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PFEFACE

A larpge mmber of the forage plants of the United States have a
period of seed dormency that must be brokem before maximm germination
is obtained, Much ressarch has been dome on seed dormmncy of menmy
species, but very little has been done on delayed germination in
Pepndsotum g¢lliare.

Before o study of dormency in Pepnisetum gilisve could be made, it
was necessary to know the verious factors that inhibit or prevent germine-
tion, Cause of dormancy varies widely with the different speciss amd
each type of dormancy requires a specific treatmemt or trectments to
induce germination, The methods used in tresking dormency in other
species should be studied and incorporated into the tests yun on a new
species 40 increase germination, The purpose of this study is to
determine the camse of dormsney in Pernisetum eiliare and to find a
treatment that will increase germination of freshly harvested seed,

My thanks sre extended to Dr, J, R, Harlam and other members of my
graduate committee of Oklahoma Agricultural and Mechanieszl College for
their patience and help in eomplsting my thesls, AcknGulodgement is
due Drs, E, C, Holt, E, C, Bashaw, R, C, Potts, and other members of
the Department of Agronomy, Texas Agrienltural and Mecheamical College
for their invalnable aid end advice in establishing the germination
tests on Pernisetun giliare.
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INTROGDUCT ION

Buffel grass, Pepnleetup gllisre L., has recemily received much
publicity as a forage grass for the Southerm United Stetes, This grass
is apparently sdapted to light sendy soils vhere minimm temperatures do
not go below 5°F,

Considerable diffienlty has beem experienced in establishing buffel
grass from freshly harvested seed, Sumer seeding of spring harvested
seed give very poor results but seed carried over from the previous year
have glven excellent stemds, Many seeds are harvested in the spring in
the southezn section of the region of adaptation and these are semt to
the more northern growing regioms, to be planted during the same growing
season,

Delayed germination in seeds has long been & problem in esteblishment
of many species, In mamy instances dormency 1s helpful in meintaining a
seed supply in the soil from one season to emother, OCriswold (16) found
that many western range plants of the United States depend on seed dormamey
for smrvivel,

Dormemey is detrimental in some of our field crops and pasture plants
vhere the sceds are haxvested in the spring end seeded in the f211, The
period between harvest amd seeding date msy be insufficient for the
dormaney to be well bwokem, The result is a poor stand snd loss in pro-
duction, According to Bass (3) meny varieties of oats fall into this
category, Buffel grass, if seeded the same season it is harvested will
give low germination,



There ere mumorous forms of dormancy in the seeds of various speciles
of grasses, It was necessary to know these forms of dormemey to deter-
mine the cause of inhibition of germdnation in tuffel grass ceeds, In
establishing the eause of dormamey, tests were rum to determine the
source and exact nature of the inhibitor, After it was established that
an inhibitor was present, trestmonts were set up to find a meems of breske-
ing dormemcy, The treatmonts used were all based on previous work with
seeds of other speciss, The data presented here are comcerned with the
various means of breaking dormamcy with chemieals, temperature end
noisture variations, solvemts, and adsorbembs,



LITCRATUFE FEVIEW

The literature on seed germination is extremely voluminous, there-
fore most of the references used here will deal only with dormency end
gornination of forape grass seeds,

The canse of delayed germination in seeds may very with the different
species, Crocker (7) made em extensive study on the role of the seed
eoat in dormemcy, He found that the seed coat could interfere with imbie
bition of water or normel exchange of gases, In this work he also found
that encasing structures interfere with absorption of water, per cent gas
exchenge, and may also produce an inhibdtor to germination, Evenari (10)
end Evenari, Konie and Ullmen (11) found in their studies on dormemey,
that the secedeocat, enclosing structures amd the embryo itself might inhibit
germination, They found that the glumes, lemma, and palea eould produce
substences such as HCN or ammonis thus retarding germination, Naserenko
end Djedjm (17) obtained results very similar %0 Crocker end Evenari,
Laibach end Keil (15) found that Imlls of certain plents produce HCN to
cense delayed germination, '

In meny species the simplest type of seed treatment to induce germine
ation is svaking the doyment seed in water, Aksmine (1) reported an
ineresse from 6,7 per eent to 49 per cemt in Pgpicum prolutig when soaked
4 days in tep water, Wenger (26) found that soeking tho burs of buffalo
grass in water from 2 to 4 hours, followed by drying at room temperature,
inereased the germinstion from 7 per cent to 43,6 per cent, In studying
the effect of alternate soaking end drying on 42 western range plants,
Griswold (12) found that the effects were variable with the species, The



germination was increased in some specles while in others it was retarded
by wetting, Some specles were not affected in smy way by this treatment,

The use of chemicels in breeking dormengy and inducing germination of
soods has boen widely used, The chomicals most commonly used for grass
seeds are nitrogen sarrying eompounds such as INO;, NalO;, NaNOp, HNOy,
end NH,SON, Akamine (1) found that 1 per cemt NH;SCN increesed the germi-
nation of feathery pemmisetum from 44,5 per cemt to 92,4 per cemt, Toole
(22) end Toole end Toole (25) observed that a 0,2 per cemt solution of
KNO; stimlated germinstion vhen used as & germinating medium, Canada
bluegrass seed germinated 60 to 70 per cemt in a dilute solution of HNO,,
vhile the control germinated only 20 to 30 per cent,

Searification of seeds is ome of the most widely used methods in
increasing germination, This is used on seeds that have encasing structures
or seed coats that prohibit absorption of water or the proper exchange of
gases necessary for germinstion, They msy also prevent the subsequent
expansion of the embryo, tius hindering germination, Many methods have
been used to break or serateh the seed coat, or to destroy emeclosing
struetures that prevent germinstion, Some of the most commemly used
methods include eeids, bases, and mechanical seratehing of seed ecoats,
The acld most widely used and the ome that has beem most successful is
HyS0,, Akemine (1) observed that Bahia grass germinstion was inoreased
mo.zmmuvzmmmmmAﬂthmmmnzsoA
for 30 mimites, m(ﬁ)wmmnzso‘mzom-m
Bermidagrass, end inereased germination fram 22,5 per cenmt to 71 per cemt,
Hodgson (14) reported a definite inerease in the germination of freshly
harvested Behia grass when treated with H,S0;, Using the samo epecles



as Nodgeon, Morinaga (16) found that trecting the sseds with eoneentrated
1pS0, for 3 0 9 mimrtes and germinating at 2 constent temperature of 27°C,
gave the same imcrease in germination as seed treated vith light emd
alternating temperatures, According to Steddart end Willkinsom (19),

the germination of Indlan ricegrass was definitely increased by the use
of B,S0, end complete removal of the seed coat, Tools (21) reported 2
deeline in germination of poverty grass sced vhem treated with concentrated
nzso‘manwmmmﬂmmmmmm Toole
(22) also observed that a 71 per cemt solution of HS0, gave better germi-
mummmmmwyo‘mm-. Burton
(6) foumd that a 5 mimate trestment with eomcentrated MUl increased germi-
nation of Bermudagrass seed while the seme tyeatment with concentrated
RS0, decreased germination amd apparently killed most of the embryos,
mté)mwmwmnﬁo‘qﬁ”wmxﬂ
increased and hastencd the germimetion of Dallis grass and Bahia grass,
The removal of the lamma amd palos, by hand, from Bahie gress end Dallis
grass served the same pwrpose as acld scarification, /According to Akamine
(1) the germination of Uproghlos pulinlans eould be inereased from O per
cent to 90 per cent by the removal of the lemma amd palea,

Alternating temperatures have been used extensively to bresk dormancy
end increase gerwminetion, Anderson (2) found that the germination of
Kentueky hluegrass and Canade bluegrass was increased with the use of
alternating temperatures, The best results were obtained with the high
temperature at 30° for & hours and the lower temperature at 20°C for 16
hours, According to Blake (4) the seeds from mamy native prairie plants
increased the germination from very low at harvest to a maximm in mide
spring, A lowering of germination in the swmer momths was followed by



a merked rise in early eubum, Davis (9) found the use of alternating
temperatures of special value in studying the gewmination of seeds with
a membrenous struoture that restricts gas exshange, He reparted that
alternating temperatures increase respiration and ecatalase astivity
throughout the period of germinatiom, Harrington (13) did extensive
work vith alternating temperatures on grass seeds, He obtained the best
germination for redtop, crehard grass, and Kemtucky bluegrass seeds by
using temperatures of 20°%C for 16 to 18 hours end 30°C for 6 to & hours,
Bermadsgress germinsted best st 20°C and 3590, A delly alterstiom of
300C for 18 to 22 hours and 459 for 2 to 6 hours, was considered to be
optimm for Johnson grass sseds, Harrington (13) states that the bemefi-
clal effect of alternating temperatures on germinetion is not due to the
specific effect of extyeme temperastures but to the changes in the tempera-
tures, Morinago (16) used a wide spread of temperatures and found that
a daily alterstiom of 10°C for 18 hours end 38°C for 6 hours, was benefieial
to the germination of Bermmdagrass seeds, The optimm condition for
Cenada bluegrass was a daily alteration of 15°C to 32°C, Pladeck (18)
found that burs of Buffalo grass germinated best in sterilized soil with
daily alterations of 20°C emd 359C, According to Toole (22), delly
alterations of 20°C and 30°C is as effective in produeing germination in
Indlan ricegrass, as scarifiecstion vith 71 per cemt HySO;, Exvellemt
germination was obteined in several species of Poa amd Orchard grass vith
deily elterations of 10°C and 30°C or 15°C end 30°C. Toole (23) states
that the germination of vine mesquite end plains bristloegrass was
inereased vith alternating temperatures, According to Toole amd Toole,
the germination of earpet grass seed (24) and goosegrass seed (25)
responded well to alternating temperatures, They used 359C for carpet
grass and 40°C for goosegrass as the higher tempersture in the alteration,



Oxygen plays en importent role in seed germinstion, Morinago (16)
found that excellent germinstion ecould be obtained in Bermmdagrass under
reduced exygen pressure, In air diluted with 40 to 60 per cemt H, or N,
by volume, the germination was epproximately 90 per cent after 10 days,
as compared with 73,5 per cent in water sealed eomtalners and 24.5 per oent
in loosely covered potri dishes, Thomrmtom (20) found that the per cemt of
oxygen prosent around the germinating seed, dlrectly affected the per cemt
of germination,

Cold is necessary for proper germination of seeds fyom certain specles
of plents, Hlake (4) stated that germination was increased in some of
the forty-two species of tall grass preirie plants vhen subjected to
freozing, Bass (3) foumd that the germination of cats rose from 0 to 90
per cent when chilled at 15°C for seven days,



MATERIALS AND METHODS

Germinetion studies on the seed of buffel grass, Pemnisetum gildsre L.,
were conducted on seed hervested at College Station, Texas, on Jume 22,
July 22, Muguet 15 end September 15, 1952 emd 1953, Two strains were
used in these tests, however there was no strain difference in germination
or length of dormamey,

The spikelets of buffel grass are borme in elusters of three or
more, as shown in Figure 3, and each group is complotely surroumded by
rather stiff bristles as indlcated by Figure 2, These clusters are called
faseiclos and each may contain from mome to three earyopses, From each
harvest, a count was made of 1,000 faseicles to determine the per cemt
of fascicles emmtaining caryopses, Figure 5, These eounts were used as
e basis for determining the per cent germination for each treatment,

. Germination tests were carried out wnder alternating temperatures of
20°C for 16 hours end 30°C for 8 hours, The germinstions in soils were
run in the greemhouse without a temperature control, Acid treatmemts
vere replicated 8 times in the germinator end soil germinations were
replieated twiee, All other trestments had 4 veplications for germinatiom,
Each repliecation eonsisted of 100 fasclcles or earyopses, Eash replice~
tion was rotated daily to different parts of the germinator, to minimize
the effects of moisture, light, end temperature on germinmation, These
factors in germination varled to some degree within a single germinator
and by delly rotation, the variation of germinmation between replieatioms
vas held to a minimmm,



Erelininary Ixdals. Preliminery trials were run on btuffel grass
soeds to determine the cmuse of delayed germinstiomn, It was mecessary
to determine vhat structure camsed dormamey end if it prevenmted water
absorption, gas exchange or was producing a chemical inhibdtor,

Faseicles were thoroughly sosked in water for A48 hours and the
caryopses wore removed, The weight of 100 wet earyopses was compared
wvith the weight of 100 dry ceaxryopses and it was found that the welight of
wot earyopses had increased 85 per cent over the dry wedght, VWhem
examined mnder binoculars, it was found that the emdosperm and embryo
were sufficiently swollem for germinastion,

Caryopses of freshly harvested material were germinated to determine
if other factors were preventing proper germination, The caryopses were
placed in the germinator mtil sufficiemtly swollen for germinstion,
Half the replisations were removed and the ssed coats were cut just above
the emlwyo, Caryopses that were not treated, germinated 47 per cent while
those with the cut seed coats germinated 64 per cemt, Akamine (1) says
this 1s probably due to improper gas exchamge through the seed ccat, He
obtained almost perfect germimation by cutting the seed coat, thus giving
better exchange of gases, Caryopses germinated 90 days after harvest had
an increase from 47 per cemt to 58,5 per cemt, indicating that time
destroys the inhibitor in the seed coat,

In these preliminary teste, some earyopses of fyeshly harvested
material were germinated without treatmenmt while other ecaryopses had
the bristles, lemma, and palea included on the blotters, The ceryopses
that received no treatment germinated 47 per cent while those with the
enclosing strustures included germinated only 24 per cent, Freshly
harvested faseicles, germinated in tids seme test, gave only 1 per cemt



Figwre 1 Inflorescence of Buffel Grass



Figuwe 2 Fascicle of Buffel Grass Showing
Bristles that Swrroumd the Spilmlets
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Figure , Caryopses of Buffel Grass
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gormination, The enclosing structures were thoroughly boiled emd placed
en the buffel grass caryopses, This gave no increese in germination over
those treated with nom-boiled material, Bermmdagrass and wheat caryopses
wore treated with the emclosing structures from buffel grass sced to
determine if there was any inhibiting effect on germination, The wtreated
Bermudagrass germinated 70 per cent and the treated caryopses germinated
55 per cent, Thé germinetion of trested wheat seeds dropped from 90 per
cent to 75 per cemt, This would seem to indiecate the presence of a
chemical inhibitor in tho lemma, pelea, and bristles of buffel grass
fascicles,

Bresking dormengy. A serdies of treatments were conducted with seeds
of buffel grass to determine the best method of breaking dormeney, The
treatments were divided into the following groups; searification, tempera=
ture, moisture, sdsorbemts, solvents, and soils,

4, Secerificaetion emd removal of enclosing structures
1, Mechenical
a, Caryopses removed from lemms, palea end bristles by hand,
b, Haked caryopses - rubbed between hands,
¢, Naked caryopses - rubbed on sandpeper,
d, Caryopses removed from lemma, palea end bristles with
rub=boerd made of corrugated rubber,

2, Acid

a. Concentrated HyS0,,

length of treatment in mimutes - 1, 3, 5, 10, 15, 30,
b, 50 per cent S0y,

Length of trestment in mimites - 10, 20, 30, 40, 50, 60,



B,

c.

D.

Temperatures

1, Comstent temperatures,

8. Dry fasclecles stored at 47°, 5°, -20°% for 15 days,
b. Wet fascleles stored ot 50 and -20°%C,

2, Alternating temperatures,

a, Dry and wet fascicles - stored at -10°C for 48 hours
and roonm temperature “or 48 hours,

b, Fasclcles soaked in weter at 20°C for 48 hours - dried
at 47°C for 48 hours,

C, Fascicles placed in germinator for 45 days et 20°C for
8 hours end 30°C for 16 hours,

Moisture

1, Alternate wetting and drying,

a, Faselcles sosked for 48 hours and dried at room temperature
for 48 hours, length of treatmemt - 16 days,

b, Fasclcles soaked for 48 hours emd dried at 47°C for 48
hours, Iength of treatment - 16 days,

2, Wetting,

a, Fascleles soaked in water at room tempersture foar sevem
days then germinated,

Solvents,

1, Three trestments; fascicles emersed in bemzol, 95 per cemt
othyl alechol amd ether for 2 hours them thoroughly washed
vith water,

Adsorbents,

1. Three treatments; fascicles soeked in a suspemsion of emimal
chareoal, wood charcosl end Dareo for 48 hours them washed
with vater,



2, Ons treatmemt; fascicles soaked in suspemsion of orgenic soil
for 48 hours then weshed with water,
F, Soils
1, Germinated in greenhouse in sand, sandy loam, end organic soil,
a, Dmediately after harvest,
b, 60 days after harvest,
¢. 360 days after harvest,



EXPERIMENT AL RESULTS

Effect of dry storase on germination. Eech storege period of fascleles
over 16 days resulted in a significent increasse in germination, Table 1,
Freshly hervested faselcles germinated 1,5 per cent with the mecdmm
germination of 83,0 per cent being obtained spproximately 180 deys after
harvest, After 46 days in storage, there was & sharp rise in the germina=
tion, that continued wmtil meximm germination wae obtaelned,

Eaa;stmgemiodofmuawwlﬁommaﬁwma
significant inereass in germination, Teble 2, The germinetion of freshly
harvested earyopses was 47,5 per cent and rose to 80,5 per cent 150 daye
after harvest, Ceryopses germinated 360 days after harvest dropped to
54.,5 per cent germination, This would scem to indicate & rather repid
break dowum of the embyyo when cayyopses are stored umder ordinary condi-
tions,

ESfoct of soerAfving spd removal of epclosing stiuctures. Freshly
harvested faselicles germinated 1 per cent, Table 1, Mochanical removal
of the enclosing structures from the caryopses increesed the germination
to 47.5 per cent, Table 2, The scarification of caryopses with sandpeper
resulted in a significant decrease in germination, Teble 3, The germina-
tion dropped from 47.5 per cemt %o 42,5 per cent with this treatment,
This drop in pgermination is thought to be due to embryo injury during
the treating process, The caryopses were examined under binoeulers and
it vas observed that the germ face of a large mumber of seeds were badly
mrtilated,

17
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Treatment of faseicles with eomcentrated HySO; was significanmt in
all tests, Table 4, Germination inecreased from 0,5 per cemt to 47.5
per eent vhem treated 5 mimites with concentrated HyS0;, Treatmemts of
more than 5 minutes gave a rapid decline in gorminstion, with the 30
mimte treatmemt giving only 20,5 per cemt germination, Table 4. The
indieations are that the embwryo is ldlled vhem treated too long with the
eoncentrated acid, The 50 per cemt HySO; gave very little inerease in
germinstion; however only onme treatment was not significant, Table 4.

Effect of temperature on dormengy. Temperatures used in thds test
vere not significant, Table 5 and 6, Seed were stored wnder alternating
and constant temperatures with the spread between the low and high
temporature being spproximately 40°C, Fasedcles were placed in the
gerninator for 45 days under high hmddity and altermating temperatures
of 20°C for 16 hours and 30°C for 8 hours, but no apprecisble increase
in germinastion oceurred,

Effect of wetting ond drving on domency. Alternste wetting md
drying of fascicles was significant statistically, Table 7, however due
to the low per cent germination, no importamce should be placed on this
varistion, Moisture was used as a factor for alternating temperasture
treatments with no significant inerease in germination, It cam be assumed
that molsture has no direct effect om breaking dormaney in buffel grass
seed,

Effoct of golvents and Lime on doxmency. Fascicles thoroughly
wvashed in aleohol, ether, and benszol gave no significant increase in
gormination, Table 8, This seems to indicate that the inhibitor found
nmmnmu-mmnmmmmum
test; however it might be removed with other solvents not used in these
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experiments, Faselcles, germinated 90 days after the initlal treatment
with solvents, gave the same germination as untreated seed, This indicates
that the emlwyo was not injured by the solvents used in these tests,

The effect of adsorbents ou domongy. The use of adsorbents in water
suspension gave a significant increass in germination over untreated
fasedicles amd those treated with solvents, Table 8, Animal charecoal gave
en inereass from 1 per cent for untrested fascicles to 8,0 per cemt while
the organic soll suspension gave no increase in geymination, Dareo,

a petroleum bywproduct, and wood chareoal gave an increase from 1 per
cont t0 3,5 and 4 per cemt, The data in Table 8 seem to indicate that
the inhibitor in the enclosing structures is adsorbed by chereoal particles
vhen in o water suspemsion,

The effect of goil on dommency. The germinating medle produced no
significant effect on caryopses; howeveyr time was signifiecant at different
germination dates, Table 9, HMedla and time gove significant increases
for fascicles with the exception of organic soil, Table 9, Sands and
sandy loem gave amn increase in germination over those in the germinator
but organic soils had a decrease in ssedlings emerging sbove the soil
surface, In comparing these treatments with adsorbents, it is observed
that they eorrespond within certain limits, Akemine (1) suggests that
the colloids found in soils might adsorb the inhibitor from the faseicles,
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Number of days from harvest

Flgure 6, Iength of time required for tuffel grass seed, in
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Caryopses — — —
Faselicle ——



) 0.5 0 0.5
4 0.5 0,5 1,0

8 1.0 0‘0 1.0
12 1,0 0.5 1,5
16 1.5 0,5 2,0
46 5.5 1.0 6,5
7% 12,0 3.5 15,5
106 28,0 8,0 36,0
136 46,5 7.5 54,40
166 63,0 12,0 75,0
360 68,0 15,0 83,0

Difference required for significance &/

«05 lovel - 2,02
01 lavel = 2,7

1/ Teble 10 Analysis of variance



harvest ¢

0 36.0 11,5 47.5

30 38,5 12.5 51,0
60 48.5 12,0 58,5
% 5345 12,5 66,0
120 60,5 1.5 7540
150 6545 15,0 80,5
360 49.0 5.5 54e5

Difference required for significance .];/

«05 level - 3,0
01 level = 4.2

1/ Table 11 Analysis of verience
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Table 3 Mochanical scarification of freshly harvested buffel
grass seod end effect of dry storage on pgermination
of the caryopses,

t Per cent

Zreatment i germination
Caryopses 47.0
Caryopses plus searification with samdpaper 42,5
Caryopses plus rubbing with hands 46,0
Caryopses plus ehilling at 5°C 46,5
Caryopses plus hesting at 47°C L5.5
Caryopses 90 days in dry storage at room

temperature 58,5
Caryopses 360 days in dry storage at room

temperature 25

Difference required for significance Y

05 level « 1.9
.01 lﬂvel - 2.8

1/ Teble 12 Anelysis of varience



Table 4 The influenes of sulpinnric acid scarification

10 mimutes 0,0
20 mimates 0,0
30 mixmtes 1,0
40 mimates 2.0
50 mimztes 245
60 mimites 3.0

0.0
2,0
1.5
3.0
345
3¢5

0.0

245
540
640
645

Difference required for significance ¥

Concentrated 32'504 +05 level
50 per cemt H «05 level
2504 01 level

1.49

- 240

89

- 1.2

1/ Table 13 Analysis of variance

N

N



Table 5§ Influence of eonstant temperatures om germination of

froshly harvested seed,

Zxestmont

Dry faseleles - 20°C
Wet faselcles - 20°C
Dry feselcles  5°C
Vet faselcles

Dry faseleles A47°C

T
GHREEE
555585

0:5

Not significent 1/
1/ Teble 1, Analysis of variance



Table 6 The effect of alternating temperatures on the
germination of wet and dry buffel gress seed,

o days 1,0 0.0 1,0
10 days 045 0.0 0.5
15 dayse 0.5 0.5 1,0
20 days 1.0 0.5 1.5
30 days 1,0 0,0 1.0
5 &# 0s5 0,0 045
10 days 0.5 0.0 %]
15 days 1,C 0,0 1,0
20 days 0.5 0,0 0e5
30 days 1,C 0.5 1.5

1/ Seed treatmemt -~ 10° for 24 hours
roon temperature 24 hours

Mot significant 2/
&/ Table 15 Anslysis of verlance



Table 7 The effect of alternate wetting and dyying
upon the germination of buffel grass ssed,

0 days 0,0 1.0 1,0
5 days 0.0 1.0 1,0
10 days 0.0 0.5 0.5
15 deys 0.5 0.5 1,0
20 deys 0.0 0.0 0.0
30 days 0.5 1,5 2,0

1/ Seed sooked = 24 hours
dried - 48 hours at 47° C

Difference required for significance 3/

«05 level « 1,02
.01 level = 1.4

2/ Teble 16 Analysis of verience



Table 8 The influence of seversl adsorbemts smd solvents on
the germinstion of fyreshly harvested buffel grass seed,

T Per eent
Zregtment &/ ¢ cormination
48 hours in wood charcoal suspended in water 4s0
48 hours in animal charcoal suspended in water 8,0
48 hours in darco suspended in water 35
48 hours in orgsnic soil suspended in weter 1,0
2 hours bemzol 1,0
2 hours alecohol 1,5
2 hours ether 1,0
Control 1,0

J/ Caryopses in faselcles
Difference required for significance 2/

01 level - 1.4

2/ Teble 17 Analysis of veriance



Table 9 The effect of dry storage on per ecemt germination
of buffel grass seed when germinated in differemt

soils,
Irggtment in sofl
Germinated at harvests
40 -~ Blotter paper in germinator 40,0 1.5
Al « Organie soil in greenhouse 39.5 1,5
A2 - Sandy loam in greenmhcuse 42,0 13,5
A3 - Sand in greenhouse 43.5 12,5
Gorminated 60 days after harvest: |
B0 - In germinator 58,5 30.5
Bl - Organic sodl in greenhouse 53.0 545
B2 - Sendy loem in greenhouse 63,0 465
B3 = Sand in greenhouse 64e5 47,0
Germinated 360 days af'ter harvest:
00 - k W m.5 m.o
C2 = Sandy loanm in greenhouss 82,5 8,0
C3 = Send in greenhouse 81,5 80,0

Difference required for significance Y

Caryopses 05 level « 4406
01 lovel = 10,5
Fasciclea 405 level « 6.1
01l level - 8,8

1/ Table 18 Analysis of variance
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The effect of Varying lengths of Treatment With
Sulfuric Acid on the Germination of Buffel Grass

Seed

W

No treatment
10 minutes
30 minutes
60 minutes
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DISCUSSIN

The dormemey or delayed germination of seed may be eaused by ome or
more of the following, aceording to Croeker (7) (8):

1, FRudimentary embyryos that mst mature before germination

cen beginj

2, Structures inhibiting imddbition of water;

3. Enelosing strustures preventing expamsion of embryo amd

endospermy

4. Structures preventing proper gassous exchange;

5. Embryo dormancy that fails to germinate even under proper

germination conditions;

6, Combination of two or more of these;

7. Seeondary dormsnay.,

The delayed germination in buffel grass seed iz thought to be due
partly to Crocker's fourth cause of dormamey and in part to the production
of an inhibitor by the enslosing structures of the emxyopses, The exact
chemicel nature of the inhibiting substance was not determined, The
inhibdtor is heat stable; therefore is mot amonie as found in the sseds
of many plants, Akamdne (1) tested buffel grass seed for HON but all
tosts were nogative; therefore he assumed HCN was not the iakdbitor, In
preliminary trials it wes obeerved that water was readily ebeorbed by
caryopses in the faseicles, Noisture is not the limiting factor to
germination in this specios, The removal of enclosing structures sround
the ceryopses caused an immediate increase in germination, From these
observations, it can be seen that an inhibiting substance is givemn off
by the emelosing struetures, The removal of the caryopses did not

22



34

produce meximm germination end simce moisture is mot a comtrolling fastor,
it 4s thought that insufficlent gas exchenge might be ocouwrring through
the seed coat, The two comtrolling factors in germination of buffel grass
soed are destroyed rather rapidly, with maximum germination in caryopses
and fascicles occurring ebout 6 momths after harvest,

In scarification treatments, it was observed that anmy method which
removed the enclosing structures gave an inecreass in germination,
Mochenical removal of the emclosing structures and breaking the seed cost,
produced no higher germination than did concentrated H,50,, The eomcen-
tration of the aecid trestmemt hed to be sufficiemtly high to destroy the
enclosing structures before germimetion was increased,

Temporatures used in this study did not effeet germination of buffel
grass soed, Seod stored under high, low amd alternating temperatures
gave a alight increase in germination, tut these increases were sttributed
t0 length of time fyom harvest,

Moisture treatments produced mo increase in germination, elither
slternate wetting and drying or comtimuous wetting, Since theve might
be an improper gas exshange cceurring through the ssed eocat, it was
thought moisture would cause a more rapid exshange of gases,

Solvents were unsble to remove the inhibitor from the enclosing
structures; however, other solvents not used in these experiments might
dissolve the substemce, The inhibdtor might have been attracted to
particles of charcoal end soils for some increase in germination oecurred
vhen treated with those materials,
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In the preliminary triale, vheat seseds were covered with the emclos~
ing structures removed from buffel grass caryopses, There was a definite
influence on the germination as shown in Figure 7, but the amthor was
mable %o explain the results, It was observed that a deerease in
germination occcurred in the treated seed, but the seedlings on the
treated blotter were more vigorous them on the wmtreated, Moisture
was not the factor inducing vigorous growth since both treatments were
given sufficient water, The inhibdtor in the bristles of buffel grass
seed might act as e growth stimmlus %0 seedlings vhen in o weak solutiom,

In this study there appeared to be em abnormelly high per cemt of
twin seedlings, A count was made om 1,000 ceryopses to determine the
per cemt twin embryos that might be expected to appear in this specles
and of this emount 20 per cemt showed twin seedlings, All questicmable
caryopsos weye examined under binoculars to be sure twin seedling were
present, This eompares favorably vith data from am unpublished thesis
in vhich the relatively high per cent twining was used as ome of the
means to support the postulstion of apomixis in btuffel grass,



SUMMARY

Poor germinstion in the seed of Pennisetum eiliare is due partly to
an inhibitor from the enelosing structure of the caryopses amd partly to
the seed eoat, which eould possibly be improper gas exchange, Removal
of the source of the inhibdtor by HoS0, acid or mechanical removal of
the earyopsis from the fascicles results in increased germimation, Seil
or charecal attracted the inhibitor from the faseleles but did not give
as mch insrease in germination as acid or mechanical secarification, The
inhibitor was non-volatile in boiling water; therefore assumsd to be heat
stable, Solvents such as aleohol, ether, and bemzol would not remove
the inhibitor from the fascicles, Moisture emd temperatures had mo
direct effect in breaking dormemey in this species,

Freshly harvested caryopses did not give maximm germination although
there was e definite increase over the germination of faseleles,
Cexyopses in dry storege gave an increase in germinstion with the meximm
being reached six momths after harvest,
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APFERDIX

Analysis of Varience



Teble 10 JAnalysis of varlance of the effeet of dry storage on
germination of wmtreated buffel grass seed in fascicles,

Total z.g Ao.z.zg.& P
Treatments 10 40,367.64  4,036.7%  2,059,57%
Feps x Treatments 30 58, 1,96

Difference required for significemce

005 1‘"1 - 2&&
.01 m - 2.m



Table 11 Analysis of varimce of the effect of dry storage on
gernination of caryopses of buffel grass,

Soupce of verdation  D.F, SaSe MaSe Eyalue
Total 27 3,736,43

m 3 3.'& 1024 -
Treatmnts 6 3,707.43 617,90 147,82
Repe x Treatmemts 18 75.28 4,18




Teble 12 Analysis of vardance of mechanical secarifieation of
freshly harvested buffel grass end effect of dry
storage on germination of the caryopses,

Souxve of vapdatdon _ D.Fe 5.5, Heb e L 00NO

Total 27 24490,43

Reps 3 b 1,38 -
Treatments 6 2,453.43 408,90 223 4k
Reps x Treatments 18 32,86 1.83

Difference required for significance

+05 lovel - 1,9
01 lovel = 2,8



Table 13 Mnalysis of variance of the influence of sulplamrie
acid scarification on germination of buffel grass
seed in fascicles,

Concentrated HyS0,

gonree of vardatdon  D.JF, Sa8. M. Evolue
Total 55 11,099,71

M‘ 7 6.28 .% -»
Treatments 6 11,001,712 1,833.62 841,11 %%
Feps x Treatments 42 91,72 2,18

Difference required for significence

+05 lovel « 1,49
.0118"'1 - 2.0

50 per cent H;S0,

Source of varistion . D.F. Saba MoSa Lyelue
Total L7 290,67

Reps 7 1,00 123 -
Treatments 5 262,67 52,54 68,23
Reps x Treatmente 35 27.00 77

Difference required for significance

QOSIMJ- b .m
«01 lovel -~ 1,2



Table 1 Mnalysis of variance of the influence of constamt

storage temperatures on germination of freshly

harvested seed,

Souree of verdation  D.F.

19

8.00

2.00
4..60

L7
«50
38

1.2/ns
1.32ne

L



Teble 15 inelysis of variance of the effect of alterneting

e on the germination of wet and dvy

uffel grass seed,

45

Sourge of varistion  D.F, S.8a .S, Eyalue
Total L7 25,67
m‘ 3 «50 167 2.99ns
vs dyy 1 o33 33 5.79n8
Ervor (a) 3 17 057
Time x et vs dry g 2'2; 'ﬁ -
x ve 2. . 05 -
Error (b) 30 19,33 64







Table 17 Analysis of variance of the influemce of several
adsorbents and solvents on the germination of
freshly harvested buffel grass seed,

DoXs SaSa M.Sa Evelue

27 173,43 1,1

3 343 26,90 2,38

6 161,43 29,07 56,04 %%

5 VUS54 24,33 60,56 ™%

2 48,67 0.33 50,68%%

2 0067 96,00 ool

1 96,00 16,09 200,00%%

1 16,00 0,43 33,520
18 8.57

Difference required for significence

ios 1m1 - 1.0
01 lovel « 1,4



L8

Table 12 Analysis of variance of the effect of dry storege on

germination of btuffel grass seed when germinated in
different solls,
Coryopses
Source of vardation  D.F, SaSa. M,S, F yalue
Total 23 6,282,50
Time 2 54986,25 24986,125 2965433 %%
Error (a) 2 2, 1,125
Modisn 3 194,83 64,94 8,690/
Time x modia 6 Lhod2 740 -
Error (b) 9 67,25 747
1/ Tequires 8,81 for significence
Difference required for significance
05 level = A6
.01 10”1 - 10.5
Fagelglos
Source of vardation _ D.F, SaSa LS. Fyalwe
Total 23 7,003,33
Reps 1 0,66 0,66 "'
Time 2 &'“6’65 2,@3.33 lgmao "
Error (a) 2 4,02 2,01
Media 3 2,051.66 683,89 04, 20%%
Time x madia 6 83511& 139.17 19117”
Error (b) 9 65,32 7.26

Difference required for significence

.os 1“1 - 6.1
o0l level -~ 8,8
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