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Abstract approved:

The effects of different fallow moisture levels and tillage

systems on the amount of nitrate-nitrogen accumulation in the 0-30 cm

soil profile were studied.

Fallow moisture treatments simulating typical dry, normal and

wet precipitation cycles were established on trial plots.

Data were obtained for nitrate-nitrogen, soil moisture and

nitrogen mineralization potential.

Dry, normal and wet fallow moisture treatments had no effect on

nitrate-nitrogen accumulation in the 0-30 cm soil depth. The nitrate-

nitrogen accumulation rate after August was 2-3 times higher than the

other periods. This is an important consideration for nitrogen

fertilizer application.

Fallow tillage treatments consisting of bare fallow, stubble mulch

and no-till were established on trial plots.

Data were obtained for nitrate-nitrogen, soil temperature, soil

moisture and nitrogen mineralization potential.

The location of the crop residue as a result of tillage treatment

affected the rate of the nitrate-nitrogen accumulation during the various



sampling intervals. Spring rains and rewetting the soil surface by rain

during September created more favorable conditions for no-till systems.

Adequate moisture under the mulch during the summer stimulated the

nitrate-nitrogen accumulation under the bare fallow systems.

The amount of mineral nitrogen obtained by a calculation procedure

and measurement in fallow plots were compared during two fallow periods.

The calculation procedure consistently produced higher values than the

field measurements but the two values were always proportionate.
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NITRATE-NITROGEN ACCUMULATION IN THE SURFACE SOIL
DURING THE FALLOW PERIOD UNDER DIFFERENT
PRECIPITATION LEVELS AND TILLAGE SYSTEMS

INTRODUCTION

Grain fallow rotations are generally practiced in Eastern Oregon

due to the lack of adequate precipitation for annual cropping. Nitrogen

mineralization rates are dependent on the levels of temperature and

moisture in the upper portion of the soil profile. Long term precipita-

tion data clearly shows that fallow seasons can usually be separated into

dry, normal and wet cycles. This variability of precipitation during the

fallow period in the dryland region of Eastern Oregon may have a signifi-

cant effect on the rate of accumulation of nitrate nitrogen in the soil

profile. Reasonably accurate estimates of available soil nitrogen

accumulated during the fallow period are necessary if the rates of nitro-

gen fertilizers required to produce maximum grain yield are to be balanced

with the current moisture supply.

In this region, bare fallow and stubble mulch tilleses are current-

ly used and several no -till systems are being investigated. Each system

creates different soil environmental conditions, such as soil moisture,

temperature, and placement of previous crop residues in the profile.

The ability of the micro-organisms to convert organic matter to

nitrate-nitrogen depends on the soil conditions surrounding the organic

material. Soil moisture, temperature and organic matter are the major

variables in determining the amount of nitrogen mineralization. The

differences among the tillage systems in relation to nitrate-nitrogen

accumulation in the fallow, may alter fertilizer recommendations

designed to produce maximum yield under current moisture conditions.
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The objectives of this study were to:

1) Determine the potential rate of nitrogen mineralization in the

surface 30 cm of the soil profile using a standard laboratory incubation

procedure.

2) Measure the actual nitrogen mineralization rate in the field under

differing levels of fallow precipitation.

3) Measure the actual nitrogen mineralization rate in the field under

bare fallow, stubble mulch and no-till tillage systems.
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LITERATURE REVIEW

The formation of nitrate from ammonium nitrogen in soils is due to

autotrophic nitrifying bacteria (Meiklejohn, 1953). Energy released in

the oxidation of ammonium to nitrite by species of Nitrosomonas and re-

lated genera is used for chemosynthesis of organic carbon compounds

from carbon dioxide. Oxidation of nitrite to nitrate provides energy

for chemosynthesis to species Nitrobacter and related genera (Meiklejohn,

1954). The possibility of the formation of nitrate from ammonium nitro-

gen by heterotropic micro-organisms was reported by Cutter and Mukerji

(1931). Isenberg et al. (1954) found that Actinomycly, Stereptomyces

nitrificans, produced small amounts of nitrite from urethan in solution

culture. Schmidt (1954) reported that a fungus, Aspergillus flavus, was

capable of producing small amounts of nitrate from organic nitrogen

sources in solution culture, but the importance of this nitrate formation

in soils has not been determined.

Factors influencing the activity of the nitrifying bacteria such

as population of nitrifying organisms, soil reaction, soil aeration,

soil moisture and temperature have a pronounced effect on the amount of

nitrates produced.

In a study of the influence of temperature and initial population

of nitrifying organism on the maximum rate and delay period of nitrifica-

tion, Sabey et al. (1959), found that the maximum nitrification rate was

not greatly influenced by increasing the initial population of nitrifiers.

Increasing numbers of initial nitrifiers resulted in decreased delay

period of nitrification.

They also stated that the delay periods decreased from about 32
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weeks to <1 day as temperatures increased from 0 to 25°C. Increase in

the initial population of nitrifying organisms caused decreases in the

delay periods, but had no appreciable affect on the maximum rate above

10°C.

Similar studies have been made by Frederick (1956). He reported

that the differences in the population of nitrifiers in the original

soils are responsible for differences in the temperature range of nitri-

fication. The low rate of nitrification in certain soils at low tem-

peratures appear to be due to the paucity of nitrifying micro-organisms

and a very slow rate of development rather than on inactivation of the

nitrification process.

Nitrification proceeds slowly in acid soil and its rate is hasten-

ed by liming. The optimum for most commonly investigated strains, such

as Nitrosomonas, tends to fall in the range between pH 7 and 9 and

activity is found in even more alkaline solutions. On the other hand,

in even slightly acid conditions, proliferation of the bacteria is quite

markedly reduced. The optimum, Nitrobacter strains are also often in the

neutral to slightly alkaline range and activity is often detectable from

pH 5 to 10 (Alexander, 1965). Nitrification was recorded as active at

pH 8.3 to 9.5 on the alkaline side and Meck and Lipman (1922) recorded

nitrite and nitrate-forming organisms as alive and functioning at pH

13.0, indicating extremely low sensitivity to high OH concentration.

Wakman (1923) and Humfield and Hagem (1927) reported accumulation of

nitrates in soils between pH 4.4 and 4.8. Gaarder and Hagem (1925) and

Gerretson (1921) placed the pH range below which nitrifiers no longer

function as between 3.9 and 4.5; and Meck and Lipman (1922), at pH 4.1.
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Olsen (1929) reported nitrification in soil at a pH as low as 3.7.

Nitrification is a biological oxidation reaction and requires the

presence of oxygen. In the soil oxygen is supplied to the nitrifying

microflora from soil air. The influence of various concentrations of

gaseous oxygen in the air of the soil on oxidation-reduction conditions

was studied by Grechin and Sheng (1960). Data presented showed the

concentration of free oxygen in soil has a great influence on nitrifica-

tion processes taking place in it, but increased concentrations of free

oxygen do not show sharp changes in the quantity of nitrate-nitrogen

accumulation. Maximum accumulation of nitrates in sod-podzolic and

chernozem soil occur at the highest free oxygen content (20%).

Similar observations have been made by Fathi et al. (1951). They

reported that the optimum concentration of oxygen for nitrification in

soil is about that amount present in ordinary air. Reducing the oxygen

concentration from 20 to 11 percent had only a negligible influence upon

the rate of nitrification.

Effects of Soil Moisture on Nitrification

Nitrification at narrow intervals in the wilting point soil moisture

range and below, was the subject of an investigation by Robinson (1957)

in Kenya. He found that active nitrification of the natural soil nitro-

gen stops at a soil moisture level just below the permanent wilting point.

Ammonification of natural nitrogen does not cease at this moisture level

and ammonia nitrogen accumulates substantially. The rate of alikitonifica-

tion is significantly lower as the moisture level is decreased from 5/6

to 3/6 of the permanent wilting point. No significant change in the
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ammonia nitrogen and nitrate-nitrogen levels occurred at the air dry

soil moisture content.

Calder (1957) in Uganda worked with the soil moisture levels

between the limits of 15 percent and waterlogging. He stated that

change of moisture status during dyring is accompanied by the appearance

of much more nitrate-nitrogen than under steady moisture conditions.

Fluctuations of the moisture status about an optimum average of 22-23

percent were most favorable conditions for nitrate accumulation.

Wetselaar (1968) studied nitrogen mineralization in two Australia

soils under -2.7, -5, -15, -20, -35, and -50 bars water potential at

25°C. He concluded that nitrate formation ceased at -24.3 bars in

Tippera clay loam and at -50 bars in Monbulloo sand. Ammonium formation

was increased up to -50 bars.

He also stated that "The results for Tippera clay loam suggest

that there are micro-organisms which utilize ammonium nitrogen at higher

water potential, but their activity is decreased at a higher water

potential than that of the ammonium from Monbulloo sand."

A similar study was conducted by Miller and Johnson (1964). They

incubated four soils at 30°C for 14 days under varying soil moisture

conditions from zero tension to air dry. Their data showed that nitri-

fication is maximum in the range of 0.15 and 15 bar moisture tension and

by aeration at lower tensions. Nitrification was continuous above 15

bars tension but at a very slow rate. Ammonification took place at a

faster rate at both high and low tensions, indicating that awmonium

nitrogen can accumulate in soil at high tensions (up to air dry) and

low tensions (near zero bars).
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Nitrogen mineralization during the decomposition of plant samples

containing from 1.0 to 2.9 percent nitrogen was studied by Birch (1964).

The soils were incubated under uninterrupted moist conditions for 21, 27

and 33 days and then the moist cycle was interrupted by 1, 2, 3 drying

cycles. After 15 days, the samples were air dried for 3 weeks, mois-

tened, and kept moist for a further 6 days, thus, a 21 day moist period

interrupted by one drying and 27 and 33 moist periods interrupted by two

and three dryings, respectively. It was concluded that where pronounced

and frequent wet and dry periods occur the addition of plant material of

nitrogen content down to 1.5 percent will be more effective in supplying

mineral nitrogen than under constant moist conditions. Immobilization

of soil mineral nitrogen will be reduced or gains increased. The detri-

mental effect of adding low nitrogen residues to the soil will therefore

be less pronounced under alternate wet and dry than with constant moist

conditions.

The relationship between soil nitrogen mineralization and matric

suction was studied in nine soils by Stanford and Epstein (1974).

Highest mineralization rates occurred between matric suction of

1/3 to 0.1 bar in which range 80 to 90% of the total pore space was

filled with water. They found that in the range from optimum soil water

content to 15 bars, a linear relation generally existed between amount of

mineral nitrogen accumulated and soil water contents. With increasing

dryness, nitrogen mineralization continued to decline. Water levels

above the optimum reduced mineral nitrogen accumulation probably because

of denitrification.

It was concluded that the regression of nitrogen mineralization (Y)
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on soil water content (X) for each soil on a relative basis with respect

to maximum N mineralized (Y=100) and associated optimum soil water con-

tent (X=100), the regression of Y on X did not differ among soils. The

common regression derived from individual regression is expressed by

the equation

Y = -2.2 + 1.07 X

They stated that "A reasonable approximation of the relationships

between N mineralization and soil water content is expressed by X=Y."

Effects of Soil Temperature on Nitrification

Effect of temperature on nitrogen transformation was reported by

Thiagalingam and Kanehiro (1973) in Hawaii. The rate of nitrification

of added ammonium in soils incubated at 5, 15, 25 and 40 °C in the labor-

atory increased with increase in the temperature up to 25°C in three out

of the four soils. In the fourth soil nitrification was as active at

o,
40 u as at 25

o
C.

In the field experiment soil samples buried at the warmer tempera-

ture regime nitrified added ammonium nitrogen faster than soils buried at

the cooler temperature regime. Nitrification occurred more rapidly under

both regimes in a soil which had developed in a warm climatic zone than

in two other soils developed under cooler conditions.

It was concluded that the temperature range for appreciable nitri-

fication to occur in a soil was related to the environmental conditions

where the soil was formed.

Similar studies were conducted by Choudhury and Cornfield (1978)

in Bengladesh. Their data showed that nitrogen mineralization and nitri-

fication increased continuously with temperature up to 40°C and
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mineralized nitrogen accumulated entirely as nitrate. At 50°C and 60°C

mineralized nitrogen was relatively low and no nitrification occurred.

The influence of low temperature and various concentrations of

ammonium nitrate on nitrification in acid soils was studied by Anderson

and Boswell (1964). Several cultivated acid soils were limed to pH 6.0

to 6.4 treated with 100 ppm ailiwonium nitrate and incubated for 12 weeks

at low and near optimum temperatures for nitrification. They reported

that nitrate accumulation at 42°F was either completely suppressed or

delayed for several weeks in sandy soils. However, in clay loam, nitrate

accumulated at 37 °F at a very slow rate throughout the 12 weeks but at

47 °F, after a 6 week delay period, the accumulation proceeded at a rapid

rate. When the amount of added ammonium nitrate was increased to 200-

400 ppm ammonium nitrogen, nitrate-nitrogen accumulation failed to occur

at 42°F in sandy soils and was delayed in clay loam. At 90°F, nitrate

accumulation in sandy soils was delayed and reduced but not in clay

loam.

The effect of shifting temperatures on nitrification was deter-

mined by Chandra (1962) in a loam soil. Samples were incubated at 5, 16

and 27°C for a 24-day period, whereas the others were shifted from one

temperature to another during the 24-day incubation period. His data

shows that continuous cool temperatures do not completely stop the

nitrification but less nitrification occurred when the incubation tem-

perature was shifted from suboptimal to optimal than when the temperature

was initially optimal and shifted to lower temperatures.

Nitrification as influenced by diurnal fluctuations in low temper-

ature range (3 to 14°C after freezing) was studied by Campbell et al.
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(1971). They found that less nitrate was produced under diurnally fluc-

tuating temperatures in the range, 3 to 14°C, than under constant tem-

perature incubation at 8.5°C and attributed this result to reduction of

the bacterial population owing to fluctuating temperature. However,

net mineralization of soil ammonium nitrate-nitrogen was essentially

same after 16 days of incubation under fluctuating and constant tempera-

ture, presumably because ammonification was not influenced differentially

by temperature treatments.

Effect of fluctuating temperatures on soil nitrogen mineralization

was demonstrated by Stanford et al. (1974). Soil was incubated at 5, 15,

25 and 35°C in four different sequences.

the following sequences were compared:

35, 5; (3) 25, 35, 5, 15; and (4) 35, 5,

During each of three periods,

(1) 5, 15, 25 and 35; (2) 15, 25,

15, 25. After the 52 day in-

cubation periods, ammonium nitrate-nitrogen was determined.

It was stated that in each soil the cumulative amounts of nitrogen

mineralized, associated with variations in temperature sequence, were

probably due to the sampling and analytical errors.

The same authors (Stanford et al., 1973) studied the temperature

coefficient of soil nitrogen mineralization. Mineralization of soil

organic nitrogen during the incubation at 5, 15, 25, 35 °C was measured

on 11 soils. They found that based on a common regression for 11 soils,

a Q
10

of approximately 2 was obtained.

Recent work by Maeda and Shiga (1978) in Japan incubated two sub-

merged soils at various temperatures from 15°C to 35°C. Contraversionally

from above result, they found that within this range of temperature,

mineralization increased almost linearly with a rise in temperature in

both soils.
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Nitrification of ammonium sulfate in a calcareous soil as influenced

by combinations of moisture and temperature were studied by Justice and

Smith (1962). Ammonium sulfate at levels of 0, 150, and 450 ppm nitrogen

was incubated in calcareous soil at 2, 10, and 22 °C at 10, 1, 0.3 bars

moisture tension using periodic aeration. A second incubation study in-

cluded 7, 15, 115 and 415 bars moisture tension with continuous aeration.

They concluded that nitrification at 2°C was the production of nitrite-

nitrogen which was not converted to nitrate-nitrogen in ten weeks. At

10°C, there was nitrification at 1/3, 1, 10 bars tension where the lowest

moisture delayed the initiation of nitrification and increased the period

of nitrite accumulation. At 25°C nitrification was completely inhibited

at 415 and 115 bars tension. At 15 bars tension 50 percent of the 150

ppm nitrogen was oxidized to nitrate-nitrogen in 28 days while at 10, 7,

and 1 bars tension the nitrification was complete in about 28, 20, and

12 days, respectively.

It was also concluded that nitrification was more rapid at 25°C

than at 35°C.

Nitrogen Mineralization Prediction

Nitrogen mineralization potentials were determined for a large

number of soils by a method involving determination of nitrogen minera-

lized after several consecutive incubations at 35°C and under optimum

soil water conditions by Stanford et al. (1974). The determination of

nitrogen mineralization potential based on the first order equation was

as follows:

log(No-Nt) = logNo-kt/2.303
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Where,

No = Nitrogen mineralization potential

N
t
= Nitrogen mineralization potential during the

incubation period

t = Incubation periods, weeks

k = Rate constant, week-1

It was demonstrated that No could be estimated reliably from the

amounts of nitrogen mineralized during 1-2 weeks incubations following

preliminary incubations of 1 to 2 weeks. Solving for No in the above

equation,

No = N
t
/1-10

-kt/2.303

Hence, for a 1-week period of incubation at 35°C (k=0.054).

No = 19.05 N
t

and for a 2-week incubation No==9.77 N.

They also reported that estimates of No from short extensive

periods of incubation of soils require a preincubation for three reasons.

First, because of the nature and amount of undecomposed or partially de-

composed plant residues that are present in the soil. Second, the

initial lag of micro-organisms which are responsible for ammonification

and nitrification in the soil, might influence nitrogen mineralization

rate, especially in subsurface soils. Third, the nitrogen mineraliza-

tion rate influences the method of pretreating the soil before incuba-

tion.

Nitrogen mineralization potentials of soils were studied by

Stanford and Smith (1972). Net mineralization of nitrogen in 39 widely

differing soils was determined over a 30 week period at 35°C, using
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incubation intervals of 2, 4, 6, 8 weeks. They found that the cumulative

nitrate nitrogen mineralized was linearly related to the square root of

time, and mineralization rate constants did not differ significantly

among most of the soils. The most reliable estimate of the rate con-

stant, k, was 0.054 + 0.009. These results suggested that the forms of

organic nitrogen contributing to the nitrogen mineralization potential

(No), were similar for most of the soils.

Further studies relating to the rate constant, k, at various

temperatures were conducted by Stanford et al. (1973). They calculated

k from the linear regression of log(No-Nt) on temperature. The value of

k (weeks -1) ) s obtained from the slope of regression k/2.303. They

concluded that Q10, the "temperature coefficient" of nitrogen mineraliza-

tion is approximately 2.

The feasibility of estimating amounts of nitrogen mineralized in

the root zone during the season in irrigated sugarbeets was proposed by

Stanford et al. (1977). Site variations in temperature and soil water

regimes were considered in their estimates. Residual soil nitrate-

nitrogen and mineralizable nitrogen to approximate rooting depth were

estimated for 21 field sites in 1971 and six sites in 1972. The rela-

tive contribution of these two nitrogen sources to total uptake by the

crop were then assessed in the absence of applied fertilizer nitrogen.

Estimates of nitrogen mineralized in the upper 45 cm soil layer were

drived using the equation:

AN/
At

= kWN

AN/
At

= Nitrogen mineralized during each month

k = Fraction of nitrogen mineralized during each month adjusted for
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average air temperature.

W = The estimated soil water content expressed as a fraction of the

available water storage capacity.

They concluded that observed and estimated nitrogen mineralized

under prevailing temperature and water regimes, did not significantly

differ from each other.

Another experiment conducted by Smith et al. (1977) to determine

the amounts of mineral nitrogen obtained by a calculation procedure and

measurement in fallow plots were compared during two cropping seasons.

The experiment included eight Oklahoma soils under modified field condi-

tions. They used the calculation procedure proposed by Stanford et al.

(1977). The field nitrogen measurements involved the use of soil in

plastic bags and glass filter tubes.

They concluded that the calculated amounts correlated as well or

better with the field amounts than a variety of other nitrogen availa-

bility indexes.

Effects of growing season soil temperature, moisture and ammonium-

nitrate on soil nitrogen in Canada was studied by Campbell et al. (1974).

Samples in polyethylene bags were incubated at 2.5 cm depths in fallow

and in an incubator that simulated the diurnal patterns of temperature

fluctuation recorded in the field, at three different moisture and

ammonium-nitrate levels. Similar determinations were made on in situ

samples taken in the fallow field.

They found that the amount of nitrate-nitrogen produced in the

field incubated samples between 25 of May and 14 of September was more

than that produced in the laboratore-incubated, but less than that pro-

duced in the in situ soil.
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It was concluded that the field incubation study was unsatisfac-

tory for use in quantifying the effect of temperature on nitrogen

transformations, since the temperature effect was confounded with

wetting and drying effects.

Estimates of potentially ammonifiable soil nitrogen (No) and its

rate of mineralization (k) were derived from cumulative ammonification

by assuming that the laws of first-order kinetics were applicable.

They also stated that "The increases in nitrification were larger

when temperature increased sharply and much smaller when the temperature

change was small."

Recent work by Herlihy (1979) in Ireland showed that nitrogen

mineralization increases between mid-April and the end of May. The

nitrogen mineralization rate slowed down in June and July and increased

from early August to the end of September. Nitrogen mineralization was

generally higher where soil moisture was allowed to fluctuate widely in

the available range, compared with a moisture regime near field capacity.

He also concluded that there was a significant relationship between

values calculated from No and k and those obtained near field capacity

in the second period (Early August September) when soil temperature was

relatively constant but not in the first period (Mid-April - August) when

soil temperature was rising.

Effects of Tillage on Nitrification

The different tillage systems which can cause variations in soil

temperature and moisture in the soil profile, may also affect the organic

matter decomposition and mineralization from the crop residues.
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Doran (1980) studied soil microbial and biochemical changes

associated with no-till and conventional tillage systems in seven differ-

ent soil samples taken in the late Spring.

He concluded that the maximum aerobic microbial activity with con-

ventional tillage extends to a greater depth than with no-till. Micro-

bial populations under no-till decreased rapidly below the 7.5 cm depth.

At the 7.5-to-15 cm depth counts of aerobic micro-organisms and nitri-

fiers were 1.32 and 1.82 times higher on the conventional tilled soils.

However, counts for facultative anaerobes and denitrifiers were 1.23

to 1.77 times higher for no-till soil. Potential rate of mineralization

and nitrification was higher with conventional tillage while that for

denitrification was higher with no-till.

Residue placement effects on decomposition, evaporation and soil

moisture distribution were studied by Unger and Parker (1968) in the

greenhouse. They found that residues mixed with or covered by soil de-

composed at similar rates but surface residues did not decompose

measurably.

Douglas et al. (1980) demonstrated the effect of placement on

straw decomposition in the dryland cereal region of the Pacific North-

west. After 26 months of exposure, the total residue losses were 25, 31,

and 85% for placements above, on, and in the soil, respectively. Above

surface and on surface placement showed a nearly constant decomposition

rate with little or no response to weather variables. However, the de-

composition rate of buried straw responded to both soil moisture and

temperature.

Effects of crop residues on soil temperature were studied by
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MCcalla and Duley (1946). They found that on fallow plots after wheat,

with a 3-ton rate of straw application, the temperature of the straw-

mulched plots was as much as 7°C lower than the plowed plots in the

surface inch. At the fourth inch depth the mulched plot was as much as

4°C lower than the bare plot.

Parker and Larson (1962) reported that 2°C differential in soil

temperature had a significant effect on the nitrate nitrogen as soil

temperature increased to the range of 25 to 30°C. Differences in

nitrate-nitrogen production resulting from the small differences in

temperature were not observed. During the spring when the soil temper-

ature was in the range of 16-20°C, the mulched soil was 1-2°C cooler

than bare soil.

Effect of tillage and chemical weed control practices on soil

moisture storage and losses were studied by Wiese and Army (1958). They

concluded that total moisture and moisture distribution in the top 4

feet of a Pullman silty clay loam profile were not affected by tillage

and weed control practices. Army et al. (1961) found that moisture

distribution in the 0-6 inches portion of the soil profile following

rains was affected by tillage systems. Standing stubble greatly reduced

the rate of drying of the surface (0 to 1/2 inch portion of the soil

profile). The effects of residues on moisture content, however, de-

creased as distance from the soil surface approached 6 inches in depth.

They concluded that the quantity of residue on the soil surface

seemed to have little effect on soil moisture content at a soil depth

greater than 2 inches.

Parker and Larson (1962) reported that the high moisture content

of the soil had a little effect on nitrification except at near
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saturation. During the extended periods of heavy rainfall, the higher

moisture contents of mulched as compared with bare soils could contribute

to reduced nitrate-nitrogen production in former. This would be most

pronounced where the moisture level for nitrification and the moisture

content of the bare soil was in the favorable range. They also noted

that during such periods of high moisture, losses of nitrate-nitrogen

caused by leaching and denitrification might be more important in de-

pressing nitrate-nitrogen content of the soil than would inhibition of

nitrification.

Nitrate accumulation in a soil under the straw mulch and in the

same soil without mulch were studied by Albrecht and Uhland (1925).

They concluded that the straw mulch, in applications as heavy as 6 tons

per acre, cuts down evaporation, thereby increasing the moisture, lower-

ing the temperature, and preventing the normal exchange of air, all of

which induce a poor physical condition and unfavorable environment for

nitrate accumulation.

Oveson and Appleby (1971) compared the effect of no-tillage and

various times of stubble mulch tillage operations during the fallow period

on moisture storage and nitrate accumulation in Pendleton, Oregon.

Their results showed that total water both in the top 15 cm level and

1.8 m profile, was significantly reduced in the no-tillage systems, in

the first year of experiment. The no-tillage treatments stored signifi-

cantly less moisture in the top 15 cm than the conventional tillage, but

there are no differences between the treatments in storing moisture

throughout 1.8 m profile. The conventional and tilled plots accumulated

more nitrate-nitrogen than non-tilled plots although the differences

were not significant at the 5% level.
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MATERIALS AND METHODS

Experiment 1

Fallow moisture treatments simulating typical dry, normal and wet

precipitation cycles were established on field plots on the Larry

Kaseberg Farm near Wasco, Sherman County, Oregon. Precipitation data

collected at the Sherman Branch Experiment Station for the period of

1912 to 1976 were analyzed according to the method described in Figure 1

to establish the three cycles. The simulation of these precipitation

cycles in the experimental site, which is in a similar rainfall zone,

was accomplished by excluding rainfall with plastic covers or adding

moisture using a special irrigation system with low pressure, low angle

nozzles. The profile was regulated on a monthly basis, primarily during

the winter months. Each precipitation event at the experimental site

was recorded and at the end of each month the total moisture received

was compared with the long-term mean for each cycle. The moisture treat-

ments were then adjusted during the next monthly period to conform to

the long-term mean calculated as shown in Table 1. The "control" treat-

ment represented the actual precipitation that occurred during the

fallow period in 1979.

The soil is classified as Walla Walla silt loam (coarse-silty,

mixed, mesic typic haploxeroll) which is typical of the area (Table 2).

The field plot design was split-plot with four replications; the main

plots were dry, normal (4 normal treatment means were used for

statistic analysis), wet and control. The main plots were split to the

two soild depths (0-15 cm and 15-30 cm).



Weather
record of
cumulative
fallow
precipi-
tation for
each fallow
season

2

a -9

1

2

mean fallow
a precipitation

level for
years with
a wet
fallow (WF)

mean fallow
precipitation

.41evel for
a years with

a normal
fallow (NF)

mean fallow
precipitation
level for

a--4years with
a dry
fallow (DF)

2

a = determine the fallow season precipitation level mean

1 = years whose fallow precipitation exceeds the mean

2 = years whose fallow precipitation is less than the mean

Figure 1. Methodology for characterizing fallow season precipitation.

lower
boundary
of (WF)/

a-.3 upper
boundary
of (NY)

lower
boundary

a-H)of (NF)/
upper
boundary
of (DF)

N.)O



Table 1. Fallow precipitation patterns at the Sherman Branch Experiment Station (Moro,
OR) based on 65 years (1912-1976) and fallow precipitation data in 1979.

Fallow Projected Realized
Level of Precipitation Level of Precipitation

Cumulative
Precipitation Probability

14 mo.
Fallow May-Sept

14 mo.
Fallow May-Sept

(mm) ( % ) HIM

206-261 21.5 230 47 237 52
Dry Fallow

262-370 60.0 310 67 301 52
Normal Fallow

371-429 18.5 415 78 418 85
Wet Fallow



Table 2. Typical soil test values for the Walla Walla silt loam soil in the experiment
site, in 1979.

Soil Property

Soil Depth (cm)

0-30 30-60 60-90 90-120 120-150 150-180

Organic Matter %

Total Nitrogen %

Sulfate Sulfur (ppm)

1.37

0.07

9.70

1.48

0.05

10.78

1.01

0.05

6.76

0.11

0.03

6.86

0.48

0.03

5.16

0.48

0.03

5.46

Phosphorus (ppm) 28 27 26 20 13 13

Extractable cations

Potassium (ppm) 390 304 246 238 242 226

Calcium (meg/100 g) 7.2 8.1 7.3 7.1 6.8 14.5

Magnesium (meq/100 g) 2.3 3.1 3.4 3.8 4.2 5.1

Salts (mmhos/cm) 0.67 0.75 0.78 0.70 0.68 0.90

C.E.C. (meq/100 g) 11.31 11.31 10.95 10.19 10.29 11.00

pH 6.3 6.7 6.9 6.9 7.2 8.1
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Soil samples from the surface 0-15 and 15-30 cm depths were taken

every 15 days from mid-March to mid-September (planting time). The

samples of the profile (0-180 cm) were taken in 30 cm increments after

previous harvest and at planting time. The surface and profile samples

were analyzed for soil moisture and nitrate-nitrogen content.

Incubation Study

Representative soil samples from the trial area were taken from

the 0 to 15 and 15 to 30 cm depths in mid-March. Samples were ground

and passed through a 2 mm sieve. Fifty g air dried subsamples were

placed in 125 ml flasks. The flasks opening were covered by nylon wool

to provide gas exchange. Soil moisture was maintained at field capa-

city (approximately 20 percent by weight) during the incubation period.

Incubation temperature was held at constant 35 + 1°C. Four samples of

each depth were analyzed for nitrate-nitrogen production at various

time intervals during an 8-week period. The same soil samples were in-

cubated again to estimate the potentially mineralizable nitrogen by a

method described in another section of the materials and methods.

Experiment 2

Field plots were established at the Sherman County branch of the

Columbia Basin Agricultural Research Center on a Walla Walla silt loam

soil during the fallow period of 1979-80 (Table 3). The field plot

design was split-plot with four replications; the main plots were

standard bare fallow (mold board plow was used for initial tillage in

late March and followed by secondary tillage with a sweep or rodweeder),



Table 3. Typical soil test values for the Walla Walla silt loam soil in the experiment II
site, in 1980.

Soil Property

Soil Depth (cm)

0-15 15-30. 30-60 60-90 90-120 120-150 150-180

Bare Fallow:

Organic Matter % 1.20 1.25 0.85 0.70 0.05 0.05 0.10
NH -N (ppm)

4
NO3-N (ppm)

2.77
0.94

4.69
1.49

2.56
1.49

4.48
2.13

2.13
3.84

2.56
3.84

1.71
10.87

38A-S (ppm) 1.98 1.95 1.81 2.58 3.25 4.90 6.34
P (PPm) 26 20 15 13 10 12 7

C.E.C. (meq/100 g) 9.64 11.10 11.20 10.71 9.45 10.23 10.23
PH 7.3 7.3 7.9 8.5 8.7 8.9 9.2

Stubble Mulch:

Organic Matter % 1.10 1.15 0.80 0.60 0.30 0.20 0.15
NI14-N (ppm) 4.05 3.41 1.92 2.77 2.35 4.48 1.39
NO3 -N (ppm) 0.69 1.71 0.85 2.35 2.45 3.84 4.48
S0 -S (ppm)

L,
2.52 1.91 2.35 2.32 5.54 11.51 20.47

P (ppm) 30 26 18 19 12 9 8
C.E.C. (me0/100 g) 9.35 10.23 11.40 10.13 9.64 11.01 10.81
pH 6.9 7.1 7.7 7.7 8.8 9.3 9.2

No-Till:

Organic Matter % 0.70 0.85 0.65 0.30 0.30 0.25 0.05
0114-0 (ppm) 4.44 3.20 3.41 2.98 1.60 7.36 7.14
NO3-N (ppm) 1.81 1.28 0.75 1.71 4.05 2.45 6.18
SO4-S (ppm) 2.45 1.41 2.05 1.71 3.76 4.46 18.35
P (PPm)
C.E.C. (meq/100 g)

PH

32

9.25

7.5

28
8.38
6.7

19

9.93
7.6

19

9.64
7.6

16

8.47
8.8

11

10.03
9.2

8

11.88
9.2

t..)

42,
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stubble mulch (sweep plow was used for initial tillage and followed by a

secondary tillage with a sweep or rodweeder), and no-till (herbicides

were used for weed control). The main plots were split to the two soil

depths (0 to 15 and 15 to 30 cm).

Soil samples from the surface 0-15 and 15-30 cm depths were taken

every 15 days from mid-March to late September (planting time). Soil

samples of the profile (0-150 cm) were taken in 30 cm increments at mid-

March, late June and late September. Surface and profile samples were

analyzed for soil moisture and nitrate-nitrogen content.

Thermistors were inserted at depths of 1.0, 7.5, 15.0, 22.5 and

30 cm under all tillage treatments in mid-March. Soil temperatures were

recorded using a data logger at 3-hour intervals of the first 3-months of

the experiment and, then, 6-hour intervals until late September. A 15-

day mean was calculated for each thermistor and used for statistic

analysis.

Other climatic data (precipitation, air temperature) were obtained

from the current records of the Sherman Branch Station climatic data

center located approximately 1 kilometer from the experimental site.

Incubation Study

Soil samples from each of the treatments were taken from 0 to 15

and 15 to 30 cm depths in mid-March, 1980. Samples were ground and

passed through a 2 mm sieve. Triplicate 30 g air-dried soil samples for

each tillage treatment and depth and 6 g of vermuculite were mixed

thoroughly. The mixture was placed in a leaching tube. Mineral N

initially present was removed by leaching with 100 ml of 0.01 M CaC12 in
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5 to 10 ml increments, followed by 25 ml of a nutrient solution devoid

of nitrogen (0.002 M CaSO4, 21170; 0.002 M MgSO4; 0.005 M Ca(H2PO4)91120;

and 0.0025 M K2SO4), Stanford and Smith, 1972). Excess water was re-

moved under vacuum (60 Hg). The tubes were incubated at 35
o
C. Follow-

ing an initial 10-days incubation and leaching, samples were incubated

for 2 weeks, then, mineral nitrogen was recovered by leaching with 0.01

M CaCl2. Leachates were transferred to flasks and nitrogen (NO3 -NH
4

)

was determined by the steam distilation method (Berg and Gardner,

1978).

Analytical Methods

Soil water content of the 0-30 cm soil surface samples was deter-

mined gravimetrically. The water content of profile samples was deter-

mined using the neutron probe and the moisture content determined volu-

metrically. Each soil sample was air-dried and ground to pass a 2 MM

screen and nitrate-nitrogen was extracted using a water based extracting

solution containing 0.3 g Ca0/100 ml and 0.2 gr. MgCO3/100 ml. Ten

grams of soil was shaken with 100 ml of extracting solution for 30 min.

The solution was filtered through No. 40 Whatman filter paper and

nitrate content determined colorimetrically (570 mm) using the Szechrome

NAS reagent (Szekely, 1976).

A steam distilation method was used for extractable ammonium and

nitrate-nitrogen analysis (Berg and Gardner, 1978).
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Procedure for Nitrogen Mineralization Prediction

Nitrogen mineralization prediction was calculated using only the

data from experiment I. Three values are obtained for this calculation,

nitrogen mineralization potential, the soil temperature, and the soil

water content.

The determination of nitrogen mineralization potential equation

was as follows:

No - Nt/(1-10
-kt/2.303

) (Stanford et al., 1974)

No = Nitrogen mineralization potential

Nt = Nitrogen mineralization potential during the incubation period

t = Incubation period, weeks

= Rate constant, week
1

In this study, 14-day average air temperatures were used, as

recorded at the experiment station site, as approximate estimates of

soil temperatures for the period March 17 through September 13. The

temperature coefficient, Q
10

was assumed to be 2 (Stanford et al.,

1973). For Walla Walla silt loam soil, the average k for 35°C has been

reported (Stanford et al., 1973) to be 0.047 0.008. Arbitrarily, the

lower limit, 0.039 week 1, was chosen for estimates.

Relative nitrogen mineralization was considered to be a linear

function of soil water content, expressed as a percentage of the optimum.

Field capacity (20%) was used as the optimum soil water content.

Estimates of the amounts of nitrogen mineralized during each 14

days were obtained using the following equation:

N = kWNo
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For each successive 14 days, No was reduced by the cumulative amounts of

nitrogen mineralized in the previous 14 days.
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RESULTS AND DISCUSSION

Experiment 1

The incubation study (Table 4) showed that maximum rates of nitro-

gen mineralization occurred between the first and third week at both

sampling depths. Although the 0-15 cm soil layer showed a slight in-

crease, the maximum nitrate-nitrogen accumulation was obtained at the

fifth week. From the fifth to eighth week, the 15-30 cm soil layer

exhibited a significant decrease in nitrate-nitrogen. This decrease was

probably caused by soil organisms that increase with time and tie-up

some of the nitrogen. The 0-15 and 15-30 cm soil layers accumulated

11.17 and 5.48 ppm nitrate-nitrogen, respectively, during the 5 weeks.

Table 4. Nitrate-nitrogen accumulation in Walla Walla silt loam soil
under laboratory incubation conditions. Each value is the
mean of the four samples.

Week of Incubation

Sampling Depth 0 1 3 5 8

cm PPm

0-15 0.49 4.25 9.65 11.17 11.38

15-30 0.97 2.63 4.51 5.48 3.97

Precipitation, air and soil temperatures for 14-day periods during

the study are shown in Table 5. Precipitation in mid-August and Septem-

ber, 1979 was sufficient to rewet the soil mulch. Soil temperature in-

creased from the beginning of the study to August 3, and then gradually

decreased until the end of the study. The field soil temperatures did

not reach the optimum (35°C) for nitrification during the experiment.
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Table 5. Air and soil temperatures and precipitation for the designated
time intervals of 1979 in Moro, Oregon.

Date Air temp.

Soil temp.

Precip.12" 4"

oc mm

Mar. 1-Mar. 17 5.9 4.9 5.7 13.7

-Mar. 31 6.3 7.8 8.5 11.4

-Apr. 15 6.8 8.2 8.9 3.6

-Apr. 29 9.2 9.7 10.9 23.4

-May 12 11.4 14.4 15.8 5.6

-May 26 17.2 18.9 20.7 1.5

-June 8 14.5 19.6 21.1
-June 22 14.5 20.1 21.5 2.5

-July 6 18.2 19.7 22.6 0.8
-July 20 22.6 23.5 25.4 1.0

-Aug. 3 20.5 25.1 26.3

-Aug. 18 12.8 23.7 24.8 4.3

-Sep. 1 18.6 20.1 21.3 22.3

-Sep. 13 17.6 19.5 20.2 13.5

The soil moisture content of the upper profile during the experi-

ment showed a steady decrease in all the treatments (Table 6 and Figure

2). This reflects the increasing evaporative demand and the beginning

of soil tillage in April. Wet and normal fallow moisture treatments

held significantly less moisture at 0-15 cm from April to mid-June

(Table 6) apparently due to a rain simulation treatment that destroyed

the mulch and increased the capillarity. After the May tillage this

difference disappeared and there were no significant differences among

the treatments until September.

At 15-30 cm, there were no significant differences among the

treatments, except at the second sampling date due to the rain simulation

in the wet and normal fallow moisture treatments (Table 6 and Figure 3).

The large increase in soil moisture for the wet fallow moisture treatment

at both sampling levels for the September 13 date is the result of a rain



Table 6. Average soil moisture by depth for four fallow moisture treatments on different
dates in 1979.

Sampling Dates

Depth Treatments 3/17 3/31 4/15 4/29 5/12 5/26 6/8

cm

0-15 Dry 22.68a* 19.28b 16.80a 16.20a 13.96a 12.88a 11.03a
Normal 20.87b 21.56a 13.73b 13.78b 12.536 11.586 9.82b
Wet 21.74a6 20.62a6 12.84b 13.296 11.706 11.426 9.86b
Control 21.66a6 19.78b 16.41a 15.53a 13.88a 12.87a 11.11a

15-30 Dry 18.17a 16.01a6 15.15a 12.98b 13.97a 13.30a 12.73a
Normal 18.79a 18.03a 14.39a 13.97ab 13.43a 13.04a 12.39a
Wet 17.84a 17.82a 14.49a 12.77b 13.74a 13.55a 13.28a
Control 18.06a 15.866 15.21a 14.54a 14.07a 13.35a 12.72a

0-30 Dry 20.43a 17.926 15.99a 14.21a6 13.97a 13.10a 11.88a
Normal 19.95a 19.79a 14.066 13.476c 13.01a6 12.31a 11.11a
Wet 19.79a 19.22a 13.676 13.04c 12.72b 12.49a 11.74a
Control 19.86a 17.82a 15.82a 15.04a 13.98a 13.11a 11.92a

(continued on next page)



Table 6. Continued

Depth Treatments

Sampling Dates

6/22 7/6 7/20 8/3 8/18 9/1 9/13

0-15

15-30

0-30

Dry
Normal
Wet
Control

Dry
0orma]
Wet
Control

Dry
Normal
Wet
Control

10.61a
9.86a
9.99a

10.82a

12.22a
12.12a
12.44a
12.44a

11.42a
10.67a
11.21a
11.64a

9.36a
8.72a
8.86a
9.45a

11.54a
11.58a
I1.92a
11.73a

10.45a
10.15a
10.39a
10.59a

8.98a
8.29a
8.60a
8.94a

10.72a
10.82a
11.36a
10.98a

9.86a
9.55a
9.88a
9.96a

7.47a
7.48a'
7.71a
7.91a

10.51a
10.33a
10.99a
10.57a

8.99a
9.02a
9.36a
9.24a

6.93a
7.07a
7.29a
7.60a

10.02a
I0.12a
10.80a
10.19a

8.48a

93.=
8.90a

8.38a
8.57a
8.98a
8.92a

9.81a
10.07a
10.68a
10.17a

99.3°2:

9.68a
9.55a

8.836
8.486
16.30a
8.986

10.336
10.176
15.03a
10.916

_

9.616
9.336
15.80a
9.956

Means in a column followed by the same letter are not significantly different at the 5%
probability level.
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Figure 2. Gravimetric soil water content as a function of time at 0-15 cm soil profile for
four fallow moisture treatments in 1979.
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simulation applied about one week prior to sampling. Although there

were significant interactions between sampling dates and moisture treat-

ments at both depths, the differences were quite small and have little

or no bearing on the final results at the end of the experiment. The

variation usually encountered in sampling of soils over time could

easily account for the significant interactions that were found.

After the August 18 sampling, about 20 mm rain significantly in-

creased the 0-15 cm moisture level but did not affect the 15-30 cm

depth.

The wet fallow treatment had more soil moisture in the profile

than the dry, normal and control treatments (Table 7). The amount of

water loss from the profile was greater for the wet and normal fallow

treatments due to slower water infiltration into moist soils. The

slower infiltration rate exposed the moisture to greater evaporative

forces in the upper profile during the experiment.

Nitrification

Figures 4 and 5 illustrates the nature of the seasonal supply of

nitrate-nitrogen and its relative magnitude in soils of varying fallow

soil moisture conditions.

Although there were some fluctuations between the sampling dates,

the amount of nitrate-nitrogen showed little increase between March 17

and May 26 in the 0-15 cm profile (Table 8). This was probably due to

low temperature, immobilization and/or denitrification (Table 8). Dry,

normal, wet and control fallow moisture treatments, accumulated 0.28,

0.06, -0.04, 0.27 ppm nitrate-nitrogen, respectively, during this period.



Table 7. Average soil water content for four fallow moisture treatments on different dates
in the profile in 1979.

Depth

Dry Normal** Wet* Control

Mar. July Sep. Mar. July Sep. Mar. july Sep. Mar. July Sep.

CM mm

0- 15 42 17 16 38 16 16 40 16 30 40 17 17

15- 30 38 24 22 37 24 22 37 25 32 37 25 23

30- 45 39 34 32 41 34 32 42 35 35 40 34 32

45- 60 23 22 20 24 22 21 26 23 22 25 22 21

60- 75 20 21 20 21 22 21 23 23 22 22 21 20

75- 90 18 20 19 18 21 20 20 23 22 19 19 19

90-105 17 18 18 17 19 18 17 22 21 17 18 18

105-120 18 17 17 17 18 18 17 22 22 17 18 18

120-135 18 18 18 18 18 18 18 22 22 18 18 18

135-150 19 18 18 18 19 18 19 21 21 19 18 18

150-165 20 18 18 18 19 19 19 21 21 19 19 19

165-180 20 19 19 19 19 19 21 21 21 20 20 19

180-205 20 20 20 20 20 21 21 22 22 21 20 20

205-220 21 20 20 21 21 20 22 22 21 21 20 21

220-235 21 20 20 21 21 20 22 22 21 22 21 20

235-250 22 21 20 21 21 20 22 22 22 22 21 21

Total 376 328 217 369 334 323 386 362 377 379 331 324

* *
Rain simulation treatments were applied in March (68 mm) and September (33 mm)

Rain simulation treatment was applied in March (38 mm).
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Table 8. Average nitrate-nitrogen by depth for four fallow moisture treatments on different
dates in 1979.

Sampling Dates

Depth Treatments 3/17 3/31 4/15 4/29 5/12 5/26 6/8

CM PPm

0-15 Dry 1.12a* 1.42a 0.6ta 0.99a 0.96a 1.40a 1.69a
Normal 1.08a 1.19a 0.34a 0.58a 0.66a 1.14a 1.44a
Wet 0.99a 0.47a 0.15a 0.25a 0.37a 0.95a 0.98a
Control 1.03a 1.19a 0.65a 0.84a 0.88a 1.31a 1.81a

15-30 Dry 1.99a 1.86a 1.12a 1.29a 1.38a 1.21a 1.18a
Normal 1.23a6 0.95bc 0.456 0.81ab 0.80a6 0.90a 0.63ab
Wet 0.84a 0.66c l.85a 0.416 0.566 0.67a 0.296
Control 1.19ab 1.41ab 0.896 1.01a6 1.10ab 1.19a 0.86a6

0-30 Dry 3.11a 2.28a 1.74a 2.28a 2.36a 2.61a 2.86a
Normal 2.39ab 2.33a 0.80ab 1.396c 1.46ab 2.03a 2.026
Wet 1.836 1.13a 0.336 0.66c 0.936 1.61a 1.276
Control 2.22ab 2.60a 1.54a 1.85a6 1.97ab 2.49a 2.66a

(continued on next page)



Table 8. Continued

Depth Treatments

Sampling Dates

6/22 7/6 7/20 8/3 8/18 9/1 9/13

cm PP111

0-15 Dry 2.39a 2.66a 2.50a 2.46a 3.39a 6.15a 4.25a
Normal 1.76ab 1.89ab 1.55b 1.82a6 2.54ab 5.10b 4.94a
Wet 1.41b 1.49h 1.48b 1.22h 1.846 3.72c 2,986

Control 2.28a 2.38a 1.84ab 2.44a 3.33a 5.38ab 5.51a

15-30 Dry 1.43a 1.27a 1.24a 1.03a 1.32ab 1.92a 1.60b

Normal 0.76ab 0.74a 0.64a 0.61a 0.91a6 1.38a 1.23b

Wet 8.286 0.54a 0.50a 0.29a 0.71b 1.26a 2.87a

Control 0.92ab 1.05a 0.84a 0.87a 1.53a 1.58a 1.59b

0-30 Dry 3.41a 3.93a 3.74a 3.49a 4.71a 7.89a 5.85b

Normal 2.33ab 2.64b 2.19b 2.43ab 3.45bc 6.396 6.l9ab

Wet 1.69b 2.03bc 1.98b 1.51b 2.55c 4.98c 5.85b

Control 3.19a 3.44ab 2.77ab 3.30a 4.57ab 6.69ab 7.10a

Means in a column followed by the same letter are not significantly different at the 5%
probability level.
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In this zone (0-15 cm), there was a significant increase in

nitrogen mineralization in the interval between the end of May and the

June 22 sampling date. Following this period, however, nitrate-nitrogen

accumulation ceased until after the August 3 sampling date. This trend

was consistent for all treatments. This period coincides with the

period of maximum soil temperature (Table 5), which possibly caused

rapid iiwaobilization rather than denitrification. Ellis (1974) has

shown that carbon mineralization was maximum in July and minimum in May

and September and was closely correlated with the soil temperature. Dry,

normal, wet and control treatments accumulated only 0.07, 0.15, -0.19,

0.16 ppm nitrate-nitrogen, respectively, during this period. These

results are in agreement with Herlihy (1979).

In August, the 0-15 cm zone, rewetted by rain and with adequate

soil temperature increased in nitrogen mineralization and accumulation

until the end of the experiment. Dry, normal, wet and control treatment

accumulated 1.79, 3.12, 1.76 and 3.07 ppm nitrate-nitrogen, respectively.

Among the moisture treatments through June 22, there were no signi-

ficant differences, but at the end of the experiment, the wet fallow

treatment had accumulated significantly less nitrate-nitrogen than the

other treatments.

Although there were some fluctuations, the amount of nitrate-

nitrogen accumulation did not differ significantly among the sampling

dates until September 13. The wet fallow treatment experienced leaching

at the 15-30 cm depth caused by rain simulation about one week prior to

sampling (Table 6). During the spring, low nitrate-nitrogen accumulation

can be explained by low temperatures, denitrification and immobilization

and later only by immobilization.
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There was no apparent leaching or upward movement of nitrate-

nitrogen in the profile (0-180 cm) between the May and September sampl-

ing dates (Table 9). The data also showed that high soil profile

moisture (wet treatment) had a marked effect on decreasing nitrate-

nitrogen content of the soil. This was probably caused by inhibiting

nitrification with a rapid iinutobilization and/or due to denitrification

or nitrate.

The nitrate-nitrogen accumulation did not significantly differ

from March 17 to August 3, in any of the treatments except in the con-

trol plot (Table 8). In which case the difference is quite small when

the entire 0-30 cm soil profile is considered. Between August 3 and

September 13, nitrate-nitrogen accumulation in the dry, normal, wet and

control treatments increased, 167, 254, 387, 155%, respectively. This

is a very important consideration when nitrogen fertilizer materials,

such as anhydrous ammonia, are usually applied by farmers in this region

about two to three months prior to planting. If the rates of nitrogen

fertilizers required to produce maximum grain yield are to be balanced

with the moisture supply, these changes in accumulation must be antici-

pated.

In this experiment, under field conditions, the nitrate-nitrogen

accumulation was about 40% less than the potential shown in the 8 week

incubation study.

The Prediction of Nitrate-Nitrogen

The cumulative 14-day amount of nitrogen mineralized by the cal-

culation procedure and field measurement are given in Table 10. The



Table 9. Average nitrate-nitrogen in the profile for four fallow moisture treatments
on different dates In 1979.

Depth

Dry Normal Wet Control

May Sept. May Sept. May Sept. May Sept.

cm kg/ha

0- 30 9.4 27.3 8.6 22.8 6.0 16.8 10.2 28.0

30- 60 10.4 15.3 9.3 15.2 7.4 8.5 11.4 15.4

60- 90 5.4 6.5 5.0 9.3 9.4 9.9 5.0 6.8

90-120 2.8 4.2 3.4 5.0 4.6 7.5 3.3 4.0

k

120-150 2.6 4.2 3.1 4.6 3.5 4.1 3.2 3.4

150-180 3.8 4.1 3.3 4.2 3.3 6.7 3.3 4.2

Total 34.4 61.6 32.7 61.1 34.2 53.5 36.4 61.8
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Table 10. The cumulative 14-day amount of nitrogen mineralized by
the calculation procedure and field measurement by depth
for four fallow moisture treatments on different dates
in 1979.

Date Treatments

Depth
cm

0-15 15-30

Actual Calcula. Actual Calcula.

ppm

Mar. 31 Dry 1.41 0.76 1.86 0.51
Normal 1.19 0.83 0.95 0.57
Wet 0.47 0.79 0.66 0.57
Control 1.18 0.76 1.41 0.50

Apr. 15 Dry 0.61 1.42 1.12 1.00
Normal 0.34 1.36 0.45 1.04
Wet 1.45 1.30 1.85 1.03
Control 0.65 1.40 0.89 1.00

Apr. 29 Dry 0.99 2.13 1.29 1.47
Normal 0.58 1.96 0.81 1.92
Wet 0.25 1.88 0.41 1.51
Control 0.84 2.09 1.01 1.53

May 12 Dry 0.96 2.87 1.38 2.10

Normal 0.66 2.63 0.80 2.13
Wet 0.37 2.50 0.56 2.11
Control 0.87 2.82 1.10 2.15

May 26 Dry 1.40 3.78 1.21 2.87
Normal 1.14 3.45 0.90 2.90
Wet 0.95 3.31 0.67 2.90
Control 1.31 3.73 1.19 2.93

June 8 Dry 1.69 4.52 1.18 3.58
Normal 1.44 4.11 0.63 3.59
Wet 0,98 3.98 0.29 3.64
Control 1.81 4.47 0.86 3.63

June 22 Dry 2.39 5.19 1.43 4.22

Normal 1.67 4.74 0.76 4.22
Wet 1.41 4.61 0.28 4.29

Control 2.28 5.16 0.92 4.29
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Table 10. Continued

Date Treatments

Depth
cm

0-15 15-30

Actual Calcula. Actual Calcula.

PPm

July Dry 2.66 5.92 1.27 4.96
Normal 1.89 5.41 0.74 4.97
Wet 1.49 5.31 0.54 5.06
Control 2.38 5.89 1.05 5.04

July 20 Dry 2.50 6.48 1.24 5.88
Normal 1.55 6.28 0.64 5.90
Wet 1.48 6.21 0.50 6.03
Control 1.84 6.82 0.84 5.98

Aug. 3 Dry 2.46 7.58 1.03 6.73
Normal 1.82 7.03 0.61 6.72
Wet 1.22 6.95 0.29 6.91
Control 2.44 7.59 0.87 6.84

Aug. 18 Dry 3.39 8.19 1.32 7.46
Normal 2.54 7.66 0.91 7.47
Wet 1.84 7.62 0.71 7.70
Control 3.33 8.27 1.53 7.57

Sep, 1 Dry 6.14 8.85 1.92 8.09
Normal 5.01 8.34 1.38 8.11
Wet 3.72 8.33 1.26 8.39
Control 5.38 8.97 1.58 8.23

Sep. 13 Dry 4.25 9.44 1.60 8.66
Normal 4.94 8.91 1.23 8.67

Wet 2.98 9.43 2.87 9.20
Control 5.51 9.57 1.59 8.83
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0-15 and 15-30 cm soil profile nitrogen mineralization potentials cal-

culated from the short-term incubation were 77.14 and 63.85 ppm,

respectively. The calculated results always had higher values than the

field measurement, especially at the 15-30 cm depth.

The comparison of predicted values with field measurements did

not show a close relationship at the 15-30 cm depth due to the varia-

tions among the replicates and sampling times.

The common regression during the experiment period showed a signi-

ficant relationship between calculated and field values at 0-15 cm soil

profile (Figure 6). The correlation coefficient of all data was 0.77.

Dry, normal, wet, control fallow moisture treatments had correlation

coefficients of 0.79, 0.77, 0.84, and 0.81, respectively. The comparison

of regression lines, showed that only the wet treatment was significantly

different from the others.

It is a common practice for farmers in this region to apply ferti-

lizer nitrogen in the form of anhydrous ammonia from June to early July.

This is due to high volatilization of the fertilizer caused by hot sum-

mer temperature and possible toxicity to germinating seedlings when am-

monia is applied just prior to planting. The results of the foregoing

experiments clearly show that sampling for nitrate-nitrogen content in

late May or early June may not accurately reflect the amount actually

available at seeding time in mid-September or early October. One way to

avoid this problem would be to delay application of nitrogen fertilizers

until just before seeding. Soil sampling for nitrate-nitrogen could be

done in mid-September with fertilizing and seeding to follow in about

10-14 days. However, this procedure may present additional problems in
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Figure 6. The relationship between actual and calculated values of nitrate-nitrogen
accumulation at 0-15 cm soil profile during the experiment.
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obtaining soil test results quickly or having nitrogen supplies and

equipment available at the proper time. This may also cause a delay in

seeding time because of the heavy work schedule at this period. The

application of anhydrous ammonia, which is injected in the prepared seed-

bed, may cause a serious moisture loss in the seed zone, if done in early

to mid-September when the temperatures are still relatively high.

Another alternative to delaying the soil testing and application

of nitrogen fertilizers until just before seeding would be to predict

the amount of nitrate-nitrogen that would be available at seeding

accurately enough to make adjustments in the early application period.

Stanford (1977) devised a prediction equation based long-term mean air

temperature and soil moisture that accurately predicted the actual

nitrate-nitrogen content of soils under irrigation. This prediction

equation also shows promising results in this present study.

Data collected in this study showed that the soil moisture con-

tent in the 0-30 cm zone was not significantly different in the moisture

treatments during the last three months of the fallow period. This

period of time, however, coincides with the greatest activity in nitrogen

mineralization. Therefore, a mean value for soil moisture content in

this 0-30 cm zone can be used in this prediction equation.

Previous studies by Russelle (1978) in the same area showed that

long-term air and soil temperatures (0-30 cm) were closely correlated

and showed little variation in mean values from year to year. Stanford

(1977) found the same results in his studies. Therefore, the long-term

mean value for air temperature at this site can be used in the predic-

tion equation.

To use the prediction equation of Stanford (1977) at a given site
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or location, the following information is required:

1) The nitrate-nitrogen in the 0-30 cm profile prior to

fertilization. In this study there were 1.11 ppm on June 8

(mean of all four treatments from Table 10).

2) The average soil moisture content from 0-30 cm. The mean

for all four treatments from June 8 to September 13 was

10.02% by weight (Table 6).

3) The long-term mean air temperature from June 8 to September

13 at the experiment site. This mean was 18.1°C.

4) The nitrogen mineralization potential (No) obtained by

incubation study on soils from the site or location. This

value was 70.49 ppm.

Using the above values the amount of nitrate-nitrogen potentially

mineralizable is as follows:

N = No W K

No = Nitrogen mineralization potential - soil test value

No = 70.49 - 1.11 = 69.38

W = The linear function of the soil moisture, which at field capacity

(20% by weight) is equal to 1. At this instance mean soil

moisture is equal to 10.02%.

W = 0.05 x % moisture = 0.05 x 10.02 = 0.50

K = Temperature coefficient. This is a function of temperatures

and decreasing Q10 2. In this study the rate constant k was

0.039 -week at 35 °C. Therefore,

K = 0.0112 (at 18.1°C) x 14(weeks) = 0.1568.

The amount of nitrate-nitrogen predicted to become available between
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June 8 and September 13 is:

N = 69.38 x 0.5 x 0.1568 = 5.44 ppm

The actual (mean of all treatments) and predicted nitrate-nitrogen

values are as follows: (ppm)

Actual (June 8) Predicted (June 8-Sept13) Act.+Predicted Actual (Sept13)

1.11 5.44 6.55 6.25

The results of this study show that soil tests in late spring or

early sulualer do not accurately reflect the actual amount of nitrate

nitrogen that is potentially available at the seeding time in mid- or

late September. The prediction equation presented above, however, does

appear to accurately predict the amount of soil nitrogen that will be-

come available. As long as farmers continue to apply anhydrous ammonia

in the early part of the summer and the difference between soil tests in

June and September show a three-fold or more increase, there will be a

need to have method of accurately predicting the amount nitrogen to be

applied the balance the yield with the moisture supply.

Experiment 2

Soil Temperature

Air temperature and precipitation for designated time intervals

during the study are shown in Table 11.

Diurnal temperature variation in the soil decreases as the depth of

the soil increases, therefore, the upper surface soil temperature fluc-

tuates with the air temperature much more than at the lower depths.

Between 22.5 cm and 30 cm soil depth, the diurnal differences are quite

small.
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Table 11. Air temperature and precipitation for designated time
intervals of 1980 at the Columbia Basin Agricultural
Center, Sherman Branch Station, Moro, Oregon.

Date Max Min Mean Precipitation

oC
mm

3/1 -3/18 7.77 -1.11 3.33 42.7

3/18-3/29 9.49 0.91 5.20 2.0

3/29-4/11 10.98 0.60 5.79 10.2

4/11-4/25 17.52 5.12 11.32 12.2

4/25-5/9 19.68 7.10 13.39 9.7

5/9 -5/23 18.49 6.27 12.38 11.2

5/23-6/6 15.66 4.92 10.29 12.4

6/6 -6/19 19.91 8.33 14.12 23.9

6/19-7/3 22.30 8.76 15.53 11.2

7/3 -7/19 23.92 10.86 17.39 3.8

7/19-7/30 31.36 13.78 22.57

7/30-8/14 26.00 8.77 17.38

8/14-8/28 23.88 9.63 16.75

8/28-9/11 23.41 5.33 14.37 4.3

9/11-9.25 20.23 4.48 12.35 9.1
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The seasonal variation in soil temperature with depth was similar

in character to the diurnal changes. There were significant differ-

ences of the soil temperature among sampling dates. The end of July

represented the peak point of the maximum soil temperatures. This

agrees with the data of Smith (1932) collected in California.

Soil temperatures increased from the beginning of the experiment

to July 31 except between May 9 and June 6 (Figures 7 and 8). Soil

temperatures significantly decreased during these time intervals be-

cause of unusually cool and rainy periods. After July 31 both 0-15 cm

and 15-30 cm soil temperatures gradually decreased until the end of the

experiment following the same pattern as the air temperature.

There were significant differences in soil temperatures among

tillage treatments at all sampling depths. However, the temperature

differences among the tillage treatments at all sampling dates were

quite small (Table 12). Temperature differences for tillage treatments

at the soil depths of 15, 22.5 and 30 cm were smaller than the data-

logger standard deviations ( +0.5°C) which was used for temperature mea-

surements. Therefore, the soil temperature differences among the tillage

treatments at these depths can be considered about equal.

These results differ from many other studies that have been con-

ducted to determine the effects of mulching on soil temperature (Parker

and Larson, 1962 and McCalla and Duley, 1946). This difference was pro-

bably the result of less previous crop residues which do not completely

cover the soil under both stubble mulch and no-till systems in this

study.
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Table 12. Average soil temperature by depth for three tillage treatments on different dates in 1980.

Sampling Date

Depth Treatments 3/29 4/11 4/25 5/9 5/23 6/6 6/19

oC
CM

1.0 A 5.4ab* 6.6a 12.5a 17.2a 15.6a 14.5a 19.4a
5.7a 6.8a 12.5a 17.1a 15.5a 14.6a 19.0ab

C 5.06 6.36 12.1a 16.5a 14.86 14.1a 18.76

7.5 A 4.6a 5.9a 10.8a6 15.6a 14.2a 13.9a 17.1a
4.5a 5.8a 10.36 14.86 14.2a 14.1a 17.2a

C 4.5a 5.7a 11.1a 15.346 14.3a 14.0a 17.7a

15.0 A 4.3a 5.7a 10.1a 14.3a 13.9a 13.8a 16.7a
B 4.2a 5.6a 9.9a 14.0a 13.9a 13.8a 16.6a
C 4.2a 5.4a 10.4a 14.4a 13.9a 13.7a 16.9a

22.5 A 4.6a 5.6a 9.7a 13.4a 13.7a 13.7a 16.3a
3.96 5.3ab 9.3a 13.2a 13.5a 13.6a 16.0a

C 3.86 5.16 9.7a 13.5a 13.6a 13.6a 16.0a

30.0 A 4.3a 5.4a 9.3a 13.0a 13.8a 13.8a 15.7a
4.1a 5.3a 9.0a 12.6a 13.3a 13.6a 15.5a

C 4.5a 5.3a 9.5a 13.1a 13.3a 13.4a 19.7a

means in a column followed by the same letter for each depth are not significantly different
at the 5% probability level.

A-Bare fallow
B-Stubble Mulch
C-No-Till



Table 12. Continued

Depth Treatments 7/3 7/19

cm

1.0 A 20.2a 23.1a
B 20.1a6 23.1a
C 19.56 22.6a

7.5 A 18.2a 20.2a
B 18.1a 20.2a
C 18.6a 21.2a

15.0 A 18.1a 20.1a6
B 17.7a 19.96
C 18.1a 20.5a

22.5 A 17.8a 19.9a
17.46 19.56

C 17.36 19.7ab

30.0 A 17.2a 19.2a
B 16.8a 19.1a
C 17.0a 19.3a

Sampling Date

7/30 8/14

°c

28.9a 25.9a
29.0a 25.3a
28.9a 25.5a

25.16 24.06
25.16 23.7b
26.6a 25.0a

24.66 23.06
24.36 22.3c
25.6a 24.0a

24.06 22.7b
23.7b 22.56
24.5a 23.5a

22.86 22.5b
22.66 22.06
23.4a 23.1a

8/28 9/11 9/25

21.4a 20.7a 16.1a
21.4a 2O.6a 15.9a
21.2a 20.2a 15.8a

20.9a 19.06 15.9a
2O.6a 18.96 15.6a
21.4a 19.7a 16.1a

20.86 18.46 16.0a6
20.56 18.26 15.76
21.6a 19.3a 16.2a

21.16 18.4a 16.3a
20.96 18.3a 16.2a
22.1a 18.9a 16.5a

21.6a 18.5a 16.7a
21.1a 17.96 16.16
22.1a 18.8a 16.9a
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Soil Moisture

There were significant differences in soil water content due to

methods of tillage at each sampling depth to 30 cm (Table 13 and Figures

9 and 10).

Soil moisture content fluctuated among the sampling times between

the mid-March and the end of July at the 0-15 cm depth depending on the

occurrence of rainfall. Water loss from the 0-15 cm profile increased

gradually, as the rising air temperature increased the evaporative de-

mand of the above ground environment. There were no significant differ-

ences among the tillage treatments during this period. This result is

an agreement with Wiese et al. (1958).

After the rainfall period ended, soil moisture in the no-till

treatment decreased more rapidly than in the other treatments. The pro-

bable reason for this difference may be due to the capillary continuity

in the surface of the no-till treatment as compared to the disturbed

soil surface in the plow and stubble mulch treatments (Lemon, 1956). As

a result, the no-till system held significantly less soil moisture. All

treatments continuously decreased in soil water content until receiving

additional precipitation in September.

The water loss from the 15-30 cm soil depth can be divided to three

stages during the experiment. The first period coincides with frequent

rainfall in which soil water was gradually lost, partly by evaporation

and by perculation to deeper zones. In the second period, soil moisture

rapidly declined because of the increased evaporative demand due to

rising temperatures. The third period of moisture loss was characterized

by an extremely slow rate and was governed by adsorptive forces of



Table 13. Average soil moisture by depth for three tillage treatments on different dates in 1980.

Sampling Date

Depth Treatments 3/18 3/29 4/11 4/25 5/9 5/23 6/6 6/19

CM

0-15 A 18.27a* 15.63a 13.05a 12.60a 12.28a 10.29a 12.29a 13.78a

B 18.48a 16.03a 13.80a 12.50a 11.85a 12.00a 12.50a 13.62a

C 19.21a 15.51a 13.31a 13.70a 12.87a 10.63a 10.80a 12.17a

15-30 A 17.51a 17.29a 16,26a 15.89a 16.33a 14.17a 15.31a 15.19a

17.50a 16.326 15.306 14.896 15.016 14.55a 14.336 14.83a

C 17.47a 15.736 14.35c 14.346 13.65c 13.076 13.18c 13.716

0-30 A 17.90a 16.47a 14.66a 14.24a 14.31a 12.22a6 13.80a 14.09a

17.99a 16.17a6 14.55a 13.69a 13.43ab 13.37a 14.42a 13.47a

C 18.34a 15.376 13.84a 14.02a 13.266 11.856 11.996 13.70a

means in a column followed by the same letter for each depth are not significantly different at
the 5% probability level.

A-Bare Fallow
B-Stubble Mulch
C-No-Till



Table 13. Continued.

Sampling Date

Depth Treatments 7/3 7/19 7/30 8/14 8/28 9/11 9/25

cm

0-15 A 12.55a 11.57a 9.30a 7.15a 6.30ab 7.25a 6.73a

12.54a 10.86a 8.98a 8.03a 7.48a 7.45a 7.59a

10.06b 7.31b 6.19b 5.08b 4.74b 4.38b 6.06b

15-30 A 15.01a 14.31a 13.86a 12.85a 13.44a 13.56a 13.02a

B 14.28a 13.33b 11.95b 11.83b 11.65b 11.26b 11.146

C 12.751) 11.54c 11.06b 10.82c 10.83c 10.19c 10.34c

0-30 A 13.78a 13.02a 11.58a 10.00a 9.88a 10.42a 9.88a

B 13.42a 12.10a 10.47b 9.93a 9.57a 9.38a 9.37a

C 11.41b 9.43b 8.66b 7.95b 7.73b 7.29c 8.20b
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molecular distances. Precipitation during September showed no signifi-

cant effect on the soil moisture content in this zone.

There were significant differences among tillage treatments in

the 15-30 cm zone (Table 13). The bare fallow treatment always held

higher moisture than no-till except on the first sampling date. This

treatment also had significantly higher moisture content than the

stubble mulch treatment at the second and third sampling periods. In

the same manner, the stubble mulch treatment was significantly higher in

moisture content than the no-till treatment.

Nitrification During the Fallow Period

Although there have been some controversial research results, the

optimum temperature for nitrification is generally accepted as about

35 °C. Below this temperature nitrification decreases Q10, 2 according

to Stanford (1973), or linearly according to Maeda and Shiga (1978). In

this study, the 14-day soil temperature mean was always below the

optimum level although it gradually increased from mid-March to July 31.

Optimum moisture for nitrification is generally accepted as field

capacity of the soil (20% by weight at the experiment site). There is a

linear relationship between these two factors (Stanford and Epstein,

1974). During the spring period soil temperature was the major limiting

factor even though the soil moisture was near the optimum. During the

summer period the reverse situation occurred, i.e. soil temperature

increased to near the optimum and soil moisture decreased to become a

limiting factor. Therefore, the soil moisture and temperature inter-

action determined the rate of nitrification to a greater extent than any

other factors that might affect nitrification.
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The soil nitrate-nitrogen content at two sampling depths for each

of the three tillage treatments at all sampling dates are shown in

Table 14 and Figures 11 and 12.

Nitrate-nitrogen accumulation gradually increased in the three

tillage treatments from the beginning of the experiment (March 18) to the

July 3 sampling period in the 0-to-15 cm soil profile. During this

period soil moisture was generally adequate but soil temperature was

well below optimum. There were no significant differences among the

treatments until the July 3 sampling date. At this date and the July 19

sampling date the no-till treatment accumulated more nitrate-nitrogen

than the bare fallow and the stubble mulch treatments in this period.

This may be a result of more heat accumulation at the surface and per-

haps less immobilization due to the slow organic matter decomposition.

The rainy period around June 19 may have decreased the amount of accumu-

lated nitrate-nitrogen in the stuble mulch and bare fallow treatments,

possibly as a result of immobilization or the rapid decomposition of

organic matter or denitrification. The increase of nitrate-nitrogen

accumulation at the same date under the no-till treatment and then a de-

crease in the next sampling date (July 19) appears to be the result of

immobilization rather than denitrification during this period. This re-

sult indicates that the organic matter may be decomposing at different

times under the different tillage systems. No-till, bare fallow and

stubble mulch treatments accumulated nitrate-nitrogen at 6.15, 2.66, and

2.75 ppm, respectively, from mid-March to July 3 in the 0-15 cm soil

profile.

During the period between July 19 and August 28, the nitrification



Table 14. Average soil nitrate-nitrogen by depth for three tillage treatments on different dates
in 1980.

Sampling Date

Depth Treatments 3/18 3/29 4/11 4/25 5/9 5/23 6/6 6/19

CM PPm

0-15 A 0.55a* 0.68a 0.61a 1.I7a 1.66a 2.31a 3.03a 3.79a

0.34a 0.68a 0.70a 1.25a 2.19a 1.93a 2.96a 3.81a

C 0.64a 0.98a 1.18a 2.20a 2.53a 2.93a 2.93a 4.91a

15-30 A 0.56a 0.69a 0.64a 0.90a 1.38a 2.31a 2.16a 2.38a

B 0.54a 0.37a 0.48a 0.69a 1.00a 1.27a 1.66a 1.77a

C 0.31a 0.50a 0.51a 0.91a 1.18a 1.50a 1.91a 1.78a

0-30 A 1.11a 1.37a 1.25a 2,076 3.04a 4.62a 5.19ab 6.17a6

0.88a 0.95a 1.18a 1.946 3.19a 3.20b 4.62b 5.58b

C 0.95a 1.48a 1.69a 3.01a 3.71a 4.43a 5.84a 6.69a

*
Means in a column followed by the same letter for each depth are not significantly different at
the 5% probability level.

A-Bare Fallow
B-Stubble Mulch
C-No-Till



Table 14. Continued.

Sampling Date

Depth Treatments 7/3 7/19 7/30 8/14 8/28 9/11 9/25

on PPm

0-15 A 2.66b 4.90a6 5.27ab 7.20a 9.08a 10.03a 8.75a

2.75h 4.161) 6.00a 5.826 6.78b 8.40b 8.05a

C 6.15a 5.38a 4.81b 5.231) 5.40c 9.23ab 7.75a

15-30 A 2.65a 4.38a 4.50a 4.55a 4.96a 6.27a 5.59a

B 1.72ab 2.75b 3.031) 2.17b 2.13b 3.25b 3.45b

C 1.451) 2.43b 2.58b 2.55b 2.48b 3.53b 2.78b

0-30 A 5.316 9.28a 9.77a 11.75a 14.04a 16.30a 14.34a

B 4.47c 6.91c 9.03a 7.99b 8.916 11.65c 11.50b

C 7.60a 7.81b 7.39a 7.78b 7.88c 12.76b 10.53c
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Figure 11. Soil nitrate-nitrogen content as a function of time at 0-15 cm soil profile for

three tillage treatments in 1980.
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in the no-till treatment apparently completely stopped. However, in

the bare and stubble fallow treatments there continued to be a net

increase in nitrate-nitrogen. Corresponding with this same period was

a rapid decrease in surface soil moisture. The reason for the large

difference between the no-till and the other treatments may be due to

the accumulation of organic materials close to the soil surface in the

former and the mixing in the lower surface due to tillage in the latter

two fallow treatments. Although the bare and stubble fallow treatments

showed significant increases in nitrate-nitrogen, the bare fallow treat-

ment had a significantly higher accumulation during this period. This

is probably the result of a higher moisture content in the zone of

organic material accumulation because of the moldboard plow action of

burying the residues. The bare, stubble and no-till treatments accumu-

lated 6.42, 4.03 and -0.75 ppm nitrate-nitrogen, respectively, during

this period. These results show again the effects of different tillage

systems in the time and manner of organic matter mineralization.

A rapid increase of nitrification due to rewetting of the surface

soil occurred in the no-till and stubble mulch treatments after the

September rains. The lack of a similar increase in the bare fallow

treatment could be due to the low organic matter content near to the

soil surface since the precipitation only rewet the upper (0-15 cm)

portion.

By contrast, in the 15-30 cm soil profile, there were no signifi-

cant differences in nitrate-nitrogen, either in treatments or sampling

dates through the July 3 period. There were steady increases in

nitrate-nitrogen throughout this period, but were not large enough to

be significant. However, between the July 3 and 19 sampling periods
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there was a rapid increase in this zone. Following this period there

were no further increases in nitrate-nitrogen until after the first

rains in early September. There were again increases in nitrogen accu-

mulation up to the last sampling date before seeding but not of the

same magnitude as in the previous period.

In general, nitrate-nitrogen accumulation in the 15-30 cm profile

was less than in the 0-to-15 cm profile during the fallow period under

no-till and stubble treatments.

The soil nitrate-nitrogen content in the profile (0-180 cm) at

three sampling dates is presented in Table 15. At the end of the fallow

period bare fallow, stubble mulch and no-till systems had 26.83, 21.81

and 17.24 ppm, respectively. The 0-to-30 soil depth contributed more

to the nitrate-nitrogen accumulation greater than the sum of the 30-180

soil depth. There was no evidence of any nitrate-nitrogen leaching or

upward movement in the profile.

Nitrogen mineralization potential by depth for the three tillage

treatments shown in Table 16. There was considerable variation among

the samples due to the difficulty of maintaining a constant moisture

level in the incubation system. However, it appears that under field

conditions, only about 15% of the nitrogen mineralization potential can

be realized because of the limitations imposed by the environment under

natural conditions.

Regression

A multiple regression equation was used to compare nitrate-nitrogen

accumulation versus time, temperature and moisture for each tillage
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Table 15. Average soil nitrate-nitrogen by depth for three tillage
treatments on different dates in 1980.

Sampling Date

Treatments Depth March June September

Bare Fallow

Cm ppm

0-15 0.73 3.79 8.75
15-30 0.73 2.38 5.59
30-60 0.66 1.13 1.16
60-90 0.65 1.28 1.53
90-120 2.28 1.26 2.19

120-150 2.95 3.15 3.11
150-180 3.85 4.90 4.50

Total 11.85 17.89 26.83

Stubble Mulch 0-15 0.34 3.81 8.05
15-30 0.54 1.78 3.45

30-60 0.35 1.03 1.11
60-90 1.59 0.98 1.39
90-120 1.43 2.19 2.50

120-150 2.86 2.46 2.63

150-180 3.00 2.82 2.68

Total 9.11 17.25 21.81

No-Till 0-15 0.64 4.91 7.75

15-30 0.31 1.78 2.74

30-60 0.23 0.88 0.95

60-90 0.45 0.83 0.88

90-120 1.84 1.51 1.09
120-150 1.89 1.94 1.14
150-180 2.58 2.60 3.19

Total 7.94 14.45 17.24
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Table 16. Nitrogen mineralization potential by depth for three
fallow tillage treatments in 1980.

Treatments Depth

Nitrogen Mineralization Potential

Rep. 1 Rep. 2 Rep. 3 Mean

cm ppm

Bare Fallow 0-15 68.98 59.78 62.42 63.74

15-30 33.87 49.45 45.48 42.93

Stubble Mulch 0-15 70.21 72.80 67.61 70.21

15-30 46.85 31.15 59.82 45.94

No-Till 0-15 75.40 45.48 59.82 60.23

15-30 41.66 49.45 39.06 43.39
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treatments in the 0-30 cm soil profile.

Bare fallow:

Stubble mulch:

No-till:

Where

Y = 2.58 + 0.090A - 0.15B 0.16C

Y = 3.58 + 0.054A - 0.21B 0.056C

Y = -0.51 + 0.059A + 0.088B - 0.029C

Y = Nitrate-nitrogen (ppm)

A = Time (day)

B = Moisture (% by weight)

C = Temperature (°C)

Bare fallow, stubble mulch and no-till treatments have the co-

efficients of determination of 0.89, 0.92, and 0.88, respectively.

The most important characters in affecting nitrate-nitrogen accumula-

tion were in the order time > soil temperature > soil moisture. The

comparison of the regression line showed that there are significant

differences among them (p = 0.05).

The Prediction of Nitrate-Nitrogen

As in the previous experiment the use of the prediction equation

of Stanford (1977) at a given site or location require the following

information:

1) The nitrate-nitrogen in the 0-30 cm profile prior to fertilization.

In this study, the bare fallow, stubble mulch and no-till treatments

had 2.60, 2.31, 2.42 ppm nitrate-nitrogen, respectively on June 6

(Table 14). N
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2) The average soil moisture content from 0-30 cm. The same value of

10.02% soil moisture by weight, was used again in this experiment.

3) The long-term mean air temperature of 18.1°C was also used.

4) The nitrogen mineralization potential (No) was obtained from the

incubation study on soils from the actual site or location. The bare

fallow, stubble mulch and no-till No values were 53.34, 58.08, and

51.82 ppm, respectively.

The calculated and predicted nitrate-nitrogen values are as

follows: (ppm)

Act.(June 6) Pred.(June 6-Sep 25) Act.+Pred. Act.(Sep 25)

1)Bare f. 2.60

2)Stubble m. 2.31

3)No-till 2.42

4.55

4.99

4.42

7.15 7.17

7.30 5.75

6.84 5.26

The results of this study also show that soil tests in late spring

or early summer do not accurately reflect the actual amount of nitrate-

nitrogen that is potentially available at seeding time. However, the

potentially available nitrate-nitrogen can be determined with reasonable

accuracy from the prediction equation.
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SUMMARY AND CONCLUSIONS

The objective of this study was to determine the effects of differ-

ent fallow moisture levels and tillage systems on the amount of nitrate-

nitrogen accumulation in the 0-to-30 cm soil profile during the fallow

period.

Fallow moisture treatments simulating typical dry, normal and wet

precipitation cycles and a control treatment which represented the actual

precipitation that occurred during the fallow period were established on

trial plots.

The effect of fallow moisture levels on nitrate-nitrogen accumula-

tion in the profile was significantly lower at the end of the fallow sea-

son only in the wet treatment. The differences in the amount of nitrate-

nitrogen accumulation in the soil profile among dry, normal and control

treatments were not significant. It is probable that the high soil pro-

file moisture of the wet treatment had a marked effect on decreasing the

nitrate-nitrogen content of the soil. This was probably caused by inhi-

biting nitrification with a rapid immobilization and/or due to denitri-

fication of nitrate.

In the 0-15 cm zone nitrate-nitrogen increased significantly from

the end of May to about June 22. From this period through July the

amounts of nitrate-nitrogen remained relatively constant with some treat-

ments even showing a slight decrease. From early August to mid-September

there was a rapid and significant increase in nitrate-nitrogen in all

treatments. At the end of the fallow period the wet fallow treatment

had significantly less accumulation of nitrate-nitrogen than the other

moisture treatments in this soil zone.
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In the 15-30 cm soil profile, the amount of nitrate-nitrogen was

not significantly different among the sampling dates although there were

some fluctuations. During spring, the low nitrate-nitrogen accumulation

may be explained by low temperatures, denitrification and immobilization.

At the end of the fallow period, the wet fallow treatment accumulated

more nitrate-nitrogen than the other treatments in this zone. This was

probably due to leaching from the 0-15 cm zone caused by a rain simula-

Lion treatment which was applied about one week prior to the sampling

period.

When the entire 0-30 cm soil profile is considered, nitrate-nitro-

gen accumulation of dry, normal, wet and control treatments increased

167, 254, 387, and 155%, respectively between August 3 and September 13.

This finding is a very important consideration when nitrogen fertilizer

materials, such as anhydrous ammonia, are usually applied by farmers in

this region about two to three months prior to planting and the rates

are determined by soil samples obtained in late May or June.

The common regression during the experiment period showed a signi-

ficant relationship between calculated and field values for No and K at

the 0-15 cm depths. There were no differences among dry, normal and

control treatments but the slope of the wet treatment regression line

was significantly different. Therefore, the prediction might be cal-

culated from the same regression line for every season except for the

wet fallow seasons.

The comparison between calculated and actual values for nitrate-

nitrogen accumulated at planting time showed close agreement. Since the

most common practice of fertilizer application is to use anhydrous

ammonia injected into fallowed soil in May and June, the use of the
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calculation procedure could lead to more accurate estimates of the actual

amount of nitrogen required. This calculation procedure requires the

nitrogen mineralization potential (No, from a short-term incubation

trial), the average soil moisture content in the 0-30 an zone and the

long-term mean air temperature. The validity of this procedure over a

wider range of field conditions and seasons needs to be confirmed by

additional trials.

Fallow tillage treatments including bare fallow, stubble mulch and

no-till systems were established in trial plots.

Data were obtained from the 0-15 cm and 15-30 cm depths for soil

temperature, moisture, nitrate-nitrogen and nitrogen mineralization

potential (No) from short term incubation studies.

Soil temperatures increased from mid-March to July 31 which repre-

sented the maximum point and then gradually decreased until the end of

the experiment (September 25). The temperature differences among the

tillage treatments at all sampling dates were quite small.

There were no significant differences among the tillage treatments

during the main precipitation period (between mid-March and June 19) in

0-15 cm soil profile. During the following dry period, the no-till

treatment held less soil moisture in this zone than the bare fallow and

the stubble mulch systems due to the capillary continuity of the no-till

treatment as compared to the disturbed soil surface in the bare fallow

and stubble mulch treatments.

The differences in the amount of soil moisture in the 15-30 cm soil

profile between bare fallow, stubble mulch, and no-till were significant.

Although the effects of tillage treatments on nitrate-nitrogen

accumulation in the 0-15 cm soil at planting time were not found
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significant, the nitrate-nitrogen accumulation rate at successive

sampling dates differed among the tillage treatments. The organic

matter placement differences among the tillage systems may have caused

this result.

Under the no-till system, the accumulation of organic material is

close to the surface. Therefore, when the spring and September rains

rewet the soil surface, this may have stimulated the nitrate-nitrogen

accumulation. However, when the soil surface dried out during the

summer period, the net nitrate-nitrogen accumulation was completely

stopped under the no-till system.

Under the bare fallow system, the organic matter is placed under

the soil because of the moldboard plaw action of burying the residues.

In the spring, the bare fallow accumulated less nitrate-nitrogen. This

may be a result of less heat accumulation around the organic matter and

perhaps the rapid decomposition of organic matter. During the summer

the nitrate-nitrogen accumulation rate increased because of adequate

soil moisture around the organic matter and the increasing soil

temperature.

The stubble mulch system was between these two extreme tillage

systems in nitrate-nitrogen accumulation.

This study indicates that the organic matter may be decomposing

at different times under the different tillage systems due to the place-

ment effects in the upper soil profile.

In the 15-30 cm soil profile zone, the bare fallow accumulated

a significantly higher amount of nitrate-nitrogen probably due to the

placement effect of organic matter described above. There were no

significant differences between the stubble mulch and no-till systems
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in this zone at planting time.

The comparison between calculated and field measurement values

from June 6 to September 13 were again in close agreement as found in

experiment I. The values were calculated in the same manner as pre-

viously described except that current values for No, soil moisture and

mean air temperature were used. The differences between calculated

and actual nitrate-nitrogen under no-till, stubble mulch and bare fallow

were 0.02, 1.55, and 1.57 ppm, respectively.

The results of this study indicate that soil tests in late spring

or early suumer do not accurately reflect the actual amount of nitrate-

nitrogen that is potentially available at seeding time. The prediction

from No does appear to accurately predict the amount of soil nitrogen

that will become available. This is an important consideration where

farmers apply anhydrous ammonia in early part of summer, if the rates of

nitrogen fertilizers required to produce maximum yield are to be balanced

with the current moisture supply.
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Appendix Table 1. Mean squares from the analysis of variance for the soil moistures by
weight (%) at 0-15, 15-30, 0-30 cm in 1979.

Sampling Depths
cm

Source of Variation df 0-30 0-15 15-30

Replication 3 7.00 10.18 8.07

Time 13 189.19*** 322.37*** 93.90***

Rep*Time (error A) 39 0.22 0.44 0.40

Moisture Treatments 3 3.52*** 8.56*** 4.58***

Time*Moist 39 4.02*** 6.81*** 2.23***

Rep*Moist+Rep*Time*Moist
(error B)

126 0.44 0.45 0.72

C.V.(%) Error A 3.75 5.64 5.61

C.V.(%) Error B 5.30 5.70 6.76

Significant at 1% level

Significant at 0.1% level



Appendix Table 2. Mean squares from the analysis of variance for the soil nitrate-nitrogen
(ppm) at 0-15, 15-30, 0-30 cm in 1979.

Source of Variation

Sampling Depths
cm

df 0-30 0-15 15-30

Replication 3 17.36 3.53 5.86

Time 13 41.46*** 29.92*** 1.81***

Rep*Time (error A) 39 0.50 0.24 0.08

Moisture Treatments 3 29.11*** 11.08*** 5.39***

Time*Moist 39 0.46 0.50** 0.34***

Rep*Moist*Time+Rep*Moist
(error B)

126 0.52 0.28 0.06

C.V. (%) Error A 24.13 25.38 28.28

C.V. (%) Error B 24.61 27.42 24.49

* *

* * *

Significant at 1% level

Significant at 0.1% level



Appendix Table 3. Mean squares and coefficient of determination for the regression of
calculated on actual nitrate-nitrogen (ppm) of soil moisture treat-
ments in the 0-15 cm soil profile, 1979.

Source df All Date df Dry df Normal

Total 363 51 207
Regression 1 518.75*** 1 82.50*** 1 293.49***
Residual 362 0.97 50 0.97 206 1.00

R
2

0.5959 0.6287 0.5870

Source df Wet df Control

Total 51 51

Regression 1 41.52*** 1 94.45***
Residual 50 0.35 50 1.01***

R
2

0.7032 0.6534

* * *
Significant at the 1% level.



Appendix Table 4. Mean squares from the analysis of variance for soil temperature
1, 7.5, 15.0, 22.5, 30.0 cm depth in 1980.

(°C) at

Sampling Depths
cm

Source of Variation Df. 1.0 7.5 15.0 22.5 30.0

Replication 3 0.78 1.01 0.54 0.40 1.14

Time 14 729.05** 631.73** 606.78** 596.99** 569.17**

Rep*Time (Error A) 42 0.33 1.16 0.08 0.10 0.14

Tillage 2 2.78** 5.08** 3.20** 1.65** 3.05**

Time*Tillage 28 0.16 0.34 0.30** 0.29** 0.21

Rep*Til+Rep*Time*Til 90 0.25 0.25 0.13 0.08 0.14
(Error B)

C.V. (%) Error A 3.25 7.14 1.90 2.19 2.64

C.V. (%) Error B 3.07 3.32 2.46 1.96 2.64

Significant at 1% level.



Appendix Table 5. Mean squares from the
(7 by weight) at 0-30,

analysis of variance for soil moistures
0-15, 15-30 cm depth in 1980.

Source of Variation Df.

Sampling Depths
cm

0-30 0-15 15-30

Replication 3 1.33 0.23 5.31

Time 14 88.90* 160.81** 39.80**

Rep*Time (Error A) 42 0.22 0.61 0.29

Tillage 2 38.78** 35.04** 63.95**

Time*Tillage 28 1.76** 3.74** 0.94**

Rep*Til.+Rep*Time*Til 90 0.46 0.72 0.32
(Error B)

C.V. (7) Error A 3.77 7.1.0 3.87

C.V. (%) Error B 5.45 7.71 4.07

**
Significant at 1% level.



Appendix Table 6. Mean squares from the analysis of variance for nitrate-nitrogen
(ppm) at 0-30, 0-15, 15-30 cm depth in 1980.

Source of Variation Df.

Sampling Depths
cm

0-30 0-15 15-30

Replication 3 21.90 7.08 3.62

Time 14 194.89** 91.38** 20.19**

Rep*Time (Error A) 42 0.89 0.60 0.28

Tillage 2 38.34** 4.02** 27.60**

Time*Tillage 28 6.67** 3.05** 1.49**

Rep*Til.+Rep*Time*Til. 90 0.64 0.56 0.30
(Error B)

C.V. (%) Error A 15.29 19.26 24.61

C.V. (%) Error B 12.96 18.61 25.47

w*
Significant at 1% level.
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Appendix Table 7. Mean squares and coefficient of determination for
the regression of time moisture and temperature
on nitrate-nitrogen accumulation (ppm) of tillage
treatments in the 0-30 cm soil profile, 1980.

Source df Bare Fallow Stubble Mulch No-Till

Total 59

Regression 3 479.25*** 246.22*** 198.27***

Residual 56 3.04 1.08 1.48

R
2

0.894 0.924 0.878

* * *
Significant at the 1% level.


