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elusively by sheep. A band of 
900 head grazes the unit early in 
June and again during August 
and September, providing about 
405 sheep months of grazing an- 
nually. 

Treatment 

The vegetation on the project 
area was sprayed with butoxy 
ethanol ester of 2,4-D using a 
fixed-wing plane. Spraying was 
done during a 5-day period in 
late June 1959. Operations were 
discontinued when wind velocity 
exceeded four MPH and/or tem- 
perature rose about 70 degrees 
F. Current leader growth of big 
sagebrush averaged 3$ inches. 
Soil moisture was readily avail- 
able at a 3-inch depth. Two 
pounds of 2,4-D were applied in 
mixture with one half gallon of 
diesel oil and nine gallons of 
water per acre (total volume of 
ten gallons). Table 2 summarizes 
the costs of the entire project. 

Results 

Treatment effects were readily 
apparent by the fall of 1959. Two 
years later, 1961, the project area 
vegetation was re-inventoried by 
the toe-point method. Compari- 
son of before and after treatment 
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Table 2. Range improvement costs, 
700-acre Signal Butte unit. 

Item Dollars 
2,4-D 1358 
Diesel oil 78 
Mixing 300 
Flagging 200 
Application 1225 

sheep months as a result of 
treatment. Equally significant 
was the increased availability of 
herbaceous vegetation. Travel 
conditions for the grazing ani- 
mals were materially improved 
and should continue with dete- 
rioration of brush plant skele- 
tons. 

Total 3161 
Per acre 4.50 Discussion 

data (Table 1) shows about a 
fourfold increase in desirable 
forage species. Control of sage- 
brush was nearly complete. 
Elimination of brush competition 
was reflected in increased vigor 
and herbage production of resid- 
ual grass plants. Needlegrass 
and squirrel tail seedlings had 
become established in the for- 
mer bare interspaces in the two 
year period following spraying. 
Although not apparent from the 
inventory data, bitterbrush was 
not materially affected. Some 
minor burning of current growth 
occurred in the year of treat- 
ment but the plants recovered 
and were more thrifty subse- 
quently. 

Grazing capacity of the area 
was increased from 405 to 1920 

The improvement in ground 
cover and grazing capacity indi- 
cates the kind and magnitude of 
benefits that can be expected 
from chemical control of sage- 
brush on rangelands. It should 
be borne in mind, however, that 
an adequate, desirable, herbace- 
ous, residual cover is necessary 
if maximum release benefits are 
to be realized. Seeding to adapted 
forage species is necessary where 
a good residue of native herbace- 
ous plants is not present under 
the brush. Damage to bitterbrush 
can be avoided by proper timing 
of herbicide application. At least 
one and one-half growing sea- 
sons of rest from grazing after 
treatment should be provided 
for plant vigor restoration. 
Sound, conservative manage- 
ment should follow. 

The Mortality of Oak-Juniper Woodland Species 
Following a Wild Fire _ 

DONALD E. JOHNSON, HASHIM A. M. MUKHTAR, 
RAYMOND MAPSTON, AND R. R. HUMPHREY1 

University of Arizona, Tucson 

Alligatorbark juniper (Juni- 
perus deppeana Steud.) is char- 
acteristically c lassed as a 
“sprouter”; one-seed juniper (J. 
monosperma Engelm.) as a “non- 
sprouter.” Both species are wide- 
spread in southwestern United 
States. An accidental fire in a 
mixed stand of these junipers in 
southern Arizona suggested an 
analysis of the fire response of 
these and associated species. The 
study that developed had as its 
object determination of mortal- 

ity and sprouting of alligator- 
bark and one-seed juniper, Ari- 
zona white oak (Quercus arixoni- 
ca Sarg.), Emory oak (Q. emoryi 
Torr.) and beargrass (Nolina 
microcarpa Wats.) on a southern 
Arizona burn. 

The study area was 35 miles 
south of Tucson, Arizona, in Box 
Canyon, on the eastern slope of 
the Santa Rita Mountains. Roll- 
ing hills with conspicuous drain- 
ages and ridges characterized the 
topography. A stand of perennial 

and annual grasses, sufficient to 
carry fire, grew beneath the 
open tree stand (Figure 1). Ele- 
vation of the burn was roughly 
5,000 feet above sea level. Al- 
though no record was available 
from the exact area, nearby 
gages indicated an average year- 
ly rainfall of 12-15 inches equally 
divided between gentle winter 
r a i n s a n d conventional-type 
summer s t 0 r m s. Precipitation 
has been less than average since 
the burn. The summer of 1960 

1The authors are, respectively, grad- 
uate a s s i s t a n t, Department of 
Watershed Management, University 
of Arizona; R an g e Management 
0 jjicer, Sudan; graduate assistant, 
Department of Watershed Manage- 
ment, University of Arizona; and 
Pro jessor o j Range Management, 
University o j Arizona. 
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FIGURE 1. General view of study area two years after burning. 

and the winter of 1960-61 were 
particularly dry. 

A man-caused fire swept 
through the area on June 13, 
1959. The fire was carried rapid- 
ly in a northerly direction 
through the dense, tinder-dry 
grass by gusty winds, and cov- 
ered approximately 430 acres be- 
fore being extinguished. 

Experimental Procedure 

Plant mortality was recorded 
on 15-foot-wide belt transects. 
Twenty-five p 1 an t s of each 
species were recorded on the 
burned area on each of six 
topographic sites: d r a i n a g e 
channels, relatively level ridge 
tops, and north-, east-, south and 
west-facing slopes. An equal 
number of plants was recorded 
on adjacent unburned control 
transects on comparable topo- 
graphic sites. Transects on the 
slopes began 25 feet above the 
drainage channels and ended 25 
feet below the ridge tops. 

The 4 tree species were divided 
into size classes as indicated by 
trunk diameters 12 inches above 
ground level. Size classes used 
were l-3 inches, 4-6 inches and 
7-9 inches. Where multiple 
trunks were encountered, as in 
the junipers, only the largest 
trunk diameter was measured. 

Categories were further classi- 
fied as to trees completely dead, 
trees with dead or damaged 
crown but sprouting from the 
base, and trees alive and show- 
ing no crown injury. 

The beargrass, because of its 
different life form, was not di- 
vided into size classes. Data on 
this species were recorded on a 
basis of (1) plants completely 
dead, (2) plants with only a few 
weak sprouts and these dying 
back, (3) plants weakly sprout- 

ing around the perimeter of the 
burned area, (4) plants with a 
large volume of regrowth but 
less vigorous than the unburned 
control plants, and (5) plants 
with a large volume of regrowth 
as vigorous as the control plants. 

Resulfs 
Junipers 

One-seed juniper, which was 
r a t h e r uniformly distributed 
throughout the study area, was 
slightly more abundant than alli- 
gatorbark j u n i p e r. Although 
there was no mortality of one- 
seed juniper apparent in the con- 
trol area, there was no recent re- 
production and no trees were 
over 9 inches in diameter. This 
species exhibited a high fire 
mortality (Figure 2 and 3) and a 
low sprouting percentage (Figure 
4). No significant differences in 
mortality that might have been 
due to topographic position could 
be determined. 

Alligatorbark juniper was less 
evenly distributed, with fewer 
trees on the south- and east-fac- 
ing slopes and ridge tops. Again, 
mortality could not be correlated 
with topography. Only one dead 
and 3 injured trees were found 
in the control area, but no new 
reproduction was observed and 

FIGURE 2. Species studied include: Alligatorbark juniper, at left; one-seed juniper, 
center; emory oak, two trees at right; and beargrass, foreground and extreme right. 
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FIGURE 3. Mortality of one-seed juniper (1) and alligatorbark juniper (2) after burning. 

trees over 9 inches in diameter 
were too few to provide signifi- 
cant information. Alligatorbark 
juniper exhibited a relatively 
low fire mortality (Figure 2 and 
3) and a relatively high sprout- 
ing percentage (Figure 4). 

The study offers strong evi- 
dence to support the classifica- 
tion of these juniper species as 
“sprouters” and “non-sprouters.” 
Alligatorbark juniper had an 
average fire mortality of 28 per- 
cent for all size classes. Forty- 
two percent of the living trees 
sprouted from the base, thus con- 
firming previous observations by 
the authors that alligatorbark 
juniper is a “sprouter.” One-seed 
juniper had an average fire mor- 
tality of 76 percent and only 10 
percent of the surviving trees 
sprouted; thus, it is essentially a 
“non-sprouter.” 

Although a prescribed burn 
for juniper control would be 
more effective in stands of one- 
seed juniper than in alligator- 
bark juniper, this study suggests 
certain f i r e relationships not 
hitherto reported. Although alli- 
gatorbark juniper is classed as a 
“sprouter,” a rather large frac- 
tion of the plants may be com- 
pletely killed by burning. This 
mortality is most marked in the 
smaller size classes. This species 

is invading stands of ponderosa 
pine (Pinus ponderosa Lawson) 
in the Southwest where it form- 
erly occurred sparsely or not at 
all. Our study suggests that the 
fires that periodically burned 
these areas may have exerted a 
controlling influence over the 
junipers. Following a given fire, 
few trees would have exceeded 
the smaller size classes that were 
found to be rather susceptible to 
killing by a running ground fire. 

Oaks 

Oaks in Box Canyon and in 
much of southern Arizona have 
had a high mortality in recent 
years, probably as a result of in- 
adequate winter precipitation. 
Emory oak, the most abundant 
one on this study area, recorded 
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22 percent dead on the burn, 20 
percent on the control. In the 
l-3 inch and 7-9 inch size classes, 
mortality was higher on the con- 
trol than on the burn (Figure 
5). Because of this drought kill, 
accurate information on mortal- 
ity from fire could not be ob- 
tained. Sprouting after burning 
(Figure 6) also may have been 
affected by condition of the 
trees at the time of the burn. 

Arizona white oak was par- 
ticularly sparse on the south-fac- 
ing slopes. Because of its small 
numbers on all topographic sites, 
no correlation of mortality and 
topography was possible. As was 
the case with Emory oak, even 
though the same number of trees 
was observed as with the juni- 
pers, fire mortality was obscured 
by drought mortality prior to 
burning (Figure 5). 

Some sprouting was evident on 
the control area but much less 
than on the burn (Figure 6). Of 
the living trees, 47 percent 
showed basal sprouting in the 
burn and 21 percent in the con- 
trol area. Arizona white oak had 
less mortality than Emory oak in 
both areas: 13 percent in the 
burn and 5 percent in the con- 
trol. This lower mortality may 
be due to a more widely 
scattered distribution and to a 
consequent lesser competition, 
rather than to any differences in 
the effect of fire. 

Beargrass 

Beargrass was widely distrib- 
uted throughout the area and 
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FIGURE 4. Percent of living trees of one-seed juniper (3) and alligatorbark juniper (4) 
with basal sprouts. 
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FIGURE 5. Mortality of Arizona white oak (1) and emory oak (2) after burning. 

was equally abundant at all 
topographic sites. No mortality 
was evident in the unburned 
area. The plants that had been 
burned were separated into 5 
fire-injury classes ranging from 
completely dead to completely 
recovered (Figure 7). Those that 
sprouted weakly showed indica- 
tions of grazing injury and evi- 
dence of dying back. In only 13 
percent of the burned plants was 
regrowth as vigorous as in the 
unburned plants. 

The effects of fire on beargrass 
have not been previously re- 
ported. In this area fire caused 
the immediate death of 10 per- 
cent of the plants. Another 10 
percent survived the fire, pro- 
duced a few weak sprouts and 
were dying back at the time of 
the study. Fifteen per cent were 

in a weakened condition and sur- 
vival of some of these appeared 
doubtful. Of the remainder, 52 
percent showed slight damage 
and 13 percent had fully re- 
covered two years after the fire. 

Beargrass has increased its 
range and density on many Ari- 
zona range lands since about 
1900. The causes of this have not 
been determined but this study 
suggests fire control as an im- 
portant factor. Beargrass typical- 
ly occurs in the upper desert 
grassland w h e r e precipitation 
can support a good stand of 
perennial grasses. The fires that 
formerly occurred periodically 
would have been deterrents to 
the spread of beargrass. The 
plants grow slowly and those 
killed by fire would have taken 
many years to establish. Similar- 
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FIGURE 6. Percent of living trees of Arizona white oak (3) and emory oak (4) with 
basal sprouts. 
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FIGURE 7. Effect of burning on beargrass. 

ly, their replacement would be 
slow and difficult in the face of 
recurring fires. 

Summary 
A study was made of the fire 

mortality and sprouting of 5 oak- 
juniper woodland species follow- 
ing a wild fire. 

One-seed juniper classif ied as 
a “non-sprouter,” was found to 
have a fire mortality of 76 per- 
cent and a basal sprouting of the 
remaining trees of 10 percent. 

Alligatorbark j u n ip e r, a 
“sprouter,” had a much lower 
mortality and a higher sprouting 
percentage than the remaining 
trees. 

Fire mortality in the oaks was 
marked by a pre-fire mortality, 
probably due to drought. Emory 
oak had almost as many dead 
trees in the control as in the 
burned area: 19.66 percent in the 
control, 22.33 percent in the 
burned area. Of the living trees, 
21 percent in the control and 47 
percent in the burn showed basal 
sprouting. 

Arizona white oak had less 
mortality in both areas: five per- 
cent in the control and 13 per- 
cent in the burn. There was also 
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a much wider difference in basal Beargrass had an immediate weakened condition and some 
sprouting: two percent in the fire mortality of ten percent and might not survive. Fifty-two per- 
control and 47 percent in the another ten percent which were cent showed slight damage and 
burn. Arizona oak was the least dying back at the time of the 13 percent had fully recovered. 
abundant of the species studied study. Fifteen percent of the In all, beargrass was consider- 
and was more widely scattered. burned p 1 ant s were in a ably suppressed by fire. 

Influence of Soil Salinity and 2, 4-D Treatments 
on Establishment of Desert Wheatgrass and 
Control of Halogeton and Other Annual Weeds1 

ROBERT H. HAAS, HOWARD L. MORTON AND 
PAUL J. TORELL 

Assistant Professor, Texas Agricultural Experiment Sta- 
tion, Research Agronomist, ARS, U.S. Department of 
Agriculture, College Station, Texas and Assistant Ag- 
ronomist, Idaho Agricultural Experiment Station2. 

Desert wheatgrass, (Agropyron 
desertorum (Fisch.) S c h u 1 t.) , 
has been established on many 
thousands of acres of rangeland 
for the control of halogeton, 
(Halogeton glomeratus C. A. 
Mey.), which has become wide- 
spread in the western states. 
Vigorous stands of desert wheat- 
grass have not only suppressed 
halogeton growth and greatly re- 
duced the hazard of livestock 
poisoning, but they have also in- 
creased range productivity. How- 
ever, in areas where saline or 
saline-alkaline soils are preva- 
lent, many sites within desert 
wheatgrass plantings, an d in 
some instances entire plantings, 
have failed to produce a satisfac- 
tory stand of grass. Here haloge- 
ton and other annual weeds 
thrive on a disturbed site free of 
competition f r 0 m perennial. 
vegetation. 

1Cooperative investigations of the 
Idaho Agricultural Experiment Sta- 
tion and the Crops Research Divi- 
sion, Agricultural Research Service, 
U.S. Department of Agriculture. 
Published with the approval of the 
Director of the Idaho Agricultural 
Experiment Station as R es e arc h 
Paper No. 533. 

“Haas and Morton were formerly Re- 
search Agronomist, Crops Research 
Division, ARS, U.S. Dept. of Agri- 
culture and Assistant Agronomist, 
Jr., Idaho Agricultural Experiment 
Station, respectively. 

Erickson et al. (1952) and Tis- 
dale and Zappetini (1953) have 
reported that some halogeton- 
infested sites have failed to sup- 
port vigorous stands of grass. 
Tisdale a n d Zappetini (1953) 
concluded that the high salt con- 
tent of the soil and the presence 
of vigorous stands of halogeton 
seemed responsible for increased 
seedling mortality of de s e r t 
wheatgrass. Miller (1956) con- 
cluded that if sufficient grass is 
present, halogeton will be scanty 
or absent. However, these studies 
failed to segregate the effects of 
salinity from the effects of 
annual weed competition on the 
establishment of the grass seed- 
lings. 

Soil salinity data in reference 
to the distribution of native 
shrub vegetation have been re- 
ported by Billings (1949)) Fautin 
(1946)) G a t e s et al. (1956)) 
Shantz (1938), Shantz (1940)) 
and Stewart et al. (1940)) but 
none of these investigators have 
given information regarding the 
effect of soil salinity on the es- 
tablishment of perennial vege- 
tation under a r i d conditions. 
However, available information 
indicates that soil salinity pre- 
dominately influences p 1 a n t - 
water relationships. Eaton (1941) 
showed that osmotic pressure, 
rather than specific ion effect, 
is primarily involved in water 

uptake. Wadleigh a n d Ayers 
(1945) found that similar effects 
were produced on plants regard- 
less of whether water stress was 
due to osmotic forces or to mois- 
ture tension. F u r t h e r m o r e, 
Magistad et al. (1943) found that 
sodium was not an unduly toxic 
ion. 

Since both soil salinity and 
weedy vegetation were suspected 
of influencing the establishment 
and growth of desert wheatgrass, 
a study was initiated in 1954 to 
determine: (1) the amount of 
soil salinity which desert wheat- 
grass will tolerate during the es- 
tablishment period, (2) the in- 
fluence of soil salinity on the 
abundance and floristic composi- 
tion of annual weed populations, 
(3) the influence of annual 
weeds on the establishment of 
desert wheatgrass under saline 
and non-saline conditions, and 
(4) the influence of soil salinity 
and annual weeds on the forage 
yield of desert wheatgrass. 

Materials and Methods 

A study site was selected in 
the Raft River Valley, Cassia 
county, Idaho, on a soil type 
tentatively classified as Idahome 
silt loam. Before plowing in 
September 1954, the land was 
producing a dense, vigorous 
stand of big sagebrush, (Arte- 
misia tridentata Nutt.), on the 
study a r e a. Only scattered, 
broadleaved annuals grew among 
the brush. Analyses of the soil at 
the study site revealed that the 
soil was uniformly non-saline. 

Sodium chloride was added to 
the non-saline soil at rates of 0, 
20, 40 and 80 pounds per 1.5- 
square-rod plot. The resulting 
salinity levels will be referred 
to as “control,” “low,” “moder- 
ate,” and “high,” respectively. 
The salinization treatments were 


