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ABSTRACT
Effects of a Wildfire on Seed Rain and
Soil Seed Reserve Dynamics of a Good
Condition Sagebrush-Grass Rangeland In
Central Utah
by
Mohamed Ali Hassan, Master of Science
Utah State University, 1983

jor Professor: Neil E. West
Department: Range Science
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The objectives of this research were to investigate the
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ecological importance of so
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regeneration of a ood condition sagebrush-grass range
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r a wildfire and draw conclusions leading to
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better understanding and management of such ecosystems.

)

Investigations were conducted for two successive years on a
community where major plants were neither rhizomatous nor
sprouting. In such cases soil seed reserves and seed rain
have to be the main source of regeneration. In addition to

i1

monitoring soll seed reserves and seed rain, vegetation

changes durin the past two years and the historical
g Y

conditions of the study area were examined.

s showed

Study of germinable soil seed reserve dynamics
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that fire can have a destructive effect on this portion of
the community. Cheatgrass soil seed reserves were high even

£

~getation. Although fire

D

in good condition sagebrush-g

=

ass Vv

(

reduced the Bromus tectorum seed bank by half, the cover of

this grass increased to almost twice the level observed on
the control (unburned) plots a year later. This shows the
enormous reproductive capacity of this highly competitive

weed species following a wildfire.

D

(5]

ven though the pre-burn vegetation contained a high

proportion of native perennial plants, soil seed reserves

165

and seed rain had very small proportions of their germinable
seeds.

Timing of the fire is 1likely important in controlling
undesirable range plants and their seeds. Had the fire
occurred earller when more seeds were attached to the culms,

greater reduction 1n cheatgrass probably would have been

obtained. Timing of the fire was just right to control

sagebrush, because 1t occurred before their seed set and
complete destruction of this species was achieved. Mormon
tea was the only shrub to reestablish its cover relatively

rapidly. This was related to its strong ability to sprout
from root crowns.

Greater germinable soil seed reserves were found under

shrub canopies than in the interspaces. This is probably
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related to the semi-logarithmic dispersal of seed where seed

et

fall is greatest closest to mother plants (Harper 1977).

D

Since flammable fuel follows the same pattern, it was found

that fire has a serious impact on soil seed reserves at

3
ct

"hot" points, but temperatures were apparently not ho

EC cause much damage on seed banks at "cold" points

D
Ty
O
o
Q
2
t

Since soil seed reserves accumulate in significantly

r

serious impact on the seeds in surface soil than those lower

n

lower down.

Variance of the germinable seed rain was so high that
none of the grand totals, life forms totals and species

=

;

values were statistically significant at alpha <0.05 between

2

treatments. The numerical differences observed may be due to
wind moving more seeds to the seed traps 1n the bare, burned

C

plot




INTRODUCTION

on the aboveground portions of most perennial grasses,

S range type
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shrubs
(Beardall and Sylvester 1976, Blaisdell 1953, Blaisdell et
976

Oy

1

[}
.

al. 1982, Tisdale and Hironaka 1981, Uresk et a
Wright 1971, Wright et al. 1979, Young and BEwvans 1977, ...and
many others), there is very 1little information on the
effects of fire on soil seed reserves in such ecosystems.

Understanding these phenomena is important in understandinc

)

s following fire. For instance,

er

<

W~ 7 ¢ =+ 9 - P~ —
now vegetation reco

Oobservation that cheatgrass (Bromus tectorum L) s favored

after fire (Young et al. 1976, 1981, West 1983) may be a

of buried seed reserves have shown them to be of sighificant
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1t of vegetation following
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wildfire elsewhere (Thompson 1978). This is especially true
where major plants are non-rhizomatous or non sprouting. I

ed rain have to be the

D

such cases soil seed reserves anag s

main source of regeneration. However, most native perennial
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grasses of the Great Basin are known

cap

Seed of some species can be completely absent from see




banks, 1in spite of those species being abundant in the

’egetation (Golubeva 1962, Zenenchuk 1961). This may
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be an important reason for lack of perennial grass recovery
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following fire. It is likely that the degre

n

o erennial dgrass species may be a function of vege

o

reproduction, since that portion can escape fire destruction

s

eed

n

how low seed rain or soil

0
O
Hh

and regenerate regardles:
reserves are. Generally the post-burning season is very
critical in determining future forage production of burned
areas.

Regeneration can be predicted by comparing soil seed

Q
()

reserves to the vegetation emerging after any disturban

(Barbour and Lange 1967, Koniak and Everett 1982, Nelson and

Chew 1977). Previous studies indicate that soil seed

t

reserves are an important ecological component in model ing

succession (Kellman 1970, Livingston and Allessioc 1968,

Major and Pyott 1966). Other studies found that soil seed
reserves decrease in density and diversity from early to

late successional stages (Koniak and Everett 1982,

ted nd Curtis. 194%,

o))

Livingston and Allesio 1968, Olm

[0)]

Oosting and Humphreys 1940, Quick 1956).
Numerous studies have been conducted on the emerging

1 =

vegetation following cultivation (Roberts and Dowkins 1967,

Roberts and Feast 1973, Roberts and Richetts 1979,...and




(9]

N

many others), or following other types of disturbances

U

(Beauchamp et al. 1975, Bormann and Likens 1979).

Pechanec et al. (1954) reported that big sagebrush

(Artemisia tridentata Nutt.], although a non-sprouter, will

1

vhether thi 1s due

n

Upy sites following fire.
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to seed already in the soil or those blown in is not known.

Winward (1983) recently reported that Artemisia tridentata
SSp. Vvaseyana seed germination is stimulated by burning. In
contrast, Young and Evans (1974) concluded that sprouters

like Chrysothamnus viscidiflorus (Hook) Nutt. and Tetradymia

canescens D.C. will rapidly reoccupy burned sites from

Hh

sprouts coming rom root crowns. Robocher et al. (1965)

n
wn
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indicated that burning controls cheatgras

because of seed destruction. Countryman and Cornelius (1957)

cheatgrass seeds following fire, depending on the intensity

of burning.

hrubs

n

ntrated under

D

Since soil seed reserves are conc
and grasses with few seeds on bareground or "interspaces"
(Koniak and Everett 1982, Knipe and Springfield 1972, Nelson
and Chew 1977), and since accumulation of flammable fuel
follows the same pattern, fire could have an accentuated

fect on soil seed reserves on such microsites.

Hh

e

D

destructiv
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Therefore the impact probably differs according to microsite
because of differences in the heat generated. Also, since

most soll seed reserves are concentrated in the EOoR: 2=3. ¢m
of soil surface (Child and Goodall 1973, Fleoyd 1966,
Strickler and Edgerton 1976, Wesson and Wareing

heat generated from the fire will probably diminish with

soil depth, that is there could be = differentically
destructive effect of fire on soil seed reserves by depth.

The following research addressec
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tance o
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5011 seed reserve

U

5 and seed rain for regeneration

t

of the vegetation of a good condition sagebrush-grass

S Utah. The gquestion of what was the

—
b
C

~

rangeland near Mi

Q,

ifferential impact of fire on soil seed reseves at

different microsites or in different soil sampling depths
was addressed. Another purpose of this work was to develop

management guidelines to increase forage production of such




The specific objec

(1)

OBJECTIVES
tives of this study were:

To monitor for at least one year the seed rain
and soil seed reserves on control (unburned)
and burned plots of the same range site near
Mills, Utah; in order ko determine the

ecological significance of soil Seed reserves

| 4 o o ~N oo - ~ r A -~ Y/
condition sagebrush-grass range vegetation

following fire destruction.
To compare germinable soil seed reserves under

canopy and 1n the interspaces of the control

plots and "hot spots", which were formerly
under canopy, and "cold spots" which were
formerly interspaces within the burned plots.
The data obtained may provide information on
the destructive effect of fire on germinable

soil seed reserves at different microsites.

3

T'o compare the variation of germinable soil
seed reserves found at different soil depths

within the control plots and compare them with

he same dept in

t
oy
n

those

il

o))

t T

the burned plots.

This may provide an answer to a third question

T

what was the differentially destructive

Hh
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HYPOTHESES

There will be no significant differences in the

total and species germinable soil seed reserves

(numbers per unit area) and total and species

o

seed raln (number per unit area) on the control

(unburned) and burned plots over time on a

Q)
(o]
®
o
=
(@
63}

ood condition phase of a s h—-grass range
oot

site near Mills, Utah.
1

There will be no significant differences in the

germinable seeds per unit area betwee the
i} by " L = ) =X
unde canopy and 1nterspaces within the

~ + ( 1 + ~ 3 + - W R e L - 3
control plots and the hot spots and

within the burned plots or between any

)

Hh

e comblnations over time.

the:

n

pairing o
There will be no significant differences 1in the
germinable soll seed reserves between equal

depths of soil within or between the unburned

and burned plots over time.




STUDY SITE

An opportunity to study the phenomena mentioned earlier

was afforded by the unintentional and unplanned treatment of
a wildfire sweeping through a suitable study site on July
26, 1981. This lightning-caused wildfire spread over 32,000
ha. (80,000 acres) of juniper and sagebrush-grass range
(Figure 1). Strong southerly winds, accumulations of litter
and dryness and densit:

ng of the wildfire. The cover of

O
h

the burn was not complete however and some small patches
unburned vegetation remained (Figures 3a and b).
All field work.- for this study was conducted at the

northeastern corner of the Oak Creek Mountains, Juab County,

L7=ile22

(@)}

Utah (Figure 4). The elevation of this area 1is 1
meters. The slope and exposure of the pediment remnant on

which i1t 1s located is 1-2 percent east.

This area was chosen because the great distance to
water (about 8 km) had allowed the area to remain 1in

apparently good range condition. The study site was used 1n

past winters by sheep, and more recently by cattle.

Intensity of livestock grazing has been light during at
least the past two decades. The result is that the prefire

vegetation had a high proportion of native perennial grasses.




S‘_’-f’l.lTTLE 0AK
\ / CREEK FIRE

FISHLAKE
NATIONAL
FOREST

FIRES STARTED HERE /

Figure 1. Map of the wildfire occurri ng around the Oak
Creek Mountain on July 24, 1981 (X=approximate
location of study area).
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Figure 2. Photograph of a portion of the study area a
few days before the fire.
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Figure 3.

a. Photograph of one of the small patches which
eséaped the fire and was used as one of
control plots.

b. Photograph of the study area just after the
fire.
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(Figure 3a)
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Fiéﬁre 3b)
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Identification of the site and the range condition were
determined from the Soil Conservation Service (SCS) Range

il Conservation Service 19

@]

Site Guidelines (Sc

jathered a few days before the fire for another intended

tudy. The ecological site or potential community has been

n

named "Upland Shallow Hardpan (Juniper Savannah)". Prefire

vegetation analysis revealed that the study area had a
"good" condition rating (57 percent native grass composition

by dry weight, Table 1).

Scarcity of such good condition sagebrush-grass range

tributed to the historical impact on vast areas of

QD
wn

may be &

T o, Y ~An 4 . = g o 1 ™y SR = e T TSl
the ninteenth century (Griffiths 1902) and abused the native
vegetation. The intensity of grazing was so great that the

N

native shrubs (West 1983). Dominance of cheatgrass over vast

¢

areas of the western United States did not take place until
the 1950's (Young et al. 1979).
Bunch grasses 1n the sagebrush-grass ecosystem type are

usually subjected to heavy spring and fall grazing because
of their high nutritive value and palatability during those
seasons (Rittenhouse and Vavra 1979).. Stoddart (1946)
reported that these native bunchgrasses can disappear from
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Table 1. Percent composition of native perennial grasses
obtained using dry weights (grams per m2)
examined in ten 9.6 ft“ quadrats per plot seven
days prior to the wildfire

Control plots (pre-burn data)

Grass species Plot#l Plot#2 Plot#3 Total Mean
Agropyron spilicatum 62 +5 309 215 114.9 38.3
Agropyron smithii 245 6.7 12 .0 21.3 el
Poa spp. 4.1 3.4 1.4 8.2 9 ¢
Oryzopsis hymenoides 3.2 30 9 14.6 2147 A
Stipa comata 0.0 2.0 1x % Bl 12

Total of means 5% « 9

nomenclature follows Welsh et al. 1981

*

I
e}
=
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2
t
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the vegetation even under moderate use.

Cu

Vegetation abuse by livestock grazing has led, in the
absence of fire, to plant communities dominated by

sagebrush. Attempts to alter these communities back to

(@]
=

higher condition by changes in animal numbers, class,
season of use have not resulted in quick trend shifts. West
(1983) believes that the primary reason for slow recovery
of grasses is that sagebrush does not give up its dominance

without fire interference. The lack of grass recovery may

also be related to low input of native perennial grass

The ridgetop where the study plots were located
has shallow soil over a hard pan and conglomerate layer.

lte have fairly uniform silt loam

D
6]
=

Surface soils on the

texture which can be classified as coarse silty, mixed,

(SCS, personal communication).

Q,

mesic, Xerollic Calciorthi

this 1 a

0n

The 8CS description for this site says that
shallow, somewhat excessively drained soil on alluvial fans.
It was formed on a layer dominantly composed of limestone

and sandston

D

. The surface layer 1is dark grayish brown

cobbly loam approximately 23 centimeters thick underlain by

very strong calcareous pale brown and very gravelly loam
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which is approximately 25 centimeters thick. At about 45-50
cCentimeters a carbonate-cemented hardpan about 18-20
centimeters thick typically occurs. The hardpan depth ranges

from 25-50 centimeters. Below one meter, stratified layers

Xist.

M

of very gravelly loam and indurated hard pan

Permeability of the soils associated with this range

site 1s moderate and available water ranges between 3.8 to
:

6.4 centimeters. Water supplying capacity is

centimeters. The effective rooting depth is 25.4-50.8

content is about 1-2 percent. The

B

centimeters. The organi

0

(

10)]
n
()
0]

runoff and water erosion are moderate. For more detail:

(o))

t
)

[
£
{

"Upland shallow site" Soil Conservation Service Range S

Descript

D

c

=

v

N

¢ 19/6) .

o]

on (Soil Conservation Se

-

The high silt and very low clay fraction means the soil

0n

ulting in

does not to shrink when dry or swell when wet, re




METHODS

Selection of field plots

Three paired (burned and unburned) rectangular (15X23
meter) plots were chosen after the fire.

Similarity of exposure and elevation leads one to
believe that all plots probably had and have a similar
microclimate. Examination of prefire aerial photographs
(black and white taken on August 2
and color photographs which were taken by the Apollo
mission on July 1, 1975, scale 1:8,000) indicated similar
plant cover (Figure 5). To make sure that the initial

impression of plot similarity was valid, vegetation and soil

Field sampling

. A D .
Plant cover on four nearby plots (20X50 m“), located

for the previously intended study, was determined one week

Goodall 1962). A metal metric tape was strung between the
center east-west, long dimensions of each macroplot. Another

tape was strung out along the west boundary of each plot.

Five random numbers to the nearest one-tenth of a meter were

e (sighting device) was suspended by

‘oF
n

1 o N e - M =
The gimbled tu

d

wire from a iron staff at about eye height. A transect was
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1:8,000 scale)of a coler

+

Enlargement (

aerial photograph taken during the Apollo
mission (July 1, 1975) showing the study
area before the fire.




20
started at one of the random points on the west boundary and
the observer started pacing eastward across the macroplot
trying to stay parallel to the center tape. The staff was
driven into the ground in front of the observer on every

second pace. The gimble was allowed to stop swinging. When

1t came to rest, the observer sighted through the tube and

[4)]

lined up the two sets of cross-wires. The objects
intersected in the line of sight from the cross-wires were

recorded as plant species or other categories stated 1in

Two readings per point were possible. If plant canopy

was 1lntersected, it was first recorded, and then the canopy

moved aside to reveal what was on the ground surface. A
second reading was taken in the instances when live plant
canopy was present. This process was continued until 100

n

points had been sampled on the 4-5 lines. This same proces

was also applied six weeks after the fire on the plots of
this study.
A cover-weighted index of similarity (Sorenson's K.)

for the cover data collected before and after the fire was

calculated (Mueller-Dombois and Ellenberg 1974).

nd

=)
8]

Use of Soil Conservation Service range conditio

L
tes.

[0)]

trend rating guides reguires herbage weight estim

Accordingly, herbage weight was sampled ten days before the
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ire, after spring and summer growth had ceased. This

ocedure involved selection of ten random locations per

o
H

1

entered on these

.'_3
®
Q

D

(

Q
=
=
Q
o
}—t
QL
-
0
o
]
0,
-
[4))
0
>
8]
n
O

roplot. A 9.6 ft

ctr

tions and all 1living herbaceous plant material within

O

C

o]

U
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the quadrat was harvested to 5 cm stubble height and all ne

growth taken on shrubs. These current year's standing crops

~ — 4 A~ 1 o —~ o 7 ~ ( ol 1 Y
were separated by species. The samples were placed in paper

depending on the
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bags and

dryness of the vegetation. The samples were then weighed to

1z

cent

H

the nearest one tenth of a gram so as to determine pe

composition by dry weight. Usihng the percentage composition

{

in the climax condition for the "Upland Shallow Hardpan

(Juniper savannah)", the condition of this site was
determined (SCS 1976). The plots established after the fire
were too small to allow destructive measurements of

8}
9.
D

At each plot corner and center a soil pit was dug

examined 1in September 1981. In order to conside:

homogeneous, four out of the five soil pits should have
highly similar so0oil characteristics 1like so0oil color,
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er of the study area on July 7, 1981, to
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outhwe

monitor air temperature, relative

umidity and precipitation
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-3
D

(

mperature and relative humidity were measured just above

the shrub canopy height.

d raln were

D

All data on 01l seed reserves and e

0
0
(

collected from the three paired (unburned and burned)

plots established after the fire (Figure 4). Collection of

soll seed reserve data began on September 22, 1981, and
continued every three months over a period of 15 months.

Traps to catch seed rain were put in at the same time, but

of the four plots established prior to the burn (Figure 4).
Thesge i t Jere iridded at ne metoer inte vals with lastic
tliese plots were gridded at one meter intervals with plastic
twine (Figure 6a). Coordinates were chosen randomly to place

; o ) o o
twenty seed traps (75.8 cm® surface area each) per plot (40
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reserves .

The seed traps were constructed of 20 cm long oleces of

n

15.2 cm (6 inch) diameter plastic irrigation pipe and 240 ml

(8 0z.) plastic funnels. One end of the plpe was buried
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prevent turbulence around and in the trap and hold it down
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Figure 6.

a. Photograph of a seed trap (at one of the
control plots). Exact location was determined
by using random coordinates within a grid.

b. Close-up photograph of a seed trap at a
burned plot a year after the fire.




(Figure 6a)
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in the wind. A cotton thread had been inserted through the

funnel neck. The neck was plugged with cotton. The cotton

the soil so as to prevent germination of trapped seeds in
the interspaces of the gravel and on the top of the cotton

plug. The cotton plug prevented the loss of seeds, but
allowed water drainage to the soil. Traps were emptied of

seed and other sediments on December 11, 1981; March 25 ;

LUK

2

.
O
@
()
8}
o
@)
(0]
Q
(\
-
o
D
o
f

1982; June 2, 1982; S

ptember 11,

D

4

Seed and other sediment were separated from the gravel

separated seeds and other sediment were carefully placed in
individual ziplock plastic bags, labeled, and transported to
the laboratory.

e

The soil seed reserves were sampled for the first time

on September 22, 1981, and repeated on the same dates as
seed rain was sampled. A 5.4 centimeter diameter soil bulk
density sampler (Soil Moisture Inc, Model 200) was used to

obtain known soil volume. Soil cores were separated into the

pert
Q

upper 2 and next 3 centimeter depths (45.8 and 68.7 cubic

sing a sharp scraper. An

0’\
O
()
Q
ct
=
<
(D
fedi
.
&

centimeters res
arbitrary sample size was determined to be 20 samples per

plot. In order to avoid the impact of walking and associated

disturbances on the site, a portable latform was used to
F

H




stand on during the sampling of soil seed reserves and seed

(

rain (Figure 7).
If the soil was dry 1t was pre-wetted to 5 cm or

greater depth. This was done by hammering a pliece of iron

o)

pipe (10 cm diameter and 20 cm length) into the soil leaving

a part of its height above the soil surface to help 1in

an individual plastic ziplock bag, labeled and transported

to the laboratory.
The distance relationship of seed traps and soil cores
to the surrounding plants or "hot points" was determined

icted to scale the surface cover

@]

from a sketch map which de

rr

D

f different ots immediately after the fire. This al lowed
of daf ent lot immed tel £t the fir Th 1 1owed

®
Q.

s0l1l seed reserves and seed rain analysis data to be relate

to the distance to nearby plants or "hot" points.

Laboratory operations

In the laboratory, all seed rain and soil seed reserve
samples were air-dried for two days to prevent seed

germination in the period during which the samples were

=3

M

red in a ©old room. Samples were stored at (0#2 degrees

n
t+
O
[

n

for a maximum of three month
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ograph of the portable platform used to
Lzed
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stand on while sampling. This minimiz
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urbance of the studyvy plets during
solil seed reserve. sample coll




-S01l1 seed reserve samples were thoroughly mixed and

sieved through a 0.5 centimeter mesh sieve to separate out

pebbles and large organic debris. One third of the
thoroughly mixed and sieved soil seed reserve sample was
mixed with a solution of 10 grams of sodium

grams of magnesium sulphate dissolved in 200 ml of tap water

2

g i o D | & s s o o o < 2 ; R o £ s
L for 2-3 minutes to facilitate separation of organic

o3

T+
L A2

(o))
0
(s

material trapped between mineral particles. Flotation of the
organic material was achieved by leaving the solutior
or 2 minutes. The floating organic material,
which may include seeds, was skimmed from the solution and

rinsed in a 0.025 mm mesh sieve with tap water for about 15

minutes. This reduced the »nossible adverse

solution on the viability of the recovered

Q
O
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coeration was repeated several times by
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reusing the salt solution until complete recovery of the

organic material was achieved (Child and Goodall 1973). The

recovered organic material was then dried under room

fficiency of this flotation procedure in extracting

seeds from soil samples was reported by Malone (1967) to be

91
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most plant species.
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this procedure

vermiculite and carried through the same steps of the

procedure. The result of the test proved that the first step
of the procedure was 98-100 percent efficient in extraction
of these seeds. By repeating the flotation again, the
efficiency increased to 100 percent or complete seed

The same flotation procedure was used to separate
organic material from other sediment in seed rain samples.

Seeds 1in the separated organic material of soill seed
reserve and seed raln samples were separated with bodkins

raln samples were then sorted by specilies. Specles
identification was facilitated by use of a binocular zoom

field work. Seeds dissimilay in morpho loglical and
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species, but those which were highly similar were identi

\Q

only to the generic level, e.g. Artemisia.

oride
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Seed viability was indexed by a tetrazolium

|

H

test (Colbry et al. 1961). This test required soaking o

3

separated seed from the soil seed reserve and seed rail

D

Q

collections for enough time (2-3 days) in vials containin

Hh

n the hardnes o)

(@]
2]
0

tap water. The soaking period depended
seed testa or 1in the case of grasses, the lemma and palea.

The objective of soaking the seeds was to facilitate
the increase of biological activity in the embryos so as to
enhance the secretion of enzymes in the embryos and thus

increase the likelihood of obtaining a positive tetrazolium

test. In addition, it eased splitting of the seeds 1into

halves by use of a scalpel. Two to three drops of 0.5 gram

tetrazolium chloride crystals dissolved 1in 200 ml of

oy
o
=
M
Q

distilled water were added to the wvials which cont

split seeds. These vials were then kept under darkness for

4-7 days after which time embryos taking on a reddish
coloration were classified as live seeds. Others were
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Figure 8.

a. Photograph of intact seed of Chrysothamnus
spp. under a binocular 2zoom microscope
(magnified 10X).

b. Photograph of intact and two halves of
Oryzopsis hymenoides seeds after a tetrazolium
test. The half on the left is alive and the
other 1is dead.




(Figure 8a) il ‘ (Figure 8b)
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Figure 8c. Photograph of live Bromus tectorum embryo

showing reddish coloration from application of
the tetrazolium test to rapidly respiring
tissue.
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PROBLEMS IN DETERMINING THE ECOLOGICAL IMPORTANCE

OF BURIED SEED BANKS

th

The process of determining the ecological importance o
buried viable seed banks is surrounded by the following
problems:

(1) Many perennial species evidently reproduce entirely

t
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n

vegetativ r at least ra

()
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and Milton 1934, Milton 1936, 1939,

(Chippindal

3

D

T

1943, Rabotnov 1956, Zenenchuk 1961, Golubeva 1962,

Harberd 1958 1961, 1962). This may also be the

~

case for some species involved in this study.
(2) Seeds are generally aggregated around parent plants.
Aggregated populations are difficult to sample in a
isfactory manner since conventional experimental
design usually requires random placement of samples.

Square root transformation can be used to normalize

(]
=
t
n

skewed data and stabilize the variance (Rob
1958, Sokal and Rohlf 1969), but that can complicate

tance, 1f one

n

interpretation of the data. For 1in
transforms the raw data, then addition of square

roots will not add to the square root of the total.
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(3) Determination of appropriate sample size frequ
Pr J¢

leads to sampling efforts too great to be practical

(Rabotnov 1958, 1964, Champness 1949). Statistical
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the first samples 1in the present stud

Hh

analysis o
showed there should be 317 samples of soil seed

reserves 1n order to show any significance (at alpha

< 0.05). This was impractical, thus 20 samples per

each plot were arbitrarily taken.

Not all seeds can be easily recovered by a

Hh

1sty seeds will pass

wn
3
03]
—
—
Q
c

lotation procedure.

n

through the sieve mesh in this process. It become

1mpossible to recover all seeds without catching
fine so1l particles as well. This makes the

tification process even more difficult. The

-
Q
D
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sieve mesh chosen for this study is a little smaller
than any 1mportant plant seeds known to occur on the

study site.
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The possibility o

folded organic matter or attached to soil minerals

=)

¢

1s high. Such seeds can be easily lost and disappear

from the analysis. In order to reduce such errors in

was done under a binocular zoom microscope and the
flotation process was done twice.
F
There 1s some difficulty 1in 1dentifying the species

of seeds which are similar in their morphological

features. Such seeds can be grown in the green house
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for successful identification but time
considerations precluded this. Consequently, such

seeds were identified only to genus.

Statistical analysis

Analysis of variance was performed on the total and

individual taxon means of so0il seed reserves and seed rain

density data aggregated for the different dates of
collection, various treatments, and different sampling
locations. In addition to these data aggregation methods,

density data for soilil seed reserves were aggregated by
growth form and depth (Figure 9).
Tests for normality of the data were performed,

revealing than all data were not normally distributed. 1In

order to fulfil the analysis of variance assumption
concerning normality, square root transformations were

performed on the data before application of the analysis.

from each sampl were

D

That 1s, the raw values obtained

transformed before addition into treatment totals. This 1is
the required in order to perform analysis of variance (see

The alpha level of significance was chosen to be equal
to or less than 0.05 for type two error. Least significant

differences were used to separate significantly different

palrs under comparison. If the difference between the means
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is higher than the least signicant difference, the
difference between the pair was considered statistically
significant.

ctorial

Hh
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n

The experimental design of this study wa
complete randomized block. The existing statistical packages
available for processing unbalanced data fail to separate
error terms (PS and PDS, Appendices A and B) possessing more

than 400 degrees of freedom. The best estimation of these

0]
t
=

" — . o s 1 A
errors, conslidering the exil

was BPTLD (error d, Appendix B) for soilil seed reserves anc

than the ideal one. Therefore the calculation of the F-tests
here should be slightly smaller and the results of the test
slightly conservative compared to the ideal models. Analysis




RESULTS AND DISCUSSION

Vegetation

Vegetation inventoried before the fire and in the
control plots selected after the fire for this study were
similar. Cover-weighted comparisons of vegetation data gave

3 . 0 . y = = s ; : 3, Xon s
similarity indices of 80 to 96 percent. Thus, it is highly

probable that the unburned plots escaped the fire not
because they had different vegetation from the burned or the

cause of random factors

®

previous study plets, but b
controlling wind conditions &t the timé of the fire. The

community of the site had an average point

®
[©)
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prefire

characterized as shallow and
surface textures. All profiles can be classified as coarse
silty, mixed mesic, Xerollic Calciorthids. The epipedon is
ochric ranging from brown to dark brown in color. This layer

is 4-12 cm thick with loam texture. The coarse fragments are

ercent. Lime distribution is slightly to moderately

calcic.
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The sub-surface horizon (8-26 cm thick) 1s cambic. Its

Hh

texture ranges from loam to silt loam with 0-35 percent

Hh

coarse fragments.

The substratum (76 cm thick) 1is calcic or duric. The
texture of this layer ranges from loamy sand to sandy loam.
The coarse fragments are 0-75 percent. Lime 1s present as

coatings, soft masses or filaments. Silica 1is present 1in

durinodes or laminar cap shapes.
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Directly under the soil surface these soil

moderately platy vesicular 11s makes the

s

horizon when dry. T
soil fluffy with high porosity (Blackburn and Skau 1974,

Hugie and Passey 1964). The mean soil bulk density of the

surface soil in the control (unburned) plots was found to be
1.28 (0.13, standard erro of the mean) grams per cubilc
centimeter, whereas at the burned plots it was found to be a

photographs gave corroborating evidence that these burned
plots located next to the unburned plots were similar to the

Climate
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The study site received about 38.6 cm precipit
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from July, 1981 to July, 1982, making that perio

than normal (Table 3 and Figure 10). This site received
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Table 3. Summary of short term precipitation recorded
at the study site compared to short and long-term
precipitation at the closest comparable permanent
station (Levan).

*

Short Term Long Term
Month Total Precipitation (cm)

Study Levan Levan

Site
1981
July 280 3463 1..73
August 2 0l 2.26 e L
September 200 2:36 2.67
October , 9480 988 2:76
November 2,28 1.50 3%15
December 319 3.07 3.48
1982
January-March 9.80 10.41 8.54
April 0.21 0.69 4,22
May-June 4.66 511 5. 3L
July La72 287 1.63
Total 38.63 41.78 37.80
August 301 3.05 2o 3
September 735 15:88 2467
October 3.68 589 207
November 2¢03 2.41 3el5
December 25563 4.04 3.49
Total 18 .20 31.27 14.38

*=Fifty year average
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about 18.7 cm during the rest of the study period. The
brecipitation during the whole study period was consisten
and short term records with the closest comparable
re 10) and with the SCS site
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description. Temperature and humidity data are summarized in

Figures 11 and 12, respectively.

Vegetation differences due to fire

Comparison of percent cover of plants and ground cover

)

1

materials on the burned and unburned plots from the 4

4
1 ta

4}

collected in 1981, shows that the fire was hot enough to
have destroyed all the aboveground vegetation on the burned

plots. he vegetation and ground cover were highly similar
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between the plots studied pric

before the fire) and the unburned plots selected and
inventoried six weeks after the fire (Table 2).

Bare ground increased from 14.2% before the fire to

77.3% s1x weeks after the fire. Standing dead was 0% on the
plots examined before the fire, but increased to 2.7% soon
after the fire. Most of this component was skeletons of the

from an average 15.4% before the fire to 9.3% soon after.

= percent gravel remained almost the same before and soon

—

h
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D
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Cover of microphytic crusts cover was 12.8% before the

ire.
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fire, but declined to zero shortly after the fire. The
microphytic crust was comprised of only mosses.
One year after the fire, vegetation and ground cover

before (Table 2,
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Figures 13 and 14). Total live vegetal cover had recovered

by 1982 to a level higher than the pre-burn status (51.7%
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vs. 44.5%). This was, however, almost solely a function
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the profound increase in Bromus tectorum. This annual
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but contributed 35.7% to total vegetal cover one year after
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(Ephedra nevadensis) was the only shrub to reestablish 1

cover relatively rapidly. Its cover in 1981, prior to the

fire was 2.5%, and 1.3% one year later. Thi overy 1s

n
=
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apparently related to its strong ability to sprout from root
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The fire effects on germinable
soll seed reserves (GSSR) regardless
of the microsite or sampling depth

3

The first GSSR sample of September 1981 should have had

Hh
1
F

minimal errors associated with wind movement. Timing of the

4]

u

(6)]

fire was 1important bec e 1t occurred after all plant

species but sagebrush and rabbitbrush had set and dispersed

D

their seeds. There was not enough time for allochthonous

sagebrush and rabbitbrush seeds to be incorporated into the

soll since, the first sampling occurred before they set

In September 1981, six weeks after the fire, the GSSR of
the burned plots was significantly (alpha <0.05) less
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(Figure 15a) than that of the unburned

1
[

hus,

concluded that

=
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= -2 ,
vs. 85.5 seeds m “; Table 4). T

fire can have a significant impact on the seed reserves of

Bromus tectorum, Agropyron spp. and Poa spp. were

only taxon level differences showing significantly (alpha <
0.05, Table 5) lower densities of germinable seeds on the

burned plots. Bromus tectorum made up 51.2 percent of the

seed bank on these burned plots and 45.8 percent on the
unburned plot during September 1981 (Figure 15Db).

No significant change in total GSSRs over that observed
in September was detected in December 1981, in either the

ots.

—

burned or unburned p
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Figure 15.

a. Graph of mean total germinable soil seed

reserves of transformed data
seed m_z), with LSD (alpha=0.05)
and burned plots.

(square root of
on the unburned
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Table 4. Summary of mean 50117seec1 reserve densities
(germinable seed per m“) in the surface 5 cm of
solil on unburned (control) and burned sites near
Mills, Utah, for several collection dates (Number
1n parentheses=one standard error of the mean).

Unburned
¢ Growth form and
Species Sept Dec Mar Jun Sept
1981 1981 1982 1982 1982
Grasses:
1 Bromus tectorum 39.2 { 9.4) 45.5 (13.9) l14.1 ( 5.3) 8.8 (4.9) 4l.5 [13.7)
2 Agropyron spp. 5.0 { 2.%5) 4.4 {4 2.1} 1.3 4 1.4) Q.0 2.7 { 2.0)
3 Poa spp. S« [ 3.8] 5.0 ( 2.4) 3.8 { 2:2) 1.3 {(1.0) 44 ( 1.9)
4 Oryzopsis hymenoides 1.9 ( 1a7) 3.9 ¢ 2.0) 3.1 ( 2.0) 0.6 (0.7) 3.9 ( 1.9)
5 Stipa comata 0.0 0:4 { 0:7) D=3 ( 0-6) ©0:0 16 { 1.1}
6 Sitanion hystrix 0.0 0.0 0.3 ( 0.5) 0.0 13 { 150}
Forbs:
7 Descurainia pinnata 158.1 ( 5.9} 15.5 i 5.1) 2.2 ¢ I<«4) 1.3 [(1.2) 445 { 2.3}
8 Erigeron spp B2 | B:2) 0.0 0.6 ( 0.8) 0.0 1a@ ( 099
9 Eriogonum cernuum Q2 t 0.4} 3-1 & 1.9) 0.3 t 0.5F 00 1.2 § 9.9}
10 Allium acuminatum L3 & .20 0:3 o I.1) 0.0 0.0 053 0.5
11 Sphaeralcea spp. 0.5 ( 0.6) 0.0 0.0 0.0 0.0
12 Phlox spp. 0.0 4.7 ( 2.8) NON 0.7 (119 .4 (03.8)
13 Mentzelia albicaulis 0.4 ( 0.6) 0.0 0.0 0.0 0.0
14 Cordaria draba 0.4 ( 0.6) 0.0 0.0 0.0 0.0
15 Helilanthus spp. 0.0 0.0 0.0 0.0 0.0
16 Senecio spp: 0.0 0.0 0.3 ( 0.6) 0.0 3.7 ( 4.6
Shrubs:
17 Artemisia spp. T [ 1:9) 548 ( 4.f 1.5 I 1s 0+3 (0.3) 0.7 ( 0.7)
18 Chrysothamnus spp. 1.8 ( 2.0) 0.9 {( 0.9 0.4 ( 0. 0.0 21 € 1:2)
19 Ephedra spp 0.0 0.0 0.0 0.0 0.5 ( 0.6)
20 Purshla tridentata 0.0 0.5 { 0.8) 0.9 0.0 0.3 ( 0.4
21 Juniperus osteosperma 0.0 0«6 ¢ 2.0) 0.0 0.0 0.0
22 Unidentified 5.4 2:5) Oxd ( 047) NON 0.0 0.0
23 Total 85.5 (29.8) 91.5 (19.0) 28.2 ( 8.1) 13.0 [(6.1) 74.3 (19.4
Burned
¢ Growth Form and
Species Sept Dec Mar Jun Sept
1981 1981 1982 1982 1982
Grasses:
1 Bromus tectorum 19:8 (5:3) 1649 (6.2) 9.3 (3.9) 2.2 (1.3) 71.9 (20.9})
2 Agropyron spp. 0.4 (0.6) 2.0 (1.4) 0.6 (1.0) 0.0 3.5 ( 1.4)
3 Poa spp. 2.4 (2.2) 0.9 (1 1.4 (1.2) 0.1 (0.2 0.7 ( 0.7
4 Oryzopsis hymenoides 2.4 (1.4) 3 23] 1.3 (1.1) 0«1 (9.3 05 ( 0a5)
S Stipa comata 0.0 0.0 0.6 (0.9) 0.0 0.0
6 Sitanion hystrix 0.0 0.9 0.2 (0.3) 0.0 0.3 ( 0.4)
Forbs:
7 Descurainia pinnata 6.8 (2.6) 36 [1a?) 1.0 (0.8) 0.6 - [0.6) 1.6 ( 1.0)
8 Erigeron spp. 0.0 0.8 (0.9) 0.0 0.0 0.0
9 Eriogonum cernuum 0.5 (0.8) U5 10:8 142 (0.9) 0.0 0.3 ( 0.4)
10 Allium acuminatum 0.4 (0.6) 0:.:0 0.0 0.0 0.0
11 Sphaeralcea spp. 0.0 0.0 0.0 0.0 0.0
12 Phlox spp. 08 (0.9 049 (. 4) 0.2 (0.3) 03 (0.5) 0.6 ( 0.8}
13 Mentzelia albicaulis 1.4 {1.00 Q0 0.0 0.0 0.0
14 Cordaria draba 0.5 (0.7) 0.0 0.0 0.0 0.0
15 Helianthus spp. 0.4 (0.6) 0.0 0.0 0.0 0is:0
16 Senecio spp. 0.0 0.0 0.0 0.0 0.0
Shrubs:
17 Artemisia spp. 148 (1.5) 0.0 0.3 (0.5) 0.0 0.3 ( 0.5)
18 Chrysothamnus spp. 0.0 0.9 (1.0) 0.2 (0.4) 0.0 0.0
19 Ephedra spp. 0.0 0.0 0.0 0.0 0.0
20 Purshia tridentata 0.0 0.0 0.0 0.0 0.0
21 Juniperus osteosperma 0.0 0.6 (0.7} 0.0 0.0 0.0
22 Unidentified 1.1 (1.0} 0.0 0.0 0.0 0.0
23 Total 38.7 (8.5) 30.8 (7.7) 16.3 (5.4) 343 635) 9.7 21.8)

NON=Detected but not alive.
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Table 5. Summary of means of transformed data on observed
germinable soil seed reserves (square root of seed m 2) of
the most important taxa (those that showed up more than
twice during the whole study period) at both unburned and
burned plots. Last column shows LSDs (alpha =0.05) for the
specles showing significant differences.
Unburned Burned
LSD
Species Sept Dec Mar Jun Sept|Sept Dec Mar Jun Sept
1 81 82 82 82 81 81 82 82 82
Bromus tectorum 2.65 2+.50 1.49 0,68 2.36 1.42 1.05 0,72 0.24 3.09 0.54
Agqropyron spp. 0.47 0.43 0.11 0.0 0.47 0.03 0.19 0.04 0.0 0.39 0.22
Poa spp. 0.36 0.44 0.36 0.15 0.46 0.16 0.08 0.14 0.02 0.07 0.1
Oryzopsis hymenoides 0519 0239 0.34 0.07 040 0.24 0.29 0.13 0.02 0.06 0.12
Stipa comata 0.0 0.04 0.04 0.0 0.18 0.0 0.0 0.04 0.0 0.0 0.04
Sitanion hystrix 0.0 0.0 0.03 0.0 0.15 0.0 0.0 0.02 0.0 ©0.03 0.06
Descurainia pinnata 1.12 1.17 0.24 0.13 0.42 0.62 0.36 0.12 0.08 0.20 0.31
Erigeron spp. 0.05 0.0 0.07 0.0 0.14 0.0 0.07 0.0 0.0 0.0 0.07
Eriogonum cernuum 0.03 0.29 0.03 0.0 O0.14 0.04 0.04 0.11 0.0 0.03 0.12
Artemisla spp. 0.37 0.39 0,16 0.03 0.08 0.02 0.0 0.03 0.0 10.03 0.13
Table 6. Summary of means of transformed data on observed
germinable soil seed reserves (square root of seed m ) of
the most important taxa (those that showed up more than
twice during the whole study period) at both unburned and
burned microsites (see appendix 1.1-I1.10 for LSD of each
palr in comparison)
Unburned {
Species Canopy Interspace
Sept Dec Mar Jun Sept|Sept Dec Mar Jun Sept'
|81 8l 82 82 82 81 81 82 82 82
Bromus tectorum 3.62 3.90 1.50 0.38 3.48 1.95 1.43 0,81 0.9% 1.13
Agropvron spp. 0.82 0.67 0.23 0.0 0.78 0.22 0.25 0.0 0.0 0.0
Poa spp. 0.77 0.46 0.68 0.06 0.67 0.07 0,44 0.09 0.23 0.23
Oryzopsis hymenoides 0.28 0.56 0.66 0.0 0.58 0.12 0.26 0.07 0.13 0.14
Stipa comata 0.0 0.0 0.02 0.0 0.26 0.0 0.06 0.06 0.0 0.07
Sitanion hystrix 0.0 0.0 0.07 0.0 0.20 0.0 0.0 0.0 0.0 0.07
Descuirania pinnata 1.61 1.68 0.25 0.06 0.70 0.78 0.79 0.23 0.19 0.0
Erigeron spp. 0.09 0.0 0.14 0.0 0.24 0.02 0.0 0.0 0.0 0.0
Eriogonum cernuum 008 0.34 0.07 0.0 ©0.13 0.0 0.26 0.0 0.0 0.0
Artemisia spp. 0+40 0.53 0415 0.07 .10 0.35 029 0.17 0.0 0.07
1 Burned l
Species "Hot" "Cold™ i
Sept Dec Mar Jun Sept|Sept Dec Mar Jun Sept |
81 81 82 82 82 81 81 82 82 82
Bromus tectorum 093 0.83 0.53 0.0 4.88 1.79 1.27 0.81 0.41 1.05
Agropyron spp. 0.0 0.15 0.10 0.0 0.52 0.69 0.23 0.0 0.0 0.26
Poa spp. 0.22 0.78 0.12 0.0 0.06 0.12 0.07 0.16 0.03 0.07
Oryzopsis hymenoides 0.16 0.31 0.24 0.0 ©0.10 0.31 0.27 0.05 0.04 0.0
Stipa comata 0.0 0.0 0.0 0.0 0.0 0.0 ©.0 0.08 0.0 0.0
Sitanion hystrix 0.0 0.0 0.06 0.0 0.05 0.0 0.0 0.0 0.0 0.0
Descurainia pinnata 0.36 0.34 0.09 0.0 0.21 0.81 0.38 0.14 0.14 0.19
Erigeron spp. 0.0 0.14 0.0 0.0 0.0 0.0 C.0 0.0 0.0 0.0
Eriogonum cernuum 0.09 0.0 0.15 0.0 0.07 0.0 0.80 0.08 0.0 0.0
Artemisia spp. 0.19 0.0 0.0 0.0 0.0 0.12 0.0 0.05 0.0 0.07
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Figure 15.

b. Bar graph showing the total and taxa level
germinable soil seed reserve dynamics at the
control (unburned) and burned plots. Numbers
indicate different taxa (see Table 4 for
numerical codes).

Legend
O=all trace species (see table 4)
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found on both burned and unburned plots in March and June of

1982 (Table 4) compared to earlier sampling periods. This

depletion of the seed bank via germination, decomposition
and granivory during this part of the year. The minimum

total GSSRs on both burned and unburned plots was reached
in June 1982. These minima were found to be significantly
lower than GSSRs collected during all previously mentioned

od
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SSRs on both types of plots increased
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significantly between June and September 1982. Peak tota

O

GSSRs were reached in September on both burned and unburned

Q
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e

plots (Figure 15a). The profound increase in total GSSR o

the burned plots was almost entirely due to cheatgrass
(Table 5), which underwent a rapid expansion in the year

following the fire. Its cover Lncreased from zero to 35.7

cent onm the burned plots (Table 2}. The differences in

tota GSSRs between burned and unburned sites were not
statistically significant by September 1982. Bromus tectorum
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comprised 90.2 percent of the total GSSR detected on

burned plot in September 1982, showing the enormous
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fire. Although the vegetation on the unburned plots was

the GSSR contained few
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these species may come from vegetative reproduction via
portions which escaped the fire.

Because the fire occurred before seed set, timing o

4]

the fire was important in the way 1t affected seed o

D

specially sagebrush.

0

undesirable shrubby species,
Significantly fewer sagebrush seed per square meter were

detected on the burned plots in September 1981 compared to

:

D

the unburned plots during the same sampling period (se
Tables 4 and 5 and Figure 15b).
Fire effects on GSSR at different

microsites in burned
and unburned plots

found in the undercanopy
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burned plots in September 1981. Significantly

is hymenoides and

0

tectorum, Agropyron spp., Poa spp., Oryzops

Descurainia pinnata GSSRs were found in the undercanopy

l6a and b). Other taxa which did not show significant
differences were either not detected in both unburned
microsites or were present in very low densities 1in the

is evidence that seeds accumulated where
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shrubs were growing (canopy), with few seed found in bare
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ly this 1is related to the semi-

areas (interspace). Apparen
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Table 7. Summary of gean soll seed densities (germinable
seed count m®) in the surface 5 cm under canopy and
1n i1nterspaces on unburned (control) sites near
Mills, Utah, at several collection dates (Numbers
1n parentheses=one standard error of the mean).

Canopy

Growth Form and
Species Sept Dec Mar Jun Sept

1981 1981 1982 1982 1982
Grasses:
Bromus tectorum 6129 (12%1)  79.4 {(18.8) 2053 {7.0) 38%(2:31 55:2 (13:7)
Agropyron spp. 8.9 ( 3.3) 6.9 { 2.6] 2.7 (2.0) ND 7.8 { 2.5j
Poa spp. 11.9 ( §.7) S.4 ( 2.7) 7.1 (2.9) 0.5+(0.5) 6.8 ( 243)
Oryzopsis hymenoides 3.2 { 2.3) 5.7 ( 2.4) 11.1 (8.3) 0.0 S«? (023
Stipa comata 0.0 0.9 5«7 (657} 0.0 2«2 ([ 143}
Sitanion hystrix 0.0 0.0 0.6 (0.7) 0.0 1w8 ( 1:2)
Forbs: .
Descurainia pinnata 25:%5 [ 7.8% 23.1 i 6.0} 2.6 (1.7) 0.5 (0.5} T:4 1 3.8}
Erigeron spp. 1.0 ( 1.0) 0.0 1.4 (1.2) 0.0 2l [ La2)
Eriogonum cernuum 0.5 ( 0.6) 3.7 4 2.0} ©.6 (0.7) 0.0 1.9 (01.1
Allium acuminatum 148 ([ 1.4) 0.0 0.0 0.0 0.5 (00
Sphaeralcea spp. 0.0 0.0 0.0 0.0 0.0
Phlox spp. 0.0 6.9 (03.6) NON c.0 6.9 { 4.8)
Mentzelia albicaulis 0.8 ( 1.0) 0.0 0.0 0.0 0.0
Cordaria draba 0.0 0.0 0.0 0.0 0.0
Helianthus spp. 0.0 0.0 0.0 0.0 0.0
Senecio spp. 0.0 0.0 0.0 0.0 97 ( 6.0)
Shrubs:
Artemisia spp. 3.7 ( 1.9) 8:3  5:2) 13 (1s1) 07 (0:8) 0.8 ( 0.8)
Chrysothamnus spp 10.2 (11.3) 0.4 ( 0.4) 0.8 (0.8) 0.0 el 1 Lvd)
Ephedra spp. 0.0 0.0 : 0.0 0.0 0.8 ( 0.8)
Purshia tridentata 0.0 0.0 0.0 0.0 0.5 { 0.6)
Juniperus osteosperma 0.0 1.3 ( 1.5) 0.0 0.0 0.0
Unidentified Bl ( 2.9) NON 0.0 0.0 0.0
Total 13735 (43.5) 141.1 (24.5)54:2 (10.5) 5:5 (3.5) 1085 (21.0)

Interspace

Growth Form and
Species Sept Dec Mar Jun Sept

1981 1981 1982 1982 1982
Grasses:
Bromus tectorum 22:9 (546) 19.7  6.1) 8.4 (2.9) 12,5 i(6s2) 211 (13.2)
Agropyron spp. 2.2 (1.4) 2:5 ( 1.6} 0.0 0.0 NON
Poa spp. 0.8 (1.1) 4:7  2.2) Q.8 {lal) 2.1 {L1a3) 143 [ 1.0)
Oryzopsis hvmenoides 1.0 (1.0} 2.6 ( X:6) 0.7 (0.9) 1:0 {1.0) 122 I 059
Stipa comata 0.0 0.8 if 0.9) 0.5 (0.7) 0.0 0.6 0.7}
Sitanion hystrix 0.0 0.0 0.0 0.0 0.6 [ 10.7)
Forbs:
Descurainia pinnata 9.1 (3.8) 9:7 ¢ %.1) 1.9 (1.1} 3.9 41.95) NON
Erigeron spp. NON 0.0 0.0 0.0 0.0
Eriogonum cernuum 00 2.8 ( 1.8) 0.0 0.0 0.0
Allium acuminatum 140 (9599 1:5 ¢ 1.4}y 0.0 0.0 0.0
Sphaeralcea spp. 0.8 (0.7) 0.0 0.0 0.0 0.0
Phlox spp 0.0 3.1 ( 2.0) NON 1,3 (1.4) 0.6 { 0.7)
Mentzelia albicaulis NON 0.0 0.0 0.0 0.0
Cordaria draba 0.6 (0.8) 0.0 0.0 0.0 0.0
Helianthus spp. 0.0 0.0 0.0 0.0 0.0
Seneclo spp. 0.0 0.0 0.6 (0.8) 0.0 NON
Shrubs:
Artemisia spp. 3.7 [1.9) 3.8 ( 2.8) 1.2 {1.3) 0.0 0.6 ( 0.6)
Chrysothamnus spp. 0.7 (0.8) 1.3 ¥ 1.2} 9.0 0.0 1.2 1 98)
Ephedra spp. 0.0 0.0 0.0 0.0 0.0
Purshia tridentata 0.0 0.8 (01.1) 0.0 0.0 0.0
Juniperus osteosperma 0.0 0.0 0.0 0.0 0.0
Unidentified 35 §2.3) 0.7 { 0.9} NON 0.0 0.0
Total 46.3 (7.7) $4.0 (10.9) 14.6 (4.1) 18.8 (7.2) 27.2 (14.1)

ND =Not detected.




60

)
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UNBURNED
X INTERSPACE |

BURNED
¢ COLD ‘

TRANSFORMED GERMINADLE TOTAL SOIL SEED RESERVES (
N
o
b 2
(@]
-

serT  slloec 8IIMAR  82[UUN  82ISEPT B2]
SAMPL ING PERIOD

LSD AT ALPHA LEVEL 0:05 =0-8

LSD AT ALPHA LEVEL 0-05=0-9 (SEE OPPOSITE PAGE FOR THE RIGHT
LSD PAIR IN COMPARISON)

Figure 16a Graph of total germinable soil seed reserves
of transformed data (square root of seed m* ),
with LSD (alpha=0.05) at different microsites
of the unburned and burned plots.
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LSDs AT ALPHA LEVEL = 0.05 FOR CODED PAIRS WHICH SHOWED
SIGNIFICANCES WITH CODINGS NUMBERS.

CODES LSD CODES LSD

111-113] |113-115]

111-114| 121-123

111-115]| 115-124

111-121 122-123

[111-211| 122-124

112-113 122-222 0.8

112-114 221-222

112-122 221-223

112-212 221-224

|113-114 222-223

[113=123] 222-224|

|113-213 0.9 | ]

|114-115

|114-124|

[115-125

|121-125

|111-225

|122-125

[211-214

|211-215|

|211-221

|212-214

212-215

213-214

213-215

214-215

215-225

221-225]|

222-225

T T LEGEND FOR CODES
FIRST DIGIT = TREATMENT (1-2)

1=UNBURNED
2=BURNED

SECOND DIGIT = LOCATIONS

WITHIN UNBURNED (1-2)
1=CANOPY AND 2=INTERSPACES
WITHIN BURNED PLOTS (1-2)
1="HOT" POINT AND 2="COLD" POINT
THIRD DIGIT = SAMPLING DATE
1=SEPTEMBER 81, 2=DECEMBER 81,
3=MARCH 82, 4=JUNE 82, AND
5=SEPTEMBER 82

(Figure 1l6a. continued)
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Figure 16.

b. Bar graph of mean total and taxa level
germinable soil seed reserves dynamics at the
different microsites on control and burned
plots. Numbers indicate different taxa (see
Table 4 for numerical codes).

Legend
O=all trace species (see table 4)
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logarithmic seed dispersal pattern of most plants (Harper

977), where seed fall is greatest closest to mother p

[EY

The total GSSR of the canopy microsite in September
1981 was composed of 45 percent cheatgrass, 17.4 percent

bunchgrass seeds, 21.5 ercent forbs, and 13.9 percent

e
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shrubs (Table 7 and Figure 16b). The rest was composed of
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In the interspace microsites in
percent of the total GSSR was cheatgrass, 8.6% was
bunchgrasses, 11.5% was forbs and 4.4% was shrubs (Table 7
and Figure 16b).

Only Eriogonum cernuum 1in both microsites of unburned

plots and Popa species in the interspaces sghowed significant
increases in December 1981 compared to the previous sampling
interval within the same type of microsite. Increases 1in
these and other taxa were too slight to cause any

in total GSSR by December 1981 at both
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unburned microsites (Figure 1l6a, Table 6).
Significantly 1less total GSSRs were found on both

unburned microsites (canopy and interspaces) in March of

1982 compared to previous periods (Figure 1l6a). This decline
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is presumably related to an absence of seed rain, as well as
depletion of the seed bank via germination, decomposition

and granivory during the fall and winter. Total GSSR

e,

continued to decrease signicantly at the canopy microsites

until it reached its minimum in June 1982 (5.5 seeds per

square meter) (Figure 1l1l6a,table 7). It then increased
significantly to reach its peak (108.5 seeds per square
meter) 1n September 1982, after almost all plants had

s
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increase was found to be

0

persed thelr seeds. Thi

¢
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-
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t

significantly higher than March and June total GSSRs, bu

£

not significantly different from the level found a year

parent plants around the relatively small unburned p
Total GSSR 1in the interspace microsite on the unburned
plots decreased significantly to reach the minimum (14.6

rch 1982 (Table 7, Figure 1l6a).
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This GSSR density was also found to be significan
R

density in the canopy microsites for the




same sampling interval (Table 16a). Total GSSR in the canopy

n
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e decreased significantly to reach the same level as

the interspace microsite total GSSR by June 1982. The 1982
peak total GSSR for the interspace microsites was reached in
September (27.2 seeds per square meter). This total GSSR was

significantly lower than that observed for the first two
sampling periods (September and December 1981).
4

Fire on the "hot" spots (where shrubs had been growling)

duced total and most taxon GSSRs significantly comparec

L

Y

©)

S

to canopy microsites 1n September 1981 (Figure l1l6a, Table

8). The reduction in the total GSSR at these spots was 80.6

percent of the levels at canopy microsites. The reduction of
cheatgrass, bunchgrass, forb and shrub GSSRs were 80, 5.5,
6.6 and 82 percent, respectively, compared to their GSSRs at
the canopy microsite 1n September, 1981 (Table 8, Figure

Descurainia pinnata GSSRs were significantly lower on the
"hot" points compared to canopy microsites in September 1981

The changes in total and all taxa GSSRs at the "hot"

points were not significant in December 1981 compared to

their GSSRs in the previous sampling period at the same type
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Table 8. Summary of mean soil _seed reserve densities
(germinable seed per m2) in the surface 5 cm of
soil in "hot"™ and "cold" spots on burned sites near
Mills, Utah, at several collection dates (Numbers

€
in parentheses=one standard error of the mean).

"Hot"™ spot
Growth Form and

Species Sept Dec Mar Jun Sept
1981 1981 1982 1982 1982
Grasses:
Bromus tectorum 1253 {3.9) 14:4 (6:2) 7.6 (4.4) 0.0 122.4 (25.9
Agropyron spp. 0.0 1.6 (1.4) 1.3 (1.5) 0.0 4.8 ( 1.7)
Poa spp. .7 {3.137 1.0 (1.1) 1.0 (1.1} Q.0 0.6 ( 0.6)
Oryzopsis hymenoides 1.8 (1.8) 3d:3 {1.8)] 2.7 (1.6) NON 0.9 ( 0.7}
Stipa comata 0.0 0.0 0.0 0.0 0.0
Sitanion hvstrix 0.0 0.0 0.4 (0.5) 0.0 0.5 ( 0.5
Forbs:
Descurainia pinnata 3.9 (2.0) 3.7 (1.9) 0.7 (0.8) 0.0 1s9 § 1.1
Erigeron spp. 0.0 1.7 {1.3) 0.0 0.0 0.0
Eriogonum cernuum 1.1 {l.1) 0.0 1.6 (L.l) 0,0 0.5 ( 0.5)
Allium acuminatum 0.0 0.0 0.0 0.0 0.0
Sphaeralcea spp. 0.0 0.0 0.0 0.0 0.0
Phlox spp. 0.0 0.0 0.5 (0.5 0.8 1.1 ( 0.8)
Mentzelia albicaulis 0.8 (0.8) 0.0 0.0 0.0 0.0
Cordaria draba 0.0 0.0 0.0 0.0 0.0
Felianthus spp. 0.8 (0.9) 0.0 0.0 0.0 0.0
Senecio spp. 0.0 0.0 0.0 0.0 0.0
Shrubs:
Artemisia spp. 25 (1.8) 0.0 0.0 0.0 0.0
Chrysothamnus spp. 0.0 0.9 (1.0) 0.4 (0.4) 0.0 0.0
Ephedra spp. 0.0 0.0 0.0 0.0 0.0
Purshia tridentata 0.0 0.0 0.0 0.0 0.0
Juniperus osteosperma 0.0 0.4 (0.4) 0.0 0.0 0.0
Unidentified NON 0.0 0.0 0.0 0.0
Total 267 1952) 2779 (7.8) 1b6w2 (6:2) NIL 1327 (27.1)
"Cold" spot
Growth Form and
Species Sept Dec Mar Jun . Sept
1981 1981 1982 1982 1982
Grasses:
Bromus tectorum 25:6 (6:1) 10«6 [ 3a6) 1241 (3.6) 3.8 (L.6) 14.2 (6.4
Agropyron spp. 0.7 (6.8) 2.5 ( 1.6) 0.0 0.0 2.0 (1.0)
Poa spp. 123 (X.6) 0.8 [ 0:9) Va7 (La4) 0.2 (0:2) 0.4 (0.4
Oryzopsis hymenoides 2.9 (1.5) 4.1 ( 2.8) 0.4 (0.4) 0.3 (0.4) 0.0
Stipa comata 0.0 0.0 1.1 (1.3) 0.0 0.0
Sitanion hystrix 0.0 0.0 0.0 0.0 0.0
Forbs:
Descurainia pinnata 9:0 [3+0) 35 ( 1:6) 1.1 (0.8) 1.1 (0.8) 1.3 (0.8)
Erigeron spp. 0.0 0.0 0.0 0.0 0.0
riogonum cernuum 0.0 1«1 ( 12%) 0.6 (0.6) 0.0 0.0
Allium acuminatum 0.6 {0.7) 0.0 0.0 0.0 0.0
Sphaeralcea spp. 0.0 0.0 0.0 0.0 0.0
Phlox spp. 1.4 [1.2) 1.8 { 2.0) 0.9 0.5 (0.6) 0.0
Mentzelia albicaulis 1.8 (1.1) 0.0 0.0 0.0 0.0
Cordaria draba NON 0.8 (01.0) 0.0 0.0 0.0
Hellanthus spp. 0.0 0.0 0.5 (0.6) 0.0 0.0
Senecio spp. 0.0 0.0 0.0 0.0 0.0
Shrubs:
Artemisia spp. 1.3 11:1) 00 0.5 (0.6) 0.0 0.6 (0.6)
Chrysothamnus spp. 0.0 0.9 ( 1.0) 0.0 0.0 0.0
Ephedra sop. 0.0 0.0 0.0 0.0 0.0
Purshia tridentata 0.0 0.0 0.0 0.0 0.0
Juniperus osteosperma 0.0 0.8 ( 0.9) 0.0 0.0 0.0
Unidentified 02.0 (1.3) 0.0 0.0 0.0 0.0
Total 46.6 [(7.7) 26.9 | 7.7) 18.0 (4.6) 5.9 (1.8) 18.5 (3.4)

NON=detected but not alive.
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almost all taxa compared to the preceding period. The change

L

1

ated with canopy between December 1981

&

in the GSSRs assoc

and March 1982 were significant (Figure 16).

Because these sites are probably more favorable to seed
germination via greater soil organic matter, nutrients,
infiltration and soil moisture (West 1983), the seed bank is
apparently depleted more readily here.

Within only one year after the fire, the vegetation
cover on the burned plot had 1ncreased greatly. A great
proportion of the regenerated veqeta*ion was found to be
cheatgrass (35.7% of_the mean total plant cover, see Table
2). This rebound in cover was followed by a significant
increase of the total GSSR, reaching its peak 1n September

1982 (132.7 seeds per square meter). This increase may be

populations of other species, including undesirable species

(e.g. Artemisia spp.), remalned

significantly lower than
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their GSSR at under canopy microsites in September 1981
(Table 6). This indicated that fire was a good treatment for

"

controlling some undesirable range plant seeds, but timing

eed density was reduced
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immediately after the fire, this species had increased

approximately ten fold in its total GSSR a year later. Seeds

4= <7 o n 3 ~ -~ o ~ £ ~ <
Oof most native perennial grasses had significantly lower
B st an e [ 0 e A A [ ) - . h
densities on "hot" spots in September 1982 compared to their

densities 1in the undercanopy microsite (Table 6). Recovery

which escaped the fire rather than by seeds. Seeds of
sagebrush and other shrubby species were absent from the
total GSSR on the "hot" spots even a year after fire (Table

but there was a significant decrease in the total GSSR of
the "cold" spots in December 1982 compared to the

T

Total and taxa GSSRs continued to decrease at "ecold"

=

and interspace microsites until they reached their minima in

June 1982. Total GSSR at these microsites increased to reach




their 1982 highs 1n September. These values were
significantly lowe than theilir GSSRs 1in the first two
sampling periods and not significantly different than the
rest (Table 8 and Figures l6a and b). There were no
significant differences in most GSSRs of different taxa
and interspace microsites during similar
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Fire effects on GSSR at
different sampling depths

Comparison of total and taxon GSSR densities at two
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solil (2-5 cm depth). That is, because there
in the surface layer, more are there to be distroyed (Figure
17a). Six weeks after the wildfire, total GSSR in the

/

surface layer of the burned plots was only 45.

found in the unburned plots (Tables 10, 11 and Figure 17b).
Total GSSR 1in the deeper depth (2-5 cm) of the burned plots

was 34.4% of that found 1in comparable depths in the unburned

plots. However, because there were few there, fewer were

destroyed in absolute terms. The total

depths 1n the unburned plots. About 82 and 86% of the total

GSSR occurs in the upper layer of the unburned and burned
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ng depth was found to cheatgrass
even in September 1981 at the unburned plots (Table 10).
This indicated that even on good condition rangeland,

cheatgra
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density was high. Although the vegetation
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was relatively rich in bunchgrass (38% cover), their GSSR
was found to be low, comprising only 15 percent of the total
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Figure 17.

a. Graph of mean total germinable soil

reserves, of transformed data
seed m 4) with LSD (alpha=0.05)

seed
(square root of
in the different

sampling depth of the control and burned plots.
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Table 9. Summary of means of transformed data on observed
germinable soil seed reserves (square root of seed m ¢) of
the most important taxa (those that showed up more than
twice during the whole study period) in both unburned and
burned plots at two sampling depths. Last column shows LSDs
(alpha =0.05) for the taxa showing significant differences.

Unburned !
|

Species Surface (0-2 cm) l Sub-surface (2-5 cm) I
LSD |

Sept Dec Mar Jun Sept|Sept Dec Mar Jun Sept

81 81 82 82 82 81 81 82 82 82

!
Bromus tectorum 4.17 4.27 2.17 1.13 4.25 1.13 0.74 0.13 0.22 0.46 0.76
Agropyron spp. 0:79 0:63 0.22 0.0 0.89 0.15 0.21 0.0 0.0 0.06 0.31
Poa spp. 0-73 0.89 0.51 0.24 0.92 050 6.0 0.22 0.08 0.0 033
Oryzoosis hymenoides 0.23 0.58 0.55 0.14 0.81 0.14 0.20 0.13 0.0 0.0 033
Stipa comata 0.0 0.07 0.07 0.0 ©.30 0.0 0.0 0.0 0.0 @.07 0.12
Sitanion hystrix 0.0 6.0 0.06 0.0 0.29 0.0 0.0 0.0 0.0 0.0 0.10
Descuralnia opinnpata 2.03 2.10 0.32 0.20 0:72 0:22 0:25 0:15 0.06 0.07 0.94
Erigeron spp. 0.10 0+20 0.0 0«13 0.0 028 0.0 @.0 0.0 0.0 011
Eriogonum cernuum 0.0 0.51 0:06 0.6 0.28 0,07 0.07 0.0 0.0 0.0 0.18
Artemisia spp. 0.58 0.79 0.24 0.06 0.17 0.16 0.0 0.84 0.0 0.0 0.27
Burned f
Species Surface (0-2 cm) ‘ Sub-surface (2-5) ’ '

( LSD

Sept Dec Mar Jun Sept|Sept Dec Mar Jun Sept
81 81 82 82 82 81 81 82 82 82 i
Bromus tectorum 2:62 2.03 1:44 0.39 5.35 0:271 0,07 0.0 0,09 0:83 ©.76
Agropvron spo. 0.07 0.21 0.09 ND 0.66 0.0 ©0.17 0.0 0.0 0.14 0.31
Poa spp. 015 0,28 0.04 ©.13 0.0 0.0 @.00 0.0 0.0 8.0 0.33
Orvzopslis hvmenoides 0i.34 0.58 0.26 0.05 0.1l 0.15 9.0 0.0 0.@ 0.0 G 33
Stipa comata 0.0 0.0 ©0.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0:12
Sitanion hystrix 0.0 0.0 ©0.05 0.0 ©.06 0.0 0.0 0.0 0.0 0.0 0.10
Descurainlia pinnata 0.84 0.59 0.16 0.09 ©¢.28 0.39 0.13 0.08 0.07 0.1I1 0.494
Erigeron spp. 0.0 0.14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.11
Errogonum cernuum 0.08 0.08 0.23 0.0 0.0 0.0 0.0 0.0 0.0 0.23 0.18
0.30 0.0 0.06 0,0 0.05 0.0 0.0 0.0 0.0 0.0 027

Artemlisia spp.
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Surface (0-2 cm)
Growth Form and
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Sub-surface 2-5 cm
Growth Form and
Species Sept Dec Mar Jun Sept
1981 1981 1982 1982 1982

Grasses:

Bromus tectorum
Agropvyron spp.

Poa spp.

Cryzopsis hymenoides
Stipa comata
Sitanion hystrix
Forbs:
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Table 11. Summary of mean soil seed reserve densities
(germinable seed per m2) in the surface 0-2 cm
and subsurface 2-5 cm soil sampling depths on the
burned plots near Mills, Utdh, &t Several
collection dates (Numbers 1in parentheses=one
standard error of the mean).

Surface 0-2 cm
Growth Form and
Species Sept Dec Mar Jun Sept
1981 1981 1982 1982 1982
Grasses:
Bromus tectorum 15.0 (6.4) 13.3 8.1} 7.5 45.2) 1.5 (1.8)] 53.3 (26.2)
Agropyron spp. 0.3 40.8) 0.9 (1.5 05 41.4) 0.0 22 { 1.8)
Poa spp. 1.9 (3213 1.1 (1.4) 157 1571 0l (0:3) 0.4 ( 0.5)
Oryzopsis hymenoides 1.3 (1.7) 2.7 (3.2) 0.6 (1.7) 0.1 (0.4) 0.4 | 0.7
Stipa comata 0.0 0.0 0.5 (1.3) 0.0 0.0
Sitanion hystrix 0.0 0.0 0.2 (0.4) 0.0 0.2 ( 0.6)
Forbs:
Descurainia pinnata 4.1 (3.3) 2.5 (2.8) 0.5 {0.8) 0.3 (0.6] 1.0 | 1.2)
Erigeron spp. 0.0 0.7 (L.3) 0.0 0.0 0.0
Eriogonum cernuum Q.4 (1a1) Oad (1:1) 0«8 (1:2) 0.0 0.0
Allium acuminatum 0.3 (0.8) 0.0 0.0 0.0 0.0
Sohaeralcea spp 0.0 0.0 0.0 0.0 0.0
Phlox spp. 0.7 (1.3) 0.7 (2.0 0.2 (0.5) 0.2 (0.7) 0.4 ( 0.9)
Mentzelia albicaulis 0.8 [1.2} 0.0 0.0 0.0 0.0
Cordaria draba 0.4 (1.0) Q.0 0.0 0.0 0.0
Helianthus spp. 0:3 (0.9) 0.0 0.2 (0.7) 0.0 0.0
Seneclio spp 0.0 0.0 0.0 0.0 0.0
Shrubs:
Artemisia spp. 1.5 (2.9) 0.0 0.3 (0.7} 0.0 0.3 | 0.7)
Chrysothamnus spp. 0.0 0.7 (1.4) 0.1 (0.4) 0.0 0.0
Ephedra spp. 0.0 0.0 0.0 0.0 0.0
Purshia tridentata 0.0 0.0 0.0 0.0 0.0
Juniperus osteosperma 0.0 0.3 (0.9) 0.0 0.0 0.0
Unidentified NON 0.0 0.0 0.0 0.0
Total 27,0 (9.9) 23.3 (9.3).13.1 (6.9} 2.2 (1.8) 58.2 {17.1}
Sub-surface 2-5 cm
Growth Form and
Species Sept Dec Mar Jun Sept
1981 1981 1982 1982 1982
Grasses:
Bromus tectorum 1.2 (1.7), 0.3 (0.5) 0.0 0.5 (0.8) 4.6 (6.5)
Agropyron spp. 8 +0 1.0 {130 0.0 0.0 0.6 {0.8)
Poa spp. 0.0 0.0 0.0 0.0 0.0
Oryzopsis hymenoides 0:7 (0.9 0.0 0.0 0.0 0.0
Stipa comata 0.0 0.0 0.0 0.0 0.0
Sitanion hystrix 0.0 0.0 0.0 0.0 0.0
Forbs:
Descurainia pinnata 1.9 {1+6) 05 (0:7) 0.4 (047) 03 10.6) 0.4 (0.86)
Erigeron spp. 0.0 0.0 0.0 0.0 0.0
Eriogonum cernuum 0.0 0.0 0.0 0.0 0.3 (0.6)
Allium acuminatum 0.0 0.0 0.0 0.0 c.0
Sphaeralcea spp. 0.0 0.0 0.0 0.0 0:.0
Phlox spp. 0.0 0.0 0.0 0.0 NON
Mentzelia albicaulis 0.6 (0.7) 0.0 0.0 0.0 0.0
Cordaria draba 0.0 0.0 0.0 0.0 0.0
Helianthus spp. 0.0 0.0 0.0 0.0 0.0
Senecio spp. 0.0 0.0 0.0 0.0 0.0
Shrubs:
Artemisia spp. 0.0 0.0 0.0 0.0 0.0
Chrysothamnus spp. 0.0 0.0 0.0 0~ 0.0
Ephedra spp. 0.0 0.0 0.0 0.0 00
Purshia tridentata 0.0 0.0 0.0 0.0 0.0
Junlperus osteosperma 0.0 0.2 (0.4) 0.0 0.0 0.0
Unidentified NON 0.0 0.0 0.0 0.C
Total 4.4 (2.3) 2.0 (1.5) 0.4 (0.7) 0.8 (1.3) 5.9 (2.1)

NON=Detected but not alive.
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Figure 17.

b. Bar graph of mean total and taxa level
germinable soil seed reserves dynamics in the
different sampling depths at the control and
burned plots. Numbers indicate different taxa
(see Table 4 for numerical codes).

Legend
O=all trace species (see Table 4)
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plots. Forb GSSR contributed a higher proportion than shrubs

3) to the total GSSR in September 1981.

N
o0

(28.4% ws. 6.

The changes in total and taxon GSSRs were not

significant between September and December 1981 at the
surface sampling depth within the unburned plots, except for
Eriogonum spp. which was completely absent from the first
sampling period, but showed up in December 1981 GSSR (Table
9).

Significantly less total GSSR were found in the surface
sampling depths of both burned and unburned plots in March

1982 compared to all earlier dates. These continued to

decrease until minima were reached in June 1982. This
decline was presumably related to germlnation,
decomposition, and granivory during a period of no new seed

O

rain (Table 9).
Total GSSR at the surface sampling depths increased

significantly to reach their 1982 peaks in September,

presumebly because seed dispersal occurs primarily between
June and September. This September value was found to be
significantly higher than March and June 1982 total GSSR.

A high proportion of the total GSSR detected in the
surface 0-2 cm in September 1982 was cheatgrass (54.2

percent). Sagebrush seed density was significantly lower

(Table 9) than its seed density a year before at the same




sampling depth in the same plots (Table 10). The decrease in

—~

sagebrush seed wa robably a function of destruction of

)]
"o

parent plants by fire around the relatively small control

j—i
O
t
n

1

In sub-surface (2-5 cm) depths within the unburned
plots in September 1981, 56 percent of the total GSSRs were

cheatgrass, 13 percent were bunchgrasses, 26 percent were

forbs and 5.6 percent were shrubs (Table 10). As mentioned
before, the sub-surface layer contained only about 21.7
percent of the total GSSR 1in the surface layer.

Total GSSR in the sub-surface samples from the unburned

plots 1n December 1981 were not significantly di

the previous sampling period at the same plots and depth.

There were, however, significant differences between the
surface and sub-surface sampling depths at this date (Figure
17a) .

Total GSSR in the sub-surface sampling depth continued

minimum 1in

Ch
n

8]

to decrease through time until it reached i

June 1982 (1.1 seeds per square meter). This minimum was
significantly different from the first sample (September
1981) (Figure l17a).

The peak 1982 total GSSR in the sub-surface sampling
depth was reached 1n September (3.2 seeds per square meter).

This peak was not significantly different from December 1981
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to June 1982 readings, but was significantly lower than the

n the same plots during September 1981

level observed

O

(Tables 10, 11 and Figures 17a, b). Higher peaks perhaps may

be achieved if more time were given for incorporation of
seed from the surface to the sub-surface sampling dep

provided trampling by grazing animals was allowed.

Fire apparently caused significant reduction in total
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1981 to December 1981. The differences between total (Figure

= =7 = Eoe T $- 5 = 2 1
cantly lower, however, on the burned than unburned
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)

continued until total GSSR reached its minimum value in June
1982. Other reasons which can result in exhaustion of the

seed bank were mentioned before.

o
R
3
5
Q,

Total GSSRs in the upper sampling depth in the b

=3

®
ct

plots in September 1982 were not significantly differ
from GSSRs at comparable sampling depths and periods in the
unburned plots, but significantly higher than all previous

sampling periods within the burned plots (Tables 10 and 11,

total GSSR in September 1982 in the surface sample from the
burned plots (91.6 percent of the total, see Figure 17b).

1

cates a cguilick increase of the total GSSR by the
A Y

)

jd>

Thig ind

ss seed. The other

s
oY)

relatively high participation of cheatg
species, 1ncluding undesirable ones, contributed less to the
seed banks 1n September 1982 than earlier (Tables 9 and 11,

Figure 17b). This indicated that fire was a good treatment

to control some undesirable range plant seeds (e.qg.
cﬁm@bruf:h) “"hHeatogrsss ] we yve ade up oOc £ he
Sade SA1Y -dlead tgrass, nowever , madae up mostT Or CNE

Hh

increased GSSR. Timing of the fire was important. If

fire had occurred earlier, before cheatgrass dispersed its
seed, damage to cheatgrass seed would probably have been
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he same sampling depth in September 1981 (Figure

o+

plots at
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Total and taxon GSSRs did not change signif
September to December 1981 1in the surface depth of both
burned and unburned plots (Figures l17a and b, Table 9). The
surface total GSSRs were significantly (Figure 17a) lower in
the burned plots 1in December 1981 and March 1982 than

1

unburned GSSRs for the same sampling deptl >riods. None

and

o)

o)
)

of the taxon differences between burned and unburned plot
81, March 1982 or June 1982.
Total and taxon sub-surface GSSR levels decline

through the spring. These depletions were probably due to

—
L

germination, decomposition and herbivory during a perioc
The September 1982 peak in surface GSSRs 1n both burned
and unburned plots was not significantly different from the

March and June 1982 values (Figure 17a), but the value for

unburned samples was significantly lower than total GSSR in

reason for low incorporation of soil seed reserves 1nto
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Fire effects on germinable
seed rain {GSR)

One of the main questions of this study was to

investigate whether the wildfire had any significant effect
on seed rain. Data analysis showed that this treatment had
no significant effect on seed rain between burne and

unburned plots throughout the study period. One of the

reasons for the lack of significant difference may be lack

the fire could have been affecting control plots as well.

ack of buffer zones could also result in free local
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movement of seed

seed movement may be unequal on all seed traps in the
control plots. Seed traps located on the borders of these

0)}

plots could catch more seeds than the inner ones. Thi

T

cannot be addressed here because of the complex interaction

n

produced by a design focused on other guestions.

Even though seed traps on burned plots had trapped 4.4
times the total GSR density as that recorded on unburned

ct

plots by December 1981 (Table 12) these differences were no

ignificant (Figure 18) due to high variation. This may be

m

related to the early lack of vegetation at the burned plots

which facilitated easy movement of seeds toward the traps.

Vegetation on unburned plots may have acted as a wind break
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preventing easy movement of seeds to the traps (Parmenter

and MacMahon 1983). The total GSR density 1in the burned

O

was higher (but O

e
o

Q,

plots at this sampling perio

(

statistically so) than the GSR density in the unburned plots
(see Table 12, Figure 18).
In the burned plots during the first collection, 82.6

percent of the total GSR was ch

)

atgrass (340.9 seeds .per

(T

square meter), 12.9 percent bunchgrass seeds (53.1 seeds per
square meter), and 4.5 percent forbs (18.6 seeds per square
meter). Shrub seeds were completely absent. The reason for
this may be that the heat around these relatively small

control plots could have killed the flowering buds of

shrubs. Cheatgrass GSR density at the burned plots, although
8.6 times that in the unburned plots, was still not
statistically different. Mean total and all other taxon GSR
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Mean total GSR density within th

(O

not increase significantly (99.7 seed per square meter) by

March 1982 compared to the previous sampling period (Table

12 and Figure 18). Similarly GSR density of the burned plots
in March 1982 (431.6 seeds per square meter) was not
significantly different from total GSR densities detected 1in




Table 12. Summary of mean germinable seed rain densities per
meter (number of seed accumulated in the traps
over 3-month intervals, for 15 months) on unburned
(control) and burned plots near Mills, Utah
(Numbers 1n parentheses=one standard error of the

ean) .
Unburned
Growth Forms and
Species Dec Mar Jun Sept Dec
1981 1982 1982 1982 1982

Grasses:

Bromus tectorum 39.8 (78.3) 43.8 (102.1) 114.1 (339.6) 5881.4 (4350.7) 5881.4 (4350.7)

Agropyron spp. 2.7 (12.2) 2.7 { 17.2) 13.3 [ 89.S) 378.0 i 681.8) 78.0 ( 681.8

Poa spp, 4.0 (23.9) 4.0 ( 23.9) 8.0 ( 47.8) 392.6 ( 681.8) 395.1 ( 692.4)

Orvyzopsis hvmenoides 4.0 (23.9) 4.0 | 23.9) 6.6 ( 41.1) IT.l. 6 82.9) JELE L 92.9)

Stipa comata 2.7 (12.2) 2.7 { 17.2) 2.1 { ¥7.2) 13.30 it 61.0) X33 {  '92.9)

Sitanion hystrix 0.0 0.0 0.0 0.0 0.0

Forbs:

Descurainia pinnata 23.9 (61.3) 23.9 (062.3) 47.8 (185.7) 65.0 ( 230.8) 697 [ 232./9%

Eriogonum cernuum 0.0 0.0 0.0 27 ¢ 12 2.2 4 132

Allium acuminatum 0.0 0.0 0.0 27t 172:2) 27 1 AN2)

Spohaeralcea spp. 0.0 0.0 0.0 0.0 0.0

Phlox spp. 9:3 133.2) 8.3 { 33:2) 9.3 ( 33.2) 15.9 & FY:6) 199 { 738

Senecio spp. 2.7 117:2) 5.3 ( 34.5) $:.3 (. 345) 8.0 { SL:%) 8.0 & S1.7)

Shrubs: i

Artemisia spp. 0.0 0.0 0.0 6.8 & 29:2) 6.6 { 29.2)

Chrysothamnus spp. 0.0 0.0 0.0 93 ' 33.2) 1247 [ 38w«8)

Purshia tridentata 0.0 0.0 2:7 1 ¥7:2) 2.7 U 1T2) 2:3 {1 17.2)

Juniperus osteosperma 0.0 0.0 c.0 0.0 0.0

Unknown 4.0 (26.9) 4.0 ( 26.9) 4.4 ( 26.9) 4.0 ( 26.9) 4.0 ( 26.9)

Total 931 (124.7) 99.7 (099.5) 213.8 (213.6) 6819.3 {4257.1) 6829.9 (4259.2)

Burned
Growth Forms and
Species Dec Mar Jun Sept Dec
1981 1982 1982 1982 1982

Grasses:

Bromu tectorum 340.9 (229.5) 351.5 (273.2) 420.5 (388.6) 10286.5 (6686.6) 10286.5 (6686.6)

Agropvron Spp. 10:6 [ 37:1) 1343 i SA4) 37.1 (15625) 206.9 ( 406.5) 206.9 ( 408.5

Poa spp. 19.9 { 47.8) 22:5 I 45:1) 45.1 (143.3) 7.8 ( 160.5) 47.8 ( 160.5)

Oryzopsis hvmenoides 15,9 { 42.4) 18.6 { S9.7) 21.2 [ 69.0) 47.8 ( 149.9) 47.8 ( 149.9

Stipa comata 27 U 37w2) 2+ i X2 2: 7  ¥7%2) 9.3 [ $9.0) 8.3 {  ©8.0)

Sitanion hystrix 4.0 ( 23.9) 4.0 (023.9) 4.0 ( 23.9) 4.0 { 23.9) 4.0 ( 23.9)

Forbs

Descurainia pinnata 9.3 (33.2) 9.3 [ 33.2) 19.9 ( 76.9) 26.5 ( 106.1) 26.5 { 10651)

Eriogonum cernuum 0.0 0.0 0.0 NON NON

Allium accuminatum 0.0 NON 4.0 ( 23.9) 4.0 ( 23.9) 4.0 { 23.9)

Sohaeralcea spp. 0.0 0.0 0.0 0.0 0.0

Phlox spp. 9.3 ( 33.2) 9.3 ( 33.2) 11.9 { 62.3) 11,9 ( €2:3) 11.59 62.3)

Senecio spp. 0.0 0.0 0.0 2.7 1 L742) 2.7 (0017.2)

Shrubs:

Artemisia spp. 0.0 0.0 NON 2.7 ¢ 17:2) 2.7 ( 17.2)

Chrysothamnus spp. 0.0 0.0 0.0 0.0 267 1 17:2)

Purshia tricdentata 0.0 0.0 2:7 1 13:2) 2:T 4 17:2) 2.7 4 17.:2)

Juniperus osteosperma 0.0 0.0 0.0 0.0 0.0

Unknown 0.0 0.0 0.0 0.0 0.0

Total 412.6 (266.6) 431.2 (176.4) 569.1 (185.7) 10652.8 (5962.3) 10655.5 (5962.3)

NON=Detected but not alive
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burned and unburned plots for the previous sampling periods.

Cumulative mean total GSR density started to increase

0
D
D
Qu

in June 1982 on the unburned plots because early

maturing speciles started to shed their seeds. Cumulative
total GSR increased sharply by September 1982 (6819.3 seeds

per square meter). This 1increase was found to be

1'tly different from all previous sampling periods,
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unburned plots (147.8 times GSR of December 1981) at this
sampling period was probably due to the increase. of
cheatgrass 1n the burned areas around those plots in the

vear after the fire. That is, the controcl plots were small
s" 1n a "sea" of cheatgrass.

Similarly, the cumulative total GSR density at the

burned plots increased from June 1982 until 1t reached 1
vpeak 1n September 1982, with no significant change over the
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areas.
The GSR density in the burned plots during September

and December 1982 was found to be significantly different

from all other sampling periods (Figure 18). December 1982
Cheatgrass GSR was 258.5 times that of unburned plots a year

D
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g s

lier. Similarly the cumulative GSR of all other species
were lower 1in September and December, 1982, compared to

their values at the same sampling period in the unburned
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significant because.cf the high wvariability within and

between the GSR densities on these two kinds of plots (Table
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Fire effects on GSR at different
microsites within burned
and unburned plots

Interspaces within the unburned plots had mean

80}

GSR densities which were 13 percent higher

fasd

cumulative tota
than the mean canopy cumulative total GSR in December 198
(Table 13). The difference is not statistically significant
(Table 14), which is surprising because the higher wind

turbulence in the interspaces where no vegetation was

1983) .

Cheatgrass seed composed the highest proportion of the
cumulative total GSR in both canopy (44.8 percent or 35.8
seeds per square meter) and interspace (47 percent or 42.4
seeds per square meter) microsites. Canopy vs. interspace

differences for cheatgrass, bunchgrasses and forb GSR were

completely absent (Table 13)
Total and all taxon GSR were not significantly
different between unburned microsites in the first three

£

comparable sampling periods. This may be related to the

earlier mentioned reasons which can lead to high internal
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Table 13. Summagy OL mean germinable seed rain densities p
meter® (number of seed accumulated in the tra
over 3-month intervals for 15 months)
undercanopy and interspace microsites where se
traps were placed on unburned (control) sites ne
I ] g L I T 3
Mills, Utah (Numbers in parentheses=one standa
error of the mean).
Canopy
Growth Forms and
Speclies Dec Mar Jun Sept Dec
1981 1982 1982 1982 1982
Grasses:
Bromus tectorum 35.8 {88.9) 41.1 (11S.4) 91.5 {200.3) 8442.8 [4153.1) 8442.8 /(4153.1)
Agropyron spp. 5.3 (26.6) 5.3 | 26.6) 25.2 (130.0) Sid.7 { 947.1) 514.7 ( 947.1)
Poa spp. 0.0 0.0 $.3 1 26.5) 622.1 (1555.9) -623.1 {1556.7)
Crvzopsis hymenoides 8.3 (26.6) 553 ( 26.6) 10.6 i 53.1) 5.8 ( 118.1) 358 i 1lB8.al
Stipa comata 0.0 0.0 0.0 10.6+( S1.7) 10.6 ({ 'S1s7)
Sitanion hystrix 0.0 0.0 0.0 0.0 0.0
Forbs:
Descurainia pinnata 25.2 1953.1) 29:2 [ 53.¥F 30.5 | 96.8) 41 .)€ 132.6) 41.1 ( 132.6)
Eriogonum cernuum 0.0 0.0 0.0 NON NON
Allium acuminatum 0.0 G.0 0.0 0.0 0.0
Sphaeralcea spp. 0.0 0.0 0.0 0.0 0.0
Phlox spp. 0.0 0.0 0.0 0.0 0.0
Senecio spp. $.3 (26.6) 10.6 ( $3.1) 10.6 ( 53.1) 10.6 ( 53.1) 10.6 ( S3.1)
Shrubs:
Artemisia spp. 0.0 0.0 050 0.0 0.0
Chrysothamnus spp. .0 0.0 0.0 10.6 ( 53.1) 10:6 ( 53.1)
Purshia tridentata 0.0 0.0 0.0 0.0 0.0
Juniperus osteosperma 0.0 0.0 0.0 0.0 0.0
Unknown 0.0 0.0 0.0 0.0 0.0
Total 79.9 (33.2) 87.5 (035.8)168.4 (149.9) 9688.3 (4085.4) 9689.3 (4085.7
Interspaces
Growth Forms and
Species Dec Mar Jun Sept Dec
1981 1982 1982 1982 1982
Grasses:
Bromus tectorum 42.4 (70.3) 46.4 (92.9) 132.6 (399.3) 3924.9 (3098.9) 3924.9 (3098.9
Agropovron sop. 0.0 0.0 8.0 ( 45.1) 3724.1 ( 386.0) 3741 (3098.9)
Poa spp. 0.0 0.0 4.0 ( 22.5) 273.2 ( 344.9) 274.8 ( 349.7)
QOryzopsis hymenoides 4.0 (22.5) 4.0 (22.9) 4,0 { 22.5) 3825 il 98:+:.2) 38.5 | 982
Stipa comata 4.0 (22+5) 4.0 {22.5) 4.0 ( 22.5) 159 51.0) 15.9 (. 6&1.0)
Sitanion hystrix 7.0 0.0 0.0 0.0 0.0
Forbps:
Descurainia pinnata 23.9% (69.0) 23.9 (69.0) 62.3 (230,.8) 86.2 ( 282.5) 86.2 ( 282.5)
Eriogonum cernuum 0.0 0.0 0.0 4.0 ( 22.3%) §::0 1 22.5)
Allium acuminatum 0.0 0.0 0.0 4.0l i 2255) 4.0 | 2245)
Sphaeralcea spp NON NON NON NON NON
Phlox spp. 8.0 (31.8) 8.0 (31.8) 8.0 ( 31.8) 1929 i 67.8) 19..9 { 167.6)
Senecio spp. 0.0 0.0 0.0 4.0 { 22.5) 4.0 (1 22.5)
Shrubs:
Artemisia spp. 0.0 0.0 0.0 6iui6 [ _ 31e8) 6.6 ( 31.8)
Chrysothamnus spp. 0.0 0.0 0.0 8.0 ( 3l1.8) 8.0 ( 31.8)
Purshia tridentata 0.0 0.0 4.0 { 22.95) 4.0 { 22.95) 4.0 ( 22.5)
Juniperus osteosperma 0.0 0.0 0.0 0.0 0.0
Unknown 8.0 (31.8) 8.0 (31.8) 8.0 ( 31.8) 8.0 ( 31.8) 8.0 31
Total 90.3 (114.1) 94.3 (119.4) 234.9 (344.9) 4771.3 (2818.7) 4772.9 (2818.7)

NON=Detected but not alive
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Table 14. LSD of significant tranformed differences of seed
rain means in comparison at different micosites
of the unburned and burned plots.

Code Difference LSD
111-114 7.7458 0.7580
111-115 7.6347 0.7572
112-114 8.1690 0.7520
112-115 8.1659 0.7519 '
113-114 7+1590 0.7520
113-115 T d 558 0.7518
211-221 1.4773 046213
211-214 6.9495 0.6215
211-215 6.9384 0.6215
212-214 8.4268 0.6218
212-215 8.2617 0.4120
213-214 7.8865 0.6550
213=215 7.8853 0.6343
221-224 6.1696 0.8306
221-225 6.8679 1.6109
222-224 7.6839 0.8199
222-225 7.6011 0.8201
223-224 7.0363 08202
223-225 6.9534 0.8194

LEGEND FOR CODES

First digit =Treatment (1-2)
1=Unburned, 2=Burned
Second digit =Locations
Within unburned
1=Canopy and 2=Interspace
Within burned
1="Hot" point and 2="cold" point
Third digit =Sampling date
l=December 81, 2=March 82, 3=June 82,
4=September 82 and 5=December 82
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increases were noticed over the last sampling interval.

Variances are so high, however, that most of the differences

between the two microsites in totals, life form and species
values were not statistically significant at alpha < 0.05.




SUMMARY AND CONCLUSIONS

The objectives of this research were to investigate the
ecological importance of soil seed reserves and seed rain in

D

regeneration of vegetation on a good condition sagebrush-

grass range after a severe wildfire and draw conclusions

leading to better management of such ecosystems.
Investigations were conducted in two successive years on a

A

(

sprouting species. In such cases soil seed reserves and see

rain have to be the main source of regeneration. In addition

to soil seed reserves and seed rain monitoring, vegetation
changes during the first two years following the fire and
the grazing history of the study area before the fire were

studied.

The major findings and conclusions are as follows:
(1) Fire can have a significant destructive impact
on soll seed reserves.
(2) Bromus tectorum soil seed reserves were high,

even on good condition sagebrush-grass rangeland.

(3) Although fire reduced the Bromus tectorum seed

1

bank by half, it subsequently increased to almost

o)

twice the level observed on the unburned areas.

This shows the enormous reproductive capacity of
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this species.

espite the fact that the vegetation contained
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(5) T

factor 1n controlling some undesirable range

lants and their seeds. Although Bromus tectorum
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was certainly not reduced for long, had the fire
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occurred earlier when more seeds of

were attached to the culm, greater reduction 1in
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obtained. Timing of the fire was Jjust

control sagebrush and most other brush, because 1

(6) Ephedra nevadensis was the only shrub to
reestablish 1ts cover relatively rapidly. This 1is

(7) Significantly greater total and taxon level

germinable soil seed reserves were found under

t
<
D

n

shrub canopies than 1in the 1interspaces. Thi
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pattern 1s apparently related to the semi-
logarithmic dispersal of seed, where seed fall is

est closest to mother plants (Harper 1977
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1ce flammable fuel follows the same pattern,

-

S

tHh

ire has a serious impact on seed banks at "hot"
points and slight impact on "cold" points which

were former interspaces.

depth, with fewer seeds in the sub-surface 2-5 cm
depth, fire has a more serious impact on the

(9) Variance in the germinable seed rain data were
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totals and taxon differences were statistically
significant at alpha = 0.05 between the burned
and unburned plots at large. Signifiegant
differences, however, were found between "cold"
and "hot" microsites. More sophisticated
experiments would have to be designed to obtain
definitive evaluation of hypotheses concerning
seed raln variability between treatments.

It can be concluded that soil seed reserve

data gave enough evidence to reject the firs
b= 2
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(1) Fire 1is a good treatment to control sagebrush, but

timing of the fire is a very important factor to
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consider. In order to maximize the destructive
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D
D
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on species, fire has to occur befo

produced or dispersed.

n

(2) Native perennial grasses are poorly represented in
soll seed reserves. Their regeneration success 1is
probably a function of vegetative reproduction. This 1is
why grazing should not be allowed for at least one year
after fire in order that the remnants of such species

can recovek.

(3) Fire 1s a good treatment for controlling non-

)

sprouting speclies (most sagebrushes), but not sprouters

(

B
9

d evil, but

(D

(4) Wildfires are not always an unmiti

Q
3]

can be a good tool in management of rangelands.
Wildfires at certain times on good condition ranges can

1

result in release of perennial grass from sagebrush

dominance.
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