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Table 1 Physical and chemical properties of the studied red paddy soils

T A WLk B T £l B 2 A RO A
Soil pH"  Organic carhon  Total N Total P Total K Alkaline N Available P Available K
samples (gkg") (gkg") (gkg") (gkg") (mgkg™) (mgkg™) (mgkg™)
Sl 5.20+0.03b 9.48+0.38b 0.91+0.02b  0.51 £0.00b 14.92+0.26a 119.0+2.9b 8.36 £ 0.19b 141.7+1.2b
S2 5.57+£0.02a 20.87+0.47a 2.17+0.03a 0.69 + 0.00a 6.80 £ 0.13b 261.3+1.6a 54.63+0.5la 130.0+2.0a

W 1) K = 2.5; B3 ARREFEACEKS %2 5 B E P Note: 1) soil water ratio 1 : 2.5; In each column, the different

letters following the data mean significant difference at 0.05 levels
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Fig. 1  Sketch of the root bag used in the experiment
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MAL0.04 m*it, JEJEAEIREK0.53 g, F5EEMEE2.27
g. HWILH0.27 g, SFEEWLENIRE0.47 g0 5T
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10 mm BYG7HFL .
1.3 TEHABRKSR

- 398 A SR AR ) 43 R FH T 0 5 0 0 A 45 G 1
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BIUAR B S 1 A 48 AT SR A . AR I 1 07 3R A5 14 25 % AT
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TRE TR 0T . RIS Eion )7
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o KA HIRE b R RS A, AR T
Je M 5E A AL A B, TR TR A R
12 AR AR 1) 8RN B SR AR IR % (PAD, %) .
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> X,
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FH Microsoft Excel #f4 X5 Eali #E174b 3,
SPSS 19.0 #dE 70t R #ATG o0, R
Z 7K (one—way ANOVA ) I3 b 7 1] 2% 55
BEME (p<0.05) , EEME 20T (repeated
measures ANOVA ) 5 55 HURE ESF HH T A 2 52 1)

2z R
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- 38 A 5 1) B R R /IN o A s ) A - 4
i E2 AR A B WK AR PR AR AR Br 1 3 ok
FatE A SRR A o A 8. IR D R4 (S1)
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mm M <0.053 mm#bL A RAKEE S 5N
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HRAR LB A . ARSI PR £, > 2 mmbr 2 4]
RARTEKFE LT IR a3 50, 22 A8 00 Hh A B
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WEART AR L3, AW 2= 0 g Rk
WY, HURERS T AR BRAE 5 HORE B 3 A% 58 B AR X
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(p<0.05) , XFHAMK GG A W3

e e (S2) e, R BN 45 g A
BIKSES N H1.3% ~3.5% . 2.5% ~4.4% .
22.8% ~33.8% . 34.6% ~ 48.1%F123.6% ~ 25.2%,
0.053 ~ 0.25 mmbr g A RAKR LB =, >2 mm
T~ 2 mmobL g0 A SRR & = A i, KR A K
], PAMRAST >2 mmAll ~2 mmABi g £ K
Sl IR, R — KRGS R AT S
Sy BERA0.053 ~ 0.25 mmbL g% A B 14 ) K A 5 A5
B, ZEMELA R EE (p <0.05) . RPrt
e, >2 mmbL A RIKS mAESBEN] . 2B
FR I 3 5 2 T AEAR PR 485 0.25 ~ 1 mm Al
0.053 ~ 0.25 mmbLg% AT R (A F i 7F 2 pl i I 32 0
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T SURGRIRAE 4Lk R 4, SRS HE DALk R 225 1, P2, P3FIPASMHIACSRABREHT . 20 BEI . 22 B I00 Al 2 08 o A7k
AT, RSCEMRPRELIE, NRSICEKIEMPR L. T Note: S1 stands for red paddy soil with low fertility, S2 for red paddy soil

with high fertility; P1, P2, P3 and P4 for before transplanting, tillering stage, booting stage and ripening stage of rice growth,

respectively; RS for rhizosphere soil, NRS for non-rhizosphere soil. The same below

P2 K e iR S0 1] b P KRR P AT R A 4 % £

Fig. 2 Change of water-stable aggregates in composition during the rice cultivation season

ERM G208 R R, BERIXS > 2 mm
A ~2 mmB RS ERAWEZEZMW (p <0.01) ,
XF0.25 ~ 1 mm &G EABEZLM (p <0.05) ; Wz
A FH R BSURE B 30 1) 28 BR800 X > 2 mmAi g & A
WEBERm (p <0.01) .
2.2 TIEAEAFKEMEN TIERABEREEER
AL

WHINN > 0.25 mm YK R RS 1 398 DR 25
FafA, AR S AR TR R B A G K FE R AR
IR AR AR K A SRR ) & AR Ak an g2 i, IR
J1 A R ARIE S B N56.2% ~ 64.3%, B3
TFHEESEE (p <0.05) o ZFUNH PR+ b K H

RARE5 WE w TAERPR £, MRERAE I ma K fE Ak
Ko a9 R A R AR S it . R AEAR PR 3 R
PR R o AR AL A IR AR R, IRAE ) 4= e rp 3 AR
TREEAAE, A0y B bl 25 AR TR R .

P SR AR 1 I R MW D {8 2 A1F A 38 AR X6 7K A B
EME . HRIFTLIE I, RAE Iy 4 58 b oK A R Ak
BB IR 2 ] 34.2% ~ 42.1% , WFAR T A0 Fy 4
(p <0.05) o HIPFR 48 A A i il SRR AKX T
AEARPr 1, R R B KT, ARMAERK
AR TR AT FRIR R E -

R4 LA, IGIE ) 3 rh B R AAMWDIE
BEETEIENLE (p<0.05) o BT, HAE

F2 KEMEHEKEEXAREKEE

Table 2 Content of water-stable macro-aggregate in the paddy soils relative to growth stage of the crop ( % )

4

7J(fﬁ'§£7é:§qcmwing stages of rice

Soil samples

P1

P2

P3

P4

S1 H PR 1 3ERhizosphere soil
ER PR 3% Non-rhizosphere soil
S2 HLPR £ 1ERhizosphere soil

AEMR PR £ #ENon-rhizosphere soil

59.1+2.4b (a)
60.5+0.6a (a)
35.1£2.1b (b)
33.7+1.2b (b)

58.8+1.3b (a)
58.5+4.0a (a)
38.9+0.6a (b)
40.2+2.3a (b)

643+ 1.6a (a)
60.3+1.4a (b)
33.8+1.2b (c)

28.0+2.5¢ (d)

56.2+1.5b (a)
59.9+1.7a (a)
33.8+1.4b (c)

29.7 £2.0bc (b)

TE: $H SN F AR R AT IR W 2 B B EF 2SS (p <0.05) , F&55 AR TR —F14b 12 W) A 5 35 22 5

(p<0.05) , F[A Note: In each line, the different letters following the data outside the brackets mean significantly difference at 0.05

levels between sampling stages; in each column, the different letters inside the brackets mean significantly difference at 0.05 levels

between treatments. The same as below
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R3 KEMESEAXARKBITRE N
Table 3 Percentage of macro-aggregate destruction in the paddy soils relative to rice growth stage ( % )
+ KRG E W Growing stages of rice
Soil samples P1 P2 P3 P4
S1 PR 13 Rhizosphere soil 40.7+2.3a (b) 39.8+1.4a (b) 34.2+09h (d) 42.1+13a (¢)
JEHL B 4= Non-rhizosphere soil 38.2+0.3b (b) 37.2+0.3b (b) 38.1+£2.0b (c) 413+03a (c¢)
s2 HFR £ R hizosphere soil 62.0+1.6a (a) 493+28c (a) 53.1+0.3b (b) 58.6+2.2a (b)
M FR £ 3 Non-rhizosphere soil 62.0+1.3a (a) 51.8+2.0c (a) 60.6 +0.4b (a) 63.5+0.3a (a)
*4 KFEMEYEEAREMWDEE L
Table 4 Aggregate MWD in the paddy soils relative to rice growth stage ( mm )
T IKFEE H W Growing stages of rice
Soil samples P1 P2 P3 P4
S1 *ﬁﬁ/ﬁi%fihizosphere soil 1.47 £0.06¢ (a) 1.84 +0.07b (a) 2.06+0.10a (a) 1.75+0.12b (a)

S2

AEMR R - Non-rhizosphere soil
PR+ HERhizosphere soil
JEMR PR 23 Non-rhizosphere soil

1.55+0.10a (a)
0.37 £0.01c (b)

0.36+0.00c (b)

1.53+0.13a (b)
0.50 £0.03a (c¢)
0.44 +0.01a (d)

1.53+0.06a (b)
0.48 +0.02ab (¢)
0.37 £0.03bc (d)

1.52+0.10a (b)
0.45+0.01b (c)
0.38+0.01b (d)

AR B - A AT R IAM WD E 25 55 K
R BRI . 2RI R, AR PR g A SR AR
MW D{E ¥ & 3 = FAMEAEMR PR 14 (p<0.05) .
FPAE K FE AT B T4 & IR R e M.
2.3 RARAKTEHKR. 2ERIENTL

H 3 AT AT, S R R A2 1A SR A4 o B A LB 75
HEHAWRMES, SIES AR S 5 h AL
R EBRM A ~2 mmbid i, 0.25~1 mm
M >2 mmBi K2, 0.053 ~0.25 mmbs A,
pNZIE TN R SR IR s R T I AL X N
J1 - g AR BB & R TR ) 4 g
(p<0.05) .

I AE F7 7K R AR B v, 40 BE ) 20 il
2 mmb AT SR AR A ML 5 1t 35 s T A B R
2 (p<0.05) , M0.25~1 mmAi g A KA HL
T & f b 35 I T AT AR (p < 0.05) o BR
0.053 ~ 0.25 mm¥rge sk, A2 AT 5 A K A
B LK & i SR BTC B A . RPR FE
HRPBR 4 2R A SRR A HLBR 5 I T E 2 5

BT KRR bR £, SR BEW] > 2 mmobL g%
P 3R R AT B 7 o 0 2 AR TR A A (p
<0.05) , SrEEMIAIZ2FE1510.053 ~ 0.25 mmbr 2k 4]
REA NS = 5 E I T AW (p<0.05) , K
MARKMAEET >2 mmA10.053 ~ 0.25 mm K HFH

BILAS 1 WA FH AN A i e Ak < 0.053 mmp 4% ]
RARA WU B A 53 BE A A 2 R ) 2 v A i
MMB (p<0.05) , 0.25~1 mmbi g HREA
BLB &5 B A o BEI S s, Z R B I . AR
T, KRR R A G A SR A R A BB S A R
AUTC A8k, T 2 BE R 2 AU G B Sk 8. AR
b, Z0EEH] >2 mmbide . 2B ~ 2 mmk
g% . EU0.053 ~ 0.25 mmFl < 0.053 mmkig A
BLB & B E KT HEAR PR £

M Ty 2 T e R AR, ORE i 0k
0.053 ~ 0.25 mmbL g% AR AARA BLa & i A i 3 52
(p<0.05) , HPRAEFH BRI 3 A4 52 53500 )
IR 7 3961 ~ 2 mmbr 2% AT SR A AT BB 5 AT 0
# (p<0.05) .

M 47T DLAE R 20 3K RS 1 A R R 4
Ao KEAAI b LA TRRER, 56
BUBR I o3 f AL, A RIE LA S RBRI AL ~2
mmfr I, 0.25~1 mmAl > 2 mmbi ik,
0.053 ~ 0.25 mmAb Rk, KUIRED LSS
FET A RES, SRS AR KA SRR
FERm TR 5 (p<0.05) .

IR Jp AR B+, BT > 2 mmobE g% A R
A 4 0B o 0 IR T A B AT R A BE B, A A
0.25 ~ 1 mmbr g A R 4 0 it b 2 I T4 g A
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Fig. 3 Variation of organic carbon contents in soil aggregates during the rice cultivation season
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Fig. 4 Variation of total nitrogen contents in soil aggregates during the rice cultivation season
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Fig. 5 Contribution rate of soil aggregates to organic carbon and total nitrogen in the soil relative to fraction of the aggregates
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Dynamics of Aggregates Composition and C, N Distribution in Rhizosphere of
Rice Plants in Red Paddy Soils Different in Soil Fertility

JIANG Chunyu' LIU Ping" *> LIU Ming' WU Meng' LI Zhongpei''
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective] Soil aggregates are an essential material foundation of soil structure and an
important carrier of soil nutrients. Rhizosphere is the most active region of matter and energy exchanging
between crop and soil, and it differs from the bulk soil in many of physical and chemical conditions and
biochemical processes, thereby influencing soil aggregation. A number of studies have been reported paying
attention mostly to effects of organic manure application, tillage management and some other regulatory
measures on soil aggregates during fallow seasons, rather than to differences of rhizospheric soil from bulk soil
in dynamic variation of soil aggregate composition during the rice growing seasons. It is of great significance
to study changes in volume of soil aggregates and contents of organic carbon and nitrogen therein in the
rhizospheric and non-rhizospheric soils during the rice growing season to revelation of impacts of artificial
cultivation on the changes and in-depth understanding of interactions between plant and soil and variation of
soil quality. [Method] A field rhizo-bag experiment using two types of red paddy soils different in fertility was
conducted in the Yingtan National Field Observation and Research Station of Farmland Ecosystem, Jiangxi
Province, China. The soils were collected from the topsoil layers (0~ 15 ¢m ) of two typical paddy fields near
the station in March 2012. Two-layered root bags were used to separate rhizosphere from non-rhizosphere and
bulk soil. During the experiment, root bags and the soils around were collected before rice transplanting and
at the tillering, booting and maturing stages of rice, separately. The rhizosphere and non-rhizosphere soils
were saved individually and separated into five aggregate-size fractions ( >2 mm, 1~2 mm, 0.25~1 mm,
0.053 ~0.25 mm and <0.053 mm ) using the wet sieving method. Mass fraction, percentage of aggregate
destruction ( PAD ) and mean weight diameter ( MWD ) of water-stable macro-aggregates were calculated
to determine stability of the aggregates. Organic carbon and total nitrogen in the aggregates were measured.

[Result] Results show that the aggregates in the low fertility soil were dominated mainly with the fraction
of >0.25 mm macro-aggregates (56.2% ~ 64.0% ) , and the amounts of 0.25 ~ 1 mm size was the highest.
Except for the aggregates 1 ~2 mm in size, all the fractions of aggregates in the rhizosphere soil changed
significantly in content during the rice growing season. Sampling time and interactions between sampling
time and rhizospheric effect remarkably affected the amounts of the fractions of 0.25 ~ 1 mm and 0.053 ~ 0.25
mm. In the high fertility soil, <0.25 mm micro-aggregates accounted for 59.8% ~ 72.0% of the total soil
aggregates, and the 0.053 ~0.25 mm fraction made up the largest proportion. Sampling time affected the
content of >0.25 mm macro-aggregates the most, while interactions between rhizospheric effect and sampling
time did the content of >2 mm fraction the most. Compared with non-rhizospheric soils, rhizospheric
soils were low in PAD, but high in MWD, which indicates that rice cultivation helps improve stability of
rhizosphere soil. Contents of organic carbon (SOC ) and total nitrogen (TN ) were the highest in the 1 ~2 mm

fraction of aggregates and the lowest in the 0.053 ~ 0.25 mm fraction, and obviously much higher in macro-
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aggregates than in micro-aggregates. The SOC content in rhizosphere aggregates during the crop maturing
period did not have much difference from that before rice transplanting. But SOC contents in rhizosphere
ageregates did fluctuate significantly during the tillering and booting stages of rice. The SOC content in the
0.053 ~ 0.25 mm fraction was significantly influenced by sampling time. In the low fertility soil, there was no
significant difference in aggregate-associated SOC contents between rhizosphere and non-rhizosphere soils.
But in the high fertility soil, SOC contents in the >2 mm fraction at the tillering stage, in the 1 ~2 mm
fraction at the booting stage and in the 0.053 ~ 0.25 mm fraction and < 0.053 mm fraction at the maturing stage
were significantly lower in the rhizospheric soil than in the non-rhizospheric soil. The growth of rice decreased
the content of TN in macro-aggregates. The effect of rice growth was more significant in the high fertility
soil. [Conclusion] In the low fertility soil, rhizospheric effect affects mainly the composition and stability
of aggregates, while sampling time does contents of SOC and TN in aggregates. In the high fertility soil,
composition of aggregates and distribution of SOC and TN vary under the joint impact of rhizospheric effect
and sampling time.

Key words Red paddy soil; Aggregate; Growth period; Soil organic carbon; Total nitrogen
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