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The Effect of Soil Compaction

On Nitrogen Transformations

In the Soil

F. D. Whisler, C. F. Engle, and N. M. Baughman

Soil compaction results in increased soil density with consequent

changes in the air space and moisture relationships in the root zone.

As the soil density is increased the pore volume is lowered and the

proportion of fine pores increased. This indirectly reduces plant growth

by (a) lowered oxygen tension in the root zone, (b) increased soil

moisture tension in the root zone, (c) mechanical impedance to root

elongation, and (d) possible reduction in availability of mineral

nutrients.

Soil compaction is of particular concern in relation to soil nitrogen

transformations. Breazeale and McGeorge (4) found that nitrification

stopped and denitrification took place on puddled alkaline-calcareous

soils. Bower et al. (3) stated that nitrogen availability seemed to be

related to the extent to which tillage preparations of a corn seedbed

aerates the soil. Swanson and Jacobson ( 17 ) found that nitrate produc-

tion and its uptake by corn was greater in cultivated than noncultivated

soils or soils in which weeds were controlled by 2, 4-dichlorophenoxyace-

tic acid (2, 4-D). Surface crusting of the soil in the two latter treat-

ments reduced nitrification. Smith and Cook (14) reported that com-

paction reduced nitrification, but that forced aeration increased nitrifi-

cation somewhat. Mitsui et al. ( 12 ) and Soubies et al. ( 16 ) reported

that losses of ammonia from urea increased with alkalinity, soil com-

paction, and waterlogged conditions. Arnold (1) found that soils ap-

proaching saturation with water may rapidly release large amounts of

available nitrogen as nitrous oxide, indicating the influence of oxygen

deficiency in nitrous oxide production.

The study reported here was conducted to evaluate the influence of

soil compaction on nitrogen transformations in the soil as affected by (a)

soil type, (b) source of applied nitrogen, and (c) rate of nitrogen

application.



Experimental Materials and Methods

Three soils were used in this study — Monongahela sandy loam,

Wharton clay loam, and Pope sandy loam. Some chemical and physical

characteristics of the soils are given in Table 1. Organic matter was

determined by the potassium dichromate wet combustion method ( 19 )

.

Particle size and aggregate analyses were determined by a modification

of the Bouyoucos hydrometer method (2). pH was determined in a 1:1

soil: water suspension.

Bulk samples of the soils were air-dried and screened through a 1/4-

inch mesh sieve. Nitrogen fertilizer material, urea or ammonium sulfate,

was added to bulk samples of the soils to give 0, 25, 50, and 75 ppm N.

Duplicate samples were then weighed for compaction to give bulk

densities of 1.3, 1.5, and 1.7 g/cc, respectively, when compacted in 3-inch

cylinders.

Each soil sample was spread on a sheet of paper, moistened with a

fine spray of water and thoroughly mixed, subdivided, and each sub-

sample compacted into the cylinder. The volume of water necessary

to moisten the soil was determined by prior calibration.

After compaction, the cylinders of soil were saturated with distilled

water under vacuum. The saturated soils were then placed on a tension

table, set at 50 cm of water tension. When equilibrium was reached,

after 24 hours, the soils were placed in a constant temperature incubator

that contained a free water surface. Total porosity, 50-cm porosity, and

moisture content were determined from weighings. It was found that

the soils varied in air-filled porosity even though compacted to the same

bulk density. The water used to saturate the soil cores and that which

was drained from the soil at 50-cm tension was tested for its ammonium
and nitrate nitrogen content. The amounts found were insignificant.

The Monongahela soil settled at a bulk density of 1.3 g/cc following

saturation. The actual bulk density was found to be 1.4 g/cc. The
greatest bulk density that could be obtained with the Pope soil was 1.6

g/cc.

Samples treated with ammonium sulfate and urea were incubated at

30° C for two and four weeks, respectively. Uncompacted soils of the

same weight were placed in 600-ml beakers and incubated as checks.

Bulk densities of the uncompacted soils were determined following in-

cubation. Moisture contents were maintained by periodically bringing

the samples to their original weight with distilled water.

Ammonium and nitrate nitrogen were determined, following incuba-

tion, by Richardson's modification of the method of Olsen (13). Mois-

ture contents were determined gravimetrically. Available nitrogen,
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apparently mineralized from organic matter in the soil, was calculated by

subtracting the amounts of ammonium and nitrate nitrogen originally

present and that added as urea or ammonium sulfate from the total

ammonium and nitrate nitrogen found at the end of the incubation period.

This is referred to as native-N mineralized in the tables. The values may
not be absolute because of possible losses of gases to the atmosphere.

The data were statistically analyzed to test the various treatments for

significance. The "F" test as given by Snedecor ( 15 ) was applied to each

of the nitrogen transformations studied.

Results and Discussion

A summary of the results of statistical analysis of the data is given in

Table 2. All main treatment effects were significant at the 1 per cent

level for ammonium, nitrate, and native mineralized nitrogen produced

during incubation. With the exception of soil type by source for all

transformations and source by rate for native mineralized nitrogen, all

interactions were significant at the 1 per cent level.

Table 3 shows the transformation of nitrogen in ammonium sulfate-

treated soils after two weeks incubation. Most of the ammonium sulfate

added to the Monongahela soil was rapidly transformed regardless of

bulk density. In the Wharton soil ammonium nitrogen accumulated at a

bulk density of 1.7. The Pope soil showed an accumulation of ammonium
nitrogen at all bulk densities.

TABLE 2

Statistical Analysis and F Values

Treatment D. F. NH4-N

Soil Type 2 643.9**

N—Source 1 506.8**

N—Rate 3 18.7**

Compaction 3 58.4**

Soil Type by Source 2 3.INS
Soil Type by Rate 6 18.6**

Soil Type by Compaction _ 6 41.0**

N—Source by Rate 3 74.5**

N—Source by Compaction.. 3 8.0**

N—Rate by Compaction _ 9 2.6**

**—Significant at .01 confidence level

NS—Not significant at .05 confidence level

4

Native-N
no3-n Mineralized

837.1** 34.6**

864.1** 55.5**

304.4** 19 7**

1104.3** 246.9**

2.1NS 1.7NS

34.1** 5.2**

171.9** 17.9**

54.5** 2.7NS
163.1** 18.6**

11.8** 3.8**
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There was an accumulation of nitrate nitrogen in the Monongahela

soil at all levels of compaction. The greatest difference occurred

between the uncompacted and compacted samples. In the Wharton

soil, nitrate nitrogen accumulated at bulk densities of 1.3 and 1.5, but

there was little accumulation at bulk density of 1.7. The Pope soil

showed the same general trends, but with lower accumulations of

nitrate nitrogen at the lowest bulk densities and almost no production of

nitrates at bulk densities 1.5 and 1.6. The low amounts of nitrate nitrogen

found in the Pope soil may have been due to a combination of the low

pH of the soil (pH 4.65) and to a small aeration porosity. It averaged

5.3 and 3.4 per cent aeration porosity at bulk densities of 1.5 and 1.6,

respectively (Table 4).

Table 5 shows the transformation of nitrogen in urea-treated soils

incubated for four weeks. In the Monongahela soil ammonium nitrogen

did not accumulate regardless of the treatment. In the Wharton soil

ammonium nitrogen did not accumulate in the uncompacted samples

and at a bulk density of 1.3. There was some accumulation of ammonium
nitrogen at a bulk density of 1.5, especially at the lower rates of urea

application. Appreciable ammonium nitrogen accumulated at a bulk

density of 1.7 and generally increased with the rate of urea application.

In the Pope soil, ammonium nitrogen accumulated at all levels of

compaction and nitrogen application. There was a general trend in all

soils toward higher accumulation with higher rate of nitrogen application.

The increase in ammonium nitrogen was related to a decrease in nitrate

nitrogen.

The nitrate nitrogen content of the urea-treated soils generally was

less as soil compaction increased. In the Monongahela soil no differences

TABLE 4

Per Cent Aeration Porosity of the Soils*

Bulk Density
g/cc

Monongahela
Sandy Loam

Wharton
Clay Loam

Pope
Sandy Loam

Uncompacted 30.8 32.6 34.7

1.3 18.9 23.1

1.4 28.8

1.5 26.5 6.7 5.3

1.6 3.4

1.7 18.1 6.8

*Values are the average of four samples.

6
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were detectable among compaction levels, but the uncompacted soil

was higher in nitrate at all levels of urea. In the Wharton soil distinct

differences occurred in nitrate accumulation among compaction rates.

Little nitrate accumulated at the higher bulk densities. In the Pope

soil nitrates accumulated only in the uncompacted soil and at a bulk

density of 1.3.

Differences in the amount of native nitrogen mineralized in the three

soils are shown in Tables 3 and 5. These differences represent ammonium
and nitrate mineralized from the soil organic matter in excess of that

added and originally present in the soil. Negative values sometimes occur

and appear to indicate that nitrogen losses and/or conversions exceeded

the gains from mineralization. The data show consistent and appreciable

differences in the amount of native nitrogen mineralized among uncom-

pacted and compacted samples for the three soils, two nitrogen sources,

and four nitrogen rates. This points to the conclusion that the differences

are largely due to loss of nitrogen gases to the atmosphere with even a

modest increase in bulk density. The data are not consistent with in-

creased levels of bulk density and/or rates of nitrogen application. This

may be due to the interaction between nitrogen rates and compaction

levels which statistically was found to be highly significantly different

(Table 2).

The literature lists numerous conditions under which soils lose

nitrogen to the atmosphere as gases of various types. The conditions

which are pertinent to this study are pH (6, 8, 10, 11, 18), reduced

aeration through compaction and saturation with water (12, 16), and

source and rate of nitrogen fertilization (9, 12, 18). The relative loss

of gases from the three soils in this study, based on these studies but

not taking into account the aforementioned interaction, would be in order

of Pope > Wharton > Monongahela. The Monongahela soil probably lost

the least because it had good aeration porosity at all rates of compaction

(Table 4) which should have resulted in most of the ammonium nitrogen

being converted to nitrates. However, with a pH of 5.58 some nitrogen

could have been lost through reduction of nitrates to nitric or nitrous

oxide gases (7), and possibly even to free nitrogen gas (5). The Pope

soil probably lost the most of the above gases because of its low aeration

porosity, especially at the higher bulk densities, and very strongly acid

pH. Also, its much greater organic matter content (Table 1) would

provide more nitrogen to be mineralized and lost as one of the partially

oxidized gases. The nearly neutral Wharton soil probably lost gas to

the atmosphere only under anaerobic conditions. With sufficient aeration

ammonium would be converted to nitrates; however, a small amount

may have been lost as ammonia gas ( 11 )

.

8
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FIGURE 1

THE REGRESSION OF NITRATE NITROGEN ON AERATION FOR
TWO SOILS TREATED WITH UREA

Much of the literature points to the importance of aeration in the

nitrification process. It seemed advisable, therefore, to analyze statisti-

cally the data to find the correlation and regression of the amount of

nitrate nitrogen produced on the per cent aeration. This was done for

each nitrogen source and each soil type. The correlation coefficients

were tested as outlined in Snedecor (15). Correlation coefficients were

significant only for the urea-treated Wharton and Pope soils. Figure 1

shows the regression of nitrate nitrogen on aeration for these two soils.

In each case the correlation coefficients were highly significant. The lack

of correlation when ammonium sulfate was used may indicate a com-

paction X aeration X nitrification interaction.



SUMMARY AND CONCLUSIONS

The effects of soil compaction on nitrogen transformation were

studied for three soil types. Ammonium sulfate and urea were used

as sources of nitrogen at rates of 0, 25, 50, and 75 ppm nitrogen. The soils

were incubated at 30° C for two weeks where ammonium sulfate was

used and four weeks where urea was used. After incubation the soils were

tested for ammonium and nitrate nitrogen.

Analysis of variance of the data showed highly significant differences

among soil types, nitrogen sources, nitrogen rates and compaction levels

in the amounts of various forms of nitrogen produced during incubation.

Correlation of soil aeration porosity with nitrate production was

found to be highly significant for only two soil types and one nitrogen

source.

Increasing the soil compaction increased the amount of ammonium
nitrogen recovered after incubation but decreased the amount of nitrate

nitrogen recovered. Even slight compaction of the three soils resulted in

a noticeable reduction in the amounts of nitrates produced and nitrogen

mineralized from organic matter during incubation. This was true

regardless of the source or rate of nitrogen applied or the pH of the soil.

The results of the study suggest a compaction X aeration X nitrifi-

cation interaction.

10
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