
Utah State University Utah State University 

DigitalCommons@USU DigitalCommons@USU 

All Graduate Theses and Dissertations Graduate Studies 

5-1983 

Effects of a Wildfire on Seed Rain and Soil Seed Reserve Effects of a Wildfire on Seed Rain and Soil Seed Reserve 

Dynamics of a Good Condition Sagebrush-Grass Rangeland in Dynamics of a Good Condition Sagebrush-Grass Rangeland in 

Central Utah Central Utah 

Mohamed Ali Hassan 
Utah State University 

Follow this and additional works at: https://digitalcommons.usu.edu/etd 

 Part of the Environmental Sciences Commons 

Recommended Citation Recommended Citation 
Hassan, Mohamed Ali, "Effects of a Wildfire on Seed Rain and Soil Seed Reserve Dynamics of a Good 
Condition Sagebrush-Grass Rangeland in Central Utah" (1983). All Graduate Theses and Dissertations. 
7262. 
https://digitalcommons.usu.edu/etd/7262 

This Thesis is brought to you for free and open access by 
the Graduate Studies at DigitalCommons@USU. It has 
been accepted for inclusion in All Graduate Theses and 
Dissertations by an authorized administrator of 
DigitalCommons@USU. For more information, please 
contact digitalcommons@usu.edu. 

https://digitalcommons.usu.edu/
https://digitalcommons.usu.edu/etd
https://digitalcommons.usu.edu/gradstudies
https://digitalcommons.usu.edu/etd?utm_source=digitalcommons.usu.edu%2Fetd%2F7262&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/167?utm_source=digitalcommons.usu.edu%2Fetd%2F7262&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.usu.edu/etd/7262?utm_source=digitalcommons.usu.edu%2Fetd%2F7262&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@usu.edu
http://library.usu.edu/
http://library.usu.edu/


EFFECTS OF A WILDFIRE ON SEED RAIN AND SOI L 

SEED RESERVE DYNAMICS OF A GOOD CONDITION 

SAGEBRUSH-GRASS RANGELAND IN 

CENTRAL UTAH 

Approved : 

by 

Mohamed Ali Hassan 

A thesis submitted in partial fulfillment 
of the requirements for the degree 

of 

MASTER OF SCIENCE 

in 

Range Science 

UTAH STATE UNI VERS I TY 
Logan , Utah 

1983 



ii 

ACKNOWLEDGEMENTS 

Financia 1 support for this study was provided th roug h 

one of my major professor's projects . Without this 

assistance, the continuation of this study would have been 

impossible . I wish to express my deep , unlimited respect and 

gratitude to my advisor , Dr . Neil E. West, for his 

inexhaustive help , teaching, guidance, patience and support . 

My special thank to Dr . and Mrs . West for their parental 

concern. 

My thanks are a 1 so extended to members of my graduate 

committee: Dr . Brien E. Norton and Dr. Mary Barkworth ; for 

listening to my ideas and providing helpful suggestions . 

Special thanks also go to Dr . Donald V . Sisson and Dr. 

David L. Turner for their counsel in statistical analysis 

for this study . 

My thanks to Mr . Carl Christensen for al lowing us to 

conduct this research in his land . The information he 

provided on grazing history on this portion of his land was 

appreciated. 

Thanks and respect to my brother Fathi Ali Hassan and 

his generous family for their financial support , parental 

encouragement and care. 

To my parents , other brothers , sisters and frie nd s I 



iii 

express my deep l ove and gratitude for their support and 

ecouragement . 

To my wife, Ateyat , and my chi l dren , Suad and Abdell 

Gadir, and my brother Fathi, for their love and forbearance, 

I dedicate this piece cf work . 

Mohamed Ali Hassan 



ACKNOWLEDGMENT S 

LI ST OF TABLES 

TABLE OF CONT EN TS 

...................................... 

................... . .................. 
LI S T O F F I GURE S ...................................... 

iv 

Page 

i i 

V 

v ii i 

ABSTRACT • • • • • . • • . . . • • . • . . • . . • . . • • • • . . • • • • . . • . . • . • . . • . xi 

INT RO DUCT I ON • • • . . • • . . • • • • . . . • . . • • . • • . . • . . • • • . • . • • . • . • 1 

OBJECTIVES 

HYPOTHESES 

S T UDY SITE 

METHODS 

........................................... 

...... . ..... , ............................. . 

........................ . ............... . .. 

...................... . .................... . .. 

PROBLEMS IN DETERMINING THE ECOLOG I CAL IMPORTANCE 

s 

7 

8 

1 8 

OF BUR I ED SEED BANKS • . . . • • • . • . . . • • . • . . • • • . . • . • . . . . . • . 3 S 

RESULTS AND DISCUSSION • . • • . • • • . . • . . • . • • • . • . • . . . . • . • • . 40 

SUMMARY AND CONCLUSIONS • . . • . . • . • . • . • . . . • . . . . . . . • . • . . • 9 6 

RECOMMENDATIONS . • • . • . . • . . . • . . • . • . • • • . • . . • • • • • • • • . . . . . 100 

LI TE RAT URE C I TED . • . . . . . • . • . • . • . . . • • . . . • • . • • • • • • • . • • . . 1 0 1 

AP PENDICES ........... . ..... . .................... . ..... 1 08 

V I TA • . • . . . • • • • . . . • . . . . . • • • . • • . . • . • • . . • • . • • . . • • • • . • . • • 128 



Table 

1. 

2 . 

--, 
.) . 

4 . 

5 . 

6 • 

7 • 

LIST OF TABLES 

Page 

Percent composition of native perennia 1 gras.:' 2s 
obtained using dry wei~hts (grams perm ) 
examined in ten 9.6 ft quadrats per plot 
seven days prior to the wildfire ........... . .... 15 

Summary of plant and ground cover (%) on the 
p 1 ots near Mi 1 1 s , Utah where soi 1 seed reserves 
and seed rain data were collected ................ 21 

Summary of short term precipitation recorded at 
the study site compared to short and long term 
precicipatation at a closest comparable permanent 
station (Levan) ... . . . .. . . . ..... . ................. 42 

Summary of mean soil seed reserve density 
(germinable seed per m- 2 ) in the surface 5 cm of 
soil on the unburned (control) and burned sites 
near Mills , Utah , for several collection dates 
(number in parentheses =one standard error of the 
mean) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

Summary of means of transformed data on observed 
germina~le soil seed reserves (square root of 
seed m--) of the most important taxa (t hose that 
showed up more than twice during the whole study 
period) at both unburned and burned plots. Last 
column shows LSD (alpha =0 . 05 ) for taxa showing 
significant differences .. . .... . .. . ............... 54 

Summary of means of transfor~ed data on observed 
germina~le 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 appendices I . l - I . 10 for LSD of each pair in 
comparison) .. .. ... .. .. . .. .. .... . ...... . ......... 54 

Summary of mean soil seed reserve density 
(germinable seed count m- 2 ) in the surface 5 cm 
under canopy and interspaces on unburned 
(control) sites nea r Mills , Utah , at several 
co l lection dates (numbers in pa r entheses=one 
standard e rr or o f the mean ........ . ............. 59 

8 . Summary of mean soil seed reserve density 

V 



vi 

LIST OF TABLES (Continued ) 
Table Page 

9 • 

10. 

11. 

12 . 

l 3 • 

(germinable seed per m2 ) in the surface 5 cm of 
soil in "hot " and "cold " spots on burned sites 
near Mills, Utah , at several cllection dates 
(number in parentheses =one standard error of the 
me an) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 7 

Summary of means of transformed on observed 
germinable 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) in both unburned and burned plots at two 
sampling depths. Last column shows LSD (alpha 
= 0.05 ) for taxa showing significances ............ 74 

Summary of mean soil seed reserve density 
(germinable seed per m2 ) in the surface 0 - 2 cm 
and the sub - surface 2 - 5 cm soil sampling depths 
on the unburned (control) plots near Mills , Utah, 
at several collection dates (numbers in 
parentheses=one standard error of the mean). ... .. 75 

Summary of mean soil seed reserve densities 
(germinabl e seed per m2 ) in the surface 0 - 2 cm 
and sub - surface 2-5 cm soil sampling depths on 
the burned plots near Mills , Utah , at several 
collection dates (number in parentheses=one 
standard error of the mean). ...... . .............. 76 

Summa7 of mean germinable seed rain density per 
meter (number of seed accumulated in the traps 
over 3 - month intervals , for 15 months) on 
unburned (contro 1) and burned p 1 ots near 
Mills , Utah, (numbers in parentheses=one standard 
error of the mean)............................... 86 

Summary of mean germinable seed rain densities 
per meter 2 (number of seed accumulated in 
the traps over 3-mo nth intervals, for 15 months) 
in under canopy and interspace microsites where 
seed traps were placed on unburned (control) 
sites near Mills , Utah (number in parentheses =one 
standard error of the mean)...................... 91 

14. LSD of significant transformed differences of seed 
rain means in comparison at different microsites of 



vii 

LIST OF TABLES (Continued) 

Table Page 

the unburned and burned plots .................... 92 

15 . Summary of mean germinable seed rain densities 
pe r meter 2 (number of seed accumulated in 
the traps over 3 - month intervals , for 15 months) 
in " hot " and " cold " microsites where seed traps 
were l ocated on burned sites near Mi l ls , Utah 
(n umb e r s in parentheses =one standard error of the 
mean) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 



LI ST OF FIGURES 

Figures 

1 . Map of the wildfire occurring around the Oak 
Creek Mountains on July 24 , 1981 (X=approximate 

viii 

Page 

location of study area) .......................... 9 

2 . Photograph of a portion of the study area a few 
days before the fire .................... . ........ 10 

3a . Photograph of one t he small patches which escaped 
the fire and was used as one of the control plots. 12 

3b . Photograph of the study area just after the fire 
occurred . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 

4 . Location of study plots in relation to physical 
and cultural features. ....... . .......... . . . . . .... 13 

5 . Enlargement (1 : 8,000 scale) of a color aerial 
photograph taken during the Apollo mission (July 
1,1975) showing the study area and before the 
fire .. . ... . ... . .. . .... . .. . ...... .. ..... .. ... . .. . . 19 

6a . Photograph of a seed trap (at one of the control 
plots ). Exact location was determined by using 
random coordinates within a grid ........... . ..... 25 

6b . Close - up photograph of a seed trap at a burned 
plot a year after the fire . .... . . ... .. ......... . 25 

7 . Photograph of the portab 1 e p 1 at form used to 
stand on while sampling . This minimized disturbance 
of the study plots during seed rain and soi 1 seed 
reserve sample collections ....................... 28 

8a . Photograph of intact seed of Chrysothamnus spp . 
under a binocular zoom microscope (magnified l0x) . 33 

Sb . Photograph of intact and two halves of Oryzopsis 
hymenoides seeds after a tetrazol i um test . The 
ha l f on the left is alive and the other is dead .. 33 

Sc . Photograph of l ive Bromus tectorum embryo 
showing reddish co l oration from app l ication of 
the tetrazolium test to rapid l y r espiring tissue . 34 



LIST OF FIGURES (Continued) 
Figure 

9 . 

10 . 

11. 

12 . 

13. 

14. 

15a . 

15b . 

16a . 

16b . 

17a . 

Diagram illustrating the fashion in which data 
were aggregated ........................... . ..... . 

Graphical relationship of precipitation collected 
at the short - term study site with that recorded 
at Levan (U. S . Weather Service) ................. . 

Graph of the highest and lowest daily temperatures 
( C) recorded at the study site .................. . 

Graph of highest and lowest relative humidity (%) 
recorded at the study site ....... . .............. . 

Photograph of a control (unburn ed) plot a year 
after the fire .................................. . 

Photograph of the study site a year after the 
fire ............................................ . 

Graph of mean total germinable soil seed reserves 
of transformed data (square root of seed - 2 ), 
with LSD (alpha=0.05) on the unburned and burned 
plots .......... -. .. . ..... . .. .. ........ . .. •••••••••• 

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

Graph of total germinable soil seed reserves of 
transformed data (square root of seed m- 2 ), with 
LSD (alpha=0. 05) at different microsites of the 
unburned and burned plots ....................... . 

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

Graph of mean total germinable soil seed reserves 
of transformed data (square root of seed m- 2 ), 
with LSD (alpha=0.05) in the different sampling 
depths of the control and burned plots ........... . 

ix 

Page 

38 

43 

45 

46 

4 8 

49 

52 

56 

60 

63 

73 



X 

LIST OF FIGURES (Continued) 

Figure page 

17b. 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) ................................. 78 

18. Graph of transformed (square root of seed m- 2 ) 
mean cumulative total germinable seed rain at the 
burned and unburned plots.. .......... .. . .. ....... 87 



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 , Maste r of Science 

Utah State University , 1983 

Major Professor : Neil E . West 
Department : Range Science 

Xl 

The objectives of this research were to investigate the 

ecological importance of soil seed reserves and seed rain on 

regeneration of a good condition sagebrush - grass range 

vegetation after a wildfire and draw conclusions leading to 

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 . I n addition to 

monitoring soil seed reserves and seed rain , vegetation 

changes during the past two yea r s an d the historical 

condition s of the study area were examined . 

Stu d y of germinab l e soil seed reserve dynamics showed 
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that fire can have a destructive effect on this portion of 

the community . Cheatgrass soil seed reserves were high even 

in good condition sagebrush - grass vegetation . Although fire 

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 . 

Even though the pre - burn vegetation contained a high 

proportion of native perennial plants , soil seed reserves 

and seed rain had very small proportions of their germinable 

seeds. 

Timing of the fire is likely important in controlling 

undesirable range plants and their seeds . Had the fire 

occurred earlier when more seeds were attached to the culms , 

greater reduction in cheatgrass probably would have been 

obtained. Timing of the fire was just right to control 

sagebrush , because it 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 sp r out 

fro m r oot crowns . 

Greater germinable soil seed reserves were found under 

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

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

Since flammable fuel follows the same pattern , it was found 

that fire has a serious impact on soil seed reserves at 

" hot " points , but temperatures were apparently not hot 

enough to cause much damage on seed banks at " cold " points 

in the former interspaces. 

Since soil seed reserves accumulate in significantly 

higher proportions in the surface 0 - 2 cm , fire has a more 

serious impact on the seeds in surface soil than those lower 

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 

treatments . The numerical differences observed may be due to 

wind moving more seeds to the seed traps in the bare , burned 

plots. 

(141 pages) 



INTRODUCTION 

Although much information exists on the effects of fire 

on the aboveground portions of most perennial grasses , 

shrubs and on soil in the sagebrush - grass range type 

(Beardal 1 and Sylvester 1976 , Blaisd e l 1 1953, Blaisdel 1 et 

al. 1982 , Tisd'ale and Hironak.a 1981 , Uresk et al. 1976 , 

Wright 1971, Wright et al . 1979 , Young and Evans 1977, •.. and 

many others) , there is very littl e information on the 

effects of fire on soil seed reserves in such ecosyste:ns. 

Understanding these phenomena is important in understanding 

how vegetation recovers following fire. ror instance , the 

observation that cheatgrass (Bromus tectorum L.) is favored 

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

function of poor seed reserves of native perennials. Studies 

of buried seed reserves have shown them to be of significant 

importance in replenishment of vegetation foll owing 

wildfire elsewhere (Th ompson 1978) . This is especial ly true 

where major plants are non - rhizomatous or non sprouting. I n 

such cases soi 1 seed reserves and seed rain have to be the 

main source of regen eration . However, most native perennial 

grasses of the Great Basin are known to be poor seed 

producers {West 1983). 

Seed of some species can be compl ete ly absent from seed 
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banks , in spite of those species being abundant in the 

extant vegetation (Golubeva 1962 , Zenenchuk 1961) . This may 

be an important reason for lack of perennial grass recovery 

following fire . It is likely that the degree of regeneration 

of perennial grass species may be a function of vegetative 

reproduction , since that portion can escape fire destruction 

and regenerate regardless of how low seed rain or soil seed 

reserves are . Generally the post - burning season is very 

er i tic a 1 in determining future forage production of burned 

areas. 

Regeneration can be predicted by comparing soil seed 

reserves to the vegetation emerging after any disturbance 

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

Chew 1977) . Previous studies indicate that soil seed 

reserves are an important ecological component in modeling 

succession (Kellman 1970 , Livingston and Allessio 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 , 

Livingston and Allesio 1968 , Olmsted and Curtis 1947, 

Oosting and Hum2hreys 1940 , Quick 1956) . 

Numerous studies have been conducted on the emerging 

vegetation following cultivation (Roberts and Dowkins 1967, 

Roberts and Feast 1973, Roberts and Ricnetts 1 979 , ... and 
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many others) , or fol lowing other types of disturbances 

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

Pechanec et al. (1954) reported that big sagebrush 

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

rapidly reoccupy sites following fi re . Whether this is due 

to seed a 1 ready in the soi 1 or those b 1 own in is not known . 

Winward ( 19 8 3 ) recent 1 y reported that Artemis ia tr identa ta 

ssp . vaseyana 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 

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

indicated that burning controls cheatgrass , presumably 

because of seed destruction. Countryman and Corne liu s (1957) 

found that even if a few cheatgrass seeds are available , 

this species can rapidly reoccupy a burned area . Young et 

al. (1976) found a 80 - 90 percent reduction in germinable 

cheatgrass seeds following fire , depending on the intensity 

of burning . 

Since soil seed reserves are concentrated under shrubs 

and grasses w_ith few seeds on bareground or " interspaces " 

(Koni ak and Everett 1982 , Knipe and Springfield 1972 , Nelson 

and Chew 1977) , and since accumulation of flammable fuel 

follows the same patte rn, fire could have an accentuated 

destructive effect on soil seed reserves on such microsites . 
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Therefore the impact probably differs according to microsite 

because of differences in the heat generated . Also , since 

most soil seed reserves are concentrated in the top 2 - 3 cm 

of soil surface (Child and Goodall 1 973, Floyd 1966, 

Strickler and Edgerton 1976 , Wesson and Wareing 1969) , and 

heat generated from the fire will probably diminish with 

soil depth, that is there could be a differentially 

destructive effect of fire on soil seed reserves by depth . 

The following research addresses the ecological impor­

tance of soil seed reserves arrd seed rain for regeneration 

of the vegetation of a good condition sagebrush - grass 

rangeland near Mills, Utah. The question of what was the 

differential impact of fire on soil seed reseves at 

different microsites or in different soil sampling depths 

was addressed . .Z\nother purpose of this work was to develop 

management guidelines to increase forage production of such 

burned rangeland . 
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OBJECTIVES 

The specific objectives of this study were : 

(1) 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 

Mil ls , Utah , in order to determine the 

ecological significance of soil seed reserves 

and seed rain for regeneration of a good 

condition sagebrush-grass range vegetation 

following fire destruction . 

(2) To compare germinable soil seed reserves under 

canopy and in 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) To compare the variation of germinable soil 

seed reserves found at different soil de~ths 

within the control plots and compare them with 

those at the same depths in the burned plots . 

This may provide an answer to a third question 

of what was the di ff erent i a l ly destructive 
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effect of fire on soil seed reserves at 

diff e rent sampling d e pths . 
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HYPOTHESES 

H01 There will be no significant differences in the 

total and species germinab l e soil seed reserves 

(numbers per unit area) and total and species 

seed rain (number per unit area) on the control 

(u nburned ) and burned plots over time on a 

good condition phase of a sagebrush - grass range 

site near Mi l ls , Utah . 

H02 Ther e will be no significant differences in the 

germinable seeds per unit area between the 

"under canopy " and interspaces within the 

contro 1 p 1 ots and the "hot spots " and " co 1 d 

spots " within the burned plots or between any 

pairing of these combinations over time . 

H03 There will be no significant differences in the 

germinable soil seed reserves between equal 

depths of soil within or between the unburned 

and burn ed plots over time . 
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STUDY S ITE 

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 density of the vegetation (Figure 2) 

contributed to rapid spreading of the wildfire. The cover of 

the burn was not complete however and some small patches of 

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 , 

Utah (Figure 4). The elevation of this area is 1617 - 1622 

meters. The slope and exposure of the pediment remnant on 

which it is 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 in 

apparently good range condition. The study site was used in 

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 pref ire 

vegetation had a high proportion of native perennial grasses . 
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Figure 2. Photograph of a portion of the study area a 
few days before the fire. 





Figure 3. 
a. Photograph of one of the small patches which 
escaped the fire and was used as one of 
control plots. 

b. Photograph of the study area just after the 
_fire. 
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Identification of the site and the range condition were 

determined from the Soil Conservation Service (SCS) Range 

Site Guidelines (Soil Conservation Service 1976) using data 

gathered a few days before the fire for another intended 

study . The eco 1 og ica 1 site or potentia 1 community has been 

named "Up 1 and Sha 11 ow Hardpan (Juniper Savannah)". Pref ire 

vegetation analysis reveal ed 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 

may be attributed to the historical impact on vast areas of 

the western United States following settlement by European 

man . The settl e rs' livestock populations quickly built up in 

the ninteenth century (Griff iths 1902 ) and abused the native 

vegetation. The intensity of grazing was so great that the 

native bunchgrasses gave way in a relatively short period to 

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

areas of the western United States did not take place until 

the 19SO ' s (Young et al. 1979) . 

Bunch grasses in 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 (Ritt enhouse and Vavra 1979) . Stoddart (1946) 

reported that these native bunchgrasses can disappear from 



Table 1 . Percent composition of native perennial grass~s 
obtained using dry weights (grams perm) 
examined in ten 9 . 6 ft 2 quadrats per plot seven 
days prior to the wildfire 

Control plots (pre - burn dat~) 

Grass species Plot#l Plot#2 Plot#3 Total Mean 

Agrop:i:::ron spicatum * 6 2 . 5 30 . 9 21. 5 114. 9 38 . 3 
Agropyron smithii 2 . 5 6 . 7 12 . 1 21. 3 7 . 1 
Poa spp . 4 . 1 3 . 4 1. 4 8 . 9 3.0 
Oryzopsis h:i:::menoides 3 . 2 3 . 9 14 . 6 21. 7 7. 3 
Stipa comata 0 . 0 2 . 0 1. 7 3 . 7 1. 2 

Total of means 5 6 . 9 

* = Plant nomenclature fo l lows Welsh et al . 1981 

15 
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the vegetation even under moderate use . 

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 , or 

season of use have not resulted in guick 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 interf e rence . The l ack of grass recovery may 

also be related to low input of native perennial grass 

propagules. 

The climate in the study area is temperate and semi ­

arid according to the SCS (1976). 

The ridgetop where the study plots were located 

has shallow soil o ver a hard pan an d conglomerate layer . 

Surface soils on the site have fairly uniform silt loam 

texture which can be classified as coarse silty, mixed , 

me sic , Xero 11 ic Ca 1 ciorthid (SCS, persona 1 communication) . 

The SCS description for this site says that this is a 

shallow , somewhat excessive ly drained soil on al luvial fans . 

It was formed on a layer dominantly composed of limestone 

and sandstone . Th e surface layer is dark grayish brown 

cobbly loam approximate l y 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 

centimeters a carbonate - cemented hardpan about 18 - 20 

centimeters thick typically occurs . The hardpan depth ranges 

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

of very gravelly loam and indurated hard pan exist . 

Permeability of the soils associated with this range 

site is moderate and available water ranges between 3 . 8 to 

6.4 centimeters . Water supplying capacity is 7 . 6 - 12.7 

centimeters. The effective rooting depth is 25.4-50.8 

centimeters. The organic content is about 1-2 percent. The 

runoff and water erosion are moderate. For more details see 

"Upland shallow site" Soil Conservation Service Range Site 

Description (Soi 1 Conservation Service, 1976). 

The high silt and very low clay fraction means the soil 

does not to shrink when dry or swell when wet , resulting in 

an almost crack-free soil. 
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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 rrobably had and have a similar 

microclimate . Examination of prefire aerial photographs 

(black and white taken on August 27 , 1964 , sca l e 1 : 1 , 800 , 

and co 1 or photographs which were taken by the Apo 11 o 

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 

data were taken . 

Field sampling 

Plant cover on four nearby plots (20X50 m2 ) , located 

for the previously intended study , was determined one week 

before the fire with a sigh ting tube device (Winkworth and 

Goodall 1962) . A metal metric tape was strung between the 

center east -w est , 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 

drawn per plot . 

The gimbled tube (sighting device) was suspended by 

wire from a iron staff at about eye height . A transect was 
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Figure 5. Enlargement (1:8,000 scale)of a color 
aerial photograph taken during the Apollo 
mission (July 1, 1975) showing the study 
area before the fire. 
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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 al lowed to stop swinging . When 

it came to rest , the observer sighted through the tube and 

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 in 

Table 2 . 

Two readings per point were possible . If plant canopy 

was intersected , 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 

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

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 a f ter the fire was 

calculated (Mueller - Dombois and Ellenberg 1974 ). 

Use of Soil Conse r vation Service range condition and 

trend rating guides requires herbage weight estimates . 

Acco r dingly , herbage we i ght was sampled t en days b e f ore the 
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Table 2. Summary of plant and ground cover {%) on the plots 
near Mills , Utah where soil seed reserves and seed 
rain data were collected . 

Catesory/S?ecies 

Shrubs: 

Pre - burn 

Just before 
the fire 

Artem:sia tridentata wvominoensis 
Chr v s othannus visc:diflorus 
Eohedra nev?.densis 

6. 5 
7. 3 
2. 5 

Subtotai. 
Grasses 
Aarocvron s~icaturn 
Aaro~vron smithi1 
~ comata 
Pea secunda 
S1tanion hystrix 
Orvzo~sis h,·raenoides 
Bromus tectorurn 

Subtotal 
F'orbs 
Erigeron enoelmannii 
=.:r10<1onum cernuum 
Phlox sp;:i . 
Antennaria s;,p. 
Descura1n1a oi;1nata 

Subtotal 
Total plant cover 

Others 
Standing deac 
Litter 
Rocle 
Gravel 
Bareqround 
Moss 
Lichen 

Subtotal 
Grand total 

_;_ 6. 3 

14.8 
3. 5 
2. 8 
2. 4 
2. 8 

11. 9 
6. 3 

4 4 . 5 

0.4 
0.4 
0. P. 
1. 6 
0.0 
3. 2 

64.0 

0. 8 
7. 4 
0.0 

12. 0 
1 4. 2 
11.5 

1.0 
56 . 9 

120 . 9 

Post - bur:1 

un:::iurned 
1981 1982 

2. 3 
8. 0 
1.8 

12. l 

13 . 3 
1.5 
4. 9 
5 . 6 
0. 4 

11. 6 
6. 8 

4 4. 1 

3 . 7 
6 . 3 
4. 3 

:. 4 . 3 

16.0 
1.0 
2. 0 
4.0 
1 1 
~ • .J 

E. 3 
11. 0 
41. E 

1. 5 1. 3 
0 .0 1.0 
0.0 3.0 
0.0 0.0 
0 . 0 o. 7 

1. 5 6. C' 
57.7 61.9 

0 . 0 
15. 4 

0. 0 
11. 3 
14 . 7 
12 . 8 

0 . 0 
54.2 

111.9 

1.3 
18 . .3 

0 . 3 
12.3 
14.7 

9. 3 
1. 7 

5 7. 9 
119. 8 

Bur:--1ed 
1981 1982 

0.0 
0 . 0 
0 . 0 
0 . 0 

0.0 
0.0 
0.0 
0.0 
0 . J 
0.0 
0 . 0 
0.0 

0.0 
0 . 0 
1.3 
l. 3 

5. 3 
0 . 0 
1.0 
1. 0 
0. 7 
8 . 0 

3 5. 7 
51. 7 

0. 0 0. 7 
0.0 0.4 
0. 0 0 . 4 
0 . 0 0.0 
o.o 1.0 
0 . 0 2 . 5 
0.0 55.5 

2. 7 
9 . 3 
0.0 

13 . 3 
77.3 

0. 0 
0.0 

102 . 6 
102 . 6 

0.0 
10.3 

0.0 
8. 3 

2 7 . 3 
0.0 
0.0 

4 5. 9 
101.4 
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fire , after sprins and summer growth had ceased . This 

procedure involved se l ection of ten random locations per 

macroplot . A 9 . 6 ft 2 circular quadrat was centered on these 

lo cations and all living herbaceous plant r.1aterial within 

the quadrat was harvested to 5 cm stubble height and all new 

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

were separated by species . The samples were placed in paper 

bags and al low ed to air - dry for 5 - 7 days, depending on the 

dryness of the vegetation . The samples were then weighed to 

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

composition by dry weight . Usihg 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 

vegetation . 

me asureme nts of 

At each plot corner and center a soil pit was dug and 

examined in September 1981 . In order to consider a plot 

homogeneous , four out of the five soil pits should have 

highly similar soil characteristics like soil color , 

texture , reaction , rooting depth , hardpans etc . 

A meterological station was established at the 

southwest corner of the study area on July 7 , 1981 , to 

monitor air temperature , r elative humidity and precipitation 
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Temperature and relative humidity were measured just above 

the shrub canopy height. 

All data on soil seed reserves and seed rain were 

collected from the three raired (unburned and burned) 

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

soil 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 

sample collection began 3 months later (December 11, 1981) 

and continued for 15 months . 

The three rectangular paired plots were located south 

of the four plots established prior to the burn (Figure 4). 

These plots were gridded at one meter intervals with plastic 

twine (Figure 6a) . Coordinates were chosen randomly to place 

twenty seed traps (75.8 cm 2 surface area each) per plot (40 

per plot pair). The grid helped in locating the ex2ct 

positions of seed traps and sampling points for soil seed 

reserves. 

The seed traps were constructed of 20 cm long pieces of 

15 . 2 cm (6 inch) diameter_ plastic irrigation pipe and 240 ml 

(8 oz.) plastic funnels. One end of the pipe was buried 

flush with the ground surface . A funnel was then placed in 

the pipe and filled with well - washed pea-sized gravel to 

prevent turbulence around and in the trap and hold it down 





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. 
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in the wind . A cotton thread had been i nserted through the 

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

thread aided in drainage of rain water from the funnel to 

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 p l ug prevented the loss of seeds , but 

al lowed water drainage to the soil. Traps were emptied of 

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

1982; June 2, 1982 ; September 11 , 1982; and December 12, 

1982 . 

Seed and other sediment were separated from the gravel 

in the field using a 0.25 centimeter mesh sieve. The 

separated seeds and other sediment were carefully placed in 

individual ziplock plastic bags, labeled , and transported to 

the labora tory . 

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 

upper 2 and next 3 centimeter depths (4 5 . 8 and 68.7 cubic 

centimeters respectively) using a sharp scraper . An 

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 platform was used to 
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stand on during the sampling of soil seed reserves and seed 

rain (Figure 7) . 

I f the soi 1 was dry it was pre - wetted to 5 cm or 

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

pipe ( 10 cm diameter and 20 cm length) into the soi 1 leaving 

a part of its height above the soi l surface to help in 

holding water . The hammered pipes were left holding water 

overnight . This was done in order to obtain stable soil 

cores of more exact volumes than was possible in dry soils . 

Each soil seed reserve sample was carefully placed in 

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 

from a sketch map which depicted to scale the surface cover 

of different plots immediately after the fire . This allowed 

soil seed reserves and seed rain analysis data to be related 

to the distance to nearby p 1 ants or "hot " points . 

La bor a tor y opera t io ns 

In the laboratory , all seed rain and soi l seed reserve 

samples were air - dried for two days to prevent seed 

germination in the period during which the samples were 

stored in a cold room . Samples were stored at 0+2 degrees C 

for a maximum of three months . 





Figure 7 . 
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. 
Photograph of the portab le platfo r m used to 
stand on while sampling . This minimized 
disturbance of the study p lots during seed 
rain and soil seed reserve sa~ple collections. 
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Soil 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 

hexametaphosphate , S grams of sodium bicarbonate and 25 

grams of magnesium sulphate dissolved in 200 ml of tap water 

(Malone 1967). The soil sample in the salt solution was then 

agitated for 2 - 3 minutes to facilitate separation of organic 

material tra;:>ped between mineral particles. Flotation of the 

organic material was achieved by leaving the solution 

undisturbed for 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 2ossible adverse effect of highly 

concentrated salt solution on the viability of the recovered 

seeds. The flotation operation was repeated several times by 

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 

temperature for 48 hours . 

Efficiency of this flotation procedure in extracting 

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

as high as 100 :_Jercent for the seeds of most plant species . 
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For the purpose of testing the efficiency of this procedure 

in extracting seeds of range plant species , 100 seeds per 

srecies of _?:_£!_5:._£:2i__§_i__§_ trident at a , Chrysothamnus 

viscidiflorus , Bromus tectorum 

gathered from the study site were mixed with clean 

vermicu 1 i te and carried through the sarile ste;::,s 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 repeati ng the flotation again, the 

efficiency increased to 100 percent or complete seed 

recovery. 

The same flotation procedure was used to separate 

organ ic material from other sediment in seed rain samples . 

Seeds in the separated organic material of soil seed 

reserve and seed rain samples were separated with bodkins 

and tweezers under a binocular zoom microscope with 10 - 30 X 

magnification. The seeds in both soil seed reserves and seed 

rain samples were then sorted by S?ecies. Species 

identification was facilitated by use of a binocular zoom 

microscope and a seed herbarium . 

The seed herbarium had been formed by collecting seeds 

directly from their parent plants over the tv,o years of 

field work . Seeds dissimilar in morphological and 

anator;iical characteristics were successfully identified to 
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species , but those which were highly similar were identified 

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

Seed viabi lity was ind exed by a tetrazo l ium chloride 

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

separated seed from the soil seed reserve and seed rain 

co 11 ect ions for enough time ( 2 - 3 days) in via 1 s containing 

tap water. The soaking period depended on the hardness of 

seed tes ta or in the case of grasses, the lemma and pa 1 ea . 

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 lik e lihood of obtaining a positive tetrazolium 

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

ha 1 ves by use of a sea 1 pe 1 . Two to three drops of 0 . 5 gram 

tetrazolium chloride crystals dissolved in 200 ml o f 

distilled water were added to the vials which contained 

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 

classified as dead (Figures 8a , band c) . 





Figure 8 . 
a. Photograph of intact seed of Ch~ysothamnus 
spp. under a binocular zoom microscope 
(magnified lOX). 

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



(Figure 8b) 
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Figure Sc . Photograph of 1 i ve Brom us tectorum embryo 
showing red dish co l ora tion fro m application of 
the tetrazolium test to rapi d ly r espiring 
tissue . 
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The process of determining the ecological importance of 

buried viable seed banks is surrounded by the following 

problems : 

(1) Many perennial species evidently reproduce entirely 

vegetatively or at least rarely from seeds 

(Chippindale and Milton 1934 , Milton 1936 , 1939, 

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 

satisfactory manner since conventional experimental 

design usually requires random placement of samples. 

Square root transformation can be used to normalize 

skewed data and stabi 1 ize the variance (Roberts 

1958 , Sokal and Rohlf 1969) , but that can complicate 

interpretation of the data. For instance , if one 

transforms the raw data, then addition of square 

roots will not add to the square root of the total. 

(3) Determination of appropriate sample size frequently 

leads to sampling efforts too great to be practical 

(Rabotnov 1958, 1 964 , Champness 1949). Statistical 
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analysis of the first samples in the present stud y 

showed there should be 317 samples of soil seed 

reserves in order to show any significance (at alpha 

< 0 . 05 ). This was impractical , thus 20 samples per 

each plot were arbitrarily taken . 

(4 ) Not al 1 seeds can be easily recovered by a 

flotation procedure . Small dusty seeds will pass 

through the sieve mesh in this process . It becomes 

impossible to recover all seeds without catching 

fine soil particles as wel 1. This makes the 

identification process even more difficult . The 

sieve mesh chosen for _this study is a little smaller 

than any important p 1 ant seeds known to occur on the 

study site. 

(5) The possibility of seeds being trapp ed inside 

folded organic matter or attached to soil minerals 

is high . Such seeds can be easily lost and disappear 

from the analysis . In order to reduce such errors in 

this study , careful examination of organic material 

was done under a binocular zoom microscope and the 

flotation process was done twice . 

(6) There is some difficulty in identifying the species 

of seeds which are similar in their morphological 

features . Su ch 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 on ly to genus. 

Statistical analysis 

Analysis of variance was performed on the total and 

individual taxon means of soil seed reserves and seed rain 

density data aggregated for the differen t dates of 

collection, various treatments, and different sampling 

loc ations. In addition to these data aggregation methods, 

density data for soil seed reserves were aggregated by 

growth form and depth (Figure 9). 

Tests f or normality of the data were performed, 

revealing than al 1 data were not normally distributed. In 

order to fulfil the analysis of variance assumption 

concerning normality, square root transformations were 

performed on the data before application of the analysis. 

That is, the raw values obtained from each sample were 

transformed be£ ore addition in to treatment tot a 1 s. Th is is 

the required in order to perform analysis of variance (see 

page 35). 

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 

pairs 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. 

The experimental design of this study was a factorial 

complete randomized block . The existing statistical packages 

avai la ble for processing unbalanced data fail to separate 

error terms (PS and PDS , Appendices A and B) possessing more 

than 400 degrees of freedom . Th e best estimation of these 

errors, considering the existing computational limitations, 

was BPTLD (error d , Appendix B) for soil seed reserves and 

PBTL (err or C Appendix A) for seed rain . Th ese next best 

error term that were computationally available are larger 

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 

of variance tables are shown in Appendices C to H. 
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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 

' 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 

previous study plots , but because of random factors 

control ling wind conditions at the time of the fire. The 

prefire plant community of the site had an average point 

cover composition of 10 . 2 percent shrubby species , 39 . 7 

percent herbaceous species and 1.5 percent £orbs (se e 

de ta i 1 s in tab 1 e 2) . 

Soils 

Sixty prof i 1 es were examined. Near 1 y a 1 1 can be 

characterized as shallow and have fairly uniform silt loam 

surface textures . All profiles can be classified as coarse 

s i 1 ty , mixed mes ic , Xero 11 ic Ca 1 c iorthids . 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 

0 - 35 percent. Lime distribution is slightly to moderately 

calc i c . 
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The sub - surf ace horizon ( 8 - 2 6 cm thick) is cambic . I ts 

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

coarse fragments . 

The substratum (76 cm thick) is calcic or duric . The 

texture of this layer ranges from loamy sand to sandy loam . 

The coarse fragments are 0 - 75 percent . Lime is present as 

coatings , soft masses or filaments . Silica is present in 

durinodes or laminar cap shapes . 

Directly under the soil surface these soils display a 

modera t ely platy ve s icular horiz o n whe n dry . This mak e s t he 

soil fluffy with high porosity (Blackburn and Skau 1974 , 

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

surface soil in th e c o ntrol (unburn e d) plots was f o und to be 

1.28 (0 . 13 , stand a rd err o r o f the mean ) grams per cubic 

centimeter , whe r ea s at the burne d pl o ts it was found t o be a 

little higher, 1.35 (0 . 11 ) grams per cubic centimeter. These 

differences wer e n o t st a tistically significant (alpha 0 . 05). 

Study of the soil profiles and pre - fire aerial 

photographs gav e c o rroborating evidence that these burned 

plots locat e d next to the unburned plots were similar to the 

unburned and nearby plots studied prior to the fire . 

Climate 

The study site received about 38 . 6 cm precipitation 

from J uly , 1981 to July , 1982 , making that period wetter 

than normal (Tab l e 3 an d Figure 1 0 ). This site received 
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Table 3. Summary of short term precipitation recorded 
at the study site compared to short and l o ng - term 
precipitation at the closest comparable permanent 
station (Levan) . 

Month 

1981 
July 
August 
September 
October 
November 
December 
1982 
January - March 
April 
May-June 
Ju l y 
Total 
August 
September 
October 
November 
December 
Total 

* =Fifty year 

Sho r t Te r m * Long Term 

Total Precipitation (cm) 

Study 
Site 

2 . 80 
2 . 1 7 
2 . 00 
9 . 80 
2. 28 
3 . 19 

9.80 
0.21 
4 . 66 
1. 72 

3 8 . 6 3 
3 . 01 
7 . 35 
3 . 68 
2 . 03 
2 . 6 3 

18 . 7.0 

average 

Levan 

3 . 6 3 
2 . 26 
2 . 36 
9. 88 
1. 50 
3 . 07 

10 . 41 
0 . 69 
5 . 11 
2 . 8 7 

41 . 78 
3 . 05 

15 . 88 
5 . 89 
2 . 41 
4 . 04 

31 . 27 

Levan 

1. 73 
2 . 31 
2 . 6 7 
2 . 7 6 
3 . 15 
3 . 4 8 

8 . 54 
4 . 22 
5. 31 
1 . 63 

3~ 
2. 31 
2 . 6 7 
2 . 77 
3 . 15 
3 . 4 9 

14 . 3 8 
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a b out 1 8 . 7 cm during the rest of the study period . The 

precipitation during the whole study pe r iod was consistent 

with long and short term records with the closest compa r able 

station ( Levan , see Figure 10 ) and with the SCS si t e 

description . Temperature and humidity data are summarized in 

F igure s 11 and 1 2 , respectively . 

Vegetation differ e nces due to fire 

Comparison of percent cover of plants and ground cover 

materials on the burned and unburned plots from the data 

collected in 1981 , shows that the fire was hot enough to 

have destroyed all the aboveground vegetation on the bu r ned 

plots . The vegetation and ground cover were highly similar 

between the plots studied prior to the burn (just one week 

before the fire) and the unburned plots selected a·nd 

inventoried six weeks after the fire (Table 2) . 

Bare ground increased from 14 . 2% b efore the fire to 

77 . 3% six 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 

bu r ned shrubs left standing after the fire . Litter decreased 

f r om an average 15 .4 % b e f ore the f ire t o 9 . 3% soo n afte r. 

The percent gravel remained almost the same before and soon 

after the fire . 

Cove r of microphytic crusts cove r wa s 1 2 . 8% be f ore the 
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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 fir e , vegetation and ground cover 

were greatly different than the year before (Table 2 , 

Figures 13 and 14). Total live vegetal cover had recovered 

by 1982 to a level higher than the pre-burn status (51 . 7% 

vs . 44.5%) . This was, however, almost solely a function of 

the profound increase in Bromus tectorum. This annual grass 

contributed 6 . 3% to total vegetal cover prior to the burn , 

but contributed 35 . 7% to total vegetal cover one year after 

the fire. The perennial bunch grasses collectively 

contributed 30% to the total vegetal cover prior to the 

burn , but made up only 16.0% of the total vegetal cover in 

the burned plots one year after the fire . 

Brush cover , mostly Wyoming big sagebrush (Artemisia 

tridentata ssp . wyomingensis) , prior to the fire was 6 . 5%. 

One year later it contributed no cover to the burned plots. 

Sticky flowered rabbitbrush (Chrysothamnus viscidiflorus) 

decreased from 7 . 3% cover in 1981 prio r to the fire to zero 

cover in the burned plots one year later . Mormon tea 

(Ephedra nevadensis) was the only shrub to reest ablish its 

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

fire was 2 . 5%, and 1. 3% one year later. This recovery is 

apparently related to its strong ability to sprout from root 

crowns . 



4 8 

Figu r e 1 3 . P h otog r aph of a control (un b u r n ed ) ~ l ot a 
year after t h e fir e . 
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Figure 14 . Photograph of the study a r ea a yea r afte r the 
fire . 



The fire effects on g e rmi nabl e 
soi 1 s e ed reserves (GSS R) r e ga r d l ess 
of the microsit e or sampl i ng de pth 

so 

The first GSSR sample of September 1981 should have had 

minimal errors associated with wind movement . Timing of the 

fire was important because it occurred afte r al l plant 

species but sagebrush and rabbitbrush had set and dispersed 

their seeds . There was not enough time for allochthonous 

sagebrush and rabbitbrush seeds to be incorporated into the 

soil since, the first sampling occurred before they set 

their th ei r seeds . 

In September 1981, six weeks after the fire , the GSSR of 

the burned plots was significantly (alpha <0 . 05) less 

(Figure 15a) than that of the unburned plots (38 . 7 seeds m- 2 ; 

vs . 85 . 5 seeds m- 2 ; Table 4) . Thus , it was concluded that 

fire can have a significant impact on the seed reserves of 

the plant community . 

Bromus tectorum , Agropyron spp. and Poa spp. were the 

only taxon level differences showing significantly (alpha~ 

0 . 05 , Table 5) lower densities of germinab l e seeds on the 

burned plots . ~~Q~~~ 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 15b ). 

No significant change in total GSSRs over that ob served 

i n S ep t em b e r was dete ct ed in Decem b er 1 98 1, i n ei t her t he 

bu r ned or unburned plots . 





Figure 15. 
a. Graph of mean tot a 1 germinab 1 e soi 1 seed 
reserves of transformed data (square root of 
seed m- 2 ), with LSD (alpha=0.05) on the unburned 
and burned p 1 ots . 
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Table 4. Summary of mean soil seed reserve densities 
(germinable seed per m2 ) in the surface 5 cm of 
soil on unburned (control) and burned sites near 
Mil ls, Utah, for several collection dates (Number 
in parentheses=one standard error of the mean). 

Growth form and 
Species 

Grasses: 
l Bromus tectorum 
2 Agrooyron spp. 
3 Poa spp. 
4 Orvzopsis hymenoides 
5 Stipa comata 
6 Sitanion hvstrix 

forbs: 
7 Descurainia pinnata 
8 Engeron spp 
9 Erioaonum cernuum 

10 Allium acuminatum 
11 ~alcea spp. 
12 Phlox spp. 
13 Mentzelia albicaulis 
14 Cordaria draba 
15 Helianthus spp. 
16 Senecio spp! 

Shrubs: 
17 Artemisia spp. 
18 Chrysot hamnus spp. 
19 Eohedra spp 
20 Purshia tridentata 
21 Junip erus osteosperma 
22 Unidentified 
23 Total 

t Growth f orm and 
Species 

Grasses: 
l Bromus tectorum 
2 AaroDvron spp. 
3 Poa spp. 
4 Orvzoosis hvmenoides 
5 Stipa comata 
6 Sitanion hvstrix 

forbs: 
7 Descura inia pinnata 
8 Eriaeron spp. 
9 Erioaonum cernuum 

10 A llium acuminatum 
11 Sofiaeralcea spp. 
12 Phlox spp. 
13 Mer\tze lia albicaulis 
14 Cordaria draba 
15 Helia nth us spp. 
16 Seneci o spp. 

Shrubs: 
17 Artemisia spp. 
18 Chrysothamnus spp. 
19 Ephedra spp. 
2 0 Purshia tridentata 
21 Junioerus osteosperma 
22 Unidentified 
23 Total 

Sept 
1981 

39.2 
5.0 
5.4 
l. 9 
0.0 
0.0 

15. l 
5.2 
0. 2 
1.3 
0.5 
o.o 
0.4 
0.4 
0.0 
0.0 

3 . 7 
1.8 
0.0 
o.o 
0 . 0 
5. 4 

85.5 

9. 4 l 
2 . 5 l 
3. 8 l 
l. 7) 

5. 9) 
8. 2 I 
0. 4) 
l. 1) 

O. 6 I 

O. 6 I 
O. 6 I 

l. 9) 
2. 0) 

( 2. 5 l 
( 29. 8 I 

Se pt 
1981 

19.8 
0 . 4 
2. 4 
2. 4 
a.a 
0.0 

6.8 
0.0 
0.5 
0. 4 
0.0 
0. 8 
1.4 
0.5 
0.4 
0.0 

1.8 
0.0 
0.0 
a.a 
a.a 
1.1 

38.7 

( 5. 3 I 
! O. 6 I 
( 2. 2 l 
(1.41 

( 2. 6) 

(0. 8 l 
(0. 6 l 

( 0. 9) 
(1.0) 
(0. 7) 
( 0 . 6) 

(1.5) 

(1.01 
( 8. 5 l 

NON=Detected but not al iv e. 

Unburned 

Dec 
1981 

4 5. 5 
4 . 4 
5.0 
3. 9 
0. 4 
0.0 

15.5 
0.0 
3. l 
0.9 
0.0 
4.7 
0.0 
0.0 
0.0 
0.0 

5.8 
·o. 9 
0.0 
0.5 
0. 6 
0. 4 

91. 5 

!l J. 9 I 
( 2. l l 
( 2. 4) 
( 2. 0 l 
( 0. 7) 

5. 1) 

l. 9) 
l. l l 

2. 8) 

4. 0) 
0. 9) 

0. 8 l 
1.0) 

( 0. 7) 
( 19. 0) 

Mar 
1982 

14. 1 
l. 3 
3. 8 
3. 1 
0 . 3 
0.3 

2. 2 
0.6 
0. 3 
0.0 
0.0 

NON 
0.0 
0.0 
a.a 
0.3 

5. 3) 
1.4) 
2. 2) 
2. 0) 
0. 6 l 
o. 5) 

l. 4) 
O.R) 
0. 5) 

0. 6) 

1.5 1.2) 
0. 4 0. 6) 
0.0 
0.0 
0.0 

NON 
28.2 ( 8.1) 

Burned 

Dec 
1981 

16.9 
2.0 
0.9 
3 • 7 
0.0 
0.0 

3. 6 
0.8 
0. 5 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
0.0 

o.o 
0. 9 
0.0 
0.0 
0. 6 
0.0 

30.8 

( 6. 2) 
( l. 4) 

(1.0) 
( 2. 3) 

( l. 7) 

( 0. 9 l 
( 0. 8 l 

(1.4) 

(1.0) 

( 0. 7) 

( 7. 7) 

Mar 
1982 

9. 3 
0.6 
l. 4 
l. J 
0.6 
0.2 

1.0 
0.0 
l. 2 
0.0 
0.0 
0.2 
0.0 
0.0 
a.a 
0.0 

0.3 
0.2 
a.a 
0.0 
0.0 
0.0 

16.3 

( 3. 9) 
(1.0) 
11. 2 l 
( l. l I 
( 0. 9) 
IO. 3) 

( 0. 8) 

( 0. 9) 

(0. 3) 

( 0. 5) 
Io. 4 I 

( 5. 4) 

Jun 
1982 

8. 8 
0.0 
1.3 
0.6 
a.a 
0.0 

1. 3 
0 .0 
o.o 
0. 0 
0.0 
0.7 
a.a 
0.0 
a.a 
0.0 

0. 3 
0.0 
a.a 
0.0 
0.0 
0.0 

lJ. 0 

( 4. 9 I 

(1.01 
( 0. 7) 

( l. 2) 

(1.1) 

( 0. 3) 

( 6. l) 

Jun 
1982 

2.2 
0.0 
0.1 
0. l 
0.0 
0.0 

0. 6 
o.o 
o.o 
o.o 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 

o.o 
o.o 
0.0 
0.0 
0.0 
o.o 
3. 3 

(l.3) 

(0. 2 l 
(0. 3) 

(0. 6) 

(0. 5) 

(1.5) 

Sept 
1982 

41. 5 
2. 7 
4. 4 
J. 9 
1.6 
l. J 

4. 5 
l. 2 
1.2 
0. 3 
0.0 
4 • 4 
0.0 
0.0 
0.0 
3. 7 

0.7 
2 . l 
0.5 
0. 3 
0.0 
o.o 

74.3 

( 13. 7 l 
( 2. 0) 
( 1.9) 
( 1.9) 
( l. l) 
( 1.0) 

2. 3 I 
0 . 9 l 
0 .9) 
0. 5) 

(OJ. 8) 

4. 6) 

o. 7 I 
l. 2) 
0. 6) 
0.4) 

( 1 9. 4) 

Sept 
1982 

71.9 
3 . 5 
0. 7 
0. 5 
0.0 
0. 3 

1. 6 
0.0 
0 .3 
0.0 
0.0 
0.6 
0.0 
0.0 
0.0 
0.0 

0.3 
0.0 
0.0 
0.0 
0.0 
0.0 

79.7 

( 20. 9) 
( l. 4) 

( 0. 7 I 
( 0. 5) 

0. 4) 

1.0) 

0 . 4) 

( 0. 6) 

( 0. 5) 

(21.8) 
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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 wnole study period) at both unburned and 
burned plots. Last column shows LSDs (alpha =0.05) for the 
species showing significant differences. 

Species 

Bromus tectorum 
Aqropyron spp. 
Poa spp. 
Qrvzopsis hvmenoides 
St i oa coma ta 
Sitan i onhys tr i X 

Descurainia pinnata 
Erigeron spp. 
Eriogonum cernuum 
Artem1s1a spp. 

Unburned Burned 

Sept Dec Mar Jun Sept Sept Dec Mar Jun Sept 
81 81 82 82 82 81 81 82 82 82 

2.65 
0.47 
0.36 
0.19 
0.0 
0.0 
l. 12 
0.05 
0.03 
0.37 

2.50 
o. 43 
0.44 
0.39 
0.04 
0.0 
l. 17 
0.0 
0. 29 
0.39 

l. 4 9 
0 .11 
0.36 
0.34 
0.04 
0.03 
0.24 
0. 0 7 
0.03 
0.16 

0.68 
0.0 
0. 15 
0.07 
o.o 
o.o 
0. 13 
0.0 
0 . 0 
0.03 

2.36 
0.47 
0. 4 6 
0. 40 
0.18 
0.15 
0.42 
0. 14 
0. 14 
0.08 

l. 4 2 
0.03 
0. 16 
0.24 
0.0 
0.0 
0.62 
0.0 
0.04 
0.02 

1.05 
0. 19 
0.08 
0.29 
0.0 
0.0 
0.36 
0.07 
0.04 
0.0 

0.72 
0.04 
0. 14 
0. 13 
0.04 
0.02 
0. 12 
0.0 
0. 11 
0.03 

0.24 
0.0 
0.02 
0.02 
0.0 
0.0 
0.08 
0.0 
0.0 
0.0 

3.09 
0.39 
0.07 
0.06 
0.0 
0.03 
0.20 
0.0 
0.03 
0.03 

LSD 

0.54 
0.22 
0. 12 
0. 12 
0.04 
0.06 
0. 31 
0.07 
0.12 
0. 19 

Table 6. Summary of means of tra n sformed data on observer. 
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 microsites (see appendix I.l-I.10 for LSD of each 
pair in comparison) 

Species 

Bromus tectorum 
Agropvron spp. 
Poa spp. 
Ocyzopsis hvmenoides 
Stipa ~ 
S1tanion hystrix 
Descuirania pinnata 
Er1qeron spp. 
Eriogonum cernuum 
Artem1sia spp. 

Species 

Bromus tectorum 
Agrooyron spp. 
Poa spp. 
Ocyzopsis hymenoides 
Stipa comata 
Sitanion hvstrix 
Oescurain1a p1nnata 
Erigeron spp. 
Erioconum cernuum 
Artem1sia spp. 

Unburned 

Canopy Interspace 

Sept Dec Mar Jun Sept Sept Dec Mar Jun Se p t 
81 81 82 82 82 81 81 82 ~2 82 

3.62 
0.82 
0.77 
0.28 
0.0 
0.0 
l. 61 
0.09 
0.08 
0.40 

3.90 
0.67 
0.46 
0.56 
0.0 
o.o 
l. 68 
o.o 
0. 3 4 
0.53 

1.50 
0.23 
0.68 
0.66 
0.02 
0.07 
0.25 
0. 14 
0.07 
0. 15 

"Hot" 

0.38 
0.0 
0.06 
0.0 
0.0 
0.0 
0.06 
0.0 
0.0 
0.07 

3. 4 8 
0. 7 8 
0.67 
0. 58 
0. 26 
0.20 
0.70 
0. 2 4 
0. 13 
0. 10 

l. 95 
0. 2 2 
0.07 
0. 12 
o.o 
0.0 
0. 78 
0.02 
o.o 
0.35 

Burned 

1.0 
0. 25 
0. 4 4 
0 . 26 
0.06 
0.0 
0.79 
0.0 
0.26 
0.29 

0. 8 l 
0 . 0 
0.09 
0 . 07 
0.06 
0.0 
0.23 
0.0 
0. 0 
0. l 7 

"Cold" 

0.91 
0.0 
0. 2 3 
0. 13 
0.0 
0.0 
0. 19 
o.o 
0.0 
0.0 

l. l 3 
o.o 
0. 2 3 
0 . 1 4 
0.07 
0.07 
0.0 
0.0 
0.0 
0.07 

Sept Dec Mar Jun Sept Sept Dec Mar Jun Sept 
81 81 82 82 82 81 81 82 82 82 

0.93 
0.0 
0.22 
0.16 
0.0 
0.0 
0.36 
0.0 
0.09 
0.19 

0.83 
0. 15 
0. 78 
o. 31 
0.0 
0.0 
0. 3 4 
0. 14 
0.0 
0.0 

0.53 
0. 10 
0.12 
0. 2 4 
0 . 0 
0.06 
0.09 
0.0 
0.15 
0.0 

0. 0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
o.o 
0.0 
0.0 

4. 8 8 
0.52 
0.06 
0. 10 
0. 0 
0. 05 
0.21 
0.0 
0.07 
o.o 

l. 79 
0. 6 9 
0.12 
0.31 
0.0 
0.0 
0.81 
0.0 
0.0 
0. 12 

1. 27 
0.2 3 
0.07 
0.27 
0.0 
0. 0 
0. 38 
0 . 0 
0.80 
0. 0 

0. 81 
0 . 0 
0.16 
0.05 
0.08 
0 .0 
0. 14 
o.o 
0 .0 8 
0.05 

0. 41 
0.0 
0.03 
0.04 
o.o 
0.0 
0. 14 
0.0 
0.0 
o.o 

1.05 
0. 26 
0.07 
0.0 
0.0 
0.0 
0. 19 
0.0 
0 . 0 
0 .0 7 





Figure 15. 
b. Bar graph showing the total and taxa level 
germinable soil seed reserve dynamics at the 
control (unburn ed) and burned plots. Numbers 
indicate different taxa (see Table 4 f or 
numerical codes) . 

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

1982 (Tabl e 4) compared to earlier sampling periods . This 

decline is presumably related to lack of seed rain and 

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. Th ese minima were found to be significantly 

lower than GSSRs collected during all previously mentioned 

samp li ng periods. 

Total GSSRs on both types of plots increased 

significantly between June and September 1982. Peak total 

GSSRs were reached in September on both burned and unburned 

plots (Figure 15a). 'J'.he profound increase in total GSSR on 

the burned plots was almost entirely due to cheatgrass 

(Table 5) , which underwent a rapid expansion in the year 

following the fire. Its cover increased from zero to 35 . 7 

percent on the burned plots (Table 2). The differences in 

total GSSRs between burned and unburned sites were not 

statistically significant by September 1982. Bromus tectorum 

comprised 90 . 2 percent of the total GSSR detected on the 

burned plot in September 19 82 , showing the eno rmous 

reproductive capacity of this species shortly a year after 

fire . Although the vegetation on the unburned plots was 

rich in bunchgrass cover (Table 2) , the GSSR contained few 

of their seeds at all sampling periods . The recovery of 
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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 of 

the fire was important in the way it affected seed of 

undesirable shrubby species, especially sagebrush. 

Significantly fewer sagebrush seed per square meter were 

detected on the burned plots in September 1981 compared to 

the unburned plots during the same sampling period (see 

Tables 4 and 5 and Figure 15b). 

Fire effects on GSSR at different 
microsites in burned 
and unburned plots 

Highest mean GSSR density was found in the undercanopy 

compared to all other types of microsites in unburned and 

burned plots in September 1981. Significantly greater Bromus 

tectorum , Agropyron spp ., Poa spp., Oryzopsis hymenoides and 

Descurainia pinnata GSSRs were found in the undercanopy 

microsite on the unburned plots than in the interspace 

microsite in this sampling period (Tables 6 and 7, Figures 

16a 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 in the 

interspaces. This is evidence that seeds accumulated where 

shrubs were growing (canopy), with few seed found in bare 

areas (interspace). Apparently this is related to the semi-
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Table 7. Summary of mean soil seed densities (germinable 
seed count m2 ) in the surface 5 cm under canopy and 
in interspaces on unburned (control) sites near 
M i l l s , Utah, at sever a l co l l e ct ion dates (Numbers 
in parentheses=one standard error of the mean). 

Growth Form and 
Species 

Grasses : 
Bromus tectorum 
Aqrcioyron spp. 
Poa spp . 
Oryzopsis hymenoides 
Stipa comata 
Sitanion hystrix 
Forbs: 
Descurainia pinnata 
Er1geron spp. 
Eriogonum cernuum 
Allium acum inatum 
~alcea spp. 
Phlox spp. 
Mentzelia albicaulis 
Cordaria draba 
Heliant hus spp. 
Senecio spp. 
Shrubs: 
Artemisia spp. 
Chrysothamnus spp 
Ephedra spp. 
Pursh1a tridentata 
Juniperus osteosp e rma 
Unidentified 
Total 

Growth Form and 
Species 

Grass es: 
Bromus tect o rum 
Agropyr on spp. 
Pea spp. 
Orvzopsis hvmenoides 
Stipa comata 
Sitanion hystrix 
Forbs: 
Descurainia pinnata 
Eriaeron spp. 
Er109onum cernuum 
Allium acuminatum 
~alcea spp. 
Phlox spp 
Meii°tzelia albicaulis 
Cordaria drab-, 
Helianthus spp. 
Senecio spp. 
Shrubs: 
Artemi si a spp. 
Chrysothamnus spp. 
Eched r a spp. 
Purshia tr id entata 
Junicerus osteosperma 
Unidentified 
Total 

ND =Not detected. 

Sept 
1981 

61. 9 
8.9 

11. 9 
3. 2 
0.0 
o.o 

25.5 
1.0 
0.5 
l. 8 
0.0 
0.0 
0.8 
0.0 
0.0 
0.0 

( 12. l l 
( 3. 3 l 
( 5. 7) 
( 2. 3) 

7. 8) 
1.0) 
0. 6 l 
1.4) 

1.0) 

Dec 
1981 

79.4 (18.8) 
6. 9 ( 2. 6) 
5. 4 ( 2. 7) 
5. 7 ! 2. 4 l 
o.o 
0.0 

23.l 6.0) 
0.0 
3. 7 2. 0) 
0.0 
0.0 
6.9 (03.6) 
0.0 
0.0 
0.0 
o.o 

Canopy 

Mar 
1982 

20. 3 (7. 0) 
2. 7 ! 2. 0) 
7. l ! 2. 9) 

11.l (8.3 ) 
5. 7 ( 6. 7) 
0. 6 ( 0. 7) 

Jun 
1982 

3.8•(2.31 
ND 

0.5•10.5) 
0.0 
0.0 
0.0 

2.6 11.7) 0.5 10.5) 
1.4 (1.2) 0.0 
0.6 (0.7) 0.0 
0.0 0.0 
o. 0 0. 0 

NON O. 0 
0.0 0.0 
o.o o.o 
0.0 0.0 
0.0 0.0 

3. 7 I 1.9) 8.3 5.1) 1.3 11.l ) 0.7 10.8) 
10.2 

0.0 
0 . 0 
0 .0 
8. l 

(11.3) 0.4 0.4) 0.8 (0.8) o.o 
0.0 0.0 0.0 
0.0 0.0 0.0 
1.3 1.5) 0.0 0.0 

( 2 . 9) NON O . 0 0 . 0 
13 7. 5 (43.5) 141.l (24.5)54.2 (10.5) 5.5 (3.5) 

Sept 
1981 

22.9 (5.6) 
2.2 (1.4) 
o. 8 (l. 1) 
1.0 ( 1.0) 
0.0 
0.0 

9 .1 ( 3. 8 l 
NON 

0.0 
1.0 (0. 9) 
0. 8 ( 0. 7) 
0.0 

NON 
0 . 6 ( 0. ll) 
0.0 
0.0 

3. 7 
0.7 
0.0 
0.0 
0.0 
3. 5 

46.3 

( 1. 9) 
( 0. 8) 

( 2 .1) 
( 7. 7) 

Dec 
1981 

19.7 
2. 5 
4 . 7 
2.6 
0.8 
o.o 

9. 7 
0.0 
2. 8 
1.5 
0.0 
3.1 
o.o 
0.0 
o.o 
0 .0 

6. l ) 
l. 6) 
2. 2) 
l. 6) 

0. 9 l 

Inters pace 

Mar 
1982 

8. 4 ( 2. 9 l 
0.0 
0. 8 ( l. 11 
0. 7 (0. 9) 
0. 5 10. 7) 
0. 0 

4 .1) 1.9 11.1) 
0.0 

l. 8) o.o 
1.4) 0 .0 

0.0 
2. 0) NON 

0.0 
0. 0 
0.0 
0. 6 ( 0. 8) 

3.8 ( 2.8) 1.7 (1.3) 
1.3 ( 1.2) 0.0 
0. 0 0. 0 
0.8 (01.1) o.o 
0. 0 0. 0 
0.7 ( 0.9) NON 

54.0 (10.9) 14.6 (4.1) 

Jun 
1982 

12.5 (6.2) 
0.0 
2 .1 (l. 3) 
1.0 (1.0 ) 

0.0 
0 . 0 

1.9 (1.5) 
0.0 
0.0 
0.0 
0 .0 
1.3 (1.4) 
0.0 
0 . 0 
0.0 
0.0 

0.0 
o.o 
0.0 
0.0 
o.o 
0.0 

18.8 (7.2) 

Sept 
1982 

55.2 
7.5 
6.( 
5. 7 
2.2 
1.8 

( 13. 7) 
( 2. 5 l 
( 2. 3) 
( 02. 3 l 
( l. 3) 
( 1.2) 

7. 4 3. 0 l 
2.1 ( 1.2) 
1.9 (01. ll 
0.5 (00.6) 
0.0 
6. 9 ( 4. 8) 
0.0 
0.0 
0.0 
5. 7 6. 0) 

0 . S 
2. 6 
0.8 
0.5 
0 .0 
0.0 

0. 8 ) 
l. 4 l 
0. 8 l 
0. 6 l 

108.5 ( 21. 0) 

Sept 
1982 

21.l (13.21 
NON 

1.3 ( 1.0) 
l. 2 ( 0. 9) 
0. 6 ( 0. 7 ) 
0. 6 ( 0. 7) 

NON 
o.o 
0.0 
o.o 
0.0 
0. 6 ( 0. 7 l 
0.0 
0.0 
o.o 

0.6 
1.2 
0. 0 
0.0 
a.a 
o.o 

27.2 

NON 

( 0. 6) 
( 0. 9 l 

( 14. l l 
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LSD PAJR IN COMPARISON) 

Figure 16a Graph of total germinable soil seed reserves 
of transformed data (square root of seed m-1 

) , 

with LSD (alpha=0.05) at different microsites 
of the unburned and burned plots. 



LSDs AT ALPHA LEVEL= 0 . 05 FOR CODED PAIRS WHICH SHOWED 
SIGNIFICANCES WITH CODINGS NUMBERS. 

CODES LSD CODES 

IT3 - 115 
121 - 123 
115-124 
122 - 123 
122 - 124 
122 - 222 
221 - 222 
221 - 223 
221-224 
222 - 223 
222-224 

LSD 

lll - 113/ 
111 - 114/ 
111-115/ 
111 - 121 1 

111-211 
112 - 113 
112 - 114 
112-122 
112 - 212 

0 . 8 

/113-114 
/113-123/ 
/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 

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

l =UNBURNED 
2 =BURNED 

SECOND DIGIT= LOCATIONS 
WITHIN UNBURNED (1-2) 
l=CANOPY AND 2=INTERSPACES 
WI THIN BURNED PLOTS (1 - 2) 
l =" HOT" POINT AND 2= "COLD" POINT 

THIRD DIGIT = SAMPLI NG DATE 
l =SEPTEMBER 81, 2 =D2CEMBER 81 , 
3 =MARCH 82 , 4=JUNE 82 , AND 
5 =SEPTEMBER 82 

(Figure 16a . continued ) 

61 





Figure 16. 
b. Bar graph of mean tota 1 and taxa 1 eve 1 

germinable soil seed reserves dynamics at the 
different microsites on control and burned 
plots. Numbers indicate different taxa ( se _e 
Tabl e 4 for numerical codes) . 

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

1977), where seed fall is greatest closest to mother plants. 

The total GSSR of the canopy microsite in September 

1981 was composed of 45 percent cheatgrass, 17.4 percent 

bunchgrass seeds , 21.5 percent forbs , and 13 . 9 percent 

shrubs (T ab l e 7 and Figure 16b). The rest was composed of 

1-2, at most, unidentified species . Cheatgrass contributions 

to the total GSSR were relatively high even in this good 

condition sagebrush grass range 1 and , a 1 though it comprised 

only a small proportion of the vegetation (Tabl e 2) . 

In the interspace microsites in September 1981 , fifty 

percent of the total GSSR was cheatgrass, 8.6% was 

bunchgrasses , 11.5% was £orbs and 4 . 4% was shrubs (Table 7 

and Figure 16b). 

Only Eriogonum cernuum in both microsites of unburned 

plots and Paa species in the interspaces showed significant 

increases in December 1981 compared to the previous sampling 

interval within the same type of microsite. Increases in 

these and other taxa were too slight to cause any 

significant change in total GSSR by December 1981 at both 

unburned microsites (Figure 16a, Table 6) . 

Significantly less total GSSRs were found on both 

unburned microsites (ca nopy and interspaces) in March of 

1982 compared to previous periods (Figure 16a). 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 

continued to decrease signicantly at the canopy microsites 

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

square meter) (Figure 16a,table 7). It then increased 

significantly to reach its peak (108.5 seeds per square 

meter) in September 1982 , after almost all plants had 

dispersed their seeds. This increase was found to be 

significantly higher than March and June total GSSRs , but 

not significantly different from the level found a year 

before. The same is true for Bromus tectorum. 

~!1£~ and ~l!~~lQ~ spp. showed up in the GSSR of 

September 1982 at the canopy microsite, whereas a year 

before they were undetected . Descurainia 

Artemisia spp . decreased significantly (Table 6) in 

September 1982 at the same microsite compared to the levels 

a year before. This may be related to fire destruction of 

parent plants around the relatively small unburned plots . 

Total GSSR in the interspace microsite on the unburned 

plots decreased significantly to reach the minimum (14.6 

seeds per square meter) in March 1982 (Table 7 , Figure 16a). 

This GSSR density was also found to be significantly 

different from GSSR density in the canopy microsites for the 
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same sampling interval (Table 16a) . Total GSSR in the canopy 

microsite 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). 
I 

Fire on the "hot " spots (wher e shrubs had been growing) 

reduced total and most taxon GSSRs significantly compared 

to canopy microsites in September 1981 (Figur e 16a , Table 

8 ). Th e 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 in September, 1981 (Table 8 , Figure 

16b) 

Artemisia spp .' Bromus tectorum , Agropyron spp . and 

Q~~£~£~i~i~ Ei~~~!~ GSSRs were significantly l ower on the 

"hot " points compared to canopy microsites in September 1981 

(Table 6 ) . 

The changes in total and al 1 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 

of microsite . This was also true for March 1981 totals and 
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Table 8. Summary of mean soil seed reserve densiti es 
(germinable seed per m2 ) in the surface 5 cm of 
soil in "hot " and "cold " spots on burned sites near 
Mil ls, Utah, at several collection dates (Numbers 
in parentheses =one standard error of the mean) . 

Growth Form and 
Sp ecies 

Grasses: 
Bromus tectorum 
~ron spp. 
Poa spp. 
Oryzopsis hvmenoides 
St1pa comata 
Sitanion hvstrix 
Forbs: 
Descurainia pinnata 
Erig eron spp. 
E~iooonum cernuum 
Allium acuminatum 
Sohaeralcea spp. 
Phlox spp. 
Mentzelia albicaulis 
Cordaria draba 
Helianthus spp. 
Senecio spp. 
Shrubs: 
Artemisia spp. 
Chrvsothamnus spp. 
Ephedra spp. 
Purshia tridentata 
Jun1Perus osteosperma 
Unidentif i ed 
Total 

Growth Form and 
Species 

Grasses: 
Bromus tectorum 
Acircipyron spp. 
Poa spp. 
Oryzopsis hymenoides 
Stipa ~ 
Sitanion hystrix 
Forbs: 
Descurainia pinnata 
Erigeron spp. 
Erioaonum cernuum 
Alliu~ acum1natum 
Sphaeralcea spp. 
Phlox spp. 
Mentzelia albicaulis 
Cordaria draba 
Heiianthus spp. 
Senecio spp. 
Shrubs: 
Artemisia spp. 
Chrysothamnus spp. 
Eohedra spp. 
Purshia tridentata 
Juniperus osteosoerma 
Unidentified 
Total 

Sept 
1981 

12.l (3.9) 
0.0 
3. 7 ( 3. l) 
1.8 11.8) 
0.0 
0.0 

3. 9 ( 2. 0 I 
0 . 0 
l.l (l.l) 
o.o 
0.0 
0.0 
0. 8 ( 0. 8) 

· 0. 0 
0. 8 (0. 9) 
0.0 

2.5 (1.8) 
o.o 
0.0 
0.0 
0.0 

"NON 
26.7 (9.2) 

Sept 
1981 

25.6 (6.1) 
o. 7 I 6. 8 I 
1.3 ( 1.6) 
2.9 11.5) 
0.0 
0.0 

9.0 (3 . 0) 
0.0 
o.o 
0. 6 10. 7) 
0.0 
1.4 11.2) 
1.8 11.l) 

NON 
0.0 
0.0 

1.3 
0. 0 
0.0 
0.0 
0 .0 

02. 0 
4 6. 6 

(1.1) 

11.3 ) 
I 7. 7 l 

NON=detected but not alive. 

Dec 
1981 

14. 4 
1.6 
1.0 
3.) 
0.0 
o.o 

I 6. 2 l 
(1.4) 
11.1) 
11.8) 

3. 7 ( 1. 9) 
1.7 11.3) 
0.0 
0.0 
0.0 
o.o 
o.o 
0.0 
0.0 
0.0 

o.o 
o. 9 (1.0) 
0.0 
0.0 
0. 4 (0. 4) 

0.0 
27.0 (7.8) 

Dec 
1981 

10.6 
2 .5 
0.8 
4. 1 
o.o 
0.0 

3. 6) 
1.6) 
0. 9) 
2. 8) 

3.5 1.6) 
o.o 
1.1 1.1) 
0.0 
0.0 
1. 8 2.0) 
0.0 
0.8 (01.0) 
0.0 
0.0 

0.0 
0.9 
0.0 
o.o 
0.8 
0.0 

26.9 

1.0) 

0. 9) 

7. 7) 

"Hot• spot 

Mar 
1982 

7. 6 ( 4. 4) 
1.3 (1.5) 
1.0 (1.1) 
2. 7 (1. 6) 
0.0 
0. 4 (0. 5 I 

0. 7 (0. 8) 
0.0 
1.6 (l.l) 
0.0 
0.0 
0. 5 (0. 5 l 
0.0 
0.0 
0.0 
0.0 

0.0 
0. 4 ( 0. 4) 
0.0 
0. 0 
0.0 
0. 0 

16.2 (6.2) 

"Cold" spot 

Mar 
1982 

12.1 (3.6) 
0.0 
1.7 (1.4) 
0. 4 IO. 4 I 
1.1 11.3) 
0.0 

1. 1 (0.8) 
0.0 
0. 6 ( 0. 6) 
o.o 
0.0 
0.0 
0. 0 
0. 0 
0. 5 (0. 6 l 
0.0 

0. 5 
0. 0 
0. 0 
0. 0 
0. 0 
0.0 

18.0 

(0. 6) 

I 4. 6 I 

Jun 
1982 

0.0 
0.0 
o.o 

NON 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
o.o 
0 . 0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 

NIL 

Jun 
1982 

3. 8 (1. 6) 
0 . 0 
0. 2 10. 2) 
0. 3 ( 0. 4 l 
o.o 
o.o 

1.1 (0.8) 
o.o 
0 . 0 
0.0 
0.0 
0. 5 10. 6) 
0.0 
o.o 
0.0 
0.0 

o.o 
o.o 
0.0 
0.0 
0.0 
0.0 
5.9 11.8) 

Sept 
1982 

122.4 125.9) 
4.8 ( 1.7) 
0.6 I 0.6) 
0. 9 ( 0. 7) 
o.o 
0. 5 0. 5 I 

1.9 1.1) 
0.0 
0. 5 0. 5) 
0.0 
o.o 
1. l 0. 8 l 
o.o 
0.0 
o.o 
o.o 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

132.7 (27.1) 

Sept 
1982 

14.2 16.4) 
2 .0 11. 0) 
O. 4 IO. 4 l 
o.o 
0.0 
0.0 

1. 3 (0. 8) 
o.o 
0.0 
o.o 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 

0.6 
0.0 
0.0 
0.0 
0.0 
0.0 

18.5 

10. 6 I 

I 3. 4 I 
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almost all taxa compared to the preceding period . The change 

in the GSSRs associated with canopy between December 1981 

and March 1982 were significant (Figure 16). 

Total GSSR at the " hot " spots in June 1982 was the 

lowest lev el of GSSRs achieved in the whole study period . 

Because these sites are probably more favorabl e 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 increased greatly . A great 

proportion of the regenerated vegetation was found to be 

cheatgrass (35.7% of the mean total plant cover , see Table 

2) . This rebound in cover was fol lowed by a significant 

increase of the total GSSR , reaching its peak in September 

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

related to the great increase of cheatgrass in the seed 

bank (92.2%) . The GSSR of other taxa remained significantly 

lower or not signicantly different from other sampling 

intervals . The great increa se of cheatgrass resulted in 

tota) GSSR in September 1982 reaching even the total GSSR of 

unburned plots during the first sampling period . Seed 

populations of other species , including undesirable species 

(e . g . Artemisia spp . ) , remained 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 f or 

con tro 1 1 ing some undes irab 1 e range p 1 ant seeds, but timing 

of the fir e was very important . 

Although cheatgrass seed density was reduced 

immediately after the fire, this spec i es had increased 

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

of most native perennial grasses had significantly lower 

densities on "hot " spots in September 1982 compared to their 

densities in the undercanopy microsite (Tabl e 6) . Recovery 

of these plant species may come from vegetative portions 

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 

8 and Figures 16a and b) . 

No significant differences between total GSSR at the 

" cold " spots and interspaces were found in September 1981 , 

but there was a significant decrease in the total GSSR of 

the " cold " spots in December 1982 compared to the 

previous sampling interval at the same microsite (Figure 

16b) 

Total and taxa GSSRs continued to decrease at " cold " 

and interspace microsites until they reached their minima in 

June 1982 . Total GSSR at these microsites increased to r each 
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their 1982 highs in September . These values were 

significantly low er than their GSSRs in the first two 

sampling periods and not significantly different than the 

rest (Table 8 and Figures 16a and b) . There were no 

significant differences in most GSSRs of different taxa 

between the "cold " and interspace microsites during similar 

sampling periods. 



Fire effects on GSSR at 
different s a mpling d ep ths 
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Comparison of total and taxon GSSR densities at two 

soil depths showed that the destructive effect of fire on 

seeds was greater in the surface 0 - 2 cm than sub - surface 

soil (2-5 cm depth) . That is , because there are more seeds 

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 . 7% of that 

found in the unburned p 1 ots (Tab 1 es 10 , 11 and Figure 1 7b) . 

Total GSSR in the deeper depth (2 - 5 cm) of the burned plots 

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

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

destroyed in absolute terms . The total GSSR for both depths 

combined in the burned plots was 56 . 3% less than for both 

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

GSSR occurs in the upper layer of the unburned and burned 

soils , respectively . 

A great proportion of total GSSR detected at the 

surface sampling depth was found to be cheatgrass seeds , 

even in September 1981 at the unburned plots (Table 10 ). 

This indicated that even on good condition rangeland, 

cheatgrass seed density was high . Although the vegetation 

was relatively rich in bunchgrass ( 38% cover) , their GSSR 

was found to be low, comprising only 15 percent of the total 

GSSR found at the surface sampling _de pth in the unburned 





Figure 17 . 
a. Graph of mean tota 1 germinab 1 e soi 1 seed 
reserves , of transformed data (square root of 
seed m- 2 ) with LSD (alph a =0.05) 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- 2 ) 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 
(a 1 pha = 0 . 0 5) for the tax a showing significant differences. 

Unburned 

j Sub-surface ( 2-5 cm) 

...,.......------------
Species Surface (0-2 cm) 

LSD 

1 

Sept Dec Mar Jun Sept,Sept Dec Mar Jun Sept 

_____________ 8_1 __ 8_1 __ 8_2 __ 8_2 __ 8_2_ 81 81 8 2 8 2 8 2 

Bromus tectorum 
Aqrooyron spp. 
Poa spp. 
Orvzoosis hvmenoides 
Stira comae.a 
Sitanion hvstrix 
Descurainia 01nnata 
Er1geron spp. 
Erioqonum cernuum 
Artemisia spp. 

Species 

Br ornus tectorum 
AqroDvron spp. 
Poa spp. 
Orvzoos1s hvrnenoid e s 
~ comata 
Sltdnion hystrix 
Descura1n1a r1nnata 
Er1qeron spp. 
Er1oqonurn cernuum 
/\rterni.s1a spp. 

4.17 
0.79 
0.73 
0.23 
0.0 
0.0 
2. 0 3 
0.10 
0.0 
0.58 

4. 2 7 
0.63 
0.89 
0.58 
0.07 
0.0 
2.10 
0.10 
0. 51 
0.79 

2.17 
0.22 
0.51 
0.55 
0.07 
0.06 
0.32 
0.0 
0.06 
0.24 

1.13 
o.o 
0. 2 4 
0. 14 
0.0 
0.0 
0.20 
0.13 
0. 0 
0 . 06 

4.25 
0.89 
0.92 
0.81 
0.30 
0.29 
0.72 
0.0 
0.28 
0 . 17 

1.13 
0.15 
0.0 
0.14 
0.0 
0.0 
0.22 
0.28 
0.07 
0. 16 

Burned 

0.74 
0.21 
0.0 
0.20 
0. 0 
0.0 
0.25 
0.0 
0.07 
0.0 

0 .13 
0. 0 
0.22 
0 .13 
0. 0 
0. 0 
0.15 
0.0 
0.0 
0. 8 4 

Surface (0-2 c~) Sub-surface 

0.22 
0.0 
0.08 
0.0 
0.0 
0 . 0 
0.06 
0. 0 
0.0 
0.0 

(2-5) 

0. 4 6 
0.06 
0.0 
0.0 
0.07 
0.0 
0.07 
0.0 
0. 0 
0. 0 

0.76 
0. 31 
0 .33 
0.33 
0. 12 
0.10 
0.44 
0 .11 
0 . 18 
0.27 

I LSD 
s e p-t Dec Mar Jun Sept _S_e_p_t____,,D_e_c __ M_a_r--J-=-u-n--s-=--e-p-t I 
81 81 82 82 82 81 81 82 82 82 

2. 6 2 
0.07 
0.15 
0.34 
0.0 
0. 0 
0. 8 4 
0.0 
0.08 
0 .3 0 

2. 0 J 
0. 21 
0.28 
0.58 
0. 0 
0. 0 
0.59 
0. 14 
0.08 
0.0 

1.44 0.39 
0.09 NO 
0.04 0.13 
0.26 0.05 
0 . 09 0.0 
0 . 05 0.0 
0.16 0.09 
0.0 0.0 
0.2) 0.0 
0.06 0.0 

5. J 5 
0.66 
0.0 
0. 11 
0.0 
0.06 
0.28 
0.0 
0.0 
0.05 

0. 21 
0 . 0 
0. 0 
0. l S 
0.0 
0.0 
0.39 
0.0 
0.0 
0.0 

0.07 
0. l 7 
0. 0 
0.0 
0. 0 
0.0 
0. 13 
0. 0 
0.0 
0.0 

0 . 0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.08 
0. 0 
0 . 0 
0. 0 

0.09 
0.0 
0.0 
0. 0 
0.0 
0.0 
0 . 07 
0.0 
0.0 
0. 0 

0. 8 J 
0. 14 
0. 0 
0.0 
0.0 
0.0 
0 . 11 
0. 0 
0. 2 J 
0.0 

0. 7 6 
0. 31 
0.)) 
C. J J 
0. 12 
0. 10 
0. 4 4 
0. Ll 
0.18 
0. 2 7 
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Table 10. Summary o f mean soi~ seed reserve densities 
(germinable seed perm) in the surface 0-2 cm and 
sub-surface 2-5 cm soil sampling depths on the 
unburned (c on trol) plots near Mil ls, Utah, at 
several collection dates (Numbers in parentheses= 
one standard error of the mean. 

Growth Form and 
Species 

Grasses: 
Bromus tectorum 
AgreiJyron spp. 
Poa spp. 
Oryzopsis hymenoides 
Stipa comata 
Sitanion hystrix 
Forbs : 
Descurainia pinnata 
Erigeron spp. 
Erioaonum cernuum 
Allium acuminatum 
Sphaer a lcea spp . 
Phlox spp. 
Mentzelia albicaulis 
Cordaria draba 
He lianthus spp. 
Sene-:io spp. 
Shrubs: 
Artemisia spp . 
Chrysothamnus spp. 
Ephedra spp. 
Purs hia tridentata 
Juniperus osteosperma 
Unidentified 
Total 

Growth form and 
Species 

Grasses: 
Bromus tectorum 
Aqropvron spp. 
Poa spp. 
Orv7.oosis hvmenoides 
Stioa comata 
Sltani~trix 
Forbs: 
Descurainia pinnata 
Eriger on spp. 
ErioGo num cernuum 
Allium acuminatum 
~2lcea spp. 
Phlox sop. 
~elia albicaulis 
Cordaria draba 
Helianthus spp. 
Se necio spp 
Shrubs: 
Artemisia spp. 
Chrvsothamnus spp. 
Ephedra spp. 
Purshia tridentata 
Juniperus osteosoe~ma 
Unidentified 
Total 

Sept 
1981 

25.6 
3. 5 
4. 4 
1.2 
0.0 
0.0 

11. 4 
4. 2 
0.0 
0.6 
0.0 
0.0 
0. 3 
0. 3 
0.0 
0.0 

2.4 
1.5 
0.0 
0.0 
o:o 
3. 7 

59 .1 

( 10. 7) 

( 3. 2 l 
( 5. 3 l 
( 2. 2 l 

( 7. 8) 
I 11. 6 l 

1. 3) 

0. 9) 
0. 9 l 

2. 4) 
4. 0) 

( 3. 2 l 
( 18. 7) 

Sept 
1981 

7. 3 ( 5. 2 l 
0. 8 (1.0) 
0.0 
0. 6 (0. 8) 
0.0 
0.0 

1.0 11.2) 
0 . 0 
0. 3 (0. 5 l 
0. 7 (1. 0) 
0. 6 (0. 8 l 
0.0 
0.0 
0.0 
0.0 
0.0 

o. 8 (1. 1) 
0.0 
o.o 
o.o 
0.0 
o. 7 11.1) 

12.8 (4.2) 

NON=Detected but not alive. 

Surface (0-2 cm) 

Dec 
1981 

30.5 
3. 0 
4.0 
2.6 
0. 3 
0.0 

11. 6 
0.0 
2. 4 
0. 7 
0.0 
3. 3 
0.0 
0.0 
o.o 
0.0 

4. 6 
0 . 6 
0.0 
0. 4 
0.4 
0.3 

64.7 

I 13. 2) 
( 2. 8) 
( 3. 2 l 
( 2. 6) 
( 1.0) 

6. 4) 

2. 6) 
1.5) 

3 . 6) 

5. 5) 
1.3) 

1.1) 
1. 4) 

( 0. 9) 
( 20. 7) 

Mar 
1982 

11. 0 
1.0 
2. 3 
1. 6 
2. 4 
0.2 

1. 3 
0.5 
0. 2 
0.0 
o.o 

NON 
0.0 
0.0 
o.o 
0.3 

6. 9 l 
1. 9 I 
2. 7) 
1.3) 
2. 8) 
0. 7) 

1.8) 
1. 1) 
o. 7) 

0. 8 l 

0. 9 1. 4 l 
0. 3 o. 3 I 
0.0 
0. 0 
0.0 

NON 
22.0 110.0) 

Sub-surface 2-5 cm 

Dec 
1981 

7.9 112.9) 
0. 9 ( 1. 1) 
a.a 
o. 9 ( 1. 0) 
0.0 
0.0 

1. 3 
0.0 
0. 3 
0.0 
0.0 
0. 7 
0.0 
0.0 
0.0 
0.0 

0.0 

1. 6) 

0. 5 l 

1. 4) 

o. 2 I o. 4 l 
0.0 
0.0 
0.0 

NON 
12.2 (6.2) 

Mar 
1982 

0. 5 (0 . 8 l 
a.a 
1.1 (1.41 
0. 6 (0 . 8 l 
0.0 
0.0 

o. 7 11. 0) 
0.0 
a.a 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 

0. 4 (0. 9) 
0.0 
a.a 
0.0 
a.a 
0.0 
3. 3 ( 2. 4) 

Jun 
1982 

6. 4 
0.0 
0.9 
0.5 
0.0 
o.o 

0.8 
0.0 
o.o 
0.0 
·o. o 
0.6 
0.0 
0.0 
o.o 
0.0 

0. 2 
0.0 
0.0 
0.0 
.o. 0 
0.0 
9.4 

( 6. 7) 

( 1. 3) 
(l.0) 

( 1. 6) 

(l.5) 

( 0. 7) 

I 8. 2 l 

Jun 
1982 

0. 7 (1. l) 
o.o 
0. 4 Io . 7 l 
0.0 
0.0 
0.0 

NON 
0 . 0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 

0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
1.1 (1.1) 

Sept 
1982 

31. 7 
3. 5 
3. 5 
3. 1 
1. 1 
1. l 

3. 4 
1.0 
1.0 
0.2 
0 . 0 
3.5 
0.0 
0. 0 
o.o 
2. 7 

0.6 
l. 6 
0. 3 
0.2 
o.o 

( l 7. 4 l 
( 2. 7) 
( 2. S l 
( 2. 5 l 
( 1. 4) 
( l. 4) 

3. 2 l 
l. 3) 
l. 2) 
0. 7 l 

5. 3 l 

6. 5) 

1.0) 
l. 6) 

0. 7 l 
0. 6 l 

NON 
58.5 (22.3) 

Sept 
1982 

2.2 (1.9) 
0. 2 IO. 4 l 
0 . 0 
0.0 
0. 3 ( 0. 5 l 
0.0 

0. 3 ( 0. 5 l 
0.0 
o.o 
0.0 
o.o 
o.o 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0. 2 ( 0. 5) 
0.0 
0.0 
0.0 
3. 2 ( 2. 2) 
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Table 11. Summary of mean soi l seed reserve dens it i es 
(germinable seed per m2 ) in the surface 0 - 2 cm 
and subsurface 2-5 cm soil sampling depths on the 
burned plots near Mills, Utah, at several 
collection dates (Numbers in parentheses=one 
standard error of the mean). 

Growth Form and 
Species 

Grasses: 
Bromus tectorum 
~ran spp. 
Paa spp. 
Oryzopsis hymenoides 
Stioa comata 
SiUnion~trix 
Forbs : 
Descurainia pinnata 
Er1geron spp. 
Er1oqonum cernuum 
All1um acum1n a tum 
Soiia"e"ralcea spp 
Ph lox spp. 
Meri°tzelia albicaulis 
Cordaria draba 
Helianthus spp. 
Senec io spp 
Shrubs: 
Artemisia spp. 
Chrvsothamnus spp. 
Ephedra spp. 
Purshia tridentata 
Junioerus osteosperma 
Unidentified 
Total 

Growth Form and 
Species 

G.::-asses: 
Bromus tector um 
Agrooyron spp. 
Poa spp. 
Orvzoosis hymenoides 
St1pa ~ 
Sitanion hvstrix 
Forbs: 
Descurainia uinnata 
Erigeron spp . 
Erioqonum cernuum 
Allium acuminatum 
~alcea spp. 
Phlox spp. 
Meri°tzelia albica ulis 
Cordaria draba 
Heliant hus spp. 
Senecio spp. 
Shrubs: 
Artemisia spp. 
Chrvsothamnus spp. 
Eohedra spp. 
Purshia tridentata 
Jun1perus osteosperm a 
Unidentified 
Tota 1 

Sept 
1981 

15.0 16.4) 
0. 3 IO. 8 l 
1.9 13.1) 
1.3 11.7) 
0.0 
0.0 

4. l ( 3. 3 l 
0.0 
0.4 (1. 1) 

o. 3 IO. 8 l 
0.0 
0.7 (1.3) 
0. 8 (1. 2) 
0 .4 ( 1.0) 
0. 3 ( 0. 9) 
0.0 

1.5 (2.0) 
0.0 
0.0 
0.0 
o·. o 

NON 
27.0 (9.9) 

Sept 
1981 

l.2 11. 7) 
0.0 
0.0 
0. 7 IO. 9 l 
o.c 
0.0 

1.9 (1.61 
0.0 
o.o 
0.0 
0.0 
0.0 
O. 6 IO. 7) 
o.o 
0.0 
o.o 

o.o 
o.o 
0.0 
o.o 
0.0 

NON 
4. 4 I 2. 3 l 

NON=Detected but not alive. 

Surface 0-2 cm 

Dec 
1981 

13.3 18.1) 
o. 9 I 1. 5) 
1.1 11.4) 
2. 7 I 3. 2 l 
o.o 
0.0 

2. 5 I 2. 8 l 
0. 7 I 1. 3) 
0.4 (1.1) 
0.0 
0.0 
0. 7 12. 0) 
0.0 
0.0 
0.0 
0.0 

~lar 
1982 

Jun 
1982 

7.5 (5.2) 1.5 (1.6) 
0.5 11.4) o.o 
1.7 (1.7) 0.1 (0.)) 
0.6 11.7) 0.1 (0.4) 
0 .5 11.3) 0.0 
0.2 (0.4) 0.0 

0.5 (0.8) 0.3 (0.6) 
0. 0 0. 0 
0.8 11.2) 0 . 0 
0.0 0,0 
0. 0 0. 0 
0.2 (0.5) 0.2 (0.7) 
0. 0 0. 0 
0. 0 0. 0 
0.2 (0.7) 0.0 
0. 0 0. 0 

0. 3 (0. 7) 0.0 
0.7 
0.0 
0.0 
0. 3 
0.0 

(1.4) 0.1 (0.4) 
o.o 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2. 2 2 3. 3 

0.0 
(0. 9 l 0. 0 

0.0 
(9.31 . 1).1 (6.91 

Sub-surface 2-5 cm 

11.8) 

Dec 
1981 

Mar 
1982 

Jun 
1982 

0.3 10.5) 0.0 O. 5 IO. 8 l 
0.0 1.0 11.3) 0.0 

0. 0 0. 0 0.0 
0. 0 0. 0 0.0 
0. 0 0. 0 0.0 
0. 0 ' 0. 0 0.0 

0. 5 IO. 7) 
0 .0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0. 2 (0. 4) 
0.0 
2 .o (1. 5) 

0.4 10.7) 0 .3 10.6) 
0. 0 0. 0 
0. 0 0. 0 
0. 0 0. 0 
0. 0 0. 0 
0. 0 0. 0 
0. 0 0. 0 
0. 0 0. 0 
0. 0 0. 0 
0. 0 0. 0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 4 (0. 7) 

0.0 
0.0 
o.o 
0. 0 · 
0.0 
0.0 
0.8 (1.3) 

Sept 
1982 

5).3 (26.2) 
2. 2 ( 1. 8) 
0. 4 I O. 5 l 
0. 4 I 0. 7 l 
0. 0 
0. 2 0. 6 I 

1.0 1.2) 
0. 0 
0.0 
0 . 0 
0.0 
0. 4 0 . 9) 
0.0 
0.0 
0.0 
0.0 

0. 3 
0.0 
0.0 
0.0 
o.o 
0.0 

58.2 

I o. 7 l 

( 1 7. 1) 

Sept 
1982 

4. 6 ( 6. 5 l 
0. 6 ( 0. 8) 
0.0 
0.0 
0.0 
0.0 

0. 4 ( 0. 6) 
0.0 
0. 3 ( 0 . 6) 
c.o 
0.0 

NON 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
5.9 I 2. 1 l 





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 . Farb GSSR contributed a higher proportion than shrubs 

(28 . 4% vs . 6 . 6%) to the total GSSR in September 1981. 

The changes in tot a 1 and taxon GSSRs were not 

significant between September and December 1981 at the 

surface samp l ing 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 germination, 

decomposition , and granivory during a period of no new seed 

rain (Table 9). 

Total GSSR at the surface sampling depths increased 

significantly to reach their 1982 peaks in September, 

presumably 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 significant l y lower 

(Table 9 ) than its seed dens i ty a year before at the same 
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sampling depth in the same plots (Table 10). The decrease in 

sagebrush seed was probab l y a function of destruction of 

parent plants by fire around the relatively small control 

plots . 

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 in the surface layer. 

Total GSSR in the sub-surface samples from the unburned 

plots in December 1981 were not significantly different from 

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 

to decrease through time until it reached its minimum in 

June 1982 (1. 1 seeds per square meter). This minimum was 

significantly different from the first sample (September 

1981) (Figur e 17a). 

The peak 1982 total GSSR in the sub-surface sampling 

depth was reached in September (3.2 seeds per square meter) . 

This peak was not significantly different from December 1 981 
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to June 1982 readings , but was significantly lower than the 

l evel observed on the same plots during September 1981 

(Tables 10 , 11 and Figu r es 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 depth , 

provided trampling by grazing animals was allowed . 

Fire apparently caused significant reduction in total 

GSSR in the surface 0- 2 cm samples in September 1981 (Figure 

17a) . Reductions of t~e GSSR in burned plots for individual 

taxa as compared to similar samples from the unburned sites 

were : cheatgrass , 41.4 percent ; bunchgrasses , 61.5 percent; 

£orbs , 58 . 3 percent and ; shrubs , 38 . 5 percent (Table 11 , 

Figure 1 7b). 

Total and taxon GSSRs in surface samples from the 

burn ed plots did not change significantly from Septem ber 

1981 to December 1981 . The differences between total (Figure 

1 7a), Bromus tectorum, Agropyron spp. , Poa spp. , Descurainia 

£l~~at~, Eriogonum cernuum and Artemisia spp . GSSRs were 

significantly lower , however , on 

plots in December 1981 (Table 9 ). _ 

the burned than unburned 

On or before March 1982 , temperature increa.sed sharply 

(Figure 11) followed by snow melt , both of which promoted 

germination from the seed bank and exhaustion of the total 

GSSR in the surface sampling depth in the burned plots . This 



82 

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 . 

Total GSSRs in the upper sampling depth in the burned 

plots in September 1982 were not significantly different 

from GSSRs at comparable sampling depths and periods in the 

unburned p 1 ots, but s ignif ican t 1 y higher than a 11 previous 

sampling periods within the burned plots (Tab les 10 and 11, 

Figure 17a) . Cheatgrass composed a large proportion of the 

total GSSR in September 1982 in the surface sample from the 

burned plots ( 91 .6 percent of the total, see Figure 17b). 

This indicates a quick increase of the total GSSR by the 

relatively high participation of cheatgrass seed . The other 

species , including undesirable ones , contributed less to the 

seed banks in 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.g. 

sagebrush). Cheatgrass, however , made up most of the 

increased GSSR. Timing of the fire was important. If this 

fire had occurred ea rlier, before cheatgrass dispersed its 

seed, damage to cheatgrass seed would probably have been 

greater. 

Fire reduced the total GSSR significantly in the sub ­

surface sampling depth compared to the GSSR in the unburned 
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plots at the same sampling depth in September 1981 (Figure 

17a) 

Total and taxon GSSRs did not change significantly from 

September to December 1981 in the surface depth of both 

burned and unburned plots (Figures 17a and b , Table 9) . The 

surface total GSSRs were significantly (Figure 17a) lowe r in 

the burned plots in December 1981 and March 1982 than 

unburned GSSRs for the same sampling depth and periods . None 

of the taxon differences between burned and unburned plots 

were significant in December 1981, Mar ch 1982 or June 1982 . 

Tota 1 and taxon sub-surface GSSR 1 eve 1 s dee 1 ined 

through the spring . These depletions were probably due to 

germination, decomposition and herbivory during a period of 

no seed rain . 

The Septemb e r 1982 peak in surface GSSRs in both burned 

and unburned plots was not significantly different from the 

March and June 1982 values (Figure 17a) , but the value f o r 

unburned samples was significantly lower than total GSSR in 

Septem ber 1981 (Figures 17a and b). If more time were 

involved or trampling by grazing animals were allowed , a 

higher peak total GSSR may have been achieved in the sub ­

surface (2 - 5 cm) sampling depth . The formation of soil 

crusts and lack of soil cracks (see page 17) , may be the 

reason for low incorporation of soil seed reserves into 

deeper soil depths . 



Fire effects on germinable 
seed rain (GSR) 

84 

One of the main questions of this study was to 

investigate whether the wilcfire had any significant effect 

on seed rain. Data analysis showed that this treatment had 

no significant effect on seed rain between burned and 

unburned plots throughout the study period. One of the 

reasons for the lack of significant difference may be lack 

of physical separation or a buffer zone between burned and 

unburned plots due to limitation of unburned areas , i . e ., 

the fire could have been affecting control plots as wel 1 . 

Lack of buffer zones could also result in free local 

movement of seed accross both kinds of plots. Unfortunately, 

seed movement may be unequal on all seed traps in the 

control plots. Seed traps located on the borders of these 

plots could catch more seeds than the inner ones. This 

cannot be addressed here because of the complex interactions 

produced by a design focused on other questions . 

Even though seed traps on burned plots had trapped 4 . 4 

times the total GSR density as that recorded on unburned 

plots by December 1981 (Table 12) these differences were not 

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

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 in the burned 

plots at this sampling period was higher (but not 

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 cheatgrass (340.9 seeds per 

square meter), 12 . 9 percent bunchgras s seeds ( 5 3 . 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 GS~ density at the burned plots , although 

8 .6 times that in the unburned plots, was stil 1 not 

statistically diff e rent. Mean total and all other taxon GSR 

were also not significantly different in burned vs . unburned 

plots (Table 12 and Figure 18) . This may be related to the 

previously mentioned reasons . 

Mean total GSR density within the unburned plots did 

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 in 



86 

Table 12. Summarl of mean germinable seed rain densities per 
meter (number of seed accumulated in the traps 
over 3-rnonth inter v als, for 15 months) on unburned 
(contro 1) and burned p 1 ots near Mi 11 s, Utah 
(Numbers in parentheses=one standard error of the 
mean) . 

Unburned 
Growth Forms and 
Species Dec Mar Jun Sept Dec 

1981 1982 1982 1982 l 9 8 2 

Grasses: 
Bromus tectorum )9.8 ( 7 8. J l • 3.8 ( 102. 1 l 114. l ( 3 3 9. 6 I 5881.4 14350. 7) 588 l. 4 14350. 7) 
A9roovron spp. 2. 7 ( 1 7. 2) 2. 7 ( 1 7. 2) lJ. 3 ( 8 7. 5 I 3 7 8. 0 ( 681.8) 378.0 ( 681. 8 l 
Pea spp, 4. 0 ( 2 3. 9 l 4. 0 ( 2 3. 9 l 8.0 I 47.8) 3 9 2. 6 ( 681 . 8 I 3 9 5. l ( 6 9 2. 4 l 
Orvzoosis hvmenoidcs 4.0 ! 2 J. 9 l 4. 0 2 3. 9 l 6. 6 ( 41. 1 I 3 7. 1 ( 92. 9 l 3 7. l I 9 2. 9 I 

~ ~ 2. 7 ( 1 7. 2 I 2. 7 1 7. 2) 2. 7 ( 1 7. 2 l 1 3. 3 I 61.0) l 3. 3 9 2. 9 l 
S1tan1on ~ o.o 0.0 0. 0 o.o 0. 0 
Forbs: 
Descura i nia oin!1ata 2 3. 9 ( 61.)) 2 3. 9 I 062. 3 I 47.8 ( 18 5. 7 l 65.0 2 3 0. 8 I 6 9. 7 2 J 2. 9) 
Er1ooonum ce?nuu;-- 0.0 0.0 0.0 2. 7 1 7 . 2 I 2. 7 17. 2 I ---Al llum acum1nntum 0.0 0.0 o.o 2. 7 l 7. 2 I 2. 7 17.2) 
Sohaeralcea spp. o.o 0.0 0.0 0.0 0.0 
Phlox spp. 9.) () J. 2) 9. J J 3. 2 l 9. 3 J 3. 2 I 15.9 71. 6 I 15.9 71. 6 I 
Senecio spp. 2. 7 l l 7. 2 l 5. J 3 4. 5 l 5. 3 34. 5) 8. 0 51. 7) 8. 0 51. 7) 
Sh rubs: 
Artemisia spp. 0.0 0.0 0.0 6. 6 29. 2 I 6. 6 29.2) 
Chrvsothamnus spp. o.o 0.0 o.o 9. J 3 3. 21 12.7 38.6) 
Pursh1a tr1dentata 0.0 0.0 2. 7 ( l 7. 2 I 2. 7 17.2) 2. 7 17.2) 
Jun1oerus osteosoerma 0.0 0.0 0.0 0.0 0.0 
Unknown 4. 0 l 26. 9 l 4 . 0 ( 26.9) 4. 4 ( 26. 9 l 4. 0 ( 26. 9) 4. 0 ( 26. 9) 
Total 9 3. l IU4. 7) 99.7 (099. 5) 213. 8 (213. 6) 6819.J (4257.l) 6829.9 14259.2) 

Burned 
Growth Forms and 
Species Dec Mar Jun Sept Dec 

1981 1982 1982 1982 19 8 2 

Grasses; 
Bromus tectorum 3 4 0. 9 l 2 2 9. 5 l J 5 l. 5 l 2 7 J. 2) 4 2 0. 5 ( J 8 8 '. 6 I 10286.5 (6686.6) 10286.5 16686.6) 
A9roevron spp. 10.6 ( 3 7. 11 l 3. 3 I 5 4 • 4) J 7. 1 l 15 6. 5) 206.9 ( 4 06. 5 I 2 0 6. 9 l 4 08. 5) 
Pea srp. 19.9 l 47.8) 22. 5 ( 4 5. l) 4 5. 1 ( 143. J) 47. 8 l l 6 0. 5) 47.8 I 16 0. 5) 
Oryzoesis hymenoides 15.9 ( 4 2. 4 l 18. 6 ( 5 9. 7 I 21. 2 ( 69.0) 47.8 ( 149. 9) 47.8 I 14 9. 9 I 

~~ 2.7 I l 7. 2 l 2. 7 I 1 7. 2 I 2.7 ( 17.2) 9. 3 I 69.0) 9. J I 69.0) 
S1tanion hvstrix 4.0 l 23.9) 4. 0 ( 02 3. 9 l 4. 0 ( 2 3. 9 I 4 .0 ( 2 J. 9 l 4. 0 ( 2 J. 9) 
Forbs: 
Descurainia oinnata 9.) ]). 2) 9. J ( 3 3. 2 I 19. 9 7 6. 9 I 26.5 l O 6. l l 26.S ( 106. l I 
Er1ooonum cernuum 0.0 0.0 0 . 0 NON NON 
All1um accum1natum 0.0 NON 4. 0 2 3. 9 I 4 . 0 ( 2 3. 9 l 4. 0 ( 2 3. 9 I 
Sohaeralcea spp. o.o o. o 0.0 0. 0 0.0 
Phl ox spp. 9. 3 ( 3 3. 2 l 9. 3 ( 3 3. 2 l 11. 9 62.J) 11. 9 6 2. 3 I 11.9 ( 6 2. 3 I 
Senecio spp. o.o 0.0 0.0 2. 7 17.2) 2. 7 (0017.2) 
Shrubs: 
Artemisia spp. o.o 0.0 NON 2. 7 l 7. 2 I 2. 7 17.2) 
Chrvsothamnus spp. 0.0 0.0 o.o 0. 0 2. 7 l 7 . 2 l 
Pursh1a tricentata o.o o.o 2. 7 ( l 7. 2 l 2. 7 1 7. 2) 2. 7 17. 2 I 
Jun 1 oe rus osteosoerma 0.0 o.o o.o 0.0 0.0 
Unknown o.o o.o 0.0 o.o 0. 0 
Total 412. 6 ( 2 6 6. 6) 01.2 ( l 7 6. 4) 569.l ( 18 5. 7 l 10652.8 (5962.3) 10655.5 (5962.3) 

NON•Detected but not alive 
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LSD AT ALPHA LEVEL'O 05 

LEGEND 

1, UNBURNED 

1 BURNED 

O DEC 81 MAR 82 JUN 82 SEPT 82 DEC 82 

Figure 18. 

SAMPL ING PERIOD 

Graph of transformed (square root o f seed 
m-~) mean cumulative total germinable seed 
rain at the burned and unburned plots (sum 
of square root transformed individual plot 
data used). 
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burned and unburned plots for the previous sampling periods . 

Cumulative mean total GSR density started to increase 

in June 1982 on the unburned plots because early seed 

maturing species started to shed their seeds . Cumulative 

tota 1 GSR increased sharp 1 y by September 19 8 2 ( 6 819 . 3 seeds 

per square meter ). This increase was found to be 

significantly different from all previous sampling periods, 

but only within the same type of treatment (Figure 18) . 

Cumulative total GSR did not significantly increase in 

December 1982 over the September 1982 total , probably 

because most species had already ended their life cycle . The 

sharp increase in cumulative GSR of cheatgrass in the 

unburned plots (147~8 times GSR of December 1981) at this 

sampling period was probably due to the increase . of 

cheatgrass in the burned areas around those plots in the 

year after th e fire. That is , the control plots were small 

"islands " in a " sea " of cheatgrass . 

Similarly , the cumulative total GSR density at the 

burned plots increased from June 1982 until it reached its 

peak in September 1982 , with no significant change over the 

following three months . The maintenance of the September 

peak was probably because almost all species had ended their 

1 ife eye 1 e and no extra seeds were added to the seed rain 

density , except those moved locally from the surrounding 
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areas . 

The GSR density in the burned plots during September 

and December 1982 was found to be significantly different 

from al 1 other sampling periods (Figure 18) . December 1982 

Cheatgrass GSR was 258 . 5 times that of unburned plots a year 

earlie r. Similarly the cumulative GSR of all other species 

were 1 ower in September and December , 19 8 2 , compared to 

their values at the same sampling period in the unburned 

plots , but the differences were not statistically 

significant because of the high variability within and 

between the GSR densities on these two kinds of plots (Table 

13) . 



Fire effects on GSR at different 
microsites within burned 
and unburned plots 
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Interspaces within the unburned plots had mean 

cumulative total GSR densities which were 13 percent higher 

than the mean canopy cumulative total GSR in December 1981 

(Tabl e 13) . The difference is not statistically significant 

(Table 14), which is surprising because the higher wind 

turbulence in the interspaces where no vegetation was 

growing could result in seed rain movements towards this 

microsite. Shrubs on the unburned plots should slow wind 

force greatly at the soil surface (Parmenter and MacMahon 

1983) . 

Cheatgrass seed composed the highest propor~ion 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 £orb GSR were 

not significant (Table 14) . Seeds of shrubby species 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 

variability . 
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Summarl of mean germinable seed rain densities per 
meter (number of seed accumulated in the traps 
over 3 - month intervals for 15 months) in 
undercanopy and in terspace mic ros i tes where seed 
traps were placed on unburned (control) sites near 
Mi 11 s, Utah (Numbers in parentheses=one standard 
error of the mean). 

Canopy 
Growth forms and 
Spec1t:s Dec Mar Jun Sept Dec 

1981 1982 1982 1982 1982 

G:asses: 
Bro~us tectorum 35.8 ( 8 8. 9) 4 l. l ( 115. 4) 9 l. 5 ( 2 00. ) ) 8442.8 ( 415 3. l) 8.4 4 2. 8 (4153.l) 
Aoroovron spp . ' 5. 3 ( 2 6. 6 l 5. 3 ( 2 6. 6) 25. 2 (130 . 0) 514. 7 I 947 .1) 514. 7 I 90.11 
Po.a spp. 0. 0 0. 0 5.) I 26. 5) 622. l 11555.9) 6 2 J. l 11556.7) 
Orv~OOSlS hvmenoides 5.) I 2 6. 6 J 5.) 2 6. 6 J l O. 6 I SJ.I) l 5. 8 I 118.1) 35.8 I 118.11 

~ comc.1ta 0 • .0 0.0 0.0 10. 6 • I 5 I. 7 J 10.6 I 5 I. 7 J 
S~tanlon hvstrix 0.0 0.0 0.0 o.o 0.0 
,orbs: 
Descura1nia pinnata 25.2 I 5 3. l) 25. 2 ( 53.1) )0.5 I 96.8J 4 I. l I l) 2. 6 J 4 l. 1 I 132. 6) 
£r1ooonum cernuum 0.0 0.0 0.0 NON NON 
All cum acumLnatum 0. 0 0.0 0.0 o.o 0.0 
Sehaeralcea spp. 0. 0 0. 0 0. 0 a.a 0. 0 
Ph lox spp. 0. 0 0.0 0.0 a.a 0. 0 
Senecio spp . 5.3 I 26. 6 J l O. 6 ( 5). 1) l O. 6 I 5 3. l) 10.6 5). l J 10.6 5 3. l) 
Shrubs: 
Artemisia spp. 0.0 0.0 0.0 a.a 0. 0 
Chrvsothamnus spp. 0.0 0.0 0.0 10.6 5 3. 1) l O. 6 5). l) 

Purshia tridentata 0 . 0 a.a o.o 0.0 0 . 0 
Jun1etlus osteoseer-ma 0.0 0.0 0.0 0.0 a.a 
Unknown 0.0 0.0 0.0 a.a 0.0 
Total 79.9 I J J. 2 J 87.5 (0)5.8)168 .4 I 14 9. 9) 9688.) l4085.4J 9689.) I 1085. 7) 

Interspdces 
Growth forms and 
Species Dec Mar Jun Sept Dec 

1981 1982 1982 1982 l 9 8 2 

Grasses: 
Bromus tectorum 4 2. 4 t 7 o. J l 4 6. 4 (92.9) 132.6 ( J 9 9. 3 J )924.9 1)098.9) )924.9 1)098.9) 
Aqroovron S!)p. 0. 0 o.o a. o ( 4 5. l I ) 7 4 . l I )86.0) l 74. l 1)098.9J 
Pea spp. 0. 0 0.0 4.0 I 2 2. 51 2 7 ) .. 2 I 3 4 4. 9 J 2 74. 8 I 34 9. 7 I 
Or:rzopsis hvmenoides 4. 0 12 2. 5 J 4. 0 I 2 2. 5 J 4. 0 I 22. 5) ) 8 . 5 I 9 8. 2 I J 8. 5 ( 9 8. 2 J 
~ comata 4. 0 122. 5 J 4. 0 I 22. SJ 4. 0 I 22.SJ 15.9 I 61.0) 15.9 I 61.0J 
S1tanion ~ 0 .0 0.0 0.0 0. 0 0.0 
f'oros: 
Oescura1n1a pir1nata 23.9 I 69. 0 I 2 J. 9 169.0) 6 2. l 1230.81 86.2 I 282.5J 8 6. 2 I 2 8 2. 5 I 
Er1oconum cernuum 0.0 0. 0 o.o 4. 0 I 2 2. 5 I 4.0 ( 22. 5 J 
A 11 ium ac um1natum 0.0 0.0 0.0 4.0 ( 2 2. 5) 4 . 0 ( 22.5) 
Sehaeralcea spp NON NON NON NON NON 
Phlox spp. 8 .0 Ill. 8 I 8.0 ( )l.8 ) 8. 0 ( ll. BJ 19. 9 I 6 7. 6 I 19.9 ( 6 7. 6 l 
Senec10 spp. 0. 0 0.0 0. 0 4. 0 ( 2 2. 5 l 4. 0 ( 22. 5 J 
Shrubs: 
Artemisia spp . 0. 0 0. 0 0 .0 6. 6 3 I. 8 J 6. 6 J l. 8 l 
Chrysotnamnus spp. 0.0 0. 0 0.0 8.U 31. Bi 8. 0 31. 8 I 
Pursh1a tr1dentata 0. 0 0.0 4.0 I 22.SI 4.0 22.5) 4. 0 2 2. 5 l 
JunlperlJS osteos:>e rma 0 . 0 0.0 0.0 0. 0 0.0 
Unknown 8.0 ( 3 l. 81 8.0 ()l.8J 8 . 0 ( )1.8) 8.0 I 31. 8) 8. 0 ( )l.81 
Total 90.) (114.1) 94.) ( l I 9. 4 J 2) 4. 9 ()44.9J 477 I. 3 I 2818. 7 I 4772.9 12818. 7) 

NON•Detected but not alive 
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Table 14. LSD of significant tranformed differences of seed 
rain means in compar is on at different micosites 
of th e unburned and burned plots. 

Code Difference 

111-114 7.7458 
111-115 7.6347 
112-114 8 .16 90 
112-115 8 .165 9 
113-114 7.7590 
113-115 7.7558 
211 - 221 1.4 773 
211 - 2 1 4 6.9495 
211 - 215 6 . 9384 
212-214 8 . 4268 
212-215 8.2617 
213-214 7 . 8865 
213-215 7.8853 
221-224 6 .1 696 
221 - 225 6 . 8679 
222-224 7.6839 
222-225 7 . 6011 
223-224 7 . 0363 
223-225 6.9534 

LEGEND FOR CODES 

First digit =Treatment (1 - 2) 
l=Unburned, 2=Burned 

Second digit =Locatio ns 
Within unburned 
l= Canopy and 2 =I nterspace 
Within bu rn ed 

LSD 

0 . 7580 
0.7572 
0.7520 
0 . 7519 
0 . 7520 
0.7518 
0 . 6213 
0.6215 
0.6215 
0 . 6218 
0.4120 
0.6550 
0.6343 
0 . 8306 
1.6109 
0.8199 
0.8201 
0 . 8202 
0.8194 

l="Hot" point and 2="cold" point 
Third digit =Sampling date 

l=D ecember 81, 2=March 82, 3=June 82, 
4=September 82 and 5=December 82 



93 

In September 1982 total GSR increased sharply and was 

found to be significantly different from al 1 previous 

earlier sampling periods for the same microsite on unburned 

plots (Table 14). 

The changes in total and taxon GSR in December 1982 

were too sma ll to cause any significant difference between 

this sampling period and the previous one within the same 

unburned micros i te . 

In the burned plots , seed rain was distributed quite 

evenly between the "hot" and "c old " microsites (Table 15) . 

The early absence of the vegetation at the burned plots and 

later more uniform grass swards may have allowed the wind 

dispersal of seeds .to be more uniform . Total GSR at the 

" hot" rnicrosite was significantly higher (425. 7 seeds per 

square meter) than "co 1 d " micros i tes ( 3 8 7 . 2 see ds per square 

meter) in December 1981 (Table 14). Al 1 taxon GSR densities 

were not .significantly different at the " hot " microsite 

compared to their GSR at interspaces . 

Peak total GSR was achieved at both microsites within 

burned plots in September 1982 . These GSRs values were 

significantly higher (Table 14) from all other sampling 

periods , but there were no significant differences between 

microsites of burned and unburned plots . This peak was 

maintained through Decem ber 1982 and no significant 



Table 15. 

Growth Form and 
Species 

Grasses: 
Bromus tectorum 
Aqroovrnn spp. 
Poa spp. 
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Summar/ of mean germinable seed rain densities per 
meter (number of seeds accumulated in the traps 
over 3-month intervals for 15 months) in "hot " and 
"cold" microsites where se'::d traps were located on 
burned sites near Mil ls, Utah (Numbers in 
parentheses=one standard error of the mean). 

•Hot" spot 

Dec Mar Jun Sept Dec 
1981 1982 1982 1982 1982 

3 5 5. 5 ( 2 3 2. l) 3 7 0.1 ( 2 8 5. 2 l 4 2 l. 8 (394.0) 10971.0 16694.5) 10971.0 (6694.5) 
14. 6 I 41. 1) 18. 6 ( 62. 3 I 5 3. l 1188. 4 I 209.6 I 412.5) 209.6 ( 4 l 2. 5 l 
21.2 I 4 9. 1) 21. 2 I 4 9. 1) 49. l I 136. 6 I 4 9. l I 136. 6 I 4 9. 1 ( 136. 6 l 

Orvzoosis hymenoides l 7. 2 I 4 5. l) 19.9 ( 6 6. 3) 23.9 ( 8 7. 5) 51.7 I l 4 9. 9 l 51. 7 I 14 9 . 9) 
St1pa comata 0.0 o.o 0.0 9. 3 I 6 5. 4 l 9. 3 I 6 5 . 4 I 
Sitanion hvs tr ix . 6. 6 30 . 5 ) 6. 6 30. 5 l 6. 6 30. 5 l 6. 6 ( 30. 5) 6. 6 I 30.5) 
Fo r bs: 
Descurainia einnata 6.6 30 . 5) 6. 6 30. 5 I 23.9 84.9) 27.9 l O 6. l J 2 7 . 9 l O 6. l J 
Er1oaonum cernuum 0.0 0.0 0.0 0.0 NON 
Al llum acuminatum 0.0 0.0 6.6 3 0. 5 J 6. 6 3 O. 5 I 6. 6 I 30.5) 
Sohaeralcea spp 0.0 0.0 o.o 0.0 0.0 
Sonlox spp. 4.0 ( 21.2) 4. 0 ( 21. 2) 4.0 21. 2) 4. 0 21. 2) 4. 0 I 21. 2 I 
Senrno spp. 0.0 0.0 0.0 4. 0 21. 2 l 4. 0 I 21.2 ) 
Shrubs: 
Artemis ia spp. 0.0 0.0 NON NON NON 
Chrvsothamnus spp. 0.0 0.0 0.0 0.0 0.0 
Pursh1a tridentata o.o 0.0 4.0 ( 21.2) 4.0 ( 21. 2) 4. 0 I 21. 2 l 
Juniperus osteosoerma 0.0 0.0 o.o 0.0 0.0 
Unknown NON NON NON NON NON 
Total 425.7 (281.2) 447.0 I 323. 7) 593 .0 ( 4 27. 5) 11343.8 (5872.1) 11343.8 (5872.l) 

"Cold" spot 
Growth Form and 
Species Dec Mar Jun Se,::,t Dec 

1981 1982 1982 1982 1982 

Grasses: 
Br omus tectorum 313. 0 ( 2 2 5 . 8 J 319. 7 I 2 5 4 . , J 416. 5 ( 3 7 9. 4 I 9104.7 16637.5) 91 04 . 7 16637.5) 
A9rooyron spp. 6. 6 ( 27.9) 6. 6 I 27. 9) lJ. 3 I 5 5. 7 l 205.6 ( - 3 5 2. 8 I 205.6 I 352.81 
Poa sop. 18.6 I 4 6 . 4 l 2 5. 2 I 7 4. 3 I 38.5 1131.3 ) 43. 8 I 151. 2 I 43. 8 I 159.21 
Oryzoesis hymenoides 11. 9 ( 3 8. 5) 11. 9 ( 3 8. 5 l 11. 9 ( 3 8. 5 I 3 5. 8 I 8 7. 5) 35.8 I a 7 . 5 1 
St1pa comata 6. 6 I 2 7. 9) 6. 6 I 27.9) 6. 6 ( 27.9) 6. 6 I 2 7. 9 I 27.9 I 2 7. 9 I 
Sitan1on hystrix 0.0 0.0 o.o 0.0 0 . 0 
Forbs: 
Descurainia pi nna ta 11. 9 38.5) 11. 9 3 8. 5 l 11. 9 3 8. 5 l 11. 9 3 8. 5 l 11. 9 3 8. 5 I 
Erio9onum cernuum 0.0 0.0 0.0 0.0 0.0 
Allium acum1natum o.o NON NON NON NON 
Sohaeralcea spp. 0.0 0.0 0.0 0 .0 0.0 
Phlox spp. 18. 6 I 4 6. 4) 18 . 6 ( 4 6. 4) 30.5 ( 8 4. 9 I 30.5 8 4. 9) 30.5 8 4. 9 I 
Senecio spp. 0.0 0.0 o.o 0.0 0.0 
Shruos: 
Artemisia spp. 0.0 o.o 0.0 6. 6 2 7. 9 J 6.6 2 7. 9 I 
Chrysot:.amnus spp. 0 .0 0.0 0 .0 6. 6 2 7. 9 J 6. 6 2 7. 9 I 
Pursh1a tr1dentata 0.0 0.0 0. 0 0.0 0.0 
Juniperus osteosoerma NON NON NON NON NON 
Unknown NON NON NON NON NON 
Total 387.2 ( 2 4 5. 4) 400.5 I 2 8 2. 5 I 529.2 (339.6) 9452.1 (6186.5) 9473.4 (6198.6) 

NON=Detected but not alive 
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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 . 
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SUMMARY AND CONCLUSIONS 

The objectives of this research were to investigate the 

ecological importance of soil seed reserves and seed rain in 

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 

community composed mainly of non - rhizomatous and non ­

sprouting species . In such cases soil seed reserves and seed 

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

to soi 1 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 soil seed reserves . 

(2) Bromus tectorum soil seed reserves were high , 

even on good condition sageb r ush - grass rangeland . 

(3 ) Al tho u gh f ire reduced the Bromus tectoru m seed 

bank by half , it subsequently increased to a l most 

twice the level observed on the unburned areas . 

This shows the enormous rep r oductive capacity of 
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this species . 

(4) Despite the fact that the vegetation contained 

a high proportion of native perennial parent 

plants , they contributed relatively little 

germinable seed to the soil seed reserves and seed 

rain . Such species may have to regenerate 

vegetatively. 

(5) Timing of the fire could be an important 

factor in control ling some undesirable range 

plants and their seeds. Although Bromus tectorum 

was certainly not reduced for long, had the fire 

occurred earlier when more seeds of the species 

were attached to the culm , greater reduction in 

cheatgrass seeds would have probably been 

obtained . Timing of the fire was just right to 

control sagebrush and most other brush , because it 

occurred before their seed set. 

(6) E'..£hedra nevadensis was the only shrub to 

reestablish its cover relatively rapidly . This is 

apparently related to its strong ability to sprout 

from root crowns . 

(7) Significantly greater total and taxon level 

germinable soil seed reserves were found under the 

shrub canopies than in the interspaces . This 
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pattern is apparently related to the semi ­

logarithmic dispersal of seed , where seed fall is 

greatest closest to mother plants (Harper 1977) . 

Since flammable fuel follows the same pattern , 

fire has a serious impact on seed banks at " hot " 

points and s 1 ight impact on "cold " points which 

were former interspaces . 

(8) Since mean soil seed reserve populations were 

significantly higher in the surface 0 - 2 cm soil 

depth , with fewer seeds in the sub - surface 2- 5 cm 

depth , fire has a more serious impact on the 

surface depth than on the sub - surface . 

(9) Variance in the germinable seed rain data were 

so high that none of the grand totals , life form 

totals and taxon differences were statistically 

significant at alpha= 0 . 05 between the burned 

and unburned plots at large. Significant 

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 rain variability between treatments. 

I t can be concluded that soil seed reserve 

data gave enough evidence to reject the first part 
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of H01 and H02 and all of H03 , but the variances 

of seed rain data were so high that the second 

parts of these hypotheses could not be rejected , 

except that fire had significantly greater effects 

on hot points points compared to "cold " points . 
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RECOMMENDATIONS 

Some of the management recommendations possible from 

this and related research are: 

(1) Fire is a good treatment to control sagebrush , but 

timing of the fire is a very important factor to 

consider . In order to maximize the destructive effect 

on this species , fire has to occur before seeds are 

produced or dispersed . 

(2) Native perennial grasses are poorly represented in 

soil seed reserves . Their regeneration success is 

probably a function of vegetative reproduction . This is 

why grazing should not be allowed for at least one year 

after fire in order that the remnants of such species 

can recover. 

(3 ) Fire is a good treatment for controlling non­

sprouting species (most sagebrushes) , but not sprouters 

(mormon tea) . 

(4) Wildfires are not always an unmitigated evil , but 

can be a good tool in management of rangelands . 

Wildfires at certain times on good condition ranges can 

result in release of perennial grass from sagebrush 

dominance . 
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LSns of s i gnificant tcansformcd o bs er ved m.~ans ( s quare root. of 
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bun1 e J p 1 ot-s . Numb e rs betw ee n br ac k e ts id e nUfy th e riq hL LSD for 
paJ r uf means ( see 'l'al.Jle 6 for Llw observed me ans ). 
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LSDs of s i0n if icant transform erl o l>servecJ means ( s quare root of seeds m- 2 ) or Poa 
s r p . "o j_ 1 s 1: e cJ r es e r v es a L d i f f ~! 1~ e n t rn i c r o s i t es on unburned a r 1 d burn e cl p 1 o t ~;. 
N1rn1hc1 '.,, r,l, r1t1(: ,: r1 bt <1ckct~; Jc.Jeni i fy Ll-ic 1- igl1L LSD for llio obscrvc!d paJ r of mea n~; 
('.:;ee T ab l e 6 for t: 1-ie obs(:rvc:d 1ne;.c1n~). 
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LSDs of s jgnif1 cc 1nL trc1n sfor rn::•d ohscrvecl 111E::>ans ( sq uar e r oo t of Sl)e d s m- 2 ) of 
S j L a , 1 i o n l 1 y s 1- r i x s o i 1 s c c d i:-e s c r v c s a L d i_ f f E::' 1_ e n L in i_ c r o s i t e s o n 
IJ tlr.r1r _c} f) I (; I: :; . l'lurn\J c r s b c Lw£::cn brdCKf :: l:S id e nl i fy ll1e ri<]hl LSD for 
p a ir of llll ~a n s ( s<:c T ab 1 (.: 6 for- Ll ,e ohserved mea n s ). 
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