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ABSTRACT

Lehmann lovegrass CEraarostis lehmanniana Nees) is a
warm-season bunchgrass native to South Africa which dominates
many desert grasslands in southern Arizona. To determine why
fire results in high seedling recruitment of this species,
seedbank

germination

and

field

seedling

emergence

were

measured in relation to 1) no treatment, 2) burning, 3)
clipping and herbicide and 4) herbicide only. Treatments were
replicated over 2 years on a stand of Lehmann lovegrass at the
Santa Rita Experimental Range. Canopy removal, by either
clipping

or

burning,

significantly

increased

seedling

emergence in seedbank bioassays prior to summer rains both
years.

Bioassay emergence was 826, 415, 350 and

199

seedlings/m2 in 1988 from the dead-clip, burn, dead-standing
and control treatments, respectively. Field seedling emergence
was significantly increased with canopy removal both years and
seedling densities were 281, 142, 3, and 0.1 seedlings/m2 for
the dead-clip, burn, dead-standing and control treatments,
respectively in 1988. The ability of this grass to reestablish
after canopy disturbance may result from a greater range in
soil temperatures and increases in red light reaching the
seedbed.
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INTRODUCTION

Many southeastern Arizona and southwestern New Mexico
rangelands

were

overutilized

by

grazing

animals

and

deteriorated rapidly between 1880 and 1900 (Cox and Jordan
1983).

This process, along with corresponding livestock

losses, was documented by Griffiths (1904). The Division of
Agrostology (USDA) and State Experiment Stations at Tucson,
Arizona and Las Cruces, New Mexico initiated cooperative
studies to restore these rangelands.

More than 300 forb,

grass and shrub species were sown at 400 locations in the
southwestern U.S. and northern Mexico during the last 90 years
(Cox et al. 1982).

One of the few grasses that was

successfully established and persisted was Lehmann lovegrass
(Eraqrostis lehmanniana Nees), introduced from South Africa
in 1930 (Crider 1945).
Lehmann lovegrass now covers approximately 145,155 ha in
Cochise, Graham, Pima, Pinal and Santa Cruz counties in
southeastern Arizona (Cox and Ruyle 1986).

It predominates

in areas of 800 to 1500 m elevation with annual rainfall
between 250 and 500 mm on sandy to sandy loam soils (Cox and
Ruyle 1986).
This grass is valuable for many reasons (Cable 1971). It
is able to produce large amounts of forage for use by grazing
animals which carries over well from year to year.

It also
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produces more green forage during the winter and early spring
than most perennial native grasses of Southwestern rangelands.
Lehmann lovegrass is also able to establish well from seed
under adverse conditions, reseeds itself quickly after fire
or other disturbance and is able to invade well-established
mesquite stands (Cabl"> 1971).

This makes it a valuable

species for range reclamation and improving depleted range
sites.
Objections to Lehmann lovegrass result from the fact that
it is less palatable than many native perennial grasses,
becoming

dry

and

stemmy

during

the

growing

season.

Additionally, in areas where it is well adapted, it may
eventually dominate the stand and reduce the native grass
component over a period of years (Cable 1971). Ranchers are
faced with the task of incorporating this grass into their
grazing management practices (Ruyle et al. 1988) and preserve
managers are concerned with Lehmann lovegrass invasion into
native grasslands (Bock et al. 1986).
Research by Bock et al. (1986) has shown on the AppletonWhittell Research Sanctuary in Santa Cruz County, Arizona that
seedings

of

Lehmann

and

Boer

(E^

chloromeles

Steud)

lovegrasses appear to have reduced native grass cover by
nearly 60%.

Corresponding reductions in the diversity of

grasshopper, bird and rodent populations were also observed.
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Recovery of native vegetation on areas excluded from grazing
occurred except on those planted to African lovegrasses. They
suggested that exotic grasses may compete with and suppress
native grasses.
Fire has been proposed as a management tool to both help
ranchers improve the quality of Lehmann lovegrass by removing
the residual dry biomass on the plant and to control it as an
invading species onto native perennial grassland sites (Ruyle
et al. 1988). While hot fires may kill mature plants of
Lehmann lovegrass (Humphrey and Everson 1951, Cable 1965,
1967, 1971), cool fires have little effect (Pase 1971) and
stands where mature plants are lost may be replaced by seed
stores in the soil (Cable 1965, 1971, Cox and Ruyle 1986).
Fire may enhance seedling establishment of Lehmann
lovegrass (Ruyle et al. 1988).
seed

of

this

species

has

Artificial heat treatment of

been

shown

to

increase

its

germination percentage (Haferkamp and Jordan 1977, Weaver and
Jordan 1985).

Ruyle et al. (1988) found that although seed

germinability

as

indicated

by

bioassay

was

not

always

significantly higher after a burn, seedling emergence was much
higher on burned than unburned plots with the advent of the
summer rainy season.

Burning might create a favorable

environment for seedling emergence by removing the overstory
grass canopy. This could result in more favorable light, soil
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water, and temperature conditions for Lehmann lovegrass -seed
germination and seedling establishment.
Management

of

Lehmann

lovegrass

by

fire

for

its

persistence or replacement in semidesert grasslands requires
an understanding of how fire influences the mechanisms of
seedbed

ecology

establishment.

that

determine

subsequent

seedling
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LITERATURE REVIEW

Lehmann lovegrass is native to the semiarid lands in the
Northern Cape of South Africa, occurring between elevations
of 1175 and 1350 m elevation and where mean minimum and
maximum annual temperatures vary from 0 to 19 C and 18 to 34
C, respectively. Annual precipation peaks in late summer and
approximately 80% (225 to 395 mm) is distributed in late
spring, summer and

early fall when

mean

temperatures are above 15 C (Cox et al. 1988).

minimum

daily

This area is

classified as arid savannah with sandy surface soils covered
with gravel also containing

caliche and dolomite outcrops

(Fourie & Roberts 1977, Huntley 1984).
In its native habitat Lehmann lovegrass is very resistant
to drought (Crider 1945). In high rainfall areas it functions
as an early successional species whereas in areas of low
rainfall this species assumes a dominant role in grassland
plant communities.

It has also been found to dominate

disturbed areas.
The areas where Lehmann lovegrass performs best in the
southwestern United States are very similar to its native
range in South Africa (Cox et al. 1988). In the United States
this species establishes and persists on sites between 775 and
1540 m

elevation where mean daily minimum and maximum

temperatures vary annually from -4 to 20 C and 13 to 38 C,
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respectively. Annual rainfall varies from 275 to 500 mm with
peak amounts in summer.

Cox et al. (1988) theorized that

Lehmann lovegrass would spread and persist on sites that
receive 150 mm of precipitation within a 40 day period when
soil temperatures are optimum.

Anable (1990) found Lehmann

lovegrass in areas which receive as little as 85 mm of
precipitation during the summer.
Soils in these areas are mainly of sands and sandy loams
varying from 0 to 120-cm deep and classified as Comoro,
Forest, Sonoita, Tubac or Whitehouse series (Cox and Ruyle
1986).
Lehmann lovegrass first came to the United States when
F. J. Crider (1945) received seeds in 1932 as the director of
the

Boyce

Thompson

Southwestern

Arboretum

at Superior,

Arizona. He planted the seeds on the arboretum grounds and
observed that the seedlings were vigorous and

produced

seedheads their first year. In 1935 Crider organized planting
trials at the Tucson Plant Materials Center, United States
Department of Agriculture-Soil Conservation Service in Tucson,
Arizona.

Through his field plantings Crider selected one

accession that matured quickly and produced abundant seed
which he named "A-SS".

The USDA-SCS initiated a seed

production program of A-68 in 1937 and began distributing it
to USDA-SCS soil conservationists and scientists for field
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plantings. Since then it has been sown on over 69,115 ha and
spread to an additional 76,040 ha in southeastern Arizona
alone (Cox and Ruyle 1986). It has been found to perform well
as a forage species and in erosion control (Cable 1971).
Crider (1945) found through his investigations on Lehmann
lovegrass that in its native habitat, it can be killed out by
severe drought, but stands renew themselves from seed stores
in the soil when moisture is again available.

The inherent

pioneering habit of this grass was retained when it was
brought to North America.

This trait enables it to become

established, produce good ground cover and perpetuate itself
under adverse environmental conditions. Therefore, it lends
itself

very

practices.

well

to

its

use

in

numerous

revegetation

These include areas of abandoned or retired

farmland, depleted rangeland, inland waterfront sand barrens,
burnt over land or localized areas containing depleted soil.
Studies have also shown that Lehmann lovegrass will
increase in density and spread to non-seeded areas where
native species once proliferated.

This may result from

indirect factors such as fire, cattle grazing or drought (Cox
and Ruyle 1986).

Kincaid et al. (1959) observed a decrease

in the native species component on the Santa Rita Experimental
Range, 60 km south of Tucson, Arizona, and an increase in
Lehmann lovegrass plant density.

They concluded that this
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resulted from increased competition by the Lehmann lovegrass
as it invaded from an adjacent, previously seeded area and
selective grazing of the native species by cattle.
Cable

(1965)

observed,

also

on

the

Santa

Rita

Experimental Range, that burning a black grama (Bouteloua
eriopoda Torr.) site produced no new seedlings of that species
while many new Lehmann lovegrass seedlings sprouted on the
burned site.

Burning has also been shown to increase the

density of Lehmann lovegrass plants on established sites
(Humphrey and Everson 1951, Cable 1965, Pase 1971).

Where

fire temperatures have been intense enough to kill mature
Lehmann lovegrass plants, plant populations may not decline
because new stands can quickly establish from seed in the soil
(Cable 1965, 1971, Cox and Ruyle 1986).
Fourie and Roberts (1977) found in South Africa that
although 90% of all mature plants of Lehmann lovegrass died
during a mid-summer drought, seedlings quickly re-occupied
the site when soil moisture became available.

Southern

Arizona endured a prolonged drought during the 1950's and
1970's which produced a significant decline in native and
Lehmann lovegrass populations. When soil moisture eventually
improved, native grasses did not re-establish but Lehmann
lovegrass completely re-occupied many sites (Cox and Ruyle
1986).
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Lehmann lovegrass is a prolific seed producer under
favorable conditions (Crider 1945).

It has been observed to

produce two seed crops a year; a heavy crop in early summer
followed 8 to 12 weeks later by a lighter crop in late summer
or early fall. This species can produce one good crop of seed
its first year after being sown.

Seed production trials

conducted at the Plant Materials Center, Tucson, Arizona
showed an average of 400 kg/ha annually under irrigation.
Field seed production has been estimated to be about 50 kg/ha
in good rainfall years.
Observations are that fire enhances emergence of Lehmann
lovegrass seedlings (Ruyle et al. 1988). This is interesting
because Lehmann lovegrass seed is highly dormant at the time
of harvest (Brauen 1967) with post harvest dormancy lasting
for several years.

Brauen (1967) found that dormancy

decreased in a linear pattern for 100 weeks post harvest.
Many different presowing treatments have been applied to
Lehmann lovegrass in order to overcome what is believed to be
the seed-coat imposed dormancy (Brauen 1967).
which

have

demonstrated

an

increase

in

Treatments

germination

of

otherwise dormant seeds include imbibition in IN NaOH (Brauen
1967, Wright 1973), IN H2S04 (Brauen 1967, Wright 1973) or
distilled

water

scarification

(Brauen

(Brauen

1967,

1967,

Wright

Wright

1973),

1973),

needle

mechanical
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scarification (Brauen 1967, Wright 1973, Haferkamp 1975),
prechilling on a moist substrate in the dark then exposure to
light (Brauen 1967), moistening then drying (Haferkamp 1975),
warm vapor (24 C) (Haferkamp and Jordan 1977), cold water (10
C) imbibition (Haferkamp and Jordan 1977), moistening then
oven drying at 70 C

(Haferkamp 1975), and moistening prior

to planting (Bleak and Keller 1972). Altering moistening and
drying treatments has been shown to increase germination rate
(Wilhelm 1969) as has heat dessication alone at 70 C (Weaver
and Jordan 1985).
Artificial

heat

treatments

may

increase

both

the

percentage and the rate of germination of this seed (Haferkamp
and Jordan 1977, Weaver and Jordan 1985).
scarify

the seedcoat

and

improve

Heat treatments

permeability,

thereby

enhancing imbibition rates (Haferkamp et al. 1977). This same
mechanism may be enhancing germination of seed in the field
due to a natural heat treatment produced by a fire (Ruyle et
al.

1988).

During a fire extremely high soil temperatures

occur which may reach 450 C for a fraction of a second (Ruyle
et al. 1988).

These natural heat treatments could reduce

dormancy similiar to artifical heat treatments (Haferkamp et
al. 1977) by breaking down the seedcoat and increasing
imbibition. Ruyle et al. (1988) found that 40% more seedlings
emerged from bioassay samples collected from burned plots than
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from unburned plots.

They also observed that emergence of

seedlings in the field was higher on burned plots than on
unburned plots.
The increase in seed reserve germinability may not be
totally explained by the scarification treatment provided by
the heat produced from burning.

Burning also removes the

mature plant canopy thereby increasing the amount of incident
radiation reaching the bare soil surface.

Soil temperatures

therefore increase on a burned surface due to increases in
the amount of heat energy not reflected back to the atmosphere
(Savage

1980).

Phillips

(1930)

noted

that

surface

temperatures may increase as much as 100% on burned areas.
Anderson (1973) found up to three months after a burn, the
soil temperature of a burned site was higher during the day
but lower during the night than an unburned site. Diurnal
temperature variation may therefore improve germinability of
Lehmann

lovegrass

seed

much

the

same

as

alternating

germination temperature does in a growth chamber (Brauen
1967).

Alternating temperatures can remove dormancy by

breaking down the seedcoat (Bewley and Black 1985).
Removal of the plant canopy may reduce the amount of soil
moisture lost to transpiration from the mature plants (Ruyle
et al. 1988).

This may provide more moisture for seed

germination after a rainfall event.

Daubenmire (1968)
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however, found in general, that soils in perennial grasslands
are drier after a burn. A study by Redmann (1978) found lower
water potentials on burned than unburned plots in mixed
grassland in Saskatchewan, Canada during the growing season.
This may result from the reduction of litter covering the
surface (Sharrow and

Wright 1977) after the

burn that

previously intercepted the direct solar irradiation. Hulbert
(1969) found on Andropoqon gerardi grassland in central Kansas
that the soil water potential was consistently lower on
denuded plots, by either clipping and removing the litter or
by burning, than on control plots.

This difference was

probably due to greater evaporation from the bare soil
surface.
Removal of the grass canopy may also modify the quality
of light reaching the seedbed during summer rains when
temperature
germination.

and

soil

water conditions

are

optimum

for

An intact canopy supports green leaves which

absorb strongly the red and blue wavelengths so that belowcanopy light has a low red/far-red ratio

(Bewley and Black

1982).

Light which is predominately in the far-red range

(around

730

mm)

may

induce

dormancy

by

changing

the

phytochrome ratio in the seed and may inhibit germination by
reducing cell elongation in the radicle
1982).

(Bewley and Black
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Lock and Milburn (1971) found that the removal of the
canopy by either clipping or burning in a Themeda triandra
Forsk.

grassland

in

Uganda

produced

greater

seedling

establishment than undisturbed control areas. Tothill (1969)
showed that emergence was significantly enhanced by the
removal of the existing plant canopy by either clipping or
burning on Heteroppgon contortus (L.) Beauv. ex Roem. and
Schult. grasslands in Australia.
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OBJECTIVES

To

better, understand

why

fire

increases

seedling

emergence of Lehmann lovegrass a study was conducted to
determine the effects of burning on the seedbed environment
and

subsequent

seedling

emergence

in

the

field.

The

objectives of this study were:
1.

To determine the effect of removing the established
plant canopy on seedling emergence.

2. To determine the effect of eliminating mature plant
soil water use on seedling emergence.
3.

To determine the microenvironmental conditions
of the seedbed associated with burned, intact and
removed lovegrass canopies through the year and
especially during seedling emergence.

4. To determine the effect of fire on emergence.
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MATERIALS AND METHODS

Study Area
The study was conducted on the Santa Rita Experimental
Range of the University of Arizona, 60 km south of Tucson,
Arizona.

The area was fenced in 1984 and supports a nearly

pure stand

of Lehmann lovegrass. The site, at 1200 m

elevation, is situated on an alluvial fan with a maximum slope
of 5%.

Annual precipitation averages 398 mm of which

approximately 60% falls between July and September and the
remaining 40% during the winter months.

Average annual

temperatures range from 0 in winter to 40 C in summer.
Soils at the site consist of a coarse-loamy mixed
(calcareous) thermic Typic Torrifluvent of the Comoro Series
(Soil Conservation Service 1980). These are very deep, well
drained soils formed from mixed sources.

Permeability is

moderate to rapid and water holding capacity is moderate.
The site is classified as a sandy loam upland range site in
the 12 to 16-inch precipitation zone (Soil Conservation
Service 1980).
The study site is an abandoned air strip which was graded
several times between 1950 and 1977. Prior to fencing in 1984,
the air strip was grazed by cattle following the Santa Rita
three pasture rotation grazing system which rested each
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pasture every second spring and every third year (Martin
1978).
Vegetation on similiar undisturbed areas is dominated by
an overstory of Prosoois iulifora var. velutina (Woot.) Sarg.
(velvet mesquite) and an understory shrub-succulent layer of
Qpuntia SPP. (prickly pear and cholla cactus) and Happlopappus
tenuisectus (Greene) Blake (burroweed) (nomenclature follows
Kearny and Peables 1951). Understory grass species native to
this area include Aristida spp. (three-awns), Diaitaria
californica (Benth.) Chase (Arizona cottontop),

Bouteloua

eriopoda Torr. (black grama), B^. filiformis (Fourn.) Griff,
(slender

grama)

and

B^.

chondrosoides

(H.B.K.)

Benth.

(sprucetop grama) (Martin 1966, Humphrey 1960). Presently the
airstrip

supports

a

nearly

pure

stand

of

Eraarostis

lehmanniana.
Experimental Design
Treatments were assigned in a randomized complete block
design replicated 4 times and performed on separate plots in
1987 and 1988.

The area was divided into 4 blocks, each

containing 8 plots 7.5 by 15 m in area.

Treatments were

designed to compare the effects of eliminating the canopy and
eliminating competition for water by mature plants with the
direct

effect

of

burning

on

seedling

emergence.

The

treatments; control, burn, dead-clipped, and dead standing
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were applied on new plots for each of 2 successive years, 1987
and 1988.
The control treatment left mature plants and the grass
canopy intact.

The burn treatment, applied as a perimeter

fire, consisted of burning in early fall and spraying with
glyphosate to kill surviving mature plants the following
spring. Possible effects from this treatment include initial
seedbed heat treatment, elimination of the grass canopy and
reduction of soil water use by mature plants.

The dead-clip

treatment consisted of mowing mature plants to a 5-cm stubble
height with a height modified 4 horsepower lawnmower followed
by raking and removing all litter from the plot in early fall
after seed rain.

Plants were then sprayed with glyphosate

when growth was initiated the following spring.

This

treatment was designed to eliminate the grass canopy and
reduce soil-water utilization by mature plants as with the
burn treatment but without an initial seedbed heat treatment.
The dead-standing treatment consisted of spraying live mature
plants in early spring with glyphosate to kill them and
eliminate their use of soil water while leaving the dead
canopy intact.
The burns were applied to their respective plots on
October 27, 1987 and October 28, 1988.

Clipped plots were

mowed on October 28, 1987 and October 29, 1988.

Glyphosate
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was

applied

on

the

burned,

clipped

and

dead-standing

treatments on April 6, 1988 and April 22, 1989 when growth
was first initiated.
Data collection
Seedling emergence was monitored through the growing
season starting after consistent summer rainfall occurred in
July.

Seedling

density

was quantified

in

20 0.25-m2,

permanently-marked quadrats per plot. Seedlings were counted
on successive intervals after emergence began. Emergence data
were analyzed using analysis of| variance.
Species composition was recorded in July both years on
all plots from 8 subsamples of a l-m long 10-point frame in
July

of

both

years

to

vegetation composition.

determine

treatment

effects

on

This was done early in the growing

season before the effects of the treatments were overcome by
regrowing Lehmann lovegrass plants or new plants emerging from
seed.

Comparisons between selected treatments were made

separately for each year using analysis of variance.

Basal

cover, foliar cover, bare ground and litter cover of Lehmann
lovegrass was occularly estimated on each permanently-marked
0.25-m2 quadrat.

Soil temperature and soil water potential

were measured with thermocouples or thermisters and gypsum
blocks, respectively at 1-cm below the soil surface, and
recorded using electronic microloggers.

Measurements were
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continously recorded for selected periods in fall, winter, and
spring, and throughout the summer rainy season.

Soil

temperatures in summer were measured from 4 thermocouples
wired in parallel to give an average temperature for a plot.
At all other times, soil temperatures were recorded separately
for 3 thermocouples per plot.

Soil temperatures and matric

potential in the summer were measured on 1 plot for burn,
dead-clip, dead-standing and control treatments. At all other
times, soil temperatures were measured on burn, dead-clip and
control treatments. Soil matric potential was measured in the
summer from 3 gypsum blocks per plot buried 2,6 and 9-cm deep.
To determine germinability of seeds from the seedbank as
affected by treatments over time, bioassay samples were
collected.

Bioassay samples were 5 by 6 cm in area and 1-cm

deep and were collected using a garden trowel and placed in
plastic storage bags. In 1987, 32 samples were collected from
each burn and control plot immediately following burning.
Eight samples each were randomly selected and stored at room
temperature until testing in November, February, April and
June.

Eight more samples were collected in July 1988 and

tested to determine germinability just prior to the beginning
of the summer rainy season.
In 1988, 24 samples were collected from each burn,
control and clipped plot immediately following treatment.
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Eight samples were randomly selected and tested in November,
March and June.

Eight more samples were collected from the

field in February, April, June of 1988 and March and June of
1989 and concurrently tested with those described above to
observe if seed remaining in the soil in the field over time
produced

different seedling

emergence

than

the samples

initially collected immediately after treatment and stored in
the lab.

In 1988 soil bioassay samples were not collected

from the dead-standing treatments after the November burn as
this treatment was not applied until 1989.
Samples were sub-irrigated in the greenhouse in order to
avoid displacement or excessive burial of the seed. Each
sample was deposited on top of 100 ml of #60 blasting sand in
a plastic cup approximately 10 cm in diameter and 7-cm deep.
Small holes were punched around the bottom edge of the
container to allow water flow into the container. All of the
containers

were

placed

in

metal

pans

that

measured

approximately 1 m by 1.5 m by 6 cm. Each pan was flooded with
2 cm of water.

The samples from the first year, with the

exception of the July test, were allowed to remain saturated
at all times. However, this proved to be detrimental to
seedling emergence and survival due to damping off of the
seedlings from excessive soil moisture. Samples collected and
tested in July 1988 and those from the second year were

I
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watered, allowed to saturate, then drained every day.

All

tests were carried out for 14 days and the number of emerged
seedlings were counted, recorded and discarded each day.
Analyses Procedures
Emergance and bioassay data were analyzed with analysis
of variance. Data from the first sampling of field emergence
in 1988 was subjected to a log transformation to obtain
homogenity of variances. All mean comparisons were made using
the Least Significant Difference (LSD) method at the 0.05
level of significance.

Mean comparisons were made only when

a significant (p < 0.05) treatment effect was indicated by
analysis of variance.
A factorial analysis was conducted on bioassay samples
collected in October 1988, and March and June of 1989 to
determine significant effects from treatment, block, sample
storage or bioassay test date (Appendix, Table 7).

Samples

collected in October and kept until March or June before
testing were classified as stored samples. Samples collected
at each successive test date were classified as non-stored.
Testing date (March or June) corresponded to the date variable
while block and treatment effects represented
variables from the original treatment design.

the same

RESULTS

Seedbank Germinability
1988
Bioassay samples collected immediately after treatment
and those collected over time were highly

variable in

germinability for the bioassay tests conducted at 4 different
dates on soil samples collected from 1987 treatments.

This

probably resulted from the method employed to water the
samples and saturation during this time. Therefore these data
are not considered valid and will not be presented.
Bioassay samples collected from 1987 treatment plots in
July of 1988, just prior to the start of the growing season,
were allowed to drain after watering and more accurately
indicate seedbank germinability (Fig. 1). Bioassay seedbank
emergence varied significantly (p < 0.05) among treatments
(Appendix, Table 1).
The dead-clip treatment produced 826.43 (standard error
= 36.49) seedlings/m2, while the burn, dead-standing and
control treatments produced 415.06 (standard error = 55.28),
350.04 (standard error = 141.22) and 198.52 (standard error
= 83.70) seedlings/m2 respectively.

The dead-clip treatment

produced significantly (p < 0.05) more seedlings than the
dead-standing or control treatments.

The dead-clip and burn

treatments produced similiar germinability.
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Fig. 1

Lehmann lovegrass seedbank germinability prior to
summer rains in July 1988 as indicated by bioassay
seedling emergence. Bars with the same letter are
not significantly different by LSD (p < 0.05).
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1989
Bioassay samples from burn, dead-clip, and control plots
collected immediately after burning in October 1988 had
statistically

similiar

(p

>

0.05)

seedling

emergence

(Appendix, Table 2). However, the burn treatment had a trend
toward higher germinability (505 seedlings/m2, standard error
= 161) than the dead-clip treatment (187 seedlings/m2,
standard error = 33) and the control (108 seedlings/m2,
standard error = 24).
Bioassays conducted on samples collected in October of
1988, stored over time and then tested in March and June of
1989 had no difference in seedling emergence among treatments
(Appendix, Tables 3 and 4).

Soil samples collected in March

and June and bioassayed in conjunction with samples stored in
the lab

had

no difference in seedling

treatments (Appendix, Tables 5 and 6).

emergence among

Trends exhibited by

bioassay samples collected in June 1989, before the beginning
of the summer growing season, were the same as those collected
in July 1988.

There was not a significant (p > 0.05)

treatment effect on emergence.

The dead-clip and burn

treatments did have substantially more seedlings emerge than
the control or dead-standing treatments (Fig. 2)
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Fig. 2

Lehmann lovegrass seedbank germinability prior to
summer rains in July 1988 as indicated by bioassay
seedling emergence.
Treatments did not differ
statistically (p > 0.05).
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Results of the factorial analysis conducted on 1988-1989
bioassays showed a significant date effect (p < 0.03). June
bioassays had higher seedling emergence than March bioassays.
This probably resulted from warmer greenhouse temperatures and
longer daylength in June than March.

There were no other

significant effects.

Field Emergence
1988
Seedling emergence occurred after significant summer
rainfall began the first week in July (Fig. 3). There was a
significant treatment effect (p < 0.001) for Lehmann lovegrass
seedling emergence on field plots (Appendix, Table 8).
Seedling emergence was much higher in the dead-clip and burn
plots than in the dead-standing and control plots (Table 1).
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Daily rainfall on a Lehmann lovegrass stand at the
Santa Rita Experimental Range, July and August 1988.

1989
Seedling emergence began later in the growing season in
1989 than in 1988 due the delay in rainfall. Periodicity and
intensity of precipitation was inadequate for germination
until late in July (Fig. 4).

There was a significant

treatment effect (p < 0.01) on Lehmann lovegrass seedling
emergence from field plots (Appendix, Table 12).

Seedling

emergence was much higher in the dead-clip and burn plots than
in the dead-standing and control plots (Table 1).
Table 1. Means and standard errors of initial Lehmann
lovegrass seedling emergence after four treatments
for 1988 and 1989 following significant summer
rainfall.1
Seedlings/m2 (standard error)
1988
1989

Treatment
Dead-clip
Burn
Dead-standing
Control

281.5 (25.8) a
142.1 (12.1) ab
2.6 (0.8) b
0.1 (0.0) b

776.6 (43. 0 )a
220.3 (17.3) b
10.3
(2.4) c
3.5 (0.9) c

1Means followed by the same letter within a column are not
significantly different by LSD (p < 0.05).

Values in Table 1 represent initial and maximum seedling
emergence and density which subsequently decreased with time
(Figs. 5 and 6).

More seedlings persisted on the burn and

dead-clip treatments than on the dead-standing or control
treatments.

Treatments with the canopy removed produced

significantly more seedlings than the treatments with an
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intact canopy.

Analyses of variance for subsequent sampling

dates are shown in Appendix Tables 9, 10, 11, 13, 14 and 15.
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Daily rainfall on a Lehmann lovegrass stand at the
Santa Rita Experimental Range, July and August 1989.
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Seedling density of Lehmann lovegrass, on the Santa
Rita Experimental Range, in relation to field
treatments after significant summer rainfall began
in 1988. Bars for a given date, labeled with the
same letter are not significantly different by LSD
(p < 0.05).
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Seedling density of Lehmann lovegrass, on the Santa
Rita Experimental Range, in relation to field
treatments after significant summer rainfall began
in 1989. Bars for a given date labeled with the
same letter are not significantly different by LSD
(p < 0.05).
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The percentage of germinable seed in the seed bank that
actually emerged as seedlings (relative emergence) after
summer rains was calculated by dividing the maximum field
seedling density after initial rains by the bioassay seedling
densities determined prior to the rains (Table 2).

Table 2. Field and bioassay seedling emergence and relative
emergence for Lehmann lovegrass for various
treatments on 2 years.
Treatment

Field

Bioassay

Relative
Emergence %*

seedlinas/m2
1988
Control
Burn
Dead-Clip
Dead-Standing

0.1
142.1
281.5
2.6

198.5
415.6
826.4
350.0

0.5
34.2
34.0
0.7

3.5
220.3
776.6
12.3

584.6
1602.4
1219.9
555.7

0.6
13.7
63.6
1.8

1989
Control
Burn
Dead-Clip
Dead-Standing

•Relative Emergence = (field/bioassay) x 100
In 1988 the burn and dead-clip treatments had similar
relative emergence which was much higher than that of the
control and dead-standing treatments. In 1989, the dead-clip
had much higher relative emergence than the burn treatment,
which had much higher relative emergence than the control and
dead-standing treatments.
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Environmental Effects on Seedbed
Ambient

air

temperature,

relative

humidity,

soil

temperature, soil moisture, and rainfall measurements were
recorded periodically during fall, winter, spring and daily
through the summer growing season and exhibited extreme
ranges.

Representative days with and without precipitation

were chosen from summer and winter to show relative extremes
in temperature and relative humidity.
Air temperatures were much higher before the summer rains
began (Fig. 7). The 4 July temperature recorded during a hot,
dry day before summer rainfall began, ranged from a low of 23
C at approximately 5:00 to a high of 41 C around 15:00 in the
afternoon, a difference of almost 20 degrees.

One month

later, on August 4, the temperature during a rainy, cloudcovered day ranged from a low of 19 C at 5:00 to a high of 25
C at about 9:00, a difference of only 6 degrees (Fig. 8).
Congruently, relative humidities were measured on the
same days that air temperature was measured (Fig. 8).
Relative

humidity

atmosphere relative

levels
to

reflected

precipitation

the

nature

events.

of

the

Relative

humidity on 4 July 1988 peaked at only 12%. It later declined
to about 8% near midday and increased again slightly through
the 24-hour period.

The relative humidity for 4 August

remained about 80 % but reached a low of 70% about 11:00 and
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peaked at 90% about 12:00.

These high levels resulted from

recent precipitation and cloud cover.
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Ambient air temperature for 4 July and 4 August 1989
on the Santa Rita Experimental Range. There was no
precipitation on July 4 1989 while 4 August had 9.4
mm of precipitation.
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Relative humidity on 4 July and 4 August 1989 on the
Santa Rita Experimental Range.
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The air temperature on 2 December, 1988, a warm, dry day,
hovered at 13 C until sunrise at 7:30

and then increased

steadily until 14:00 when it reached about 22 C and then
declined rapidly as the sun set about 18:00 (Fig. 9) The air
temperature on 11 December stayed below 5 C until 8:00 and
then climbed to only 13 C by midday due to cloud cover and
precipitation.

Corresponding relative humidity measurements

showed a nearly consistent level of 20% on 2 December and the
11 December relative humitity fluccuated from a high of 85%
down to 38% by mid-afternoon (Fig. 10).

I
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Ambient air temperatures on 2 December 1988, a day
with no precipitation and 11 December, 1988, 3 days
after a 4.5 mm rainfall event on the Santa Rita
Experimental Range.
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Relative humidity measurements for a dry winter day
(2 December 1988) and a wet winter day (11 December
1988) on the Santa Rita Experimental Range.

49

Soil

temperatures

were

also

measured

on

the

aforementioned days. The soil temperature fluctuated greatly
especially on the plots with the canopy removed by burning and
clipping.

On a hot, dry day in July the burn treatment soil

temperature ranged from a low of 20 C in early morning to a
high of 65 C by midday (Fig. 11).

The dead-clip treatment

followed a similiar trend as the burn treatment with a low of
21 C to a high of 58 C.

The control and dead-standing

treatments followed an almost identical trend to each other
with respective lows of 28 and 27 C with midday highs of 50
and 49 C.
On a warm, rainless day in winter, plots with the canopy
removed showed wider temperature fluctuations than the control
treatment which left the canopy intact (Fig. 12).

The burn

treatment soil temperature ranged from a low of 8 C to a high
of 24 C. The dead-clip treatment temperatures ranged from a
low of 7 C to a high of 19 C.

The control treatment varied

very little having a range of only 4 C with a low of 8 to a
high of 12 C.
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Soil temperatures 1-cm below the soil surface on 4
July 1989 for a Lehmann lovegrass stand after
various treatments on the Santa Rita Experimental
Range. Treatment code is burn (B), dead-clip (DC),
control (C) and dead-standing (DS).
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Soil temperatures l-cm below the soil surface on 2
December 1988 for a Lehmann lovegrass stand after
various treatments on the Santa Rita Experimental
Range.
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Soil temperatures were also recorded corresponding to
the

previously

presented

air

temperatures

and

relative

humidities for 4 August 1989 and 11 December 1988.

These

temperatures varied greatly with intermittent cloudcover
through the course of the day (Fig. 13).

On 4 August 1989,

9.4 mm of precipitation were recorded.

Soil temperatures

ranged from a low of 19 c on both the burn and dead-clip
treatments to a high of 30 C on the burn and 28 C on the deadclip plot. The control and dead-standing treatments followed
an almost identical trend with lows of 22 C to a high of about
25 C.
Soil temperatures measured on a cloudy day in winter, 2
days after 4.3 mm of precipitation ranged from 2 C to a high
of 18 C on the burn treatment while the dead-clip ranged from
2 to a high of 14 C through the course of the day (Fig. 14).
The control treatment had a low of 6 C and a high of only 8
C.
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Soil temperatures l-cm below the soil surface on 4
August 1989 for a Lehmann lovegrass stand after
various treatments on the Santa Rita Experimental
Range. Treatment code is burn (B), control (C),
dead-clip (DC) and dead-standing (DS) on which 9.4
mm of precipitation was recorded.
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Soil temperatures l-cm below the soil surface on 11
December 1988 for a Lehmann lovegrass stand after
various treatments on the Santa Rita Experimental
Range.
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Soil matric potentials were measured at 1-cm below the
soil surface during drying cycles after significant rainfall
in the growing season (Fig. 15).

Measurements recorded on

August 8 1988, one day after 9.4 mm of rainfall, showed that
the burn and dead-clip seedbeds were drying out faster than
plots with an intact canopy. Burn plot matric potential fell
from -0.15 to below -1.4 MPa in just one day.

The dead-clip

plot showed a steady decrease from -0.1 MPa to -0.2 MPa over
the same day while the dead-standing and control plots
remained at -0.3 MPa during the same day.

The much faster

drying of the burn plots over the dead-clip plots can be
attributed to the lack of litter on the soil surface to reduce
soil surface heating.
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Soil water potentials measured 1-cm below the
surface on the burn (B), control (C), dead-standing
(DS) and dead-clip (DC) treatment plots on 8 August
1988 on the Santa Rita Experimental Range.
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Fire Temperatures
Fire

temperatures

were

recorded

during

the

burn

treatments in 1987 and 1988 to determine the heat at 3
different points in the seedbed. Temperatures were recorded
from the soil surface, from within the a Lehmann lovegrass
plant crown and at 2-cm below the soil surface.

In 1987,

surface temperatures reached about 430 C just 60 seconds after
the burning began (Fig. 16). Temperatures in the plant crown
reached 200 C about 90 seconds after the beginning of the burn
while the temperature 2-cm below the soil surface increased,
but only slightly, from 25 C to 30 C.
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Soil temperatures recorded during a November burn
of Lehmann lovegrass from the soil surface, within
lovegrass plant crowns and at 2-cm below the soil
surface on the Santa Rita Experimental Range.
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Vegetation Response
In July, 1988 the dead-standing treatment had the
greatest basal cover of live and dead Lehmann lovegrass
followed by the control, dead-clip and burn treatments (Table
3, Appendix Table 15).

Litter was greatest on the dead-clip

treatment followed by the control, dead-standing and burn
treatments.

Bare ground cover was greatest on the burn

treatment followed by the dead-clip, control and dead-standing
treatments.

Foliar cover of live and dead Lehmann lovegrass

was greatest on the control treatment followed by the deadstanding, dead-clip and burn treatments.
In August 1989, the dead-standing treatment had the
greatest amount of live and dead Lehmann lovegrass basal cover
followed by the control, dead-clip and burn treatments (Table
3, Appendix, Table 15). The dead-standing treatment also had
the greatest cover of litter followed by the control, deadclip and burn treatments.

Bare ground cover was greatest on

the burn treatment followed by the dead-clip, control and
dead-standing treatments.

Foliar cover of live and dead

Lehmann lovegrass was greatest on the control treatment
followed

by

treatments.

the

dead-standing,

dead-clip

and

control
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Table 3.
Cover of live and dead Lehmann lovegrass, bare
ground and litter after various treatments in 1988 and 1989.1
TREATMENT
Parameter

Dead
Clip

Dead
Standing

Control

Burn

Basal Area
Litter
Bare Ground
Foliar Cover3

51.8
41.6
6.5
77.7

a
a
c
a

23.6
0.6
75.6
1.1

b
b
a
b

26.2
46.5
27.1
4.7

b
a
b
b

55.9
40.2
3.9
69.4

a
a
c
a

1989
Basal Area
Litter
Bare Ground2
Foliar Cover

34.2
52.5
13.5
60.1

a
a
c
a

20.3
25.3
54.8
0.0

b
b
a
b

30.5
37.4
32.1
5.5

ab
ab
b
b

34.5
59.4
5.9
51.8

a
a
c
a

1988

^eans followed by the same letter in the same row are
not significantly different by LSD (p < 0.05).
2Basal Area, litter and bare ground summations may not
total up to 100% due to rounding differences.
3Foliar cover was measured independently from basal area,
cover and bare ground so values range from 0 to 100%.
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Species Composition
Cover of plant species emerging on all plots was sampled
in July 1988 and August 1989 to determine if the treatments
had any significant effect on emerging plant species.

Plots

with the canopy removed had a greater variety of species than
plots with the canopy left intact (Table 4 and 5).

However,

it also seems that the dead-standing treatment expressed a few
more species than the control treatment perhaps as a result
of reduction of Lehmann lovegrass competition. This inventory
included Lehmann lovegrass seedlings that had emerged on the
plots.
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Table 4. Relative foliar cover of plant species in a Lehmann
lovegrass stand in 1988 after various treatments.a,b

Species

Control

TREATMENT
Dead
Burn
clip

Dead
standing

Relative Cover (%)
Eraarostis
lehmanniana
Live
Dead
Chloris
viraata1
Panicum
spp.
Kallstroemia
arandiflora
Solanum
elaeaanifolium
Mulluaro
verticillata
Euohorbia
hvssooifolia
Ambrosia
confertiflora
Evovolus
hvssooifolium
Prosoois
alandulosa
Xanthocenhalum
spp.
bare ground
litter

84.7a
0.0

56.6bc
0.0

83.8ab
0.0

37.5c
56.6

0.0

0.0

0.0

0.0

0.0

11.3

1.6

0.6

0.0

14.1

1.6

0.0

0.0

0.6

1.6

0.6

0.0

5.3

0.0

1.3

0.0

0.3

0.3

0.0

0.0

0.3

1.9

0.0

0.0

0.0

0.6

0.0

1.3

0.3

0.0

0.0

3.1
1.3b
9.7a

0.0
0.0a
1.9b

0.0
3.8ab
5.Oab

0.3
1.9b
1.6b

°Means followed by different letters in a row are
statistically different by LSD (p < 0.05).
bColumns may not sum to exactly 100% due to rounding errors.
1This species was not found in the plots but along the
periphery of the burned plots in the fire lines and in other
disturbed areas.
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Table 5. Relative foliar cover of plant species in a Lehmann
lovegrass stand in 1989 after various treatments.a,b

Species

Control

TREATMENT
Dead
clip
Burn

Dead
standing

Relative Cover (%)
Eraarostis
lehmanniana
LIVE
DEAD
Chloris
vircrata1
Panicum
spp.
Bouteloua
eriopoda
Kallstroemia
arandiflora
Solanum
elaeaanifolium
Mulluaro
verticillata
Euphorbia
spp.
Ambrosia
confertiflora
Evovolus
hvssooifolia
Prosoois
crlandulosa
XanthoceDhalum
spp.
bare ground
litter

74.7.a
1.9c

21.9b
8.4c

27.2b
25.9b

9.7b
77.8a

0.0

0.0

0.0

0.0

0.0

5.0

3.4

0.3

0.0

0.0

0.0

1.6

0.0

5.0

1.3

1.3

0.0

0.0

0.0

3.1

0.6

0.6

0.0

0.3

0.0

0.0

0.0

1.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.6

0.0

0.9

3.1
1.6c
15.6ab

4.7
30.3a
19.1a

0.0
15.9a
23.1a

3.1
0.3c
2.2b

2.5

2.5

aMeans
followed by different letters in a row are
statistically different by LSD (p < 0.05).
bColumns may not sum to exactly 100% due to rounding errors.
1This species was not found in the plots but along the
periphery of the burned plots in the fire lines and in other
disturbed areas.
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DISCUSSION

Seedbank Germinability
The bioassay of field collected soil samples showed
treatments that removed the canopy increased germinability of
seeds in the seedbank compared to treatments with an intact
canopy.

Resultant

environmental

effects

related

to

temperature and light may be at work in enhancing the
germinability of Lehmann lovegrass when the canopy is removed.
Increased germination does not fully account for the great
difference in seedling emergence between canopy-removed and
intact-canopy treatments (Table 1). Intact-canopy plots had
high densities of germinable seeds in the seedbank that did
not produce seedlings. This suggests that canopy removal not
only affected germinability but also resulted in favorable
conditions for seedling emergence in the field (Table 2).
The effects of fire on seed germinability are two-fold.
First, it creates extremely high temperatures in the seedbed
(Fig. 16) that may affect seed dormancy and germinability
(Ruyle et al. 1988). Secondly, it removes the existing plant
canopy influencing incident radiation, soil temperature and
soil matric potentials.
Artificial heat treatments may increase the germinability
of Lehmann lovegrass seeds (Haferkamp and Jordan 1977, Weaver
and Jordan 1985) by increasing the rate of imbibition by
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scarifying the seedcoat (Haferkamp et al. 1977). Ruyle et al.
(1988) found increased germinability of Lehmann lovegrass from
bioassays taken immediately after burning compared to those
from unburned plots. In the present study, canopy removal by
burning and clipping resulted in increased germinability of
seeds in the seedbank prior to summer rains (Table 1).
Greater

seedling

emergence

from

dead-clipped

than

burn

treatment bioassays suggests that although fire may have
increased germinability by removing the canopy, it also may
have destroyed or reduced viability of some seeds in the
seedbank.

Environmental Effects of Canopy Removal
Ruyle et al. (1988) pointed out that burning Lehmann
lovegrass reduces the mature canopy

and

may

result in

increased incident radiation and soil temperatures in the
seedbed. However, the removal of the canopy by mowing often
accomplishes most of the same conspicuous changes produced by
fire (Daubenmire 1968).

Elevated Soil Temperatures
Removal of the mature plant canopy also affects the
intensity

of

solar

radiation

Daubenmire, pg. 219 (1968) states:

reaching

the

seedbed.
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"Fire affects post-burn soil temperatures indirectly
through the removal of living plant shoots and litter that had
previously intercepted much of the direct insolation and
retarded loss of soil heat by radiation, these influences
radically altering the thermal regime of the soil surface and
adjacent layer of air as well."
The increased temperatures recorded on burned soil
surfaces result from retained heat energy not reflected back
to the atmosphere (Savage 1980). Savage and Vermuelen (1983)
further point out that reflectance decreases on burned soil
surfaces due to heat conductance into the soil. Greater soil
temperatures on burned plots result from lesser attenuation
of radiation through the canopy than under undisturbed
vegetation canopies (Savage and Vermuelen 1983).
Soil temperature elevation by removal of the canopy by
clipping or burning has been investigated by several authors
(Phillips 1930, Norton and McGarity 1965, Tothill 1969, Lock
and Milburn 1971, Sharrow and Wright 1977).

Phillips (1930)

wrote that surface temperatures on burned pastures during the
day may be twice those on unburned pastures and that large
differences exist even at depths of 150 mm.

Sharrow and

Wright (1977) found that soil temperatures increased 4 to 5
C, above control plots, on burned and clipped tobosa grass
(Hiliaria mutica (Buckl.) Benth.) plots.
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Tothill (1969) measured soil temperatures and emergence
on burn and control treatments in Heteropoaon contortus (L.)
Beauv. ex Roem. and Schult. grassland in Australia. He found
that the

burn

treatment

had

maximum

and

minimum

temperatures of 43 and 18 C respectively at 1-cm depth.

soil
The

control treatment experienced a high of only 24 and a low of
16 C.
Lock and Milburn (1971) measured soil temperatures on
their

treatment

plots

when

investigating

seedling

establishment on Themedia triandra Forsk. grassland in Uganda.
Burned plots had maximum and minimum soil temperatures of 59
and 16 C, respectively, a 43 C range.

Clipped plots

experienced a maximum of 46 C and minimum of 19 C, a range of
27 C. Control plots had a range of only 20 C difference with
a high of 38 C and a low of 18 C.
These temperature extremes and ranges are very similiar
to those measured on Lehmann lovegrass plots on the Santa Rita
Experimental Range during the summer growing season (Fig. 11).
Temperature ranges during a overcast, high humidity day during
the growing season were much greater for canopy-removed than
intact canopy treatments (Fig. 13). Soil temperatures on the
burn and control treatments were at least 3 times higher than
on the control and dead-standing treatments.
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These differences in temperatures continued into the.
winter both on clear and overcast days with the canopy-removed
plots exhibiting a 3 to 8-fold temperature increase over
control plots at midday (Figs. 12 and 14).
Such wide differences in midday and nighttime soil
temperatures create an alternating temperature regime in the
seedbed.

Alternating temperatures in growth chambers have

been shown to encourage germination of otherwise dormant seed.
This mechanism has been shown to be effective for many native
grass species including Paspalum plicatum Pers.(Flenniken and
Fulbright 1987), Dactylis crlomerata L. (Probert et al. 1986),
Poa

pratensis

L.

(Toole

and

Borthwick

1971),

Festuca

arundinaceae Schreb. (Danielson and Toole 1976), Aaropyron
smithii Rydb. (Toole 1976), Acrrostis palustris Huds. and A.
tenuis Sibth. (Toole and Koch 1977), Panicum dichotomiflorum
Michx. (Baskin and Baskin 1983) and Poa trivialis L., Festuca
rubra L., Cvnosurus critatus L., Holcus lanatus L., and
Aarostis capillaris L.(Williams 1983.)
Lehmann

lovegrass

had

increased

germination

with

alternating temperatures when tested in the growth chamber by
Brauen (1967), Wright (1973) and Roundy et al. (1990b).

In

the later study, seeds of Lehmann lovegrass, collected from
the current study site, were subjected to various ranges of
cool

and

warm

temperatures alternated

for

16/8

hours,
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respectively.
temperatures

One year after seed harvest alternating
of

10/40,

germination above 70%.
cold

with

a 30

C

15/40,

and

20/40

all

produced

Alternations of 10, 15, 20 and 25 C

warm cycle averaged

less than

20%

germination.
In the same study 2-year-old seeds had the highest
germination (near 100%) when exposed to a temperature regime
of 0/15 C.

Other temperature combinations that produced

germination above 50% were 0/30, 0/40, 0/45, 2/25 and 2/15.
Stratification treatments using constant and alternating
temperatures before germination at 35 C constant temperature
also proved effective in increasing germination of seed one
year after harvest.

Seeds stratified for 16 hours at 2 C

showed a linear increase in germination when alternated with
warm temperatures raised from 10 to 25 C. Stratification at
a 0 C cool temperature increased germination substantially to
60% when alternating warm temperatures were above 15 C (Roundy
et al. 1990b).
Removal of the canopy creates an alternating temperature
regime in the seedbank (Figs. 11, 12, 13 and 14).
of many seeds in the field
temperatures (Bewley

and

is broken by

Black

1988).

Dormancy

alternating

It seems that

vegetative cover can influence the amplitude of temperature
fluctuations and decrease seed germinability.
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The Effect of Light
Removal of the Lehmann lovegrass canopy allowed greater
quantity and quality of solar radiation to reach the seedbed.
Bewley and Black (1985) point out the role of phytochrome and
photoreversability in the seedcoat and how it is affected by
red

and

far-red

light

in

controlling

seed

dormancy.

Phytochrome exists in two forms, the active form (Pfr) and the
inactive form (Pr). Red light at 660 nm acts to convert the
inactive Pr form to Pfr, the active form.

This conversion

allows some otherwise dormant seeds to germinate. Subsequent
exposure to far-red light of 730 nm will reverse this process
as follows: (Bewley and Black 1985)
Red light
Pr

darkness
>

Pfr

>Pr

<

Far-red light
Taylorson and Borthwick (1968) found that leaves of Zea
mavs actually absorb substantial quantities of light at 660
nm wavelength while allowing most of the light of 730 nm
wavelength to reach the seedbed.

This is a result of the

absorption of light at 660 nm wavelenth by chlorophyll in the
plant leaf.

Consequently germination of weed seeds was

inhibited when placed under leaves of Zea mavs
laboratory (Taylorson and Borthwick 1968).

in the
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Lehmann lovegrass seeds have been subjected to red and
far-red light to determine if germinability is affected by
photoreversability controlled by phytochrome (Roundy et al.
1990a).
after

Irradiating Lehmann lovegrass seed with red light
24-hours

of

dark

imbibition

greatly

increased

germination over seed that was not irradiated with red light.
Irradiation with far-red light after a red light treatment
lowered germination of seeds irradiated with red-light only.
This far-red reversion of red-stimulated seed germination
confirms phytochrome involvement. Canopy removal may have
stimulated germination of Lehmann lovegrass by increasing the
amount of red light incident to seeds on the soil surface.
Similiar responses of phytochrome control in grasses have
been shown for Poa pratensis L.(Toole and Borthwick 1971),
Festuca arundinaceae Schreb. (Danielson and Toole 1976),
Aaropvron smithii Rydb.(Toole 1976), Aqrostis palustris Huds.
and

Ai. tenuis Sibth. (Toole and

dichotomiflorum

Michx.(Baskin

and

Koch 1977),
Baskin

Panicum

1983) and

Poa

trivialis L., Festuca rubra L., Cynosurus cristatus L., Holcus
lanatus L., and Aqrostis capillaris L. (Williams 1983).
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Soil Moisture Availability
Ruyle et al. (1988) suggested that greater seedling
establishment of Lehmann lovegrass after burning could be
associated with soil water availability.

Removal of

transpiring biomass by burning could reduce the amount of
water lost from the seedbed through transpiration. This would
produce longer periods of available soil water for imbibition
and germination promoting seedling establishment.

Seedling

emergence on both years of this study followed recurrent
rainfall which resulted in high soil water availability for
all treatments (Figs. 5 and 6).

Soil matric potential data

during seedling establishment were not collected due to
micrologger problems. However, matric potential measurements
at 1-3 cm during a drying period after initial seedling
emergence showed that soil water availability decreased much
more quickly on the burned and dead-clip plots than on the
control or dead-standing plots (Fig. 15). Soil water may have
evaporated most quickly from the burned surface due to the
removal of the plant canopy and litter layer that would have
otherwise insulated the soil surface from solar radiation and
reduced the energy available for vaporization.

Soil water

losses occurred almost as quickly from the dead-clip surface
but was slightly retarded possibly due to the insulating
effect of litter.

Evidently, in this grassland during the
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rainy season, soil water loss is much greater through
evaporation than transpiration.

Field Emergence
Seedling

emergence

occurred

immediately

following

significant summer precipitation after temperatures were at
their seasonal maximum. Recurrent rainfall probably resulted
in high soil water availability and seedling emergence.
Highest

emergence

occurred

on

the

burn

and

dead-clip

treatments.
Lock and Milburn (1971) found that the removal of the
canopy by either clipping or burning in a Themeda triandra
Forsk. grassland produced greater seedling establishment than
undisturbed control areas. Covering a clipped area with black
plastic suppressed seedling establishment compared to a
clipped, light-exposed, area.

Increased seedling emergence

after canopy removal may be a function of the increased solar
radiation

affecting

light

quality

and

elevated

soil

temperatures on the seedbed. Lock and Milburn (1971) also
demonstrated that germination of Themedia triandra in light
was 2 to 10 times higher than that of seed germinated in
darkness.

I
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Lock and Milburn (1971) and Tothill (1969) showed that
emergence was significantly enhanced by the removal of the
existing plant canopy by either clipping or burning in their
respective studies

on

Themeda

triandra

and

Heteropoaon

contortus (L.) beauv. ex Roem. and Schult.
The effects of increased solar radiation with its dual
effects of improved light quality enhancing the phytochrome
reaction and increased soil temperatures resulting in an
alternating temperature regime in the seedbed were both likely
functional in increasing Lehmann lovegrass seedling emergence
after

clipping

germination

or

burning.

percentages

(Table

Comparisons
2)

show

of

that

relative
available

germinable seed and actual field emergence were highest for
both years on the burn and dead-clip treatments.

Management Implications
Lehmann lovegrass has high potential to replace itself
after burning, clipping, drought or grazing creates openings
in the canopy.

This suggests that canopy disturbances will

tend to spread, not decrease Lehmann lovegrass populations.
Of course if many mature plants are killed by fire and
subsequent seedling recruitment is low due to summer drought,
lovegrass populations could be reduced. Many grasses such as
blue grama, sideoats grama, black grama and others don't
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establish as easily from seed as Lehmann lovegrass (Herbel et
al. 1973, Judd and Judd 1976).

Fire, which may kill mature

plants, would probably lead to greater dominance by Lehmann
lovegrass in mixed plant communities where it is present as
a minor component. Because of Lehmann lovegrass1s ability to
reestablish after fire prescribed burning could be used to
improve palatability by removing standing dead as well as
control associated woody plants.
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APPENDIX A
ANALYSES OF VARIANCE TABLES

Table 1. Analysis of variance of seedling density of Lehmann
lovegrass from a field soil bioassay collected and tested
in July 1988 just prior to summer rainfall.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
3
9

MS
127.98
172.88*
47.05

*Significant at the 0.05 level.

Table 2. Analysis of variance of seedling density of Lehmann
lovegrass from a field soil bioassay collected and tested
in October 1988 immediately following a burn.
Source

df

MS

Block (B)
Treatment (T)
Error (B x T)

3
2
6

12.57
105.88
24.90

Table 3. Analysis of variance of seedling density of Lehmann
lovegrass from a field soil bioassay collected in October
1988 stored and tested in March 1989.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
2
6

XiS

207.43
219.13
134.58

Table 4. Analysis of variance of seedling density of Lehmann
lovegrass from a field soil bioassay collected in October
1988 stored and tested in June 1989.
Source

df

MS

Block (B)
Treatment (T)
Error (B x T)

3
2
6

40.40
-159.29
415.35

Table 5. Analysis of variance of seedling density of Lehmann
lovegrass from a field soil bioassay collected and tested
in March 1989.
Source

df

MS

Block (B)
Treatment (T)
Error (B x T)

3
2
6

68.26
10.72
37.51

Table 6. Analysis of variance of seedling density of Lehmann
lovegrass from a field soil bioassay collected and tested
in June 1989.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
2
6

MS
712.3
624.36
653.30

Table 7. Analysis of variance of seedling density of Lehmann
lovegrass emerged from field soil bioassays with the
effects of sample storage and testing date.
Source

df

Block (B)
Treatment (T)
B x T
Date (D)
Storage (S)
D x S
T X D
T X S
T X D X S

3
2
6
1
1
1
2
2
2

MS
720979.80
98262.34
1529828.27**
3666705.34**
1142561.85
610530.72
452168.28
932239.72
223125.37

••Significant at the 0.01 level.

Table 8. Analysis of variance of seedling density of Lehmann
lovegrass emerged in the field from the first sampling,
15 July 1988.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
3
9

656774.85
1440510.85***
551682.05

***Significant at the 0.001 level.

Table 9. Analysis of variance of seedling density of Lehmann
lovegrass emerged in the field from the second sampling,
26 July 1988.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
3
9

MS
115172.45
481947.25**
61569.52

**Significant at the 0.01 level.

Table 10. Analysis of variance of seedling density of Lehmann
lovegrass emerged in the field from the third sampling,
18 August 1988.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
3
9

MS
61208.85
152873.78^
32093.73

••Significant at the 0.01 level.

Table 11. Analysis of variance of seedling density of Lehmann
lovegrass emerged in the field from the fourth sampling
15 September 1988.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
3
9

MS
11367.92
31549.12^
7643.96

•Significant at the 0.05 level.

Table 12. Analysis of variance of seedling density of Lehmann
lovegrass emerged in the field from the first sampling,
11 August 1989.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
3
9

MS
93188.18
10570202.85*^
336732.54

••Significant at the 0.01 level.

Table 13. Analysis of variance of seedling density of Lehmann
lovegrass emerged in the field from the second sampling,
29 August 1989.
Source

df

Block (B)
Treatment (T)
Error (B x T)

3
3
9

MS
25111.65
718496.18**
22182.45

**Significant at the 0.01 level.

Table 14. Analysis of variance of seedling density of Lehmann
lovegrass emerged in the field at the third sampling, 26
October 1989.
Source

df

MS

Block (B)
Treatment (T)
Error (B x T)

3
3
9

4765.,52
177816.,45**
7426.,09

**Significant at the 0.01 level.
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Table 15. Mean emergence and survival of Lehmann lovegrass
from field plots sampled at various dates for two years.1
Treatment
1988

Date
15 July

26 July

18 Aug

14 Sep

seedlings/m2
Dead-Clip
Burn
Dead-Standing
Control

281.5
142.1
2.6
0.1

1989

7 Aug

a
a
b
b

151.3
118.9
5.1
0.3

a
a
b
b

29 Aug

84.6
73.4
7.5
0.3

a
a
b
b

39.4
34.8
5.8
5.8

a
a
b
b

26 Oct

seedlings/m2
Dead-Clip
Burn
Dead-Standing
Control

776.6
220.3
10.3
3.5

a
b
c
c

203.5
91.8
6.9
0.7

a
b
c
c

101.8 a
50.9 b
5.4 c
0.8 C

'Means followed by the same letter in a column are not
significantly different at the 0.05 level of LSD.
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