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The Effects of Nitrates and Phosphates upon 

Forage Production of a Southern Arizona 

Desert Grassland Range 1 

c 

BARRY N. FREEMAN AND ROBERT R. HUMPHREY 

Graduate student aNnnd Professor of Ra,nge Managemen,t, re- 
spectively, Department of Agronomy a(nd Range Manage- 
ment, University of Arizona:, Tucson, Arizona 

Few studies have been made of 
the use of commercial fertilizers on 
southwestern rangelands. The re- 
sults available indicate that range 
fertilization has definite possibil- 
ities as a means of maintaining and 
improving forage production on 
these ranges. 

It is well known that the applica- 
tion of nitrogen increases the quan- 
tity and quality of forage produced 
(Arnold, 1936, Kapp, et al., 1950). 
Dickey, et aE. (1948), report that 
nitrogen fertilization increased the 
crude protein content of forage 
plants as well as forage production. 
Cooper, et al. (1955), found that 
the addition of nitrogen and phos- 
phorus was an economical means of 
increasing hay production of moun- 
tain meadows in eastern Oregon. 
Studies conducted by Bentley 
(1946L using single superphos- 
phate, indicated that there was lit- 
tle concentrated grazing on the 
fertilized plots prior to late fall. 
During the late fall, however, cattle 
grazed grasses on the fertilized 
plots to the ground while only 
slightly grazing the unfertilized 
areas. 

In addition to the amount and 
value of herbage produced, fertili- 
zation used in conjunction with 
other range improvement practices 
has high potential value. Retzer 
(1954)) reported that fertilization 
in two reseeding trials increased 
the chances of seedling survival 
and promoted initial growth. Fer- 
tilizer application has also been 
effective in improving present veg- 
eta1 cover for soil and moisture con- 

IApproved for publication as Tech. Pa- 
per No. 379, Arizona Agricultural Ex- 
periment Station. 

servation (Hoglund, et al., 1952). 
Used in conjunction with brush 
control it greatly increased the 
chance for re-establishment of the 
native perennial grasses. 

Experimental Area 
This study was conducted during 

the summer of 1954 on the H. B. 
Thurber Singing Valley Ranch lo- 
cated in southeastern Pima County, 
Arizona.2 The experimental area 
was typical of the desert grassland 
ranges that comprise much of 
southern Arizona. 

The area selected contains most 
of the dominant and subdominant 
forage species typical of the desert 
grassland ranges of southern Ari- 
zona. The results probably apply 
to other similar desert grassland 
regions. 

An annual rainfall of 16 inches 
is normal for the area, slightly 
more than half of which falls dur- 
ing the summer months. As the 
bulk of forage in southern Ari- 
zona’s desert grassland is produced 
during the summer rainy season the 
fertilizers were applied immediate- 
ly prior to the first summer rains. 

The soil is moderately acid (pH 
5.8) throughout and is tentatively 
classified as a Shantung Brown soil 
of the Vista-Holland Sierra series. 

Perennial grasses were dominant 
on the study area. Two species, 
curly mesquite (Hilaria bezangeri) 
and sprucetop grama (Bouteloua 
chondrosiodes) predominated (Fig. 
1). Others occurring in significant 
amounts were sideoats grama (B. 
curtipendula) , slender grama (B. 

2Appreoiation is expressed to Harold B. 
Thurber, owner of the Singing Valley 
Ranch for providing the area for this 
study. 

fiZiformis), blue grama (B. gra- 
&is), poverty threeawn (Aristida h 
hamulosa) , and wolftail (Lycurz~ 
phleoides) . Shrubby vegetation in- 
cluded false mesquite ( CaZZiandra 
e r i o p’h y Z Z a ) , shrubby buckwheat 
(Eriogonum Wrightii), and velvet- 
pod mimosa ( MimSosa dysocarpa) . 
Annual golden-eye (Viguiera an- 
nua) and wild daisy (Erigeron 
corzciwus) were abundantly dis- 
tributed through all the plots. 

Methods and Materials 

The commercial fertilizers used 
were ammonium nitrate (32-O-O), ‘(I 
ammonium phosphate (16-20-O), 
and single superphosphate (0-20- 
0). These were applied in granular 
form at rates of 100, 200, and 400 
pounds per acre. 

The experimental area was divid- 
ed into four series of ten plots 
each. The plots (each 8’ x 24’) 
were laid out with the long dimen- 
sion extending downslope (approx- 
imately 20°) with an easterly ex- 
posure (Fig. 1) (left). Plots were 
separated by a minimum distance 
of four feet. Choice of fertilizer. 
and rate of application to any par- 
ticular plot were determined by 
random selection. Each rate of 
application was replicated four 
times. 

Because of the small amounts of 
fertilizers applied on each plot, it 
was necessary to increase the bulk 
to facilitate even spreading. A 
standard amount of river-bottom 
sand was mixed with each fertilizer 
application and an equal amount 
of sand was applied to each check 
plot. 

Soil samples were taken from 
each plot prior to fertilization and 
again two months later. The sam- 
ples were collected at twelve-inch 
intervals to a depth of three feet, 
oven dried, and analyzed for avail- 
able phosphate and soil nitrate. 
Nitrate determinations were made 
at each depth collected; phosphates 
only in the surface foot. 

Available soil phosphate was de- 
termined by extraction with sodium 
bicarbonate (Olsen, et al., 1954). 
Soil nitrate was analyzed by the N 
phenoldisulf onic acid method 
(Harper, 1924). Soil pH was de- 
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termined by tbe Beckman pH indi- 
cator. 

From the timr of fertilizer appli- 
cation until harvest, the vegetation 
was obserwd at periodic interrals 
to note any visual effects of the 
treatment. The amount of herbage 
produced during the summer grow- 
ing se&son was determined by clip- 
ping, air drying, and weighing the 
cnrrent season’s growth. The tn-o 
dominant grasses, curly mesquite 
and sprucetop grama, were paok- 
aged separateI?. These samples 
,wxre subsequently analyzed for 
available phosphorus and crude 
protein. 

Sitrogen content of each plant 
sample was determined by the boric 
acid modification of the micro- 
Kjeldahl method. The nitrogen fig- 
ure thus obtained eras multiplied 

by the general protein factor of 
6.25 (Triebold, 1946) to give crude 
protein. Phosphorus in plant ma- 
terial was determined by the molyb- 
divanado-phosphoric acid method 
(Kitson and Mellon, 1944). 

Reslllts 

-411 applications of nitrogen fer- 
tilizers resulted in a marked in- 
crease in forage production (Table 
1). On plots receiving ammonium 
nitrate, forage production was 
greatest at the 100 pounds/acre 
rate and decreased with additional 
increments of fertilizer up to 400 
pounds per acre. In contrast, am- 
monium phosphate gave increased 
forage production with each suc- 
cessive increment of fertilizer up 
to the 400 p”nnda/acre rate. 

Fertilirer and 
Rate of Application 

Pounds per Acre 
No Fertilizer 
Superphosphate (0-20-0) 

100 

““0 
1”” 

Ammoai”“, Phosphate (16-20-O) 
1”” 
20” 

4”” 

Amm”lli”ln xitratc (32-0-O) 
100 

2”” 
4”” 

IllOh. 

Phosphate fertilization at rates 
of 100 and 200 pounds 1~. acre 
resulted in onlp slight increases in 
forage productmn; there was, hom- 
ever, a considerable increase at the 
400.pound rate. 

The application of single super- 
phosphate had no effect on soil 
nitrogen. after addition of nitro- 
gen-source fertilizers, on the other 
hand, the nitrate content of the soil 
was sipnifienntly higher two months 
later at all depths to three feet 
(Table 2). 

There was a slight increase in 
soil nitrate at the three-foot level 
when superphosphate was applied 
at 100 pounds per acre. This in- 
crease was small and may have been 
due to soil heterogeneity. 

Soils in general have slight ea- 
pacity for preventing nitrate leach- 
ing and one might expect to find 
increased amounts of soil nitrate 
at greater depths after applications 
of nitrate fertilizers. This might 
account for the large increase (375 
per cent) of soil nitrate at the 
three-foot lerel following appliea- 
tions of ammonium nitrate at 400 
pounds per acre. Similar rates of 
ammonium phosphate, on the other 
hand, gave only a 75 per cent in- 
crease at the three-foot lerel. This 
difference can be accounted for by 
the presence or absence of the ni- 
trate form of nitrogen in the addi- 
tive. 



Table 2. Effect of fertilization on soil nitrate. 
- 

Soil Nitrate Content at Different Depths 
- 

Fertilizer and Prior to Two Months After 

Rate of Application Application Application 
- _- 

in Pounds Per Acre O-3” 12-15” 24-27” O-3” 12-15” 24-27” _- _- 
Plm mm mm ppm zvm wm 

No fertilizer 7.0 3.5 2.0 7.5 3.5 2.0 
Superphosphate (0-20-O) 

100 6.5 3.5 1.5 7.0 3.5 2.0 
200 7.5 4.0 2.0 7.5 4.0 2.0 
400 7.0 3.5 2.0 7.0 3.5 2.0 

Ammonium Phosphate (16-20-o) 
100 7.0 3.5 1.5 7.5 5.5 3.0 
200 7.5 3.5 2.0 8.5 8.5 3.5 
400 7.5 4.0 2.0 11.5 12.0 3.5 

Ammonium Nitrate (32-O-O) 
100 6.5 3.0 1.5 7.0 5.0 3.5 
200 7.0 3.5 2.0 11.0 6.0 4.5 
400 7.0 3.5 2.0 14.0 10.5 9.5 - - 

L.S.D. at 5 per cent level is 1.6 
L.S.D. at 1 per cent level is 2.6 

Crude Protein Content of Grasses 

Results from this one-season 
study indicate that phosphate fer- 
tilization at all rates of application 
had no significant effect on the 
crude protein content of the grass- 
es. Nitrogen fertilization, however, 
increased the crude protein content 
of both curly mesquite and spruce- 
top grama (Table 3). These in- 
creases in protein were directly 
proportional to the rate of nitrogen 
f e’rtilizer application. They appear, 
therefore, to be a direct result of 
the influence of increased available 
nitrogen in the treated soils. 

Available Soil Phosphate 

The application of phosphate fer- Table 3. Effect of fertilizer application on the crude protein and phosphorus 

tilizers markedly increased the 
contents of two grass species. 

I Crude Protein available phosph ate in the surface 
foot of soil two months after ap- 
plication (Table 4). The percent- 
age increases in soil phosphate were 
essentially similar from applica- 
tions of either superphosphate or 
ammonium phosphate. 

Fertilizer and 
Application Rate in 

Pounds per Acre 

- 

_ _ Phosphorus 
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400 pounds per acre extended the 
green-feed period considerably. At 
the lower rates of application, the 
effect was less marked. In contrast, 
grasses on the unfertilized and 
superphosphate-treated plots for 
those treated with 400 pounds of 
superphosphate, were well into the 
curing stage by the middle of 
August. Phosphorus and nitrogen 
in combination prolonged the 
green-feed period more than nitro- 
gen alone. 

to the capacity of phosphate in 
ammonium phosphate to penetrate 
the soil at a faster rate than when 
applied as superphosphate. Except 
for this slight difference, there was 
little variation in the increases of 
plant phosphorus from applications 
of ammonium phosphate and single 
superphosphate. 

Observations made the following 
spring showed that the basal leaves 
of grasses from nitrogen-fertilized 
plots began greening up as early 
as the last week in March. Similar 
basal growth on grasses from un- 
fertilized and superphosphate- 
treated plots was not noted until 
the middle of April. 

Discussion 

Green-Feed Period of Grasses 

Many of the grasses from plots 
treated with nitrogenous fertilizers 
were still green by the end of the 
first week of September. Am- 
monium nitrate when applied at 

In fertilization of native grass- 
land ranges, the stockman is inter- 
ested primarily in such practical 
results as increased forage produc- 
tion, increased palatability and nu- 
tritive value of the forage, or more 
effective erosion control. At the 
same time he wants to maintain or 
increase the fertility of the soil. 
The responses of the forage plants 
to fertilization in this study indi- 
cated that the prior fertility status 
of the soil was either low or un- 

Phosphorus Content of Grasses 

The phosphorus content of curly 
mesquite and sprucetop grama 
from phosphate-fertilized plots was 
considerably higher in all instances 
than from unfertilized plots (Table 
3). The increase was slightly great- 
er in samples of sprucetop grama 
than in curly mesquite when phos- ~_ _ 

No Fertilizer 
Superphosphate (0-20-O) 

100 
200 
400 

Ammonium Phosphate (16-20-o) 
100 
200 
400 

Ammonium Nitrate (32-O-O) 
100 
200 
490 

5.20 6.05 .17 .16 
5.12 6.10 .21 .19 
5.45 5.93 .26 .23 

6.30 6.95 .18 .15 
7.55 10.33 .21 .21 
8.80 11.65 .26 .25 

5.50 
8.45 
9.64 

7.85 
9.16 

12.32 

.16 .13 

.15 .14 

.15 .13 
phorus was applied as ammonium I 

phosphate. This may be attributed 
L s D at 5 per cent leve, 
L:S:D: at I per cent level 1”:7’ 00187 

0.03 0.05 

Curly 
Mesquite 

% 
5.15 

- 

_- 

Sprucetop 
Gramma 

% 
5.98 

Curly Sprucetop 
Mesquite Grama 

% % 
.15 .13 
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balanced, or that the necessary ele- 
ments were present in an unavail- 
able form. 

On a basis of these criteria the 
fertilizer applications were bene- 
ficial in all instances where nitrog- 
enous fertilizers were used. How- 
ever, the changes in quantity and 
quality of forage were found to 
depend upon the particular nitro- 
gen fertilizer used and the rate of 
application. 

Ammonium phosphate appeared 
to have definite advantages over 
ammonium nitrate. Phosphorus is 
difficult for plants to obtain under 
arid conditions. Hence an increase 
in available phosphate in the form 
of a fertilizer makes more phos- 
phorus available during drought. 
Under humid conditions which 
render phosphorus available, the 
additions of this fertilizer element 
are not lost as there is a carry-over 
effect with the added phosphorus 
(Taylor and Haddock, 1955). The 
addition of ammonium phosphate 
therefore, would seem toI benefit the 
forage plant in two ways : by in- 
creasing soil nitrogen which be- 
comes available under favorable 
conditions of aeration and mois- 
ture, and by increasing phosphorus 
which may be beneficial in drought 
periods. 

The increase in crude protein 
content of all grass samples taken 
from nitrogen-fertilized plots was 
directly proportional to the rate of 
fertilizer application. It is of inter- 
est that though the grasses were 
well into the curing stage when 
clipped and analyzed, the protein 
content of those from nitrogen- 
fertilized plots was as much as 
double that of unfertilized plants. 
The nutritional values of grasses 
are thus enhanced by nitrogen fer- 
tilization as there is normally a 
decrease in protein content with 
maturation and dormancy. :Nitrog- 
enous fertilizers do not necessarily 
increase the protein content at this 
time, but do check the usual rapid 
drop in protein content with ma- 
turity (Hall, et al., 1937). 

Phosphorus, when applied to the 
soil, has a tendency to revert to less 
soluble and available forms, espe- 

Table 4. Available phosphate as affected by phosphate 
applied at different rates. 

nitrate fertilizers 

Fertilizer and 
Rate of Applica.tion 
in Pounds Per Acre 

No fertilizer 
Superphosphate (0-20-O) 

100 
200 
400 

Ammonium Phosphate (16-20-o) 
100 
200 
400 

Ammonium Nitrate (32-O-O) 
100 
200 
400 

Phosphorus Available in the Surface Foot 
of Soil 

Prior to 
Application 

wm 
3.5 

Two Months 
After 

Application 

ppm 
3.5 

4.5 
5.0 , 
6.0 

4.0 
4.5 
6.0 

3.5 
4.0 
3.5 

L.S.D. at 5 per cent level is 1.2 
L.S.D. at 1 per cent level is 1.5 

cially under or above a pH range 
of 5.6 to 6.5. There is some indica- 
tion that phosphorus in the form 
of ammonium phosphate, when ap- 
plied to the soil surface, has a 
greater penetrating capacity than 
does the soluble portion of super- 
phosphate (Bear, 1953). This study 
shows that under the arid condi- 
tions typical of southern Arizona, 
phosphorus in the form of am- 
monium phosphate will penetrate 
to the rapt zone of the grasses and 
will not remain in the surface 
layers. 

The marked increase noted in 
phosphorus content of the grasses is 
especially important as the plants 
enter the curing stage. Grasses at 
this growth stage are low in pal- 
atability. An increase in plant 
phosphorus increases both palata- 
bility and nutritional value of the 
forage, although it has little effect 
upon volume of forage produced. 

The extension of the green-feed 
period is of major importance in 
the arid Southwest. Grasses of this 
region decrease rapidly in palata- 
bility during the early fall months. 
If normal precipitation falls during 
the growing season, there is an 
abundance of feed at the end of the 
summer’s growth, but both palata- 
bility and nutritional value are 
decreasing. Nitrogen fertilization 
provides palatable and nutritious 

feed during a longer period and 
thus shortens the supplemental feed 
period necessary during the fall 
and winter months when the range 
forage is at its lowest nutritional 
level. Similar extensions of the 
green-feed period of grasses due to 
nitrogen fertilization were noted by 
Hoglund, et al., (1952), and John- 
sen, (1954). The early greening of 
the basal leaves, as noted in the 
spring of 1955 may be a factor of 
considerable importance in the 
spring, a time when Southwest 
ranges are usually short of green 
feed. 

The time may come when the 
relationship between cost of fer- 
tilizer application and benefits de- 
rived may drastically change. A 
marked decrease in fertilizer costs 
or an increase in the value of live- 
stock products might justify fer- 
tilization rates that are uneconom- 
ical today. Fertilization today, 
however, has to be justified on a 
present-day cost-benefit ratio. 

In this connection it will be noted 
that with prevailing prices for fer- 
tilizers, the 100 pounds-per-acre ap- 
plication of straight ammonium 
phosphate seems to provide the best 
return in weight of forage pro- 
duced. The cost per ton of hay 
increase would be slightly more 
than $20. It should be remembered, 
however, that tonnage was only one 
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of the benefits derived. Growing 
season was lengthened, plant phos- 
phorus content was increased on 
plots fertilized with phosphate and 
protein content was significantly 
higher almost throughout. The total 
effect of these various factors can 
satisfactorily be measured only by 
grazing tests. The small size of the 
plots in the present study and the 
lack of grazing animals or other 
facilities made this impossible in 
the present study. 

Summary 
The effects of applications of 

superphosphate, ammonium phos- 
phate, and ammonium nitrate fer- 
tilizers on forage quantity and 
quality were studied on a typical 
desert grassland range in southern 
Arizona. Fertilizer applications 
were made at rates of 100, 200 and 
400 pounds per acre. 

Forage production was deter- 
mined by clipping, air drying and 
weighing the current season’s 
growth. Samples of curly mesquite 
and sprucetop grama thus obtained 
were subsequently analyzed for 
available phosphorus and for crude 
protein. Soil samples taken to a 
depth of three feet prior to fer- 
tilization and again two months 
later were analyzed for available 
soil phosphate and soil nitrate. The 
green-feed period was determined 
by regular observation of the study 
site during the course of the study. 

Superphosphate fertilization, ex- 
cept at the 400-pound-per-acre rate, 
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resulted in only slight increases in 
forage production and green-feed 
period. Available soil phosphate 
increased markedly in the surface 
foot of soil. Curly mesquite and 
sprucetop grama showed a corre- 
sponding increase in phosphorus 
content after phosphate fertiliza- 
tion. 

Fertilization with ammonium 
phosphate gave significant in- 
creases in forage production and 
the green-feed period of grasses. It 
increased the available phosphate 
and nitrate content of the soil. The 
use of ammonium phosphate also 
gave considerable increases in the 
phosphorus and crude protein con- 
tent of curly mesquite and spruce- 
top grama. 

Ammonium nitrate produced sig- 
nificant increases in forage produc- 
tion and the green-feed period, in 
nitrate content of soils and in crude 
protein content of curly mesquite 
and sprucetop grama. 
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