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B A TV PE 4 2D 58 I ((116°201247E,

28.3°15'30"N ), J@& R R Rfe , AR 17.7~
18.5°C, AFMYMERHH 1 537 mm, 4FZ8K & 1100~ 1
200 mm. 35T A Ry D R 1, #04h 3% pH 5.27,
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PERT AR R A BHEY) M0 R HA LAY R, a2y
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ERXEEEA 5, B4 3 Ah—KEiEA . /DMK
AN 6.3 mx 4 m, HEHRE S AEE, BEHL
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F 2016 4F 10 H 5 B, seh hmER Y &
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JEF WA B RN 5 Sk (APY) &
KA 1 mol- L™ KC 284, HRRNIR & kil ; 0 A
( NH, -N F1 NO; -N Z 1 )R H] 2 mol'L™' KCI 242,
W B ( Auto Analyer AA3, FE[E ) W& ; Ak
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Table 1 ANOVAs of effects of simulated nitrogen deposition and liming on rhizosphere soil chemical properties and plant biomass

78 SRR AL BB AAE Sl SHERS el ALY
Source of variation Pl DOC MN AP Ex A Ex Ca® SB RB
N 43.45%* 14.28** 5.99%* 491%* 115.70%* 2.08 9.26%* 12.47**
L 1 308.60** 65.46** 7.41% 11.52%%* 339.19%* 15.91%* 1.34 4.81%*
NxL 2.43 7.00%* 0.36 1.10 106.40%* 0.71 0.19 1.61

H: N, &; L, fik; NxL, ZxfaK; RPEIEMESH FHEAMBEKY, *P<0.05, ** P<0.01; DOC: AR LK
MN: B Ji%; AP: AW Ex AP TS Ex Ca®: ZS#tE4s; SB: XML R RB: WA/LYWE., TH Note: N stands for
nitrogen; L for lime; and NXL for Interaction of nitrogen and lime amendments; The data in the table are F values; * means P < 0.05 and **

13+

P < 0.01; DOC stands for dissolve organic carbon; MN for mineral nitrogen; AP for available phosphorus; Ex Al’" for exchangeable

aluminum; Ex Ca*" for exchangeable calcium; SB for shoot biomass; and RB for root biomass. The same below
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Table 2 Effects of simulated nitrogen deposition and liming on rhizosphere soil chemical properties

Qb3 A A ML A A R0 A S
Treatment ot DOC/ (mgkg™) MN/ ( mg-kg™!) AP/ (mgkg!) Ex A’/ (cmol-g ™) Ex Ca*"/ (gkg")
NO LO 5.4+0.0d 162.5+10.0b 10.6+2.2bc 2.9+0.3a 224.0+47.8b 0.9+0.3ab

L1 6.5+0.0a 124.9+2.6¢ 7.840.7¢ 1.9+£0.2bc 10.0+1.6¢ 1.1£0.1a
N1 Lo 5.2+0.0e 125.94+6.6¢ 13.3+1.3ab 1.94+0.2bc 271.0+85.9b 0.5+0.0bc
L1 6.3+£0.0b 103.3+£5.5d 10.1+0.7bc 1.5+0.2¢ 15.0+4.2¢ 1.1+£0.2a
N2 Lo 5.1£0.0f 181.9+6.9a 17.9+£2.2a 2.2+0.2bc 961.0+47.0a 0.4+0.1¢
L1 6.1+0.1c 111.145.9¢cd 12.442.3bc 1.740.2bc 28.5+2.4¢ 1.0£0.1a

W ANRIFRFRRA I 722 53 8 3% (P <0.05) Note: Different letters mean significant difference between treatments at 0.05 level
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Fig. 1 Effects of simulated nitrogen deposition and liming on plant aboveground and root biomass
PEYIREE SRR A N (32 3), BREFEZICMHIER SRR YR TR, Wi 2= [CB/F YR 1
Hb, BHUADIRE S B BRI EY R KB/ MR BT e BAVE TR T i K, il & 2R
LG L GBI/ L . R ZHMERR RO AW R R DU R 2 LTS R
(K2, B 3); TREABIMNER SN A KB TE SRR RZ BRI,
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Table 3 ANOVAs results of effects of simulated nitrogen deposition and liming on rhizosphere soil microbial community

78 SRR A B 2N A BT R e SRR LT Jo HE LA
Source of variation ~ Total PLFA Total bacterial Total fungi Actinomycetes AMF Saprophytic fungi
N 3.91* 5.02% 2.32 0.95 2.37 1.77
L 0.02 0.14 4.51* 0.12 12.13%* 0.18
NxL 6.04%* 5.56* 9.50%* 5.53% 8.67** 7.77%*

7B 5o R B2 [RBHPER 2 IR HIE/MRE L EX RO/ FREPEEE

Source of variation G G F/B G/G" H
N 2.05 11.53%* 1.63 8.38%* 1.68
L 1.85 6.64* 15.56%* 39.64%* 6.35%
NxL 7.19%* 4.49%* 4.95% 6.51%* 1.69

E: AMF: AMERRIE, G FXRAME, G . HXRAMER, F/B: HE/MELL, G/G": FXRIAMMELL, H: TR
F8%0, T[] Note: AMF stands for Arbuscular mycorrhizal fungi; G* for Gram positive bacteria; G~ for Gram negative bacteria; F/B for Ratio

of fungi to bacteria; G/G” for Ratio of gram negative bacteria to gram positive ones; and H for Shannon diversity index. The same below
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Fig. 3 Effects of simulated nitrogen deposition and liming on the F/B ratio, G /G ratio and Shannon diversity in rhizosphere soil
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Fig. 4 A structural equation model ( SEM ) showing the causal relationships of plant biomass, rhizosphere soil pH and soil nutrients with soil

microbial community as affected by nitrogen deposition and liming
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Effects of Liming on Rhizosphere Soil Microbial Communities of Dominant
Plants in Fallowed Red Soil under Simulated Nitrogen Deposition

DENG Yufeng' TIAN Shanyi' CHENG Yanhong® HU Zhengkun' LIU Mangiang'
HU Feng' CHEN Xiaoyun'"

(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)
(2 Jiangxi Institute of Red Soil, Nanchang 331717, China)

Abstract Objective Unreasonable anthropogenic activities tend to cause gradual increase in global atmospheric nitrogen
deposition, which has become one of the most important environmental problems that arouses attentions the world over. Red soil,
as an important soil resource in China, has come to face a series of serious ecological problems, such as soil acidification,
biological degradation and so on, owing to its own development characteristics and specific climate factors. At the same time,
nitrogen deposition is liable to exacerbate soil acidification and degenerate functions of the red soil ecosystem, posing a serious
threat to the red soil ecosystem and impeding sustainable development of the economy and society of the red soil region. In order
to promote restoration and sustainable development of the ecological functions of red soil, a series of practices have been adopted,
such as leave farmlands in fallow or “grain for green” and stop artificial interference of the soil to let the vegetation and then the
soil recover in biodiversity and ecosystem function through natural succession. This study was oriented to explore the effects of
atmospheric N deposition on the soil microbial community in the rhizosphere of Setaria viridis (L.) Beauv, the dominant plants in
fallow farmlands in the initial phase of the succession, as affected by soil acidification, controlled by liming. The factors of global
change and comprehensive impact of artificial management practices were also taken into account. Method  For the study, a
field experiment designed to have three levels of artificial atmospheric N deposition, through N application, i.e., 0 kg-hm ?, 45
kg-hm™ and 90 kg-hm™ and two levels of liming, i.e., 0 kg'hm™ and 110 kg-hm ™. Samples of rhizospheric soil under Setaria
viridis (L.) Beauv were collected and analyzed for the structure of the soil microbial community. Result Results showed that the
simulated nitrogen deposition significantly inhibited the soil microbial community in rhizosphere by reducing its microbial
phospholipid fatty acid (PLFA) content, the ratio of gram-negative bacteria/gram-positive ones, fungi / bacteria ratio, and
Shannon diversity. In the plots without nitrogen deposition (0 kg-hm™?), liming decreased microbial PLFA, but significantly
increased the ratio of Gram-negative bacteria to Gram-positive ones. The interaction of nitrogen and lime restrained the adverse
effects of applying nitrogen and lime separately alone on microbial biomass. PLFA in all groups of soil microbes increased with

decreasing nitrogen deposition. The structural equation model (SEM) shows that the effect of liming was much stronger on the
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microbial community. Simulated nitrogen deposition and liming jointly through interaction affected soil pH, nutrient availability
and competition for nutrient between soil microbes and plants, thus altering structure and diversity of the soil microbial
community. Conclusion This study demonstrates that the interaction of nitrogen and lime could improve rhizosphere soil
environment, mitigate soil acidification, increase soil productivity, promote microbial growth and maintain stability of the
microbial community structure and diversity in fallow red soil. In conclusion, application of lime can offset the adverse impacts
of atmospheric nitrogen deposition on soil microbial community by improving the habitat of fallow red soil, alleviating damage to
the soil microbial community in rhizosphere and promoting restoration of the soil ecosystem.

Key words Degraded red soils; Fallowed farmland; Simulated nitrogen deposition; Ecological restoration;

Rhizosphere soil microorganism
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