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ABSTRACT 

In a semi-arid region, in southern and central 

Arizona, commercial fertilizer at rates of 37.5 to 200 l"b 

N/acre v/ith and without P at rates of 17-100 lb PgÔ /acre 

were applied to small plots. Pour major rangeland sites 

were studied, each of a different soil type. Two of the 

sites were reseeded to Lehmann lovegrass. Potassium v/as 

included at rates of 17-50 lb KgO at three study sites. 

Rates and dates of fertilizer application were 

the two variables used from 1964 to 1968. The effects of 

rate and dates of fertilizer application were evaluated 

statistically from measurements of plant responses in 

herbage' production, plant N and P concentration and per

cent moisture content. The effects of treatments on 

available soil NOy-N and available soil phosphate were 

also studied. 

Results obtained showed that the amount and time 

of summer rainfall should be considered in range fertili

zation. Data accumulated were interpreted to indicate 

that favorable summer rainfall with the proper time of 

fertilization stimulated herbage production, and increased 

plant moisture content and seed production. To a lesser 

xiii 
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extent the plant N and P concentrations and plant N and P 

uptake could also be improved. 

For these studies, rates of 50-100 l"b N/acre 

appeared to "be most effective for favorable forage response. 

The influence of soil types on plant response to 

fertilization was related to leaching losses of N and 

immobilization of P. The results indicated a rapid decline 

of soil NOyN occurred after N fertilization the first 

•season. Reapplication of P fertilizer tended to increase 

available soil phosphate. 

At rates of 37.5 to 100 lb N/acre, the effect of 

N on plant growth was limited to one season. 

Dates of fertilizer application studies showed that 

good quality and yield of forage could be produced in mid

summer by delaying the time of fertilizer application. 



CHAPTER I 

INTRODUCTION 

It is well known that the populations of some 

countries are increasing at an alarming rate as compared 

to the availability of resources for food production. Soil 

and water are paramount for man's existence and well-being 

and these resources are severely limited in some countries 

today. In the United States of America the food supply has 

generally kept pace with the increasing population. 

The demands for agricultural lands including range-

lands in the Southwest are increasing daily for mining and 

construction sites, recreational purposes, and for food 

production. The ranchers have been facing increasing costs 

and lower financial return for several years. This has 

made many ranchers reluctant to make permanent improvements 

and decrease cattle numbers which should improve their 

income over the long term. 

One of the important problems, related to management, 

facing ranchmen and range technicians today is increasing 

the production of good quality forage on the same acreage of 

rangelands as is now in production. Among the available 

cultural practices for improving the production of rangelands 

is the application of commercial fertilizers. 

1 
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Studies of the application of commercial and 

organic fertilizers on rangelands has added much to our 

knowledge about the influence of plant nutrients on range 

plants, soil, and soil moisture. As in all scientific 

studies, each new bit of knowledge uncovers many more 

questions which need answering in order to fully understand 

the situation. This is certainly true with respect to 

range fertilization studies in Arizona. 

Range fertilization is well documented as being 

feasible and economical in grassland areas where rainfall is 

plentiful, but its benefits on rangelands under drier regions 

are yet to be completely established. Results of range 

fertilization research throughout the West show promise for 

improving the management of rangelands; however, they are 

not always applicable to the various climates, vegetative 

types, and soil conditions in Arizona. Furthermore, there 

are questions about fertilizers, plants, soils, climate, 

water, and animals and their interrelationships which are 

not clear and definite. Until these questions are resolved 

by additional research, no lasting, sound and practical 

recommendations can be made in order to make range ferti

lization a useful and economical tool for Arizona ranchers. 

This dissertation reports part of the work on the 

range-fertilization project which was begun in 1964 as a 

cooperative study between the Departments of Watershed 

Management and of Agricultural Chemistry and Soils. The 
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purposes of the studies reported herein were to: (1) obtain 

additional information about the effects of nitrogen (N) and 

phosphorus (P) on forage production and quality and plant 

composition under different climatic conditions and soil 

types over a period of time, (2) obtain additional information 

about rates of fertilizer to apply and their residual dura

tions, and (3) obtain additional information about the effect 

of dates of fertilizer application on forage production and 

nutrient composition with respect to time and amount of 

seasonal precipitation. 



CHAPTER II 

LITERATURE REVIEW 

Past research has shown that when inorganic or 

organic fertilizers are properly applied to rangeland, the 

following reactions may occur; (1) there is an advancement 

of range readiness, (2) there is an extension of the green-

feed period, (3) there is an increase in the forage pro

duction, (4) the nutritional status of plants is improved, 

(5) there is an increase in the grazing capacity of an area, 

(6) a better livestock distribution can be induced, (7) more 

meat per acre can be produced on fertilized ranges, (8) the 

seed production of the plants can be increased, (9) the 

establishment of young seedlings is enhanced, (10) a change 

in the botanical composition can occur, and (11) there is 

an increase in the water efficiency of plants. 

Advancing Range Readiness 

Fertilizer application can increase the readiness 

of the range for grazing. Fertilized grasses may turn green 

earlier, which allows grazing at an earlier date. 

Hoglund, Miller, and Hafenrichter (1952) using 

16-20-0 at a rate of 200 lb N/acre, found that the date of 

range readiness v/as advanced by six weeks on annual grasses. 

McKell, Graham, and Wilson (1960) concluded that the amount 

4 
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of N applied is an important factor in range readiness on 

annual grass ranges. In comparison with the check, the 

date of range readiness was advanced six weeks "by the 

application of 150 or 200 lb N/acre in the form of urea. A 

four-week advance in range readiness y/as obtained by the 

application of N at rates of 50 to 100 lb N/acre. Rogler 

and Larenz (1957) reported that the use of N on blue grama 

(Bouteloua gracilis) and western wheatgrass (Agropyron 

smithii) produced sufficient grov/th on fertilized plots to 

support grazing 10 days earlier than on the check plots. 

A four year study by Sneva, Hyder, and Cooper (1958) 

in Oregon using ammonium nitrate at 0, 10, 20, 30 and 40 lb 

N/acre on a cool season grass, crested v/heatgrass (A. 

desertorum), showed that fertilized grass made a larger 

portion of its growth in the early part of the growing 

season than did unfertilized grass thus advancing range 

readiness; but both unfertilized and fertilized started 

growth on approximately the same day in the spring. Further

more, it was noted that fertilized grasses depleted the soil 

moisture more rapidly and shortened the green-feed period. 

In southern Arizona, Honnas, Branscomb, and Humphrey 

(1959) noted that high N (500 lb N/acre) rate advanced the 

range readiness of blue grama six weeks ahead of the unfer

tilized treatment. 
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Extending the Green-Feed Period 

Extending the green-feed period means that the 

plants remain greener later in the grazing season. Hoglund 

et al. (1952), using a 16-20-0 grade of fertilizer 

(ammonium phosphate-sulfate) at rates of 200 l"b N/acre, we re 

able to double the length of the green-feed period on Cali

fornia annual grasses. In southern Arizona, Holt and V/ilson 

(1961), by using ammonium nitrate and 16-20-0 at rates of 

25, 50, and 100 lb N/acre, were able to extend the green-

feed period of warm season perennials from one to six weeks 

into the fall season. The extension was proportional to 

the rates of N applied. Results of Lavin (1967) with 

intermediate wheatgrass (Â  intermedium) fertilized with N 

showed significant differences in the length of the fall 

green-feed period. The fertilized plots remained greener 

about 18 days longer than unfertilized treatments. Levels 

of P either alone or in combination with N had no observable 

effect on the green-feed period. A study by Honnas, et al. 

(1959) increased the green-feed period from two to four 

weeks for blue grama, and from two to six weeks for hairy 

grama (Bouteloua hirsuta) by N fertilization. The same high 

(500 lb N/acre) and medium (250 lb N/acre) rates, however, 

appeared to reduce the green-feed period of sideoats grama 

(B. curtipendula) by two weeks. 

The extension of the green-feed period helps the 

rancher in two ways according to Holt and V/ilson (1961). 
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First, the amount of supplemental feed required to maintain 

animals at an optimum nutritional level is reduced, and 

second, extending the green-feed period provides vitamin A 

over a longer period, thus reducing the need for vitamin A 

supplements. 

Increasing Forage Production 

In moot range fertilization studies, the major 

emphasis has been placed on increasing the forage production. 

The available information shows that the change in herbage 

yield varies from no increase to a six-fold increase. 

Graves and McMurphy (1969) state that the term "forage 

production" as used in the literature is sometimes misleading. 

They came to this conclusion because some of the forage pro

duction data included relatively large amounts of low quality 

grasses, forbs, and often poisonous plants. 

Hoglund et al. (1952) found that production of 

annual grasslands in a 16-inch rainfall belt was increased 

three-fold over a five-year period when fertilized yearly 

with 200 lb N/acre as 16-20-0. During a very dry year, 

McKell et al. (1960) studied the effect of N, P, and S 

applications on annual grasses. They concluded that there 

was a significant increase in forage production with 100 lb 

N/acre as compared to unfertilized treatments. Furthermore, 

the combined N, S, and P treatment increased the forage pro

duction 450 lb/acre over the control plots. No significant 
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difference was obtained from S or P applied alone, although 

yield differences approached significance. Many plants in 

the study which were fertilized at high rates of N did not 

mature but cured green when the supply of available moisture 

was depleted. These results corroborate those of McKell, 

Major, and Perrier (1959) in which it was shown that more 

moisture was extracted by fertilized plants than unfertilized 

plants. This was especially associated with the treatments 

of moderately high rates of N and P. 

Amount and distribution of rainfall certainly affects 

the amount of forage production from fertilization during any 

given growing season. This was well shown by Kay and Evans 

(1965). They used nine combinations of S, gypsum, and various 

N rates and sources on seeded intermediate wheatgrass range 

containing annual cheatgrass (Bromus tectorum). These nine 

fertilizer treatments were replicated eight times and four 

were fenced while four were open to grazing. All N and N 

plus S treatments in the fenced trial were split in half at 

the end of the 1959 growing season, and the N application 

was repeated on one-half of each plot. This same half of 

the plot received a third application of N at the end of the 

second growing season (1960). The remaining half received 

only the initial application of N. The precipitation during 

the four-year period was below the normal 10-inch average, 

especially in 1959 when the herbage was not harvested. The 

forage production on the control treatment varied from an 
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estimated 25 lb/acre in 1959 to 920 lb/acre in 1962. An 

increase in annual cheatgrass with high N rates, coupled 

with extremely dry years, caused a marked reduction in inter

mediate wheatgrass, resulting in reduced total herbage pro

duction. According to Street (1967) one of the conditions 

that must be met before range fertilization can be a success 

on annual rangelands is that it must be in an area which 

receives 13 to 30 inches of rainfall annually. 

Martin, Berry, and Williams (1957) stated that P 

applications on annual rangelands have not increased forage 

yields on soils high in available P. However, on P deficient 

soils at many locations in California, P or S bearing ferti

lizers, alone or in combination, greatly increased yields of 

introduced clovers such as rose (Trifolium hirtum), crimson 

('J. incamatum), and sub-clover (T. subterraneum) as compared 

to the native species. Superphosphate at rates of 300, 600, 

1200 lb/acre increased forage production of rose clover to 

1425, 2355, and 2577 lb/acre of forage, respectively, as com

pared to the control yield of 778 lb. 

Range fertilization, once considered impractical and 

uneconomical in northern California, is being revived again 

according to Bell and Ellis (1968). They concluded that 

economical feed can be produced by fertilization with S 

alone, or combined with N or P on bur clover range. In 

their studies coarse elemental S was not readily available 

to plants for several years, whereas fine elemental sulfur 
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and sulfate were effective the first season. Walker and 

Williams (1963) found that ammonium sulfate was superior to 

ammonium nitrate applied to an annual range in a 35-inch 

precipitation belt, pointing out the value of S in that area. 

In a second experiment, heavy rainfall (14 inches) in a month's 

time after the application of gypsum caused leaching of sul

fate resulting -in a low S content of the plant tissue. The 

loss of S has also been reported by McKell and Williams 

(1960). Rainfall resulted in removing 77̂  of the applied 
•>5 
S from the root zone by the end of the season. During and 

Martin (1968) also showed rapid lateral movement of applied 

sulfate in a New Zealand soil, causing heavy losses of this 

anion in drainage water. In field trials, the fact that 

elemental S remained in the soil longer than gypsum was con

firmed. Under high annual rainfall, a deficiency of S can 

occur on grassland as shown by Pox et al. (1965) in Hawaii. 

Sodium sulfate at a rate of 20 lb S/acre on Kikuyu grass 

(Pennisetum clandestinum) increased forage production 2*000 

lb/acre over the control treatment (2,300 lb/acre), an 87$ 

increase in yield. 

In 1959 four sites were selected for range fertiliza

tion in British Columbia by Hubbard and Mason (1967). These 

sites were located at three elevations with differences in 

rainfall and vegetation. The sites were all fenced to ex

clude livestock. Nitrogen rates of 0, 30, 60, and 100 lb/acre, 

60 lb/acre P20̂  rates, and a combination of 60 lb/acre of 
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plus 60 lb/acre N were used. These fertilizer rates 

were applied to a new area within the same site every year 

for a period of six years. There was no significant increase 

at the highest elevation site and none at one of the lower 

sites. From the data presented it is difficult to explain 

why the higher elevation site with the highest amount of 

rainfall did not respond to fertilization. When the latter 

lower elevation site was compared with a second lower eleva

tion site with similar vegetation; bluebunch wheatgrass 

(Agropyron spicatum)- sage(Artemisia tridentata), it was 

found that the site that responded to fertilization had an 

average rainfall of 11.2 while the other site had S.5 inches. 

The coarser soil texture and lower annual rainfall differ

ences appear to be the reasons why there was no response to 

fertilization. This conclusion was not the total answer, 

because higher rainfall on the coarser textural soil still 

didn't produce a response. The response in forage production 

at the lower elevation, where increase was apparent, was 

approximately double the first two years with the application 

of 100 lb/acre and the combination of 60 lb P2°5 plus 60 lb 

N/acre. The 60 lb N/acre was effective through the second 

year. The P and N interaction resulted in a minor increase 

in production. The fourth site area at which response was 

found was at an intermediate elevation. The vegetation here 

was covered by needle-and-threadgrass (Stipa comata) and 

sandberg bluegrass (Poa secunda). The response to fertilization 
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occurred during the fourth and fifth years only. The high 

N and N plus P rates approximately doubled the forage pro

duction while the N times P interaction was not significant. 

These results show that there are many complex factors which 

enter into increasing range production by fertilization. 

In a 10.5-inch rainfall belt in southeastern Oregon, 

Sneva et al. (1958) applied ammonium nitrate at 0, 10, 20, 

30, and 40 lb H/acre each fall to seeded crested wheatgrass. 

Herbage was harvested twice a year (June 1 and August 1) 

during 1953> 1954, and 1955. Nitrogen fertilization increased 

crested wheatgrass.yields each year. The 30 lb N/acre rate 

doubled herbage yields by June 1 of each year. The crested 

wheatgrass, as shown by the fall harvest each year, responded 

to N fertilization but the increase was small. Crested wheat-

grass forage yields were increased the second year, following 

fertilizer application only when soil moisture was limiting 

the preceding year. 

Results of a comprehensive study of N applications 

to crested wheatgrass in a 14-inch rainfall belt in Wyoming 

were reported by Seamonds and Lang (1960). Various rates of 

N fertilizer were applied on a new series of plots during 

each of the following six years. Current yield and residual 

response to fertilizer were measured. Nitrogen fertilization 

increased hay yields in all years except 1954, a dry year. 

The N rates of 66 and 99 lb N/acre doubled the yield in most 

years. Based on a six year average the 66 lb N/acre rate was 
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the most efficient, producing an average yield of seven pounds 

additional hay per pound of N applied. Based on a good year, 

1957, the 66 and the 99 lb N/acre rates were equally efficient 

in that they each produced an additional 15 lb of hay for each 

pound of N applied. Residual effect upon hay yield was not 

significant except in 1953. Rainfall (1.5 inches) in April 

and May was necessary to obtain a high yield with N fertiliza

tion in this study. 

An 11-year study conducted in northeastern Wyoming 

was reported by Lang and Landers (1968). The experiment was 

conducted on seeded crested wheatgrass in a 14.6-inch rain

fall belt. Four rates of N were applied on plots in various 

sequences as follows: in 1947 only, even numbered years, 

odd numbered years, and every year. The fertilizer was 

applied to the appropriate plots in early April. Results 

for the 11-year study showed that yields from 53.3 lb N/acre 

applied every year exceeded 33-3 lb N/acre applied every year 

by about 250 lb. Residual effects were noted for three years 

for the 53.3 lb N/acre rate. Lower N rates did not carry 

over as long a period of time as the highest rate. On the 

basis of these results it was recommended that 20 lb N/acre 

be applied to crested wheatgrass every year. 

Hull (1963a) failed to increase pubescent wheatgrass 

(Agrop.yron trichophorum) production with N rates up to 60 

lb/acre and 200 lb/acre of 1*2̂ 5 7,700 feet in northeastern 

Utah. In the same article, the author reported on another 
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site at 8,400 feet elevation where 100, 200, and 600 lb 

N/acre and 200 lb/acre were applied to a seeded 

grass mixture. These rates also failed to improve production. 

The loss of soil N from spring application was not easily 

explained. Losses from the fall application were explained 

by the 30 to 40 inches of water from late fall rains and 

from snow melt. Cook (1965) studied the effects of N on 

several kinds of grasses and forbs in northern and central 

Utah. Ammonium nitrate at rates of 20, 30, 40, 80 lb N/acre 

and 20 and 40 lb P/acre, alone and in combination were used. 

Applications of 30 and 40 lb N/acre applied on seeded foot

hill ranges produced an average of 800 to 1000 pounds addi

tional herbage per acre. About 60$ of this increase was 

produced the first year, about 30$ the second year, and 10$ 

the third year. Phosphorus fertilizer had no significant 

affect on yield of grass herbage on foothill ranges but on 

native mountain meadows P appeared to improve yields of her

bage but always less than with N. Nitrogen and P on native 

mountain meadows appears to have additive effects on herbage 

yield. 

In northern Arizona, at an elevation of 7,300 feet, 

a five year old stand of intermediate wheatgrass was ferti

lized by Lavin (1967) in the fall with various rates and 

combinations of ammonium sulfate and treble superphosphate. 

Results showed a maximum increase in forage yield of 134$ 

from 99 lb N/acre. The herbage yield for the 33 and 66 lb 
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N/acre was double the yield of the control. The residual 

effects "by the fourth year were significant only for the 66 

and 99 lb N/acre rates, and by the fifth year no residual 

effects were noted. Phosphorus applied alone or in combina

tion with N did not increase production in any year. Work

ing at a similar elevation with crested wheatgrass near 

Point of Pines on the San Carlos Apache Reservation, Koltz 

(1967), using ammonium nitrate at rates of 0, 50, 75, and 

125 lb N/acre with and without 100 lb PgÔ /acre applied as 

treble superphosphate, increased forage production signif

icantly over that of the control. The herbage production 

was more than double at the highest N rate in spite of total 

summer rainfall of 1.25 inches "between April 22 and October 

9, 1965. The 50 lb N/acre treatment increased production 

significantly when in combination with 100 l"b PgÔ /acre but 

not when alone. In May, 1966, random halves of the 1965 

plots were refertilized with one-half the 1965 rate. That 

fall the only fertilizer rates that resulted in significantly 

higher herbage yield than the control was the 125 lb N/acre 

rate used alone and in combination with phosphorus. Yields 

on these plots almost doubled those on the control with both 

the 1965 and 1966 treatments. 

In eastern Montana, soils are medium to very low in 

available P according to Black (1968) and as a result grasses 

are also low in P. To determine the initial and residual 

effect of fertilizer treatments, a study was conducted on 
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crested wheatgrass and on native grassland sites consisting 

of the following: western wheatgrass, green needlegrass 

(Stipa viridula), "blue grama, and other minor grasses and 

weeds. The experiment started in the spring of 1961 with 

the application of ammonium nitrate and treble superphos

phate and mono-ammonium phosphate in different combinations. 

A year later the initial fertilizer plots were split and a 

ammonium nitrate was broadcast on half of each plot at a 

rate of 45 kg/ha. Response of crested wheatgrass was 2.0 to 

2.3 fold with N and N and P combinations in 1961 and residual 

effects were evident one to two years later. The response 

of native grasses was greatest the second year after initial 

application. The increase was 1.6 to 1.8 fold by N and N 

and P combination. 

In south central New Mexico, in a 9-inch rainfall 

belt, Herbel (1963) fertilized tobosa (Hilaria mutica) in 

1957 and 1968 with N and P, alone and in combination. The 

fertilizers were applied each year in early July. Because 

of low rainfall the herbage production for 1957, 1960, and 

1961 was not significantly different among treatments. In 

1958, with above average rainfall, the herbage yields on 

all plots fertilized with N and also plots treated at the 

lowest rate of P were significantly higher than the control 

plots. The highest N rates (60 lb N/acre) produced the 

highest yields, 3308 lb air-dry forage/acre or 60'/i> higher 

than the control. In 1959, a year of above average 
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precipitation, the forage production was increased "by applied 

N. The 1961 yields were not significantly different between 

treatments in spite of the fact that the growing season 

precipitation was 44$ above average. It was concluded that 

little benefit can be expected from fertilizing tobosa 

following a year of drought when the preceding year's her

bage production was affected. Based upon these results it 

was recommended that under all but the best moisture condi

tions fertilization appears to be uneconomical for tobosa 

grass in that area. 

In Texas, little bluestem (Andropogon scoparius) is 

known for its ability to produce large quantities of forage. 

This native grass was fertilized in 1963 by Reardon and Huss 

(1965). Soil samples collected at the experimental site 

revealed deficiencies of N, P, K, and Ca. Various rates of 

ammonium nitrate, ordinary super phosphate, and muriate of 

potash were applied on March 22, 1963. Weed control treat

ments were included by spraying one half of each plot with 

2,4-D amine. The study was influenced largely by drought 

in that the area received less than three-fourths of the 

average rainfall for six months and was below average during 

eight months. Fertilization increased the oven-dry forage 

production 50$ with no weed control. The control of broad 

leaf herbaceous weeds resulted in an additional increase in 

forage yield where P was applied. The high rate of P with

out weed control brought about a 287 lb/acre increase in 
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May, a 615 lb/acre increase in July and a 418 lb/acre in 

December, whereas the medium level of P resulted in forage 

increases of only 77, 180 and 66 lb/acre during the same 

periods. Potassium applied without weed control caused a 

decrease in forage yields and sharply increased weed pro

duction. Calcium carbonate at a rate of 1000 lb/acre had 

no effect on herbage yield. The above results show that a 

good stand of grass is necessary before fertilizer applica

tions will result in increased production of high quality 

feed. When weeds are present their growth will be stimulated 

by fertilizer, resulting in less desirable forage and unde

sirable competition with grasses for nitrients and soil 

moisture. 

One method that has been used to increase forage 

production has been through the application of barnyard 

manure. Hoglund et al. (1952) applied manure at rates of 

10 and 20 tons/acre to annual grassland in California, and 

the herbage yield increased significantly for a three-year 

period. Smoliak (1965) determined the effects of single 

applications of manure, straw, and inorganic fertilizer on 

the yield and chemical composition of Bouteloua-Stipa range 

in Canada. The test was laid out in 1950 in an area which 

had been protected from grazing for 20 years. The dominant 

vegetation was blue grama and needle-and-thread along with 

western wheatgrass, Junegrass (Koeleria cristata), sandberg 

bluegrass, plains reedgrass (Calamagrostis montanensis), and 
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and some sedges (Carex sp.), fringed sage (Artemisia 

fri&ida), and winterfat (Eurotia lanata). Prom 1951 to 

1958 the average annual rainfall was 14.40 inches and the 

average seasonal precipitation was 4.40 inches. The treat

ments were a control, 30 tons/acre of barnyard manure, 30 

tons/acre of v/heat straw, 30 tons of straw plus 300 lb 

N/acre, 150 lb ?20̂ /acre and 300 lb K̂ O/acre, and inorganic 

fertilizer approximately equal in nutrient content to 30 

tons of barnyard manure per acre. The treatments were 

applied to a new series of plots, beginning in 1950, every 

September for four years. The vegetation was sampled in 

July of each year from 1951 to 1958. The application of 

barnyard manure and the straw plus fertilizers significantly 

increased forage production every year for eight successive 

years. The straw treatment reduced yield slightly the first 

year but increased in yields until by the fourth year they 

became significantly greater than the control. The residual 

effect lasted through the eighth year. The greatest 

response the first year was with the inorganic fertilizers. 

This increase of over twofold gradually was reduced after 

the fourth year until the eighth year when the increase over 

the control was only 408 pounds of herbage per acre. In 

general, the benefits from application of organic matter were 

of the same magnitude in yield after the first year with 

manure and after four years with the straw. The response 
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from the application of straw was attributed to the mulch 

effect while the response from the application of barnyard 

manure was due to the nutrients as well as the mulch effect. 

Native meadows respond to nitrogen fertilization in 

much the same manner as grass stands. Meadows, however, 

contain appreciable quantities of rushes (Juncus sp.) and 

sedges (Carex sp.) in association with native grass. Cooper 

(1955), working with mountain meadow fertilization at 35 

different sites in southeastern Oregon, recommended a fall 

or spring application of 60 to 80 lb N/acre annually to pro

duce on the average 3/4 ton of extra herbage. Phosphorus 

application, 40 to 60 pounds annually, was recommended only 

for sites where annual whitetip clover (Trifolium variegatum) 

is present. Fertilized meadows with a good stand of whitetip 

clover have yielded three tons of forage as compared with 

one ton/acre of forage on unfertilized meadows. Additional 

work with meadov/s has shown that low N in herbage was noted 

at harvest time and it was inferred that this was the result 

of late harvesting relative to plant maturity. It has been 

shown that the N content decreases when harvest is delayed 

beyond maturity. To study this effect further, Rumburg, 

Wallace, and Raleigh (1964) fertilized meadows in south

western Oregon in 1960 and 1961. The vegetation was com

posed largely of rushes, sedges, meadow barley (Hordeum 

brachyantherum)t Nevada bluegrass (P. nevadensis), and 

beardless v/ildrye (Elymus triticoides). New plots were 
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fertilized each year. The- 1960 fertilization consisted of 

the use of ammonium nitrate at rates of 0, 80, 160, 240, 320, 

and 400 lb N/acre. The 1961 treatment consisted of 0, 80, 

160 and 240 lb N/acre. The plants were harvested for forage 

production at various dates throughout the growing season. 

The 1960 data were limited by too few samples to measure 

both the entire seasonal production or growth patterns at 

each level of N. More thorough sampling in 1961 showed 

again that herbage yields were significantly affected by 

date of harvest and level of N. Nitrogen fertilizer had no 

significant effect on yields until mid-May, but thereafter 

differences in yields among levels of N became progressively 

larger. Fertilizer also extended the period of production 

later into the season. Dry-matter production reached a 

maximum in June without N, but continued until early July 

with 160 and 240 lb N/acre. The N level in the plant 

increased with increasing levels of N application. However, 

because of the increase in dry matter, the N content may be 

diluted at the time of maximum production. The herbage 

appeared to continue to accumulate N until one week before 

the time of maximum dry-matter production. After reaching 

the peak N level, some N was lost and could not be accounted 

for in the herbage. The loss of N increased with increasing 

fertilizer rates. The N-recovery values appeared to depend 

upon the time of harvest relative to stage of maturity in 

meadow vegetation. 
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Fertilization of native grasses in many cases has 

been studied along with the seeded grasses. However, there 

are many articles that have treated native grasses by them

selves. In a review of native grassland fertilization 

Kilcher et al. (1965) stated that in western Canada there 

are 30,000,000 acres of native grasslands which are unsuit

able for cultivation because of unsuitable soil conditions. 

They also reviewed the effects of inorganic and organic 

fertilizer on native grasses in Washington, Oregon, and the 

Great Plains of Canada. They noted that results ranged from 

no response to an increase in annual production from 750 to 

1325 lb/acre herbage. Prom 1958 to 1963» Kilcher et al. 

(1965) conducted fertilizer studies on native grassland in 

four v/estern provinces in Canada. Treatments were comprised 

of single applications of 60 lb N/acre as ammonium nitrate, 

26 lb P as treble superphosphate, 60 lb of N plus 26 lb P, 

and an unfertilized check. The treatments were repeated on 

new plots for three successive years. Single applications 

of the N fertilizer resulted in three or four year total 

increases of 300 to 600 lb/acre at six locations. At one 

location a three year increase was nearly 1400 lb/acre. The 

residual responses at one site were noted through the fourth 

season. In another study in Alberta, Canada, Johnston et al. 

(1968b) determined the yield response of native and seeded 

ranges to various rates of commercial fertilizers. These 

studies were initiated in 1962 on native fescue range and 
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on a six year old stand of bromegrass (Bromus inermis) and 

creeping red fescue (Festuca rubra). At each location, one 

application of ammonium nitrate or triple superphosphate or 

both was made with a fertilizer spreader. The seeded range 

appeared to respond better than native vegetation to all 

levels of fertilizer application. The unfertilized seeded 

range yielded only one-third as much as unfertilized native 

range. However, at medium to high rates of N or N plus P 

seeded range yielded from 2.0 to 4.5 times as much as native 

range. 

The preceding results show that various rainfall 

conditions, soil types, elevations, topography, dates of 

fertilizer application and vegetation have a great influence 

on the beneficial effects of fertilizer application. 

In general, it is known that many native and intro

duced grasses in Arizona will respond to commercial ferti

lizers. The increase in forage production may range from 

a slight increase to more than doubling the yield. Further

more, it has been shown that N has the greatest effect on 

vegetation, followed by P. Recently a response to K was 

observed by Bales (1965) on a burned and reseeded chaparral 

site in central Arizona. In this study the native grasses 

re-established themselves with such vigor that seeded grasses 

were crov/ded out. On April 11, 1962, five micronutrients 

(Fe, Zn, Mn, Cu, and B) were applied to five plots.. On 

January 29 and 30, 1963 * N, P, K, and S were added in all 
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combination to the site. Growth response to N (greatest 

effect), P and K indicated that they were deficient in the 

soil. Sulfur stimulated the growth of both grass and 

shrubs while the micronutrients stimulated grass growth. 

The effect of stimulation, although not statistically-

significant, was noticeable. 

On another chaparral site in central Arizona, at an 

elevation of 5,000 feet, an experimental site was chosen by 

Anklam (1962) for studying the effects of fertilizers on 

forage production of a revegetated site reseeded with 

Lehmann lovegrass (Eragrostis lehmanniana), Boer lovegrass 

(E. chloromelas), and weeping lovegrass (Ê _ curvula) in 

1958. The fertilizer study was carried out in conjunction 

with a brush control treatment of Silvex (2-[2,4,5-Trichloro-

phenoxy] propionic acid). In late June of 1961 fertilizer 

treatments were applied to selected Silvex treated plots. 

Fertilizers used were ammonium nitrate and ammonium phosphate. 

The soil texture was a gravelly sandy loam over clay subsoil 

and the rainfall for the area was 6.7 inches from July to 

September. Results showed that total forage production was 

not increased by different rates of Silvex, but there was 

a significant difference between plots treated with both 

herbicide and fertilizers as compared to the untreated plots. 

Fertilizers at all rates increased forage production 

1 Trade name. 



significantly over the unfertilized, but no significant 

difference could be detected between rates of fertilizers 

applied. It was concluded that the optimum level was 

between 25 and 50 pounds of N per acre for this area. From 

rainfall data it was also noted that these results were 

obtained during a subnormal year. 

Freeman (1965) summarized results of four range 

fertilization studies in southeastern, central and northern 

Arizona. Three of the four sites had blue grama as the 

dominant grass, were located at 5500 feet elevation, and 

received approximately 10 inches of rainfall during the 

summer growing season. The other was a crested wheatgrass 

site at 6400 feet above sea level and had approximately 7 

inches of summer rainfall. The production realized ranged 

from nearly double to six times the unfertilized forage pro

duction. The fertilized crested wheatgrass produced from 

40 to 1000 pounds more forage per acre than the unfertilized. 

No increases were noted when K and Zn were applied along 

with nitrogen to blue grama at one site. At one site the 

use of potassium sulfate at 90 lb/acre and Sul-po-mag at 

200 lb/acre produced 2.0 to 1.7 fold the forage production 

of the control plots on a blue grama-sideoats grama site. 

In a report in 1965, Stroehlein, Billy, and Amburgey 

(1965) reported on range fertilization studies started in 

1964. One site contained Lehmann lovegrass and was located 

at 4400 feet elevation near Tombstone, Arizona, on a sandy 
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loam soil low in P. With better than average precipitation 

during July, the results showed that 100 pounds of N nearly 

doubled the forage production. There was an insignificant 

trend toward increased production with higher rates of N or 

N plus P. Although these plots were harvested only after 

the first season, residual response was easily seen each 

year for the following three years. Another site contained 

mixed blue panic (Panicum antidotale)-Lehmann lovegrass on 

a floodplain at 2400 feet elevation on the Papago reservation 

in a 10-inch rainfall belt. The plots were fertilized when 

the soil was dry prior to summer rainfall. The amount of 

rainfall was 3.3 inches from July 21 to September 1, although 

some precipitation fell before the rain gauge was estab

lished and occasionally the site was flooded from rains fall

ing on the watershed above the plots. Nitrogen at rates of 

100 lb/acre increased the herbage yield an additional 1000 

lb/acre over the unfertilized, but this was not significant 

because of the variation in herbage production. This differ

ence was due partly to great difference in soil texture and 

lack of uniformity of grass stand. 

High rates of commercial fertilizers have been used 

in a few studies such as those by Lutwick, Smith, and 

Johnston (1965), Johnston et al. (1967)» and Johnston et al. 

(1969). These workers all noted that heavy rates of ferti

lizers changed the botanical composition. In Texas, Drawe 

and Box (1969) applied ammonium sulphate at rates of 0, 100, 



300, 600 and 900 lb N/acre and 900 lb N plus 100 lb PgÔ / 

acre as treble superphosphate replicated three times on a 

bunchgrass-annual forb community. Fertilization with N and 

N plus P increased the total herbage. The 900 lb N plus 

100 lb PgÔ /acre plots produced significantly more total 

herbage than all other treatments in 1965. In 1966 residual 

effects of 900 lb N and 900 lb N plus 100 lb P2O5 produced 

significantly more total herbage than all other treatments. 

In 1967, only the 900 lb N plus 100 lb PgÔ /acre was signif

icantly higher in yields. The 300, 600 and 900 lb N/acre 

produced residual increase in only two seasons, whereas the 

100 lb N/acre was not effective the first season nor did it 

produce residual response during the following years. In 

Texas, Lehman, Bond, and Eck (1968) designed an experiment 

to evaluate the production of blue grama supplied with high 

levels of nitrogen and water. Ammonium nitrate at rates of 

0, 200, 400, and 800 lb N/acre were applied in triplicate 

to blue grama in 1959. Results showed that annual yields 

on control plots was 1000 to 1330 lb/acre. For the three 

year period the 200, 400, and 800 lb N/acre produced 

approximately 2, 3» and 4 times as much as the control, 

respectively. The 200 lb rate had little residual effect 

after the first season. The high N and N plus P rates re

sulted in higher residual potential for the next crop. 
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Increasing the Nutrient Content of Forage 

The primary purpose of range fertilization is to 

have the essential plant nutrients present in the soil so 

that when the environmental conditions become favorable the 

nutrients are readily available for uptake. The most crucial 

time for range plants is when the plant is making maximum 

herbage growth during the rainy season. 

It is well known that the nutritional value of dor

mant forage (protein, phosphorus, and carotene-precursor to 

vitamin A) is often below the requirements of livestock. 

Young plants are usually high in protein, phosphorus, caro

tene, and total digestible nutrients (TDN). As the season 

advances, the protein, phosphorus, and carotene contents of 

forage plants on the range steadily decrease, whereas ether 

extract, ash, lignin, and cellulose generally increase so 

that by the dormant season the forage is quite low in 

nutrients. Browse species in general are lower in crude 

fiber, cellulose, and energy-yielding compounds than grasses 

in the dormant season. Generally forbs are intermediate 

between browse and grass in nutritive value (Cook and Harris, 

1968). It can readily be seen that plant species on a range 

can vary greatly in their nutritional value as the botanical 

composition and seasons change. The nutritive value of 

range forage varies also with weather, range site, range 

condition, and degree of utilization (Gay, 1965). 
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Hoglund et al. (1952) found no significant differ

ence in the percentage of protein, Ca, and P in the botan

ical composition of fertilized and unfertilized forage. 

There was a slight decrease in the percentage of protein 

and P in the hay from fertilized plots. The increased yield 

of herbage, however, caused an increase in total production 

of protein, Ca, and P. In contrast to this, with below 

normal annual rainfall, McKell et al. (1960) reported crude 

protein content of fertilized plants as high or higher than 

reported by other workers on annual rangeland either in dry 

or wet years. The crude protein averaged from 9.4 to 12.9 

on fertilized plots with 50 lb N/acre and 200 lb N/acre, 

respectively, as compared to 7.8$ for the control. 

Work of Dee and Box in Texas (1967) showed that the 

crude protein content of blue grama, buffalograss (Buchloe 

dactyloides), windmillgrass (Chloris verticillata)t and 

silver bluestem (Andropogon saccharoides) were increased 

with N treatments. The N influenced the crude protein 

levels of buffalograss, windmillgrass, and blue grama to the 

extent that the protein level remained above the control 

from September through March, at a level sufficient for win

tering pregnant beef cows. In all species, crude protein 

contents of fertilized grass declined at the same rate as 

the untreated plants. Silver bluestem was significantly 

lower in crude protein than the other plants studied. Black 

(1968), in northern Montana, fertilized crested wheatgrass 
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and native grass with N and N plus P. He indicated the P 

contents of crested wheatgrass and native grasses at full-

bloom were significantly increased when fertilized with P 

in all four years except on native grass in 1961. Only in 

1963 was the P content of both types of grasses sufficient 

to meet the nutritional requirement for wintering "beef cattle. 

For the four year period, native grass and crested wheatgrass 

contained 70 and 80ya of nutritional requirement when treated 

with P as contrasted to the 57 and 61$ P for the native and 

crested wheatgrass controls, respectively. Nitrogen alone 

decreased the P content of forage to levels below the con

trol. In 1962, between June 8 and July 20, the average P 

content of native grass on all P treated plots decreased 

from 0.14 to 0.12$. Without N or P applied, P concentra

tions decreased from 0.105 to 0.096$. Similarly, with N 

alone, the P levels declined from 0.09 to 0.08$ in the plants. 

In North Dakota, Smika, Haas, and Rogler (1960) fer

tilized crested wheatgrass, bromegrass, and Russian wildrye 

(Elymus .junceus) with manure and commercial fertilizer. 

The manure increased the protein content in all cases as 

compared to the control, but the content did not equal those 

obtained•from the 30 lb N/acre treatment. When N was 

applied alone, the protein content increased with each incre

ment of N in all three species. Both the N-P treatments and 

the N-P-K treatment decreased the concentration of protein 

in the forage in most cases when compared with treatments 
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of N alone. Russian wildrye was highest in protein, fol

lowed closely "by bromegrass and crested wheatgrass. It was 

noted that Russian wildrye matured earlier and, "based upon 

the results obtained, it was probable that the protein con

tent would have been higher if it had been harvested at' the 

same stage of maturity as the others. Manure increased the 

P concentration above all other treatments. Nitrogen alone 

decreased the P concentration and the N-P treatment produced 

P concentration slightly above the nonfertilized plants in 

most cases. The addition of K along with N and P produced 

results similar to the N-P combination. It was concluded 

that plants could not obtain P fast enough from the soil to 

keep pace with the increased growth due to N fertilizer and 

because of this their P concentration decreased. 

In high mountainous rangeland of southeastern Idaho, 

Hull (1963a) showed that N and N-P applied to seeded grass 

mixtures can increase their N content in spite of high losses 

of N from the soil. Colville, Chesnin, and McGill (1963) 

in Nebraska fertilized bromegrass annually for seven years 

with N and N-P combinations. They noted that crude protein 

per acre increased linearly with each increment of N up to 

the 160 lb/acre rate. In Canada, Mason and Miltimore (1964) 

calculated a linear regression equation showing a relation

ship between the N content and the yield response of beard

less wheatgrass. These workers felt that this relationship 

can be useful in assessing the yield response of a site from 
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the stage of maturity of harvest can he very critical in 

the analysis. As an example, the authors noted that the N 

content of "beardless wheatgrass fell from 2.40$ at the leaf 

stage to 1.39# at flower, 1.05$ at seed to 0.66$ at seed-set, 

to 0.49$ at the cured stage. 

Cosper, Thomas, and Alsayegh (1967) studied the 

effect of fertilization on two sites in western South Dakota 

having different plant species. The relation between crude 

protein and rate of N application was linear up to the high

est rate used, 160 lb N/acre. The effect of N on the crude 

protein percentage was significant only in the first and 

second years of the four-year study. Pall and spring ferti

lizer additions significantly increased crude protein yields 

above those obtained with a summer application. However, 

the crude protein concentration varied between locations as 

a result of time of fertilizer application. For example, 

the mean crude protein content of forage at one site was 

9.94, 10.26, and 10.65$ for fall, spring, and summer applied 

fertilizer, respectively. Whereas, at the other site no 

significant differences were found between the protein per

centages of grasses and other species. The crude protein 

of all grasses at both sites was below the minimum require

ment for beef cattle except when 160 lb N/acre was applied. 

Phosphorus fertilizer significantly increased the P content 

of the forage at both sites. Plants fertilized in the 



summer had higher P content than either fall or spring appli

cation at the first site. At the second site, the time of 

application did not influence the P content. 

In British Columbia, Mason and Miltimore (1959) 

showed that N applied to bluebunch wheatgrass (Agropyron 

spicatum) increased the crude protein of the forage. The 

level rose from 3.9 from the control to 6.2when 60 lb 

N/acre was applied. Lavin (1967) in Arizona observed that 

crude protein decreased in intermediate wheatgrass by 50i<> 

from the time the plants were six inches high in May to the 

hard dough stage in late July. At both stages of growth, 

crude protein increased with increasing amounts of N ferti

lizer applied. The percentage P was also greater at the 

six-inch stage than the hard-dough stage. In the vegetative-

stage, the P content increased with increasing amounts of N 

fertilizer. At the hard-dough stage, P decreased with 

increasing amounts of N fertilizer. 

Cosper and Thomas (1961) in South Dakota fertilized 

native grass located in a water spreading area and another 

identical site located outside of the water spreading area. 

This was done to determine the effect of supplemental water 

on forage response to fertilizer. Results showed that the 

N content was significantly increased by the addition of N 

fertilizer but decreased with the use of supplemental water 

and as precipitation increased. The P content of forage 

increased v/ith the addition of P fertilizer. 
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Johnston et al. (1968) in Canada fertilized rough 

fescue with various fertilizers for three years. Results 

of analyses of plant samples collected at five stages of 

growth showed that the protein decreased with maturity. For 

example, the three year average of the high N-P rate showed 

that the protein percent decreased from 21.8 at the fourth-

leaf stage to 6.4/j at the weathered stage. When these 

values were compared with the control, the protein content 

of the plants at the fourth-leaf stage was more than double 

that of the untreated plots, and more than triple at the 

later stages of growth the first year after fertilization. 

A residual effect was apparent for three years in herbage 

treated with heavy rates of N and N-P, but at lighter rates 

the protein content of rough fescue was increased only the 

first year. Phosphorus alone increased the crude protein 

slightly the first year but only the high P showed a resid

ual effect the second year. Phosphorus fertilizers alone 

increased the P content appreciably and residual effects 

were noted for three years, especially in those plants 

receiving the heavier rates of application. The P content 

also decreased with maturity. The protein and P requirements 

of beef cattle were met throughout the year as a result of 

the high N and P treatments, but at the other extreme these 

requirements were met only at the leaf and heading stages 

of growth with the unfertilized grass. The calculated 

nutritive value index (NVI) showed that P had little effect 
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on cellulose content or digestibility. Cellulose decreased 

and NVI increased at all stages of growth, especially in 

the first year when N and N-P were applied. Drawe and Box 

(1969) also found that the crude protein content of bunch-

grass-annual forb herbage increased with each increment of 

N added. 

In southern Arizona, Freeman and Humphrey (1956) 

fertilized desert grassland with different rates of super

phosphate, ammonium phosphate, and ammonium nitrate. 

Results showed that P fertilizer at all rates of application 

had no significant effect on the crude protein content. 

Nitrogen fertilization, however, increased the crude protein 

of curly mesquite (Hilaria belangeri) and sprucetop grama 

(Bouteloua chondrosioides). These increases in crude pro

tein were directly proportional to the rate of N fertilizer 

applied. The P content of both species fertilized with both 

P materials was higher than on the unfertilized plots. 

Increasing Grazing Capacity 

A report by the Soil Improvement Committee in Cali

fornia (1957), stated that with range fertilization more 

feed per acre can be produced, thus the rancher can con

centrate his operations on fewer acres or he can utilize 

more livestock and have longer grazing periods. Martin 

et al. (1957) reported on a grazing test with N alone, N-P 

and P-S on annual range. The carrying capacity of fertilized 



range increased from 119 to 219 pair days/acre with sheep 

and from 34 to 79 head days/acre with cattle. Bell and 

Ellis (1968) in California reported on the addition of 

elemental S to bur clover (Medicago hispida). The bur 

clover grew so luxuriantly that the grazing capacity was 

doubled and careful management was required to minimize 

bloating of the cattle. On another ranch after fertilization 

with elemental sulfur, the rancher was able to stock the 

fertilized range 25$ heavier than the unfertilized range. 

In Arizona, Holt (1959) calculated the increase in 

carrying capacity of Lehmann lovegrass by using 600-pound 

herbage as the required amount per animal unit month (AUM) 

for a cow and calf. He concluded that N fertilization in

creased carrying capacity from 2.06 AUM/acre to 3*80 AUM/ 

acre. Odgen, Stroehlein, and Schmutz (1967) determined the 

carrying capacity of native desert grassland fertilized 

with 50 lb N/acre. By comparing utilization of blue grama 

on the check pastures with 10 animals and fertilized pas

ture with 20 animals, they determined that nitrogen fertili

zation doubled the carrying capacity of the pastures for 

three months. Hooper et al. (1969) used 60 lb N/acre to 

increase the carrying capacity of mountainous range in 

northern Utah by applying the fertilizer in the autumn to 

small areas (10-15 acres) at strategic locations. There was 

an increase of 580 lb/acre in forage or 0.64 AUM/acre 

(AUM = 900 lb of usable forage) over the control treatment. 



Improving Livestock Distribution 

A livestock distribution study in the Bighorn 

National Forest, Wyoming, was reported by Smith and Lang 

(1958) as showing that, N application was effective in pro

moting additional grazing on an area ordinarily very lightly 

used. To gain additional information on the effects of 

fertilization on livestock distribution, the authors in 

1956 applied urea at a rate of 67.5 lb N/acre to a strip 

of rangeland 350 feet wide and one mile long. This area 

received only 15£S utilization the previous year. Results 

in September showed 73$ use on the fertilized area and 55/« 

use on the adjoining nonfertilized area. Further studies 

were made on a 30 acre portion of the same range which v/as 

fertilized with ammonium nitrate in 1957. Results shov/ed 

the control area had 29$ use, the strip fertilized in 1956 

had 41 i° use and the 1957 plot had 58$ use. Three things 

were evident: (1) increased utilization of the fertilized 

area, (2) increased utilization of the grass surrounding 

the fertilized area and (3) the 1956 application had a 

significant carry-over effect in 1957. 

In Arizona, on desert grassland, Holt and Wilson 

(1961) shov/ed that N at 25, 50, and 100 lb/acre rates 

increased the utilization approximately three, four, and 

five times, respectively, as compared to the 'untreated plots. 

They also noted that cattle showed no preference for one 

grass species over another grass if both were fertilized. A 
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study by Drawe and Box (1969) showed that utilization of 

grass by cattle increased with each additional increment of 

nitrogen added. These studies indicate that the preference 

for forage can be altered by different rates of fertilizer 

application. 

Using data from a preliminary study and available 

data from past field trials Hooper et al. (1969) were able 

to present a program designed to economically evaluate the 

increased grazing capacity realized through range fertili

zation. Three types of potential benefits from fertiliza

tion were illustrated and calculated with known values. 

These benefits were: (1) increased forage production; (2) 

increased utilization of the treated areas; and (3) increased 

utilization of the range surrounding the treated area. 

Increasing Meat Production per Acre 

Ultimately the range fertilization program must be 

evaluated in terms of feasibility and economic value. To 

the animal producer the program must be able to produce more 

pounds of meat per acre to offset the increasing costs of 

operation. According to Bell and Ellis (1968) the increased 

cost of owning rangeland and the resulting need to produce 

more from each acre, along with the increased availability 

and lower prices of fertilizer has revived range fertiliza

tion in northern California. In Glenn County they have 
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shown a return of about $1.50 for every $1.00 spent on 

fertilizer. A four year average annual gain of 56 lb/acre 

on stocker steers was realized when N was applied to the 

pasture every other year compared v/ith the 27 lb/acre gain 

produced from the control plots. Similar results were ob

tained by Martin et al. (1957) in which they indicated that 

grazing tests with N and N plus P on annuals produced 86 to 

191 pounds more meat per acre with sheep, and with cattle, 

the production v/as from 47 to 144 pounds more meat per acre. 

In Canada, Cooke et al. (1965) compared two grass-

legume mixtures when N and N-P were applied annually for 

seven consecutive years and grazed continuously and in 

rotation by yearling Hereford steers. Intermediate wheat-

grass and alfalfa (Medicago sativa) compared favorably with 

bromegrass and alfalfa for pasture purposes. It was noted 

that rotation grazing did not increase beef production. 

Fertilization of bromegrass-alfalfa pastures v/ith rates of 

20 lb N/acre and 20 lb N/acre plus 40 lb PgÔ /acre resulted 

in average yearly increase of 18 and 32 lb of beef per acre, 

respectively. In comparison, fertilization of intermediate 

wheatgrass-alfalfa pastures resulted in increases of 1 and 

26 lb of beef per acre, respectively. This same study was 

continued in 1960 v/ith higher rates of N fertilizers and 

reported by Cooke et al. (1968). In 1960, the addition of 

84 and 168 kg N/ha to the bromegrass-alfalfa increased 

animal production by 61 and 98$, respectively. Corresponding 
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increases of 53 and 56$ were obtained from the fertilized 

intermediate wheatgrass-alfalfa mixture. 

In Canada, Cameron (1966) indicated that fertilizer 

applied to timothy (Plileum pratense) did not affect the for

age dry matter intake, body weight gains, and the vitamin A 

status of steers. In Australia, Cannon (1969) showed that 

application of P to a stand largely of perennial ryegrass 

(Lolium perenne) and subterranean clover increased the wool 

production. The response, however, was not a yearly event 

according to the author. 

Ogden et al. (1967) doubled the animal-carrying 

capacity of blue grama pasture in Arizona by applying 50 lb 

N/acre. During a 90-day grazing period the average heifer 

weight-gain from fertilized pastures grazed with 10 heifers 

was 36 pounds more per heifer than for the 10 heifers on 

the control plots. Doubling the number of animals resulted 

in a similar gain on fertilized pastures compared to non-

fertilized pastures. They stated, "The 20 heifers on ferti

lized pasture gained 56 lbs per acre for the 90 days compared 

to 29 pounds for 10 heifers on the unfertilized pasture." 

The average gain per acre was greater in the 20-head pasture 

than in the 10-head pasture. 

Increasing Seed Production 

According to Smika et al. (1960) commercial fertili

zer or manure produced more and larger crested wheatgrass, 
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Russian wildrye (Elymus .junceus ) and bromegrass (Bromus 

inermis) heads than those that were not fertilized. Cosper 

et al. (1967) reported that N increased both plant vigor 

and seed production of western wheatgrass. At one site 

residual effects of the number of seed heads and amount of 

seeds increased in proportion to the amount of N applied. 

The weight of individual heads decreased as the number pro

duced per unit area increased. Seed heads on nonfertilized 

grass were larger and heavier than those produced by N 

treated grass. Standard seed germination tests indicated 

a trend favoring seed from fertilized grass. Chiang and 

Robertson (1968) showed that fertilizer application 

increased second generation yields. According to these 

authors, barley fertilized with N may have 5 to 15$ larger 

seed than unfertilized barley plants. These larger seeds 

produced 5 to 20$ higher yields than smaller seeds. The 

addition of P had little influence on seed size. Labora

tory analyses showed that large seeds contained 1.6 to 2.3 

times as much total available carbohydrates and 1.6 to 1.9 

times as much N as did small seeds. The superiority of the 

large seeds resulted from the greater amount of stored 

carbohydrates, it was concluded. In Canada, Miltimore, 

Mason, and Rogers (1962) increased seed yields of native 

beardless wheatgrass with application of N fertilizer v/here 

the mean annual precipitation was 11 inches. Dwyer (1967) 

in New Mexico found that burning and N fertilization increased 
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seed production of blue grama "by 800$. Since many range 

areas are in poor condition, increasing seed production of 

desirable plants would be an important by-product of range 

fertilization. 

Enhancing Seedling Establishment 

Starter fertilizers are often recommended for estab

lishing new stands of grass. Researchers, however, are not 

always in agreement on this point with respect to range 

grasses. Olson and Dreier (1956); Brage, Zich, and Pine 

(1960); Chapin and Smith (1960); and Carter (1967) have all 

shown that seed germination and seedling establishment may 

be greatly reduced particularly by nitrogenous fertilizers 

banded with the seed. 

Cosper and Alsayegh (1964) on the northern Great 

Plains with 6.34 inches of rainfall from April to September 

found that N and P applied at the time of seeding doubled 

the number of established western wheatgrass plants. In 

southeastern Idaho, Hull (1963a) applied treatments includ

ing N, P, IC, Mg, S and micronutrients to five seeded and 

native grasses. Seedling counts were made during the fol

lowing three years. Fertilization did not significantly 

effect emergence, survival, vigor, or color of seeded or 

native plants. Cook (1965), in Utah, concluded that low 

rates of N and P did not have any beneficial effect upon 

seedling emergence, plant survival, or subsequent production 



when applied at the time of seeding. This was true on both 

foothill and mountain ranges either with or without annual 

weed competition. Welch, Burnett and Hudspeth (1962) in the 

southern Great Plains, concluded that neither N, P nor K 

alone or in combination applied at the time of seeding had 

any significant effect upon seedling establishment of five 

grass species. The initial growth response of various grass 

species appeared to be related to their inherent seedling 

vigor. 

In Oklahoma, Bryan and McMurphy (1968) studied the 

effect of fertilizer and weed control treatments on five 

grass species. Results showed that fertilization did not 

improve the stand establishment but did increase the forage 

yield of weeping lovegrass (Eragrostis curvula), switchgrass 

(Panicum virgatum), and indian grass (Sorghastrum nutans). 

In this study and others it was apparent that weed competi

tion affected both introduced and native species. 

Changing Botanical Composition 

Berry (1968) recommended that California annual 

grassland should not be fertilized continuously year after 

year because many undesirable species may become prominent. 

Furthermore, he added that the P and S status of the soil 

should be determined to see that these nutrients are ade

quate before a fertilization program is initiated. These 

recommendations were given because the botanical composition 
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of the annual range can "be altered "by fertilization and 

fertilizer programs must be designed to produce the desired 

effect. 

It is known that P and S increase native or intro

duced clovers, especially if the soil is deficient in P and 

S. Nitrogen, on the other hand, depresses clovers (Martin 

et al., 1957). In the Soviet Union, Andreev and Ljubimova 

(1968) noted a reduction of white clover in a clover-grass 

mixture after 20 kg H/ha was applied for two seasons, whereas 

the grasses were increased. Reduction the first season was 

from 27.7 to 21.4$ while the reduction of clover was from 

21$ to 15% the second season. Anderson (1968), working 

along the Tanganyika Coast, East Africa, reported similar 

results. Hoglund et al. (1952) indicated that IT did not 

affect the botanical composition of annuals in his studies. 

However, the soil was not deficient in either P or S. Work 

done by Jones and Evans (1960), Jones et al. (1964), and 

Jones and Winans (1967) has indicated that N depressed clovers 

while increasing grasses in annual clover-grass mixtures. A 

field experiment by Martin, Pierce and OsterlL(1964) indi

cated that when hardinggrass (Phalaris tuberosa) was ferti

lized with N, the low rates stimulated the annual grasses 

and the high rates stimulated the hardinggrass. A follow-up 

study by Martin et al. (1964) showed that low N stimulated 

only soft chess (Bromus mollis), but the major increase in 

hardinggrass resulted from the high rate of M. It has also 



"been noted by Russell et al. (1965) that P stimulates 

legumes. They found that legumes used greater amounts of 

applied P than either cool or warm season perennial grasses, 

however, N appeared to stimulate utilization of applied P 

"by grasses. By applying both N and P in this case the her

bage yields were evenly maintained and the botanical com

position of vegetation was not influenced. 

Undesired effects may result from fertilizer appli

cation to rangeland such as increasing the numbers and 

growth of poor and undesirable plants which compete whth 

good seeded and native grasses for nutrients and soil mois

ture. In Oklahoma, it was shown by Huffine and Elder (1960) 

that repeated yearly applications of N on native range 

resulted in a production of weeds from two to five times 

that on untreated range. In Texas, Reardai and Huss (1965) 

demonstrated that K decreased little bluestem herbage pro

duction because of increased weed competition when commer

cial fertilizers were applied. In Canada, Kilcher et al. 

(1965) noted that N when applied to native range increased 

weeds, especially fringed sage. Phosphorus tended to de

crease weed production. 

Studying cheatgrass and crested wheatgrass in the 

greenhouse, Hull (1963b) noted that cheatgrass, a vigorous 

annual, has shoots and roots which elongate more rapidly, 

the roots occupy the soil mass faster, and produce up to 

twice as much top growth, and require only 66̂  as much 
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water to produce a gram of dry matter, as crested wheatgrass. 

Cheatgrass is only one of the annuals that competes with 

perennials for available water and nutrients. Such results 

have been reported by Sneva et al. (1958), Patterson and 

Youngman (1960), Kay and Evans (1965) and V/ilson, Harris, 

and Gates (1966). These workers all noted that cheatgrass 

became dominant with increasing applications of N. High 

rates and in some cases repeated applications of N depressed 

the perennial wheatgrasses in the stand. Sixweeks fescue 

(Festuca octoflora) is another annual that competes with 

perennials according to Hyder and Bement (1964) in Colorado. 

In Canada, Lutwick et al. (1965) applied various 

rates of N fertilizer to native rangelands. The low rates 

did not affect the composition, but the following plants 

were killed at the following rates (lb/acre): sedge, 350 

N; Idaho fescue (Festuca idahoensis), 540 N; and oatgrass 

(Danthonia parryi)t 580 N. Northern wheatgrass (Agropyron 

dasystachyum), western wheatgrass and northern awnless 

brome (Bromus pumpellianus) were all increased. A mixed 

prairie vegetation in Canada was fertilized by Johnston 

et al. (1967). The character of the plant composition was 

not influenced by low rates of fertilizers. Y/ith increasing 

amounts of N, however, the basal areas of blue grama, needle-

and-thread, Junegrass (Koeleria cristata), and sedge de

creased. Y/estern wheatgrass and northern wheatgrass in

creased in the stand where medium and high rates of N were 
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applied. Blue grama and little clubmoss (Selaginella densa) 

were completely eliminated from the stands. There was an 

invasion by weeds (Descurainia sophia and Chenopodium lepto-

phyllum) with higher rates of N and P. Fringed sage 

responded best at medium levels of N and P. Johnston et al. 

(1968b) and Rauzi, Lang and Painter (1968) also found wide 

differences in the response of various plants to applied 

fertilizers. 

Cosper et al. (1967) indicated that low to medium 

single applications of N and P to a deteriorated range site 

in Wyoming would initiate a change in botanical composition 

from forbs-shortgrass type to a western wheatgrass-short-

grass type. Lavin (1967) indicated that the first growing 

season after a lov; application of N in northern Arizona, 

the weed content of an intermediate wheatgrass stand was 

increased from 8 to 20# on a green weight basis. 

Within the last few years there has been a great 

interest and experimentation in using fire and herbicides 

along with fertilization to alter or maintain the botanical 

composition. Studies by Anklam (1962), Gay and Dwyer (1965), 

Reaidon and Huss (1965), Derscheid (1966), Bryan and McMurphy 

(1968), Derscheid (1969), and Nichols and McMurphy (1969) 

have shown that burning and herbicide application along 

with fertilizers may help improve and maintain rangelands 

in excellent condition. 



Increasing Water Use Efficiency 

Often the effects of fertilizers on the root system 

are reported as a by-product of soil moisture or nutrient 

removal studies. The thorough and efficient use of avail

able soil moisture has been used to infer increase in 

volume and v/eight of root systems. Root volume is impor

tant especially where soil moisture is the limiting factor 

(Koltz, 1967). 

A report by the United States Department of Agri

culture Research Service (1961) shov/ed that applications of 

N alone or N plus P on annual rangelands in California pro

duced more luxuriant herbage growth and more extensive root 

systems. Working with crested wheatgrass on the Oregon 

high desert, Sneva et al. (1958) shov/ed that application 

of II fertilizer increased the efficiency of soil moisture 

use. Water use per pound of dry matter dropped from 2800 

pounds for the unfertilized treatment to 1900 pounds at the 

rates of 30 and 40 lb N/acre, respectively. In a study 

conducted in northern Montana by Black (1968), it was found 

that N or N plus P applied on crested wheatgrass or native 

grass increased water-use efficiencies of both plants from 

1.5 to 2.5 fold for two to three years. The increased 

water efficiency was partly due to more efficient extraction 

of soil v/ater from deeper depths. Results of five studies 

conducted in southern Alberta, reported by Johnston et al. 

(1969), shov/ed that rates of 475 to 705 kgN/ha with or 
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without P applied annually during a three-year period to 

different range vegetation increased water-use efficiency. 

The average magnitude of the increase in relation to the 

unfertilized treatment were: control, 100$; P-treated plots, 

111$; N-treated plots, 157$; and N + P-treated plots, 220$. 

In Arizona, Koltz (1967) concluded that high nitro

gen was detrimental to crested wheatgrass during drought 

"but N-P was not detrimental and favored recovery. This 

recovery was related to the increased water-use efficiency 

especially under very limited available moisture. 

In North Dakota, Smika et al. (1961) studied the 

pattern of soil moisture and nutrient extraction on native 

grasses fertilized with different rates of nitrogen for 

nine years. The data suggest that at some time after ferti

lization in 1951 ("but prior to root sampling in 1961 and 

1962) the root system was evidently greater at deeper depths. 

Soil moisture, total N, and available P content were lower 

where N was applied than where N was not applied. The great

est decrease occurred at the lower depths suggesting greater 

root activity after N was applied. The results of another 

study in the same area reported by Smika, Haas, and Power 

(1965) showed that water-use efficiency increased as rate 

of fertilizer N increased and was related curvilinearly to 

the available moisture supply. Similar results were reported 

by Bentley (1964) in Arizona. His greenhouse data showed 

that Lehmann lovegrass fertilized with N and P was more 



efficient in increasing herbage yield if supplemental water 

was added as compared with no increase in forage production 

exhibited by the control with additional water. The effects 

of fertilization on v/ater efficiency is difficult to measure 

at best and it is more difficult when there is a mixture of 

species. Work done by Burkholder (1967) in Arizona on five 

southern desert grassland species indicated that different 

species react differently when fertilized. His results 

from a greenhouse study showed that there was a great 

difference among the species in percentage dry weight which 

suggests different water-use efficiencies. It was noted 

that black grama (Bouteloua eriopoda) yielded less herbage 

with fertilization than when not fertilized. It was con

cluded that a phosphorus deficiency may limit herbage pro

duction when N is added. However, it was noted by 

Stroehlein et al. (1966) that no increase in forage produc

tion occurred on a predominantly black grama range even 

when a complete fertilizer was applied. This may mean that 

black grama does not respond well to fertilization. In 

Utah, Cook (1965) also showed that N applications on seeded 

and native range increased the efficiency of soil moisture 

utilization. Lehman et al. (1968) determined the forage 

potential of blue grama. Results showed that applied N had 

little effect on total v/ater use. However, when N was 

added, water-use efficiencies were greatly increased. 



Compared with the control, 800 lb N/acre increased water-

use efficiency more than five times in both 1959 and 1960. 



CHAPTER III 

GENERAL METHODS 

General methods and field plot techniques that were 

applied to all sites are reported in this chapter as 

opposed to specific procedures and treatments peculiar to 

individual sites reported in the following chapters. 

Selection and Fertilization of Sites 

The experimental sites chosen for the studies were 

selected after a tour of the Arizona rangelands in the 

spring of 1964. The distance, accessibility, elevation, 

vegetation, climate, soil, and past data were factors which 

influenced the selection of the experimental sites. 

At each site the plots were carefully selected vis

ually in order to have uniform stands of grass without too 

many undesirable plants such as mesquite (Prosopis sp.), 

acacia (Acacia sp.), cactus (Opuntia sp.) and burroweed 

(Haplopappus tenuisectus). This was done to reduce the 

variation of plant stands among the many plots to be used 

in the experimental design. These plots were selected in 

the spring before the growing season started. 

V/ooden stakes were used at all four corners of each 

plot to outline the boundary. A number was printed on a 
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stake at the same corner of each plot to identify the plot 

and the treatment. A tape measure was used to measure the 

length and width of each plot. 

The fertilizers were broadcast as evenly as possible 

by hand v/ithin the boundary of each plot when each study was 

initiated. The fertilizers for each plot treatment were 

weighed and stored until needed. 

Plant Harvesting Procedures 

Three methods were used to harvest the mature vege

tation from the plots: (1) mowing strips with a power geri 

mower, (2) mov/ing strips with an adjustable rotary power 

lawn mower, and (3) clipping S.6 ft-square areas with a 

hand shears. 

Alleys were mowed along plot boundaries to reduce 

border affects and to outline the areas to be harvested. 

Each plot v/as harvested by cutting strips of known areas. 

The rotary mower had a collection bag attached for catching 

the clipped forage. Forage clipped by the geri mower was 

removed by hand after raking. The areas clipped by hand 

were selected randomly within each plot. The harvested 

material v/as weighed. 

After each harvested weight v/as recorded, a compos

ite subsample was collected and placed into plastic bags 

for subsequent analyses of moisture and nutrient content. 

The samples were placed in an oven at 65C until they were 



dry. The dried plant samples then were ground in a Wiley 

mill using a 40-mesh screen and stored in plastic vials 

until analyzed. 

Plant Analyses 

Nitrogen Determination. The nitrogen in the plants 

was determined "by the ICjeldahl procedure described by 

Jackson (1958). The procedure did not include the nitrate-

nitrogen. 

Phosphorus Determination. Phosphorus was determined 

by the Vanadomolybdate method outlined by Koltz (1967). 

Potassium Determination. The potassium in the plant 

tissue was extracted by 1 N ammonium acetate and determined 

on a Bausch and Lomb DU spectrophotometer according to the 

procedure outlined by Jackson (1958). 

Soil Sampling and Analyses 

Soil Sampling. A preliminary study was conducted at 

two sites in which 5, 10, 15, 20, and 25 soil cores were 

collected with an Oakfield probe. These results showed 

that five composited cores were as effective in indicating 

the soil NÔ -N and available soil phosphate as composites 

of the larger number of cores. All soil sampling was based 

on this observation. Five sites within each plot were 

sampled, based on a grid system and these soil cores were 

then composited into a single sample. 



55 

Soil Nitrate-Nitrogen. The procedure outlined by 

Jackson (1958) was used to determine the soil NOy-N. The 

silver sulfate, sodium phosphate, and sequestering solution 

was omitted for these slightly acid soils because the 

chloride content was insignificant. Transmittance was 

measured with a Bausch and Lomb Spectronic 20 colorimeter 

at 420 mu. 

Available Soil Phosphate. The soil phosphate was 

extracted by the carbonic acid procedure of the Soil and 

Water Testing Laboratory, University of Arizona, Tucson, 

Arizona. The available soil phosphates were then deter

mined by the ammonium molybdate-stannous chloride mixture 

and the color intensity was determined with a Bausch and 

Lomb Spectronic 20 colorimeter at 660 mu (Jackson, 1958). 

Soil pH. The saturated soil paste pH values were 

determined with a glass electrode pH meter according to 

the method given by the United States Salinity Laboratory 

Staff (1954). 

Soil Texture. The particle size distribution was 

determined using the standard Bouyoucos hydrometer method. 

Total Soluble Salts. Total soluble salts were 

determined on the saturated soil paste extract by the 

electrical conductivity method described by the United 

States Salinity Laboratory Staff (1954). The chloride ion 

was evaluated with a standard AgNÔ  solution. 
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Statistical Methods. The statistical analyses were 

calculated, tabulated, and interpreted according to Steel 

and Torrie (1960) and University of California Agric. Ext. 

Service (1966). 



CHAPTER IV 

RATES OF FERTILIZER APPLICATION STUDIES 

This chapter includes rates of fertilizer applica

tion studies at Kitt Peak (1964), Kitt Peak (1965-1968), 

Scott Flying \7 Ranch (1964-1968) and Q Ranch (1964) sites. 

For each site the description of the area, methods, and 

results and discussion have "been included. 

Kitt Peak Site, 1964 

Description of the Area 

A field study was conducted in 1964 near Kitt Peak 

in order to determine which nutrients might provide a 

response to grass growth. The site of the experimental area 

was located in the SV/£ of NW£, Section 8, Township 17S, 

Range 8E, in Alambre Valley between the Quainlan and the 

Coyote mountain ranges on the eastern edge of the Papago 

Indian Reservation. 

The Soil. The soil was a deep, permeable, Comoro 

gravelly fine sandy loam derived from mixed granitic parent 

material. Mechanical analysis values indicated the soil 

surface contained 74/'« sand, 20% silt, and 6C/1> clay. Other 

soil analyses indicated that this soil contained 10 ppm 

NOyN, 15 ppm available soil phosphate, 175 ppm soluble 
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salts in the saturation extract, and the surface soil pH 

was 5.8. The slope of the site was 7$. Figure 1 shows a 

soil profile and profile description of the site. 

Vegetation. The range was heavily infested with 

mesquite although a relatively open area was found for the 

experimental site. The principal desert grasses were slen

der grama (Boutelous filiforiais) and Rothrock grama (B. 

rothrockii). Other associated grasses included sideoats 

grama, threeawns (Aristida sp.), and a few annual grasses 

(Panicum sp.). Other plants included "buckwheat (Eriogonum 

sp.) and false mesquite (Calliandra eriophylla). 

Climate. No measurements of the temperatures were 

taken at the experimental site. The maximum and minimum 

temperatures at the Kitt Peak Station for the 1964 to 1968 

years were compiled to use as a comparison as shown in 

Table 1. These temperatures do not show any indication that 

any year was unusual or different. There is a difference 

of at least 2,800 feet in elevation "between the Kitt Peak 

Weather Station and the experimental site. These tempera

tures were studied only to determine if an unusual weather 

situation occurred. 

The rainfall was measured at the site with a Tru-
i 

chek rain gauge containing a small quantity of oil and 

readings were made at intervals of about a week or more, 

depending on the storms noted at the experimental site. 

i 
Trade name 
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COMORO SANDY LOAM 
COYOTE CANYON S ITE  

GRANULAR 
^  A l l  p H  6  2  

D A R K  G R  B R O W  
S A N D Y  L O A M  

Figure 1• A profile and profile description of the Comoro 
sandy loam at the Kitt Peak site, 1964 and 1965* 



Table 1. The maximum and minimum temperature at Kitt Peak Weather Station 
from 1964 to 1968. 

Months June July August September 

Temperature Max. Min. Max. Min. Max. Min. Max. Kin. 
Year P 

1964 73.6 58.1 78.6 64.0 72.7 58.6 68.5 56.2 

1965 68.1 54.3 77.8 61.6 77.8 62.0 70.5 55.7 

1966 74.7 59.5 77.6 62.3 74.3 60.7 70.0 57.1 

1967 70.5 54.5 76.5 59.7 76.1 60.6 71.8 56.9 

1968 72.9 59.9 75.8 59.8 70.4 57.0 72.5 57.9 

1U. S. Department of Commerce (1964-1968) 



61 

Rainfall measurements taken at the Kitt Peak study sites 

were considerably different from those obtained at the 

weather station (Table 2). The moist soil condition observed 

during the installation of the rain gauge on July 12 indi

cated that some June rainfall may have already occurred. 

The rainfall measured at the experimental site was 8.05 

inches between July 12 to September 2. 

Methods 

Plot Design. On June 21, 1964, 15 plots, 20 feet 

by 20 feet, were selected and staked at 4,400 feet elevation. 

Only the most uniform plots with respect to grass stand were 

selected. The five treatments were assigned randomly and 

replicated three times. 

Treatments. The fertilizer sources were granulated 

ammonium nitrate (33.5-0-0), treble superphosphate (0-45-0), 

and potassium sulfate (0-0-50). The fertilizer material was 

broadcast by hand on dry soil June 21, 1964, before the on

set of summer rainfall. 

Plant and Soil Sampling and Analyses. Plant samples 

were taken at the end of season in 1964. The methods and 

procedures used for sampling and analyses of plants are given 

in Chapter III. 

Soil samples were taken before the fertilizers were 

applied and immediately after the plants were harvested. 

These samples were handled in the usual manner for laboratory 

chemical analyses as outlined in Chapter III. 



Table 2. A summary of the June, July, August, and September precipitation 
measured on four experimental sites as compared with the records 
of the closest official weather station.. 

Year 1964 1965 1966 1967 1968 

Study Areas 

Kitt Peak Site 8.052 7.34 5.47 12.32 7.55 

Kitt Peak Station 17.80 9.75 12.29 14.57 9.29 

Scott's Flying W Site* 11.56 7.05 10.25 10.71 7.39 

Young Ranger Station* 6.91 8.61 8.86 9.97 7.43 

Santa Rita Site 12.10 11.41 7.07 

Santa Rita Experimental Station 18.49 11.25 8.55 

Page Ranch Site 10.31 4.89 

Y.'illow Springs Ranch 6.90 5.58 

*Scott Flying W and Young Ranger Station data include June, July, 
August, September-and through harvest in October. 

1U. S. Department of Commerce (1964-1968). 

2 Between July 12 to September 2. 



Plant Harvesting. On September 2, 1964, the plants 

were harvested with a geri mower according to the proce

dures outlined in the General Methods section. The overall 

appearance of the plots can "be seen in Figure 2. 

Results and Discussion 

Herbage Production and Plant N and P Concentrations. 

There was no response to any of the treatments with respect 

to forage yields, plant color, and N, P, and K content 

(Table 3). 

Soil Nitrate-Nitrogen. The soil NÔ -N decreased 

from 10 ppm in June to 3.6 ppm in the control plots at har

vest. All treatments were influenced in the same manner so 

that the soil NOyN status immediately after harvest was 

low and statistically nonsignificant among treatments. 

Data presented by Freeman and Humphrey (1956) showed 

that addition of P had no effect on soil NOyN. The addi

tion of N, on the other hand, produced significantly higher 

NOy-N at all depths to three feet, two months after appli

cation. A 375$ increase in NOy-N followed the application 

of 400 pounds per acre of ammonium nitrate. These results 

corroborate data given by Johnson (1954) on a study using 

similar fertilizers. His data showed a slight response to 

N and P fertilizers despite below average rainfall. In 

contrast to this, the Kitt Peak site did not produce any 

plant response or show any increase in soil NOyN even with 



Figure 2. The general overall appearance of the native 
vegetation at the Kitt Peak site at harvest 
time in 1964* 
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Table 3. Production and nitrogen, phosphorus, and potassium 
contents of oven-dry forage and the nitrate-
nitrogen content of the soil at harvest time as 
influenced by selected fertilizer treatments, 
Kitt Peak, 1964. 

Treatment 
N-P2O5-K2O 

Dry Matter 
Production 

Plant 
N 

Plant 
P 

Plant 
K 

Soil 
NO3-N 

lbs/A lbs/A % % f° ppm 

0-0-0 1265a2 0.94a 0.26a 0.97a 3.6a 

200-200-0 1305a 0.91a 0.31a 1.00a 4.3a 

200-200-50 1365a 0.96a 0.32a 0.99a 4.6a 

Significance 
level .05 .05 .05 .05 .05 

1 Average of three replicates. 

2 Values followed by the same letter are not signif
icantly different. 



a fairly good rainfall. Because the fertilizer did not 

influence either the plant or soil, the fertilizers must 

have been lost after application to the dry soil in June. 

Power (1968) depicted by a drawing the fate of N applied to 

soil. He stated that in semiarid regions leaching losses 

are usually negligible. However, he further stated that 

in regions of high precipitation, particularly on coarse 

textured soils, leaching of soluble nitrogen may reach 

serious proportions. Once the nutrient is leached beyond 

the root zone no further use of the N is possible. In the 

Kitt Pealc study, the N fertilizer apparently was lost 

through leaching or volatilization from the soil. These 

two processes, especially the former, are likely to have 

caused the loss of N since the N fertilizer was applied 

prior to a growing season which received an excessive 

amount of rainfall. The fertilizers v/ere applied in June 

to dry soil with a southeast slope. Temperatures at the 

soil surface v/ere probably very hot which may have affected 

the N prior to the summer rains. Hov/ever, a more remote 

factor could have been erosion loss of the fertilizer. 

Although the slope was fairly steep, the soil has a rapid 

infiltration rate and good vegetation cover which should 

have promoted rapid movement of fertilizer into the soil. ' 
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Kitt Peak Site, 1965-68 

Description of the Area 

This site was one quarter of a mile northeast of the 

1964 site. This site was selected to study rates of ferti

lizer application. 

Soil, Vegetation, and Climate. The soil, vegetation, 

and climate were all the same as discussed under the 1964 

Kitt Peak study. The selection of the plots and size were 

the same. 

Methods 

Plot Design. This study had six treatments v/ith 

five replications in a completely randomized design. During 

the second year, the plots were split and one-half of each 

plot was randomly refertilized v/ith half of the original 

rate. This made the study a completely randomized split 

plot design for 1966, 1967, and 1968. 

Treatments. The N and P fertilizer sources were 

the same as those used in the 1964 Kitt Peak preliminary 

study. The following is the outline of the treatments: 

Symbol Treatments 
N-PgÔ -KgO (lb/acre) 

H 37.5-0-0 

N2 75.0-0-0 

Î P 37.5-75.0-0 

N2P 75.0-75.0-0 

P 0-75.0-0 

Check 0-0-0 
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The fertilizers were applied to moist soil on July 

16, 1965, and July 22, 1966. 

Plant and Soil Sampling and Analyses. Plant samples 

were collected in 1965, 1566, and 1967. Plant N and P were 

determined by the procedures and methods outlined in Chapter 

III. 

Soil samples were collected in 1965, 1966, and 1967. 

The soil KÔ -N and the available soil phosphates were 

analyzed according to the methods outlined previously. 

Plant Harvesting. Mature plants were harvested by 

hand clipping three subplots from each plot on September 29, 

1965. In 1966, 1967> and 1968, three strips were cut 

through each plot with a 20-inch power mower and yields and 

plant samples were taken as previously described. 

Results and Discussion 

Herbage Production. All N fertilized plots at this 

site produced higher herbage yields than the control and P 

treated plots (Table 4). The 75 lb N/acre alone and the 

37.5 and 75 lb N in combination with 75 lb P20̂  were all 

significantly above the other treatments at the 1 fo level. 

The 37.5 lb N rate increased forage production above that 

of the control but this increase was not statistically sig

nificant. The 37.5 and 75 lb N rates produced 5.9 and 5.1 

lb of forage per pound of N applied. Furthermore, these 

data indicated a nearly linear relationship between 



Table 4. Influence of rates of fertilization on oven-dry forage production, 
Kitt Peak, 1965-68.1 

Years 1965 1966 1967 1968 

Treatment year 1965 1965 1965-66 1965 1965-66 1965 1965-66 
Rates - IDS/A — 

N1 HOOab2 410a 480a 730a 790a 340a 300a 

»2 1560a 540a 575a 690a 830a 300a 350a 

I^P 1620a 380a 580a 780a 680a 325a 320a 

n2p 1640a 490a 805a 750a 755a 300a 340a 

P 1170b 420a 420a 820a 730a 340a 340a 

Check 1180b 340a 330a 740a 720a 310a 300a 

Significance 
level .01 .05 .05 .05 .05 .05 .05 

1 Average of five replicates. 
p 
Values followed "by the same letter are not significantly different. 



increasing herbage production and increasing N levels. 

There appears to "be a slight decrease in forage production 

at the higher N level suggesting that the optimum level of 

fertilizer was reached. This was further supported "by N-P 

reaction, which showed a greater increase of forage by add

ing 37.5 lb N and P than by adding 75 lb N plus P. These 

results indicated that the law of diminishing returns be

came evident before the higher N rate was reached. The four 

year average forage production values were 638 lb without 

fertilizer, 688 lb with P alone, 720 and 772 lb with 37.5 

and 75 lb N, and 776 and 795 lb of forage with the low and 

high rates of N applied in combination with P, respectively. 

The reapplication of fertilizer the second year in

creased forage production but these increases were not 

statistically significant even though the high N and P 

treatments produced over two times the forage production of 

the control. The coefficient of variation (C) for the 1966 

forage production data was 55which accounts for the lack 

of significance between treatments. As an example of the 

great variation among replicates, the yields from the high 

N treatment ranged from 223 to 1,098 lb/acre of forage, a 

difference of 875 lb. This range in variation among rep

lications was likely due to harvesting error. In 1966, 

three strips were harvested from each plot by a power mower 

and weighed as a unit, whereas the 1965 data were obtained 

by clipping four small subplots by hand, thus the resulting 
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means gave more uniform results than the single v/eights 

taken from each plot in 1966. The four year production 

averages after refertilization were 632 lb forage for the 

unfertilized, 665 lb forage for the P treatment, 742 and 829 

lb forage for the 37.5 and 75 It N, and 800 and 885 l"b for

age for the low and high N with P application, respectively. 

Plant N and P Concentrations. The N concentrations 

were influenced significantly by the initial fertilizer ap

plications only the first season (Table 5). All treatments 

were significantly different from the control and P treated 

plots at the V/o level. The calculated N uptake for the 37«5 

and 75 lb N/acre treatments were 14.4 and 17#2 lb N/acre, 

while the N-P combinations had 16.4 and 17.7 lb N/acre as 

compared to 9.1 and 8.9 lb N/acre for the P and control 

treatments, respectively. 

The reapplication of N in 1966 slightly increased 

the N uptake by plants. These increases, however, were not 

significantly different among treatments. The effects of 

the 1965 or 1965 and 1966 fertilizer applications did not 

influence the plant N levels in 1967. Plant N analyses 

were not made on the 1968 harvest. 

The P concentration of the plants harvested the 

first season showed that P alone increased significantly 

the P level above all other treatments (Table 6). Plants 

taken from N treated plots tended to have slightly lower 

nonsignificant levels of P than the control. 



Table 5. Influence of rates of fertilization on the nitrogen concentrations 
of harvested plant material, Kitt Peak, 1965-67. 

Years 1965 1966 1967 

Treatment year 1965 1965 1965-66 1965 1965-66 
Rates Rates /O 

K1 1.03a2 0.74a 0.81a 0.64a 0.60a 

K2 1.10a 0.75a 0.96a 0.68a 0.58a 

HlP 1.01a 0.79a 0.79a 0.63a 0.63a 

N2P 1.08a 0.79a 0.90a 0.69a 0.60a 

p 0.78b 0.86a 0.77a 0.68a 0.65a 

Check 0.75b 0.74a 0.73a 0.67a 0.63a 

Significance 
level .01 . .05 .05 .05 .05 

Average of five replicates. 

2 Values follov/ed "by the same letter are not significantly different. 



Table 6. Influence of rates of fertilization on the phosphorus concentrations 
of harvest plant material, Kitt Peak, 1965-68. 

Years 1965 1966 1967 1968 

Treatment year 1965 1965 1965-66 1965 1965-66 1965 1965-66 
Kates % - • — 

*1 
.16b .18a .19a .18a . 16ab .13a .14a 

N2 .17b .18a .20a .17a .15b .13a .14a 

H-JP ,17b .19a .22a .17a .17a .15a .16a 

N2P .17b .17a .21a .14b . 16ab .15a .14a 

p .20a .20a .21a .14b .17ab .16a .16a 

Check .18b .19a .19a . 18a . 16ab .15a .15a 

Significance 
level .01 .05 .05 .01 .01 .05 .05 

i 
Average of five replicates. 
P 
Values followed "by the same letter are not significantly different. 

LfJ 
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The reapplication of P increased the P uptake but 

this was not statistically significant during 1966. The P 

alone treatment produced higher levels of plant P in most 

cases but these increases were not significant except in 

1965. 

During 1967 there was a highly significant differ

ence in plant P among treatments. The initial 1965 applica

tion showed highly significant decreases in P levels for 

the high N-P combination and the P alone treatments as com

pared to all other treatments. In contrast, the 1965-1966 

treatment showed significant differences only between the 

high N rate and the low N and P rate. These significant 

differences are difficult to explain. The rainfall was 12.32 

inches during the summer months in 1967, which produced 

higher yields of forage (Table 4). The higher forage yields 

exhibited by the P and NgP treatments for the 1965 applica

tion and the high forage yield associated with Kg as com

pared with the low yield caused by the N̂ P in the 1965-1966 

application treatment may account for these results. 

Plant Moisture Content. The moisture content of 

plants at harvest time ranged from 23 to 25$ in 1965, 19 to 

2556 in 1966, and 32 to 41$ in 1967. These moisture percent

ages vary with the date of harvest and the rainfall patterns. 

No significant trends in moisture contents were found with 

respect to fertilizer treatments. 
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Soil Nitrate-Nitrogen. The soil NOy-N levels at 

the end of the 1965 season showed a highly significant 

difference among treatments. All N additions increased the 

NÔ -N levels above that of the P and control treatments, 

especially the high N rates, Table 7. The application of 

N and N-P combination at this site increased the NOy-N 

levels only the first season and thereafter the NÔ -N levels 

were reduced to about the same level as that of the P 

treated and untreated plots. 

The reapplication of N the second year increased the 

NÔ -N levels in the soil, but these levels were not statis

tically significant at the 5'/° level as compared with the 

control at harvest time. Johnson (1954) and Freeman and 

Humphrey (1956) showed that NÔ -N moved into the second 

foot of soil two months after fertilization. In order to 

determine if NÔ -N moved downward, the second foot of soil 

was sampled at the end of the season on September 9» 1966. 

No significant increase in NOy-N in the second foot was 

found (Table 7). At this site the NÔ -N was either used by 

plants, lost to the atmosphere, or leached below the two-foot 

level. 

Available Soil Phosphate. The addition of N̂  and 

NgP increased the available soil phosphate levels above the 

N.j, N2 and P treatments, but not above the control at the 

level during 1965. The highly significant differences 

among available soil phosphate at the end of the 1966 



Table 7. Influence of rates of fertilization on the nitrate-nitrogen content 
of soil after the summer growing season, Kitt Peak, 1965-67. 

Sample Year 1965 1966 1967 

Treatment Year 1965 1965 1965-66 1965 1965-66 

1st 1st 2nd 1st 2nd 1st 1st 
Rates foot foot foot foot foot foot foot 

ppra NOy-N — 

K1 6.5ab2 3.9a 3.8a 5.4a 4.5a 3.3a 3.5a 

K2 10.4a 4.3a 4.3a 5.3a 3.7a 3.6a 3.3a 

N.,P 6.3ab 4.7a 3.9a 4.6a 3.8a 3.5a 3.2a 

N2P 10.0a 4.6a 3.9a 5.3a 4.5a 3.6a 5.6a 

P 4.5b 4.1a 4.4a 4.4a 3.9a 3.3a 3-3a 

Check 4.1b 3.8a 3.6a 3.6a 3.6a 3-3a 3.3a 

Significance 
level .01 .05 .05 .05 .05 .05 .05 

1Average of five replicates. 

2 Values followed by the same letter are not significantly different. 
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season was only due to the P addition during 1965» Table 8. 

No differences were noted in 1967. 

The 1965-1966 treatment data in contrast show highly 

significant differences between P and N,|, N2 and control 

treatments. The 1967 data also were highly significant 

among treatments. The available soil phosphate levels of 

NgP and P were increased above the , Ng» and control 

treatments. 

The soil samples from the second foot taken in 1966 

at the end of the season were not significantly different 

among treatments, Table 8. 

General Observations. The fertilized plants in 

general were greener in color during the season of applica

tion but thereafter no differences were seen. Response of 

sixweeks fescue (Pestuca octoflora) and Indian wheat 

(Plantage purshii) on fertilized plots was observed in the 

spring of 1966 but data were not collected. 

Summary of Kitt Peak Results. In contrast to the 

negative results of 1964, this study showed that production 

and N content of herbage could be increased at this site if 

the fertilizers were applied to moist soil rather than to 

dry soil prior to summer rains, however, the response to 

fertilization was limited to the first season. The forage 

production was not increased abundantly above the control 

to warrant further studies from the standpoint of practical

ity. The studies were useful in showing that time of 



Table 8, Influence of rates of fertilization on the available soil phosphate 1 

concentrations of soil after the growing season, Kitt Peak", 1965-67. 

Years 1965 1966 1967 

Treatment Year 1965 ' 1965 1965-66 1965 1965-66 

1st 1st 2nd 1st 2nd 1st 1st 
Rates foot foot foot foot foot foot foot 

PPm P04 

N1 
6.2b2 7.0b 8.1a 6.6c 7.3a 6.3a 4.9c 

N2 6.7b 6.4b 5.8a 6.7bc 5.2a 7.0a 5.5bc 

N.JP 10.8a 9.8b 9.1a 12.6ab 7.2a 8.4a 8.6ab 

N2P 9.8a 9.2b 7.0a 12.6ab 7.2a 7.1a 10.6a 

P 6.9b 17.0a 7.0a 16.0a 7.8a 7.1a 12.1a 

Check 8.0ab 8.3b 6.1a 7.8bc 6.5a 7.3a 5.2bc 

Significance 
level .01 .01 .05 .01 .05 .05 .01 

i 
Average of fxve replicates. 

2 Values followed by the same letter are not significantly different. 
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application can be a very important factor in obtaining a 

response to the application of fertilizer. 

The native fertility of the soil was moderate in 

NOy-N and medium in available soil phosphate. This, coupled 

with the sandy texture and highly permeable nature of the 

soil, and general range conditions were factors that tended 

to minimize the influence of fertilizers. The amount and 

distribution of rainfall are also important with respect to 

whether the plants will utilize applied N. Because of the 

above characteristics of the soil, grasses, and climatic 

conditions, it does not appear that fertilizer application 

would approach economic feasibility for this area. 

Scott Flying \V Ranch Site, 1964-68 

Description of the Area 

This experimental site was located on Tonto National 

Forest land about five miles west of Young, Arizona, within 

the NE£ of SE£, Section 32, Township 9N, Range 13E, at an 

elevation of 5200 feet. The area was within the lease of 

Mr. Chester Scott. 

The Soil. The soil was a Typic Argiustoll, fine 

montmorillonitic, mesic Showlow, gravelly sandy clay loam 

derived from mixed sandstone, rhyolite, and granite. A soil 

profile examined adjacent to the plots revealed a moderately 

deep, moderately slow to slow permeability A1 horizon over

lying a very deep B horizon of heavy clay loam texture. 
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Grass roots occasionally extended down to 40 inches; however, 

the "bulk of the roots were concentrated within the top eight 

inches of the soil surface. The site was on a 5̂  slope with 

an east aspect. 

A composite soil sample was taken "before the treat

ments were applied on the study area in 1964. Results of 

analyses showed 23 ppm of soil NOy-N, 10 ppm of available 

soil phosphate, 300 ppm total soluble salts in the saturation 

extract, and a soil pH value of 6.6 at the surface. The tex

ture was a sandy clay loam (52c/> sand, 22?l silt, and 26c/i> clay). 

This soil appears to be well suited for grass pro

duction because of its physical characteristics, a deep A1 

horizon over a very deep B horizon of heavy clay loam tex

ture. These properties allow good infiltration rates as 

well as a good storage capacity for water during droughty 

periods. 

Vegetation. The area around the study site has been 

invaded by juniper (Juniperus sp.). The dominant grasses 

were threeawns and blue grama, mixed with scattered sideoats 

grama, plains lovegrass (Eragrostis intermedia), and annual 

grasses. The broadleaf plants included filaree (Erodium 

cicutarium), false mesquite, daisies (Erigeron sp.)t and 

annual sunflower (Helianthus annuus). The plots were pro

tected from grazing by building a fence around the area. 



81 

Climate. Temperature measurements were not made 

during the duration of this study. According to Green and 

Sellers (1964), the 54-year average maximum temperature at 

Young for June, July, August, and September were 95.7, 

100.8, 99.4, and 89.7 P., respectively. The average minimum 

temperatures of the same months were 48.2, 55.7, 60.2, and 

48.6 P., respectively. The precipitation for the June, 

July, August, and September months and through harvest in 

October were recorded daily one-half mile away from the 

plots by Mr. Jan Belier. These rainfall data are compared 

graphically (Pig. 3) with data taken for the same period 

at the Young Ranger Station, These data indicate similar 

rainfall at both sites with respect to amounts. The exper

imental site had a few inches more rainfall during 1964, 

1966, and 1967 than the ranger station and these same years 

also indicate a higher than average summer rainfall for 

both sites. The 1964 summer rainfall was the highest and 

the 1965 and 1968 rainfall were the lowest at the experi

mental site. 

Since summer rainfall comes in the form of thunder 

showers, it was desirable to check the rainfall at the site 

against the measurement taken by Mr. Jan Belier. A rain

fall gauge was placed at the experimental site in the summer 

in 1968. The rainfall intercepted at the study area was 

5.3 inches compered to 5.7 inches measured by Mr. Belier 

during the period between July 7 to October 5, 1968. These 



15 -1 

«/> 

o  1 0 -

z 5 H 
<  
0c 

K*2SZ-

%W5 

YOUNG RANGER STATION 

SCOTT'S RANCH SITE 

FS3I 

mw 

txtn&tr/, 

msfc 

0 WW 

m 

1964 1965 1966 1967 1968 

Figure 3. June, July, August, September,and OctolDer (through harvest) 
precipitation at the Young Ranger Station and Scott Ranch 
site, 1964-1968. 

CO 
rv> 



data indicate that the measurements taken at Mr. Belier's 

home were relatively close to the actual rainfall at the 

experimental site, at least for 1968. 

Methods 

Plot Design. On July 24, 1964, the plots were 

staked. The experimental design was a randomized block with 

five treatments and three replications. The following year 

the plots were split making the design a randomized block 

split-plot for 1965, 1966, 1967, and 1968. 

Treatments. The treatments were as follows: 

Treatment Symbol N-PgÔ -KgO (lb/acre) 

1 N1 50-0-0 

2 N2 100-0-0 

3 N.jP 50-100-0 

4 N2P 100-100-0 

5 CK 0-0-0 

The sources of N and P were the same as those used in the 

Kitt Peak preliminary study. The fertilizers were broadcast 

to wet soil on July 24, 1964. In 1965 the original plots 

were split and one-half of each was randomly selected for 

refertilization with half of the original rate to determine 

the effects of repeated fertilizer application. 

Plant Harvesting. The plants were harvested every 

year by clipping the grasses one inch above the ground level. 

Three random strips, 20 inches wide, were clipped through 
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each plot with a power mower. The procedures and methods 

outlined in Chapter III were used in this study. The entire 

plot area was mowed after each harvest and the bulk of the 

residue was removed from the field. 

Plant and Soil Sampling and Analyses. Plant samples 

were collected in the fall in 1964, 1965, 1966, 1967, and 

1968. The sample collection, preparation and analyses for 

N and P levels were described previously. 

In order to determine if fertilizer treatments had 

any influence on plant composition or percent cover, the 

point analysis technique (National Academy of Sciences-

National Research Council, 1962) was used to determine 

the botanical composition of each plot on May 25, 1968. On 

each plot, 200 points were read to estimate the plant cover, 

bare ground, litter, and rocks. 

Soil samples were collected in 1964, 1965, 1966, 

and 1967. The methods of collection, preparation, and 

analyses were described previously. 

Results and Discussion 

Herbage Production. The two N rates (50 and 100 

lb/acre) significantly increased herbage production in a 

linear manner when compared to the unfertilized plots the 

first season, Table 9. The law of diminishing returns 

usually associated with increasing rates of fertilizer and 

forage production was not evident in this test. These data 



Table 9. Influence of rates of fertilization on oven-dry forage production, Scott 
Flying V. Ranch, 1964-1968. 

Years 1964 1965 1966 1967 1963 

Harvest Dates 9/27 10/22 9/30 10/6 10/4 

Treatment Year 1964 1964 1964-65 1964 1964-65 1964 1964-65 1964 1964-65 
Rates - lbs/A — 

N1 1,560ab2 640a 650b 275a 350ab 325a 315a 230a 215a 

N2 2,650a 625a 885ab 380a 420ab 400a 360a 230a 275a 

N.,P 1,950a 880a 1,020a 410a 455ab 370a 440a 245a 295a 

N2P 2,730a 845a 1,035a 420a 505a 430a 450a 245a 305a 

Check 525b 600a 615b 270a 300b 340a 330a 225a 260a 

Significance 
level .01 .05 .05 .05 .05 .05 .05 .05 .05 

i 
Average of three replicates. 

2 Values followed by the same letter are not significantly different. 

cx> VJl 
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seem to indicate further additions of N could have resulted 

in further increases in production since the 50 and 100 lb 

N rates produced 20 and 21 lb of forage per pound of N 

applied. The 50 lb N rate produced 1,035 lb of extra forage 

over the control, a statistically significant difference at 

the 5°/o level. 

Phosphorus applied alone did not influence the her

bage production. The addition of P in combination with N 

appeared to stimulate further herbage production over the 

N treatments alone. This trend, although not statistically 

significant, shows that the first application and the re-

application of fertilizer resulted in slightly higher values 

for combined P and N as compared with N alone, especially 

the first season after application, Table 5. 

The P used in combination with N appeared to be 

responsible for the slight residual effects after the 1964 

and 1965 treatments. The 1964 application did not produce 

a significant residual effect the second or in subsequent 

years. However, in all treatments, combined N and P tended 

to result in slightly higher values for yield compared with 

N alone for four years after fertilizer application. 

Average yields from the Scott Plying W site over a 

period of five years from a single fertilizer application 

were 392 lb/acre without fertilizer, 606 from 50 lb N/acre, 

867 from 100 lb N/acre, 771 from 50 lb N and 100 lb 

acre, and 934 lb from 100 lb N and 100 lb PgÔ /acre. The 



reapplication of fertilizer the second year showed a slight 

increase over the 1964 single fertilizer application 

especially with the P addition. These five year average 

values are 408 lb without fertilizer, 618 lb with 50 lb N, 

918 lb with 100 lb N, 832 with 50 lb N and 100 lb T?20̂ t and 

1005 lb/acre with 100 lb N and 100 lb PgÔ /acre. The forage 

production was generally the same after the third season 

regardless of treatment. 

Plant N and P Concentrations. The application of 

fertilizers did not significantly influence the N concen

tration of harvested grass in any year from 1964 to 1968, 

Table 10. Although the higher rates of N and N-P combina

tion tended to maintain slightly higher N levels the first 

season after fertilizer application, but these increases 

were not significant. 

Calculation of N uptake showed that the fertilizer 

application increased the N uptake very strikingly the 

first season, but thereafter the N uptake was about the 

same as the control. In all cases the N uptake of plants 

with the N-P treatments tended to remain higher than the 

N treatments. The fertilizer application did not influence 

the N uptake the second year as did the first application. 

However, N uptake is related to the increased forage pro

duction in that the higher the forage production the higher 

the uptake even though no increase in N percentage was found. 



Table 10. Influence of rates of fertilization on the nitrogen concentration of 
harvested plant material, Scott Flying W Ranch, 1964-68. 

Years 1964 1965 1966 1967 1965 

Harvest Dates 9/27 10/22 9/30 10/6 10/4 

Treatment Year 1964 1964 1964-65 1964 1964-65 1964 1964-65 1964 1964-65 
Hates f> 

*1 0.38a2 0.52a 0.71a 1 .06a 1.14a 0.81a 0.81a 0.70a 0.71a 

k2 1.08a 0.54a 0.78a 1 .05a 1.14a 0.82a 0.80a 0.62a 0.63a 

n,p 0.93a 0.56a 0.70a 1 . 16a 1.15a 0.83a 0.86a 0.90a 0.70a 

k2p 1.06a 0.56a 0.77a 1 . 10a 1.15a 0.75a 0.78a 0.62a 0.73a 

Check 0.89a 0.53a 0.58a 1 .05a 1.07a 0.84a 0.84a 0.67a 0.70a 

Significance 
level .05 .05 .05 .05 .05 .05 .05 .05 .05 

i 
Average of three replicates. 

2 Values followed "by the same letter are significantly different. 

co 
CO 
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The plant P concentrations were not influenced by 

the application of N alone but appeared to be influenced by 

N-P application in most years, Table 11. A statistically 

significant increase at the 0.05 level in plant P was 

evident the second growing season but not the first season. 

The increases resulted from the single application in 1964 

as well as the repeated application. These data indicate 

that N alone does not stimulate P content but when P is 

added with N, then the uptake of P is stimulated. 

Soil Nitrate-Nitrogen and Phosphate. The levels of 

the soil NOyN in the soil at the end of the growing season 

were not statistically different for any year except in 

1966 when a highly significant difference in NÔ -N was 

found (Table 12). The N-P combination and control plots 

had the lowest NÔ -N levels. This may be due to the in

creased efficiency of the N-P treatment in utilizing NÔ -N, 

thus causing a low level at the end of the season. 

The available soil phosphate was increased by P 

addition (Table 13)» however, the levels of this nutrient 

were not statistically different at the end of the first 

season. No statistically significant differences in levels 

of available phosphate were evident from the 1964 applica

tion in all years. The reapplication of P the second year, 

however, produced a residual effect for two seasons after 

reapplication. These data clearly indicate that the soil 



Table 11. Influence of rates of fertilization on the phosphorus concentration of 
harvested plant material, Scott Plying V/ Ranch, 1964-68. 

Years 1964 1965 1966 1967 1968 

Harvest Dates 9/27 10/22 9/30 10/6 10/4 

Treatment Year 1964 1964 1964-65 1964 1964-65 1964 1964-65 1964 1964-65 
Kates ' c/a 

K1 0.14a2 0.54b 0.71b 0.23a 0.21a 0. 14a 0. 15a 0.10a 0. 11a 

h2 
0.15a 0.43h 0.76ab 0.23a 0.26a 0. 13a 0. 15a 0.09a 0. 10a 

0.16a 0.75a 0.78ab 0.22a 0.25a 0. 15a 0. 15a 0.12a 0. 10a 

N2P 0.18a 0.57b 0.92a 0.24a 0.26a 0. 14a 0. 16a 0.08a 0. 11a 

Check 0.15a 0.45b 0.69b 0.21a 0.21a : 0. 13a 0. 15a 0.09a 0. 10a 

Significance 
level .05 .05 .05 .05 .05 .05 .05 .05 .05 

1 Average of three replicates. 

2 Values followed "by the same letter are not significantly different. 

VD 
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Table 12. Influence of rates of fertilization on the nitrate-nitrogen content 
of the soil, Scott Flying W Ranch, 1964-67. 

Years 1964 

Harvest Dates 9/27 

Treatment Year 1964 

1965 1966 

10/22 

1964 1964-65 

9/30 

1964 1964-65 

1967 

10/6 

1964 1964-65 
Rates 

If-
' 1  

N, 

r̂ p 

N2P 

Check 

6.3a 

11.7a 

9.3a 

10.6a 

7.1a 

3.2a 

2.6a 

2.3a 

3.5a 

2.9a 

2.1a 

2.8a 

2.4a 

3.1a 

2.3a 

o
 

I,
 

o
 

I,
 

4.0a 5.0a2 3.2a 2.5a 

4.1a 4. 4ab 2.6a 2.6a 

4.0a 3.4b 3.5a 2.2a 

3.6a 3.31a 3.6a 2.5a 

3.8a 3.4b 3.5a 2.6a 

Significance 
level 

1 

.05 .05 .05 .05 .01 

Average of three replicates, 

.05 .05 

"Values followed "by the same letter are not significantly different. 



Table 13. Influence of rates of fertilization on the available soil jphosphate 
concentrations of the soil, Scott Flying \Y Ranch, 1964-67. 

Years 1964 1965 1966 1967 

Harvest Dates 9/27 10/22 9/30 10/6 

Treatment Year 1964 1964 1964-65 1964 1964-65 1964 1964-65 
Kates ppm P0̂  

H1 3.7a 3.2a 6.7h 2.6a 5.61D 4.4a 5.7t 

CM 4.8a 4.6a 9.7h 3.5a 6.1a"b 5.2a 10.5ab 

N^P 6.2a 5.3a 15.7a 6.1a 12.0a 6.4a 15.2a 

N2P 6.4a 5.9a 16.2a 8.1a 10.1a"b 6.3a 15.8a 

Check 4.3a 4.0a 4.3h 5.1a 4.6"b 4.5a 4.5h 

Significance 
level .05 .05 .01 .05 .05 .05 .01 

1 Average of three replicates. 

2 Values followed "by the same letter are not significantly different. 

vo 
to 
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available phosphate was greatly improved by the application 

of P. 

Plant Composition. The Scott grassland site had a 

good stand of blue grama and threeavms before fertilization. 

At this experimental site no increase in weeds was noted 

because of fertilizer treatments either in 1S64 or 1965; 

however, no analysis was made to confirm this. In 1966 

sunflower was abundant in many areas of Arizona, especially 

near Young, Arizona. There did not appear to be any rela

tionship to fertilizer treatments and sunflower growth on 

the plots. The reason for the stimulation of weed growth 

was unknown except that the climatological data for Young 

Ranger Station indicated a slightly higher maximum and 

minimum temperature accompanied by a 16.1 inches annual 

-rainfall, 5.4 inches less than the average rainfall (21.5 

inches). 

On a number of occasions after the experiment was 

initiated, visual observations made seemed to indicate that 

fertilized plots had more grasses. This study was an 

attempt to assess the percent cover of the two dominant 

grasses to determine if fertilization affected the stand. 

To determine the effects of fertilizer, the plants 

were divided into three divisions: (1) blue grama, (2) 

threeawns, and (3) other plants. Other plants include the 

following: sideoats grama, plains lovegrass, cheatgrass 

(Bromus tectorum), squirreltail (Sitanion hystrix), filaree, 
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Indianwheat (Plantago purshii), annual sunflower, false 

mesquite, daisies, and other minor weeds. Many of these 

plants were found only once, while others were found 

throughout the plots. 

The results showed that the 1964 fertilizer appli

cation did not significantly affect the "blue grama and 

threeawns composition. The percentage hits of other 

plants was slightly increased by higher rates of N ferti

lization, but the increase was not significant. The 1964 

and 1965 fertilizer applications indicated the following 

trends: increase of blue grama with N alone, decrease of 

threeawns with high N and high N and P rates; whereas the 

low N and low N and P had the opposite effect, an increase 

of other plants by higher rates of N. These increases 

were, however, slight and nonsignificant (Table 14). These 

experiments shov/ed certain trends which indicated that fer

tilizers influenced the threeawn and blue grama component 

in this study. 

The Q Ranch Site, 1964 

Description of Area 

This site v/as located about one mile south of the 

headquarters of Roger's Q Ranch in the SÊ - of SÊ -, SE-J, 

Section 9, Township 8N, Range 15E, at an elevation of 5500 

feet and approximately 10 miles northeast of Young, Arizona. 



Table 14. The effect of the 1964 and 1965 fertilizer treatments on 
the average percentage hits of "blue grama, threê vvns, and 
other plants at the Scott Plying W Ranch in 1968. 

Treatment Year 1964 1964-1965 

Blue Three- Other Blue Three- Other 
Plant Composition grama awns plants grama awns -plants 
Treatments • — % — • 

N1 

CM 
a
 

C
O
 

19a 6a 25a 21a 9a 

H2 15a 13a 10a 24a 13a 11a 

N,P 18a 20a 6a 17a 20a 14a 

N2P 17a 14a 9a 13a 14a 11a 

Check 19a 18a 6a 18a 14a 9a 

Significance level .05 .05 .05 .05 .05 .05 

1Average of three replicates. 

2 Values followed "by the same letter are not significantly 
different. 
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The Soil. The soil was a Pachi Agriustoll, fine, 

montmorilliontic, mesic, Queare loam ( 2 8 5 1 6  sand, 58silt, 

and 14$ clay) with a moderately thick A1 horizon over a 

very deep clay-textured B horizon. The grass root system 

extended to approximately five feet in depth. The soil is 

slowly permeable, well drained, has no large stones, and 

derived from mixed igneous rocks high in basic materials. 

This soil is well suited for grass production because of 

its physical characteristics. The site was on a 1$ slope 

with a southwestern aspect. 

The soil test before treatment showed that this 

soil contained 17 ppm soil NÔ -N, 17 ppm available soil 

phosphate, 300 ppm total soluble salts in the saturation 

extract, and had a soil pH value of 6.3. 

Vegetation. The dominant grass was blue grama 

mixed with scattered threeawns. The blue grama represented 

nearly 100$ of the plant composition. This grassland was 

one of a series of open areas among Ponderosa pine (Pinus 

ponderosa). Junipers were invading the grassland. 

Climate. No climatic data were recorded for this 

site in 1964. The average annual rainfall for this site is 

about 21 inches. 

Methods 

Plot Design. On July 24, 1964, plots measuring 20 

feet by 20 feet were selected and staked. Seven treatments 
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with three replicates of each were used to make a randomized 

block design. Unfortunately the plots were not fenced and 

had to be abandoned in 1965. 

Treatments. The same fertilizer sources used in the 

1964 Kitt Peak study were used in the following manner: 

Treatment Symbol N-PgÔ -KgO 

1 N1 50-0-0 

2 N2 100-0-0 

3 n.,p 50-100-0 

4 N2P 100-100-0 

5 ngpk 100-100-50 

6 p 0-100-0 

7 Check 0-0-0 

The soil was moist when the fertilizers were broadcast on 

July 24, 1964. 

Plant Harvesting. On October 9, 1964, the plots 

were harvested with the same methods and procedures as those 

used to harvest the Scott experimental site. Figure 4 shows 

the marked response to treatment at harvest time. 

Plant Analyses. The plants were analyzed for N, P, 

and K according to the procedures outlined in the General 

Methods section. 

Results and Discussion 

Herbage Production. Application of high rates of 

N, N-P, and N-P-K increased forage production approximately 



Figure 4. The narked responses to fertilizer treatments at 
the Q Ranch site, 1964. The plot on the left is 
the check plot while the plots in the background 
and on the right are both fertilized plots. 



eight to nine times the yields obtained on the control plots 

(Table 15). All fertilized plots produced larger herbage 

yields than the control plots except the plots treated with 

P alone. The forage production increased linearly with 

both the N and N-P applications in much the same manner as 

the responses to N at the Scott Flying W Ranch site. The 

N-P combination produced slightly more forage yield at both 

low and high N levels when compared with the two N levels 

applied alone but differences were not significant. The 50 

lb N/acre rate produced 19 pounds of forage for each pound 

of N applied, while 100 lb N/acre yielded 20 pounds of 

forage per pound of N applied. Average forage production 

with 50 and 100 lb N/acre was 317 and 667$ of checks, 

respectively, whereas the low N-P and the high N-P treat

ments yielded 487 and 833'/̂  compared to the control. Potas

sium in combination with N and P produced the greatest 

quantity of herbage. 

At an adjacent location, Freeman (1965) applied 160 

and 200 lb/acre of fertilizers of a 30-15-0 grade. He also 

added KC1 and Rayplex Zinc (10 lb/acre) in combination with 

the two fertilizer rates. A five inch snow fell on the 

site the day of application. The increases in herbage were 

approximately five to six times the yields of the controls. 

The highest yield of herbage was obtained with 48 lb N/acre 

and 24 lb PgÔ /acre. The addition of K and Zn did not 

influence the herbage yield. 



Table 15. Influence of fertilization on oven-dry forage production and nitrogen 
and phosphorus content at harvest of native range grasses at Roger Q 
Ranch, 1964. 

Treatment 

n-p2o5-k2o 

Production1 h2 P1 k2 Moisture1 

Rates lbs/A 7" % 

50-0-0 1250bc3 0.99abc 0.15a 1.23a 30a 

100-0-0 2300ab 1.1Oab 0.14a 1.53a 29a 

50-100-0 1460bc 0.88c 0.13a 1.23a 28a 

100-100-0 2500ab 1.16a 0.15a 1.46a 27a 

100-100-50 2670a 1.22a 0.16a 1.61a 36a 

0-100-0 230c 0.86c 0.15a 1.33a 30a 

0-0-0 300c 0.89c 0.15a 1.38a 31a 

Significance level .01 .01 .05 .05 .05 
i 
Average of three replicates. 

2 Average of two replicates. 

V̂alues followed "by the same letter are not significantly different. 
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Plant N and P Concentrations. The N content of the 

plants was influenced by the application of N in all cases 

(Table 15). The P alone application did not influence N 

uptake. A highly significant increase in N content in the 

plants was noted for all high N treatments. The low N treat

ments increased the level of N in the plants "but these v/ere 

not statistically greater than the control at the 5$ level. 

The high N, N-P, and N-P-K treatments produced 25, 29, and 

33 lb N/acre, respectively, as compared to 12, 13, 2, and 

2.7 lb N/acre for the low N, N-P, and P alone and control, 

respectively. Calculated values indicate that high N and 

P together tended to stimulate N uptake at this site signif

icantly, thus increasing the protein available for consump

tion by livestock. 

The P content in the plants was not influenced by 

the treatments except where high rates of N were added with 

P, but these increases were not statistically significant. 

The K content in the plants was influenced slightly 

by the high N, N-P, and N-P-K but these increases were not 

statistically significant over the other treatments. 

Plant Moisture Content. There was no significant 

differences in moisture content of plants at harvest time. 

Summary of Scott and Q Ranch sites results. Because 

of the close proximity and similar annual rainfall, treat

ments applied, soil characteristics, and first season data 
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for the Scott and Q Ranch sites, these data will be summa

rized together in this section. 

Both sites have excellent potential for response to 

fertilization because of the following factors: (1) both 

had a good stand of grasses, (2) the grasses at both sites 

had shallow and deep extensive root systems, (3) the soils 

at both sites have a deep, light textured A1 horizon over

laying a deep, heavy textured B horizon, (4) both soils had 

good infiltration rate and good soil permeability, (5) both 

sites have poor native soil fertility, and (6) both sites 

have annual rainfall similar to 21.50 inches annual rain

fall at the Young Ranger Station. 

At both sites the fertilizers were applied to moist 

soil on July 24, 1964. The response to fertilization was 

immediate. This was due mainly to the moist soil which 

readily dissolved the fertilizers, thus making the nutrients 

available to the plants which were just starting to respond 

to the summer rains. A picture taken three weeks after 

fertilizer addition at Scott Plying W site points out the 

favorable responses (Fig. 5). Figures 4 and 5 illustrate 

the effects of fertilizer on the color and length of grasses, 

which were observed at both the Scott Flying W and Q Ranch 

sites. 

The treatments increased forage production strik

ingly and the N fertilizer increased the herbage production 
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Figure 5. The responses to added fertilizer treatments 
after three weeks at the Scott Flying W Ranch. 
The check plot is shown in the center with 
fertilized plots on all sides. 
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linearly with increasing N levels at both sites the first 

season. The data collected indicate that further production 

could have been possible with additional N. The plant N 

was increased significantly at the Q Ranch site, while slight 

increases in plant N were noted at the Scott site. The rea

son for this is not known, although the native fertility 

was higher at Scott than at the Q Ranch site and the Q Ranch 

site contained a much higher portion of blue grama. The P 

content at each site was not increased significantly the 

first season. Data from both sites indicate that N and P 

together tend to stimulate N and P uptake. Soil data for 

Scott site showed that the N fertilizers lasted only one 

season and that the available soil phosphate was increased 

by the second addition of P. 



CHAPTER V 

DATES OP FERTILIZER APPLICATION STUDIES 

This chapter includes dates of fertilizer applica

tion studies at Kitt Peak (1965), Kitt Peak (1966-1968), 

Santa Rita (1966-1968) and Page-Trowbridge (1967-1968). 

Excellent response to fertilizer application after onset of 

summer rainfall was noted by Stroehlein et al. (1965). 

These studies were initiated to determine further the re

sponse of grasses to time of fertilizer application. 

Kitt Peak Study Site, 1965 

Description of Area 

This site was adjacent to the rates of application 

study (Chapter IV) at Kitt Peak (1965-1968), v/hich was a 

quarter of a mile northeast of the 1964 Kitt Peak site. 

The Soil. The soil was classified as a Cumulic 

Haplustolls, coarse-loamy, mixed, thermic, Comoro sandy 

loam. This soil had a very deep, moderately permeable A 

horizon overlying a very deep, permeable, coarse textured 

C horizon. The soil pH was slightly acidic (6.5) at the 

surface, but with increasing soil depth, the pH became 

slightly basic (7.5) at five feet. The soil texture changed 

105 
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at approximately 43 inches in depth from a sandy loam to a 

gravelly sandy loam. The soil surface contained IQp sand, 

21$ silt, and 9$ clay. The soil initially contained 23 ppm 

soil NÔ -N, 9.0 ppm available soil phosphate and had a pH 

value of 6.5. The site was on a 5$ slope with a southern 

exposure at approximately 4,400 feet elevation. 

Vegetation. The vegetation on this site was similar 

to that described at the 1964 Kitt Peak study site. 

Climate. The temperatures for this site were not 

measured but a maximum and minimvun temperature for the Kitt 

Peak V/eather Station for the 1964 to 1968 period are shown 

in Table 1. The total growing season's precipitation at 

the experimental site (1964-1968) as compared with the Kitt 

Peak Weather Station's precipitation for the same period is 

shown in Table 2. It should be pointed out that total pre

cipitation may not be the same as effective precipitation, 

since intensity and duration were not recorded. 

Methods 

Plot Design. In early June, 55 plots, 20 by 20 feet, 

were selected and staked. Five dates of application treat

ments were randomly assigned to 25 plots, five rates of 

application treatments were assigned to 25 plots (Chapter 

IV), and five plots were used as the check, common to both 

treatments. The date of application study was a completely 

randomized design. 
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Treatments. Fertilizer (16-16-8) was applied at a 

rate of 75 lb N/acre on the following dates: 

Treatments Dates of application 

1 June 1 

2 July 3 

3 July 16 

4 July 31 

5 August 14 

6 Check 

Plant Harvesting. The plots were harvested on 

September 29, 1965, after the plants were mature. Three 

2 9.6 ft subplots were randomly selected and were clipped 

by hand from each plot and weighed in grams. The forage 

production was calculated according to the procedure out

lined in Chapter III. 

Plant and Soil Sampling and Analyses. Plant samples 

were collected in the fall of 1965 and analyzed for plant 

N and P by procedures outlined previously. 

Soil samples were also collected at harvest time 

and only the soil NÔ -N was determined. 

Results and Discussion 

Herbage Production. The application of fertilizer 

from July 3 to August 14, 1965» significantly increased for

age production above the control and the June 1 application 

(Table 16). The increases in forage production were from 



Table 16. Influence of dates of fertilization on oven-dry forage production, 
N and P concentration, moisture content, and soil nitrate-nitrogen 
level at harvest of native range grasses, Kitt Peak, 1965. 

Herbage Analyses Soil Analysis 

Date of Application Herbage N P Moisture Content NÔ -N 

lb/acre f° c/° ppm 

June 1, 1965 1580ab 1.31a 0.20a 38a 9.1a 

July 3, 1965 1740a2 1.31a 0.18a 42a 9.2a 

July 16, 1965 2020a 1.26a 0.18a 37a 9.6a 

July 31, 1965 1750a 1.36a 0.21a 37a 8.7a 

August 14, 1965 1840a 1.36a 0.18a 37a 6.6a 

Check 1180b 0.75b 0.18a 25b 4.1a 

Significance level .01 .01 .05 .01 .05 
i 
Average of five replicates. 

2 Values followed "by the same letter are not significantly different. 
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400 to 840 lb/acre above that produced by the control plots. 

The maximum herbage production for the season was produced 

from the July 16 date of fertilizer application. 

Plant N and P Concentration. The N concentration 

of plants harvested from treated plots was significantly 

higher than in control plants (Table 16). The N uptake was 

increased 2.3 to 2.9 times over the control by fertilizer 

application. The phosphorus concentrations of the plants 

were not influenced by fertilization. 

Plant Moisture Content. All dates of fertilizer 

application influenced the moisture content in the plants 

at harvest time (Table 16). The moisture contents of fer

tilized plants were significantly higher at the 1$ level 

when compared with the control. 

Soil Nitrate-Nitrogen. The soil NOyN status was 

not statistically different among treatments at the 5 

level at the end of the season (Table 16). 

Summary of Kitt Peak (1965) Results. The results 

of this study indicated that fertilization before the rainy 

season was not as successful as later applications. Highly 

significant differences in moisture content were noted 

between the fertilized plants and unfertilized plant. Dates 

of fertilization did not influence the soil NOy-N level in 

this study. 
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Kitt Pealc Dates of Application Study, 1966-68 

Description of Area 

This site was located approximately 3,000 feet 

southwest of the 1965 Kitt Peak site previously described. 

This site was chosen in order to obtain more data on the 

effects of varying the time of fertilizer application on 

grass production. The first year's results were reported 

"by Stroehlein et al. (1968). The second and third year's 

data will "be considered along with the first year's data in 

this section. 

The Soil. The soil description for this site was 

similar to the 1965 Kitt Peak site. This soil had 23 ppm 

NOy-N, 8.5 ppm available soil phosphate, and a pH value of 

5.9» This soil was on a 5$ slope toward the south. 

Vegetation. The vegetation was similar to the 

other Kitt Peak sites, except that this site contained a 

larger proportion of threeawns compared to other grasses. 

Methods 

Plot Design. This site had a total of 25 plots 

which were selected and staked as described in Chapter III. 

A completely randomized design with four dates of applica

tion and a control with five replications were used. 

Treatments. The fertilizer (30-10-0) at a rate of 

50 lb N/acre was applied on the following dates: 
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Treatments Dates of application 

1 June 8 

2 July 9 

3 July 30 

4 August 20 

5 Check 

All fertilizer was applied by broadcasting by hand. 

Plant Harvesting. The plants were harvested every 

year by cutting the grasses one inch above the ground level. 

Three random strips, 20 inches wide, were clipped through 

each plot with a power mower. The procedures and methods 

outlined in the General Method section were used to cal

culate the oven-dry forage production. 

Plant and Soil Sampling and Analyses. The same 

procedures described in the General Methods section were 

used for sampling and analyses of plants. In this study 

no soil NOy-N or available soil phosphate was determined in 

1966, 1967, or 1968. 

Results and Discussion 

Herbage Production. The June 8, July 9, and July 

30 fertilizer applications produced significantly more for

age per acre than both the control and August 20 date of 

fertilizer application in 1966 (Table 17). Overall, the 

July 30 date produced the most forage, an increase of 290 

lb/acre over the control. The August 20 date produced the 



Table 17. Influence of fertilization on oven-dry forage production and 
moisture percentage of native range grasses, Kitt Peak, 1966-
1968. 

Year 1966 1967 1968 

Harvest Dates 9/17/66 9/8/67 10/17/68 

Treatment Herbage Moisture Herbage Herbage 
Date lb/acre % lb/acre lb/acre 

June 8 710a2 52a 740a 300a 

July 9 720a 53a 770a 320a 

July 30 810a 53a 780a 300a 

August 20 420b 54a 790a 300a 

Check 520b 46b 720a 290a 

Significance 
level .01 .05 .05 .05 

1 Average of five replicates. 

2 Values followed by the same letter are not significantly different. 
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least forage of any treatment, 100 lb less than the control. 

Except for the August 20, 1966 date, the fertilized plots 

produced more forage per acre than the control during all 

three years. However, the second and third season harvests 

were not significantly greater than the control. 

During the second season, the August 20 date of 

application produced slightly more forage than the other 

dates of application and the control, possibly because 

there was less fertilizer used by annual grasses the pre

vious spring. The three year forage production averages on 

this site were 510, 583, 603, and 503 lb of forage per acre 

for the control, June 8, July 9, July 30 and August 20 

dates of fertilizer application, respectively. At this 

site, the forage production was less than on the site used 

in 1965 due to differences in composition and density of 

vegetation and the rainfall. 

Plant N and P Concentration. Highly significant 

increases in N concentration were experienced only with the 

first season's harvest, Table 18. The trend of higher N 

content associated with later fertilization found in 1965 

were also noted in this study. This increase in N is re

flected by the following N uptake values. The total N up

take values were 3.8, 5.6, 6.3, 7.3, and 4.3 l"b N/acre for 

the control, June 8, July 9, July 30, and August 20 appli

cations, respectively. The N uptake for the August 20 



Table 18. Influence of date of fertilization on nitrogen and phosphorus con
centrations of native range grasses, Kitt Peak, 1966-68. 

Year 1966 1967 1963 

Harvest Dates 9/17/66 8/9/67 9/8/67 10/17/68 

Treatment N P N P N P P 
Date % -

June 8 .79a2 .23a 1.22a .76a .21a .17a .21a 

July 9 .87a .23a 1.17a .71a .21a .17a .20a 

July 30 .99a .22a 1.23a .80a .21a .18a .19a 

August 20 1.02a .24a 1.32a .83a .21a .16a .20a 

Check .73h .23a 1.21a .80a .21a .17a .19a 

Significance 
level .01 .05 .05 .05 .05 .05 .05 

1Average of five replicates. 

2 Values followed "by the same letter are not significantly different. 
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application mentioned previously was higher than the control 

because of the higher N concentration at harvest in 1966. 

In 1967, plant samples were taken from the plots 

about one month "before harvest. These data (Table 18) show 

that the N concentration of the plants v/as higher earlier 

in the season as compared with the N concentration at har

vest time. The 1967 data also indicated a slight residual 

effect of the August 20, 1966, application. Because of the 

lack of significance of N concentration after the first 

season, no N concentration data v/ere obtained in 1968. 

The P concentrations v/ere not influenced the first 

season or the seasons following, Table 18. The 1967 data 

show that the P concentration in the plant one month before 

harvest v/as higher than at harvest time. 

Plant Moisture Content. The moisture contents at 

harvest time v/ere statistically significant among the treat

ments the first season only, 1966. All treatments produced 

higher moisture contents than those exhibited by the check 

plots. The moisture contents varied from 36 to 54, 41 to 

46, and 26 to 34i° in 1966, 1967t and 1968, respectively. 

The variation in moisture percentages among years at har

vest time was a result of differences in rainfall and dates 

of harvest. 

General Observation. The grass on the fertilized 

plots was greener than on the check plots during the first 

season. No differences in color were observed during the 
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second and third seasons, indicating little if any residual 

response. The plots fertilized last remained green about 

two weeks longer than the other treatments the first sea

son. 

Summary of Results of Kitt Peak Date of Application 

Study. These results showed that "by adjusting the date of 

fertilizer application the N content of plants can "be in

creased. The green-feed period can also be lengthened. 

The herbage production was generally increased more by add

ing the fertilizer to moist soil than to dry soil earlier 

in the season. The herbage production, however, as shown 

in this case is very dependent on the rainfall distribution. 

The increase in production at this site was probably not 

enough to economically justify the application of ferti

lizer. The conditions such as moderate native fertility, 

high soil infiltration and permeability rates, and the grass 

species present plus the invading mesquite make this site 

unsatisfactory with respect to fertilizer application. 

These results do show that timing of application is extreme

ly important and should be taken into consideration when 

making fertilizer recommendations on other desert grass

land areas where economic returns may be possible. 



117 

Santa Rita Date of Application Study, 1966-68 

Description of Area 

This site was selected because of its rainfall 

pattern, elevation, convenient location, and physical and 

chemical characteristics of the soil, which were similar 

to those on the Kitt Peak sites. Also, this location was 

near the site where excellent response to fertilizer was 

obtained by Tixier (1959) and Holt and Wilson (1961). The 

results of the 1966 and part of 1967 data were reported by 

Stroehlein et al. (1968). The 1967 and 1968 data will be 

reported in this section in addition to the 1966 data. 

The Santa Rita site was located in the NV/-J of SW£, 

Section 17, Township 19S, Range 15E, at approximately 4100 

feet elevation on the Santa Rita Experimental Range. The 

plots were protected from grazing by building a fence 

around the experimental area. 

The Soil. The soil is a Cumulic Haplustoll, coarse-

loamy, mixed, thermic, Comoro sandy loam derived from 

mixed granite. A profile south of the study area showed a 

very deep, moderately permeable A1 horizon overlying a deep 

permeable, coarse textured deep C horizon over a heavy 

textured, slowly permeable, buried B horizon at 42 inches 

(Pig. 6). The root system of certain grasses extended as 

far as the bottom of the pit at 54 inches. The most impor

tant characteristic of this soil is the deep, coarse 
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textural material over a deep, fine textured B horizon. 

Soil tests prior to treatment showed that this soil contain

ed 17 ppm NOy-N, 16.5 ppm available soil phosphate, and had 

a soil pH value of 6.0. The site was located on a 3"/» slope 

with a southwestern aspect. 

Vegetation. The dominant grass, Lehmann lovegrass, 

was seeded in 1949 according to Holt and Wilson (1959). 

Other associated grasses were Santa Rita threeawn (Aristida 

glabrata), Sprucetop grama (B̂  chondrosioides), sideoats 

grama, slender grama, Arizona cottontop (Trichachne 

californica)t poverty threeawn (JU divaricata), and cane 

beardgrass (Andropogon barbinodis). The only annual grass 

noted within the study area was sixweeks threeawn (A. 

adscensionis). Invading shrubs included mesquite and mimosa 

(Mimosa sp.), although most mesquite had been controlled 

during the period 1954-1956 by spraying with diesel oil 

(Hawkins on, 1968). 

Climate. Green and Sellers (1964) reported that the 

39-year average temperature and rainfall at 4100 feet on the 

Santa Rita Experimental Range was 64F and 18 inches, respec

tively. The weather station is about two miles southwest 

of the site. Approximately 60°/o of the total precipitation 

f&lls during mid-July, August, and September. The remain

ing 40$ of the precipitation occurs during the winter 

months according to Green and Sellers (1964). The 1967 and 
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• 
Figure 6. A profile and profile description of the Comoro 

sandy loam at the Santa Bita Experimental Site. 



120 

1968 rainfall data for the period from June to September 

were taken with a recording rain gauge a half mile away from 

the study site by Hawkinson (1968). These data are shown 

in Table 2. 

A total of 12.10 inches of rain fell on the site 

from June 20 through October 4, with 7.96 inches occurring 

in July and August and 3.82 inches in September. 

Methods 

Plot Design. On July 15, 1966, 25 plots, 20 feet 

by 10 feet were selected and staked at the experimental 

site. The design for the study was completely random v/ith 

each treatment replicated five times. 

Treatments. The fertilizer (30-10-0) at a rate of 

50 lb N/acre was applied on the following dates: 

Treatments Dates of application 

1 June 15 

2 July 7 

3 July 28 

4 August 18 

5 Check 

All fertilizer was applied by broadcasting by hand. 

Plant Harvesting. The 1966 harvest at the experi

mental site has been outlined by Stroehlein et al. (1968). 

The 1967 and 1968 harvest was accomplished by cutting three 

strips through each plot with a 20-inch wide power mower. 
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Plant and Soil Sampling and Analyses. Plant samples 

taken at this site were a composite of 10 plants per treated 

plot. Samples were collected in 1966, 1967, "but not in 1968 

because no significant differences in plant N or P concen

tration among treatments were noted after the first season. 

The plant N and P were analyzed by the methods and procedures 

outlined in Chapter III. 

No soil samples were collected at this site during 

the duration of this experiment. 

Results and Discussion 

Herbage Production. The fertilized plots all pro

duced highly significant increases in forage when compared 

to the control in 1965 (Table 19) although these were not 

as striking as the results of Holt and Wilson (1961) be

cause of the lower rainfall in 1966. The forage production 

was increased most strikingly the first season, but these 

increases were not as great as those observed in the Scott 

and Q Ranch sites. 

The last application tended to produce less forage 

than the earlier treatments. The satisfactory results 

obtained with the last application probably resulted from 

the unusually high amount of precipitation in September. 

The largest increase in forage production over the three-

year period was caused by the July 28 treatment. The forage 

production was 176, 160, 172, and 153$ for the June 15, 



Table 19. Influence of dates of fertilization on oven-dry forage production, 
nitrogen,.and phosphorus contents of Lehraann lovegrass, Santa Rita Range, 
1966-68. 

Year 1966 1967 1968 

Harvest Dates 10/5/66 1/4/67 8/18/67 9/21/67 9/27/68 

Treatments Herbage N P II ? N P Herbage N P Herbage 
Dates lb/acre £ 5* c/a /° ft 7° lb/acre '7° lb/acre 

June 15 1870b2 • 56c .21b .31a .19a .92a .21a 820a .78a .18a 710a 

July 7 1700b .57c .19b .35a .16a .89a .18a 900a .70a .17a 820a 

July 28 1820b .79b .19b .39a .16a .85a .19a 880a .69a • 16a 890a 

August 18 1610b 1 .01a .24ab .41a .20a .92a .19a 850a .73a .16a 820a 

Check 1060a .47c .28a .29a .25a .86a .20a 770a .67a .18a 710a 

Significance 
level .01 .01 .01 .05 .05 .05 .05 .05 .05 .05 .05 

i 
Average of five replicates. 

2 Values followed "by the same letter are not significantly different. 
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July 7, July 28, and August 18 dates of application, respec

tively, as compared with the control (100/5). 

The three year average herbage yields were 847, 

1133 y 1140, 1197, and 1093 It of forage per acre for the 

control, the June 15, July 7, July 28, and August 18, 1966, 

dates of fertilizer application, respectively. The ferti

lized plots tended to produce slightly more forage than the 

control but these increases were not significant at the 5$ 

level. 

Plant N and P Concentration. The N concentration 

increased with late fertilization for grass harvested in 

October (Table 19)• Application of fertilizer on June 15, 

July 28, and August 18 produced .56, .79, and 1.01$ N, 

respectively. These increases were significantly different 

from each other at the 1$ level. The fertilized grass all 

had a higher N content at harvest than the unfertilized 

grass; however, the June 15 and July 7 dates of fertilizer 

application were not significantly different than the con

trol in N concentration. These differences were noted only 

during the first season. Although later analyses showed 

some differences, these were nonsignificant statistically. 

As with the 1966 Kitt Peak study, the N concentration in

creased v/ith late fertilization of grass. 

Plant samples were also collected January 4, 1967, 

and analyzed for N and P. These results were not statisti

cally different at the 5$ level, but the trends were the 
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same as with the October samples, although the N concentra

tions were lower. These results showed that the N concen

tration of fertilized plants between October 5, 1966, and 

January 4, 1967* decreased 0.22 to 0.50 percentage point 

as compared to a decrease of 0.18 percentage point for the 

control. Plant samples were also collected August 18, 

1967, and the results shov/ed that the N levels were higher 

approximately one month before the fall harvest (September 

21, 1967) and decreased in N concentration from 0.14 to 0.19 

percentage point between the two dates. The control de

creased 0.19 percentage point between August 18 and Septem

ber 21, 1967. 

The N uptake values for 1966 were 10.5, 9.7, 14.4, 

and 16.3 lb N/acre for the June 15, July 7, July 28, and 

August 18 dates of fertilizer application, respectively, 

as compared to 5.0 lb N/acre for the control. 

The P concentration showed a highly significant 

difference among treatments only during the first season. 

The June 15, July 7, and July 28 application produced lower 

P concentration in the plants than the check. The August 

18 treated plants were not significantly different from 

the check in P concentration. The plant samples taken in 

January, 1967, showed a slight reduction in the P concentra

tion as compared to earlier samples. 
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The first season's P uptake values were 3*9, 3*3, 

3«3, 3«8, and 2.9 lb P/acre for the June 15, July 7, and 

July 28, August 18 and control, respectively. 

Plant Moisture Content. Plants from the last date 

of fertilizer application contained 58$ moisture, a signif

icant increase over the check and the other dates of appli

cation which ranged from 49 to 52$ moisture, Table 20. No 

significant differences in moisture content of plant samples 

were found at the time of the 1967 and 1968 harvests. The 

moisture content ranged from 37 to 38 in 1967, and in 1968 

the range was 20 to 26$. The moisture contents depended on 

the summer .rainfall, the date of fertilizer application, a 

and the date of harvest. 

Plant Utilization. On January 6 and 25, 1967, 

estimates of utilization "by cattle were made as shown in 

Figure 7.®»The data collected on January 6 showed that the 

August 18 application produced forage which was grazed 

significantly more than all other treatments. Utilization 

estimates between January 6 and January 25 showed little 

additional grazing. Holt and Wilson (1961) also reported 

increased utilization resulting from fertilizer application 

and the increase in N and moisture found in this study 

could account for the increased palatability. 

General Observations. The plots that were treated 

were greener in color the first year, but these differences 

were not evident the second and third seasons. At the time 



Table 20. Influence of date of fertilization on the moisture percentage 
of harvested Lehmann lovegrass, Santa Rita Range, 1S66-1S68. 

Year 

Harvest Date 

Treatment 

1966 

10/5/66 

1967 

9/21/67 

Moisture 

1968 

9/27/68 

Dates 

June 15 

July 7 

July 28 

August 18 

Check 

51h 

5 Oh 

52h 

58a 

49h 

- 70 -

38a 

37a 

37a 

37a 

37a 

22a 

22a 

20a 

23a 

26a 

Significance level 

1 

.05 .05 .05 

Average of five replicates, 

"Values followed "by the same letter are not significantly different. 
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Figure 7. Utilization estimate of Lehmann lovegrass, 
fertilized at different dates at the Santa 
Rita site on January 6, 1967. 



128 

of the first harvest in 1966, the unfertilized grass was 

yellow with a few short seed stalks. The color of treated 

plots were progressively greener with each application from 

June 15 to August 18. Early fertilization also increased 

tillering as compared to the control. The earlier dates of 

application produced numerous coarse seed stalks, and the 

late application produced more green leaves and fewer seed 

stalks. 

Summary of Results of Santa Rita Study. This site 

showed greater potential for forage production than the Kitt 

Peak sites. Increases in forage production, N and P concen

tration, moisture content, and green-feed period were found 

the first year with a slight indication of residual response 

the second season. The late application was lower in forage 

production "but the higher N and P concentration of the 

plants, increased utilization, and extension of the green-

feed period may make delaying fertilization an advantage 

where extra quality forage is needed for late fall and win

ter. However, if earlier forage is needed, then the ferti

lizer application should "be made as soon as there is suffi

cient soil moisture for plants to start growing. Probably 

the late application would not have resulted in satisfactory 

forage production had the rainfall during August and Septem

ber been average. Increasing the palatability of Lehmann 

lovegrass is a very important factor when large acreages of 

over-grazed land are reseeded to this species. 
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The Page-Trowbridge Date of Application Study, 1967-66 

Description of Area 

This site was chosen in 1967 to further study the 

influence of dates of fertilizer application on Lehmann and 

Boer lovegrass and associated annual spring season forbs 

and grasses. Previous studies at the Kitt Peak and Santa 

Rita sites have shown that the influence of fertilizer appli

cation on perennial grasses was limited to one season with 

a possible response by annual plants the following spring. 

Because of this response, this study was designed to focus 

attention on rates of plant growth and N and P uptake, and 

to study the fate of applied nitrogen and phosphate with 

respect to time of application and amount and distribution 

of precipitation. 

The Page-Trowbridge Experimental Range is located in 

Pinal County 28 miles due north of Tucson, Arizona, just 

beyond Oracle Junction and is the property of the University 

of Arizona. The range is approximately one section in size 

and is fenced so that the vegetation has not been disturbed 

by livestock for several years. The study area was selected 

in the spring of 1967. The site, referred to as the Page 

site for this report, was located in the NE-̂  of SW£, Section 

27, Township 9, Range 14E at an elevation of approximately 

3680 feet. 



The Soil. The soil was a Ustollic Haplargid, fine, 

mixed, thermic, Whitehouse sandy loam. The soil has an 

unusually deep, permeable A1 horizon overlying a very deep, 

slowly permeable, heavy textured prismatic B horizon (Figure 

8). The grass root zone extended well down to approximately 

24 inches and from there down the roots were few and fine 

in size. The soil was slightly acidic (pH 6.5) at the sur

face and increased with increasing depths until a pH value 

of 8.2 was found at the lowest depth observed. Calcium car

bonate nodules were observed at 24 inches and below. The 

site was on a 1$ slope with a west aspect. 

A composite soil sample taken in the spring of 1967 

showed that the KÔ -N v/as 2.7 ppm, the available phosphate 

was 8.0 ppm, total soluble salts was 248 ppm in the satura

tion extract, and the pH value was 6.5• 

Vegetation. The plots selected for the experiment 

were located among invading mesquite with Lehmann lovegrass 

as the dominant grass. Mixed within were scattered plants 

of Boer lovegrass. The three dominant spring annuals were 

sixweeks fescue, fileree (Erodium cicutarium), and Indian-

wheat. The undesirable vegetation included barrel cactus 

(Ferocactus wislizeni)t burroweed, and other minor weeds. 

Figure 9 shows a general view of the Page site during the 

summer of 1967. 
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Figure 8. A profile and profile description of the White-
house sandy loam at the Page experimental site. 
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Figure 9. A general view of the vegetation at the experi
mental Page site during the summer of 1967* 
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Climate. No temperature data was taken at this site. 

No attempt was made to calculate long term average maximum 

and minimum temperatures for Willow Springs Ranch to be used 

as a reference for this study. Willow Springs Ranch is 

approximately eight miles north of the study site. 

An 11-year average of 15.40 inches of annual rainfall 

was calculated from the climatological data for this station. 

The rainfall patterns of Willow Springs Ranch could not he 

expected to comply in every respect with the rainfall 

patterns of the Page site; nevertheless, it could he indica

tive of the Page site since the two sites have a similar 

elevation." A comparison of the total precipitation measured 

at "both ranches for June, July, August, September, and Octo

ber is shown in Table 2. These data indicate that the rain

fall during 1967 was higher at Page than at Willow Springs. 

The 19.68 season was just the opposite of 1967 with respect 

to precipitation for the two sites. 

In Figure 10 the 1967 and 1968 total rainfall for the 

months of June, July, August, September, and October are 

shown. These data indicate that the rainfall pattern for 

these two years are similar but the amount of rainfall are 

different. The rainfall was higher for each month in 1967 

except for October. 
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Methods 

Plot Design. In the spring of 1967, 35 plots, each 

20 feet by 30 feet were selected and staked. All the plots 

were carefully selected visually in order to have uniform 

stands of Lehmann lovegrass and exclude as much burroweed 

and Boer lovegrass as possible. Thirty plots were then 

selected randomly and pre-clipped two inches above the 

ground with power mower between May 31 and June 5. The 

bulky loose plant materials were removed from the plots to 

insure the harvest of only new growth in the fall. The 

five remaining plots were not clipped and were used mainly 

to estimate any effect of clipping on grass growth. Figure 

11 shows plots with the rank plant material removed. 

Treatments. Seven dates of fertilizer application 

were assigned to the 35 plots. The following dates were 

chosen as the treatments: 

Treatments Dates of application 

1 June 5 

2 July 3 

3 July 12 

4 July 22 

5 August 7 

6 Check - unfertilized 

7 July 12 (not preclipped) 

Treatment 7 was not preclipped or harvested the first season, 

but was preclipped in the spring of 1968 and harvested along 
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Figure 11. A general view of the experimental plots from 
which the bulky rank plant materials have been 
removed. 
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with the other treatments on October 16, 1968. Treatment 

7 was fertilized at the same time Treatment 3 was treated 

in 1967. These plots were split in half and only one half 

was treated with the same rate of N as the other treatments. 

The fertilizer material applied in all cases was 

granulated ammonium nitrate-phosphate (30-10-0) applied at 

50 lb N/acre as shown in Figure 12. This rate of N has 

been shown in previous studies to give maximum yield re

turns of forage production on soil and vegetation similar 

to those found at the Page site. 

Plant Harvesting. The Page study plots were har

vested on August 19t September 13, and October 12, 1967. 

In each harvest, one-third of the plot was randomly chosen 

for clipping. Two strips, 35 inches wide and 18 feet in 

length, were cut approximately two inches above ground level 

through each plot with a power mower. The clipped forage 

was then gathered and weighed. A subsample was taken for 

moisture determination and chemical analyses. The oven-dry 

weights were calculated according to the procedures out

lined previously. 

One of the mowed strips from each plot was carefully 

picked up and put into a bundle during the September har

vest. These bundles were air dried and the seeds were 

thrashed. 

In 1968, the spring annuals on the plots were har-

2 vested. Two 9.6 ft subplots were clipped by hand and the 



Figure 12. A view of the granulated ammonium nitrate-
phosphate fertilizer after its application 
on a plot at the Page site in 1967* 
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clipped plants were separated into sixweeks fescue and forbs. 

Indianwheat made up the "bulk of the latter on most plots. 

The procedures outlined in the General Methods section were 

used in determining the oven-dry weights and in preparing 

the samples for analyses. 

On October 16, 1968, the plant harvesting procedures 

were similar to those of the previous year except that only 

one harvest was made. Treatment 7» which was a split plot, 

was preclipped in the spring of 1968 in the same manner as 

the 1967 preclipping. The coarser materials were taken off 

the plots. In the fall, these plots were harvested along 

with the 1968 plant harvest. 

Plant and Soil Sampling and Analyses. Plant samples 

were collected by clipping 10 plants randomly from each plot 

prior to each date of fertilizer application. The plants 

were composited into one sample, placed into plastic bags, 

and taken back to the laboratory for moisture and chemical 

analyses. 

Soil samples consisting of five cores per plot were 

taken throughout the growing season prior to each date of 

fertilizer application. These samples were taken to the 

laboratory for analysis. No soil samples were taken in 

1968. 

The plant and soil samples were taken regularly 

throughout the growing season to assess the plant's N and 

P level and the soil nitrate-nitrogen and available soil 
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phosphate status. In 1968 there were no soil samples taken 

and plant samples were taken only at the time of the spring 

and fall harvests. 

The plant N and P and soil nitrate-nitrogen and 

available phosphate were determined by the procedures and 

methods outlined previously. 

Results and Discussion 

Herbage Production. The plants showed striking 

response to applied fertilizer at all three harvest dates 

in 1967 and produced highly significant differences in her

bage production (Table 21). The June 5 date of fertilizer 

application produced more forage at each harvest when com

pared with all the other treatments. However, this increase 

was not significant at the Y/o level above the July 3 and 

July 12, and above the July 3, July 12, July 22, and above 

all treated plots during the first, second, and third har

vest, respectively. These results are very similar to the 

data obtained at the Santa Rita site. However, they are 

somev/hat different than the results from the Kitt Peak site 

where fertilizers applied after the onset of the summer 

rains produced the greatest herbage yields. The 1967 Page 

rainfall data showed that 0.54 inches fell in late June 

after fertilizing on June 5. This accounts for the higher 

production above the July 3 application. However, the July 

3 application was applied to dry soil since most of the 



Table 21. Influence of date of fertilization on oven-dry forage production and 
seed production of Lehmann lovegrass and the oven-dry forage produc
tion of forbs and fescue, Page-Trowbridge Ranch, 1967-1968. 

Year 1967 1968 

Harvest Dates 8/19/67 9/19/67 10/12/67 9/19/67 4/4/68 10/16/68 

Plant Type Lehmann lovegrass 
Lehmann 

Forbs Fescue lovegrass 

Herbage Seed Herbage 

Treatment - lbs/A 

June 5 1550a2 1480a 1550a 57a 327a 745a 330a 

July 3 1400a 1290a 1520a 51ab 416a 307a 330a 

July 12 1340a 1350a 1500a 48ab 358a 305a 340a 

July 22 700b 870a 1240a 34bc 283a 264a 330a 

August 7 600bc 660bc 940b 30c 615a 463a 250a 

Check 400c 440c 560c 21c 206a 51a 270a 

Significance 
level .01 .01 .01 .01 .05 .05 .05 

1Average of five replicates. 

2 Values followed by the same letter are not significantly different. 
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June 25 rainfall was already depleted and this fertilizer 

treatment was not influenced until July 10, 11, and 12 when 

0.06, 0.54, and 0.44 inches, respectively, fell on the 

experimental area. On July 12 the fertilizer was applied 

to moist soil in contrast to the application on July 3 which 

was to dry soil. According to the results obtained at Kitt 

Peak, the July 12 application should have produced more for

age than the July 3 application. However, this was not the 

case at the Page site since the July 3 date of application 

produced more forage than the July 12 application in two 

of the three harvests (Table 21). The Santa Rita and Page 

data indicate that if the fertilizer was present at the 

time of the first rainfall there was an immediate response 

and greater forage production resulted. The 1967 Page data 

also showed decreasing forage production with each delay in 

fertilizer application throughout the summer. The July 22 

and August 7 application produced higher herbage yields in 

October than probably would be expected because of the extra 

rainfall received in late September and early October. The 

overall average herbage was 334, 305, 303, 198, and 156?S 

for the June 5, July 3> July 12, July 22, and August 7 dates 

of fertilizer applications, respectively, as compared to the 

control (100$). The overall forage production of both the 

August 19 and September 13 harvests were similar as shown 

by Table 21. These two dates of harvests showed that the 

June 5, July 3» and July 12 applications produced highly 
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significant increases in forage production over the other 

treatments. Furthermore, the July 22 application in "both 

cases showed highly significant increases in forage over the 

control. The August 7 date of application produced higher 

yields of forage than the control, "but the increases were 

not significant until the October 12 harvest. In contrast 

to this, the October 12 data showed that the June 5, July 

3, July 12, and July 22 application produced highly signif

icant forage increases over the August 7 and the control 

treatments. 

The 1968 data showed that the fertilizers applied in 

1967 did not influence the forage production to any appre

ciable extent. Slight increases in forage production above 

the control were noted in all cases with the exception of 

the August 7 date of application, but these increases were 

not significant at the 5$ level. These data are similar 

to some of the previous data which indicate that response 

to fertilizer applications may be limited to one season 

when closely harvested by a power mower. 

When grazed according to the best range management 

recommendations, increased vigor of plants and residual 

fertilizer should improve the range for several years after 

application. A supplemental study was started in 1967> 

using five split plots with half fertilized and half unfer

tilized. These plots were not preclipped with the power 

mower until the spring of 1968. The average forage 
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production was 350 and 290 lb/acre of forage for the ferti

lized and unfertilized treatments, respectively. The slight 

increase where fertilizer was applied v/as not statistically 

significant. The data indicate that time of clipping affect

ed the herbage yield only slightly after one season. The 

low 1968 production for the second season appears to be 

greatly influenced by the low total summer rainfall (4.89 

inches) which was less than half of the rainfall received 

during the excellent season of 1967 (10.31 inches). However, 

dry winds and high temperatures which caused high evapora

tion rates from the bare soil exposed by clearing bulky 

materials could also be factors that must be considered. 

At the Page site these factors could have been present be

cause the excess litter was removed from each plot. The 

clipped plants appear to be thinner and shorter than the 

surrounding area in 1967 and during regrowth in the 1968 

season. Soil samples taken during the first season showed 

that on July 13, 1967, immediately after a combined total 

of 0.98 inches rainfall on July 11 and 12, the moisture 

content in the surface six inches was 7»1 and 7.8$ on the 

control and undipped plots. This indicates that there v/as 

a very slight difference in the evaporation on clipped 

plots compared to undipped plots with litter present. 

These factors coupled with close clipping could have influ

enced the stand of both Lehmann and Boer lovegrass. The 

latter appears to be especially sensitive to mowing as many 
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dead centers of plants and whole plants were found in 1968 

and 1969. However, the effects of close mowing, climate, 

and other factors mentioned on vigor and fertilizer re

sponse can only be postulated at best with the available 

data. It remains to be determined if native species respond 

differently than Lehmann lovegrass to time of fertilization 

or if the differences found in these studies are entirely 

climatic. 

The annual forbs and fescue were clipped on the 1957 

treated plots during the spring of 1968 to determine if the 

fertilizers were used by the annuals. The results were 

highly variable and significant at the 10$ level for both 

the annual forbs and fescue. The coefficients of variation 

(C) were 59 and 82$ for the annual forbs and fescue, 

respectively. These high C values explain why significance 

was not found at the 5$ level. The data indicate a strong 

trend toward increasing production of annual forbs and 

fescue by the 1967 treatments. The data also indicate that 

there v/as a trend fcir June 5 application to produce higher 

yields of fescue and for August 7 application to produce 

higher yields of forbs. However, these differences were 

not significant, Table 21. 

Plant N and P Concentration. In 1967* Lehmann love

grass samples were taken from the experimental plots at 

different dates throughout the growing season in order to 

assess the N and P levels of grasses as influenced by dates 
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of fertilizer application. These data were compared with 

the N levels produced "by unfertilized grasses and summarized 

in Table 22. These plant analyses showed that treated plots 

on June 5 produced highly significant N increases above 

that of unfertilized forage. Furthermore, these increases 

were elevated and maintained significantly above the control 

at all sampling dates throughout the summer. These data 

also indicate that the June 5, July 3, and July 12 applica

tions caused highest concentration of N in late July. There 

is also an indication that on July 22 N concentration was 

increased with time in the control as well. The N levels 

of fertilized plants increased to a maximum concentration 

in late July and then decreased with time as shown in Table 

22. It is known that N levels in plants reach a high con

centration early in the growing season and then decrease 

with maturity (Gay, 1965). The frequency of sampling was 

too limited in this study to fully assess the nature and 

time of highest concentration of N levels with respect to 

time of application. Overall, these data indicate that 

late fertilizer application not only elevates the N con

centration but delays maturity of Lehmann lovegrass. The 

N level in all plants was slightly decreased in September 

but this decrease was arrested by additional rainfall, thus 

causing a slight nonsignificant increase in N in the 

fertilized plants in October. This trend was especially 

noticeable with the late dates of fertilizer application. 



Table 22. Influence of dates of fertilization on the nitrogen content of 
Lehnann lovegrass, Page-Trowbridge Ranch, 1967. 

Sampling Sates 

July 3 July 22 August 7 August 19 September 13 October 12 
Treatments S ^ T Treatments 

June 5 1.93a2 2.37a 1.55b 1.66a 1.06a .97a 

July 3 - 2.49a 1.89ab 1.56a .97a 1.05a 

July 12 - 2.62a 2.16a 1.59a 1.16a 1.06a 

.July 22 - - 1.87ab 1.80a 1.13a 1.19a 

August 7 - - - 1.88a 1.23a 1.30a 

Control 1.27b 1.58b i. . o -p* o 1.05b .52b .59b 

Significance 
level .01 .01 .01 .01 .01 .01 

1 Average of five replicates. 
p 
Values followed lay the same letter are not significantly different. 
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For example, the August 7 application maintained the highest 

N level followed closely by July 22, July 12, and finally 

by the July 3 and June 5 dates of application. 

The total N uptake by the plants for the August 19, 

September 13, and October 12, 1967, harvests are shown in 

Figure 13. These data show that on August 19, the June 5 

application had the highest N uptake followed by July 3 and 

July 12 applications. These three treatments produced 

highly significant N uptake values above all other treat

ments. The July 22 and August 7 applications resulted in 

less N uptake and they were significantly less than the 

earlier treatments but were highly significantly increased 

above the control. Figure 13 shows that the N uptake 

values had all decreased by September 13. The greatest 

decreases were associated with the June 5, July 3, and July 

12 applications. The average decrease for these three was 

approximately.8.5 lb N/acre. The other treatments including 

the control were only decreased slightly for the same date. 

On September 13, the highly significant difference noted 

on August 19 was still maintained by the June 5, July 3, 

and July 12 dates of application above the August 7 and the 

control treatments. The July 12 application was not signif

icantly different than the earlier treatments or the August 

7 treatment. The August 7 application was not significantly 

different from the July 22 and the control. In October, all 

treatments were higher in N uptake values than the control. 
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Figure 13. The total nitrogen uptake in pounds per acre of the plants harvested in 
August, September, and October at the Page experimental site in 1967. 
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The N uptake values for July 22 and August 7 applications 

were stimulated by the rainfall in late September and early 

October. This probably accounts for maintenance of higher 

uptake values for the three earlier fertilizer treatments. 

The N concentration data for the annual forbs and 

grasses were not significantly different among treatments 

in the spring of 1968. There was no indication that the 

1967 fertilizer applications influenced the N concentration 

of the annual forbs and grasses. Lehmann lovegrass was not 

analyzed for N or P concentration in the fall of 1968. 

Plant samples collected on the dates discussed previ

ously were also analyzed for total P as shown in Table 23. 

The data indicate that the P in the control plants was at 

the same level as the treated forage in early and late July. 

The P concentrations increased to a maximum in late July 

and then decreased with maturity. These data also seem to 

indicate that this high concentration P level could be 

reached later by delaying fertilizer application. Prom the 

August 7 application, the P concentration was highly signif

icantly increased above the control through September 13 

and was maintained somewhat above the control through 

October. The August 7 application had the highest P level 

in October, and the other treatments reached a nearly common 

level (Table 23). 

The total P uptake values for the August 19, Septem

ber 13, and October 12, 1967, dates of harvest are not 



Table 23. Influence of dates of fertilization on the phosphorus concentration 
of Lehmann lovegrass, Page-Trowbridge Ranch, 1967. 

Treatments 

June 5 

July 3 

July 12 

July 22 

August 7 

Control 

Sampling Dates 

July 3 July 22 August 7 August 19 September 13 October 12 

.21a 

.21a 

Significance 
level .05 

.32a 

.32a 

.29a 

.31a 

.25ab< 

.29a 

.30a 

.30a 

.23b 

c/o? 

.26ab 

.25ab 

.25ab 

.27a 

.27a 

.24b 

.12ab 

.13ab 

.14a 

.10bc 

.13ab 

.08c 

.11b 

.11b 

.11b 

.13ab 

.14a 

.12ab 

.05 .01 .05 

1 

.01 .05 

Average of five resplicates. 

"Values followed by the same letter are not significantly different. 
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shown. These total P uptake were lower in values, Taut they 

followed similar trends as those noted for the N uptake 

values in Figure 13. These data indicate highly significant 

increases in P uptake especially for the June 5, July 3, 

and July 12 dates of application. The June 5» July 3» and 

July 12 applications produced highly significant P uptake 

above all other treatments in August. The July 22 treat

ment was highly significantly greater than the control but 

was similar to the August 7 data in comparison. The P up

take value for the August 7 application was not significantly 

different than the control. All P uptake values decreased 

by September 13. The greatest decreases in P uptake were 

noted for the June 5, July 3 and 12 dates of application. 

These treatments were similar in P uptake values and they 

were highly significantly increased above the other treat

ments. The July 22, August 7» and control were similar in 

values and were not statistically different from each 

other. In October, the July 22 and August 7 dates of appli

cation P uptake values were increased nearly to the same 

P uptake values as the earlier dates of application, pro

bably as a result of the late season rainfall. All treat

ments were highly significant above the control at the 

October harvest. 

Plant Moisture Content. The moisture content of the 

plants followed nearly the same graphic pattern regardless 

of treatments (Table 24). The June 5 application produced 



Table 24. Influence of dates of fertilization on the moisture content of 
Lehraann lovegrass, Page-Trowbridge Ranch, 1S67. 

Treatments 

June 5 

July 3 

July 12 

July 22 

August 7 

Control 

39a 

36a 

Sampling Dates 

July 3 July 22 August 7 August 19 September 13 October 12 
<-v ' _ _t 

74a 

73a 

71a 

69a 

fa Moisture 

67a 54a 

66a 54a 

67a 55a 

64a 59a 

57a 

64a 55a 

35c 

34c 

36bc 

41a 

38abc 

39ab 

46c 

49b 

49b 

52a 

52a 

43d 

Significance 
level .05 

1 

.05 .05 .05 

Average of five replicates. 

.01 .01 

"Values followed by the same letter are not significantly different, 



higher moisture content than the control in early July "but 

the increase was not statistically significant. The mois

ture content of the control plots was 36'/" on July 3 as com

pared to 3S$ for the June 5 application. The maximum mois

ture contents were exhibited by the plants on July 22. 

These values, although not statistically significant, showed 

an average value of TV/a among treatments and that the ferti

lized plots were slightly higher in moisture content than 

the control. The moisture levels from July 22, however, 

decreased gradually with time as indicated by Table 24. 

The June 5, July 3» and July 12 dates of application main

tained higher moisture contents until the August 19 sampl

ing date when the moisture data indicated that the July 22 

and August 7 dates of application produced higher moisture 

contents than all other treatments but these were not 

statistically significant at the 5'/» level. The average 

moisture content on August 19 was 56̂ . The lowest moisture 

levels were noted at the time of the September 13 harvest 

and at this time the data shov/ed that the moisture levels 

were highly significantly different among treatments. The 

June 5 and July 3 application treatments had moisture con

tents below the control and July 22 treatments. The July 

22 date of application produced a highly significant mois-

ture content above the June 5 and July 3 treatments on 

September 13 when the moisture content ranged from 34 to 

41 The moisture content of the tissue was increased 
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from this low level to an average of 49$ "by October 12 as 

a result of the late season rainfall. The data also showed 

four distinct levels of moisture which were all highly 

significantly different from each other. The two later 

dates of application were higher in moisture content than 

all treatments. The July 3 and July 12 dates of applica

tion also showed a distinctly higher moisture content than 

the June 5 and control treatments. The June application 

also showed a highly significant increase in moisture con

tent above the control. These results indicate that late 

application of fertilizer can increase the level of the 

moisture content of forage if extra moisture becomes avail

able late in the season. 

Soil Nitrate-Nitrogen. The NOyN status in the soil 

was determined by taking soil samples and analyzing them at 

the same intervals as shown for the plant samples. The 

data showed that NOyN level of treated plots was generally 

above the control plots from July 3 to July 22 (Table 25). 

The NOyN levels versus time for the soil treated on June 

5 is illustrated in Figure 14. These data show a rapid 

decline of the soil NOyN in the soil with time. The rapid 

initial increase and subsequent decrease in soil NOyN is 

well illustrated by the June 5 data. With the later appli

cation on August 7» the soil NOyN was maintained above the 

soil NÔ -N levels of the previously treated plots of July 

3 and control at the V/o level on August 22 but this 



Table 25. Influence of dates of fertilization on the nitrate-nitrogen concen
tration of the soil, Page-Trov/bridge Ranch, 1967. 

Sampling Dates 

July 3 July 22 August 7 August 22 September 22 October 12 
Treatments ppm NOyN 

June 5 26.5a2 21.2a 19.5a 10.2ab 4.6a 4.3a 

July 3 - 11.1b 5.9b 3.8b 4.3a 5.6a 

July 12 - 23.1a 10.0b 7.4ab 4.6a 5.6a 

July 22 - — 12.9a 8.9ab 4.0a 8.0a 

August 7 - - — 14.0a 6.0a 7.8a 

Control 3.6b 5.9b 3.9b 4.4b 3.4a 3.4a 

Significance 
level .01 .01 .01 .01 .05 .05 

Average of five replicates. 

2 
Values followed by the same letter are not significantly different. 
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Figure 14. The soil nitrate-nitrogen level of different 

dates of fertilized plots as it changed during 
the summer of 1967 at the Page experimental 
site. 
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difference was not significant on September 22 and October 

12 (Table 25). The NÔ -N level in the control varied 

slightly from June to October (Figure 14). Soil NÔ -N con

centrations of all plots decreased to nearly a common level 

in September with the exception of the somewhat higher non

significant level of the August 7 application. Furthermore, 

soil samples taken on October 12 also showed no significant 

differences among soil NÔ -N values. In following the soil 

NÔ -N values in Figure 14 , it should be kept in mind that 

these lines are only for illustration and do not represent 

continuous levels throughout the season. A more thorough 

discussion of the complete fate of NÔ -N cannot be made at 

this time, because of the limited amount of data accumulated 

in this study. 

Available Soil Phosphate. Soil samples used for the 

NOyN analyses were analyzed for available soil phosphate 

(Table 26). These data indicate that the level of available 

phosphate did not rise as quickly as with soil NÔ -N. These 

data, however, showed generally a highly significant increase 

in available soil phosphate with each date of application 

above the check throughout the season, especially from 

August 7 on to October 12. 

Seed Production. Bundles of grass from equal areas 

of each plot were collected on September 13 in order to 

determine the influence of fertilizer application on seed 

production. 



Table 26. Influence of dates of fertilization on available soil phosphate, 
Page-Trowbridge Ranch, 1967. 

Sampling Dates 

July 3 July 22 August 7 August 19 September 13 October 12 
Treatments ppm PÔ  

June 5 6.9a 11.5a 7.1a 9.0a 11.4a 9.5a 

July 3 - 7.9b 8.6a 7.7a 9.9a 11.0a 

July 12 - 10.8a 9.6a 8.3a 10.1a 9.6a 

July 22 - - 8.5a 8.9a 11.7a 12.1a 

August 7 - - - 5.9ab 12.0a 12.2a 

Control 4.4b 5.8b 3.5b 3.9b 6.3b 4.1b 

Significance 
level .01 .01 .01 .01 .05 .05 

Âverage of five replicates. 

2 
Values followed by the same letter are not significantly different. 
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These data (Table 21) show a highly significant 

increase in seed production "by the June 5, July 3, and July 

12 dates of fertilizer application over the control. The 

July 22 and August 7 application did not significantly in

crease seed production above the control. It is apparent 

from the data that each delay in fertilization date resulted 

in less increase in seed production. Seed production were 

269, 242, 228, 162 and 140$ for the June 5, July 3, July 12, 

July 22, and August 7 dates of fertilizer application when 

compared to the control (100$). 

General Observations. The fertilized plots were 

greener in color than the controls in all cases, this was 

especially true later in the season with the delayed ferti

lizer applications. The plants on plots fertilized earlier 

produced numerous coarse seed stalks while the later appli

cation produced more green leaves and fewer seed stalks as 

in the Santa Rita study. 

Summary of Results of Page-Trowbridge Study. This 

site gave excellent response to fertilizer applications dur

ing the summer of 1967. This was during an excellent year 

for rainfall, however. The summer rainfall was limited in 

1968 and 1969. Fertilizer applied in such dry years could 

be detrimental to perennial grasses as was shown by Koltz 

(1967). Although rainfall probability cannot be calculated 

from available date, the chances of obtaining fertilizer 

responses is greatly increased by fertilizing after a good 
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rain. Because of this it is recommended that fertilizer be 

applied to moist soil. The excellent response to fertilizer 

at this site was due to .the excellent stand of Lehmann 

lovegrass, ideal infiltration and moisture storage capacity 

of the soil, the low native fertility, proper date of ferti

lizer application, and the excellent rainfall during the 

summer. The data indicated that dates of fertilizer appli

cation can influence the productivity, N and P level of 

plants, the soil NOy-N and available soil phosphate, plant 

maturity, and seed production at this site. The most impor

tant factor, hov/ever, that must be considered at this site 

as well as most range sites in Arizona is the rainfall. If 

excellent rainfall occurs, then there would be an excellent 

opportunity to increase good quality forage at this area. 



CHAPTER VI 

SUMMARY OP RATES AND DATES OP FERTILIZER APPLICATION 

This chapter includes a general summary of the 

effects of rates and dates of fertilizer application on 

herbage production, plant N and P concentration, soil 

NOyN, available soil phosphate, and plant moisture con

tent. 
I / 

Rates of Fertilizer Application 

An application of 200 lb N/acre, before the onset 

of summer rainfall, produced no response with or without 

200 lb PgÔ /acre at the 1964 Kitt Peak site. Addition of 

50 lb KgO/acre plus high N and P had no effect. 

Rates of 37.5 and 75.0 lb N/acre with and without 

75 lb PgÔ /acre were used at the Kitt Peak site (1965-1966). 

Fifty and 100 lb N/acre with and without 100 lb PgÔ /acre 

were applied at Scott Flying W and Q Ranch sites. Only at 

the 1964 Kitt Peak and Q Ranch sites were application of 

50 lb KgO/acre used with high N plus P rates. 

Fertilizers were applied to moist soil at all sites 

with the exception of the 1964 Kitt Peak site where ferti

lizer was applied to dry soil. 

162 
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Herbage Production 

Rates of 75 to 100 lb N/acre applied to moist soil 

stimulated production of native grasses and forage yields 

were significantly above the control at Kitt Peak (1965-

1968), Scott Plying W, and Q Ranch sites. 

Low N rates plus P produced highly significant for

age increases at Kitt Peak (1965-1968) and Scott Plying W 

sites, but not at the Q Ranch site. In general, high N 

rates with P produced highly significant increases in for

age above the control. 

The addition of P alone at Kitt Peak (1965-1968) 

and Q Ranch sites did not influence the herbage yield. 

Phosphorus alone seemed to decrease the herbage yield at 

both sites, but response was nonsignificant in comparison 

to the control. Similar trends were also noted by Koltz 

(1967). 

The highest forage yield resulted from the treatment 

of high W with P plus 50 lb K20/acre. This yield was high

ly significant above that resulting from the treatments of 

low N alone, low N plus P, P alone, and the control. This 

trend was noted in a similar study by Stroehlein et al. 

(1966) in Apache County due east (about 100 miles) of the 

Q Ranch site. 

The lav/ of diminishing returns usually associated 

with rates of fertilizer and yield responses was observed 

only at the Kitt Peak site. The addition of 75 lb N/acre 



164 

produced a slight decrease in forage production, suggest

ing that the optimum level of N was between 38 and 75 lb 

N/acre. In contrast, the data at the other two sites in

dicate production increased with higher N rates. 

Fertilizer reapplication at Scott Flying V/ resulted 

in nonsignificant yield differences between the low and 

high N rates plus P. Yields from these treatments were 

significantly greater than those from either the N alone or 

control. The following year, residual yield response to 

the high N plus P treatment was significantly greater than 

that from the control only. In comparison to these results, 

data at Kitt Peak (1965-1968) showed a trend for yield in

creases resulting from fertilizer reapplication, especially 

for the high N rate plus P, but these apparent responses 

were not significant probably due to large sampling error. 

Plant N and P Concentration 

In general, the high N rate plus P treatment at Kitt 

Peak (1965-1968) and N-P-K treatment at Q Ranch resulted 

in highly significant increases in the N concentration of 

herbage compared to the P and control treatments. This 

highly significant difference was limited to the first sea

son at Kitt Peak site. Differences did not appear the 

following seasons. In comparison, no significant increases 

in N concentrations were noted at the Scott Flying W, 
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although trends indicated that high N alone and high N plus 

P treatments influenced the N concentrations. 

The reapplication of fertilizer at Kitt Peak (1965-

1968) and Scott Plying W did not result in significant 

responses in N concentrations the first season or in subse

quent seasons. 

The increase in plant P concentration on plots re

ceiving P alone was highly significant when compared with 

all other treatments at Kitt Peak (1965-1968) during the 

first season. Highly significant differences among treat

ments v/ere noted during the third season (1967), "but these 

data are hard to explain with the limited information. 

Data from the Scott Plying V/ site showed no significant 

differences in P concentration among treatments during the 

first and subsequent seasons. 

Reapplication of fertilizer at the Kitt Peak site 

(1965-1968) did not influence plant P concentration among 

treatments the first season. During 1967, highly signifi

cant differences in P concentration among treatments were 

noted. Data collected at Scott Plying W site showed no 

significant differences among treatments during the first 

or in subsequent seasons. 

Soil Nitrate-Nitrogen 

In general, data from Kitt Peak and Scott Plying V/ 

indicate differences in effect of treatments on soil NOy-N. 
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Highly significant differences in soil NOyN were noted 

"between the high N and high N plus P treatments and the P 

and control treatments at Kitt Peak (1965-1968). Similar 

values for Scott Plying V/, however, were not significant 

but tests at the 10̂ 5 level of significance showed trends 

similar to results for the Kitt Peak site. At both of 

these sites, these responses were noted only the first 

season. 

Reapplication of fertilizers usually did not signif

icantly affect the soil NOyN level during the first or 

following seasons at Kitt Peak and Scott Plying W sites. 

Available Soil Phosphate 

The addition of fertilizer generally did not influ

ence the available soil phosphate the first season but 

reapplication of P fertilizer increased the available soil 

phosphate. Only at the Kitt Peak site (1965-1968) were 

highly significant differences among treatments obtained 

for two seasons due to the first fertilizer application in 

1965. Data indicate that these results were due to N plus 

P treatments the first season and to the P treatment during 

the second season. 

Plant Moisture Content 

The moisture percentage found in harvested herbage 

varied from year to year, but no significant differences 

among treatments were noted at the Kitt Peak site (1965-1968) 
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the first season or in the following seasons. At Kitt 

Peak (1964) and Q Ranch sites no significant differences 

in moisture content were found among treated plants the 

first season. 

Plant Composition 

The initial and reapplication of fertilizer did hot 

significantly affect the plant composition of plant species 

at the Scott Flying W site. 

Observations at Kitt Peak site indicated that spring 

annuals, grasses and forbs probably used the residual 

fertilizer, but data were not collected. 

Influence of Rainfall 

The influence of rainfall on the effects of rate of 

fertilizer applications could not "be determined, because of 

the differences in soil, rates of fertilization application, 

time of application, vegetation, and elevation among the 

different sites. 

Dates of Fertilizer Application 

A fertilizer rate of 75 lb N/acre supplemented with 

75 lb PgÔ /acre and 37•5 lb KgO was employed at the Kitt 

Peak site (1965). At the other sites, the rate of 50 lb 

N/acre was the basis unit supplemented with 17 lb P20̂ /acre 

only. These later sites were Kitt Peak (1966-1968), Santa 

Rita and Page. 
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The fertilizers were applied to dry soils once in 

June, three times in July, and once in August except at the 

Kitt Peak site (1966-1S68) where fertilizer was applied 

once in June, twice in July, and once in August. At all 

sites, the dates of fertilizer application were chosen so 

no dates were the same. 

Herbage Production 

Herbage yields at the Kitt Peak site (1965) were 

not significantly different among treatments, although a 

lower yield value was associated with the June 1 date of 

application and the highest yield with the July 16 treat

ment. Herbage yields at the Kitt Peak site (1966-1968), 

however, showed a highly significant difference between 

the earlier treatments, June and July, and the last treat

ment, August 20. The measured yield for the July 30 treat

ment was 100 lb/acre of forage above that obtained for the 

June 8 treatment. These trends support the idea that 

fertilizer should not be added extremely early or late in 

the summer such as June 1 or August 20 at this site. By 

adjusting dates to late June or early August, the efficient 

use of fertilizer could be improved. These data indicate 

that when fertilizer was applied to moist soil after onset 

of rainfall in July plant response increased herbage pro

duction as compared to earlier and later dates of applica

tion. 
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At the Santa Rita site there were no differences 

among treatments in herbage production. The highest in

crease in herbage was associated with the June 15 treatment 

and the lowest with the August 18 treatment. Similar date 

effects were found at the Page site where highly significant 

differences were noted between the earlier dates and August 

7 date. The highest yield was associated with the June 5 

and the lowest with the August 7 treatment. These results 

show a trend indicating that delayed fertilizer application 

reduces the herbage yield progressively with time. These 

results are opposite those found at the Kitt Peak site 

which showed more efficient fertilizer use for the July 

dates. Data from both the Santa Rita and Page sites seem 

to indicate that Lehmann lovegrass responded just as well 

to earlier dates of application as later dates. 

These differences in herbage production were limited 

to one season. Limited results obtained at the Page site 
I 

indicated that if the applied fertilizer were not used 

completely during the fall then the unused nutrients could 

influence growth of spring annuals. Although these results 

were not significant, the trends were that the August 7 

treatment influenced the forbs and the June 5 treatment 

influenced the fescue. 
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Plant N and P Concentration 

No significant increase in plant N concentrations 

among treatments v/ere noted at the two Kitt Peak sites 

and Page site at the Yfo probability level. Trends for high 

N concentration v/ere associated with August date of appli

cation. The plant N concentration at the Santa Rita site 

was highest for the August- 18 treatment, followed by the 

July 28 treatment, and then the June 15 and July treat

ments. These differences were highly significant and 

limited only to the first season. 

Limited data from Kitt Peak (1966-1968), Santa 

Rita, and Page sites showed trends indicating higher N 

concentrations in fertilized plants during early season 

which decreased with time. Results from the Page site 

indicate that this trend also applied to nonfertilized 

plants• 

Wo significant differences in plant P concentra

tions among treatments v/ere found at either of the Kitt 

Peak sites. No differences in plant P concentration among 

treatments at the 1level was noted at the Santa Rita 

site, although slightly higher P concentration v/as asso

ciated v/ith the August 18 treatment. The August 7 treat

ment resulted in a highly significant increase in P con

centration compared v/ith other treatments at the Page site. 

Plant P concentration decreased with maturity. These 
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trends were supported by data taken at the Kitt Peak site 

(1966-1968) and the Santa Rita site. 

Soil Nitrate-Nitrogen 

Treatments at the Kitt Peak site (1965) and the 

Page site had no significant effect on NOy-N levels measured 

at the end of the first season although trends indicate 

higher values associated with fertilized soils. The Page 

data showed a rapid decline of soil NOyN approximately two 

weeks after fertilizer application. 

Available Soil Phosphate 

In general, there was no significant difference 

among treatment in available soil phosphates during the 

season. Slightly higher values were associated v/ith later 

dates of fertilizer application. 

Plant Moisture Content 

The moisture contents of harvested plants at both 

Kitt Peak sites were not different among treatments. At 

the Santa Rita site plant moisture content for the August 

18 treatment v/as significantly greater than for earlier 

treatments the first season only. Plants at the Page site 

for the July 22 and August 7 treatments had the highest 

moisture content. Lower plant moisture was found in plants 

treated July 3 and July 12 with less moisture in plants 

treated June 5. These differences were highly significant. 
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The data from the Santa Rita and Page sites show that the 

moisture content of treated plants can be improved by de

laying fertilizer application. 

Influence of Rainfall 

Data from the Page site indicate that the extra 

rainfall in late September and early October increased the 

herbage production in October. The moisture contents of 

plants harvested on September 13 at the Page site were low 

among treatments, however, two distinct levels which were 

highly significantly different were found. After additional 

rainfall the moisture content of plants rose a higher level 

and three distinct levels of moisture content were found 

at the October harvest. Similar results were obtained at 

the Santa Rita site. These results indicate that delaying 

fertilizer application can influence the plant moisture 

content, especially when extra moisture becomes available 

in the fall. 

General Observations 

The fertilized plants generally were greener in 

color than unfertilized plants. These color differences 

were all limited to the first season in both the rates and 

dates of fertilizer application studies. The delayed ferti

lization generally produced more green leaves and fewer 

seed stalks than earlier fertilization. 
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Delaying the date of fertilizer application at the 

Page site reduced seed production. Seed production for the 

June 5 treatment was greater than the August 7 treatment. 

This difference was highly significant. 

Plant utilization was improved at the Santa Rita 

site "by delaying fertilizer application. 



CHAPTER VII 

SUMMARY 

A range fertilization program was undertaken in 

four semiarid Arizona range sites to study the effects of 

nitrogen, phosphorus, and potassium on range grasses. The 

fertilizers were applied at different rates and dates. 

The effects of rates and dates of fertilizer appli

cation on grassland were evaluated by measurement of plant 

responses in herbage production, plant N and P concentration, 

and plant moisture content. Soil nitrate-nitrogen, avail

able soil phosphate, and other specific responses peculiar 

to each individual site were also measured. 

Small plots, 200, 400, and 600 ft2 in either com

pletely randomized or randomized block designs were employed 

to analyze and evaluate the data. These designs were mod

ified to split plot to study reapplication of rates of 

fertilizers. 

Information collected over a four year period indi

cated a definite dependence of soil moisture on efficient 

use of fertilizer. Y/hen fertilizers were applied to moist 

soil at Kitt Peak, with a summer rainfall of over five 

inches, a positive plant response was found compared to a 

174 
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negative response when fertilizer was applied to dry soil, 

even when summer rainfall was eight inches. 

Results showed that the amount and time of summer 

rainfall should "be considered in range fertilization. 

Seasonal data were collected at sites with a summer rainfall 

ranging from over 5 to slightly over 12 inches. Plant 

response to added fertilizer was much "better at the sites 

receiving 10 inches than at those receiving just over 5 

inches. If late summer rainfall was limiting, delayed 

fertilization was not effective. 

Information v/as also obtained indicating that soil 

type affected fertilizer response. For example, the sandy 

nature of the soil at the Kitt Peak site permitted 

excessive NOyN loss compared with the finer textured soil 

of the other sites. Data collected at Scott Plying W 

indicated P fertilization the first year had no effect on 

available soil phosphate levels. Higher clay content of 

the soil at this site prohably immobilized the added P. 

Rates of N fertilizer ranging from 37.5 to 200 lb 

N/acre were used in these studies. The 200 lb N/acre rate 

v/as applied only at one site and no response was associated 

with it. Nitrogen rates ranging betv/een 50 and 100 lb/ 

acre appeared to increase forage production most effective

ly in these studies. 

Phosphorus application alone and K with N and P 

v/ere not found to significantly influence yield of herbage. 
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Phosphorus and N applied together tended to cause an in

crease in herbage yield compared to the same level of N 

applied alone. Reapplication of P to soil improved the 

available soil phosphate. 

At the rates of 37.5-100 lb N/acre, the effect of 

N on plant growth lasted one season, however, spring annuals 

tended to respond to residual N. 

Lehmann lovegrass seed production increase result

ing from fertilizer application v/as greatest when additions 

were made early in the season. 

Livestock utilization of herbage v/as greatest when 

fertilizer v/as applied late in the season at Santa Rita. 
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