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INTRODUCTION

The su ccessfu l establishm ent of a grass stand depends initially  

on good germination; this in turn is  influenced by tem perature and 

m oisture as w ell as by light. Different sp ec ies usually differ in their  

requirem ents of these three factors for optimum germ ination. An 

intimate knowledge of the conditions under which the maximum number 

of seed s w ill germ inate within a given period of tim e is  therefore n ec­

essary . This knowledge serv es as an aid in selecting locations where 

a sp ec ies w ill germ inate and may grow when seeded.

Many g r a sse s  indigenous to A frica have been introduced within 

recent years into the United States. Some of these have proven useful 

in various ways, including (1) reseeding of ranges, especia lly  in over-  

grazed areas; (2) controlling of erosion and reclam ation of severa l 

eroded areas; (3) improving so il structure; and (4) facilitating m o is­

ture conservation.

M ost of the introduced sp ec ies are being widely used in r e se ed ­

ing areas that differ clim atically  from  areas where they are native. In 

som e of these areas, as for example the Southwest, growth is  hampered 

by high so il tem peratures and low s o il  m oisture. G rasses and other



plants should not be introduced in areas where such conditions prevail 

without a knowledge of their tem perature and m oisture requirem ents. 

Energy and money may be wasted when unadapted sp ec ies  are used.

Little is  known about either the tem perature or m oisture require  

ments of m ost of the introduced African g r a sse s . The present study has 

been undertaken in an effort to determ ine the influence of various tem ­

peratures and m oisture conditions on four of the m ost widely used  

g r a sse s , nam ely, E ragrostis chlorom elas Steud., E ragrostis curvula 

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

E ragrostis chlorom elas and E ragrostis curvula are indigenous 

to South A frica. The latter grows a lso  in Northern N igeria  (Foster and 

Mundy, 1961) . Both sp ec ies  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  c iliare  occurs in the Bush Veld of South A frica  

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

in many places south of the Sahara in areas receiving an annual rainfall 

of 28 to 56 inches (Rattray, 1960). It is  one of the pioneer g ra sses that 

invades overcultivated areas in parts of the northern lim its of the High 

F orest Zone o f Ghana (A sare, 1962).

The resu lts of this study may be useful as a guide for those who 

wish to use these sp ec ies  in reseeding depleted ranges. Although the 

experim ental conditions of this study can rarely be duplicated under



3

field  conditions, the information developed may be applied in the field  

by interpretation or extrapolation.



REVIEW OF LITERATURE

The effects of tem perature and m oisture on seed  germination  

have been extensively studied by many workers. In general, the studies 

have shown that different sp ec ies usually differ in their  germ ination  

requirem ents for these two factors.

Tem perature

M ost of the physiological p ro cesses  in plants norm ally take; 

place at tem peratures between 0 and 40°* (Went, 1953). Both very low  

and very high tem peratures are injurious to plants. Seeds, which in 

reality  are dormant embryonic plants, have minimum and maximum  

tem peratures at which they w ill germ inate. This range is  narrow in 

many sp ec ies  and determ ines to a greater or le s se r  extent the geo­

graphical distribution of plants and the tim e of year when they norm ally  

w ill germ inate.

Juhren, H iesey, and Went (1953) reported that m ost g ra sses  

differ in their ability to germ inate and grow under different tem pera­

tures. These workers found that Poa com p ressa , P . am pla, Bromus

*
A ll tem peratures given in this thesis are in degrees cen ti­

grade un less otherw ise stated.
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carinatus and Agropyron dasystachyum  germ inated w ell at both warm  

and cool tem peratures, but Poa scab rella  and P. bulbosa germ inated  

and developed w ell only at cool tem peratures. They a lso  found that the 

ability to germ inate w ell at high tem peratures usually indicated that the 

plant would subsequently grow w ell at high tem peratures and vice v e r sa . 

It may be concluded from  this that, provided other conditions are favor­

able, the establishm ent of a stand of vegetation under field  conditions 

may be indicated by the tem perature under which optimum germination  

occurs.

Harrington (1923) noted that the m ost favorable germ ination  

tem perature for many kinds of seed s corresponds c lo se ly  with the field  

so il tem perature that induces the m ost prompt and vigorous seed  pro­

duction of these sam e sp ec ies .

As noted by Delouche (1953), investigations into the effect of 

tem perature on germ ination have been directed m ainly towards finding 

the maximum, optimum, and minimum tem peratures n ecessary  for 

germ ination of different kinds of seed s. The resu lts of these  studies 

suggest that the final percentage germ ination of a given sp ec ies  is  m ore  

or le s s  equal over a certain range of tem perature, but that within this 

range higher tem peratures resu lt in an increased germ ination rate.

D ifferent tem peratures are som etim es reported by different 

workers as m ost suitable for the germ ination of a sp ec ific  sp e c ie s .



According to Edwards (1934) these apparent d iscrepancies are due in 

part to the fact that different workers tend to define optimum tem pera­

tures differently. Optimum tem perature is  variously defined as (1) the 

tem perature producing the fir s t  or la st seedling in the sh ortest possib le  

tim e, or (2) the tem perature at which the greatest number of seeds  

germ inate in a given period of tim e.

Germination te s t  d iscrepancies A lso som etim es resu lt from  

variations in the definition of germ ination. The ’R u les’*1 (Anonymous, 

1949) define germ ination as " th e  em ergence and development from seed  

embryo of those e ssen tia l structures which, for the kind of seed in q u es­

tion, are indicative of the ability tq produce a norm al plant under norm al 

conditions.” D iscrepancies in germ ination te s ts  may a lso  be due in part 

to pretreatm ent of seed s, storage tim e or age of seed s before planting, 

and the medium in which the seed s are germ inated. Although the ’R u les’ 

specify  that corn germ inates best at a tem perature alternating between 

20 and 30°, Delouche (1953) reported that corn germ ination was com ­

pleted two days sooner at the constant tem peratures of 30 and 35° than 

at the tem perature recommended by t h e ’R u les.’

Kotowski (1926) gave the optimum tem perature for melon g e r ­

mination at 30°. Delouche (1953) has reported that the germ ination of 

m elon (sp ec ies not given) was m ost rapid at alternating 30o-20° tem ­

peratures. At this alternating tem perature, Delouche found that



germ ination was completed in three days as opposed to s ix  days at the 

alternating 20-30° tem perature recomm ended by the 'R ules.'

As stated previously, tim e of storage and treatm ent before 

planting a lso  determ ine in part the tem perature that is  m ost favorable 

for germ ination. Barton (1936) studied germ ination in seed s of Lepid- 

ium lasiocarpum , Streptanthus arizon icu s, and Daucus pusillus and 

found that with an increase in storage tim e after ripening, percentage 

germ ination increased and germination occurred over a wider range of 

tem perature. Kerns and Toole (1934) found that seed s of s ix  different 

sp ec ies and varieties of fescue that had been prechilled at 5° for seven  

days showed an increase in germ ination at tem peratures ordinarily too 

high for com plete germ ination of fresh  seed s. They a lso  noted that 

seed s of each of the s ix  sp ec ies and varieties collected  at different 

stages of maturity and germ inated im m ediately after harvest required  

relatively  low tem peratures for germ ination. The need for low tem ­

perature was m ore pronounced in seed s collected  when immature than 

in seed s co llected  when com pletely ripe. These workers a lso  observed  

that the older the seed s, the wider the range of tem perature over which 

they germ inated. They found that a few months after harvest, m axi­

mum germ ination of fescue was obtained at an alternating tem perature  

of 20-30°; also  the rate of germ ination was reduced by alternating tem ­

peratures lower than 20-30°.



The resu lts of germ ination te s ts  to date indicate that som e  

seed s germ inate best at constant tem peratures, others at alternating 

tem peratures, while s t i l l  others germ inate equally w ell at either a lter ­

nating or constant tem peratures. Harrington (1923) conducted germ ina­

tion te s ts  bn various sp ec ies under 15 constant and alternating tem per­

atures. He found that Daucus carota, P etroselinum , Phleum pratense, 

Festuca e la tior , and severa l other flowering plants germ inated w ell at 

both alternating and constant tem peratures. Seeds of P astinaca sativa, 

A grostis palustris and som etim es C eleri graveolen s, D actylis g lom er- 

ata, and Poa pratensis germ inated better at alternating than at constant 

tem peratures. D ifferent lots of the sam e kind of seed s differed widely  

in their tem perature sensitivity; thus som e kinds of seed s under certain  

conditions germ inated better with alternating tem peratures. V icia sativa, 

Lactuca sativa , and P isum  sativum , on the other hand, germ inate best 

at a constant tem perature of 20° XAnonymous, 1949) .

A number of hypotheses have been advanced to explain the effect  

of alternating tem peratures upon germinatibn. Haberlandt (1875) and 

Eidam (1883) suggested tem perature effects upon water uptake as the 

possib le cause of the effect of tem perature alternations upon germ ina­

tion. A s m ost seed s whose germ ination is  favored by tem perature 

alternations imbibe m ore water at any tem perature than the minimum  

required for germ ination, this explanation does not seem  tenable.



Liebenberg (1884) suggested that reserv e  m aterials made available at 

any given tem perature tend to be used up in respiration, but that a 

slight surplus of these m aterials becom es soluble at higher tem pera­

tures. This surplus is  available for growth when a reduction in tem ­

perature reduces respiration instantly.

G assner (1910) postulated that the effect of alternating tem pera­

ture on germ ination of Chloris cilia ta  is  due entirely to oxygen relations. 

Vanha (1898) pointed out that differences in tem perature among the 

different parts of the seed , the seed  bed, and the outer air following a  

sudden tem perature change resu lt in different gas densities which se t  

up lively  gas m ovem ents leading to rem oval of carbon dioxide and 

renewal of oxygen. These conditions, he said, favor increased r esp ir ­

ation and probably germ ination. Harrington (1923) suggested that a 

detailed study of respiration and internal changes of seed s at different 

tem peratures might help to explain the effect of alternating tem pera­

tures. He noted that the resp iratory quotient of dormant apple seeds  

decreased with decreasing tem perature and vice versa  and postulated 

that if this happened in a ll or m ost dormant seed s, oxygen may accum u­

late or even be m etabolized at low tem peratures in a form  which becom es 

im m ediately available for the inception of growth p ro cesses  when seed s  

are subjected to a higher tem perature. This hypothesis is  in som e 

resp ects the opposite of that of Liebenberg but is  not in opposition to 

those of Vanha and G assner.
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According to the 'R ules'high germ ination of E ragrostis curvula 

should be obtained at an alternating 20-35° tem perature; light is  e sse n ­

tia l for its  germ ination and fresh  and dormant seed s should be pre­

chilled at 5° for two weeks prior to germ ination. Toole (1938) tested  

the seed s of E ragrostis curvula and reported that com plete germ ination  

was not obtained with constant tem peratures of 10°, 15°, 20°, and 25°; 

neither did alternating tem peratures of 25-35° resu lt in optimum g e r ­

mination. At alternating tem peratures above 20-30°, seed s on filter  

papers m oistened either with 0 .2  percent nitric acid solution or with 

water gave equally high final germ ination percentages. At constant 

tem peratures, however, seed s germ inated in nitric acid solution had 

a higher germ ination percentage than those germ inated in water.

According to the 'Rules' maximum germ ination of Panicum  

maximum should be obtained when the seed s are subjected to an a lter ­

nating 15-35° tem perature. The'Rules' a lso  stipulate that light is  e sse n -  

tia l for the germ ination of this sp ec ies . Cullinan (1941) rem oved the 

lem m a and palea of Panicum maximum and germ inated the seed s in 

P etr i-d ish es on cotton m oistened with a 0.2 percent solution of potassium  

nitrate. On treating the seed s with one percent ethyl m ercuric tartrate, 

fungal attack was considerably reduced. Maximum germ ination was 

obtained at an alternating 15-35° tem perature.

The 'Rules' specify  that Pennisetum  ciliare  is  best germ inated  

on sand at 30° after prechilling at 5° for seven  days; fresh  seed s should
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be prechilled at the above tem perature for s ix  weeks; light is  n ecessary  

for germ ination. Akamine (1944) placed one-m onth-old seed s of P en- 

nisetum  cUiare in P etr i-d ish es at 25° and obtained the following germ i­

nation results: untreated seed s 1.5 percent, seed s with husk 11 percent, 

and naked seed s 91.5 percent. When he planted acid-treated  seed s in 

so il, he obtained a higher total germ ination than from seed s in P etr i-  

dishes. He a lso  reported that naked seed s germ inated better than seed s  

with the lem m a and palea attached and concluded that lem m a, palea, 

and glum es contained an inhibitor that was absorbed by the so il. Brown 

(1952) reported 84 percent germ ination when Pennisetum  c ilia re  seeds 

w ere stored at 65° for four w eeks. The check sam ples gave five percent 

germ ination. When the seed s were stored at 80° for one week, 32 per­

cent germ ination was obtained as contrasted with three percent for the 

check. Baker (1952) after removing the glum es, palea, and lem m a from  

the seed s of Pennisetum  c ilia r e , abraded and germ inated them at an 

alternating 10-35° tem perature in P etr i-d ish es on filter  paper m oistened  

with 0.2 percent potassium  nitrate. The seed s were prechilled for five  

days prior to testing. Germination was between 80 and 90 percent as 

contrasted with 25 percent or le s s  from  seed  sim ilarly  treated but not 

abraded and only 20 percent from seed s not prechilled or abraded. 

Anderson (1953) a lso  conducted germ ination tests  using Pennisetum  

c iliare  and obtained com plete germ ination of fresh ly  harvested seed s
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both when the naked seed s w ere planted in P etr i-d ish es oh a paper 

substratum m oistened with 0.2 percent potassium  nitrate solution and 

when they w ere prechilled at 5° for seven  days and planted in so il. A 

high percentage of the seed s germ inated when they w ere previously  

prechilled Or abraded. A s t i l l  higher percentage germ inated when the 

seed s w ere both prechilled and abraded before planting.

M oisture S tress

Owing to the osm otic properties of solutions, they offer r e s is t ­

ance to water absorption by plant roots. It appears that the sam e physi­

cal properties of solutions govern the imbibition of water by seed s.

The absorption of water from solution by seed s has been studied by a  

number of investigators. Slosson (1899) im m ersed a large number of 

seed s in different sa lt solutions of varying osm otic p ressu res and found 

that absorption of water by seed s was hindered by sa lts  in solution. He 

observed that the retardation of im bibition did not in crease  in propor­

tion to an increase in osm otic p ressu re  of the solution. He a lso  observed  

that solutions of different sa lts  with the sam e osm otic pressu re produced 

the sam e effect. This, he pointed out, indicated essen tia lly  that osm otic  

pressure was m ore important than the kind of sa lt used.

Rudolfs (1921) reached the sam e conclusions as Slosson, i .e .,  

that the retarding effect of strong sa lt solutions on germ ination was 

directly  proportional to the osm otic p ressu re . It had been previously



13

shown by S losson and Buffum (1898) that living and dead seed s imbibed 

water equally w ell. Shive (1917) added single solutions of known con­

centrations to corn and bean seeds and incubated these for 48 to 72 

hours at room tem peratures. This study indicated that higher osm otic  

concentrations retarded but did not prevent germ ination. Shive con­

cluded that retardation of germ ination was d irectly  related to the 

amount of water imbibed by the seed s and th is in turn was dependent 

on the osm otic concentration of the solution.

The resu lts of these investigations suggested that retardation  

of absorption was accom plished through the osm otic resistan ce  offered  

to the entrance of water into the seed s. Thus, the solutions created  

m oisture s tr e s s , a different concentration of the sam e chem ical c rea ­

ting a different m oisture s tr e ss  or different leve ls of m oisture avail­

ability. As a consequence, solutions of different concentrations could 

be employed in studying the effect of different lev e ls  of m oisture ava il­

ability on seed  germ ination and seedling growth.

Some chem icals are toxic to seeds; others are nontoxic. 

Wiggans and Gardner (1959) germ inated seeds of sca r le t globe radish  

and sorghum using different concentrations of various chem icals. They 

found that polyvinylpyrorollidone (a long chain polymer) and sodium  

chloride were somewhat toxic to the seed s. G lucose, su cro se , and D - 

mannitol w ere not toxic, but the f ir s t  two reduced germ ination consid­

erably m ore at comparable concentrations than did the latter.
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Concentrations of glucose and su crose at 10 atm ospheres or m ore 

greatly or com pletely inhibited germ ination and elongation of radicle  

and plumule. Uhvits (1946) reported that at the sam e concentration, 

sodium chloride effected a greater reduction than D-m annitol in both 

rate and amount of germ ination in alfalfa. This was attributed to the 

toxicity of sodium chloride. It was a lso  observed that as the osm otic  

pressu re of the solution increased, the seed s absorbed le s s  water and 

germ ination was reduced.

The effect of m oisture s tr e ss  on different var ieties of wheat 

and alfalfa has been investigated by many w orkers. H elm erick and 

P feifer  (1954) used various osm otic concentrations of D-m annitol so lu ­

tion to sim ulate drought. Their study showed a correlation  between the 

germ ination of two wheat varieties (Yogo and Cheyenne) under field and 

laboratory conditions. The Yogo variety responded significantly better  

than Cheyenne when both w ere germ inated under sim ilar  m oisture  

s tr e s se s . Rodger, W illiam s, and Davis (1957) used various concentra­

tions of D-m annitol solution in germ ination tests  of sev era l varieties of 

alfalfa and found that germ ination decreased  with an increase in osm otic  

concentration of the germ ination solution. This study a lso  indicated a 

greater decrease in winter-harder var ieties than in the vigorous non- 

hardy stra ins. Dotzenko and Dean (1959) germinated s ix  varieties of 

alfalfa in solutions of various osm otic p r e ssu re s . They found that the 

percentage of seed s that would germ inate under extrem e drought was
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heritable and that the germ ination percentage decreased as the osm otic  

pressure of the solution was increased. Delouche (1953) in tests  on the 

germ ination of corn, waterm elons, and soybeans found that at low 

m oisture leve ls  germ ination was delayed and percentage germination  

was depressed. When seed s w ere supplied with ex cessiv e  m oisture, 

germ ination was much m ore depressed than when m oisture was insuf­

ficient. Evans and Stickler (1961) germ inated four varieties of sorghum  

using three concentrations of water-m annitol so lu tions. They, like 

earlier  w orkers, found that germ ination decreased with an increase in 

osm otic concentration; a lso  the four var ieties responded differently  

and the tim e required for germ ination increased with an increase in 

osm otic concentration. The effect of m oisture tension on plumule and 

radicle development was not identical.

The effect of m oisture s tr e ss  on 22 garden vegetables has been 

investigated by Doneen and M acGillivray (1943). Their studies showed 

that em ergence was delayed with an increase in osm otic tension. Of 

the 22 sp ec ies tested , 17 em erged even though so il m oisture was at the 

wilting point. Ayres (1952) made sim ilar  observations with relation to 

m oisture s tr e s s  noting that an increase delayed and reduced em ergence. 

He found that when the m oisture percentage in fine sand was reduced  

from  12.4 to 7.2 percent, tim e of em ergence was increased m ore than 

48 hours and total em ergence was decreased about 40 percent. Hunter



and Erickson (1952) a lso  found that corn, r ic e , soybeans, and sugar- 

beet seed s w ere unable to absorb enough water for germ ination unless 

m oisture s tr e s s  was le s s  than 12.5, 7.9, 6.6, and 3.5 atm ospheres, 

resp ectively . McGinnies (1960) germ inated s ix  coo l-season  g ra sses  

under m oisture s tr e s se s  of 1 /3 , 5, 7 1 /2 , 10, 12 1 /2 , and 15 atm os­

pheres at 10, 20, and 30° and found that germ ination was reduced and 

also  delayed with increase in m oisture s tr e s s . Under high m oisture  

s tr e s s , a ll the sp ec ies  germ inated better at 20° than at 10° and 30°.

Germination requirem ents of range g ra sse s  have been studied 

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

Bouteloua curtipendula, and Andropogon h a llii using mannitol solutions 

and reported that the higher the osm otic concentration of the solution  

the lower was early germ ination and total growth. He a lso  reported that 

strains with superior establishm ent ch aracteristics germ inated faster  

and produced larger seed lings when grown at an osm otic concentration  

of 7.5 atm ospheres. Knipe and Herbel (1960) tested  germ ination of 

seven  gra ss  sp ec ies  at room tem perature using water-m annitol so lu ­

tions . This study indicated total germ ination of E ragrostis lehmanniana, 

E ragrostis ch lorom elas, and Sporobolus flexuosus decreased  with 

increase in osm otic concentration from  0.3 to 7.0 atm ospheres. Seed­

ling growth rate was a lso  generally reduced by an in crease  in osm otic  

concentration. Bouteloua eriopoda and Muhlenbergia porteri germ inated
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w ell at osm otic concentrations of 15.0 to 20.0 atm ospheres in contrast 

with the germ ination behavior of the other sp ec ies tested .

The effect of m oisture s tr e s s  on water uptake and elongation of 

radicle and plumule has been studied by a number of w orkers. Borzini 

(1936) concluded that the development of seed lings was d irectly  related  

to the osm otic pressure of the germ ination solution. Gingrich and 

R u ssel (1957) studied the growth response of corn roots under seven  

so il "-moisture tensions and osm otic s tr e s se s  using mannitol in com bi­

nation with five oxygen concentrations. Sm all seed lings w ere grown for  

24 hours at 25° in so il  and in osm otic-p ressu re  m edia. Both radicle  

elongation and rate of increase in fresh  weight of excised  seedlings 

decreased with an increase in so il-m o istu re  tension and osm otic s tr e s s ,  

over a range of 1 /3  to 12 atm ospheres. Increase in the dry weight of 

excised  seed lings decreased with increasing so il-m o istu re  tension  

but was not affected by osm otic s tr e s s . Root growth was usually greater  

in osm otic m edia than in so il at the sam e s tr e s s . It was concluded that 

growth was highly dependent on the m oisture s tr e ss  of the growth m ed­

ium. The difference between growth in so il  and in osm otic media led  

to the conclusion that a factor other than physico-chem ical s tr e ss  was 

operative, a factor that was assum ed to be the w ater-transm itting pro­

perties of the two m edia. H elm erick and P feifer (1954) and Powell and 

P feifer  (1956) showed that the marked differences in germ ination  

between varieties of sorghum probably represented inherent differences.
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in drought resistan ce  between varieties of the sam e sp ec ies . Accord­

ing to Wiggans and Gardner (1959), although germ ination of radish was 

identical with the best resu lts obtained for any of the sorghum s, d iffer­

ences between these two d issim ilar  taxonomic groups in resp ect to 

drought resistan ce  in the field  was obvious. Wiggans and Gardner con­

cluded that the use of germ inating seed s for determ ining drought r e s is t ­

ance, particularly between sp ec ies , was open to considerable doubt and 

that the effect of osm otic-p ressu re  solutions on germ inating seeds was 

at best a te s t  of physiological drought resistan ce  and perhaps then only 

at the seedling stage. Osmotic solutions, therefore, might not provide 

a reliab le m easure of m orphological drought resistan ce , even though 

they might reliably indicate physiological drought r e s is ta n ce .



METHOD OF STUDY

The germ ination of four grass sp ec ie s , E ragrostis ch lorom elas, 

E ragrostis curvula, Fennisetum  c iliare , and Panicum maximum was 

tested  under varying degrees of m oisture s tr e s s  and tem perature. The 

seed s w ere obtained from  the Soil Conservation Service Plant M aterials 

Center in Tucson.

Prelim inary testing  indicated that satisfactory germ ination  

could be obtained with untreated naked seed  of E ragrostis chlorom elas 

and E ragrostis curvula, that Pennisetum  ciliare  had to be planted with­

out rem oving the lem m a and palea, while Panicum maximum had to be 

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

The te s ts  w ere carried  out by placing the seed s in P etr i-d ish es  

on three layers of filter  paper saturated with d istilled  water or D- 

mannitol solution. E xcess water or solution was rem oved with blotting 

paper. Water or D-m annitol solution was added whenever necessary to 

maintain the desired  m oisture level. Two sp ec ies w ere planted in each  

dish. The topmost filter  paper was divided into two equal parts and 50 

seed s of a particular sp ec ies  w ere planted on each half. There were  

four replications of each sp ec ies . The seed s were carefu lly  selected

19
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and only those that appeared norm al, m ature, and undamaged w ere  

-Used.,,::' - Y'v:; ■ ■ - .

Germination te s ts  were carried  out in one germ inator and three  

, dvetisi The pvehs w ere maintained within plus or minus 1° of the g e r ­

mination tem perature specified; the germ inator was maintained within 

plus or minus 5° F of the specified  tem perature. The P etr i-d ish es  

w ere placed in covered coffee cans lined with m oistened blotting paper. 

Before being placed in the coffee cans, the seeds w ere exposed to light 

at room tem perature for four hours. Germination counts were made at 

36-hour intervals for 144 hours. A  seed  was considered germinated  

when it had produced a normal radicle and plumule and when it appeared 

that it would be able to continue growth under favorable conditions. 

Whenever germ ination of two or m ore of the four replications of a 

, sp ec ies was le s s  than 75 percent of the average germ ination of the four 

replications at a particular tem perature or m oisture s tr e s s  (as a resu lt  

of fungi), the test: was repeated. When only one of the replications was 

below this percentage, the average of the other three was used as the 

percentage germ ination of the sp e c ie s .

Tem perature

The seed s w ere germ inated at both constant and alternating 

tem peratures. F ive constant tem peratures of 15°, 25°, 35°, 45°, and 

55° and four alternating tem peratures of 15-25°, 25-35°, 35-45°, and 

45-55° w ere employed. With the alternating tem peratures, the lower



tem peratures w ere maintained at night for 16 hours; the higher ones 

during the day for eight hours; The change in tem perature was obtained 

by moying the coffee cans from one oven to another or from  an oven to 

the germ inator. For instance, to obtain the tem perature change from  

15-25°, the cans w ere rem oved from  the germ inator at 25° after eight 

hours to an oven at 15° for 16 hours.

M oisture s tr e s s

Solutions of D-m annitol , a hexahydric alcohol, w ere prepared 

at concehtrations equivalent to 5, 10, and 15 atm ospheres. According 

to Uhvits (1946), th is sugar alcohol is  nontoxic to seed s . It is  su ffic i­

ently soluble to develop s tr e s se s  equivalent to 15 atm ospheres. The 

amounts of water and mannitol required to give the above three tensions 

w ere calculated from  the equation given by H elm erick and P feifer (1954) 

and a lso  described by Wiggans and Gardner (1959). This is  as follows;

- - ' . PVm - ■
g , Rt

g as gram s of mannitol 

; • P  -  osm otic p ressu re  in atm ospheres

V «  volume in liters  

m -  m olecular weight of mannitol 

R S3 0.0825 liter  a tm osp h eres/d egree/m ol.

T s= absolute tem perature

■ . ; • .. ■ ; . 1 ■ ■ ■ - . . .
E and A -T ested  Purity reagent.



The filter  papers w ere m oistened with the appropriate concen­

tration of the water - mannitol solution. The checks w ere m oistened  

with d istilled  water. A ll excess  solution was rem oved with blotting 

paper. Extra solution was added as n ecessary  to keep the blotters 

m oist. The inside of each P etr i-d ish  cover was lined with filter  paper 

to absorb water that would otherwise have condensed there. The seed s  

of each sp ec ies w ere germ inated at tem peratures optimum for their  

germ ination. The effect of m oisture s tr e s s  on early  growth was deter­

mined by m easuring the average length of the plumule and radicle of 10 

seed lings randomly se lected  48 hours after planting from  solutions of 

5, 10, and 15 atm ospheres. Investigations conducted to determ ine 

changes in osm otic pressu re of the D-m annitol solution over a period 

of s ix  hours indicated that at 25° the concentration of solutions at 5, 10, 

and 15 atniospheres ihcibased  to 5.9, 11.9, and 18.9 atm ospheres, 

resp ectively . At 35° the concentration of solutions at 5, 10, and 15 

atmbsphpres m^ and, 19.3 atm ospheres, resp ec-

■tively. ' '  ̂  ̂ V ; '  ̂ ;

The resu lts were, tested  for sta tistica l reliab ility  at the 5% leve l 

of sign ificance using Duncan’s  new m ultiple-range te s t  as outlined by 

Steel and T orrie (I960).



RESULTS AND CONCLUSIONS

Tem perature

E ragrostis chlorom elas

The highest total germ ination of Eragrostis  chlorom elas 

occurred at the alternating tem perature of 25-35° (Table 1, Fig. 1). 

Germination was rapid during the fir s t  36 hours > 86 percent of the seed s  

having germ inated by the end of this period. Germination at the a lter ­

nating tem peratures of either 15-25° or 35-45° was not significantly  

different from  that at the 25-35° alternating tem perature; initial 

response at the alternating temperature; of 15-25°, however, was 

slow er and that at the alternating tem perature of 35-45° higher than at 

25-35°.

At constant tem peratures, maximum germ ination (95 percent) 

was obtained at 35°. This however , was not significantly higher than 

germ ination at either 15 or 25° where total germ ination was 93 and 85 

percent, resp ectively . Germination at 45° was significantly lower than 

at the alternating 25-35° tem perature optimum for the germ ination of 

this sp ec ies . At 15°, in itial response was very slow , there being no 

germ ination at the fir s t  count (after 36 hours).

23
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Table 1. Germination rate of E ragrostis chlorom elas as affected
by tem perature.

T em per- ' 
ature ’ 

(deg. C) »'

Germination tim e in hours

36 72 108 144

Total
germ i­
nation

percent germ ination

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 0 95.0

45 59.5 13.0 0 0 72.5

55 0 0 0 0 0

15-25 36.5 41.5 15.5 0 93.5

25-35 86.5 7.5 6.0 0 100.0

35-45 91.0 1.5 ' 0 0 93.0

45-55 0 0 0 0 0

Total germ ination significantly lower than at 25-35°.
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Fig. I - Percent Germination of Four Grasses 
at A lternat ing Temperatures.
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It appears from the te s ts  that, although an alternating 25-35° 

tem perature offers the best condition for the germ ination of E ragrostis  

ch lorom elas, this sp ec ies  w ill a lso  germ inate w ell at alternating tem ­

peratures of 15-25° and 35-45° and at constant 15, 25, and 35° tem per­

atures. Except for the lethal tem peratures of 45° and above, the only 

tem perature that significantly affected germ ination (adversely in this 

instance) was at the 45° constant leve l.

E ragrostis curvula

On a basis of in itia l response and total germ ination, constant tem ­

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

Initial response was rapid and total germ ination was not significantly  

le s s  than at the 25° constant-tem perature level. At this latter level, on 

the other hand, in itia l response was slow , no seed s having germinated  

after 36 hours and only 36 percent after 72 hours.

. Maximum germ ination with alternating tem peratures was obtained 

by the 25-35° treatm ent. At this leve l, m ore than half the final germ i­

nation (58 percent of the seeds) was recorded by the end of the initial 

36 hours and m ost of the balance after 72 hours. Although the higher 

alternating tem perature of 35-45° showed equally high germination  

during the f ir s t  and second 36-hour in tervals, total germ ination was 

significantly le s s  than at 25°.

Insofar as the tem perature intervals of this study perm it, th ere­

fore, it may be concluded that (1) a constant tem perature of about 25°
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T able■2. Germination rate of E ragrostis curvula as affected by
tem perature.

Tem per- \ 
ature ' Germination tim e in hours ’ Total 

’ germ i-
(deg. C) ' 36 r 72 108 144 ’ nation

15 0 36.0 19.0 38.0 93.0

25 54.7 34.0 2.0 0.7 91.4

35 57.5 4.5 1.5 0 63.5*

45 38.5 9.0 0 0 77.5

55 0 0 0 0 0

15-25 29.0 39.0 6.0 4.0 78.0

25-35 58.5 19.0 7.5 0 85.0

35-45 59.5 18.0 0 0 67.5*

45-55 0 0 0 0 0

Total germ ination significantly lower than that at 25°.



P
E

R
C

E
N

T
 

G
E

R
M

IN
A

T
IO

N

28

------------------ Er a g ro s t i s  c h l o r o m e la s
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T E M P E R A T U R E  IN °C

Fig. 2- Percent Germination of Four Grasses at 
Constant Temperatures.
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provides better conditions for germination of E ragrostis curvula than 

the other tem peratures tested , and (2) alternating tem peratures of 25- 

35° provide a condition conducive to satisfactory  germ ination but offer 

no apparent advantage, and perhaps a slight disadvantage, to the 25° 

constant tem perature.

Pennisetum  c iliare  .

Maximum initia l (first 36 hours) germ ination of Pennisetum  

ciliare  was obtained using a constant and an alternating 25-35° tem per­

ature (Table 3, Fig. 2). A slightly  lower germ ination percentage was 

obtained at 25°, By the end of the second 36-hour period, however, 

germ ination was significantly greater at 25° than at any other of the 

constant teinperatures, an advantage that was maintained throughout 

the 144-hour test. It w ill be noted that at the end of th is tim e (Table 3) 

97 percent of the seed s at a constant 25° tem perature had germ inated, 

a significantly greater proportion than at the 45° and 35-45° tem pera­

tu res. Lethal tem peratures w ere reached som ewhere in the range 

between 45° and 55°, no germination being recorded at the higher of 

these figures.

The employment of alternating tem peratures yielded resu lts  

somewhat sim ilar  to those obtained with constant le v e ls . Maximum  

in itial (first 36 hours) germ ination was obtained with 15-25° and 25-35° 

ranges. The lower of these , however, yielded the highest total germ i­

nation, indicating, as had the constant tem perature te s t , that a
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Table 3. Germination rate of Pennisetum  c iliare  as affected by
tem perature.

T em per- ’ 
ature ’ Germination tim e in hours ’ Total 

’ germ i-
(deg. C) ' 36 r 72 ' 108 144 ' nation

J.11JL1JLCLVJLV11

15 0 39.0 35.5 3.5 75.5

25 41.0 46.5 8.0 1.5 97.0

35 43.0 19.5 5.0 0 67.5*

45 33.0 20.0 1.5 0 54.5*

55 0 0 0 0 0

15-25 41.0 32.0 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 0 47.0*

45-55 0 0 0 0 0

*  *

Total germ ination significantly lower than at 25°.



germ ination peiak was reached at som ew here around the 25° level. As 

with the constant tem peratures, an alternating se r ie s  with 55° as a 

maximum proved lethal. Since the total germ ination at 35-45° (a lter­

nating) was roughly half as high as at the m ost favorable range, the 

lethal point was reached som ewhere between 45 and 55°. This confirm s 

the constant-tem perature germ ination resu lts .

Panicum maximum

The highest total germ ination of Panicum maximum occurred at 

the alternating 25-35° tem peratures (Table 4, Fig. 1). Total germ ina­

tion at this tem perature range was significantly higher than at the 

constant 25° and 45° or the alternating 35-45° lev e ls . In itial germ ina­

tion was greater at a constant 35° than at any other tem perature, either  

constant or alternating. Response to germ ination during the first 36 

hours after planting at the alternating 25-35° tem peratures was lower 

than at the constant 35°. At the latter tem perature, however, germ ina­

tion during the second 36 hours was Only about one-third o f that at the 

alternating 25-35° tem peratures. At 25° and below, germ ination at the 

first count was lower than at the second count. This was in contrast 

with tem peratures of 35° and above where (except at lethal levels) g e r ­

mination at the fir s t  count was higher than at the second count. Thus 

it would seem  that at the alternating 25-35° tem peratures, the night
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Table 4. Germination rate of Panicum maximum as affected by
tem perature.

T em per- ’ 
ature ' Germination tim e in hours ’ Total 

' germ i-
(deg.C ) ' 36 ’ ■ 72 V 108 144 1 nation

i • j •

15 Q 3.0 27.0 41.0 71.0

25 17.5 29.0 2.0 15.5 64.0*

35 75.5 10.5 1.5 2.0 89.5

45 30.5 25.5 0 0 56.0*

55 0 : 0 0 0 0

15-25 8.0 68.0 7.0 0 83.0

25-35 56.0 33.5 5.5 0.5 95.5

35-45 28.0 15.0 0 0 43.5*

45-55 0 0 0 0 0

Total germ ination significantly lower than at 25-35°.



tem perature of 25° was responsible for the relatively  low germ ination

of the f ir s t  count.

At both the constant 45° and the alternating 45-55° tem peratures 

there was no germ ination after the second count, i .e . ,  72 hours after 

planting, suggesting a cumulative unfavorable effect of these  high tem -  

peratureh. Total germ ination at the alternating tem peratures seem  to 

support the resu lts obtained at the constant tem peratures but the a lter ­

nating tem peratures do seem  to provide slightly m ore favorable condi­

tions for germ ination.

General D iscussion

Constant tem peratures as high as 35° were injurious to the seed s  

of a ll four sp ec ies  used in this study. At the alternating tem peratures 

of 45-55° and a constant tem perature of 55°, none of the seed s of the 

four sp ec ies  germ inated, the seed s presum ably being k illed  at these  

tem peratures. The effect of a constant 45° tem perature was high in itia l 

response but a reduction of total germ ination. The high initial response  

was probably due to the acceleration  of physico-chem ical reactions in 

the seed s.

With a ll of the g ra sse s  the low tem perature of 15° slowed down 

germ ination rate. It did not, however, adversely affect total percentage

:  *  ■ ' - " '  . ■ -

No germ ination occurred when seeds tested  at 55° w ere tra n s­
ferred to a tem per atu rf of 25° for ten days.
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germ ination of the sm all-seed ed  E ragrostis ehlorom elas and E ragros- 

t is  curvula, but reduced total percentage germ ination of the compara­

tively  large -seed ed  Panicum maximum and Pennisetum  c ilia re . . At 

this low tem perature, none of the seed s of the four sp e c ie s  had germ i­

nated at the fir s t  count (after 36 hours). The slow  rate of germ ination  

was presum ably due to a slow  physico-chem ical reaction rate. Enzyme 

activation may also  have been low. Reasons for the difference in total 

germ ination of the sm a ll-  and large-seed ed  sp ec ies was not apparent.

The optimum tem perature for the germ ination of a ll four sp ec ies  

was within the tem perature range of 25° to 35°. Presum ably, at the 

tem perature that was optimum for the germ ination of each sp ec ies , the 

effect of tem perature was to accelerate  physico-chem ical reactions 

without enzyme inactivation or killing of the seed s. .

M oisture S tress

The effect of m oisture s tr e ss  on total germ ination of E ragrostis  

eh lorom elas, E ragrostis curvula, Pennisetum  c iliare  and Panicum  

maximum was m ore or le s s  sim ilar . An increase  in m oisture s tr e s s  

obtained by varying the concentration of D-m annitol solution adversely  

affected total germ ination. Each sp ec ies  showed a reduction in total 

germ ination With every increase in the osm otic concentration of the 

germ ination solution (Table 5, Fig. 3).



Table 5. Germination of four g ra sses  in various concentrations of D-mannitol solution at constant 
and alternating tem peratures.

concentration ' Ger” i"atl0n 
in ’ . tim e 

atm ospheres ' ^ours

' Germination of sp ecies at tem peratures indicated
’ E ragrostis 
' chlorom elas

T E ragrostis 
* curvula

’ Pennisetum  
’ c iliare

' Panicum  
1 maximum

25-35° C ' 25° C ■’ 25° C 25-35° C
_ _ _ _ _ _ _ _ _ _ _ _  jjtti VGllL ” --------

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
. 72 34.0 53.3 14.0 26.7
108 4.0 13.3 6.7 2.0
144 0 0 0 1.0

Total 93.3 89.3 84.0 93.0

10 36 51.3 46.7 53.3 54.0
72 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 27.3 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.
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Fig.3 -  Total Germination of Four Grasses as Affected by 
Osmotic Concentration of Germination Solution.



Germination of a ll the sp ec ies  except Pennisetum  ciliare  at 

the three m o istu re-stre ss  leve ls  of 5, 10, and 15 atm ospheres employed 

in the study was lower at the fir s t  count (after 36 hours) than at 0 

atm osphere, i .e .,  when there was no m oisture s tr e s s . Total germ ina­

tion of a ll four sp ec ies  under no s tr e s s  was not sign ificantly  higher 

than at a s tr e s s  of 5 and 10 atm ospheres. Total germ ination of E ragros- 

t is  curvula and Panicum maximum at 15 atm ospheres was not sign ifi­

cantly different from  germ ination under no s t r e s s . Germination of 

E ragrostis chlorom elas and Pennisetum  ciliare  at no s tr e s s  on the 

other hand was significantly higher than germination at 15 atm ospheres.

It w ill be noted from Table 5 and Figure 4 that under m oisture  

s tr e s s , germ ination of E ragrostis chlorom elas was higher than that of 

the other three sp ec ies . At a m oisture s tr e s s  equivalent to five atm os­

pheres, germ ination of a ll four sp ec ies  was high. At the high m oisture  

s tr e s s  of 15 atm ospheres, however, germ ination of a ll the g ra sses  used  

in the study was at a m inim um .

The effect of m oisture s tr e s s  on radicle and plumule elongation 

follow s a pattern sim ila r  to that on germ ination (Tables 6 and 7; F igs.

4, 5, 6, and 7). The higher the osm otic concentration of the D-m annitol 

solution the le s s  the elongation of both plumule and rad icle , i .e . ,  there  

was an inverse relationship between m oisture s tr e ss  and elongation of 

plumule and radicle.
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Table 6. Average plumule length of four grass sp ec ies  in D-m annitol 
solution 48 hours after planting.

Species '
Average plumule length at varying 

osm otic concentrations*
? 5 Atm. 10 Atm. 1 15 Atm.

E ragrostis chlorom elas 9.6 8.6 6.1

E ragrostis curvula 4.8 • 2.2 1.9

Pennisetum  ciliare 6.6 5.7 3.2

Panicum maximum 14.0 10.8 6.4

*
Average of 10 seed lin g s .
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Table 7. Average radicle length of four grass sp ec ies in D-mannitol 
solution 48 hours after planting.

Y
Species r

Average radicle length at varying 
osm otic concentrations

Y 5 Atm. ’ 10 Atm. ’ 15 Atm.

E ragrostis chlorom elas 11.6 8.1 6.1

E ragrostis curvula 7.7 4.2 3.1

Pennisetum  ciliare 24.4 10.7 8.1

Panicum maximum 14.9 11.8 6.4

*
Average of 10 seed lin gs.
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Figure 5. Initial growth of E ragrostis chlorom elas at 5, 10, and
15 atm ospheres.
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Figure 6. Initial growth of Pennisetum ciliare  at 5, 10 , and
15 atm ospheres.
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Figure 7. Initial growth of Panicum maximum at 5, 10, and
15 atmospheres.



D iscussion

Although it i s  i-ecognized that m oisture s tr e s s  resulting from  

inadequate so il m oisture and that resu lting from solutions of different 

osm otic concentrations are not physically--and may not be physiologi­

ca lly --id en tica l, both conditions presum ably do resu lt in a m oisture-
. - • - v . ' - -

deficient environment for germ inating se e d s . The germ ination resu lts  

obtained by subjecting seed s of the four g ra sse s  used in this study to 

varying concentrations of D-m annitol solution indicated a correlation  

between germ ination and osm otic concentration of the germ ination m ed­

ium. Although it is  possib le that factors other than m oisture availability  

may have been involved in part and correlated with the various osm otic  

p ressu res obtained, it appears significant to the m oisture- s tr e ss  th esis  

that every sp ec ies showed a reduction in total germ ination with every  

increase in osm otic concentration of the solution. Thus, d istilled  water, 

which was used as a check, provided the best m o istu re -stre ss  condition 

for a ll of the g r a sse s , while an osm otic concentration equivalent to 15 

atm ospheres provided the poorest conditions. Even at th is concentra­

tion, however, the final germ ination of none of the sp bcies fe ll below  

50 percent. . V -Vv

. Although a concentration of 15 atm ospheres is  equivalent to a  

wilting-point m oisture s tr e s s , the seed s obviously w ere able to imbibe 

enough water even at th is level to germ inate. However, germ ination is  

one thing; establishm ent another . And, although the study was not



continued long enough to determ ine whether the seed lings would survive  

at any of the concentrations tested , the marked reduction in both plu­

mule and radicle length at the 15-atm osphere level appears to be c r it i­

cal. Little m ore than this can be said from  this lim ited study, but 

longer tim e te s ts  should provide additional information on survival.



SUMMARY

The germ ination of four introduced African g r a sse s , Boer love-  

grass (E ragrostis chlorom elas) , weeping lovegrass (E ragrostis curvula) , 

huff e l grass (Pennisetum  c iliare ) , and Guinea grass (Panicum maximum) 

was tested  under a variety of tem perature and m oisture - s tr e s s  lev e ls . 

Prelim inary te s ts  indicated that satisfactory  germ ination could be 

obtained with untreated caryopses of E ragrostis chlorom elas and 

E ragrostis curvula. Pennisetum  c ilia re  would not germ inate sa tisfa c ­

torily  un less both the lem m a and palea w ere left on the seed , the P ani­

cum maximum required scarification  (without rem oving the husk) in 

90-percent sulphuric acid for 15 m inutes before planting.

The effects of tem perature on germ ination w ere studied em ploy­

ing five constant tem peratures of 15°, 25°, 35°, 45°, and 55° and four 

alternating tem peratures of 15-25°, 25-35°, 35-45°, and 45-55°. With 

the latter, the lower tem perature represented night tem peratures and 

the higher tem peratures day tem peratures. Night tem peratures were  

maintained for 16 hours and day tem peratures for eight hours.

The effect of m oisture s tr e s s  on rate of germ ination and growth 

m easured by the rate of plumule and radicle elongation was studied

45
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using three concentrations of D-m annitol solution at 5, 10, and 

15 atm ospheres.

The resu lts of the tests  on the effects of various tem peratures 

on germ ination indicated that high tem peratures prevented germination. 

At the alternating tem peratures of 45-55° and the constant tem perature  

of 55°, none of the four grass sp ec ies germ inated. This presumably 

was due to the fact that the seed s w ere killed  at these two tem peratures. 

The low tem perature of 15° slowed down in itial response to germination  

in a ll the four sp ec ies  and adversely  affected total germ ination in 

Pennisetum  ciliare  and Panicum m axim um . Enzyme activation was 

presumably lower and the rate of physico-chem ical reactions were 

slow er at th is tem perature than at the other tem peratures used in the 

te s ts .

Optimum tem peratures for germ ination of a ll sp ec ies  were 

between the range of 25 and 35°. E ragrostis chlorom elas and Panicum  

maximum germ inated b est at the alternating tem perature of 25-35°; 

E ragrostis curvula and Pennisetum  c ilia re  at the constant tem perature  

of 25°. At these tem peratures it would seem  that there was a maximum  

acceleration of physico-chem ical reactions without enzyme inactivation  

or killing of the seed s.

The study of germ ination and early growth at the three m o is-  

tu r e -s tr e ss  leve ls  employed in the study indicated that there was an



inverse relationship between m oisture s tr e s s  and rate of germination  

and growth. The higher the m oisture s tr e s s  the lower the rate of 

germ ination and elongation of the plumule and radicle.
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