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ABSTRACT 

A laboratory study was conducted on fourteen 

cultivated Arizona soils to estimate their denitrification 

potential when no organic carbon was added. 

Losses of 25 to 50% of the added N source were 

observed in three clay-loam-textured soils when incubated 

for 30 days under saturation. Under such conditions, 

Gilman I soil reached its maximum N loss within five days 

of incubation. The remainder of the soils showed slight 

potential for denitrification. 
I 

15 + 
The N incorporation in the NH^-N fraction was not 

detectable on the mass spectrometer and was not reported. 

15 The amounts of N incorporated in the organic-N fraction 

were not significant. In the (Nitrate + Nitrite)-N, sig-

15 . . nificant reductions in the N recovered from this fraction 

were observed, particularly under saturated conditions. 

The extractable "Glucose" C, as an index to easily 

2 decomposable carbon, correlated better (r = 0.68) than the 

2 15 
total C (r = 0.40) with the maximum N loss. 

Losses of N through denitrification in some culti

vated Arizona soils are of important magnitude and should 

be considered in the N-cycle studies in these soils. 

viii 



INTRODUCTION 

Nitrogen (N) fertilizer application is becoming 

increasingly important for cereal production to meet growing 

demands for food. The world's consumption of N-fertilizers 

increased from 16.6 million tons in 1964 to 42.7 million 

tons in 1974 (Anonymous 1976). 

In the U.S.A., the use of N-fertilizers was 1.96 

million tons in 1955 and reached over 10.3 million tons in 

1976 (Hargett 1976). The consumption in the State of 

Arizona increased from 850 tons in 1940 (Hargett 1974) to 
< 

about 35,000 tons in 1955 (Hargett 1976), and reached over 

112,000 tons in 1976 (Anonymous 1977). 

The growing demand for commercial fertilizers and 

the energy crisis a few years ago, have both contributed to 

sharp increases in fertilizers' cost. Arizona farmers spent 

about 25 million dollars for nitrogen fertilizers in 1974. 

The increased cost of N-fertilizers coupled with a 

growing concern for environmental control necessitates new 

methods of minimizing losses and consequently increasing 

the efficiency of applied N. To evaluate this efficiency, 

however, a comprehensive N-balance sheet is needed and 

should include plant uptake, movement and transformations 

in soils, leaching and gaseous losses. 

1 
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From an agronomic point of view which concerns 

itself with food production, a simple income-outgo system 

is sufficient which only needs a reliable estimate of 7«> 

crop recovery for N. To achieve the combined objective of 

food production and environmental control, N-balance in the 

total biosphere must be elucidated (Hauk 1971). Several 

researchers investigated this problem by developing 

N-balance sheets in a soil-plant system. Two approaches 

were followed in these studies: (1) the difference method 

or the non-isotopic method in which the % N loss is esti

mated by the difference between the initial and the 

recovered N, and (2) the isotopic method in which the l^N 
I 

tracer technique is employed. This latter method has the 

advantage of tracing the added source through various 

soil-N transformations. The laborious procedure and the 

high cost of the isotope, however, limits its use to 

laboratory studies and to small field experiments. 

Hauk (1971) maintained that 40% of the applied N 

can be lost from arable crop soils. Zamyatina (1971) con

ducted tracer experiments on some Russian soils and 

concluded that 40 to 50% of the added N escapes from the 

soil system primarily as gas. This gaseous N loss is 

generally referred to as "unaccounted for" and could be 

attributed to non-biological transformations like ammonia 

volatilization, or to the biological denitrification. . 
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Potential for denitrification in some desert soils 

of Arizona has been evaluated (Macgregor 1972, Tucker and 

Westerman 1973). Agricultural Arizona soils, however, 

did not receive enough consideration in this regard. The 

present study was initiated to estimate denitrification 

potential in fourteen soil types of major agricultural 

importance in Arizona. Results from this study should help 

to better understand denitrification potential in these 

soils under field conditions. 

I 



REVIEW OF LITERATURE 

The literature on nitrogen is extensive; yet our 

knowledge about it is far from complete. In N-balance 

sheet studies, it is reported that up to 407o of the N 

added to arable soils can be lost and thus termed "unac

counted for" (Allison 1955). Nitrogen losses due to 

leaching and run-off are negligible; gaseous losses, pri

marily through denitrification, are recognized as the major 

channel of loss under conditions of low supply of oxygen 

and where nitrate or nitrite are present (Allison 1965a). 

Gayon and Dupetit (1886) are usually credited with being 

the first to report reduction of nitrate to nitrous oxide 

and molecular nitrogen (Broadbent and Clark 1965). 

In order to understand the contribution of denitri

fication to the N-cycle, the mechanism of the process, the 

microorganisms involved and the factors influencing it 

should all be considered. Below is a brief account of 

these various parameters. 

Mechanism of Denitrification 

Denitrification is considered an anaerobic respira

tion process conducted by some facultative anaerobic organ

isms in which nitrate is used as a terminal electron 

acceptor. The following reaction represents an anaerobic 

4 
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respiration where glucose is used as the energy source: 

5C6H120g+24NO3 ^ 6C02+24HC0-+18H20+12N2. 

Several schemes were proposed to explain the 

nitrate reduction in soil systems. These proposals were 

reviewed by Delwiche (1956), Bremner and Shaw (1958), 

Alexander (1961), and Payne (1973) . The generally accepted 

sequence is nitrate first being reduced to nitrite which 

is further reduced to an intermediate, hyponitrite 

(HON=NOH). This intermediate is further reduced to nitric 

oxide (NO), nitrous oxide (N20) and molecular nitrogen 

(N2). The hyponitrite was first proposed by Kluyver and 

Donker (1926) and later Lloyd and Cranston (1930) found a 

lag in the production of gas that led to the conclusion 

that some intermediate was being formed. 

Cady and Bartholomew (1960) and Cooper and Smith 

- (1963) maintained that the sequential products of denitri-

fication were NO^ ^N02 ^ N20—>N2. Nitric oxide (NO) 

was reported by Cady and Bartholomew (1960) to appear 

15 
initially but it never exceeded 5% of the total N added. 

They attributed the production of NO to possible non-

biological breakdown of nitrous acid (HN02). 

There is disagreement among researchers, however, 

on the position of N20 in the above-mentioned sequence and 

on whether N20 is an obligatory precursor of N2. Sacks 

and Baker. (.1952) observed with NO^-adapted cells of 



Pseudomonas denitrificans a lag period before the cells 

were able to utilize N20. They further demonstrated that 

sodium azide and dinitrophenol would inhibit the utiliza

tion of N20/ but would not affect the reduction of nitrite 

to Nj- Based on these two observations, they concluded 

that N20 was not a necessary precursor of N2- Allan and 

Van Niel (1952) and Kluyver and Verhoeven (1954) reached 

the same conclusion concerning N20. 

Wijler and Delwiche (1954), on the other hand, 

reported that N20 was the major gaseous product evolved 

under most moist soil conditions. Schwartzbeck, MacGregor, 

and Schmidt (1961) reported that N00 was produced when 
( ^ 

ammonium and nitrate were both present, while only N2 was 

produced when nitrate alone was present. McGarity, Gilmour, 

and Bollen (1958) agreed with Hauk and Melsted (1956) that 

N2 was the gas evolved under anaerobic conditions while 

small quantities of both N2 and N20 would be evolved in 

the presence of any free oxygen. 

Stefanson (1972) studied gaseous losses of N in 

sealed soil-plant systems and reported that in the presence 

of plants, the major component of the denitrification gas 

was N2, whereas in the absence of plants the main product 

of denitrification was N20. He further concluded that the 

application of ammonium-N reduced the losses of soil-N as 
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and In NH^-N-treated soils, the denitrification 

product was exclusively N2, the quantity of which was not 

related to soil water content. 

Denitrifying Microorganisms 

Denitrifying microorganisms are mostly heterotrophs 

that grow both in aerobic and anaerobic environments. 

Their growth is not necessarily dependent on nitrate reduc

tion. Many of the denitrifying bacteria are active in 

proteolysis, ammonification, and other transformations. 

Alexander (1961) maintained that although the presence of 

a large number of denitrifiers does not of itself indicate 

suitable conditions fo'r denitrification, it does point to 

a large denitrification potential. 

Arable soils contain an abundance of denitrifying 

bacteria and counts of over a million per gram of soil are 

common in these soils (Alexander 1961). Lloyd (1931) 

cited more than forty organisms as denitrifiers. The 

potential for denitrification in soils therefore is great, 

but conditions cause the organisms to change from aerobic 

respiration to anaerobic respiration resulting in denitri

fication. Fungi and actinomycetes have not been implicated 

in N2 production. The capacity for true denitrification is 

limited to certain substrate-specific bacteria which are 

capable of reducing nitrate to nitrite followed by evolu

tion of gaseous N compounds. 



8 

The active denitrifying species are limited to 

four genera: Pseudomonas, Achromobacter, Bacillus, and 

Micrococcus. The first two are the dominant genera in 

soil (Alexander 1961). Denitrifiers are considered 

heterotrophs although some thiobacillus species (e.g., 

Thiobacillus denitrificans) were reported as autotrophic 

denitrifiers (Delwiche 1956). 

Factors Influencing Denitrification 

Partial Pressure of Oxygen (pC^) 

There are a number of conflicting reports in lit

erature about the occurrence of denitrification in media 
I 

where 02 supply is apparently adequate. Kefauver and 

Allison (1957) and Allison, Carter, and Sterling (1960) 

reported that some bacterial species were able to denitrify 

in aerated cultures. On the other hand, some investigators 

found no evidence of denitrification under aerobic condi

tions (Jones 1951, Sacks and Baker 1949). Carter and 

Allison (1960, p. 177) stated that "very little, if any 

loss of N occurred under aerobic conditions, except for a 

loss of up to 12% when dextrose was added to the soil." 

They attributed the gaseous N loss, however, to a process 

other than denitrification. 

Wijler and Delwiche (1954) reported that 02 ten

sions as low as 5 mm Hg (<1%) decreased denitrification 
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rate to almost 1/10 of that of the anaerobic rate. They 

further reported that rapid oxidation of ammonium to 

nitrate (nitrification) may result in higher N losses under 

fluctuating O2 tensions than under strict anaerobic condi

tions. This is an interesting point because it indicates 

that nitrification and denitrification can proceed in one 

soil at the same time. Loewenstein et al. (1957) confirmed 

the findings of Wijler and Delwiche (1954) by conducting a 

greenhouse experiment that dealt with different fertilizers 

and management practices. The explanation that Loewenstein 

and coworkers gave was that nitrate produced in the aerobic 

soil area moved to oxygen poor regions; suggesting that 
I 

soil is a discontinuous environment with anaerobic micro-

sites even when well-aerated. They further concluded that 

under these conditions nitrification' would likely be fol

lowed by denitrification. 

Woldendorp (1963) studied the effect of living 

plant roots on N loss. He attributed the losses to 

rhizosphere organisms because they consume much O2 during 

the breakdown of root exudates, thus reducing 02 tensions 

in the soil solution near the root surface. This effect 

was earlier reported by McGarity (1961) as "rhizosphere 

effect." In another study, Woldendorp (1962) suggested 

that root exudates might serve as H+ donors in the 

denitrification process. He estimated that 65% of the 
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oxygen was consumed by the roots and 35% by the rhizosphere 

microflora. 

Redox Potential (E^) 

Pearsall and Mortimer (1939) reported that if E^ 

was above 350 mv nitrate would accumulate and below E^ of 

320 mv nitrate would disappear. Patrick (1960) reported a 

value of 338 mv for the redox potential at which nitrate 

in soil becomes unstable. He attached more importance to 

redox potential than to oxygen supply in influencing the 

activity of reducing bacteria. ICefauver and Allison (1957) 

on the other hand, did not consider redox potential a 

limiting factor for de'nitrification. 

The conflict arises here from the fact that p02 and 

E^ are inseparable. Meek, Grass, and MacKenzie (1969) 

reported that the decrease in redox potential resulted in 

significant denitrification. The correlation was good 

when the E^ was varied by increasing the soil water content 

but an organic matter application at the highest water con

tent increased the loss of N without further E^ decrease. 

When E^ dropped to 300 mv or lower, a large loss of N by 

denitrification occurred. Bohn, Fenn, and Moore (1969) 

reported theoretical electrode potentials of nitrogen and 

sulfur half-reactions and called them "mixed potential" to 

indicate that other elements are involved in the measured 

potential. 
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The question of which governs nitrate stability in 

soils is still unresolved; therefore, more research is 

needed in this area to determine how dependable is in 

predicting denitrification potential in the soil. 

Organic Carbon Content 

The impact of organic carbon as a source of energy 

for denitrifying microorganisms has been reported by numer

ous researchers (Jones 1951, Broadbent and Stojanovic 1952, 

Wijler and Delwiche 1954, Hauk and Melsted 1956, Bremner 

and Shaw 1958, Woldendorp 1962, Meek et al. 1969, Broadbent 

and Tunseem 1971, and Stanford, Vandarpol, and Dzienia 
I 

1975). Denitrifiers are facultative anaerobic heterotrophs; 

therefore their activity is directly influenced by oxygen 

level and organic carbon content. The rate of breakdown 

or organic matter directly affects O2 level which conse

quently affects the denitrification rate. 

Readily oxidizable compounds such as simple sugars 

and organic acids have more influence in stimulating 

denitrifiers than complex plant residues. Alfalfa tissue 

is generally reported to stimulate denitrifiers more than 

small grain straw or grasses. Addition of organic carbon 

could promote both denitrification and immobilization of 

nitrate into the microbial tissues. Therefore, the addi

tion of organic carbon could help conserve the soil N if 

the immobilization rate is greater than the denitrification 



rate. Allison et al. (1960) concluded that in a soil of 

low organic carbon a loss of 107o occurred when no energy 

source was added, while the loss was 50 to 80% in the 

presence of simple sugars. 

Bremner and Shaw (1958) reported that there is a 

relationship between rate or extent of denitrification and 

organic matter or total carbon content, of the soil. 

2 Stanford et al. (1975) reported correlation factors (r ) 

of 0.69 and 0.82 for first-order denitrification rate 

constants and total C and "glucose" C (hot-water extract-

able) , respectively. 

Soil pH • 

Denitrification rates are slow under acidic condi

tions and are enhanced by a higher pH (Bremner and Shaw. 

1958, Nommik 1956). This is due to the fact that denitri-

fiers are generally active between pH 5.0 to 9.0. Wijler 

and Delwiche (1954) reported that denitrification rates 

were constant above 6.0. The alkaline soil reaction was 

reported to be required for extensive denitrification, 

while nitrite toxicity appears to inhibit the process in 

acid substrates (Jansson and Clark 1952). 

The relative proportions of the evolved N gases, 

particularly ̂ 0 and depends on the pH. The evolution 

of N2O was found to be greater in soils with pH values 

below 6.0 than in those of pH values higher than 7.0 and 
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may account for over half of the N gases evolved. Wijler 

and Delwiche (1954) concluded that ̂ 0 could be readily 

reduced above pH 7.0 but the reduction process is strongly 

inhibited below pH 6.0. 

Soil Moisture Content 

Under aerobic conditions, increasing the soil 

moisture content would enhance denitrification indirectly 

by inhibiting oxygen diffusion into the soil. Below perma

nent wilting point, the limiting moisture would depress 

denitrification directly. Nommik (1956) and Bremner and 

Shaw (1958) reported negligible losses of N from soils at 

60 to 70% of their wat'er holding capacity (WHC). Increasing 

the moisture level up to 450% of the soil WHC caused 

increased N losses in soils amended with nitrate and 

carbon source (Bremner and Shaw 1958). 

A later study by Mahendrappa and Smith (1967) 

raised the possibility that each soil, under anaerobic 

conditions, appeared to have specific moisture require

ments for a maximum denitrification rate. Studying two 

alkaline and two acidic soils, they stated that under 

fully anaerobic conditions, a moisture increase of 10% 

above field capacity markedly decreased the time required 

for complete denitrification. Further increases in 

moisture content, however, reversed the trend and longer 

period of time was required for maximum N2 production. 
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The two researchers proposed that the moisture content 

affected the probability of contact between the organisms 

and the soluble N compounds that function as electron 

acceptors and also controlled the movement of gases back 

into the soil. 

Soil Temperature 

Like any biological process, denitrification is 

markedly influenced by temperature. Denitrifiers could 

function at a temperature range of 2 to 65C but not above 

70C (Bremner and Shaw 1958, Alexander 1961). Denitrifi

cation is slow at 2C and the rate increases with increased 

temperature to reach af maximum at 25C or higher. Nommik 

(1956) reported that the optimum temperature for the 

process is 60 to 65C while Bremner and Shaw (1958) main

tained that the optimum temperature was not clearly defined 

but their results confirmed Nommik's findings. 

Broadbent and Clark (1965) pointed out that the 

relative proportions of ̂ 0 and Nj in the denitrification 

gas varied with temperature. Nitrous oxide was predominant 

at lower temperature and molecular N at higher temperature. 

They concluded that this behavior suggests a high tempera

ture coefficient for the reduction of nitrous oxide. 

Alexander (1961) attributed the rapid release of Ng in the 

more elevated temperatures to possible active thermophilic 
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flora, an observation that was supported by the ease of 

obtaining enrichment cultures of thermophilic denitrifiers. 

McGarity (1962) studied the effect of seasonal 

freezing and thawing and wetting and drying of the soil on 

denitrification. There was an increase in the process rate 

following soil freezing which indicated that denitrifiers 

were more able to utilize oxidizable substances. This 

could arise from a reduction in numbers of other micro

organisms resulting in an increased nutrient supply for 

denitrifiers or an increase in the availability of organic 

matter itself. Soulides and Allison (1961) attributed the 

effect of freezing and drying of soils to increased aerobic 

respiration. 

Soil Management and Practices 
of Fertilizer Application 

Brosehart (1971) studied the fate of N-fertilizers 

in flooded rice soils and reported that % N recovery of 

15 rice plants, derived from ( NH^) SO^, was always higher 

from shallow placement than from surface placement. The 

difference was due to microbial activity because when 

microorganisms were absent the depth of application had no 

effect. The efficiency of utilized N could be improved, 

according to Baker, Switzer, and Nelson (1974) , by applying 

lower rates of N at intervals throughout the growing 

season. Alexander C1961) concluded that maintaining a 
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a vegetative cover on the soil, providing suitable drain

age, and avoiding reactive N compounds would minimize N 

losses. Zamyatina (1971) stated that a gaseous N loss of 

197o occurred in oat plants between sowing and tillering. 

By the time of flowering, this loss reached 27% then no 

further increase was observed. 

Broadbent and Tunseem (1971) , using technique, 

correlated ammonium levels with N losses. These losses 

were associated with susceptibility of NH^ to nitrifica

tion in flooded conditions. They concluded that under such 

conditions, N conservation can be improved by deep place

ment of fertilizer and by timing of application when the 
I 

root system is active. Puddling the soil was also sug

gested as a means for decreasing N loss by reducing the 

ammonium ion diffusion rate upward and that of the nitrate 

ion downward. 

Goring (1962) believes that the nitrification pro

cess altogether should be eliminated. This would avoid not 

only nitrite formation, and thereby chemo-denitrification 

by using certain chemicals like 2-chloro-t-trichloromethyl 

pyridine, but Broadbent and Clark (1965) believe this 

approach appears to be practical with N-fertilizer 

application only under certain conditions and in certain 

soils. 



New forms of N fertilizers have been introduced 

to supply controlled release of N but it seems that the 

extra cost of these fertilizers would make their use eco 

nomically unfeasible. 



MATERIALS AND METHODS 

Soils 

Sampling Location 
and Procedure 

Thirteen soil series representing major agricul

tural areas were collected from four counties in the State 

of Arizona (Table 1). Classification of the soils under 

study is presented in Table 2. 

A bulk sample of about 5 kg was collected from the 

top 20 cm of each soil. A subsample of about 1/2 kg was 

placed into a plastic bag and closed to maintain the soil 

moisture at field conditions. The rest of the soil sample 

was then air-dried, passed through a 2-mm screen and kept 

for analysis. 

Test for Denitrifiers 

To test for the presence of denitrifying micro

organisms, the procedure described by Alexander (1965) was 

followed except a substitute medium, suggested by Dr. 

Sinclair was used.3" The medium contained the following: 

1. Dr. N. Sinclair, Associate Professor of Micro
biology, The University of Arizona, personal communication, 
November, 1976. 

18 
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Table 1. Sampling locations of major Arizona soils 

Lab 
No. Soil series County Sampling locations 

1 Pima Pima Sec.20, T.11S., R.11E. 

2 Gila Pima Sec.21, T.11S., R.11E. 

3 Grabe Pima Sec.21, T.11S., R. HE. 

4 Mohave Pima Sec.11, T.12S., R.11E. 

5 Anthony Pima Sec.11, T.12S., R.11E. 

6 Karro Cochise Sec.25, T.15S., R.25E. 

7 Tubac Cochise Sec.4, T.16S., R.26E. 

8 Laveen Maricopa Sec.3, T.IS., R.4E. 

9 Mohall Maricopa Sec.10, T.IS., R.4E. 

10 Vecont 
1 
Maricopa Sec.14, T.IS., R.6E. 

11 Gilman I Maricopa Sec.32, T.lN., R.2W 

12 Gilman II Maricopa Sec.34, T.lN., R.2W 

13 Superstition Yuma Sec.28, T.9S., R.23W 

14 Holtville Yuma Sec.27, 

2
 

00 • R.24W. 



Table 2. Classification of major Arizona soils under study 

Lab 
No. Soil series Family Subgroup 

1 Pima Fine-silty, mixed, thermic Typic Torrifluvents 

2 Gila Coarae-loamy, mixed, calcareous, thermic Typic Torrifluvents 

3 Grabe Coarse-loamy, mixed, thermic Typic Torrifluvents 

4 Mohave Fine-loamy, mixed, thermic Typic tlaplagids 

5 Anthony Coarse-loamy, mixed, calcareous. thermic Typic Torrifluvents 

6 Karro Fine-loamy, carbonatic, thermic Ustollic Calciorthids 

7 Tubac Fine, mixed, thermic ' Typic Paleargids 

8 Laveen Coarse-loamy, mixed, hyperthermic Typic Calciorthids 

9 Hohall Fine-loamy, mixed, hyperthermic Typic Haplargids 

10 V6cont Fine, mixed, hyperthermic Typic Haplargids 

11 Gilman I Coarse-loamy, mixed, calcareous, hyperthermic Typic Torrifluvents 

12 Gilman II Coarse-loamy, mixed, calcareous, hyperthermic Typic Torrifluvents 

13 Superstition Sandy, mixed, hyperthermic Typic Calciorthids 

14 Holtville Clay over loamy, mixed, hyperthermic Typic Torrifluvents 
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Material g/liter. 

Succinic acid 0 . 2  

Potassium phosphate 
monobasic 0.1 

Magnesium sulfate 

Potassium nitrate 

0.05 

0.5 

Calcium carbonate 0.2 

Yeast extract 0.1 

Distilled water to volume 

Soil Characterization 

Table 3 shows selected physical and chemical proper

ties of the soils. Particle size analysis was done by the 

hydrometer method (Day 1965). Moisture contents at 1/3 and 

15 bars of tension were determined after subjecting the soil 

to these levels of tension according to procedures in USDA 

Handbook 60 (1969). Nitrogen gas was used to maintain the 

tension. Soil pH value and electrical conductivity (EC) 

were determined using the saturated soil extract (USDA Hand

book 60, 1969). Calcium carbonate content was determined by 

the acid-neutralization method (Allison and Moodie 1965). 

Organic carbon content was determined by the Walkley-Black 

method (Allison 1.965b) . "Glucose" carbon was extracted in 

water at 100C for an hour according to the procedure de

scribed by Stanford et al. (1975). The extracted "glucose" 

C was determined with a Beckman carbon analyzer model 915A. 



T able 3. Selected physical ana chemical properties of major Arizona soils 

Lab 
No. Soil series 

Particle size analysis 
Moist, tension (bars) 
1/3 15 
Moisture content 

Saturation extract Org. C 
content 

CaC03 
content 

Lab 
No. Soil series Sand Silt Clay 

Moist, tension (bars) 
1/3 15 
Moisture content PH EC 

Org. C 
content 

CaC03 
content 

7. mmhos/cm T. 

1 Pima 37.7 43.9 18.4 24.8 10.6 8.2 1.65 0.50 5.4 

2 Gila 46.0 33.5 20.4 21.4 10.0 8.2 1.42 0.41 5.4 

3 Grabe 25.3 37.3 37.3 29.4 .11.5 8.4 1.30 0.56 8.4 

4 Mohave 54.8 22.2 23.0 19.9 5.2 8.5 0.62 0.28 4.4 

5 Anthony 35.7 41.8 22.5 23.7 2.9 8.3 1.30 0.46 7.0 

6 Karro 26.4 39.9 33.7 32.1 8.4 8.2 1.20 0.74 15.3 

7 Tubac 60.7 28.8 10.5 15.8 7.4 7.9 2.70 0.37 4.0 

8 Laveen 27.5 43.0 29.5 25.0 13.0 8.4 1.40 0.83 10.8 

9 Hohall 61.4 30.1 8.5 21.1 7.4 8.4 1.00 0.34 3.4 

10 Vecont 29.2 31.4 39.3 28.8 14.6 8.5 1.35 0.52 5.2 

11 • Gilman I 21.5 49.8 28.8 29.2 14.3 8.3 5.00 0.66 12.5 

12 Gilraan II 15.6 46.6 37.8 30.0 14.4 8.1 8.00 0.66 10.0 

13 Superstition 84.5 10.5 4.8 6.6 1.0 8.2 1.00 0.30 6.1 

14 lloltville 4.4 54.2 41.4 31.1 17.8 8.3 3.00 0.70 16.3 
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Treatments 

The following treatments were employed: 

1. Moisture content: field capacity (M^) or 100% 

saturation (t^) 

2. Incubation time: 5 days (t^) or 30 days (t2) 

3. Incubation temperature: 30C 

15 
4. Nitrate addition: 200 ug/g of N as K NO^ 

(11.88 A%). 

5. All treatments were pre-incubated at field 

capacity moisture level for 7 days at 30C. 

Incubation Procedure 

A 50 g sample1 of air-dried soil was placed into a 

250-ml wide mouth Erlenmeyer flask and distilled water was 

added to bring the soil to field capacity. The flask was 

then covered with a single layer of Handiwrap (Dow Chemical 

Company), fastened with a rubber band and pre-incubated at 

30C for seven days. The Handiwrap film allows gas 

exchange without moisture loss. At the end of the pre

incubation period, the flask was uncovered for 24 hours to 

permit some moisture loss. Three grams of K^NO^ solution 

were added to the soil to give 200 lag/g of N. The soil was 

then brought to either field capacity or saturation level 

by adding distilled water. The flask was covered again as 

described above and kept at 30±1C during the incubation 

period. 
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Analytical Methods 

Methods for extraction and determination of the 

soil N fractions, NH^-N, (NO^ + NC^J-N and organic-N, were 

described by Bremner (1965a/ 1965b). The Magnesium Oxide-

Devarda alloy procedures which were followed in this study 

have been evaluated by a variety of methods, including 

recovery, interference, and specificity tests. The results 

indicated that they were applicable to neutral, acidic and 

calcareous soils. Interference with organic or inorganic 

soil constituents were negligible (Bremner 1965b). 

Nitrogen Extraction 

At the conclusion of the incubation period, the 

soil N was extracted as follows: about 125 ml of N KC1 

were added to the soil and the flask was then plugged 

with a No. 7 rubber stopper and shaken for one hour on a 

rotary shaker. The soil suspension was then transferred 

quantitatively to a 9-cm Buchner funnel and filtered through 

a Whatmann 42 filter paper. The soil was washed with 

three additional portions (25 ml each) of N KC1. The 

filtrate which contained the inorganic-N fraction was 

adjusted to exactly 250 ml and kept in polyethylene bottles 

in the refrigerator. The residue in the Buchner funnel, 

which contained the organic-N fraction, was lyophilized 

for two days, ground, passed through a 2-mm screen and 

kept in the refrigerator. 
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Determination of Nitrogen 
Fractions 

Ammonium-N. An aliquot of 25-ml was drawn from 

the filtrate and pipetted into a 100-ml micro-Kjeldahl 

flask. About 0.2 g of magnesium oxide were added to 

the aliquot to help liberate ammonia-N by steam distilla

tion. A volume of 30-ml was then steam distilled into a 

50-ml Erlenmeyer flask containing 5-ml boric acid-mixed 

indicator. The ammonium content of the sample was then 

determined by titrating with 0.01N KH(IO-) . 
~ 6 2 

Since none of the soils under study contained 

NH^-N of more than 0.005 meq N, the minimum concentration 

15 ' for N analysis, samples were discarded following titra

tion. 

(Nitrate + Nitrite)-N. After removal of ammonium-N 

from the sample as described in the previous section, about 

0.2 g of Devarda alloy were added to the same micro-

Kjeldahl flask to reduce the nitrate and nitrite to 

to ammonia. A volume of 30-ml was then steam distilled 

into a new 5-ml boric acid-mixed indicator. The 

(NOg + NO^i-N content was determined by titrating the 

sample with 0.01 N KH(IO,) . 
2 

Organic-N. From the soil residue containing 

the organic-N fraction, a 1-g sample was placed in a 100-ml 

micro-Kjeldahl flask. Determination of soil organic-N was 
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conducted according to procedures described by Bremner 

15 (1965b). After titration, the samples were saved for N 

analysis. 

The 15N Analysis 

15 This analysis was done to determine the N con-

- - 15 tents of (NO^ + N02)-N and organic-N fractions. The N 

content in the NH^-N fraction was not detectable on the 

mass spectrometer and thus was not reported. The isotope-

15 
ratio analysis ( N analysis) was done on a Consolidated 

Electronic Corporation (CEC)-mass spectrometer model 21-614. 

Principle and procedure of the analysis was described by 

Bremner (1965c). ' 

To avoid cross contamination of samples, the fol

lowing washing procedure was adopted: All glassware used 

15 for N analysis were placed in an acid bath, prepared by 

dissolving 2.5 ml conc. I^SO^/liter distilled 1^0. Glass

ware then were rinsed with deionized water. The distilla

tion unit was first washed with a 100-ml NaOH solution 

(18 ml of 40% NaOH/liter of deionized water) followed 

by three minutes of steam distilling. The second washing 

was with a 100-ml H2SO4 solution (2.5 ml conc. H^SO^/liter 

of deionized H20) followed by three minutes of steam dis

tilling. The unit then was rinsed with a 100-ml deionized 

water. 



Statistical Analysis 

The experiment was designed in randomized -

complete blocks replicated three times. 

Student-Newman-Keul (SNK) Range Test and Least 

Significant Difference (LSD) Test were used to test for 

differences and to group the means (Hicks 1973). 

The relationship between maximum N loss (deni-

trification potential) and total C and extractable 

"glucose" C in the soil were evaluated by the linear 

regression analysis. 



RESULTS AND DISCUSSION 

The Denitrification Potential 
of Soils Without Exogenous 

Carbon Source 

For a soil to denitrify, the presence of a nitrate 

source and denitrifying microorganisms are required as well 

as favorable conditions of moisture, temperature, pH and 

an organic carbon source. Denitrification under such con

ditions results in the maximum loss of gaseous N and is 

termed denitrification potential. 

The soils under study were tested for the presence 

of denitrifying bacteria. After four days, all of the 

soil incubations showed gas evolution indicating the 

presence of denitrifiers. 

In order to test for denitrification potential 

of the soils in the absence of an exogenous organic carbon 

source, the soils were amended with 200 ug/g of N as 

15 K NOg- Incubation temperature and the saturated moisture 

conditions were favorable for denitrification. The energy 

source for denitrifiers was the native organic carbon in 

the soil which was less than 1%. Since denitrifiers, as 

well as other heterotrophs, would compete for the rather 

low content of soil carbon, the denitrification potential 

of the soil would be limited by the carbon supply. 

28 
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Reduction in both (NO^ + NO~)-N and total-N must 

occur in a soil to be identified as denitrifying. Soils 

were considered to approach their denitrification potential 

when incubated under saturated conditions for 30 days. 

Data in Table 4 show the % recovered from the 

soils incubated for 30 days under saturation. A listing of 

the soils according to % N loss suggested that the fourteen 

soils could be divided into four groups. The first group 

included Gila, Anthony, Superstition, Karro, and Pima soils 

which showed non-significant losses, less than 7% (SNK at 

0.05; probability level was 6.9%). The second group 

included Gilman II, Mohave, Mohall, Grabe, Tubac, and 

Holtville soils with apparent N losses of 7 to 11%. 

Gilman I and Vecont soils, as a third group, lost about 25% 

of the "^N added; whereas Laveen soil lost over 50%. 

In summary, the potential for denitrification for most 

Arizona soils under study was slight; however, appreciable 

to large losses occurred in the last three soils listed in 

Table 4. 

Figures 1 and 2 present the % N loss for the same 

soils calculated by the isotopic method and the difference 

15 method, respectively. It could be observed that N losses 

in Figure 1 were more pronounced than N losses in Figure 2. 

The difference method (non-isotopic method) showed appar

ently lower losses because the % N losses were based on the 

15 total N. On the other hand, the % N losses estimated by 
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Table 4. The ^5N recovered from fourteen Arizona soils 
incubated for 30 days under saturation 

XJCUJ 1 q 
No. Soil series N recovered 

v 7o 

2 Gila 1125.8* 98.6 a + 

5 Anthony 1125.8 98.6 a 

13 Superstition 1118.9 98.0 ab 

6 Karro 1116.3 97.8 abc 

1 Pima 1105.6 96.9 abed 

12 Gilman II 1061.8 93.0 abed 

4 Mohave 1056.4 92.6 abed 

9 Mohall 1049.2 91.9 abed 

3 Grabe 1036.8 90.8 bed 

7 Tubac 1022.1 89.6 bed 

14 Holtville 1014.6 88.9 cd 

11 Gilman I 862.1 75.5 e 

10 Vecont 841.5 73.7 e 

8 Laveen 557.4 48.8 f 

•initial added was 11,41. 2 ug/50 g of soil. 

+Means that do not have a common letter differ signifi
cantly at 0.05 probability level as determined by 
Student-Newman-Keul (SNK) Range Test. 
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1 5 the isotopic method were based on the amount of N 

initially added to the soil. Comparing the two methods 

stated above suggested that the isotopic method was more 

precise in estimating N losses. This agreed with the 

findings of Broadbent and Clark (1965). 

Effect of Soil Moisture 
Content on N Loss 

From data reported in Table 4 it was concluded 

that only Laveen, Vecont and Gilman soils showed signifi

cant N losses. The effect of moisture content, therefore, 

on N loss in these soils will be discussed here. 

The "^N contents in organic-N and (NO^ + NC^)-

N fractions were reported in Table 5. The NH^-N fraction 

was not reported since it contained undetectable amounts 

of 15N. 

15 
The organic-N fraction contained higher N amounts 

at field capacity (FC) than at saturation percentage (SP) 

in all three soils regardless of the incubation time. This 

suggested greater N immobilization at the lower moisture 

15 — — 
level." Contents of N in the (NO^ + NC^) -N fraction were 

15 
higher at FC level than SP level. This decline of N con

tents under saturation conditions could be due to losses by 

denitrification as the oxygen supply becomes limited in the 

soil under such moisture regime. 



15 Table 5. The recovered N from three Arizona soils incubated for 5 and 30 
days under two moisture regimes 

Field capacity Saturation percentage 

Lab _ _ 
No. Soil series N03+N02 Organic Total N03+N02 Organic Total 

5 days 

8 Laveen 

10 Vecont 

11 Gilman I 

30 days 

8 Laveen 1042.4 24.8 1067.2 546.5 10.9 557.4 

10 Vecont 983.5 8.7 992.2 833.2 8.3 841.5 

11 Gilman I 1035.3 10.0 1045.3 854.9 7.2 862.1 

15 yg N-

1104.7 

1094.3 

1099.8 

22.9 

30.5 

28.3 

1127.6 

1124.8 

1128.1 

959.1 

1119.0 

823.0 

6.3 

1.6 

2.1 

965.4* 

1020.6 

825.2 

•Initial "^N added was 1141.2 yg. 
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Insignificant N losses of 3 to 4% were observed in 

soils incubated at FC for five days. Extending the incu

bation to 30 days increased the loss to about 7% in Laveen, 

13% in Vecont and 8% in Gilman I soil. These losses repre

sented about one-eighth of the denitrification potential in 

Laveen, one-third in Gilman I and slightly over one-half 

in Vecont soil. 

Increasing the soil moisture level to saturation 

resulted in more N losses in all three soils at both incu

bation periods (Figures 3, 4, and 5). After five days of 

incubation at saturation, the N loss was 15 and 11%. in 

Laveen and Vecont soils, respectively, which corresponded 
I 

to about one-third and two-fifths of the denitrification 

potential in the respective soils. Gilman I soil, on the 

other hand, reached its maximum N loss in five days. 

From the pattern of N loss in these soils, it can 

be suggested that the moisture content of the soil was 

more important in influencing denitrification than the 

time of incubation. Depletion of the native decomposable 

carbon in the soil could limit the number and activity of 

the heterotrophic denitrifying bacteria and thus suppress 

denitrification. The carbon content for the three soils 

mentioned above was 0.52% in Vecont, 0.667o in Gilman I, 

and 0.83?o in Laveen soil. The relatively higher carbon 

content in Laveen soil seemed to supply denitrifiers with 

an energy source for a longer period of time, and thus the 
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loss after 30 days was three times greater than that after 

five days of incubation (Figure 3). 

Nitrogen Transformations in Soils as 
Affected by Moisture Content and Time 

Studying N transformations in soils helps in under

standing the denitrification process as an important part 

of the N cycle. Data in Table 6 report the N forms initi

ally and at the end of 30 days of incubating the soil at 

field capacity (FC) and saturation percentage (SP). The 

data for five days of incubation are shown in Appendix A. 

The native NH*-N contents were generally low, 1 to 

4 ug/g, and they virtually disappear at the end of the in

cubation period. The (NOg + NO^-N contents generally 

increased 5 to 12% over the initial amount when soils were 

incubated under FC moisture regime. These figures agreed 

with rates of N mineralization reported by Bartholomew and 

Kirkham (1960) and Bartholomew (1965). The increase in 

the (NOg + NO^)-N was generally accompanied with a decline 

in the soil organic-N coxitent which suggested that some 

N mineralization occurred in these soils. 

In the soils under SP moisture regime, the 

(NO^ + -N contents followed a different pattern than 

under FC (Table 6). Only Pima, Gila, Anthony, and Gilman 

II soils showed higher (NO~ + NO~)-N contents over the 

initial amounts which suggested N mineralization in these 



Table 6. The soil nitrogen forms as determined initally and after 30 days 
of incubation under two moisture regimes 

Initial Field Capacity Saturation Percentage 
Lab ; — — 
No. Soil series Nll^ NOJ+HOJ Organic NIl^ NC>34N02 Organic NH^ NOJ+NOJ Organic 

' wg N/g of soii 

1 Pima 3.2 223.7+ 637.9 0.0 253.9* 614.6 0.6 259.1* 600.1* 

2 Gila 2.0 221.7 511.0 0.2 236.3* 484.4 1.9 234.6* 488.1 

3 Grabe 3.7 202.3 691.6 0.2 217.3* 700.9 1.3 203.5 683.2 

4 Mohave 1.3 199.6 435.4 0.0 211.7* 392.0* 0.6 202.5 387.3* 

5 Anthony 1.5 203.0 609.0 0.0 205.3 563.7* 0.9 213.9* 569.3* 

6 Karro 2.4 222.2 1046.4 0.0 249.9* 1025.7 0.7 225.9 978.1* 

7 Tubac 2.6 264.0 514.5 0.0 272.3* 434.9* 0.7 268.6 427.5* 

8 Laveen 2.8 201.5 1137.5 0.0 224.0* 992.1* 0.5 126.5 949.2* 

9 Hohall 3.9 201.9 420.0 0.0 217.8* 399.0 1.3 205.9 391.1 

10 Vecont 4.3 200.2 861.0 0.6 214.1* 708.4* 1.9 182.0 683.2* 

11 Gilman I 4.3 245.6 903.0 0.0" 242.7 828.8 0.0 196.9 826.9* 

12 • Gilman II 0.8 244.4 973.0 0.2 267.9* 1000.5 1.7 283.3* 983.7 

13 , Superstition 2.6 198.7 315.0 0.0 218.6* 313.6 0.0 227.7* 271.6* 

14 lloltville 3.6 249.5 997.5 0.0 236.8* 959.9* 1.4 251.1 932.4* 

LSD at 5%: (NOj+NOj)-N, 10.6; organic-N, 30.4. 

^Significant at 5> level. 

+Initial (NO^+NOj)-N=native + 200 pg/g nitrate added. 



41 

soils. The organic-N contents of these soils were lower 

than initially. From data in Table 6 it can be observed 

that FC was a more favorable soil moisture regime than SP 

for N mineralization. This agreed with the findings of 

Stanford and Smith (1972). 

Laveen, Vecont, and Gilman I soils underwent 

significant N losses through denitrification which was 

enhanced under saturated conditions. The remainder of 

the soils did not show any significant changes in the 

(NOg + NC^-N contents although significant reduction 

in the organic-N was observed. Since the organic-N that 

was being mineralized and released by microorganisms did 
< 

not contribute to the inorganic fraction, it is plausible 

to attribute this N loss to denitrification, particularly 

under such saturated conditions. 

15 N Incorporation in Organic and Inorganic 
Fractions of Soil Nitrogen 

In the previous section, N transformations in the 

soils were studied using non-isotopic methods to determine. 

15 organic and morganic-N fractions. The use of N offers 

a means of tracing the fate of the added source of N. 

15 The amounts of N recovered from inorganic and 

15 organic-N fractions are presented in Table 7. The N 

incorporation in the NH*-N was not detected by the mass 



15 
Table 7. The amount of N incorporation in organic- and morgamc-N fractions 

as influenced by soil moisture content and incubation time 

5 days 30 days 
Lak Field capacity 1007. saturation Field capacity 100% saturation 

Ho. Soil series Org. Inorg. Org. Inorg. Org. Inorg. Org. Inorg. 

. . tig H/g of soil . 

1 Pima 0.9 1166.2 7.4 1111.4 9.4 1085.5 10.1 1095.5 

2 Gila 1.4 1167.2 4.9 1129.4 6.6 1135.8 11.6 1114.2 

3 Grabe 2.8 1132.9 3.1 1134.1 13.4 1117.0 12.4 1024.4 

4 Mohave 1.2 1153.6 2.2 1113.0 13.6 1086.0 10.8 1045.6 

5 Anthony 4.3 1135.0 2.7 1119.7 6.7 1080.7 13.6 1112.2 

6 Karro 8.4 1135.8 2.1 1101.8 15.1 1123.4 12.7 1009.4 

7 Tubac 4.2 1150.0 2.2 1120.3 9.7 1140.3 3.7 1112.6 

8 Laveen 22.9 1104.7 6.3 959.1 24.8 1042.4 10.9 546.5 

9 Hohall 6.2 1118.7 2.6 1120.7 7.1 1114.3 8.9 1040.3 

10 Vecont 30.5 1094.3 1.6 . 1119.0 8.7 983.5 8.3 833.2 

11 Gilman I 28.3 1099.8 2.1 823.0 10.0 1035.3 7.2 854.9 

12 Gilman II 5.6 1060.6 1.5 1120.3 0 . 3  1006.8 7.7 1054.1 

13 Superstition 6.8 1144.2 1-7 1126.8 1.9 1119.8 6.0 1112.9 

14 noltville 10.9 1115.7 0.0 1069.8 5.2 1064.5 0.0 1014.6 

LSD (0.05): 32.0 for inorganic ^N. 
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spectrometer and was not reported. Therefore, the inor

ganic fraction includes only the (NOg + NO^-N. The 

15 initial amount of N added was 1141.2 yg/50g of soil. 

Below is a discussion on the "^N recovered from the two N 

fractions in soils incubated for 5 and 30 days. 

Five-Days' Incubation 

15 N incorporation in the organic-N fraction was 

22.9, 30.5, and 28.3 yg in Laveen, Vecont, and Gilman I, 

respectively, when soils were incubated at field capacity 

(FC) . In these three soils, 2 to 3"L of the added was 

immobilized within five days. More than one-half of the 
I 

apparent reduction in the inorganic fraction in the above-

mentioned soils was accounted for by immobilization. 

Dentrification, if any, was very small in these soils for 

this incubation period. In Gilman I soil, little of the 

15 N loss was found in the organic fraction indicating a 

possible denitrification loss of about TL. 

Increasing the soil moisture to saturation per-

15 
centage (SP) resulted in a general decline m the N 

incorporated into the organic fraction. Further reduction 

in the "*"5N recovered from the inorganic fraction occurred 

in Karro, Laveen, Gilman I, and Holtville soils. These 

apparent denitrification losses were much greater under 

saturation than under field capacity. 
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Thirty-Days' Incubation 

The amount of "^N incorporated into the organic-N 

fraction in 30 days was not appreciably different from five 

days regardless of soil or moisture level. Different pat-

15 
terns were observed in amounts of N in the inorganic 

fractions. 

At field capacity, Laveen, Vecont, Gilman I, Gilman II, 

15 
and Holtville soils lost 7 to 12/6 of the added N, while 

the remainder of the soils showed non-significant losses. 

With the exception of Gila, Anthony, Tubac and Super

stition, all soils showed appreciable to large N losses 

(Table 7). ' 

Of particular interest is the Gilman II soil which 

showed less 15N loss at SP than FC in both incubation periods. 

This observation was similar to data reported by Mahendrappa 

and Smith (1967) from their study on one acid and one alka

line soil. They stated that, under anaerobic conditions, a 

moisture increase of 10% above FC markedly decreased the 

time required for complete denitrification. They also 

observed that further moisture increases reversed the trend 

and longer time was required for the maximum nitrate reduc

tion. 
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Denitrification Potential in Relation to 
Total and Extractable Soil Carbon 

The factors that influence denitrification in soils 

have been recognized for many years (Nommik 1956, Bremner 

and Shaw 1958). Carbon as an energy source for denitri-

fiers is a major factor in controlling denitrification 

because the biological oxygen demand (BOD) is affected by 

the quantity of decomposable carbon. In fine-textured 

soils, the BOD could be very high so the rate of oxygen 

diffusion to denitrifying bacteria is limited even in soil 

moisture range of field capacity to saturation (Broadbent 

and Clark 1965). 
I 

Bremner and Shaw (1958) concluded that little or 

no N gaseous loss was observed in submerged soils con

taining less than 1% C. Data from the present study 

(Table 4, Figures 1 and 2) showed that Laveen, Vecont and 

Gilman I soils, with total carbon content less than 1%, 

all showed significant N gaseous losses. These three 

soils had a clay-loam texture which limits the oxygen dif

fusion rate under saturated conditions. Denitrifiers under 

such conditions tend to utilize nitrate as a hydrogen 

acceptor and thus caused N gaseous loss. 

The relationship between extent of denitrification 

and total and extractable soil carbon was studied and the 

data are presented in Table 8. The linear regression was 
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15 Table 8. Denitrification potential (% N loss) and the 
associated total and extracted "glucose" C in 
14 Arizona soils 

Lab 
No. 

Denitrification 
potential as 
15n loss 

Soil carbon Lab 
No. Soil series* 

Denitrification 
potential as 
15n loss Extracted Total 

% mg/g of soil — 

1 Pima 1 3.1 0.096 4.95 

2 Gila 1 1.4 0.070 4.10 

3 Grabe cl 9.2 0.097 5.60 

4 Mohave scl 7.4 0.073 2.85 

5 Anthony 1 1.4 0.098 4.60 

6 Karro cl 10.4 0.110 7.45 

7 Tubac si 2.2 
• 

0.052 3.70 

8 Laveen cl 
V 

51.2 0.190 8.30 

9 Mohall si 8.1 0.094 3.35 

10 Vecont cl 26.3 0.141 5.15 

11 Gilman I cl 24.5 0.169 6.55 

12 Gilman II sicl 7.0 0.136 6.65 

13 Superstition Is 2.0 0.076 3.05 

14 Holtville sic 10.1 . 0.148 6.95 

*l=loam; c=clay; s=sand; si=silt. 
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the best fit of the data. Regression of (Y) as the deni-

15 trification potential, presented as "/o N loss, on (X) 

as two indices of the readily decomposable C in mg C/g of 

soil is shown in Table 9. The correlation coefficient 

2 (r ) values for soil "glucose" C and total C were 0.68 

2 
and 0.40, respectively. The higher r value associated 

with "glucose" C, compared with that for total, indicated 

that the extracted "glucose" C was a better index of decom

posable C in soils to predict potential for N gaseous 

losses. This conformed with the findings of Stanford et 

al. (1975) in their study on 30 different soils in the 

United States. Results of the present study suggested 
I 

that "glucose" C values could help in predicting denitrifi-

cation in Arizona agricultural soils. 
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Table 9. Regression of denitrification potential (Y) of 
Arizona soils on extracted "glucose" C and total 
soil C (X) 

Independent 
variable, X 

Regression 
equation 

Correlation 
coefficient 
(r2xl00) 

"glucose" C Y =281.51X-19.43 68% 

Total C Y= 5. 02X-14. 52 407o 

I 



SUMMARY AND CONCLUSIONS 

The gaseous losses of N in fourteen Arizona soils 

of major agricultural importance were investigated in a 

laboratory study. The soils were amended with 200 vg/g N 

15 as K NO^ and incubated at 30C for 5 days or 30 days under 

two moisture levels, field capacity and saturation percent

age. No exogenous source of organic carbon was added. 

15 The N tracer technique was used to study N loss as well 

as N transofrmations in soil as influenced by time and 

moisture content. An attempt was made to correlate the 

maximum gaseous N loss with the content of total C and the 

extracted "glucose" C of the soil. 

Negligible N losses (10% or less) occurred when the 

soils were incubated at field capacity. Losses increased 

in all soils under saturation regardless of the incubation 

time. After 30 days of incubation under saturation, the 

N loss was over 50% of the added source in Laveen soil and 

about 25% in each Vecont and Gilman I soils. The remaining 

15 
soils lost less than 11% of the added N. These figures 

indicate that some fine-textured soils, with <1% organic 

carbon could undergo significant N gaseous losses under 

saturation even without the addition of a carbon source. 

49 



50 

This observation is contrary to a widely quoted observation 

by Bremner and Shaw (1958) that little or no N gaseous loss 

occurred in submerged soils containing <1% C. 

The 30-days1 incubation period was not always 

necessary to determine the potential for N loss. Gilman I 

soil, for example, reached its maximum loss after five 

days when incubated under saturated conditions. This 

suggested that soil moisture content seemed to influence 

denitrification more than incubation time. 

15 The N incorporation in the ammonium and the 

organic-N fractions was not significant; whereas signifi-

15 cant reductions in contents of N recovered from (nitrate 

+ nitrite)-N fractions were observed, particularly under 

saturated conditions. 

Linear regression analysis showed a relationship 

2 
between denitrification potential and total C (r =0.40) 

2 and extracted "glucose" C contents (r =0.68) of the soil. 

These figures indicate that the soil extracted "glucose" C 

is a more reliable index than the total C for predicting 

the extent of denitrification in the soils under study. 

Data from the present study showed that the 

gaseous losses of N through denitrification could be 

significant under normal field conditions. These N losses 

should be considered along with other N transformation in 

order to better understand the N-balance in the total 

biosphere. 



APPENDIX A 

THE SOIL NITROGEN FORMS AS DETERMINED 

INITIALLY AND AFTER 5 DAYS OF INCUBATION 

UNDER TWO MOISTURE REGIMES 

51 



Table A-l. The soil nitrogen forms as determined after 5 days of 
incubation under two moisture regimes 

Field capacity Saturation percentage 
Lab ———: — -
No. Soil series NH4 NO3+NO2 organic NH^ NO3+NO2 organic 

yg N/g of Soil 

1 Pima 1.3 263.3 588.0 1.7 250.5 619.7 

2 Gila 2.4 242.7 486.3 0.9 231.3 493.7 

3 Grabe 1.7 211.7 686.9 1.3 212.8 695.3 

4 Mohave 1.3 212.2 410.7 0.4 205.1 389.2 

5 Anthony 1.7 210.7 537.1 0.4 207.0 580.5 

6 Karro 2.0 239.9 984.2 1.5 232.6 1012.7 

7 Tubac 0.9 276.3 450.8 0.2 265.4 483.5 

8 Laveen 1.7 212.0 1018.3 2.0 184.8 1050.9 

9 Mohall 2.2 207.2 429.3 1.9 208.1 438.2 

10 Vecont 2.0 212.8 733.7 0.4 200.1 753.2 

11 Gilman I 1.5 232.4 918.4 0.4 177.0 881.1 

12 Gilman II 0.7 272.8 1017.3 0.4 288.8 1032.3 

13 Superstition 2.2 214.8 322.9 0.2 211.1 342.1 

14 Holtville 0.4 259.0 952.9 0.9 251.4 1037.9 
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