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INTRODUCTION

This study was designed to determine the survival ability 
of the following species of native Arizona grasses: Arlstlda
oalifornloa Thurb., Arlstlda divarlcata Humb. & Bonpl., Bou- 
teloua chondrosloldes (H.B.K.) Benth., Bouteloua curtipendula 
(Mlchx.) Torr., Bouteloua erlopoda Torr., Bouteloua flllformls 
(Fourn.) Griffiths, Bouteloua rothrockll Vasey, Heteropogon 
contortus (L,) Beauv., Hllarla belangerl (Steud.) Nash, Muhlen~ 
bergla porterl Scrlbn., Setarla macrostachya H.B.K.,1 and 
Trlchachne californlca (Benth.) Chase.2

The study was carried out on the Gravelly Ridge Transect, 
which is located in the west central portion of the Santa Rita 
Experimental Range, in southwestern Arizona. The transect was 
fenced in 1933, by the Southwestern Forest and Range Experi
mental Station, at which time it was very badly depleted as a 
result of continued overgrazing. The area was not included in 
the Santa Rita Experimental Range until 1927.

1. In the original work this species was referred to as 
Chaetochloa grlsebachil Fourn. This would seem to be a misnomer 
since Chaetochloa grlsebachll is an annual and all species in 
this study are supposed to be perennials. It should probably 
have been called Chaetochloa macrostachya Scrlbn. and Merr. 
According to Hitchcock" (1950) Chaetochloa macrostachya is now 
Setarla macrostachya H.B.K,

2. This species was referred to as Valota saccharata 
Chase, In the original work. However, the name has since been 
changed to Trlchachne callfornlca (Benth.) Chase.
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When the study area was originally selected It was 

practically denuded of desirable perennial grasses. The in
vestigators at that time were anxious to determine whether or 
not native perennial grasses could survive and propagate on 
the site. During 1935, 1936, and 1937, clumps of sod contain
ing the above species were planted on the area to determine 
which species would be best adapted to the site. The trans
plants were taken directly from the field or from nursery 
stock. The transplanting was carried out during the spring, 
summer, and winter of the three years previously mentioned.
In most instances duplicate plantings were made under cattle 
protection and under total protection (protection from cattle 
and rodents). During the last five or ten years the totally- 
protected areas have been allowed to run down and in many 
places rodents have done considerable damage.

The purpose of this study was to determine which of the 
species planted have exhibited the best survival and repro
ductive ability.
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.. -"'Vv : - LITERATURE REVIEW 1

There has "been little work done: prior to this study In 
determining the survival ability of most of the species In
cluded here. Vv:.v :

c McG-lnnles and Arnold (1939) working at the Desert Grass
land Station, on the Santa Rita Experimental Range, studied 
"some of the species Included here; however, their work dealt 
with the relative water requirements of plants rather than - 
with survival ability. They expressed the water requirements 
of plants as the ratio of water used, to the dry matter pro
duced, for a given" growth period. There was a wide variation 
In water requirements of plants under different climatic con
ditions , Bouteloua rothrockll and Hilar la belangerl were ai- j 
<• - . ■ ■ . . .■ . 
mong the most efficient grasses during the summer. Arlstlda
dlvarlcata and Bouteloua cartlpehdala were among the least 
efficient, whlle Heteropogon contortus, Trlchachne callfornlca, 
Bouteloua flllformls and Bouteloua erlopoda were classed In - 
the Intermediate group with respect to mean water requirements 
during'the summer. The most efficient perennial grass In the 
fall-winter-spring period was Heteropogon contortus, and the 
least efficient was Bouteloua curtlpendula.

Weaver and Albertson (1939) studied changes In the prairie 
as the result of prolonged drought, and state that NBouteloua 
curtlpendula. a dominant, formerly of relative low rank, has -
now become one of the most Important prairie grasses." This
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study was carried out In a 60,000 square mile study area In
cluding the eastern one-third of Nebraska, western one-third 
of Iowa, and adjacent areas of four neighboring states.

Thornber (1910) writing on the native grasses of Arizona 
Includes the following Information about some of the species 
covered in this study. He states that Bouteloua curtlpendula 
Is an excellent hay grass, which makes Its best growth on al
luvial soils at elevations of from 4,000 to 6,000 feet. In 
his Investigation early settlers told him that Bouteloua roth
ro ckll and Muhlenbergla porterl were the all Important mesa 
grasses In the early days. They also stated that Muhlenbergla 
porterl disappeared rapidly as the country filled up with stock.

In his description of the carrying capacity of southern 
Arizona ranges, Wooton (1916) states that Heteropogon oontortus 
growing In small pure stands on the Santa Rita Experimental 
Range made good hay when cut before seed maturity. Glendenlng
(1938) gives some of the desirable features of this grass: 
Germination tests Indicate that Its seed Is more than 60 per
cent viable, the plant Is less subject to rodent grazing than 
most perennial grasses, seeds will germinate under extremely 
adverse moisture conditions, and the seedlings once started 
are extremely drought resistant.

Bouteloua erlopoda, according to Campbell and Crafts
(1939) , "Is by far the most Important forage grass on the 89 
million acres of semidesert grasslands In Arizona, New Mexico, 
southwestern Texas, and southern Utah." The qualities of
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Bouteloua erlopoda that make its retention on southwestern 
ranges essential Eire its wide occurence, its high forage 
value, and its usefulness as a soil protector.
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DESCRIPTION OF THE AREA

Location
The Gravelly Ridge Transect Is located In the west 

central portion of the Santa Rita Experimental Range, Pima 
County, Arizona, in the NW£, Section 30, T, 18 S., R. 14 E.
The long axis of the transect runs approximately north and 
south. The overall dimensions of the transect are 400 by 
3090 feet. It lies adjacent to, and 1 and 3/4 miles south 
east of, the Santa Cruz Valley Bottom, at an elevation of 
approximately 5,000 feet.

Climate
The climatic data for this study were obtained from two 

sources. Precipitation records for the years 1932 to 1954 
were obtained from Gravelly Ridge Station which consists of a 
standard rain gauge located in approximately the center of the 
transect (Figure 1), It is interesting to note that the heavi
est monthly precipitation on the average occurs in the summer 
(July and August), The months of least precipitation appear 
to be in the spring (March, April, May, and June), and in the 
fall (October, November, and December).

Annual mean maximum, mean minimum, mean, extreme maximum, 
extreme minimum temperature data, and mean wind velocity, rain
fall and evaporation value were taken from a twenty-two year 
summary (1933 to 1955) of climatic data at Desert Grassland
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Figure 1. Summary of monthly precipitation from 1932 to 1954, 
and the average for this period, at the Gravelly Ridge Station
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Station (Table l). This station is located at an elevation 
of 3,800 feet in the NW* of NE Section 13, T. 19 S., R. 14 E.
It is approximately seven miles southeast of Gravelly Ridge 
Station,

By comparing the mean rainfall (15,15 Inches) with the 
mean evaporation (106,88 inches) for the twenty-two year 
period (Table 1) it becomes evident that the plants in this 
semidesert environment are subjected to severe moisture stress. 
The year 1953 appears to have been the year with least favor
able moisture conditions, with a total rainfall of only 9,55 
Inches and a total annual evaporation of 106,48 Inches,

Vegetation
The Gravelly Ridge Transect lies in a transition zone 

between the Desert Grass Region and the Southern Desert Shrub 
Region (Stoddart and Smith, 1943), The native vegetation 
adjacent to the transect is made up of the following species: 
Woody species are largely Prosopls jullflora (Swartz) DC., 
Celtls pallida Torr., Fouqulerla splendens Engelm,, Calllandra 
erlophylla Benth., Zinnia pumlla Gray, Larrea tridentata (DC) 
Coville, Aplopappus tenulsectus (Greene) Blake, Acacia greggil 
Gray, Kramerla parvlfolla Benth., Ephedra trifurca Torr., 
and various Opuntla species.

The forbs present Include several Euphorbia species 
and several Erlogonum species.



Table 1. Twenty-two Year Summary of Climatic Data at Desert Grassland Station 
_____ 1933-1954

Air Temperatures
Mean
Wind

Rain Evaporation
Year Mean

Maximum
Mean

Minimum
Mean

"-'t
Extreme
Maximum

Extreme
Minimum

1933 78
(degrt
53

sesF&hrer
65

iheit) 
106 17

(mph)
2.4

(inches)
11.99

(inches)
105.06

1934 80 55 68 104 27 2.2 12.96 113.24
1935 76 53 64 100 22 2.2 20.50 108.34
1936 78 56 67 105 28 2.2 13.32 118.34
1937 78 54. 66 103 11 2.0 14.18 Inc.
1938 79 54 66 103 29 1.6 16.42 115.37
1939 78 54 66 103 21 1.9 14.74 108.59
1940 79 56 68 105 26 1.6 20.03 107.441941 77 54 ' 66 103 29 1.6 19.39 114.75
1942 79 54 66 107 23 Inc. 12.05 113.88
1943 79 55 66 102 28 2.3 15.87 112.17
1944 76 52 64 105 27 2.1 18.23 107.44
1945 78 55 66 104 22 2.0 14,41 101.39
1946 Inc. Inc. Inc. Inc. Inc. 1.8 19.98 97.49
1947 79 53 66 104 23 1.8 10.51 102.06
1948 78 52 65 105 19 1.8 12.17 104.32
1949 77 52 64 102 13 1.7 16.39 Inc.
1950 82 55 68 105 22 1.4 13.67 95.89
1951 78 54 66 104 23 1.6 17.87 100.78
1952 78 ;• 54 66 105 23 1.4 13.64 99.17
1953 80 54 67 107 26 1.5 9.55 106.48
1954 80 55 ,68 104 26 1.3 19.97 105.19

Mean
Extremes

78 54 * 66
107 11

1.8 15.51 106.88



Grasses on the area are both perennial and annuals. The 
annuals are predominately Arlstlda adscenslonls L.. Bouteloua 
ariatidoldes (H.B.K.) Griseb., and an annual Pan1cum. Peren
nials are largely Arlstlda dlvarlcata, Arlstlda glabrata 
(Vasey) Hitchc., Bouteloua chondrosloldes, Bouteloua curti- 
pendula. Bouteloua erlopoda, Heteropogon contortus,. Muhlen- 
bergla porterl, Setarla macrostachya, Trlchaohne californloa, 
Trldens pulchellua (H.B.K,) Hitchc., and Tridena mutlcus 
(Torr.) Nash, •

Soils
The Gravelly Ridge Transect is composed of the following 

soil series and phases; Pinal gravelly sandy loam, Pinal sandy 
loam steep phase, Tubac gravelly clay loam, Tubac gravelly clay 
loam stony phase, Tubac sandy loam, and River wash, (Youngs, 
et al., 1931)

All of the experimental plots are located on soils of the
• -

Tubac series. Plot I at the north end of the transect is situ
ated on Tubac gravelly clay loam. The surface of this soil 
■is composed of a thin pavement of gravel, The surface soil 
grades from red to almost black, gritty clay loam. It is hard 
and impervious when dry. The pH is neutral or slightly acid. 
The upper sub-soil layer, two to eight Inches below the surface 
is a dark-red, heavy clay loam or clay. At a depth of about 
30 Inches there is more calcification and it grades into a more 
or-less cemented caliche. Water absorption is slow and the 
wilting coefficient is high.
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Plot II, in the middle of the transect, lies on Tubac 

sandy loam. This phase of the Tubac series is characterized 
by 3 to 12 inches of a dull reddish-brown sandy loam,surface 
soil, The:upper sub-soil layer is a dark-red tough clay.
Below 12 to 18 inches the soil contains some lime carbonates, 
andils dark reddish-brown or pale-red compact cloddy loam.

Plot III,, at the south end of the transect, is situated 
on soils of the Tubac gravelly clay loam stony phase,T This: 
phase:differs from the Tubac gravelly clay loam in that it 
contains a large quantity, of boulders and cobbles, : r.\!; : ; ; :

Original Study ~ v .  ̂ X V-\ X
In the original study the Gravelly Ridge Transect was ; : - 

divided 'into three major plots; at the northern end., plot I; 
in the approximate center, plot II; and at the south end of: 
the transect, plot III. Within each major plot there were . 
areas fenced to give protection from cattle and total pro- „ 
tectloh (protection from cattle and rodents). Each major plot 
was divided into smaller study plots which were located in 
both the cattle-protected and totally-protected areas. The 
study plots were further subdivided into sub-plots which were 
devoted entirely to one transplanted species. These small sub
plots were either roughly 1 by 2 meters or about 1& by 3 meters. 
At the time of planting, the number of plants transplanted in 
each sub-plot was recorded.
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This system of sub-plots within study plots was varied 

somewhat in the spring plantings of 1936, receiving total 
protection, in plots I, II, and III. In these transplantings 
three study plots were established on major plots i, II, and 
III. The study plots were 5 by 5 meters square, and the species 
being studied were planted in rows within the one large plot.

Approximately one half of the summer transplants of 1935 
receiving total protection in major plots I, II, and III were 
fertilized on August 24, 1936. The fertilizers used were 
NaNOg and (^4)2^4 equal amounts. Four and one half pounds 
of each were added to 72 gallons of water. This solution was 
applied at a rate of two gallons to each 1 by 2 meter plot.

The transplantings were made over a three year period with
in the three major plots according to the following system:

(a) Spring of 1935, plots I, II, and III, total protection.
(b) Summer of 1935, plots I, II, and III, total protection,
(c) Winter of 1935, plots I and II, total protection,
(d) Summer of 1936, plots I and II, total protection,

and plot III, cattle protection.
(e) Summer of 1937, plots I, II, and III, total protection.
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METHODS

In June of 1955 the study plots within the three major 
plots and the smaller sub-plots within these study plots were 
located and reconstructed. This reconstruction was difficult 
In some Instances because the original Investigators marked 
the areas with stones Instead of using a more permanent marker 
such as stakes. A detailed map of the Gravelly Ridge Transect 
and the notes of the earlier Investigators were a great aid 
In reconstructing the plots.

After locating and reconstructing the study plots and 
the sub-plots, a count was made In each sub-plot of the number 
of Individual viable plants of the respective species being 
studied. This procedure was altered In the case of the spring 
transplants of 1935, receiving total protection, on plots I,
II, and III, Since It was Impossible to reconstruct the rows 
In which the original plants had been planted within the 
study plots, photographs were taken of these three study plots 
and compared with similar photographs taken of the three plots 
in September of 1935.

Two other comparative photographs were taken. One was 
taken of the summer transplants of 1935, under total protection, 
in plot II. This site was re-photographed to show the en
croachment of Aplopappus tenulseouts, on the study plot, over 
the twenty year period. Another photograph was taken of the 
summer transplants of 1935 and 1936, receiving cattle pro-
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tectlon, to enable one to compare the abundance of Hetero- 
pogon contortus and Bouteloua curtlpendula on this site In 
1937, when the original photograph was taken, and In June 
1955, when the duplicate photograph was taken.

Tables were constructed to express the relative survival 
ability of the species being studied. In the construction 
of these tables the number of plants originally planted was 
compared with the number of plants of the same species which 
were alive In June of 1955. The abbreviations CP and TPin 
the caption of the tables stand for cattle-protected and • 
totally-protected areas.
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. RESULTS AND DISCUSSION

The transplantings made in the spring of 1935, under 
total protection, in plots I, II, and III, indicate that 
Bouteloua erlopoda is relatively better able to survive than 
the other twelve transplanted species* The transplantings 
in plot I (Figure 2) seem to have become dominated by Bou- 
teloua erlopoda in the twenty year period. In plot II 
(Figure 3), which has been invaded by Aplopappus tenulseotus. 
a small number of Bouteloua erlopoda plants has remained a- 
live. The surviving species in plot III (Figure 4) is large
ly Bouteloua erlopoda. One reason for the greater success 
of Bouteloua erlopoda in these small enclosures may be that 
rodent protection is better here than in other rodent pro
tected areas. These enclosures, probably because of their 
small size, appear to have been maintained better over the 
twenty year period than other rodent protected areas.

Data in Table 2 compare the various species' ability to 
survive in the transplantings of the summer of 1935. Here also 
Bouteloua erlopoda is outstanding under total protection. How
ever, it does not seem so successful under cattle protection 
only. One reason for this is that it may be grazed heavily 
by rodents. Muhlenbergla porterl and Trlchachne californica 
also appear to have better survival ability when grown under 
total protection than when grown under cattle protection only. 
Under cattle protection Heteropogon contortus and Bouteloua
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Figure 2. Spring transplants of 1935, receiving total pro
tection, in plot I. Plants shown within the enclosure in 
the upper photograph represent the original species trans
planted; those in the lower photograph are predominantly 
Bouteloua erlopoda. (Upper photograph by W. J. Crlbbs, Sep
tember 9, 1935; lower photograph by Ft. R. Humphrey,
July 9, 1955.)
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Figure 3. Spring transplants of 1935, receiving total pro
tection, In plot II. Plants shown within enclosure In upper 
photograph represent the original species transplanted; 
those shown within the lower enclosure are largely Aplopappus 
tenulsectus. (Upper photograph by W. J. Crlbbs, September 9, 
1935; lower photograph by R, R. Humphrey, July 9, 1955.)
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Figure 4. Spring transplants of 1935, receiving total pro
tection, *ln plot III. Plants shown within enclosure In upper 
photograph represent the original species transplanted; those 
shown in the lower photograph are predominantly Bouteloua 
erlopoda. (Upper photograph by W. J , Crlbbs, September 9, 1935; 
lower photograph by R. R. Humphrey, July 9, 1955.)



Table 2, Percentage survival of species transplanted in the summer of 1935, receiving
cattle protection and total protection, in plots I, II, and III, (CP - cattle pro

tection; TP ■ total protection)

Species
Number planted 
Aug. 1 to 8, 

1935
Number alive 
June 7 to 13, 

1955
Percentage 
survival of 
species

C P T P* Total C P T P Total C P T P Total
Aristida callfornlca 309 584 893 0 0 0 0 0 0
Aristida divaricata 231 317 548 0 0 0 0 0 0
Bouteloua chondrosioides 315 601 916 0 0 0 0 0 0
Bouteloua curtlpendula 206 328 534 5 0 5 2.44 0 1.15
Bouteloua eriopoda 296 582 878 1 64 65 0.34 11.00 7.40
Bouteloua filiformls 290 567 857 0 0 0 0 0 0
Bouteloua rothrockil 283 577 860 0 0 0 0 0 0
Heteropogon contortus 210 333 543 5 0 5 2.38 0 0.92
Hilaria belangerl 301 597 898 0 0 0 0 0 0
Muhlenbergia porter! 166 327 493 0 7 7 0 2.14 1.42
Setaria macrostachya 186 356 542 0 0 0 0 0 0
Trlchachne callfornlca 226 349 575 2 4 6 0.88 1.15 1.04

Total 3019 5518 8537 13 75 88 0.43 1.36 1.03
* Approximately one half of these plants received fertilization. HID
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ourtipendula appear to do better than the other species 
(Figures 5 and 6). Perhaps they are less palatable to ro
dents, Total species survival Is about three times as 
great within the totally-protected area as within the cattle- 
protected area. Figure 7, taken of the summer transplants 
of 1935, receiving total protection, in plot II, is included 
to show the encroachment of Aplopappus tenulsectus on this 
plot over the twenty year period.

In the winter transplantings of 1935 (transplanting done 
between December 31, 1935 and January 3, 1936) only eight 
species were transplanted. They were Arlstlda dlvarlcata.
B out el o via chondrosloldes, Bouteloua ourtipendula. Bouteloua 
erlopoda, Bouteloua flllformls, Heteropogon contortus, Hllarla 
belangerl, and Trlchachne californlca. These species were 
transplanted in plots I and II, under total protection.
Again the species of superior survival ability was Bouteloua 
erlopoda (Table 3), The percentage survival of most species 
is higher for this particular group than any of the other 
transplantings, perhaps due to the time of year of transplant
ing.

The results of the summer transplantings of 1936 (Table 4) 
show about the same survival ability for Bouteloua erlopoda 
under total protection and under cattle protection; however, 
Bouteloua ourtipendula shows a greater ability to survive than 
Bouteloua erlopoda in the cattle protected areas. Again, this 
may result from rodents grazing Bouteloua erlopoda more heavily 
than Bouteloua ourtipendula.



Figure 5. Summer transplants of 1935, and 1936, under cattle protection, in 
plot III. Predominant species are Bouteloua curtipendula, left background, and 
Heteropogon contortus, right background. (Photograph taken by W. J. Cribbs,

October, 1937.)



Figure 6. Summer transplants of 1935 and 1936, receiving cattle protection, In 
plot III. Predominant species are Bouteloua curtlpendula, left background, and ^ 
Heteropogon contortus, right background. Compare this photograph with Figure 5. 

(Photograph taken by R. R. Humphrey, July 9, 1955.)
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Figure 7e Summer transplants of 1935, receiving total pro
tection, in plot II. The upper photograph was taken approxi
mately one month after transplantings had been completed. 
Lower photograph shows the same area twenty years later. The 
predominant plants in the lower photograph are Aplopappus 
tenulsectus. (Upper photograph by W. J. Crlbbs, September 9, 
1935; lower photograph by R. R. Humphrey, July 9, 1955.)
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Table 3* Percentage survival of species transplanted in
the winter of 1935, receiving total protection. In plots

I and II.

Species Dec
to

Number 
planted 
. 31, 1935 
Jan. 3, 
1936

Number 
alive 

June 7, 
1955

Percentage
survival

Aristida divaricata 100 1 1.00
Bouteloua chondrosloides 100 4 4.00
Bouteloua curtlpendula 100 10 10.00
Bouteloua erlopoda 100 32 32.00
Bouteloua filiformls 100 0 0.00
Heteropogon contortus 100 1 1.00
Hllaria belangeri 100 0. 0.00
Trlchachne callfornlca 100 4 4.00

Total 800 52 6.50

Results from the transplanting study begun in the summer 
of 1937 (plots I, II, and III, all receiving total protection) 
show that Bouteloua erlopoda and Trlchachne callfornlca have 
the greatest relative survival ability (Table 5).

Comparison of the data from the fertilized and unfertilized 
plots of the summer of 1935 (Table 6), indicates that fertili
zation had little effect upon the survival of these grasses.
If fertilization enhanced the early establishment of the grass 
plants this influence was nullified over a twenty year period.



Table 4, Percentage survival of species transplanted in the summer of 1936,
receiving total protection in plots I and II, and receiving cattle protection

in plot III. (CP » cattle protection; TP = total protection)

Species

Number planted 
Aug. 13, 1936

Number alive 
June 7 to 
13, 1955

Percentage
survival

C P T P Total C P T P Total C P T P Total

Aristida californica 100 200 300 0 0 0 0 0 0
Aristida divaricata 50 100 150 0 2 2 0 2.00 1.33
Bouteloua chondrosioides 100 200 300 0 0 0 0 0 0
Bouteloua curtlpendula 50 100 150 7 0 7 14.00 0 4.67
Bouteloua eriopoda 100 200 300 8 18 26 8.00 9.00 8.67
Bouteloua flliformis 100 100 200 0 0 0 0 0 0
Bouteloua rothrockll 100 200 300 0 0 0 0 0 0
Heteropogon contortus 50 100 150 16 0 16 3.20 0 1.07
Hilarla belangeri 100 200 300 0 0 0 0 0 0
Muhlenbergia porterl 50 100 150 0 0 0 0 0 0
Setaria macrostachya 50 100 150 0 0 0 0 0 0
Trichachne californica 50 100 150 0 7 7 0 14.00 4.67

Total 900 1700 2600 31 27 58 3.44 1.59 2.23
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Table 5. Percentage survival of species transplanted in
the summer of 1937, receiving total protection in plots I,

II, and III.

Species
Number . 
planted 
Aug. 12 
1937

Number 
alive 
June 7 
1955

Percentage
survival

Arlstlda californlca 300 0 0
Aristida dlvaricata 150 1 0.67
Bouteloua chondrosioides 300 0 0
Bouteloua curtipendula 150 1 0.67
Bouteloua eriopoda 300 32 10.67
Bouteloua flllformls 300 0 0
Bouteloua rothrockii 300 0 0
Heteropogon contortus 150 0 0
Hilarla belangerl 300 0 0
Muhlenbergla porter! 150 0 0
Setaria macrostachya 150 0 0
Trlchachne californlca 150 16 10.67

Total 2700 50 1.85



Table 6. Percentage survival of species transplanted In the summer of 1935, receiving total protection, fertilized and not fertilized, plots I, II, and III*

Species
Number planted 
Aug. 1 to 8 

1935
Number alive 
June 7 to 13 

1955
Percentage 
survival 

of species
Pert. Non-Pert. Pert. Non-Pert. Pert, Non-Pert.

Aristlda californlca 290 294 0 0 0 0
Aristida divaricata 166 151 0 0 0 0
Bouteloua chondrosloides 290 311 0 0 0 • 0
Bouteloua curtipendula 160 168 0 0 0 0
Bouteloua eriopoda 288 294 35 29 12.15 9.86
Bouteloua filiformis 288 279 0 0 0 0
Bouteloua rothrockli 278 299 0 0 0 0
Heteropogon contortus 162 171 0 0 0 0 .
Hilarla belangeri 295 302 0 0 0 0
Muhlenbergia porterl 163 164 3 4 1.84 2.44
Setaria macrostachya 175 181 0 0 0 0
Trlchachne.californlca 161 188 1 3 0.62 1.60

Total 2716 2802 39 36 1.44 1.23
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Figures 8 arid 9 show the tendency of the various 

species to spread outside their respective sub-plots.
These figures also show that for most of the surviving 
species the plants found on the sub-plots in 1955 are 
probably descendants of the original transplants, if not 
the same plants. It is unlikely that an invasion of 
these grasses from the surrounding area would result in 
a concentration of the invaders about the sub-plots origin
ally planted to identical species. However, Trlchachne 
callfornlca may be an exception to this statement, be
cause its present distribution on the sub-plots is not 
closely related to its original planting.

A stand of Sporobolus alroldes growing in plot I, 
receiving total protection, (Figure 10) was noteworthy 
because these plants seemed to be so well adapted to the 
site. These plants have apparently maintained their 
original spacing since being transplanted and still occur 
in distinct rows. Unfortunately, the exact date of plant
ing and the number of plants used in this study cannot be 
determined for the early records of this planting appear 
incomplete.
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Arlstlda divaricate 
Bouteloua eriopoda 
Heteropogon contortus 
Trlchachne callfomlca

: Mpo : H b e : P r o : Bch : Aca :

Figure 8. Histogram showing survival of species within their respective sub
plots, and spreading of species outside their respective sub-plots. Grasses 
transplanted during the summer of 1936, receiving total protection. (Intervals 
along abscissa represent sub-plots In which the various species were originally

planted.)
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Bouteloua curtipendula 
Bouteloua erlopoda 
Heteropogon contortus 
Trichachne californica

Hbe ? Bro : Bch : Aca : Bfi : Sma : Hco.: Bcu er Adl_ : Tea : Mpo

Figure 9. Histogram showing survival of species within their respective sub
plots, and spreading of species outside their respective sub-plots. Grasses 
transplanted during summer of 1936, receiving cattle protection, (Intervals 
along abscissa represent sub-plots in which the various species were origin

ally planted.)
GJO



Figure 10. Sporobolug alrold.es, growing under total protection, in plot I. 
Note the even spacing maintained by these plants over a period of roughly 

twenty years. Photograph taken by R. R. Humphrey, July 9, 1955.



32
SUMMARY

This study was designed to determine the relative sur
vival ability of the following species of native Arizona 
grasses: Arlstlda callfornlca, Arlstlda dlvarlcata. Bou-
teloua chondrosloides, Bouteloua curtipendula, Bouteloua 
erlopoda, Bouteloua flllformls, Bouteloua rothrockll, Heter- 
opogon contortus, Hllarla belangerl, Muhlenbergla porterl. 
Setaria macrostachya, and Trlchachne callfornlca. The study 
was carried out at the Gravelly Ridge Transect, located on 
the Santa Rita Experimental Range, approximately 30 miles 
south-east of Tucson, Arizona.

The above species were transplanted at various study 
areas within the transect in 1935, 1936, and 1937. In most 
Instances duplicate transplantings were made under cattle 
protection and under total protection (protection from 
cattle and rodents). Transplantings were made during the 
spring, summer, and winter of the above years. The Investi
gators at that time were anxious to determine whether or 
not native perennial grasses could survive and propagate 
on the site.

The purpose of the present study has been to evaluate 
the survival of the grasses transplanted approximately 
twenty years ago.

The results of this current study Indicate that under 
total protection the ability of the plants to survive is



in the following order, greatest survival rate given first: 
Bouteloua eriopoda. Trlchachne callfornlca, Bouteloua curti- 
pendula, Bouteloua chondrosloldes, Arlstlda dlvarlcata, 
Heteropogon contortus, and Muhlenbergla porter!. Under 
cattle protection Bouteloua curtlpendula appears to be the 
most successful, with Bouteloua eriopoda and Heteropogon 
contortus coming next, in that order.

Setaria macrostachya does not occur on any of the sub
plots on which it was initially planted. However, it does 
occur on adjacent sub-plots.

Arlstlda callfornlca, Bouteloua flllformls, Bouteloua 
rothrockil, and Hllarla belangerl failed to appear in their 
respective sub-plots, as well as in the study areas’ there
fore, it is assumed that they were the least well adapted 
of the group.

33
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