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ABSTRACT

Four different methods were analyzed for the study

of N loss from aqueously applied urea due to urease activi-

ty in irrigation waters. The Watt and Chisp method was

found to be less sensitive than required. The Douglas and

Bremner Test was found to be variable in the results ob-

tained. A bubbler constructed for lab use assayed nitrogen

volatilized from urease activity but is not adaptable for

field studies. An acid trap designed for field studies

lacked accuracy.

Two tests of six different Arizona agricultural

waters both revealed no urease activity. The results

obtained with the Douglas and Bremner Test must be inter-

preted carefully since the urease may have been inactivated

by the buildup of end products of the urea decomposition

reaction.

ix



INTRODUCTION

Urea (CO(NH2 ) 2 ), a commonly used nitrogen fertiliz-

er, is most often broadcast and turned under, sidedressed,

or watered in. Less common is the application of urea in

irrigation waters. In some areas of Arizona urea is, how-

ever, applied aqueously as U-N 32 either in citrus groves

or for cotton and small grains when movement of equipment

onto the fields is unfeasible, such as during a late season

fertilization of wheat.

Any of these methods has potential for ammonia

loss through volatilization. Work in the past has focused

more on nitrogen losses from surface applied urea than on

aqueously applied urea. The potential for nitrogen loss

from an aqueous application of urea, however, exists.

Factors which affect the hydrolysis of urea into

ammonium carbonate and, subsequently, volatile ammonia

are pH, concentration of carbonates, temperature, and the

presence of the enzyme urease. The enzyme is produced by

microorganisms and plants.

Previous work on urea has been in the area of

quantifying loss of urea-derived ammonia from the soil

surface, urea movement through the soil profile, and in

1



identifying factors which might affect the loss of auillionia

from surface applied urea. In this thesis methods for the

study of ammonia volatility from urea solutions are estab-

lished and the extent of ammonia gaseous loss from six

Arizona irrigation waters is measured.
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LITERATURE REVIEW

Decomposition of Urea 

Urea decomposes at spontaneously high temperatures.

This would not be a relevant factor in most situations en-

countered in agricultural use of urea. The reaction can

be chemically catalyzed by acid or biochemically catalyzed

by the enzyme urease. The acid initiated reaction is

complete at room temperature in sufficiently concentrated

acid solutions (Shaw and Bordeaux 1955). The complete

decomposition of urea to ammonia may be described by the

following reactions (Shaw and Bordeaux 1955, Fenn and

Kissel 1973).

+CNO (1)CO(NH2 ) 2 ;"=====	 NH4

CNO	 + 2H+ + 2H0	 N1Xi+ H CO 3 (2)24	 2

2NH+ CaCO--------'- (NH 4 ) 2 CO 3 + Ca (3)4	 3

(4)(NH ) CO + H20 	2NH+ H20 + CO
4 2	 3 	3	 2

NH4 + 01-17„------=k' NH4 OH 'NH3 + H20 (5)

3
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The conversion of urea to auutionium-cyanate (Reaction

1) and the conversion of the cyanate ion to ammonium ion

(Reaction 2) occurs rapidly in the presence of acid. From

the above reactions we may assume that (a) reactions (1)

and (2) are pH controlled and proceed to the right in acid

conditions, and (b) reactions (3) through (5) are again

pH controlled and occur to a greater degree in basic

environments.

The conversion of urea to ammonium should therefore

occur in an acid solution. Once the urea has decomposed

to the ammonium ion the reaction will be dependent upon

the alkalinity of the solution. More ammonia should

volatilize if the solution or system is high in carbonates,

calcium, and other bases.

Urease 

Urease is produced by a wide variety of microorgan-

isms and plants (Gibson 1935). The activity of urease can

generally be correlated with the microbial population.

Sumner (1951) first separated pure urease over 50 years

ago. Since then much has been learned about the chemical

properties of the enzyme.

Reithal (1970) has summarized much of the informa-

tion about urease. It has a molecular weight of 489,000

with a polymeric structure. The activation energy of the
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urease-urea reaction has been determined to be 8 or 9.8

ta 12.2 kcal/mole.

Determination of the activity of urease was de-

scribed by Sumner (1951, p.889).

Urease activity is usually determined by allow-
ing a known quantity of urease to act upon an
excess of urea in phosphate buffer of pH 7.0
at a given temperature for a definite time inter-
val. The reaction is then stopped by adding
acid and the ammonia produced is aerated off
and estimated either by titration or by nessler-
ization . . . Sumner and Graham have defined the
urease unit as that amount of enzyme which will
produce 1 mg ammonia nitrogen from urea (at pH
7.0) in five minutes at 20 C. The determination
is run by placing 1 ml of 0.3 7 urea in phosphate
buffer (2.87e anhydrous KH 2PO4 and 6.87e anhydrous
Na 9HPO4)in a test tube in a thermostat bath at20 -C. After the contents of the tube have
reached the temperature of the bath one adds
1 ml urease in 27 neutral gum arabic and mixes
at once. After five minutes about 1 ml N hydro-
chloric acid is blown into the digest and the
solution is mixed. The amilionia formed is then
determined by aerating it off ( . . . and
titrating).

The maximal activity of urease is at pH 6.5 in a

maleate buffer or 7.5 in a tris buffer. Higher pH inhibits

the activity of the enzyme as does the accumulation of the

end product, ammonium carbonate. "The alkalinity of the

ammonium carbonate formed from the urea is sufficient to

reduce the activity of the enzyme to a fraction of its

value in neutral solution" (Van Slyke and Cullen 1914,

p. 166). The bacterial ureases are inactivated by pH less

than 5.2 and by organic solvents (Larsen and Kallio 1954).



Studies of the inhibition or urease (Reithal 1970)

indicate that there are only two active sites present on

the enzyme. Laidler and Hoare 1949, p.2702) state:

The order with respect to time is greater than
the order with respect to concentration, indi-
cating that the reaction is inhibited by end
products: this effect has been traced to the
ammonium ion . . . The initial rate is found at
first to increase linearly with concentration,
to reach a maximum and subsequently fall. This
effect is attributed to the existence of two
neighboring active sites on the urease molecule;
for reaction to occur a urea molecule must be
adsorbed on one and a water molecule on the
other.

Temperature affects urease in two ways. The

velocity of reaction is doubled by every ten degree rise

between 10 and 50 C. The optimum temperature for urease

action is 55 C. The enzyme, however, loses one-fourth

of its activity when heated 30 minutes at 70 C and is

completely inactivated when heated at 80 C for 30 minutes

(Van Slyke and Cullen 1914).

Urease may be precipitated from a water solution

when poured into a large quantity of acetone so that

instant dehydration occurs (Van Slyke and Cullen 1914).

This method was used by Briggs and Segal (1963) to isolate

urease from soils.

The published material furnished by chemists and

other researchers on the chemistry of the urea-urease

system has implications for the study of the urea-urease

6
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system in soils and irrigation waters. The major points,

as noted above, consist of

1. the effect of temperature on the enzyme system;

2. the inhibition of urease by the end product

ammonium carbonate;

3. the rapidity with which the reaction is carried

out; and

4. the effect of pH on the reaction.

Soils 

Early work on the urea-urease system in soils was

done by Conrad (1940a, 1940b, 1940c, 1942a, 1942b, 1943) and

Conrad and Adams (1939). He first showed that the decomposi-

tion of urea in soils was linked to the enzyme urease and

developed several methods for the inhibition of micro-

organisms by antiseptics in order to demonstrate that the

urease was to some extent independent of living

micro-organisms. Conrad 1940a) postulated that urease may

actually be adsorbed onto soil colloids or humus in a method

similar to that of the humic and fulvic acid adsorption. He

investigated some of the effects of agronomic factors on the

activity of urease. He found that increased organic matter

derived from increased agricultural activity increased the

activity of urease and decomposition of urea.

Pinck and Allison (1961) later investigated the

adsorption and release of urease by soil colloids and
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demonstrated that montmorillonite adsorbed varying quanti-

ties of urease. The early attempts by Conrad and Adams

(1939) to show that independent action of urease by sterili-

zation of the soil was followed by McLaren, Reshetko and

Huber (1957) who sterilized the soil by irradiation and

again showed that urea decomposition still occurred.

Although urease has been demonstrated to act inde-

pendently of the living organisms which synthesize the

enzyme, it appears that the enzyme is not very stable for

long periods in the soil. Stojanovic (1959) found that

added enzyme in a sterile soil lost 50 percent or more of

its activity during the first 12 hours of contact with the

soil.

Roberge and Knowles (1967, 1968) showed that the

urease activity and total ureolytic microorganism popula-

tions increased following fertilization of the soil with

urea. Research has been directed toward the inhibition

of the enzyme in the soil in order to decrease the final

ammonia volatilized. Bremner and Douglas (1973) found

that 2,5-dimethyl-p-benzaquinone to be most effective in

inhibiting the enzyme.

The retention and hydrolysis of urea in the soil

has been studied by a number of investigators (Conrad

1940b; Simpson and Melsted 1963; Eno and Blue 1957; Bremner

and Douglas 1971; Conrad and Adams 1939; Broadbent, Hill



and Tyler 1958; Fisher and Parks 1958; Broadbent and Lewis

1964; Broadbent and Nakashima 1968). The general results

of the investigations are as follows.

1. An increase in temperature causes an increase in

urea hydrolysis by affecting both the rate of the

reaction and the microbial ureolytic population.

2. Urea retention from leaching is less than that of

nitrate but greater than that of ammonia.

3. Urea hydrolysis is independent of the living micro-

organism population.

4. Ammonia and urea are nearly equal in promoting

nitrification by raising the pH and stimulating

microorganism activity.

5. Urea retention is greater for urea in one study

(Broadbent and Lewis 1964) than for nitrate. The

authors postulate the possibility of organic com-

plexes to account for the urea retention.

6. Urea hydrolysis is greater for soils with higher

organic matter.

Ammonia Volatilization 

Empirical Studies 

Studies into ammonia volatilization from urea have

taken two approaches. Several authors have attempted to

identify individual factors affecting the volatility of

9
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urea. Others are attempting an integrated theory of the

volatility of ammonia compounds in general. Equations (3)

through (5) imply that ammonia loss is largest when the

surrounding environment is basic. Bremner and Douglas

(1971) have attempted to develop a phosphorous coated urea

fertilizer which would acidify the soil around the urea and

so decrease the volatility of the compound.

Overrein and Moe (1967) and Moe (1967) have charac-

terized some of the factors affecting urea hydrolysis from

the soil: (1) increased rates of fertilization increase the

microbial population and thus the enzyme concentration, (2)

surface application caused high ammonia losses, and (3) the

depth at which urea is applied had little result on the

amount of ammonia lost. Overrein and Moe (1967) and Over-

rein (1968, 1969) found that leaching losses for urea were

lower than expected because of the formation of non-leachable

complexes, reactions between urea and soil humus, and physi-

cal adsorption onto the clays. The losses that occurred were

due to the saturation of the retention points. Gaseous loss

of urea was dependent upon the rate of urea application,

and increasing pH which reduced the NH3 adsorptive capacity

of the soil.

Watkins et al. (1972) and Volk (1970) identified

factors affecting ammonia loss from forest soils. They

found that ammonia volatility was proportional to the air



11

flow rates, the amount of litter of the forest soil, and

temperature. Volk (1959) correlated ammonia loss from urea

over forest soils with the amount of organic matter and the

microbial activity of the soil. He also found that losses

for urea in solution washed into the soil were less than

losses for solid forms	 He also found that lower moisture

content in the soil retards ammonia loss. Chin and Kroontje

(1963) and Ernst and Massay (1960) also looked at the effect

of soil pH, CEC, method of placement, depth of placement,

initial soil moisture, temperature, and microorganism

activity, and found essentially the same relationships as

outlined above.

Theoretical 

Fenn and co-workers (Fenn and Kissel 1973, 1974,

1975, 1976; Fenn 1975; Fenn and Escarzaga 1976) have pub-

lished a series of articles in which they developed a uni-

fied theory of ammonia volatilization from calcareous soils.

They propose that ammonium carbonate is formed from

the precipitation of the ammonium anion pair with calcium.

The ammonium carbonate decomposes into ammonia and by-

products and its loss is dependent upon the carbon dioxide

loss. The more soluble calcium by-products favor lower pH

levels and lower ammonia loss by maintaining ammonium forms.

Reduction of pH will favor suppression of ammonia loss.

Temperature affects the amount of nitrogen lost but is less
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important than the rate of ammonium nitrogen application.

High loss ammonia compounds are ones which react highly

with CaCO 3 
to precipitate. Therefore mono-ammonium-

phosphate or ammonium nitrate will reduce the amount of

ammonia volatilized. The CaCO3 content affects the 
reac-

tion by controlling the pH equilibrium but also for

compounds such as ammonium sulfate by providing a precipi-

tate reaction. Greatest losses of N occur only when

sufficient water is present to dissolve the ammonium

compounds.

Dr. Don Young of the Union Collier Research staff

presented a theory of the mechanism of ammonia volatiliza-

tion from urea in a seminar for Arizona Extension Agents

on January 19, 1977. Urea is washed into the upper layers

of soil where it becomes hydrolyzed rapidly by unlimited

amounts of urease. The depth to which the urea penetrates

prior to hydrolization is dependent upon the pH, moisture

and liquid diffusion coefficients of the soil. Hydrolysis

of urea to ammonia results in a basic pH in the vicinity

of the reaction. If the soil is low in exchange capacity

the ammonia begins to volatilize; again the rate of vola-

tilization is dependent on the gaseous diffusion coeffi-

cient of the soil, the pH, the CEC, and the depth to which

the urea penetrated prior to decomposition.
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Ammonia volatilization, then, is a function of pH,

CEC, gaseous and liquid diffusion coefficients, and the

moisture content of the soil. Water quality should then

affect the environment in which the urea is hydrolyzed,

affecting the pH and CO3 concentration in the 
reaction.

The affect of the water quality is equally as valid in the

soil as in the irrigation water.

Methods Review 

The study of urease in irrigation waters and urea

losses may be approached from several points of view.

1. Urea initial and urea final concentrations may be

measured. If this method is selected then other

nitrogen compounds must also be monitored since any

change in urea concentration might be accompanied

by an increase in another nitrogen form. This

method would monitor urease activity as a function

of urea decrease, and indirectly monitor nitrogen

losses. The laboratory methods involved would be

a urea analysis and a total inorganic nitrogen

analysis, which could be made by total N Kjeldahl

(Bremner 1965), or by other standard procedures

for ammonium, nitrate and nitrite. One such set

of methods has been reported by Onken and Sunderman

(1977) who have developed a soil extraction pro-

cedure which allows for colorimetric determinations



14

of urea, auluionium, nitrate, and nitrite to be run

on a single extract. Their chosen urea methods are

the Watt and Chisp (1954) and Douglas and Bremner

(1970) tests, both of which are evaluated in this

paper.

Other tests for urea involve the addition of

urease to monitor either (a) ammonia given off or

(b) change in redox potential due to changes in

the (NH4 ) 2CO 3 concentration. All of these methods

(Chin and Kroontje 1961; Morgan and Harford (1958);

Smith, Dock and Rich 1958) are unsuitable for the

type of experimentation proposed here since there

would be no way to distinguish between the activity

of the added and natural urease.

2. Nitrogen given off may be monitored. This method

would not involve a urea test, unless such a test

were used in order to complement and check ammonia

volatilization studies. In such a test it would

be assumed that the nitrogen lost would be a func-

tion of urease. In this paper a method for moni-

toring field losses is evaluated. It is based on

the work of Volk (1959). In addition, a laboratory

monitor of ammonia loss is developed. Methods

currently in use for monitoring urease activity by

ammonia volatilized are oriented towards
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determining a quantitative urease activity. Such

methods would include the standard Sumner (1951)

method for determining urease activity in a phos-

phate buffer. The buffer serves to enhance the

chemical reaction, as the enzyme is inhibited by

the formation of end products (ammonium carbonate).

It was felt in this study that the determination

of the activity of the urease was secondary to the

determination of aulinonia losses which might occur

in the field. Therefore, this method was not pur-

sued.

3	 Finally, the problem of N losses due to urea de-

composition by urease in irrigation waters may be

approached by determining the actual amount of

urease occurring in the waters. One such method

has already been described (Sumner 1951). Several

other methods would include spot plate tests

(Feigal and Gentil 1953, Sastri and Sreenivasaya

1934). Additionally urease may be precipitated

out and its activity determined by the Sumner

method (Dounce 1941, Ruchelmann 032). All reports

on urease take the form of activity measurements

since the molecular weight has not been directly

related to the number of active sites on the

enzyme. This last method was used successfully by



Briggs and Segal (1963) using a method for re-

crystalizing urease developed by Dounce (1941).

16



PROCEDURES AND METHODS

Four methods were evaluated for use in determining

nitrogen loss from urea due to urease activity in irriga-

tion waters: (a) Watt and Chisp p-dimethylaminobenzaldehyde

colorimetric determination of urea, (b) Douglas and Bremner

diacetyl-monoxime thiosemicarbazide colorimetric determina-

tion of urea, (c) an ammonia bubbler for in-lab deter-

mination of ammonia volatilized due to urea decomposition,

and (d) an ammonia trap designed for field studies of

ammonia volatilization.

The Watt and Chisp method was tested for color

stability, color reagent inhibition of urease and range of

sensitivity. The Douglas and Bremner method was tested for

interactions with urease inhibitor PMA (phenol mercuric

acetate), PMA effectiveness, urease effectiveness at

0.01 percent concentration, and replicability. Finally,

the Douglas and Bremner test was used to determine urease

activity in six Arizona agricultural waters. The bubbler

method was tested for precision, accuracy and used to

determine urease activity in six Arizona agricultural

waters. The ammonia trap was tested for accuracy or per-

cent nitrogen recovery.

17
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The Watt and Chrisp Urea Determination 

Two grams of p-dimethylaminobenzaldehyde are mixed

with 100 ml of 95 percent ethyl alcohol and 10 ml of concen-

trated HC1. This mixture is stable for several days. A 15

ml aliquot of the unknown is added to 10 ml of the above

color solution in a 25 ml volumetric. The solution is

brought to volume, mixed, and incubated in a 25 C water

bath for 10 minutes. Percent transmission is read on a

Beckman spectrophotometer at 420 um. Standards are prepared

in the following manner: 8, 12, 16, 20, 32, and 40 ml of

400 ppm urea are brought to volume in 100 ml volumetric

flasks to give 32, 48, 64, 80, 128, and 160 ppm urea.

The Watt and Chrisp urea determination does not

measure below 50 ppm effectively (Douglas and Bremner 1970).

This poses a major constraint for field tests of urea in

irrigation waters. The Watt and Chrisp method, however,

has the advantage that samples may be left several days

prior to reading because of high color stability. Color

stability was tested in the following experiment.

Test of Color Stability for the 
Watt and Chrisp Urea Determina-
tion 

A standard curve was prepared and percent transmis-

sion was measured on day 0, 5, and 12 as described above.
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Test of Color Solution Inhibition of 
the Urease Enzyme in the Watt and 
Chrisp Urea Determination 

Four standard curves were prepared consisting of

10 ml of 32, 48, 64, 80, 128, and 160 ppm urea each. To

one curve 0 ml of 0.01 percent urease solution was added,

2 ml to a second, 4 ml to a third and 5 ml of the enzyme

solution to the fourth standard curve. Ten ml of the color

reagent was added and the entire set of curves were left

for one day. After one day color intensities were read.

Watt and Chrisp Sensitivity Test 

Three standard curves consisting of 160, 128, 80,

64, 32, 24, 16, and 8 ppm urea were made up and tested for

color intensity (percent transmission) to measure the range

of sensitivity of the test.

Douglas and Bremner Test for 
Urea (DAM-TSC Test) 

The solution of DAM consists of 2.5 grams of

diacetyl monoxime (DAM) brought to 100 ml volume and stored

in a refrigerator and the TSC solution consists of 0.25

grams of thiosemicarbazide dissolved the brought to 100 ml

volume and stored in a refrigerator. The acid reagent

solution consists of 300 ml of 85 percent phosphoric acid

and 10 ml of concentrated sulfuric acid diluted to 500 ml

volume.
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Just prior to analysis 25 ml of DAM, 10 ml of TSC,

and 500 ml of the acid reagent are mixed. To 10 ml of the

unknown add 30 ml of the color reagent in a 50 ml volu-

metric. Swirl vigorously and develop in a preheated 120 C

oven for 30 minutes. Remove and cool immediately in running

water for 15 minutes. Bring to volume and mix thoroughly.

Read at 527 um on a spectrophotometer within one hour of

cooling.

The Douglas and Bremner test has the disadvantage

that reagents used for color development are unstable and

must be prepared immediately prior to active experimenta-

tion. This requires that any field samples must have a

urease inhibitor added at the time of sampling in order to

remove any possibility of ammonia loss after sampling and

prior to analysis. The following experiments were carried

out to ascertain the suitability of the urease inhibitor•

PMA (phenol-mercuric acetate) on the Douglas and Bremner

DAM-TSC test. A test of enzyme concentration versus urea

loss was run for comparison with similar enzyme concentra-

tions in the presence of the enzyme inhibitor PMA.

Test of Enzyme versus Urea for N Loss 

Twenty-five ml of 40 ppm urea were placed in 50 ml

volumetric flasks and 1, 2, 4, 8, and 16 ml of a 0.01

percent urease enzyme solution were added to the containers.

The flasks were brought to volume and allowed to stand for
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two hours. Ten ml aliquots were taken and analyzed by the

Douglas and Bremner method.

Test of PMA Effectiveness 
at 2 ppm Concentration 

Fifteen ml of 40 ppm urease were added to each of

24 (50 ml) volumetric flasks. Two replicates of PMA treat-

ments were run in the following manner. Zero and 2 ml of

50 ppm PMA were placed in 12 flasks each, then 0, 1, 2, 3,

4, and 5 ml of 0.01 percent urease solution were added to

two flasks of zero and two flasks of 2 ml PMA each. The

50 ml volumetrics were brought to volume and allowed to

incubate two hours at room temperature. Ten ml aliquots

were taken and urea tests run by the Douglas and Bremner

methods.

Effect of PMA on Color Intensity 
Development In the DAM-TSC Test 

It was felt desirable to ascertain whether or not

the enzyme inhibitor PMA would interfere with the color

development of the standard curve to a degree which would

affect readings for urea concentration. Two standard

curves for urea were made and 2 ppm PMA added to one curve.

These curves were then tested as described previously.

•This test was repeated a second time.
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Test of Various Arizona Waters for 
Urease Activity by the Douglas and 
Bremner Methods 

Six Arizona agricultural waters (Safford Canal, a

well on the University of Arizona Experimental Farm at

Safford; Santa Cruz River containing Tucson sewage effluent

after secondary treatment; Wellton-Mohawk drainage canal,

containing pumped water varying from 1000 to 3400 ppm

total dissolved salts; the Colorado River at Yuma prior to

its use for irrigation in that area; and Buckeye Canal

water, a mixture of Phoenix effluent and pumped irrigation

waters from the Buckeye area) were selected for testing for

urease activity. They were selected based on a high proba-

bility of differences in urease activity due to urease

activity from microbial, bacteriological, and vegetal

activity in the canals and effluent. The pumped water from

the Safford well and distilled water were introduced as

controls with a wide range in salt content. The waters

were analyzed and results are shown in Table 1. Standard

tests for EC, pH, carbonate and bicarbonate concentrations

were performed as outlined in Black (1965) and by Bower and

Wilcox (1965) and Peech (as cited in Black 1965).

To test for urease activity, 20 ml of the test

waters were added to four glass bottles each and 0, 1, 2,

or 3 ml of 200 ppm urea were added to make up approximately

0, 10, 20, and 30 ppm urea. (Exact ppm were 10.04, 18.18,
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and 26.08.) These bottles were shaken and allowed to

incubate at a specified temperature (20, 30, or 40 C) for

a specified time (1, 2, or 3 hours). Just prior to removing

the samples the color solution was made up and 30 ml added

to 50 ml volumetric flasks. The samples were removed and

briefly allowed to cool. Ten ml aliquots were placed in

the 50 ml volumetrics containing the color solution and

treated as described above under the procedure for the

DAM-TSC test.

Douglas and Bremner Replicability Test 

Because results in the previous experiments were so

variable experimentation with the procedure appeared neces-

sary. Changes in the incubation oven to improve air

circulation were carried out. In addition a test for color

development with 10 ppm urea was carried out. Six samples

of 10 ppm urea were spaced along the left and right front,

center and rear of the heating oven to test uniformity of

color development in the oven employed for heating.

Bubbler for Ammonia Volatilization Determination

A bubbler apparatus was set up for determination of

the amount of ammonia volatilized from urea and urease

solutions. Ideally loss of ammonia and change in urea

concentration could be determined in the same samples by
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sampling before and after incubation and bubbling by the

Douglas and Bremner method.

A bubbler (shown in Figure 1) was set up in the

following manner. A stand was prepared for 21 (50 ml)

plastic centrifuge tubes which could be capped with number

six rubber stoppers. Glass tubing was cut and bent and

inserted into the stoppers and placed in the tubes to ob-

tain the chain diagrammed in Figure 2.

Each chain of three centrifuge tubes was connected

to the main air line consisting of thick walled rubber

tubing stoppered at the end. This tubing was connected

to the chains by syringe needles and was fed air through a

scrubber containing ten percent sulfuric acid to eliminate

entrance of aumlonia with the air. The entire system was

monitored by a glass water manometer to obtain uniform

pressure and air flow during the incubation or bubbling

period.

Test for Uniformity of the Seven Chains 

Twenty ml samples of 0.01 N NH4OH were placed in

each of the sample tubes on the seven chains. Five ml of

boric acid indicator were used in the trap. The samples

were allowed to bubble for 45 minutes. The boric acid traps

were removed and titrated with standardized dilute sulfuric

acid to determine the amount of ammonia bubbled over.
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Figure 1. Picture of ammonia bubbler.
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Test for Total Ammonia Determination 
by the Bubbler 

In order to make sure no ammonia was lost from the

system the bubbler was set up for bubbled ammonia determina-

tion and Kjeldahl ammonia determination of the original

sample. The procedure was the same as in the above experi-

ment. The boric acid traps were collected and analyzed by

direct titration. The samples were distilled by the

Kjeldahl method described by Bremner (in Black 1965).

Test of Six Arizona Waters and Distilled 
Water for Urease Activity 

Twenty ml of the sample waters were added to the

sample bottles on the bubbling chains. One ml of 20 ppm

urea was added and five ml of boric acid indicator was

supplied to the traps. The system was allowed to run one

hour at which time the boric acid traps were replaced with

more acid and the samples bubbled one more hour.

Acid Trap for Field Determinations 
of Urea Loss 

Urease activity may be determined by the amount of

urea lost and by the amount of ammonia volatilized. Our

main concern for agricultural purposes is to determine the

nitrogen loss occurring between the point of urea applica-

tion and the field. Therefore, it is desirable to make

in-field measurements of actual nitrogen losses through

ammonia volatilization. This may be done by measuring
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ammonia volatilized from the canal system. Data may be

correlated with changes in the urea level in the system.

An acid trap was developed based on the principles of an

acid trap used for measurement of surface volatilization of

ammonia from urea on turf grass (Volk 1959).

Plastic wash tubs were filled with glass wool and

saturated with ten percent sulfuric acid. These tubs were

then placed upside down over the water in question. (They

may be suspended over canals or over laboratory cans.)

The glass wool was kept in place by use of rubber tubing

or rubber mats attached to the outside of the tubs. In

order to prevent any ammonia loss from the system the

entire apparatus is covered by a plastic sheet. This should

insure that any ammonia volatilized will remain in the

system and be neutralized by the sulfuric acid saturating

the glass wool (see Figure 3). At the end of the desired

incubation period the glass wool is rinsed quantitatively

with distilled water and a determination of volatilized

ammonia made by distillation.

Test of Ammonia Trap 

Two 18-liter buckets and one 12-liter bucket were

filled with distilled water. Toluene was added to stop

microbial growth and subsequent loss of nitrogen by micro-

bial utilization. Fifty pounds of nitrogen per acre foot

of water were added to each of the buckets (622.8 mg and
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415.2 mg of NI-1 3C1 added to the 18-liter and 12-liter

buckets, respectively). Sodium hydroxide was added to each

bucket until the pH on litmus paper was greater than 9 in

order to promote volatilization of ammonia. The buckets

were then allowed to sit 24 hours. Volatilized ammonia

was rinsed off of the sulfuric acid saturated glass wool

and separate samples of the water taken. Samples were

analyzed by distillation of ammonia.



RESULTS AND DISCUSSION

Watt and Chrisp Method 

Data obtained on the color stability for the Watt

and Chrisp method are presented in Table 2 - and Figure 4.

The slope of the line changes between day 0 and day 5

(from -268 to -292) but remains steady thereafter. Data

in Table 2 show that there was a wide range in standard

deviation from + 0.503 to + 1.38. The values which appear

to have the best agreement are those in the "insensitive"

range of the color test. Therefore, the low standard

deviations are not reflections on the accuracy of the method.

It appears that this method is not sensitive to low urea

concentrations. It also appears that the color solution is

relatively stable.

The results of the two trial tests for color solu-

tion inhibition of urease are shown in Table 3.	 The

standard curves for all samples are shown and based on

curves for 0 ml, 0.01 percent urease, Rep A and Rep B,

ppm urea assayed are calculated for 2, 4 and 5 ml of

0.01 percent urease added. These data are shown in Table

4.	 No calculations of variance are included since only

two trials were run. The data are presented in a bar graph

32
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Table 2. Effect of time on percent transmission readings
in the Watt and Chrisp determination of urea.

ppmU 
Day 0 Day 5 Day 12

32 70 74 70 71.3 1.88

48 53 55 53 53.6 0.945

64 61 65 61 62.3 1.88

80 47 48 42 45.6 2.62

120 29 31 30 30 0.577

160 27 27 25 26.3 0.926

192 23 23 22 22.6 0.503

240 21 20 19 20 0.577

r2 95.4 96.8 97.1

-268.2 -292.2 -294.7

527 574 571
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Figure 4. Standard Watt and Chrisp curves versus
time.
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Table 4. PPM U added versus ppm U assayed at increasing
rates of urease for two different replicates of
the Watt and Chrisp color solution inhibition of
urease test.

ppm U Assayed Based on Curves "OA" and "OP"
ppm U
Added

in Table 2
	 2 4 5 ml of 0.01% urease
Rep A Rep B Rep A Rep B Rep A Rep B

120 126.5 117 118 97.4 122.2 105.0

100 106 101.1 106.1 101.1 106.1 97.4

80 74.2 86.25 91.2 82.6 84.2 86.25

40 44.2 46.3 47.0 46.3 47.0 55.7

20 25.8 28.6 23.3 37.3 20.8 34.4
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(Figure 5) and it may be visually seen that there is no

decrease in ppm urea assayed for with higher rates of

urease. If the urease was effective a curve such as that

shown in Figure 6 ("Urease Action on Urea") would occur.

Data for tests on the sensitivity of the Watt and

Chrisp method are presented in Table 5 and Figure 7. Table

3 shows three replicates of the standard curve, average

values and standard deviations. The standard deviations

range from 0.0 to 2.5. The 2.5 appears to be an exception,

as all other values for standard deviation are low. A

standard curve was generated from the average values and

ppm urea calculated from this standard. The calculated

curve was plotted in Figure 7 with data points added. The

lower end of the curve (less than 40 ppm urea) shows greater

scatter than the upper end. This agrees with data cited

by Douglas and Bremner (1970). They state that the Watt

and Chrisp test works well only above the 50 ppm urea range.

In summary, the Watt and Chrisp method has the

advantage that the reagents for the color solution may be

made up in advance and that the field samples may be placed

into the premeasured color solution. The solution inhibits

urease activity. Once collected the samples may sit for

several days prior to measurement on the spectrophotometer.

The major disadvantage lies in the concentrations of urea

which may be read. At application rates of 28 lbs of N
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Table 5. Replicate standard curves of the Watt and Chrisp
method assaying urea below the usual range of
sensitivity of the method.

ppm U	 % T Assayed 
Added	 Rep A Rep B Rep C Average

160 39 37 38 38 0.577

120 47 45 43 45 1.27

80 54 55 56 55 0.577

40 66 72 70 69.3 2.51

30 74 74 74 74 0

20 78 77 79 78 0.577

10 84 84 84 84 0

r2 99 99.8 99.5 97.7

	-452 -419.8 -417	 -431.4

873	 815	 810	 836.1

Generated Curves (ppm U)

7T	 Rep A	 Rep B 	Rep C

85 ..902 5.03 5.43

80 12.69 16.38 16.61

70 38.91 40.73 40.80

60 69.17 68.83 68.73

50 104.9 102.0 101.7

40 148.8 142.7 142.2

30 205.2 195.2 194.3

20 284.8 269.1 267.7
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Figure 7. Watt and Chrisp sensitivity test.
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per acre foot of water and less, the sentivity range must

be less than 20 ppm urea. The Watt and Chrisp sensitivity

lies above 50 ppm urea.

Douglas and Bremner Method 

Urease concentration versus urea loss results are

shown in Table 6 and Figure 6. As expected a correlation

was obtained between concentration of urease and amount of

urea remaining in solution after incubation. The greater

the amount of urease the greater the amount of urea lost

from the solution. Statistical analysis showed no signifi-

cant difference between replicates but highly significant

difference between urease concentration levels. The curve

shown in Figure 6 provides a comparison for similar levels

of urease in solution containing the inhibitor PMA.

Data for the 0 versus 2 ppm PMA test are shown in

Table 7 and Figure 8. The two replicates containing 0 ppm

PMA showed a steady decrease of urea as a function of

increasing urease concentration. No significant difference

occurred between levels of added enzyme and urea loss.

The two replicates containing two ppm PMA showed variation

in urea content but were relatively stable at 9.25 + 0.9

ppm urea. Statistical analysis showed a difference between

0 and 2 ppm PMA. This suggests that 2 ppm PMA is effective

in stopping urease activity. These relationships may be
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Table 6. Effect of increasing amounts of urease on ppm U
assayed.

ml of 0.01 7
Urease Added

ppm U out of 20 ppm U added
Rep A Rep B Rep C

16 1.8 2.1 2.1

8 6.0 5.6 6.1

4 9.4 9.5 11.7

2 13.8 18.0 12.9

1 18.9 15.9 14.8

0 21.6 19.4 19.4
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Table 7. A comparison of 0 versus 2 ppm PMA in inhibiting
urease activity.

Treatment	 Rep ppm U out of 12 ppm Added 
5m10	 1	 2	 3	 4 0.01 7e urease

0 ppm PMA	 A	 10.5 8.6	 7.1	 7.5 6.7	 6.4

B	 9.4 8.9	 9.7	 8.8	 7.1	 5.8

2 ppm PMA	 A	 8.3 8.9 11.4 10.4 9.2 9.9

8.1	 9.7	 8.1	 8.8	 9.1 9.2



45

2	 10
O. D
Q.



46

seen in Figure 8 where urea concentration shows an overall

decrease in samples not treated with an enzyme inhibitor.

The effect of PMA on color development by the

Douglas and Bremner method was tested. Data are presented

in Table 8 and Figure 9. A statistical analysis of the

data show significant differences between 0 ppm and 2 ppm

PMA on color development of the Douglas and Bremner test.

Figure 9 also points out these relationships. The slope

of 0 versus 2 ppm PMA curves in Test 1 differed but did not

in Test 2.

A test for urease activity in six Arizona waters

was run. The results (see Table 9 and Figure 10) were

analyzed statistically by the University of Arizona

Statistical Lab. The data showed very little precision

between replicates. This resulted in experimentation with

the procedure. No statistical deviation could be found

between any of the waters leading to the conclusion that

no urease activity was demonstrated in any of the waters

during the incubation period employed and at the urea con-

centrations chosen. Partial data from the test represent-

ing 2 hour incubations and 30 ppm urea at 40 C showed some

losses but this was probably due to the natural decomposi-

tion of urea at high temperatures.

The sample waters were treated with urea and allowed

to sit one to two hours at varying temperatures. Since
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urease is inhibited by the end product ammonium carbonate,

it is possible that negative results in their first test

of Arizona waters by the Douglas and Bremner method are

due to inhibition of the decomposition reaction. There-

fore, it is important to compare these results with results

obtained with another method. This problem of inhibition

of urease would not affect samples taken in the field as

field sample would not be incubated for urea loss. Field

samples would be subject merely to urea assay.

Data from the test for urease activity in the irri-

gation waters showed a statistically significant differ-

ence between replications. A test designed to show vari-

ability in results gave the data presented in Table 10.

The six identical samples differ only in their placement

in the heating oven and yet the percent transmission varies

greatly between samples. Several tests of the replica-

bility of the Douglas and Bremner test led to the conclusion

that the method requires more reliable instrumentation than

was available.

In summary, it was found that the Douglas and

Bremner test lacked versatility for use in the laboratory.

The system was very sensitive to any variation in heating

temperature for color development. If these problems can

be overcome the method would be very suitable for field

study of urea in irrigation waters. It was found that
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'Table 10. Location of sample in heating over versus
percent transmission for urea assay in the
Douglas and Bremner test.

Left	 Right

Front 42%
	

Front 41%

Center 33%
	

Center 48%

Rear 42%
	

Rear 43%
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2 ppm PMA is effective in stopping urease activity and does

not interfere with the color development of the Douglas

and Bremner test. It was also found that at the incubation

periods and amount of urea applied no significant urease

activity occurred in any of the Arizona irrigation waters

tested. This may be due to inhibition of the decomposi-

tion reaction.

Bubbler for Ammonia Volatilization Determination 

Precision of the bubbler chains was tested and data

are shown in Table 11. Good replicability was obtained

from the different bubbling chains, thus eliminating any

significant error in the equipment used. Statistical analy-

sis showed no significant difference between any of the

seven chains used.

Data are presented in Table 12 and Figure 11 for

the percent nitrogen recovery by the bubbler chains.

Total ammonia recovered compared well with total amounts

added. However, greater amounts were recovered than were

added. This may be because the small amounts of nitrogen

volatilized were beyond the sensitivity range of distil-

lation.

An analysis of the six Arizona waters produced no

urease activity. No ammonia was bubbled over during two

hours of incubation for several replicates. This appears
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Table 11. Reliability of the bubbler chains.

Chain No.  Meg of NH I Trapped 
Rep 1 Rep 2	 Rep 3

1 0.019 0.029 0.029

2 0.029 0.029 0.029

3 0.025 0.032 0.031

4 0.023 0.029 0.028

5 0.024 0.029 0.028

6 0.024 0.029 0.030

7 0.025 0.029 0.029



55

cn	 cs)	 (NI	 Ln
0 0 oN c0 r-1Q Ch
1-1	 r 	i r-I

CN1	 CNI	 C•1	 C	 CNI	 CNI	 CNI

0 0 0

,40
c•-4 Q Cr%

CNI r-1

0 0 0

CV C' CN1
00 00 1/40

T-4 t--I r-I

0 C

00 nO	 00
r	 r	 00
C•4	 (N4	 r-I

00	 CO
\ 0	 \.0	 -.I"
r-4 ,	 r-i 	r

c0 c0	 co
Ln	 1/4.0	 (NI	 cn
0 0 0 0 0 0 0

0	 C;	 0 O. CI

n.0f--I	 CN1	 Cf.)	 trl



In

UMMMENEMMEMEMEMIIMMMIPMNIMMtOONI19M=
OMMEMMEMMEMMMEM11/11•0•1111•1•IMEMENNENNENNEMS=
SOMMOWNOIMIMMILIIIIMMOMMIEMMILMOIMOIMMEMIMMOMYMNIMMIM•MMM
••••MNIMMEiNMEMREMEIMENHHMEMMN=MMOIIMANOIMMiSIIM•MMIM

ME.MMEMOMMMEMINEMOMMINMIIMMMEMYMIMI•1•MNMI•MINEMNR1MBOMMM..
MMINEIIINEMEMMINON•111MIMMI.MHMIMIMMUMIMMEIMM•NAMIIMWMIM

MIWIMAIIMMINUMOMal•OINELIMMINMMOU••n•nn11•••=MMEMMMMIMOOML•

MEMIMIIMMI111•••••UMSMEM•n••••n••••••n•••MMENEMS
MINnIMNIIININIIIIIIIIMOI
MIN•MIMINAWNIONMEM	 IIIIMMINOMMINMOMMOWIMISOMM
1•MAMEMIIMMMWMMEMIUM	 MEMO

M.MENYMMM	 NMINEMNOIN

o
In

•

56



57

to confirm the results of experimentation by the Douglas

and Bremner method.

In summary, this method appeared to be quite

accurate for laboratory analysis and simulations. However,

it would not lend itself well for urea determinations and

urease activity measurements of field waters since no

inhibitor could be added to the field samples. Added

inhibitor would mean that no ammonia would be bubbled over

due to urease activity. The method would appear to be

reliable for in-lab determinations of urease activity of

irrigation waters. Results showed that there is no appre-

ciable urease activity in Arizona irrigation waters.

Acid Trap for Field Determination 
of Urea Loss 

The acid trap was tested for percent recovery of

nitrogen. Data is suluiliarized in Table 13. Total N added

does not agree well with total N analyzed.

The acid trap proved inaccurate in recovery of

ammonia volatilized in laboratory measurements. As it has

not been field tested, no prediction is made of its use in

field experiments.



58

Table 13. Percent recovery of N in the acid trap.

Rep 1

Meg N Added	 11.86

Meg N Volatilized	 6.47

Meg N Remaining in
Solution	 8.26

Percent Recovery	 73 70 	77 7e 	65 7e

Rep 2 Rep 3

11.86 7.91

0.91 0.29

8.26 4.89



SUMMARY AND CONCLUSIONS

The Watt and Chrisp test is unsuitable for the pro-

posed study because of low sensitivity at low concentra-

tions of urea. Color development is stable over several

days, the color reagents may be made up in advance and the

color solution inhibits urease activity.

The Douglas and Bremner test is too variable for

accuracy and reagents are also unstable for long periods

of time. The method requires an enzyme inhibitor. DAM

was found to be effective at 2 ppm and caused minimal

interference with color development. The method is not

suitable for laboratory simulations since the method does

not allow for the removal of end products if any appear.

End products inhibit the reaction.

The laboratory bubbler is precise but. not entirely

accurate. It is suitable for laboratory simulations but .

not suitable for in-field studies for urease activity since

no inhibitor may be added in the field.

The acid trap proved very inaccurate in laboratory

analyses.

Two different tests were made for urease activity

in Arizona irrigation waters and no activity was found.
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The results of the Douglas and Bremner test are suspect

since it is possible that end products inhibited the de-

composition reaction. The test with the laboratory methods

(the bubbler), however, verified these results.

Future research should carry the tests to the field

to determine if, in fact, urea losses do occur from ague-

ously applied urea. Then mechanisms for these losses

should be determined.
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