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Abstract:
The need for fertilizer applications in establishing arid maintaining cover on highway slopes has been
well established. Generally, a high rate of fertilization is required for successful turf establishment and
maintenance in areas where grading has exposed subsoils which have a low level of plant nutrients.

Fertilization of roadsides help keep a sod in a vigorous condition. This reduces erosion and surface
water movement. A vigorous turf can also offer more competition to undesirable weeds and provide
pleasant scenery.

Nitrogen is the most frequent limiting element for the establishment of vegetative cover on highway
slopes. Phosphorus is also very likely to be a limiting element on highway slopes. Potassium is not as
limiting for plant growth in most soils as nitrogen and phosphorus. However, potassium deficiencies
may be encountered, especially on sandy soils.

Because of the importance of major nutrients in turf maintenance, there is a need to determine the
magnitude of the response which will be obtained by adding elements. The objectives of this research
were to determine the effects of various fertilizer combinations and rates on an established cover on a
slope along Highway 90 near Whitehall, Montana.

The commercial fertilizers used in this study were ammonium nitrate, treble superphosphate and
murate of potash. 
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INTRODUCTION

The need for fertilizer applications in establishing arid maintain

ing cover on'highway slopes has been well established. Generally, a 

high rate of fertilization is required for successful turf establish

ment and maintenance in areas where grading has exposed subsoils which 

have a low level of plant nutrients.

Fertilization of roadsides help.keep a sod in a vigorous condition. 

This reduces erosion and surface water movement. A vigorous turf can 

also offer more competition to undesirable weeds and provide pleasant 

scenery.

Nitrogen is the most frequent limiting element for the establish

ment of vegetative cover on highway slopes. Phosphorus is also very 

likely to be a limiting element on highway slopes. Potassium is not as 

limiting for plant growth in most soils as nitrogen and phosphorus. 

However, potassium deficiencies may be encountered, especially on sandy 

soils.

Because of the importance of major nutrients in turf maintenance, 

there is a need to determine the magnitude of the response which will be 

obtained by adding elements. The objectives of this research were to 

determine the effects of various fertilizer combinations and rates on an 

established cover on a slope along Highway 90 near Whitehall, Montana.

The commercial fertilizers used in this study were ammonium nitrate, 

treble superphosphate and murate of potash.



REVIEW OF LITERATURE

Turf Establishment Problems and the Need for Fertilizer

Current road building practices require large quantities of soil to 

be moved in making, cuts, overpasses, embankments, fills and ditches.

This exposes some subsoil which is much less fertile than the topsoil. 

The original topsoil in some cases may not be fertile. Daniel (1960) 

reported that of the 36 soil groups studied in Indiana, 40 percent were 

low in phosphorus and 47 percent were low in potassium.
IJackobs, jet a_l. (1969) stated that the problems of establishing 

vegetative cover on high-cut slopes were similar to the problems en

countered on badly eroded soils where B horizons with unfavorable physi

cal and chemical characteristics were exposed. Restricted soil water
I
movement and compact subsoil layers also were responsible for conditions 

of excessive moisture during periods of high rainfall and dry conditions 

of the soil surface during periods of scanty rainfall. These alterna

ting conditions of soil moisture affected soil aeration and were assoc

iated with extremes in soil temperature. This in turn affected plant 

growth. The compact layers with high clay content, when wet, were plas

tic, sticky and relatively impermeable to water and air. When wet, 

impermeable substrata increased water runoff and soil erosion. Plant 

growth on sand and gravel strata was limited by low moisture, inadequate
jnutrients and high soil temperature. In coarse materials soil aeration 

was good unless the water table was too high; however, the water holding 

capacity was low. The rate of water runoff from a high cut slope can be
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excessive because of acceleration of the water movement due to slope

steepness. As a consequence, soil erosion frequently can be severe be-
Z

fore a vegetative cover can be established.

Associated with the adverse physical structure of subsoils are chem

ical characteristics which are not conducive to turf establishment. 

Practically all subsoils are low in nitrogen. Frequently, available 

phosphorus is exceptionally low and potassium is often low (Daniel, 1960; 

Blaser, 1962; Friday, 1961; Jackobs ejt aJL., 1969).

Proper tillage can improve the physical structure of the soil as 

suggested by Jackobs, et al., (1969). A proper fertility program based 

on soil test results can usually correct the nutrient deficiencies. 

Benefits of Roadside Fertilization

Fertilization helps keep a sod in a vigorous condition. A thick 

vigorous turf is better able to prevent erosion and surface water move

ment. Many researchers (Friday, 1961; Jackobs e_t al, 1969; Daniel,

1960) concluded that a thick vigorous turf would withstand considerably 

more abuse from emergency traffic situations. They also found that a 

vigorous turf offered a great deal more competition against undesirable 

weeds. It was more convenient and economical to maintain a :good turf to 

prevent erosion than to have to re-engineer or refill areas affected by 

erosion problems. The last but not the least benefit of fertilization 

was maintaining a turf for improved aesthetics.
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Major Nutrients

Nitrogen. Nitrogen is the most frequent limiting element for the

establishment of vegetative cover on highway slopes. Nitrogen encour

ages fast growth, a dark color, leafy growth and a dense ground cover. 

Its absence produces yellowing, sparse cover and poor growth after ger

mination. Nitrogen is also subject to rapid utilization by plants and

is not well retained in the soil. Leaching, plant use and the use by

soil micro-organisms may quickly reduce nitrogen availability (Daniel,

1960) .

The low nitrogen content of subsoils on highway slopes and the gen

eral response of seedlings to nitrogen fertilization resulted in the 

standard practice of applying nitrogen at the time of establishment and 

for turf maintenance for a number of years. Davis (1961) found that the 

application of 100 pounds of nitrogen per acre was beneficial in estab

lishing vegetation on Ohio roadsides„ In many cases, 150 pounds of ni

trogen per acre was even better. Wells (1953) recommended the applica

tion of 50 to 90 pounds of nitrogen per acre at the time of seeding in 

New York. Salter (1948) recommended the use of 40 to 50 pounds of addi

tional nitrogen above the basic recommendations for each ton of straw 

or similar mulch used. Such mulches have a high carbon-to-nitrogen 

ratio and micro-organisms frequently use nitrogen from the soil in the 

decomposition.of these mulches. Friday (1961) obtained best results by
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using 100 pounds of nitrogen per acre in combination with 100 pounds of 

phosphorus per acre.

Blaser (1962) in Virginia found that a fertilizer maintenance pro

gram for grassy sods on "cut" slopes with infertile subsoils was 500 

pounds of a 10-20-10 or 10-10-10 fertilizer within a year of seeding. 

After that, it was not necessary to apply nitrogen or mixed fertilizer 

more than every two to three years. He also found that grasses on 

"fill" slopes, because of better soil structure and fertility, required 

less fertilizer for maintenance than those on "cut" slopes.

Nitrogen fertilizers, when applied to grass-legume mixtures, tend 

to stimulate grasses more than legumes. Ward and Blaser (1961) found 

that the application of nitrogen to mixtures of orchardgrass and ladino 

clover, red clover, alfalfa or birdsfoot trefoil tended to depress red 

or ladino clover more than alfalfa or birdsfoot trefoil. Robinson and 

Sprague (1947) found that in mixtures of Kentucky bluegrass and white 

clover, a high rate of nitrogen fertilization eliminated white clover 

when the stand was clipped to 2 inches after it reached a height of 5 

inches. Nitrogen may be needed in grass-legume mixtures to stimulate 

early growth and reduce erosion during the period of establishment.

Many studies conducted on native and seeded range have shown that 

nitrogen is important in establishing the stand and increasing the yield 

of many grasses (Black, 1968; Houston, 1957; Lorenz and Rogler, 1957; 

Thomas, 1961). The results of such studies can be used when recommending
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a fertilizer program for highway projects of similar climatic and soil 

conditions.

Phosphorus. Phosphorus is also likely to be a limiting element in 

establishing vegetation on highway slopes. If legumes are included in 

the seedings, then the need for phosphorus may even exceed the need for 

nitrogen (Jackobs _et al., 1969). Phosphorus has been shown to be par

ticularly important in early seedling development. Many researchers 

have reported benefits from applications of phosphate fertilizers. Fri

day (1961) recommended the use of 100 pounds of P2O5 per acre at time of 

establishment. Salter (1948) suggested that 40 to 50 pounds of 20 per

cent superphosphate or its equivalent be incorporated into the top 4 to 

5 inches of soil as soon as possible after the grading operation.

Daniel (1960) in Indiana found that 100 pounds of P2O5 was satisfactory 

for grass establishment on highway slopes.

Phosphorus, being immobile in the soil, is not lost through leach

ing. A complete fertilizer may be mixed into the top 2 to 3 inches at 

time of planting., Nicar (1959) in Ohio stated that responses to phos

phate had been so good that the formula for fertilizer had been changed 

from 10-20-10, 10-10-10 or 14-14-14 to 10-6-4.

Due to the residual properties of phosphorus in the soil and the 

lower sensitivity of established plants to phosphorus, maintenance appli

cations for turf may not be as necessary as those associated with nitro

gen (Jackobs ej: aj.., 1969; Daniel, 1960). Daniel (1960) also stated
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that seedbed preparation offered the best opportunity for adequate 

phosphorus incorporation' because roots expand rapidly into soil areas 

having more than minimum phosphorus.

Phosphorus has been shown to stimulate uptake of soil nitrogen. 

Black (1968) reported 20 percent stimulation of nitrogen uptake by phos

phorus on native range and crested wheatgrass. Thomas (1961) found that 

grasses responded to phosphorus when rainfall was high and when the 

amount of fertilizer applied satisfied 20 percent of the soils phos

phorus absorption capacity.

Potassium. Potassium is not as limiting for plant growth in most 

soils as nitrogen and phosphorus. However, potassium deficiencies may 

be encountered, especially on sandy soils (Jackobs ej: a_l., 1969; Davis, 

1961).

The potassium-nitrogen relationship has been shown to be important 

in maintaining legume-grass mixtures. Experiments by Blaser and Brady 

(1950) have shown that when grown in mixtures, grasses contain higher 

levels of potassium than legumes. The difference in potassium content 

has been explained on the basis of differences in cation exchange capac

ity of the roots. Drake ej: aJL., (1951) maintained that roots with 

higher exchange capacity tend to absorb more divalent cations such as 

calcium and magnesium while roots with low exchange capacity tend to 

favor the absorption of monovalent ions such as■ potassium. These work

ers found the cation exchange capacity of legume roots to be
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approximately double that of grass roots. It has further been demon

strated by McLean e_t £l., (1956) that there is a positive relationship 

between the nitrogen content of roots and their cation exchange capac

ity, This suggests that an increase in nitrogen applied to forages 

should enhance the uptake of divalent ions such as calcium and magnesium 

and lower the relative uptake of potassium, (Smith and Wallace, 1956).

Maintenance Fertilization

A maintenance fertilization program is equally and maybe more impor

tant than the establishment fertilization program. Jackobs et al.,

(1969) stated that the year following seeding is one of the most critical 

years in the establishment of a permanent sod. Their reasoning was that 

nitrogen is a mobile nutrient and is depleted by the plants during the 

year of its application and is subject to leaching as water moves through 

the soil. Therefore, no sizeable amount of nitrogen carry-over from year 

to year can he expected. Blaser, et: a_l., (1961) found that a sod cover 

without maintenance fertilization degenerated to an 18 percent cover dur

ing the third year as compared with a 60 percent cover when an applica

tion of 500 pounds of a 10-20-10 fertilizer was made in the first two 

years. They concluded that it was imperative to apply periodic ferti

lizer treatments for sod maintenance. The amount and frequency of apply

ing fertilizer depended on the growth and appearance of the grass as 

related to soil conditions.

Blaser (1962) found that along most highways in the humid east,-
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nitrogen was the primary element needed for maintenance. This was due 

to the lack of organic matter and little residual nitrogen. He sugges

ted that on grass dominant vegetation along highways, it was usually not 

necessary to use more than 30 to 50 pounds of nitrogen per acre per year 

for maintenance. A good practice was to alternate with using mixed fer

tilizer and only nitrogen. He didn't recommend too much nitrogen ferti

lizer because an overstimulated grass growth may cause problems from 

rodents. Daniel (1961) believed that a satisfactory rate of maintenance 

nitrogen on stabilized shoulders should be a spring and fall application 

of 20 pounds of nitrogen per acre at each application. .

Jackobs jet a_l., (1969) stated that if cover is established in the 

late summer, it is desirable to apply fertilizer at a. rate equal to one- 

half the original application during the subsequent spring. If the turf 

is established in spring, it is desirable to re-apply half of the origi

nal amount the next fall and ip the following year if necessary.

Fertility-Moisture Relationships

The amount of precipitation received and the portion that enters 

the soil are primary factors in range herbage production in the Northern 

Great Plains. Important factors influencing the amount of water enter

ing the soil for plant use are soil properties, plant characteristics 

and climate. Generally, fertilizer response is limited when moisture is 

inadequate.

In the Northern Great Plains where climate is variable and is
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usually the main uncontrollable factor response to fertilization in most 

studies has been shown to depend on precipitation (Van Dyne, 1961;

Thomas and Osenbrug, 1959; Gosper and Thomas, 1961; Kilcher, 1958).

The amount of rainfall received is important to plant growth. 

Equally important is how much of this moisture the plant can use. Fertii 

lizer has been shown to increase the.water use efficiency of the plant 

(Thomas and Osenbrug, 1959; Johnston et al., 1969). Black (1968) found 

that nitrogen fertilization increased water use efficiencies of crested 

wheatgrass and native grass 1.5 to 2.5 fold for two to three years. 

Thomas (1961) reported that the water supply in the surface 6 inches of 

soil was used more rapidly if fertility was high. At lower depths,

2-3 feet, nitrogen did not affect the rate of water use.

Effect of Fertilization on Roots and Soil

The most immediate and obvious responses by plants to nitrogen fer

tilization are plant height and total production of dry matter. The 

objective of most grassland fertilization studies is to measure the 

amount of added response attained with different rates of fertilizer in 

terms of net production. An equally important part of the grassland, 

although usually neglected is the soil profile and root growth and 

development. Soil physical characteristics associated with fertiliza

tion are extremely important to water relationships, root growth and 

distribution. This in turn may determine the degree of response by the 

vegetation to a given amount of applied nitrogen (Goetz, 1969).
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Many workers have found that the rate of root development, distri

bution and weight were increased by application of nitrogen (Goetz,

1969; Lorenz arid Rogler, 1969). In studies at Mandan. North Dakota,

Haas (1958) reported that nitrogen fertilization increased root weights 

of three species of grass, phosphorus increased root weight at the 

higher rates while potassium had no effect. Lorenz and Rogler (1967) 

at Mandan, North Dakota reported that 30 pounds of nitrogen on native 

grassland significantly increased root weights in a 4 foot profile, 

while a 90 pound rate did not further increase root production.

Fertilizer, by increasing root mass, indirectly affected the soil 

by preventing wind and water erosion. Grass roots were shown to be 

effective in reducing wind and water erosion by offering mechanical 

obstruction to these forces. Roots. were also effective in improving 

the structure of the soil (Lehane, 1943). Chepil (1952) reported that 

newly broken sod was resistant to wind erosion as long as there was suf

ficient root fiber to hold the soil in place.

Smika JJtajL (1961) found that soil moisture at rooting depths de

creased under nitrogen treated plots, reflecting the increased vigor of 

the fertilized plants. These plants also withdrew moisture to greater 

depths than did those on untreated plots. Soil fertility was found to 

vary with treatments and depths. After several years of nitrogen appli

cation at 30 pounds per acre, the pH of the surface 6 inches changed . 

from 6.5 to 6.1. Plots receiving 90 pounds of nitrogen annually showed
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a somewhat greater increase in acidity, which appeared to make soil 

phosphorus more available.

Lime and Fertilization

In some areas subsoil materials have a low calcium-low phosphorus- 

high aluminum complex. Subsoils with such a combination are often 

strongly acidic. The addition of lime is imperative for good turf 

establishment on such subsoils on highway slopes. The calcium in lime
z

serves as a nutrient, changes the soil pH to a desirable level for plant 

growth, improves the physical conditions of the soil and regulates the 

release.of other elements essential for plant growth (Daniel, 1960; Fri

day, 1961). Blaser and Woodruff (1968) found that in Virginia and the 

humid east, initial liming was necessary for rapid seedling growth, 

development of a deep root system and the maintenance of most of the 

desirable turf species.

Ordinary, finely ground limestone is very satisfactory and coarser 

particles are effective for a period of years (Daniel, 1961). Lime 

gives best results when incorporated in the soil, but satisfactory 

stands have been established and maintained for more than 10 years with 

surface application.

Many soils do not need lime (Jackobs, ej: a_l., 1969; Blaser, 1962). 

It has also been recommended that soil tests be taken and that lime 

should be applied only when the pH is below 5.5 (Curry, e_t a_l., 1964).
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Comparison of Nitrogen Sources

Most commonly used sources of nitrogen fertilizer (usually ammonium 

nitrate) are water soluble and may" be readily leached from the soil. On 

the other hand, the synthetic (urea-formaldehyde) and natural organics 

(sewage sludge and cottonseed meal) provide a source of nitrogen where 

only a small percentage of the total nitrogen becomes available at one 

time. Palmertree, et al., (1967) found this to be an advantage over the 

water soluble forms because of the longer lasting effect. The slowly 

released nitrogen brought about through enzymatic hydrolysis would be 

available as the plants needed the nitrogen rather than all during a 

short period of time. Leaching losses were kept to a minimum and large 

growths of vegetation which would require mowing were prevented.

On the other hand, Muller and Porter (1958) found no advantage, from 

applying urea-formaldehyde on subsoils of highway slopes. They attribu

ted this to the lack.of bacteria on the slopes which were needed to break 

down the urea-form fertilizer. Another reason was that by the time tem

peratures became favorable for the release of nitrogen, moisture became 

critical on the slopes, thus preventing the urea-form from producing 

nitrogen.

Many studies were conducted to compare the different sources of 

nitrogen. Laughlin (1963) found that ammonium nitrate, ammonium sul

phate and calcium nitrate were equally effective as suppliers of nitro

gen to brome grass. Anhydrous ammonia and calcium cyanamide were
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inferior to all other carriers used. Urea was seldom as effective as 

ammonium nitrate, ammonium sulphate or calcium nitrate, especially at 

higher levels of nitrogen application. Muller (1958) found that urea- 

fora fertilizers at the rate of 100 pounds of nitrogen per acre plus 

phosphorus and potash did not produce results comparable to commercial 

chemical fertilizers at the same rate of nitrogen when applied on raw 

subsoil highway slopes. Palmertree e_t a_l., (1967) found that ammonium 

nitrate alone did not provide an ideal nitrogen release pattern for road

sides in Mississippi because it gave periods of dense overgrowth. Urea- 

formaldehydes alone provided neither adequate immediate nor residual 

release.of nitrogen. They found combinations of ammonium nitrate and 

urea formaldehyde applied in mixtures produced sods with adequate ero

sion protection and showed promise of providing sustained nitrogen 

release well into the second season after application.

In contrast some studies have shown the beneficial effects of 

applying urea-forms and natural organic fertilizers. Clark et al.,

(1947), Lodge (1959) and Klipple and Retzer (1959) found that heavy 

applications of manure increased herbage yields on short grass vegeta

tion 15 to 50 percent.

From the above studies a general conclusion can be drawn that the 

benefits from the synthetics and the natural organics are not immed

iate but they are lasting at least for two seasons. In addition, manure 

provides a mulching effect. The choice of any of these sources should
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be based on cost and convenience of application as each may do a satis- • 

factory job.

Method of Fertilizer Application

The hydraulic seeder used for applying fertilizer at the time of 

seeding seemed to be a satisfactory method under most conditions, to 

assist in the early establishment of good turf. The hydraulic seeder 

was used by 26 states as reported by Butler and Yoerger (1962). It was 

very important to have a method of application that would provide uniform 

application of fertilizer over all of the grass area with a minimum of 

interference with traffic condition. The application can be accomplished 

in a number of ways on the level areas of median strips or level right 

of way areas by using hydraulic seeders, farm trailer spreaders or lawn 

spreaders (Friday, 1961). . The problem on the steeper areas was much 

more complicated. '

Butler and Yoerger (1962)' summarized some of the fertilizer appli

cation practices now used over the United States, They found that hand 

spreading was used primarily on steep slopes or on small areas. They 

also indicated that the use of sprayers to apply liquid fertilizers was 

increasing, especially in areas that have started using maintenance fer

tilizers. In addition to the states using the high-speed air-blast 

nozzle to apply fertilizer, Virginia was using a large fan to provide a 

high-velocity, medium-volume air blast to spread seed and fertilizer.

They also reported that the New Jersey Highway Authority had promising
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results using a commercial machine with a high velocity and medium-volume 

air blast to apply granular fertilizers. The Oregon Highway Department 

reported using air blast nozzles to apply 90 percent of its fertilizer^ 

They also suggested that truck-mounted or trailed high-capacity dry and 

liquid fertilizer applicators were needed for applying maintenance fer

tilizer on steep slopes.

Time of Fertilizer Application

Usually fertilizer is applied in fall or spring. Fall season has 

been found to be superior to spring season because it precedes the expec

ted moist season (Carter _et aJL., 1961; Buglars, 1964; Butler and Yoerger, 

1962). Hanson and Juska (1961) working in Beltsville, Md., found that 

there was a fourfold increase between December 3rd and April 6th in the 

root weights of Merion Kentucky bluegrass plants which received nitrogen 

in both September and October. Under very wet conditions, however, all 

nitrogen sources, including soil nitrogen, were less effective. The 

nitrate sources suffered the largest loss. Accordingly, ammonium forms 

of nitrogen should be used for fall and winter applications (Jackobs, 

et aly, 1969).



THE STUDY AREA

The study was conducted on a "cut" slope on Interstate Highway 90 

near Whitehall, Montana. The experimental.plots were located in Section 

26, Township 2N-, Range 5W. The plots were located 2.6 air miles from 

Whitehall at an elevation of 4,300 feet. The slope is approximately 60 

percent which is classified as very steep. In 1967, the study area was 

seeded to fairway crested wheatgrass (Agropyron cristatum) and stream- 

bank wheatgrass (Agropyron riparium). In the same year, the area was ■ 

mulched and fertilized with 50 pounds of nitrogen per acre and 65 pounds 

of P2O5 per acre.

Vegetation

The study area does not support many species. Besides the two 

seeded species, crested wheatgrass and streambank wheatgrass, the area 

contains small amounts of some other grasses and sedges. These include 

blue grama (Bouteloua gracilis), junegrass (Koeleria cristata), squirrel- 

tail (Sitanion hystrix), needleandthread (Stipa comata), green needle- 

grass (Stipa viridula) and cheatgrass (Bromus tectorum). Forbs in the 

area are yellow sweetclover (Melilotus officinalis), common salsify 

(Tragopogon dubius),.rush skeletonweed (Lygodesmia juncea), prairie 

pepperweed (Lepidium densiflorum) and scarlet globemallow (Sphaeralcea 

coccinea).

Soils

Soils of the study area are classified in the Avalanche-Burnt Fork
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Association (Southard, 1969). The land on which the soils are located 

is a river deposited alluvial terrace. The site is in a region of soils 

generally classified as Calciorthids and Argiborolls in the new soil 

taxonomy system. These were called Calcisol and Chestnut soils in the 

1938 Classification System (Buchmanand Brady, 1969).

When the highway was constructed, all of the surface soil and part 

of the subsurface soil was removed. This exposed a material which was 

mostly of sandy texture and was in poor physical condition. The textural 

analyses showed that the soil material consisted of 76 percent sand, 10 

percent clay, and 14 percent silt. Due to the steep slope, the erosion 

problem was severe. Very distinct small gullies were observed, especial

ly in Block III.

With respect to other profile characteristics, the infiltration rate 

can be classified as rapid. The moisture holding capacity is very low 

and the permeability is very rapid.

Climate

The study area lies east of the Continental Divide and the climatic 

characteristics are generally continental.

The summers are usually hot with high temperatures and low humidity. 

Winters, while usually cold, have few extended cold spells with tempera

ture dropping below 0° F. The U.S. Weather Station at Butte, Montana 

which is the closest station to the study area with a longtime average, 

reported an average freeze-free season of 81 days. Of much greater
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significance is the 124-day average season between 28° F occurrences 

(May 9 and September 10). This period provides time for maturing hays, 

grasses, grains and other semi-hardy crops (U.S. Weather Bureau, 1960).

The study area lies within the 12 inch precipitation zone, which is 

classified as semi-arid. Of the annual average of 9 to 12 inches, 70 to 

75 percent of the rainfall comes during the April I to September 20 grow

ing season. The wettest months are May and June which are almost ideal 

for vegetational growth (Weather Bureau, 1960)„

Precipitation data for the Whitehall airport, which is close to the 

study area are presented in Table I and Figure I. The annual precipita

tion was 9.42 inches for the Whitehall area for the year 1971. May and 

June were the wettest months with 1.72 inches and I.76 inches of precipi

tation, respectively.



Table I. Cumulative precipitation (in inches) at Whitehall Airport, Montana (April- 
September, 1971).

April May June July A u r u s t September
Day Inches Day Inches Day Inches Day Inches Day Inches Day Inches

7 0.21 5 1.17 I 2.80 2 4.57 4 4.82 3 5.85

15 0.37 6 1.46 3 2.83 3 4.58 16 4.85 4 5.91

17 0.43 9 1.4-7 4 2.85 8 4.60 18 4.99 7 6.14

18 0.47 16 1.49 6 2.91 16 4.62 29 5.26 16 6.17

20 0.52 18 1.64 10 3.16 17 4.65 30 5.56 20 6.42

21 0.62 20 1.84 11 3.36 20 4.68 31 5.61 25 6.48

22 0.76 21 2.00 26 3.66 21 4.70 26 6.75

24 0.80 29 2.10 27 4.16 28 4.79 27 6.76

25 0.97 30 2.15 28 4.44 30 6.83

27 0.99 31 2.77 28 4.53

29 1.05
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April May June July August September
Cumulative precipitation (in inches) at Whitehall Airport, Montana (Apr.-Sept., 1971).Figure



MATERIALS AND METHODS

The Study Design

The experimental design used was a randomized.complete block with ' 

3x2x2 factorial arrangement of fertilizer treatments. There were three 

blocks and 12 treatments. The fertilizer plots (each 201x!21) were laid 

out with the long dimension extending downslope (Figure 2). The plots 

were, staked at the corners and strings were pulled between the stakes to 

delineate plots. The fertilizer treatments were assigned at random to 

the individual plots within the three blocks.

Fertilizer Application

The commercial fertilizers used were ammonium nitrate applied at 

the rates of 0, 75, and 150 pounds of actual nitrogen per acre; treble 

super phosphate applied at. the rates of 0 and 160 pounds per acre of 

P2O5 and murate of potash applied at 0 and 60 pounds per acre of KgO.

The fertilizers used were applied on April 14, 1971 in pelleted form and 

were hand broadcasted. Because of the small amounts of fertilizers 

applied on each plot, it was necessary to increase the bulk to facilitate 

even spreading.• A standard amount of sand was mixed with each fertilizer 

application and an equal amount of sand was applied to each check plot.

Soil Moisture

Before the fertilization study was initiated an attempt was made to 

determine soil moisture using the gravimetric method. This method proved 

to be impractical because of the sandy texture of the soil and the steep
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slope. The electrical resistance method (Bouyocus and Mick, 1940; 

Bouyocus, 1953) was used instead.

Cover Data

The data representing the frequency of occurrence, density and
2aerial cover were determined using a randomly placed 4.5 ft rectangu

lar frame. Ten samples per treatment plot were taken. The rectangular 

frame was divided into ten equal subunits. The presence of each seeded 

species and each rooted invading species was recorded in each subunit to 

determine the frequency of occurrence.

The numbers of individuals of both seeded and invading species in 

four subunits in each of the ten frames taken were counted to estimate 

density. The aerial cover was determined using the whole frame (4.5 ft^) 

and was visually estimated within four categories: (I) I to 25 percent .

cover, (2) 26 to 50 percent cover, (3) 51 to 75 percent cover, and 

(4) 76 to 100 percent cover.

Production Data

Species or groups of species were clipped to ground level within 

2 ft^ circular plots. Five of  ̂such plots were randomly located in each 

treatment plot. The clipped plant material was placed in paper bags 

coded according to clip plot number and treatment number. All the bags 

were taken to the range laboratory at Montana State University where 

they were oven dried and weighed. The data were then converted to a



pounds-per-acre basis, summarized and analyzed at the Computing Center of 

the University.

Vigor Data

Twenty plants of the most abundant species, crested wheatgrass, were 

randomly selected in each plot. A system of coordinates was utilized to 

select each plant unit. Two feet were left unsampled on each side of each 

plot to remove the edge effect.

After a plant was selected, two kinds of data were taken to estimate 

its vigor. The first was to count the number of seedheads. The second 

was to measure the up-stretched length of the longest leaf from the soil 

surface.

Data Analysis

The data collected for each measurement were summarized and sub

jected to statistical analyses. Analyses of variance were utilized to 

show the significance of each element added and their interactions. 

Duncan’s Multiple Range Test was used to separate treatment means. Sta

tistical procedures used were based on methods by Ostle (1969) and 

Snedecor and Cochran (1971).



RESULTS AND DISCUSSION

Production Data

The analyses of variance for production data are summarized in 

Table II. Crested wheatgrass and the total grasses contributed most of 

the variation related to treatments. Crested wheatgrass and streambank 

wheatgrass showed a highly significant response to nitrogen. Neither of 

the two species showed any response to phosphorus. The response to 

potassium, while not significant, did approach the 5 percent level of 

significance. The annual and perennial forbs compose only about 10 per

cent of the population, crested wheatgrass composes 75 percent and stream1 

bank wheatgrasses about 14 percent (Appendix Table I). The annual and 

perennial forbs showed a highly significant response to nitrogen only. 

Potassium and phosphorus did not seem to have any effect on them.

Species responses are better seen in the mean production values 

shown in Table III. A significant increase in production of all vegeta

tion was obtained by the highest application of nitrogen although there 

seemed to be no difference between the application of 75 and 150 pounds 

of nitrogen per acre. The visual observation in the field did show a 

difference (Figures 3, 4 and 5).

Response of Crested Wheatgrass. Significant increases in production 

were obtained by the highest application of nitrogen. The application 

of 150.pounds of nitrogen increased production by 39 percent over 75 

pounds and 310 percent over no nitrogen treatment. There was no notice

able response to phosphorus. Although there was no significant response
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Figure 3. Effect of application of 150 lbs 
N/Aj, 160 lbs P2O5/A and 60 lbs 
K2O/A, on the established turf.
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Figure 4. Effect of application of 75 lbs 
N/A, 160 lbs P2O5/A and 60 lbs 
KgO/A on the established turf.
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Figure 5. Control plot where no nutrients 
were added.



Table II. Analysis of variance summary: mean squares for production as influenced by
fertilization.

Sources ___________________________ Variables!/
of

variation df AGCR AGRI
AnnuaI 
forbs

Grasses & 
sedges

Total
forbs

Total
vegetation

Blocks 2 98864.5 10306.6 116736.0** 144101.0 95121.6** 137179.0

Treatments 11 426819.3* 18747.7* 14773.6 538367.6** 19387.9 662914.2**

N 2 2043020.0** 41531.1** 55821.9* 2730560.0** 82823.6** 3326360.0**

P I 37627.8 .6256.8 16878.1 12488.4 5383.0 2001.2

K I 292043.0 2265.9 56.9 252480.0 3077.3 319347.0

NP 2 785.6 4124.5 11246.9 7034.0 7417.1 28121.8

NK 2 74674.4 15027.1 937.3 52283.6 8071.4 62594.6

PK I 27339.6 37.0 6716.8 20904.6 574.9 26750.2

NPK 2 50520.9 5150.2 1423.5 28212.3 3804.1 54917.7

Clips/plots 144 105955.2 4941.7 8310.0 109221.4 11026.4 94022.8

Experimental
Error 22 140236.6 6837.4 10342.7 142982.1 10026.3 153031.5

I/ AGCR - Crested wheatgrass * Indicates significant difference at .05 level.
AGRI - Streambank wheatgrass ** Indicates significant difference at .01 level.



Table III. Production as affected by fertilization (Pounds per acre).

Trea tmentsl/
Wc 2 IO O - Hto -C W

O  C L  U DVj W COU O -u•h x: oz: CL, p_, AGCR AGRI

____Variables^/__________________________________
Total

Annual grasses & Total Total
forbs_________ sedges________ forbs_______vegetation

3 2 2 565a 54abc 55a 626a 55a 681a
3 2 I 319cd isiol/ 112a 272 37a 135 434bc 2108 41a 139 475b
3 I 2 500ab 44bc 14a 560bc 14a 565ab
3 I I 426abc 62abc 29a 488abc 29a 517ab
2 2 2 332cd 84ab 80a 416bc 80a 516ab
2
2

2
I

1
2

303cd
393bcd 1324 47bc

65abc 247 76a
45a 250 364c 

46 Ibc 1599 77a
87a 293 440b

564ab
2 I I 306cd Slabc 49a 358c 49a 407b
I 2 2 94e 20bc IOa 115d 10a 116c
I 2 I 53e 365 17c 79 12a 47 70d 443 12a 50 72c
I I 2 114e lie IOa 121d 10a 131c
I I I 104e 31bc 15a 137d 18a 155c

2238

1927
w

474

abcde means within columns with one or more letters in common are not significantly different 
according to Duncan's Multiple Range Test at .05 level.

I/ Nitrogen levels I - O lbs. nitrogen per acre 2/ AGCR - Crested wheatgrass
2 - 75 lbs. nitrogen per acre AGRI - Streambank wheatgrass
3 - 150 lbs. nitrogen per acre

Phosphorus levels I - 0 lbs. P2O5 per acre Z_l Nitrogen levels means.
2 - 160 lbs. P2O5 per acre
1 - 0 lbs. K2O per acre
2 - 60 lbs. K2O per acre

Potassium levels
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to the main effects of potassium, with crested wheatgrass there was a . 

repeating pattern of increased yield with increasing levels,of potassium 

(Table III). Sixty pounds of potassium with 150 pounds of nitrogen and 

150 pounds of phosphorus increased production by 77 percent over the 

same treatment without potassium.

Response of Annual and Perennial Forbs. The two important species in 

this category were rush skeletonweed and an invading annual forb, prairie 

pepperweed. All the forbs gave too small values to be treated separately, 

so they were grouped into one category. There were no significant dif

ferences among the treatments. In general, they showed a positive 

response to the highest rates of nitrogen although this was not con

sistent. No response to either potassium or phosphorus, was observed.

Total Vegetation. Because of the intra-sample variability, the 

response of total vegetation can be more meaningful than individual spe

cies or groups of species. Here again, there was a substantial increase 

in production as the rate of nitrogen was increased. The best treatment 

by far was the one with the highest combination of all elements used. 

Phosphorus did not seem to have a substantial effect on production. This 

can be attributed to the residual effect of phosphorus and the lower 

sensitivity of established plants to its application (Jackobs et al., 

1969). Potassium brought about a significant increase in production at 

the highest levels of nitrogen and phosphorus. Sixty pounds of potassium 

with 150 pounds of nitrogen and 160 pounds of phosphorus brought about a
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43 percent increase in production as compared to the same treatment with

out potassium.

Frame Data

Frequency of Occurrence. The analyses of variance for the frequency 

of occurrence are summarized in Table IV, Streambank wheatgrass and the 

total vegetation showed a highly significant difference among treatments. 

The non-seeded species, showed a significant difference among treatments. 

There was no significant difference among treatments for crested wheat- . 

grass. Streambank wheatgrass, the non-seeded species and the total vege

tation showed a highly significant response to nitrogen. None of the 

species showed any response to either phosphorus or potassium.

The mean values for the frequency of occurrence are summarized in 

Table V. There were no significant differences among all treatments for 

crested wheatgrass. The nitrogen x phosphorus interaction indicated a 

differential response of levels of phosphorus over levels of nitrogen, 

however, treatment means associated with the interaction did not differ. 

Streambank wheatgrass did not show a consistent increase in frequency of 

occurrence with increasing levels of any nutrient added. The invading 

grasses and forbs showed a significant benefit from application of nitro

gen, although there was no.difference between 150 and 75 pounds of nitro

gen..

Invading species such as rush skeletonweed, scarlet globemallow and 

prairie pepperweed appeared to compete with the seeded species for the
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Table IV. Analysis of variance summary: mean squares for frequency of
occurrence for seeded and non-seeded species.

Sources Variables!/
of

variation df AGCR AGRI
Non-seeded

species
Total

vegetation

Blocks 2 199.2860** 35.1361** 11.7250 274.3080**

Treatments 11 9.2391 20.2020** 11.1098* 70.1152**

N 2 12.3528 83.6694** 45.1083** 328.5080**

P I 38.0250 4.0111 8.4027 1.6000

K I 1.4694 2.5000 8.4027 32.4000

NP 2 28.3083* 11.3528 2.0028 21.8583

NK 2 13.2028 8.8083 2.4694 9.3583

PK I 0.0694 2.1778 3.8027 10.0000

NPK 2 0.1694 2.9361 1.2194 3.9083

Sample/plot 324 4.4713 2.3494 1.8831 5.9623

Experimental
Error 22 10.5134 4.6785 3.9371 10.8869

_1/ AGCR - Crested wheatgrass
AGRI - Streambank wheatgrass

* Indicates significant difference at .05 level.
** Indicates significant difference at .01 level.
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Table V. Frequency of occurrence of seeded and invading species per 10 
observations (0.45 fL̂ ) in response to different fertilizer 
rates.

Trea tmentsl/
in

a 2 I<ti O -H
Variables^/

-U
•H
2

O
x:
cu

U
OCu AGCR AGRI

Non-seeded
species

Total
vegetation

3 2 2 6.60 a 2.40 a 1.33 b 10.33 abc
3 2 I 6.93 a 2.40 a 1.57 b 10.90 a
3 I 2 6.83 a 1.93 abc 1.27 b 10.03 abc
3 I I 6.23 a 2.07 ab 1.23 b 9.53 be
2 2 2 6.00 a 1.77 abc 1.30 b 9.07 cd
2 2 I 6.33 a 1.52 abed 2.37 a 10.23 abc
2 I 2 7.00 a 2.27 a 1.13 b 10.40 ab
2 I I 7.53 a 1.60 abed 1.33 b 10.47 ab
I 2 2 5.47 a 0.70 de 0.33 C 6.50 f
I 2 I 6.10 a 0.90 cde 0.57 C 7.57 ef
I I 2 6.10 a 0.50 e 0.27 C 6.87 ef
I I I 6.63 a 1.70 bcde 0.40 C 8.10 de

abcdef means within columns with one or more letters in common are not
significantly different according to Duncan's Multiple Range Test 
at .05 level.

_1/ Nitrogen levels

Phosphorus levels 

Potassium levels

I - 0 lbs. nitrogen per acre
2 - 75 lbs. nitrogen per acre
3 - 150 lbs. nitrogen per acre
I - 0 lbs. P2O3 per acre
2 - 160 lbs. P2O5 per acre
I - 0 lbs. K2O per acre
2 - 60 lbs. KgO per acre

2/ AGCR - Crested wheatgrass 
AGRI - Streambank wheatgrass
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applied nutrients.and soil moisture. The competition for moisture can 

be reduced if the seeded species become well established in the coming 

growing seasons.

Plant Count or Density. The analyses' of variance for plant count 

are summarized in Table VI. There was a significant difference among 

treatments for streambank wheatgrass, the non-seeded species and the 

total vegetation. All the species showed a highly significant response 

to nitrogen. Streambank wheatgrass also showed a significant response to 

nitrogen x phosphorus interaction.

The mean values for plant counts are summarized in Table VII. There 

were no significant differences among all treatments for crested wheat-' 

grass. The invading species showed a positive response to increasing 

levels of nitrogen. Streambank wheatgrass and the total vegetation 

showed a positive response to increasing levels of nitrogen, although 

this was not consistent. Although no significant main effects were 

detected for streambank wheatgrass the nitrogen x phosphorus interaction 

indicates a differential response of levels of phosphorus over levels of 

nitrogen.. In this case the significance might be in part attributed to 

variation between treatment 322 as compared to treatment 112 and treat

ment 321 as compared to treatment 111.

Aerial.Cover. The analyses of variance for the percentage aerial 

cover are summarized in Table VIII. There was a highly significant
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Table VI= Analysis of variance summary: mean squares for plant count
(density) for seeded and non-seeded species.

Sources Variables!/
of

variation df AGCR
]

AGRI
Non-seeded
species

Total
vegetation

Blocks 2 200.6720** 5.4437 0.6438 261.3170**

Treatments 11 9.1946 15.8375* 3.4426* 44.4964*

N 2 53.0514** 55.7312** 7.4396* 203.6670**

P I 23.2562 15.8340 0.5063 0.0803

K I 0.6674 0.3063 0.7563 0.4340

NP 2 3.1688 16.6382* 0.4021 17.1257

NK 2 6.0340 0.9146 0.5021 7.8840

PK I 1.9507 8.2507 0.7563 12.2840

NPK 2 1.9049 1.6382 0.5813 9.6507

Sample/plot 1404 3.5050 1.7649 0.3275 4.2131

Experimental
Error 22 7.6131 3.7564 1.3211 14.9393

I/ AGCR - Crested wheatgrass
AGRI - Streambank wheatgrass

* Indicates significant difference at .05 level.
** Indicates significant difference at .01 level.
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Table VII. Fertilizer effects on seeded and invading species: plant

count or density (Plants/0.45 ft^) as affected by fertiliza
tion.

Treatments!/
co

C 2 ECU O T-I 60 ,C CO O CL CO
*4 co COU O - U  
-H ^  O 2  CL, CL

________________Variables!/__________________
Non-seeded Total

AGCR________ AGRI_______species_____vegetation

3 2 2 1.94 a 1.29 a 0.23 be 3.53 a
3 2 I 1.52 a 1.06 a 0.24 b 2.85 b
3 I 2 1.98 a 0.37 bed 0.25 b 2.64 b
3 I I 1.99 a 0.70 b 0.20 bed 2.89 b
2 2 2 1.67 a 0.57 be 0.17 bcde 2.44 be
2 2 I 1.80 a 0.39 bed 0.40 a 2.56 b
2 I 2 2.12 a 0.56 be 0.18 bed 2.87 b
2 I I 2.18 a 0.48 bed 0.18 bed 2.82 b
I 2 2 1.36 a 0.26 cd 0.04 de 1.65 d
I 2 I 1.55 a 0.12 d 0.06 de 1.77 d
I I 2 1.47 a 0.10 d 0.02 e 1.52 d
I I I 1.68 a 0.22 cd 0.07 cd 1.98 cd

abed means within columns with one or more letters in common are not
significantly different according to Duncan's Multiple Range Test 
at .05 level.

V  Nitrogen levels I - 0 lbs. nitrogen per acre
2 - 75 lbs. nitrogen per acre
3 - 150 lbs. nitrogen per acre

Phosphorus levels I - 0 lbs. P2O5 per acre
2 - 160 lbs. P2O5 per acre

Potassium levels I - 0 lbs. K2O per acre
2 - 60 lbs. KgO per acre

TlI AGCR - Crested wheatgrass
AGRI - Streambank wheatgrass
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Table VIII. Analysis of variance summary: mean squares for aerial
cover.

Sources
of

variation df Aerial cover

Blocks 2 1.4527*

Treatments 11 3.2391**

N 2 16.6028**

P I 0.0250

K I 0.1361

NP 2 0.4750

NK 2 0.0361

PK I 0.0250

NPK 2 0.6083

Samples/plots 324 0.2367

Experimental
Error 22 0.3346

* Indicates significant difference at .05 level.
** Indicates significant difference at .01 level.
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response to nitrogen. There was no response to either phosphorus or 

potassium.

The mean values for aerial cover are summarized in Table IX. Sig

nificant increases in aerial cover were obtained by the highest applica

tion of nitrogen. The application of 150 pounds of nitrogen increased 

aerial cover 31 percent over 75 pounds and 70 percent over no nitrogen. 

Phosphorus and potassium did not seem to influence aerial cover.

Vigor Data

The number of seedheads and the longest leaf heights (inches) of 

crested wheatgrass were measured to estimate vigor. The analyses of 

variance for these two measurements are summarized in Table X. Both 

parameters showed a highly significant response to both nitrogen and 

potassium. The number of seedheads showed a significant response to 

phosphorus and to the phosphorus x potassium interaction.

The mean values for the number of seedheads and the longest leaf 

heights are summarized in Table XI.

Response of Seedheads. There was a substantial increase in the num

ber of seedheads with increasing levels of nitrogen. The application of 

150 pounds of nitrogen alone increased the number of seedheads by 64 per

cent over 75 pounds and 1131 percent over no nitrogen treatment. Seventy 

five pounds of nitrogen alone increased the number of seedheads by 653 

percent as compared to the check treatment. Potassium also had a sig

nificant effect on the number of seedheads. Sixty pounds, of potassium
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Table IX. Aerial cover as affected by fertilization.

Ni
tr
og

en
 

M 0
Ph
os
ph
or
us
 

g 
Po
ta
ss
iu
m 

5 rr 1%

Aerial cover

3 2 2 l.gl/a
3 2 1 1.7 abc
3 1 2 1.6 be
3 1 1 1.7 ab
2 2 2 1.3 d
2 2 1 1.4 cd
2 1 2 1.6 be
2 1 1 1.4 cd
1 2 2 1.0 e
1 2 1 1.0 e
1 1 2 1.0 e
1 1 1 1.0 e

abcde means with one or more letters in common are not significantly
different according to Duncan's Multiple Range Test at .05 level.

JL/ Nitrogen levels I - 0 lbs. nitrogen per acre
2 - 75 lbs. nitrogen per acre
3 - 150 lbs. nitrogen per acre 

Phosphorus levels I - 0 lbs. P2O5 per acre
2 - 160 lbs. P2O5 per acre

Potassium levels I - 0 lbs. K2O per acre
2 - 60 lbs. K2O per acre

_2/ means within the following limits:
I - 25% cover r 1.0

26 - 50% cover . 2.0
51 - 75% cover Z 3.0

I 100% cover B 4.0
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Table X. Analysis of variance summary: mean squares for number of seed-
heads and longest leaves heights.

Sources
of

varia tion df
Number of 
seedheads

Longest 
leaves heights

Blocks 2 131.8040 367.9260**

Treatments 11 1217.8371** 71.3027**

N 2 6031.9800** 316.2250**

P I 273.8000* 25.1627

K I 561.8000** 85.0402**

NP 2 33.8042 20.6593

NK 2 43.8875 6.3629

PK I 231.2000* 1.2667

NPK 2 55.0125 3.1826

Samples/plots 684 42.6140 5.2698

Experimental
Error 22 47.7011 11.9072

* Indicates significant difference at .05 level.
** Indicates significant difference at .01 level.
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Table XI. Number of seedheads and longest leaves heights (in inches) as 
affected by fertilization

H
Ni
tr
og

en
 

%
Ph
os
ph
or
us
 
g O

Po
ta
ss
iu
m 

3 Iĉ

Variables
Number of 
seedheads

Longest
heights

leaves
(inches)

3 2 2 14.78 a 9.67 a
3 2 I 9.87 b 9.07 ab
3 I 2 10.77 b 9.13 ab
3 I I 10.22 b 8.65 bed
2 2 2 9.18 bed 8.11 cd
2 2 I 6.82 bed 8.15 cd
2 I 2 6.80 bed 8.72 be
2 I I 6.25 d 8.05 cd
I 2 2 2.33 e 7.80 d
I 2 I 0.92 e 6.81 e
I I 2 1.63 e 6.86 e
I I I 0.83 e 5.94 f

abcdef means within columns with one or more letters in common are not
significantly different according to Duncan's Multiple Range Test 
at .05 level.

I/ Nitrogen levels

Phosphorus levels

I - 0 lbs. nitrogen per acre
2 - 75 lbs. nitrogen per acre
3 - 150 lbs. nitrogen per acre
I - 0 lbs. P2O5 per acre
2 - 160 lbs. P2O5 per acre
I - 0 lbs. K2O per acre
2 - 60 lbs. K2O per acre

Potassium levels
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with 150 pounds of nitrogen and 160 pounds of phosphorus increased the 

number of seedheads by 50 percent as compared to the same treatment with

out potassium.

Response of Leaves Heights. The leaves heights were significantly 

increased by nitrogen application. The application of 150 pounds of 

nitrogen alone increased the leaf height by 46 percent as compared to 

the treatment with no nitrogen. Seventy-five pounds of nitrogen brought 

about a 36 percent increase over the check treatment. There was no 

detectable response to phosphorus or potassium.

Soil Moisture

The gravimetric method which was proposed first to be used in deter

mining the soil moisture proved to be impractical. That was due to the 

sandy texture of the soil and the steep slope. Whenever a sample was 

taken the soil rolled in and filled the hole. This made it impossible 

to get soil samples by depth increments. Also, because of the stony na

ture of the soil it was difficult to drive the king tube to more than 

one foot in depth. Due to all these handicaps, the electrical resist

ance method (Bouyocus and Mick, 1940; Bouyocus, 1953) was used instead.

The validity of the results obtained using the electrical resistance 

method were questionable. The default could be due to the sandy texture 

of the soil where this method is not usually recommended (Bouyocus,

1953). Other causes could arise from installation in the field or prob

lems of adjustment of resistance to a common temperature in a sandy soil.
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The author suggests the use of the nuclear method in such areas if 

accurate records of soil moisture are needed.

Comparison of Methods Used

The quantitative features of vegetation measured or observed to 

assess changes due to the treatments applied included weight, frequency, 

plant count, aerial cover, height of leaves and number of seedheads. Of 

these various methods employed, the measurement of weight, height of 

leaves, number of seedheads and the aerial cover gave the best results 

that helped in detecting differences among treatment's. These methods 

are easy and economical if the area to be studied is small. The fre

quency of occurrence and the plant count methods did not prove to be ade

quate measures of plant responses to treatments.

Other methods which can be used to measure vegetational responses to 

fertilizer treatments include the study of root habits and the measure

ment of basal area. The study- of root habits include depth of penetra

tion, extent of branching, and the ratio of the root to the shoot. Basal
\

area is a good measure of vegetation responses (Brown, 1954). Effects 

due to season of year, current utilization and climatic variations are 

less apparent in basal area.

Generally it is better to use more than one method because the great

er the number of factors considered and measured, the greater the confi

dence in the results and interpretations obtained.. On the other hand,
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the use of many methods should depend on the degree of refinement de

sired and the costs of the methods in terms of money, manpower and 

equipment available.

Size of Sample

The method used to determine the sample size was the one used by 

Snedecor and Cochran (1971). Tables XII, XIII, XIV show the number of 

samples needed to get within 10 percent of the mean with a 95 percent 

confidence for each variable shown. •

For the production data (Table XII) more samples should have been 

taken to adequately sample streambank wheatgrass and the annual forbs.

For the frequency of occurrence and the plant count, more samples were 

needed to adequately sample the. non-seeded species. Aerial cover, leaves 

heights and number of seedheads (Table XIV) were adequately sampled. The • 

small size sample shown for these three measurements is due to the small

variances obtained for them.
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Table XII. Calculated sample size for production data.

Variables I/ Number of samples

AGCR
AGRI
Annual forbs 
Total grasses 
Total vegetation

8
16
33

6
8

Table XIII. Calculated sample size for frequency of occurrence and plant 
count.

Variables!/ Frequency Plant count

AGCR 2 4
AGRI 9 20
Non-seeded species 17 63
Total vegetation I 5

I /  AGCR - Crested wheatgrass
AGRI - Streambank wheatgrass

Table XIV. Calculated sample size for aerial cover, leaves heights and 
number of seedheads.

Variables Number of samples

Aerial cover 
Leaves heights 
Number of seedheads

I
1
2



SUMMARY AND CONCLUSIONS

The effects of various fertilizer rates and combinations on an estab

lished turf seeded to crested wheatgrass and streambank wheatgrass were 

studied at Whitehall, Montana.

Significant increases in production of crested wheatgrass and stream- 

bank wheatgrass were' obtained by the application of 150 pounds of nitro

gen per acre. Neither of the two species showed any response to phos

phorus. ' Crested wheatgrass and the total vegetation responded t° potas

sium. The annual and perennial forbs showed a positive response to 

nitrogen only.

For the frequency of occurrence and- plant count, there was no signif

icant difference among all treatments for crested wheatgrass and stream- 

bank wheatgrass. The invading species showed a positive response to 

increasing levels of nitrogen only. The aerial cover for all species 

was enhanced with higher levels of nitrogen. Phosphorus and potassium 

did not seem to influence aerial cover.

The number of seedheads and the longest leaves heights of crested 

wheatgrass showed a positive response to all nutrients added. In gener

al, from visual observations in the field, total vegetation showed some 

stimulation in leaf heights from fertilizer applications.

Crested wheatgrass and streambank wheatgrass showed a good response 

to nitrogen fertilization. A mixture of the two with some adapted 

legumes would give a dense perennial sod.

It is evident that the highest response from all the species was to



the highest level of nitrogen or 150 pounds per acre. As this study 

indicates, 150 pounds of nitrogen or more will be recommended for main

tenance for one or two years. After that, the frequency of applying fer

tilizer for maintenance will depend upon the soil conditions as indicated 

by growth and deterioration of the sod.

A suggestive fertilizer maintenance program for grassy sod on "cut" 

slopes with infertile subsoils will be to apply 500 pounds of a 10-20-10 

or 10-10-10 fertilizer within a year from seeding. After this, it should 

not be necessary to apply nitrogen or mixed fertilizer more often than 

every two to three years.

A fixed, rigid plan for sod maintenance should not be followed. The 

color of the grass, density of sod, presence of invading species and the 

chance of erosion should determine the frequency of maintenance fertili

zation "applications. Likewise, fertilizers applied to established grass 

stands should not be applied evenly; more fertilizer should be applied in 

the vicinity of the top of the slope than at the base of the slope. Loss 

of grass stands and erosion almost always occur first near slope apexes 

and this can be prevented with more liberal fertilization for such areas.

Measurements of weight, aerial cover, leaves heights and number of 

seedheads proved to be the best methods for detecting differences among 

treatments.

Further studies at other locations are needed before statewide recom

49

mendations can be made.
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Table I. Percent composition for the production data.

____________ Variables— _̂______________________
Annual Rush Scarlet

AGRI SIHI Forbs LYJU SPCO

3 2 2 83 8 I 8 - -
3 2 I 67 24 - 8 I -
3 I 2 88 8 3 I - -
3 I I 82 12 - 6 - -
2 2 2 64 16 - 19 I -
2 2 I 69 11 3 17 - -
2 I 2 70 12 - 4 - 4
2 I I 75 13 - 12 - -
I 2 2 81 17 - I I -
I 2 I 74 24 - 2 - -
I I 2 84 8 - 8 - -
I I I 67 20 - - I 2

Nitrogen levels I - 0 lbs. nitrogen per acre
2 - 75 lbs. nitrogen per acre
3 - 150 lbs. nitrogen per acre

Phosphorus levels I - 0 lbs. P2O5 per acre
2 - 160 lbs. P2O5 per acre

Potassium levels I - 0 lbs. K20 per acre
2 - 60 lbs. K2O per acre

2/ AGCR - Crested wheatgrass
AGRI - Streambank wheatgrass 
SIHI - Squirreltail 
LYJU - Rush skeletonweed 
SPCO - Scarlet globemaIlow

Treatments^/
CO

C 2 I<U O -H60 Xi W
O  CL C/3
t-4 c/3 Cd --------------AJ O -U-H x: oZ Cl. a, AGCR
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