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Abstract
Manipulation of natural mulch on nine experimental plots in
California annual grassland representing a range of mean annual
precipitation from I60 to 16 cm provided information useful for
grazing management.
Peak standing crop correlated highly
significantly with precipitation. Response of peak standing crop to
five levels of natural mulch ranging from zero to 1,120 kg/ha
differed with site. Three types of sites distinguished by mean
annual precipitation and plant species composition were identified. On sites with significant numbers of perennial grasses and
more than 150 cm of mean annual precipitation, maximum
standing crop is reached when more than 1,120 kg/ha of mulch is
present on the ground at the beginning of the fall growing season.
Peak standing crop results from 840 kg/ha of mulch on sites
containing the annuals Bromus mollis and Erodium botrys and with
between 100 and 65 cm of mean annual precipitation. Mulch did
not significantly influence standing crop in regions dominated by
Bromus rubens and Erodium cicutarium and receiving less than 25
cm of mean annual precipitation. Annual grassland response to
mulch and grazing is highly site specific, yet the resilience of
annual rangelands also allows rapid recovery from overuse.

A distinctive combination of use by people and the influence
of geography and climate fostered the formation of the present
The vegetation is dominated
California
annual grassland.
primarily by annual grasses of Mediterranean origin, which
replaced the native bunchgrasses
during the 19th century.
Reflecting the diverse geography of the state, the California
annual grassland varies in productivity, component species, and
the degree of replacement of the native plants by aliens. The
climate, although generally typically Mediterrean with cool wet
winters and dry summers, varies for example, in average annual
rainfall, from nearly 200 cm (80 inches) in the North Coast to
less than 15 cm (6 inches) in the rainshadow of the South Coast
ranges.
The growth of vegetation follows a characteristic pattern. In
response to fall rains, plants establish from seed produced the
previous spring. Slow vegetative growth and root development
in the cool winter months are followed by rapid growth with
warming temperatures in spring. Maximum annual standing
crop generally occurs in late spring. In summer only the seeds
are left as living agents to repeat this process again in the fall.
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Much of California’s range livestock industry relies on the
yearly rejuvenating capability of the annual range. Indeed, most
of California’s big game and upland wildlife populations rely on
the annual forage crop for significant portions of their diet. The
titure of these valuable resources and capital investments need
not be wholly entrusted to the whims of nature’s erratically
patterned and oftentimes meager rainfall. The purpose of this
study was to show how prudent and knowledgeable seasonal
management
of the mulch layer in conjunction
with an
understanding
of site differences over California’s 6 million
hectares of annual range can significantly
influence the
subsequent year’s forage production.
The 6 million hectares of grassland in California (Barbour
and Major 1977) extend nearly the entire length of the state.
Stand composition and productivity vary considerably over the
grassland. Munz and Keck ( 1949) divided the grassland into
the Coastal Prairie and the Valley
two plant communities,
Grassland. Kiichler’s (1964) Fescue-Oatgrass
and California
Steppe vegetation types as updated into Coastal Prairie-Scrub
Mosaic and Valley grassland (Ktichler 1977) retain the basic
divisions of Munz and Keck.
Detailed descriptions
of species composition
within the
annual grassland remain scarce. Burcham (1975) reported
abundance of annual grassland species from 38 plots in the
Sierra foothills from Sacramento to Madera County and in the
Coast ranges from Santa Clara to Monterey County. Species of
Bromus and Erodium exhibited a high degree of constancy. Soft
chess (Bromus mollis) formed a significant amount of the
vegetative cover on 30 plots and was absent on only one plot.
Ripgut brome (Bromus rigidus), although a significant
percentage of the cover on only one plot, occurred on 2 1 plots.
Erodium species were present on 3 1 plots, forming a significant
portion of the cover on 28 plots.
Janes (1969) sampled species composition on the western
side of the Central Valley and in the North Coast ranges along an
average annual precipitation gradient ranging from 12.5 to 200
cm and also showed soft chess to be the most widely distributed
annual grassland species. Janes encountered 124 species at his
20 sample locations, yet only seven species occurred at more
than four locations. Soft chess occurred at 15 sites, ripgut brome
at 11 sites, and broad-leaved filaree (Erodium botrys) at 7 sites.
Janes’ study in the spring of 1969 remains the only
comprehensive
survey of geographical variation in the annual
grassland.
Understanding site variation in annual grassland is necessary
for effective management.
Composition and productivity of
annual ranges vary remarkably between and within years.
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Talbot et al. ( 1939) and Bentley and Talbot ( 195 1) provided
several years of data on yearly variations in composition and
production of annual grassland at the U.S. Forest Serviceoperated San Joaquin Experimental
Range (50 km north of
Fresno), a site with continuous documentation since the early
1930’s (Duncan and Woodmansee
1975). Composition and
productivity
at the University of California’s Hopland Field
Station has been monitored
since the early 1950’s with
documentation
of variations within the year (Heady 1958;
Bartolome 1978; Savelle 1977) and yearly long-term production
and composition
(Murphy 1970; Pitt and Heady 1978) in
relation to weather patterns. Consideration of sites apart from
the San Joaquin Range and Hopland are few, including Evans et
al. ( 1975) at the University of California’s Sierra Foothill Range
100 km north of Sacramento, Batzli and Pitelka (1970), and
Raliff and Heady (1962) near San Francisco Bay in Alameda
County.
The impacts of grazing by livestock on annual grassland have
not often been directly investigated.
Elliot and Wehausen
(1974) examined response of coastal prairie species to grazing
on Point Reyes. A long-term grazing study at the San Joaquin
Experimental Range enabled the development of management
guidelines for annual range (Bentley and Talbot 195 1). Hedrick
(1948) also looked at the effects of grazing intensity on annual
range. Most of the response of annual gr_assland species to
grazing has been inferred from experiments simulating grazing
through the removal of varying amounts of plant residue or
mulch (Talbot et al. 1939; Heady 1956). Experiments
at
Hopland
showed a response of the grassland to mulch
manipulation
similar to that which would be expected under
livestock grazing (Heady 196 1). These results were extended to
a discussion of economic factors (Hooper and Heady 1970)
involved in intensity of mulch removal on annual grassland.
Mechanisms
explaining the effects of mulch have not been
demonstrated,
but several factors probably are important. Soil
organic matter and bulk density are both improved with
increasing amounts of mulch, but only in the upper few inches
of the soil (Heady 1966). Mulch protects the soil surface from
erosion and provides a favorable environment for plant growth.
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Several authors have ascribed the differences in botanical
composition due to manipulation of mulch to the effect on plant
establishment (Bartolome 1978; Evans and Young 1970; Tinnin
and Muller 197 1).
Methods
Figure 1 shows the locations of the nine plots in relation to major
cities in California. A summary of specific site information on
location, geography, rainfall, and soils is provided in Table I. The plot
sites were chosen to represent differing climatic types that support
significant portions of the California annual range type.
The experimental treatments consisted of removal of mulch or plant
residue to a fixed, predetermined level. Mulch manipulations were
applied in late summer or early fall prior to the onset of the rainy
season. Since the first rains of the season stimulating fall germination

Table 1. Location, geography, rainfall, and soils information for the study plots.

Cm of Average
annual rainfall
Study
Long
period
term

Latitude

Soil
texture

Soil
depth
(M)

640

40”

25’N

Clay loam

l-l.2

177

670

40”

30’N

Clay loam

l-l.2

160

144

550

40”

20’N

Loam

0.6-l

100

96

305

39”

OO’N

Fine sandy
loam

0.6-l

65

62

365

39”

55’N

Light clay

0.3-0.6

Plot
number

Plot name
(county)

Type of
ownership

1

May Rant h
(Humboldt)

Private

150

155

2

Bear River Ridge
(Humboldt)

Private

150

3

Albee Ranch
(Humboldt)

Private

4

Hopland Field Station
(Mendocino)

University of
California

5

Jeffers Ranch
(Tehama)

Private

6

Russell Reservation
(Contra Costa)

University of
California

65

65

215

37”

50’N

Clay

1.5-1.8

7

Panache Hills
(Fresno)

Bureau of Land
Management

20

24

455

36”

40’N

Sandy loam

0.3-0.6

8

Kettleman Hills
(Fresno)

Bureau of Land
Management

16

17

215

36”

05’N

Fine sandy

0.6-l

9

Temblor Range
(San Luis Obispo)

Bureau of Land
Management

20

760

35”

OO’N

Sandy loam

0.3-0.6
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below comprise important plant groups both from the standpoint of
forage production and as indicators of the overall variation in botanical
composition throughout the annual grassland.
Site Classification
Location of the nine study plots reflected estimated average annual
precipitation along a mean annual precipitation gradient from 160 to
16 cm. Therefore average rainfall forms the first measure of site
variation between plots and constitutes the major variable explaining
variation in peak standing crop and total vegetative cover as
determined by regression analysis (Table 2). The linear conelation
between average annual precipitation and standing crop (I = 0.7572)
is somewhat better below 100 cm mean annual precipitation (Fig. 3).
Although rainfall increased 60% between Hopland (Site 4) and Albee
Ranch (Site 3) for example, standing crop increased only about 20%.
This result suggests that effective rainfall, resulting in increased plant
growth, drops off above approximately
100 cm. Cover shows a
response similar to that of standing crop

usually come earlier at the northern most plots, these were
manipulated first. Mulch treatments were applied to the other plots in
essentially their numbered order. Mulch manipulation treatments were
intended to be applied to each plot for five successive years.
Treatments were initiated on plots I, 2,4, and 5 in the fall of 1967, on
plots 3 and 6 in the fall of 1968, and on plots 7.8, and 9 in the fall of
1969. Treatments continued for only 3 years on plots 7, 8, and 9.
Treatment squares were 3 by 3 meten (10 x 10 ft) and arranged in a
5 X 5 latin square (five replications of five treatments). The square
was mowed to a uniform stubble height of about 10 cm, then clipped
by hand to establish the desired quantity of mulch. Treatment levels
measured “zero ” 280, 560, 840, and 1,120 oven-dry kg per hectare
(0, 250, 500, 7;0, loo0 lb/ acre ) o f mu Ic h remaining (Fig. 2). Each
square received the same treatment each year throughout the study
period. After handclipping to approximately the desired level, two 30
X 30 cm (l-foot square) samples were clipped to ground level and
weighed. Addition or subtraction of mulch resulted in the desired
residue plus or minus an allowable error of 10%. Care was taken to
avoid disturbing the soil surface, thus the treatment of “zero” pounds
per acre represents a slightly greater amount. The “zero” mulch
treatments constituted the base or standard for the other treatments.
That is, the 280 kg treatment was applied on top of the small,
comparable amount that remained in the “zero” plots. After all
adjustments had been made, a 30 x 30 cm (sq. ft.) sample was taken
and returned to the laboratory to determine the actual moisture-free
amount of mulch applied. This amount was usually within a range of
25 kg per hectare on either side of the prescribed treatment.
Once a year at or near the time of maximum biomass (mid-April in
the south to mid-June in the north), samples were clipped and oven
dried to determine standing crop, the most convenient estimate of
plant productivity.
Recorded
locations of all clipped samples
prevented resampling the same square foot in subsequent years. The
treatment squares were sampled for species composition and plant
foliar cover, using the New Zealand-developed
ten-point frame
(Heady and Rader 1958). Species composition, indicated by the first
hit, was measured in the middle of the treatment square where herbage
samples were never taken. Species chosen for detailed discussion

Independent vtiable
Location
Mulch trea”nent
Row
Gl”lll”
Year

Ftoenterorremove
1271.385
73.228
0.055
2.607
16.237

Species composition reflects the components of productivity on a
site. Forage composition may be considered a further retinement of
site characteristics as manifested in the vegetation. Although the flora
of an individual study plot often included 50 or more species, five
species groups will be discussed in this section. Figure 4 gives an
example of variation in species composition at different locations. The
most striking discontinuity
in species distribution
involves the
replacement of soft chess and broad-leaved tilaree with red brome
(Bromus rubens) and red-stem
iilaree (Erodium
cicurarium),
respectively, on the three driest sites (plots 7.9). all with 25 cm or less
of annual rainfall. Plots 4 and 5, receiving 100 and 65 cm mean annual
precipitation,
respectively,
are both characterized by broad-leaved
FiLxee, soft chess, and few orno perennial grasses. Site 6contained no
&u~e species and was the only site with annual barley (Hordeurn)
species. fhe three wettest sites (plots 1-3) with greater than 150 cm

Significance

Multiple R

R’change

p<.M),
p<.oO,
p<.814
&I<.107
p<.OO1

0.75722
0.77856
0.77858
0.77933
0.78398

0.57338
0.03277

30

I

PERENNIAL

GRASSES

II ERODIUM

BOTRYS

g E. CICUTARIUM

56

78

9

LOCATION
Fig. 4. Percent cover contributed

by selected plant groups ut nine locutions.

precipitation,
all contained broadleaved filaree or soft chess. Other
annual grassland
species also segregate
out along the broad
environmental gradient represented by the nine sites. For example, the
perennial California oatgrass (Dunthonia culijornicu)
and the annual
crested dogtail (Cynosurus echinutus) were found only on the three
wettest sites.
The discussion above illustrates a further division of site based on
botanical composition, which reflects historical use of a given site and
may be manipulated by grazing management. Yet each site has a
limited set of potential species. Rangeland dominated by red brome
and red-stem filaree could be a suitable management goal on a site with
less than 25 cm average annual rainfall, yet reflect past abuses and
poor quality rangeland on wetter sites. Perennial grasses may be a
realistic management goal in the North Coastal region (plots 1-3) but
not at other locations.

Effects of Mulch Manipulation

on Productivity

The determination
of site potential for both forage productivity and composition
is necessary for evaluation of past, present,
or proposed
management.
Within the annual grassland
type
little research
has reported
the effects
of varying
grazing
intensities,
especially
on unimproved
ranges. The following
section describes
the results of a series of mulch manipulations

used to simulate the effects of varying grazing intensity on the
nine study sites.
Although mulch significantly
( P c.05; Table 2) affected
standing crop, this treatment explains only 3% of the overall
variation in herbage productivity. The effects of mulch reflect
the response of individual plants to changes in the microenvironment near the soil surface. The overall productivity and
composition of the vegetation result from the summed response
to individual plant species.
Within the range of treatments applied, perennial grass sites
(plots l-3) responded to mulch in a manner suggesting that
leaving 1,120 kg of plant residue per hectare is still too intensive
a rate of defoliation (Fig. 5). Sites 2 and 3 showed large
increases in productivity between 840 and 1,120 kg/ha. Thus no
optimal relationship between mulch treatment and subsequent
productivity
can be determined.
Response to treatment also
reflects the perennial nature of the vegetation. Standing crop did
not begin to show a consistent response to treatment until the
second year of the experiment on sites l-3. The perennial grass
areas need more study to determine the effects of clipping on
productivity.
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Fig. 5. EfJect oj d#ering levels of nutural mulch on peak stunding crop at nine
locations. Results average 5 years on plots 1-6, 3 yeurs on plots 7-9. Least
signijicant dljferences between means (PC .O.S)ure 4.27 gljf for plots 1-6,
5.5 1 g/ft’ jor plots 7-9.

The middle-rainfall
sites 4 and 5, dominated by annual
grasses, showed peaks of productivity of 840 kg/ha of mulch
remaining in the fall. Plot 6, atypically, showed the smallest
percentage change in productivity due to mulch, increasing only
23% between the lowest and highest mulch treatments. The
response of other annual grass plots was immediate, with the
establishment of the overall pattern in the first year following
initiation of the treatment. The amount of increased forage
approximated the added amount of mulch required for peak
production of these mesic sites.
The dry sites (plots 7, 8, 9) varied in reponse to mulch, with
the Kettleman Hills site (plot 8) showing a 106% increase with
1,120 kg/ha versus zero treatment (Fig. 5). However, for all
three sites production in a given year may be well below 1,120
kg/ha. In no case did the extra mulch result in an equivalent
increase in forage production.
Discussion
The results of our study clearly demonstrate the division of
the California annual grassland into smaller units is both easily
done using simple criteria and necessary for understanding of
production
and composition.
The combination
of average
annual rainfall and botanical composition, as used in this study,
gave excellent resolution of total productivity over the growing
season. Rainfall and botanical composition separated reponse of
different sites to mulch manipulation
accurately enough for
most management needs. Additional criteria of site definition,
such as slope aspect, elevation, and soils will further enhance
the accuracy of both measurement
and prediction of total
productivity. Differing sites will undoubtedly display markedly

different
seasonal production
of herbage. This aspect of
year to obtain a benefit in the present year. An example would
grassland production should be coupled with more precise
be a drought year where forage is short, livestock prices are low,
measures of site variation.
feed prices are high. Instead of removing livestock when the
Results from the manipulation of natural mulch on the study
optimal mulch level is reached the manager cotild instead
plots reflect both the characteristics of different sites and the
‘‘overgraze, ’’ knowing that in the subsequent year forage
definition of those sites. The three major site divisions each
production would be reduced somewhat, but that if the next year
responded differently to mulch manipulation.
The three most
were a high rainfall year much forage would be available, and
northerly perennial grassland sites illustrate the limitations of
the following year the system would return to “normal.” When
the methods used. Most perennial sites will require a seasonal
the forage is needed it may be used, because the range will
defoliation study to clarify the proper intensity of grazing. Two
recovery very rapidly. Composition and production of annual
of the three sites suggested that leaving 1,120 kg/ha (1,000
ranges is dictated both by the potential of the given site, each
lb/acre) of mulch does not result in the optimal expression of
season’s rainfall, and the appropriate management of natural
productivity. For sites in the middle precipitation zones of 100
mulch.
to 40 cm (40 to 15 inches) the optimal amount of mulch
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