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Abstract:  

 

Nitrous oxide (N2O) is a potent greenhouse gas that contributes to stratospheric ozone 

depletion and global climate change. Denitrification has two potential end products, N2O 

and dinitrogen (N2), and the ratio of these end-products is controlled by various factors. 

Soil pH and texture are two factors that have potential biological, chemical, and physical 

effects on denitrification. This study aims to quantify the influence of soil pH on the ratio 

of denitrification end-products in Oklahoma soils with different soil textures. Four field 

soils encompassing three distinct soil textures were incubated in the laboratory under 

natural pH, more acidic pH (amended with sulfuric acid H2SO4), and more basic pH 

(amended with potassium hydroxide KOH), with an overall, tested pH ranging from 2 to 

10. Denitrification end-products were measured in the laboratory using the acetylene 

inhibition technique and further estimated using a process-based biogeochemical soil 

model. Both the laboratory and model results showed that soil pH and texture influenced 

the ratio of the denitrification end-products, here referred to as the N2O ratio. Generally, 

as soil pH increased the N2O ratio decreased, although both lab and model results 

indicated that this relationship was not strictly linear. Soil texture has an indirect effect on 

the N2O ratio, where the results showed the same type of soil has a different N2O ratio. 

The clay percentage of the soil has a linear positive correlation with the N2O ratio based 

on this study’s findings.  In conclusion, soil pH is a controlling factor in the ratio of 

denitrification end-products and warrants further research to sufficiently quantify this 

nonlinear relationship, particularly when considering its effects in different soil textures. 
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CHAPTER I 
 

 

INTRODUCTION  

 

Greenhouse gases (GHGs) keep the Earth warm by absorbing energy and decelerating the rate at 

which the energy escapes to space. Without those gases, the temperature of the earth’s surface 

will be -18 C (0 F) rather than the current average temperature of the earth’s surface which is 15 

C (59 F) (Karl and Trenberth, 2003).  Methane (CH4), carbon dioxide (CO2), and nitrous oxide 

(N2O) are three of the major GHGs, where increasing their concentrations in the atmosphere 

contributes to climate change and influences life directly and indirectly. With the current GHG 

emissions (as in table 1) the upper limit of dangerous levels will be reached by 2050 (IPCC 

2022). The lifetime of each GHG in the atmosphere and its potential chemical interactions are 

very important to assess its overall influence on GHGs in the atmosphere. Global Warming 

Potential (GWP) is a method used to compare the effect of each individual GHG on global 

warming by measuring the ability of the gas to trap the heat relative to the CO2 within a time of 

100 years. N2O has a GWP on a molecular basis that is higher than CO2 and CH4 with 310 and 16 

times respectively over a 100-year period (EPA, 2022). Aside from contributing to global 

warming, N2O can also contribute to the depletion of the ozone layer by reacting with oxygen in 

the stratosphere and producing nitric oxide (NO) (Ravishankara et al., 2009). Furthermore, N2O 

has a long lifetime whereas N2O emitted today could last in the atmosphere for more than 120 

years (EPA, 2022).
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Table 1 – Annual Global Anthropogenic GHG Emissions (IPCC 2022) 

Year GHG emissions 

(GtCO2-eq yr–1) 

1970 28.7 

1980 35.6 

1990              38 

2000 42 

2010 53 

2019 59 

 

N2O exists in the atmosphere as part of the nitrogen (N) cycle. N cycling is the conversion of N 

between different chemical forms in the ecosystem. N conversions within soil, plant, and 

atmospheric systems can be accomplished through biological and/or chemical-physical processes. 

The biological processes include mineralization, immobilization, nitrification, and denitrification, 

while the chemical-physical processes involve ammonia (NH3) volatilization, ammonium (NH4
+) 

fixation, and nitrate (NO3
-) leaching (Figure 1). The focus of this work is on denitrification, which 

will be discussed in more detail below. 

 

 

 

 

 

 

 

 

 

Fig (1) Nitrogen cycle processes within soil, plant, and atmosphere. Green words indicate 

processes, while white, black, or red indicate different nitrogen compounds/forms. 
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In natural and agricultural soils, the predominant sources of N2O emissions are microbial 

denitrification and nitrification, with 70% of the global N2O emissions sourced from those two 

processes (Firestone and Davidson, 1989; Conrad, 1996; IPCC, 2022.  Denitrification occurs by 

denitrifying bacteria and fungi as a reaction to the changes in the oxygen (O2) concentration in the 

microorganism’s immediate environment. Denitrifying bacteria used the available component of 

oxidated nitrogen, nitrate, nitrite, nitric oxide, or nitrous oxide, as an electron acceptor to transfer 

from aerobic respiration to anaerobic respiration when there is a shortage of oxygen (O2). This 

process takes place in all terrestrial and aquatic ecosystems besides tropical and temperate soils, 

in natural and intensively managed ecosystems, in marine and freshwater environments, and in 

wastewater treatment plants, manure stores, and aquifers. Nitrification is the process by which the 

conversion of ammonium to nitrate occurs through different types of microorganisms (i.e., 

bacteria, archaea, fungi). Nevertheless, other microbial processes produce N2O such as the 

heterotrophic nitrification in which forms of N are reduced to nitrate, by fungi and heterotrophic 

bacteria (Blagodatsky et al., 2006; Papen et al., 1989), codenitrification which convert nitrite 

(NO2
-) to N2O by fungi and bacteria (Kumon et al., 2002; Tanimoto et al.,1992), and 

dissimilatory nitrate reduction to ammonia by chemoorganoheterotrophic microbes that use the 

nitrate as an electron acceptor for their respiration under anaerobic conditions (DNRA; Bleakley 

and Tiedje, 1982; Smith, 1982, 1983; Smith and Zimmerman, 1981) and as illustrated in figure 

(2). 
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Fig (2) Nitrogen processes that are responsible for N2O production by (Braker and Conrad, 2011) 

 

The gases produced during denitrification are NO, N2O, and N2 depending on the soil conditions 

and the microbial community. If N2O leaves the soil before being further reduced to N2, the 

denitrification process could be considered incomplete. The N2O ratio is a term used to measure 

the completion state of denitrification where the value near or equal to zero means a complete 

process and the value equal to 1 is more incomplete (more N2O produced than N2). The more 

deficit in oxygen, the better environment for the organisms to convert the nitrate or nitrite to N2. 

Besides limited O2, the ratio of N2O to N2 production depends on other factors such as the 

availability of N oxides, soluble carbon, water-filled pore spaces, temperature, soil texture, and 

pH (Foltz, M.E.et.al, 2022).  

Soil pH can have chemical, physical, and/or biological effects on the denitrification process. 

There is evidence that pH directly influences the rate of denitrification and the ratio of the N2O 

and N2 end products (ŠImek and Cooper, 2002). Moreover, pH has an indirect effect on the size 

of the denitrifying community (Čuhel and Šimek, 2011). Denitrification occurs over a broad 
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range of soil pH values, from 5 to 8 (Weier & Gilliam, 1986; Ramos, 1996; Flessa et al, 1998). 

On the other hand, experimental results conducted by Šimek & Hopkins (1999), and Šimek et al. 

(2002) demonstrated that denitrification can hold even at pH below 4 or above 10 when the 

environmental conditions, the availability of denitrifying microorganisms, soluble C, and 

oxidized forms of N, are achieved. Several studies have been conducted to test the effect of 

changing pH on denitrification and N2O production. Some findings addressed that the 

denitrification process can be accelerated by increasing soil pH and the dominant end product of 

the denitrification is N2 (Ottow et al,1985; Hall et al.,1998) In contrast, experimental results from 

Koshinen and Keeney (1982) and Waring and Gillian (1983) showed that the availability of these 

carbon controls denitrification more than the variation of soil pH. Although numerous research 

has been made to determine whether increasing soil pH reduces the emission of N2O or not (J. 

Čuhel and Šimek, 2011; Kaden et al., 2021; Zheng et al., 2022), most of the studies showed a 

reversed relationship between pH and the N2O: N2 ratio (Qu et al., 2014; Sun et al., 2012) . 

However, limited studies find a statistical relationship between them. 

Soil texture plays a role in both factors water-filled pore spaces and soil aeration. Soil aeration 

has an effect on the all N transformation process specifically denitrification since it is related to 

the O2 concentration and the exchangeable gases between soil and the atmosphere. The 

concentration the O2 in soils depends on the soil water content and the organic matter that is 

decomposed by soil microorganisms. When there is rainfall, the soil becomes temporarily 

anaerobic. The amplitude and duration of the anaerobiosis vary from soil to soil based on the soil 

type. Fine-textured soils with a higher clay content were reported to remain anaerobic for a longer 

time than coarse-textured soils due to the greater number of micropores in fine-textured soils 

(Barton et al., 1999). Therefore, fine-textured soils are more likely to emit N2O for a longer time 

than coarse-textured soils following rainfall. Limited studies were conducted to test soil texture's 

effect on the N2O: N2 ratio (Skiba and Ball, 2006), (Ball, 2013), (Hu et al., 2021). 
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Investigating the influence of environmental factors (e.g., soil pH and texture) on the N2O: N2 

ratio is key to improving mitigation tools for N2O emissions. The aims of the present study are (a) 

to quantify the relationship between soil pH and the N2O ratio, (b) to determine how soil texture 

influences denitrification and the N2O ratio, and (c) to utilize DNDC model to predict this 

relationship.
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CHAPTER II 
 

 

LITERATURE REVIEW 

 

1- The relationship between soil pH and denitrification end products 

 

Overall, the relationship between soil pH and N2O ratio was mixed in published literature (Table 

2). Several studies indicated that soil pH influences N2O emission (e.g., Jiří Čuhel and Šimek, 

2011a; J. Čuhel and Šimek, 2011b; Ha et al., 2015; Kaden et al., 2021; Robinson et al., 2014; 

Zheng et al., 2022). However, other studies found no effect of pH on denitrification and/or N2O 

production (e.g., Čuhel et al., 2010; Šimek et al., 2002). When a relationship was identified, it 

was sometimes recorded as a strong negative relationship between soil pH and N2O ratio (e.g., Qu 

et al., 2014; Samad et al., 2016a, 2016b; Sun et al., 2012).  

These discrepancies may be rooted in the variation of the method used and/or the differences in 

the soil properties.   
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Table 2 Summaries of the studies related to the relationship between pH and denitrification 

potential or N2O ratio (or similar end product ratio). 

Study  Objectives * pH Range Method Findings * 
Šimek et 

al. (2002) 
• To assess the 

relationship between 

natural soil pH and 

DEA. 

• To explain the effect 

of soil pH on the 

nature of 

denitrification end 

products (N2O, N2). 

Five soils are 

similar in 

texture but 

differing in pH 

(4-11) from 

four sites in 

South 

Bohemia, 

Czech 

Republic 

 

Acetylene 

inhibition 

in the lab 

• The study indicated that there was no 

relationship between DEA and soil 

pH, as very high DEA was found both 

in acid and alkaline soil.  

• The study showed that the soil 

denitrifies community was adapted to 

prevailing natural soil pH where they 

revealed the highest DEA at or near 

natural soil pH (soil pH range from 

about 4 to 11 adjusted before DEA 

determination) 

• The study suggested avoiding the use 

of optimum pH for denitrification 

because various denitrification 

characteristics were found using 

different methods. 

Čuhel et 

al. (2010) 
• To explore the effect 

of changes in soil pH 

on in situ N2O and N2 

emissions, denitrifying 

enzyme activity 

(DEA), and potential 

N2O production. 

 

Soils from the 

Czech 

Republic   

was with pH 

ranges  

5.5-7.6 

Field 

experimen

t and 

acetylene 

inhibition 

in the lab 

• Soil pH changes the total 

denitrification activity but not the N2O 

production.  

 

Jiří Čuhel 

and Šimek 

(2011) 

• To investigate the 

direct and indirect 

effect of soil pH on the 

denitrification rate and 

N2O/(N2O+N2) ratio. 

Three soils 

differing in 

cattle impact 

from the 

Czech 

Republic with 

5-7.07 soil pH 

range. 

Acetylene 

inhibition 

in the lab 

• The denitrification rate was affected 

by the long-term pH management. 

• The N2O/(N2O+N2) ratio was induced 

by the effects of the current pH value 

on N2O production and reduction. 

• The structure of the denitrifying 

community is affected by long term 

pH management. 

• The proportion of denitrification 

products was regulated by the short-

term effect of soil pH.   

J. Čuhel 

and Šimek 

(2011) 

• Test the influence of 

soil pH on N2O 

production 

• Test the relation 

between the 

denitrifying 

communities and the 

ratio of the products 

N2O and N2. 

Three pasture 

soils differing 

in cattle 

impact the 

Czech 

Republic 

5.3-6.93 

Acetylene 

inhibition 

in the lab 

• The N2O/(N2O+N2) ratio suggested 

that relative N2O production 

responded similarly to pH in all three 

soils, even if the soils contained 

different denitrifying consortia and 

different intrinsic capabilities to 

reduce NO3.  

• The results indicate that changes in 

soil pH will affect N2O flux from 

agricultural fields. 

• The ratio of denitrification products 

(N2O and N2) is pH-specific rather 

than soil specific. This suggests that 

manipulations of soil pH can 

significantly change N2O fluxes from 

agricultural soils. 

*Stated the objectives related to soil pH and N2O emissions, ratio, and DEA. 
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Table 2 (continued) Summaries of the studies related to the relationship between pH and 

denitrification potential or N2O ratio (or similar end product ratio). 

Sun et al. 

(2012) 
• Estimate the 

denitrification rate and 

N2/N2O ratio and 

control soil properties 

including the pH and C 

content. 

Forest and 

grassland soils 

from China 

six soils with 

a pH range of 

4.5-7.4 

Acetylene 

inhibition 

in the lab 

• Soil pH was strongly correlated with 

the denitrification rate and N2/N2O 

ratio in both soils. 

Qu et al. 

(2014) 
• None explicitly tied to 

pH 

pH of 3.7-7.7 

for soils from 

China 

Field 

experimen

t  

• There is a strong negative correlation 

between pH and the denitrification 

ratio. 

• The ratio D/R was largely unaffected 

by soil pH.  

• The immediate effect of liming 

acidified soils was lowered 

N2O/(N2O+N2) ratios.  

• The results provide evidence that soil 

pH has a high direct effect on potential 

denitrification.  

• The results are in good agreement with 

the new understanding of how pH may 

interfere with the expression of N2O 

reductase. 

(Robinson 

et al., 

2014) 

• Determine the effects 

of soil pH change on 

N2O emissions. 

pH of 5-6.5 

for soils from 

China 

Field 

experimen

t  

• The total N2O emissions were 

increased when the soil was acidified 

by the acid treatment. 

• Incomplete denitrification may be 

caused by the inhibition of the 

assembly of the N2O reductase 

enzyme under acidic conditions. 

Ha et al. 

(2015) 
• Estimate the 

controlling factors of 

N2O and N2 emissions. 

Different 

types of soils 

under flooded 

conditions 

with a pH 

range of 4.3-7 

in Japan 

Acetylene 

inhibition 

in the lab 

• Denitrification (N2O+N2) was higher 

in the neutral soil than that in the 

relatively acidic soil and the highly 

acidic soil. 

• N2O was the main product in the 

acidic soil while N2 was the dominant 

product in the other two soils. 

(Samad et 

al., 2016a) 
• To determine the 

effect changing 

methods (extractant 

type) for determining 

soil pH has on the 

observed relationship 

with N2O flux 

Soil pH range 

from 4.5 to 7 

from Ireland- 

Moorepark, 

Johnstown, 

Solohead, and 

New Zealand. 

Field 

experimen

ts 

• A strong negative relationship was 

detected between soil pH and both 

N2O production and N2O/(N2O+N2) 

ratio.  

 

Samad et 

al. 

(2016b) 

• Investigate the relation 

between pH, 

community 

composition, and the 

N2O emission ratio 

(N2O/(NO+N2O+N2)). 

13 temperate 

pasture soils 

with 5.5-7 soil 

pH in New 

Zealand 

Quantitati

ve PCR 
• pH applies a general selective pressure 

on the entire community and the 

results changes with emission 

potential. 

• Soil pH was negatively associated 

with N2O emission ratio and positively 

associated with community diversity 

and total denitrification gene. 

*Stated the objectives related to soil pH and N2O emissions, ratio, and DEA. 
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Table 2 (continued) Summaries of the studies related to the relationship between pH and 

denitrification potential or N2O ratio (or similar end product ratio). 

Kaden et 

al. (2021) 
• To analyze key 

controlling factors for 

soil denitrification 

potential in a range of 

floodplain ecosystems. 

 

Six study 

areas at four 

large German 

rivers with 6-

8.2 soil pH 

range 

Acetylene 

inhibition 

in the lab 

• There was a strong soil pH effect.  

• Denitrification potential was majorly 

controlled by soil pH. 

• Mean soil denitrification potentials 

were higher when soil pH > 7. 

Zheng et 

al. (2022) 
• Examine the influence 

of soil acidification on 

N2O emissions. 

• Estimate the 

contribution of 

bacterial and fungal 

denitrification to N2O 

emissions under 

various pH. 

 

Soil pH range 

6.2-8.7 of 

soils from 

China 

Acetylene 

inhibition 

in the lab 

• N2O emissions in the acidified soils 

(pH 6.2 and pH 7.1) are significantly 

higher when compared with the initial 

soil (pH 8.7). 

• The pH management should be high to 

mitigate N2O emissions, particularly 

for regions with long-term excessive 

nitrogen fertilizer likely to acidify the 

soils. 

*Stated the objectives related to soil pH and N2O emissions, ratio, and DEA. 

 

2- The relationship between soil texture denitrification end products  

 

Soil texture is one of the factors that have been recorded to have an influence on the ratio of 

denitrification end products. Table 3 illustrates the most related studies that consider the effect of 

soil texture or type on the denitrification end-products. Overall, there were very few studies that 

investigated this relationship. The few studies that did explore texture effects had conflicting 

results. Some studies found that there is a significant relationship between soil texture and 

denitrification end products (Ball, 2013; Hu et al., 2021a; Maag and Vinther, 1996). In contrast, 

other studies indicated there is no direct relationship or there is a weak link between texture and 

denitrification end products (Braker et al., 2015; Skiba and Ball, 2006). 
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Table 3 Summaries of the studies related to the relationship between soil texture and N2O ratio. 

Study  Objectives* Soil textures Method Findings* 
(Maag and 

Vinther, 1996) 
• determined the amount 

of N2O in five different 

soil types regarding 

different temperatures 

and soil moisture 

contents  

• predicted the effects of 

temperature and soil 

moisture on the ratio 

between N2 and N2O in 

the denitrification 

process 

Coarse sandy, 

Loam sand, and 

sandy loam soils  

Acetylene 

inhibition 

in the lab 

• Soil texture significantly affected 

the denitrification loss at varied 

soil moisture contents.  

• The” N2: N2O” ratios were higher 

in the sandy loam soil than in the 

coarse sandy soil.  

 

Skiba and Ball 

(2006) 
• Tested the importance 

of soil type to the 

changes in soil 

aeration. 

 

poorly drained 

silty clay loams 

to freely drained 

sandy loams  

Field 

experiment

s using 

static 

chambers. 

• The relationship between NO and 

N2O fluxes and soil texture is 

very weak because of the strong 

link between N fluxes production 

and soil temperature, moisture, 

and N oxides concentrations.  

• N2O emission was affected by 

the combination of bulk density 

and clay content.  

 

Ball (2013) • Investigate how soil 

structures affected N2O 

emissions 

silty clay and 

sandy loam soils  

Field 

experiment

s, static 

chambers 

• Matric potential, water content, 

relative diffusivity, air 

permeability, and water-filled 

pore space of soil can be used as 

an indicator for N2O. 

• Soil type applied a strong 

influence on GHG emissions, 

principally through the influences 

of soil structure and soil wetness. 

Structure influences moisture 

content and distribution, 

compaction status, pore size and 

continuity, and the distribution of 

organic residues. These, along 

with soil temperature, regulate 

microbial activity creating gases 

and their emission. 

 Braker et al. 

(2015) 
• None explicitly tied to 

soil texture. 

Loamy and 

sandy soils 

Acetylene 

inhibition 

in the lab, 

PCR 

• The results showed that 

differences in land use and soil 

type determined the number of 

soil characteristics that are 

relevant for denitrification 

activity and affected the 

communities mediating the 

process indicating that 

denitrification activity and 

potential N2O emissions of soils 

might indirectly depend on land 

management and soil type. 

Hu et al., 

(2021) 
• None explicitly tied to 

soil texture. 

loamy and 

sandy soils 

Acetylene 

inhibition 

in the lab 

• There is a high effect of each soil 

texture, organic matter, and low-

level increases in salinity on 

denitrification. 

*Stated the objectives related to soil texture and N2O emissions, ratio, and DEA. 
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CHAPTER III 
 

 

MATERIALS AND METHODS 

 

1- Site description  

Four natural grasslands from different parts of Oklahoma state were selected based on access 

availability and variation of soil texture and natural soil pH that were estimated by using a Soil 

Web (SW), an interactive map utilized to explore USDA-NCSS soil survey data for locations 

throughout most of the U.S, (Figure 3). The soil was collected randomly, and three reputations 

were collected at a depth of (0-20) cm from each location using an auger (2 3/4 in diameter) and 

excluded from the grass layer. Payne county in Stillwater was the first location with coordinates 

(36.10148 N, 97.02154 W). The dominant soil in this site is Coyle (85%) and the site is well 

drained based on SW and covered with crops. The second site is Woods County in Aline, 

Oklahoma where (36.48580 N,98.67465 W) is the coordinate of that location. The dominant soil 

in this site is Devol (90%) and the site is well drained too based on SW. This site covered by 

grass lab. Grant county 1 in Manchester, Oklahoma is the third location selected with coordinate 

(36.95469 N,98.0723Theom the same county with different natural pH and texture were the 

location of the fourth site. The dominant soil in both sites is Krikland (80%) and the sites are well 

drained based on SW. Both sites covered with natural grass. 
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2-          Soil sampling 

The collected samples of each site were mixed and store in 4C for further analysis. Part of each 

soil were tested at an external laboratory to find some soil properties such us soil texture, pH, 

ammonium, nitrate, total nitrogen, and soil organic matter as illustrated in table 4. Additionally, 

soil moisture content was measured by recording the wetting weight and oven dry the samples to 

record the dry weight and the following equation was used to calculate the soil moisture content. 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =
𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡
 

 

 

 

 

 

 

 

 

Figure (3) The soil sampling sites location in Oklahoma 
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Table 4 Soil samples properties obtained from external testing lab (SWAFL) 

 

 

 

 

 

3- Experimental treatments:  

Preliminary experiments were conducted to adjust the soil pH from the natural pH value to the 

range of (2-10). For each soil type, 25 g of soil samples mixed with 25 mL of deionized water to 

prepare the soil slurry. The natural soil pH was recorded by using pH probe (Oakton pH/ Ion 

700). Soil pH was measured after approximately half an hour of slurry preparation to allow the 

ions to release in solution. Potassium hydroxide (KOH), a white solid chemical highly soluble in 

water, was the strong base utilized to increase the soil pH. Different concentrations of KOH 

mixed with water were added to the soil gradually and the pH of the solution was recorded for 

each additive to find the exact concentration needed for each change in soil pH. Sulfuric acid 

(H2SO4), a liquid chemical, was the strong acid utilized to decrease the soil pH. By mixing 25 g 

of soil with different mL of H2SO4 diluted in water, the mL of chemical needed to decrease the 

soil pH was recorded.  These recorded additions were used in subsequent pH altered assays 

described below. 

 

4- Denitrification Enzyme assays: 

The denitrification enzyme activity assay (DEA) was applied to determine the denitrification 

potential and N2O production potential using variations of the acetylene inhibition technique 

(Hathaway et al., 2017), amended from (Tiedje et al., 1989). Triplicate samples were prepared by 

adding 25 g of soil into each 125 mL Wheaton glass bottle sealed with cap and septa. A nutrients 

solution was prepared by adding 25000 mg of mg D-glucose and 3600 mg of potassium nitrate 

County Texture 
Natural 

pH  
OM% 

NO3
- 

(ppm) 

NH4
+ 

(ppm) 

Water 

Content % 

Payne  Loam 7.7 2.95 4.5 3.4 13.4 

Woods   Sand 5.4 0.53 1.5 6.5 5.4 

Grant 1  Loam 7.8 1.84 9.5 5.3 13.2 

Grant 2 
Sandy 

loam 
6.3 NA 28.5 7.2 12.6 
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(KNO3) to the 1000 mL of deionized. 5 ml of the nutrient solution were added to reach a goal of 

approx. 2 mg C and 0.1 mg N per g substrate which provide unlimited nutrients for the soil to 

achieve an optimal condition for denitrification. Separate solutions were prepared for each pH 

adjustment using the amount of acid or base calculated in part (2) to adjust the soil pH to the 

appropriate value. After a short overnight incubation period to get the soil to room temperature 

(recorded with a thermal probe), the assays were started by adding 25 mL of the solution to each 

bottle with soil. Soil pH was measured for each sample by using pH probe. The bottles were 

sealed and flushed with dinitrogen gas for two minutes and over-pressurized for 10 sec. 

Acetylene gas was injected with 20 mL volume to half of the samples to measure the total 

denitrification by blocking N2O converted to N2. N2O production was measured with another half 

of the samples by injecting 20 mL of dinitrogen gas. The incubation time was recorded after 

shaking the samples for 30 sec. Gas samples were collected from the headspace using 10 mL 

evacuated vails sealed with gray butyl rubber septa after 2, 3, 4, and 5 hours of incubation time. 

The incubation period should not exceed 5 h at 20°C that’s to avoid any effect of growth of 

denitrifying organisms on the DEA. The gas samples were stored at room temperature and later 

analyzed by Gas Chromatography. 

 

4- Gas chromatography (GC):  

Gas Chromatography is a powerful tool to specifically analyze one or more gases. 

Chromatographic analysis consists of four steps: sample collection, sample injection, sample 

separation, and sample detection. The collected gas sample is introduced into an inert gas stream 

called a carrier gas. The carrier gas moves the gas sample through the columns where physical 

separation of the gases in the sample occurs. The separated gases are directed to a detector which 

provides an output proportional to their concentration.  
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The gas samples were analyzed using Agilent 8890 GC System with autosampler and three 

detectors: a flame ionization detector (FID), a thermal conductivity detector (TCD), and an 

electron capture detector (ECD). Although detectors were available for other trace gas analysis, a 

method was developed to only measure N2O with the ECD with the other detectors offline. 

Standards were prepared with known concentrations of N2O using gas cylinder of 10 ppm of N2O 

(Table 5), and these standards were included in each run for calibration of the standard curve. 

Samples were run sequentially after running the standards. The GC software generated an excel 

sheet containing data of the chromatogram peak area, retention time, and concentration (based on 

standard curve) for each sample. Concentrations were also checked manually for standards using 

raw standard peak area data to validate GC software calculations. 

Table 5 Concentrations of N2O & N2 of standards samples using for GC  

Name N2 in ml N2O in ml N2O Concentration(ppm) 

   Std 1 13 2 1.11 

Std 2 10 5 3.55 

Std 3 7 8 5.56 

Std 4 5 10 6.80 

Std 5 3 12 7.48 

Std 6 0 15 10.16 

 

5-          DEA Calculations of N2O ratio:  

1- N2O concentrations determined from gas samples were adjusted for N2O dissolved in 

media using the following equations: 

By using the moisture content of each soil type and the wetting weight of each sample we 

can calculate the dry weight of the soil: 

𝑊𝐷𝑟𝑦 = 𝑊𝑤𝑒𝑡 × (1 − 𝑊%) 

             Where; 𝑊𝐷𝑟𝑦  is dry weight, 𝑊𝑤𝑒𝑡 is wet weight, and 𝑊% is water content.  

 

Calculate the Dilution rate from assay bottles to GC vials: 

𝑟𝑑 =
𝑉𝑠 + 𝑉𝑁2

𝑉𝑠
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            Where; 𝑟𝑑 = 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 

              𝑉𝑠 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑎𝑘𝑒𝑛 𝑓𝑟𝑜𝑚 𝑎𝑠𝑠𝑎𝑦 𝑏𝑜𝑡𝑡𝑙𝑒 𝑎𝑛𝑑 𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝐺𝐶 𝑣𝑖𝑎𝑙 

            , and 𝑉𝑁2 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛  𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝐺𝐶 𝑣𝑖𝑎𝑙 

To find the concentration of the gas in assay bottle: we multiply the dilution rate times the 

concentration of the gas in ppm from GC: 

          𝐶ℎ  (𝑝𝑝𝑚𝑣) = 𝐶𝑣 × 𝑟𝑑 

Where; 𝐶ℎ = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑎𝑠𝑠𝑎𝑦 𝑏𝑜𝑡𝑡𝑙𝑒 

                𝐶𝑣 = 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝐺𝐶 𝑣𝑖𝑎𝑙 

 

Convert the temperature of the incubation room temperate from C to K: 

𝑇 = 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑖𝑛 𝐾𝑒𝑙𝑣𝑖𝑛 = 273.15 + 𝑡 = 294.65 𝑖𝑛 𝑙𝑎𝑏 

Calculate the concentration of mol N2O/L by ideal gas law: 

𝐶ℎ
′ (𝑝𝑝𝑚𝑣) = 𝐶ℎ,𝑡𝑛

+ ∑
𝑉𝑠,𝑡𝑖−1

𝐶ℎ,𝑡𝑖−1

𝑉ℎ,𝑡𝑖−1

𝑛

𝑖=1

 

𝑉𝑁2𝑂 =
𝑛𝑁2𝑂𝑅𝑇

𝑃
  𝑉𝑡𝑜𝑡 =

𝑛𝑡𝑜𝑡𝑅𝑇

𝑃
 

𝐶ℎ
′ (𝑝𝑝𝑚𝑣) =

𝑉𝑁2𝑂

𝑉𝑡𝑜𝑡
× 106 =

𝑛𝑁2𝑂𝑅𝑇

𝑃
𝑛𝑡𝑜𝑡𝑅𝑇

𝑃

× 106 =
𝑛𝑁2𝑂

𝑛𝑡𝑜𝑡
× 106 

𝐶ℎ
′ (𝑚𝑜𝑙 𝐿⁄ ) =

𝑛𝑁2𝑂

𝑉𝑡𝑜𝑡
=

𝐶ℎ
′ (𝑝𝑝𝑚𝑣)𝑛𝑡𝑜𝑡

𝑛𝑡𝑜𝑡𝑅𝑇
𝑃

× 106
=

𝐶ℎ
′ (𝑝𝑝𝑚𝑣)

106
×

𝑃

𝑅𝑇
 

Where;𝐶ℎ
′ =

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑎𝑠𝑠𝑎𝑦 𝑏𝑜𝑡𝑡𝑙𝑒, 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑎𝑐𝑐𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑔𝑎𝑠 𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑒𝑓𝑓𝑒𝑐𝑡 

                𝑛 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝑖𝑛 ℎ𝑒𝑎𝑑𝑠𝑝𝑎𝑐𝑒 

                𝑃 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑖𝑛 𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒𝑠 = 1 𝑎𝑡𝑚 

               𝑅 = 𝑖𝑑𝑒𝑎𝑙 𝑔𝑎𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 0.082054 𝐿 𝑎𝑡𝑚 𝐾−1𝑚𝑜𝑙−1 

               𝑉 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝐿𝑖𝑡𝑒𝑟𝑠 

 

Total moles of N2O with Bunsen’s coefficient (accounts N2O in solution) 

𝑀𝑁2𝑂 = 𝐶ℎ
′ (𝑚𝑜𝑙 𝐿⁄ ) × (𝑉ℎ + 𝑉𝑙𝛼) 

Where; 𝑉ℎ = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 ℎ𝑒𝑎𝑑𝑠𝑝𝑎𝑐𝑒 𝑖𝑛 𝑎𝑠𝑠𝑎𝑦 𝑏𝑜𝑡𝑡𝑙𝑒 = 120𝑚𝐿 = 0.12𝐿 
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𝛼 = 𝐵𝑢𝑛𝑠𝑒𝑛𝑠 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 = 1.3668 − 0.04870𝑇 + 0.00068145𝑇2 = 0.6347502625, 𝑖𝑓 𝑇

= 21.5℃ 

𝑀 = 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 (𝑔𝑎𝑠 𝑎𝑛𝑑 𝑙𝑖𝑞𝑢𝑖𝑑 𝑝ℎ𝑎𝑠𝑒) 

𝑉ℎ = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 ℎ𝑒𝑎𝑑𝑠𝑝𝑎𝑐𝑒 𝑖𝑛 𝑎𝑠𝑠𝑎𝑦 𝑏𝑜𝑡𝑡𝑙𝑒 = 120𝑚𝐿 = 0.12𝐿 

𝑉𝑙 = 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑠𝑙𝑢𝑟𝑟𝑦 𝑖𝑛 𝑎𝑠𝑠𝑎𝑦 𝑏𝑜𝑡𝑡𝑙𝑒 = 𝑏𝑜𝑡𝑡𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 − 𝑉ℎ = 40𝑚𝐿 = 0.04𝐿 

 

Total moles of N2O-N were calculated using the following equation: 

𝑀𝑁2𝑂−𝑁 = 𝑀𝑁2𝑂 ×
2 𝑚𝑜𝑙 𝑁2𝑂 − 𝑁

1 𝑚𝑜𝑙 𝑁2𝑂
 

            Convert the Mole of N2O to total ng of N2O-N: 

𝑤𝑁2𝑂−𝑁(𝑛𝑔) = 𝑀𝑁2𝑂−𝑁 ×
14 𝑔 𝑁2𝑂 − 𝑁

1 𝑚𝑜𝑙 𝑁2𝑂 − 𝑁
×

109 𝑛𝑔

1 𝑔
 

 

 

 
2- Calculate the total denitrification potential rate and the total N2O production potential 

rate in (ng N2O-N g-1 dry soil h-1) by regressing the amount of N2O in each vail 

against time for samples inhabited with acetylene for total denitrification and using 

samples without acetylene for N2O production: 

 

𝑟𝑎𝑡𝑒 =
𝑠𝑙𝑜𝑝𝑒 (

𝑛𝑔
ℎ

)

𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑠𝑜𝑖𝑙 (𝑔)
 

 

The slopes were evaluated for linearity. If the rate is non-linear or otherwise poorly 

fits the time course series, discard the rate due to sampling error. 

 

6- Statistical Analysis: 

Triplicate samples were conducted, the mean of each sample was considered the final rate of total 

denitrification, samples without acetylene, and N2O production samples with acetylene added. 

Standard deviations were calculated too. The N2O ratios were calculated by divided the N2O 

production on the total dentification. 
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7- Model description and process: 

The DeNitrification-DeComposition (DNDC) model is a process-based model established to 

simulate carbon and nitrogen biogeochemistry in agroecosystems. The model was originally 

proposed by Li et al. (1992) as a rain event-driven simulation model for N2O, CO2, and N2 

emissions from agricultural soils in the U.S. Many developments and improvements were carried 

out on the DNDC model since the time it was established (Gilhespy et al., 2014). The last version 

of the model, which is DNDC 9.5, was modified by Li and collaborators in 2013. DNDC model 

combines both decomposition and denitrification processes to predict carbon (C) and nitrogen (N) 

movement in agricultural soils (“User’s Guide for the DNDC Model,” 2012). 

The model utilizes the basic laws of physics, chemistry, and biology in addition to some 

empirical equations obtained from statistical analysis of experimental data. There are two modes 

in this model. The mode utilized in this study is site-related which contains three main 

parameters, namely climate, soil, and cropping. The required input parameters for which defaults 

can’t be predicted are location (latitude), weather data (a minimum of daily mean air temperature 

and precipitation), soil bulk density, pH, and soil organic carbon (SOC) at the surface (0–10 cm) 

(Gilhespy et al., 2014). 

 

 

 

 

 

 

 

 

Fig (4) DNDC model operation process. 
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8- Model inputs parameters: 

As described in the previous section, we used the DNDC model to predict N2O and N2 emissions 

and to calculate ratio. N2O ratio from this model was utilized to be compared with the lab 

measurements.  The input data required by this software were collected from different sources 

and detailed as follows: 

For Climate files, data were extracted from Mesonet (a network of environmental monitoring 

stations). This data contains measured values of Max and Min air temperature, precipitation, wind 

speed, radiation, and relative humidity for 11 years from 2011 to 2022 for all fields. The units of 

the data were converted to match the unit of DNDC. Finally, the data were saved as a text file for 

each year separately. 

One of the model requirements is Carbon concentration (CO2) at the atmosphere in ppm units that 

obtained from NOAA, 2022.  

Furthermore, Nitrogen concentration in rainfall was calculated by dividing the total nitrogen 

deposition over an annual precipitation value. This information can be obtained from the National 

Atmospheric Deposition Program (NADP,2021) website. First, I specified the location of interest 

to find the site ID and choose the annual data and specify the time intervals. By selecting the 

water year and deposition in kg/ha, I obtained the report. From the report (Excel file of NTN), the 

selected columns were “NH4”, “NO3”, and “Precipitation (cm)”. The summation of “NH4” and 

“NO3” provided the total nitrogen deposition. The below equation was then used to find N 

concentration in rainfall: 

𝑁 𝑐𝑜𝑛𝑐. 𝑖𝑛 𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙 =  
𝑡𝑜𝑡𝑎𝑙 𝑁 𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛

𝑟𝑎𝑖𝑛𝑓𝑎𝑙𝑙
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The unit of the obtained nitrogen concentration from the above equation is Kg/ha.cm. Since the 

DNDC model adopts the unit of mg/l for the nitrogen concentration, it is needed then to convert it 

when input into the DNDC model. 

Some of soil input parameters were obtained from the laboratory measurements of the soil 

samples such as soil texture, pH, OM, clay percentage. While other parameter that their actual 

values was not available (e.g., Belk density, slope) were obtained from the soil survey website 

USDA,2021. To find the required information, the area of interest (AOI) needs to be identified 

using the map. Then, from Soil Data Explorer, the necessary information that DNDC required for 

the soil page was being collected. The collected information was found under soil properties. A 

data from Miso soil generated by Ochsner were used to find soil conductivity, wilting point, and 

field capacity that are related to the soil page of DNDC model. 

 

9- Model process:  

After collecting the required information for each site, a DNDC files were generated and saved 

under actual data.  

To estimate the relationship between soil pH and N2O ratio, the whole information was kept 

constant and only variable of each model run was the soil pH from (2-10) to match that of the 

laboratory measurements. Then from the results of each run of the model, the value of N2O and 

N2 was extracted from the model at the same day of the soil sampling.   

On the other hand, the effect of soil texture on N2O ratio was estimated by the same technique 

were all the factors kept constant and consider the change in soil texture and all related parameter 

such as clay percentage, conductivity, porosity, and field capacity. The parameters related to soil 

texture were considered by the software itself. Each site was having different crop, tilling, and 

grazing parameters, but when all those factors taking in account the results were totally 
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incomparable because of those differences. Therefore, those parameters were ignored in this 

study to match the situation of the laboratory conditions were there is no effect of those 

parameters.  

 

9- Model evaluation:  

Model evaluation is the process through which we quantify the quality of a system's predictions.  

Graphical Analysis Method was used to evaluate the DNDC model performance. Graphical 

Analysis Method can be used to visually assess the accuracy of model predictions by plotting a 

1:1 graph with measured data on X axis and Modeled data on the Y axis. The graph is separated 

into two sections by dashed line and the data will evaluated based on its location on the graph, 

where the data bellow the line means the model underpredict the N2O ratio and the data above the 

line means the model is overpredicted the N2O ratio as illustrated in the bellow Figure (5). 

 

 

 

 

 

 

 

Figure (5) Graphical analysis mothed of model evaluation
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CHAPTER IV 
 

 

RESULTS AND DISCUSSIONS 

Laboratory measurements results: 

a) Denitrification potential in soils at natural and modified pHs: 

 Figure (6) illustrates the relationship between soil pH and the denitrification potential for four 

soils. For four of the soils, Payne, Woods, Grant 1 and Grant 2, the largest DEA was found at the 

natural soil pH. This result aligned with other studies, which attributed the observations to the 

adaptation of the microbial community to the current pH of the soil and thus more activity in the 

natural soil pH (e.g. Šimek et al., 2002; ŠImek and Cooper, 2002). In this study, denitrification 

potential was highly affected by changing soil pH. Denitrification potential decreased below and 

above natural soil pH. It is likely that soil pH affects the activity of the microorganism that 

responsible on the denitrification process since all other factors (e.g., soluble carbon, availability 

of NO3
-) were kept constant.  

Considering all these soils, Payne County soil has the highest denitrification potential. The Payne 

soil had the same soil texture and similar natural pH as Grant 1, yet its denitrification potential 

was still much higher. This difference may be ascribed to the high value of organic matter as 

compared with other soils. As compared to Grant 1, an otherwise similar soil to Payne, Payne had 

almost twice as much organic matter. Another potential explanation for Payne having the highest 

denitrification potential might be associated with the variation of the time between the sampling 

and the testing of the soils. Payne soils were tested next day of sampling, while other soils, 
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Woods, Grant 1, and Grant 2 were tested after one, two and three weeks from sampling 

respectively.   

The highest emissions of N2O of all soils were found under pH ranging from 5 to 6 regardless of 

the differences in the natural pH of each soil. 

Figure (6) Denitrification potential (expressed as N2O and N2 production) in soils Payne, Woods, 

Grant 1and Grant 2 determined at native soil pH and modified soil pH; values are means (n=3) 

 

b) The relationship between soil pH and N2O ratio: 

The statistical relationship between different soil pH and the N2O ratio was obtained from 

laboratory measurements. To find the best fit equation, the trendline calculator for multiple series 

was utilized to overcome the problem of having multiple data series with multiple trendlines, four 

soils, that needed to have one trendline for all. The manual process for combing all trendlines 



25 
 

together was carried out by plotting all four data sets in one figure in excel and then combine all 

series to have a unified trendline that best fit for them.  

Figure (7) showed a non-liner, polynomial, relationship between soil pH and N2O ratio. This 

finding has an agreement and disagreement with other studies depending on what range of pH 

considered. This study’s data tended to have a negative liner relationship when the range of soil 

pH is between 4-8 and was not as highly scattered. This finding has an agreement with 

(Mukumbuta et al., 2018; Qu et al., 2014)) where they found a negative correlation between those 

variables. On the other hand, the relationship found by this study is not linear when considering 

the range of pH from 2 to 10. This expanded pH range had not been tested before so this outcome 

is novel. 

Figure (7) also illustrated that N2O ratio increased when soil pH decreased. As the N2O ratio is an 

indicator of the completion status of denitrification process, where having higher N2O ratio mean 

more N2O production occurs compared with N2 production. Based on this conclusion, the acidic 

soils have higher N2O emissions compared with natural and alkaline soils. 

 

 

 

 

 

 

Figure (7) Statistical relationship between soil pH and N2O ratio obtained from DEA. 
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c) The effect of Soil texture on N2O ratio: 

To estimate the effect of soil texture on N2O ratio, three different soil textures (i.e., loam, sand, 

sandy loam) were tested. The N2O ratio is varied for each soil and its varied even at the same 

texture of soil (Figure 8). This finding provides an indicator that there are other factors that lead 

to this variation in the N2O ratio. Further scrutiny of the soil texture fractions uncovered that the 

clay percentage of each of the tested soils were different even among the soil with the same 

texture. As the clay percentage increased, the N2O ratio also increased (Figure 9). There is some 

evidence from field studies that N2O emissions may be related to clay fraction. Henault et al. 

(1998) documented much larger N2O emissions from a soil with high clay content than a freely 

drained soil. (Skiba and Ball, 2006) also associated the emissions of N2O to both clay percentage 

and bulk density of the soil. Although these relationships have been previously identified in the 

field, to my knowledge this study is the first to document the connection between clay content 

and the N2O ratio using DEAs in the lab. Closer investigation of this relationship with different 

clay fractions is recommended to fully understand the complex relationship between soil texture 

and the N2O ratio. 

 

 

 

 

 

 

Figure (8) the relationship between soil texture and N2O ratio obtained from DEA 
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Figure (9) the relationship between Clay percentage and N2O ratio obtained from DEA 

 

Modeling results: 

a) The effect of soil pH on N2O ratio: 

 

To demonstrate the relationship between soil pH and N2O ratio that estimated from DNDC 

model, a varied range of pH 2-10 were utilized. The equation of this figure is a nonlinear, 

polynomial, which provides an agreement with the lab measurements Figure (10). The curve 

tends to be linear within the range of pH 5-8, similarly to that of lab measurements. The data 

scattered below pH of 4 and above pH of 8. The data of loam soil tend to show a linear 

relationship between the variables, unlike the sandy and sandy loam soil where nonlinear 

relationship observed that skewed the overall trend to nonlinear. There are differences between 

the relationship obtained from laboratory measurements illustrated in Figure (7) and the one 

predicted from the DNDC model Figure (10). these differences are represented by the range of 

N2O ratios where N2O ratios from measured data ranged from 0 to 0.4 while the N2O ratios from 

DNDC ranged from 0 to 0.85, and with the shape of the curve too, N2O ratio from measured data 

shaped upward trend after reaching pH of 9 and above. 
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Figure (10) Statistical relationship between soil pH and N2O ratio obtained from DNDC. 

b) The effect of soil texture on N2O ratio: 

Figure (11) demonstrate the relationship between soil texture and N2O ratio obtained from DNDC 

model. The figure showed that soil texture has an influence on the N2O ratio. The model 

considers the clay content of the soil, and the results showed the same link between soil clay 

content and N2O ratio. As the clay content increases, the N2O ratio increases, too Figure (12). 

 

 

 

 

 

 

 

 

Figure (11) the relationship between soil texture and N2O ratio obtained from DNDC. 
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Figure (12) the relationship between Clay percentage and N2O ratio obtained from DNDC. 

c) Model evaluation: 

Figure (13) below shows the model performance as a comparison between the modelled and the 

measured data. Generally, the model overpredicted the N2O ratio, although in some cases it had 

good predictions or underestimated the ratio (Figure 13). The over- or under-predictions were not 

consistent for simulations based on soil texture or pH, so it was difficult to determine the source 

of this error. 

 

 

 

 

 

 

 

y = 0.0122x + 0.5254

R² = 0.998

0.4

0.5

0.6

0.7

0.8

0 2 4 6 8 10 12 14 16 18 20

N
2
O

 R
at

io

Clay %



30 
 

 

 

 

 

 

 

 

 

 

Figure (13) Model evaluation of N2O ratio from both DEA, measured data, and DNDC, modeled 

data, for four different soils and under pH (2-10).
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CHAPTER V 
 

 

CONCLUSIONS  

 

In this study, two soil variables, pH and texture, were considered to evaluate their effect on the 

N2O ratio and to find a statistical relationship between them. This study targeted a larger pH 

range than most to increase understanding of the effect of soil pH on the N2O ratio. We found that 

the highest denitrification potential in all tested soils were under the natural pH of soil, which 

varied across samples. Therefore, there is no specific value that can be set as the optimum pH for 

denitrification. However, over the soil pH range from 4 to 8 the N2O ratio decreased with pH 

increase. Therefore, in relatively neutral soils, liming to increase pH slightly may help to mitigate 

the N2O emissions. The pH effect on the N2O ratio could be simulated in DNDC within the 

limited pH range tested in most studies. 

Soil texture is still an area that needs more research. This study did not find clear connections 

between soil texture and the N2O ratio. For the few soils tested here, loamy soils had higher 

potential for emitting N2O than sandy soils. The strongest texture outcome was an identified 

relationship with clay percentage of soil, which is linked to the soil texture. Future work should 

focus specifically on the clay fraction to investigate this relationship further. 
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Overall, although the large range of pH is a strength of this study, the limited conclusions 

possible for texture highlighted the difficulty and limitations of considering soil texture effects. 

More sites with different textures are needed, and specifically soils with the same texture and 

different clay content will increase the likelihood that statistical relationships can be uncovered. 
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