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CHAPTER I 

INTRODUCTION 

Prescribed burning to remove dead brush and trees from 

rangeland is increasing in popularity. In some areas, fire 

has proven useful in maintaining a desired plant community 

against invading plants. Wright's (I969) observation that 

spring burning of tobosa grass (Hilaria mutica. Benth.) 

increased herbage yield and palatability has heightened 

interest in prescribing burning in this community. As 

prescribed burning becomes more frequent and widespread, 

an understanding of fire's effects upon the soil's chemical 

and physical properties becomes increasingly more important. 

Nitrogen, needed for plant production and vigor, is 

generally the most deficient nutrient in semiarid rangeland 

soils. Nitrogen cycling is a very complex subject and our 

knowledge of fire's effects upon the cycle is tenuous. 

The two most important forms of soil nitrogen on the 

Red Rolling Plains are nitrates and organic nitrogen. 

These warm, well drained calcareous soils favor rapid 

nitrification. Thus, nitrates are the major water soluble 

nitrogen form. Since plant nitrogen needs must be met by 



the soil solution, nitrate is probably the single most 

important form of nitrogen for plant growth in this area. 

Incorporation into organic compounds is the major 

mechanism of nitrogen storage in biotic systems. The 

nitrogen contained in soil and litter organic compounds is 

stored until bacteria and fungi release them through the 

process of nitrogen mineralization. The organic soil 

nitrogen thus represents a future source of soluble 

nitrogen for plant use. 

This one year pilot project followed the monthly 

trends in total soil nitrogen and soil nitrate levels to 

study the nature of nitrogen cycling responses to burning 

and grazing. Soil temperature and percent soil moisture 

were also measured to aid in the interpretation of the 

nitrogen data. 



CHAPTER II 

LITERATURE REVIEW 

Fire has many effects upon nitrogen cycling in plant 

communities. It destroys large amounts of litter and can 

be a major source of nitrogen loss. In his literature 

review. Burns (1952) concludes, "A part or all of the 

unincorporated organic matter is destroyed, depending upon 

the frequency and severity of burning. Nitrogen is 

consequently lost," Many authors have reported data which 

substantiates Burn's conclusions, 

Austin and Baisinger (1955) found that slash burning 

reduced litter 75*5^ and litter nitrogen 67^. Isaac and 

Hopkins (1937) observed that slash burning drove off 197.5 

out of 269.7 Kg of litter nitrogen. Debell and Ralston 

(1970) reported that light forest fuels lost 58 to 85^ of 

their nitrogen when burned and that little of this nitrogen 

was regained in rainfall. They concluded that most of this 

nitrogen loss occurred as nitrogen gas. 

The amount of nitrogen lost is controlled by the 

completeness of fuel combustion (Finn, 193^). The remain

ing nitrogen is concentrated in the ash and litter left by 



fire (Isaac and Hopkins, 1937; Fuller, Shannon, and 

Burgess, 1955). This nitrogen accumulation occurs mainly 

as nitrates (Finn, 193^). 

Nitrates remaining in ash and litter after a fire are 

easily leached into the soil where they are available to 

plants. Several researchers noted increased soil nitrogen 

availability following prescribed burning (Mayland, 1967; 

Vlamis and Gowans, I96I; Vlamis et al, I962). If this 

available nitrogen is not quickly taken up by plants, it 

will likely be lost by leaching when rains occur. 

Perry and Coover (1933) reported increased leaching 

and soil podsolization following a forest fire on Snowy 

Mountains in Pennsylvania. Finn (193^) found that all of 

the nitrogen in a 800 cm loamy clay soil column was leached 

away within two years after the addition of ash. Neal, 

Wright, and Bollen (I965) ascribed an observed decline in 

total soil nitrogen during the year following a fire to 

leaching of nitrates. 

The direct effects of fire do not extend very deeply 

into the soil. Beaton (1959) found that the direct effects 

of fire on soil chemical properties were confined to the 

litter layer and the soil immediately beneath it. Austin 

and Baisinger (1955) observed no chemical change below 5 cm 

in soils beneath slash fires. 

Removal of litter and deposition of basic salts by 



fire have several indirect effects upon soil nitrogen 

cycling. Litter removal alone often increases grass yields 

as much as burning does (Gay and Dwyer, 1965; Grelen and 

Epps, 1967). Litter removal increases soil temperature in 

the spring - summer period and decreases it in the fall -

winter period (MacKinney, 1929). Greene (1935) reported 

that burned areas had a 2.7 C higher average daily 

temperature msucimum in the surface 8 cm of soil than 

unburned areas. Soil temperature increases due to burning 

are often cited as possible explanations for earlier spring 

growth of grass on burned areas (Ehrenreich, 1959; Gay and 

Dwyer, 1965; Kucera and Ehrenreich, I962). 

Reduction of the insulating litter layer often 

decreases soil moisture (Heyward, 1939). The loss of this 

insulation may expose the soil to numerous wetting and 

drying cycles. Birch (1958, 1959i i960, I966) demonstrated 

under laboratory conditions that repeated wetting and 

drying of soil greatly increases the rate of organic 

decomposition and nitrogen mineralization in the soil. It 

appears that soil moisture profoundly effects the activity 

of soil microbial populations and thus soil nitrogen 

relations. 

Fowels and Stephenson (193^) contend that "nitrifica

tion in forest soils is stimulated by burning and the 

liberation of basic ash materials." Hesselraan (I9I8) 



concluded that burning provides salts, especially calcium, 

which are required for the growth of nitrifying bacteria. 

Burns (1952) agrees that fire can stimulate soil nitrifica

tion. 

Numerous authors have referred to a rise in soil pH, 

sodium, potassium, and calcium levels at the soil surface 

following a fire (Marshall and Averill, I938; Metz, Lotti, 

and Klawitter, 196lj Jansson, 1951; Perry, 1951). Beaton 

(1959) reported that fire caused a reduction in phosphorus 

availability, which he attributed to the absorption of the 

ion by charcoal. Tarrant (1956) and Isaac and Hopkins 

(1937) obtained results similar to Beaton's, Conversely, 

Vlamis and Gowans (I96I) observed increased availability of 

phosphorus in soils taken from prescribed burns. 

The deposition of basic ash from fires raises the soil 

pH, thus favoring bacterial growth over fungul growth, 

Neal et al, (I965) noted an increase in bacteria and a 

decrease in fungus throughout an entire year following a 

slash fire. Fuller, Shannon, and Burgess (1955) also 

observed an increase in bacteria relative to fungus, but 

the absolute population size of both was reduced by fire, 

Heyward and Tissot (I936) reported a reduction in soil 

microfauna resulting from forest fires, Isaac and Hopkins 

(1937) assert that slash burning increased Azotobactor, an 

important nitrogen fixing genus, due to increased calcium 



availability. 

The higher soil temperature and the greater availa

bility of nutrients must be weighed against the drier 

conditions and the possible loss of an energy source due 

to combustion in attempting to predict the response of the 

microbiotic community to fire, 

Gibbs and Werkman (1922) reported that forest litter 

in Idaho reduced nitrification and ammonification due to 

toxic effects upon soil microorganisms. Under these 

conditions fire could increase microbial activity by 

removing the source of toxicity. 

Investigations on the effects of fire on soil nitrogen 

cycling have yielded varied results. Vlamis et al. (1955) 

found increased nitrogen availability for two years after 

prescribed burning of litter and brush in a California 

forest. Reynolds and Bohning (1956) reported increased 

soil nitrogen at two out of three sites on burned grassland 

in Arizona. Mayland (I967) observed an increase in soil 

nitrogen ten months after prescribed burning of chaparral 

in CaJ-ifornia. In Florida, Heyward and Barnette (193^) 

reported a small increase in soil nitrogen on burned areas. 

This increase was probably due to an observed increase of 

legumes on the burned sites. Austin and Baisinger (1955) 

observed that total nitrogen in burned areas was still 25% 

below that of unburned areas two years after a fire, Metz 



8 

et al. (1961) reported an increase in soil nitrogen and 

soil organic matter after ten years of annual burning. The 

increase in soil organic matter was attributed to the 

washing of charred surface material into the soil by rain. 

Greene (1935) noted increased soil nitrogen and organic 

matter in an area burned annually for 11 years compared to 

an unburned area. Barnette and Hester (1930) found that 

annual burning for 42 years resulted in a loss of approxi

mately 32 kg of organic matter per hectare annually. Alway 

(1928) stated that an intense fire removed from l6,800 to 

124,800 kg of organic matter per hectare. 

The time required for recovery of the prefire nitrogen 

equilibrium appears to be a function of the intensity of 

the fire and the productivity of the community. Perry 

(1931) reported that the loss of soil organic matter in a 

Pennsylvania forest fire was still evident I3 years after 

the fire. Duvall (I962) found that the litter cover of a 

pasture was the same for both burned and unburned three 

years after the fire. Dix and Butler (1954) calculated 

that litter removed by fire on a thin soiled prairie would 

be completely replaced four to five years after the fire. 



CHAPTER III 

METHODS AND PROCEDURES 

Five square, one-acre plots were located on a Rowena 

clay loam bottomland site of the Renderbrook Spade Ranch, 

20 miles southeast of Colorado City, Texas. The site is a 

slack-water area of the Colorado River flood plain. 

Although the area has little slope, it is subject to 

frequent flooding. The entire area was previously burned 

in 1968. 

The vegetation consists of a dense stand of tobosa 

grass with a fairly open overstory of mesquite (Prosopis 

glandulosa). The principle forbs were silverleaf night

shade (Solanum elaeagnifolium), dozedaisy (Aphanostephus 

spp.). and broomweed (Xanthocephalum sarothrae). 

A fenced three-acre exclosure was established in I966. 

Burn, clip, and control treatments were applied within this 

exclosure along with a burn and a control treatment in the 

area just outside the exclosure. 

Fifteen sampling points were randomly distributed 

within each plot prior to treatment by throwing a pointed 

stick. The point at which the stick struck the ground was 
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permanently marked with a numbered steel stedce. Four 

points were selected from the original 15 of each plot by a 

lottery method. These four locations within each treatment 

were used for soil sampling throughout the study. 

The burning treatment was applied at 3iOO P.M. 

March 10, 1972, under the following weather conditionsi 

temperature, 28 C; relative humidity 37%; wind, south 13 to 

26 Km/hr. 

Clip treatment stakes served as the center of a 2 m 

diameter circle denuded of all vegetation and litter. Hand 

clipping on March 12-19 left the soil surface within these 

circles bare but otherwise undisturbed. 

Ash samples were collected from the burn on March 12, 

1972. All ash down to mineral soil was collected within 36 
2 

rectangular 70 cm quadrats. The samples were dried at 

6^ C for three days and then weighed. The samples were 

ground using a mortar and pestle and then analyzed for 

nitrate and total nitrogen. 

Vegetation samples were taken on March 12-19» 1972, 
2 

and again in July, 1972, using 20 rectangular 70 cm 

quadrats for sampling each treatment. Current year's 

growth was separated from past growth by hand plucking. 

The "current growth" and "litter" were dried separately at 

6S C for three days and weighed. The March samples were 

ground in a Wiley mill to pass a #6o screen. Four samples 
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of the ground material were analyzed for total nitrogen. 

Soil samples were collected monthly from April 1, 

1972, to March 1, 1973. Soil cores were taken at 0-2.5t 

2.5-5.0, and 5.0-12.5 cm depths with a Veihmeyer soil tube. 

The soil samples were weighed, dried at 100 C for 36 

hours, and reweighed. Soil moisture was determined 

gravimetrically. The samples were then ground with a 

mortar and pestle and stored in sealed plastic bags prior 

to nitrate and total nitrogen analysis. 

Total nitrogen analysis was performed on a Coleman 

model 29A nitrogen analyzer using a platinum catalyst. 

Nitrate analysis was performed by the following four 

steps t 

1.) Dried ground samples were suspended in distilled 

water to give a lil solution by weight. 

2.) The suspension was filtered through Whatman 

number 2 filter paper. 

3,) The resulting liquid was tested for nitrate ions 

by reading the potential developed across the 

poles of an Orion nitrate ion specific electrode 

by means of a Corning extended range microvolt 

meter. 

4.) Electrode potential in millivolts was converted 

to nitrate ion concentration in ppm by use of a 

calibration curve obtained from the millivolt 
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readings of known sodium nitrate standard solu

tions. 

All nitrate measurements are reported in ppm on an 

oven-dry weight basis. 

Soil temperatures at the 2.5 and 7.5 cm depths were 

measured monthly at three locations for each ungrazed 

treatment. Standard laboratory thermometers were inserted 

into the soil to the desired depth and were allowed to 

equilibrate for at least 30 minutes before being read. 

Monthly precipitation was measured with a standard 

United States V/eather Service rain gauge. 

The data were analyzed as two separate split plot 

factorial arrangements. The first used months as main 

plots and burning as sub plots. Clipping was considered as 

an intermediate burning treatment. The second split plot 

employed months as main plots, grazing as sub plots, and 

burning as sub sub plots. Means of treatments containing 

more than two levels were differentiated using Duncan's 

Multiple Range Test. 

For the purpose of this study, a treatment effect 

significant at the .05 level is termed "significant," and 

an effect significant at the .01 level is termed "highly 

significant." 



CHAPTER IV 

RESULTS AND DISCUSSION 

The Fire 

The burned plots were headfired with a 13 to 26 km/hr 

wind. Combustion was rapid and relatively uniform. 

Virtually all of the 5451 kg/ha of litter initially present 

was consumed, leaving behind approximately I030 kg/ha of 

black ash. Of the 221.3 kg/ha nitrogen present in the 

litter, only S*^ kg/ha remained following the fire. The 

net loss of nitrogen due to the fire was 215.7 kg/ha or 

98% of that originally present above the soil surface. 

Very little nitrate nitrogen was found in the ash. 

The total nitrate contribution from ash was only 0.1 kg/ha. 

While this amount of nitrate is insufficient to affect 

plant production, it is sufficiently large to give measur

able increases in soil nitrate levels under plant free 

conditions such as those reported by Finn (1934). 

Even though white ash covered a negligible portion of 

the burned area, its presence on various microsites is of 

local importance. White ash contained more nitrate 

nitrogen than did black ash. Nitrate contents of white 

13 
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ash and black ash were I63 and 107 ppm, respectively. 

Since white ash is left by combustion of greater fuel 

concentrations than is black ash, it is not surprising that 

its concentration of nutrients is higher. 

Tobosa Production 

The burned plot produced over three times as much nev/ 

growth as the control and almost one and one-half times as 

much as the clipped plot (Table 1), Grazing alone did not 

increase herbage yields over the control. However, grazing 

and burning in combination produced more herbage than the 

clipped plots and less herbage than burning alone, 

TABLE 1 

CURRENT YEAR'S TOBOSA PRODUCTION 

Treatment Production (kg/ha) 

Control 838,2^ 

Graze 1019.2^ 

Clip 1571.1^ 

Burned Graze 2154.0^ 

Burn 2652.2^ 

(Means not sharing a common letter are significantly 
different at P = O.O5.) 

Soil nitrate and soil moisture were higher on the 

unburned plots than on the burned plots, thus increased 

production following burning cannot be ascribed to nitrate 
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or moisture deficiencies on the unburned plots. Higher 

soil temperatures on the burns (Table 2) will favor tobosa 

production, but it is unlikely that this factor alone 

could cause the large response observed because relatively 

high soil temperatures were also observed on the unburned 

clipped plots. 

TABLE 2 

YEARLY SOIL MOISTURE AND TEMPERATURE MEANS ON 
BURNED AND CLIPPED PLOTS 

Plot 

jo Soil Moisture 
Soil Depth in 
Centimeters 

0-2.5 2.5-5.0 5.0-12.5 

Temperature ( C) 
Soil Depth m 
Centimeters 
2.5 7.5 

Control 

Clip 

Burn 

19.0* 

15.1̂  

14.2̂  

17. r 

15.1^ 

13.2̂  

19.6^ 

17.6^ 

16.2^ 

24.9^ 21.0' 
28.4^ 25.4^ 
31.6^ 25.8^ 

All means in a column not sharing a common letter are 
statistically different at P = 0.05. 

Soil Temperature and Moisture 

An overlying litter layer has two major effects on 

energy exchange at the soil surface. First, the relatively 

still air within the layer together with the low thermal 

conductivity of the litter produces a thick boundary layer 

which retards thermal exchange and moisture movement across 

the air-soil interface. 

Secondly, the tobosa litter is a light to medium gray 



16 

color, while the soil surface is dark brown. Removal of 

the litter, exposing the dark soil surface constitutes a 

decrease in the albedo of the exposed surface. The reduced 

reflectivity of the surface allows a more efficient absorp

tion of incoming radiation, thus increasing the heat load 

of the surface during the day. This increased heat load is 

expressed as increased evapotranspiration and increased 

soil temperatures. 

The burned and clipped plots were consistently warmer 

and drier than unburned plots at all three soil depths from 

April through September. Thereafter, no differences 

existed between treatments (Appendices D and E). Increased 

temperatures during spring and summer were primarily due to 

removal of the insulating litter layer (Table 2). On 

burned plots, however, the deposition of black ash further 

decreased soil surface albedo slightly. Abnormally high 

rainfall during the latter half of the year tended to 

equalize soil temperatures regardless of treatment. 

Rainfall may achieve this by increasing the thermal 

conductivity of the soil or by heat exchange between soil 

and rain. Thus, this result is probably not valid for 

drier years. 

As mentioned earlier, tobosa responded to fire and 

clipping by earlier and increased vegetative production. 

This increased growth is accompanied by increased water 
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use, thus reducing soil moisture levels (Table 2). 

Clipped plots produced tobosa yields intermediate 

between burn and control plots. Likewise, clipping reduced 

soil moisture to a level intermediate between burning and 

the control at the 2.5 to 5.0 cm depth. There was no 

difference between moisture levels of clipped and burned 

plots at the 0-2.5 and 5.0-12.5 cm depth. This indicates 

that fire's effects on soil moisture at the surface are 

predominantly the result of litter removal, while its 

effects on lower soil depths axe due to stimulation of 

vegetative production. 

Soil moisture was reduced by grazing at all but the 

surface depth (Table 3), The effects of grazing increased 

with soil depth, indicating that its effects were mainly 

due to stimulation of tobosa growth rather than to exposing 

the soil surface by trampling. 

TABLE 3 

YEARLY PERCENT SOIL MOISTURE MEANS FOR 
CONTROL AND GRAZED PLOTS 

Soil Depth in Centimeters 
Plot 0-2.5 2.5-5.0 5.0-12.5 

Control 20.5^ 18.0^ 19.9^ 

Graze 18.9^ 15.3^ 15.5^ 

All means in a column not sharing a common letter are 
statistically different at P = O.05. 
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Total Soil Nitrogen 

Burning lowered soil nitrogen levels at the 2.5 to 5.0 

and 5.0 to 12.5 cm soil depths (Table 4). However, clip

ping reduced nitrogen markedly at the 0-2.5 cm depth and 

then the effect decreased with depth until no effect was 

discernable at the 5.0-12.5 cm depth. 

TABLE 4 

YEARLY PERCENT SOIL NITROGEN MEANS 

Plot 

Control 

Unburned graze 

Burned graze 

Burned 

Clipped 

Soil Depth in Centimeters 
0-2.5 

0.236^ 

0.175^ 
0.201^^ 

0.212^^ 

0.186^^ 

2.5-5.0 

0.138^ 

0.101^^ 

0.111^ 

0.095^ 
0.108^^ 

5.0-12.5 

0.097^ 
0.096^^ 
0.088^^^ 

0.081^ 

0.092^^^ 

All meeois in a column not sharing a common letter are 
statistically different at P = O.05. 

This differential response between burning and clip

ping demonstrates that the effects of fire on soil nitrogen 

content are not due entirely to litter removal. Fire adds 

nitrogen to the upper soil layer, and nutrients from the 

ash stimulate nitrogen depletion from lower layer by active 

organic decay. Five years of grazing reduced nitrogen 

levels near the soil surface to the same level as that of 

clipping, but no net effects of grazing on nitrogen levels 
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were evident below 5 cm. 

A positive interaction between grazing and burning at 

the two top soil depths indicates that grazing drastically 

lowers soil nitrogen on unburned controls, whereas grazing 

has little or no effect on soil nitrogen in the burned 

plots. 

The lower amounts of nitrogen in the grazed and 

clipped plots compared with the burned and control plots 

can probably be ascribed to increased soil temperatures and 

adequate soil moisture early in the summer. These condi

tions favor decomposition of nitrogen containing organic 

compounds, with concomitant nitrogen use by plants. 

Burning probably incorporates some charcoal into the 

surface soil and thus maintains more nitrogen in the upper 

2,5 cm than the clipped treatment (Metz et al,, I96I), 

Soil Nitrates 

Burning and clipping substantially reduced nitrate 

concentrations at all three soil depths (Table 5) from 

April to December, Thereafter, nitrate concentration 

remained nearly the same for all treatments. Grazing had 

a similar effect on soil nitrates. However, the reduction 

was most pronounced in the upper 0 to 2.5 cm. The net 

effect of grazing was a reduction of nitrate over the 

year. 



20 

TABLE 5 

YEARLY SOIL NITRATE MEANS FOR BURNED, 
CLIPPED, AND GRAZED PLOTS 

(Nitrate in Parts Per Million) 

Plot 

Control 

Unburned graze 

Burned graze 

Burned 

Clipped 

Soil Depth in Ce 
0-2.5 2.5-5.0 

49.7^ 
47.1^ 
26.4^ 

29.8^ 

33.6^ 

25.1^ 

22.5^ 
13.4^ 

15.2^^ 

18.1^ 

ntimeters 
5.0-12.5 

17.6^ 
16.8^ 

8.9^ 

13.3^ 
If. 9^ 

All means in a column not sharing a common letter are 
statistically different at P = 0.05. 

Reduction of soil nitrates in the burn, clip, and 

grazed treatments is hard to separate from the increased 

vegetative production associated with these treatments. 

The nitrates required to sustain this increased growth 

early in the season caused a marked drop in soil nitrates 

during the April to July period even though soil conditions 

were suitable for rapid nitrogen mineralization at that 

time. 

Seasonal effects also complicated nitrate interpreta

tions. A period of drought in August for the control and 

from May to August on the drier burn and clipped treatments 

overshadowed treatment effects during this period when all 

nitrate levels were very low. Likewise, a very cold period 
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from December to February greatly reduced nitrogen 

mineralization and minimized treatment effects. 

We can deduce from the similar nitrate response of 

burned and clipped areas that nitrate levels on the burned 

treatment were mainly due to litter removal and its 

concomitant effects, the major one being the stimulation 

of vegetative growth. 

Grazing, like burning, probably acts mainly on soil 

nitrate levels through stimulation of vegetative produc

tion. 

Seasonal Trends in Nitrogen Cycling 

Total soil nitrogen slowly declined from its maximum 

in March to a relative minimum in August as rapid organic 

decomposition occurred. In August, the tobosa grass had 

matured and begun to drop its leaves. This new source of 

nitrogen appeared as an increase in total soil nitrogen 

from September to October. Nitrogen levels then declined 

during the remainder of the study period (Fig. 1). 

The rise and fall of nitrogen levels over the season 

were much less pronounced at the deeper soil levels, 

perhaps due to more anaerobic conditions not favorable for 

the bacterial agents of rapid decay. 

Soil nitrate content closely follov/ed total nitrogen 

content in a strong direct relationship. This suggests 
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compatability between requirements for organic decay, 

nitrogen mineralization, and nitrification (Fig, 2), 
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CHAPTER V 

SUMMARY 

The effects of burning, clipping, and grazing were 

investigated using monthly observations for one year. 

Fire was very effective in the removal of both 

nitrogen and organic matter. Of that originally present, 

98^ of the nitrogen and 81^ of the litter weight was | 
» 

removed by the fire. > 

Soils on burned and clipped plots were warmer and 

drier than controls, while soils on grazed plots were only 

drier than controls. 

Burning was only effective in reducing total soil 

nitrogen at the 2.5-5.0 cm depth, while clipping and 

grazing reduced nitrogen near the soil surface only. 

Burning, clipping, and grazing all reduced nitrate 

levels at every soil depth sampled. 

The effects of burning, grazing, and clipping on soil 

temperature, moisture, total nitrogen and nitrate are 

largely due to litter removal, its associated increase in 

soil temperature and its stimulation of vegetative produc

tion. An exception to this rule is soil temperature at the 

25 
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0-2.5 cm depth, and total nitrogen at all depths on the 

burned treatment which are ascribed to deposition of black 

ash and to the deposition of charcoal and ash, respectively. 
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APPENDIX 

A. Seasonal effects of treatments on percent nitrogen at 
various soil depths. 

B. Seasonal effects of treatments on soil nitrate at 0-2.5 
cm depth in ppm. 

C. Seasonal effects of treatments on soil nitrate at 2.5-
5.0 and 5.0-12.5 cm depth in ppm. 

D. Seasonal effects of treatments on percent soil moisture 
for three soil depths, 

E. Seasonal effects of treatments on monthly soil 
temperature for two soil depths. 

F. Monthly precipitation in centimeters from April, 1972, 
to March, 1973. 
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APPENDIX At SEASONAL EFFECTS OF TREATMENTS ON PERCENT 
NITROGEN AT VARIOUS SOIL DEPTHS 
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APPENDIX B: SEASONAL EFFECTS OF TREATMENTS ON SOIL NITRATE 
AT 0 - 2 . 5 CM DEPTH IN PPM 
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APPENDIX C: SEASONAL EFFECTS OF TREATMENTS ON SOIL NITRATE 
AT 2 . 5 - 5 . 0 AND 5 . 0 - 1 2 . 5 CM DEPTH IN PPM 
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APPENDIX D SEASONAL EFFECTS OF TREATMENTS ON PERCENT SOIL 
MOISTURE FOR THREE SOIL DEPTHS 
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APPENDIX E SEASONAL EFFECTS OF TREATMENTS ON MONTHLY SOIL 
TEMPERATURE FOR TWO SOIL DEPTHS 

« 

X • 

2D 

a> 10 

cd 
U 
W) 

8 

*P«IL 'kY Juc 

2 .5 cm depth 

a 
o 

o 
o 

JULY .VB SEPT tr "bv >C Jm 

O UOUUED, IMUXCS 

A GKU!:^, suircD 
O iMXUEr. CLIP 

A 
• 
o 

FEB "«CM 

CO 
<1> 

<u 
Q 

ID 

3D 

20-

,V«iL "»T i«: .UT 

7.5 cm depth 

A 

o 

Ajc Sen 

A 
o 
o 

V, Jw 

6 
o 

FEB IWCH 



38 

APPENDIX F MONTHLY PRECIPITATION IN CENTIMETERS FROM 
APRIL, 1972, TO MARCH, I973 
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