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more intensively than the other 
species. Veldtgrass is ‘found 
growing within the cover of 
brush plants, on the steep banks 
of the barrancas, and beyond the 
fences around the pastures. 

Soft chess is common in most 
annual range areas. At Tule 
Springs Range it was included 
at a light seeding rate in Pasture 
B to occupy the interspaces be- 
tween perennials. This annual is 
palatable in all stages of maturi- 
ty. It was not included in the 
general seeding in C pasture, 
and most of the interspaces there 
now support the less-desirable 
red brome and ripgut (Bromus 
rigidus), both unpalatable when 
mature due to stiff, scabrous 
awns on the lemmas. 

Rose clover persisted in Pas- 
ture C where phosphate was ap- 
plied during initial seeding and 
again in 1957. Colonies formed 
in C and D pastures but at the 
termination of the study were 
still not a major forage source. 
Soil-moisture stress is a serious 
factor in limiting the success of 
this late-maturing accession at 
the Tule Springs Range. At the 
Manley Demonstration Range 
rose clover produced excellent 
stands where it was drill-seeded 
and fertilized. Very few plants 
were evident in the broadcast- 
seeded area. 

Ryegrasses, both perennial and 
annual, have a vigorous seedling 

Damage to Mesquite, Lehmann 
Lovegrass, and Black Grama by 
a Hot June Fire. 
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Burning has been found to 
severely damage black grama 
(Bouteloua eriopoda Torr.) on 
southwestern semidesert ranges, 

1 Central headquarters located at 
Fort Collins, in cooperation with 
Colorado State University. Author 
stationed in Tucson, in cooperation 
with University of Arizona. 

habit and are valuable for the 
rapid growth they produce in the 
early years after seeding. When 
less vigorous species are used in 
a mixture the intense competi- 
tion from the ryegrasses can be a 
disadvantage. Persistence of the 
ryegrasses is of short duration 
and these species will be re- 
placed in the total composition 
either by the longer-lived pe- 
rennials or annuals. 

Summary 

Vegetation analyses of two 
brush-to-grass conversion proj- 
ects were conducted for several 
years following seeding, and pro- 
vide valuable information on the 
persistence or decline of various 
species. Species composition 
changes were studied for 9 years 
at the Tule Springs Range, San 
Diego County, California and for 
6 years at the Manly Demonstra- 
tion Range in Tulare County. 

The changes in species compo- 
sition consisted primarily of an 
increase in such perennial 
grasses as hardinggrass and 
smilo at Tule Springs Range, and 
these two grasses plus crested 
wheatgrass at the Manley Dem- 
onstration Range. At both loca- 
tions, several perennial grass 
species which made average or 
better initial stands were almost 
totally missing from the pastures 
at the end of the study. Of the 
seeded annual grasses, ryegrass 

decreased rapidly from the stand 
in contrast to a large increase in 
soft chess. 

In all pastures there was a 
substantial increase in non- 
seeded annual grasses and 
weeds. The annual species 
showed the greatest fluctuation 
from year to year in relation to 
the amount of precipitation. 

Mortality of perennial grasses 
is high in dry years but many 
grasses survive even though a 
portion of the crown area dies. 
Long-term stability and persis- 
tence of several perennial grass 
species is evident from the rec- 
ords of the conversion projects 
described in this paper. - - 
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and to kill about 40% of velvet 
mesquite (Prosopis juliflora var. 
velutina (Woot.) Sarg.) trees 
less than 2 inches in basal stem 
diameter. As mesquite stem di- 
ameter increased, damage from 
burning decreased (Reynolds 
and Bohning, 1956). Glendening 
and Paulsen (1955) reported 60% 
kill of mesquite less than 0.5 inch 
in stem diameter following a 
June burn, 207% kill of trees 1 to 
2 inches in stem diameter, and 
11% kill of trees over 5 inches. 
On another study, burning killed 
about two-thirds of 6- to 12- 

Highlight 
Twenty-five percent of mesquite 

frees were killed on an area with 
Lehman lovegrass ground cover 
compared fo 8% on an area with 
black grama. Ninety percent of black 
grama plants and more than 98% 
of lovegrass plants were killed. Many 
new lovegrass seedlings became es- 
tablished on both areas. 

month-old mesquite seedlings 
(Cable, 1961). Humphrey and 
Everson (1951) found that burn- 
ing reduced a stand of Lehmann 
lovegrass (Eragrostis Zehmanni- 
ana Nees) about one-third, but 1 
year later many new plants had 



become established by nodal 
propagation. 

An accidental fire on the Santa 
Rita Experimental Range, 40 
miles south of Tucson, Arizona, 
on June 28, 1963, provided an op- 
portunity to obtain additional 
data on the effects of fire on 
these three species. 

The Fire 
The fire burned about 6 acres at 

an elevation of 3,850 feet. Ground 
cover on half of the burned area con- 
sisted of a nearly pure stand of Leh- 
mann lovegrass. The rest of the area 
was covered with a stand of mixed 
native grasses dominated by black 
grama and lesser amounts of Arizona 
cottontop (Trichachne californica 
(Benth.) Chase). Mesquite overstory 
averaged about 200 trees per acre. 

The area burned is within a fenced 
exclosure, and had not been grazed 
by cattle for many years. Plots 
clipped on unburned portions of the 
exclosure indicated that air-dry 
weight of herbaceous fuel on the 
lovegrass area averaged 4,480 lb/acre, 
and on the black grama area 2,200 
lb/acre. The total quantity of heat 
released during combustion on the 
two parts of the area would be pro- 
portional to these weights, other 
things being equal. 

The fire started about 3:30 p.m. 
and was controlled by 5:00 p.m. 
Maximum temperature at the Range 
Headquarters, 2 miles away, was 
95 F. From measurements made at 
the Tucson airport, 25 miles away, 
relative humidity at the fire was 
estimated to be 6%. Wind was esti- 
mated at 12-15 m.p.h. No precipita- 
tion had fallen for 64 days. The 
grass clumps at the time of the fire 
were mostly dried, but contained a 
few wilted green leaves that had 
developed earlier in the spring. 

Immediately after the fire, 4 mil- 
acre plots were established in the 
lovegrass area, and 4 in a nearly 
pure stand of black grama. Burned 
grass plants were counted on these 
plots and used as a measure of the 
preburn density. Sprouting plants 
were counted periodically during the 
summer as a measure of recovery. 
On the lovegrass area, 209 mesquite 
trees were tagged and classified in 
three stem-diameter classes and 
three crown-damage classes. Later 
in the summer, 203 trees on the black 
grama area were recorded by stem- 
diameter classes. Type of sprouting 

FIRE DAMAGE 

(basal or crown) was redorded for 
all trees in the middle and the end 
of the growing season, and percent 
crown recovery was estimated for 
each tree at the end of the growing 
season. 

Effecfs of the Fire 
Effects on mesquite-Observations 

12 days after the fire showed that 
most mesquite trees over 3 feet tall 
still had most of their leaves, but 
almost all leaves were dead. Leaves 
on most trees less than 3 feet tall 
were burned. Very few stems were 
burned through. Most stems showed 
some scorching near the ground, and 
some of the smaller stems (0.25 to 
0.5 inch in diameter) were somewhat 
charred. Many of the larger trees 
showed no stem scorching, although 
the leaves were all dead. 

As indicated by the condition of 
tree foliage immediately after the 
fire, the crowns of the smaller trees 
were damaged much more severely 
than those of the larger trees. Twelve 
days after the fire, 76% of the trees 
less than 0.5 inch in basal stem di- 
ameter on the lovegrass area had 
no leaves left on the plant. In the 
2- to 6-inch stem-diameter class, 97% 
of the trees had over half of their 
leaves still on the plants, although 
essentially all leaves were dead: 

Leaves left 
Basal stem o- 50- 
diameter class None 50% 100% 

Less than ?!z inch 85 23 3 
y2 to 2 inches 2 13 17 
2 to 6 inches 0 2 64 

- - - 
Total 87 38 84 
The mesquite recovered after the 

fire by two methods: sprouting from 
the basal stem buds just below the 
ground surface, and sprouting from 
axillary buds on the branches of the 
crown itself. Because of more severe 
crown damage, small trees generally 
recovered from basal sprouts, while 
the larger trees tended to produce 
crown sprouts. A few trees produced 
basal and crown sprouts. 

Type of sprouting varied between 
basal stem-diameter classes. Basal 
sprouting predominated on trees less 
than 2 inches in stem diameter, while 
crown sprouting predominated on 
larger trees. Apparent plant kill was 
twice as high for trees less than 2 
inches in diameter as for trees larger 
than 2 inches. The sum of the three 
figures for each stem-diameter class 
in the following tabulation exceeds 
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100% because some trees had both 
basal and crown sprouts: 

Kind of sprouting 
Stem diameter Crown Basal None 

0 to M inch 2 79 21 
1/2 to 2 inches 10 73 21 
2 to 6 inches 68 35 10 

At the end of the first growing 
season after the fire, more trees had 
basal sprouts than had produced 
crown sprouts or no sprouts; see per- 
centages below: 

Kind of sprouting 
Area Crown Basal None 
Lovegrass 17 62 25 
Black grama 39 61 8 
These differences were not the same 
on the lovegrass area as on the black 
grama area, however, nor for the 
three basal stem-diameter classes. 
Apparent mesquite tree kill was 
three times as high on the lovegrass 
area as on the black grama area. 
Over twice as many trees had pro- 
duced crown sprouts on the black 
grama area as on the lovegrass area. 
Basal sprouts were much more com- 
mon than were crown sprouts, how- 
ever, and appeared on nearly equal 
numbers of trees on the two areas. 
Apparent mesquite mortality varied 
on the lovegrass area from 30% in 
the 0- to G-inch diameter class to 
18% in the 2- to g-inch class; and 
on the black grama area from 15% 
in the M- to a-inch class to 4% in 
the 2- to 6-inch class (Fig. 1). 

A comparison at the end of the 
growing season indicated that aver- 
age crown recovery of all trees that 
sprouted was over twice as high on 
the black grama area (33 percent) as 
on the lovegrass area (16 percent). 

0 LOVEGRASS AREA 

m BLACK GRAMA AREA 

L 
2-6 

BASAL STEM DIAMETER CINCHES) 

FIGURE 1. Mesquite mortality after first 
growing season. 
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Crown recovery exceeded 40 percent 
for only 2.4 percent of the trees on 
the lovegrass area, compared to 25.6 
percent on the black grama area. 

Effects on grasses-The fire killed 
all top growth on all burned grass 
plants (Fig. 2). Perennial grasses 
were burned or charred to within 
one-eighth to three-fourths of an 
inch of the root crown (Fig. 3). By 
July 23, 3% weeks after the fire, a 
few plants of both species had 
started to sprout. Black grama 
started sprouting earlier and con- 
tinued longer than lovegrass. Only 
10% of the original black grama 
plants, however, and less than 2% of 
the lovegrass plants had sprouted by 
September. 

During the summer, large num- 
bers of Lehmann lovegrass seedlings 
became established on all parts of 
the burned area; most of them ma- 
tured seed. The density of new love- 
grass plants on the lovegrass plots 
on September 10 was over six times 
that of the original stand (Fig. 4), 
and nearly as many new lovegrass 
plants had become established on 
the black grama plots. No black 
grama seedlings were found. Re- 
covery of original grass and estab- 
lishment of new lovegrass, in plants 
per ft.2, follows: 

Love- Black 
grass grama 
area area 

Original stand: 
Preburn (June) 2.67 3.59 
August 1 .04 .20 
September 1 .04 .36 

New lovegrass plants: 
September 19 17.04 13.23 

CABLE 

FIGURE 3. Burned Lehmann lovegrass 
plants show height of unburned stems 
above root crown. July 10, 1963. 

Reasons for Differences 

The exact causes of the dif- 
ferences in the reaction of mes- 
quite on the two parts of the 
burned area and among the 
three size classes cannot be de- 
termined with certainty from 
the data. However, these differ- 
ences are in general what one 
might expect on areas subjected 
to different degrees of heat dur- 
ing the burning. Thus, more 
heat normally would be ex- 
pected to kill more mesquite 
trees, to delay sprouting of top- 
killed trees, and to result in less 
crown recovery. 

Whether the trees sprouted 
from crown buds or from basal 
stem buds appears to be directly 
related to the degree of damage 
to the crown buds by the fire. 
Buds at both locations are axil- 
lary buds which, during the 
summer, are in a state of “cor- 
related inhibition,” a type of 

physiological dormancy m a in - 
tained by the presence of leaves 
on the trees (Romberger, 1963). 
When the leaves are removed, 
as by burning, the more apical 
crown buds sprout first, and the 
basal stem buds remain largely 
dormant. The basal buds sprout 
profusely only if most or all of 
the crown buds are killed. 

The differences in the reac- 
tions of the two grass species to 
the fire can be ascribed to two 
main sources: differences in heat 
released on the two areas, and 
the inherent differences be- 
tween the species in resistance 
to fire and in their ability to 
sprout following a fire. Sprout- 
ing of burned lovegrass plants 
was slower and of smaller mag- 
nitude than that of black grama, 
as one might expect following 
greater heat exposure, although 
inherent differences in sprout- 
ing abilities and in fire resist- 
ance may also have affected the 
amount of sprouting. 

In general, the mesquite kills 
recorded on this burn were con- 
siderably lower than from pre- 
viously reported studies, and the 
kills of perennial grass plants 
were much higher. The high 
kill of perennial grasses might 
be explained by the relatively 
high heat exposure from the 
large volume of fine-stemmed, 
dry, herbaceous fuel, but reasons 
for the relatively low mesquite 
kill are not apparent. 

FIGURE 2. Burned Lehmann lovegrass 
leaves still on trees. July 10, 1963. 

and mesquite, with dead FIGURE 4. Repeat of figure 2, taken October 24, 1963. 
these new Lehmann lovegrass seedlings made seed. 

Most of 



Summary 
The rate and amount of 

sprouting by velvet mesquite, 
Lehmann lovegrass, and black 
grama was measured during the 
first growing season following 
an accidental fire. Unburned 
portions of the area dominated 
by Lehmann lovegrass contained 
4,480 lb/acre (air-dry) of her- 
baceous fuel compared with 
2,200 lb on the black grama 
area. Heat produced is propor- 
tional to available fuel. This was 
reflected in signif icant differ- 
ences in fire effects on the two 
parts of the burn. Results of the 
measurements are as follows: 

The fire killed 25% of the 
mesquite trees on the lovegrass 
area, compared with 8% on the 
black grama area. A higher pro- 
portion of smaller trees were 
killed than of larger trees. 

Of the mesquite trees not 
killed by the fire, only 17% of 
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those on the lovegrass’ area pro- 
duced crown sprouts, compared 
with 39% on the black grama 
area. Also, the crown recovery 
the first year on trees that 
sprouted was twice as high on 
the black grama area (33%) as 
on the lovegrass area (16%). 
These results indicate. more 
severe damage to the trees on 
the lovegrass area. 

On both areas crown sprouts 
were produced on more trees 
over 2 inches basal stem diame- 
ter than on smaller trees. The 
smaller trees sprouted more 
from basal stem buds. 

The proportion of trees sprout- 
ing from the base was about the 
same on both areas, and was 
much higher than of those 
sprouting from the crown. 

Only 10% of the original black 
grama plants, and less than 2% 
of the lovegrass plants, sprouted. 
Black grama plants started 

Pesticides: Perils and/or Benefits to Wildlif e1 
WILLIAM H. LAWRENCE 
Forest Wildlife Biologist, Weyerhaeuser Company For- 
estry Research Center, Centralia, Washington 

Highlight 
Discusses the responsibilities of 

the range manager in planning 
chemical pest control programs. 
They are: (1) Understanding fhe na- 
ture of pest problems, (2) idenfifica- 
fion of priorities of multiple-use val- 
ues involved, (3) knowledge regard- 
ing the technology of chemicals used. 

“Among the assets of mankind, 
wildlife receives its true apprais- 
al only in advanced stages of 
civilization . . .” (Kenney and 
McAtee, 1938). 

Whether we are so advanced 
today is debatable; at least, our 
wildlife resource is receiving 
greatly increased consideration 

1 Paper presented at 18th Annual 
Meeting, American Society of 
Range Management, Las Vegas, 
Nevada, February 9 to 12, 1965. 

in the formulation of manage- 
ment plans for both public and 
private lands. Both range and 
forest land have high recreation- 
al potential for their wildlife. 
Every fall thousands of big-game 
hunters besiege our tree farms. 
On the first day of elk season in 
1964, for example, over 2,000 
hunters lined up at the entrance 
to one tree farm. Such use of 
private forest lands is steadily 
increasing and is just one of the 
several major multiple-use val- 
ues that forest and range land 
share. 

The growing recognition by 
private owners that their man- 
agement objectives must take all 
major uses into account is evi- 
dence of improving land stew- 
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sprouting sooner after the fire 
and continued longer than did 
lovegrass plants. 

Many new Lehmann lovegrass 
seedlings became established on 
both areas the first growing 
season following the fire. Most 
of these seedlings matured seed 
the first year. 

LITERATURE CITED 
CABLE, D. R. 1961. Small velvet mes- 

quite seedlings survive burning. 
J. Range Manage. 14: 160-161. 

GLENDENINC, G. E., AND H. A. PAUL- 
SEN. 1955. Reproduction and estab- 
lishment of velvet mesquite. U.S. 
Dep. Agr. Bull. 1127. 50 p. 

HUMPHREY, R. R., AND A. C. EVERSON. 
1951. Effect of fire on a mixed 
grass-shrub range in southern 
Arizona. J. Range Manage. 4: 264- 
266. 

REYNOLDS, H. G., AND J. W. BOHNINC. 
1956. Effects of burning on desert 
grass-shrub range in southern 
Arizona. Ecology 37: 769-777. 

ROMBERGER, J. A. 1963. Meristems, 
growth, and development in woody 
plants. U. S. Dep. Agr. Tech. Bull. 
1293. 214 p. 

ardship. On any piece of forest 
or range land generally there is 
one principal use, which auto- 
matically defines the primary 
objective. To gain this objective 
economically is the responsibili- 
ty of management, and to imple- 
ment it efficiently and without 
harm to other values, is the re- 
sponsibility of professional land 
managers. 

In certain instances the use of 
pesticide chemicals will be the 
best or only available means to 
control brush, insect outbreaks, 
and plant diseases or to repel 
animals. But chemicals may also 
affect organisms other than the 
prime target, sometimes far from 
the point of application and 
sometimes adversely. The af- 
fected resource may be a down- 
stream fishery; it may be water 
used by range animals or migra- 
tory birds. Then we find our- 
selves involved in something 
more complex than the multiple 
use of our own lands. Since 


