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Responses of microbes-mediated carbon and nitrogen cycles to global climate

change
SHEN Jupei, HE Jizheng "

State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: As a significant global carbon and nitrogen sink, soils are also acting as the source or net sink of greenhouse
gases. Many investigations and assessments on carbon pools, fluxes and net carbon balance have been carried out on soil,
while little knowledge is available about the related key processes and mechanisms. Soil microbes are the main drivers in
carbon and nitrogen cycles, which lead to a positive or negative feedback for global climate change. Though it has already
known that microbes play an important role in the process of soil ecosystems, it is still unclear whether the relationship
between global change and microbial dynamics ( such as diversity and abundance) and the mechanisms in regulating the soil
biogeochemical processes that they underpin. In this review, we discussed the direct and indirect impact of global climate
change , such as greenhouse gas emissions (CO,, CH, and N,0) , warming and nitrogen deposition, on microbial-mediated
carbon and nitrogen cycles. The effects of increased CO, levels on microbial communities are often indirect through altering
the release of labile sugars, organic acids and amino acids from plants, which can affect microbial growth and activity. The
main direct influence of global climate change on microbial activity and function are likely to be caused by changes in
temperature and moisture content, which will cause variation of physiology or community structure of the microbes.

We also demonstrated the microbial feedback and interaction with global climate change. It is generally accepted that
changes in the composition and diversity of soil microbial communities will have little effect on CO, emission at the
terrestrial level, because the CO, production results from numerous microbial processes. Unlike CO, emission, the CH,
emission is more directly influenced by methanogenesis process, which is carried out by a group of anaerobic archaea. The
production of N, O from natural and anthropogenic source is dominated by microbial nitrification and denitrification,
although the relative contribution of these processes to net N, O flux is still less known. The disturbance caused by land

manipulation (like land use type) and land management practices (such as fertilization) may stimulate the rate of organic
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matter decomposition and microbial respiration, because it provides greater access to both substrate and oxygen.

As the complex of soil properties and different microbial community physiology, the multifactor, molecular and
biochemical tools were combined and suggested in studying microbial response to climate change. At the ecosystem level,
stable isotope probing technique has shown its powerful role in linking the microbial diversity and abundance to the
estimation and attribution of gas emission. The possibility in mitigating greenhouse gas emissions through managing
terrestrial microbial processes is also addressed in order to provide potential suggestions for future microbial studies in the
scope of global climate change. There have been some achievement in mitigation of greenhouse gas, such as the application
of nitrification inhibitor ( dicyandiamide, DCD) to nitrogen-rich pasture soil, which can significantly reduce the direct
emission of N,O from urine patches through inhibiting the activity of ammonia oxidizing microorganisms. Further studies are

urgently needed on microbial mechanisms in adaptation to climate change and mitigation of greenhouse gas emissions.

Key Words: carbon and nitrogen cycles; global climate change; greenhouse gas; microbe; feedback response
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Fig. 1 Responses of microbe-mediated soil carbon and nitrogen cycles to global climate change
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Table 1 The application of molecular approaches in Chinese soil microorganism related to carbon and nitrogen cycling

HAR A2 FE b + e oIk 225 30k
Target group Treatment Soil type Method Reference
T Bacteria 3 it A Ak 2 e & PCR/DGGE [74]
ANRIZKAE i b AR KFE L Vil SCE/T-RFLP [75]
CO, fH53 KFE+ %7t PCR/DGGE [76]
PR AN AT ] b X [t TL k& S/ T-RFLP [77]
it A Ak 3 Lrie/ i+ DGGE [78]
AT I fta FE Ak 3 AT =X A DGGE [79]
Ammonia-oxidizing oxidizer AN TR A b B IKFE L TERESCPE [80]
K 3 it A A B i+ E+# PCR/DGGE [41]
ENCEV SR KFE+ 5 PCR/DGGE [81]
K 19 it S Ak 3 St 21 4 & PCR/ARDRA [40]
Hbe kT TP A R 7 b e i Hh FLRE SR/ DGGE [82]
Methanotroph K 3t A Ak 2 KRG+ DGGE/E i PCR [72]
T FER A+ DGGE [83]
B CH, 4b 3 KFE L PLFA-SIP/RNA-SIP [84]
7 H B R AR KA fi e KFE L % PCR/T-RFLP [85]
Methanogen 9 o SR A R 6 1 e 7% Hh BRI/ 8 PCR [86]
SAHALT Denitrifier K 3 it A A B KFE+ EH PCR/T-RFLP [87]

* DGGE . 75 M:#6 FBE BE I v vk Denaturing Gradient Gel Electrophoresis; T-RFLP; B 1 P B B B 2 25V Terminal Restriction Fragment Length
Polymorphism, ARDRA B BER DNA P38 Fr B2 BR il o4 3 VI i 40 #r Amplified Ribosomal DNA Restriction Analysis; SIP: Fa B YE[E 7 ZARiC Stable

Isotope Probing

I PR T B = AT R B M i B ) 2 R R B ARR RRIEOR T B, I R A R R AR S R G
TR AMAAE MR S5, BUE HE YIS MEARME R AR S R IIREAOCHE ™ . i T R — A E R 7R
IRAR, H e TG ) L HAE B0 0. 1% —1% )45 5 T A W F FAR e AR W A S 4 5 P 11
B T AN AT B SR W A5 A ARG R (EAROE S ol 3 P A A S D REAH QIR RIBRAE Wy 2
A3 2o 985 1 B AIL] 2538 R W RO S 5% 4 BR AR AR ARAT R — A R R IR S SEAE B AATTX 2Bk
AL RTE , i b0 BV R -AE AR S RO SE U 1 i, (ELHl R 38 70 e ol A= 1 DA K 5 4t 3y
Z 1B PR 5% 20T EE B 5 , i) 2 Bl A ) 3 ) ik SR 3 o A B o e BRI A 1) B A AL Al AT 2 F 5 1Y
K,
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