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from the optimum, 60-80 F (Fig. 1). 
There was, however, a significant 
temperature-level of moisture stress 
interaction. 

80 - 

- 70 - 
f 

:- 
0 

= 50 - 
2 
f 
.i 40 - 

3 30 - 

0 atm. 

22~ . . 

3.0 atm. 

Temperatures (OF.) 

Fig. 1. Temperature-moisture stress interrela- 
tions in germination of western wheatgrass. 

Conclusions 

Western wheatgrass is a cool-season 
germinator; maximum germination can be 
expected only during seasons when daily 
maximum soil temperatures do not ex- 
ceed 90 F and when nighttime minimum 
soil temperatures are 75 F or below. 

Germination of western wheatgrass 
was significantly reduced by stresses 
greater than 1.0 atm. The detrimental 
effect of moisture stress was increasingly 
severe with increasing temperature above 
optimum. 

Germination of western wheatgrass is 
independent of light. 
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Production Potential of Four 
Winter Annual Grasses 

W. C. ROBOCKER 

Highlight: Forage production of downy 
brome, rattlesnake chess, Japanese brome, and 
medusahead were compared in a nursery trial on 
an individual plant basis. Downy brome and 
Japanese brome produced significantly more 
forage than did rattlesnake chess or medusa- 
head. The difference in production adds justi- 
fication for selective control of medusahead in 
downy brome with diuron. 

Downy brome (Bromus tectorum L) is 
of primary importance in the western 
United States, where it dominates millions 
of acres in the northern Great Basin and 
the Columbia Basin. Many investigators 
have noted the value of downy brome as a 
palatable forage which is extensively re- 
lied upon for early spring or spring-fall 
grazing, but because of fluctuations in 
precipitation, grazing capacity also varies 
widely (Murray, 1970). 

Daubenmire (1970) describes downy 
brome as being pre-adapted to the steppe 
environment of Washington and the most 
inherently adaptable plant to take posses- 
sion of herb-dominated uplands when 
they are grazed excessively or when aban- 
doned after cultivation. In the most arid 
part of the steppe region, downy brome is 
the only one of the annual bromes to 
become established in these communities. 
In the less arid parts of the Washington 
steppe, downy brome competes with 
other introduced annual bromes, princi- 
pally Japanese brome (B. japonicus 
Thunb.), soft chess (B. mollis L.), and 
rattlesnake chess (B. brizaeformis Fisch. & 
Mey.), but only in small, local areas have 
any of these latter species achieved some 
degree of dominance. 

Large areas once dominated by downy 
brome and other annuals now have been 
invaded by medusahead (Taeniatherum 
asperum [Sim.] Nevski), a winter annual 
grass of increasing importance. Establish- 
ment of medusahead has been considered 
a step downward from the standpoint of 
graziers because of its high silica content, 
low palatability, rapid build-up of organic 
matter, competitiveness, and low produc- 
tivity. 

On the premise that downy brome, 
medusahead, and other annual bromes 
will continue to occupy areas that are not 
physically or economically suited to reno- 
vation or reseeding, a nursery study was 
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made on comparative production of 
downy brome, rattlesnake chess, Japanese 
brome, and medusahead at Pullman, 
Wash. Since 3-(3,4-dichlorophenyl)-l , 
1 -dimet hylurea (diuron) has been shown 
to selectively control medusahead in 
downy bromel (Young and Evans, 1972), 
data on four species are presented to 
indicate comparative production on a 
plant-for-plant basis in favorable growing 
conditions and to point up the desirability 
of considering selective control among 
annual grasses in range management. 

Materials and Methods 

A preliminary greenhouse trial in the 
winter of 1960-1961, in which dry top 
growth of downy brome, rattlesnake 
chess, and medusahead was compared on 
an individual plant basis, indicated no 
significant difference between downy 
brome and rattlesnake chess, but signifi- 
cantly less production from medusahead 
than from the other two species. 

In autumn 196 1, approximately 200 
seeds of downy brome, medusahead, and 
rattlesnake chess, with awns of the first 
two species removed, were planted in four 
replicates in a 3-m rows, with 76 cm 
between rows, in the Washington State 
University weed nursery at Pullman. The 
soil was a Palouse silt loam. No fertilizer 
was added. In autumn of 1962, 1963, and 
1964, the same species were planted with 
Japanese brome also included in the tests. 
Date of emergence of seed heads of each 
species was noted, and top growth was 
harvested 4 to 5 weeks after head emer- 
gence of each species. 

To compare individual plant produc- 
tion, 10 plants beginning with the 10th 
plant from one end of the species row and 
every 10th plant to the 100th plant, were 
harvested for yield of top growth. All 
samples were air dried on greenhouse 
benches and weighed for dry matter pro- 
duction. Material from the 1964 planting 
was lost to livestock before harvest in 
1965. Production data were subjected to 
analysis of variance and means compared 
with Duncan’s multiple range test. 

Results and Discussion 

Yields of lo-plant samples (Table 1) 
indicated that on a plant-for-plant basis 
there was no significant difference be- 
tween downy brome and Japanese brome. 
Both species yielded significantly more 
than medusahead. Kattlesnake chess 
yielded significantly less than the other 
two bromes in the 1963-1964, 2-year 
average. No significant difference in pro- 
duction of rattlesnake chess and medusa- 
head was found. Comparison of yields of 
the three species grown in 1962 vs. 1963 
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Table 1. Forage yield’ (9, air dry) of lo-plant 
samples of four species of winter annual 
grasses in a 3-year period. 

Species 1962 1963 1964 Avg2 

Downy brome 66a 62~ 76ab 69ab 
Japanese brome - 59ab 95a 77a 
Rattlesnake chess 47b 36bc 62bc 49c 
Medusahead 45b 32c 44~ 38c 

Average 533 49 6g4 - 

‘Average of four replications. Numbers in the 
same column not followed by the same letter 
are significantly different at the 5% level. 

2Averages and combined analysis are on 1963 
and 1964 data. 

3Average yield of three species common to 
1962 and 1963 not significantly different. 

4Average yield of 1964 significantly greater 
than in 1963 at the 1% level. 

showed no significant difference in the 
yearly averages. The average yield of the 
four species in 1964 was significantly 
greater in 1963 at the 1% level. 

The total amount of precipitation from 
September through June ( 196 l-l 962, 
1962-1963, 1963-1964) was 52.4, 52.4, 
and 53.2 cm, respectively. The greater 
yield of top growth in 1964 as compared 
with 1963 cannot be explained on the 
basis of precipitation alone. 

Downy brome and Japanese brome 
were similar in phenology as well as in 
yield. There was a difference of about a 
week’s lag in emergence of seed heads of 
Japanese brome, while heads of rattle- 
snake chess emerged about 2 weeks and 
those of medusahead up to 3 weeks later 
than downy brome. The additional time 
required for development of medusahead, 
when soil moisture is being depleted by 
competitive, earlier maturing species, 
tends to further limit its inherently low 
vegetative production. 

Rattlesnake chess appeared to be of 
particular interest because its lack of awns 
enhances its value as a forage plant in the 
mature stage of growth. However, it does 
not appear to have a high yield potential. 
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Large Alligator Junipers 
Benefit Early-Spring Forage 

WARREN P. CLARY AND DOUGLAS C. 
MORRISON 

Highlight: The production of early-spring 
grasses in central Arizona was four to five 
times higher under crowns of large alligator 
juniper than for similar sized areas away from 
the trees. Virtually all utilization of green for- 
age by grazing animals at this time of the year 
occurred under the juniper crowns. These large 
alligator junipers should be protected during 
pinyon-juniper control operations. 

In the early years of livestock grazing 
in the Southwest, ranges tended to be 
badly overstocked and little real manage- 
ment was practiced. As a result, many 
mid- to lower elevation ranges are 
presently lacking in cool-season grasses 
and forbs. Their restoration is an impor- 
tant objective in most management plans. 

Several governmental agencies have 
frequently removed juniper (Juniperus 
sp.) and pinyon (Pinus edulis) in the 
Southwest to promote the growth of 
forage. Casual observation of this work 
has indicated that, on many sites, cool- 
season grasses were more abundant under 
large alligator junipers (Juniperus 
deppeana) than in either natural openings 
or in those created by juniper removal. 
Grasses such as mutton bluegrass (Pea 
fendleriana), bottlebrush squirreltail 
(Sitanion hystrix), prairie junegrass 
(Koeleria cristata), and western wheat- 
grass (Agropyron smithii) seemed to 
benefit from the presence of the large 
trees. In fact, the shaded areas under 
these trees could often be traced in the 
summer by the pattern of increased pro- 
duction and composition of desirable 
cool-season forage plants. 

The specific reasons for this phenom- 
enon have not been determined although 
there are several possibilities. The 
presence of a low tree canopy creates a 
cooler and more modulated temperature 
regime, which probably favors those cool- 
season species. The phytotoxic effect of 
juniper litter also keeps blue grama 
(Bouteloua gracilis) from growing under 
the juniper crowns (Jameson, 1966) thus 
reducing the competition for space and 
other factors. 

A beneficial effect of blue oak canopy 
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on forage production and utilization in 
the California annual grasslands has pre- 
viously been reported (Duncan, 1967). 

The early spring forage associated with 
alligator juniper was studied in the Brady 
Pasture area, Coconino National Forest, 
in the spring of 1971. Much of this area 
has a savannalike aspect of approximately 
12 alligator juniper trees per acre and a 
herbaceous composition strongly domi- 
nated by blue grama. The elevation is 
6,300 ft; the annual precipitation is 
approximately 20 inches. The soils are 
primarily of the Gem and Springerville 
series which were formed over basalt and 
volcanic cinders (Williams and Anderson, 
1967). 

About two alligator juniper per acre 
were large, mature to overmature trees 
with a definite trunk over 12 inches dbh. 
Their crown diameters averaged 24 ft. 
The herbage under and around 26 of 
these trees was sampled in early April. 
The sampling was organized by three 
concentric zones (Fig. 1): 

Crown zone --that area under the tree 
crown. 

Root zone-that area from the crown 
zone out to three times the crown radius. 
Although specific information is not 
available on alligator juniper, it appears 
that, based on studies of other junipers 
(Johnsen, 1962; Arnold, 1964), this zone 
should define the limit of virtually all 
juniper root activity. 

Open zone-that area outside the root 
zone, which is assumed to be beyond tree 
influence. 

Each zone was sampled by three 
randomly located 9.6 ft2 plots. Current 
production of green material was deter- 
mined by the weight estimate method 
(Pechanec and Pickford, 1937). Every 
sixth plot was clipped, ovendried, and 
weighed to determine the conversions of 
the green weight estimates to dry weight. 
Current utilization by grazing animals was 
determined by the ocular estimate by 
plot method. 

The results demonstrated significantly 
higher early spring yields in the crown 
zone, as compared to the root and open 
zones for (1) total herbage production, 
(2) grass production, and (3) forage con- 
sumption (Table 1). 

An average of 3.6 lb. of ovendry early 
spring forage (cool-season grasses) was 
produced under each tree crown as com- 
pared to 0.8 lb. for a treeless area 
equivalent in size. Green feed under the 
crown was concentrated in a manner 
which allowed more efficient use by 
grazing animals (average use was 25%) 
than did the green feed away from the 
trees, which was so scattered that little 
more than a trace was used. 

The principal species contributing to 
early forage were mutton bluegrass, 
bottlebrush squirreltail, and prairie june- 
grass. 
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