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INTRODUCTION

The successful establishment of a grass stand depends initially
on good germination; this in turn is influenced by temperature and
moisture as well as by light. Different species usually differ in their
requirements of these three factors for optimum'germiné,t.ion. An
intimate knowledge of the conditions under which the maximum number
of seeds will germinate within a given period of time is therefore nec‘—
essary. This knowledge servés as an aid in selecting locations where
a species will gei'minate and may growlwilen seeded.

Many grasses indigenous to Africa have been introduced within
‘recent years into the United States. Some of these have proveh useful
in various ways, including (1) reseeding}of' ranges, espécially in over-
grazed areas; (2) controlling of erosion and reélamatioﬁ of several
eroded areas; (3) improving soil structure; and (4) faciiitating mois-~
ture conservation. ..

| Most of the introduced. species are being widely used in reseed-
ing areas thé.t d;ffer climatically from areas where they are native. In
some of these areas, as for example tﬁe Southwest, growth isvhampered

by high soil temperatures and low soil moisture. Grasses and other
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* plants should nof be introdubed in areas where such conditions p'reirail
without akl‘lowledge. of their temperatufe and‘,moisture reQuirézﬁe‘hts.

- Energy and mbney may be wasted when unadapted species are used.

- Little is known about eithei' the temperature or moisture require-
- ments of most of the 'introdﬂced .Affvicavﬁ grasses. The preséﬁt- study has
been undertaken in an-effort"to determine the influence of various tem-

peratures and moisture conditions on four of the most 'Widely used

grasses, namely, Eragrostis chioromelas Steud., Eragrostis curvula

Schrad., Pennisetum ciliare (L.) Link., and Panicum maximum Jacq.

‘Efagrostis chloromelas and Eragrostis curvula are indigendus "
to South Africa. The latter grows also in Northern Nigeria (Foster and
Mundy, 1961). Both species grow at elevations of 4,500-6, 500 feet or

lower in areas receiving from 18 to 30 inches of rainfall a year (Rattray, .

1960). Pennisetum ciliare occurs in the Bush Veld of South Africa.

(Meredith, 1955) and in the West Indies. . Panicum maximum is found

in many places‘ south of the Sahara in areas _.x_'eceiVing'an annual rainfall -
of 28 to 5;6Ainches '(Rattr'ay",} 19'?60), \I[t is one of the pioneer grasses that
ihVé,deé oﬁéi‘éultiirated é;rééé in parts‘:'of the northern lirvni‘.tls of vthe. High
Forest Zone of Ghana (Asare, 1962). .

The re.Sults ‘of‘this__ study- may be u,sefﬁl as a guide for those who
wish to use these species;iﬁ reseeding depleted ranges. Although the

experimental c.onditidhs..Ofthis;study can rarely be duplicated under
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field conditions, the information developed may be applied in the field

by interpretation or extrapolation.



REVIEW OF LITERATURE

The effects of temperature and moisture on seed germination
have been extensively studied by many workers. . In general, the studies
have shown that different species usually differ in their germination

requirements for these two factors.

Temperature

Most of the ph&sidlogical processes in plante normally take:
place at temperatures between 0 and 40°™ (Went, 1953). Both very low
and very high temperatures are injurious to plants. Seeds, which in
reality are dormant embryonic plants, have minimum and maximum
~ temperatures at which they will germinate. This range is narrow in
many species and determines to a greater or lesser extent the geo-
graphical distribution of plants and the time of year when they normally
will germinate.

Juhren, Hiesey, and Went (1953) reported that most grasses
differ in their ability to germinateﬂand grow under different tempera-

tures. These workers found that Poa compressa, P. ampla, Bromus

* ,
All temperatures given in this thesis are in degrees centi-
grade unless otherwise stated.



carinatus and Agropyron dasystachyum germinated well at both warm

and cool temperatures, but Poa scabrella and P. bulbosa germinated |

and developed well only at cool temperatures. .Théy also found that the

| ability to gérminat‘e Wéll at high ,teﬁipératures usually indicated that the

plant would subsequently grow well at high temperatures and vice versa. .

It may be concluded frorh this that, provided other condiinns are favor-

able, thé establishmeht of a stand of vegetation under field conditions

- may b»e indicated by the teﬁlperature under which optimum g'erminatidn
occurs.

Harrington (1923)‘ noted that the most favorable germination
temperature for many kinds of seeds corresponds clo”vs'ely‘with the field
soil temperature that jinéiucéé the most brompt‘ and vigorous seed pro-
duction of these same spec_ies.v-

- As noted ‘by "Déiouché (1953), investigé,tions into the effect of
temperature on germiné.tion" ﬁave be.eii directed mainly towards finding
the maximum, optimum, and mini_mum temperatures necessary for
germination of different kinds of seeds. The results of these studies
Sﬁggest .that the finai pefcen’:cage rgermination oi a given speciés is moxje

"or less equal over é cgrtain range Of.temperature, but that Within this
range highe'r‘ texhperatures result in an increased germination rate.

Diffe}renf temperaturés. are sometimes reported by differeht

" workers as most suitable for the germination of a specific species.



According_ to EdWards (1934) these :apparent discrepancies are due in
part to the fact that different workers tend to define‘optir‘nﬁm tempera-
tures differently. Optimum témperature is variously defined as (1) the
temperature producingA the fir‘st or last seedling in the shbrtest possibie
timé, or (2) the temperature at'tnhic?h‘ the gteateSt number of seeds
 germinate in é given period of tiﬁé;

_ Gefﬁlinatibn'test‘ dis'c‘t'épéﬁcies also sometimes result from
variations ip the definition Qf germina,_tién. The 'Rules" (Anonymous, |

1949) define germination as. "the erhérgence and dévelopment from seed

embryo of those essential structures which, for the kind of seed in ques- -~

tion, are itldicatiVe of the? ability tb produce a normal plant under normal
conditipns'f’.’ 'Discrepanciés in germ.ination tests may also be due in part
to pretreatment “'of seeds,'islcorag?e ‘_time or age Of seeds before planting,
-and the medium in Which'theSeeds are germinated. "Although the 'Rules’
specify that corn germinates best at a temperature lalté‘rnating betweeﬁ
20 and 30°, Deiouche (1953) réportéd that ciorn g/ermirvlation was com-
pleted two days soonér at the conStant temperatures. of 30 and 35° than
at the temperatufe recommended by the tRules.' -

Kotowski (1926) gave the optimum temperature for melon ger~
mination at 30°. Delouche (1953) has reported that the‘g.ermination of
nte,lon (spe’,cies‘not given) was mos_‘t’z_':api'd at alterhating-v 30‘?-20? tem-

peratures. At this alternating temperature, Delouche found that



germination was completed in three days as opposed to six days at the.
alternating 20-30° temperature recom‘ménded by the 'Rules.’

As stated previously, time of storag‘e and treatment before
planting also determine in part tlie temperature that is most favorable

for germination. Barton (1936) studied germination in seeds of. Lepid-

ium lasiocarpum, Streptanthus arizonicus, and Daucus pusillus and

found that with an increase in storage time after ripening, percentage
germination increased and gei‘mination occurred over a wider range of
temperature. Kerns and Toole (1934) iound that seeds of six different
species and varieties of fescué that had been prechilled at 5° for seven '
days showed an increase in germination at temperatures ordinarily too
high for complete germination of fresh seeds. They also noted thé,t
seeds of each of the six species and varieties collected at different
stages oi maturity and germinated immediately after harvest required
relatively low temperatures for germination. The need for low tem-
perature was more pronounced in seeds collected when immature than
in seeds collected when completely ripe. These workers also observed
that the older the seeds, the wider the range of temperature over Which .
they germinated. They found that a few months afier harvest, maxi-
‘mum germination of fescue was obtained at an alternating temperature
of 20-30° also the rate of germination was reduced by alternating tem-

pératures lower than 20-30°.



'The results of ge_rmination tests to date tindicate that some
seeds germtnate best at constant temperatures others at alternattng
temperatures Whlle st111 others germlnate equally well at either alter-
natmg or: constant temperatures Harrmgton (1923) conducted germma? )
tlon tests on Varlous spec1es under 15 constant and alternatmg temper- ’, |

atures He found that Daucus carota, Petrosehnum Phleum pratense

Festuca elat1or and several other ﬂowermg plants germlnated Well at

both alternatmg and constant temperatures Seeds of Pastmaca sativa,

- Agrost1s palustrls and sometlmes Celer1 graveolens Dactyhs -glomer-~

' ata and Poa pratens1s germmated better at alternatmg than at constant

temperatures. Different lots of the same klnd of seeds d1ffered Wuiely

in their temperature sensitivity; thus some kinds of seeds under certain

_ conditions germinated better with alternating temperatures. Vicia sativa,

‘Lactucaxsativa, and Pisum Sativum, on the other hand, germinate best

~ at-a constant temperat’ure;-of"20:°_r.(.Anonymous, 1949).

| A number ofhypotheses have been advanced to explain the effect
of alternating temperatures upon ge‘rminatio'n, Haberlano‘it (1875) and
E:,idam' (1883) -suggested temperature .effects upon Water uptake as the
possible cause of the effect of temperature alternations upon' germina-~
tion. As' ,most- seeds Whose ge'rmination is’favored' by temperatur’e

' alternatlons 1mb1be more water at any temperature than the minimum

required for germ1nat1on, th1s explanatwn does not seem tenable.



Liebenberg (1884) suggested that reserve materials made available at
any given teniperature tend to be used up in respiration, but that a
slight surplus of these materials becomes soluble at higher tempera-
tures. This .surplus is available for gfowth when a reduction in tem-
perature reduces respiration instantly. |

Gassner (1810) postulated that the effect of alternating tempera~

ture on germination of Chloris ciliata is due entirely to oxygen relafions.
Vanha (1898) pointed out £hat differences in temperature 'amo'ng the
different parts of the seed, the seed bed, and the outér air following a |
sudden temperature change result 'in' different gas densities which set
up lively gas movements leading to removal of carbon dioxide and
renewal of oxygen. These conditions, he said, favor increased respir-
ation and probably germination. Harrington (1923) suggested that a
| detailed study of respiration and internal changes of seeds at different
temperatures might help to explain the effect of alternating tempera-
tures. He noted that the respiratory quotient of dormant apple seeds
decreased with decreasing temperature and vice versa and postulated'
that if this happened in all or most dormant seeds, oxygen may accumu-
late or even be metabolized at low teniperatures in a form which becomes
: immediately available for the inception of growth procesées when shéeds
are subjected to a‘higher temperature. This hypothesis is in some
respects the opposite of that of Liebenberg but is not in oppositioh to’

those of Vanha and Gassner.
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- According to the 'Rules’ high germinafion of Eragrostis curvula

should be obtained at an alternating 20-35° temperature; _'light is essen-
tial for its germination and fresh and dormant seeds should be pre-
chilled at 5° for two weeks prior to germination. Toole (1938) tested

the seeds of Eragrostis curvula and reported that complete germination

was not obtained with constant temperatures of 10°, 15°, 20°, and 25°
neither did altérnafing temperatures of 25-35° result in optimum ger-
mination. At alternating temperatures above 20-30°, seeds on filter
papers moistened either with 0.2 percent nitric acid solution or with
water gave equally high final germination percentages. At constant
temperatures, however, seeds germinated in nitric acid solution had
a higher germination percéntage than those germinated in water.
According to the 'Rules’ maximum‘germination of Panicum
maximum should be obtainedlwhen the seeds are subjected to an alter-
nating 15-35° temperature. Thé'}f{ules’ also stipulate that light is essen-
tial for the germination of this species. Cullinan (1941) remqve_d theA

lemma and palea of Panicum maximum and germinated the seeds in

Petri-dishes on cotton moistened with a 0.2 percent solution of potassium
nitrate. On treating the seeds with one percent ethyl mercuric tartrate,
fungal attack was considerably reduced. Maximum germination was

obtained at an'alternating 15-35° temperature. |

The 'Rules’ specify that Pennisetum ciliare is best germinated

on sand at 30° aftér prechilling at 5° for seven days; fresh seeds should



11

be prechilled at the above temperature for six weeks; light is necessary
for germination. Akamine (1944) placed one-month-old seeds of Pen-

nisetum ciliare in Petri-dishes at 25° and obtained the following germi-

nation results: untreated seeds 1.5 percent, seeds with husk 11 percent,
and naked seeds 91.5 percent. Wheﬁ he planted acid-treated seeds in
soil, he obtained a higher total germination tha,n. from seeds in Petri-
dishes. -He also reported that naked seeds germinated better than seeds
with the lemma and palea attached and concluded that lemma, palea,

and glumes contained an inhibitor that was absorbed by the soil. Brown

(1952) reported 84 percent germination when Pennisetum ciliare seeds

. were stored at 65° for four weeks. The check samples gave five percent
germination. When the seeds were stoifed at 80° for one week, 32 per-
~ cent germination was obtained as,v contrasted with three percent for the
check. B@ker (1952) after removing the glumes, palea, andr lemma from

the seeds of Pennisetum ciliare, abraded and germinated them at an

alternating 10-35?‘ temperature in Petri-dishes on filter paper moistened
with 0.2 ‘percent potassium nitrate. The seeds were prechilled for five
days prior to testing. Germination was between 80 and 90 percent as
contrasted with 25 percent or less from seed similarly treated but not
abraded and only 20 percent from seeds not prechilled or abraded.
Anderson (1953) also conducted.germination tests using Pennisetum

ciliare and obtained complete germination of freshly harvested seeds



12

both when >the naked seeds Were planted in Petri-dishes on a paper
substratum moistened with 0.2 percent potassium nitrate solution and
when they were prechilled at 5° for seven days and planted in soil. A
high percentage of the seeds germinated when they were previously
prechilled oi"abxfaded. A still higher percentage germinated when the

seeds were both prechilled and abraded before planting.

Moisture Stress

Owing to the osmotic properties of solutions, they offer resist-
~ance to water. absorption by plant roots..- If appears that ‘the sarﬁe physi-
cal properties of solutions govern the imbibition of Watér by seeds.
The absorption of water from solution by séeds has beenj studied by a
number of investigators. Slosson (1899) immersed a large number of
seeds in different salt solutions of varying osmotic pressures and found
that absorption of water by' se'eds was hindered by salts in solution. He
observed that the retardation of imbibition did not increase in propor-
tion to an increase in osmoticpresSure of the solution. He also observed
that solutions of different salts with the same osmoti‘c i)ressure produced
the same effect. This, he pointed out, indicated essentiailly that osmotic
pressure was more important than the kind of salt used.

‘Rudolfs (1921) réached the same conclusions as Slosson, i.e.,
that the retarding effect of strong salt solutions on germihation was

directly proportional to the osmotic pressure. It had been previously
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shown by Slosson and V}Buffum (1898) that 1iving and dead seeds imbibed
water equally well. Shive (19 17)' édded single solutions of known con-
centrations to corn and bean seeds and incubated these for 48 to 72
hours at room temperatures. This Study indicated that higher osmotic
concentrations retarded but did not pfevent germination. Shive con-
cluded that retardation of germination was directly related to the

. amount of water imbibed by the séeds and this in turn Was dependént
on the osmotic concentration of the solution.

The results of these investigations suggested'tha‘t retardation
of absorption was accomplished through the osmotic resistance offered
to the entrance of water into the seeds. Thlis, the solutions created
moisture stress, a different concentration of the sanﬁ.e chemical crea-
-tinga different moistur.e stress or different levels of moisture avail~
ability. As a consequence, 'solluftions of different concentrations could
: bé employed in studying thé effect of different levels of moisture avail-
ability on seed germination and seedling growth. R

Some chemicals are toxic to seeds; others are nontoxic.
Wiggans and Gardner (1959) germinated seeds of scarlet globe radish
and sorghum using different concentrations of various chemicals. They

found that polyvinylpyrorollidone (a long chain polymer) and sodium
chloride were somewhat toxic to the seeds. Glucose, sucrose, and D-
mannitol were not toxic, but the first two reduced germination consid-

erably more at comparable concentrations than did the latter.
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Concentrations of glucose and Vsucrose at ld _a’tmospheres Oor more
greatly or completely inhibited germination and elongation of radicle
and plumule. Uhvits (1946) reported that at the same concentration,
sodium chloride effected a greater reduction than D-mannitol in both
rate and amount of germination in alfalfa. This was at_ti*ibuted to the
toxicity of sodium chloride. It was also observed that as the osmotic
pressure of the solution increased, the seeds absorgbed less water and
germination was reduced.

The effect oi moisture stress on different varieties of wheat
and alfalfa has been investigated bjr many workers. Helmerick and
Pieifer (1954) used varieus osmotic concentrations of D-mannitol solu-
tion to simulate drought. Their study showed a eoi'relation between the
germination of two wheat varieties (Yogo and Cheyenne) under field and
laboratory conditions. The Yogo _variety responded significantly better
than Cheyenne when both were germinated under similar moisture
stresses. Rodger, Williams, and Davis (1957) used various concentra-
tions of D-mannitol solution in germination tests of several varieties of
alfalfa and found that germination decreased with an increase in osmotic
concentration of the germination solution. This study also indicated a
greater decrease in winter—hardﬁji varieties than in the vigorous non-
hardy strains. Dotzenko and Dean (1959) germinated six varieties of
alfalfa in solutions of various osmotic pressures. They found that the

percentage of seeds fhat- would germinate under extreme drought was ’
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heritable and that the germination percentage de_creased as the osmotic -
pressure of the solutien was increased. Delouche (1953) in tests Qn the
germination of corn, watermelons, and soybeans found that at low
moisture levels germination We.s delayed and percentage germination
was depressed. When seeds Wefe supplied with excessive moisture,
germination was much more depressed thanvwhen moisture was insuf-
ficient. Evans and Stickler (1961) germinated four varieties of sorghum
using three concentrations of water-mannitol solutions. They, like
eaﬂier workers, found that germination decreased with an increase in
osmotic concentration; also the feur varieties responded differently
and the time required for germinatien increased with an increase in
osmotic concentration. The effect of moisture tension on plumule and
i'adicle development was not identical.

- The effect of moisture stress on 22 garden vegetables has been
investigated by Doneen and MacGillivray (1943),‘ Their studies ehowed
that emergence was delayed with an increase in osmotic tension. Of
the 22 species tested, 17 emerged even ’though soil moisture was at the
wilting point. Ayres (1952) made lsimilar ob'servatiens with relation to
moisture stress noting that an increase delayed and reduced emergence.
He feund that when the moisture percentage in fine sand was reduced
from 12.4 to 7.2 pereent, time of emergence was increased more than

48 hours and total emergence was decreased about 40 percent. Hunter
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and Erickson (1952) also found that corn, rice, soybeans, and sugar-
beet seeds were unable to absorb enough water for germination unless
moisture stress was less than 12.5, 7.9, 6.6, and 3.5-atmospheres,
respectively. McGinnies (1960) germinated six cool-season grasses
under moisture stresses of 1/3, 5, 7 1/2, 10, 12 1/2, and 15 atmos-
pheres at 10, 20, and 30° and found that germination was reduced and
also delayed with increase invmoisture stress. Under high moisture
stress, all the species germinated better at 20° than at 10° and 30°.
Germination requirements of range grasses have been studied

by a number of workers. Kneebone (1957) tested Panicum virgatum,

Bouteloua curtipendula, and Andropogon hallii using mannitol solutions

and reported that the higher the osmotic concentration of the solution
the lower was early germination and total gi‘owth. He also reported that
strains with superior establishment characteristics germinated faster
and produced larger seedlings when grown at an osmotic concentration -.
of 7.5 atmospheres. Knipe and Herbel (1960) tested germination of
seven grass species at room temperature using water-mannitol solu-

tions. This study indicated total germination of Eragrostis lehmanniana,

Eragrostis chloromelas, and Sporobolus flexuosus decreased with

increase in osmotic concentration from 0.3 to 7.0 atmospheres. Seed-

ling growth rate was also generally reduced by an increase in osmotic

concentration, ‘Bouteloua eriopoda and Muhlenbergia porteri germinated



17

well at osmotic concentrations of 15.0 to 20.0 atmospheres in contrast
with the germination behavior of fhé 6ther species tested.

‘The effect of moisture stress on water uptake and elongation of
radicle and plumule has been studied by a number of workers. Borzini
(1936) concluded that the development of seedlings was directly related
to the osmotic }preSSure of the ge‘rmin:ition solution. Gingrich and
Russel (1957) studied the growth response of corn roots unde:;' seven
soil-moisture tensions and osmotic stresses using mannitol in combi-
nation with five oxygen concentrations. . Small seedlings were grown for
24 hours at 25° in soil and in osmotic-pressure media. Both radicle
elongation and rate of increase in fresh weight 6f excised seedlings
decreased with an increase in soil-moisture tension and osmotic stress,
over a range of 1/3 to 12 atmospheres. Increase in the dry weight of
excised seedlings decrea;s'ed with increasing soil-moisture tension
but was not affected by osmotic stress. Root growth was usually greater
in osmotic media than in soil at the same stress. It was concluded that
growth was highly dependent on the moisture stress. of the growth med-
jum. The diffeirence between growth in soil and in osmotic media led
to the conclusion that a factor. other than physico-chemical stress was
operative, a factor that was _assumed to be the water-transmitting pro-
perties o_f the two mediag Helmerick and Pfeifer (1954) and Powell and
Pfeifer (1956) showed that the marked differénces in germination

between varieties of sorghum probably represented inherent differences.
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in drought resistance between varieties of the same species. Accord-
ing to Wiggans and Gardner (1959), although germination of radish was

identical with the best results obtained for any of the sorghums, differ-

ences between these two dissimilar taxonomic groups in respect to

= drought resistance in the field was obvious. Wiggans and Gardner con-

cluded that the use of germinating seeds for determining drought resist-
ance, particularly between species, was open to considerable doubt and
that the‘ effect of 6smotic—pre-ssure solutions on germinating seéds was
at best a test of physiological drought resistance and perhaps thén only
at the seedling stage. Osmotic solutions, therefore, might not provide
a reliable measure of morphological drought resistance, even though

they might reliably indicate physiological drought resistance.



METHOD OF STUDY

The germination of four gi'ass species, Eragrostis chloromelas,.

Eragrostis curvula, Pennisetum ciliare, and Panicum maximum was

tested under varying degrees of moisture stress and temperature. The
seeds were obtained from the Soil Conservation Service Plant Materials
Center in Tucson.

Preliminary testing indicated that satisfactory' gerrhination

" could be obtained with untreated naked seed of Eragrostis chloromelas

and Eragrostié’ curvula, thé,t Pennisetum ciliare had to be planted with-

out removing the lemma .and palea, while Panicum maximum had to be
scarified in 90-percent sulphuric acid for 15 minutes before planting.
The tests were cari'ied out by placing 't_he 'seeds in Petri-dishes
on three layers‘ of filter paper saturated with distilled Water or D-
mapnitol solution. Excess water or solution was .re.moved with blotting
pa‘per.. Wafer or D{mannitol éolutiOn was added whenever ‘neAceséary to
maintain the desired moisture level. Tﬁvo species were planted in each
dish. The topmost filter paper was divided inté two équal parts and 50
seeds of a-'partic,ular speciés: were planted on each half. ‘There were

four replications of each species. The seeds were carefully selected

19
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and only'those that appeared normal, mature, and undamaged were

"used

B Germmatlon tests were carrled out in one germlnator and three

. "oveﬁs‘; Th‘e, overi‘s Were mamta‘med w1th1np1us or minus 1° of the ger-
_rhination temperature spec'ified; the ge_'rminator was matntained within
plus or m1nus5° F of the spe.cified temperature. The Petri-dishes
Were" ptaeed jin" ‘c{overed kcoffee cans’ lined with moistened blott_ing paper.
Before '.'bein‘g .piaoed ih,:t'h'ef coffee cans, the seeds were ercposed to light
at room temperature for four hours Germmatlon counts were made at
36- hour 1ntervals for 144 hours A seed was considered germmated

- when it had produced a n’orma_l'radicle and plumule and when it appeared
that it uzould be able to continue growth under faVorable 'cohditions,
WheneVer g_evrmination of tWo or more of the four replications of a

. species was less than 75 percent of the average germination of the four
repllcatlons at a partlcular temperature or moisture stress (as a result
of fung1), the test was repeated When only one of the repllcatlons was -
below this percentage, the averagevof the other three was. used as the

percentage germination of the species.

Temperature

The seeds were germi_natedat both constant and alternating
ternperatures'.‘ ‘Five ;con’stant ternperatures V,of. 15°, 25°, 350_7 45°, and
55° and four a;tgfnaft'm‘g temperatures' of 15-25°, 25-35°, 35-45°, and

45-55° were empl‘oyed’;' With the alternating temperatures, the loWer
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tem}per‘atﬁrés ‘were niainté;inéd at nighffor 16 hours; the higher ones.
'during'the day for eight hours. The chang',e in temperature was obtained
~ by moving the coffee cans from oryie: oven to another or from an oven to
~ the gerﬁiinatbr. For inStaﬁce, to obtain the temperature change frOm.

15-25°, - the cans Weije rémoved from the germinator at 25° after eight

- hours to an oven at 15° for 16 hours.

Moisture stress.

Solutions of D—mannitol*, a hexahydric alcohol, Were prepared
at cdnce;ntf,ations equivalent to 5, 10, and 15 atmospheres. .Accord;ng
- to Uhvits (1946), this sugar alcohol is nontoxic to seeds. It is sufﬁci-
ently soluble to develop stresses equivalent to 15 atmospheres. The
, amouh‘ts of water and mannitol required to .give the a‘bové three tehsions ‘
were calculated from the equation giveh by Helmerick and Pfeifer (1954)
and also described byf.Wiggans and Gardner (1959). This is as follows:

' RT

= grams of mannitdl’

- 5$m§fic pressure in atmospheres
= volume in liters |
m ',ﬁ;biéculaf- Weiéht of mannitol

= 0,0825 iiter atmospheres/ degree/mol.
= "absolute temperature

g
o
v
R
o

~E and A-Tested Purity reagent..
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The filter papers were moistened With the app:nopriate concen-
tration of ‘i:he. Water-mannitol solution. The checks were moistened
with distilled ‘water. All excess. solution was removed With blotting
paper. Extra solution was added;as necesséry to keep the blotters
mo'ist,'; The inside of each Petri—dvish c<_)ver‘ Was ‘linedj. with filter paper
to absorb water that WOuld othelk"wi\se have condensed fhere; The seeds
of each species ‘were germinate& at tempe‘ratur.es optimum for their
germination. The effect of‘mo,isture si;reSS on early growth was deter-
niined by measuring the average 1_ength of the plumule and i‘adicle »of ‘10
seedlings randomiy‘selected 48 hours after planting from solutions of
5, 10, and. 15 atmospheres. Investlgatlons conducted to determine
changes in osmotic pressure of the D-mannltol solution over a perlod
of six hours 1ndlcated'that at 25° the concentration of solutions at 5 10,
’and 15 atmospheres 1ncreased to 5 9, 11 9, and 18.9 atmospheres,
respectlvely At 35° the concentratlon of solutions at 5, 10 and 15
- _"a‘tmospheres,;ncxjeaseld' to 6.3, 12.5, and.. 19,3 atmosPheres,'respec—

,tive‘ly‘; S T T T
- The reSuits were; tested forfsta.;cvistical reliability at the 5% level
of signiﬁcance nsing Duncan's new rnultiple.-range test as outlineo"iv by

Steel and Torrie (1960).



RESULTS AND CONCLUSIONS

- Temperature

Efagrostis‘ chloromelas

The highest total gei‘minétion of Eragrostis chloromelas

‘occ'urred at the‘alte'r_nating teniperature of 25-35° (Table 1, Fig. 1).
Germination was rapid during the first 36 hours; .86 perCent of the seeds'
having germinated by fhe end of this period. Germinaiion at the alter-
nating temperatures of either 15-25°_ or 35—459 was not significanﬁy
different from that at the 25-35° alternating teniperature; initial
response at the alternating temperature: of 15-25°, however, was
slower aﬁd tﬁat at the alternating .témperature of 35-45° higher than at |
25-35°. |

At constant températurés, maximum germination (95 percent)
was obtained at 35"’, This howevef, was not sig_ﬁifiéantly higher than |
germination at either A-15 or 25° where total germination was 93 and 85
percent, respectively. Germiﬁation at 45° Was significantly lower than
at the alterné,ting 25-35° temperature optimum for the germination of
this species. At 15°, initial response was very slow, there being no

germination at the first count (after 36 hours).

23
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Table 1. Germination rate of Eragrost1s chloromelas as affected
- by temperature

Temper- ' . .- . . — ' ' "~ Total

ature : Germination time in hours ' germi-
(deg.C) -+ 36 ' T2 ' 108 v 144 ' nation .
——m—m————-- percent germination --------=-~--=-~—m-—--
15 0 36.0 19.0 38.0 93.0
25 50.0 15.0 10.0 10—.5. 85.5
35 : 84.5 10.5 0 95.0
45 - . 59.5 13.0 0 72.5 "
55 -0 0 _ 0 0
15-25 36.5 41.5 15.5 6 93.5
25-35 86.5 75 6.0 0 100.0
35-45 91.0 1.5 0 93.0
0 0

45-55 0 "0

Total germination significantly lower than at 25-35°.
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It appears from the tests that, although an alternating 25-35°
temperature offers the best condition for the germination of Erag rostis

chloromelas, this speeiesuwill also germinate well at alternating tem-

peratures of 15-25° and 35-45° and at constant 15, 25, and 35° temper-
atures. Except for the-lethétl temperatures of 45° and above, the only
temperature that significantly affected germination (adversely in this

instance) was at the 45° constant level.

Eragrostis curvula

On a basis of initial response and total germination, constant tem-

perature of 25° was optimum for Eragrostis curvula (Table 2, Fig. 2).

Initial response was rapid and total germination was not significantly
less than at the 25° constant-temperature level. At this latter level, on
the other hand, initial response was slow, ho seede havihg germinated
after 36 hours and only 36 vpe.rceni.: after 72 hours.

. Maximum germina‘tien with .alternatihg temperatures was obtained
by the 25-35° treatment. - At this level, more then half the final germi¥
nation (58 percent of the seeds) Was recorded by the end of the initial
36 hours and most of the balance after 72 hours. Although the higher
alternating temperature of 35-45° showed eque,lly high germination
during the first and_second 36-hour intervals, total germination was
significantly less than at 25°.

Insofar as the temperature intervals of this study permit, there-

fore, it may be concluded that (1) a constant temperature of about 25°
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Table 2. Germination rate of Eragrost1s curvula as affected by

temperature.
Temper—l : Germination time in hours ' Total-
ature ' germi-
(deg. C) ' 36 ' 72 ' 108 ' 144 ' pation
S mmmeeme—me———a- percent germination-------------------
15 0 136.0 19.0 38.0 93.0
25 | 54.7 34.0 2.0 0.7 91.4
3% 515 45 . 15 0 63.5"
45 38.5 9.0 0 0 77.5
55 R 0 0 0 0 0
15-25 29.0  39.0 6.0 4.0 78.0
25-35 58.5 9.0 75 0 85.0
'35-45 595 18.0 0 0 67.5"

45-55 0 0 0 0 0

‘Total germination significahtly lower than that at 25°.
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- prov1des better conditions for germmatlon of Eragrostls curvula than

the other temperatures tested and (2) alternatmg temperatures of 25~
35° provide a condltlon conducive to satl‘sfactory germination but offer
no apparent advantage and perhaps a sllght dlsadvantage to the 25°

constant temperature

. Pennisetum ciliare -

: Maximum initial (first 36 hours) germination of Pennisetum
'cﬁ]ia_re was ohtaine'd using' a constant‘ and an »alternating 25-35°temper-v
‘. ature (Tab].e 3, F1g 2). A sllghtly lower germrnatlon percentage was
_ obtalned at 25@ By the end of the second 36-hour perlod however,
germmatlon was s1gn1f1cant1y greater at 25° than at any other of the
| constant temperatures an advantage that was maintained throughout
the 144 —hour te_sto It w111 be noted that"at the end of this time (Table 3)
- 97 percent of the seeds at a constant 25° temperature had germinated,
a significantly greater proportion than at the 45° and 35-45° tempera-
tures. Lethal temperatures were reached somewhere in the range
between 45?_‘ and .55°'}, no germination being recorded at the higher of
these figures. | | |

The employment of alternatmg temperatures yielded results
somewhat similar to those obtained with constant levels. Maximum
“initial (first 36 hours) germination was obtained with 15-25° and 25-35°
ranges. The lower of these, however, yielded the highest total germi—

nation,l indicating, as had the constant temperature test, that a
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Table 3. Germination rate of Pennisetum ciliare as affected by
temperature. '

Temper- ' T . - ' Tota
per= . Germination time in hours . N 1.
ature , germi-~

(deg. C) ' 36 ' 72 T 108 ' 144 ' nation

15 0 3.0 355 - 35 5.5
25 41.0 465 8.0 1.5 97.0
35 . 430 195 5.0 0 67.5*
45 33.0 20.0 1.5 0 54.5"
55 o . 0 0 0 0
15-25 41.0 132.0 12.0 0 85.5
25-35 43.0 23.5 5.0 7.0 68.5
35-45  29.0 15.5 2.5 0o 47.0*

45-55 o 0 0 0 0

Total germination significantly\ lower than at 25°.
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germination peak Was. reached at somewhere around the 25° level. As
with the constant temperatures, an alternating series with S5° as a
maximum proved lethal. Since.the total germination at 35-45° (alter-
nating) .‘Was roughly half as high as‘ at the most favorable range, the
lethal poiht was reached somewhefe between 45 and 55°. This confirms

the constant-temperature germination results.

Panicum maximum

The highest total germination of Panicum maximum occurred at

the alternating 25-35° temperatures (Table 4, Fig. 1). Total germina-
tion at this temperature range was significantly higher than at the-
constant 25° and 45° or the alternating 3-5—45'?‘_ levels. Initial gertnina-
tion was greater Aat a constant 355_ than at a,nj_ other temperature, either
constant or alternating. Resbonee to germination during .the first 36
hours after planting at the alternating 25-35°_teneperatures was lewer
than at the constatnt’ 35°. At the latter.‘~temperature, however : germina-
-tion during the 'second 56 hours tVas ohiy about one-third of that at the
alternating '25-35° temperaturesl.' At 25° and below, germination at the
first ceunt was lower than at'th-e second count. This was in contrast
.With tempere.tures_ of 35° and above where (except at lethal levels) ger-
mination at the first coutlt was higher than at the secend count. Thus .

it would seem that at the alternating"25-35°. temberatures, the night
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Table 4. Germination rate of Panicum maximum as affected by
temperature. a -

Temper- : Germination time in hours | : Total
ature ‘. : - germi-
(deg.C) '~ 86" 7m2 v 108 ' 144 nation
‘ | mm e mmmm e percent germination-------=--= e ——————
5 0o 30 270 410 710
25 115 29.0 2.0 15.5 64.0%
35 755 105 1.5 2.0 89.5
45 305 255 0o 0 56.0"
55 0 o o0 S
15-25 8.0  68.0 70 . 0 83.0
25-35  56.0 33.5 5.5 05 955
35-45 - 28.0 15.0 0 0 43.5

45-55 0 0 0 0o 0

N -
" Total germination significantly lower than at 25-35°.
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‘temperature of 25° was respon81b1e for the relatlvely low germmatlon

,'of the flrst count. }

| At both the constant 45° and the alternatmg 45-~55° temperatures
there was no germlnatlon a'fter the- second count, i.e., 72 hours after
‘plantlng, suggestlng a cumulatlve un:favorable effect of these high tem-
peratur-es-,, ‘Total germlnatmn--zat the alternatmg temperatures seem to
support the results obtatned,‘ at the constant temperatures but the alter-
nating temperatures do 1seem to projv:ide ‘slightly more favorable condi- -

" tions for germination.

General Discussion

| Constant'temper‘atures .as high as 35'5‘," wrere injurious to the seeds
of all four species used in this studyo At the alternating temperatures
of 45-55° and a constant.temperature--of,55‘?, none of the Seeds of the
- four species germinat'ed, _the seeds presumably being killed at these
tempera_ttures‘,”< The effect of a constant 45? temperature was high initial
response but a reduction of'totali germination. The hiigh initial response
‘was probahly due to the acceleration of physico-chemical reactions in
‘the seeds. | |
With all of.the grasses the Iow temperature of 15° slowed down

germination rate. It did ‘not; however; adversely affect total percentage

No germ1nat1on occurred When seeds tested at 55° were trans-
ferred to a temperature of 25° for ten days. :
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germination of the small-seeded Eragrostis chloromelas and..Erggros-

tis curvula, but reduced total percentage germination of the compara—'

o tively lar’ﬁge—seede’d‘ kPahieum maximum and Pennisetum ciliare. At

- this low temperature ‘none of the seeds of the four species had germi-
nated at the f1rst count (after 36 hours) The slow rate of germmatlon
was ,presumably due to a slow physmo-chemlcal reaction rate. Enzyme
activation may also have been low. Reasons for the differe_nce in total
germination of the smalle andvlarge—seeded species was hot'apparent.
The optimum temperature ‘for the germination of a11_ four species
"Was within the temperature range of 25° to 35°. Presumably, at the
N 'temperature that was optlmum for the germmatmn of each species, the
effect' of temperature was to accelerate physmo-chemlcal reactmns

without enzyme inactivation or killing of the seeds.

Moisture Stress

~ The effect of moisture stress on total germination of Eragrostis

chloromelas, Eragrostis curvula, Pennisetum ciliare and Panicum

_ 'maximum‘: Was‘.more‘or less similar. - An ivncreas}e in moisture stress |
obtained by rarying th’ez concentratipri of D-mannitol solution adversely |
| affected total germinatiOn.} ‘Each species showed a reduction in total
germination"fvaith eVery increase in the osmotic concentration ofthe

germination solution (Table 5, Fig. 3).



Table 5. Germination of four grasses in various concentrations of D-mannitol solution at constant
and alternating temperatures. '

! Germination of species at temperatures indicated

Osmotlc , Germination - - -
concentration ' time ' Eragrostis ' Eragrostis " Pennisetum ' Panicum
in - B hours ' chloromelas ' curvula ! ciliare ' maximum
atmospheres ' 0704 17 25-85° C ' 25° C * 25° C 7 95-35° C
L L P PP PP PR percent ==—-=— = m o i
0 36 86.5 54.7 41.0 56.0
- 72 7.5 34.0 - 46.5 33.5
108 6.0 2.0 8.0 5.5
144 0 0.7 1.5 0.5
Total 100.0 91.4 97.0 . 95.5
5 . 36 54.7 22.7 63.3 43.3
-T2 34.0 53.3 14.0 26.7
108 4.0 13.3 6.7 2.0
i44 0 0 0 1.0
Total 93.3 89.3 84.0 1 93.0
10 ‘ - 36 51.3 46.7 53.3 54.0
12 26.7 18.0 14.7 11.3.
108 3.7 2.0 2.0 0.7
144 0 0 0 0
Total 82.6 66.7 70.0 66.0
15 36 37.3- 43.3 42.0 37.0
72 217.3 8.7 8.0 18.5
108 0.7 0 1.0 2.5
144 0 0 0 0
Total . 65.3 51.0 51.0 58.0

Total germination significantly lower than at 0 atmosphere.

Ge
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Germination of all the species except Pennisetum ciliare at

the three moisture-stress levels of 5, 10, and 15 atmospheres employed
in the study was lower at the first count (after 36 hours) than at 0
atmosphefe, i.e., when there was no moisture stress. Total germina-
tion of all four. spécies under no stress was not significantly higher

“than at a stress of 5 and 1O‘atmospheres° Total germination of Eragros-

tis curvula and Panicum maximum at 15 atmospheres was not signifi-
cantly different from germination under no stress. Germination of

Eragrostis chloromelas and Pennisetum ciliare at no stress on the

other hand was significantly higher than germination at 15 atmospheres.
It will be noted from Table 5 and Figure 4 that under moisturé

stress, germination of Eragrostis chloromelas was higher than that of

the other three species. .At a moisture stress equivalent t<})y five atmos-
pheres, germination of all four species was high. At the high moisture
stress of 15 atmospher-es, howeverk, germination of all the grasses used
in the study was at a minimum. :

The -’effect of moisture stfess on radicle and plumule elongation
follows a pattern similar to that on germination (Tables 6 and 7; Fig37 :
4, 5, 6, and 7). The higher the osmotic concentration of the D-mannitol
solution the lesé the elohgation of both_ plumule and radicle, i.e., there
was an inverse relationship between moisture stress and elongation of

plumule and radicle.
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Table 6. Average plumule length of four grass species in D-mannitol
solution 48 hours after planting.

~Average plumule length é.t varying

Species = ! osmotic concentrations™
: : " 5 Atm. ' 10 Atm. 15 Atm.
————————————————— mm————————;—;_————_—_—_
Eragrostis chloromelas | 9.6 ' 8.6 6.1
Eragrostis curvula 4.8 : ©2.2 1.9
Pennisetum ciliare 6.6 , 5.7 3.2
Panicum maximum S 140 108 6.4

* ' S
Average of 10 seedlings.
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Table 7. Average radicle length of four grass species in D-mannitol
solution 48 hours after planting.

' Average radicle length at varying

Species o osmotic concentrations
' 5 Atm. ' 10 Atm. ! 15 Atm.
—————————————————— mm————————————————_———
Eragrostis chloromelas 11.6 8.1 | 6.1
Eragrostis curvula 7.7 4.2 ‘ 3.1
Pennisetum ciliare 24.4 10.7 8.1
Panicum maximum 14.9 11.8 6.4

5k .
Average of 10 seedlings.
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Figure 5. Initial growth of Eragrostis chloromelas at 5, 10, and
15 atmospheres.
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Figure 6.

Initial growth of Pennisetum ciliare at 5, 10, and
15 atmospheres.
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Figure 7. Initial growth of Panicum maximum at 5, 10, and
15 atmospheres.

42



Pran
‘ Discussioh'
) ~A1though it is »recoghized«gtha’t'moisture stress .resulting'_' from
inedeqosteasoil thisfure and thé,t”resultihg f.rom solutions of diff_efent
osmotic concentrations are not physicaliy—-snd may not be physiologi—
cally--identical, both conditions presumably do result in a m01sture—
deficient env1ronment for germmatlng seeds The germination results
~ obtained by subjecting seeds of the four grasses vused in this,study to
varying concentrations of D-mannitol solution indicated a correlation
lbetween germination a,hd osmotic concentra,tion 'of the germinstion med-
ium. ,Although it is possible that factors other than moisture availahility :
may hav_e been involved in part and corr‘elated with the various osmotic -
~ pressures obteihed, it appearsvsigniﬁcaht to the moisture-stress thesis
| .that every species showed a reducytion in total germination with every
increase in osmotic ooncentration'of the solution.  Thus, distilled‘water,
which was used as a oheck', provvided the hest moisture-stress condition
for all of the grasses, 'While an osrhotic’ concentrationvequivalent to 15
atmosphe‘res~pi'o.vided‘the ,.poorest c‘ondit.ions., Eveh vat this concentra- |
tion, ‘ho',wehever,v the final éefmihation of none of the spécies fell below
50'perfcent; | -
. Althoughy a ooncentfation of 15 atmospheres is equiffalenf to a

Wlltlng point m01sture stress ‘the seeds obv1ous1y were able to imbibe _
enough water even at thls level to germmate However germination is

| one thmg‘; establlshment; another,o - And, although the study was not
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.continﬁed long enough to determine whether the seedlings would survive
at any of the concentrations tested, 7 the marked reduction in both plu-
mule and radicle length at the 15-atmosphere lével appears to be criti-
cal. . Little more than this can be said from this limited study, but'

longer time tests should provide additional information on survival.



SUMMARY

The germination of four introduced African grasses, Boer love-

grass (Eragrostis chloromelas), weeping lovegrass (Eragrostis curvula),

buffel grass V:(Pennisetum,ciliare), and Gui_nea grass (Panicum maximum)
was tested under a variety of temperatﬁre and moisture-stress levels.
Preliminary tests indicated that satisfactory germination could be

fobtained with untreated caryopses of Eragrostis chloromelas and

 Eragrostis curvula. Pennisetum ciliare would not germinate satisfac-

torily unless both the lemma and palea were left on the seed, the Pani-

cum maximum required scarification (without removing the husk) in

. 90-percent sulphuric acid for 15 minutes before planting.

The effects of température on germination were studied employ--
ing five constant temperatures'of 15°, '25?', 35°, 45°, and 55° and fbur_
alternating temperatures of 15-25°, 25-35°, 35-45°, and 45-55°. With
the latter, the lower temperature representec‘i‘night temperatures and
the higher temperatures day teniper'a‘turesg Night temperatures were
maiht_ainéd for 16 héurs and day temperatures fof eight hours.

The effect of moisture stress on rate of germination and growth

measured by the rate of plumule and radicle elongation was studied

45
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using three concentrations of D-mannitol solution at 5, 10, and .
15 athosphéresﬂ,r |

The résults of the tests on the effects of various temperatufes
on germinati_on indicated ..that high temperatures prevented germination.
~. At the alternating temperatures of 45-55° and the constant temperature
of 55°, none of the four grass ‘species germinated. This presumably
was due to. the fact that the seeds were killed at these two temperatures.
The low temperature of 15°‘slowed down initialbresponsé to germination
in all the four species and .adver,sely affected total germination in

Pennisetum ciliare and Panicum maximum. Enzyme activation was

presumably loWer and th.‘e rate of physico-chemical rea¢fions were
slower at this temperature than at the other temperatures used in the -
tests. |

Optimum temperatures for germination of all species were

. between the ra{ngerof'2'5 and 35“’7° Eragrostis chloromelas and .Panicum'

maximum germinated best at the alternating temperature of 25-35°

Eragrostis curvula and Pennisetum ciliare at the chstant temperature

of 25°. - At these temperatures it would seem that there was a maximum
acceleration of bhysicb-chemical reactions without enzyme inactivation
or killing of the seeds.

The study of germinationr and -early growth at the three mois-

ture-stress levels employed in the study indicated that there was an
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inverse relationship between moisture streSs and rate of gefmina,tion
and growth. The higher.the moisture stress the lower the rate of

germination and elongation of the plumule and radicle.
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