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1.2 BRAEEIT

ARSI AR TP AT, BRI A Y F2.6

kg MK B, JFitiA0.21 g-kg' (INIT)

http: //pedologica. issas. ac. cn



2 FEIEAE . KA INAEARBISON, Se A  AHE

SR LR SY 445

JRZ . 0.07 g-kg™' (LIPH) i WERRESA10.12 g kg™
(PIKit) @A, WAEHs . Pk, i+
BERFE2 emWHEK)ZE; FE/NE R, HHEARFR60%
ORENCTES 5/ 67 g8

KFEFIFT20164E7 H I8 HZ AN, W K5 #%
Pl B, —AEREA K S0 ARBR B
FHATERRTL (=, B ) o NEMTT
2016411 HO HRRl . M2, PIRE IRV . K
NS BN TR S TR E (=4, &
AR o KFEFUNE TR 540 ~ 45 difEfT +
SEIURE o 0 ) R SR KR AN 22 AR PR AR AR P £ 43 .
HRAF 25 N 1 R R BRATRAR 2R 5 — 40 ZAE AR
Prt3, PR [ = 0 35 0 Fe iR A I 1B b AR
MRPR 3, AR FAEMR R LA 6N EE .
KA BB A A — 0 2 mm S T4 C IR
7, HTE 5G4 5y, 59— T-20CH
17, HT LHEDNARYHLEL,
1.3 TEHESNEESHZE

AL (SOC ) R F 5 4% R 7 S 4k 2
B, TIERLEEE (DHA ) WG MER Sk = 2K 3k
M (TTC) Hekmia 7 . HEmuEy ey
fik (MBC ) &R A EaEREE (RIERK:
0.05 mol-L™" K,SO,; +//K = 1/4; MBR/EAIIHT
{¥ (Multi N/C analyzer 3100, Analytik Jena, 7&
) ) M L e A b A OR T
PR & 2 22 bR LU L R AL R 8L (0.45) SR
IR E Y A Y R S R DR 7R Ak
R e 45 A LA L (DOC) © A
(DON) &g,
14 tEMRSEENF
1.4.1 DNARJHEER F M Soil DNA Kit {7 &
(OMEGAZ~H, KEE) #4T - EDNAMRFEE,
BEASFESI0.5 ¢4, FlHINanodrop ND-2000
( Thermo Scientific, Z£E ) Il E DNA ¥k B Fi4li
B REGERUE, T-20CHAF . & .
1.4.2 PCRY ¥ FIHE S PI519F-907R X
AT 16S rRNAKEH AYVA-VSIX FEATH 1 . 7E519F
B3’ in—EBS bp T imbarcode ¥ 5l L X 43 4% 4
FEfh . PCRIZIIARZR NS0 L, BN B
J694°C 10 min, SRJF35MEH (94°C 30 s, 55°C
30 s, 72°C 45 s) , #J572°C 10 min., R H]
QIAquick PCR Purification kit ( Qiagen ) | &

XTPCR=Y #1744k, I FiNanoDrop ND-2000
( Thermo Scientific, £ ) W& =Pk ., w5
¥ PCRAIAL ™ W55 FE R BAR &, A R B e
T SEE T T 0 B 0 Tlumina Miseq il 574X
(Hlumina Inc., CA, JEE) #47 EHLIT .
1.4.3 =8 E8E00r FFHQuantitative
Insights Into Microbial Ecology ( QIIME ) 1.7.0-
dev pipeline "'’ (http://www.qiime.org ) %I 4l B
16S rRNAKEN F A7 70875 Ml BN S HL, R
M s eyl (pal sk 1720, KEKT300
bp) ., FIH5 bpfbarcodedtfiAE Mz, HIkE
1 170 3565 ZE N F 51, &K 6 1Y 7 51 o Ae
30 1037176 2452 (], #—FFHQIME ( http://
www.arb-silva.de/download/archive/qiime/ ) #
Fr o3 M7, 97 % HYAR L BE T FF A HE S b B9 16S
rRNASER FFSI AT 702, B2 3 28K-F Y
SHTT, LAR/D P A0 O R S EA T, 4R
J5 E4T Alpha FliBeta 2 REHE 384047 12 .
1.5 BURLBEME TS0

FIH R AE 0 s petd #F 47 A4 45 20 B7
(PCoA ) . FIFHCanocok k17 8L XF N 43 My
( Canonical Correspondence Analysis, CCA) .
% FiMicrosoft Excel 2010 A1 SPSS 18.0 #7174 #E
AEBRFNGETarT (P<0.05) o FIHBH R IT 20
Bt (One-way ANOVA ) Xif A [m] ik B 1] 22 5 1 25 1
PEATRG S, AR AR B G 92 5 SO ( Turkey-
HSD ) #fTZH LKL .%*éﬁﬁﬂjjﬁqﬁg{ﬁ + bR
HER

ARCFHEFRZY (RE, Rhizosphere effect ) K
NSRRI R A K #E T 2
RE=abs (C,.—C,.)/Cy. x 100% (1)

qr, C MGy Bl e n 5 L HERUA W 5 BEAL 45
FRAEAE AR B 55 AR AR B S A R R/ o

2z R

2.1 JKIEFNELIEEME S R SEES
RIS A, KRS AN MR B = 3 p H A3 il
6.74H16.75, TWidEARPR L HEpHZ 5K 7.07F16.81.
K145/ EKW, KFEM/NERBR +EDOC. MBC
o A A S Y AR PR, I HEMBCAI
JIh Ul I A AR PR AR AR PR ) 22 R 3 L KRS R

http: //pedologica. issas. ac. cn



446 + %

¥l

56 &

/INFE + HEDON F i ¥ 3 B AR Bt 25 I8 T 3R AR
brt3g ., Hop, KEMWRPE £¥EDOC. MBCH
R SR TG E S AEAR PR A L Bl T
1.13 mg-kg™'. 28.0 mg-kg ' F11.49 mg-kg™-h™" (LU
TPFit, T 5 mi/hEZMRER +DOC. MBC
i R S T T AR AR PR - AR L4y i 4
3.23 mg-kg™', 72.5 mg-kg 'MI2.44 mg-kg-h',
IKAE 5/ B B L EDON S i 5 AR MR PR L 3 AR
23 B BEAR 7 20.4 mg-kg ' Fl 36.4 mg-kg™'. i

O#ARB# Rhizosphere mIEMR R Non-rhizosphere

80 A 450 r B
ns _*

~60t T = =400
¥ 2 =
g 40 % 2350
: .
a 20 = 300

0 250

JK#G Rice /NFE Wheat
VeI Crop type

JK#G Rice /NFE Wheat
FEdF2E Crop type

e HIB R 5 RS 2R ] — A BUR PR AR AR BR A Al 19 25 R W 3 (P<0.05)
R AEARAEASFI AL B (AR PREGARMR PR ) Z I HAT B3P 5% (P<0.05)

FL/INZE R B A v 45 4 B A G T JE AR B i) A8 b 2
m KR R AR i SRR, KA
FU/INZE ()RR B R0 349 4 25 4 T AR B - 48 Wl 9
A HURR . AR A e R IS A T )
[ B DONF & FE L. o, KA LEDOC
TEDEST/NE, MKFEREMBC S & A
A MGG PE Y /N T /NS . KFIERBEDON S

R EMRT/ANEERE, EHAERPR LD L
E5
75 10 D s
_ 60 Z 8
2 45 Bl X
s &
£ £
Z 30 = 4
< o
Sl (=)
0 0

JK#G Rice /N#E Wheat JK#G Rice /N#E Wheat
YN Crop type YN Crop type

ns TR EFARE; HIBENRE SRR
ns# /N 25 5 A i % Note: Asterisks on top of the columns
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Fig. 1 Contents of dissolved organic carbon (DOC) (A), microbial biomass carbon (MBC) (B), dissolved organic nitrogen (DON) (C)

and dehydrogenase activity (DHA) (D) in the rhizosphere and non-rhizosphere soils relative to crop (rice and wheat)

2.2 KFERUNEMBE B TREAR R MB M EIIELR

feE N g R R, K R &
TR T 12407, mE2pis. Hip, B ET
( Proteobacteria ) FHUFFH#[] ( Bacteroidetes ) iX
WL S, AR KAER T
b7 LR 3 40% , FEFPAT/INAE 1 - 8 b BT o5 e 3]
1$50% . [IKF-RAE DR e 2 BE A KRS . /AR
B AR AR B (]G B AN [R] o JC 38 Fol A K e i 2/
A2, MRBR b AR T T TR X o B R TR AR
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Fig. 2 Relative abundances of bacterial community in rhizosphere and non-rhizosphere soils relative to crop (rice and wheat) (at phyla level)
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0 BIRBAHZEHR A Fom A AR E , AR 3CHE 5 R R A MUE W H Note: The intersecting part of the circles represents the

number of common microorganisms, and the non-intersecting part represents the number of specific microorganisms

K3 LT 16S rRNAJE KRS . /N AR PR K AR R BR T P ae i 6 AL (B oK) Rkedy o A Y
Fig. 3 Venn diagram of microorganisms in rhizosphere and non-rhizosphere soils based on 16S rRNA gene (genus level) and specific

and common microorganisms relative to crop (rice and wheat)
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P Chao 1HIFFA (Shannon) FERCRFAELIE  BrAEHEREr LSRR B3R TR L (581) .
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Table 1 Alpha diversity indices of rhizosphere and non-rhizosphere soils relative to crop (rice and wheat)

JK FiiRice /N Wheat
MR e B MR e bR
Rhizosphere Non-rhizosphere Rhizosphere Non-rhizosphere
Chaol 4 940c 5350d 3 404a 4 084b
TR $5%(Shannon index 9.7¢ 9.9d 8.5a 9.1b

I AR R A R/NG 58 22 5 (P<0.05) Note:

difference at P < 0.05
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5T oray_curtisPE B FEHEAT T F 445 (PCHA )
bt CE4) , XA RERS B Beta 2 HE PR HEAT W] AL
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TR 5. PIREM IR RS, AR B AR AR Br 4l
AR V% 7E AR BR 200 A FUAE — 2, U AR B o) V%
14 5% i) 76 PR R 2 A b LA — B0tk . i AE 24k
P 1B /N AR PR 5 AR AR PR 22 18] Y 22 5 8 38 KT KR
( (0.061 = 0.013) > (0.015 = 0.009) ), i}
BH /N7 HR s 5 AR o - 98 ) 40 1 R 9 1) A8 5 B 3 R
FoRRE. BRI, LA 3= 54008 B V5 4544 78
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A 5
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Fig. 4 Principal coordinates analysis (PC,A) of bacterial

community compositional structure in rhizosphere and non-

rhizosphere soils relative to crop (rice and wheat)

Different lowercase letters in the same row indicate significant
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of the columns indicate significant differences between rice and
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Fig. 5 Comparison between rice and wheat in rhizosphere
effect
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Fig. 6 Canonical correspondence analysis (CCA) of soil factors

and soil bacterial community
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[ Objective ] In China, rice and wheat rotation is an important mode of agricultural

production, composed of two subsystems i.e. flooded-cultivation and dry farming, with rice and wheat
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being the representative respectively. The two subsystems differ significantly in irrigation and fertilization
condition and soil microbial community structure. The migration of soil active components and microbial
characteristics as affected by rhizosphere effect are crucial to the formation and development of soil
fertility. Bacterial communities play an essential role in biogeochemical cycles, plant nutrition and disease
biocontrol. Most papers available in the literature focused mainly on rhizosphere effect, root exudates
and enzyme activity in the upland soil, with little efforts on comparison between upland and paddy soils
in pattern of rhizosphere effect and associated microbial community dynamics. Therefore, it is so far
still unclear about rhizosphere effects of rice and wheat and their relative contributions to soil function.
[ Method ] A pot experiment cultivating rice and wheat separately was conducted in gleyic-stagnic
anthrosols, a typical type of soil in the Changshu Ecological Experiment Station of the Chinese Academy
of Sciences. Rhizosphere soil was separated from non-rhizosphere or bulk soil with a rhizobox system.
Comparison was made between the two portions of soil in content of soil active components, dehydrogenase
activity, microbial biomass carbon and bacterial community composition under the two cropping systems for
analysis of differences between rice and wheat in rhizosphere effect. Principal component analysis (PCoA)
and canonical correspondence analysis (CCA) was performed of the results of High throughput sequencing
of the obtained data for analysis of soil bacterial community composition. [ Result ] In both rice and wheat
soils, the two portions of soil varied significantly in content of dissolved organic carbon and microbial
biomass carbon and in dehydrogenase activity. Obviously they were higher in the rhizosphere than in the
bulk soil, whereas dissolved organic nitrogen content and bacterial alpha diversity was significantly lower
in the rhizosphere than in the bulk soil. Proteobacteria and Bacteroides were the dominant bacteria in both
rice and wheat soils, accounting for more than 40%. However, in terms of dominant genera, differences
were obvious between rice and wheat as well as between rhizosphere and non-rhizosphere. On the whole,
soil microbial community was more complex in the rhizosphere than in the non-rhizosphere soil, and higher
in population in the rice soil than in the wheat soil. Principal component analysis clearly shows that sharp
difference existed between the two soil systems cultivated with rice and wheat in bacterial community, and
the difference between rhizosphere and non-rhizosphere soils was significantly sharper in the wheat soil
than in the rice soil. Rhizosphere effects (DOC: 2.07%; MBC: 8.61%; dehydrogenase activity: 41.11%;
DON: 61.07%; and Chaol: 7.62%) in the rice soil were all lower in absolute value than their respective ones
in the wheat soil (DOC: 3.37%; MBC: 22.62%; dehydrogenase activity: 44.48%; DON: 71.43%; and Chaol:
16.59%). [ Conclusion] All the above listed findings suggest that the difference between rhizosphere and
non-rhizosphere was narrower in the rice soil than in the wheat soil, that is to say, the rhizosphere effect of
rice is lower, facilitating transport of photosynthetic carbon and soil nutrients and favoring growth of soil
microbes, especially in rhizosphere. And the findings illustrate from a new angle the rhizosphere effect and
mechanism of the effect on sustainable development of the soil under the rice and wheat rotation system,
and shed lights on a new perspective for improving soil fertility, especially in the soil under upland cropping
systems.

Key words Rice-wheat rotation; Rhizosphere effect; Bacterial community diversity; High-throughput

sequencing; Principal component analysis (PCoA)
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