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Abstract 

Germination of 12 collections of pIains rough fescue (Festlrccr 
ultaica Trin. subsp. ha&i (Vasey) Harms) from Saskatchewan was 
evaluated in 55 constant and alternating temperature regimes rang- 
ing from 0 to 44 C. Combined influences of temperature and 
water stress on germination were studied by incubating seeds in a 
gradient of osmotic potentials at constant temperatures of 5,10, 
15, 20, and 250 C and under regimes where temperatures were 
either increased from 10 to 25” C or decreased from 25 to 100 C. 
Seeds germinated in 80 to 87% of the 55 temperature regimes tested 
with maximum total germination between populations ranging 
from 34 to 100%. Germination was highest most often d constant 
temperatures of 15 and 20” C, but seeds germinated over a wide 
range of temperatures. Germination rate and total germination 
responded to the interacting effects of temperature and osmotic 
potential. Under constant temperatures, 71 to 88% of the variation 
in germination was accounted for by osmotic potential. Seeds 
germinated fastest, in the highest numbers, and over the broadest 
range of osmotic potentials at 10 to 20” C. Germination was higher 
and more rapid over the range of osmotic potentials when tempera- 
tures increased from 10 to 250 C than when they declined from 25 
to 10” C. Osmotic potential accounted for 65 to 74% of the varia- 
tion in germination. The plastic response of germination to 
temperature suggested that while this factor does not limit regener- 
ation of plains rough fescue from seed, germination is severely 
restricted by declining osmotic potentials. These moisture iimita- 
tions reflected adaptations that preclude germination under condi- 
tions of transient moisture or low moisture availability. Plains 
rough fescue should be pbted in the spring when temperatures are 
rising and soil moisture is highest. 

Key Words: seedbed ecology, water stress, Festuca ultuica subsp. 
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Plains rough fescue (Festuca altaica Trin. subsp. hallii (Vasey) 
Harms), (Harms 1985) is the sole dominant of the Fescue Prairie of 
central Saskatchewan and Alberta (Coupland and Brayshaw 1953, 
Coupland 1961). There is a paucity of information describing the 
germination ecology of this perennial. This lack of knowledge 
stems from the fact that this grass infrequently produces seed 
(Johnston and MacDonald 1967, Toynbee 1987) and that most of 
the Fescue Prairie has been severely disturbed by agricultural 
activities. Johnston and MacDonald (1967) reported that the 
closely allied rough fescue (Festuca altaica Trim subsp. scabrelfa 
(Torrey) Hulten) produced abundant seed in only 4 years during a 
65-year period in Alberta. In Saskatchewan a copious seed crop 
was produced by plains rough fescue in 1987 (Toynbee 1987), 
affording an excellent opportunity to study its germination 
requirements. 
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Objectives of this study were to: I. characterize germination- 
temperature relationships for several collections of plains rough 
fescue from Saskatchewan, and 2. identify its germination response 
to various temperatures and osmotic potentials. This information 
will assist those charged with developing strategies for reestablish- 
ing and managing Fescue Prairie. 

Materials and Methods 

Three germination experiments were conducted. Germination 
of 12 collections of plains rough fescue from Saskatchewan was 
evaluated in 55 constant and alternating temperature regimes rang- 
ing from 0 to 40’ C in the first experiment. In the second experi- 
ment seeds of 8 collections were incubated at 5, 10, 15,20, and 25O 
C in a gradient of osmotic potentials that was created by using 
polyethylene glycol (PEG) to depress osmotic potentials. Eight 
collections were evaluated in the third experiment, which was 
designed to evaluate germination response under various osmotic 
potentials when temperatures were either increased from 10 to 25” 
C or reduced from 25 to 10” C. 

Seeds of plains rough fescue were collected in Saskatchewan at 8 
sites in 1987 and 4 sites in 1988 (Table 1). Seed production was 

Table 1. Locations and descriptions of sitea where plains rough fescue seed 
was collected in Saskatchewan. 

Site 
Legal 
Description 

--__- l987_____ 

Associated 
Vegetation 

Strawberry Hills T37,R4,Sec. 12,W3 
West Allan Hills T31,R3,Sec.21,W3 
East Allan Hills T3l,Rl,Sec.l5,W3 
Biddulph Prairie T34,R6,Sec.l2,W3 
Pinto Butte TS,R12,Sec.l3,W3 
Radisson T39,RlO,Sec.29,W3 
Sonningdale T4O,Rl2,Sec.32,W3 
Cypress Hills TS,R29,Sec.9,W3 

_____19gg_____ 

Potr’, Elco 
Potr, Elco 
Potr, Elco 
Stco, Stsp, Agda 
Agda, Stsp, Syoc 
Potr, Elco, Agda 
Potr, Elco, Stsp, Agda 
Potr, Pofr, Dain 

Sonningdale T4O,R12,Sec.32,W3 Potr, Elco, Stsp, Agda 
Cypress Hills T8,R29,Sec.l5,W3 Agtr, Potr, Pofr, Dain 
Wood Mountain T4,R3,Sec. l2,W3 Pofr, Agda, Stsp 
Eagle Hills T4l,R16,Sec.26,W3 Potr, Stsp 

‘Potr = Populus rremuloides, Elco = Eleagnus commutata, Stco = Stipo comma. Stsp = 
Stipo sporrea var. curtiseta. Agtr q  Agropyron rrachycaulum. Agda = Agropyron 
dasytochyum, Pofr = Porenrilla fiuricoso, Dain = Danthonia inrermedio. Syoc = 
Symphoricarpos occidentalis 

extremely poor in 1988, thus we were able to repeat collections 
again only from the Sonningdale and Cypress Hills locations. No 
seeds were produced at any of the sites in 1989. After seeds were 
collected, they were taken to the laboratory, cleaned, and stored in 
paper envelopes in darkness at room temperature. Germination 
tests were conducted 4 to 6 months following collection. 

Experiment l-Influence of 55 Constant and Alternating Tempera- 
ture Regimes on Germination 

Twenty-five seeds were placed in each closed petri dish on I mm 
thick germination paper that was kept moist with water, and 
incubated at 4 weeks in dark germinators at 55 constant and 



alternating temperatures. Alternating temperature regimes con- 
sisted of a 16-hour cold period and an I-hour warm period, at all 
possible higher temperatures in each 24-hour interval. For exam- 
ple, 2“ C (cold period) was alternated with 5, 10, 15,20,25,30,35, 
and 40’ C (warm period), whereas 25O C (cold period) alternated 
only with 30, 35, and 40” C (warm period). Germination was 
recorded after 1, 2, and 4 weeks of incubation; seeds were consi- 
dered germinated when the radicle was at least 5 mm long. A 
randomized complete block design with 4 replications was used. 

Germination parameters from the temperature-germination 
regression equations are defined as: 1. Mean germination-the 
average germination of the 55 temperatures regimes; 2. Mean of 
regimes with some germination (regimes with 0% germination are 
excluded); 3. Percentage with some germination-the percentage 
of the 55 temperature regimes in which some seeds germinated; 
4. Maximum-the highest germination of the 55 temperature 
regimes; 5. Maximum mean-the average germination of the 
temperature regimes with maximum germination, and; 6. Percen- 
tage with maximum germination-the percentage of the 55 
temperature regimes with germination not lower than the maxi- 
mum germination minus one-half its 95% confidence interval. The 
frequency of maximum is the percentage of the time that each 
temperature regime supports maximum germination. This value is 
determined across the collections, providing an estimate of the 
optimum temperatures for germination. Details of the statistical 
procedures provided by Evans et al. (1982). 

Procedures Used for Experiments 2 and 3 
Ecological interpretation of many germination experiments is 

difficult because tests are conducted for specific periods of time 
over a range of temperatures. These arbitrary incubation periods 
introduce time as a confounding factor because seeds are not 
receiving equal thermal units at all temperatures. Therefore, in 
Experiments 2 and 3 the length of incubation periods was based on 
a set number of degree days using 0’ C as the base temperature. 
This was done because germination is a temperature-sensitive pro- 
cess, and the use of degree days integrates both time and tempera- 
ture (Johnson and Thornley 1985). 

Solutions were prepared to depress osmotic potentials to -0.3, 
-0.6, -0.9, -1.2, and -1.5 MPa by adding PEG (M.W. 20,000) to 
distilled water. Distilled water was used as the control (0.0 MPa). 

Osmotic potentials of these PEG solutions were determined with a 
Wescor vapor pressure osmometer. 

A randomized complete block design with 50 seeds in each of 4 
replications was used. Seeds were incubated in closed petri dishes 
on 1 mm thick germination paper that was moistened by adding 7 
mL of water or PEG solution. These petri dishes were enclosed and 
sealed in polyethylene bags to prevent desiccation. Germination 
counts were made at 2day intervals; a seed was considered germi- 
nated when the plumule and radicle were both at least 5 mm long. 
Germinated seeds were removed from petri dishes, and after com- 
pleting the incubation period the ungerminated seeds were dis- 
sected to determine if they were filled. Thus, data for Experiments 
2 and 3 are expressed as a percentage of florets that actually had 
fully developed caryopses. 

Experiment 2-Constant Temperature-Osmotic Potential Effects 
on Germination 

Seeds were incubated at 5, 10, 15,20, and 25” C in darkness for 
400 degree days. Mean osmotic potentials and standard errors 
(n=4) for the PEG solutions used for the 1987 collections were 
-0.20 f 0.02,-0.50 f 0.01,-0.81 f 0.02,-0.90 f 0.03,-1.17 f 0.02 
MPa.Theywere-O.29 f O.Ol,-0.68 f 0.02,-0.99 f 0.02,-1.27 f 
0.03, and -1.64 f 0.05 MPa for the 1988 collections. Temperature 
and osmotic potential treatments were factorially applied within 
collections. 

Experiment J-Ascending and Descending Temperatures and Os- 
motic Potential Effects on Germination 

The effects of osmotic potential, and temperatures decreasing 
from 25 to 10” C and increasing from 10 to 25” C, were studied in 
Experiment 3. Temperatures were increased or decreased at a rate 
of 0.5” C per day, but the actual change in degree days depended on 
temperatures. Seeds were incubated for 600 degree days and ger- 
mination was tallied using the procedures described in Experiment 
2. Mean osmotic potentials and standard errors (n=4) were 
-0.22 f 0.02, -0.71 f 0.02, -1.15 f 0.05, -1.64 f 0.06 MPa for 
the 1987 collections and -0.34 & 0.01, -0.58 f 0.01, -0.78 f 0.03, 
-0.95 f 0.02, and -1.08 f 0.04 MPa for the 1988 collections. 
Within collections the treatments were factorially applied using 
temperature regimes and osmotic potentials as the main effects. 

Table 2. Germination parameters for plains rough fescue seed collected in Saskatchewan and incubated in 55 temperature regimes. See Table 1 for 
information regarding collections. 

Germination 
parameter 

straw- West 
berry Allan 
Hills Hills 

Seed Source 

East Sonning- Sonning- Cypress Cypress 
Allan Biddulph Pinto Radisson dale dale Hills Hills Wood Eagle 
Hills Prairie Butte 1987 1988 1987 1988 Mountain Hills 

Mean (%)I 28 35 31 26 12 36 41 15 17 27 27 27 
Mean with some 
germination (%)2 36 42 36 33 14 44 48 I8 I9 31 32 32 
Percentage with 
some germination’ 80 84 85 80 84 84 85 85 87 87 84 85 
Percentage with 
maximum germination4 7 4 7 4 7 5 5 5 I3 5 4 4 
Maximum Mean (%)s 67 90 73 70 32 86 96 43 36 67 73 74 
Maximum 
Germination (%)6 70 92 76 71 34 89 100 45 38 70 74 76 
Total Filled 
Seed r% f s.e.) 91fl 98fl 93f2 9Of2 65f5 97fl 99fl 76f4 68 f IO 85 f I 84f4 91f2 

‘Mean germination is the average germination of the 55 temperature regimes tested. 
2Mean of regimes with some germination excluding regimes with no germination. 
‘Percentage with some germination is the percentage of the 55 temperature regimes in which some seeds germinated. 
4Percentage with maximum germination is the percentage of the 55 temperature regimes having maximum germination. 
SMaximum mean is the average germination of the temperature regimes with maximum germination. 
SMaximum germination is the highest germination observed in the 55 temperature regimes. 
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Data Analyses for Experiments 2 and 3 
Since we were not able to collect seeds from plants grown under 

uniform environmental conditions, it was deemed inappropriate to 
make comparisons of germination responses among collections 
because of environmental influences on parent plants. Therefore, 
after transforming total germination percentage and germination 
rate (%/degree day) (Maguire 1962) with arcsin &each collection 
was subjected to factorial analysis of variance using temperature or 
temperature regime and osmotic potentials as main effects (Snede- 
car and Cochran 1980). Variance components were then estimated 
from analysis of variance by determining the percentage of the 
total variation that was accounted for by the main effects and their 
interactions. The best tit polynomial response curves were then 
developed for total germination and germination rate in Experi- 
ment 3 (Steel and Torrie 1980). All statistical analyses were con- 
ducted at the KO.05 probability. 

Results 

Influence of 55 Constant and Alternating Temperature Regimes 
on Germination 

Mean total germination over all temperature regimes ranged 
from a high of 41% for the 1987 Sonningdale collection to a low of 
12% for the Pinto Butte collection (Table 2). The 1988 Sonningdale 
collection had the second lowest total germination percentage of 
the 12 sources tested, showing that large year-to-year variation 
existed. 

Seeds germinated in 80 to 87% of the temperature regimes tested, 
with total germination at these temperatures averaging from 14 to 
48% (Table 2). Maximum total germination was 70% or higher in 9 
of the 12 collections tested. Germination was maximum in 4 to 13% 
of the regimes with means varying between 32 and 96%. 

For the 1987 collections 7 temperature regimes supported max- 
imum germination at least once; it occurred with a frequency of 
80% at 15115 and 20/20° C (Table 3). These same temperature 

Table 3. Frequency of maximum germhution for temperature-germbmtion 
profiles for ail collections of plains rough fescue seed collected 
Saskatchewan. 

Frequency of maximum germination (%) 

Cold-period 
temperature c C) 
16-hr Warm-period temperature (” C) 8-hr 

0 2 5 10 15 20 25 30 35 40 
_____l987_____ 

0 
2 
5 

10 
15 80 40 10 
20 8060 10 
25 10 
30 
35 
40 

_____l988_____ 
0 
2 
5 

10 
15 100 25 
20 100 
25 25 
30 
35 
40 

regimes provided optimal conditions for germination of all collec- 
tions in 1988. 

Complete response surfaces are presented for the Cypress Hills 
and Sonningdale collections made in 1987 and 1988 (Tables 4 and 

Table 4. JMimated total germination (%) and confldenee intervals for the 1987 and 1988 Cypress Hiiis collections of plains rough fescue seeds incubated 
for 4 weeks in darkness at 55 constant and ritemrting temperatures.’ 

Cold-period Warm-period temperature (” C) 8-hr 
temperature 
(” C) 16-hr o 2 5 10 I5 20 25 30 35 40 

_____ 1987_____ 
0 O(5) O(4) l(3) 2(3) 3(3) 3(3) 2(3) O(3) O(4) O(5) 
2 6(4) 8(3) 9(2) 10(3) 9(3) 8(3) b(3) 3(3) O(4) 
5 17(3) 1 W) 1W) 1 WI 17(2) 15(2) IW) B(4) 

10 29(3) 30(2) 29(2) 27(2) 25(2) 22(2) W3) 
15 37f4) 36(3) 34(2) 32(2) 28(3) 24(4) 
20 38(4) 3W) 34(2) 30(3) 26(4) 
25 35(4) 32(2) 28(2) 23(4) 
30 26(4) 22~3) 17(4) 
35 ll(4) b(4) 
40 O(6) 

_____1988_____ 
0 O(7) 
2 2:; 

2(5) g(4) ii(5) 1 l(5) s(5) 3(4) O(5) O(8) 
13(4) i9(4) 22(4) 21(4) W4) 12(4) 3(4) O(7) 

5 28(5) 33(3) 36(3) 35(3) 31(3) 25(3) i5(3) 3(5) 
10 53(5) 54(3) 52(3) 48(3) 41(3) 30(3) 17(5) 
15 67(5) W4) 59(3) 50(3) 39(4) 25(5) 
20 70(6) 63(4) 54(3) 42(4) 27(b) 
25 62(5) 52(4) 39(4) 24(5) 
30 44(5) 30(4) 14(5) 
35 15(h) O(6) 
40 O(9) 
1 Maximum values are underlined and detined as those values not lower than the maximum minus I / 2 its confidence interval (PSO.05). The values in parentheses are one-half the 
confidence interval. 
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Table 5. Estfmstcd total gemdnatton (96) and confidence iatervals for the 1987 sod 1988 Sonningdale collections of plsias roogh fescue seeds incubated 
for 4 weeks in dsrkness 8t 55 constsnt 8d 8ltenuting tempentures.1 

Cold-period 
temperature 

Warm-period temperature e C) 8-hr 

(” C) 16-hr 
O 2 5 10 15 20 25 30 35 40 

_____1987_____ 
0 o(7) O(6) O(5) 2(5) 4t5) l(5) 

: 

O(6) 
12(h) 

O(8) 
la(5) 20(4) 2;; 2~4) 1 g(4) $43 5(5) o(7) 
40(5) 45(3) 44(4) 4W4) 35(3) 

10 ::; 
27(4) 16(6) 

75(4) 73(4) 69(4) 62(4) 
15 

53(4) 42(5) 
95(6) 92(4) 87(4) 79(4) 69(4) 57(e) 

20 1 WG 94(4) ‘W4) 75(4) 62(6) 
25 9W) 81(4) 
30 

70(4) 56(h) 
66(6) 54(4) 

35 
39th) 

27~1 1 
40 

l(7) 
o(W 

_____]988_____ 
0 2 5 10 15 20 25 30 35 40 

0 O(5) 
::; 

o(3) l(3) 3(3) 4(3) 3(3) l(3) 
2 

O(4) O(5) 
5(3) g(2) lO(3) W3) 9(3) ‘j(3) 

5 
2(3) O(4) 

W3) 1 WI 19(2) W2) W2) 13(2) g(2) 
10 

l(4) 
32(3) 32(2) 30(2) 27~2) 22(2) 15(2) 

15 
g(3) 

42(4) 39(3) 34(2) 28(2) 2~3) 11(4) 
20 45(4) 39(3) 32(2) 23(3) 12(4) 
25 41(4) 32(2) 22(2) 11(4) 
30 31(4) 19(3) 
35 

6(4) 
I3(4) o(4) 

40 o(6) 
‘Maximum values are underlined and defined as those values not lower than the maximum minus I/ 2 its confidence interval (PSO.05). The values in parentheses are one-halfthe 
confiicnce interval. 

5). These were the only sites where collection was possible in both 
years. Year-to-year and site-to-site variability are reflected in both 
sources with the Cypress Hills collection displaying highest total 
germination and optimal temperatures that were more restricted in 
1988 than in 1987. The Sonningdale collection showed a reversed 
response with highest and lowest total germination in 1987 and 
1988, respectively, but the range of optimum temperatures varied 
little. Much of this variation between collections is attributed to 
variation in the percentage of filled seeds (Table 2); however, 
dormancy can not be ruled out as a contributor to some of this 
variation. 

Constant Temperature-Osmotic Potential Effects on Germination 
Germination of all collections was the product of the interacting 

effects of temperature and osmotic potential. Generally, total ger- 
mination and germination rate were lowest at 5 and 2S” C and 
highest at intermediate temperatures (Tables 6 and 7). Total ger- 
mination was highest and seeds germinated most rapidly over the 
broadest range of osmotic potentials at 10 to 20’ C. Over the entire 
temperature range, germination was severely restricted by declin- 
ing osmotic potentials; no seeds germinated at osmotic potentials 
below -0.81 and -0.99 MPa for the 1987 and 1988 collections, 
respectively. 

Analysis of variance showed that 71 to 88% of the variation in 
total germination was accounted for by osmotic potential. The 
combined effect of temperature and the interacting effects of 
temperature and osmotic potential accounted for 10 to 23% of the 
variation. These variance components implicated water stress as 
the primary determinant of germination. 

Ascending and Descending Temperatures and Osmotic Potential 
Effects on Germination 

Total percent germination was higher and germination rate 
more rapid over a broader range of osmotic potentials when incu- 
bated under temperatures that were increasing from 10 to 25” C 
than when temperatures declined from 25 to 100 C (Fig. laand lb). 
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Fig. 18 and lb. Response curves for (8) total germbmtion 8nd (b) germhm- 
tion rrte for the West Allen Hills collection of plrins rough feacue 
incubrted in 8 gradient of osmotic potenti8ls with temper8tures escend- 
ing from 10 to 250 C mnd descending from 25 to lo” C. Regression 
equ8tions for the response curves 8re presented in Table 8. 

JOURNAL OF RANGE MANAGEMENT 44(l), January 1991 



Table 6. Mean total germination ($) and standard errors for the temper- 
ature and osmotic potential lntenction for 8 coUections of phins rough 
fescue seed incubated for 400 degree days (base temperature quals 00 C) 
at temperatures between 5 and 25” C in a gradient of osmotic potentials. 

Osmotic 
Potential 5 
(MPa) 

Total germination (%) 
Temperature c C) 

IO IS 20 25 Standard 
error 

0.00 64.0 
-0.20 54.0 
-0.50 8.0 
-0.81 0.0 
-0.90 0.0 

0.00 
-0.20 
-0.50 
-0.81 
-0.90 

77.0 
77.5 
20.5 
0.0 
0.0 

Ez 
-0:50 
-0.81 
-0.90 

76.0 
79.0 
17.5 
0.0 
0.0 

0.00 83.0 
-0.20 86.0 
-0.50 36.5 
-0.81 0.0 
-0.90 0.0 

0.00 
-6.29 
-0.68 
-6.99 
-1.27 

75.0 
75.5 
14.5 

::o” 

0.00 69.5 
-0.29 46.0 
-0.68 4.5 
-0.99 0.0 
-1.27 0.0 

0.00 54.5 
-6.29 36.5 
-0.68 3.3 
-6.99 0.0 
-1.27 0.0 

0.00 
-0.29 
-0.68 
-0.99 
-1.27 

81.5 
61.0 

5.5 
0.0 
0.0 0.0 0.0 0.0 0.0 

------BiddulphPrairie-l987----- 
85.0 83.3 83.5 56.3 
75.0 77.5 84.8 56.5 
15.0 67.5 50.0 9.5 
0.0 14.5 4.5 0.5 
0.0 0.0 0.0 0.0 

------StrawberryHills-l987----, 
92.0 95.0 87.5 83.0 
88.0 85.0 86.5 70.5 
22.0 78.5 54.8 21.0 
0.0 28.0 0.5 0.5 
0.0 0.0 0.0 0.0 

------~dis~n-]987----_ 
95.5 96.0 94.5 73.0 
81.0 85.5 93.5 73.5 
23.5 79.0 64.5 17.0 
0.0 22.0 8.5 0.5 
0.0 0.0 0.0 0.0 

------AllanHills-1987----- 
97.5 94.5 94.5 81.5 
89.0 85.8 94.0 71.5 
21.5 88.5 74.5 20.0 
0.0 19.5 14.0 0.5 
0.0 0.0 0.0 0.0 

------CypressHills-l988----- 
60.0 79.0 68.0 63.5 
83.5 88.5 66.5 52.0 
67.0 65.5 25.0 12.0 
29.0 3.5 0.0 0.0 
0.0 0.0 0.0 0.0 

------WoodMountain-l988----- 
80.0 77.5 80.5 75.5 
85.0 77.5 69.5 60.0 
61.5 60.5 43.5 13.0 
12.5 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

------Sonningdale-l988----- 
77.0 78.0 71.0 64.5 
75.5 81.0 60.5 40.5 
54.5 49.5 23.5 8.0 

3.5 2.5 0.0 0.0 
0.0 0.0 0.0 0.0 

------EagleHills-l988----- 
87.5 85.5 76.0 60.0 
86.5 68.0 70.0 70.0 
74.0 63.5 28.5 17.0 
13.5 0.0 0.0 0.0 

2.9 

2.6 

2.3 

2.2 

3.9 

3.4 

5.1 

3.0 

In all cases total germination-osmotic potential relationships were 
quadratic in the increasing temperature regime; conversely, total 
germination declined linearly as osmotic potentials declined under 
the descending temperature regime for all collections (Table 8; Fig. 
la). Whether under the ascending or descending temperature 
regime, germination rate declined in a linear fashion as osmotic 
potentials decreased (Table 8; Fig. lb). 

Water stress was the major contributor to variation observed in 
total germination. Sixty-live to 74% of the variation in total germi- 

Table 7. Mean germination rate (%/degree day) end standard errors for 
tbe temperature and osmotic potent&l interaction for 8 collections of 
plains rough fescue seed incubrted for 400 degree days (base temperature 
equals 00 C) at temperatures between 5 and 250 C in a gradient of 
osmotic potenthls. 

Osmotic 
Potential 5 
(MPa) 

Total germination (%) 

Temperature (O C) 
IO 15 20 25 Standard 

error 

0.00 0.21 
-0.20 0.17 
-0.50 0.02 
-0.81 0.00 
-0.90 0.00 

0.00 0.28 
-0.20 0.25 
-0.50 0.05 
-0.81 0.00 
-0.90 0.00 

0.00 0.28 
a.20 0.26 
-0.50 0.05 
-0.81 0.00 
-0.90 0.08 

0.00 0.31 
-0.20 0.28 
-0.50 0.12 
-0.81 0.00 
-0.90 0.00 

------BiddulphPrairie l987----- 
0.43 0.43 0.37 0.21 
0.31 0.33 0.33 0.19 
0.04 0.21 0.15 0.02 
0.00 0.03 0.01 0.01 
0.00 0.00 0.00 0.00 

------StrawberryHills-l987----- 
0.49 0.49 0.41 0.34 
0.37 0.37 0.36 0.24 
0.07 0.27 0.17 0.05 
0.00 0.07 0.01 0.01 
0.00 0.00 0.00 0.00 

------Radisson-l987----- 
0.51 0.52 0.46 0.33 
0.35 0.37 0.40 0.28 
0.07 0.27 0.19 0.03 
0.00 0.06 0.02 0.01 
0.00 0.00 0.00 0.00 

------AllanHills-l987----- 
0.51 0.50 0.46 0.35 
0.39 0.36 0.39 0.26 
0.06 0.30 0.23 0.05 
0.00 0.05 0.04 0.01 
0.00 0.00 0.00 0.00 

------CypmssHills-l988----- 
0.00 0.67 0.46 

-0.29 0.49 0.57 
-0.68 0.05 0.32 
-0.99 0.00 0.09 
-1.27 0.00 0.00 

0.00 0.57 
-0.29 0.23 
-0.68 0.01 
-0.99 0.00 
-1.27 0.00 

____. 
0.61 
0.56 
0.28 
0.03 
0.00 

0.00 0.42 
-0.29 0.18 
-0.68 0.01 
-0.99 0.00 
-1.27 0.00 

-__ ---Sonningdale-l988----- 
0.57 0.42 0.37 0.25 
0.47 0.37 0.27 0.20 
0.22 0.17 0.07 0.02 
0.01 0.01 0.00 0.00 
0.00 0.00 0.00 0.00 

0.00 0.66 
-0.29 0.32 
-0.68 0.01 
-0.99 0.00 
-1.27 0.00 

------EagleHills_l9gg_____ 
0.69 0.54 0.40 0.24 
0.57 0.34 0.32 0.25 
0.34 0.23 0.09 0.05 
0.04 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 

i-26 0.36 0.23 
0.47 0.30 0.18 
0.24 0.08 0.03 
0.01 0.00 0.00 
0.00 0.00 0.00 

.- Wood Mountain-1988 - - - - - 
0.50 0.44 0.36 
0.40 0.31 0.22 
0.21 0.13 0.03 
0.00 0.00 0.00 
0.00 0.00 0.00 

0.02 

0.02 

0.02 

0.01 

0.02 

0.02 

0.02 

0.02 

nation was accounted for by osmotic potential, while 2534% of 
the variation was partitioned into the influence of temperature 
regime and the interacting effects of temperature regime and 
osmotic potential. 

Discussion 
Temperature does not appear to place major restrictions on the 

germination of plains rough fescue; seeds can be expected to ger- 
minate over a wide thermal gradient. However, moisture availabil- 
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Table 8. Regression equations for total germhtion and germination rate in ascending and descending temperature regtmes for 8 collections of piains 
rough fescue seeds incubated for 600 degree days (base temperature equals 00 C) in a gradient of osmotic potentials. Y is total germination (%J) or 
germination rate (%/degree day) and X is osmotic potential (-MPa). 

Collection 
and year 

Temperature regime 
Ascending 
Regression Equation R* 

Descending 
Regression Equation R* 

___ 1987___ 

Biddulph 
Aiian Hills 
Strawberry Hills 
Radisson 
___1988___ 
Wood Mountain 
Cypress Hills 
Eagle Hills 
Sonningdaie 

___1987___ 

Biddulph 
Allan Hills 
Strawberry Hills 
Radisson 

-----Totaigermination(%)----- 

Y=82.5-5.4X-38.7X2 0.93 Y=72.2+61.2X 
Y=92.8-60.0X-104.7X2 0.96 Y=83.2+71.3X 
Y=89.4-28.4X-68.7X2 0.97 Y=85.2+72.3X 
Y=91.4-12.1X-27.7X2 0.95 Y=77.9+61.6X 

Y=71.9-41.4x-111.5x~ 0.87 Y=80.2+72.7X 
Y=73.8-31.2X-101.2X2 0.91 Y=67.0+55.iX 
Y=86.5-53.7X-156.7X* 0.95 Y=SS.m80.5X 
Y=70.6-73.2X-171.2X* 0.93 Y=69.3+61.iX 

-----GerminationRate(%/degreeday)----- 

y=O.43+0.34x 0.97 Y=O.21+0.24X 
Y=O.56+0.44X 0.98 Y=O.31+0.28X 
Y=O.51+0.38X 0.98 Y=O.32+0.28X 
Y=O.50+0.38X 0.98 Y=O.30+0.25X 

0.82 
0.89 
0.90 
0.77 

0.85 
0.76 
0.83 
0.75 

0.82 
0.89 
0.91 
0.79 

___1988___ 
Wood Mountain Y=O.43+0.42X 0.90 Y=O.31+0.3OX 0.85 
Cypress Hills Y=O.46+0.45X 0.93 Y=O.24+0.22X 0.90 
Eagle Hills Y=O.54+0.56X 0.93 Y=O.34+0.34X 0.90 
Sonningdale Y=O.50+0.52X 0.91 Y=O.25+0.24X 0.87 

ity imposes severe limitations on its germination, especially at the have an after-ripening requirement, since preliminary tests showed 
extremes of the range of temperatures tested. This finding was germination of freshly harvested seeds averaged 8 1% and 87% at 
highlighted by compartmentalizing variance of germination where- loo C and 20° C, respectively (Romo, unpublished data). There- 
in moisture stress accounted for the largest percentage of total fore, provided seeds reach safe sites, they can germinate imme- 
variation. diately upon ripening. 

Plants possessing seeds with exacting requirements for germina- 
tion can establish more successfully than those with few restric- 
tions (Hegarty 1978). However, in an environment with changing 
moisture conditions the opportunities for germination may be 
reduced for seeds with specific moisture requirements. If moisture 
stress is low, seeds of plains rough fescue can germinate over a 
broad range of temperatures; but water stress overrides tempera- 
ture influences, and narrows the conditions where germination will 
occur. This response presumably reflects an adaptive strategy 
because plains rough fescue is generally restricted to habitats with 
cooler and moister conditions than those of the Mixed Prairie of 
the northern Great Plains (Coupland and Brayshaw 1953, Ayyad 
and Dix 1964). Such an adaptation protects against germination 
under conditions of transient or low soil moisture, limiting most 
germination to periods with protracted conditions of high soil 
moisture. 

Exposure to the descending temperature regime and water stress 
reduced germination, and this reduction was not overcome by 
exposure to progressively lower temperatures. Relatively warm 
soil temperatures and water deficits are usually simultaneous 
events in Fescue Prairie. Providing seed mortality does not occur, 
dormancy induced by warm temperatures and water stress may act 
to preserve a portion of the seedbank for germination at a later 
date. However, a seedbank for the closely allied rough fescue is 
negligible (Johnston 1961). Induction of dormancy under these 
conditions may also serve to block germination that would other- 
wise predispose seedlings to temperature and moisture conditions 
that may not be conducive for their growth and survival. 

These data clearly illustrated that germination is potentially high 
when seedbed temperatures are moderate. That maximum germi- 
nation occurred most frequently at IS/ 15 and 20/ 20” C, and seeds 
germinated over the broadest range of osmotic potentials at 
temperatures between 10 and 20” C, is strong evidence that moder- 
ate temperatures are optimum for germination. Similar results 
were reported for rough fescue, with maximum germination occur- 
ring in 6 of the same 55 regimes, with a frequency of lOwcat 15/ 20° 
C (Young and Evans 1982). Johnston (1961) reported that total 
germination for rough fescue was highest at 13,18, and 24’ C and it 
was lowest at 30° C. 

With increasing temperatures, the restrictions imposed by water 
stress were not as strong as those imposed by declining tempera- 
tures. In Fescue Prairie, an increasing temperature regime is char- 
acteristic of spring. In spring, soils usually have high moisture 
content because of moisture recharge from snowmelt and early 
precipitation. Increasing temperatures also provide conditions 
favorable for growth of seedlings (Smoliak and Johnston 1968). 
However, the germination response observed under increasing 
temperatures in the present study may be modified by overwinter 
chilling of seeds. Stratification of plains rough fescue seeds at 2’ C 
reduces germination under an ascending temperature regime 
(Romo, unpublished data). 

This range of optimal germination temperatures is similar to 
that in the soils of the Fescue Prairie during July and August 
(Johnston et al. 1971) when most seeds of plains rough fescue 
shatter from plants. Seeds of plains rough fescue apparently do not 

The basic biological limitation of sexual reproduction in plains 
rough fescue is its infrequent production of seed. Exact reasons for 
this sporadic flowering are not known (Johnston and MacDonald 
1967). Since plains rough fescue is a long-lived and weakly rhizom- 
atous plant, high rates of regeneration from seed may not be 
necessary for maintenance of populations (Grime 1979). This pro- 
position assumes that asexual reproduction is not being limited 
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and mortality rates are not altered. However, most remaining 
stands of plains rough fescue are severely depleted because of 
imprudent grazing management. In these depleted stands vegeta- 
tive expansion is reduced, and the importance of regeneration from 
seed is elevated compared to pristine stands. 

Complicating this issue of sexual regeneration is the fact that 
microenvironmental conditions of most Fescue Prairie has been 
substantially transformed by grazing. Temperature extremes of the 
soils are greatest and soil moisture is reduced (Johnston 1961, 
Johnston et al. 1971). Cold and warm temperatures, and widely 
fluctuating temperatures, greatly reduced germination of this 
grass, and water stress is a major determinant of germination. 
Thus, the combination of high seed production and conditions 
favorable for germination and growth are probably a rare sequence 
of events that are made more unlikely by improper grazing 
activities. 

Management Implications 
Plains rough fescue has the ability to germinate over a broad 

range of temperatures, but severe restrictions are imposed by 
reduced moisture availability. These characteristics together with 
the fact that seeds germinated more rapidly and in higher numbers 
over a wider range of osmotic potentials when temperatures were 
increased from low to high temperatures suggest that this species 
should be planted in early spring when seedbed temperatures are 
increasing. 
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