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INTRODUCTION

The emphasis‘given to range reseeding and.other soil
conservation practices during recent years has brought
several species of native and introduced grass into com-
vmercial prominence. Germination of many of these species
is normally low. Any method of increasing this germination
would enhance their use in reseeding. In order to find a
possible method for increasing germination of grass seed and
also “to obtain information on the best season for planting,
research was conducted on the germination requirements of

the following six forage species.

Common Name . - .- . .. Scientific Name
- Bush Muhly - .... :_ -Muhlenbergia Porteri Scribn.
Lehmann Lovegrass Eragrostis Lehmanniana Nees.
Rothrock Grama .. - = Bouteloua Rothrockii Vasey .
Sand Dropseed Sporobolus cryptandrus (Torr.) A. Gray
Sideoats Grama .. - - Bouteloua curtipendula (Michx.) Torr.

Turkestan Bluestem Andropogon ischaemum L.

These grasses were chosen because they are representa-
tive of the native vegetation or show possibilities of being
adapted for reseeding in Arizona. .

-An adequate;study-of~the'germination.requirementsfof
thesewspecies-would require several years'! experience~with '
many seed samples tested under a wide variety of conditions.

The results presented are based upon a single sample of seed




and: are .therefore not to be considered as conclusive. - How-
ever, -they do indicate considerable variation in the germ-. -
ination requirements of. the:different species.

* REVIEW OF THE LITERATURE
»'f  Factors influencing seed germination have been"of 1ntef-
est to many workers. ‘

- Crocker (5)1 1ists the éauses'of'dormancy as follows:
(a) seed coats impermeable to water; (b) seed coats mechan-
ically resistant to expansion of the embryo; (c) seed coats~
impermeable to oxygen; (d)*rﬁdimentary'embryo;'and‘(e) a state
of dormancy in’ the embryo itself. L

Atwood (1) found that .germination of Avena fatua was

- delayed by a restriction in the oxygen supply. ' The seed coat
was probably an obstruction to oxygen entry.”

Evenari (6) has shown that the presence of germination-
inhibiting substances in plants is' a wide-spread phenomenon.
They occur in all parts of plants - in fruit pulp, fruit
coats, endosperm, seéd cdats,‘emBrYO, leaves, bulbs &nd =
roots, | ’

" During the past score of years many investigators have
studied methods of treating hard seeds to expedite germina-
tion; ‘Acéording to Whitcomb (19) these treatments'méyfbe

grouped under three general heads: (a) scratching or

1. Figures in parentheses refer to literature cited.



breaking the seed:coat;~(b)»renderingithe:seed,coat'permeable
with chemicals? and (c¢) rendering 1t,permeable‘b§ the .appli-
Qation;of varying degrees of heat.
Garmination-bf-Johnsonvgrass;canyﬁe~hastened and. germ-

ination capacity: increased by removal of.the restraining
hard seed coat. Harrington (8) treated Johnson grass with
-éoncentratedfsulphuric aqid_fof two or three minutes fol--. .
lowed by:successive washings with distilled water -and sodium
bicarbonate, By this method he obtained.-practically complete
germination in a few.days. Opening the seed covering: with a
needle. over the entire‘1engfh_of;thewembryo had»the,same
effect as sulphuric acid. treatment (7). o

_ Accordiﬁgfto,Bryan (l4) a ten minute,.poncentrgtéd sul-
phuric acid treatment greatly hastened and improved germina-
tion of Bermuda grass seed. Huntamer (11) found that chemical

scarification of Oryzopsis hymenoldes with qppcepprated.sul-

phuric‘gcid greatly increased germination of that specles.

- Various devices have been invented to. scratch or break
seed_coats;tlLitgratura cbpcqrning these devices 1s reviewed
b& Whitcomb (19), who also summarized the.li;eratqréidealing
with sulphurig.acid_séar;fication,gnd ruppu;p;o§¥seed coats
by freezing and thawing. He sﬁat§d that sulphuric acid was
the only solvent which is efficient in ,‘renderijns hard seeds
permeable. . .

. ......The .seed .coat of some Spor@bo}ug_species is impermeable

T



td’ﬁatef"andlﬁencé'delays germination. - Jackson (12) found
that mechanicélly scarifying the seed coat hastened germ- -
inat"iori.:—"' SR AR ' ’

Under natural conditions dormancy in seeds has oftén
been broken by freezing and thawing. Brusse (3) found that
impermeable seed coats of sweet clover and alfalfa seeds
could'bé*ﬁade permeable by exposure to very low temperatures
}under artificial conditions.’

Barton's (2)vﬁ;tﬁéd of conﬁihﬁoﬁs cold storage for
hastening after-ripening of pine seeds is now of consider-
slash;'and'loblolly:pinésiwas improved by chilling at 5° C.
for one monﬁhfin_moistenéd peat. Germination of long-leaf
pine was best when seeds had been chilled at 0° C. for one
or two months. |

" NeIlvain (1l}) found that treatmént of "six forage grasses
in the Hordeae tribe with varying concentrations of 2,4-D’
(2,h?bichlordphéhdxyécetic—acid) 'gave no significant in-
creases in percentage of germination. He also noted that
higher concentrations greatly retarded germination.

* Hseuh and Lou (10)7$6akéd seeds of barley and rice for
2l hours in concentrations of Z;AQD ranging from 35 pep.m.
to'lOOO>p.p;m. 'Theyhrepofted a slight increase in the rate
ahd“percentage of germination in both rice and barley at the
lowest concentrations. The highest concentration prevented

the germination of barley but-only slightly retarded that of




* rice. .They concluded that 2,l-D at low concentrations pro-

moted:germination, but that hiéher concentrations inhibited

aerobic respiration and: checked germination. .
.Toélev(lé)-used a 0.2 per cent solution of potassium

nitrate to?determine the effect of nitrate on Panicum obtusum,.

The treatment resulted in an increase in the percentage of
germination,
MATERTAL AND METHODS

The seed.used in these studies was furniéhéd:through .;.
the .courtesy of the Soil Conservation Service:Nursery at-.
Tucsoh, Arizona. . "Seed": as used in this paper refers to
the caryopsis. Only seed that was entirely'free from the
lemma and palea was used. -

| .Seed used in the tests‘ﬁas placed in soil-filled petri

dishes. The soil was a Tumacacori coarse sandy loam that
origipally aupportéd good.gtands 6f perennial grasées.; One
hundred seeds were-used.for each test. Germination counts
were made at 5 and 1l days.  Seeds were considered to be .
germinated when the colgoptiles had-emsrged;sufficiently_to
indicate normal development. |

No attempt was made to evaluate light as a factor. ' All
seed, however, was.exposed to light in the glass-topped germ-
inator.

The effects_onvgermination of potassium: nitrate, . potas-

sium phosphate, 2,li~-D, sulphuric acid, and prechilling at



constant and alternating‘temperatures.were<tested.~‘Dis-,f”
tilled water was used to determine the normal germination
of each seed sample at each temperature. Thermostatically
controlled alternating temperatures were used to simulate
day and night temperature fluctuations.

Tests were conducted at constant temperatures of k0°
6 , 70° 80°, 90°, and lOO° F. and at temperatures that
alternated between 35°’and h5° u0° and 60°> and 70° and

For the nitrate and phosphate tests the seeds were germ-
inated in soil saturated with 0.2 percent solutions of po--
tassium nitrate or potassium.phosphate. o . )

| Treatment with Z,A-D consisted or placing the seeds in

beakers containing concentrations of .01, O l, l 0, 10, andi
100 p p.m. (acid equivalent) of the sodium salt, and allow-
ing them to remain for 30 minutes. The seeds were then
washed with running water and dried on filter paper prior
to being germinated at the various temperatures. ‘

In the sulphuric-acid treatment dry, intact seeds were
placed in beakers of 80 percent sulphuric acid and allowed
to remain ror 15, 30, and 60 minutes. The acid was then
drained and the seeds immersed in running water until lit-
mus indicated a neutral condition. | / ﬁ": -

| For the prechilled treatment the seeds were placed on T

- molstened filter paper in petri dishes. andgsuhjected “toa
temperature of 350 F, for 15 and 30 days. At the end of




each of these periods the seeds were tested for germination

at various constant and alternating temperatures.
 EXPERTMENTAL RESULTS
BUSH MUHLY

Temperature -

- Highest germination of bush muhly was obtained at'
constant temperatures of 909 and 1000 F.1 (fig. 1). Germ-
ination decreased as temperatures were lowered below 900,
There was no germination at a constant temperature of li00,
or at alternating temperatures of 350 and 450, and hOO and
60°. Germination at a constant temperature of 1j0° or at
alternating temperatures of 350 and /59, and [j0° and 60° was
rare. ?hroughoutithe text these temperatures are mentioned
only if;germination occurred,

_Sixty-one percent of bush muhly seed germinated at
temperatures alternating between 700 and 1000, This species
germinated more slowly at these alternating temperatures
than any of the other species tested. » A

Potassium Nitrate .

Potassium nitrate was beneficial only at temperatures
of 80° or less (fig. l). It was detrimental to’ germination

at higher temperatures that were more favorable for untreated

l. All temperatures recorded in degrees Fahrenheit.




Fige 1-Effect of potassium nitrate and potassium phosphate

at different temperatures on germination of bush
muhly.

Percent Germination

Temperature Degrees Fahrenheit
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seed, causing decreases in germination of 13 and 16 percent
at constant temperatures-of 90° and 100°.

Potassium Phosphate

.- Potassium phosphate caused an. increase in~germination_

only at a constant temperature of 600 (fig. 1). An inhibit-
~ing effect occurred at all other temperatures, varying from

& minimm of zero as temperatures approached 40O to a mexi-

mum‘of 12 percent at 1000,

.és ;Di'“ R

Treatment with extremely low concentrations of 2 h—
showed an increase in germination at a constant temperature
of 60° (table 1). At higher temperatures no appreciable in-
crease occurred. Detrimental effects occurred with 1 O PePelle
at 90° and with all concentrations of .01 Do p.m. or more at
80°, Hi;her concentrations reduced germination at all tem-
peratures.

One-hundredth and 0.1 p.o.m. at the 700 and 1000 alter-
nating temperature increased germination from a normal of 61
percent to 67 percent, an increase of six percent. Concen-
trations above 0.1 p. p m. retarded germination. A germinaQ
tion low of 13 percent at’ this temperature was attained

With 100 DePeme,
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Table 1.-Effect of 2,}~D on germination of bush muihly.

Temperature - L 2,i=D concentration (pe.p.m.)

0,00 0.01 0.1 1.0 10.0  100.0

Degrees F._ I Percentpgermination I
o 60"1"'” - ka.pp 59. I R : .2 s ‘82
- 70 %3 . .b2 ,Hsu h gﬁf'Zg © 18
80 61 . 59 60 u8- 29 8
90 77 .19 7t 15 . ..29 . D

100 Tl th 7k 76 30

Sulphuric Acid

‘, Sﬁiphuric-acidnpreetmentwwas“offeome,beﬁefitvat,those_,
temperatures at which germination was normally lowest
(table 2). There appeared to be a greater beneficial
offect at 60° than at any of the higher temperatures. At
all temperatures the greater the length of treatment the
greater the ‘increase in germination. .

Table 2.-Effect of sulphuric-acid scarification on germina-
'“ tion of bush muhly.

Temperature - Length of" HaSQh,treatment (minutes)

| None "~ ° - 15 30 60
Degrees F. S S " Percent germination

T0 - 53 52 56 58

8o - - .61 60 6l

90 17 78 - 80

100 . Th | 76 18

Prechilling

Prechilling produced a harmful effect on bush muhly, _
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reducing germination from 16 to 22 percent at 900 (table 3).
The inhibitory effect was directly proportional to length
of the chilling period.

\Tab1e43.-Effect of prechilling on germination of bush muhly.

Temperature Length of prechilling treatment (days)
None 15 30
Degrees F. Percent germination
8o | 61 L9
- 90 17 61 55
100 - Th 50 I

LEEMANN. LOVEGRASS ~

Temperature

A maximum germination of 58 percent occurred at 600
k(fig. 2). From' this point germinatien progressively de-
creased as temperatures‘increased, reacpingna minimum.of
eight percent at 1000, | \‘ .

' Alternating temperatures of 70° and 100° gave h2 per-
cent germinatlon. This was 16 percent lower than germina-
tion at the optimum constant temperature. Onljﬁeight per-
cent of the seed germinated at temperatures alternating

between j0° and 60°,

Potassium Nitrate

,,i_v~

Lehmann lovegrass treated with a 0. 2 percent solution

of potassium nitrate showed a germination rate of 71 percent

at 60° (rig. 2). This was 13 percent higher than germination



Pig. 2-Effect of potassium nitrate and potassium phosphate
at different temperatures on germination of Lehmann
lovegrass.

Percent Germination

Temperature Degrees Fahrenheit
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of:untreated;seed. At 700 the difference was even greater,. .
with an increase of 17 Perceﬁt-”:Whereasnsermination.Ofcunrw
treated seed decreased 36 percent from 600 to 800, potassium-
nitrate treated seed decreased only eight percent. Possibly
‘more important, the treated seed showed 63 percent germina-i
tion at 80° which was five percent higher than untreated |
seed at its 60° maximum |

Potassium Phosphate

Lehmann lovegrass seed treated with potassium phosphate
germinated 63 percent at 600, an increase of five percent
over untreated seed (fig. 2) Germination of untreated seed
decreased 36 percent as the temperature was raised from 600
to 800, while germination of treated seed decreased only
seven percent. Therefore, germination of treated seed was
3h percent higher than untreated seed.. Potassiumpphosphate
treatment slightly retarded germination at 900
| ;AQD appeared toube”tokic to Lehmannkiovegrass at'all
concentrations (table h). 1This-inhibitory effect was five
percent or less ‘with concentrations below 1. ,0 p p.m. Inhi-'

bition was extreme with concentrations of 10 and 100 p p e
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Table L.-Effect of 2,li~D on germination of Lehmann lovegrass.

Temperature - 2,i=D concentration (pep.m.) .

0,00 0,01 . 0.1 .1.0 10.0 -100.0

Degrees Fe - : o Percent germination
- 60 - .- B8 57 57 . 8 3 - 10
70 56 55 51 5Bl 29 10
80 . 22 ‘ 2% .:uvfl iﬁ’ ' 13 0
90 : 17 1
100 ‘ 8 8 % Iy 0

Sulphuric Acid ) 1
| Lehmann lovegrass seed treated with sulphuric acid o
showed a lower rate of germination in a1l cases than un-
treated seed (table 5). A definite correlation was nobed
between germination rate and the length of time the seed
was treatéd;"‘Tﬁe‘gfeaﬁeé‘the time of treatment the lowen
the germination. No germination was obtained at the higher
temperatures (90o and 100°), However, this effect may not
be due entirely to the acid treatment,vas even untreated
seed germinated relatively poorly at these temperatures.

Table 5.-Effect of sulphuric-acid scarification on germina-
tion of Lehmann 1ovegrass.

Temperature o ‘ Length of HaSOh,treatment (minutes)
 Tome 15 30 60
Degrees F; o | " Percent germination’
80 22 19 17
90 17 0 0

100 8 0 : 0
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Prechilling

Prechilling of Lehmann lovegrass resulted in satisfac-
tory germination only at 90° (table 6). Germination of un-

treated’ seed was low (17 percent) and only slightly lower N
after chilling (15 percent when chilled for 15 days and 12

percent when chilled for 30 days).

Table 6. -Effect of prechilling on germination of Lehmann

‘lovegrass.
Temperatnre ' Length of prechilling treatment (days)
ff - : None 15 ” 30
Degrees f, ' Percent germinaticn
8o 22 23
90" 17 15 12

100 . 8 6 : 8

" ROTHROCK GRAMA

Temperature e

Rothrock grama had a low germination rate at all tem—
peratures.(fig.tB)-, No . seed germinated at j0° and only
three percent at 60°, At 70° there was a definite increase
up to 15 percent. A/ further slight increase occurred at 80°
and the maximum of 18 percent was reached at 900,

Sixteen percent germination at alternating temperatures
of 70° and 100° was only two percent lower than the 18 per-

cent obtained at the optimum constant temperature.
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Fig* 3-Effect of potassium nitrate and potassium phosphate

at different temperatures on germination of Rothrock
grama.

Percent Germination

Temperature Degrees Fahrenheit

Check
KNO3

KH2PO]v



17

Potassium Nitrate

~~Potassium nitrate had‘nommeasurable_erfect“at,temper-:
atures of l,0° and 60° (fig. 3). It did, however appear to
increase germination at all higher temperatures until a
constant maximim was reached at 900 and 1000, It is of
interest to note that while germination of untreated seed -
decreased slightlyefromv90° to 1000, seed treated_with(ﬂ\u

potassium nitrate maintained its 900 maximum at 100°,

Potassium PhOSphate

There was no appreciable difference between seed treat—
ed with potassium phosphate and untreated seed at the uoo
and 600 temperatures (fig. 3). Germination of treated seed
was below normal at higher temperatures.' This retarding
effect reached a maximum at 90°,

2,1-D _
’ All Z,A-D concentrations were harmful to Rothrock grama

at 60° and 90° (table 7) However, as germination of un~'

treated seed was only three percent at 60° 2 heD may not '
Vbe fully ‘responsible for the further reduction in germination
_at that temperature. A slight increase in germinationjoccur-
red with concentrations below 1.0 PePelle at,f0° and with
.01 p.p.m. at 80° and 1000,
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Table 7.-Effect of 2,li-D on germination of Rothrock grama.

Temperature ~: =~ - 2,1=D concentration (pepe.m.)

0.00. : 0401 -0l 140 -10.0 ~ 100.0

Degrees F, S .- Percent germination -
60 3 2 0 0 0 0
70 - - .15 .- " 16-- . 16 15 - . 6 - 0
80 - - 17 19 16 13 10 0
9 o Ig 13 11 C1Ee -
- 100 - L - 17 - 13 13 - 3.

Sulphuric Acid

Sulphiiric-acid treatment increased germination of Roth-
rock érama. The effect_%as more noticeable at 60° than at
'highgf”témperatuﬁeé’(table’B)X' At all temperaturéé‘théﬁe
was:abpositive correlation between length of treatment and
percent of germination.

Table. 8.-Effect of sulphuric-acid scarification on germina-
tion of Rothrock grama.

Tempeféture B Lehgph of HéSQh Efeatﬁéntlthinﬂteé)
- " None 15 30" 60
Degreést. ‘ Percent germihation
60 3 13 a7 22
.70 .. .o .15 S | R 18. Y
80 17 1 2l
100 1l 18- 23
Prechilling.

__Germination of Rothrock grama seed prechilled at 350
was significantly less than germination of untreated seed

-(table 9)., - This retarding effect was increased as the :
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chilling period was lengthened.
Germination of seed prechilled Tfor 30 days was only

two percent at alternating temperatures of 700 and 1000,

or 14 percent 1ower than the normal 16 percent germination.

~

Table 9.-Effect of prechilling on germination of Rothrock

2rama.
Temperature; Length of prechilling treatment (days)
L None - 15 30
Degrees F. Percent germination
s 80 - o7 7
- 90 1 7 i
100 = 1l 5
: SAND DROPSEED
Temperature

There was a constant positive correlation between in-

crease in ‘rate of germination and increase in temperature

Lo

(fig.: h).» Germlnation increased from-0-to 27 percent as

temperatures .were’ raised from hoo to 1000, o
Germination at alternating temperatures was.-very low;
The only germination that was attained occurred at altern-
ating temperatures ‘of 70° and 100°4"The 13 percent germina-
'tlon attained at these temperatures was 1k percent 1ower;:_
than the maximum obtained at a constant temperature of 100°.

*

Potassium Nitrate

e ame s

Potassium nitrate had no particular effect at the 100

and 60° temperatures, but it increased germination at all
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Pig. [(.-Effect of potassium nitrate and potassium phosphate
at different temperatures on germination of sand-
drop seed.

Percent Germination

Temperature Degrees Fahrenheit

Check

KH2P04



2L

higher temperatures (fig. lj). Maximum germination of }}2
percent occurred at 1009, an increase of 15 percent over
untreated seed. Anfaverage.increase of more than 12 per- -
cent occurred at ailvtemperatures above 700,

Potassium PhOSphate

Germination of potassiumrphosphate treated seed wasA
-significantly higher than untreated seed at temperatures:
'.from 70° to 90° (fig. li)e At a temperature of 1000, phos-
phate,treated seed showed a lower germination rate than at
90°, :This was in contrast wlth the nitrate treatment which
continued to show an increase; even at 1000,
21D o "

Slight increases in germination were secured at 700,
Bbb; andiiOO° after treating with concentrations of 2,l~-D
of O. 1 bhb.m. or iess“ktahie 10). Theivery slight increases
attained, however, and the fact that no increase occurred at
900 make these data of doubtful value. Germination with |
higher concentrations was below normal in all cases, This
retarding effect became greater as the 2,4~D was more con-w

centrated.

Table 10.-Effect of 2,i-D on germination of sand dropseed.

Temperature o - ,h—D concentration (p p.m.)'

0.00 = 0.01 0.1 l.O 10.0 100.0

Degrees F. ' Pepcent germination
60 6 5 6 3 1 0
70 9 11 10 11 3 0
80 -3 18 18 11 > 0
% 22 =1 23 20 11

100 27 29 29 - 1h
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Sulphuric Acid

Treatment with sulphuric acid increased germination at
all temperatures (table 11). There was a positive correla-
tion between length of treatment andrrete of germinetion{

Table 1ll.-Effect of sulphuric-acid.scarification on germina-
tion of sand dropseed.

Temperature ‘ Length of HgSOh,treatment (minutes)
| . None 15 30 60
Degress F, - - Percentigernination ' )
o - A A s 9 ~ ‘“'ig'
. 7.0 -9 33 39 . 47
80 12 32 %1 ‘
100 ' 27 3 48
Prechilling .

Prechilling of sand dropseed appears to increase germ-
ination (table 12). Germination at 90° was inereased from
22 to 28 percent by prechilling for 15 days. Prechilling
for 30 days_increased germination from 27 to 39 percent at
100°. At this temperature there was no difference in germ-
ination rate between seed prechilled for 15 days and the
check, - |

Table 12.-Erfect of prechilling,on;germination of sand dropseed.

Temperature " Lenhgth of;prechilling treatment (days)
“" © None 15 - 30
Degrees F, ' T Percent germination
o - 16 25
90 ’ 22 28 36

100 27 27 39
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SIDEOATS GRAMA

Temperature

, Highest germination of sideoats grama was obtained at
a constant temperature of 80° (fig. 5). It isuinteresting“
to note that germination at 70° was six percent lower than
germination at 60°.

. The results of this study indicate that high tempera-
tures are detrimental to germination of sideoats grama. This
is shown by comparing the "800 and 100o temperature tests. |
Germination at 80° was 60 percent higher ‘than at 100°. Toole
(17) observed somewhat similar results with the same species,
Vfinding,maximum germination at temperatures of,75° and 85°.
jJackson;(lZ), onﬁthe.other hand, obtained a high germination
iat 120°, '> B

Germination of sideoats grama was low at all alternat-
ing temperatures.‘ A maximum of 12 percent was reached at
temperatures that alternated between 4j0° and 60°. ' This was
in marked ‘sontrast with the maximum of 78 percent under "a

constant temperature of 600

Potassium Nitrate: .. -ovv i aiie s

There was no appreciable difference in germination rate
between seed treated with potassium nitrate~and: untreated
seed at a constant temperature of 100 (fig.” '5)e " The nitrate
treatment appeared to stimulate germination” at 600 and 70°

Highest germination was obtained at 60° with 78 percent of



Percent Germination

24

5>vEffect of potassium nitrate and potassium phosphate

at different temperatures on germination of sideoats
grama.

Temperature Degrees Fahrenheit

Check
KNO3

kh2po”™
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the seed germinating, an increase of ten percent over the
check. Potassium nitrate lessened germination at tempera-=
tures of 80° and above.

Potassium Phosphate -

Seed treated with potassium phosphate germinated at a
rate only slightly higher than untreated seed at temperatures
of 60° and 70° (fig. 5). An equally slight detrimental
effect was noted at temperatures higher than.70§._‘Howeyer.
these difference fron the check appear_too smail to ascribe_
any‘effect to the treatment.. - .. . i el i
2,li-D _ |

At constant temperatures of '60C and 70° germination was
six to eight percent higher with. concentrations of .01 and
0.1 p. p me of 2,4-D than with untreated seed (table 13). At
higher temperatures germination of seed treated with thesevm

concentrations was essentially the same as the check. High-

er concentrations ‘all retarded germination._

Table 13.-Effect of 2,l-D on germination of sideoats grama.

Temperature =~ - 2,h-D concentration (p.p.m.)

0,00  0.01L 0.1 1,0 10.0  100.0

Degrees Fo =~ = = " Percent germination
60 - T 68 - Z 76- 61 13 9
70 - 62 8, 69 50 17 7
80 -~ .81 . 80 - 178 Lll 12
90 oL h7 49 31 - 19
100 21 21 - 17 0
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Sulphuric Acid

“ Sideocats grama seed treated with sulphnric acid had a
consistently lower germination rate than untreated seed |
(table 1l). ~The effect was more noticeable at 800 than at
etnef'tempefatures. " A definite negative correlation‘was‘
obser?ed in all cases between germination and length of"
treatment.”””“' : 4 |

Table 1llj.-Effect of sulphuric-acid scarification on germina-
: tion of sideoats grama.

Temperature Length of Hgsoh treatment (minutes)

7 Neme 18 39 60

Degrees Fo o Percent germination ".t

60 . 68 30 ‘22 o a

70 62 . .28 20 .. 21

80 81 25 23

9 . b7 ... ko . 34

100 ‘ 21 16 11
Prechilling

Prechilled .sideoats grama seed had a higher germination
rate at.90° and 100° than untreated seed (table.15). The
increase in germination was directly proportional to length
of the chilling period. As germination of untreated seed
decreased at temperatures above 800, it might,be'eoncluded
that_preehilling,eideoats_grama_seed partially overcomes
the inhibiting effect of high temperatures.
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Table 15.-Effect of prechilling on germination of sideoats

21amsa..
Temperature _ Length of prechilling treatment (days)
None 15 30 _

Degrees F, ' o ' Percent germination &

80 ﬁl 5' 82

90 7 7

©100 21 32 L8
TURKESTAN BLUESTEM

Temperature , -

Germination of Turkestan bluestem decreased with an
increase in temperature (fig. 6). Maximum germinationnat
constant,temperaturesgwas obtained at 70°, minimum at 1000,
The 70° and 100° alternating temperature range gave three
percent lower germination than the optimum constant tempera-

ture.‘

Potassiuﬁ Nitrate

Maximum germination with potassium-nitrate treatment
was obtained at 90°, Eighty-five“percent"of‘the'seed”germ-
inated, an increase of 19 percent over the check at the &
same temperature (fig. 6). - Germinaticu'df‘untreated seed,
on the other hand, reached a maximum at 70° and decreased
at higher temperatures. Germination of both treated and
untreated seed decreased between 90° and 1000°.

Potassium Phosphate

Turkestan bluestem treated with a 0.2 percent solution
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6-Sffect of potassium nitrate and potassium phosphate
at different temperatures on germination of Turke-
stan bluestem.

Temperature Degrees Fahrenheit

Check
KNO3

KH2PON
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of potassium phosphate had an appreciably higher germination
rate than untreated seed at 70°, 90°, and 100° (fig..o).t:
-The rate.at. 800 was identical with that of the check.. Germ-:
,ination at 90° reached a maximum of 79 percent as compared

»with 66 percent for the check.

- 2,h=D .

- Turkestan bluestem treated with 2,A-D at concentrations
of 0.l p.p.m. or less had a slightly higher germination rate
at almost all temperatures (table 16). Germination decreased
at concentrations greater than O. 1 PePom. This effect: in—

creased as the solution became more concentrated.'

Table 16.~Effect of 2,4-D on germination of Turkestan blue-
' ] 'stem.

Temperature -'; B ,heD concentration (p p.m.)

0.00  0.01 0.1 1. o___10. o | 1oo.o

Degrees F S ) " Percent germination |
SRy (O ST R SR ZZ T2 - %LL BB 15
80 _ 0 Zl 69 51 17
90 : 6 6 9 65 :
, i - 55 2y . 1&;

100 - Sk - 53

Sulphuric Acid

Slight increases in germination were noted after chemi-
cal scarification with_sulphuric;ac;d,wbut in no case was the
increase more than ten percent (table 17). Seed immersed in
the acid for 60 minutes usually showed slightly higher germ-
ination than those treated for shorter periods. The only

(3 I S
W 00 SRR NI
B &
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exception'to this occurred at 70° where germination decreas-
- ed slightly as time of treatment increased. These changes
were so slight, however, that their significance is doubtful.

Table 17.-Effect of sulphuric-acid scarification on germina-
tion of Turkestan bluestem.

Tehperature Length of HzSQh treatment (minutes)
| ' None ‘ 15 B 30' 60
Degrees F. o ' Percent germination |
60 "58 56 56 61
70 . 1S T
80 Z 67 72
90 e 6::. 70 7&
100 ‘ _ 58 6.
Prechllling

At a constant temperature of 1000, 73 percent of pre-
chilled seed germinated as compared with,Sh-percent of un-
treated seed (table 18). At other temperatures: prechilled
seed had a lower germination rate than unchilled seed. -The

longer the éhilling period the:lower,the;germination.

Table 18 ~Effect of prechilling on germination of Turkestan

‘bluestem.
Temperature . - Length of prechilling treatment (days)
| __None 15 - 30
Degrees F, T ‘Percent germination -
8o SRR 70 67
90 66 - 6l 62

100 S - 73 7
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DISCUSSION

Lehmann lovegrass, sideoats grama, and Turkestan blue-
stem all showed a decrease in germination with an increase
in temperature. Optimum temperatures for germination were
in the 60° to 80° range. These species would probably germ-
inate best when seeded during the fall, winter or spring.
This observation should not be considered a_recommendation
against seeding these species during the summer months, as
» other factors may be oi more importance in Seediing estab-
lishment than temperature. | ‘ : |
| Rothrock grama, bush muhly and sand dropseed germinated
best in the 90° to 100° range. This seems to indicate that
these species are summer germinators._ 7

Germination at alternating temperatures was noticeably
lower than at constant temperatures. The specific reason
for this reduction is unknown It ‘Seems likely that a fairly
narrow range of temperatures is essential to optimum germ-
ination of these grasses, and that inhibition came from un-
due fluctuation beyond this range. _

» Normal germination of Lehmann 1ovegrass ‘decreased
rapidly at temperatures above 700 Both nitrate and phos- vv
phate treatments enabled Lehmann lovegrass to germinate at
essentially the maximum for untreated seed at a temperature
increase of 10° above that at which maximum germination of

untreated seed was reached. This should be of specilal
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. interest-to reseedingzteehnicians in the Southwest, where
high temperaturés usually prevail at.the time of optimﬁm-
moisture for seed germination.

Treatment with 2 L|.-D did not significantly increase
the rate of germination of any species. Not only was there
aalaCk‘of”anyfbeneficial:stimulation,'but:concentrations.of
10 andllOO pep;m;fhadfa‘retardlng:effect~upon germination of
every species,. . This and other experiments (10, -1l). indicate
that 2,4-D may have some .slight stimulating effect if used
in extremely loW'concentretions, but'that larger concentra-
tions are definitely ‘harmful. to germination of most ‘grasses., -

-Resistance’' of the seed coat to:moisture penetration -
_offers a’ problem in. germination of ‘sand dropseed-(12). : This
was substantiated in the present study by the:marked . increase
in germination“from sulphuric~acid treated caryopses of that
specles,

. Sand’ dropseed. and.sideoats grama.were the only two species
that. gave a higher rate of.germination after being prechilled.
Normal germination of sideoats:grama at 80°3was£almoet.four
times:-that at 100°, 'Precﬁilling.gave noﬂinerease:et 800,
but it more than doubled germination.at 1009, From this it
would'seem’ that prechilling compensated for the higher, less
favorable temperature.

" Prechilling sand dropseed for 15 days had no. effect on
germinatienﬂat 100°, Prechilling for:30 days increased
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| germination 12 percent. It might be concluded, therefore,
that the prechilling period should be lengthened as germ-

ination temperatures are raised.
 SUMMARY

1. The effects of potassium nitrate, potassium phosphate,
2,4~D, sulphuric acid, and:prechilling on germination of
six range grasses were tested at various constant and
alternating temperatufes.

2. With untreated seed highest germination was obtained at
temperatures of 90° for bush muhly; 60° for Lehmann love-
grass; Q00 for Rothrock grama; 100° for sand dropseed;
80° for sidedats grama; and 70° for Turkestan bluiestem.

3. Germination of Turkestan bluestem, Rothrock grama, Leh-
manh lovegrass, and sand dropseed was higher after treat-
ment with potassium nitrate. FPotassium nitrate was detri-

-mental to.germination~of bush muhly and sideoats grama -
at higher températures.

u. Response of Lehmann lovegrass, sand dropseed, sideoats
grama, and Turkestan bluestem to potassium-phosphate
treatment was similar to potassium-nitrate treatment,
but the response was not .as great. Germination of phos-
rhate treated bush muhly and Rothrock grama'was lower
than untreated seed at temperatures above 60°,

5. Gérmination of seed treated with weak concentrations of

2,l4-D was essentially the same as that of untreated seed.



6.

7.

3k

Concentrations of 10 and 100 p.p.m. were highly detrif
mental to germination of every species.

Sulphuric-acid scarification greatly increased germina-
tion of sand dropseed. Germination of Rothrock grama,
Turkestan bluestem, d bush muhly was slightly higher
following sulphuric-acid treatment for 60 minutes. Germ-
ination of Lehmann lovegrass and sideoats grama was con-
siderably 1ower following acid treatment for even a short
period. h -

Prechilling increased germination of sand dropseed and

sideoats grama.



1.
2.

3

9.

10.

11.

12,

13,

E

LIEERATuaaidITEDE_"'

Atwood, W. M. A physiological study of the germination
of Avernia fatua. Bot. Gaz., .57:387-411. 191l.

Barton, Lela V. lHastening}thefgerminatiohtef;eoﬁefegn14
ferouswseedeg,.Amer,;Jeur.;Bot.,[1]:88&;l5.’1930.

Brusse, W, F, Effect of low temperatures on germination
of. impermeable seeds. Bot. Gaz., 89 1 9-179.

Bryan, w. E. Hastehihg’the germination of Bermuda grass
seed by sulphuric acid treatment. Jour. Amer,
Soc. Agron., 10: 279 -281. 1918 oo s

Crocker, Wm. Mechanics of dormancy. Amer;‘Jear;’Bet.}‘

3:99-120. .1916. .

Evenari, Michael. Germination inhibitors. Bet;nﬁev;;w
- 15:153-19L4. 1949. 4 : A

Harrlngton, ‘George T Germination and viability tests
of Johnson grass seed. Proc. Assoc., Off, Seed
Anal, North Amer., 1916:2l-28. 1917.

. Further studies of the germination of Jehnson
grass. Proc. Assoc. Off. Seed Anal. Horth Amer.,
1916 71-76:1917.

¢

Hay, W. D, Laboratory germination studies with Agropyron
Smithii. Proc. Assoc. Off, Seed Anal. North
Amer., 1938:2hli-245. 1939. -

Hsueh, Y. S., and Lou, C. H, Effects of 2,4-D on seed
germination and respiration., - Science 105:283-
285, 1947. ,

Huntamer, May Z. Dormancy and delayed germination of
Oryzopsis hymenoides. Unpublished thesis, State
College of Washington. 193l.

Jackson, Carola V. Seed germination in certain New Mexico
range grasses. Bot. Gaz. 86:270-293. 1928.

Kearns,’Virian.,vand Toole, E. H.' Temperature and other
factors affecting the %ermination of fescue seed.
U.S.D.A. Bulletin No. 638, Washington, D.C. 193lL.



15,

16,

17.

18.

’ 19.

36

‘McIlvain, E. H. Differential germination of some import-

ant grass and forb seeds after treatment with
2,li-Dichlorophenoxyacetic acid and diesel oil.
Unpublished thesis, Utah State Agricultural

. College. 1948. ' ,

Stoddart, L. A., and Wilkinson, K. J. Inducing germina-
tion in Oryzopsis hymenoides for range reseeding.
Jour. Amer. Soc. Agron., 30:763-768. 1938.

Toole, Vivian'Kearns; Germination of seed of vine-
mesquite, Panicum obtusum, and plains bristle-
grass, Setaria macrostachya. Jour. Amer. Soc.

Agron., 32:503-512. 1940

———. Germination requirements of the seed of some
'~ introduced and native range grasses. Proc. Assoc.
Off. Seed Anal. North Amer., 1938:227-243. 1939.

~————, The gerﬁination of seed of Oryzopsis hymenoides.
- Jour. Amer. Soc. Agron., 32:33-41. 1940.

Whitcomb, W. O. Hard seeds in legumes. MNont. Agr. Exﬂ.
Sta. Bul., 248. 1931.




