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ABSTRACT

A laboratory study was conducted on two different
Arizona soils, Cave and Mohave, to evaluate the influence of
0, 0.125, 0.25, 0.5 and 1% NaCl on losses of N through
denitrification. In this experiment 200 yg/g N as KNOg and
100 yg/g carbon as glucose were added to the water-saturated
soils to stimulate denitrification. The treated samples .were
kept at a constant 25°C for 0, 2, 4, 8, 16 and 32 days.
N fractions were determined at the end of each time period.

Denitrification was slightly retarded at high salt
concentrations in both soils. NO^-N disappearance was

+greatly stimulated by glucose-C. NH^-N accumulation was 
significant over time and it had a greater accumulation at 
high salt concentrations of Mohave soil. Organic-N was not 
affected by salt concentrations. The total N loss through 
denitrification was approximately 9% of added NO^-N in Cave 
soil and 12.5% in Mohave soil with addition of 100 yg/g 
glucose-C.



INTRODUCTION

A major problem in feeding an ever-expanding world 
population is the limited amount of nitrogen (N) in the soil 
available for crop production. The scarcity of appropriate 
sources of energy for the manufacture of N fertilizer and 
other problems associated with world food production have 
stimulated a reconsideration of recent agricultural practices 
(Hardy and Havelka, 1975). Alexander (1977) called denitrifi
cation, the biological transformation of nitrate (NO^) to 
gaseous forms of N, the greatest biological leak in the 
otherwise closed cycle. Denitrification has long been 
accounted as a significant loss of fertilizer and soil N and 
this loss has been simply compensated by excessive additions 
of fertilizers. Today, higher fertilizer costs and .limited 
supplies drive soil scientists to undertake more intensive 
and quantitative studies of denitrification.

Consumption of N fertilizer in Arizona has increased 
by three times in 1976 (104,000 tons) from what it was in 
1955 (34,500 tons) (Hargett, 1976). Total U.S. N fertilizer 
consumption in the same period has increased five times 
(1,960,000 to 10,300,000 tons) (Hargett, 1976). World N 
fertilizer demand reached 49.6 million metric tons in 1977/78
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and it is forecasted to increase to about 63 million metric 
tons in 1981-82 (U. S. Economic Research Service, 1977).

From 30 to 74% of fertilizer NOg is lost through 
denitrification (Brown, 1975). With manure added to the soil 
and water contents maintained close to saturation, approxi
mately 74% of the fertilizer can be lost by denitrification 
at 23°C.(Rolston and Broadbent 1977).

Denitrification is a component of the natural N cycle 
and is beneficial when it reduces the N content of waste 
effluents. This control of NOg pollution of underground 
waters has given more attention to denitrification process 
than before. Meanwhile, constant addition of salt and NOg 
to soils by rivers, erosion irrigation, fertilizer applica
tions, and incorrect farm management, have been an interest 
to many researchers investigating N transformations (Westerman 
and Tucker, 1974; Johnson and Guenzi, 1963; Singh, Agarwal 
and Kanehiro, 1969; Agarwal, Singh and Kanehiro, 1971; and 
Broadbent and Nakashima, 1971). Most of the studies dealt 
with the effect of salt on mineralization-immobilization but 
no work has been done under anaerobic conditions where 
dissimilatory N reduction in which NOg is converted to Ng 
gas takes place.

In view of the results of the above investigators, 
this research was conducted to examine the salt effect on



denitrification. In specific, the objective is to determine 
if salt accumulation, frequently found in desert soils, 
prevents biological loss of N gases during heavy application 
of fertilizers.



REVIEW OF LITERATURE

Denitrification has traditionally been considered an 
undesirable soil process from an agricultural viewpoint. In 
recent years it has also received a great attention as a 
control of NOg accumulation in agricultural drainage water 
(Gilliam, Daniels, and Lutz, 1974; Meek, Grass, and 
Mackenzie, 1969).

Although the reduction of NO^ to nitrous oxide (U^O) 
and was first reported by Gayon and Dupetit (1886), the 
discovery of N^O near the surface of the earth in 1946 by 
Adel (1946, 1951) attracted most of the soil scientists in 
the subject who were not convinced of economical significance 
of denitrification. A few years later Arnold (1954) 
detected ^ 0  evolution from soils both in the laboratory and 
in the field by means of very sensitive infrared spectroscopy.

X 5Today the N tracer technique is greatly appreciated in 
precise study of soil N transformations.

Denitrification is defined as the biological reduction 
of NOg or nitrite (NO^) to gaseous molecular N or oxides of 
N. Dissimilatory NO^ reduction occurs when both NO2 and 
NOg are used as electron acceptors to form molecular N with
out the accumulation of potentially toxic concentrations of 
end products such as NO2 and ammonia (NHg). This reaction



is different from NOg reduction during cell protein synthesis
which is known as assimilatory NO^ reduction. A large number 
of facultative anaerobic bacteria in the absence of O2 are 
capable of NOg reduction if NOg is present in soil. De

using the native electron acceptor demand of the micro- 
organisms without the addition of any exogenous electron 
donors. The microbial solids in the soil reduce NOg to 
molecular N (Loehr, 1977). The reaction can be illustrated 
as:

Addition of an acid donor increases the denitrification rate.

Denitrification has been studied exensively by many research
ers; however, certain steps in the denitrification process 
remain unclear and there exist many conflicting results.
The reduction sequence is generally agreed to be:

(Cady and Bartholomew, 1960; Cooper and Smith, 1963), but 
some workers have proposed intermediates such as hyponitrite

nitrification in a biological system can be accomplished by

C5H702N + 4N0g 5C02 + NHg + 2N2 + 4 OH7

SCHgOH + 6N0g 5C02 + 3N2 + 7H20 + 6OH

5C6H12°6 + 24N03 30C02 + 12N2 + 18H20 + 24OH"

NOg NO 2 n 2o



(HON=NON) and nitramid (N2O2H2) which have not yet been 
identified (Broadbent and Clark, 1965).

In most of the studies, the dominant product is N2 
gas where the. ^ 0  and nitric oxide (NO) that are evolved are 
further reduced in the C^-free condition to N2 (Alexander, 
1977). Wijler and Delwiche (1954) reported that pH would 
affect the relative proportions of and N2 above pH7.0,
N2O can be readily reduced to ^  but below pH 6.0 its reduc
tion is inhibited, and ^ 0  is the major gas evolved during 
denitrification in acid soil. McGarity, Gilmour, and 
Bolien (1958) agreed with Hauck and Melsted (1956) that 
N9 is the gas evolved under aerobic conditions while small 
quantities of both and ^ 0  will be evolved in the presence 
of any free C^- Alexander (1977) pointed out that the 
identity of the first gas that is observed varies with the 
soil pH, temperature, and initial levels of NOg and organic 
matter. Schwartzbeck, MacGregor, and Schmidt (1961) found 
that N2 was the principal product when only NOg was the 
added N source. They also concluded that was produced 
during denitrification when ammonium (NH^) and NOg were both 
present. Broadbent and Clark (1965) believe that bacterial 
denitrification was not solely responsible in the above . 
system. Nommik (1956) concluded that NgO is an obligatory 
precursor of molecular Ng.



Denitrifying Organisms
Denitrification is brought about by facultative 

heterotrophic bacteria. These soil bacteria are responsible 
for recycling N compounds back to the pool of in the 
atmosphere. Other organisms may play a minor role; it was 
recently shown that NO", but not NOg, can be converted to 
NgO by two species of soil fungi (Bollag and Tung, 1972). 
Denitrifying bacteria are autotroph (Paraccoecus) and hetero- 
troph (Bacillus) but the majority of denitrifiers are 
heterotrophic bacteria, and organic carbon is necessary for 
cell synthesis and energy requirements. Thiobacillus 
denitrificans is a chemoautotrophic bacteria which is capable 
of using elemental sulfur or Thiosulfate as an energy source 
(Mann et al., 1972).

Most of the active denitrifying organisms belong to 
the genera of Pseudomonas, Achromobacter, Bacillus, and 
Microcoecus. An amount of a million per gram of denitrifying 
microorganisms is common in arable field Soils (Alexander, 
1977). The size and activity of the denitrifying flora in 
different ecological circumstances are key factors in 
determining the rate of loss of N from soils, but little is 
known of the environmental factors regulating the abundance 
or activity of these microorganisms. Many bacteria are 
tolerant of acid conditions and are able to grow and develop



over a wide range of pH, while others are restricted to either 
acid or alkaline conditions (Valera and Alexander, 1961).

The existence of numerous denitrifying organisms 
does not indicate that conditions are suitable for denitrifi
cation. The denitrifying bacteria are facultative anaerobes. 
When the environment lacks O2 the bacteria change to an 
anaerobic mode of respiration. If so, NOg is used as the 
electron acceptor for growth in the absence of Og. This 
implies that the active species grow aerobically with Og or 
anaerobically without Og but with NOg. Organisms gain less 
energy from oxidizing their carbon substrate when NOg is the 
electron acceptor for growth rather than Og (Koike and 
Hattori, 1975). So, fewer cells are formed per unit of sub
strate oxidized when the organisms are denitrifying as 
compared to when they are growing in air.

Influence of Soil Environment 
on Denitrification

Organic Matter
Organic carbon substrates are hydrogen donors for the 

denitrification of oxidized N. These oxidizable organic com
pounds are required to furnish energy for growth of the 
denitrifying population (Broadbent and Clark, 1965) . Bremner 
and Shaw (1958a) observed rapid denitrification by addition 
of glucose, mannitol, surcrose, and sodium citrate while



denitrification was least rapid by addition of lignin, a 
very slowly decomposable organic matter. Francis and 
Callahan (1975) reported that an exogenous organic carbon 
source was needed for efficient denitrification. Westerman 
and Tucker.0978) observed a marked decrease in NOg and NOg 
after addition of organic carbon. Loehr (1977) maintained 
that the organic compounds must be available in concentration 
sufficient to meet the combined requirements of organism 
growth and NOg and NOg reduction. Wo1dendorp (1962) studied 
the quantitative influence of the rhizosphere on denitrifi
cation and concluded that rhizosphere organisms induce 
denitrification by consuming Og during the breakdown of root 
excretions.

Effect of pH
Denitrifying bacteria responsible for denitrification 

are sensitive to high hydrogen ion concentrations (Alexander, 
1977). Bremner and Shaw (1958a); reported, very slow•denitrifi
cation in acid soils and very rapid reaction at high pH.
Wijler and Delwiche (1954) observed that total denitrifi
cation rates are quite constant above pH 6.0 but the amount 
of NgO and Ng gases are pH dependent. Nitrous oxide is 
readily reduced to Ng above neutral pH while its reduction 
is strongly inhibited below pH 7. Formation of NO is prom
inent below pH 6 and the rate of denitrification decreases.
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Effect of Temperature

Denitrification in Soils has been studied over a 
broad range of temperatures by Nommik (1956) and Bremner and
Shaw.. (195'8a:)...' They reported the optimum temperature in 
the range of 60-65°C. Rate of denitrificatioh was very 
slow between 2 to 50 C A l e x a n d e r  (1977) reported 70° C to 
be the maximum above which transformation stops. The 
denitrification rate, within a limited temperature range 
increased by a factor of two for each 10 degree rise in , 
temperature. Nommik (1956) found that rate of denitrifica
tion continued to increase as the temperature rose from 12 
to 65°C. The rapid release of Ng at temperature above 35°C 
suggests an active thermophilic flora. He also reported 
that the ratio between ^ 0  and was different at different 
temperatures and ^ 0  dominates at the lower temperatures 
while molecular ^  dominates at the higher temperatures.

Effect of Moisture
The effect of moisture on denitrification has long 

been accepted as filling the soil pores and thereby reduc
ing the O2 concentration and diffusion (Allison, Carter 
and Sterling, 1960; Broadbent, 1951; Jones, 1951; Greenland, 
1962) . Bremner and Shaw (1958 a) .measured the rate of 
denitrification by the disappearance of N0g in soils and 
observed an increase in denitrification rate as the moisture
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level was increased even beyond saturation. Cady and 
Bartholomew (1960) found an increase in the rate of denitri
fication when the moisture content of a sandy loam soil was
increased from 10 to 15%. The soil was fully anaerobic with
argon. Mahendrappa and Smith (1967) reported that each soil 
has specific moisture requirements for maximum denitrifica
tion rate under anaerobic conditions. They found that an 
increase in moisture content to 10% above field capacity 
markedly decreased the time required for complete denitrifi
cation, but further increase in moisture content increased 
the time needed for N production to take place. They also 
proposed that some of the moisture effects could be due to 
the distribution of organisms and/or N compounds. They 
attributed a part of effect of moisture to a dilution effect 
on toxic products produced in soil.

Effect of Partial Pressure of Oxygen
Large losses of N may occur by denitrification when 

soils are under anaerobic conditions (Allison et al., 1960; 
Ardakani and Belser, 1975; Broadbent and Stojanovic, 1952; 
Cady and Bartholomew, 1961). Cooper and Smith (1963) 
reported that under anaerobic conditions at 30°C, only 28 
to 96 hours were required to complete reduce 300 yg/g of 
NOg to N. Nommik (1956) directly correlated the rate of 
denitrification with the partial pressure of O2. Sacks
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and Barker (1949) and Jones (1951) found no evidence of 
denitrification under aerobic conditions. However, a number 
of contrary reports have appeared in which denitrification 
has occurred in the presence of adequate (Marshall et al., 
1953, Kefauver and Allison, 1957). Alexander (1977) explains 
that this N release at Normal 0^ tensions is because the pores 
in the soil are never entirely oxygenated.. Anaerobic micro
environments therefore exist in well drained soils whenever 
the biological demand exceeds the supply. Wiljer and 
Delwiche (1954) found that tension as low as 5 mm Hg 
decreased denitrification to rates almost one-tenth of that 
under anaerobic conditions. The mechanism by which ;• -r.-. 
affects NOg reduction is not well understood. Cox and Payne
(1973), however, have shown that the synthesis of enzymes is 
controlled by the absence of Op rather than the presence of 
N°" .

Effect of Redox Potential
Redox potential is a considerable factor in any 

biological transformation in aquatic or,soil systems. The 
Eh of an aqueous system is relatively insensitive to varia
tion of dissolved Op concentrations down to 0 .1% saturation 
(Greenwood, 1962). Mortimer (1941) reported a value of +200 
mv stabilized in an anaerobic water-saturated soil at the 
presence of NOg. Bailey and Beauchamp (1973) found the Eh of
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an anaerobic water saturated soil supplied with NOg and NO^ 
reached a value of +200rav. Hargrave (1972) showed that an 
Eh below -HOOmv no O2 can be detected in a sediment. Quispel 
(1947) reported a relationship between Eh and pH in which 
lower Eh values are associated with higher pH values. Bohn 
(1971) observed that NOg is reduced at a redox potential of 
+225mv or lower at pH 7 in soil. Patrick (1960) reported 
that NOg would be unstable in soil at redox potential of 
338 millivolts. He maintained that redox potential, not O2, 
regulates the activity of the NOg reducing bacteria.

Other Factors Affecting Denitrification 
Conditions in the rhizosphere of living roots are 

favorable for the reduction of NOg to NOg (Brar 1972).
Oxygen deficiency may be easily created in the system when 
roots are respiring.. The rate of denitrification is not 
affected by the amount of NOg applied when sufficient organic 
matter as an energy source for denitrifying microorganisms is 
present (Bremner and Shaw 1958a) . Bremner and ‘Shaw (1958b) 
also reported that air drying and storage of the soil do 
not affect the activity of organisms responsible for denitri
fication. Westerman and Tucker (1978) studied the effects 
of several factors on denitrification including effect of 
soil depth and concluded that soil depth has a minor effect 
on denitrification and the rate of loss of N decreases with 
increasing depth. Lack of organic matter below the top soil
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is quite important in limiting denitrification although 

anaerobic conditions are more frequent below than at the 
soil durface. Carter and Allison (1960) did not find any 
significant effect on N lossses by addition of CaCo^ to 
the soil. Sabey (1961) believed that nitrification always 
promotes later denitrification by oxidizing NH^ to NOg. He 
maintained that NHg is resistant to leaching as long as it 
remains in the NHg form and is not oxidized into NOg. Sabey 
(1961) advised that if conditions conductive to denitrifi
cation exist in the soil, N fertilizer should be applied 
closer to the planting date of the crop to prevent N loss.

, Polution Control by.Denitrification 
Promotion of denitrification has been employed to 

control accumulation problems arising from farming and other 
sources. Pollution due to NOg enriched drainage water is a 
world wide problem. Some attempts have been made to use the 
denitrification process for the purification of this water.
NOg below the root zone is no longer useful agriculturally 
and may cause a substantial environmental hazard (Alexander, 
1977). Raveh and Avnimelech (1971) found denitrification to 
be a very effective mechanism to reduce NOg concentrations in 
flooded soils..; . The results of Avnimelech and Raveh (1974) " 
indicate that in many circumstances the best method to get 
rid of excess NOg is the use of organic matter found in 
soils. Viets and Hazeman (1971) reported that organic
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substances and redox potential are the two limited factors 
in lower depth of the soil where NOg accumulates. The ini
tial value of 340 mv redox potential should be existed in 
the soil for denitrification process to start.

Christianson et al. (1957).denitrified 1,100 ug/g 
NOg solution in a continuous flow-stirred reactor with 
methanol as a substrate. With 2800 ug/g methanol flowing in 
at a rate of 10 ml/min., the NOg concentration deerased to 
below detectable limit in 30 .hours. Avnimeleeh and Raveh
(1974) reported the rate of denitrification in the order of

—  —1 -1 a few hundred mg NOgg soil day- . They indicated that a
few days of proper conditions, for denitrification could be
sufficient to remove the annual production of NOg in soils.



MATERIALS AND METHODS

Soils
Two Arizona soils, Cave and Mohave, were used in this 

study. The two soils were taken from the surface 20 cm of 
the soil, passed through a 2 mm screen, and then stored air 
dry.

Some of the physical and chemical characteristics of 
the two soils are shown in Table 1. Soil texture was deter
mined by the hydrometer method (Day, 1965). Soil pH and 
electrical conductivity were determined by Walkley-Black 
method (Allison,1965). Calcium carbonate content of the soils 
was determined by acid neutralization (USDA Handbook 60, 1969). 
Organic and inorganic N were determined by Kjedahl digestion, 
and steam-distillation method, respectively (Bremner,1965a).

Qualitative Test for 
Denitrifying Organisms

This experiment followed the procedure described by 
Alexander (1965) to test the presence of denitrifying.micro
organisms in the soils. During bacterial denitrification, 
the NOg or NO7, and the energy source would disappear. As 
the bacteria develop, the color of the solution containing

16



Table 1. Some-chemical and physical properties of the two salts.

Soil Sub- Sand Silt Clay Tex- SP pH EC O.M. CaCO. NH.-N NO--N Organic-N
Series Group % % % ture % mmhos/ % % wg/g ug/g pg/g

Typic - •.. .Cave pale- 58.1 32:8 9.1 S.L. 32 7.3 2.1 0.6 9.5 3.4 6.7 454.0
orthid

Mohave Japlar- 76.6 14.8 8.6 S.L. 25 7.1 1.2 - 0.5 6.0 4.5 2.2 268.0
gid >
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bromthymol blue indicator which is green at the initial pH 7 
will change to an intense blue as the pH rises. This qual
itative test for the presence of denitfifiers is based upon 
the rise of pH due to the reaction:

NOg + 5e + 6H+ = %N2 + SH^O.

Positive reading was recorded for all dilutions of 
soil suspensions after 5 days incubation, showing both 
vigorous gas formation and blue coloration.

Soils:
Salts:

Time:
Temp: 
Moisture: 
Amendments : 
Lag Period: 
Replication:

Experimental Design 
Cave and Mohave
0.000 0.125 0.250 0.500 1.000 7= by
weight H a d  added to the soils
0 2 4 8 16 32 days
25° C
Saturation
200 ug/g NOg-N and 100 yg/g glucose-C 
5 days 
3

Procedure
Fifty grams of air-dried soil were placed in a 250 ml 

wide mouth Erlenmeyer flask. Each soil was adjusted to 
slightly below its saturation level of moisture with dis
tilled water,' soils reached saturation by addition of



19
amendments in solution form, and pre-incub at ed for 5 days at 
constant temperature in an incubator. The flasks were cov
ered with 0.46 mil plastic film of Handi-Wrap and tightened 
with a rubber band around the flask neck. This plastic film 
allows gas exchange exists withou.t moisture loss. This was 
verified during preliminary experiments when the moisture 
content of the soils was checked every day. After 5 days of 
pre-incubation, the flasks were taken out of incubation and 
uncovered for addition of the N and carbon amendments.

Five milliliters of KNOg solution containing 200 ug/g 
NOg-N, 2 ml of glucose solution containing 100 pg/g carbon, 
and 2 ml of NaCl solutions were added to the soils after 
pre-incubationperiod. The Erlenmeyer flasks were then 
covered again with a new plastic film as described above and 
placed in the incubator at 25°C.

Extraction of Inorganic Nitrogen 
At the end of each period, those flasks ending their 

time period were taken out of the incubator, uncovered and 
extracted immediately with KC1 solution as follows:

Each container received 100 ml of 1 N KC1 and was 
shaken for one hour on a rotary shaker after covering the 
flask with a tight rubber stopper.

The soil suspension was transferred to a 10-̂ cm.
Buchner funnel with a Whatman No. 42 filter paper in place
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after applying the suction by.a vacuum pump. The funnel was 
initially attached to a 500 ml filtering flask.

Three additional 75 ml portions of KC1 were used to 
wash the soil. The leachate in the filtering flask, con
taining and NOg fractions of the soil, was transferred
carefully into a 250 ml volumetric flask. After adjusting 
to volume, the solution was kept in a 300 ml polyethlene 
bottle for N determination without storing. Nitrogen fraction
ation immediately followed KC1 extraction.

The remaining sample on the filter paper was placed 
in a lyophilizer for two days to dry. The dried soil was 
ground and sieved through a 2 mm screen for organic-N analy
sis .

Inorganic Nitrogen Fractionation

Ammonium^ N
A 25 ml aliquot was pipeted from the filtrate into

a 100 ml micro-Kjeldahl flask. This aliquot contains
NH^-N and NOg-N. About 0.2 g of MgO powder was added to the
flask. The neck of the flask was washed down with a few ml
of deionized water and connected to the steam-distillation
apparatus immediately. After collection of about 30 ml of
distillate containing 5 ml boric acid-mixed indicator solu- 

+tion, the NH^-N content was determined by titration with
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0.02 N KH(IOg)2. A blank was run with each set of samples 
undergoing steam-distillation.

Nitrate + Nitrite
The same sample after distillation was allowed to 

cool and used for determination of (NO^ + NO^-N. About 
0.2 g of Devarda alloy was added to the flask and connected 
to the steam distillation apparatus. Approximately 50 ml of 
distillate was collected in a 125 ml Erlenmeyer flask con
taining 5 ml boric acid-mixed indicator solution. The 
condensate solution containing the NH^ form of the former 
(NOg+NO^-N was titrated with 0.02 N KHClOg^-

Organic —N
A 2.0 g soil sample was taken from the lyophilized soil 

and placed in a 100 ml,micro-Kjeldahl flask. A few ml of dis
tilled water and a teaspoon of mixed catalyst.(K^SO^, 
CuSO^'fH^O, Se of ratio 100:6.39:1, respectively) was added, 
to the soil. Digestion of the flask was followed with care 
according to Bremner (1965b) after addition of"5 ml concen
trated E^SO^, After digestion, the cooled flask was trans
ferred to steam distillation apparatus and 20 ml of 50% NaOH 
was added. When 50 ml had distilled over into a 125 ml 
Erlenmeyer flask containing 5 ml of H^BO^-mixed indicator 
solution, distillation was stopped. The distillate was



titrated with 0.02 N KH(IOg)^ and organic-N fraction of 
the soil was calculated as pg/g of N.

Statistics
The experiment was designed in randomized-complete 

blocks with 2 fixed factors (Time and Salt) and 3 observa
tions. The analysis of variance was computed for the 
fractions of N and for total N. The F-test and least- 
significant-difference (LSD) test at 0.05 and 0.01% were 
used to show the differences and to group the means.



1 RESULTS

Carbon source and anaerobic condition are two of the 
most important factors stiumulating denitrification. Satura
tion moisture and the addition of carbon as glucose, there
fore, were provided. The two soils were tested for the 
presence of denitrifying bacteria and, after five days of 
incubation, both of them showed the activity of denitrifiers 
through vigorous gas evolution and blue coloration of the 
bromthymol blue indicator.

Electrical conductivity values corresponding to each 
level of salt added to the soils are shown below:

% Added Salt EC (mmhos/cm)
Cave Mohave

0.000 2.1 1.2
0.125 8.2 9.0
0.250 16.6 20.0
0.500 30.0 37.0
1.000 58.0 73.0

In the preliminary, experiments, Cave soil was incu
bated for 0, 2, 4, and 8 days with two levels of salt (NaCl) 
concentrations (0, 1.0%). In the presence of 200 yg/g added

23
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NOg-N with no glucose added, no loss of HO^ was detectable 
after eight days. Due to the similarity of the data, they 
are not presented here. With the addition of 600 yg/g 
glucose . to the same soil, almost all of the NOg added 
(200 ug/g) was removed in four days and the amount.of NOg 
approached the detection point after eight days of incubation. 
Table 2 shows the main effect of time on (HOg + NOg) where- 
NOg loss is significant over periods of time and Figure 1 
shows the significant loss of NOg for the two salt treatments 
over periods of time where the NOg loss is greater with no 
added salt-samples than with 1.0% added salt. The data on 
NH^-N, NOg-N, and organic-N of this preliminary experiment 
will be presented in the Appendix, A-l.

In order to slow denitrification rate and other 
processes involved in N losses, the added glucose was reduced 
to 100 yg/g carbon.

The result of analysis of variance table for fractions 
of N in the main experiment is shown in Table 3.

Main effect of salt concentration on NOg fraction was 
highly significant in both Cave and Mohave soils. Ammonium 
was affected significantly by salt concentration at 0.01 level 
in Mohave soil and not in the Cave. Time of incubation had 
a highly significant effect on NOg-N, NH^-N, and total N 
at 0.01 level in both soils where the effect of time on
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Table 2. Effect of time on (NO3 + NO2)-N in Gave soil
with 600 pg/g glucose-c (preliminary experiment).

Time of Incubation (NO" + NO")-N

(days) Pg/g
0 207 a
2 176 b
4 24.0 c
8 1.1 d

Means followed by the same letter are not significantly
different at 0.05 level.
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Figure 1. Effect of two salt treatments with time period 
in Cave soil with 600 yg/g added glucose-C„ N3
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Table 3. Analysis of variance for nitrogen fractions in 
the two soils.

Cave Mohave

NH+ NO" ..Org-N . Total . NO" .Org-N. Total

Salt N.S VoV N.S N.S ** N.S N.S
Time ** * ** ■k-k * ink

Inter
action

N.S N.S ' N.S. N.S N.S N.S. N.S.

^significant at 0.05 level 
** significant at 0.01 level
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organic-N is significant at 0.05 level for both Mohave and 
Cave soils. There is no significant interaction between salt 
concentration and time of incubation in any fractions of N 
except for NH^-N in Mohave soil.

Data in Tables 4 and 5, and Figure 2, show a signifi
cant loss of NOg-N from the two soils after 32 days of
incubation. The decrease in NOg-N was continued up to 16
days of incubation in both Cave and Mohave soils. There was 
no significant loss of NOg after 16 days to 32 days of 
incubation in both soils and amount of NOg-N after 32 days is 
the same as that of 16 days.

The percent NOg loss was 32% in Cave soil and 28% in 
Mohave soil. The effect of salt on NOg content of the two 
soils was not influenced by time of incubation, therefore, 
the mean of replications with no further statistic will be 
presented in the Appendix, Table A-3.

The effect of salt on NOg-N in Cave soil is shown in 
Table 6. The amount of NOg-N is significantly higher at 0.5% 
in salt treated samples than that of zero added salt,
NOg-N content of 1% salt treated samples is not significantly 
different from that of 0.5% salt in the Cave soil. NOg-N 
content of the highest salt treated samples is 3% more than
the lowest (no salt added).
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Table 4. Effect of time on (NOg+NO^)-N in Cave.

Time of Incubation 
Days

(NOg+NOp-N
yg/g

0 208 a
2 196 b
4 174 c
8 154 d

16 143 e
32 142 e

LSD 0.05 = 2.5.
Means followed by 
different at 0.05

the s ame 
level.

letter are not significantly

Table 5. Effect of time on (HOg+NOg)-N in Mohave.

Time of Incubation 
. Days

(NOg+NO")-N 
ug/g

0 204 a
2 195 b
4 178 c :
8 161 d

16' 148 e
32 147 e

LSD 0.05 =3.6,.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Table 6. Effect of salt on (NOg+NC^)-N in Gave soil.

Added Salt 
%

(N0~+N0~)-N 
Ug/g

0.000 167 a
0.125 168 a
0.250 169 ab
0.500 171 be
1.000 172 c

LSD 0.05 = 2.3.
Means followed by the same letter are not significantly
different at 0.05 level.
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Table 7 shows the effect of salt on NOg content of 

Mohave soil. The content at 0.25% salt is significantly 
higher than that of zero added salt. The effect of salt 
concentrations higher than 0.25% is not significantly 
different than that of 0.25% in Mohave soil. The NOg-N con
tent of 1% added salt samples was 4% higher than zero added 
salt in Mohave. The difference in NOg-N content between the 
highest and the lowest level of salt added to Gave soil in 
the preliminary experiment was 9% in the presence of 600 
yg/g glucose-C.

The native NH^- fraction of the soils which is
generally lower than 5 yg/g disappeared after 2 days of
incubation and then increased to more than three times the
initial value after eight days in the Cave samples (Table
8, Figure 3) and remained unchanged up to 32 days. In the
Mohave soil, almost the same increase in NH^-N was detected,

+but the increase in NH^-N continued significantly to 32 days 
(Table 9, Figure 3).

The effect of salt on NH^-N accumulation was 
significant at 0.5% salt samples of Mohave soil (Table 10, 
Figure 4). After 32 days, however, the NH^-N at 1% salt was 
11 yg/g higher than 0% (Table 11). Ammonium-N appeared to 
higher in all the salt treated samples of the Cave soil, 
although the effect was not statistically significant (Table 

v A-3, Appendix A). The effect of salt on NH^-N fraction
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Table 7. Effect of salt on (NOg+NC^)-N in Mohave soil.

Added Salt
%

(NOg+NOp-N
yg/g

0.000 169 a
0.125 171 ab
0.250 173 be
0.500 174 be
1.000 176 c

LSD 0.05 = 3.3.
Means followed by the same letter are not significantly
different at 0.05 level.
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Table 8. Effect of time on NH^-N in Cave.

Time of Incubation 
Days

NH4-1
yg/g

3

0 1.3 b
2 0.0 a
4 3.8 c
8 ' 4.4 d

16 4.6 d
32 4.5 d

LSD 0.05 = 0.5.
Means followed by the same letter are not significantly
different at 0.05 level.
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Table 9. Effect of time on NH^-N in Mohave.

Time of Incubation 
Days

NH4-N
ug/g

0 2.2 b
2 0.0 a
4 4.6 c
8 4.9 c

16 6.1 d
32 9.0 f

LSD 0.05 =0.8.
Means followed by the same letter are not significantly
different at 0.05 level.



Table 10. Effect of salt on NH^-N in Mohave.
37

Added Salt NH,-N7 4-Ug/g

0.000 3.7 a
0.125 3.9 a
0.250 4.1 a .
0.500 4.9 b
1.000 5.7 c

LSD 0.05 = 0.7.
Means followed by the same letter are not significantly
different at 0.05 level.
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Figure 4. Effect of salt treatment over time periods in Mohave.



Table 11. Effect of salt on NH,-N (yg/g) over periods of 
time in Mohave.

Added Salt 2 4 6 8 16 32
% Days Days Days Days Days Days

0.000 2.6 a 0.0 a 4.9 a 4.5 a 6.0 a 4.1a
0.125 2.2 a 0.0 a 4.9 a 4.9 a 6.4 a 5.2 a
0.250 2.2 a 0.0 a 4.9 a 4.5 a 5.6 a 7.5b
0.500 ' 1.9 a 0.0 a. 4.1 a 5.2 a 5.6 a 12.7 c
1.000 2.2 a 0.0 a 4.5 a 5.2 a 6.7 a 15.3 d

LSD 0.05 = 1.8.
Means followed by the same letter are not significantly
different at 0.05 level.
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in Cave soil’was also insignificant when amended with 
600 ug/g glucose-C in the preliminary experiment (Table A-1, 
Appendix A).

The results on the organic fraction of N are pre
sented in Tables 12 and 13 for the two soils. Although the 
data do not show any consistent trends over time periods, 
the organic-N increased after two days of incubation with 
no further increase throughout the rest of the incubation 
period in the Cave soil (Figure 5). The organic-N in the 
Mohave soil decreased after 4 days from the amount detected 
at 2 days of incubation and then did not change any further 
except for a decrease after 32 days (Figure 6). Salt seemed 
to have no effect on the organic fraction of N in any of the 
two soils. Data on the effect of salt on organic-N over 
periods of time is presented in Table A-4, Appendix A, for - 
both Cave and Mohave soils.

Tables 14 and 15 present the total N loss with time 
in the Cave and Mohave soils. Total N decreased with time in 
in both soils. The rate of N loss was greater in the first 
8 days of incubation and then slowed through 32 days (Fig
ure 7). The total N, calculated from the sum of NH^, NO^, • 
and organic-N, decreased 9% from the initial value in the 
Cave soil and 12.57c in the Mohave soil after 32 days of 
incubation (Figure 8). In the preliminary experiment with 
600 pg/g added glucose-C, total nitrogen decreased by 29% 
in the Cave soil after 32 days (Figure 8).
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Table 12. Effect of time on organ!c-N in Cave.

Time of Incubation 
Days .

Organic-N
Ug/g

0 432. a
2 448 b
4 450 b
8 451 b

16 448 b
32 440 ab

LSD 0.05 = 12.9.
Means followed by the same letter are not significantly
different at 0.05 level.
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Table 13. Effect of time on organic-N in Mohave.

Time of Incubation 
Days

Organic-N
Ug/g

0 265 abc
2 275 c
4 262 ab
8 265 abc

16 271 be
32 256 a

LSD 0.05 =12.0.
Means followed by the same letter are not significantly 
different at 0.05 level.
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Table 14. Effect of time on total nitrogen in Cave.

Time of Incubation 
Days

m
ug/g

0 7 641 a
2 644 a
4 627 b
8 609 c
16 596 d
32 586 d

LSD 0.05 = 13.0.
Means followed by the same letter are not significantly
different at 0.05 level.



Table 15. Effect of time on total nitrogen in Mohave.
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Time of Incubation 
Days

ZN
Ug/g

0 • 471 a
2 471 a
4 445 b
8 431 c

16 426 c
32 412 d

SD 0.05 = 13.1.
Means followed by the same letter are not significantly
different at 0.05 level.
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DISCUSSION

The rate of disappearance of Nitrate-N gradually 
decreased with increased salt, as shown in Tables 6 and 7. 
Johnson and Guenzi (1963) reported that increasing osmotic 
pressure reduced Co2 evolution approximately linearly. 
Broadbent (1965) suggested that high osmotic pressure causes 
cellular breakdown with subsequent N release. Another 
study by Broadbent and Nakashima (1971) showed that osmotic 
effects contribute to the mineralization of organic N in 
soil but the magnitude depends on the nature of the salt 
and the nature of the soil. Toxicity of salts, particularly 
NaCl, to nitfifiers has been previously reported -by many 
workers (Singh, Agarwal, and Kanehiro 1969; Brown and 
Hitchcock 1917; Johnson and Guenzi 1963; Pathak and Jain 
1965; Westerman and Tucker 1974). A higher amount of NOg-N 
in the higher salt-treated samples and the fact that salt 
curtails nitrification would support the conclusion that 
microbial activity including denitrification is suppressed 
by salt.

The effect of salt was greater in the Cave soil 
(Figure 1) with a higher addition of glucose-C (600 yg/g). 
The inhibitory effect of salt on microbial population was
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better shown when their activities were stimulated by higher 
amounts of a carbon source.

Loss of NOg-N from soils can be accounted for by 
denitrification, immobilization, assimilatory NOg reduction 
in higher plant and leaching. Significant losses of EfÔ -N 
in the two soils in this laboratory experiment could have 
been through denitrification and immobilization. Although 
it is generally accepted that denitrification dominates in 
soils when NOg is reduced to oxides of N and molecular N gas 
under anaerobic conditions (Cooper and Smith 1963; Wijler 
and Delwiche 1954), other investigators reported NOg reduction 
to HHg under anaerobic conditions. Koike and Hattori (1978) 
demonstrated the simultaneous occurrence of denitrification 
and reduction to NHg and organic N in anaerobic marine 
coastal sediments. Stanford, .Legg, Dzienia and Simpson (1975) 
showed that the addition of glucose to soil gently stimu
lates anaerobic NHg formation from NOg if a few organisms 
(Bacillus licheniformis) capable of reducing NOg to both

■ ,i_NH^ and gaseous N present. A 9% decrease in total N from 
Cave soil and 12.5% from Mohave soil could be accounted 
for by denitrification. Thus the greater part of NOg 
disappearance was caused by other processes, mainly 
immobilization. The presence of other organisms capable of 
reducing NOg to both NH^ of N gas has not yet been identified 
in desert soils.
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. The added NOg was lost only during the first 16 days 

of incubation in both soils, presumably because of carbon 
source disappearance at this time. Avnimelech and Raveh 
(1974) reported that lack of readily decomposable organic 
substrate is the limiting factor in these processes. This 
was confirmed by greater NOg losses when a higher rate of 
carbon source (600 ug/g) was applied to Cave soil.

Several investigators (Greaves 1916; Greaves and 
Lund 1921; Lipman 1909) reported that salt stimulates 
ammonifiers. Another explanation for NH^-N accumulation at 
higher concentration of salt was advanced by Broadbent (1965) 
on the basis of an osmotic effect. He believed that NH^-N 
comes from microbial cell breakdown due to increased osmotic 
pressure and subsequent cell lysis. However, osmotic 
pressure cannot be the sole factor contributing to NH^ 
accumulation because different salts at equivalent osmotic 
pressure or concentration resulted in different magnitudes

JLof NH^ release in the work done by Agarwal, Singh and 
Kanehiro (1971). Singh et al. (1969) concluded that in addi
tion to the osmotic effect "certain chemical reactions" 
and/or processes are also involved in splitting off NH^-N 
from organo-inorganic complexes of a soil .and NH^ ions are 
subsequently exchanged with cations in the surrounding soil 
solution. Westerman' and Tucker (1974) reported that
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mineralization increased at low added, salt concentration, 
but at higher salt concentration mineralization decreased 
due to inhibitory effect on nitrification than mineralization.

Clear cut explanation of the effect of salt accumula
tion of NH^-N is not possible for this result. NH^-N release 
from cation exchange sites should not be significant because
of the very low fixing capacity of these two soils with

+slight clay content. The increase in NH^-N with successive 
increments of added salt in the Mohave soil (Table 10) 
suggested that inhibition of nitrifiers in high salt 
concentration combined with priming effect of added Hand salt 
on microbial decomposition of soil organic-N (Westerman and 
Tucker 1974) are most likely responsible. Yoshida and 
Padre (1974) reported the occurrence of nitrification in 
submerged soils. Diffusion of O2 from the atmosphere through 
the water keeps the upper few millimeters of soil oxygen
ated. The insignificant effect of salt on NH^-N in the 
Cave soil with lower electrical conductivity due to its 
higher water holding capacity than that of the Mohave soil 
will give a support to the above explanation. The highly 
significant increase of NH^-N in the Mohave soil after 32 
days with 0.250% and higher salt (Table 11, Figure 4) 
could in turn show the accumulation of MH^-N due to the 
inhibition of nitrification by high salt concentration which
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turned out to be significant after the longest period of 
incubation.

Significant accumulation of NH^-tT in both soils 
over time periods, with a higher rate of NO^ disappearance 
than total N, suggest that immobilization and mineralization 
proceed simultaneously. Westerman and Tucker (1979) re
ported significant immobilization of added inorganic-N at 
the presence of organic-C amendments in a field experiment 
in the Sonora desert in Arizona. The data on accumulation 
of NH^-N suggested that mineralization occurred, due to the 
presence of NOg stimulating population of organisms which 
bring about mineralization providing that anaerobic con
dition, does not affect, ammonifiers as it does nitrifiers. 
There is a total disappearance of MH^-M after two days of 
incubation in both of the soils which could be accounted 
for by the rapid rate of immobilization into the microbial 
cell in the short time after addition of glucose^-C and N' 
source. An apparent increase in organic N after two days 
in both soils might have been due to the same reasons. 
Although the errors involved in organic-N determination 
as was evident in this experiment does not allow any con
fident interpretation on the organic-N data, the general 
decrease in organic-N with time can suggest mineralization 
which is expected with addition of inorganic N. Westerman 
and Tucker (1978) reported greater mineralization with 
lower C:N ratio in the soil.



Net mineralization or immobilization in the complex 
cycle of N transformation can hardly be determined with
out using labeled N. From the results on NH^-N accumulation, 
organic-N appearance, and greater NOg-N disappearance than 
denitrification, mineralization and immobilization seemed 
to occur at almost the same rate.



SUMMARY AND CONCLUSIONS

The influence of salt concentration on denitrifica
tion was studied on two Arizona soils (Cave and Mohave). 
Nitrate-N and glucose-C were added to the water-saturated 
soils and incubated at 25°C for time intervals of 0, 2, 4,
8, 16, and 32 days under five salt treatments, 0, 0.0125, 
0.25, 0.5, and 1% by.weight of soil.

The denitrification increased with time and resulted 
in reduced concentrations of NOg. The total amount of 
NOg-N denitrified was 9% in Cave soil and 12.5% in the 
Mohave soil. It was concluded that carbon source is the 
most limiting factor in N losses, since denitrification was 
measured to be 29% for the same Cave soil when amended with 
substantial glucose-C (600 yg/g). High salt concentrations 
retarded the activity of denitrifying microorganisms.

Ammonium-N accumulation was greater in salt-treated 
samples of Mohave soil. Inhibition of nitrifiers in high 
salt Concentration and probably enhancement of microbial
decomposition of soil organic-N resulted in the greater

+accumulation of NH^-N in high salt concentration.

55
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Significant accumulation of NH^-N in both soils 

over time is accounted for by mineralization of organci-N 
by heterotroph ammonifiers.

The results from the present study indicate that 
loss of N gases through denitrification could be very 
significant after heavy application of N fertilizers and a 
source of organic carbon where anaerobic conditions prevail. 
Highly salt affected soils can lower the rate of denitrifica
tion by means of inhibitory effect on nitrification and 
microbial activity. When studying a particular process in 
N transformation, other processes which may take place 
simultaneously should be considered for better understanding 
of the mechanisms involved.



APPENDIX A 

EFFECTS OF SALT:
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Table A-l. Mean effect of salt on fractions of nitrogen (ug/g) over periods of time in Cave (prelim

inary experiment).

No Salt 1.0% Salt

Days n h4-n n o3-n
Organic-

N n h4-n n o3-n
Organic-

N

0 3.4 208 492 2.8 20-5 452
2 2.2 169 474 2.2 182 475
4 7.3 9.5 471 5.6 38.1 477
8 10.4 0. 8 471 9.8 1.4 477

Amendment: 60G yg/g glucose-C and 200 yg/g NO^-N.



59
T 3.b 16 A- 2 - Effect

time.
of salt on NOyN (yg/g) over periods of

% Added 0 2 ■
CAVE
4 8 16 32

Salt Days Days Days Days Days Days

0.000 208 192 172 153 140 140
0.125 209 193 173 153 141 140
0.250 209 195 174 153 142 142
0.500 208 200 175 155 145 144
1.000 208 202 176 156 147 145

% Added 0 2
MOHAVE

4 8 16 32
Salt Days Days Days Days Days Days

0.000 204 193 174 156 143 142
0.125 206 195 178 159 146 144
0.250 205 176 179 163 148 146
0.500 203 197 179 164 152 150
1.000 204 198 182 165 153 152
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Table A-3. Mean effect of salt on NH,-N (yg/g) over

periods of time in Cave.

Added Salt 0 2 4 8 16 32
% Days Days Days Days Days Days

0.000 1.87 0.00 4.11 3.73 3.73 3.73
0.125 1.12 0.00 3.73 4.11 4.85 4.11
0.250 1.49 0.00 3.36 4.48 4.11 4.48
0.500 1.12 0.00 4.11 4.85. 4.48 4.48
1.000 1.12 0.00 3.73 4.85 5.60 5.60
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Table A-4. Mean effect of salt on organic-N (yg/g) over 

periods of time.

Added Salt 0 2 4 8 16 32
% Day Days Days Days Days Days

CAVE
0.000 427 460 455 448 445 432
0.125 435 451 455 452 450 435
0.250 445 440 420 445 444 438
0.500 429 459 471 457 452 449
1.000 422 429 450 .451 447 445

MOHAVE
0.000 277 268 264 265 268 243
0.125 263 262 265 264 ' 278 267
0.250 264 270 254 270 265 254
0. 500 259 300 265 258 270 262
1.000 259 276 263 270 276 257
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