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Studics in méa&:gaxminaﬁiwn in gha~qenué_ﬁi¢aﬁiana; L M&, M. Hossnive

Sampary:

Liqht and temparatux& requiremanta Qf dllfexann ﬁeﬂd sanpl@a mﬁ the -
genua Niqotiana obtained fxom various’ sources ware 1uvestigatea.

rreshly harveated tobacco seeds qarminared in the yxasanaa of lzqht ‘At

RoeQ and at’ hiqh temparatuxﬁ EBO'C) 11ght was not able to promota ggrmlnatian.

s

01d sead anmpleg showad a hlgh paxaantaga off gexmination in tht daxk and

- - thelr {‘;ea.‘minai;iml bcacmm light ‘dcaprmﬁr&m; at 3?5’63. In a socd ‘sar't,ple whera

high Lanpexature rudueaﬁ darh gexminatian, 1ow temperatura yre~txeatments .

alonq with O

3 soluﬁiwn inereaspd daxk qerninacian 1ignt}y,, »'Vﬁ

xn'a&laameﬁ ﬁ&@g&@ﬁ:&iwht pxmmmuaﬁ gmrmiﬂatiﬂn. In somn‘cﬁﬁas Licht :
wés absolgﬁelf;nwc ary. Timm oF &Liainmﬂnt of ﬁa i laah senririvitv
WG Amund o he 24 hﬂb 0r Lhmx@wbwuL%. Pxommtimm or inhtbitian of qermination
by red oy farerad 1xcht depen&vé upon geed bhnlch snd Fimﬁ oﬁ imhmhiixun.

- Gibborellic mm»«ma) and a wixture of GR ., could inducs - aark
qerﬂination iﬁ light‘aénsiﬁivévtmhacca.5&@&8. '%Rmspansa af Slﬁ,é&&'nﬁw éaed
samplaa to various concentrations of %Lbharnlﬂin% WD vaxiabl».j SLY wvas
found much xR c»[’f*er't,ivc in :E,nmxc.'irxrg ::}m*}s. cra,x.minat‘icm At low ::mncmﬂ rasion
(ﬁ A2 mg/ml)a- fiuatin o lﬂwﬁﬂ PR “aiIGﬁ R 2 inauvv darh guxmination in
typlonl phﬂtohzaqtic sna&s. . o

© Low tamymxaﬁur@'pmamtraatmeﬁﬁs along with GA, at 10"?3 had gome

3
delntavious effaects on scedlings.

Light requivenent in tobaceo seedn could not he ovarcome by sced goat

‘troatments,  But mhyﬁiaally éx chéﬁically injured sceds germinétad better

$n daxk when trﬂdt&d with 107 M'fas rhan-unﬁraatea a&nﬁé.

Certain ohemiual cgmyounds iﬂcluﬂing cyaniﬁaa aoula stimalate darh -

germination in old seed samples. - J¥n treahly*harvasted seeds these clioricals

failed to stimulaté’gaxm&néﬁiﬁn in dark. -

.' H. gggacum seeds coliugh@d from the capsules of different stages of



pene.,s snmm-d raim:@, 1ight sansiti.v:lty and &enrea oﬁ éiomancy imeiiiately

: af-t;ex laams’c. aome planta pmducad aeeply domant saeaa which aig mt
“respond in gexmiaatlon taats. j’f; | _

- mﬁvnlmpinq aapsulea mx ulanra in which 1eaves ware shauau with riﬁomom&-
.filtem of ai?ﬁ,mnt spactral aompoaitian. pmducaa se&da vaxyizm in t’nair
'_oaaactty to g«rminate. Wlanta in which leaves wexra covered with daep rud ‘

_ ﬁmmvaoiﬁ f:!." tars m:. time of seeﬁ maturation gava heavier meds wi.ﬂl typ:lcnl )
light qamiuviw. uﬁﬂﬁﬁ mtureci on vlam:s uncier shoxt—~:1ay (B hrs}
f.:mm,ments aﬁt@r f:‘ui.l. i‘lowering nhmmcl ught ﬁa;pendoncy fox theiz: qmna.x.mtion.
Longﬂaay saads uhowad qreater resyon-e to 1ight ah 30'%.

' It apaem:ec% tha,t uqht controlle& iiormam;f in Ho tahacum c:oulai pmam:}.y ,
be mnimmtoa by r‘hmwjins; piwt:oparim’ls aml/or Hwhi* gquality nmumi moi.}mr

plants du an unvd ma Luxation..w S
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SEUDTES  TW O SEED GERMIRATION W IN  NIGOWIANA

Inbroduction and review of the literature

The soed is o simple product of the development of the ovuloe
after fertilization. Fertllization atimulates the growvih of frait,
the embryo and thas mffgn&aﬁpmrma But we have v&ry Little knowledge
of the physiology of éheae aarly wltages of development. However,
nost cultivmted and wild planip arce normally propagated from seed
and, therefore, it constitutes an imporbtant plant part to the seod
grovers and wodern secd tewehnologlsisc. .

Hicotinna producas va&y anall seeds with roupgh retioculste seed
coati. seed sime nay vary acscording vo voawdieby (Avery, 1933). In
1921 Kondo (Avery, 1933) roportod that tobacco secd aversge 0.75 mme
long, 093 ma, broad and 0.47 ww. talek, a thouvpand woighing 0.08 guse
Tobaceo seed cont conslsts of (1) epldermis, (1i) ouber sezed coatb,
{iid) dnner meed coat (Avery, 1933). After wmebturity the ouber thin

Fhe .
wall foprns the weticulate appeorance of the se@d.{iinner vall ia
double layerod and its eells are cubinized and slightly lignified.
TR
sendospern consisbs of threo to fivo layers of thiek walled cells
rich 1n aleurcone and oil droplets (Avery, 1933).

A seed 1o judged by 1is goermiunabtion capabiliby &ﬁd 3@ﬂdiing
vigour. & aeced bears an embryonic plant, and germination ig the
resunptlon of growth of the subeyo and its development lnto an

independent seodling (Pooleet al., 1956), sSeveral biological

activitios oconr hafore complets germination of the seede. The



o

exact order df the varions physiologilical sbteps dnvolved in the process
of germination-is not ¢lear, However, in a favourable environment

it is1believed thdh during the prccéas of germination mobilization

of reserve food materials ﬁay be continued. This mobilization of

the food materials largely depends upon the chemical nature of the
reserve food materials in the sced. |

It has been pointed out that small seed like tobacco contain
very little food reserveé (Kincaid, 19353 Wells, 1959), which limits
the successful germination of the seed in absence of certain additional
factors such as light during germinalion.

From extensive studies (Ilin, 19343 MHcCormick, 19323 Giovannozzie
Seymannl gt ale, 19565 Abdoh & Haffissi, 1963) it is revealed that
tobacco seed contains an abundance of protein, fat and a small amount

Wada & Yamagalkd, 19579

of sugar but no stareh is present in the seed (Waday, 1957 . Analybtical
Abdoh & Naffissi, 19635 sermanntetal

.

studies ( A .. _} Glovannossis, 1956) showed that in mature tobacco
seed & number of amino acids do@s exist. However, if is not clear
how the reserve food materiais could limit the successful germination
in tobacco geced because germination could be @reventad by othey
physiologloal blockages.

‘One of the important problems relating to seed germination is
the Fallure of viable ssed to gefminate when all the conditions necessa
for germination are fulfilled. Thigs faillure may be due to some exberna
factor such ag molsbture, gésegq temperature, light, cltc., or it
may be due to ianternal factors within the geed itself,. According

to Crocker (1916) dormancy of seeds may be due to the inhibition



\

of one or more procesées before, during or after germination. Due
to lack of éstablished criteria, the term "dormancy” in seed is
nisleading and confusing (Koll€r, 19553 Roberts 1972).

Dormancy iq'a seed may be biologlcally and ecologieally important
for the seed itself iﬁ spreading or delaying germination until
favourable conditions exist in nature (Koller, 19553 Baskin & Baskin,
19705 1971 and 1972). The period of dormancy is very variable from
plant to plant., Dormancy soon after harveslt may be & special adapitatio:
for the seed so that they can pass tﬁrough a long unfavourable wetiing
and'drying period during summer (Baskin & Baskin, 1972).

In nature we find two typés pf dormancy (i) Primary,

(1i) Secondary or induced dopmancy, Primary dormancy is very common
in freshly harvested seeds and secondary dormancy may appear in the
geed if they are held imbibed in a condition unfavourable for
germination. However, these are general observabions in this field
of study. In some cases dormancy in the seeds produced by a single
plant is very variable and confusing. As, for example, upper and
lower seed of Xanthium Pennsylvanicum (Wareing & Foda, 1957) and

.o

wild oat may show different degree of dormancy (Thurston, 1953%; Morgan

& Berrie, 1970). The reason-for such variation is not clear and
it needs further investigation.

Causes of dormancy result\from a number of complex sequencess
Common causes are (1) seed coals ilmpermeable to water and/or gases;
(2) condition oxiaﬁs in the embryo itself; (3) presence of inhibitors

in the embryryo or surrounding tissues. A number of lilies, such as



Lilium auratum, Lilium Jjaponicum, Lilium superbum, etc. (Barton 6 1965)

shows epicotyl dormancys In those caseéf;boﬁ extension occurgmiaﬁ
normal = temperaturesbut shoots fail to grow. The partially germinated
seeds could be gliven low temperature treatment for a short period
of time to break the epicotyl dormaney. OQOther . _ faclors could
be involved in inducing dormancy. These may be partly genetic and
probably also - " - ;7 to weather conditions or environment around
the mother plants during or after maturation of seeds. However,
we shall try to discuss it in brief in the relevant seciion,

Dormancy in Nicotlana seed has been studied by a number of authors.
Burk (1957) reported that under normal conditions the seed of Nicotiana
germinate immediately after harvest, .But he pointed out that N, gossii
and otheyx spgtggéigktend$ﬁormancy period. Moorthi & Moss (1969)
tested the germination ééhaviour of about 40 species of tobacco seed
and reported that some seceds showeq:high percentage of germination
after two months' storage. Some took four months. But in the variety
"Dixie shade" dormancy extended year after year although they were
viable. They have presumed thab A 1 germination inhibitor could
be inveolved in dormant seed. But so far nothing about the nature
of sucﬁf;nhibitor or promotor in tobacco seed has been reported.

The peed coat sometimes is of considerable physiological importance
because it may be the cause of dormanéy, 'Seed coalt dormancy has
been exﬁlained in a number of ways. The factors associated with

' M/N

seed coat may be impermeability to water,\oxygen, or mechanical

resistance to the embryo (Crocker, 1906), or it may prevent leaching



of inhibitor from bthe embryo or endosperm (Wareing & Foda, 1957).

: rove 0F :
But recent studies in this direction showed that above factors may

not be the cauvse of dormancye.

Born & Coprns (1958) studied the seeds of some noxious weeds eq,

Fagopyrum tartarieﬁm,-and_they~came to the conclusion that dormancy

in these seed may nct be due to one single factor, because removal

the

of seed coab bringu about only a small increase 1nhpcroentage of
germination. It has been found - that though seed coabs may be permeable

to water (Crocker, 19063 Roberis, 1961) the seed may remain'darmant.

e T AT T VR A g St 5
o - - — P

‘Other factors may be involved in controlllng germination of

Striga lutea (GBgley, 1972) and Stachys alpina (Pinfield et al., 1972).

In the former species increasing the oxygen tension or CO, pressure

2
did not improve germination though the seed coat is permeable to these
gasess 1In these semi-parasites germination is dependent on the presen

of root exudato from Lhe host plante.

—

NowWaﬂdays a number of studies has been made to establish a
relationship between'garmination inhibitors; seed coat and dormancy.
The presence of a germination inhibitor could form a physiological
block which is the cause of dormancy ln many &eeds.. Some walter soluble
growth 3nh1bxt0rsapecxxlc to the seed are found to occur in upper
and lover seed of Xanthium (Wareing & Foda, 1957). During storage

some changes ogcur in seed coabt, and entrance of OP could break down

the inhibitor in Xanthiwm.
Presence of inhibitors has been reported from many seeds, a

few of them ave oat (Bléck, 1959), Lovell peach (Lipe, 1966), %ﬁdney



beans (Puszbai, 1972) s Removal of,secd coat or removal of inhibitor

. s . o @
may allow seed Lo germinate, Dormin (abscisic acld)s naturally
: : f
I
occurring compound, is known to regulate dormancy ih Rosa arvensis

(Jackson, 1966) and in Lovell peach secd (Lipe, 1966),6\Similar

1

n _ « LA s -
compound alse reported from Prunus domestioca (Lin and Boe, 1972).

However, known inhibitors present in the seed are ammonia, hydrogen
cyanide, ethylene, essential oils, mustard oil, alcoloids, unsaturated
’ - ’, L3 . v » »

lactones (such as coumarin), phenolic acids (cénnamic, caffeic) and

;
brypsin inhibitor (Bvenari, 1949; Wareing, 1965; pusztai, 1972).
But whether these inhibitors influence the process of germination
or inhibit the. different subsequent phases of development is not

clears, Very little is known about the presence of inhibitors in

the seed of N. tabacum, but it is reported that some water extractable

inhibitor could be extracted from old seeds of N, rustica (Jcarascia,

1957) «

Very recently it has been suggested that in Acer pseudoplatanug

(Webb & Wareing, 1972), oxygen uptake, wabter upbake, mechanical
resistance to the embryo and presence of germination inhibitor in
the testa vere not reaponsible for dormancy immediately ﬁostmharvestg
HL . P a * C ‘v
Aestriction of outward diffusion of germination inhibiter, present
vin the embryo, through the testd constitutegs block which is the
cause of this dormancy. |

Germination of a wide range of species is governed by light.
It may either promote oxdnhibit. The question of light requirement

has been the subject of studies for mahy years. Caspary in 1860



was the first botanist who observed the heneficial influence of light

in seed germination (Gardner, 1921). Photo~inhibition of seed

germin&tion'waﬂ firat reported in 1904 by Heinricher. Tobacco seed

is known to be light sensitive, which was veported by Raciborski

in 1900, Since then different auvthors have studied the light require-

ment in tobacco seed germination: But differences 0F opinion regarding

the light sensitivity of different vérieﬁie& of tobaceco still ecxist.
Goodspéed in 1919 examined critically‘the light sensitivity

of several types of ltobacco seed and came to the conclusion that

five representative types of N. tabacum and of five varietics of

No vustica germinated well in the dark, He, however, noticed that

gseeds from six to twelve yeors old T showédﬁlaw:%arcenﬁage Sf
germination in darkness.

Gardner (1921) found ~that s0Me } 4ohaceo seed were light sensitive
Johnson gt al. (1930) made an extensive study and found that as a
matter of fact tobacco seed does not require any "after-ripening!
periods It can germinate as soon as it is ripes. They, howevery

v
passed the opinlon that tﬂe relation between light and tobacco seed
germination ds complicated and not-well understood, and, therefore,
. 1 Light
it is better to expose the seedﬁ§uring germination.

The photoblastism in §i39tiéna attracted the atbention of
geneticistss As Far back as in 1926 Hoﬁning stated that light
requirement for the germination of tobacco seed is controlled by

some gonetic factors, He considered that lighteneeding character

is dominant over light-~indifferent. Labter on he, however, came to



the conclusion that light vequirement for germination in tobaceo
is not universal (Honning, 1928, 1930, 1946),
Kasperbauer (1968) actually confirmed the findings of Honning.

He studied the seed of N, tabacum from self- and cross-pollinated

plants. However, he feund'that all seceds were light-sensitive atl
the time of hérvest.‘ Seed become more and more light-indifferent
during stovage.

The basgic idea of genetic control of light sensitivity in tobacco
may be disputed  because of the fact that development of dormancy
determired by the __ i enviraﬁment in which the seed matures (Horgan
& Berrie, 1970). Our knowledge relating to genotype, physiology
and development is very limited and 1t needs further investigatlon,

Further investigations have been made in tobacco seed germination.
It is believed that maximum and minimum values of light sensitivity
depends upon strain and after-ripening of the sced (Isikawa, 1953).
Lightmr@quiring tObaéaﬁ seeds aré known to be stimulated by brief
exposure to light (Kincaid, 19354 Igikawa, 1952),.

Since the discovery of phytochrome it is believed that phytochrome
controls germination in a number.of seed. When the seed is illuminated
at 660 nm phytochrome present in the seed is converted into alternative
form (Pfr) which promotes germination, Exposure Lo longer wavelength
(730 nm) converts the pigment into original form (Pr) which possibly
could be thoughﬁ‘to-act'in.an inhibitory capacity rather than Pfr
being promotive. |

The observabions of FPlint and McAllister in 1935 and 193%7 were



confirmed in lettuce seed (Borthwickf?ﬂﬁﬁﬂn However, phytochronme

mnediated germination in different seed is very variablé.ﬁ‘ﬁrue reversik
reaction may not be found in all seed lots, . Some seed may

it is considered that light stdill plays a role in their germination
(Borthwickﬁf%952)» It has been observed that dark germination of
certain varieties of tomato can be halted by farwred irradiation

and it can again be promoted by red irr&diation; depending upon variety
(Mancinelli et al., 1966),. Long or short exposure to far-red is
required before this phenomenon is manifest. Here also germination
can be sald to be controlled by phytochromea.

In recent studies Taylorson (1972) observed that seeds of six
veed speoies buried for six mbnths.in the field became light sensitive,
whereas they were~ungermin@ablé'before burial. He suggested that
during burial there might be . changed in phytochrome
which are responsible for the seasonal variation in light-sensitive
seeds. However, phyﬁmchrome mediated govmination is wvery complicated
-and how changes in total phytochrome tﬁkg place is not clear. It
is also veportéd that to get full expression of phytochrome control

of germination dehydration of the pigment is necessary in Amaranthus

retroflexus (Taylorson & Hendricks, 1972).

In 1light sensitive seeds llke Lamium ampléxicaule (henbit) (Jones

& Bailey, 1956), Nemophila (Black & Vareing, 1957) normal light may
prevent the seeds from germinating.

In tobacco seed it is claimed that typical reversible phytochrome



'w,j%oﬁw

action could be obtained only when the uee&o are ooaked 1ﬁ hiﬁ@ttn
{Ogavara & Ono, 1961) . ﬁanpcrbauer (1968) praponed Lhat Lhe.¢*-r
permination of 1ig htwrequ&rnng tobacco $eed i contro]lcd bv
phytachromog Hounver, hc oould not offer anV oxplanatlon how the
Tight requirgment inycerﬁain'tobaccoﬁseed i byﬁpaS$édiduring'égérageo
One of the . QOuu 1bild iieaAhe‘meﬁfioned that_durihé:étérﬁée‘f‘ |

phytochroms in the lig hLmnud1f10LenL N« tabacﬁm.seed b come caqu

of attalnxnb %ho biologically dCLlVO form durmng rehvdvaLlon wmthoui
@quspre_tO‘llgha¢ VOﬂy recently Holdmwnrth (1979) feporLcd uhaL dﬂ.;
 hé bﬁsefvéd trﬁé phytcchrome reversible ruﬂctzon in ”ﬂoluon Vlrglnld“
;Lypo tobacco during’ flrst day‘imbib tion, when Lho @armmd of
Lmblblblou is lncroased the.ééeds hecomne xndeferent to red and whaL
“he called;de@p'red,light. Isikawa (1961);has éuggestdd thatxphytpchn?:
0ybt9m noodu repeated aneuLLgatlon Because Lho LnLnractlon DOuueen‘
Light and tomparuhura treatmont av% more oompllcated,

It has-bee ag&e ted by some auhhors thaL in 1iﬁhtmréqﬁi;iﬁg
seed geymination may be prevenuod by gome block of reap1rat¢un 
(Bvenari el ale, 1955). This bermmnatlon block could bc OVer”WG
by light. Kipp in 1929 (Tooley. et ale, 1956) found that in tle dafkg
reﬁpiration“of tobacom,aaéé decreased gradually aftgx imbibitiop
is completed. MHowever, 4f the- fully imbibed ﬁobacco=sébﬂs”éfe exposed
tqvlight respiration again inoreaég@; Powell (1998) a ac veported
‘that ae?obic conditions are requirea‘durlng imbibition of phbﬁqblastiﬁ
tobacco seed in ovder to respond to light. The fﬁsulta“ﬁf Pﬁwéiiw

and Kipp with tobacco seed do not agree with sarlier reporﬁrdf-ﬁieser\

-t
-




in 1927 (Bvenari, 1965). Because he (Wieser) has demonstrated that
tobacco meeds imbibed in an oxygénmfree atmosphere for several hours
(69 hours) when irradiated and transferred to air, germinated well.

In fact light is known to control many other biological processes
such as floweidns, photoperiodism, growbth, etcs, and in lighterequiring
germination process actual nmechanism 6f photoreceptive mystems and
reactions invoived are still obscure.

In a number of cases sced coat dormancy can be broken by physical
and chemical treatments. A few of them ave Prosopis (Khudairi, 1956),
0nt (- _. PR = 18

at (Black, 1959), Stachys alpina (Pinfield 1972), Acer saccarum

: Ospena & Flebchor, 1972
(ebb & Dumbrefs, 1969), Asclepias syriaca ( . a ). In all

cases seed coabtsplay an important part in controlling germination.
Removal , puncturing, chemical scarification, etcniigraakAaeed coat
dormancy. In othér‘ca&es germination inhibitors are found to occur
within the sced when they are dormant. In all cases removal of
inhibitors or changes in seed coat may perinit seed to pgerminate
(Wareing & TFoda, ﬂ9§7; Black, 1999), Some authors have supgested
that chemical acari?icatidn may help to remove seed coat dormancy
by removing inhibitors from the seed or seed coalt (Koller & Negpi,

19595 Bhat & Dhar, 1971). In Acer ginnala (Dumbroff & Hebb, 1970)

and Asclepias syriaca (Oegema & Fletcher, 1972) stratification could
- oL~

remnove seed coat dormancy, In some parasitic anglospermgfstimulant

from the root exudates may break seed coat dormancy (Zgley, 1972).

However, dormancy in those seed may nobt be due to one single factor

as light may be required aiter seed coat treatment in Cyperuvs inflexus



(Baskin & Baskin, 1971)«

Difforent seeds have different rauges of temgaraﬁure within
which they can germinate. - Peeds, particularl& freshly harvested
seeds, of many plants show a sharp inhibition of germinetion with
the rise of temperature. This inhibition can be nepgated by light,
alternate temperature, stratification, storage, etca

The cardinal temperaturesfor the germlination of Florida cigar
vrapper Lobacco seeds are approximately 100,:24Q“and §4OC (Kincaid,
1935) s  Powell .(1658) reported that in @ml@c&@n MHarvest tobacco no
germination occurred ab 3000 both in dmfk and light. 1t appears
that temperature riynge varies from vavrlety to vgriety.

Alﬁernahbﬁtemperature may have some. influence in breaking dormancy,
Regponﬁes of some seeds to Light during germination could be altered

by brief alternating tewperatures (Harringlon, 1923 Berrie, 1966).

In Poa prabensis (Toole & Borthwick, 1970) certain temperature alterabic
could substitute light requirement. Kincaid (1935) found that daily
alteration of moderately-higﬁ temperature could impvove tobacco sesed

germination. In some seeds, e.g. Digitaria (Toole & Toole, 1941)

and Polysmonum amphibium (Jﬁstice,'19h4) low or alternabingtemperature
may be & pre~requisite condition before any treatment. It appears
that alternating temperature is more favourable bthan that of constant
temperature in promcting'germinatiog. But Alcorm & Kurtz in 1959

(Bvenari, 1965) reported that Carnegia gleantia germinabe better at

constant temperabture thon at alternating temperature if the seceds

are irradiated.



In another approach cold treatnents or stratification have heen
found very effective 1ln breakinpg dormancy. Stratification is knoun

to increase germination in total darkness in Pinus taeda and Pinus

sbrobus, and stratificd aeced responded to phytochrome activation({Toole

AR

gb ales 1962).

Elsholtzla seed require certain periqd of cold tresgtment afiter
irradiation (Isikewa & ILshikawa, 1960). Birch seeds are known to
show pholoperiodic response at lower temperaturce. But chilled seed
did not require light for germination (Black & Wareing, 1955). It
is also found that celd treatment sometimes bring about germination
at high temperature. |

Novu~a~days it has been demonsitrated that some germinabion

regulating substances are produced during stratificabion.
A

L beriod of stratification increased ¥R cytokinin level Ager saccharum

(Webb el alsy 19733 Staden et aley 1972). “In wheat stralification
may increase RNA ase activity in the seed. IT appears bthat stratific-
ation brings about changes in growth hormone for the removal of
dormancy (Webb Qﬁ'g%,,.19?3) or doxmancy in unstratified seed may

be controlled by inhibitor~promotor complex in Ambrosia artemissiifolia

(Willemsen & Rice;g1972) and in Asclepias syriaoca (Oegema & Fletcher,
1972) . |

Tt has been reported that , light requirement in lettuce could
be replaced by treating the seéds with Sulphur-cdntaining compounds
(Thompson & Kogamglﬂ93é)¢' ﬁobérts (1963a & 1964) has demonstrated

that germination of dormant rice seed could be stimulated by some



nitrogenous compounds and a number of respiratory inhibitors could
also bring ébout avmarted stinulatory effect on the breaking of
dopxmancy of rice and othov scedse Very recanbiy Hendricls & Taylorson
(1972) have tested o number of chemicals including some respivatory
inhibitors. They have claimed that almost ali of these chemicals
Btimulaéed dark germination in lettuce. Bub Baskin & Baskin (1971)

, : @
found that no chemical compounds could substitute, light requirement

in dormant Gyporusuinﬁéxus'seed.

Some nitrogenous compounds are known to be effective promotors
of germination of photoblastic seed (Loole el alwy 1956). Bub there
i a lét of contradiQtion-régmrding the dark germinability of tobacco
seed in presence of partidular cﬁemiqgl dbmpoundé, Iﬁiioéal dapanese
variebly "Bright yellow' nitrogenous cbmpouﬁds are reported to Intensify
the efflect of GA to éAgramt-extent whén wixed togebher (Hashimoto,
19508) » lThe,author'suggestedxthat nitrogenous compounds, ag with
GA or 1ight,in some way were,@nvolved in the complebion of some
necessary phyaiolagical prééeas@s.

Yamakifkq961) ﬁfopoaed that dark germination in tobacco seed
iz induced by two different ways (i) the seedS‘neéd both GA or GA-like
substonces and other compounds, @ (il) need only GA or GA-lilke

an

substances. In the flrst case peidic medium is favourable, He also
claimed that ammohiﬁm-malate or tavbarate alone-could induce dark
germination in tobacco and only glutamic acid at 4.7 to 5.5 pH ranges
was effective in bringing ahout dark germination.

Inorganic phosphate along with GA, could induce dark germination

5



in tobacco seed (Hashimoto & Yamaki, 1962), The authors assumed
that phosphate may help in the uptake of €arbozylic acid in the seeds
However, discriminating behaviour of phosphate promoting only GA§
induced germination is qulte interesting and it needs further
explanation,

From available information in literalture it is quibe clear that

_ ever W o1

gibberellin can overcome induced or natural or onsel.dermancy in

oat (Black & Naylor, 19593 Hay, 1968) and other sceds. It can nepate

thermodormancy in lettuce and Iepidium virpinicum seed (Kahn, 19603

Toole & Cathey, 1961). GA§ could also reduce. critical day-length
for germination in Begonia ﬁggﬁgiggg (Hagao gt alsy 1959), Guayule
(Hammond, 1959), and overcome chilling requirement in peach (Gray,
1958). There are evidences that GA.like substanceas are found to

oceur in developing apricot frulit (Jackson, 1966) or level of GA-like

subgtances markedly increased during germination in Persea americana
(Leshen et al., 1973)o Hawéver, GA cannot overcome dormancy in intact
seeds of plum (Lin & Boe, 1972), or the effect of prolonged far-red
irpadiation in lebttuce (Bﬁfﬂ@ttg 1972) ; and thé action of(Gﬁ3 in

Ledun seed.may be partly roeduced at’lqwéx temperature (Juntiila, 1972).

Ogawara & Ono (1961) demonstrated that GA, was very effeclive

3
in inducing dark germination in tobacco vhen the concentration is

comparatively high. - The rate of germination increased with increased
concentration of Gﬁgh Gﬂﬁ is also known to be synergletlic with light

or when used in combination with other chemlcals such as KN03 and

kinetine. HKinetin or XNO. alone failed to bring about germination

3



in dark (Ogawara & Ono, 1961)., But Hashimoto (1961) while working

with N. tabacum var. Bright yellow" did not agree with the observation
of Ggéwara and Ono and Kinetin has been shown to be efifective in
inducing dark germination in tobacco seed.

Othér ¢h@micala afe also known tp break dormancy and few of
them are thiourea in peach (Tukey & Carlson, 1945), in lebtuce
(Thompson & Kosar, 1939), malonic acid, succinic acid (Simmonds &
Simpsén,'4972),nand ebhylene in lettuce (Negim et al., 1972).

Freh all this Infermation it appears that light reguirement
of'yoaitiv@ly photoblastic seed could be replaced by treating the
seeds with cerbtain chemicals. But in a number of studies it appears
doubtful A%r’ they eould fully substitute for light requirement.

From the works of diffevent authors iﬁ‘ig revealed that conditlions
und@? which seed are produced may have some influence in their
subsequent germinability. Environmental factors around the mother
plant such as pholtoperiodic wpatbern, colour of light, temperature,
seogonal variations, etcs, may inlluence the development of seed.
These factors influence so greatly that some plants with the same
genétiqal constituent when grown in diffevent envirounmental conditionsg
apgaar:ﬁo be distantly wrelated.

_ ) _ e -

Morley (1958) found thatﬁgegree of dormancy in subtervancan

A ‘ Tt '
clover was highly heritables Bul_ author has agreed that many other
factors including énvi:onmenﬁal fgctors affect parent plant-in the
production of dormant seed in c¢lover which needs further investigation.

Seasonal variation or place of origin of seed may have some



influence on the degree of dormancys MeWilliams gt al.,(1968) found
that sceds from northern population of UQSQA.‘Showeétﬁighar percentage
of gerwination at 20°¢ ﬁhan“thaﬁ of Southern population$. Allessio
(1969) pointed out that variability of degree of dormancy in Bistort
soed lota cellectea from pame slte in different seasgonsmay be due

to eﬁviranmenﬁal‘premcbnditioning via mother plant. It has also

been claimed that seeds from drier parts showed greater dormancy

in Amaranthua'reﬁrmfidxqq.(McWilliams et al., 1968),

Tt is also important to note %h&f-lighﬁ along with temperature,
moisture pﬁ humidity_oakgtiﬁmte important factors in the envirohment
of a developing plantg’flﬁ'iﬁ evident that some environmental factors
couid alter in a ﬂumbe@'of ﬁ@eds%heir*degree of dormancy, impermeability
and éualitﬁa |

It has also beéﬁ reported by . a pumber of suwthoirs that mother
plants grown under different phobtoperiods and tampérature regines
produced secds of variable germination quality. In "Graand Repidh
lettuce qualit& seed could be obtainsd vwhen seeds are matured under
high temperature and short photoperiod, Seed maturcd under high
temperabure or continmouﬁ light increasmed temperabure bolerance of
sced gepmination both in'darﬁ and light (Koller, 1962). In Rosa,
when mother plants are subjected to high temperature and light a
marked reduction in dovrmancy could be obbalned as compared with
field grown contrel (von Abrams & Hand, 1956).

Photoperiod during the wmaturation of aeed;may be an important

factor in determining the degree of dormency. Lona in 1947 (Barton)



hes shown that in (henopodium amaranticoler grown in long-day conditiox

produced dormant seed whereas seed havvested under short-day were

non-dormant. In Qnonis secula, seed produceaion short-day treated

plants have seed coabts which are more permeable to waler than seeds

produced on longwday‘treat@d plantﬁ.(ﬁvenari et al., 1966),
Karssen (1970} has investigated the influence of short-day,

long day and shori-day with an interruption of one hour red Llight

on Tthe induction of dormancy in Chenopodinm album;, ‘The seed collected
from plants which were grown under‘lmnguday-or-&hortmﬁay with;one
hour red light showedzﬁigher'degreé bf dormancy after hgrveat, But
 plants which received ahorhﬁday gonaiﬁimna,duringﬁ}aat Qeriod of their
life’cycle'broduded négw&crmaut seeds. He éreéﬁméd;khat theadifferont
¢ffect of photopéribd“@n the inductianiaf dormén&y-is ﬁarﬁly-regulat@d
by phytéchroma and parbly by photosynthetic activity of the plants.

it appeara.that photo@éribd{ light qualitﬁuand-temp@raﬁure'play
an iwmportani ré;evin the procééé of s&ed‘develdpment;fgible of light

around. the seed envirdnment may be important from

ans s .
Apcologlcal-pomnt

of view. As for-example‘ggrminahion-of Light sengitive seed may be
inhibited by 1ightfpas$ing thraugh green vegetation due to R/FR ré%ic
of the light (Cummiﬁg, @963)Q Furﬁhef investigation to kuow more
abeut the influence of different spechra. during maturation or
gerwination may have some ccological importance in shaded areas.

It appearS'from the revicew of Literature that in certain tobacco

ad.
seed, germination is blocked byﬁl@ghturequirement. - The gilbvberellin

induced dark germination in tobacco is quite ilnteresting becausc



replacement of light requirement by other chemicals is doubbful.

We have realised thot  causes of dormancy and method of breaking
it are of both physical and practical value. If the causes of dormancy
2re knbwn it could be possible to give proper treatment to break it
wvhich could assure prompt and uniform germination in order to pfoduce
uniforﬂ seedlingég

During our investigatlion we have tried to test the uniformity
of light senaitiviﬁy off different type of tobacco seced received from
various commercial source&.u Lighﬁmsensitivity was found very variable
in different meed lots at gifférent temperatures and &uring different
stages of dark imbibition.

Considering all the contradiction and confusion regarding the
dark induection of germination by chemicals, we havé used a number
of methods to look ét wvhether these chemicals could really replace
light requirement iu tobaccopsced. Soﬁ@‘regults have been discuﬁsed.

During our investigation it has been decided that development
of seod on parent plant unded ca%ﬁain 1lipght conditions and btheir
gubgequent germinability might'ﬁé important. Physiology of light~
sengltive tobacco méed harveéﬁeﬁ at different stapes of development
nay also-b@ dmportant in underatanding the wvariability of dormancy
encountered in seed lots. Although the basic principles or mechanism
of light requirenent in tobacco seed germination is not ¢lear, some

results have been -reported and discussed in this present investigation.



Materials and Methods

Ten types'of tobhaceco seeds, 3 cvs. of Nicotiana sffinis and 7 cve.

of N. Labacun obtained from "Thompson & Morgan (Ipswich), Ltd® and

"John Macffee, Seedsman, Palsley! were tested for their light

sensilivity. Freshly harvegted seeds of Nigotiana tabacum grown
J ¥ : , 8

during 1970 and 1971 ini%aﬁani¢ Garden énd Garscube Botanleal
Research ILunstitute gawrden wére also used in oup. experimenls,.
Immédiateiy after collection all the seed lots were stored at 4°C
until reqairéd-

The seeds were placed on 425 om petriflishes containing Whatman's

seed tesd papeﬁ“ﬁ.#.mm thick'maistén@d with 1 ml of deioniseﬁ watber
or tesbAsolutinnv Seeding was always,dogq under - green. safe light

in the dark room. Fﬁar'raplicateaiof 50 seeds each, unless otherwise
mentioned,; wvere placad'in iight tight aluminium cané to get complete
dayrkness immediately after sowing,

The germinationtt@sﬁs were carried out in temperature-controlled
incubators. The Lncubating temperatures used in different experiments
werel 1Dé; QOQ, 840{ 300 and ﬁEQC. in sbmg cases one half of the
duplieate‘was held in the dafknes&~in %haléans at a definitely
conﬁréllea‘ﬁemperature~athth@ seeds of the other half were expoged
to different light levels ﬁsﬁbéh'gr long) after beptaiﬁ desired periods
of dark incubation. In a namber of gaéga the seeds were exposed

to red light alpﬁé or .red ﬁollowé& by far-red in the sequence deploied



in the reievant 3@Gﬁioﬁ; In most of thé cases the seeds were baken
out from darvkuess and after light tre&tment they vere puﬁ into the
light-tight cans am&-feﬁﬁﬁn@d to oriéinél'%empefatureﬁvfﬁr final
germnination - |

Hechanical abrasion was trie&‘bytrubbiﬂg‘the seéds with fine
sandpaper. Jin mthe;»daseévthé seeda were pricked with the Aelp of
a sharp needle under ﬁicroécope after 2l hours dark imbibition.
Certain chenicals such as Hzﬁoa, HQOQQ sodium hypochloride (Domestos),
ethyl alcchol, petroleum ether, acetone, werc used as chemical means
of ﬁcarificatinn in 5reaking dormancy. Duratlon and other details
have been mentioned in the'appropria%é sectilonl.

Several organic and-inorganic compounds such as Gﬂ3, GA4+7 ’o
hinetin, thiourea, éoumariu,«KNOE, NaNOE, NaNOEQ HWdraxyi ammoniun
c¢hloride, Methyl hydrazine sulphate, Bydrazinium sulphate, Fotaasinm
ferricyanide, Eotaasiumlferrocyanidg,gpotassium azide, vere tested
in order to investigabte if they could full& replace light requirvement
in different batéhgs of light sengitive tobacco seeds. The stock
golutionsof the aboﬁe chemicals vere prepared before uses -In some
cages the stock solutions were kept at 4°¢ in & refrigerator and
used for experiments within two weeks. ' lNecessory dilubtions were
made from them immediately before use., ALl chemicalysolutions to
be tested were added to the seced test paper at the béginning of
incubation., The smeed test papérs soaked with deioniéed waler were
taken dag -control.

In another experiment the seedlings were raised from the sceds



of Nicotiana ﬁabaccﬁmvcfufﬁontcaln@.' Bmal;~$eedlinéswere plgnted

in the plastic pots qpntainiﬁg a mixture'df peat and soil. VThe plants
vere grown in é thermoét&tically_conkrollad growtli cabinet. Temperatur
in the growth cabiﬁ@t varied from 180 w 2206,‘ The plants ﬁere watered
fregquently ana fednwith,éommeréiél "Witafeed" nubtrient solubtion twice
in a week,

{Tﬁempgaﬁts in'ﬁh?'g?owing_yomm vere receiving artificial light
from warm_wbitéAéiéné or natural and warm white fluorescent tubes
throu@hoﬁﬁ‘

In éﬁe_éxperimént_ﬂhe plaﬁ%s vere grown under a'mixtur@lof nabural
and warm ﬁhite fluoreacént’light 18 héura in a day. In that case

capsules of,ﬁobaccé plants wépe harvested at different stoges

of devélapment‘afher anthesis and'thg éeedﬁfwere'used for studying
germinating bolaviour in davk and light. ‘Diagrams showing the position
of the capsules on ﬁhexinfioreécencea vere drawn and description
of the colour of the ;apmnleS¢.calyx7 were noted dowﬁ.

in &ll‘o%hef-exparimanhﬁ? plants in ﬁhe growth chamber received
13 hours warm white fluéresceht light from the very beginning and
all treatments given to the mother plants were started after full
flovering. Th@»flowéq‘and fruit bearing plants which vere receiving
short~day treatment, were taken to the growth cabinet at 9,00 a.n.
and returned to the dark_foom at 5400 pem. manvally every day.

In other cmsea-aiX'cénemeid Sheehs.of difforent colours, viza.
green, dark deep blueﬂ-dwep red, light blue, light red, and yellow

were chosen. They transmitted light of different spectral composition



inkone QXp@rimen#igame—amall boxes approximately 1.5 53 15 cm wide
and about 2 om higﬁ were built up mpt)éf deep blue and de@p red
cinemoid sheets. ﬁFull detai1s and deﬁigm of capping the capsules

at different stages of development with these boxes will be reported
in the relevant section. Gapsul@ﬁ open to white light throughout

and ﬁﬁose éavare&'with mlumxnium faml ware L%k@n a8 céngrole A study
was undertaken bo look at the gurmln&tman behaviour of Lhc saads
collected fromlall-th@'twe&ted:capsulesw |

In anathar cxnerlm@nt only- thc leaves m£ 6mf10wer1ng plants
were covered with 6wd1£fcronnly ealourud cyvemcid he@h&g but the.
inflorescencés boarxnﬁ the flnwefs wemaxnad exposed LQ wh 1tc 1lghb,
Only a limited numbeymaf developing capsules ~was 1@?% on the
inflovescences. "The eapsules collected for seed tests were fully
mature, &vyg'brown in golour and had starbed cracking at the tope.

The capsules frow all'éxparimeﬂts were removad f?om the plants, dried
for a few days in the iaboraﬁary'%han'thay vere stored ?y capsules
Jdn glass vials a%,ﬁgﬂ in a refyigerator until required for tests.

The &e?mmnnLiou tests were gar$i@d out as éuickly ag.possible from
the date of harvesting.

In all expermments, counts of percentage of germinaticn were
made with the aid of’a blnmcular macrascope at thm end of seven days
(unl@sa oth@rwias mentlou@d), All ﬁ@&ﬁs were vepeated at least twic@;
In the preiiminafy urvey of germlnatlon the amergence of radicle

was takan as; criter;on of uuceebﬁful germnination,
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(1)

(2)

(3)

- Light sources

Red light was obtained from a 12V 100W tungsten halogen lamp

 designed>to operate with the condenseér optics of a b cm x 5 cm

_ 511&0 projector. ,This projectorfwas.provided with a 20 cm-

water illter to remove ;ﬁfra«red radlaﬁLon emitted by the lamp
that was not wbsorbed by the heab absorb:ng filter of the
condenser:gnlt. 'The llght thus obtained was passed through an
interferénﬁe filter'madé*hyxﬁarr & Stroud. The chagacteriﬂtics
of the fi;fer-were as Tollowg:~ |
Maximﬁm_ﬁransmissioﬁ 656“hm;‘béﬂd width & nm, percentage
tréngmiésion aﬁ‘peék wavelengﬁh;60, second order |
tranam;& ylon removed by optlc&l filter. This gavd
a radiant flux?ﬁ?bchm Zsec j at seed levei: Tﬁe
radiant‘energy waﬁjmeasured bffkiﬁp & Zoﬁan conpensated

thermopile.

Faremred light was geﬁoyate§ by using the same unit as in (1)
but replaéing theLred filter with another interference filter.
having‘ﬁhéufollowéngi;hafaﬁteristics:mV |
Peak transmissgion 730 nm, band width410 nm; 70%
trdﬁsmi5§;0n at peak wavelength. Thi&‘gaya radiant

flux of 1‘?211.Jc;m'_”a‘secm1 at seed level.
White light was obtained from either of the followingza
(i) '1.5'ft,f13 watt'wwx,fluoresceﬂt;Qperating'at 250V

(11) 2 £, 20 watt WWX flucréscent operatinggat:250V
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In (i) the light source was always situated 8 cms from
the petri dishes. This gave radiant energy at a value
of 612@Jcmm2sec“! at seed level, and in (ii) irradiation

10 cms from the light source was 516chmmasec"1 at seed

level.

The radiant output of these lamps was measured shortly after
switching on by means of a Kipp & Zonen compensated thermopile.
The temperature of the tube envelope and the lamp housing was not

substantially above ambient and, therefore, the amount of long wave

radiatlion emitted was lowe This was tested by measuring the differen:
between thermopile readings with the thermopile 1glcma from the tube
envelope, with and without a 10 cms water filter. There was no
difference in these readings. After lthe lamp had been on for some
length of time the tube envelope and housing temperature rose and

the thermopile readings became higher. The increase in measured
radiation is due to the lamp and housing beginning to act as a ""black'

body emitter. However, the luminous flux remained the same.




[
-
&

> Part IT: Preliminary survey of temperature and light requirement

in the germinabtion of seed of N, tabacum

Por successiul germination seed should bé placed in a favourable
. . . R - .

environment, %ater,-uemperature,haupply of oxygen and in some cases
light around the seed bad are known to influence the process of
germination. WYemperature and light constitute important factors
in regulating tobacco seed germination, It has-been reported that
tobacco seed can germinate within a limited Pange of temperature

L (Avery, 19333 Kinceid, 19353 FPowell, 1958), But with other seeds

: Yo . '

b

it hes been stated.that optimal temperature requirement for. different
secd samples may vary andh§emperature requirenent also largely depends
upon previous treatment of the seeds, their age (Went, 1953), and

temperature conditiouns under which they were matured (Koller, 1962).

Yhotoblastism in N. tabacum seed is well Knownaand very complicate

(Gardner, 1921; Johnson et al., 1930). It has been demonstrated
that alternating temperapturz could overcome light requirement in
positively photoblastic seed such as lettucey Poa (Harridgton, 1923;

Biegel, 19503 Berrie, 1966; and Tooléﬁgg'g&e,'1970)a .ﬁccor&ing tﬁ

EBvenari (1965), Alcorn and Kurtz in 1950 reported that alﬁernapiﬁg
temperature was not~effé¢£iﬁe in inducing dark gefmination~in iight
sensitive @arnegiea saed,

Taking all this iﬁformatioh in@p account an inVestiga&ion was

made to have some knowledge of the temperature and light regquirement

Iy of freshly harvested and old 'seed sidmples of N. tabacum. In this



section the effect of a single temperature shift on tobacco seed

germination in absence of light has also been reported.



Materdals and Methods

Three different seed samples of N, tabacum were tested., These

are an old seed samplé (Bateh I) obtained from the Depariment of
Botany; o freshly harvested seed sample (BG71) grown in the Botanic

Gardoen dupring 19773 and a light indifferent M. tabacum cv. virginica

purchased from a commercial source.

Germination tests were carried oﬁt in 4.5 cm. petri dishes
containing Whatman's seed test papers moistened with 1 ml. delonised
wvater or test solution. Light~ﬁight cangs provided complete darkness
where it was necessary. Gérminafion counts were made after a suitable
interval from the onset,pffimbibitions_uﬁhe soufce of illumination
was white fluorescent light. (2ft. 20 watt 250V WWX.) Aluminium
cans coht&ining davk;imbibéd seeds were transferred manually Ffrom
one incubator Lo anoﬁher during single temperabure shift experiments.

Seeds germinated were counted with the aid of a binocular microscope.



e ot

,,,,,

e e 5 o ' 60,
TABLE X fﬂfgﬁ?ﬁ&ﬁ;‘UO“ﬂlﬁiulOH An Ng hﬁbacuw (?a ah I) au 47

i
T

f@ﬂefggd:%O?G'iryaﬂmaoed at’ dexoyenL Liﬁht “uiolu

vt
e\*'

. o "f“ o ’ercunta&a *arm;nuLian w;tw

Light hOQvLLLu“ E'Tcmnmr anp SR ¥ I PR -Y: B yu )Od ]

" el s} bR e R . :

Continuous uﬂ“ S I J'.“.QG, 100 oo : ~.0 ;|

srposed B0 R BN PP CHE RPN i .
éﬁxajf; hb} o .20 Gf 00 ,QS u\*§*~73»-“.9;;*.m .

E ,__;5()<-G ST D VO Sh SR e L

A i , :'.E - ‘\'89 o) (3 ) o ,p,

P luE!.ZlU. WO G ’ R T (R : . O GO . b
dllvminabion 07 Can G0 -gébf “945‘ T

cace afton e - s

2k houvrs darl o (SR B

thbﬂuWQﬂ . R )

I nours whit_& 4o 8¢ b opo, 100

light onoe : - T
e - R 200 G0 7 »
a‘.itus 2l hours o _Q; < . GG - ,"’7? Rkt sk i _
dark lmulﬁifﬁeatf B0 ';,-,;63J‘j'¥§0a5~’515“jaf1nf-'

Lefs ab.poom = 8 h;?’g‘ 00 100 100 . e

tenpars ture for | oy ST SRRV EEORE
H.houy._qgcc e ;EOOL.f - ’O? :Vnggf ‘T)O e
mfﬁar'aﬁ‘hcurﬁfyf 1'3Q,Q‘j:-‘}:tg.35'f56§<;%§5-3_;*2&m-4“

'll'l (d&:ﬂ'%iﬂniiﬁm Lk ' . T A BT - G . m- o
Dol contyol. L ,r’Q (J IR BT R I e
- - mad R T T T T T

(never oxposcd } 0% L C 9.5 _
to gr Ci 1L5mn) i . o P P | 7 |




LBxperiment I To demonstrate the effect of temperature and different

light levels (short or long) on N, tabacum seed

germination

A study was undevtaken to deternine, temperature range within

which seed can germinate and the light requirement for old seed samples

of N, tabacum (Batéh I)oé;%ypical experimental procedure was as follows

(1) b fepl;catesof 50 seed.eaéh per treatment kept
continucusly in dark aﬁ 8°, 20° and 30°c,

(2) 2 minuteé 1ight was given once after 24 hours dark
imbibition at 8°, 20° and 30%C.-

(%) 4 hours light treatméntlénce after 24 nours dark
imbibition at 8%, 20° aﬁd 20°¢.

(4)  Left for 4 hours without exposure to light at room
temperature*once‘after 24 houfs-&afk imbibition ab

8%, 20° ana 30°C.

After irradiation treatments the seeds were refurned to original
tenperature for Tinal gerunination. -In addition four replicales of
S ' o o 20O _ _

50 seeds were kept at 207 and 307C in complete darkness for seven
days. Germination counts were made on the L4th and subsequent days
under a green light without observdble effect on lebttuce seed
germination. The results indicate that light was nscesgary for

gernination in this batch of séed at all temperatures tested.



Bxperiment II: To demonstrate the tewperature range and light
b : &

fequiremenﬁ of freshly harvested N. tabacum

seed soaked in H,0 and KNO, at 20% ana 30°%C.

5

freshly harvested séeds grown in Botanic Garden during 1971
(BG71) were used in this'experimentai The secds were irradiated in
white fluorescenlt light for 1 miﬁﬁte, f@ minutes and 1 hour of time
ohce after 24 hours dark imbibition. Yhe results shown in Table II
indicate that freshly harvested seeds appear to be inhibited by high
temperature and light is ineffactivéiin promoting germination at

i . . ) ‘(0'0‘3") .
higher temperalbure even in presence of KNO5ﬁsolut10n.

TABLE T1: Percentsge permination after 7 days in N, tabacum (BG?1)

at 20° and 30°C in dark and light

Temperatures
Period of Germination A0 o,
illumination redia 20°C 30°C
- [
1 winute HEO o™ 00
KNO., 02 0.6
2
X A
10 minutes a0 0 O?M
KNO, 22 02
b ek b A B AR R € ¥ i TR = .) T,
. r
1 hour . : ' HEO 76 oz
KNO., 66 06
e - S AN
Dark control Hao 0o 00
o, 00 00
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Experiment IIL: To demonstrate the effect of single temperature

shift on N. tabacum (Batch I) germination in

abgence of light

Two separate experiments were conducted to investigate the

Q

effect of single temperature shift between 150 and 30°C and 20°

- 0 . . ’ - L3 » 1Y
and 30°C on N. tabacum (Batch I) seed germination in absence of

Light. Dispensed seeds were left at 300é in completé darkness for
h, 16, 24 and 48 hours and after these periods of time at BOOG_they
were exposed to 15° or 20°C Tor 4, 16, 24 and 32 hours and returned
to BOOC for final germination counts. Results of two experiments
indicate that in this bhatch of tobocco seed dark germination cannot

be induced by exposure to Llow or high temperature treatment.
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Bxperiment IV:  To show the effect of initial exposure to low

temperature on N. tabacum cv. virginica seed

germination in complete darkness

The seed sample N;;tahacam cv. virginica useé in this'experiment
was found lighﬁvindiffgrentkat'10wer'ﬁemperatureﬂbﬁt aﬁ*ESOC_
germination'begéme’light depandent{‘ An ex@ériment wvas designed
to see if this high*temperature induced light sensitivity in this
batch of séed coﬁid be negated hy ekpoaing the.&eeds to iower
temperatures (40 oriﬂéQC) from the very beginning for 1, 2, 4%, 8,

16, 24, 32, Lo, 48,,56; 64 and ?B-hQQ?S and then transferred at
35°C.£0y final germinabion. ‘Ih]som@ experiments the‘gérminaéion

medium was freshly prepared KNO, (0.02M) solution and deionised water
? ' .

5
was taken as control.
It appears from the results that this batch of seed high constant
O . . . _ , _ e
temperature (%5 ¢) reduced germination percentage but initial low

teuperature treatments have some beneficial effect. The results

are shown in Table IV (A & B).



Discussion

In nature germination-of seed may be inhibited or delayed due
to various environmental factors around the seed lying in the soil
(Crocker, 1916; Baskin & Baskin, 19?ﬁ; Taylorson, 1970). As fox
exanple lettuce seed is found sensitive to teuwperature and Light
and with the rise of temperatu?c seed may fail to germinate in the
field even when other conditions are favourable. Asfgﬁtimal
temperature reguirement for seed germination may vary from species
to species, it was thoupht necessary to find a favourable temperabure
range within which tobacco seed could germinate before going in
detall studies in physiology of germination.

Kincaid (1935) established that mininmal, optimal and maxinal
temperature for florida cigar-wrapper tobiacco seeds are ﬁOO, 24
and 3400 reapectively. But previous workers in this line of research
have shown that maximum temperature within which tobacco seed could
germinate lies between 32° and L40°C (Kincaid, 1935). Powells (1958)
has reported thalt "Golden Harvest'" tobacco seed failed to germinate

—-p Qn L] L3
at 307C even in presence of light.

In our preliminary survey of N. tabacum (Batch I) secd
germination (Table T), it appeared that at lower temperéture (8°¢)
gernination was not prevented but extremely delayed. No germination
was obtained at 20°C on the fourth day both in dark and light,
whereas at 5000 exposure of seeds for two minutes and four hours

in white [luorescent light once after 24 hours dark imbibition brought



about 58 and bam gorminatidﬁ réspeétiveﬁy; 7§eeds left at room
temporature in compig te d#vkﬁe qafor?fdur hourﬁrduring.ﬁhé’ﬁreatment
showed ¢ 1lear pewcentage of g@rmlnatlon as obtalned u1th dark
control, Therefov., iour hour JnghL Was ‘éffective'agent not the
exposure&o.& dmf?erent tcmperature. CALL germination countsicn
the fourth day mf Lmblbltlon vere mdde WLLb the her of a-binocular
microscope prov1dad w1Lh green, safe letur in the darkroom and the
seeds were returned toithree incubating temp@raturos £or furthér
counts. On the sixth Qay‘incteaSéd percenﬁqge éf germination was
observed aﬁ_allutemparétures'aﬁd in”aii-trgatment$, inéludin@ daxk
control once  examined unden;safg 1ight,.aﬁd on‘the seventh.day of
counting'germination_perceﬁt&ée at,go°~and‘5o?q ahd dgrkvéoﬁtrol
reached more ér 1esé,theiéﬁme l@vel,'whergaﬁfpercentage“of germination
at EOO and jO C never ezceednd 9.5%. whon seeds were held in oonLlnuous
darkness for seven days. This could possibly be due.to the.fact
thatfgfeen éafa ligzht whlch wos biologically safe for lettuce. sced
germination &ight be in sSOme. way 5timulaﬁiﬁg'fof tobacco seed
germination. |

To compare the light sensi£ivity @nd tg@perature tolerance of

freshly harvested N. tabacum seed with that of Batch I seed we conducte

an experiment with BG?j,éeeds &tlaoo-and BOOC, undeyr different light
level (short or long) .and gerﬁiﬁatimn-ﬁédiaa3~1n this batch of seed
Light &ﬁpeéred to be neces$ary for,gérmihatian.atfzooc and with the
inereased length of period of illumination increased germination
percéntape was obtained (see Taﬁle 11);?,But at BOGC thére‘was3Ve?y

little germination-either-in light -or in darknesse. It has been



claimed that presence of nitrate solution in germinationgﬁe&ia
reduced light requivement in postaharVGsﬁ'ﬁobaccd secd (Kerr; 1955) 4
but in our experimenﬁi  : with freshly harvesfed.BGV1 seed it was
clear that irradiation in ﬁfe&enoe of IROW (0.,02M) solution in the
germination wmedia at BOGG vas found nob better than that in deionised
water.

However, it'appeared from the preliminary observation th@b’in
the seed pamples of DGY71 &nd Batch T light-undoubtedlyrpromoted
gerhination in comparison with dark cpntfqla Two minutes white
light once after 24 hours dark imbibition was quite sufficié#t to
bring about higher percentage of'germiﬂation in Batch I athOOC and
continued presence>of light Was not MGQHLTCQQ but freshTy hﬂrvc&ted
ucoéu (3@71) Tailed to gormmnato aL‘}D C both in dark and light.
This could be due to age of the seed or storage bOﬂdlthne '

Temporaturc Fluctuatnon is natural in field condmtlon and,
therefore, succossful»germinatlon<of particular species~may be
confined to a particular_geographicai region, or iﬁ may largely
depend upon seasonal‘variations (Kcller,'1955); Another-important
factor which is. associated with temperature in seed germination is
light. At certain temperature range seed may not germinate unless
they are exposed to 1ig£t@ In lettuce seed germination it hés been
demonstrated fhat high tempefature imposed d&rmancy may “be .overcome
by exposing the séeds for a short period of time at lower temperaturg
(Berrie, 1966).

In our single ﬁémpérature ahift treatments with Bateh I seed

sample (see ﬁableJiII A g B), it appeﬁre@\thmﬁ no tem@eraﬁure conditiox
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D

including tempervature alternstion treatment could replace light

requirement. . But in another batéh of i, tabacum cv. virginica where

’?5"0 a/‘ !\7;‘ . Al

35°C causes,decrease in germination that can be overcome by light,
v O - * 0

an exposure bto low temperature (12°C) prior to being placed at 35 C

had some statistically significant effect on the level of dark

germination (see Table TVA). But very low (47C) initial temperature

treatment in the same babch of seed appeared Lo be without any marked

P - ayih oL . m L3 v
effect (TableIVB). It was clear that,longer the period of exposure

Q

at lower bemperature in presence of KNO_, bhefore transfer to 35 °C

N

for final germination nore and more seed could escape light

requirement (See Figure 1). Harkedly high percentage of germination
, K . - L 3 ] ¢ “ 0 .
was obtained after 72 hours initial low temperature (12 C) treatment

along with KNOBn

Summary of Part 1:

| (1) Light and temperature requirement in tobacco seed (Batch I
and BE71) germination was investipgated,

(2) Very few seed germinated in total darkness atb 8%, éOO and

EOOO constant temperature. Short exposure of seed to whife Light
once after 24 hours dark imbibition was found triggering and continued
presence of light was not necessary. Germination of Batch I seed
at 8°C was delayed but:noﬁ prevented.

(3) Two seed samples N, tabacum (Batch T) and neuly harvested

»(LG71) showed dlfferent degreefof 3:ght aﬂd temperature sensitivity

at 20 c and 30‘0@: Freahly harvested tobacco seeds were found to



LD

a -+ & -
haveﬁcomparatlvaly>narrow‘temperature range for goermination and with
the rise of temperature thsre was no more germination either in light
or in darkness.

) . R . o w0 ) SN

(4) A single temperature shift between 15 and 30°C or 20

O . s ‘ . . . . .
and %0°C in abscnce of Llight was not effective in promobting germination

in N, tabacum (Batch I).

(5) 1In seed samples N. tabacum cv. virginica where higher

temperature reduces dark germination, an initial lov temperatbure

treatment had seme beneflicial effect on dark germination.



~A

Part 1l: Study of light sensitivity of different

tobacco seed samples ab various temperatures

Light sensitivity in seed was first described by Caspary in 1860,
Since then inhibition or enhancement of germination by light has been
confirmed in many sceds. Light requirement in tobacco seed gevrmination
is a problem to the growers., In some tobacco a small percentage of

o

germination occursin absence of light as compared with dark control,

but many representative types of N. tabacum could show high percentage

of germination in complete darkness (Goodaspeed, 1919).

Since the discovery of photowrevergiblility of seed germination
(FPlint & McAllister, 1935) many authors have confirmed true red,
and fare~red reversible reaction in a number of species including

No tabacum (Toole, 19613 Borthwick et al., 1952, Kasperbauver, 1968

and Holdsworth, 1972), but this phenomenon of red and far-red reversible
reaction ils variable among different seed lots we have tested. It

has been reported that a very smell amount of daylight is effective

in stinulatiog tobacco seed germination (Kincaid, 1935). Ve have

tried to determine the seunsitivity of our samples of seed. In some
cases abttenpts have been made to determine the abtainment of maximum

sensitivity to light in different hatches of seeds.



1

laterials oud Methods

Ve have carricd out experiments with the following seed samples

(1) 10 types of commerai&l;tcbacco seed (7 ¢vs. of N, tabacum and

-

3 cvs. of No affinis), (2) an.old seed sample (Batch L), and

(3) a freshlj‘harVeﬁted’séed saple from Garscube (GB71).

In all @xperimenﬁﬁ seeds were scatltered on Whabman's sced test
paper. in 4.5 cm petri dishes moistened with 1 wl deionised Qatera
Four reﬁlibates of 50 seeds each (unless otherwice m@ntionéd) per
treatment wéfe used. Soon aftgr light treatnents the seeds. were put
back into Light tight cans and fwturnéd"toﬁpriginal tempergtufe for
final‘germinationu‘ A stbpwaéch'and two. camera shutters were used
to rebor@ exact times of exposufes Handlings of seeds imnediately before
or aft r irradiation were performed in complete darkness. Ingubating

s O

o .. R e .
temperatures were 207, 307 and 35 °C -obtained from thermostatically

controlled incubsators.
The sources of irradiations.ueret

(1) white fluoresceat Llipht (1.5 £t 13 watt 250V WuXs giving radiation
T < St : B
012nd cm sec at seed levél) - v

. C . - -
(2) Red light (giving radlation A75pd om “sec 1 at seed level)

-

(3) Parered light (giving cadiation 172uJ e Csee™ 1 at seed level).
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Lxperiment Vi LYo show light and dark germinability of 10 tyves

\ . o] N
of commercial tobacco seeds at 207 and 50 °C

7 cvse of No tobacum and 3 cvs. of Ne. affinis seed samples were
tested for their light and dark ge%minabilitya Water imbibed sceds
were held at 20° and 5000 for 24 hours and then they were irradiated
in white fluorescent light for 30 minutes. The mean germination

percentage is shown in Table V.
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Byneriment VI: Response of different seed samples of Nicotiana
to light during different imbibition period in

darkness at various temperatures regime

In order to determine time of attainment of maximum sensitivity

to 1light in N, tabacum (Batch L), N, affinis, N. tabacum cv. Montcalne

and N, tabacum ¢v. virginica seed samples, four replicates of 50O

imbibed smeed each por treatient were placed at 2%0, 300 and 3500

in ooﬁplete darkness. Then the seeds were exposed to white fluorescent
1ight for two winutes once afted 1, 2, b, 8, 16, 2k, 32, 4o, 48, 56,

6l and Y2 houré of dark imbibition. Final germination was allowed

at original temperature after light treatment. Average percentage

of germination is shown in the Table below (see Table VI).
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Experiment VII: Bifect of length of period of Red (R) andg Iapr-

red (FR) irradiation on germination of N. tabacum

N ¢
at 30°C

fhe old seed sample of N. tabacum (Batch I) was used in this’

experiment throughout in order to investigate the characteristic red
and far~red light s&ﬂsitifityc four replicatés of 50 imbibed secds
each per treatment were held at BOOC:in‘light tight»oans for 24 hours
and then the sceds were exposed to Red and Far-red light sources fox
various length of period of time shown in Table VII,

During our observabion it has been found thalt after 24 hours

Y . . - O‘ ] - % g " e ot
dark imbibition at 30°C bobh red and far-red lipght were promotive.

Results are tabulated opposite.



-
)
N -

wabig,v1x1;’

(1) 30w dogem a

séﬁacl- aiilﬁi"

?’wyad Iagh

T'Prrcnnthf garmnnatlon a¢uav f Gai_

gxposed -

“(4)

_Nominal
TROLURG

Lo RO PR
in Socondg.

 :0;0%u

-i10;02i
[0.615
»i690m§"
6;092

0,007

”1u~2n

AR SR T RSN S 5 e Tt N P Py A B 0 ‘v“

ile ')’}\

1090

"';d&r» LMﬂiﬂLulOD

-

Y
a2y

ol

o

‘md

: ;J uﬂx t,m‘r.“-;

aibar “H hcurmjauq;‘

>\ EihA e,

mc ;0 ¢, mn’seﬁd& L




Bable VILT (Continmed) . =

B T JE VTR PR

(ii) - _shutter B’

Nominal'
- Seconds
irrad. in
R & PR

R DOSQSOE .iLV«?é . o
o Papsred - o germs (FR) -

S Moses of U LAV
Red 1light  gedms (R)

0.0 19,0 wiem=2 o

0,02 9.50 %¥i",‘ wi’fégf;i”

Dark control : 004




Experiment VIII: To demonstrate the effect of low doses of red

and far-red Light on N. tabacum seed germination
lg .

The experiments were carried out with N. tabacum (Babteh I) seed

sample. After 24 hours dark imbibition at 5600 the seeds were exposed
to low doses of red and far-red with the help of two gamera-shuttors.
In one shutfer exposure btime could be adjusted from 1/25th to 1/1000%th
of a second, and in the other from 1/25th to 1/200th of a second.
After the treatment the seeds were returned to original temperature

for final germination. All aperations werc performed in complete
darknoss.  Irom the results it appeared that small amounts of red

and farered light promoted germination in comparison with dark controla.

The results are shown opposibes.
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dgxperiment TX: To show red and far-red Light sensitivity of

He. tabacun at four hours of dark imbibition

An experiment was designed to see 1f both red and far-red light
were promotive when the same secd sample (Batch I) was irradiated
after only four hours of dark imbibition at 30000 The specific length
of period of exposure to red and far-red light sources is shown in
the Table. The reﬁulﬁﬁ showed that red and far-red light sensitiviticgs
differed unlike that. of 25 hours imbibed seed observed in the experiment
Nog, VIL and VIXL, Farered light at four hours treatment appeared

not to be  ipromotive while red light still promoted germination.

The results are tabulated below (see Table LX)
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Fxperiment ¥: To demonstrate red, far-red photoreversibility at

four hours treatment in N. tabacum

To examine red and far-red photoreversibility al four hours dark

imbibition, N, tabacum Datch I seeds were ﬁﬂed throughout. Due to
Aiack of sufficient seeds;!100 seeds (4 replicates of 25) for each
treabment were incubated at}ﬁOOCa Afvexr tﬁe appropriate dark
imbibi%ion (four hours) the seedé'wéré exposed to red alone or”to
red followed by farwfed in fhe sequences shown in Table IX, Heeds.
Akept imbibed in continuous darkness were taken as conﬁrola Fyonm the

regults it appears that the action of red lipght could be reversed

completely by far-red at four hOuTﬁ;jﬂMibitidn
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Bxperviment XI: To denoustrate the response of freshly harvested

seeds of N. tobocum to red and far-red photo-

s ' 0
reversibility at 20°C

In order to cowpare the reversible red, far-red pholo-reaction
in freshly harveslted seeds, a seed samplé from Garscube Botanical
Besearch Institube groﬁn during 1971 (GCP1) were used in bthis experiment.
Incubating temperature was choseﬁ only BOOG«because at SOOC germnination
did not cccur bhoth in_d&rk and light, seeds were irradiated on the
first and seventh days -of daﬁk inbibition in white, red and far-red
light in’ the sequences depicted in the Table. Final counts were made
&ftar.sevén days from the time of illumigationo From the experimental
resuits.i% appgared thd£ in. freshly hafvesﬁeé seods action of red
light could he ccmpleﬁely reversad by far-red no matter the duration
of imbibition. The meaﬁ‘percentage of éermination cén be &@en~iﬁ

Table XX.



Apcor@inghto Crocker (Bérthwickg 1965) and Isikawa, 1962, Kinzel
First studied the,light sensitivity of about 964 kinds of seed and
éamé tq'thgjcénéiusion that light promoted permination in 70% of the
species he studied and inylﬁ%ﬂ seeds wereAiﬁdifferent to light.

From the Studie&xof'ﬂifferent workers (Goodspéed, 19195 Gardner, 19213
Johnson et al., 19303 Kincald, 1935 Isikawa, 1952) we have gathered
diverse data and opinlons regayding light requirement and sensitivity
of tobatéco seed. Ve have studlied light and dark germinability of

tén types of commercial tobacco seeds and results indicated that in
almost all types'nf tobacco seed light promoted germination at 20°

) . : v e
and 307G, fome seed samples, e.g. No tabacum cv. virginica,

SR A S T R

U, tabacum cv. virginia No. 25, and K. tobacum cv. virglialan were
Ackaavhe > 3 >
not statistically significant in respect to light promotion of

permination. But % cvs. of N, affinis and 3 c¢cvs. of N. tabacum showed

A R ISR RS

highly sigoaificant lizght promotlon of germination at 20° &ﬂd'BOOCn

Tt has also been observed that most of the»&eed samples showed
considerably high percentage ol germinablon in complete darkness

(see Table V). In previous experiments with Bateh I (see Lxperiment I)
and freshly havvested BGE71 (see Zxperiment IL) seed we have demonstrated
that in oémplafe derkness no germination ocecurred at 20° ana BOOCa
Ireshly hapvested seeds responded to light within a limited. range

of teuperature because at BOQC light was found no more efficlente.

Although there is a‘complex_interrelationship between light and
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temperature in photoblastic seed (Berrie, 1966) it appeared that
effective range of light largely depend wupon dbatches of tobacco seeds
“We have tpied to determine time of attainment of maximum light
sengitivity in four seed lots and experiments were conducted at

BT B o) 220 i ) R Cas s \

27, 307 and 35°C (see Table Vi), AL 30 °C light sensitivity of

Batch I seed lot of N. tabacum (see Figure 2) and N, tabacum cve

Montcalne increased wubh the increased period of imbibition and +time.

of attainment of maximum sensitivity to light was 24 hours or

thereabouts (See Figure 3). DBut.in two other seed lots, N. affinis

Lo

(see Figure 4) and N. tabacum cve. virginica (see Figure 5) there

. . . ‘ R . . o, . o
was a little inecrease in percentage of germination at 30°C in comparison
with dark control.

When the seeds of three samples of N, tabacum ov, Montcalne,

Al

o ' e s : O, ux
No affinig and H. tabacum cv. virginica were incubated alt 35°C light

» -

sensitivity gradually increased with increased time of imbibition
. ' » 3 ] £l y O'u R * »
in the dark. But after 72 hours dark imbibition at 35°C irradiation
was found to be without any effect and percentage of germination came

to dark control level., Seeds of N, tabacum cv, virginica and N, affinig

became sensitive bto light immediately aftér“émaking»wherea& N taﬁaqum
cve. Montcalne. seed were stimuiated by 1igh£ after several hours of
dark imbibition. In all seed lots we obtained veduced percentage
of germination atb ESGG both in dark and Light.

From our observation it is clear that light sensitivity not only
changes with time of imbitidion but also wiﬁh sharp rise of temperature.

Tsikawa (1952) and Kincaid '(1935) only studied the effect of soaking
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on light sensitivensss in tobacco seed, but in ouriopinion influence
of incubating lteamperature and seed lots could be taken into account
in this sort of study.

It has been suggeﬁted that germination of tobacco seced is controlle
by phytochfomeq In our experimentation with Batch I seed lot (mee
mxrperimoent VII), it appeared that after 24 hours dark imbibition at
30°C both red and far-red light was equally promotive (see Figure 6)a
Lven 1 sec» to 1/1000th of a second red and 1/200th of a second far-red
(see Bxperiment VIII, Figure 7) irradiation could stimulate germination
above that of dark’céntrol (165%) o Photoreversibility of red and
far-red in Batch T and fréshly harvested seeds (GU71) was also worked
out. True red’/ far-red reaction could be obtained in Batch I seed
only after four hours dark imbibition at BOOG (see Table X}. But
freshly harvested seed showed the reversible red, far-red photoregction
even when irradisted on the seventh day of dark imbibition at 20°C
(ﬂee'fibla XL)e This result, however, does nob agree with that of
Holdsworth (1972).

During our experiment with different sced lols we did not get
uniform 1light sensitivity. This could be due to the intefaction between
light and other variables. Because germination is a complex process
and a series of changes may take place within the seed after rehydrabtion
Light requirement may be due to a block somewhere in this pathway
(Toole, 1961). As for example, high temperature imposed dormancy
in 1etﬁﬁce seed could be negated by exposing the seed for a short

period of time at low btemperature or Light (Berrie, 1966).



61

Red and far-red Llight sensitivity was not uniform in all seed

lots of tobacco we have tested.s In Artemisia monosperma (Koller et

alo, 1964) and Bidens pilosa (Valio??%é?B) some confusing light
sensitivity hes been observed where entirve visible spectra may influence
germination. In those seeds it has been proposed that phytochrome

seems to be either abseunlt or masked by diffevent pigments which may
control germination (Koller, 1904). However;tﬂetaiﬂfgction spectra

of tobacco seed gerwmination is not known. Trom our observations it
appeared that promotion or ianhibition influence of red and far-red

light on tobacco seed germination is also the functions of incubating
temperature, time of imbibition and seed lots. It seems that phyltochrom
control of geruwination in photoblastic seed is very complicated and

it needs further investigation.



6l a

~ Butler gt al., 1964 (Siegelman, 1_969) and Pratt & Briggs, 1966
(Mohr , 1969) believgd'that at the ?hohostationary state when irradiate
with 660 nm phytochrome exists in the ratio 81/19inr/Pro When
irraéiaied withv730.nm the Pfr/Pr ratio is 1/99.

‘If Pfr is tha‘fdrm of phytochrome vwhich is éctive in promoting
germ@ﬁation then’depénding on'ﬁhe sengitivity of the seed to active
phﬁ%oéhfbmé>it maypgppear’to‘reﬂpcnd positively to farered irradiation
ﬂ Tobacgb'aftef 2k hoﬁr imbibition nay be‘én,instanc@ of a system vhich
ghows‘éxtrgﬁe séhsitivity to low levels of Pfr. At 4 hour imbibition
tﬂé sygﬁém‘is not as<seh§itive and far-red irra&i&tion does not
-produéé enoﬁgh Pfr,at,thaﬁ;timg to ppomgﬁe germination,

| Anothér poésihiiity iﬁlﬁhat:at‘ah hour PPy is immediately on
formation ﬁtiliaed'in the mediabion of germination. If this is
: océﬁrring then egeﬁuunddr far-red irrédiaticn, the'existing Pr would
-aliubéwcqﬁﬁert@d. quever, the responsiveness of ﬁhé seéd to very
low levels”bf far;¥edvirradiation does not substantiate the second
possibili%ﬁ;- |

The promotion  of germinétion of seed éf Bateh 1T by red or fare
red_ixﬁ&diat&o& (Figse 6) never exceeds 70% bubt this batch does not
appeér4tg ha%ega high;germipation'capacity since the maximum percentag
germipéhiop in otheﬁ experiments (Fig,‘é and Table I) never rose above
'thié #élﬁQQF The)&iability of the ncn;germinatea seeds was not tested
but it is reasonable to consider that the old bateh of seed might
havg*lﬁéﬁ?$§mé’of‘iﬁa'ﬁiabilitylin'ﬁﬁorage»

The patterns of response to red and far-red irradiation . in

REN
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Fig;:é, théfmfbﬁe,gmoat‘probably-r@ﬁpreﬁent the fulfilment of the
phytochrome me&féﬁéd:reqpmns@ though it should be noted that at 24
haufé‘fmbiﬁitionAtha farered.treated never quite germinate to the
exténﬁ_ofdﬁedLirradiat@d seeds P@xﬁapa\tﬁe photosbationary state
arrived éﬁ_uuﬂar~fapmred does not provid@'enéugh Pifr to saturate the

sysﬁém but almost fulfilsit..




Sunmary of Part TL
Ta Light and dark germinability of ten lypes of commercial tobacco
sead was worked out. Light promoted gerwination in almost all

R 0 w2 . g $ o s
seed lots at 207 and 307C. Seed samples N. tabacum cv. virginica,

A,

e tabacum cve. virginia No. 25, and M, tabocum cv. virginian vere

ey

found not statistically significant in respect to light promotion

of germination and considerably hiph percentage of germination

. w . ) O PN o
was obtained in darlkoness at 207 and 307°C,
2

26 Light sensitivity at various stages of imbibition in differcnt
seed samples appeared to be conditioned by type of seed, length
of period of imbibition and incubating temperatures. In four

seed samples, viz. N, tabacum (Batch 1), N, affinis, Ho tabacum

cve Monltcalne and N, tabacum c¢v. virginica, time of attainment

of maximum sensitivity to light was found to be 24 hours or

theroabouts.

3. Small dose of red (1/1000th of a sdcond) and far-red (1/200%th

of a second) stimulated germinatiocn in N. tabacum (Bateh I) after

24 hours dark imbibition at BOOCn But in the same batch of seed
action of red light could completely be reversed by far-red at

fTour hours treatmenta

b, Freshly havvested No tabacum (GC71)  seed showed red, far-red

photareversibility when irradiated on the Tirst and seventh day




of dark imbibition at 20°C.

It is observed that red and farwred light sensitivity or the
reversibility between the prowmotive action of red light and
inhibitive action of far-red lighlt largely depend upon batch

ol seed and length of period of dark imbibition.



Part III: Effects of plant hormones on the breaking

of light controlled dormancy in N, tabacum

Some hormones, particularly gibberellins and kineting, ave known
to be involved in breaking dormancy in seeds (Toole, 19615 Roberts,
196%3 Wood & Paleg, 1972). 1In letbuce seed (Miller, 1958) kinetin
hés beén shown'much more effective in promoting germination when there
is in addition an exﬁosure to a low dose of light.

A study was made to examine the respouses of our lighlt sensitive
tobacco seed samples to gibberellin and kinetin at various germination

conditionse



Hoatepinls and Hebthods

The data presented in this section were obtalned by usling three

soed sanples 1) N dobscum (Bateh L), 2) 8G71, and %) G071.
Gorminntion testn wers opreled oul on secd tent papers in swmall
petrd dishes with requisite smount of walber orx tost solubion as
mentioned in Materials snd Methods section. Incubating temperoburas
wRre 20° and 50ﬂﬂﬁ Light (two minubes) treabments wers always giveﬁ
afber 2h hours dork iwnbibition. TFour roplicates of 50 geaeds cach
{(unless otheprwise menbioned) woeve bakon for sach tpontments Pervcentage
of gevainabion wes vecorded afler sovon doys from ongel of imbibition.
Tuo sanaples of gibboreollins, ﬁﬁ% and a mixtura of Gﬁﬁﬁ? Fo
wore used dn owy oxpovinonts. Frﬁﬁn stoek soelutlon was diloted
ylih deionisod water o pr@ﬁarm Phe concenbtrablons to bo tesbted.
Kinetin Bateh Noe 55@26; vooodved from Kochelight Lmhmr&ﬁc?yg England,
was need In our siundios.
Llrradiation pouree wos white flvorescant light (ATG., 250V,

o » N Ly » - " 1 ‘”";.’3 ‘
20 wobt WWK, giving radiation 510iIgec” em © ab ssod levol).
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SZxperiment XII: To show the effects of concentrations of GA3

on germinabtion of N, tabacum. seed samples

The seed samples used in the @xperiments were of different ages.
Germination of Batch [ was light-dependent at 3000, but in the case
of GCY71 (newly harvested) light appeared to he‘inaffective in promoting
germination at 3006.

The experiments were conducted to determine the reaponses of

the above seed samples to GA; both in dark and light. Incubating

3
temperatures bested were 20° and BOOC.

Experimental results and values of Ct$‘ shown in the Table
(see Table XIIe¢) indicated thaﬁ light and low concentrations of GAB

together significan%ly increased percentage of germination, both in

new (GCP1) and old (Bateh I) seed samples at 20° ana 30°% respectivelye.



Experiment XIII: To demonstrate the relative activity of GA3
and GAQ + 7 dn inducing dark germination in

Ne. tabacum

BA71 seed sample was used in this exuperiment. The experiments
were conducted to determineAgomparativa effectiveness of GAB and
GAQ + 7 in promoting dark germination in freshly harvested seecds.
Three replicates of 50 seeds each per\treatment vere useds Average
percentage of germination is shown below. The results indicated that
GA) + 7 was much more effective than GA, at lower concentrationse.

3

Table XIIT. Porcentage pgermination after 7 days in dark
induced by GA. and GA, + 7 in N. tabacum at 20° &nd 30°C
b a “ .

Conce. of ' 2 2 o
Gibberellin Gibberellinz 20°C pActv@(lgﬁ) ’ 30°¢ GKQDV (1§ﬁ) .
mgg /ml | a 3 Be U ’—I'+ IS 3’ Se i i_}"i'
GA5 92 ' 87
0.5 215.06 64,104
GA l{ + 7 ? ) L}'B
GA., 53 65
0.25 2 . 51 .84 37477
GAL;. “+ ? 91 : 92.
GA., 17 22
0.12 B 159,26 156431
GAL}, -+ 7 90 93
a0 Qo

Water control
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Experdment XIV. To show the effects of low temperature

pre~treatments in presence of GA§ on N. tabacum

seed germination

iSﬁratificationﬁqr;hqld tfeatment sometimes brings about
' germination-oi pasﬁ-haxvest dornant seeds at higher temperaﬁure,
Gibbé?eiiins are known to replace cold reyuirement in number oﬁ seeds
(Gray, 1958; Staden et ala, 1972),_‘The purpaée of this study was.
to see the iﬁteractiqn between GAB and “low temperature (406) in the
germination of tobacco seed, ‘

Light requlring newly harvested BGY71 séeds iﬁbibéd in different
concentrations of GA3 were exposed ba-ﬂoé.fo?>5i 10,~and aoudayskin
complete darkness, and then they wvere transferred to 20°%¢ and EOGC~

for final. gexrmination.

A seed was considered ég}ﬁinéted“whényfhé radicle had protruded.
However, in certain treatments (asterisked in Table XIV) the radicles

did not develop normally (See photograph).



Experiment XV. To demonstrate the effects of Kinetin on N. tabhacum

seed germination

An inveatigatipn was made to see the dark germination inducing
capacity of kinetin in freahiy harvested seed sample BG71. _The
concentration of kinetin used in thegggrmination medium were 10,

20 and 30 ppme . Incubatihg temperatﬁre was 20°C. Three replicates
of 50 seeds vere used per treatment «

'Results‘éﬁﬁwg:belqw,(see Table XV? iﬁdioated that kinetin was
ingffectiV@ in inducing dark ge#mination and, highef concentfation

(30 ppm) retarded germination even in presénce»of,light.

Table XV. Bffects of kinetin in N. tabacum (BG71)

atIEOOC in dark and light

Conc. of v
kinebtin Dark  Light
00 10 79
10 ppm 1.0 73
20 ppm 0.5 75

30 ppm 0.5 21



Discussion

It has been demonstrated thalt exogenous application of GA3 induces

germination of N. tabacum in dark (Ogawara & Ono, 1961). From our

experimental results it appeared that low concentrations of GA3 failed
to bring about appreciable dark germination in freshly harvested seed
sample (GC71) at 20° or 30°C (see Table XZfh). Whereas the mame
concentrations of GAB'QQuld induce considerably higher percentage

of germination iﬁi;id seed samﬁle {see Table XITa)e It has been
observed that high concentration of GA3(1O"3M) always induced high
percentage of germination in dark in two seed samples at all
temperatures tasted.iﬁﬁew seed sample (GC71), however, did not respond
to 10"%M or 10774 solution of‘GAE in the dark as well o# in the light
at 30°C, This lack of response to light and low concentration of

-GAB, alone oxr together, could he due to the fact that at elevated

temperature, higher corcentration of GA, or higher doses of light

3
might be required to break thermodormancy in newly harvested tobacco
seeds.

In a study of compar&tive effectiveness of GA, and GAA e

3
it has been observe@ that considerably lover concentration of GAQ + 7
could induce dark germination both at 200 and 30°C in Ireshly harvested
seeds. In higher concentration (0.5 mg/ml) reduced percentgge of
germination was obtained at 20° and 3000. Whereas the 10"3M

( 0.346 mg/ml) GAB was required to get full expression of germination

athyemperature$ besteds It aﬁpeared that dark inducing capécity of



[

of GA3 and Gﬁh 4+ 7 largely depended'upon conceﬁtrations of the
hormones and incubating temperature. statistical analysis showed
that GA4 + 7 was found much more effective than GAB (see Table XIIIL).

It has been found that stratification or cold treatments (4°¢)
given to the seeds soaked in high councentration of GA3(1O”3M) before
being transferred to 2000 or 30°C for final germination produced
abnormal seedlings showing characteristic coilings of the radicle.
Lower concentrations of GAB were found ineffective in inducing dark
germination (see Table XIV). The reason for the abnormal seedlings
at high concentration of GA3 after low temperature treatment is not
known. It could be due to unknown changes within the‘seed during
stratification.

The reporits on the induction of dark germinabtion in tobacco seed
by kinetin are very conflicting. The chemical was found stimulatory:
only in presence of light (Ogawara & One, 1961) but according to
Hashimoto (1961) kinetin was VGryAafféctive in promoting dark
germination in certain Japanese tobgcco. Our observations with freshly
harvested BGY1 seed (see'Table KV)coﬁfirmed the resulis of Ogawara

snd Ono.



Summary of Part LIl

Te

S

Iy

The response of seeds to different concentrations of GA5 varies

with old (Batch I) and new (BG71) seed samples.

In a comparative study of effectiveness of GA3 and a mixture
of GAQ + 7 showed that latter was much more effective in

inducing the dark germination of seeds at low concentrations.

Low temperature (4°¢) pre~treatments pgiveén to the newly harvested
seeds along with higher concentration of GA5(1OMBM) appeared

to have a deleterious effect on seedlings.

Kinetin was found almost ineffective in causing germination in

BGY1 seed in absence of light.



Part IV - Effects of physical and chemical scarification

on the light controlled germination in N, tabacum

S5eed coats ox other-covarings affect‘g@rmination in many ways
(Crocker, 1906, 19163 Harrington, ﬁ9235¢ They also play an important
role. in controlling dormancy in é nunber of seeds (Roberts, 1961;

Webb & Wareing, 49?2)a It appears that seed germination of many species
m%y be dmproved by cubting, puncturing qf chemically treating the

secd coats, Aé, for éxample, in lettuce, removal of seed coats may
eliminéte light requirement for ge?minatiqn‘at higher temperature

(Evenari & Newmann;”?@ﬁagiikuma & Thimann, 1958). A study was under-

taken to see if the seed coats of N, tabacum are in any way involved
in controlling germination. Some common methods such as washing,

abrasion pricking and chemical means of scarifications were tried.



Haterials and Methods

Freshly harvested seed sample BGY1 was used in this section
thréughout. Germination tests were carried out in 4.5 cm petri dishes
on #Whatman's seed test paper to which was added 1 ml of deionised.
water or test solution,‘ Timing of treatments was controlled with
the help of a stopwatche Where details differ in this secltion
mention will be made-at the apprapriate place.

Four replicates of 50 seeds each per Ttreatment were used.
Incubating temperatures wereABOO and BOOG‘ In some cages secds were
irradiated in white fluorescent light (1.5ft 250V 13 watt'wwx) for
15 minutes once after 24 hours dark imbibition. Intact éeeds were

considered as control.
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Table XVI. Percentage permination afler 12 days-in. = .

H. tabacum seeds washed with various orvganic solvents

'éc% L

Treatments T o S S S DR
Daplk ~Light ° Dawk. Ldight 7 o
 Untreated control. too 85 Oﬁf, ;3GQi*?' 2

Potroleum ebher 00 T8l o0 00

Bthyl aleohol -~ 00 . 86 . 00" 007

Acetone ‘ 01 i*:ladf - éQ;L'




Resultis
D e

Experiment XVI. Effect of irrigating with various ovganilc

solvents on tobacco ssed germination

ﬁefore giving details of othér methods of scarification it was
decided to &etefmine if washing the seeds with peﬁroléuﬁ,ether, ethyl
alcohol or acetone could improve germination in dark and light at
optimal (2600) and supra-optimal (BOOé)atemperatures. The object
wa.s thaﬁ_the above chemicals could probably dissolve‘out impermeable
waxes aﬁd fats froﬁ the seed coats.

50 sceds were taken in a wateh glass and 5 ml of the desired
solvent was poured‘over themn. The seeds were then stirred Lfrequently
by means of a-camel hair brush and the duration of treatment was ten
minutes. Afterlthe_treatments the seeds were taken out of the solvent
and put on meed test pa@@r in petri dishes., One ml delonised water
was added to the test paper after the evaporation of the solvents.
Half of the duplicates of the treated seeds were irvadiated in vhite
light for 15 minuﬁea after 24 hours dark imbibition., The results
indicated (see Table ¥VI) that exposing seeds to solvent before

sowing failed to dluwprove germination in dark.



[

Baperiment XVIL. To demonstrate the effects of abrasion on

germination in N. tabacumnm

The data reporited in this experiment were secured with freshly
harvested BG71 seed sample. Germinabion ltests were carried out to
examine if mechanical abrasion could give bztlter germinabtion in darke.

50 seeds were‘fubbeé against sandpaper until the brown seed
coats were removed from ﬁlmost'all seedse. SHSvery pogsible precaution
was taken so that the seed would not be damaged during this operation.
" The abraded seceds were scatlered on seed test paper in petri dishes
moistened with 1 ml water of‘GAB solution. The seeds vwere never
exposed to light after imbibitions. Intact seeds were taken as control,
The results shown in Table XVII indicate some beneficial effects of

abrasiol.

Table XVIL. Percentage germination of abraded N. tabacum

seed sauples after 8 days at 2440 andABOOC in presence and

absence of GAE

Con. of 24°¢ 30°C
G i 0Ll
JA; in Mol Intact Abraded Intact Abraded

00 1.0 Q0 00 G0

10“5ﬁ 2,0 54 00 41

10“4M 2.0 Lo 00 31
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Bxperiment XVIIL. To ghow the effecthof pricking and concentration
of GAB on éeed ger£ination
It was assumed that lack of response shown by freshly harvested
intact seeds to low concentration of GA3 (see Table XVIII) was due
to a seed coat and/or endosperm effect since on the destruction of
these tissues the concentrations of GAB used ypromoted dark germinatiomn.

In this experinent seeds were soaked in the low concentrations

L;.

M and 10771) for 24 hours in complete darkuness at 30°¢

of GA, (107 ¢
2

then the seeds were pricked one by one with a mounted necedle using

a binocular microscope. This operation was carried out as quickly

as possible and did not exceed % minutes. In all cases intact sceds

vere taken as control and they were exposed to the illuminator of

microscope for 3 minutes in order to make sure that light from the

illuminatoy had no effects The resulits are tabulated below.

Table XVIII. Percentage poermination of pricked and

non~pricked seeds aftey 7 days at EOOC

Dark ixposed to

3

Germination mediunm (intact) Tiluminator (Inbact) Pricked
HEO 00 - 3.0 Te5
GA31O"5M 1.0 bo5 61
GA310”4M 305 645 75
@410 90 93 -



.....

.Table KTN. Percentapn &efmlnatlon aftar'7 ﬁéyé‘at7360Q:j ;4Q?Qf

drter scarlflc tlon u1th H 04 Jii“

SR S

Geyminabtion S N S

media . : uaarlfled
: : Lwot '

o - £n “ (two mxnu.)

uoarlfled

Intact
(onc mln ) e

2 0
G107 6,00 Bk 2,0 00
GA3ﬂo-5a 00 SRz 5.5 00

O 00 00 7. TEQ,‘;’75;00f§;T"'

A0 vk k2 80 .00




Bxperiment XIX: - To demonstrate the effect of chemical

scarification on newly harvested N. tabacum

seed

Light requiring BG71 gseeds havé a seed coat/endosperm restriction
in germination which can be removed by physical means (sce Tables
XVIT and XVIIIL). It was decided to see if chemical scarification
could replace the pricking or abrasion freabtments,

Sulphuric acid was used as a chemical scarifier. One ml of
concentrated HESOQ was taken in a 250 ml beaker and 50 seceds were
scattered on the liquid. The beaker containing the seed in acid was
shaken for one or two minutes and then the acid was diluted by adding
250 ml tap waters Whole liguid was filtered through fine muslin
cloths The seeds on the muslin were washed three times with tap
watey in order to get rid of the acids The scarified seeds were
placed in test condition.

The results (see Table XIX) showed that acid scarification
improved‘dark germination at BOOC only in presence of GAE and long

exposure of seed Vo acid was found damaging to the embryo.
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Discussion

Searification is a treatment Wﬂiéh may render thé bee& coat

- permeable to waterw &nd/ov pases or it cmuld reiove mechanical yeanv%1n%.
Freshly harvested segda,(BQVﬂ) required light fcr ﬁ@rmiﬂﬁticna Light
is known ?) %nfavﬁivat@<ﬁh& release af enzymes for weahenmng the

seed Antagumuntg (Lkuma & Thimann, 1958), or 2) %o aatlvau@ or suppress
mnhlbmtﬁr in the seed (Banner & Galston, ?953); Frém’the,anatomiaal

studies of Avafy (19%3) it appeaved bLhat Lhe eed coat structure .of

No. tabacum is complex and aome~cf the characteﬁistic"f@aﬁures!\i%
was thought, might be involved in contirolling dark germination (see
EJguwe 8)¢

in a review artlcla Evenari (19£9) pomnted out ihab a klnd of

bexm&natimn lnhlbxhor uould be yresent in the m@ad coat of Ne rusticze

Similar @uggestlon‘oxipxaﬁ@nca'wf inh1b1t0$<in Ma taba@u% was given
by Kydis hnamarthl & Hoss (1¢@9)§ Iﬁ:i-‘repmrbe@ that wa&hlng seeds

with variou& chemmgais may remove 1nh¢bLLQr from the &ormant seeds

of Abropa belladons (Bhat & Dhar, 1971) an&:Luzul&lﬁpmc&talfﬁmen,
1967) « -

Qur expériment gith'mawly harvéstedfsggds (see B pcrlmenh KUL
and Table XVI) é@ewed thgt mere washing Qféﬁﬁé'geédg'with petroleun- -
gther, eﬁhyl.gicohbl or acetone was not effeé?ivé‘im yeplaginéﬁiight
reguirement, although it was observed thatb Lhe ohemmcmls ware not

injurious to the @mhryog

Ii Bxperiment XVIL it has been demonstrated that abroded seeds.

Vi
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failed to germinate in complete darkness atgahgiand 30°C when soaked

in water, - But when the seeds were imbibed in low concentration of

(1quM and*?G"bM)_slightly impraved germina£i0n vas obtained both

at 249 and 30° 0 in camplchc darkness. The above concentrations of
GA3 failed bo anduce darh ge;mmnatlon 1n intact secds both ab 84

and 3,’1006° GAj at 10 3M vas effective (sec Table XIX)s Does the

abrasion of exnernal‘allcw‘the entrance of an effective amount of

GAB whenﬁgolution.ig.weak or dees injury result in a changed metabolism
which can make betb@rYuse'of,GAS in germinabion?

If the seed coverihgs of Nu tabacum constitute a barrier for

successful germination:-in dark, then pricking or chemical scarification

might facilitate the entyy of water, gases or GA, inbto the embrye

or endcgﬁérm¢ An examinqtion of data presented in Tables XVIII and
XIX show that pricking: of the seed coat oy acmd scayification give
good dark germmnataoa atb &uprancntlmal tempcrature (;O C) only in
presence 91 uAB' | |
Other agents of chemical scavification we used were 1) a commercie

liguid containing sodiun hypechlor:be, and P) 1,0 Scarification

2 2"
with both the chemicals at a range of exposures did not eliminate L
light requirement for germination at 20° o BOOG aven in presence

of GA3 (Low concentration)., It has been.&bserved that tobacco seed
can stand faixly high concentration#ofAsodium hypochlorite without

any damége to the viability. But high concentration of H,0, bleached

272
and killed the seeds and other concentrations were nolt effective.
Gibherelling stimulate germination in many seeds. It has, been

confirmed that it failed to have any effect when coat structure is



intact, e.g. Rosaceous seeds (Frankland, 1961). In Trollius seeds
prolonged soaking in pgibberellin solution was necessary for

germination (Kallio & Piiroinen, 1959). Dark germination respounses

of scarified seeds‘bf N, tabacum to low concentration of GAE at high
temperature (3000) was striking. Why physically or chemically injured
seed perminated better In presence of Gﬁﬁ onky is not clear, It was
likely thatv Gﬁgzp@netrated into the seeds when gearified; since
gscarified Eeedé not exposed to GA3 did not germinates It is also
believed that injufy to %hé'cells causés the 1iberatiog_of a hormone-
like substance;ih_the damagedfarea-(aurt's & Clafk; 1950), 1% could
be possible that wound stimuali during pricking or abraaipn might in
gome way influence‘ﬁhe synthesis of some_meﬁabolite(s) within the

seed and other hormonefs) bésides netabolite(s) is(are) also necessary

for radicle elongation in tobacco seed germinations
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Summary of Paprt IV

(1)

(2)

Irrigating with organic solvents, abrasion, pricking and
chemical gcarification did not eliminate light requirement in

Light sensitive N. tabacum seed.

Physically or chemically injured seeds germinated in darkness
% } :

L] M . g B Ko '“*’,'*‘.,, - “5 2\,

in jpresence of low concentrations of GA3(1O M and 10 “H).

The above concentrations vere found ineffective in inducing

dark germihation in dinbact seceds.

Chenmical scarification with sodium hypochlorite and hydrogen
peroxide over a number of different times of treabments failed

to replace light reguirement even in the presence of GA5'

(Low concentrations).
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Part V. Responses of different tobacco seed samples to

various chemical treatments

A number of organic and inorgaunic compounds are known to stimulate
germination in different seeds (Thompson & Kosar, 1938, 1939; Roberts,
1963, 19643 Baskin & Baskin, 19713 Hendricks & Taylorson, 19723
Taylorson & Hendricks, 1973). Several attewmpts have been made to
overconme light requirement in photoblastic seeds during germiunalion
by treating the seeds with various chemicals (Hashimoto, 19583 Yamaki
& Takahashi, 19613 Baskin & Baskin, 1971). The last authors concluded
that no chewmical compounds could substitute for light requirement

in Cyperus inflexus seeds.

Roberts (1964) demounstrated that some respirétury inhibitors,
Goffe Cyanides had marked"stimulatory effect on the-b?@aking of yice
see&‘dérmancyu Vefy recently Hendrisks & Taylorson (1972) have clainmed
that a number of inorganic salts, including cyanides, could induce
dark germination in lebttuce.

In‘the 1i£eraﬁur@ there is a lot of contradiction regording the
dark germinability of tobacco meeds. The objeet of this study is
Lo examine the dark germination inducing capacity of various chemicals

including cyanides in different tobacco seed samples.
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HMaterials and Methods

Three seed samples (1) BG70 (grown in Botanic Garden during 1970),

(2) BG?1 and (3) N, tabacum ev. montealne, were used in our studies.

Germination tests were carried out according tohﬁtandard procedure
mentioned elsewhere. The chemicals te§ted wore sodium nitrite (NaNOa),

2OH LHCY)

Methyl hydrazine sulphate (CH3NH“NHZH3$04>’ Hydrazinium sulphate

(NHENHa'KESO4)’ Potagsiuwm ferricyanide (KEFG(Cﬁ)G s Potassium

sodivm nitrate (NaNO3), Hydroxyl ammonium chloride (NI

2}, and Potassium

5
M, 10”71 ana 10~

ferrocyanide K%FQ(CN)693HZO ., Potassium azide (KN
cyanide (KCN)., The seceds were soaked in 10"2
solutions of each compound from the begioning. Tour replicates of
50 seeds each (unless otherwise mentioned) per btreabment were used.
The incubating tempervatures vere 20 and BQOCQ In some cases imbibed
seeds were exposed to white light for 5 wminutes once after 24 hours

dark imbibition. Counting was made after eight days from the date

of imbibition. The emevrgence of radicle was taken as seed germinateom. ,

Source of light (white fluorescent tube, 1.5ft, 250V 23% watlt WWX;

W ED W
giving radiation 612uJcm " sea ek seed level).
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Table XXIT. Percentage germination in N. tabacum cv. Hontcalnme

treated with various chemicals in complete darkness. Four replicates . -

of 50 seeds cach per treatment.

Qo

Chemicols f?iﬁéfaﬁ)fﬁdf3M'\ipggMﬁlﬂo_gﬁ

“sodiwm nitrate NalNO, : 33;‘5; 3005 Bb-5 . 21
Sodium nitrite N&NOa-f ' ‘Z?i?gjé;ji';gq ‘:fjégﬁal ,3&} 
Hydroxylannoniun chlo%idé e OO_:;;ZE.ﬁi 135,57 :¢§? :
' Mﬁ%hyl hydragzine sulﬁhate : ;3;;1&’l ?d?,5:£”fé§3f;;f16%?.»
lydrasinium sulphate . 'ifﬁ~d3j_>f17;§, g?ééf. 'déf{‘

Potassium ferricyanide 5;?;433.5  L B6 35 15

Potassium ferragy&nidé 1 T 1 B & SR 18;5€f3

H,0 control R ki;‘” SR8 ;ff{_“21lfA,
- S T T s e e
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Results and Discussion

It has been found from our experiments with different seed lots
fonqy |

that seeds harvested inxJotanic Gardensduring 1970 responded to several
chemicals (sece Tables XXQ XXTI and XXTIIA). It appeared that certain
chemical compounds, not all, including cyanides induced dark
germination as~com§arad with water conityrol. Optimal concentration
of the chewmicals seemed to be 1OW3M for germination. In all
conoentrationS'ﬁgﬁﬁoxyl ammonium chloride and Aydrazinium sulphate
retarded radicle eloungation and root hair development. The inhibiting
effect was permanent because the seedlings failed to grow in watey
even when they were rémoved from the chemical solutlions. sStimulatory
effects of lower concentration of cyanides and potassium azide in
tobacco seed gevmination agree with the results reported by Roberts
(1964) on rice seed germination. Secedlings in cyanide and Naw05
solutions looked normal but higher concentrations of the chemicels
were found toxic, No marked increase in percentage of germination

wvas obtained with N, tabacum ov. montcalne sample. Highest percentage

of dark germination was 37% .at 20°C and 31.2% atb 30°C (zee Table XXII)
in comparison with H,0 control (28% at 20°C and 21% at 30°C) o

In experiment with BG71 é%ed we used only one concenbration
(10”3M} of each chemical for want of sufficient seeds (see Table XXVB)
It has been observed that newly harvested BG71 sced sample did not

respond to any chemicals at BOG or BOOC. Tt has also been found that



light treatments increased percentage germination In this batch and
other seed samples in presence or absence of chemical solutions tested.
It is clear from our experiments with different seed samples

that certain chemical compounds (atl 107" . conc.) could induce dark

germination in BGY0, BGY70A and N. tabacum cv. Montcalne, but none

of the chemicals tested at that concentration could replace light
requirement in BGY71 seed sample (see Table XXIIIB). ‘Therefore, one
cannot generalise that a particular chemical compound at certain
concentration can or cannot induce dark germination in tobacco. This
could be cause of discrepancy among Hashimoto and Ogaware and Ono
which has been meuntioned eclsewhere.

It has been observed that older seed lots which showed
high percentagesof germination in uninterrupted darkness could readily
respond to the exogenous application of stimulatory chemicalse. It
could be that with the age of the seed, certain chemical conversions
occur within the seeds which lead them to respond to the chemicals
inﬁgérmination mediume. Hendricks & Taylorson (1972) supgested that
dark induction ol germination in lettuce seed by cyanides and othewr
compounds may be due to the idnvolvement of c¢ytochrome and electron
transport system during respiration of seeds in presence of chemilcals.
But the accumulation of knowledgé relating to the physiology of
respiration in seed germination is very scanty and it needs further
investigation. Al this moment we cannot offer exact explanation

o3

. P AY . . . . .
regarding the actual meghenism of stimulation given by the chemicals

in the process of tobacco seed gerwination,



Swmmary of ‘Part -V

(1 Dark germination of old N. tabacum seed samples was further

stimulated by certain chemicals including cyanidese

(2) In newly harvested seeds light requirement cannot be replaced

by chemical treatments.

(%) Hydroxylanmoniuvi chloride and Hydrazinium Sulphate at all

concentrations had toxic effect on radicle.

(&) Responese of 0ld seed samples to the chemicals could be due to

thelr ages
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Part Vi. Germination behaviour of N. tabacum seeds collected

from capsules of different stages of ripeness

The germination capability of seeds harvested prior to maturity
is unclear (Harlan & Pope, 1922; Nutman, 1941; Grabe, 1956). It
i belleved that several complex changes take place during growth
and development of seed on the wmother plent during maturation, Recentl)
it has been demonsbrated that the level of dormancy in wild oat is
o

dependent on the degree of maturation (Morgan & Berrie, 1970).

In our studies, N, tabacum seeds harvested at different stages

of maturity were tested for their light sensitivity and degree of

dormancyes
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Figure 9.4









taterials and Melliods

The seedlings of N. tabacum cv. Hontcalne were raised and six

healthy plants grown in a thermostatically controllsd growth cabinet.
‘The plants were receiving 18 hours photoperiods from fluorescent
tubes (5 ft. 250V 80 watt WQK) throughout. Aly temperature was
maintained at 18°C. Capsules were of different stages of ripeness
at the time of harvest. Free hand diagrams of each detached infruct-
escence showing the ﬁosition of the capsules were drawvn (see Pig. 9)o
Deseriptions of each capsule of gix different plants were recorded
separately. Numbering of the capsules shown in the diagrams vas
made according to approximgté;:age of the capsule, ea.ge capsule nuaber
1 was always older bhan capsule number 2, and s0 One

The seeds dollected from each capsule were tested for theirx
capacity to‘germihate both in dark and light at 20°C. Gernination
tests were caryied oulb ag before. The capsules omitted in the tests
were Lound shrunken and ingufficient seeds were available for the
tests. At least two replicates of 50 seeds each were used pern
treatments White light treatments (145 ft. 250V, 13 wabt WWX giving
radiatian GﬂanJaecmqémwa at seed level) for 30 minutes was given
to the seed once after 24 hours dark imbibition. Germination counts

were made after eipght days from the dabte of illumination.
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fable XXIV. -

Plant No.vi. Ddte eu haﬂveub 11 h.?a
See Fig. 9.1) -

Capsule

Hosa

1(a)
1(b)

10
11
a2t

L

Capsule

Deep brown
Decyp brown
Deep brown -

Deep broun -

Browun -

SBrown -

Light brown

(recen

Becp brown

Leop byoun

Brown
Green -
_ Green -

Groen

Colour-gf-
' 33éeds?f{»‘
ﬁﬁﬁbwﬁ‘ ;ﬁ
| ‘::Brdwﬁ
"Brown fjt’i
Br ;c::x-n;.i s = )
>;Er@wn‘f.l3;{
.T_iaj*C)llrk’1fl~':§

Ve Lluu‘ ' R

hite

*brcwn';'
TBrdwn'
‘"3*0151_3: o _
Yellowish . 00
Uhlue~5!' |
White =

Av* perconﬁare &OfMIRahlﬂn
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‘able XXV. . Plant No, 2. Date of hapvest 21.4.72

(AGC‘ Fi{};w 9»2)

Capsule Colour of . Av. percentage germination-

Hosw Capsule ’;S@Qd “fﬁ}'.~Q¢zbark R “'LLfghtj

(s Deep brown . Brown . . 00 . 8L

no

; Deep. brown  Brown - 00 - .92

DGGP:bewﬁ - Browvm '?“bé'_" : , 5Qf\v

N

A Brown - Tdght brovn :1:f.OQ;'A" % TP

\5

Brown  Light brown ;;i‘Od L A\18O

G Brown ! ?tBﬁowﬁ” R ;x;J?OG"“EET_? ;15';f1
7 Green‘ , 1 QY¢ll§w - 'i"Oét:‘ ii. f#.di“'
8 Br@wn"‘:Lighﬁnb§§wn o 00 -"'fj,f,:56:f
9 . Brouwn ,JA’W}Brogé-_;; | ;. Q0‘  7:  C1E
10 'Brgwn'-‘? {iﬁfégﬁ' :Zf ;f%r.Qé'r' HTCJ’}éﬂ”7ﬁf“ B
11 “Brown k.-Bpoﬁp' o l'gfziQQ 11";‘\*8;0“122_
O

gl

12 Broun  Brown , _fr-dO”
13 Green .. Yollowish. =~ . = 00

(O - Green - _”ﬁhi$iéh' o :;;”oo

.\.
N oo

BACIN Y
e y
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Table XNVIx. = Plant No. 3.  Date of harvest 4.5.72

(Sce Figs 9.3) . -

- Capsule - Colour of-. Av. percentage. germination

Nogs Capsule ~  Seed - . Dark. . T Light ©

Deep brown Brown ,~.COO‘V}‘f:f‘QIQO

O . =

Deeﬁ browun ?‘Bréwn: s' i:370Q12f3@w’*: 003'.
Brown = .3rewﬁj¥0”“gﬂiﬁdOLf;EE Q3 3QO.;

=

Browa  Browa - 00 ¢ T OQ'f;ia”'
CBrown . Browm .00 . 00 .
7 ' Brpwﬁ‘ - Broﬁp' N ﬁ*béi'f°“if;€fédfwffﬁ "

, Brown . Bgoﬂnﬁ:fiﬁ;f':bd,¥; :}&f?fQO;fiﬁui”
10 ’Greeﬁ j;h¢Yéii$ﬁ;f:i  ;-406 f;:;A7 ,ib6’

11 333,~oun Broun ,- OO OO ' -,
12 Brown " §;?ﬁﬁbﬁﬁi ~  <ft 0Q}if; f ifip@ﬁz ;f o
13 | Brown'/j; EBfOan~ '3i OQ;;;f_’;f: OQJﬁ?f

1 Light Brown  Yellow © 00 =, ® 00 .
15 Light Brown Yollow = - 00% . . & 100 ...

e\

fore]
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Table XXVIb, ° Reqpon e of ueeds of PLuB Lo UA . lTﬁdféeplidétear'

i{ﬁ of )O seeds cach

. Qoncenuratman of Gﬂ

| o0 0™ 0 BM;f
Capsule  Seed D L D L oL

Capsule ~.Colour of = -

Mos.

1 Deep brown . Brown 00 00" 2,0 5r01*8hff96}*
2 Deep bfbwn 'lBrown;JgCO 1-0 .O 3 O 96 93‘;n“

14 Light brown Yéiiéwi' 00 3.0 4,0 6 0 o7 985:f



Pable XXVII. Plant Nou 4. - Date of harvest 18.5.72

Bee Fig. 9;4)f{ gwf

, olour of - . Av. percentage mination
Capsule Colour of .. - AV. P meentage germination -

Nos. Capsﬁlé U Seed | By Dafk j: 7“%Light '}}fﬁg

—

“Bréwﬁ*f\ Brown '__’bei' -~ 00 -

Brown  Shruﬁken e e

5

S S

-Brouh'  CoBrown o f[qdd? B fﬂlf%;ﬁk'?g
Broun Shruﬁkénkftif‘, f;;=u,;f'};w ;; HFf

.'Brown. lShrunkenﬁ u M ' "* w-;  f” e L
brown '  Brown 00 ' 00 . -
Brown 7Brbhn!5“‘ f’ ;iOOif'*T}.:”_Da;'fi”7u
Brown . Brbwn;- ) J _lfGO5:-Z -  06* ff‘Vf'

10 ‘Brown  Brown . :‘[‘OOf_“:fg'<g-OQ.;

1 Brown - Brown . 00 . 00 |

12 bewﬁ;*:f;Bﬁéwnﬁ*' | ff“OOfE';C. "iO6  i¥

13 B?ownif L'Brgwné . 00 “';f‘)‘foéj‘ﬁéf‘./

ALCTI oo B N ¢ W

(! . Brow@? :Shrqﬂkén: N  ﬁ~—é;“. . -;hf:j"-
15 Green . White e= .m0

16 Browi < Browa - .00 00 oo
17 - Brown "Shfﬁgken?lffffié;~-f “r;«;?¥;@§¥gua}ﬂ§

18 . Broun’ :'No‘éeed} e . : 4;5.
19 . ngwﬁ] :JBréﬁns‘g ° *:,OC7-5¢it' jEf@l‘i. |
20 ’(Browng:_fﬁYeil¢ﬁ:;5fffjfdef:-t€j"_&!0Q;:5*;'i%



Table XXVIII. ' Plant NGw 5e Date of harvest 25.5.72 . .

'(Sée Fige 955):.tu:{}jiw

Capsule ‘GOI?HP Q£ily°ff¥ ?ercgntag? 8@#@}?@?}@g}g-_u

1 Brown»“lft:ﬁééﬁgi;;;i;fifi60-}1: ;f:§Q€{§$:f:
ﬁrp#n ; ?-?3r5§ﬁif"f .;{jf§5§,  5?;fi§é;
Browﬁfi-yiéﬁ%?ﬁféﬁﬁzf};7?M;éoaifigti;@d:-
Broﬁn_1: 1;3§§wn”i?t;;f3f EQO¥ ;Qfﬁi?lﬁ'?.l

CBrown Brown .. 00 . 55

Brown”ﬁll;fgﬁéﬁn;, o ,}Qﬂﬁ R TN

Brown' Brown . . 00 . k6.
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Table XXIXs. Plant Hos 6. Date of

.- Brown:

“Deop brows - Brown

- Brown

“Deop brown-

5
9 . Light brown I
0 ' .

- :-»13::53(_)\*! n
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Results and Discusaion

Light sgeusitive seed and seed with a chilling regulrement nmay
contain certain germinabtion inhibitors (Wareing, 1965). It has been
found that light negates or abolighes the inhlbition caused by these
inhibitors. In birch seeds the endogenous inhibitor appears not to
be destroyed by low intensity of light and prolonged irradiation
is required for high percentage of germination (Wareing, 1965).
Vareing & Poda (1957) also demonstrated that gradual accumulation
of inhibitors may take place duringﬁ}atér stages of Xanthium seed
development. However, there is evidence that dormancy of wild ocat
may be determined by the stages of ripeness at which the seeds are
harvested (Quail & Carter, 1969). In ocat the degree of dormancy
may also depeund on position and number of egryopais anjggikelet
(Morgan & Eerria, 1970) «

No information exists regarding the light sensitivity of N. tabacw

seeds produced in different capsules on the msame wother plant. Our

germination studies with N. tabacum seeds from six indlvidual plants

showed that light was absolutely necessary for gefminatian in the
seeds collected from plants 1 (see Table XXLV), 2 (Table XXV),

5 (see Table XXVIILI) and 6 (Table XXIX), It was observed thatb in
plants 3 (see Table XXVI) and 4 (see Table XXVII), 30 ninutes white
1ight once after 24 hours dark imbibition had no or little effect

on gevmination, although the seeds gave high percentage of geymination
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w7
‘M solution of GAB (Sece

in darkness when they were socaked at 10
Table XXVIbh). The reasons for nonrespounsiveness of the seeds to
light is not clear. This could be due to plant oy other unknown
environmental effects.

Colour of capsule or secd may indicate ripeness or full growth
but germination capability of the seeds obtained from them may vary
Onlyf%ew capsules produced a limited number of seed which can
germinate in darkness (see Tables XXIV, XXVIIYL and XXIX). In most
of the cases brown seed germinated well after light treatments but
white seed did not show any sign of germination both in light and
GA3(10“BM) (Table XXIV). |

From a study of the data presented in Tables XXIV, XXV, XXVIa

and b, XAVIT, XXVIII and XXIX, it appeared that N. tabacum seeds

produced by a single plant nay have mixed light seunsitivity o degrée
of dormancy. Different light and teﬁﬁeratura treatments may be
required in some seeds to break the post hearvest dormancy. This

may have some biological importance for the survival of the species.
But how the inception of such variable light sensitivity or dormancy

occurs in the seed is not clear.



Summary of Part VI

(1

(2)

(3)

(4)

Germination behaviour of N. tabacum seceds collected from

capsules of different stages of ripeness was investigated

imnediately after harvest.

All seeds showed light reguirement for germination. Some
plants produced deeply dormant seeds which did not respond

in germinatlon tests soon alter harvest.

Position and degree of maturity of capsules on plants could

be involved in the light sensitivity and degree of dormancys.

Seeds from six besbt plants showed mixed light senslbtivitye
Production of mixed light sensitive seeds by a single plant

is not clear, but see elsewhere (in Discussion)e.
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Part VII. Bffects of light guality during maturation of

- No tabacum seed on germination.

Light is involved in.a ﬁumber of distincet physidlogical processes
in plants, €.ge photogynthesig, photoperiodism and dormaﬁcy. The
leaves of the plants have been suggesﬁed aﬁlthe.principal site of
radiation absorpﬁion which could bhe regulaiting induction or irhibition
of flowering (Withrow & Biebel, 19363 Withrow & Withrow, 1940;
Borthwick & Parker, 1940). Wareing (1954) postulated that a growth
inhibitor which is involved in dormancy in woody species is produced
by the leaves durigg long dark4p§ribd and formation of this inhibitor
could be negated by exposing the leaves Lo continuous light.

However, in a number of plants‘it has heen demonﬁtréted that
different photopericds (short or long) or other controlled enviromment
under which parent\plants are grown may have some influence on
subsequent germigatign‘quality-of'the_seQAE (Koller, 19623 Karssen,
19705 Datta et g&;, 1972) .

An investigation was made of the nature and variability of light

sensitivity or dormancy in N. Labacum seeds collected from capsules
or mother plants exposed to light of different speclral composition

preceding full maﬁﬁrity-cf the seédgo‘
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Materials and Methods

The seceds used in this section were obtained from the following

treatments given Lo the mother plants (N, tabacum cv. Montcalne)

or developing capsules. All plants under treatments received artificial
white photosynthetic light (18 hours) from fluorescent tubes in the
growth cabinet. Other details of growing conditions have been

mentioned in Part VI and General Materials and Methods section.

Ie Capping: Four healihy plants were selectedfor treatment-.
Treatments were carrvied out from anthesmis to harvest, a period
of 27 days.

Small rectangulay boxeé (approxs 1.5 x 1.5 cm wide and 2 cnm
high) wmade of deep red and blue cinemoid filters vere used

to cover the capsules for various lengths of time at different
stages of sced .development within this period. Reference was
made to capsules either open, or uncovered, or dark, covercd
with foil soon after anthesis. A typical experimental design

is illustrated in Fige. 10. Only 14 copsules received treatments

per plant soon after anthesis and the remaining flowers or
developing capsules were removed. The capsules were harvested

27 days after anthesis.

IT, Leaf Covers: In this treatment the leaves alone were covered
with variously coloured cinemoid filters soon after the plants
showed sign of floweringe. Inflorescences of the plants were

left exposed to "white! light. Only a limited number of éapsules
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(18} was nllowed to atbtain full maburity. The capsules
harvested were byown in colour and had started cracking
alt the tops. Plant heads showing the position and nuuber

of capsules deteloped can be seen in the photographss (Ges Plate 2

ITLe Phobtoperiods . In this éxperiment mother plands were given

gither short day (8 hours) treatmsnts from flowering to havrvest

or 18 hoursn photopericd throughout.

lﬂﬁﬂmfﬁf%QW ﬁ&:vaétﬂ,th@ éay&ulaﬁ yere left al room temperabture
for o f@#vﬁayg ﬁné tﬁéﬁ wér@ put in senled glass botitles and subsequent.
stored at 4°C until required for tests. Gormination tesbts were
aayriaﬁ out na éﬁiék}y as possible. The standard gerainatlon procedure

described cleovhere (see Puge 21 ) was owmployed. Incubating tenpere

A

abures vore 207, 24° and %0°%C. Light trestments (ﬁﬂauJ@mfg$adm
at seed level) werd given Tor 15 minutes once after 24 bours dark

jabibitions
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NOTE

Due to some technical difficulties prints of Nos. 2 and 3
were not available. Transparency showed the following:
Deep blue“extends from 430-480y.

No. 3. Deep red”extends from 590-700y.
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Transmission spectra of cinemodid

Deep red
Light red
Déep blue
Light blue
Yellow

Green

R

an

£ 3]

-

L1

-2

290

\7
W
O

420

H

H

680 (intense
690 (intense
530mP(intense
700 intense
690pM intense

5900 intense

at

at

at

at

at

at

See photograph of spactrai{Plate 3)

filters were as Tollows:

red region)

green and red region)

blue and green)

blue, yellow and red)

yellow and red)

blue, yellow and green)
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PYable

SXLL .

UberﬂaLlOH ﬁbrcenbage of N, tabacum seaﬂ

maﬁufe&”

on amfierent plqaLu in uhlch le ves uerc coered thh coloured

Bateh I:

Colour of-
filter

Deep blue
(420-5300M)

Light blue
(4:30-7000M)

Green

(460~590nM)

Yellow
(460-690MMm)

Light red
(530-690MmM)

" Deep red

(590-680MM)

Open
control

?Lliers 6uv¢ng‘flpeﬂinr of the seeds

Number of
capsules .
developed

16

10

2427
2.59
0.70';;

ra.5alf
‘2;§§37\
?z;féf

- 0.50°

.  Ave Wt
Tptal.uxv' e

vie in
Copns

each

copsule
Cogis

© 0.18 -
o
~;§;4é:.‘
“;6;59'
Tr qu2? f
028

0.08

: ﬂark -

7.0
,19_fJ:

8.0..

\_Liéh;

‘;*3§5§txﬁ
B
.fgﬁiééy

9

ark

%6.5

3.5

1.0 ’ﬁff7

6.0

hcﬂﬂinatlan @ at 20 C

‘ Oldegb capuule Topmout capsule

51@Qu
62
55
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Table XAXI (continued)

o 20% 0 2w -0 30%
Irradiation Capsule Nos.. Cgpsﬁle:N§Sf:¢ap3uie Nos.

12 3 A2 3004 20 03

Colour of -
filter

Deep blue  Dark 5.0 9%: 89 00 42 98 000k k8
(420-530MI)  Light - 97 99 99. 84100 197 hio 98 .95

Groen CDark . 83 30 94 A2 25 9k 5.0 3.0 60
(460-590MM)  Tight ¢ 100 100 98- 99 96 98 65 77 97

Deep rod  Dark - 002.0 13 0000 6.0 00 00710
(590-6801) Light = 80 68;'9353 8?li5§;‘73'a930'959 15

Open Dark . 1k 33;“6725'115;23;530_ he0 BeO 55
gontrol S Light B89 93 9% 75..9% 91 51 72 9h




117

il

4
e flede

A r~
"5

Table

maiur

§3)

100 seeds from each ¢

ﬁggtsl(fg ars)

4?@%22

reat

vt

a5

L
1

L
Oy

-2

Pl

(8]

.0

! s

O

9.0

SO
LON

78

e8]

oo

10

-ON

over

L

]

32 100

72 95

99
7.0 96

11

00 73

100

9h
96

.
©
-

fiddle

20%

.35

99

9

85

89

3.0

95

per.

¥
3,

b

98

96 1k

89

92

32

5,0 95

00 92"

o
s o

By

e

o
On

96

L0

99

C ol
25%

33

100

39

<

79

99

8.0

00 85

o0

g2

Ex

B oo

=

3

i3dle

d
c M4

30%

9% 2.0 52

29

20 100

00 25

r

‘Upps



118

Results and Discussion

We have studied the effects of light of different spectral

composition transmitied through cinemoid filters on N, tabacum seeds

while ripening on pavent plants. This study was thought to be useful
from an ecological poin£ of view, because it might be that photoperiod
or light quality during =zeed maturation could have some effect on
seeds and bheir subsequent germinability.

In all experiments vhere capsules were covered with deep red
and blue boxes at various stages of seed development, light sensitivii;

of N tabacum seed varied remarkably among seed lots matured on

different plants. .In all sceds light promoted germination at 20°
and 24°C. At higher température (30°C) in some cases germination
was reduced to nil both in dakk and light. In a few plants dark
germination was obtained at 20°C in sceds matured under deep red
and deep blue box covers. Dark germination of seeds obtained from
blue hox treated capsule of plant Nos. 3 at 20°C was higher (5h%;
see Table XXXe¢) than those obtained from red covered - 25%, open -
22% and foil covered ~ 00% (see Table XXXa).

The sgeds obtained from the capsules kept covered with aluminium
foll soon after anthesmis showed very little germination in dark in
all plants except plant Ho. & (20% at 20°C:; see Table XXXa). But
it appeared thalt they showed a significant response (Table X£Xe)
of light promoted germination at all temperatures (particularly at

24° and 3000).tested in comparison with the seeds obtained from open,
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deep-red and deep blue (box treated) capsules (Lables XXXa and XXXb).
It has been observed that red or blue cover treatments given to the
capsules for only 9 ~ 18 days‘from the date of anthesis have some
influence on dark germinability of seeds matuvred on plant No. 3

(Tables JYXXa and XXXb). Seeds: from all other plants and treatments
showed little germination in dark. However, 2° tests (see Table XAXc)
indicate that a significant difference 1n light and dark germination
exists between the seeds of trested and open capsules.

Our observation with cinemoid filters have shown that mother
plants in which leaves were covered with filters &tf%ime of formation
and maturation of seeds produced seeds of variable germination quality,
Seeds matured on plants with green and blue filters showed considerably
higher percentage of germination in darkness at 20°¢ in comparison
with open controls Plants with red filters produced typical light
gensiltive seeds and very few seeds germinated in darkness at all
Cemperatures tested. This variable degree of dark germinability
between the sceeds matured oun plants with fillter covers is nc@klear.

It has been suggesbted that production of inhibitor(s) or promotor(s)
hy parent plants affects dormancy in seed (Morley, 1958; Morgan &
Berrie, 1970). If leaves are vegurded as the principal sites of
synthesls of such inhibitor(s) or promotor(s) (Wareing, 1954) in
that case leaves of tobacco plants covered with cinemoid filters
transmititing different spectral zones could possibly be involved

in controllihg light and dark gerwinability of Nicotiana sceds.

Lova (Austin, 1972) and Karssen (1970) established that photo .



periods in which seéds'aréymatured on the parent plants}affected

demahcy'iﬁ Uhgnépodium. - In our expefi@ents with‘tobacco_plants
‘Shorf day (8 houﬁsjltr@atwent was glven bo the ma%herwplants only
after full fiowegiﬁg and plants which fleweredaand fruited gnder
18 hours phgtopeﬁiods‘throughout*weré ﬁéeated“aS’ﬁénthl (long day).
It ﬁdéfbeen obséerd‘that ﬁl1 six.piants'underjobservation‘produced
seéﬁs in which:light‘pfém@téd'germinétign»_;But three plants under
| 1oﬁger.photopegfgdaﬁprgduggd seeds Qith»considerably'highef dark
gerhiqgf@litj even'at 2¥§-énd 3000 (?able XXXIL) Iﬁ éll short day
treated plaﬁts ekoeﬁt‘plang N6;1 ' (see Tab}e XAXIL) the geeds -showed
little geﬁﬂihationvinfdark.w'It‘alsa appeared: that long day seeds
pave better reﬂpqnsejﬁo light at 30960 Dark germinability also
yaried.among theQQééds ofrlower, middle and upper cﬁpsﬁlesrin tréated
'plantsﬂ(ség Table Xﬁxlij. - o |

lDﬁringAﬁur s@ﬂdiéé it has,beeﬂffaﬁnd théﬁftcbéécp plants produced
3eedS'Qith Qifferences'invdegreéfof light‘génsitgvipyfaﬁd dark
_germinébilit1.  We ﬁave'dempnstrated th@f_éeeds cbtained. from dark
(foil goveféh);ﬂbluefand:xgd béx tfeated capéules c&uid shéy different
degrees of:lighﬁfmé@sifiviiy eveh when they were prbduced on the
same pl&nt? 'Iﬁ;naﬁﬁréAbnG can assume thalt colour or different levels
of light around the.deﬁg;oping seed could possibly play an inmportant
part‘iﬁ the inductioﬁwéfAlight sensitivity in typical>photob1a5tic
seeds. o A

A ggnetic-hetarogeneity inﬁtébagco plants which is complex
(Hmning,ﬂj9§Q;fﬁégpefbaﬁer,,1968) may. have sgme\influenca on our

‘resulis,. Howéver,jthére;ia a'pos@ibility.thaﬁ we can manipulate
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Jight controlled?ﬁprmaney in N, tabacum-by subjecting the mother
plants to -particular types of incident light.ah;timaﬁbf.seed

maturation.



summary of Part VII

(1)

(2)

(i)

No tabacum capsules exposed under clnemoid filter covers at

various stages of development produced seeds of variable

germination guality and light sensitivity.

Mother planis in whigh leaves were receiving filtered light
of different spectral composition at time of maturation of
seeds had some iunfluence on light and dark germinability.

The planis with red filters produced fat capsules and heavier
seeds (sce Table XXXI) with typical lipht sensitivity.

-

Seeds matured on plants under short day (8 hours) treatuents
only after full flowering showed typilcal light dependency in

couparison with that of seeds watured under long days (18 hours).

It appeared that light controlled germination in N, tabacum

seed could possibly be manipulated by exposing the mother plant
at time of seed ripening to photoperiods and/or particular

spectral bands.



LY
IA]
\N

General Discusglon

In ocultivated tobacco light sensibivity varies between races
(Goodspeed, 19193 Johnson et ala, 19303 Kasperbauer, 1968). Variation
in germination as a result of cultural conditions bas been ascribed
to burying seeds to varying depthse. Light and temperature eifects
on seed germination are not well underétood. Light may be involved
in establishing processes esgential for seed germination, such as
polysome formation in letitunce (Rosemary & Villiers, 1972) and
inactivating inbibitors (Floris e} als, 1972). Therefore, germination
would not be likely to occur in the absence of light in positively
photoblastic seeds.

During our preliminary survey of optimal temperature and light
requirement in tobacco seed germination it hasg been found that in
all seed samples light stimuvlated germination within a limited range
of temperature above which it had no effect, Seeds obtained from
some commerclal sources shoved grealter tolerance to high temperature
for their dark germination. The results agree with the kunown
behaviour of many species in vhich temperature and light interact
(Berrie, 19663 Wareing, 1969). It has been demonstrated that light
reguirement at higher temperature (3500) in older seeds could be

negated partially by treating the seeds with Kl\’é();5 solution and low

tenperature (1200) for a certain length of time before being
transferred to 3500 for final germination. In typical light requiring

seeds (Batch I) dark germination could nol be obtained by single
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‘temperature sﬁift; A gingle temperalture shift.ié known to interact
with the form oprhyt@chrome induced by red light (Taylorson & .
Hendricks, 1972). It is not clear hcwaKI\TO_‘,_‘2 together with low
temperature pre-treatment, could induce dark garm1nat¢on at hig he

temperature in Nm Labacum cv. virginicum, 1 is atate& that nltrates

could replece after ripening of seeds which require stratification.
(5tokes, 1953, 1965). lowever, it has beon observed that comparativel*
law.temperature (49¢) pre=~treatment along with KNOE,did_not bring
about any change in dark germination in seédﬁ transféf%edfto 35005

From our observation it appeared that light sensitive seed samples

of N, tabacum rﬁsppnded differently to iight at different tempéfaﬁuras,
with light requiring response decreasing with inereased tg@pérature 
and time of imbibition” It hos also been observed tﬁat fed“ﬁﬁd far-re
Llight sensitivitj’bf.toﬁacao seeds (Batch-l)"ohaﬁges with time of
imbibition at 30°C. Small doses of red and far~red iighﬁ wefaffounq :
promotive after 24 hours dark imbibition at.ﬁQGﬁg'but,@tufoﬁfuﬁouyﬁ
treatments, fare-red light appeared to be non-promotives In freshly
harvested seeds, howevcv, true red, farnrod revevsxblc reac 1on couTé
be obtalned even after geveral days 1n‘darkn@sa-at‘20f0.§ Truo
reversible red, fuvmred re ecaction could depend upon wermLﬁatLon
‘conditions and seed sample&.

Seed coals and endosperm and not. the enbryo 1taeif, maJ be-“
involved in seed dormancy. -Although in mOﬁt cases seed cover&nﬁs
do not prevenb water upmake (Roberts, 19613 Barton et al., 19?ﬂ)

punoturang, cuttlﬁb and ucarlflcatlon ‘can. 1mprove germxnatlon An many
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cgeeds. ‘iﬁ our studies physical dﬁd‘chamiéal scafificatioh-féiledf
to eliminate light requiremenﬁ in tyﬁicalxlight'réqﬁfbiﬁé fébéédo*
seeds. The results were defo@ﬂL from those- of ather ucr&era Ln
letbuce (Ikuma & Thmmann, 1958) éﬁd wild dab (Oummlmg 8 Hay, 49)8
Hart, 1966) vhere rupturing the Swﬁd coats: ffoctﬁd 1i&ht sensltﬂv;lJ
‘Gibberellin andihinetin'are L0V to gtﬂmulate gcrmmnat:an 1n
a numbey of Seedé (Kahn, 19603 brankldnd & %@LQlﬂb 1960, Robnrtu,
96 ) buL neguthe rewultu with GA and kmnatln have been ﬂoported
on unscarified sgod of s0Mme Rosacea0~(ﬂfanqund, 1961) andy¢n Luzu]a
GAmen, 1967) Iﬂducblon mf dark gnrmlnatiun in tohacco oéd by
chemionls 'is nok weil undervtood from the’ uorkm 01 difforeat aubhmrd_:
(Iyshimoto, 195f 961" Has hmmoto & Ymﬂak11 196”"Tak&haqhi et &l;,:
19625« In our 8Lud¢os 1L appear@d that in Lyp¢cu] Aght. depcn&mnt
seeds darvk germmn&ulan cannotibe induced by & akmng tha upedu wlbh
KNOE, kinetin and thiourea which argﬁgnown ﬁo gtimulate dgrk
germination in othéé speciés;,lonly éﬁanides;gnd some of tﬁéfcheﬁicalu
coﬁpcunds reédrted in:Pa?t'V coul&liﬁérease dark germinatidn_iﬁ oldér
seed‘damples, Typical 1¢ghb réquir ig.ﬂeédﬁ;GBG?ﬂ) did not respond
to thé chemicals and light vas foﬁﬁ@;%tiﬁuléﬁdﬁ% hoth in‘their‘preseﬁc«
or absence. ‘If“has been cbﬁefved thatiBhe 6ptimal.aonceﬂﬁfaﬁiﬁn-éf ‘
gibberellin fér.dark"@ermination varied amén@“thé séea “ampleﬁ;
Physically ur- chcmmca]ly ¢n3urgd‘seo&& germ&natod bebtcr in prosenoe
of Xow eoncentratlons of GA;, Inoa comparativo study, a mmxbure of -

GA

i vas iound much nore effectxva at low concentvatlon in nromotinL

dark germination than_GAB.' Chemlcal changos within the Seedb wmth

ot
R g

EA
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thelr ages could possibly be responsible for variable respounses of
tobaceco seed lots to different chemicsalsg.

Apart from genetical, enviroumental or physiological factors
could play an important vole during maturation of seceds (Barton, 1963)
The'@nvironmental_factora such as temp@rature\and photoperiods around
the mother plant have some influence on seed quality (Kollew, 190623
Robertson el alsy 19623 +Grantlipp & Ballard, 19633 Karssen, 1970).

Ve exposed the developing capsules of N, tabacum under filters

transmitting light of different spectral composition at various stages
of éeed,setting and ripening. The results and statistical analysis
indicated that 1igﬁ% sengitivity of seeds obtalned from the capsules
kept open or covered with salumlnium foil was quite different from
those matured under colourved filters (deep red and deep blue) on the
same plant. From our observation it ¢ould be presumed that in nature
all the capsules developing on the same plant may not recelve the
samé‘qualiﬁy light due to mutual shadinge Furbthermore there is a
wide poasibiliﬁy that light quality transmitted through green leaves
of neighbouring plants around the developingfsaeds or capsules may
also influence seed guality.

The leaves arg the organs which receive the photoperiodic stimulu
and transmission of growth inhibitoryfrom leaves to buds may be

involved in dormancy in Bebula pubescens (fagles & Wareing, 1968).

Karssen (1970) presumed that indnction of dormancy by different

photoperiods in Chenopodium was partly regulated by phytochrome and

partly by photosynthetic activity of plants. During ocur observations
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it appeared thalt plants in vhich leaves were covered with cinemoid
filters and were recelving light of different specltral composition

at time of seed seliting produced seeds of different degree of light
sensitivity and dormancy. The plants under deep red filter (590-680nm
produced seads of greater Llight dependency for their germination than
those under deep blue (%ZOmBBOmbﬁand preen (460-590npm filters, Similas
results were obltained with two batches of plants. Production of heavic
seeds on plants with red fillters could be due to increased photo-
synthetic activitys (Sze Plate 2)

Plants under short and long day treatments after full flowering
produced seeds of variable light and dark germination quality. Seeds
produced on long day planis showed greater light sensitivity and
greater tolerance of high temperature for their germination. Germinati
studies in N, tabacum seeds collected from capsules of different stage:
of ripeness showed mixed light sensitivity and dggree-af dormancye
Some plants produced deeply dormant seeds. From our studies it is
not clearly undersbtood how seed from a single plant attain a varying
degree of light seusitivity or dormancy. Very little is known aboutb

the time of the idnception of lipght sensitivity in N. tabacum seed

vhen attached to the mother plant.

From ouy studies it appeared that light controlled germination
B

in ¥, tabacum seed, apart from genetics, couwld be determined by comple:

environmental factors around the mobther plants.
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