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Physiolioagy of secd gern iiaiion s bIen A subiost of @

number of investigators during the last half century.

dermination of seeds has bheen defined as the resumption of

sctivity of the embryoc resulting in the Tupture of the sesed 2003
and the emergence of the radicle (Meyer & Anderson, 1954), I+
45 restricted to processes involving the resumption of development

rather than the continuation of growth (Toole et al.; 1956) .

General reviews of the vast literature relating to the ger-
mination of seeds have ineluded those of Crocker, (1948} ; Stiles,
(x950) ; Crocker & Barton, (1957 ; Toole et al.(1856); Mayer & Poljak-

off-ijayber, (L967%).

The firss change when seeds are placed to germinate ig the
igbibiticn of water. This Is followed by cell enlargement and
cell division (Toole et al. 1956), General observation shows
that these saguences are the usual feature in the germination

of szeds.

Tt would be of interest To refer 0 the chemical compos-
ition of sceds in a generalized form and brief picture to bind

this with metabolic changes ~roecurring during seed germination.

The chemical analysis of various seeds show a wide range
of variation (Stiles, 19503 Orocker & Barton, 1953; Mayer &
Poljakoff-Mayber, 1963). It is estimated that fat forms the
chief Tood reserve in the seeds of about 80% of species of flow-

aring plants, while ctarch forms the principel rescrve in only
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Tt has been recently found as a result of the moicrn anslir-
tical methods, that many species of seeds contain a number of
growth regulating substances comprising growth promoters and growth
inhibitors (Evenari, 19493 Bonner, 19503 Bonner & Galaston, 1951

and Audus, 1863).

Dry seeds are characterized by & very low rate of metabolism.
One of the early phases of the germination process is the activa-
+ion of the enzymes in the region of the radicle and the increase
in the respiratory rates (Toole g3 ai., 1956), The requirement
of energy for the onset of germination is satisfied by the incre-
ased rate of respiration. Thus, it has been supposed that, during
the early stages of Beed germination, there ig a "grand period"
of respiration during which the rate of respiration rises from
approximately zero to a maximum, and then falls again (Stiles &

Leach, 1932).

Goncerning the chemlgal changes taking place during seed
germination, they show a wide range of variation. Put in all
cases, the first chemical changes involved in germination, foll-
owing water absorption, are the mobilization of food resexves COl~
tained in the seed, either in the endosperm, perisperm or in the
embryc itself, These changes are of three main types : ‘the break-
down of reserve material, the transport of materials from one
part of the seed to ancther (from the endosperm to the embryo o

from the cotyledons to the growing parts) and lastly the synthesis



£ - materials from the broakdown products formed.

siller (1938) found that more than two thirds of the normal

jeh

rat content of the sunflower seeds disappeared during the early
stages of germinatiom. Yamada (1955) found that total liplas de-
creased during the early stages of germination of eastor-bean
seeds, while reducing and non-reducing sugars in conbrast, began
to inerease., In his openion, fats are converted to sugars as gel-
mination proceeds. The conversion of fats intoc carbchydrates has

been algo shown during germination of cotton geeds (Maclachlan,

1956 2 & D).

Malhotra (1931.a & b3 1932 3, b & ¢ 1933 a & b and 10745
and Yamada (1955) showed that in seeds containing starch, a distinet
211 in the latter is usually accompanied by a marked increasc
in solublz or simpler sugars. The changes in carbohydrates of
barley during germination have been studied in detail because of
its importance in malting industry. Glucose and fructose rise
very considerably at 6-days germination and then begin to fall
again, Naltose rises from about 1 mg/gn dry seeds to more than
55 mg/em after 7-days of germination. Ssucrose shows smaller and
less regular increases, waile the total trisaccharides gtay more
or less steady for the first 5-days of germination and then rise
steeply; increasing 5-folds 1n the next two days (Mayer & Poljak-

of£-Mayber, 1963).

An interesting feature of metabolic changes taking place



toroog Poaseclug seed mermination is the formetion of ralonic asio

h o

which is nearly absent 1n the dry seeds. In the same seeds clsraic
acid decreases, while malic acid accumulates during germination
(Duperon, 1960). 1In Zea mays, citric, malic, and aconitic acids,

all incrcase at different rates during germination (Duperon, 1958 .

Goncerning the metabolic changes in protein, it is obsexrved
thas “he chief loss in germination is in the protein, while the
sugar content is actually increased (8tiles, 1950) . In place of
protein broken down, there appear free amino acids and amides
(Mayer & Poljakoff-iayber, 1963). Amino acids may be directly
uiilized for the production of engymes, growth regulators or nucie-
oproteins or indirectly utilized through the formation of other
intermediates (Dutcher et al., 1956) . Soluble nitrogen alrezdiy
present in the seeds may be utilized during germination. Egami
ot al. (1957) showed that the emall amounts of nitrates present
in Vigna needs disappear as germination proceeds. They proved
the existance of nitrate-reductase system in Vigna seediing.

There is little change 1in total nitrogen content of the seed during
germination, although slight losses may oceur especially due to

leaching of nitrogemnous substances.

Seeds of many kxinds of plants may be perfectly viable, but
they fail to germinate, immediately after harvesting, when placed
undar environmental conditions that are ordinarly favourable for

quick germination and vigorous seedling development., Such seeds



are said to be in a state of dormancy.

Dormancy 1s & genersl phenomenocn, shown Dby a variety of diff-
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organe such as seeds,; dbuda, tubers, bulbs, corxms and

THiZOmMeS s0seece €5C,

The problem of dormancy has been a subject of very consider-—
able investigations by a number of plant physiologists. One may
refer to the reviews of Crocker (1948), Evenari (1949j, Porter (154C),
crocker & Barton (1953), Samish (1954); Evenari {1956), Toole et al.
(1956), Meyer & Poljakoff-Mayber (196%) and Vegis (1964).

some workers (Crocker, 1916; Crocker & Barton, 1953 and
. Mayer & Poljakoff-Mayber, 1963) attributed dormency to one or more
of the following causges:

(1) Impermeability of seed coats to water.

(2) Impermeability of seed coats to gaseous exchange.

(3) Mechanical resistance of seed coats.

(4) Immaturity of the embryo.

(5) Light or dark requirements.

(6) Temperature requirements.

(7) Excess or absence of growth-hormones.

(8) Occurrence of growth inhibitors.

(9) Inacti%ation of certain enzymes.,

An account of some of these factors, which will be discussed

in the present work, is given in the following sub-sections.



Temnerature Regulrements:

seeds of many different spenies fail to germinate until
after they have been expoged 1n & moist condition to low temperative
for a few wecks to several montheg (Baldwin, 19303 Beut, 19413 Rog,
1941; Charpe et al., 1942 ; Barton, 1955 ; Black, 1959 and Villiers
¢ Wareing, 1965). During this period of exposure to low tempora-
tureg, chgpges in metabolism take place, aftzr she completion of
vwhich seeds will germinate promptly if pilaced under farourable
conditions., Thesge changes are commonly called after~ripening chan-
ges (Crocker et al., 19183 Plemion, 1933 & 19%4; Afanasiev gt al.,

1942; Tuckwill, 1952 & ; Hendershott et al., 1955 and Allen, 19G0).

Many of thess seeds germinated best aftor the winter periovd
and this led to the practice of stratification of seeds., Seed
atratification was Ffound many years ago to ve effective in allowing
for the germination of many seeds, After-ripening at low temper-
ature is olten accompanied by changes in acidity, changes in enzyne
sosivity and changes in the rate of respiration (Ransom, 1935 and
Crocker & Barton, 1953 ). Changes in nitrogen and phosphate contents
during stratification of certain seeds were also observed (Olney &
pollock, 1960). larked changes in amino acids, organic acids and
phozphrate compounds weIre noted during the stratification of peach
seeds (Flemion & De gilva, 1960). Low temperature after-ripening
may be regponsible for the formation of some growth promoting sub-

stances or it may favour the destruction of some growth inhib-



Star s (Luskwill, 1052 a;¥illiers & Wareing, 1960 end Foda & Rend o

1962 a & D).

Fheve is sorme evidence that gibberellins or ibberellin-1lik:

conpounds may be involved during after-ripening at low temperature

(yayer & Poljakoff-Mayber, 1963).

Growth Hormones:

It has been suggested that excess of growth hormones may bring
ehout dcrmamcy and that their gradual decreases remove the growth
inhibiﬁion. The evidences supporting this view are indirect.
cuithrie (1939), prevented the sprouting of potato tubers in storage
by napnthalene acevic acid (NAA). Denny (1942) found that Tess
breaking-—-agsnits such as ethylene chlorohydrin and thiourea coundi-
eracted the ivnmibitory action of the excess of NAA which had been
applied to the buds. Michner (1942) was of the openion that ethy-
lene chlorchydrin breaks the dormancy of potato tubers by antagon-
izing the supra-cptimal hormcne concentration, There is very little
evidence , however, that normal dormancy is due to supra optimal

concentration of naturally occurring hormones,

on the other hand, some workers suggested that absence of

growth hormones may be regponsible for dormancy.

Avery et al. (1937) and Bemnet & Skoog (1938) found that

auvins gradually appeared in the regting buds as the gepth of doxr-



cooacs decreaced.

samich (1954) succeeded in breaking the dormancy of appls
buds by means of zinc sulphate sprays. In this connection, 1l Gy
be of siguificance that zinc was found 0 be reguired dirscily
for the syuthesis of tryptophane and indirectly for the synthecis

of indole acetic acid (Audus, 1963).

Eowever, it has been proved aifficult Lo relate the depth of
dormancy either to low auxin level or conversely to the presence
of a supra-optimal concentration (Kollar et al., 1962 and Vegils,

1964} .

Growth Inhibitors:

In recent years, there have been increasing number of obser—
vations which lead us to suppose that naturally occurring growith
iph:bitors may play an important r8le in the origin and in the

control of dormancy.

vvenari (1949} reviewed the subject of germination inhibit-
ors togerther with a number of possible theories on this subject,
He listed about 100 species of plants from which germination in-
nibitors have been isgolated from fruits, seeds, leaves oY roots.
He referred to the natural growth inhibitors that have been iden-
tified as smmonia, hydrogen cyanide, ethylene, essential oils,
aldehydes, muctard oills, alkaloids, unsaturated lactones and uvn.-

gaturated acids.,
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iphibitors in 33 genzra . 16 families from 16 different orders.

n the majority such inhibitors are found in the juice of the flaosny
feits as in tomato and orange , They are also present in the
fruits and seed .coats as in cabbage, clover, coffee, sunfjiower,

bee't? cat s eces eth

T1-Shishiny & Thoday (1953) suggestied that the retardation of

the germination of FKochia indica seeds is due to & saponin-like

inhibitor which is readily leached away in water.

Hemberg (1950, 1952 & 1954) demonstrated the presence of
growtlh inhibitor in the peel of resting potato tubers; which waz
festroyed when the dormant tubers emerged from the rest period
cithe~ naturally or by means of cold treatment, ethylencchlorohy-
drin thicurea or glutathione ., Blommaert (1954), using paper
particion chromatography, gupported the view of Hemberg. Hender-
shott & Bailey (1955) observed that the inhibitors occurring in
the dormant buds of peach greatly decreased when the rest was
broken,

gone authors (Thornton, 1é45 and Leggatt, 1948) suggested
that gome growth--inhibiting substances related to dormancy, are

formed as intermediate products resulting from partial anaerobic

regpiration due to the impermeability of coats to gaseous exchange,

Wareing & Foda (1956) found that the 2 growih inhibitors

which appear duping the later stages of seed development of




¥anthium, ~1sappear during the eariy stages of germination.

Varga sud fercnvzay (1957) otated that coumarin and derivatives
of cinnamic and benzoic acids are the inhibiting compounds occurr-
ing in lemouns, sirawberries and apricots. The same type of coump-
ounds hava been also identified in clusters of sugar beet and it
ig snggosted that these substances act also as germiration inhibiw-

ors {(audus, 1S63).

Toda & Radwan (1962 a & b) stated that the growith inhibitors
present in dormant Prunus armenigca seeds disappear during their

after—-ripening in dry storage or at low temperature.

Toda & El-Gazzar (1961) extrécted from the pericarp of bdecs
and spirach fiuits, certain growth inhibitors, which seem likely
“n be unsmturated lachones, These inhibitors were found To in-
hibit the germination of certain seeds as well as the amylase &cb-
ivity, the inhibition of which can be relieved by sulphydryl resc-

tivators such as cysteine.

Certain germination inhibitors have been extracted from lignt—
germinzting dormant Qenothera seeds and from dark-~germinating dor-

pant Nimella seeds (Foda, 1963).

Interaction Between Hormonesg and Iphibitors:

some workers are of the openion that the emergence from and
the onset of dormancy are due to an interaction between the nat-

ural growth inhibitors and the growth promoting substances of the



