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ABSTRACT
Factors affecting germination, emergence, and early growth of Festuca

scdbrelld, Danthonia-pamyi, a\d Br.otnus pumpellidnus *ere studied in the
g'errnrnacor uo gt"ethooie.- Germination- of -D. parryi was not afiected
-difierentially aitemperatures ranging from 55'F. to 85"F' F' scabrelld
germinated'best at 6i'F. md B. pwnpellianus ar 75' to 85"F' Percentage
[ermination of F. scabrella was inhibiied by a wet-cold tr'eatment and by a
solution prepared from pardally decomposed litter. Shallow seeding was
found to ofier the best opportunity for secdling establishment. ,Fewest
seedlings survil'ed where competition was greatest' i.e. when seeds were
broadcist on the surface of a rapidly-growin-g, established sod' This treat-
ment produced the least vigoroui se6dlings as-measured by tillcr or rhizome
numbers, dr;' matter yields, and root and leaf lengths.

In a depth-of-lirter srudy involving F. scabrella, as the depth. of litter
increased, the percentage emergence oT seedlings decreased.- Seedlings con-
tinued ro cmerge for in 85-diy period from-all except shallow (i-inch)
litter depths of seeding.

Six square-foot sods obtained in mid-June, 1958, from Festuca prairie in
excellenl condition were dissected in the laboratory. Numbers and loca-
tions of seedlings were recorded and showed that the same uends existed
on the prairie-as w-ere detected in the greenhouse experiments. The
cumulative results of the smdies suggcsted th]at seed and sebdling mortaliry
in the grasses studied rvas of considerabie magnitude,

INTRODI]CTION
There are apparently two contrasting vie$'s on the importance of seed

set and subsequeht dispersal of ripe seed in the maintenance of native grass

stands. For example,-it has become a tenet of range management that the
production of an erccasional large, viable seed croP is nec€ssarv in order
to maintain a native grass stand in a suong, vigorous condition. This has

been pointed out by Sampson (13) and Stbddart and Smith (15), particu-
larly in relation to their discussions of various types of rotational grazing
sysiems. Ellison (4) has suggested that the Presence of seedlings. may. be
used to determine the receni history of a species and may provide clues

as to the maintenance of that species in a stand. In contrast to this view,
Robertson and Pearse (11) have discussed the "closed community" concept
which hoids that established stands of vegetation are not readily invaded
and that mass invasion, witholt -opening-of the commuliy bi .external
means, is nearly impossible. Blake (1) has stated that "the Pralne rs a

closed fotmation" and points out that, on the prai-rie, seedlings find estab-
lishment difficult. Simpson and .N'Ioore (14) have reported that, while the
possibilities of indigenous species for use in depleted rangelands have been
iuggested frequentiy, the general experience'has been-that few plants,
regirdless of species, establish from broadcast seedings. In a study of
Dianthus prolifer and Verbdscu?n' thd:,psus, Salisbury (12) noted seedling
mortality of from 95 to 99 per cent and states that mortality in plants is
almost entirely a feature of the juvenile stage. He points out that, on
theoretical grounds and over a long period of time, for everv parent plant
that perishes only one offspring will survive.

lCouEibution from the Forage Crops Section,
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Germination and early growth of grasses have been studied by numer-
ous investigators (1, +,10, L4). Glendening (5) found that litter enhanced
the chances of new plants to establish themselves through natural repro-
duction from seeds. 

- Hopkins (6) also has discussed the importance of
natural mulch, particularly in relation to soil temperatures and soil moisture
content.

In an effort to reconcile the contrasting views mentioned above, a series
of experiments were started in the greenhouse in 1957. Purposes of the
study. u'ere to determine the viability of seed of three native grasses by
germination tests; to follow the early growth of the seedlings produced
under a variety of conditions comparable to those found in the field; to
determine the effects of various depths of litter on emergence and ear$
development; and to relate the results of greenhouse experiments to field
condrtrons.

METIIODS
"l'hree native grasses, Festucu scabrella Torr., Danthonia pdrryi Scribn.,

and Browrus putnpellianus Scritrn., were selected for the study. The two
former species are co-dominants in the Festuca-Danthoniw faciation of the
Festuca icabrelta association (3, 8). The latter is a minor species within
the association but mav be locally abundant, parricularly on disturbed sites.
Seed of each species 

'was collected during Angnrt 
"n'd 

S.pt.-ber at the
Range Experiment Substation, Stavely, loiated-in the Por6upine Hills of
southwestern Alberta. Seeds rvere stored at 45oF. and were utilized in
germinator and greenhouse tests within 3 to 4 months of the collection
date. Well-filled, hard seeds were selected for the study.

The results of a numtrer of germinator and greenhouse experiments and
some field observations are repdrted herein. These fall into four general
groups as follows:
7. Germinator Tests

A series of germinator tests were conducted with F. scabrella, D pawyi,
and B. purnpellianus. These were conducted in a Manglesdorf germinator'
at temperaflrres of 55"F,,65"F.,75nF., and 85'F. The effects of several
seed treatments on the germination of F. scabrella and D. parryi: werc
studied. One hundred seeds of the species concerned were placed in a

folded paper towel and kept moist by daily waterings. C'ounts were made
at daily intervals for a 3-week period following initial germination.
2. Gerrnination und Early Grott;tb under Various Conditions

Eight-inch unglazed earthenware pots filled with a 60:40 mixture of
loam and sand were used in all treatments. This pot size was selected
because observations indicated that 100 seeds scatter6d on the soil surface
gave a density of seeding comparable to that obtained as a result of nacural
seed dissemination in a better-than-average seed year. In an attempt to
simulate sorne of the conditions that would be encountered in the field,
the following treatments were devised:

a) Unclipped sods obtained in early November from range in excellent condition
were trimmed to an 8-inch diameter and 4 inches deeo and transplanted into
pots. The sods were allowed to become esrablished, aftir which 100 seeds were
scaftered on the surface. In each experiment, sods and seeds were of the
same species.
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Jenuary, l96ll JOHNSTON-RANGE CRASSES

b) One hundred seeds were scattered on top of a 2-inch layer of litter that had
previously been placed on the soil surface.

c) One hundred seeds were scattered on the soil surface and rvere covered by a

2-inch layer of litter.
d) One hundred seeds rvete broadcast on the soil surfaoe.
e) One hundred seeds wete sovi'n ]-inch deep.

.1. Effects of Various Depths of Litter on Emergence and
Early Deaelo'pment

The effects of various depths of litter on a single species, Festuca
scdbrellx, were studied. Eight-inch earthenware pots and a 60:40 mixture
<if loam and sand were used. Treatments were as foliows:

One hundred seeds were broadcast on the soil surface and ulere
1) covered by i inch of litter;
2) covered by 1 inch of litter;
3) covered by 1j inches of litter.

One hundred seeds werc broadcast on littel layers of
1) * inch and were covered by ] inch of liaer;
2) I inch and were covered by 1 inch of litter;
3) lj inches and were covered by 1f inches of litter.

4. Field Obseraations
In mid-June, 1958, six square-foot sods were obtained from native

prairie in excellent condition that was dominated by F. scabrella. These
sods 'wele dissected under magnification. Numbers and location of l-.
scdbrell& seedlings, both dead "id liuitrg, were recorded and ungerminated
seeds of the species were collected.

Plant litter refers to the dead, but undecomposed, vegetative material
present on the surface of the soil. It may be separate from, ot attached
to, the parent plant. In this study, the litter used in any experiment was
obtained from sites dominated by the grass species concerned. The
matedal was steam-sterilized for 6 hours prior to use to ensure freedom
from seeds.

In all germinator or greenhouse experiments, ueatments were replicated
four or six times in a randomized block. A colour code, utilizing plastic
"Party-Pics", was used in sections 2 and 3 above, to identify emerging
seedlings individually at 10-day intervals during the 3-month growth period.
Greenhouse temperatures varied from a high of 75"F. during the day to
55'F. at night. A day length of 16 hours was maintained throughout. All
treatments received light, frequent waterings during the course of the
experiment.

Germinator Tests 
RESUr-T'

The effects of temperature on the percentage germination of F.
scabrella, D. parryi, and B. pwnpellianus are shown in Table 1. The
optimum germination temperature of F. scsbrella appeared to be 65oF.
although seed of the species germinated readily at 55"F. and 75oF.
Germination percentages of D. parryl were generally low and did not
appear to be affected differentially at the ternperatures used in the study.
ts. pwnpellia:nus germinated best at tempelatrlres of 75o and 85oF. There

6l
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'fenr,n 1.-PoRCENTAGE GonurNartox, .q.xn Devs ro INTTIAL Gnnltrx-Lrrox,
on Tnnnn R.excn Gnessns ar Foun Telrpenerunrs

(Avnn.l,co on 4 Rnrrrceres)

[Vol..tl

Festuca scobrella Donthonr,a parryi Bromus PumPellionus

Temperatnre To getm

69
80

No. da1's 0/6 germ No. days
i

/o gerru I No. dirls
_l__

3 | e.s
50 I 7.0
89 i +.0

55'F.
65'F.
75'F.
85'F.

L.S.D. at 50/6
L.S.[). at 10/11

| 71
I14

level I 17
level 16

7.O
5.0
5.5
6.5

r0 -2
+.2
5.0
2.7

52
46
52

+
N.S. il iu''

Tenlo 2.-EnFEcr oF TnnnB Soso l-nserupNrs oN THE PetcnNrecn
GrnlrrNerroN or Festuca scabrel,la tNn Donth,onia Darryi

.q.r'fBMpEn.A.runBs or' 55' F.

'freatmcDt Festuca scobrellct Danthonia parryi

Lhtreated
5' F. for 2il hours
Soaked 2 hours,5'F. for 24 hours
L.S.D. at 7a/slevel

76
73
47
T9

I

.)t
44
39

5

were differences between species in the time required for initial germination,
F. scabrella germinating most rapidly ^t 65oF., B. purn4ellianus at 7soF.
and D., parryi at 85oF.

The effects of several seed treatments on the germination of F. scab'rella
and D. purryi were studied. Dara obtained are-shown in 'fable 2. At a

temperature of 55'F. the percentage gernination of F. scabrella and D.
p6rryi. were significantly (P < 0.01) reduced as the result of a treatment
which involved soaking the seed in water for 2 hours and then holding it
at 5oF. for 24 hours prior to being placed in the germinator. Percentage
germination of D. pairyi was also-reduced (P < 0.b1) by holding the dry
seed at 5oF. for 24 hours prior to being placed in the germinator. These
results were of interest since moderate days with melting snow, followed
by freezing night-time tempe.ratures, are frequently encountered in the
Forcupine Hills during the spring months. Such conditions might be ex-
pected to significantly affect the germination of both species on rangeland.

Gerrnination and Eurly Growth wtder VarioLts Conditions
Perhaps the most interesting result of the study was that some seeds

germinated, and the resulting seedlings grew and percisted throughout the
study period, under all treatments. These treatments ranged from seeds

broadcast, seeds sown %-inch deep, seeds broadcast on the surface of a

2-jnch litter layer, seeds broadcast and coveled by a 2-inch lirter layer, to
seeds broadcast on the surface of a rapidly-growing, established sod. The
latter is iliustrated in Figure 1 since the treatment seemed to provide the
nrost clif[cult micro-environment for seedling establishment. An average

C
an

. J
. P

la
nt

 S
ci

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
68

.1
51

.1
80

.1
79

 o
n 

12
/1

4/
20

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



FIcunr 1. nJaurc plants.of I'estttca sctbrelln <tt
positiolrs of several seedlirrgs

s'hich thc gcnnination and grorvtlr
are indicated.
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f 
'tt;t'Hr; l. I h'cc-rrrorrrhs-ol<l secdlings oI I'es/trt:tt scithreLJt grorvrt urrclcr thc

follcrrr ing co;rclitiorrs: (.Lelt to rlgi.,r) bloaclc:rsI o1l i] 2-irch laycr of littcr'; sort'n
I inclr clccp; broadcast on soil surface; tl-o secdlings from interspace surrouncling
lr)atur€r plant; tu o seedlings frorn ryithin a n)ature plant.
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of 43.8 seeds genninated, and 24.7 seedlings survived for a 3-month study
period, v'ithin the F. scabrella plant shown. The relative positions occupied
by some of these seedlings are indicated on the figure. An average of 23.3

seedlings developed in the interspace surrounding the mature plant. These
locations are refered to as "Within plantsl' and "Interspace" in Tables 3,

4. and 6.

At least r.rne investigator has noted that the crov'ns of plants provide
conditions suirable for ieedling establishment. Campbell i2), didcussing
the invasion, by crested wheatgrass (Agropyron cristaturn)1of a stand of
intermediate u,'heatgrass (Agropyron intewneditrm) that had been gradually
rvinter-killed, states: "As the stand of interrnediate wheatgrass decreased,
the field was invaded by crested s'heatgrass frorn nearby ,".f, ,oor..r. The
interesting point ahout the invasion r,l'ais that the crested wheatgrass de-
veloped in the dead or dying cro\vns of the intermediate wheatgrass. This
invasion and establishfirent preservecl the pattern, so that the field had the
appearance 'of a crested u.heatgrass field seeded in l2-inch rows".

Table I shows the percentage gerrnination and percentage survival
afrer a 3-month grou'th period, of the three grasses as influenced by a

variety of conditions. As previously mentioned, some seeds germinated
and, with two exceptions, some seedlings persisted, throughout. These
exceptions u'ere the seeds of l-. scabrella and D. parryi that had been broad-
cast on the soil surface and covered b)' a 2-inch depth of litter. At the
end of the study period, as no seedlings had emerged, the then partially
decomposed litter layers were removed from the soil and the surfaces were
examined for evidence of seeds. From ll to 36 identifiable seeds were
recovered fr:om each pot; all v.ere partially to nearly completely decom-
posed; many had produced a primary root up to 14 of an inch long and
an epicotyl vp to y4 of an inch long. Since some factor in addition to
depth of substrata had seemingly prevented emergence, a leachate was pre-
pared as suggested b). Nielsen et al. (9) using the partially decomposed
litter. This material and distilled water were used in a paired plot
germination test with seed of F.. scabrello. Average germinations obtained
rvere 63 per cent 'il'here the leachate solution was used and 80 Der cent
where thi distilled \\.,ater was used. These difierences were sibnificant
(P < 0.01) and suggest that increasing depths of litter exert an iitribiting
effect on germination of the species as well as offering a physical barrier
to the emerging seedling.

Seedling mortality betu.-een gerrnination and the 3-months-old seedling
stage varied-with the'treatment Jnd with the species. Least seedling -ot:-
tality was shorvn by B. putnpellianus and varied from 78 per cent survival
of developed seedlings "Within plants" to 98 per cent sul'vival when sown
ff -inch deep. Highest seedling mortality was exhibited by D. parryi, only,
37 per cent of the developed seedlings being able to survive "Within
plants", 44 per cent r,vhere broadcast on the soil surface, to a high of 88

per cent under shallow seeding. Survival of F. scabrel/c seedlings was equal
to that of B. purnpellianus excepr that onlv 56 per cent of the seedlings
which developed survived "u'ithin plants". As these figures represent sur-
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January, 1961.1 JOHNSTON-RANGII GRASSES 67

vival under presumably optimun growing conditions, it is likely that
seedling mortality on rangeland lr.'ould be considerably greater.

Data are presented in Table 4 to show the relative vigour exhibited by
seedlings of the three grasses grown under a variety of co-nditions. Diffei-
ences in vigour of F. scabrella seedlings are clearly shown in Figure 2. The
least vigorous seedlings were those subjected to the greatest degree of com-
petition, i.e., broadcast on the surface of an established sod. This was
reflected in shorter root and top-growth, fewer tillers or rhizomes, and a

lower yield of dry matter per treatment. Highest dry matter yields were
produced as a result of shallow seeding, since this treatment had resulted
in the development of more seedlings than any other. Seedlings produced
as a result of broadcasting on the soil surface were well developed as was
shown by tiller or rhizom-e numbers. During the growth period^, however,
it was noted that seedlings experienced difficulty in rooting under this
tfeatment. Many were anchored by only a single primary root for a con-
siderable period of tirne and tended to grow in a prostrate position. About
30 per cent of the seedlings produced by all species exhibited this charac-
teristic. In the pot study, rooting gradually took place and vigorous plants
resulted. It is doubtful if this tgould have occurred on rangeland as the
pnorly anchored seedlings would have been highly susceftible to the
desiccating effects of winds.

The largest plants produced by F. scabrella and B. puwpellianus were
those grown on top of a 2-inch litter la,ver. As previously mentioned, there
rvere indications that this material exerted an inhibitins effect on germina-
tic,n of F. seabrella. After seedlins establishment. ihe efiects "of litt.t
appeared beneficial. Plants produced under this rreatment were conspicu-
ous because of their rich green colour. As this appeared to be due to
additional nitrogen, obtain-ed from the decomposiirg litter, a series of
nitrogen determinations were made on the partially decomposed litter and
on samples of the original material. Nitrogen content of the paftly de-
composed litter was 1.10 per cent and that of the undecomposed material
was I.72 per cent. These differences were significant (P < 0.05). Iritani
and Arnold (7) have shown that a portion of the nitrogen contained in
vegetable crop residues may be released and utilized by the growing plant.

Effects of Va:rious Deptbs of Litter on
Ernergence and Early Deueloprnent

Data are presented in Table 5 showing the percentage emergence,
percentage survival, and average number of days before emergence, of F.
scabrella seedlings grown under and between various depths of litter.
Two measurements of seedling vigour are included. As depth of litter in-
creased, the percentage emergence decreased. Emergence was considerably
delayed rvith increasing depths r.rf litter, 41.7 days being required for
seedlings to emerge from the treatrnent which involved seeds broadcast on
a Lfl-inch litter layer and covered by a further I % inches of litter. The
roots of only a few seedlings had penetrated to the soil surface at the end
of the 3-month study period under this treatment. Seedlings continued
to emerge for an 8-i-day period in all treatments except those inr"olving
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f asl-n 6.-i\uMtsnRs AND Locauox oF Festuca scabrell,a SBBor-tncs Drsspcrun Fnolt
Srx Squeno-Foor SoDS OerarNBn Fnon PnernrB rN EXcET,LENT CoNorrrox,

Jrxo, 1958

I
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i fop ot f-inch litter

Sod nunrber i in interspaces I \\iithin plants

112rt;
2.05
3 i 15 8
t{

5 1+ rJ
6 11 i i

verage 10.8 | 7.i

I
0
0
0
3
1

0.8

seeds covered bv a half-inch of litter. Percentage survival of errrerged seed-
lings was best it shallow litter depths and pooiest in the treatme;t where
see-ds had been scatte-red on the soil surface and covered by t% inches of
liter. Only 53 per cent of the ernerging seedlings survived throughout the
-1-month growtfi period in this treaament. All surviving seedlings uncler
ail treatments had the characteristic dark-green colour found to be asso-
ciated, in this study, u'ith licter plantings.

Field Obseraations
Data recorded as a result of dissecting six square-foot sods are shown

in f'able 6. The sods were obtained from ranse in excellent condition that
was dominated by F. scabrella. During disseition, 58 identifiable seeds of
F- scabrella were collected and 124 seedlinss located. Germination under
field conditions, therefore, was in the orderif os per cent and 10.5 per cent
of the resulting seedlings survived to mid-June. Comparable figures
(Table 3) obtained in the greenhouse experiment were 70.2 Per cent ger-
mination and 48.0 per ceni survival. Tlie latter would represent survival
over .a longer period of time since weather conditions u'ould not permit
germination on rangeland until late April or early May. Seed collected
was bulked and two 25-seed lots were used in a germination test. Average
germination of these seeds was only 6.5 per cent, suggesting that the carry-
over of viable F. scabrella seed from year to year is negligible. Gross
numbers siven in Table 6 should be viewed in lisht of the fact that the
seeding d6nsity used in the greenhouse studies was-approximately 11 tirnes
that found on the 1958 sods, 1957 having been a. poor seed year for F.
scabrella in the collection area.

DISCUSSION
Ir is recognized that conditions for plant gro'v\,th in the greenhouse are

presumably optimum, particularly since moisture stress and the effects of
widely fluctuating temperatures can be minimized. The results of this
study, therefore, are not directly applicable to rangeland. They do pro-
vide a relative comparison among several of the varietl. of conditions
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under which seedlings start glowth on the range. ['hus, although .con-
ducted under optimum growing condidons, the cumulatlve results ot thls

study shorved mortality-in ranfe grasses to be_ of " hjg\ or.der. In con-
sideiing F., scabrella,.the spe.ie"s,riost thoroughly studieg. .h." percenragc

germination was significant'ly reduced as a rezult of soaking in.water fol-
iowed by exposurJ ro a low temperature. '+' was_ comparable to the
conditions that would be encountered on a field scale during the early
spring months. A reduced percentage germinarion was noted rvith in-
cte"ri"ng depths of litter. Even with normal lange carry-over, considerable
quantitles df tnir material are deposited on the sirface afrer seed shattering
eich year and would be expected to further inhibit gerrnination and.prwent
.rr,"rg.rr".. To this may'be added the fact that -"l"t itiq1 of .seed- 

of the
speciEs did not exceed Sf per cent and that there zite t myriad ways-in
rini.n seeds may be destroyed benveen dissemination and oppornrnity for
germination. The data showed that, even under greenhouse, conditions'
ippreciable seedling mortality resulted from many ofthe growth conditions
ri idi"d. As field "observati6ns indicated thar mortality- would be much
greater under the more rigorous conditions on the range' it would be un-
iealistic to expect many p.-lants ro be produced as a result of natural seed

dissemination.^ This lendi support to the "closed community" concept-and
re-emphasizes the statement t,v Blake (1) that "on the prairie, seedlings

find establishment difficult".
On the other hand, the results also show that, if corrditions are

favourable, seeds have a remarkable faculty of being able to germinate and
the resulting seedlings to grow and persist. It can be seen readily that the
production of an occasional large, viable seed crop is probably necessar)/

in order to maintain a native giass stand in a strong, vigor:ous condition.
As the production of such a seed crop r,vould be dependent uPon light or
no gruri.g, the opporrunity afforded ixisting plants io grow rilatively 

"-"-molisted turins'the season of food storaie lr'ould 5e a factor in the
maintenance of-a vigorous stand.
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