecific roots of intercropped
maize and soybean

NBS: Jok K 7; MBS: W[ K 5 ; PBS: 42 K 5 MS: H4E KT ;
NBM: JG ff oK s MBM: [ 0K ; PBM: 4x b 0K MM FLfE oK
NBS: no barrier for intercropped soybean; MBS: mesh barrier for inter-
cropped soybean; PBS: polythene film barrier for intercropped soybean;
MS: monoculture soybean; NBM: no barrier for intercropped maize; MBM:
mesh barrier for intercropped maize; PBM: polythene film barrier for inter-

cropped maize; MM: monoculture maize.
BN, BACAHIUT X, TN — 28 T4 bR 5 SRR AL
PR R AR PR P2 B, o A R B AR, VA
F—HK, LN E R A WA RE, Tk .
PR L 4 B R AR T oK AR PR i A M Ay B AR R
HRI S RGARRL . Horb ok 5 9 B Ak FEAR PR
WE M H B &I, W —26, 2k 5 $4E £
KARBRGE W AR I, AT ) —26, MRS
2 AR BRI A W A A A — A8 22 S i o PSS AL

D8] oy X T i Ak LA 13, AR B G A= 4 A R A Y
AR A B, I 1) JO R AL BRI A 0 IS A (PR
Ab 38 D) o] BRLVE AR BRIV 3 . BT UL, B E AR R EAE SR A
TR AR B T A A 2H S T RE AN S e A8 A S 4
25 AE#MERAREETEMEENR KEHWRFEL

EME SN

3 R EoR, R R GARBR A ¥ 1Y Shannon-
Wiener #§ % . Simpson #5§ £ Fll McIntosh $§ %35 % 2
IR R, MR Z, AR R, B
428 5 AR 2Z A JC i 3 22 55 T Mclntosh 45 £ JC &
55 1 b [B) 22 5 2. 35 (P<0.05). [H4E K AR PR il A=
Y Shannon-Wiener 5 £ Fll Simpson 85t th # L H 5
KEAHR AR A9 & % Mclntosh $5 80 2 B L T,
okt i A, MR AL PR 2, P AR ik, Al
UL, BRI R BAESE s AR PR - B YA RN 2
FEPERIFE R
2.6 AREIFEIMRAZREEXBEMEENR KRR

ciilespieded el bA )

JS ] T-RFLP 73 Hr&f SR Ans% 4 IR, KRG 5 FoK
H BR 41 P V% Shannon-Wiener 35 2%l McIntosh 5 %%
TETC B AL PR R 2 235 = T AR AL B (P<0.05), H 5™
By Ak 3L ] G 12 3% 25 55 Simpson F84(07E X 3 Fl b 2 ]
ZRARE . AR S LR AWCD 85 RAH—3

it — iz ] Phylogenetic Assignment Tool (PAT)
XA PSR T B A B, 25 5 s BR T R 432l
W A, A2 JE B 1] (Proteobacteria) . J& BE B4 ] (Firmi-
cutes). Jil £k ] (Actinobacteria) Al #L #T 5§ '] (Bac-
teroidetes) Y 21 & 2R TE 6 FIAR PR 3 rh Al R i E =
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®3 TREMEIRZRE(EXEHEIEIRFR DR E 2
ik GOEA
Table 3  Effects of different partition patterns of interspecific
roots on soil microbial diversity indexes of inter-
cropped maize and soybean

Shannon-Wienerf§ 44 Simpsonf§%{ McIntoshf 4k

b
1 A Shannon-Wiener Simpson Mclntosh
Crop Treatment . . .
index index index
El =
X jﬁﬁ. 3.09+0.01a 0.95+£0.01a  5.12+0.02a
Soybean No barrier
[
AR . 3.07+0.01a 0.95+£0.00a  4.83+0.03b
Mesh barrier
£
Polythene film 3.02+0.01b 0.94+0.00b  4.26+0.05¢
barrier
SAE 3.02+0.01b 0.94+0.00b  4.35+0.00c
Monoculture
B =
?K jﬁ%. 3.12+0.01a 0.95+£0.00a  4.89+0.01a
Maize  No barrier
[
U . 3.10+0.04a 0.95+£0.01a  4.63+0.00c
Mesh barrier
]
Polythene film 3.00+0.06b 0.94+0.00b  4.67+0.00b
barrier
e 2.99+0.01b 0.94+0.00b  4.61+0.02¢
Monoculture

7)) 7] — A A ) R A R b BRI FE P<0.05 K P 2 53 3
The values within the same column of the same crop followed by different
letters are significantly different at P<0.05 level.

F4 TREMERZEENEEERSKERRLIRMAE
WEMZ IS EE BRI
Table 4 Effect of different partition patterns of interspecific
roots on diversity indexes of soil bacteria community
of intercropped system of maize and soybean

Shannon-Wiener

YEW Lby LR Simpsonff 4 McIntosh$5%L
Crop Treatment Shannon-Wiener Simpson index Mclntosh index
index
E =X
X %lﬁ. 2.24+0.075a 0.99+0.01a 0.65+0.01a
Soybean  No barrier
5
. 2.22+0.041a 0.98+0.05a 0.62+0.01a
Mesh barrier
e
Polythene film 1.78+0.14b 0.98+0.01a 0.61+0.01b
barrier
£ o
.7{6 %lﬁ. 1.96+0.02a 0.98+0.07a 0.60+0.01a
Maize No barrier
g
. 1.86+0.06ab 0.98+0.01a 0.58+0.01ab
Mesh barrier
ES
Polythene film 1.76+0.02b 0.97+0.02a 0.54+0.01b
barrier

7)) 7] — AR A [R) kR A 7] b BRI FE P<0.05 K P 22 57 . 3
The values within the same column of the same crop followed by different
letters are significantly different at P<0.05 level.

1o AHR, FEAN[R] T SR 0 o A Tl A ) 26 1) ol
KEHSWAEN R 2R,

Kl 4 5B IR, e K GARPR b AR IR B T 17
A DB R IR Ak B i R AR IR BE A, 4
K 41.18%. 32.76% F1 31.34%; T 17E R . ™
e R i Ah B e BT o G BAR UR B L, 43R 27.40%

I FRFFIATT Acidobacteria [ LR SEAT I Nitrospirae
I 1] Actinobacteria [l A Others

I ST Bacteroidetes M /P IRII] Proteobacteria
B hE ] Fiemicutes MM AJBEET ] Tenericutes

0

NBS MBS PBS NBM MBM PBM
2044 Group name

B4 MEHEEIERMNEEXTSERRFTIRMEDRF
A LA )
Fig. 4 Effect of interspecific interaction on microbial com-
munity structure in of rhizosphere soil of intercropped
soybean and maize
NBS: Joff K@ ; MBS: W Ff K ;5 PBS: 4ff K 5 NBM: JGka £K;
MBM: W[ £ K ; PBM: 4xf% £ K . NBS: no barrier for intercropped soy-
bean; MBS: mesh barrier for intercropped soybean; PBS: polythene film

W ~
(=] w

FAXT=EJF Relative abundance (%)
(3]
W

barrier for intercropped soybean; NBM: no barrier for intercropped maize;
MBM: mesh barrier for intercropped maize; PBM: polythene film barrier for

intercropped maize.

21.49% Fl 13.24%; JERETR [ 14 3 B b 3 rh (1 A8 Ak
PG LT TR B, R R BEAR, 2 B
18.43% . 17.29% F1 15.69%; FLUFTF B 1] I 4 e &b BRIy
P LB e 5, A 10.62%, TG b R e Ak BRI o B BB A
YD, B 225 R K (5.82% il 5.04%), 7 E K
HR B A HE AR T ] e R R 4B . IR ol G Ak P
BF i B AR IR AR, 43 i A 47.61%. 38.70% Fil
37.26%; S VA T W AE TO IR . 4 e A1 ) o Ak 282 v oy
b7 H B Ok b, =35 53 0l 18.34% . 17.54% FiI
12.07%; J5-RE B ]t 78 JC B A1 B Ak 35 b e o B 431
IR T A b 3 (=& b e 2 50 o 19.92%.
19.65% Fl1 11.62%); FUFF T TIIFE TSR . 1 Al 4=
b BT L T B B 22 S, = BT B4y R
7.28%. 7.28% Fl 7.29%. H BL AT UL, Fifi % (B VEAE Y
HE 2R A B 955 (BRI A TG o Ak 3 1) 4 i Ak AR
&), KGR BR - FEi A 9y b B R TR TR RE TR ]
JIT o5 B ) 359 BH S ek, AR AT o L4 B
e AR EORAR R e A Yt ToRg . R A 4 R ik
FEP R T HARE A TG 3 25 A, oA AR e S
KaRAGH—K.
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%30 %

27 AEFMERAELETEEERER KEREFLSE

MEE RS

ARV PR e o RS IE T . JRREE T
TR TR T T FNDAT B T T A0 (] 4o iE— 20 0 B HC
AL SR A AR AL, 45 R R (5R 5), KT bR 4 i
g AR E T T S IC TR J® (Burkholderia) . I
T B (Desulfobacter)) #1743 55 J& (Neisseria) =1k
PR, FWAE 2RO B E s T R A3
(P<0.05), H. ¥ &b #8525 K F JC b Ak B (P<0.05),
B TR ] A AR BB BE N # RAT B &8 (Corynebacteri-
um). LR JE (Rhodococcus) Tl sl fLHE H & (Kineo-
sporia), iX 3 FOL TR FEAEA R AL HE rh 3574 Jo ke b 25>
DRR] I Ak >4 oy Ak P, L v i o Ak B 5 4 B Ah 3 2% S
ik B K- (P<0.05), 213K 14 J& 3 1.4 15 8 75 JC k%
A1 oAb i 2 TR] LA 35 22 57 (P<0.05), JEEETE ]
0= 5L 2R AT R g (Halobacillus) T JCRR W & Al 4>
B 3 o sk B A2 A v S IR Uk A0 Y Ea #, o e
b Ak 255 ) o Ak P 2 ) G i 2 S, H T 5 A P
b ) 2% S . SRR T TR AR MR T R (Cyeo-
phaga) W22 AL A3 2 5L ZE fAT s i AR /b A
s Al e .l UL, Bl Fh R R BRI, KE
HR PR A g b JEBE B T 0% 5 R 2 AT R JE , TR ]
BB RAT TR £ K TR i 1 50 0 28 T S DA T 1)

V1% Wk 40 Y T s O 3 o A R B B R 22, BRAP e IR
@k, HAb R R Z (3% 5).

TR PR A R D, BB B9 Eh
BE R T JE (Achromobacter), AT KRHE . R ¥
# & (Pseudomonas). X 15 K H & (Eikenella) F A
& (3 5), Horb BRI AT & oh, 4 P4k B 14
=5 T kR AL B (P<0.05), 1A v FC B & AR PR I 1 R
ZPRA R 2 E T OOk . RR AL (P<0.05); B AT
T J& 2 W A T B IR g Ak 3 38 ) 2 e T 4 B Ak 3
(P<0.05) TR TSP HE oy 21 3K 11 s 1 3 1t
HETA )R, YN TC bR Ak P> B Ak P> 4 g b B, HC
H G B A B A 3 2 ) TG S 3 25 S, TR AL B i
TR B (P<0.05). JEEER TR HE (Bacilli)
FZF AT 8 (Bacillus) 452 ICHE . WIRR IR T4
B Ab 3L, AT TR A TSR 5 B Ak B 2 ] 22 S 5k
IR (P<0.05), 21T 1 8 72 To ks 5 W B Ak 3 2
5] JC W & M 22 S, 10 B 5 A B 2 R Y 22 e W
(P<0.05), "2JEAI] (Spirochaetes) HIEHEIRE (Spirnr-
haetales) FAUAT T8 ] v Wi 40 ML T8 J& (Cytophagaceae)
AR SAT R E . AT IR R . ™
b R0 4 o 4 3 22 ) A AR AL AR R . BRI I, 5
4 B A BRAH F, o R A B Ak T T R AR B - i
AP ASE T TR IR ERAT & . AT Y 3 f

x5 TEMERALENEIEREMERIRIFLIRAERHEHIZ M0

Table 5 Effect of interspecific interaction on bacterial community in rhizopshere soil of soybean and maize

AHXSFJE Relative abundance (%)

J Bt K/)N Fragment size (bp)

14 Crop ["] Phylum J& Genus

NB MB PB Mspl Haell Afal Alul

K& Soybean 0.92a 0.77b 1.01a 489 199 119 225  ZSJETEIT] Proteobacteria A VEICHI® Burkholderia
1.12¢ 1.40b 1.63a 164 205 243 218 AFJETHEI] Proteobacteria  JBUBAT & Desulfobacter
3.19b 4.40a 4.48a 88 206 126 240  7ZFJEHE ] Proteobacteria ZRFEW S Neisseria
2.67a 2.35a 1.73b 163 67 80 223 JZRE] Actinobacteria  BARFFEEJE Corynebacterium
5.48a 4.84b 3.87¢c 139 67 78 232 &) Actinobacteria ZIBRE & Rhodococcus
5.6la 4.84b 4.82b 141 208 453 234 LRI Actinobacteria  ZhIEEHE Kineosporia
2.46a 2.37a 2.01b 148 246 471 92 JEREB] Firmicutes B3R 2F AP S Halobacillus
1.96a 1.83a 0.91b 91 284 140 239 fUFFRAI] Bacteroidetes KEAML IR Cytophaga

E K Maize 0.55b 0.65ab 0.68a 487 197 562 152 ASJETHRIT] Proteobacteria  Jo{A & Achromobacter

2.46b 2.46b 3.26a 488 198 427 153 ZBJEHI ] Proteobacteria 1AL S # Burkholderia
3.42b 3.22b 7.96a 492 39 72 236  ZFJETEI ] Proteobacteria  {REAMIE )R Pseudomonas
2.37b 2.92ab 3.40a 89 207 127 241 7] Proteobacteria YA IRFE Eikenella
6.56a 7.56a 4.58b 164 207 246 221 ZFJEHEI] Proteobacteria  JBUBAT )& Desulfobacter
0.71a 0.59ab 0.46b 162 228 455 71 T Hi ] Actinobacteria 213K )& Rhodococcus
1.78a 1.48ab 1.24b 159 224 449 217 JiZBEI] Actinobacteria EhBER R Kineosporia
2.48a 1.45b 1.11b 122 152 467 229 JELRER ] Firmicutes ¥ & Bacilli
1.37a 1.42a 0.85b 161 248 503 230 JEEER ] Firmicutes AT EE Bacillus
2.11a 1.70ab 1.53b 87 207 177 169 HZJiEAIT] Spirochaetes WEEIARE Spirnrhaetales
1.82a 2.00a 0.91b 91 284 140 239 AT Bacteroidetes  WE4AMIE R Cytophagaceae

NB: Jol#; MB: Mk; PB: 4Bf. [FATAN R FHEFRP<0.05/K 2253 % . NB: no barrier; MB: mesh barrier; PB: polythene film barrier. The values in
the same row followed by different letters are significantly different at P<0.05 level.

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

55 13

AR PR A T oK 5 DRl ) LA o AR s 240 T 10 % 28540 I 2 A B 5 35

PR ANZLER TR | JERE G104 28 AT 1 s AT R
WERTIE A 11 18 R TG A i ARADUAT T 10 1 il 40 e s 0 3
PR R 22, AL AR R

3 iHgFngER

ARFFTAER T, ARG KELL 2 347 HRIfE
B, DAJC B Ak 2 A b >0 o LR K, ) R Ak B LR
4R A B A /0N, U B o R AR R TR RS I R AR
FEAAR = A U B A 1RO, 3 5 ol ) AR 2R LA 5
MR A 0 4 A7 G . 32 F BIOLOG Fl1 T-RFLP
ARoHras BRI, BiE T K5 KGR R RN E 4
W 25 i) ) o R G o A B A4 Ak, B ) AR R B AR
AR PR A Wy Z RE M X 5] Fe R B B IR
AWCD 43 #7485 e % B0, MR B - 48 40 8 s A= 0 R 6
TR IR U5y 104 S [ AR I, KT 7 288 Al 1 R R TR 2%
B VR FH RE 7 Btk o [R)BSE, B 25 0 ) AR 2R L A A 348
548, R IR o - S A0 TR T A 4 T P 2K i T R R R S
e VR A FH RE A I T B ol T BN B, TR S
RBEWS . BIERRISTRR AL AW 4 KA
T I R H R R . R OK AR B 4 TR R VR, R
T A ORUR A W 2RI VR R 2 5 1 Sk U R
e 1A Ir TSR, XRIR IS . WK Ak & W SR ek
4RI TR JES 0 ) R 0 B S ki . 9 EL DR T i FR
TR B AR R B S BORE AR 22 43 0 0 2 1R AN
[, I 5 | & AR PRE M T e AR S i s

AEAESE & B, EORAR BB R GAR R
2 11 1 1% 25 10 ) I, £ S R KR R) A 6 K 1 AR
G3 UMY R BT REAG I B S BRI IR, 4 I BT AR R . X
FTOWR . W . KRR E TR, e kK
TR R LRI B R, R B K|
KGR e 2 B R 5 b R, ) P R IR
A B B R IS E B 1)1 oK AT g
R XL I BT e o IR BLR &5 oK
MM 22 A, AT 10 5 i B 114 2 K 0, B kiR
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