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EFFECTS OF AMMONIUM PHOSPHATE ON A

SOUTHERN ARIZONA DESERT GRASSLAND RANGE 

INTRODUCTION

More iafometien about the effects of various commercial ferti

lizers on range land is needed before recommendations can be made for 

large-scale application of these products. It is necessary that more 

be known about various fertilizers, on different soil types, and on 

the many important forage species throughout the grazing lands of the 

West. In order to add to the stockpile of needed information, this 

study was designed to determine the effects of ammonium phosphate on 

two important grass species of a southern Arizona desert grassland 

range.

The limited number of range fertilization studies that have 

been conducted in southern Arizona indicate that fertilization may be 

a valuable tool in increasing range productivity. Sodium nitrate ap

plications have been found to increase perennial grass seedling estab

lishment, increase livestock preference for the established perennial 

grasses, and more than double total forage production (Arnold, 1936). 

Apparent increases in forage production were found to result from ap

plying either ammonium phosphate or ammonium nitrate in a year of 
below-average rainfall (Johnson, 1954). Freeman and Humphrey (1956), 

working in the same area as Johnson, found that with an increase in 

moisture, significant increases in forage production and an extended 

green-feed period of the native grasses resulted from ammonium phos

phate applications.
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Studies in other parts of the country also report favorable results 

from fertilization of range land. Rogler and Lorenz (1957), in a study 

conducted on the Great Plains region of North Dakota, stated that "two 
years of fertilization of a heavily-grazed pasture at the 90-pound rate of 

nitrogen did more to improve range condition and production than six years 

of complete isolation from grazing." On annual grass ranges in California, 

benefits from fertilization have included increased grass palatability, 

improved pasture composition and, most important, greater daily steer 

gains (Green, Wagnon and Bentley, 1958). Andrews (1954), working in 

Mississippi, found that "in one experiment the effect of fertilizer on the 

palatability of grass lasted for eight or nine years after application."

STUDY AREA

This study was conducted on the Santa Rita Experimental Range, 

which lies along the western slopes of the Santa Rita Mountains about 35 

miles south of Tucson, Arizona. The study plots were located at an eleva

tion of 3,850 feet, in a small pasture in which rate of stocking is nor

mally moderate and forage plant condition is usually good. Permanent 

stock water is located within a half-mile of the study area, and several 

small water holes can be found in the vicinity following heavy rains.

The study area was located on a gentle north slope essentially 

free of trees, shrubs and cacti, except for small amounts of false mes- 

quite (Calliandra eriophylla Benth.). The principal grass species were 

Lehmann lovegrass (Eragrostis lehmanniana Nees.) and Arizona cottontop 

(Trichachne californica (Benth.) Chase). These two grasses were the pri

mary subjects of the study. Lehmann lovegrass, an introduction from South
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Africa, had been seeded and well established in the area in 1940. This 

grass provides green feed early in the spring, but during the summer months 

has very little forage value (Humphrey, 1958). Arizona cottontop, a grass 

with high palatability and forage value, was the dominant native perennial 
grass in the area.

Other grasses present in lesser amounts were slender grama (Bouteloua 

filifonais (Fourn.) Griffiths), fall witchgrass (Leptoloma cognatum 

(Schult.) Chase), spidergrass (Aristida ternipes Csv.), and in the depres
sions, tanglehead (Heteropogon contortus (L.) Beauv.). Limited amounts of 

Rothrock grama (B. rothrockii Vasey), sideoats grama (B. curtipendula 

(Michx.) Torr.), hairy grama (B. hirsute Lag.), red threeawn (Aristida 

longiseta Steud.), and plains bristlegrass (Setaria macrostachya H.B.K.) 
were also found on the study plots.

The soil, which is classified as Whitehouse gravelly sandy loam 

(Youngs et al., 1931), occupies part of a large alluvial fan. The surface 

soil and upper part of the subsoil are neutral or slightly acid in re

action. The good grass cover and a large quantity of gravel and stone in 

the soil combine to keep erosion to a minimum.

The climate in the general area is mild and dry, with temperatures 
varying from a summer maximum of around 100 degrees F. to a winter minimum 

of about 20 degrees F. Slightly more than half of the annual rainfall of

15.91 inches (based on a 36-year average) occurs during the summer growing 

season; the remainder is in the winter. Both spring and fall seasons are 

characteristically dry.
Rainfall at the site in 1958 was 21.17 inches. Of this total,

13.91 inches fell during the growing season of late June, July, August and
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September. Average for this period is 9.60 inches. Table 1 shows the 

distribution of the 1958 summer rainfall. Soil moisture was adequate 

before fertilization due to above-normal spring rains (February, March 
and April) totaling 5.41 inches.

METHODS

Plots were established and fertilizer was applied in June 1958. 

immediately prior to the first summer rains. Final observations were 

made in February 1959 before the beginning of spring growth.

The fertilizer used in the study was commercial ammonium phos

phate-sulfate (16-20-0). This particular fertiliser was chosen because 

of its apparent success in previous studies (Johnsen, 1954; Freeman and 
Humphrey, 1956) and the need for more information under conditions of 

different soil, rainfall, forage species and grazing use.

Two blocks of four plots each were established about 200 feet 

apart, with a 12-foot buffer strip between plots. Each plot was 30 x 

100 feet in size, with the long axis running north and south down slope.

On June 16 the fertilizer in dry granular form was applied at rates of 
100, 200 and 400 pounds per acre to randomly selected plots. An untreated 

check plot was left in each of the two blocks. Because the area was other

wise open to grazing throughout the study, two 20 x 20 foot grazing ex- 

closures were placed in each plot (Figure 1). This made a total of four 

exclosures per treatment; i.e., four replicated areas on which measure

ments could be made.

On July 12, ten plants each of Lehmann lovegrass and Arizona 

cottontop in each exclosure were marked and clipped to a height of three



TABLE 1

1958 summer rainfall on fertilization study area.

Date Amount Cumulative Total

inches inches

June
20 0.02 0.02
21 0.09 0.11
27 0.29 0.40
29 0.23 0.63
30 1.34 1.97

July
3 0.10 2.07
6 0.35 2.42
16 0.05 2.47
17 0.36 2.83
19 0.19 3.02
25 0.14 3.16
30 2.63 5.79

August
3 0.51 6.30
6 0.18 6.48
7 0.35 6.83
11 0.12 6.95
12 0.46 7.41
14 0.28 7.69
15 0.74 8.43
17 0.34 8.77
21 0.59 9.36
24 1.45 10.81
30 1.61 12.42

September
3 0.16 12.58
5 1.14 13.72
10 0.13 13.85
13 0.05 13.90
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FIGURE 1, General view of the study area looking 
northeast* Grazing exclosure panels are shown in the 
foreground*
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Inches. Development of the grasses was slight at this time. By leaving 

the 3-inch stubble height, plant regrowth ability was impaired very little, 

and each marked plant resumed growth from an even height for subsequent 

measurements. Measurements were made at weekly intervals during the grow
ing season. Total plant height was measured and recorded by temporarily 

raising all growing stems to their extreme vertical heights. Observations 

of plant vigor, color and leafiness were made each week in addition to 

notations on time of seed set and plant desiccation.

At the end of the growing season, the ten marked plants of Arizona 
cottontop and of Lehmann lovegrass in each exclosure were again clipped to 

3 inches, sacked, air-dried, and weighed to determine production per plant 

for each fertilizer treatment. In addition, total forage production was 

determined in each exclosure by clipping all plants in two randomly lo

cated 9.6-square-foot quadrats to a height of one inch and determining 

the air-dry weight in grams. By multiplying gram weights per 9.6-square- 

foot area by ten, the results may be expse seed in pounds per acre 

(Frischnecht and Plummer, 1949).

Grazing use by domestic livestock was determined by the percent- 

grazed-and-ungrazed method as reported by Stoddart (1935). Measurements 

were made on February 7, 1959, prior to the beginning of spring growth.

The first 100 plants of each species on a belt transect one meter wide 
were recorded as grazed or ungrazed to determine relative palatability of 

both Lehmann lovegrass and Arizona cottontop under the various rates of 

fertilizer application.
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RESULTS

Plant Height Growth

No significant differences in Lehmann lovegrass height growth re

sulted from any fertilizer applications. Weekly height increases were 

approximately the same under all rates of application as on the check plots 

throughout the growing season. Plants in all plots reached an average 

height of about two feet, but there seemed to be a consistently greater 
volume at the 200- and 400-pound fertilizer levels throughout the entire 

period of measurement. Fewer growing stems per plant were noted at the 

100-pound application rate and in the check plots than in those plots 
that received the heavier applications. These differences were obvious, 

although no stem counts were made.

In contrast with the lovegrass, height differences were almost im

mediately apparent in Arizona cottontop (Figure 2). After the second week 

of measurement these differences were pronounced, favoring the 200- and 

400-pound levels over the 100-pound level and the check. These differences 

were statistically significant at the 5 percent level for the last four 

weeks of measurement. Final measurement at the close of the growing sea

son showed the plants fertilized at 200 pounds per acre to be the tallest, 

averaging over 1% feet. Comparable unfertilized cottontop plants averaged 

just over one foot.

Forage Production

Plots fertilized with 200 pounds per acre ammonium phosphate aver

aged 2,776 pounds of air-dry forage per acre (Table 2). This production 

was significantly greater than either the check or the 100-pounds-per-acre
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FIGURE 2. Weekly height growth of Arizona cottontop.

Fertilizer Rate

Check

7/12 7/26 8/2 6/9 8/16 8/23 8/30 9/6
Date



TABLE 2. Effect of ammonium phosphate application on average 

individual plant weights and total forage yield.

Fertilizer
treatment

Average Plant Weights Total
forage
yieldArizona Cottontop Lehmann Lovegrass

Lbs./A Grams per Plant Grams per Plant Lbs./A
None 7.75 12.92 1189

100 9.46 18.42 1281
200 23.59 29.18 2776
400 17.90 24.54 2430

L.S.D. (.05) 5.82 11.65 1136

L.S.D. (.01) 8.37 —
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plots, more than doubling the production obtained at those rates. The 

400-pound-rate plots also produced significantly more air-dry forage than 

either the check of the 100-pound plots, approximately twice as much in 

each case. Production on the 200-pound-rate plots was about 15 percent 

greater than on the 400-pound plots.
Weight production on a per-plant basis showed the 200-pound ferti

lizer rate to be more effective than the 400-pound rate for both Arizona 

cottontop and Lehmann lovegrass (Table 2). Cottontop plants on the 200- 

pound plots averaged 25 percent more than those on the 400-pound plots. 

Lovegrass weight differences at those rates were similar to those of the 

cottontop. Highly significant differences in weight, favoring both the 

200- and 400-pound rates over the 100-pound rate and the check, were re

corded for the cottontop. Weights on the 200-pound plots approximately 

tripled those on the check. The Lehmann lovegrass plant weights showed 

a significant difference only for the 200-pound level over the check; 

in this instance, plant weights were more than doubled.

Grazing Use

Grazing use in the entire pasture was slight in 1958 because of 

light stocking and high forage production resulting from the favorable 
rainfall. The numerous grazing exclosures on the study plots may have 

created a slightly abnormal utilization effect. Cattle may have been 

attracted to the area, judging from the closer-than-average grazing im

mediately adjacent to the enclosures. To compensate for this uneven 

grazing, utilization measurements were started at least three feet away 

from the exclosure panels.
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Cattle showed a distinct preference for Arizona cottontop, ranging 

from 55 percent of the plants grazed on the check plots to 95 percent 

grazed on the 200-pound-rate plots (Table 3). In the case of this grass, 

significant differences were noted for both the 200- and 400-pound rates 

over the check and the 100-pound rates. Lehmann lovegrass, on the other 

hand, although showing rather marked increases in use at both the 200- 

and 400- pound levels, received significantly heavier use only at the 

lighter of these two rates. It is worthy of note, however, that at the 

400-pound rate, 20-percent use was recorded as compared with 12-percent 
on the check.

General Observations
Throughout the growing season there were no apparent differences 

in plant vigor, color, and leafiness between the check plots and those 

receiving 100 pounds of fertilizer per acre. Differences iri these charac

teristics were also lacking between the 200- and 400-pound plots. However, 

in comparing the two higher rates with the check and the 100-pound rate, 

distinct differences were noted. Plants on the 200- and 400-pound plots 

were consistently more vigorous, darker green, and leafier (Figure 3). 

Although height growth of Lehmann lovegrass was similar on all plots, over

all volume was 25 to 55 percent greater on the 200- and 400-pound ferti

lized plots as verified by forage production data. Fertilization at 

these heavier rates also resulted in higher densities, because of an in

crease in plant size of all grass species. Increased density was augmented 

by the tillering characteristic of Lehmann lovegrass, which made up a 

large percent of the grasses in all plots. No actual stimulation of 

this tillering characteristic was noted, however.



TABLE 3. Effect of fertilization on grazing use of Arizona 

cottontop and Lehmann lovegrass.

Fertilizer Treatment
i

Arizona Cottontop Lehmann Lovegrass

Pounds per Acre Percent Grazed Percent Grazed

None 55 12

100 64 8

200 95 29

400 89 20



FIGURE 3. Comparison of fertilized and unfertilized 
plots in grazing exclosures two months after fertili
zation.

Two hundred pounds ammonium phosphate per acre.

No fertilizer
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No differences in time of seed set of any of the grasses were noted 

as a result of any treatment. Lehmann lovegrass set seed on all plots 

about the first week in August; Arizona cotton top near the middle of the 

month. Seed set on both species appeared to be heavier at the higher 

fertilizer rates.

Duration of the green-feed period seemed to be affected very little 

by fertilization except at the 400-pound level. The last rain of the 

growing season fell on September 13; nine days later, plants on the 400- 

pound- fertilizer plots were noticeably dried out. The other plots, 

including the check, remained green about two weeks longer, with the 200- 

pound plots greener than the check and 100-pound plots, as they had been 

most of the summer.

DISCUSSION

In almost every phase of the study, ammonium phosphate applied at 

a rate of 200 pounds per acre produced results equal to or better than the 

400-pound rate. Results from the 100-pound-rate plots were essentially 

the same as from those receiving no fertilizer. Inasmuch as moisture was 

apparently not limiting, total available nutrients in the soil can be 

assumed to be the cause of growth responses. It is reasonable, therefore, 

to assume that an optimum level of available nutrients for this soil was 

reached at some point greater than 100 and less than 400 pounds of 

fertilizer per acre. Because of the consistency of favorable results 

obtained at the 200-pound rate, it is possible that this rate may have 

been near the optimum level under the conditions of this study.
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The lack of a serious soil-nitrogen deficiency prior to fertili

zation is verified by weekly height growth of Lehmann lovegrass under 

fertilized and unfertilized conditions. A critical deficiency of nitrogen 

should have caused some degree of stunted height growth. However, Leh

mann lovegrass height growth was essentially the same for all treatments 

and the check throughout the growing season. Responses to fertilization 

were indicated by the significant weight increases and also by the 

greater leaf volume and stem number of plants fertilized with 200 pounds 

of ammonium phosphate per acre. Arizona cottontop, on the other hand, 

responded to the heavier-fertilization rates in height growth, while making 

highly significant increases in plant weights. It appears that the leafier, 

more succulent cottontop plants respond more favorably to fertilization 

than do the lovegrass plants, which have stiffer leaves and stems.

Total pounds of forage per acre produced on the 200-pound-rate plots 

indicate that this rate probably brings the total available nutrients 

nearer the optimum level than does the 400-pound rate on this particular 

soil. An actual decline in forage production at the 400-pound rate, com

pared to the 200-pound rate, was obvious, although not statistically 

significant. Similar decreases in production at the higher nitrogen 

fertilization rates were noted by Tucker, Abbott and Day (1955), working 

with wheat under irrigated conditions, by Freeman and Humphrey (1956), and 

by Honnas, Branscomb and Humphrey (1959), the latter two studies on 
desert grassland ranges.

Grazing use on the study plots showed that Arizona cottontop was 

preferred over Lehmann lovegrass. On plots fertilized at the higher 

levels this preference was magnified, indicating not only that fertili-
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nation tends to increase palatability, but that the more palatable grass 

was even more highly preferred when fertilized. However, under proper 

use of mixed stands such as this, the great increase in forage production 

would more than make up for any selective grazing that might result.

Solid stands of a less palatable grass species, on the other hand, could 

be turned into valuable grazing areas when fertilized at the proper level, 

as indicated by the significant utilization response of Lehmann lovegrass 

fertilized at the 200-pound rate, even under light stocking.

The earlier desiccation of grasses in the 400-pounds-fertilizer 

plots may be explained by the greater use of water in those plots caus

ing the soil to dry out sooner after the end of summer rains. Transpi

ration of plants growing under conditions of higher soil-fertility tends 

to be greater, as long as soil moisture is adequate (Klages, 1942).

Lower transpiration rates on the less heavily fertilized plots may, there

fore, account for those plots remaining green for a longer time.

The results of this study, while far from conclusive, further in

dicate the distinct possibilities of fertilization as a means of increasing 

the productivity of desert grassland ranges. Continued measurements made 

on the study area during the next few years will determine carryover ef

fects that may be a major factor in determining the actual feasibility 

of range fertilization under similar conditions. Such practices will 

clearly be warranted if further significant increases in forage produc

tion and palatability resulting from fertilization are observed over an 

extended period. With continued accumulation of information, the time 

approaches when realistic recommendations on fertilization of Arizona 
ranges may be made.
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SUMMARY

1. Commercial ammonium phosphate-Sulfate (16-20-0) in dry 

granular form was applied to study plots on a southern Arizona desert 

grassland range at rates of 100,200 and 400 pounds per acre.

2. Rainfall on the study area totaling 13.90 inches was well dis

tributed over the 1958 summer growing season.

3. Arizona cottontop responded in height growth to fertilization 

at rates of 200 and 400 pounds, plants in the 200-pound plots averaging 

almost half again as tall as those on the check plots at the final mea

surement . Lehmann lovegrass showed no height growth response.
4. The 200- and 400-pound rates increased total forage production, 

as well as Arizona cottontop production considered separately. Production 

of Lehmann lovegrass was increased only at the 200-pound level.

5. Grazing use of Arizona cottontop was heaviest on the 200- and 

400-pound plots, while heaviest grazing of Lehman lovegrass occurred on 

the 200-pound plots.

6. Throughout the growing season plants on the 200- and 400-pounds- 

fertilizer plots were greener, leafier and more vigorous than those on

the 100-pounds-fertilizer and unfertilized plots.

7. An optimum level of available nutrients for the soil and con

ditions of the study was reached at some point greater than 100 and less 

than 400 pounds fertilizer per acre.
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