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EFFECTS OF NITROGEN AND PHOSPHATE FERTILIZERS UPON 
A  SOUTHERN ARIZONA RANGE

THE PROBLEM, AND PREVIOUS STUDIES

Few range fertilization studies have been undertaken 
in the arid regions of the western United States. Those 
that have been made have resulted in various kinds of 
forage improvements. Fertilized ranges have been found to 
be more attractive to livestock and to be grazed more 
closely than adjacent unfertilized areas (Bentley, 1946; 
Silker, et al., 1950). Various workers (Dickey, et al.,
1948; Fitts, et al., 1946) have noted that nitrogen 
fertilization increases the crude protein content of 
forage plants and that forage production is, in many cases, 
as much as doubled. The only previous studies known to 
have been made in southern Arizona (Arnold, 1936; Anonymous, 
1940) indicated that forage production was more than doubled 
by nitrate applications and that composition of the vegeta
tion underwent marked changes after several years. Reynolds, 
et al., (1953) reported an increase in calf drop and weaned 
calf weight after phosphorus fertilization in Texas. Chohlis 
(1954) reports the use of ammonium phosphate in conjunction 
with reseeding to increase forage production on California’s 
annual ranges. This practice, he reports, is being advocated
only in areas that receive 16 or more inches of rainfall 
annually.



CURRENT STUDY

This study was initiated during the early spring of 
1953 to determine the effects of nitrogen and phosphate 
fertilizers, applied separately and combined, upon a 
rangeland area in southern Arizona.

The study was made in an oak savanna on the Singing 
Valley Ranch north of Sonoita in south-central Arizona 
(Fig. 1). The experimental area was located in a small, 
fenced pasture that was closed to grazing for the duration 
of the experiment.

About nine inches of the mean annual precipitation of 
sixteen inches falls during the summer months. .Table 1 
shows the amount and general distribution of the rainfall 
received during the summer growing season during which the 
study was being carried put. It will be noted that less 
than six inches of rain fell during this period; more than 
half of it falling during the first three weeks of the 
season. There had been no rain for three months before 
July; there was none for three months after the end of 
August.

The soil, a moderately acid sandy clay loam, was a 
deep alluvial outwash that contained numerous large rocks 
and stones. The topography was rolling, with deep, steep
sided drainages.

Although the general area can be classed as an open



Figure 1. General view of the study area looking north 
The plots used in the study were located near the top 
of the two ridges near the center of the picture.

V)



. Table 1. Rainfall during the summer growing season 
of 1953 on fertilized plots near Sonoita, Arizona.

Week Ending Weekly Rainfall Cumulative Rainfall
Date Inches inches

July 7 0.10 0.10
14 , • 0.91 1.01 .,j. -, -
21 2.78 3.79,28 0.35 : 4.14 r '

August 4 0.34 4*48 .11 0.00 4.48 ' '18 0.76 5.24 ... ...24 0.10 5.34
September 1 0.55 5.89
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oak savanna, the plots were not located near any trees and 
were typical of desert grassland. Vegetation on the plots 
was predominantly a mixture of curly mesqLuite (Hilaria 
belangeri) and spruce-top grama (Boutaloua chondrosioides)« 
Poverty three awn (Aristide hamuloaa), slender grama 
(Bouteloua filiformis), false mesquite (Calliandra erio- 
•phylla). Mimosa grahami. and shrubby buckwheat (Eriogonum 
wrightii). made up most of the ramaining vegetation (Fig. 2).

METHODS AND MATERIALS
The study was made on a southerly exposure near the 

crest of two adjacent ridges of a single hill. Fertilizers 
were applied on four blocks of ten plots each. Two of these 
blocks were located on each ridge. Each plot was 9.5 x 36 
feet in size, with a minimum distance of four feet between 
plots (Fig. 3).

The kind of fertilizer each plot received was randomly 
determined.: Granulated commercial fertilizers, superphosphate 
(0-20-0), ammonium phosphate (16-20-0), and ammonium nitrate 
(32-0-0 ), were applied to the plots at rates of 100, 200, and 
400 pounds per acre. Uniformity of soil and vegetation type in 
the blocks made it possible to use a single plot in each block 
as a check.. Because of the small amounts of fertilizer 
spread on each plot, river-washed sand from the area was 
thoroughly mixed with the fertilizers to increase the total 
volume and facilitate even spreading. An equal volume of
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Figure 2. Detailed view of one of the plots showing 
general type of plant cover.



Figure 3« Two of the plots showing plot size and slope.
The marks on the horizontal stake are at one foot intervals. 3̂
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sand was ‘broadcast on the check plots to compensate for ■" 
any possible effect that might have resulted from the 
addition of sand.

Soil samples were collected from each plot before the 
fertilizers were applied and again at one-and two-month 
intervals after application. These samples were taken with 
a soil tube to a depth of three feet. The soil thus ob
tained was oven dried and analyzed for nitrate and avail
able phosphate. ‘

Available phosphate of the soil was determined by 
carbon-dioxide extraction (Hibbard, -1931) and photometric 
measurement (Truog, 1930)• Soil nitrate content was de
termined by the phenoldisulfonic acid method (Harper, 1924)• 
Soil pH was determined with a Beckman pH-indicator with soil 
moisture at approximately field capacity (Chapman, et al, 
1940) . : - " ' . . ' y . o  :'. 1- 1' -1: - I '

Weekly measurements of leaf blade length and culm length 
were made during the growing season. Curly mesquite was 
used for these measurements because this grass was easily 
identified in the dormant and early growth stages of its 
development, and because it occurred on all the plots. Ten 
leaves selected at random were measured on ten randomly 
selected plants on each plot. Damaged leaves or leaves at 
the growing stem tips were not measured.

Forage production was measured when the grasses had 
dried and were curing by clipping three 9*6 square-foot
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quadrats (Frischnecht arid" Plummer, 1949) in each plot. The
different species were collected separately. All grasses
were clipped to a stubble height of one inch; the current
year1 s' growth bri shrubs was pruned and measured. Air-dry 
weights of these materials were then determined. The 
samples of curly mesquite and spruce-top grama thus obtained 
were subsequeritly used for chemical analyses.

Samples of curly mesquite and spruce-top grama, both 
of which occurred in analyzable amounts in all plots, were 
ground in a Wiley mill to pass a 60-mesh sieve. This 
material was then oven dried and each sample was thoroughly 
mixed and analyzed"for phosphorus and crude protein.

' Plant phosphorus was determined by the molybdivando- 
phosphoric acid method (kitson, 1 9 4 4 ) Crude protein was 
obtained by determining the amount of nitrogen in the plant

• • "  ’ * - , - 1 -n , ‘ j  *• „• \ «-% •» * '■ r ; •» -  "vi. i .

material with the boric-acid modification of'the micro-
Kj eldahl method of determining nitrogen "(Triebold, 1946).

. . . • - . - ■ - ■ . * ■ ■ ■ ■  ; -  ■ ■■ ... -These results were then multiplied'by" the general protein
factor of 6.25 (Triebold, 1946) to give crude protein."

RESULTS vi: o'V ,

Available Soil Phosphate
In the surface foot of■soil all rates of superphosphate 

and ammonium phosphate applications showed a significant in
crease in carbon-dioxide-soluble or ,lavailable” phosphate
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(Table 2}. It will be noted that phosphate fertilizers 
did not affect the available phosphate level of the soil 
at depths greater than one foot. This was, perhaps, to 
have been expected, as phosphorus is known to move to 
only a limited extent in soils. Thus the application of 
phosphate fertilizers on the soil surface would result in 
a concentration of phosphorus in the surface few. inches.

Application of superphosphate or ammonium phosphate 
at a rate of 400 pounds per acre was found to increase the 
carbon-dioxide-soluble phosphate level of the soil from 2 
to 5 parts per million. McG-eorge (1940) "states that a 
soil is considered deficient in phosphorus when the amount
of carbon-dioxide-soluble phosphate*ls less than 5 ppm; if

• ! •the range is from 5 to.10. ppm, the..soil.may .be deficient
r ' : ■ : :. !and may respond to phosphorus applications. According to 

this standard this soil would be deficient in phosphorus
' '■ . f v ; ■ • |

even after the heaviest application of fertilizers. Since 
the carbon-dioxide method for determining "available" phos-

- ' iphorus was developed with neutral or alkaline soils contain
ing high amounts of calcium, it is questionable whether 
this standard is valid for the slightly acid soil of pH 5.7 
used in this study.

3?hosphorus Content of Grasses
; - : : " T  :Although the phosphorus content of both curly mesquite

and spruce-top grama increased slightly at even the 100 and 
200-pound application rates of superphosphate or ammonium



Table 2. Available or carbon-dioxide-soluble phosphate as affected,
by fertilizer application.

Soil Phosphate Available at Depthsi Indicated
Fertilizer and 

Rate of Application Before Application ‘ One Month After 
Application

' Two Months After 
'■ Application

1-3" 12-15" 24-27" 1-3" 12-15" 24-27" 1-3" 12-15" 24-27"
Pounds per Acre EES . EES ; ppm ■ p m ; EES ■ ; EES EES E m p pm .

No Fertilizer 
Superphosphate 

(0-20-0)
2.0 1.5 1.0

; .. . : :
: 2.0 ;■ i.o

»■ : .

,1.5 2.0 1.5 1.0

100 2.0 1.0 1.5; 4.0 1.5 1.5 3.5 1.5 1.0
200 . 2.5 1.5 1.5 4.5 1.5 1.0 4.0 1,0 1.5
400 2,0 ' 1.5 1.0 5.0 V 1.5 1.5 4.5 1.5 1.0 ,

Ammonium Phosphate • 
(16—20—0)

; t
•, ' -

100 1.5 i.o >; 1.5 3  3.5 ' 1.5 i'J 1.5; 3.0 1.0 1.0
200 2.0 1.5 ' i.o < 4.5 i.o ;; 1.5 4.0 1.5 1.5400 2.0 1.5 1.0 ‘ 5.0 , 1.5 2.0 4.5 1.5 1.5

Ammonium Nitrate . • \ ;• ... ; ;

(32—0—0 ) z ■' ' ' '
t '

100 2.5 r 1.5 i 1.0 • 2.0 ■ 1.5 1.5 2.0 1.0, 1.5
200 2.0 . 1.5 : 1.0 i 2.0 1.5 1.5 2.0 1.0 1.5400 2.0

\

1.5 1.0
V-

2.0 1.5 1.5 2.0 1.0
’ T;

1.5

L.S.D. at 52? level is 1.0
L.S.D. at 1^ level is 1.3
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phosphate a significant increase- was obtained only with the 
400-pound application (Table 3)• This seems to indicate that 
the addition of phosphate fertilizers at the 100- and; 200- 
pound rates was of little apparent value to these two-grasses. 
There was, however, an apparent benefit at the 400-pound rate.

i

Nitrate Content of Soil
One month after application the soil-nitrate content 

under all rates of ammonium nitrate application and under 
the 200- and 40,0-pound rates of ammonium phosphate showed a 
significant increase (Table 4)• Two months after-treatment 
these increases were significantly greater only under the 
200- and 400-pound application rates. •

In analyzing the data presented in Table 4 one must 
keep in mind that the ammonium nitrate contained 32 per
cent nitrogen or twice as much as the ammonium phosphate.
Also that the ammonium phosphate has nitrogen in the 
ammonium form, whereas ammonium nitrate has nitrogen in the 
form of nitrate as well as ammonium. The ammonium usually 
remains in the surface few inches of soil where some of it 
is absorbed by growing plants (Krantz, et al., 1943). The 
rest combines with the soil colloids and.is converted to the 
nitrate form by biochemical action (Albrecht and HcCalla, : 1938). 
This nitrate is then leached down into the soil and is either
taken up by the plants or is carried down beyond the reach 
of the roots.



Table 3* Phosphorus tiontent of two grass species as affected
by fertilizer application.

- ■ Phosphorus Content by Grass Species
Fertilizer and • Hilaria belangeri Bouteloua chondrosioides

Rate of Application- Phosphorus 
:Content* Increase

Phosphorus ' 
Content** Increase

Pounds per Acre .Perc ent Percent Percent Percent
No Fertilizer 
Superphosphate ; 

(0-20-0)
0.18 0.15

100 0.21 - ; 16.7 0.17 13.3 :
200 I 0.23 27.8 0.20 33.3 1
400 j 0.28 55.6 0.26 i 73.3

Ammonium Phosphate 
(16-20-0) | - > v  i

100 ! •0.19 ■ ' 5*6 0.15 i , ' •0.0
200 j r  *: ' 0.22 1 22.2 0.19 i 26.7

' . 400 | 0.29 61.1 0.26 j 73.3
Ammonium Nitrate 

(32-0-0 ) . '  ̂ : , y- ..'' • ■ ;; .
j •0.0100 0.18 ; 0.15 ! r :*c •0.0

200 0.19 '■* ; : 5.6 0.17 13.3
400 ; 0.19 5.6 0.16 ) 6.7

* L.S.D. at 5% level is .05
** L.S.D. at 5$ level is .06



Table 4. Soil nitrate content as affected by fertilizer application.

Soil Nitrate Content at Depths Indicated
Fertilizer and V 

Rate of Application Ap-
Before 
plication:

' : One 
A

Month After 
pplication

Two Months After 
Application

1-3" .12-15" 24-271 1-3" 12-15" 24-27" 1-3" 12-15" 24-27"
Pounds per, Acre EEB PPm - PPm ppm ppm EEB ppm ppm ■

No Fertilizer .. 
Superphosphate.

(0-20-0) :i
6.5 3.0 1.5 6.0 i.o :: 6.5 2.5 1.0

100 6.5 3.0 1.0 6.5 3.0 s i.o :; 6.0 3.0 1.5
2 0 0: 6.0 2.5 1.0 7.0 2.5 x 1.5 6.0 3.0 : 1.0 v-
400 6.5 3.0 1.5 6.0 2.5 r 1.0 . 6.5 2.5 1.5

Ammonium Phosphate i 1 X : ■- • - ; .
(16—20—0) . ! C:
100 6.0 ■3.5 1.5 7.5 3.5 : 3.0 6.5 5.0 3.0 .

• 200 6.5 3.0 2.0 11.5 10.5 2.5 9.0 11.5 2.5
400 . :.y 6.0 3.0 1.5 1 4 .0 ; 12.0 2 .5 : 10.5 14.5 . 2.5 ;

Ammonium Nitrate , . 
(32—0—0 ) ;

• - ". ■' r. :• , v- 1 . •; ■ :
3.5 !f100 6.5 2.5 1.5 8.5 ' 5;5 3.0 5.0 4.0

200 6.0 3.5 1.0 14.0 v 6.5 . 4.5 12.0 6.5 5.0 ; :
400

M
3.0 1.5 20.0 9.0 10.0 16.0 11.5 ■ 12.0

: : : ; ' q .
L.S.D. at 5% level is 1.8 
L.S.D. at 1# level is 2.4
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Inasmuch as only a small amount of nitrate from the 
ammonium-phosphate applications reached the three-foot soil 
level, it may be assumed that the ammonium was being con
verted into nitrate slowly enough to be utilized by the 
plants before much of it could be carried below the two- 
foot level. With the higher soil-moisture content that 
would prevail in years of higher rainfall, the ammonium 
would be converted more rapidly and the excess nitrate thus 
formed would presumably be leached from the soil.

The nitrate of the ammonium nitrate, on the other hand, 
appeared to have been leached down into the soil very rapid
ly. This is indicated by the relatively greater amounts of 
nitrate in the third foot level of the soil where this 
fertilizer was applied than where ammonium phosphate was 
added or than in the check plots.

Crude Protein Content of Grasses
The increased nitrate content of the soil was reflected 

to a great extent in the crude protein content of curly 
mesquite and spruce-top grama. Each of the nitrogen treat
ments significantly increased the crude protein content of 
these grasses (Table 5). The crude protein content of spruce- 
top grama was significantly greater following the application 
of 400 pounds per acre of ammonium phosphate than after the 
application of 200 pounds of ammonium nitrate, even though 
each contained the same amount of nitrogen. The crude protein 
content of both grasses was slightly greater after the



Table $. Effect of fertilizer application on crude protein content
of two grass species.

Fertilizer and
Rate of Application‘

Crude Protein Content by Grass Species
Hilaria belangeri Bouteloua cho]adrosioides

Crude Protein 
Content* Increase

Crude Protein 
Content**

Increase or 
Decrease

Pounds per Acre Percent Percent Percent Percent ;
- • " P

No Fertilizer 6.30 *; \ -
Superphosphate

(0-20-0)
100 5.25 0.0 6.20 - 1.6 •
200 5.65 / 7.6 6.36 / 0.9
400 6.30 / 20.0 6.38 / 1.2 :

Ammonium Phosphate
(16-20-0) ' : n - :
' 100 6 .3 0 / 20.0 8.75 / 138.9 ’200 7.65 / 45.7 9.85 1 56,3 -

400 8.90 / 69.5 12.25 / 100.9 ;Ammonium Nitrate ■ ■ ; %
(32-0-0 ) , - :* ■■ p -
100 7.35 / 4o.o 9.30 / 47.1‘ 200 9.80 i 86.6 11.08 / 75.9 !
400 : 10.85 / 106.6 14.00 / 122.2

* L.S.D. at 5% is 1.3; at 1% is 1.8
** L.S.D. at %  is 0.8; at 1% is 1.0
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200-pound ammonium■phosphate application than following
the 100-pound application of ammonium nitrate, even though

< < ■< j
each fertilizer contained;the same-amount! of nitrogen.
Further study,is required to determine whether this wasi I - : - .  O •- ■. . ,

\ \ \ ' 'v/ — ",

due to the phosphate or to the ammonium of the ammonium
Z;phosphate.6

Leaf Growth

>:\>l
\ x

C-: !4
V,'

i-J
i ~

Three criteria were selected as indicators^/of the

»-,r

effect of the three fertilizers on leaf growth. . These 
B  . : : :  -

were: :(a) total leaf blade length, (b) rate of leaf bladej :’v 1 '̂ . ' ' • ! 'f.n . . -■ ' ■■■•: .'Vgrowth and (c) period of leaf growth. .Observations wereM<'. - ' • - - J ;-, u;
> v-also made oh t certain less•tangible- leaf characters such

^ H . . X P "i Z ^
as color and fineness. r! r: - ~ Y • -r z  - ! ! Cl |

The leaf blades of curly ‘mesqiiite"'plants that received 
superphosphate reached their maximum length during the fifth 
week, as did those on the check plots (Fig. 4)®: Leaf blades 
on curly mesquite plants that received 200- andv4Q0-pound
applications of superphosphate were significantly longer

■■ . , i ' ' - - " "v "f :than those(on the check plots. , There were no significant
length differences correlated with different application 

- /\/ o  O o - ,j >
rates of superphosphate. The rate:of growth under all

I—" I • J

kinds and rates of fertilizer•application’ as well as on 
the checks was most: rapid during the first two weeks of 
growth; the growth rate then decreased until the maximum
length was reached# Q O

i\i
O o

3;'THE



BL
AD

E 
LE

N
G

TH
 

IN
 

M
M

SUPERPHOSPHATE AMMONIUM PHOSPHATE AMMONIUM NITRATE

FIGURE 4 .

APPLICATION 
RATE
—  0 LBS./A
---- IOO LBS./A
- i -  200 LBS./A
---- 4 0 0  LBS./A
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There were no significant differences in maximum leaf 
blade length between curly mesquite plants receiving ., 
ammonium phosphate and those receiving ammonium nitrate, or 
between..these. ....treatments and the check plots. c\ .

It will be observed that the rate of growth was; reduced 
after the second week on the plots that received nitrogen. 
The leaves on these plants continued to grow slowly, however, 
and reached their maximum length during the seventh or 
eighth week. ; r. \  .1 : o.-;

Grasses on the plots treated with ammonium nitrate were 
very dark green; grasses receiving ammonium phosphate were 
dark green; those receiving superphosphate or no fertilizer 
were light green. : It was also noted that the. curly mesquite 
on the plots treated with -nitrogen had more numerous a n d . 
finer leaves than on those that received superphosphate or 
on the check plots. , It is apparent from this that leaf 
characteristics other than.length may serve, to show the
effects of ,nitrogen fertilizers on this grass.

The grasses.that received nitrogen became green one week
earlier than those that received superphosphate or no fertilizer.
No growth measurements were taken during this first week because
there was insufficient measurable material available. The
grasses on the nitrogen plots remained green one to three;:
weeks longer than those on the superphosphate or check plots.
Those receiving the heaviest applications of ammonium nitrate
remained green longest, i.e. - three weeks longer than the
check plots. , .

Untv. of Arizona Library
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Forage Production
Nitrogen fertilizers gave the only appreciable increase 

in forage production (Table 6). Superphosphate had little
or no apparent effect. Although application ofeither

i : "i 'ammonium phosphate or ammonium nitrate, even at the 100-

creases in total forage production the greatest increases
: I ;were obtained at the 400-pound rate. At this latter ratei' ::.y_- o ;■ --., .7 . j

production was approximately doubled-on plots 1 and 2. On; ' • : t ■ '
plot 3 production was highly erratic. Neither the super-

! i . iphosphate nor. either of the two nitrate fertilizers at any 
rate of application produced as much forage as the check
plots. Plot 4, although somewhat erratic, showed some re-

' / : ■ isponse to the nitrate fertilizers. On this plot, however,
’ ; ’ 7 ; =" ' : ■ 7. ;  -:7 ■ v C; „

the greatest increase was obtained:at the 200-pound rate.
Because of differences in plant density from one block of
plots to another, no attempt was made to correlate production 

I !
between blocks .7 ‘

: ; ,7. . 7 ^ . ; ;

Seed production could not be determined because of the 
failure of the grasses under all treatments to set a satis
factory seed crop * The flowering stalk numbers per plant 
were about the same under all treatments. This did not 
necessarily indicate development, of.vivable seed, and there
fore could not be used as a guide to seed production.



") ' ' :  ̂ . ' ' - - \ - ' . :: X . _
Table 6« - Total: forage production as affected by kind 

/i of fertilizer and rate of‘application. ''

Fertilizer and , Forage Production on Individual Plots
Rate of Application 1 2 - - 3 . 4

lbs-per Acre - Ib/A : ib^A .i Ib/A Ib/A
•;' : ■ •No Fertilizer : 512 487 494 '

i-;

Superphosphate r. :
(0-20-0 ) • . ,1 . ♦

100 ;; = 492 512 357 ; 438
. 200 : . 683 485 450 < 504

4oo r 731 ;;
L !•

671 ' ' 306 5; 360
Ammonium. Phosphate 

.(16—20—0 ) v ■ ^
■ y 
• >

- r 100 : 737 ' 648 
o 619

403 394 : ;
200 ' 701 , 449 545
400 i; 9°3 1018 474 ■-! 442 %

Ammonium Nitrate O
(32-0-0 ) i

651
- ■ L

100 758 ;; \ i 364 ‘ o 421
200 ; 826 775 382. 483
400 -- : - r 936 1031 360 426 N

‘ i • ’ “ '■ i » ■ ■ ' . :;j r r
•>

ir-

o
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DISCUSSION ' . "

As the application of phosphate fertilizers did not ......
markedly affect the chemical nature of the soil or the 
chemical nature or volume production of the grasses, the. 
use of phosphate fertilizers to increase, the phosphate 
content of forage or to promote increased grass growth is 
not indicated. There, is a possibility that phosphates 
applied with nitrogen may have a marked effect on such , 
grasses as curly mesquite and spruce-top grama. This is 
indicated by the greater increase in forage production and 
crude protein.content of those grasses that received ammo
nium phosphate than of those that received an equal amount 
of nitrogen from ammonium nitrate. However, a comparison of 
the.soil nitrate content, after each type of nitrogen treat
ment indicated that the nitrate content of the soil treated 
with ammonium phosphate was significantly greater at the 
two-foot level than that of soil treated.with ammonium 
nitrate containing equal, amounts of;nitrogen. This.differ
ence appears to be due.to the form of nitrogen present in 
the fertilizer applied. . •

Nitrogen in the form of ammonium is more resistant to 
leaching from the soil than nitrogen in the form of nitrate. 
This is due, presumably, to absorbtion of the ammonium by the 
soil colloids (Krantz, et al., 1943)♦ This would indicate 
the preferential use of the ammonium form of nitrogen under
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afid range'conditions in order to promote a residual effect 
- of nitrogen treatments upon the soil• Whether this is true 
or not will have to be determined by further, longer-duration 

-'studies* ' :: : -
It is of interest to note that although the addition

of nitrogen had no apparent effect on leaf length, both 
ammonium phosphate and ammonium nitrate, even at the 100 
pound per acre and the 200 pound per acre levels resultedMoniir
in an appreciable increase in production in most instances.V/vl’.
At the 400 pound rate production was approximately doubled 
in some instances, though still with no measurable increase 
in leaf length. This is apparently accounted for by the
increase noted in leaf numbers.

The extension of the period when perennial grasses are
, • j ..:.

green is similar to that noted by Hoglund, Miller, and 
Hafenrichter (1952) on annual grasses in California. This 
increases the length of the grazing season, a feature of.r.M'O.:;,

i:great value on arid ranges. This extension of the growing 
period is a typical effect of nitrogen fertilizers: that of

■ C :
delaying plant maturity by promoting vegetal growth at the 
expense of seed development and maturity.

The results of this study, although somewhat preliminary, 
are of particular interest since they indicate that an 
appreciable response to fertilization can be obtained even 
under the low rainfall conditions that characterize the 
southwestern desert grassland. Results of the treatments
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should be observed for several years to determine any 
possible residual effects. If it can be determined that l 

certain fertilizers are effective for a .period of several 
years under arid rangeland conditions, another tool will 
have been added to.aid;the range manager maintain top 
range condition and production.

. .. - • SUMMARY
Superphosphate, ammonium phosphate and ammonium nitrate 

fertilizers were applied to a desert grassland type of 
vegetation at rates of 100, 200, and 400 pounds of fertiliz
er per. acre. . Various responses were obtained under the 
summer rainfall of less than six inches that fell during the 
study period. * The application o f :superphosphate gave 
significant increases in available phosphate in the soil 7. 
at all rates, and, with the 400-pound rate, in phosphorus 
content of. curly mesquite and spruce-top grama. , Ammonium 
nitrate produced significant increases in soil nitrate, and 
in crude protein content of curly mesquite and spruce-top 
grama; and apparent increases in forage production and green- 
feed period of the grasses. ’ The. addition of ammonium phosphate 
gave significant increases in soil nitrate and in crude 
protein content of curly mesquite and spruce-top grama; and 
apparent increases^, in forage production, and in green-feed 
period of. the grasses. These increases were, with the ex
ception of the green-feed period, greater than those produced 
by ammonium nitrate treatments that contained the same amount 
of nitrogen.
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