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TUNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

TEMPERATURE AND OTHER FACTORS
AFFECTING THE GERMINATION OF
FESCUE SEED!

By Viviax Kearys, junior bolanisl, and E. H. Toous, physiclogisl, Division of
Seed Inpestigalions, Bureau of Plant Indusiry
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INTRODUCTION

A knowledge of the physiology of seed germination is fundamental
to an understanding of the growth and development of plants and is
essential as a basis of the formulation of the mest desirable methods
of determining the plant-producing value of seeds. Fescue seed weas
selected as & favorable subject for a determination of the effect of
various factors on the process of germingation as well as for a study of
the most desirable method of determining the plant-producing ability
of seed of differing previous history.

MATERIAL AND METHODS

= The species of fescue used were (1) Festuce rubra ver. commutala
"Gaud. (. fallaz Thuill,, Chewings or New Zealand fescue), (2) cer-
tain mixed commercial strains of £. rubra L., (3) & variety or strain of
CF. rubra known commercially as creeping red fescue, (4) F. capillata

1 Submitted for publication July 7, 1938,
A 98866°—35—1
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Lam. (bair fescue), (5) F. elatior var. arundinacea (Schreb.) Wimm.
(commercially known as reed fescue), and (6 F. elatior L. {meadow
lescue).

The seed was obtained from seedings made at the Arlington Experi-
ment Farm, Arlington, Va., in 1932, 1933, and 1934. Seed collected
n 1934, 1935, and 1936 gives a scries of data from plents 1 to 4 years
old and comparative data on three different Larvests.

The seed was collected at three diflerent stages of maturity desig-
nated as immature, mature, and dead ripe. The immature seed was
collected when the lemma and palea were still green and when the
seed could be threshed out by hand only with difficulty. The mature
seed was collected when the lemma. and palea were turning vellow or
brownish but before it had reached the shattering stage. The dead-
ripe seed was collected when the lemma and palea were very brown
and when sonte of the seed had slready fallen. The immature seed
was considered greener than a grower would harvest, the mature seed
as at the optimum harvesting condition, and the dead-ripe seed as
having passed the ideal harvesttime.

The seed was placed for germiination on paper toweling saturated
with tap water or with 2 0.2-percent solution of potassium nitrate in
Petri dishes. This substratum was cliosen because it had previously
been found that this method gave less variable results than other
artificial media tried.? This was probably due to the fact that a
more uniform moisture condition could be maintained at the various
temperatures. Soil tests were not used because it would have been
impracticable to handle as many tests in soil s= with the described
method. The senior writer previously found that the germination of
Chewings fescue seed was not affected by the soil type used in the
tests except that there was an indication of a d erease in germination
at each extreme of the pH value used.? In a.l tests 4 replicutes of
100 seeds each were used.

A series of tests was conducted at the constant temperatures of 10°,
15°, 20°, 25°, and 30° C. and at alternating temperatures including
verious combinations of these temperatures. The alternation was
secured by transferring trays from one germination chamber to
another. The temperature of the germination chamber was kept
constant within one-half degree of the temperature given. The first
temperature listed in an alternation is the one at which the seed was
kept for approximately 18 hours daily; the last temperature mentioned
was maintained for approximately 6 hours daily.

In the following discussion the optimnn temperature for germina-
tion is considered as the tempernture at which the seed germinated
et the fastest rate and which gave the highest results.

The prechilled treatment was secured by placing the test with the
seeds on the moistened substrata in Petri dishes at 5° C. for various
lengths of time before placing at a higher temperature. The germina-
tion counts were dated from the time the test was pluced at 5°.

No attempt was made to give the sced definite light exposures.
However, all the tests were exposed to light during transfer from one
chamber to another, while being counted, and from the electric lamps

! KEARNS, VIVIAN. THE GERMINATION OF FESTUCA SPP., WITH PARTICCLAR REVERENCE TC VESTUCA
RUBRA FALLAX TRUILL.  Unpublished thesis, George Washington Univ. 1833
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used %o heat the chambers above 20° C, The effect of the total exclu-
sion of light on germination was obtained by placing the Petrt dish
inside a tin box. The counts were then made in a dark chamber
under a blue light.

Seeds were considered germinated when the root and shoot both had
emerged sufficiently to indicate normal development. It is not safe
to counf the seed germinated when only the root, which normally
comes first, has emerged, because the decline in vitality of fescue seed
first shows up in the abnormal sprouts produced. Types of abnormal
germination noted in the storage experiment (6)° were (1) a normal
root and a sheath but no plumale; (2) a normal plumule but no root;
(3) 2 sheath only; and (4) a transparent, water-soaked plumule.
Counts were made at 7-day intervals with the exception of a count
made on the eleventh day.

FESTUCA RUBRA VAR. COMMUTATA

TEMPERATURE

The results of the tests conducted on immature, mature, and dead-
ripe seed of Festuca rubra var. commutafe (Chewings fescue) imme-
diately after harvest and comparative tests made at a later date on
some of the sume samples are given in table 1.

Sample 23a was the enly sample placed to germinate on the day col-
lected, and it was the only ssmple that showed 10° C. to be the
optimum constant temperature. This seed showed a decline in the
maximum germiration as the temperature was raised, giving 80-, 79-,
57-, and 3-percent germination as the temperature was raised from
10° to 15°, 20°, and 30°. When this same sample of seed was tested
2 months later 20° was the optimum constant temperature. With
mmmestuare or mature seed from a few days to 2 weeks old (Nos. 41a,
21a, and 42a) 15° was the optimum constant ter-perature. Dead-
ripe seed behaved approximately the same when pluced to zerminate
at 10°, 15°, or 20°. Chewings fescue seed a few months after harvest
gave practically complete germination at a constant temperature as
high as 25°, but a very critical point was reached somewhere between
25° and 30°. Although the seed as it became older was less dormant
when tested at 30° it never gave complete germination af this tem-
perature. The indications are that immediately after harvest the
optimum constant temperature may be as low as 10°, but as the seed
becomes older the optimum temperature rises until 20° and possibly
25° is reached.

*[tallc nnmbers in parentheser r+f- %o Literature Cited, p. 34.




TABLE L.—Germination of seed of Festuca rubra var. commulale ai various temperalures

Condition of seed

QGermination at temperature of—

Timo of
Year s
Symple | Y28t | sond mina- |
o. ar- : ] = -
SoWn. | yoctad Stage of riponess 'I;itxma“i'u Age! al)lggt 100 C. | 152 C. faee . | 250 . | 30° ©. l()"ér._mo 15“6250 10°-30° 250...150 15° :'mo 20°: ?oa
Days | Days | Days | Percent] Percent Perc;nt Percent| Percent| Fercent. | Percent | Percent Perccr;tr Perce:;g Perceni .
7 / 7 5
87
24 33
lao ...} 1932 1934 Mature__.......
24 118
0 4
22| 1032 1035 |..... doo__oo....
0 68
4la. ... 1032 1036 j_.... 5 [ 14 16
b .. 1032 1048 | Dead ripe.anain- 6 80w TTTRA|TTTONTT RN I T g T T I T
1922 20-34
Ociicnnne.] 1033 1034 | Mature..__._...
L Pt ORNUPI PRSI DO 19-22 | 95-100

14

HENITADIYOV 40 ‘IdUd °S *A ‘889 NILETIOG TVOINHOIL




Immature__._...

Mature

quis HN0SHT 40 NOILVNIWNITD

¥ In this and other tatles, age of seed represents period from harvesting to testing,
2 Collected from secdings made in 1932, 1933, and 1934,
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Although s germination of 90 percent and above was often reached
at the optimum constant temperature, the maximmum germination was
more consistently obtained and in a shorter titne at an alternation of
16° t0 25° C. Seed placed to germinate at the alternations 10° to 25°
and 10° to 30° germinated at o much slower rate than at 15° to 25°,
but the final percentage was about the same. Fresh seed given n
lon%er period at g, warm temperature (25° to 15°), a wider alternation
(15° to 30°), or a warmer altermation (20° to 307) germinated at a
slower Tate than at 15° to 25°, but this tendency diseppeared as the
seed became older. The 2i-day results at 20° to 30° of samples Nos.
21a, 22a, and 23a show an increase in germination of 15 to 34 percent
for the 68- to 71-day-old seed over the seed tested immediately or only
a fow days after harvest.

Twenty-one days appeared to be sufficient time for the germination
of Chewings fescute seed when placed to germinate at 15° to 25° C.,
and in some cases 11 or 14 days were sufficient.

CHILLING

Chilling the moist seeds and then placing them at the optimum
teraperature for germination was neither &rneneﬁcial nor harmiful.
However, seed given a previous cold treatment germinated at a higher
tem]iemture than seed not prechilled. In 1935, prechilling tests
{table 2) were not started until the seed was approximately 2 months
old and had passed the period of sensitiveness to a warm temperature
alternation; therefore chilling showed no benefit when tested at 20° to
30° C. However, iests made in 1936, svon after harvest, the results
of which are given in table 3, indicate that fresh seed germinates at a
faster rate and in some cases more completely at 20° to 30° if it has
been prechilied.

TaBLE 2.—Germination of seed of Festuca rudra var, commulaty when prechitled and
{ransferred lo a warm lemperalure, 1833

Condition of seed Germinstion at tetmperatura ol—
T lc'f o i 0 C
3 germl- . .
Sample No. nation
Scage of ripeaeas Ags eount
Un- 7 daysat Un- 7 dnys at |14 days at
treated 5*°C. treared 50, 5 (.

Daya Days Percent | Percend | Pereent | Pereend | Pereent
i1 al ] 18

16 4
e b Imimnture .| Tl 14 o2 97 50 78
21 a3 e 60 §7
11 o 71 23 =
ool S, Mature ... &8 4 ™ 5] a4 o]
il 95 94 40 75
11 a7 il s Hy
21 « T e ripe o oeeenas 4D 4 98 a7 3 87
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TasLe 3.—CGermination of seed of Fesluca rubra var. commulata when prechilled and
transferred lo ¢ warm lemperalure, 1936

Gormination at

i Condition of seed Timoin[ 20°-30° C.
germi-

Bumple No. mation
connk

Btage of ripeness 7 22"8 ;14

Uo-
treated

Percent | Pereent
33

SRRUAZEETEELS

The seed germinated at the hizh constant temperature of 30° C.
(table 2) much better if it had been prechilled. The final percentage
of gerntingtion was raised from 60 to 87 percent, 40 to 75 percent,
and 46 to 91 percent, in samples 21a, 231, and 24b, by prechilling the
seed at 5° for 7 days. A longer period of chilling was not any better.
Seed placed to germinate at 30° with no prechilled treatment appeared
to be held in a dormant condition, but this seed grew imrnediately if
it was transferred to an optimum temperature for germination, or if
it waos teken out of 30° and given a cold treatment before placing back
at 30°. Sample 21a placed to germinate at 30° germinated 33 per-
cent with poiassium nitrate and 10 percent with water in 35 days.
This seed was then transferred to 15° to 25°, where the seed germinated
an additional 65 and 85 percent, making the total percentage of ger-
mingtion 98 and 95 in 49 days. Sample 23a, which germinated 8
percent in 35 days (with water) at 30°, increased to 92 percent in 49
days when transferred to 15° to 25°, Sample No. 24b germineted 21
percent in 35 days at 30° and was then transferred to 5° for 16 days,
then back to 30° where it germinated an additional 74 percent,
making a total of 95 percent. These results are not given in the tables.

POTASSIUM NITRATE

Potassium nitrate wos used on seed collected when immature,
meture, and dead ripe (samples 21a, 22a, and 24b). The use of
potassium nitrate had little effect on the total germination, although
it hastened the rate of germination; at 15° to 25° the results with
water equaled the results with nitrate by the fourteenth day and at
20° to 30° by the twenty-eichth day (table 4).
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TaBLE 4—Efect of potassium nilrate on germination of seed of Festuca rubra var.

commulala
Condition ol seed Germintion st temperature of -
Time pf 15%-857"(. 20°-30° C,
Sawmple No. geriti-
it ARl n‘ﬂ:ll.g[l.l
Stage of nmturity [} r v
ith With With Wit
s waler ptsaunL water
nitraie nitrais
Duys Duna Pereent FPercent Pereent Percent
11 L) i p 20
14 2 a1 45 34
D eenen Immature. ...ooe.o.. a3 &4 7
i 04 H
a5 85
18 15
44 4
b7 DMatore, . ocee e 4 i3 58
52 BO
86 88
14 iy Jrg .{92‘ ég.
1 - f
24 .| Dead ripe ——— 1 a1 e a7 an e
-] A g7 85 +)

LIGHT

Light does not seem to be essential for the germination of Chewings
fescue when the seed is placed to germinate at a favorable temperature.
Immature seed (21a) was retarded in rate of germination when light
was fotally excluded, but the final percentage of germination was
approximately the same. Mature seed and dead-ripe seed did not
show this retarded rate of germination in the dark at an alternation
of 15° to 25° C. At 10° when light was totally excluded however, the
immature and mature seed germinated at a slower rate, and the final
percentage of germination was never as high as when light was not
exc}uded. The results of effect of exclusion of light are given in
table 5.

TaprLE §.—Effect of exclusion of light on germinalion of seed of Festuca rubra var,

commulala
Condition of seed ; Germtination ot temperatare of-—
Time of 15°-25° . ) 00 C.
germi-
1 n.ar.ica? Light not Ligh
Sample coun EhL no - ght not
N, Light excluded exeluled Light excluded excluded
Stege of Age
ripeness
With With With With
potas- | Wilh | poss- | With | potas- | With | patas- | With
slum | woter | slum | water | sium ;| water | sium | water
nitrate nitrate pltrata nitrate

Dayz! Days | Percent| Percent| Percend| Percend| Percenti Percent] Percentl Pereent
14 80 83 g; gili -35 g é':.; I
i B 89 4 83
8. Immature.} 3 25 63 % 48 0 18 8l 7 5
3a 94 a2 ofi 59 84
14 21 si! 8| 98 e I LiTd
. Matura___ i 21 ] 5.1} 54 1N -]
bl 100 81 54 85 80
14 a7 ] ol 97 g2
b Dead ripa. 1 { 21 7 s a1 3 3
28 83 a1 5 L4
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FESTUCA RUBRA STRAINS

The Festuca rubra strains were secured from seed sown from im-
ported commercial lots lobeled as red fescue, sheep fescue, and hard
fescue. J. R. Swallen, of the Bureau of Plant Industry, identified
the plantings as probably Festuca rubra L., all being composed of
mixed commercial strains. The 1934 harvest was grouped aceording
to the name under which the original seed was imported. They all
showed the ssme response in experiments conducted at various
temperatures.* In 1835 and 1936 the three strains were harvested
together, but the seed from plantings of different years was kept
separate.

The results on the seed from the 1935 harvest of the plantings made
in 1932, 1933, and 1934 show that the age of the planting had ne
effect on the vitality of the seed. However, all the plantings had
been cultivated and fertilized. The results are given in table 6.

T asue 6.—Comparative germinalion of seed from three different planiings of Festuea
rubry strains

[Bewid harvested aod threshed June 18, 1935 yerminntion test Begun June 21, 1045]

|‘ CGermination at temiperature of—

, Yearof
i rlaating

w0, 158-35% . 20%-30° C.
Sample No.

With po- - With pa- - with pa- .
taxsm \‘\?nlzter; . tasstum | \‘r\nltte?; EAssim :}“ﬁ:
niroe nilrate i Ditgate

Percent | Percent | Percent @ Pereeatl | Percent § Pereent
H 5 an - -1t} 2z 13

98 05 o - 52 a8 H
% o3 B2 i 90 7 i7

TEMPERATURE

The stage of maturity at which the seed was collected affected the
germination behavior if the seed was germinated immediately but
the after-ripening process was completed in storage (table 7). Imn-
mature seed (sample 16a), when germinated immediately, gave
equally as good results at 10° C. or 10° to 25° but very low resuits
at 20° to 30°. Owing to the lack of seed supply it was impossible
to make further check on this seed. The constant tempersture,
10°, was the optimum temperature for the germination of very fresh
mature seed (sample 18a). At the constant temperatures the per-
centage of germination decreased as the temperature was raised.
The percentage of germination in 21 days for 10°, 15°, 20°, and 30°
was 85, 93, 28, and 0 percent, respectively. The alternating tem-
peratures, 10° to 15°, 10° to 25°, and 15° to 25°, gave final results
equal to those st 10° but the rate of germination was slower. An
alternating temperature of 10° to 30° or 20° to 30° was too warm for
the germination of very fresh seed. When the seed was 45 days
old, 20° gave quicker results than 10°, but the final results were
approximately the same.

s KEARNS, VIFLAN, Teefootnote 2.
B8BG6"—30——=2
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TaBLE 7.~—Germination of eeed of Festuce rubra sirains al various temperatures

Conditien of sead E = Germinatlon at temperature of—
1
gs
Sample | Year | Year = =3 K . R 5 "
No. :5\?\"111 v]algt; State of ripe E °E ? ? 9 ? ?
F - = : : ) ] fe] = =]
vess |25 [EBIC S (S ST [T |5 |37
E |2 EE|Rlk]|BlE|E(E g}
Days) Days| Puty Fet. Pt | Pel,
! PUpNNY (PR, TR RN P P —
1 o o It e i Il
14 3
b L T— (4 | 1035 ;| Immature.__.. 1] 0ff o 13
25 p]
k5] 30
7 0
11 0
18b..... O [P T 12l g i 2
ag 21
35 23
7 8
1 49
160 o M | was | G0 _.| 121 36 .1,11 gf
23 o)
3 24
7 2
N 78
e .... |15 ... I 36| 5o [l & -
5 7
35 8
T 0
1 0
Ba..._ 1933 | 1935 | Mae | oe] af M -
28 i3
35 5
3 2
u &9
188.ceee. 1033 | 1835 [ e ol wif M 2
=g 59
35 02
7 2
S 1932 { 1936 |..__.dooeeoe 2l syl j
2 39
7 4
308, .. 1933 | 1936 |..__.de....... sl .
21 3%
7 3
0. 1934 | 1036 |___ do.....l 18] 151 11 "
21 £

1 Coliected Irom seedings made in 1032, 1923, ond 1B24.

The same lot of sced at different ages after harvest varied in its
temperature response, as illusirated by sample 16b (table 7). At
10° C. the final germination was the same (97 percent in 21 days)
for the tests made 12 and 56 days after harvest; but at 20° the fresher
seed germinated only 57 percent in 35 days while the older seed
germinated 97 percent, the latier result being equal to that at 10° on
fresh seed. However, the rate of germination was even more striking.
The 12-day-old seed germinated at a faster rate at 10°, while the
56-day-old seed germinated at a faster rate at 20°, The seed (16¢c)
that remained in the straw 56 days gave comparable results with the
56-day-old seed that remained in 1t only 12 days. Although the final
results ot 20° to 30° are equally as good as at 15° to 25° for 2-month-
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old seed, the seed at 15° to 25° germinated 96 percent in 21 days,
while that at 20° to 30° germincted 81 percent, taking an additional
2 weeks to reach 94 percent. The results of the germination test
made on mature szed from the 1936 harvest when the seed was
approximately 2 weeks old showed a little higher temperature (15°)
as the optimum constant temperature and 10° to 25° as the optimum
nlterneting temperature {table 7).

The seed appeared to after-ripen as well when it was collected ut o
mature stage and threshed out immediately as when the seed was
left on the plant until it was dead ripe or when it was collected at o
mature stage and allowed to remain in the straw.

CHILLING

To chill the seeds and then place them nt an eptimum condition for
germination was of no benefit, but prechilied sceds were able to with-
stand a higher germination temperature. The effect of prechillin
semple 182 was not tried until the seed was 57 days old (table 8),
when the seed had after-ripened sufficiently to germunate 93 percent
at 20° to 30° C. without prechilling. However, the seed prechilled
for 1 day and transferred to 20° to 30° germinated more rapidly than
without prechilling, Although at this age the seed was less sensitive
to 25° than when fresh, the germination was increased from 67 per-
cent to 97 percent by prechilling for 7 days. At 30° the germination
was increased {~om 8 percent to 95 percent by prechilling for 6 days
and st 35° increased from 1 percent tc 73 percent by prechilling for
14 days. Except for the inconsistency for the prechilling 7 days and
14 days to 30°, it might be concluded that the period of prechilling
should be lengthened as the germinating temperature is raised.

Tanre 8.—Germination of seed of Festuen rubra streins when prechilled end trans-
ferred to a warm feniperaiure

[Bample Wo, 18 tested &7 dny= nfter harvest]
i

; 20°-30° . 23 G,

CGermiostion at indicated tempersiure of—

Time of germination count {days)

Unireated

1 doy ol 52 0.
Sdoysat 50 C,
U ittrented
1dny ut 52 C,
Sdays AL 5% L
Tdayzur5° C,
14 days L 5% C.

}88888—:05‘3 Tduysut 5 (.
gggcoci‘:g Mdaysats* C.
iy
&
g —
=
BHENE
&
BddBooo’
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TaBLE 8 —Germination of seed of Festuca rubra siraing when prechilled and trans-
Jerrved to a warm temperature—Continued

Germination st inidieated temperature of—

30° C.

Time of germina- |
tion count (tlays)

Untrooted
tday nt 5° O,
Zdiysut 5° C,
Jdaysat5* C.
Selawsal 5O
DilnysaL st C
Tduysat 5° C.
14daysat 5° O,
1 day at 5 G,
sdaysat5°C.
Yduysat 5 C.

Untranted
14 daysat 5°C.

)
B>
3
2
)

2256421.‘3%:;3

POTASEIUM NITRATE

Tests were conducted with potassium pitrate on samples 16b and
18a, thic results of which are not given in the tables. They showed
that potassium nitrate was of no benelit if the seed was placed to
germinate at a favorable temperature. On very fresh seed potassium
nitrate appeared to overcome to some degree the detrimental eflect
of unfavorable temperatures. The most striking results were ob-
tained at 20° C., where the germination was increased from 57 per-

cent to 80 percent and from 72 percent to 83 percent by the use of
potassium nitrate. No germination was obtained, however, at 30°
with or without the usc of potassium nitrate.

LIGHT

The exclusion of light had no effect on the final germination either
at 15° to 25° C. or ot 10°, but it tended to retard the rate of germina-

tion at 15° to 25°, as shown by the results with sample 18a given in
toble 9.

TasLe 9—Effect of inial exclusion of light on germiration of seed of Fesluca rubra
glirains, sample 18a

Cerminalinn at tetnpemntiiee of —

|
152550 (. : ° .

m inati . Edght not - Light not
Time of germination eount {days; | Light exciuded axcluded Light exelutled exchuded

With With With With
potas- potas- | With | potas- potas-
slumn sfum | water | sium sium
nitrate nitrate nitrete nitrate

Pereent | Percent [ Percent | Percend | Percent | Percend | Pereent

v ] 43 62 51 %
83 82 88 =11 4] o5 o
87 87 03 92 e} 25 il
a7 i H 85 o a5 L]
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CREEPING RED FESCUE
TEMPERATURE

In tests of seed of the variety or strain of Festuce rubra known com-
mercially as creeping red fescue, mature seed tested when approxi-
mately 1 month old (sample 10) and seed eollected at a dead-ripe stage
and tested immedlintely (sample 35b) were the only samples that gave
practically complete germination at a constant” temperature. Im-
mediately after harvest the seed changed rather quickly in its re-
sponse to temperatures. Sample 31a was tested when the seed was
4 and 5 days old. At 10° C. the 4-day-old seed germinated 54 per-
cent with the use of potassium nitrate and 42 percent with water, and
the 5-day-old seed 70 percent with the use of potassium nitrate and
65 percent with water. The change in response at 20° was just as
striking as at 10°.

The alternating temperature, 15° to 25° C., was the optimum tem-
perature for germination. Although the final results at 10° to 25°
were equal to the results at 15° to 25°, the germination rate was much
slower. The results at the higher alternations were very low except
with the seed of sample 10, tested when it was approximately 3 months
old. At this time practically complete germination was obtained both
at 15° to 30° and et 20° to 30°.

All the samples tested soon after harvest showed & germination of
approximately 3. to 55 percent at 20° to 30° as compared to approxi-
mately 95 percent at 15° to 25°. The results are given in tabls 10,




TABLE 10.—Germination of seed of creeping red fescue at various temperatures

Condition of seed Germination at temperature of—
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GERMINATION OF FESCUE SEED

CHILLING

Chilling the seed before p'acing it at 15° to 25° C. for germination
was of no benefit. However, the chilling of fresh seed before placing
it at 20° to 30° overcame the sensitiveness to this high temperature,
resulting in an increase of germination ranging from 16 to 43 percent
{(table 11}.

TaBLE 11.—Germination of seed of creeping red fescue when prechilled and {ransferred
to a warm lemperalure

Germination at 20°-30° C.
Tima of
Sample No. Agoofsted | germina-
tion count TUatrested A 14 Sdea%s at

Dayy Percent
11 34

82

LIGHT

The exclusion of light from seed of creeping red fescue was not
detrimental to germination when the seed was placed at the optimum
temperature for ge-mination (table 12), At 10° C., with immature
seed, the germination was much lower in complete darkness, but the
shightly immature and dead-ripe seed did not show this difference.

TaBLE 12.—Effect of exclusion of lght on germination of seed of creeping red fescue

Conditlon of seed Cermination st temperature of—

we G, 15%-25° O,

Light oot ex- Light not ax-
Light axcluded Light excluded
Stage of ripe- chuded claded

D358
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FESTUCA CAPILLATA
TEMPERATURE

In the tests of seed of Festuca eapillaia, at constant temperatures
the highest germination was at 10° C., but maximum germination was
not obtained at any constant temperature except with samples 43b
and 28b, which were dead ripe when harvested. The germination of
all samples decreased as the temperature was raised.

An alternation of 20° to 30° C. gave as low germination results as
20° for freshly harvested sced, regardless of the stage of ripeness when
collected. Tests conducted at 20° to 30° and at 20° resulted in
approximately 15-percent germination. An alternation of 10° to
25° was the optimum temperature for germination, At thisalternating
temperature, in 35 days sample 23a gave 92-percent germination with
potassium nitrate and 73 with water, and sample 27a gave 88 percent
with potassium nitrate and 76 with water. The tests with potassium
nitrate resulted in practically complete germination, and the results
with water were much higher than those at any other temperature.
Ir all cases with freshly harvested seed 10° to 25° preduced quicker and
more nearly complete germination than 15° to 25°. In the few cases
tried it would appear that an alternation of 10° to 30° was more
promising than 15° to 23°. Considering the comparatively high
germination at 10° constunt, it would seem that, for freshly harvested
seed, a satisfactory alternation should include 10°. The complete
results are given in table 13.

Tests made at & later date on samples 254, 274, and 28b showed
decided change in response to the temperatures, especially the constant
temperatures and the warm alternating temperature 20° to 30° (.
Immature seed (25a) showed a higher germination at 10° § months
after harvest than when tested immediately after harvest, but maxi-
mum germination was not obtained at etther time. The greatest
change in response to the constant temperatures was at 15° and 20°,
At 15° the seed (25a) germinated 16 percent in June and 84 in Novem-
ber; at 20°, 1 percent in June and 78 in November. This seed ap-
peared to be dormant when placed to germinate at 20° to 30° 1
June, giving only 4-percent germination in 35 days. In November
the seed germinated 90 percent at 20° to 30°.

The same change in response to the temperatures applied also to the
mature seed (27a) and to a lesser extent to the dead-ripe seed (28b).
The results given in table 14 show that the <ead-ripe seed, although
sensitive in its temperature response, was less sensitive than the
immature or mature seed. However, the mature sced in June and
the dead-ripe seed in July did not germinate at 30° C. but germinated
respectively 31 and 35 percent in 28 days in the November test.  In
November the best results at constant temperatures were obtuined
at 15°, the percentage of germination decreasing as the temperature
was raised to 30°. The greatest difference in results wos hetween
30° and 25°. But for either of the three stages of maturity, tested
immediately after harvest, the highest germination was at 10°, de-
creasing as the temperature was raised.
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TanLg 13.—Germination of Festuca capillata al various temperatures
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TanLE 13.— Germination of Festuca capillala at various temperatures—Continued

CGermination at temperaturo of—

Condition of seed
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TanLe 14.—Relation of age lo {he germinalion temperalure response of seed of Festuca capillala
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With seed approximately 5 months old, maximum germination was
obtained at a wider range of alternating temperatures, and with the
older seed either 10° to 25° or 15° to 25° may be considered to be the
optimum temperature for the germination of Festuca capillata.

The seed of this species germinated more slowly than that of the
other species under consideration. A period of 28 days was required
for practically complete germination of after-ripened seed and a longer
period when the seed was fresh,

EFFECT OF STORAGE TEMPERATURE ON GERMINATION TEMPERATURE

Seed kept in cold storage appeared to be held in & dormant condition.
Table 15 gives the results of & femperature series made in November
1935 on Festuca capiilata after the seed had been stored for 17 months
1n the laboratory in a cloth bag and in sealed jars at 30°, 20°, 10°, 2°,
and —10° C. The July and September (1934} tests on the Iaboratory-
stored seed are given for comparisen. The July test {the first after
barvest) was made when the seed was appreximetely 1 month old.
The September test was made when the seed was approximately 3
months old.

As shown in the previous experiment, the seed is more tolerant of
& high constant temperature as it becormes older.  Also, in this experi-
ment the germination of the laboratory-stored seed (3a) when tested
at 30° C., ncreased from 0 percent for 1-month-old seed to 66 percent
for 17-month-old seed. Seed stored at 30° germinated approximately
the same us the laboratory-stored seed, 63 percent, and it is striking
that this seed showed a higher germination when pfaced to germinate
2t 30° than any of the seed stored at a lower temperature. The lower
the temperature at which the seed was stored the larger the percentage
of seed remsaining dormant when placed to germinate at 30°, Seed
stored at —10° and 2° showed no germination in 28 days at 30°, but
seed stored at 10° germinated 26 percent and that stored at 20°, 57
percent in the same number of days. The test carried on at 30° for
35 days was then transferred to the 15° to 25° alternation, where the
greater part of the remsaining seeds germinated, showing that they
had been held dormant and not killed by the high temperature. The
same dormancy response was shown when the seed was placed to
germinate at 20° and 25°, although to a lesser degree. The results
from the November test of the —10° and 2° storage seed were more
comparable to the June test of the iabcmtory-store(T seed, made when
the seed was comparatively fresh, than to the November test. In
November the —10° seed germinated 2 and 34 percent at 25° and 20°,
which checks clos/Ay with the 8 and 42 percent obtained in the June
test, but not with the 80 and 81 percent of the November test of the
laboratory-stored seed. The 2° storage showed the same response to
25° and 20° but to a lesser extent. It is interesting to note that
witlin & storage condition the seed shiowed about the sume percentage
of germination at the alternating temperntures with the exceptions
of 5° to 15° and 20° to 30°. The 5° to 15° was apparently too cool
sn alternation for the germinntion of any of the seed, regardless of
where it had been stored, and 20° to 30° was too warm for seed that
bad been held in storage at a temperature as low as 2° or —10°.




TABLE 15.—Relation of sltorage temperalure to germination temperature of seed of Festuca capillata (sample 3a)
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CHILLING

... When tested at a warm temperature, the percentage of germination of fresh seed can be raised if the seed is pre-
chilled, but such treatment never gives complete germination. The germination on 10- to 18- day-old seed wasincreased
by 40 to 50 percent at the alternation 20° to 30° C. by prechilling 7 to 14 days. At this temperature after-ripened seed
did not show this benefit of chilling (samples 27a and 28b, table 16). However, at the high constant temperature 30°
the gﬁgentage of germination of this same after-ripened seed was increased by approximately 40 to 45 percent by
prechilling,

TABLE 18.—Germination of seed of Festuca capillaia when prechilled and transferred to a warm lemperalure

Germination at temperature of—
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GERMINATION OF FESCUE SEED 23

The dormant resction of cold-storage seed to a high constant
germination temperature has already been discussed. The germina-
tion of this seed, as with the fresh seed, can be increased by prechilling
for ot least 7 days. Seed stored at —10°, 2°, and 10° gave maximum
germination if prechilled before germinating at 25°. Although the
germination was increased by prechilling before germinating at 30°,
maximum germination was not obtained. Seed stored at 20° showed
no great need of o prechilling treantment before germinating at 25°,
but germination was increased by this treatment before placing it at
30°.  Seed stored at warmer temperatures showed no dormant re-
action as a result of such storage when germinated at the high constant
temperatures. The results obtained in tests at 20° to 30° are given
for comparison. Maximum germination was obtained at 20° to 30°
without prechilling with the exception of the —10° storage and the
test with water at the 2° storage. The results are given in table 17.
The 28-day results of tests at this temperature and at the optimum
temperature 10° to 25° are given in table 15.

TasLE 17.—Germination of seed of Festuca capilinla previously held in storage, when
prechilled and transferred lo @ warm temperature
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+ Results after 35 days.
POTASSIUM NITRATE

Freshly harvested seed of Festuca capillate was benefited by the use
of potassiumn nitrate. At 10° to 25° C. immature seed (25a) germi-
nated 20 percent and mature seed (27a) over 10 percent more with
the use of potassium nitrate than with water. At the unfavorable
temperatures for germination an increase of 10 percent and above was
observed when the substratum was moistened with potassium nitrate.
Tests made when the seed was approximately 6 months old did not
show as significant an increase with the use of potassium nitrete.
Since the use of potassium nitrete bas such o decided effect on the
germination of the seed of Festuca capillata, the results obtnined with it
are given in all the tables for this sced.
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LIGHT

The effect of the exclusion of light on the germination of seed of
Festuca capillate is shown in table 18. The seed of this species was
sensitive to light at the three temperature conditions tested, both when
freshly harvested and approximately 5 months later. The immeature
and mature seed were more light-sensitive thun the dead-ripe seed.
The use of potassium nifrate did not entirvely replace the lack of light,
although it increased the girminstion even when light was not
excluded.

Tanie 18.—Efect of exclusion of light on germination of seed of Festueq capillate
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FESTUCA ELATIOR VAR, ARUNDINACEA
TEMPERATURE

The temperature requirement lor germination of seed of Festueu
elutior var. arundinacea was shown to be aflected by the stage of ripe-
ness &t which the seed was harvested and alse by the length of time
and type of storage intervening before the seed was placed to germi-
nate, ‘Theseed collected in 1934 (samples 7a and 15) had o rather high
germination percentage ot 20° C., decreasing at 25° and 30°. How-
ever, 1n. 1935 and 1936 the sced was placed to germinate sooner after
harvest, and 15° had the highest germination, with lower germination
ot 20° and 10°. In no case did & constant temperature give & high
germination excep$ in the 1934 collections, tested when the seed was
approximately a month old.

Results of tests conducted in 1934 on 3-to-4-week-old seed indicate
that Festuca elatior var. urundindcee germinates equally well at
temperatures of 15° to 25° and 20° to 30° . Seed given & longer
period at the higher temperature (25° to 15°) and a wider alternation
(15° to 30°) germinated at a strikingly slower rate than seed placed to
germinate at 15° to 25° or 20° to 30°, although the final results were
apgroximately the same. ) )

eed collected in 1935 and 1936 and putb to germinate immediately
showed 15° to 25° C. to be the optimum temperature for the germi-
nation of very fresh seed. The slightly immature seed (30a} showed
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the greatest diflerence between the 15° to 25° and the 20° to 30°
alternations, having & germination in 28 days of 98 percent at 15°
to 25° and 76 percent at 20° to 30°. The mature seed (30b) ger-
minated 94 percent at 15° to 25° and 86 nt 20° to 30°, and the dead-
ripe scecd (30e) 94 ut 153° to 25° and 89 at 20° to 30°. The 15° to
259 alternation guve practically complete germination in 21 days,
while the 20° to 30° did not. When one compares the results for the
two alternations at 21 days of samples 30n, 30b, and 30e, the differ-
entees are still more striking.  The results are given in table 19.

The cflect of nge of the seed in respect to its sensitiveness to tem-
pernture requirements for germination is shown in comparing results
of germination tests made on samples 30a and 30b in December 1935,
when the seed was 6 months old, with the tests made in June, imme-
dintely after harvest. The results arve given in table 20. The 6-
month-old secd was much less sensitive 1o differences of temperature.
There was & greater tolerance by the G-month-old sced for the higher
constant temperatures, 25° and 30° . Also, these results support
the opinion that for very fresh seed 15° is the best constant tempera-
turs, but that as the seed becomes older the favorable constant tem-
perature is raised to 20°. 1t appears, however, that an alternation of
temperatures furnishes the optimum condition for germination. In
very fresh seed the optimum alternation was 15° to 25°, but, as will he
noted [rom a study of the results, with the 6-month-old secd the
range of alternation of temperatures giving satisfactory germination
is widened to include 10° to 25°, 15° to 25°, 10° to 30°, and 20° to 30°.

The length of time required for muximiun germination should also
be noted.  The tests reported in tuble 21, us well as numerous other

tests that have Lren mugle, show that 21 days is required on very
fresh seed. At 15° to 25° C., samples 308 and 30b germinated respec-
tively 97 and 04 pereent in 21 daysin June, In December the germi-
nation of these samples in 11 days was 99 and 97 percent; in the 11-dny
tost tn June it was 62 and 52 percent.

BHRGE " 3D ——t
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TasLe 19.—Germination of seed of Festuca elatior var. arundinacea al various temperatures

Condition of seed Time Germination at temperature of—
Year | Year of ger-
Sample No. seed har-d Pime i nlliinu- 10°-25 | 15025 | 250-15° | 16°-30° | 15°-39° | ag°-30°
sown | veste Btage of ripeness s’{;':v:n Age cosgt 10°C. } 15°C. | 20°C, | 25° C. | 30° C. 06_'5 15 '25 “56.5 mé. 50"9 300'30
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308 ceiimaaanaee 1933 1935 | Slightly immature.... 0 9
F 1] S, 1633 1035 | Mature. . ...oooooooonn 0 1
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Tanrz 20.—Relation of age to germination temperature response of seed of Festuca
elatior var. arundinagcea

Ez Germination at tempernture of—
&2
Bamp P Date of ger- f 3 : : +
Neo. Stage of tipeness mination test | © 8 . il B el B
EElv oo |dlo & 18138
=c e o o a a o ol a e
[ FlEeiajg|l=sl2i=z|8g
Dayps | Pot. | Pel. P, P, | FPet
7T 1] ] L] 8 2
1% ] G f 17 i
June 22, 1935 M| 0] B ] 30 23
] E| 43 O 75 65
284 22| 45 0 88 7%
300, ... Slightly immature. ...
7 0| & b ) ¥
13 44 0z B4 7
Dee 17,1935 I8 24| 86| 92 88 g8
20 92| 03 99 s
B3| 82| @ L 3
T 9 -3 [+] 1]
i1 1] 13 14 40
Tooe 25,1835 {4 14 4] 18 38 58
21 4 19 kvi B
8 4 21 86 BG
oo T Y1 ITE o T
7 0: 83 45 o7
| M 80 97 a7
Dee. 17,1935 4] 881 89 95 a7
21| 86| G0 98 a7
B & w 08 |

EFFECT OF STORAGE TEMPERATURE ON GEEMINATION TEMPERATURE

Seed stored for some time 8t a low tempersture (2° C.) behaved
much the same as fresh seed in the temperature requirements for
germination, as shown in the results given in table 21. Sample 15
was divided in July and part placed in a cloth bag stored in the labo-
ratory and part placed in a sealed jar stored at 2°. Both lota were
tested later.

The results from successive tesis indicated & progressive incresse in
the germination at the higher constent temperatuves of the laboratory-
stored seed. However, the seed stored for approximately 17 months
in & sealed jar at 2° showed a dormant reaction to the high constant
temperatures, germinating comparably with fresh seed. 'Tests made
at alternating temperatures did not show this difference.

TanLE 21.—Germination of seed of Festuca elatior var. arundinaceae stored ol different
fumperatures

{Sample 15

Time of. Cermlnation ot temperature of—
Placs of storage Date of ger- | germi-

mination test | nation 1

cobpt { I0°C. {157 C. E 20 0, | 257 O, | 30° C. |15°-25" C.20°-30° O,

Dayr |Pereent | Percent| Percent| Percent| Percent| Pereenit | Pereent
[ TSR, 93 a0 1 93 ™
Laboratory-.—o.- July 26,1934 i H 41 a o 68
21 88 45 8 o7 ]
K ] b1 15 68 92
Do | Sept. 20, 1834 3 74 08 o] p-: 0 a7
21 88 . 48 a5 a0 25 8
4 PO 43 86 85 32 82 a7
D] Dee. 20,1935 11 4 6 ] 1 58 i ]
21 g5 ] o4 93 ] 100 108
[ 85 B3 = 2 w e
*C do. it 53 95 %] 49 4 ) 7
21 83 95 95 52 11 . 8
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CHILLING

Seed given s prechilled treatment can stand a higher temperature
for germination than seed not prechilled. In table 32 the seed stored
at 2° . had only ll-percent germination in 21 days at 30°C. But
this same seed, prechilled a4 5° C. for 1 week and then placed at 30°,
germinated 92 percent in 21 days. A longer period at 5° was not
found to be necessary. The 25° test of this seed resulted in 52-percent
germination in 21 days, whereas seed prechilled for 1 week before
placing at 25° germinated 94 percent in 11 days.

TasLE 22—QGermination of seed of Fesiuca elatior var. arundinacea when prechilled
and fransferred lo a warm lemperafure

[Szmpis 15 in melure stage at ape of approximately 17 months)

Germinstion at temperature of—
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- o
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Place of storage

£ 2‘? --------------
H 48 L T T
Storape  chamnber 14 51 k- [
19 & SR 2! 52 9 96
= 52 &7 an
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POTASSIUM NITRATE AND LIGHT

Only the slightly immature and mature seed showed a lower germi-
nation with the total exclusien of light. Potassium nitrate benefited
these same samples when light was excluded. However, the use of
potassium nitrate did not completely replace the effect of light., This
light effect was lost after 6 months. The results are given in table 23.

Tasre 23.—Effest of polassium nitrale and of the exclusion of lght on germination
of seed of Festuca elatior var. arundinacea al 15° {o 25° (.

Condition of seed Germination at 15° te 25° C.
T'u:m
o : .
. Light exciuded Light not exciuded
Sample No. :gli!;a-
j th
Btage of ripensss Age coggt With po- with | WEBDPC awin
toeslum | 222 | tassiom | e
oitrote nitrate aier
Dayy | Days | Percent | Pereent | Percent | Percend _
1V Sitghtly immature. ........ ]?é 2-; _______ ‘?? ég ¥ g;
1 a1 83 75 o 94
30 eoeeeoe Mature_ .o ooeoeeeeen 177 7 95 o6 % 93
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FESTUCA ELATIOR
TEMPERATURE

Of all the species tried, Festuca elatior was the least sensifive in
temperature response. Results of the tests of seed collected and
threshed out immediately and put to germinate when 1 day old are
given in table 24. The seed germinated at o faster rate at 15° C. than
at any other constant temperature, although the final results at 20°
were equally as high. At 10° germination was lower than at 15°.
At the constant temperature of 30° this sample germinated 79 percent
in 35 days, which is much higher than the germination at this tem-
perature of any of the other species even 2 months after harvest. -
With alternating temperatures the optimum was 15° to 25°, although
at 20° to 30° & germination of 87 percent was obtaired with fresh
seed and 94 percent with seed 3 to 4 weeks old.

TaBLE 24.—Germinalion of seed of Festuca elatior al various lemperaiures
{Seed in mature stage]

i
Pime of Germination at temperatures of—
ger-
S | g nt’-in“' 5 15 W= | 2
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POTASSIIM NITRATE AND LIGHT

The only temperature at which the use of potassium nitrate showed
eny effect was at 5° to 15° C., where the nitrate test produced 19 per-
cent higher germination than the test with water (table 25).

Seed that had light excluded at 15° to 25° C. gave results equal to
the test at 15° to 25° that received some light.

TaBLE 25.—Effect of nilrate on germination of seed of Festuca elatior
[Sample 37|

Germination at femperature of—

18° C, 200 C. 5°-15° C. 15825 C 20°-30° C,
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With With With i With With
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nitrata pitrate nitrage nitrate nlirate
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DISCUSSION

The seeds of ell the species of Festuce used in this experiment, when
tested immediately after harvest, were dormant at high germinstion
tempersatures, either constant or alternating. The degree of dor-
mancy was determined by the stage of maturity et which the seed was
harvested and the number of days intervening before testing, Seed

laced to germinate iminediately after harvest required e relatively
ow temperature for germination.

Harrington {4) found that a temperature considerably lower than
20° C. (12° to 16°) was favorable for the germination of dormant
wheat. Toole (1) found that dormant wheat was very sensitive to
the temperature of 26°, and some samples to 20°, and that it gave
complete germination if prechilied at 5° for 3 to 5 days before placing
at 26°. He states:

There is no question but that freshly harvested wheat and other grains are very
senzitive to temperature conditions for germination. The degree of this sen-
sitiveness, which is ealled dormancy, varies very greatly with the source of the
seed, the seasonal eonditions, and the age of the seed from time of harvest.

The need of a low temperature for germination found in freshly
harvested Festuce seed was more pronounced in seed collected when
immature or mature than when collected when the seed was dead ripe.

In general, & cool alternating temperature was best, except in
Festuca rubre strains, for which the germination was slightly better at
10° C.  F. elatior germinated equally well at constant and alterna-
ting temperatures. The alternating temperature of 15° to 25° was the
optimum temperature for all the fescues execept F. capillata, which
germinated better when fresh at the lower alternation of 10° to 25°,

Harrington {2), in discussing the variation in behavior of different
lots of the same kind of seed, says:

It may therefore be that some kinds which are usually constant temperature
germinators may, under certain conditions, germinate better with an alternation
of temperatures, Incomplete after-ripening might have this effect.

It eppears that the seeds of Fesfuce are usually alternating-tem-
perature germinsators (except F. rubre strains and %’ elatior) but may
become tolerant of constant temperatures ns they become older.
This alternating temperature for Festuce seed that has not been
after-ripened must include cool temperatures us low as 10° or 153° C.
and not higher than 25° and as the seed becomes older this eool
temperature might still be considered as the optimum condition for
germination, although the seed becomes more tolerant of warm tem-
perature alternations and slso of censtant temperatures.

At constant temperatures, 10° C. was best for very {resh seed, with
the excepticn that creeping red fescue and Festucq elatior var. arun-
dinacea gave better results at 15° than at any other constant tem-
perature. Fresh seed of F. rubre var. commufala gave the fastest and
highest germination at 10°, but with increase in age the seed of this
species dropped in rate and final germination at 10° and the optimum
condition was raised to 15° and 20°. Seed of F. cepillaia bebaved
like seed of F. rubra var. commufata at constant temperatires except
that it did not show a slower rate and lower results at 10° with in-
crease in age. The F. rubra streins, the only fescue that germinated
better at a constant temperature (10°) than gt an alternating tem-
perature, respoaded like F. capillata seed to the constant temperatures
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as it increased in age. Therefore it might be concluded for the three
species mentioned above that the Optlmum constant temperature is
as low as 10°, with a rise in the optimum to 15° and 20° as the seed
becomes older. Whether an optimum temperature of 25° is ever
renched, the seed certainly becomes more tolerant of this temperature
with increase in age. The seed also becomes more tolerant of 30°,
but none of the species tried except F. elafior ever gave » high ger-
mination at this constant temperature.

However, if the sced is chilled for a period of 7 days at 5° C. it will
then give practically eomplete germination at a high temperature.
A lonver period of prechilling is not necessary. Tests made on Festuca
rubra var. commutata showed that seed placed to germinate at 30° was
held in a dormant condition, but if this same seed was taken out and
given u cold treatment hefore placing back at 30° this dermancy was
overcome. Also, seed held in a dormant condition at a warm tem-
perature unfavorable for germination grew immediately if transferred
to the optimum temperature for germination. Thus it would appear
that prechilling was not in itself beneficial but that it compensited
for an unfavorable temperature. The temperature 20° to 30°, given
as the optimum temperature in the Rules for Seed Testing (1), gave
very poor results with fresh seed of all the species tried. This tend-
ency toward dormancy at 20° to 30° was overcome in all species
after 1 month or loncrcr of storage. The lower the temperature
required for the ﬂermlnntlon of fresh seed the longer was the interval
after harvest necessary to overcome the dormanm shown when
germinated at 20° to 30°. For example, F. rubra var. commutate
serminated well at 20° to 30° approximately 1 month after harvest,
but it took several months for ¥ capillete to give a complete ger-
mination at that temperature.

Experiments with Festuea capillaie and F. elatior var. arundinaceq
indicate that seed kept in cold storage is held in a dormant condition
in respect to high constant germination temperatures. Results of
tests made on F. elatior var. arundinacea stored in a sealed jar at 2° C.
for approximately 17 months were comparnable to the results when
the seed was fresh. Results of tests made on F. capillata seed stored
in sealed jars at —10°, 2°, 14°, 207, and 30°, and in @ cloth bag in the
laboratory, showed that the lower the temperature nt which the seed
was stored the more dormant was its reaction when germinated at
high temperatures.

The effect of dry storage at a low temperature, resulting in main-
taining a dormant reaction toward bigh temperatures, is in striking
contrast to the effect of prechilling the toistened seed, which tends
to overcome dormaney. Prechilling the moistened seed even broke
the dormancy of seed stored dry at a low temperature.

Fresh seed of meadow fescue (Fesfuce elatior) proved to be the
least sensitive to the warm germination temperatures. For this
reason very little work was done on this species. Mature seed, 1 day
after harvest, germinated above 90 percent in 12 days at the constant
temperntures 15° and 20° C. and at the alternating temperatures
15° to 25° and 10° to 30°. DFresh seed of this spectes also showed
the highest percentage of germination on any species &t 30° or 20° to
30°, 79 and 87 percent respectively, in 35 days. Seed 1 month old
showed practically complete germination over a still wider range of
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temperatures. Kreysing (8), in his work on the germination of
meadow fescue, gives 4.75° as the minimurn, 19° to 24° as the optimum,
and 38° as the masimum temperature for germingtion. He found
alternating temperatures to be favorable for the germination of
meacdow fescue, especially freshly harvested seed, and light to be
beneficial for the germination of freshly harvested seed but unfaver-
able for older seed. Kling (7) reports the strongest germination
energy at 20°, with beneficial influence of light for this species. Ile
also states that good germination was obtained at 30°.  According
to Reiling (70), 4-montii-old seed of mendow fescue will germinate
without alternating temperatures, but alternating temperature and
light are essential Tor fresh seed. Harrington (a) says that rueadow
fescue will germinate as well at {avorable constnnt temperatures as withi
an altemntmrf temperature, ‘The writers’ results agree with Harring-
ton but did not sive as definite teinperature limits for good germination
nor the need of light and alternating tempernture for fresh seed as is
mmplied by the other workers mentitoned above.

Kling {7} also reports for sheep fescue (Festuca ovina Li.) the strong-
est tfermmat;lncr energy at 20° C. with influence of light. Bir (2)
gives 18° as the optimum temperature for the germination of 5. rubra
(red fescue) and F. ovine (sheep fescue), and 30° as injurious to
germination. If this seed corresponds with the F. rubre strains
reported on in this bulletin, the optinum temperstures given by the
above-mentioned writers do not agree with the present results for
fresh seed. Results obtuined here shiow that 10% is the aptimum
temperature for the germination of very fresh seed. At constant
temperatures the percentagze of germination decreased as the tempera-
ture was raised. The results of l(linrr and of Bir agree more with the
results obtained on approximately 2-menth-old sced. Kling states
that sheep fescue does not germinate well at an alternating tempera-
ture ner at a constant tempcruture of 30° The writers found with
the F. rubra strains that the rate of germination was slower at the
alternating temperature 10° to 15°, 10° to 23°, and 15° to 25°, hut
that the final results were equal to those obtained at 10°. The
results at 30° agree with those found by other writers. Kling (7)
also states that seed frozen at —10° for I8 hours is greatly injured if
placed to germinate at 30° but shows no dlﬂcrence at 10°, 18°, and
24°. The writers found that prechilling at 5° before p]auuv at tem-
peratures otherwise too high for complete germination greatly in-
creansed germination. The number of days of prechilling required
depends on how high the germinetion temperature is to be. Ireezing
the test at — 10° was not tried, but the writers found with F. r:apzﬂam
that (éiry seed stored at —10° gave very poor results when germinated
at 30°.

The behavior of Festuen eapillate is more comparable to that of
the Poa species than to the other fescues. Toole (/2) found that
light, nitrate, and an alternition of temperatures were necessary for
the complete germination of Canada blucgrass (Poa compresse L),
Gassner (3) found an alternation of 10° to 22° (. te be the optimum
temperature for the germination of £. prafensis L.  Maler (9) salso
states that P. pratensis and especially P. nemoralis L. are sensitive to
light. Maier gave the constant temperature 12° C. as being more
favorable for the four Poa species tested than 22° or 30°. Ao alter-
nating temperature, nitrate, and licht are necessary for maximum
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germination of F. capillata. Although no definite light exposures
were made, the total exclusion of light from tests of F. capillaia gave
much lower results even when the seed was placed to germinate at a
favorable temperature and moistened with nitrate. The optimum
tempernture is 10° to 25° for fresh seed. Older seed becomes more
tolerant of constant temperatures and warm-temperature alterna-
tions, but the low-temperature alternations 10° to 25° and 13° to 25°
give the best germination and the seed remains sensitive to light and
nitrate. The results with fresh seed at the constant temperatures
are in accordance with those found by Maier for Poe. For fresh seed
of F. capillata, the best germination was obtained at 10°, with a
decrease in germination as the- temperature was raised; but for
5-month-old seed the optimum temperature was raised to 15° and 20°.
F. capillate is the only species that showed a beneficial light and
nitrate effect. The other species of fescue were benefited by the
use of nitrate or retarded by the exclusion of light at temperatures
unfavorable for complete germination. At the optimum temperature
nitrate was not needed. Therefore, only at temperatures not con-
ducive to complete germination did the nitrate and light effect have
an opportunity to show up.

The seeds of the different species of fescues studied show some dif-
ferences in their responses to the various factors influencing germina-
tion, but the progressive changes with the aging of the seed are in
general similar. These studies show the importance of a knowledge
of the previous history of the seed in any investigation of germination
requirements. A more complete understanding of the physiological
processes concerned in germination must be based on detailed studies
of the germination behavior of many kinds of seeds.

SUMMARY

The species of Festuca studied were (1) Festuca rubra var. commutate
Gaud. (F. fallar Thuill., Chewings or New Zealand fescue), (2) strains
of F. rubra L., (3) a variety or strain of F. rubre known commerciaily
as creeping red fescue, (4) F. capillata Lam. (hair fescue}, (5) F.
elatior var. arundinacea (Schreb.}) Wimm. (commercially known as
reed fescue), and (8) F. elatior L. (meadow fescue).

The temperature ¢ which the seed germinated at the [astest rate
and which gave the highest results is considered as the optimum
temperature for germination.

Fescue seed placed to germinate immediately after harvest required
a relatively low temperature for germination.

The need of o low temperature for germination was more proncunced
in seed coliected when immature or mature than in seed coliected when
1t was dead ripe.

With {resh seed, the optimum temperature for germination was 10°
C. for Festuca rubra strains; 15° to 25° for F. rubra var. commulata,
creeping red fescue, and F. elatior var. arundinacea; 10° to 25° for F.
ca,pig’afa; and 15°, 2G°, or 15° to 23° for F. elatior. i

As the seed increnses in age it will germinate over a wider range of
temperatures. A few months after barvest fescue seed produced
maximum germination at the warm alternation, 20° to 30° €., although
the rate was slower thon at lower temperatures,
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The best constant temperature for fresh seed of Festuca rubre var.
commatate was 10° C., but for older seed both the rate and the final
percentage of germination was lower at 10° and the best constant
tempersture was raised to 15° and 20°. F. capilleie and F. rubra
strains showed the same change in response to temperature as the
seed incressed in age but did not show the decrease in germination
at 10°.

Fresh seed of Festuca capillata, F. elatior ver. arundinacea, and
creeping red fescue showed a low germination at constant tempera-
tures. The best constant temperature was 10° C. for F. capillata
and 15° for the other two species.

Festuca capillate, which required a very low temperature alterna-
tion when fresh, required a longer period after harvest before it would
give & maximum germinafion at 20° to 30° than the species that
showed 15° to 25° as the optimum temperature for fresh seed.

Seed of all species prechilled at 5° C. for approximately 7 days
showed an Increase in germination at temperatures ordinarily too high
for complete germination of fresh seed or that not after-ripened.

Seed of Festuca elatior var. arundinacea and F. capillata kept in dr
storage at low temperatures showed & tempersture response at high
constan temperatures eomparnble to seed that had not been after-
ripened.

Festuca capiliata was the only species that responded to the use of
light and nitrate in addition to an optimum temperature. Light und
nitrate were beneficial to the other species only at temperatures un-
favorable {or complete germination.

The duration of the test necessary for maximum germination at the
optimum temperature was 14 days for Festuca elatior, 21 days for F.
rubra var. commutata, creeping red fescue, F. elatior var. arundingeea,
and F. rubra strains, and 28 days for F. capillata. Some individual
tests of all species showed complete germination in less time than that
given above.
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