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ABSTRACT 
 
Denitrification is a primary source of nitrous oxide (N2O) production found globally in temperate 

grasslands and in New Zealand pasture soils. The various reductase enzymes coded by specific 

denitrifier genes, and influenced by soil and environmental factors, regulate the N2O production 

and reduction during the denitrification process. An understanding of the soil and environmental 

factors that have the potential to enhance the activity of denitrifiers reducing N2O to dinitrogen 

(N2) contributes to the development of novel and effective N2O mitigation technologies.  

This thesis attempts to address a critical gap in our understanding of the role of bacterial 

denitrifier communities and their abundance in denitrification under various field-moist and 

incubation conditions in New Zealand dairy-grazed pasture soils. This thesis consists of a 

literature review (Chapter 2) that describes the biochemical and molecular aspect of 

denitrification, and identifies key factors that affect the process and the denitrifier community 

structure and its abundance. It addresses the advantages and limitations of available techniques to 

measure denitrification, the denitrifier community structure and abundance, and also any 

available mitigation options to reduce denitrification losses. The review concludes by identifying 

gaps in our knowledge of the denitrifier communities, and their abundance and activities in New 

Zealand soils.   

The acetylene (C2H2) inhibition technique (AIT) was standardised (Chapter 3) for the 

measurements of denitrification enzyme activity (DEA) and denitrification rate (DR) used during 

the research. Similarly, terminal restriction fragment length polymorphism (T-RFLP) and 

quantitative polymerase chain reaction (qPCR) were standardised to assess denitrifier community 

structure (numbers of nirS+nirK and nosZ gene T-RFs) and abundance (nirS+nirK and nosZ 

gene copy numbers) in soils. 

Soil samples were obtained from 10 sites with known management histories, representing 

dairy farms across the North and South Islands of New Zealand, to determine the soil factors 

contributing to spatial variability in DEA, DR and denitrifier community structure and 

abundance within and across dairy-grazed pastures (Chapter 4). Despite the spatial variability at 

each site, the DEA results show large differences in potential denitrification in these soils. The 

outcome of this study painted an overall picture of the distribution of denitrification enzyme 
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activities in the various New Zealand dairy-grazed pasture soils and the biochemical 

characteristics and presence of denitrifiers related to denitrification in contrasting soils.   

The bacterial denitrifier genes richness correlated significantly (P < 0.05) to Olsen P, 

microbial biomass C (MBC), and NH4
+-N contents of soil, whereas these gene abundances 

correlated to MBC and NO3
–-N contents in soils, thus confirming inherent soil characteristics 

that influence denitrifier populations in soils. NirS and nirK gene copy numbers correlated 

positively with N2O emissions (from nitrification and denitrification). There was no clear 

relationship between nosZ gene copy numbers and denitrification rate in the field-moist soils, 

which could be due to less anaerobic condition for denitrifiers to carry denitrification.  

To determine the effect of increasing soil water content (SWC) on changes in 

denitrification, 5 soils contrasting in DEA were incubated at field capacity (FC) and saturation 

SWC (Chapter 5). The measured DRs were higher in soils incubated at saturation, ranging from 

21.5 to 73.9 μg N2O-N kg–1soil hr–1, than in soils incubated at FC, in which DR varied from 0.8 

to 50.4 μg N2O-N kg–1soil hr–1. Although the direction of change in denitrification with the 

increase in SWC was similar among the soils, the magnitude of increase was variable among the 

five soil types. This variability was mainly driven by their inherent biochemical (NO3
–-N, TC, 

TN, MBC, Olsen P, DEA,) and molecular characteristics (denitrifier richness and denitrifier 

abundance).  

A subsequent incubation experiment was conducted to investigate the effect of water 

only, cattle urine, and cattle urine with added nitrification inhibitor dicyandiamide (DCD) on 

denitrification and numbers of denitrifier gene T-RFs and their copy numbers in three pasture 

soils with contrasting DEA. The results of this incubation are described in Chapters 6 and 7. The 

results described in Chapter 6 explore the effect of saturation (only water addition) on DRs, 

denitrifier gene richness, and denitrifier gene copy numbers in three soils. At saturation soil 

water content in the incubated soils, the increases or decreases in DRs with incubation time were 

variable in three soils and depended on their TC, TN, Olsen P, MBC, and denitrifier gene 

richness. It is inferred from the results that, with increasing SWC, a denitrifier community of a 

constant size was maintained in the incubated soils.  

The results in Chapter 7 describe the effect of urine with and without DCD on 

denitrification, denitrifier richness, and denitrifier gene abundance. There were changes in soil 

pH, NO3
–-N, NH4

+-N, soluble C, and microbial biomass C in soils with urine application. The 
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numbers of denitrifier gene T-RFs and copy numbers either remained unchanged or were lower 

under urine + DCD treatments than urine only and related to N2O productions (from both 

nitrification and denitrification) during the incubation. 

There was an overall increase in DR with application of urine and urine + DCD to soils. 

Comparatively higher N2O-NA (N2O productions from non- acetylene jars) were observed in 

urine-only treatments than in urine + DCD. The cumulative N2O-NA with the addition of urine 

and urine + DCD were variable among the three soils. During 4 weeks incubation the N2O-NA 

ranged from 20.9 to 26.7 mg N2O-N kg–1 soil in urine treatments and from 19.6 to 21.7 mg N2O-

N kg–1 soil in urine + DCD treatments in three soils. The proportion of total N denitrified during 

the entire incubation ranged from 6.3 to 22.4 % in urine treatments and 3.6 to 5.6 % in urine + 

DCD treatments in three soils.  

Denitrifier gene richness and gene copy numbers during incubation helped identify 

overall changes in the denitrifier community with the application of treatments and link these 

changes to N2O-NA across various soils. Overall, in the urine-applied samples the N2O-NA 

(positively) was significantly correlated with their DEA, MBC, Olsen P, and numbers of 

denitrifier gene richness and denitrifier gene copy numbers.  

The information obtained in this research helped enhance the understanding of the 

variability in denitrification and the denitrifier community in the New Zealand dairy pasture 

soils. The molecular measurements of the soils helped identify differences in N2O productions in 

soils at similar incubation conditions. Soils with low denitrifier richness and, more importantly, 

lower abundance of complete denitrifiers had limited capacity to denitrify available inorganic N. 

Measurements of DEA, denitrifier richness, and denitrifier abundance in soils, along with their 

N2O productions (with and without acetylene), indicated the inherent potential of soils to carry 

denitrification. Under urine application, soil with the most abundant denitrifier population and 

the highest DEA responded to added treatment quickly and produced more N2O-NA and N2O-A 

than the other two soils did. On the other hand, soils with lower DEA and less abundant 

denitrifier community showed lower N2O production (with and without acetylene) even under 

anaerobic condition than did other soils. 
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