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Abstract: The nitrate ion (NOJ ), an important form of inorganic soil nitrogen, is susceptible to reduction under anaerobic
conditions, and its reduction consists of both assimilatory and dissimilatory processes. The dissimilatory nitrate reduction
process—of great significance in nitrogen transformation—includes denitrification and dissimilatory nitrate reduction to
ammonium ( DNRA ). Such reduction processes can directly affect the transformation of nitrates and the environmental
consequences (such as NO; leaching and N, O emission ). During the processes of denitrification and DNRA, NO; is utilized
as a substrate, while N, O is generated synchronously. Nonetheless, there are significant differences between denitrification
and DNRA, such as metabolic processes, the transformation mechanism, reductases, and the final products. For DNRA,

the final product is ammonium ( NH} ), which can continue to participate in other soil nitrogen transformation processes,
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such as crop uptake and nitrification. In agroecosystems, DNRA can consume 3.9—25.4% of NO;; this process can
decrease NO; leaching and N,O emissions in comparison with denitrification.Both reducing pathways show a synergistic and
competitive mechanism among the reaction conditions, products, and dominant regulators. The synergistic mechanism of
denitrification and DNRA manifests itself as the similar suitable environmental conditions, the shared nitrate reductase
(Nar) , and an intermediate product (N,0), along with the similar soil parameters. Thus, according to the synergistic
effect, the dissimilatory nitrate reduction process can be greatly enhanced without limiting factors such as the soil water
regimen, temperature, and soil substrates. As for the competitive mechanism, it mainly involves competition for a substrate
and energy supplies between denitrification and DNRA. In contrast, the direct competition for NO; exists
ubiquitouslybetween denitrification and DNRA. Nevertheless, regulation of soil parameters ( such as available C,oxidation—
reduction potential ( Eh ) ) changes the concentration of NOjaccordingly; thus, the competition for NO; between
denitrification and DNRA should be rebalanced subsequently. Moreover, soil microorganisms that are related to
denitrification and DNRA can compete for a carbon source for their growth and proliferation. The dissimilatory nitrate
reduction process is influenced by a great number of factors, mainly environmental conditions and microorganisms. Sufficient
soil NO; and available carbon can significantly enhance the dissimilatory nitrate reduction process, whereas soil pH and Eh
have their own suitable ranges for different dissimilatory nitrate reduction processes. The competition between denitrification
and DNRA is regulated by these factors. With the changes in available carbon, soil pH, and Eh, the two pathways show
different levels of activity. Bacteria can exist in the form of an advantageous microbial population during the dissimilatory
nitrate reduction process. Nevertheless, different populations and genes are involved in denitrification and DNRA, and the
diversity of soilmicroorganisms is in turn influenced by soil environmental factors. This review summarizes the synergistic and
competitive mechanisms and the factors influencing denitrification and DNRA, for example, soil environmental conditions
(soil NOj, soil pH, available carbon, and Eh) and microorganisms ( population, diversity, and genes). The mechanism of
formation, soil environmental factors, microbiological processes, and the correlation with other nitrogen transformation
processesurgently need further research on dissimilatory nitrate reduction processes. In DNRA, the mechanism of formation
and analysis of N, O emissions, populations, diversity, and genes of a microorganism have not been established yet. In
addition, the interactions of nitrogen transformation processes in soils—e.g., between denitrification and DNRA or between
anaerobic ammonium oxidation and denitrification—should be investigated holistically. The knowledge about synergistic and
competitive mechanisms and the factors influencing denitrification and DNRA should improve the understanding of the
regulation of nitrogen transformation in soils; this knowledge is also necessary for the development of effective

countermeasures and policies on soil nitrogen management.

Key Words:; dissimilatorynitrate reduction process; denitrification; dissimilatory nitrate reduction to ammonium ( DNRA) ;

N,O; synergetic and competitive mechanism
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Fig. 1 The scheme of dissimilatory nitrate reduction process and its main mechanisms
(Nar ,Nor ,Nos , dNir , dnra-Nir 3772 5875 R 5L 8 5 B 19 38 S5 i ; narG /napA , nirB/nirC/cysG, nirK/nirS , norC/norB , nosZ/nosR/nosD -
FYL 375 2 535 R A T P (03 i ST % L 1 B RE R 1)
( Nar,Nor ,Nos ,dNir ,dnra—Nir represent reductase involved in dissimilatory nitrate reduction process; narG /napA ,nirB/nirC/cysG, nirK/nirS ,norC/

norB ,nosZ/nosR/nosD-FYL denote corresponding functional genes related to the aforementioned reductase)
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Table 1 Types of the microorganisms of dissimilatory nitrate reduction process

Ay

S JAHAE Denitrification DNRA
Biological types

Closridiumsps
JA% R4 Strictly anaerobic ’
~ L Strictly anacroble Veillonellaalealescens , Wolinellesueeinogenes'*!!
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’ Fungi , Protozoa , BenthicForaminifera Fungi

2 B A A S A TS USRI I R ) Bl R 3R R Y LR WS K T 5 DNRA B A] LA —
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HLERABFZE TR, % e DR A SR AL A B A S A L R B R i, 5T 2R T, DR 4R A T v i T et
FPLH R AL AR SRR E AL BIRE T, B S ] 7 W] — R ik kA

(4) Tt g A/ S A Rt F 5 At S R % A BRIV E FH A9 . H AT 9T 22 X I il £k
DNRA AN A8 AT I AR A A0 5 B B A R B4 (T I A6 A DNRA H41RBA: B N, O, S A Ak 5 FE A A1 3
i N,O HECE ) 1Y HR BT R — A R AR A AR (e Ak R A E AR D) 1Y
FHE A, an, R4 & AL ( Anaerobic ammonium oxidation , Anammox ) 5 KA A AE FH-ELA FHGT 14 A= B AE A
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