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Geographic races may exist
among perennial grasses
Theodore E. Adams
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Charles E. Vaughn

California’s native perennial
grasses have been largely replaced by alien annuals. Interest
in restoration of native grasslands
is strong, but genetic differences
among the available collections of
some grasses may affect the survival of plantings and remnant native stands. In collections of the
four native grasses examined, differences in phenology, growth
form and forage quality suggest
the existence of geographic races.
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Species

County of origin

Blue wildrye

Tehama
(1)
Marln
(6)
Santa Clara (7)

Caiworniameiic

Tehama
Lake
Yolo

(1)

Tehama
Yolo
Solano
Kern

(1)

needlegrass

Peter B. Sands

Planting sites
0 Hedgerow Farms
.I Hopland

nated by exotic annuals. The driest
site, Hedgerow Farms in Yolo County,
receives about 22 inches of rainfall
each year (based on weather records
maintained in the nearby town of Winters). At the second site, the UC
Hopland Research and Extension Center in Mendocino County, average annual precipitation (snow falls in some
winters) is about 37 inches, nearly 70%
greater. The average monthly temperature at Hedgerow is 62°F compared with 57°F at Hopland.

The degradation of California’s native
perennial grasslands and concurrent
invasion by alien annuals have reSeventeen collections planted
sulted in a type-conversion throughWe planted nursery-propagated
out much of the prairie biome
seedlings
of four native California
(Dassman 1973, Menke 1989).Native
bunch grasses and one introduced
grasses are not known to be extinct,
bunch grass, representing 17 accesbut with few exceptions they are not
sions (collections), in late winter 1992dominant anywhere. The growing in1993 at the two sites (fig. 1).The seedterest in restoration ecology and the
lings at each site were exposed to the
documented value of perennial
grasses for several uses, both extensive same environmental conditions in
what is called a ”common garden.”
and intensive, have encouraged the
The seedlings were propagated complanting of these grasses. However,
mercially by Valley Transplant Co. of
lack of knowledge concerning important differences within species is a ma- Acampo. The species represented were
blue wildrye (Elymus glaucus), three
jor problem. Many plantings are being
accessions; California melic (Melica
made with collections that may reprecalifornica), three accessions; nodding
sent poorly adapted genotypes, and
needlegrass (Nassella cernua), four acthese could fail to persist and weaken
cessions; and purple needlegrass ( N .
the remnants of local gene pools
pulchra), six accessions. Berber or(Millar and Libby 1989; Fenster and
chard grass (Dactylis glomerata), a peDudash 1994; Knapp and Dyer 1997).
rennial native to North Africa and
This study was conducted to examrecommended for range plantings in
ine potential differences in production
California’s Mediterranean-like cliand quality in several collections of
mate, was the exotic included for
four important California native pecomparison.
rennial grasses and to determine
Four of the seven counties of origin
whether distinct geographic races exist.
We conducted the study at two sites for the native accessions are representative of the hot Central Valley:
in different climatic regions representTehama,
Colusa, Yolo and Kern. The
ing typical open grasslands now domi-
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Fig. 1. Counties of origin
for
rennial
accessions
grassesof
studied
nativeand
pethe two planting sites, UC
Hopland Research and Extension Center and
Hedgerow Farms.

climates of Marin, Solano and Santa
Clara counties are moderated by a marine influence, and Lake County in the
Coast Range is more moist than the interior (fig. 1).
We planted accessions in randomized complete blocks with harve.st
dates as a repeated measure. The 56
seedlings in each plot were spaced on
6-inch centers with four replications.
Plantings were maintained weed free
and allowed to develop for one season. Beginning in March 1994, we harvested 10 plants each during three 11to 20-day periods ending in June. Extended periods for harvest were necessary to accommodate the delay in development between the Hedgerow
(harvested first in each period) and
Hopland sites.
At Hedgerow, we periodically recorded changes observed in the
plantings during the growing season
and on harvest dates. During the last
harvest at Hedgerow, we estimated
mature height. Resources did not permit
capturing these data at both locations.
To assess production and quality,
we measured aboveground biomass
(expressed in pounds per acre, airdry), percentage nitrogen, percentage
acid detergent fiber and percentage
neutral detergent fiber. Dried wholeplant samples were prepared for
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Clockwise from top left: California melic, needlegrass, Berber orchardgrass and blue
wildrye.

chemical analysis by grinding in a
Wiley mill, then oven-drying. Percentage nitrogen is reported as percentage
crude protein (PCP) calculated using
percentage nitrogen times the factor
6.25.
The properties measured are of interest to a spectrum of resource managers. Chemical constituents were chosen because of their influence on the
nutrition of range livestock and wildlife and the need to express potential
differences in terms of forage value.
Large and small wild herbivores and
other wildlife are affected by both the
amount and quality of groundcover.
Data for production and quality parameters were subjected to a split-plot,
repeated measures Analysis of Variance (ANOVA) at both locations. Unless otherwise noted, differences in
performance among accessions were
separated at the 99% level of confidence (P 5 0.01) by Fisher’s protected
least significant difference (LSD) to in34

sure a conservative interpretation of
results.
Both production and quality, as
measured in this study, identify information captured at intervals not keyed
closely to the growth stages of individual accessions. However, the procedure does permit the identification of
potential differences in performance
related to time. Periodic harvest was
necessary because resources were
limited and did not permit a more
precise (and intensive) procedure
keyed to the phenology of individual
accessions.

Height, seasonal growth changes
The most common height of the
mature native grass accessions was 85
inches (table 1).The Berber orchard
grass was also 85 inches tall.
Seasonal growth changes (phenology) among accessions reaching late
maturity demonstrated water stress
due to the low rainfall in 1993-1994,
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which was 70% less than expected.
Rainfall at Hopland during this time
was 65% of expected. Several
needlegrass accessions that had not
completed the reproductive cycle before the last harvest possessed unfilled
seeds (caryopses). Heads of Berber orchard grass, the species which completes its reproductive cycle most
slowly, produced mostly dry heads
with no seed.
Accessions in three of the four native species showed significant (P 5
0.05) differences in mature height;
only those of nodding needlegrass
were not different. The Tehama
County collection of blue wildrye was
different from the others and 50%
taller than the one from Marin County.
In the California melic group, the Lake
County collection was different and
about 20% taller than the Tehama
County collection. Among the purple
needlegrasses, stem elongation was
25% greater in the accession from
Colusa County. For this group, stem
elongation better describes growth
than does height, because the Marin
County accession began to lie down as
it grew.

Differences among accessions
The differences among accessions
were compared in terms of forage production (table 2), percentage crude
protein (PCP) (table 3), percentage
acid detergent fiber (ADF) (table 4)
and percentage neutral detergent fiber
(NDF) (table 5). Since accessions were
grown in common gardens, we assumed the differences measured represent genetic differences influenced
by environmental conditions where
collections were made.
Blue wildrye. Santa Clara County
was highest in production but lower in
PCP than Tehama, and Marin retained
its PCP longer into the season than did
the other two. Tehama County was
lowest in ADF but in the last harvest it
had the most NDF. And Tehama’s average NDF at Hedgerow was higher
than that of the other two but lower at
Hopland. The NDF values for Santa
Clara and Marin were the lowest of all
native grass accessions at Hedgerow,
but between sites no other accessions
displayed a greater difference.

California melic. Lake County was
the most productive, but Tehama was
highest in PCP and retained it better at
maturity. Tehama was also lowest in
ADF and NDF, and with the three accessions of blue wildrye it shared the
lowest average NDF among all the accessions of native grass.
Nodding needlegrass. Solano and
Tehama counties were more productive at Hedgerow than at Hopland. At
Hedgerow, Kern County did not reach
maximum production until the third
harvest, while Kern and Solano counties were the most productive in the
third harvest. At Hopland, Solano did
not reach peak production until the
third harvest; it followed the pattern
of production exhibited by Kern at
Hedgerow.
As accessions matured, the pattern
of PCP decline was different for two
accessions at Hedgerow: both Solano
and Yolo counties retained forage
quality longer and did not decline significantly between harvests one and
two.
Purple needlegrass. The average
productivity of accessions from "dry"
counties - Colusa, Tehama and Yolo
-was nearly 40% greater than that of
accessions from "moist" counties Lake, Marin and Solano. At Hopland,
Marin and Solano counties lagged in
second-harvest production.
Compared with "dry" accessions,
those from "moist" counties were 10%
higher in PCP and lower in ADF and
NDF by 5% and 3%, respectively.

At Hedgerow, Berber was 50%
more productive in the third harvest
than the second, 8,600 pounds per acre
~ 5 5 , 6 0 0pounds per acre, but no difference (P 2 0.05) between harvests occurred at Hopland, where the average
was 3,900 pounds per acre.
Percentage crude protein (PCP).
At Hopland, orchard grass was at least

15% lower in PCP than Tehama California melic and three accessions of
needlegrass, Tehama nodding
needlegrass and Solano and Marin
purple needlegrass (table 3). At
Hedgerow, PCP in two accessions,
Solano nodding needlegrass and
Marin purple needlegrass, was 13% to
16% higher than orchard grass.

Natives vs. orchard grass
Forage production. Berber was
nearly 80% more productive at
Hedgerow than at Hopland (table 2),
and at Hedgerow it was 50% more
productive than the average of seven
native accessions: Tehama blue
wildrye, California melic from Yolo
and Tehama counties, the Kern and
Tehama county accessions of nodding
needlegrass, and two accessions of
purple needlegrass, Lake and Solano
counties.
Differences in production at
Hopland were smaller, and both Santa
Clara blue wildrye and Colusa purple
needlegrass were 50% more productive than Berber.
CALIFORNIA AGRICULTURE, MARCH-APRIL
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At both sites, succeeding harvests
of orchard grass were each lower. In
the last harvest, there was no difference between sites, and PCP averaged
4%. At Hedgerow, Berber was not different from any other accession in the
last harvest. However, at Hopland it
was lower than the average for Solano
purple needlegrass and Tehama California melic (3.5% vs. 5%) but higher
than Santa Clara blue wildrye (2.1%).
Percentage acid detergent fiber
(ADF). Berber’s performance was not
different at the two sites, but at
Hedgerow its ADF content averaged
8% lower than that of all needlegrass
except from Marin County (table 4).
Orchard grass at this site was not different from any blue wildrye accession
and different only from Tehama California melic, which was 8% lower.
At Hopland, orchard grass was
lower in ADF than 11 of the native accessions: 8% lower than all needlegrasses except the two purple needlegrasses from Marin and Solano
counties; more than 10% lower than
two of the three blue wildryes (except
the Tehama County accession); not different from Lake County California
melic; and 9% higher than Tehama
California melic.
In each succeeding harvest, Berber’s
ADF was higher, and in the last harvest it did not differ between sites. In
harvest 3 at Hopland, no accession
was lower than Berber in ADF, and
Tehama California melic and blue
wildrye, and Solano purple needlegrass were not different. In the last
harvest at Hedgerow, fewer accessions
were different from Berber. At this
site, Tehama blue wildrye was higher
in ADF, and Tehama California melic
was lower. Two accessions each of the
needlegrasses were higher in ADF at
Hedgerow: Kern and Tehama nodding
needlegrass and Colusa and Yo10
purple needlegrass.
Percentage neutral detergent fiber (NDF). At both sites, NDF in all
but two native accessions was higher
than that of Berber (table 5). At
Hopland, Tehama blue wildrye and
California melic were not different.
For all others, average NDF was more
than 14% higher. At Hedgerow, only

Santa Clara and Marin county blue
wildryes were not different from
Berber. The average NDF for all other
accessions at this site was more than
15% higher.
Between harvests 2 and 3, Berber
increased in NDF only at Hedgerow.
In the last harvest at this site, Berber
was lower in NDF than all except
Marin and Santa Clara blue wildryes
and Tehama California melic. In harvest 3 at Hopland, Berber was 15%
lower in NDF than the average of all
native accessions.

Genetic differences of grasses
Because of the conservative analytical approach used in this study, we believe the results suggest strongly that
there are genetic differences among
the accessions observed. Other studies
have shown that geographically separated grass populations can exhibit genetic differentiation (Clary 1975; Rice
and Mack 1991).
In a study of purple needlegrass,
Knapp and Rice (1998) showed that
this species demonstrated regional differentiation for both isozymes and
quantitative traits, but the patterns of
variation were dissimilar; and among
quantitative traits, variation was
strongly associated with climate.
These authors suggest that quantitative traits may be the most useful for
differentiating among populations
when evaluating plant material for
restoration or reintroduction. But in
the absence of information on quantitative trait variation, it would be wise
to use material from a region where
the climate is similar to that of the site
being planted.
For the majority of the accessions
we examined, forage production between sites remained unchanged. But
in all species except blue wildrye,
there were accessions that produced
significantly less at Hopland as did
Berber orchard grass. With respect to
quality parameters, all but three accessions were lower in PCP at Hopland.
Those not different at the two sites
were California melics from two counties and one accession of purple
needlegrass. Only four accessions
showed a difference in ADF between

sites; two of blue wildrye and one of
purple needlegrass were higher at
Hopland and one of nodding
needlegrass was higher at Hedgerow.
At Hopland, conditions increased
NDF content in all but two accessions,
one each of blue wildrye and purple
needlegrass.
Between sites in our study, no one
accession demonstrated consistent differences in quantitative traits. However, the differences in performance
between accessions of the same species
and the differences in response to site
conditions strongly suggest the existence of geographic races among the
accessions we evaluated. This supports the conclusions of h a p p and
Rice (1998).
Where grasslands are used extensively, such as for grazing livestock,
manipulation of forage composition is
usually based on nutritional considerations and the desire to provide betterquality forage than that of resident annuals. In composite samples of annual
range forage collected along a northsouth transect in the Central Valley,
Hart et al. (1932) measured PCP,
which declined from an average of
more than 20% early in the growing
season to values at maturity that
ranged from averages of 10% or more
in the northern part to less than 10% in
the central and southern parts. In contrast, percentage crude fiber (approximately equal to percentage NDF) for
selected annual grasses increased from
an average of less than 25% early in
the season to averages of more than
25% at flowering and 30% or more at
maturity (Gordon and Sampson 1939;
Hart et al. 1932).

Annuals vs. perennials
When resident annual grasses are
compared with the native perennials
in our study, neither group has an advantage with respect to protein content. However, the perennial grasses
we measured are markedly higher in
fiber (percentage NDF compared with
percentage crude fiber) throughout the
season. At the San Joaquin Experimental Range in Madera County, Green
and Bentley (1957) observed that both
purple and nodding needlegrass,
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which begin growth in the fall-winter
period and can retain green tissue
through summer (Laude 1953),were
grazed closely by cattle when other
green forage was limited. These
grasses were avoided during spring
when annual plant herbage was abundant. Early in the season, blue wildrye
is also eaten with relish by all classes
of livestock (Sampson et al. 1951) and
this species will remain green and
growing through the summer when
adequately watered (Laude 1953).
California melic also can retain green
tissue through the summer (Laude
1953) and attracts season-long grazing
by cattle (Sampson et al. 1951).In general, perennial grasses provide a
longer green-feed period, with its associated nutritional value, compared
with annuals (S-mpson et al. 1951).
Perennial grasses represent a potential for more consistent erosion control
than annual grasses. Talbot et al.
(1939) reported fluctuations in annual
grass populations that were extreme.
Established perennial grasses produce
biomass more consistently (Sampson
et al. 1951) due to their growth habit
and ability to access soil water at
greater depths.
Root production and other factors
determine the effectiveness of plants
for erosion control. One of the most
important of these is the ability to provide complete soil protection
(Goldman et al. 1986). In this respect,
perennial grasses have an advantage.
Compared with annual grasses, the
vertical distribution of aboveground
biomass is more nonlinear in perennials, and the percentage decreases more
rapidly with height (Sampson et al.
1951).
For the accessions in our study, we
prepared an index of weight to height
ratios using measurements made at
Hedgerow. These are expressed in
pounds of average seasonal forage
produced per inch of mature height.
The ratio distorts the relationship by
presenting it as linear. However, it
does permit gross comparisons among
accessions and suggests which concentrate higher percentages of biomass
closer to the ground.
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Nearly two-thirds of the accessions
(11)had ratios of 41 to 50, including all
nodding needlegrasses, four of six
purple needlegrasses and all three
California melics. Accessions of blue
wildrye had ratios either larger or
smaller. If it is assumed that the erosioncontrol value of an accession is positively related to its ratio, Santa Clara
County blue wildrye and Berber orchard grass provide the most erosion
control. These accessions had ratios 9
to 10 points higher than the mode. The
intraspecific variability in the ratios is
another suggestion of genetic differences among accessions.

Choose seed carefully
The differences found among accessions of the four important California
native bunch grasses we examined
strongly suggest the existence of geographic races. Accessions selected for
mitigation, restoration (including erosion control) and range seeding should
be chosen carefully to avoid contamination of relict gene pools. Phenological differences suggest that matching
reproductive cycles to local climates
may be necessary to insure the persistence of seedings.
When seeding rangelands, resource
managers should be aware of the potential impact on the health and nutrition of range livestock and wild herbivores. Native perennial grasses vary in
quality and forage value, which have
economic implications. Adaptation,
use and economics should all be considered when planning to seed with
native grasses.
T.E. Adams is Extension Wildlands Specialist, Emeritus, and P.B. Sands is Staff Research Associate (retired),Departmerit of
Agronomy and Range Science, UC Davis;
C.E. Vaughn is Staff Research Associate,
UC Hopland Research and Extensioiz
Center.
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A more exteiisive analysis and discussion
of the differences in Tables 2 to 5 is available
from the senior author as a supplement to
this article.
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