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Chapter I

GENERAL INTRODUCTION - REVIEW OF LITERATURE




The global tree resources are fast dwindling and
the sheer lust for more land has obviously resulted in
callousness and unprecedented apathy towards the forest
wealth., The increasing population pressure has also created
tremendous environmental problems in developing countries of
tropics and sub-tropics. The extent or forest cover in India
is about 75 million hectares which constituteé 23 per cent of
the total geographical area. It has been observed by the
National Committee on Environmental Planning in 1983, that
deforestation occurs at the rate of at least one million
hectares a year, while new plantations do not account for

more than 0.5 million hectares a year (ref. Rao gt al.,, 1985).

The North-fastern region constitutes a total geogra-
phical area of 25.5 million hectares of which about 12.5 per
cent is under forest cover, The vegetation found herein may
be classified as (1) tropical-evergreen, semi-evergreen, and
moist deciduous forests (2) sub-tropical pine forests (3)
temperate forests and (4) alpine forests. The forest
resources of the region are depleting due to indiscriminate
felling of forest trees for age old practice of shifting
cultivation locally termed as "Jhum", timber and fuel wood
extraction, unplanned human activities like hydroelectric
projects, road construction, population pressure, and ruthless

exploitation of plants for trade. The impact of these factors



has resulted in serious ecological imbalances viz., soil
erosion, desertification, dwindling of forest wealth, wild

life and germplasm resources,

Broadly, the yield of trees can be substantially
influenced by seed germination patterns. while poor germina-
tion results in low yields of seedling per unit area, the
slow germination may caucre a wide variation in size and
acceptable quality of established seedlings. Conseguently,
seed germination patterns represent a major variable in the
successful production of uniform seedling under controlled or

natural environments (ref. Dunlap and Barnett, 1982).

Seed germination is a very complex phenomenon and
has been the subject of extensive study. It is a symbol of
awakening from sleep and lifelessness (Timiryazev, 1949). A
much better understanding of the secret or seed germinating
has been gained in the last three decades, which, in itself,
has resulted in improved seed quality. Some of the relevant
problems of seed germination have been discussed in detail
(Barton, 1961; Mayer and Shain, 1974; Khan, 1977; Kramer and
Kozlowski, 1979; Bewley and Black, 1982).

Woody plants intermittently produce large seed crops.
Hence, <eed longevity is extremely important for regeneration

of plants in nursery beds through direct seeding (Kozlowski,



1971; Kramer and Kozlowski, 1979; Rai, 1985). Under natural
conditions, remarkably high losses of seeds are traceable to
lack of seed viability and seed dormancy (roberts, 1972;
Heydecker, 1973; Purohit et al., 1982; Rai, 1985). The tech-
niques for h=andling the seeds of tropical and sub-tropical
trees are poorly developad (Bonner, 1978; Tompsett, 1984,
1986) . Some of the genera having short seed life span are

Salix, Ulmus {(Troup, 1921), slnus (B8oojh and Ramakrishnan,

1981a), Schima (Boojh and Ramakrishnan, 1982), Shorea (Purohit

et al., 1982), ailanthus, Artocarpus, Sischofia, Chuckrassia,

Dalbergia, Michelia, Pterocarpus, Syzyecium and Toona (Rai,

1985) . Seeds have been broadly categorized into two types:
orthodox seeds, which can be dried to about 54 moisture
content without damage and then stored at low temperatures for
long periods (Roberts, 1973; Ellis and Roberts, 1981) and
'recalcitrant' seeds, which cannnpt be dried below a relative-
ly high moisture content without immediate damage and must be
stored under moist conditions (King and Roberts, 1979). Hence,
in many countries, studies are being carried out to determine
the optimum storage conditions which could ensure the maximum
duration of the life of seeds and successful germination. The
storage of seeds require a careful consideration of the
requirements like temperature, humidity etc. for the msinte-
nance of the embryo in viable conditions ( Tompsett, 1986;

VYerma and Tandon, 1989 . Fukaceka (1983) mentioned that losses



in viability of Acer platanpides seeds is related to incresse

in leaching of electrically conductive material, Sprackling

(1976) reported that storage of rinus gerardiana seeds at

~10°C resulted in better germination whereas 4°C caused lack
of viability. The higher storability at low temperatures
reduces the consumption of reserve material through slow
biological processes. The effects of moisture and temperature
on seed storage of 40 critical and ordinary plant species,
showed that air humidity has stronger effect on the loss of
viability than temperature (Bulat, 1963). The normal moisture
content of 33 per cent has been reported for storage of
different seeds. Any further increase in the quantity of water
leads to increase in the intensity of respiration and deple-
tion of stored material in the seeds (Woodstock et al., 1984).
The unfavourable storage conditions reduce seedling growth
more than germinAation ( Stone, 1957a; Kozlowski, 1971). The
seed ageing, long-term storage or unfavourable storage condi-
tions may result in various forms of abnormalities during
germination (Huss, 1954; Sorensen, 1975; Chin et al., 1981%)

due to reduced quantity of biochemical components including
growth regulators (Apodel-Magid and Osman, 1975; Shamshery and
Banerjee, 1979) or destruction of cell organelles (Chin et al.,

The germination and seedling establishment of tropical

and sub-tropical trees under natural conditions has received



little attention (Kinnaird, 1974; BooJjh and Ramakrishnan,

1982; Shukla and Ramskrishnan, 1982; Minore, 1986) . The
importance of appropriate environmencal conditions favourable
for germination and seedling gro.th have been emphasized
(Hinesley, 1981; Mayer and Poljakoff-Mayber, 1982; Kozlowski,
1983, Amongst the environmental factors; light, temperature,
water and substrate piH influence the resumption of embryonic
growth (Baker, 1950; Kamra, 1967; Ovcharov, 1969; fozlowski
and Gunn, 1972; Kramer and Kozlowski, 1979; Therios, 1982}
Verma and Tandon, 1983, 1984a,b). It is well-known that acid
spoils are developed in wet climate under long term leaching
and tend to be low in mineral nutrients,.while alkaline and
salty soils are usually developed in dry climate due to high
evaporation and lack of leaching (Tinus, 1980). This change
affects the forest regeneration (Chou and Young, 1974; Lee and
Wweber, 1980; Raynsal et al., 1982). The moisture of the medium
can be a limiting factor for the hydration of seeds and oxygen
flow towards the embryo during germination (Mayer and Foljakoff-
Mayber, 1982). The different temperatures are r=quired for
the seed swelling and germination, 2But, the temperature at
which swslling takes place has a greater influcnce on the
physiological processes in the seedlings (Ovcharov, 1969; Mayer
and Poljako ff-Mayber, 1982). The stratification by means of
cold soaking enhances seed germination in many species (Foot,

1967; Barnett, 1971; Ghosh et al., 1974) through increase in



gibberellic acid (GA) concentration (Sinska and Lewak, 1977;
Bretzloff and Pellett, 1979), and a decrease in absctisic acid
(ABA, Lee and Looney, 1978). PitRl et al. (1984) reported the
changes in isoenzymes of some enzymes following various

periods of imbibition and germination of Pinus contorta seeds.

The significance of illumination has received as much
primary importance in seed germination as temperature and soil
moisture (Bevington and Hoyle, 1981; Campbell, 1982; Gross,
1985) . In some species, light requirement for germination may
be induced after dispersal following contact with the soil,
burial or exposure to leaf filtered light (Mayer and FolJjakoff-
Mayber, 1982). Environmentally induced photosensitivity of
seeds is often interpreted as an adaptation for ensuring the
seeds to germinate in sites where probability of seedling
establishment is high. It was recordad in Malesia that large
seedlings of important tree species are very rare under closed
canopy due to lack of sufficient light (Burgess, 1968). The
light intensity, quality, and duration have strong effects on
seed germination (3lack and Wareing, 1955; Vaartaja, 1950;
Shukla and Remakrishnan, 1981; Campbell, 1982) . The require-
ment of light intensity for seed germination varies for
different species, for example, Ficea requires 0.08 lux,
Betula 1.0 lux and Pinus 5.0 lux, while seeds of few species

require as much as 100 lux (Jones, 1961) . Light was found to



increase the rate of mitosis (Nyman, 1961), polysome formation
(Yamamoto et al., 1975), protein synthesis (Yamamoto and Sasski,
1977) and RNA containing poly A' (Yamamoto, 1982). Temperature
affects the seed germination in a vast number of species and
has not received considerable attention on the adaptive signi-
ficance of tree species (Kozlowski and Gunn, 1972; Kramer and
Kozlowski, 1979) . The seeds of many species germinate well at
constant temperature (Critchfield, 1957; Mclemore, 1969,
Barnett, 1979) while others require diurnal thermo-periodicity
(Hatano and Asakawa, 1964; Dunlap and Barnett, 1982; V3zquez-
Yanes and Orozco-Segovia, 1982). The requirement of tempera-
ture is species specific (Rao and Singh, 1985) and is control-

led through hereditary characters (Lang, 1965).

Besides environmental factors, a large number of
substances also influence seed germination and gseedling growth
by their inhibitory or stimulatory effects on certain aspects
of metabolism (Mayer and Shain, 1974; Khan, 1977; Bewley and
Black, 1982; Barendse, 1983; Kumari and Kohli, 1984; Mehanre et
al., 1985; Sankhla et al., 1985; Van Staden et al., 1986). Plant
hormones are considered to be the mediators of the physiological
processes and primary germination agents (Sankhla and Huber,
1974a; Tao and Khan, 1977) . The major categories of hormones
associated with seed physiology are GA, ABA, cytokinins (FAPR)

auxins and ethylene (Ovcharov, 1969; Khan, 1977; Panel et al.,
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1984) . Besides, various other agents like sterols and
vitamins etc. have hormone like properties and have been
implicated in the physiology of some seeds (Ovcharov, 1969;
Chinoy et al., 1971; Lewak, 1984). The progress in the physio-
logical effects of plant hormbnes has been spectacular in
recent years but probably it would have been more so, if
workers in this field were less fascinatad by hormone effects
on extension growth and had paid eyual emphasis to other
aspects which are not generally considered as growth processes
(Sen, 1984) . The chemical treatment of seeds induce the seed
germination and initiation of radicle in many species
(Ovcharov, 1969; Khan, 1977; Shnafig, 1980; Shibakusa, 1980;
Tinus, 1982; Mehanna et al., 1985). Trewavas and Jones (1981)
mentioned the concept of specific receptors required for the

action of hormones.

The auxins have been implicated in the germination of
non-dormant seeds (Suszka and Tomaszewska, 1971; Tillberg,
1977 . Auxin fluctuations during -seed maturation and seed
germination have been reported in some species (Nikolaeva,

1967; Tillberg and Finfield, 1981).. The pre-sowing treatment
of apple seeds with indole-3-acetic acid ( Ia4, 0.01-0.0014) for
30 min improved the seed germination (Simakin, 1966). Besides
this, soaking tung seeds for 12 hr in indole~-butyric acid ( I3a),
IAA, indole-propionic acid ( IPA), phenylacetic acid and



ascorbic acid (AA) improve the :ermin tion and =eedlin, growth
(Chttarjes, 1990)« MN-ny h-roicides decrease the number of
zermin#ts, The inhibitory effect is caused by direct
suppression of seed germination and subsequent toxicity to
young seedlings or both (Sasaki and Kozlowski, 1967, 1968; wu
et al,, 1971). Only two herbicides 2, 4-dichlorophenoxyacetic
acid (2,4-D) =nd 2,4,5-trichlorophenoxyacetic acid (2,4,5=T)
are curiently registered for forestry use in Canada, because
of controversy over dioxin content, 2,4,8-T has been withdrawn
from the effective use ol m2ny provenances (Prasad, 1983) . The
phytotoxic effect of herbicides on seeds and seedlings during
seed control is well-known (Kozlowski and Kuntz, 1963; Frasad,
1970 ; Abrahmson, 1980). The use of seeds for assessing the
rel-tive toxicity of herbicides has al<p been reported (Prasad,

1984) .

GA stimulates seed germination in many tree species
(Biswas et al., 1972; Chandra and Chauhan, 1976; Safiq, 1980;
Shibakusa, 1980; Tinus, 1982; Mehanna et al., 1985). The opti-
mum requirement of GA varies from species specificity to time
as well as mothod of application. Kursanov et al. (1966)
reported that some seeds respond to additional supply of kinins
for seed ripening and germination. Treatment of green ash
seeds with 1-10 mg/l 6-benzyladenine for two days stimulated

the seed germination (Tinus, 1982). The exogenous application
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of FAP counteracted the effects of various growth and germina-
tion inhibitors (Khan, 1967; 1971; Khan and Tolbert, 1965).

It indicates that cytokinins may be a pre-requisite for germi-
nation in some species. The studies on the endogemous levels
of hormone suggested a number of ways in which cytokinins

could be involved during germination process (Khan, 1977).

Seeds of different plants contain different amounts of
vitamins., The quantity of those vitamins in seeds of plants
from one another and in the same variety grown under different
conditions also varies. Therefore, it is understandable that
under cert:in conditions, seeds accumulate the quantity of
vitamins necessary for their germination while under other
conditions the vitamin content is insufficient (Ovcharov, 1969):
The increase in cell division at the time of transition of the
seed from the stage of resting to germination apparently
depends upon the vitamin content. Studies on the direct
effect of vitamins on seed germination appears quite promising
(Ovcharov, 1969; Chinoy and Saxena, 1978). Chinoy et al.
(1971) suggested the possible role of AA in seed germination
through its action as an electron donor which maintains the

redox potential to participate in plant systems.

Metabolic regulation of seeds is required to ensure
the distribution of germination over time and space. Fhyto-

hormones decisively interfere with the physiological process of
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sead germination and may determine the ways proceding the

involvement of energy or transcriptional and translational
control of enzyme formstion at the ribosomal lev:l (Tao and
Khan, 1977; Taylorson and Hzndricks, 1977; Barendse, 1983).
Hormonas are concaded to be the primary germination agents and
each hormone has a specific function (Galston and Davis, 1969;
Tao and Khan, 1977; Barendse, 1983). The highly selecctive
functions of imdividual hormones in plant metabolism including
enzyme level (Galston and Davis, 1969; Leshem, 1973; Barendse,
1983) hormonal s*tatus (Mehanna et al., 1985; Van Staden et al.,
1986) macromolecular drifts (Kumari and Kohli, 1984) and
control of differential gene activation or in alteration of the

properties of cell mzmbrane (Lewak, 1984) have beon reported.

The factors which control the initiation of germination
differ from the factors controlling enzyme activity occuring
later in gsrmination. Varner and Ho (1977) dealt with the
physiological and biochemical aspects oy treating the best
known responses of plant hormones with regard to control of
enzyme activity. Higgin® ~nd Jacobsen (1978) reported the
effect of hormones on selected aspects of cellular metabolism.
Letham et al. (1978), Moore (1980), Bewley and 3lack (1982
and Barendse (1983) have discussed the different aspects of
hormonal regulation of enzyme synthesis in plants. It has been

demonstrated that protein synthesis is one of the essential
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steps in seed germin-tion (Mayer and Shain, 1974). This is
also characterized by the .ncrease in activity of almost all
the enzyme systems in seeds s well ~Appearance o. new enzyme
systems (Mayer, 1977; Fitel et al., 1984). It is accepted
that changes in enzyme levels cause developmental changes. The
enzyme systems responsible for synthesis of membrane compo-
nents become active esrly in germination (Mayer and Shain,
1974) . Ching and Ching (1972) have mentioned a correlation
between enerzy change in ponderosa pine seeds to seedling
growth., A number of terminal oxidases Aare associated with
cell membranes of seed coats (darel and Mayer, 1963; Khan,
1977; Mayer and Poljakoff-Mayber, 1982). Seed coats of
normally impermeable species contain A rather high level of
phenolic compounds and the action of oxidases is oxygen
dependent in thz2m. In the ~absence of oxygen, phoenolic .
compounds are not oxidized to corresponding quinones, and
therefore, there is no tanning reaction of seed coat proteins
(Mayer, 1977) . The exogenous levels of hormones and vitamins
in quiescent seeds seem to indicate their concentration adjust-
ment during the germination process rather than being »t
physiologically significant bzlance before imbibition
(Ovcharov, 1969; Khan, 1977). The effect of seed treatment
with various growth regulators regulate th: endogenous level
of auxin through change in enzyme activity (Kulmsevay; 1980;

Gaspgr et al., 1982). Auxin is likely to be a critiecal factor
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aff-cting the synthesis, oxid~tion and esterification of aﬁxin
in other systems for its involvement in germination process,
cell elongation and changes in structural components. Exoge-
nous IAA logicelly has different effects from endogenous IAA
(Khan, 1977 . IAA can be oxidized by an enzyme IAA-oxidase and
probably by many non-specific oxidases (Schneider and Wightman,
1974) . The IAA-oxidase/peroxidase has been widely studied in
an attempt to understand the regulation of IAA levels in plant
tissues. The oxidation of Iia means inectivation of the
hormone and therefore, the control of Isa-oxidase and/or peroxi-
dase activiti~s mry have repurcussions for [AA synthesis and
degradatio.:; thus may be involved in plant growth responses to
auxins (Barendse, 1983). The possible mechanism of LiA-oxida-
tion by horse-radish peroxidase have been discussed lucidly

(Nakajima and Y=mazaki, 1979; Tandon, 1935).

Catalase is one of the marker enzyme of glyoxysome
cycle and its activity has been studied in relation to seed
germination (ref. Barendse, 1983). Kenten (1955} found that
catalase could inhibit the activity of IsA-oxidase presumably
by diminishing H202 levels. Evensen =nd Loy (1978) reported an
acceleration of catalase activity by GA treatm=nt during germi-

nation of Citrullus lanatus se=d and inhibition in activity by

light. an increase in catalase and lipase was also recorded by

application of GA and AA in Cicer arietinum while morpbactin
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retarded them (ilehta et al., 1974a). ILsa andeC-naphthalen -
acetic acid (NsA) promoted catalase activity of Iriticum
vulgare seedling (Shukla and Shukla, 1975). Sawhney et al.
(1979) reported an occurrence of new isoenzymes of peroxidase
in GA treated plants. The increase in IsA levels in cotyledons
ani its decrease in the hypocotyl and radicle was observed
during early deavelopment of cucumber seedlings ( ELkinawy and
Raa, "1973) . Simulbtaneously, IiA-oxidase activity decreased
during this period in all the organs. But IAA, IBA and
\triiodinebenzoic acid (TIBA) were aple to increase the IAA-oxi-
dase and peroxidase activity with progressive regneration of

Fhaseolus vulgaris tissues (Brunner, 1973). It is well esta-

blished that GA increases the guantity of ferulic, chlorogenic
acid, and other inhibitors and reduces the activity of IAa-
oxidase (Galston and Hillman, 1961). IsA-oxidase is also
destroyed by peroxidase (Radionova, 1965). The presence of GA
or kinetin during stratification enhances the intensity of some
isoperoxidases and presence of ABA inhibited it (Tao and Khan,
1976) . GA was reported %0 reduce the activities of phosphoenol
pyruvate (PEP) carboxylase, ribulose~diphosphate (RUDF) carbo-
xylase and madeic enzymes in leaves as well as in seedlings of

Pennisetum (Huber and Sankhla, 1974a) whereas -amylase and

invertase were induced in leaves (Huber and Sankhla, 1974b).
However, regulation of invertase synthesis was recorded with

concomitant increase in growth with application to GA (Huber



et al., 1974). ABA which inhibits seedling growth, promotes
the activities of alanine and aspartate aminotransferases,
PEP~-carboxylase, malate dehydro :enase and RUDF-carboxylase
(Huber and Sankhle, 1974c,d; Sankhla and Huber, 1974b,c; 1975;
1979) due to concomitant decrease of glutamate dehydrogenase
which resulted in inhibition of carbon dioxide fixation

(Huber et al., 1977).

p-vitamins and AA have been reported to act as potent
activators of electron transport system during seedling growth
(Chinoy and Saxena, 1978; Kodandarmaiah and Gopala Rao, 1984).
AA also increases peroxidase activity which catalyzes the
production of the free radical of ascorbic acid (Mehta and
Chinoy, 1978). If locations of different enzymes within the
seed or sub-cellular fractions become known, their role in
germination could be clearly defind. Srivastava ( 1964)
mentioned that under influence of GA and intensive biosynthesis
of soluble RNA takes place which leads to an increase in the
synthesis of specific enzyme proteins. The effect oi hormones
on certain aspects of metabolism have been observed(Key, 1969;
Tao and Khan, 1977; Barendse, 1983; Kumari and Konli, 1984;
Lewak, 1984) .,

Pinus kesiya Royle ex Gord. and Schima khasiana Uyer

are two economically important, fast growing tree sp-cies

occurring in sub-tropical pine forests and sub-tropical moist,
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evergreen montane forests, respectively, of North-East India.
Seed is =an important propagule for regeneration in these
apecies. Under natural conditions, high losses of seeds take
place due to uniavourable enviroamental factors. Hence, a
study was initiated to understand the behaviour of some physico-
chemical factors on seed germination and seedling growth and
their control mechanism on certain aspscts of metaboliss in

P. kesiya and S. khasiana.



Chapter II

EFFECT OF SEED STORAGE ON GERMINATION AND SEED-
LING DEVELOPMENT IN FIELD CONDITIONS




Introduction

Longivity of seeds is controlled by hereditary
characteristics and environmental conditions. The viability
of seeds is strongly affected py temperature, moisture content
and oxygen availability during preservation in majority of the
species (Barton, 1961; Roberts, 1981; Bewley and Black, 19¢2).
While some information is available on the methnods of storage
of economically important temperate forest tree seeds (Wwang,
1974), it is scanty in case of tropical and suo-tropical tree
species (Bonner, 1976; Tompsett, 1984; 1986; Athaya, 1985; Rai,
1985). 4t the same time it is well known that seeds of many
commercially important tropical trees are short-lived and
difficult to store (Harrington, 1972; Bewley and Black, 1982)
due to higher moisture content (Barnett, 1974; 1982; King and
Roberts, 1979; Chin et al., 1981; Purchit et al., 1982;
Tompsett, 1984) . Therefore, these seeds require optimum
conditions for protection of viability during transit. This
could also control the rate of germination and, in turn, yield

through increase in plant density (Kozlowski, 1971).

The effect of seed storage on seedling character of
many important trees has been studied (Huss, 1954; Stone, 1957s;
Kozlowski, 1971; Sorens=n, 1975; Chin et al., 1981) . Emergence
and seedling gro th orf th= spa2cies depend on the iateraction
betwe=2n their hereditary (otentialities and the environmental

conditions. Lizht, temperature and humidity are so inter-
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dependent that a change in one factor alters the others
(Kramer and Kozlowski, 1979; Kozlowski, 1983). The study of
weather effects on seedling growth is important as it may
provide an opportunity to produce large number of uniform

transplants in controlled environment in a limited time.

Pinus kesiya Royle ex Gord. and Schima khasiana Dyer

are two economically important early successional forest
trees which are predominant in the sub-tropics of North-East
India. A study was initiated to understand the ideal storage
conditions for higher viability, germination and seedling
growth in P. kesiya and S. khasiana as these aspects have

received little attenticn.

Materials and Methods

Mature cones of Pinus kesiya Royle ex Gord. and

fruits of Schima khasiana Dyer were collected, respectively,

from University campus, Shillong, and Upper Shillong forests
(l1at. 24°35'N and Long. 91°56'E, Alt. 1500-1800 m) during the
months of February-March, 1983. Seeds were extracted by air

drying the cones and fruits at 25-%°C,

Effect of storage conditions on seed viability, germinability

and rate of germination

Both seed lots were stored in dark at 3-5°C and at

laboratory temperature (15-22°C) in open and in sealed plastic
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bags with and wichou: calcium oxide (.20;. The experimental
design consist~d of 2 sp=ci=s x 2 germinstion psttarn
(viability and ge:minability) x 6 rime intervals {bimonthly) x
5 storage conditions x 7 replicatves (3 viability and &4
germinability) x 100 seeds (5 groups of 20 seeds;. In another
set the design conprised of 2 species X © scoiage condicilons

x 4 replicates x 100 seeds.

Viapility of seeds was tested with 0.14 2,3,5-triphe-
nylcetrazolium chloride by puacturiag the seed coat with the
help of 2 neadle. Seeds were surferce sterilized wich 0.1/
mercuric chloride for 30 min and 5 min for P. kesiya and
3. khasiana, respesctivsly. ¢he sceds were then wash=d
rep=at=dly with sterilized distilled water to removz the
disinfectant, 20 se2ds were placed cyuidistant from =ach
other in a cov-rcd plastic peatridish (9 cm dism.) corn-aianlag
steri:lized moist rilter paper and germin~ted in d-rk in a
gerainator a. 20 . 2°C. ©S»2n2ds wers considered gecrminated when
radicle procruded fbout 1 mm boyond the seed comt {( C~mpbell
and Sorensen, 1979). Germination was recosded from 6th-20th
day at 2 cay interval., Ihe vinbility and germinabilicy are
expressed on percentage seed b~sis., Th» rate of germination

( # seed day 1) was calculaced following Campbell and Soreunsen

L1979) .
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2ar stornpge o. seeds on seadling arowth
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Seads from th~» cecond set oy design mentioned =mbove
were sown 2t 1 cm soil depch i.. plastic poes (3 cm di=m.) in
open field conditions dur.ng th month of April, 1984, Seed-
lings were lifted after 2 months and washed thhroushly to
remove th2 ndhzring soil perticles. The length oi root 2nd
shoot was m2asur>d aand they wer2 oven dried at 60 - 5°C ror
48 hr for dry wei  ht estimations. Ihe resulcs oo.a.ned by
sowing fresh seads during che previous yeas from the same

provanznce wera used ss con:rol.

Locacion of germination and seadling developmenc

smergence of sezdlings =»nd their growth pattern in
relation c¢o some climatic iactors were studied at the Univer-
sity C~mpus, Shillong {(Al:c. 1500m). The temperature, relative
humidity and rainfall d=:a were collect>d from th> meterio-
logic2l centre in Shillong. 'The climste is divided by season=al
differences inco (1) monsoonic seaso., with higher tempersture,
humidity And re.niall extend.ng from May-October {11 dry auad
humid wincer <ers>n from November-februsry followed by (1iii)

warm, dry summer of March =nd April (Fig. 2.1).

Ffifcy seeds of boch the sprcies were sown in plastic
pots as mentioned apcove Jduring April, 1983. The duration ns

seedling esm2rg-nce w-s r-corded. Ten seedlings were mainvainad



Fig.

2¢1 ¢

Climatic data of the study site
(Shillong) ; maximum temperature
(0 ... 0), minimum temperature
(9 ... 9, average rainfsll

(==, and humidity (morning &,

evening &).
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in 2ach pot »nd tweaty se2dlings of -=ach species in 4 groups
of 5 were excavated -ve.y month, Lthe root was wash.d
thorou.hly #nd l2ngth of the root aand shooc was m asured.
Seedlings wers s2parated into root, shoot, needle,leaf and
oven dried Aas mencionsd Aabove, Th2 incressss in sexsonal dry
weight, l2ngth and relative growth rate (AGR) oa dry weight
basis of sea2dling and sceedling psrts were calculated., Standard

deviation was porroremad for statistical significance

( Snadecor, 1961).

Results
£ffect of =tor=gs conditions on seed viability, germinability
and rate of germiyrtisn

The higher viability »nd ge:sminability of k. kesiya
and S. khasiana were record=d in se=ds preserved at 3-5°C as
compared to on~s at l=borato.y temperature (Tablzs 2.1 ~ 2.4).
A gradu=l decr=as2 in visbility was noted und=r different
storags conditions. P. k:siys sezds showed =about 854 viabi-
lity (Teola 2,1) and 844 germinability (Table 2.2) after on»
year oi <torsge at 3-5°C in sealed bsgs Aas sgainst the germi-
nation capacicy of 954 in fresh sezds. vuring 8 months of
storage of 8. khasisna sseds at laboratory temperature, low
vierbiliti s of 13% and 10% were racorded in open and over Ca0
containing bags, resp:ctively (Tsble 2.3). However, about 334

viability was recordsd in seeds tored in seslad bags. On



Table 2.1 :

Effect of stoiage on the viability of Pinus

kesixa seeds

Storage
conditions

3-5°C
Open

Sealed
Over Ca0Q

Laboratory
temperature
(15-22°C)

Open

Sealed

Over Ca0

W A s B e WD e s e W WP W oV A T e TR 6B am

£3.00 £10.00

Viability (,§ seed) after awontbhs

T T D W N ) G A T A VAP - WS M W G me ws WA

8

85,00
+0.00

90 .00

+10.00

-~y

90 .00
5,00

72450

L2c 50

80,00

+0.00

‘0 .00

+0,00

LR

-~

12

82.50
+2.50

85.00
+5.00

85.00

+5.00

75.00

+0.00

75,00
3,00

72.50
£3.00




Table 2.2 : Effect of seed storage on the germinability in
Pinus kesiya
Storage Germination (% seed) after months
conditions  epn.qp 2 A 6 12
3=5°C
Open 95,00 90.00 90.00 90,00 83.75 81,25
':‘:5.00 _'!‘_7.00 _5_'_7.00 ;"‘_4.& :‘;2.50 :_l"t&)
Sealed 92,50 92.50 91.25 86.25 83,75
+9.,50 +6.40 :7.50 +8.50 +£11.00
Over Ca0 92,50 92.50 92.50 82.50 80.00
6,50 +6.30 6.3 +4460 :-_4-00
Laboratory
temperature
(15=-22°0)
Open 82,50 82.50 75.00 .00 72,50
Sealed 85.00 85.00 85.00 8.00 75,00
351&) iL}-OO "’Ll"m 3_2.50 ia'&)
Over Ca0 77,50 71.50 70.00 67.50 65,00
+11.,90 £11.80 +2.50 +2.50 +4,00

S.D'

I+



Table 2.3

Zffect of storage on the viability of Schima
kKhagsiana seeds )

Viability (4 seed) sfter months

Storage S ——
conditions
fresh 2 4 6 8 10 12
Z=5°C
Open 73.%0 55.00 45,00 40,00 40.00 37.50 37.50
+2.90 x10.00 +5.00 5.00 +5.00 +2.50 +7.50
Sealed 60.00 62.50 57.50 51.70 50-00 LIO.OO
+5.00 #7.50 +2,50 +2.50 +0,00 0,00
Over Ca0 57.50 45,00 40.00 40,00 42.50 40.00
£2.50 #0.,00 +7.50 +10.00 +2,50 +5.00
Laborazory
memperature
(15-22°C)
Open 47.50 40.00 32,50 12.50 - -
+10,50 #10.00 +7.50 +2.50
Sealed 55000 45000 35000 55-00 32050 32-50
+£10.00 #5.00 +7.50 +5.00 +7.50 +2.50
Ovel‘ Cao [‘"70 50 LIO .OO m ooo 10 JOO - -
+7.50 +5.00 +5.00 +5.00
+ S.D.

- Non-viable seeds.



Table 2.4 : Effect of seed storage on the germinability in
Schima khasiana

-

Germination (# seed) after months

Sto.rr-}ge .
conditlons  er.qy o 4 6 8 10 12
3=5°C
Open 48.35 45,00 45,00 37.50 35.00 32.50 32,50
17.50 :_10 .00 .‘.’.”r' 10 _tB.&) 1801) _"_9050 _‘t10-m
Sealed . 46,25 43.75 41.25 41,25 42,50 40.00
+10.00 +4.40 6.3 £2,50 +9,50 +5.80
Over Ca0 45,00 45,00 40.00 38.75 31.25 28.75
Laboratory
temperature
(15=22°0C)
Open 28. 75 Ve 25 - - - -
+7.50 0,50
Sealed 36,25 35,00 30.00 20.00 26.25 25,00
#7.50 +7.00 +10.00 8,50 +2.50 +5.80
Over Ca0 28.% 10.00 1.25 - - ~
+6.80 +7.60 10.50
+ S.D,

- No germination,



the oth2r hand, the seeds ~tor=d =t 3-5'C in sealcd bags
showed about 624, 524 and 40,6 viroility after 4, 8 and 12
mynths, respectively, r#s comparsd tn Jresh seeds having

about 734 viability. while th> germinability in 3. xhasiana
sceds was recained rven after ono year o sto..ge ia sealac
bags »t 3-5vC, 1% was coupletely lost within 4 months in open
and C~0 containing scaled ®a.s sto:.>d "t lzbor-tory teapersa
ture (Table 2.4). The r=ate orf ger.in-tion in E. kesiya
(T=ble 2.5) =»nd 8. khasiana (Table 2,6) were b»tter when
seeds were stored at 3 5°C in sz2rled bags -s coapared to

other storage conditions. Seeds stor-d a¢ 3-5°C in sealed
Lags showed non siguificant ch-nges i the rate of geruination
throughout the year in k. kesiya. However, th« rate of germi-
natisn d=cressed significantly after 4 months ia S. khasiana.
On ta=2 oth:r hand, th2 seeds storad »t lavorstory tenperature
1n open =nd over (a0 did noc <how any germianstion rate atfter

4 months,

Storage of se~ds for a yesr under verrious conditions
r-sulted in decrease of yield in both the speceis (lable 2.7).
The root growth was less in L. ka2siya seads <to: 4 2t 3-5°C in
open =nd szal:d bage, On th= other haad, reduction in both
shoot 2nd root growth was obssrved in s-2ds stored under

differant coditinns at labor tory temperature. [n case of
p



Taole 2.5 ¢ Effect of se:d storage on the rate of germination
in Pinus kesiya
Storage - Germination rate (/4 seed day‘“‘) after months
conditions v eesmme v canea
fresh 2 4 6 8 10 12
ity
3=5°C
Open 43,20 35.30 35.20 35.00 35,60 35.80 27.40
£9.60 +6.70 8.30 4,00 +£3.25 £3.50 +2.80
Sealed 41.20 39- 10 l“'Oo& 1‘0000 41.% 42-&
+10.00 +7.20 4.8 +5.00 4,20 9.60
Over Ca0 40,00 39,00 39.10 39.40 3.9 32.90
£7.90 +10.10 #4.90 #2.75 £7.00 3.8
Laboratory
temperature
(15-22°C)
Open 39.50 30.60 28,00 28,80 28,25 20,40
+5.,40 #4.10 +3.80 +2.00 4.60 5.3
Sealed 37.00 34,70 36.30 31.60 31.60 21,30
_tLF.Z,S __.';7.80 i‘.q'o 10 _:1.& 15.% i“'om
Over Ca0 36.60 30.80 29.20 28.50 27.20 2.50
:5.00 3'8-25 +1, 20 _t3050 ‘3‘80% +5,80

1 4
i

& S.D.



Table 2.6 : Effect of seed storage on the rate of germinrtion
in Schima khasiana

Germination rate (# seed day” 1) after months

Storage — .
conditions fresh > A 6 8 10 12
3-50C F

Open 39.60 33,70 24,80 24,60 24,90 25.10 21.80
iBGOO iqo& _1;8.% 37025 i2o25 :6.3) 1601)
Sealed 33050 28.@ 25.10 25.% 250% 25.50
7,20 +8.80 #7.40 x1.20 +7.50 +10.50
Over Ca0Q 310& 24'00 230& 21.70 19050 18050
+5.60 $10.60 :3.60 2.70 £6.50 5.7
Laboratory
temperature
(15=22°0
Open 31.80 3. 60 - - - -
+#5.00 +1.00
Sealed N.H0 23.20 22,00 0.0 18.80 16,80
OVEI‘ CaO 320& 19000 had - - -
36.00 :L“o m
+ S.De

- No germinatien.



Table 2.7 : Effect of one-year-storage of sesds on seedling
growth of Finus kesiya and Schima khasiana in
field conditions

L Tinus kesiya T Schims khasiana
Stors - Ml -
congri:%g qs Length(cm) Yleldsse:!dg-} s Length( cm) M_ém_“_

Root Shoot seed-  lings ; Root Shoot seed- l“mgﬂs
ling™ ! pot=1! ling™’ pot~ 1
Fresh 11.80 5.10 38.80 1125.00 7.Q0 4.80 29.60 580.50
$eeds £5.00 0.7 +6.00 £171.00 £3.25 .70 +3.40 +8.25
one-year
stored seeds
3=5°C
Open 10,40 5.00 29.40 1117.20 6.80 3.50 18.50 128.70
s4.80 0,80 +7.40 283,80 4,00 #.7 +£1.00 +7.80
_";5-70 'tOIm i8.m —::2470m 130& io'z@ ;"OOX) LBQOO
Over Ca0 11.75 5.00 29.80 858,75 7.20 3.60 26,00 208.00
.90 0,60 £5.75 +164.20 x2.70 #0.60 5,00  +40,00
Laboratory
temperature
(15=-22°0)
Open 9050 4-& 28‘40 728000 - - - -
+5.20 0,60 £3.50 +130.00
Sealed 9.8 4.7 28,00 784,40 5,20 3,40 0.8 102.00
5.3 0.7 £6.40 :180.80 z3.60 10.40 0.60  +#45.00
475 0.80 +4,50 +193. 10
+ S.D.

- Represent lack of seedling growth,
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S. khasiana root growth was l-ss in seeds stored in ope.: bags
at 3-5°C and alsp in the seeds stored in =ealed bags at
laboratory teaperature. Further, shoot elongation was less in
seeds stored under different conditions. §. khasiana s~eds
stored in open and over (=0 at laboratory teanperature did not

germinate,

Seedling emergence and growth responses to climatic conditions

Seedlings ~merged in F. kesiya and S. khasiana between
20~40 and 12-25 days, respectively, under open field conditions
(Tanle 2.8). The root and shoot elongations were more
pronounced in E. kesiya as compared to S. khasiana at the time
of seedling em:2rgence, However, a reverse picture was
obtained for shoot elongation after a year or growth. During
the study of the soasonal variation of climate, a better dry
welght production of =seedling and its parts in both the
species (except for root) was recorded in monsoon (Iable 2.9).
The root dry weight was mAximum during summer. as given in
Fig. 2.2, P. kesiya seedlings, srowed mAximum shoot elongation
during July and August (mean temperature 2%.5/17.5°C and
RH 85-90%, average rainfall &0 mm ~ Fig. 2.17) which was almost
negligible during winter (mean temperature 17.5/7.5°C and
Rl 60-85%; no rainfall). The maximum increase in root elonga-
tion in this speciwes was recorded during September (mean tempe-

rature 22.5/14°C, 3d 9% and sverage rainiall 450 mm) and was
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Table 2.9 : Sesasonal variations in yield of FPinus kesiya and
Schima khasiana seedlings during the course of one

year

Yield (dry wt in mg/seedling part)

Seedling part Seasons
Monsoon Winter Summer
Pinus kesiya
Seedling 371.50+25, 70 5.1040.50 105.403-_24.00
Shoot 3170%1260% - 26.&: 30&
Root 53,80+ 0.60 37,60+7.20  76.80r 4,90
Schima khssiana
Seedling 560,00+16,40 - 503,00 :28.50
Root 94, 1)111.60 102,80+9.25 219.00+21.00
Leaf 42.50_"; Oo 70 - 130 10i 1-50
+ S.D.

- No increase in

growth,



Fig., 2.2 : Increase in root ( O ) and shoot ( 8 )
length during the first year develop-

ment of Finus kesiya (——) and Schima

khasiana (---) seedlings.
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completely inhibited during January-February (mean temperature
17.5/7.5°C, RH 65=~80% and no rainfall), The maximum increase
in shoot length of S. khasiana was recorded during September
and thereafter it was markedly decreased at the beginning of
winter (Fig. 2.2), The reoccurrence of its growth was observed
at the onset of summer, The root elongation was also maximum
in September and it declined gradually. It was inhibited
completely from December-March and thereafter it resumed the
growth. The peak periods for RGR in P. kesiya and S. khasiana
seedlings were found in August-September (mean temperature
22.5/15°C, RH 80-90% and rainfall 450 mm) and September-
October (mean temperature 22.5/15°C, RH 80-90% and rainfall
325 mm), respectively (Table 2.70)., The negative RGRs were
obtained in shoot of both the species during October-December
(mean temperature 15/10°C, RH 60-85% and rainfall 70 mm), in
P. kesiya needle during October-February and in S. khasiana
leaves during October-January. The seedlings also showed
negative RGRs from October-December and November-December in

P. kesiya and S. khasiana, respectively.

Discussion

The preservation of seed viability during the course
of storage is greatly influenced by its hereditary characters
and storage conditions. The seeds of many tropical trees

deteriorate rapidly with time (Barton, 1961; Tompsett, 1984,
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1986) . However, viability of se2ds can b> prolonged by appro-
pri~ate storage conditions for e.g., lower temperature and

mo isture levels (Barton, 1951; Roberts, 1972, 1981; 3~rnett,
1974; King and Roberts, 1979; Boojh and Ramakrishnsn, 1981a;
1982, Chin et al., 1981; Bewley and Black, 1982; Mayer and
Foljako {f-Mayber, 1982; Purohit et al., 1982; Tompsett, 1984,
1986) . In general it has been suggested that storage life of
orthodox seeds is doubled for 1-24% decresse in moisture content
(Bewley and B8lack, 1982). However, in ccrtain seeds decreasing
the moisture content below 5-6/0 may not increase the seed
storability (Roberts, 1972). Conversely, far agronomic seeds
it was noted th=t an increase in 14 moisture content from
5-14,6 halved the life of seeds (Harrington, 1973). During the
present investigation in P. kesiya, maximum viability, germi-
nability and rate of germin~rtion were observed when seeds were
preserved in sealed bags st 3~5°C as compared to laboratory
temperature., The lifespan of pine seeds is reported to
decrease faster at lesboratory temperature than at 5°C (Barton,
1953) . Allen (1957 reported the suitability of constant low
temperature for conifer seed storage. further, there was no
advantage by storing the seeds at -18°C over 0°C, Seeds of

Araucaria columnaris (Tompsett, 1984) and Iinus taeda (Barnett,

1974) failed to germinate when these were stored below
free.ing due to high moisture contents leading to ice-crystal

formation, cAausing fatsl damage to seeds (Baberts, 1972).



26

S. khasiana seeds showed better viability, germina-
bility and rate of germination when stored in sealed bags at
3=-5°C as compared to other storage conditions. A higher
retention of viability for 7 months was also reported at 4°C
in tea {Bulat, 1963) which3helongs to the same family s that
of Schima. The reduced viability oo S. khasiana at laboratory
temperature in open and over Ca20 may be due to reduction in
mo isture level. The decrease in germination capacity of

Fraxinus pennsylvania, Acer saccharianum, Leriodendron, Juercus,

and Citrus seeds was reported du=z to their desiccation (Bsrton,
1961; Kozlowski, 1971) . The chanzes in physiological state of
seeds on account of moisture deficit have been reported due to
unfavourable storage conditions (Chin.gﬁ al., 1981; P kacka,
1983) . The changes in respiratory metabolism are reported as
one of the major factors for seed deterioration (Abdul-Baki,
1980; woodstock et al., 1984). However, better retention of
viability at optimum conditions of storage could be due to
slow biological processes and also accumulation of substances
which preserve structural formation of the cells for ensuring

normal germination.

Variations in the seedling growth and yield were
noticed when seeds of both P. kesiya and S. khasiana were
stored under different conditions for a period of one y=ar, The
various forms of abnormal seedling growth might occur in low

viabilicy of seeds bec-use o seed aging and long term storage
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under unfrvoursble conditions (Huss, 1954; Stone, 19572;
Kozlowski, 1971; Sorensen, 1975; Chin et al., 1981 . The
unfavour~ble stor~ge conditions are reported to result in
disruption of cell wall, cell membrane snd ill-defined nuclenr

membr-ne and nucleolus in Heves brasiliensis (Chin et 2l.,1981).

The early seedling emargence in S. khasiana as compared
to E. kesiya seeds was ;ecorded. The probable cause of early
germination in the former is due to the high permiability of
the seed-coat (M~yer and Poljakoff-Mayber, 1982), Seed size
(Silvertown, 1981) and seed mass (Thomas, 1966) have important
ecological consequences on seedling vigour. During the present
study on seedling emergence, the higher seed mass of FP. kesiya
than S. khasiana could be correlated with seedling length.
Hewever, a reverse picture obtainad for seadling growth after
a year is du= to genetic variation of sezds of both the species.
Similar conclusions have been reported with regard to seed
weight and dry weight of about one year old seedlings of six

tree species, i,e. Eucalyptus marginsta, E. calophylls,

Banksia grandis, Allocasusrina fraseriana, Persoonia longifolia

and P, elliptica grown in mediterranean forest of WNestern
Australia (Abbott, 1984). The maximum dry weight production of
seedling ~nd its above parts in both P, kesiya and S. khasiana
during monsoon was directly related to optimum conditions of
temperature, humidity »nd rainfall required for growth. But

root dry weight was highest during summer on account of maximum
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development of roots needed for extra gbsorption (lMason et al.,
1970) . Hence, it could be concluded that exponential growth

of plants is time dependant and environmentally controlled
(fgren, 1985). The shoot elonszation of P. kesiys and

S. khssiana were maximum during July-August (temperature 23.5/
17.5°C RH 85-90/ and rainfall 600 mm) »nd September (tempera-
ture 22.5/14°C, RH 904 and rainfall 450 mm), respectively.,

Both shoot and root were sensitive to low temperature corres-
ponding to 17.5/7.5°C of day and night in winter. Almost
similar observations were reported earlier with regard to the
completion of shoot elongation in red pine by the beginning ef
July \wozlowski and Ward, 1961) and in eastern cotton-wood from
late april-late September (Minckler and Woerheide, 1968), The
root growth of Mugho pine sesdlings in Southern Ontario conti-
nued from late April-late November (Mason gt al., 197). During
the summer, daily root elongation averaged about 6.5 mm, but
during =utumn it was 2.9 mm (Mason et al,, 1970). Besides, RGR
(on dry weight basis) revealed that August-September and
September-0ctober were optimum periods for the seedling growth
of P. kesiya and S. khasiana, respactively. The negative RGR
of the seedling and its above parts in both the species was due
to needle and leaf fall during the winter. The compsrztive
study of increase in length and RGR of various parts exhibited
that prevailing conditions in August (temperature 23.5/17.5°C,

RH 85-90# and rainfall 400 mm) and September ( temperature 22,5/
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14°C, RH 904 and rainfall 450 mm) may be optimum for produc-
tion of nursery transplants of P. kesiya and S. khasiana,
respaectively, The day temperatures of 22-27°C and night
temperatures of 13~19°C were optimum for containerized Fraser-
fir seedlings during active growth (Hinesley, 1981) . The
occurrence in fileld conditions of alternating temperatures of
23.5/17.5°C for E. kesiya and 22,5/14°C for S, khasiana
resulted in higher growth under high humidity (=approximately
80-907#) and moderate rainfall (average 400 mm) exhibiting the

thermoperiodic behaviour of growth in both the species.



Chapter II1I

EFFECT OF ENVIRONMENTAL FACTORS AND GROWTH
REGULATORS ON SEED GERMINATION AND SEEDLING
GROWTH




Introduction

The regeneration of pioneer and commercially important
tree species is very important to produce uniform seedling
crops. Dry seeds are in a slow state of metabolism and are
capable of withstanding extreme variations in their environ-
ment, Amongst environmental factors, substrate pH, moisture
level, light and temperature play a significant role in
resumption of embryonic growth during germination and juvenile
stage in early seedling establishment (Ovcharov, 1969;
Kozlowski, 1971; Kramer and Kozlowski, 1979; Mayer and
Poljakoff~Mayber, 1982; Everitt, 1983). In general, plants
can tolerate a pH range of 4.0-8.0 (Arnon and Johnson, 1942).
However, high concentration of H' and OH  ions can be directly
toxic and can also inhibit the nutrient uptake in plants. The
increase in acidity or alkalinity from the normal can decrease
the forest productivity or alter the regeneration patterns
(Lee and Weber, 1980; Raynal et al., 1982; McColl and Johnson,
1983) , The moisture availability of the medium can be a limi~
ting factor for hydration of seeds which is required to
initiate intricate and inter-locked biochemical processes essen-
tial for germination and growth (Kramer and Kozlowski, 1979;
Everitt, 1983) . Cold soaking referred to as stratification
(Rudolf, 1950; 1952), influences the germination in many species
( Rudolf, 1952; Stone, 1957b; Foot, 1967;Barnett, 1971;Biswas et al.,
1972; Shafiq, 1979:Bevington and Hoyle, 1989) .. Different tempera-
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tures are required for the swelling and germination of the
s.:eds but the temperature ~t which swelling takas placz has »
gre~t=r influence -z the pbhysiologicsl processes in the

seedling (Ovcharov, 1J69; 3-rnett, 1980).

Lizht and tempersture also play a great role on
serdling emergence under n-tural conditions (iozlowski and
Gunn, 1972; Toole, 1973). Under n~tur»l conditions, light
gaps centrol vegetation dyn~mics and establisiment oi many
forest trees (Budowski, 1965; Burgess, 1968; Hartshorn, 1978;
Denslow, 1980; V&zques-Y~nes, 1980; Orians, 1982). The expo-
sure to light stimulates seed germination in msrny trees
(Jones, 1961; Toole 2t =2l., 1961; Kamra, 1967, 1969; Sasaki and
Asakaya1974; Shukla and Remakrishnan, 1981; Campbell, 1982) by
increasing the growth potentisl ol the embryo. w«heress light
intensity has relatively minor effects on germination, both
day length and wave langth oiten have pronounced effscts
(kramer »nd Koxzlowski, 1979). While the mejority of tree seeads
require 8~12 hr light for maximum snd fast germination (Olscn
et al.,, 1959; Jones, 1961; samra, 1969; Kramer and Kozlowski,
1979) . Some others reguire long photoperiods of 16-20 hr -
(Vaartaja, 19563 Wareing, 1956; Shukla and Ramakrishnan, 1981).

Seeds of many species germin~te equally well over a
wide range of temperature (Critchfield, 1957; Ackerman and

Farrar, 1965; Kaufman and Zckard, 1977). Seeds of certain
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species require constant temperature (ticlemore, 1966, 1969;
Farmer and Bonner, 1967; Barnett, 1977, 1979; BooJjh and
Ramakrishnan, 1981a, 1981b, 1982; Yousheng and Sziklai, 1985)
for better germination and growth. On the other handg,
acceleration in germinstion was reported in some cases by
diurnal thermo-periodicity (Hatan6 and Asakawa, 1964; Dunlap

and Barnett, 1982; VAzquez-Yanes and Orozco-Segovia, 1982 .

Besides environmental factors, growth regulators
have also been implicsted to promote seed germination and
growth performance in a number of species (Sankhla and Sankhla,
1968; Ovcharov, 1969; Khan, 1977; Thomas, 1981; Mehanna et al.,
1985) . During the storage of se~ds, the reduction in quantity
of hormones and vitamins or accumulation of growth inhibitory
subst ances hesve been reported, The application of growth
stimulrtory substances antagonize the effect of growth inhibi-
tory substances =snd also intensify the msztabolism during
germination (Ovcharov, 1969; Khan, 1977; Lewak, 1984). In
commercial crop production, where high yields and uniform
produce are two main considerations, slow and variable seed-
lings can be a major problem (Dunlap and Barnett, 1982) ., Rapid
uniform and complete germination are pre-requisites for
achieving good plant populetions from the seeds, The use of
regulatory compounds to improve seedling performance has
become more realistic possibility ss our understsnding of the

hormonal control of met=bolic processes has increzsed.



33

Materials and Methods

Seeds of P, kesiya and S. khasiana stored in sealed
plastic bags a* 3-5°C were used for the present study. Surface
sterilized P. kesiys ~nd S. khasiana seeds were placed in
petridishes (as described in chapter II) and germinated at
25+2°C and 20r1°C, respectively, unless indicated otherwise.
Each set of treatment consisted of four replicates and
experiments were performed twice. The seed germination and
seedling growth (on 20th day) were measured as given in
chapter II, The days to peak valuas was calculated following
Campbell and Sorensen (192?). Statistical analyses were

performad wherever necessary (Snedecor, 1961).

For effects of pH and water stress, the unimbibed seeds
were supplied with 2.0 ml of appropriaste experimental solutions.
These were drained off from the petridishes and replaced with

fresh solutions at 2-day interval,

(D pH
The pH of distilled water was adjusted either with
0.1 N HCL or 0.1 ¥ NaOH solution.

P. kesiya seeds were supplied with acidic water
(ptf 4.8-6.8).,

S. khrsiana seeds were supplied with acidic and

alkaline water ranging from pH 4.8-8.0.
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The seeds mentioned above were germinated in dark.
The controls comprised of seeds of both the species subjected

to pH 7.0.

(ii) Water stress

JNater stress was created with either sucrose or poly-
ethylene glycol, 6000 (FEG) following the methods of Bonner
(1968) or Michel and Kaufman (1973), respectively.

P, kesiya seeds were subjecta2d to water potential from
0 to ~15.0 bars created with sucrose and germinated at 25 lux

for 16 hr day.

S. khasiana seeds were subjected to different wster
potentials from O to ~5.0 bars created with either sucrose or

PEG and germinated in dark.

(iii) Imbibition

Both P. kesiya and S. khasiana seeds were soaked in
distilled water at different temperatures (5, 15,25 and 35°C)
for 24 hr, In addition, P. kesiya and S, khaslana seeds were
imbibed for 0-96 hr at 5°C and 0~24 hr at 15°C, respectively.

For different investigations, P. kesiya and S. khasians
seeds were allowed to imbibe in dark at 5°C for 24 hr and 15°C

for 6 hr, respectively.

(iv) Light
The mixed light of 4,000 lux was obtained by using two
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fluorescent cool day lmmps (40 ) and three incandescent
bulbs (100 W) . The different intensities of light were
obtained in a closed box at %° base with a wide opening at

another end (Verma and Tandon, 1984b).

The seeds of both the species germinated in dark, were
used as controls for the following studies:

Photoperiod

F. kesiya »nd S. khasiana seeds were germinated under

8-20 hr and 6-24 hr photoperiod, respectively.

Light intensity

P. kesiysa sexds were germinated at 1-10 lux light of
16 hr day length.

S. khasiana seeds were germinated 2t different light
intensities of 1,5, 10, 25,50, 100 =nd 2,000 lux for 8 hr day
langth,

Wavelength

Red light was obtained by filtering the mdxed light
with four layers of red cellophane and far-red by filtering
through three lryers of blu2 and one layer of red cellophane

following the procedure of Nyman ( 19617) .

P. kesiyas seeds were irradiated for 10 min with red
and 20 min with far-red light and germinated in dark,
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(v) Temperature

P. kesiya seeds were germinated in dark at constant
(15, 20,25,3 and 35°C) and diurnal (20/15, 25/15, 30/15, 35/15,
0/20, 35/20, aad 35/25°C) temperatures. For diurnal tempera-
ture, tha higher temperature tresatment was given for 16 hr at

3 lux light and lower for 8 hr in dark,

S. khasisna seeds were germinated at various constant
temperatures (10, 15, 2 and 25°C) in dark and at diurnal
temperatures (15/20, 20/10, 25/10 and 25/15°C); higher tempera-
ture being provided with 25 lux of light for 8 hr followed by
dsrk.

(vi) Growth Regulstors

The influence of growth regulators was studied on

one~year-stored seeds at laboratory temperature,

P, kesiya seeds were soaked in IaA (1-100 mg/l),
2,4=-D (10-200 mg/l), GA (10-250 mg/l), FAF {0.5-10 ‘mg/l) and
AA (1-100 mg/l) solutions,

S. khssisna seeds were soaked in IAA (1-100 mg/l),
2,4=D (10~-100 mg/l), GA (1-100 mg/l), FAP (0.05-1.0 mg/l) and
AA (1-50 mg/l).

After soaking, the seeds were thoroughly washed 4~5
times with sterilized distilled water and germinated under 3
lux light for 16 hr and 25 lux for 8 hr day length in FP. kesiya

and S. khasiana, respectively,
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Results

(D) pH

P. kesiya : Maximum percentage germination was recorded
at pH 4.8 (Table 3.1). However, early germination resulted at
pH 6.0 and 6.4, The growth of seedling in all the treatments

was less as compared to control, though it was statistically

insignificant (Fig. 3.17).

S. kKhasiana : The earlisr and better germination was
recorded in slightly acidic to neutral pH u(6.4~7.,2) treatments
(Table 3.7 . The highar elongation and dry weight were
recorded in milkdly acidic pH (6.0-6.8) (rfig. 3.2,

(i) Jater stress

P, kesiya : As comp-rad to control, a water potential of

~2.5 bers resulted in maximum germination (Table 3.2) and
s;;aling growth (Fig. 3.3 . 1Incresse in weater potential above
this value decreased both germination and growth. Thz complete
inhibition of growth was recorded at -10.0 and -15.0 bars

water potential,

S. khasisana : The germination percentage was significant-
ly inhibited ( p%0.05) abova ~1,0 Ear water potential., The
earlier germination was recordcd at both -0.1 and -0.5 bars
(Table 3.3 ., with increase in osmotic potential created with

PG, shoot and radicle growth were reduced compared to control,



Table 3,1 : Xffect of pH on seed germin-tion in Pinus kesiya
and Schima khasiana

R . . ormi . pays to
oH G-rm(x;z)atlon E:zr:;gzt;g;_ffte S:?g_e
Finus kesiya
7.0 {Control) 79.25 21.70 = 5.80 3.3
4,8 20,30 .80 & 5.00 2420,
5.2 84,10 40,10 + 2,60 2.50
5.6 82,20 41,20 & 4.60 2.0
6.0 80.10 41,90 + 7.00 2,00
6.4 80.50 43,20 r 6.35 2,00
6,8 80.50 38,80 r 6.00 220
L.S.D. (p=0.05) 11,80
Schima khasiana
7.0 (Control) 37.20 56.80 £17.10 1.0
4.8 26,90 0.0 + 3.7 6.10
5.2 26,90 16.40 + 3.00 5.00
5.6 31.20 18.50 « 3.10 L7
6.0 31,20 21,60 - 7.10 3.00
6.4 36. 30 42.30 #10.20 1.80
6.8 37.20 57.10 £17.30 1. 20
7.2 37.20 56,70 #16.80 1,20
7.6 24,830 11.00 + 6.50 3.60
3.0 20,60 95.20 + 3. 3. 60
L.S.D. {p=0.05) 9.40

Diaac: Saam o o

* S.E.



Fig., 3.1 : £ffect of pH on length of hypocotyl (0),
radicle { &), cotyledon ( @) and biomass
of hypocotyl (?), radicle (#), cotyledon
(@), shoot (x) and seedling (@) of

Pinus kesiya. Vertical bars ('L.S.D, p=0.05) .
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Fig, 3,2 : Effect of pH on length of hypocotyl (0)
and radicle (8), cotyledon expansion
(#®) »nd biomass of hypocotyl {x),
radicle (&), cotyledon (#), shoot (®
and seedling (@) of Schima khasiana.

Vartical wars (L.S.D. p=0,05).
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Taole : 2.2 : Lffect ol water stress ¢ scad germination
in Pinus kesiya

Jater potentinal Germination Germination rate  D°YS t0
(=bar) (%) (% seed day™ V) ng:_lé

0 (Control) 90.00 35.50 + 3.90 2.80

2.50 55.00 31.60 + 1.85 1.60

3,75 79. 10 29.00 + 1.65 3,40

5 .00 79. 10 20.90 + 1.80 4,80

10,00 15,80 16,80 + 2.45 5.20

15.00 5,50 8.50 : 0,35 11.75

L.S.D. (p-0.05) 21.70

+ S.E.



Fig., 3.3 : Effect of water stress on length of hypocotyl
(0), radicle (&), cotyledon (@) and biomass
of hypocotyle (®), radicle ( #), cotyledon
(®), shoot (x) and seedling (@) in Pinus

kesiya, Verticale bars (L.S.D. p=0.05).
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In contrast, using sucrose as an osmoticum, significant
increase in shoot, hypocotyl, cotyledon and seedling dry
welght was recorded at ~0.1 bar of water potential (Fig. 3.4).
However, radicle and shoot elongation as well as redicle dry
welght decreased slightly. Growth of root and shoot were
completely inhibited at higher water potentials induced with

PEG or sucrose.

(ii1) Imbibition

P. kesiya : Tha seeds imbidbed at 5°C showed better
germination percentage and rate as compared to control and
seeds imbibed at higher temperature (Table 3,4), The imbibi-
tion of seeds at 5°C also resulted in maximum length of
seedling parts and their biomass (Fig. 3.5). Imbibition for
various periods at 5°C also indicated that 24 hr duration was
optimum for germination percentage and rate as well as
earliest days of peak value (Table 3.5)., However, the growth
of seedling parts was almost equal in seeds imbibed for 12 and

24 hr at 5°C except radicle length (Fig. 3.6).

S. khasiana : Seeds soaked in distilled water at various
temperatures did not show any significant increase in seed
germination and rate (Table 3.4). On the other hand, soaking
of seeds at 35°C was inhibitory, The earlier and higher germi-
nation of about 48% (p£0.05) was recorded in seeds imbibed
for 6 hr at 15°C (Table 3.5), An iwbibition temperature of 15°C



Pige 3.4 ¢

Effect of water stress (Sucrose, ... ; PG,
—) on length of hypocotyl (0) and radicle

(&), cotyledon expansion (@) and biomass

.of hypocotyl (x), radicle (#), cotyledon

(@), shoot (8 and seedling (®) of

Schima khasiana., Vertical bars (L.S.D.

p=0.05) .
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Table 3,4 : Effect of inbibition temperatu-es on seed
germination in Pinus kesiya and Schima Khasiana

»

Temperature Germination Germination rate .Jayjkto
N (°0 () (%4 seed day™ M siiue
Pinus kesiya

Control 57,00 21.0 = 5.80 3.0
5 92,7 54410 + 4,35 1.75
15 85,15 43,00 * 9.35 1.80
25 75.90 32,20 + 1,50 3.00
35 71.00 21,70 + 5.80 3.30
L.S.D. (p=0,05) 9.75

Schima khasiana

Control 38450 3.0 & 6.30 2.5
5 404D 33,10 +10.15 2.10
15 42,30 35,60 + 8,50 2,00
25 42,30 32,80 + 8.80 2.15
35 2115 18,30 + 4.10 415
L.S.D. (p=0.05) 13,40




Fig.

3.5

-
e

Effect of imbibition of Pinus kesiva seeds

at different temperatures on length of
hypocotyl (0), radicle (@), cotyledon

(O) and biomass of hypocotyl (®), radicle
(&), cotyledon (@), shoot (x) and seedling
(@), C = contr‘ol,‘ verticale bars (L.S.D.

p=0.09) .
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Table 3.5 :

Effect of imbibition period on seed germination in

Pinus kesiya and Schima khasiana

Days to peak

Imbibition Germin~tion Germination rate

Feriod ( hr) (A4 (%4 seed day~1) value
Finus kesiya

0 (Control) 57.00 21.70 + 5.80 3. 30
6 89.10 43,30 + 6,00 2.00
12 91.70 46,00 + 6.80 1.90
24 - 92.70 54,10 = 4.35 1.75
48 87.10 29.50 + 1.35 3. 20
96 60.25 20.00 & 2.7 4,40
L.S.D. (p=0.05) 11.80

Schima khasiana

0 (Control) 38,50 34,70 » 6. 2.35
3 38,50 34.7 + 8,80 2415
6 48,70 42,10 +11.75 1.70
12 44,40 33,60 +10,50 1.80
24 L2.%0 35.60 + 8,50 2. 10

L.S.D. {p=0,05) 6.%

.

S,

B



rig.

3.5

“ffect of imbibition of Pinus kesiva at

5°C for different periods on length of
hypocotyl (0), radicle ( ®), cotyledon (3)
and biomass of hypocotyl (®), radicle ( &),
cotyledon (@), shoot (x) and seedling (@).

Vertical bars (L.S.D. p=0.05).
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(Fige 3.7 for 6 tar (Fig, 3.8) was found optimum for seadling

growth,.
(iv) Light
Photoperiod

P. kesiya : Amongst different photoperiods, 16 hr
duration was found optimum for germination (Table 3,6); length

and biomass of seedling parts (Fig. 3.9).

S. khasiana : The germination increased significant-
ly (p%0.05) with 8~10 hr photoperiods (Table 3.6) as comparad
to sceds germinated iz Aark. However, wi+th high:r photo-
periods th2 germination decreased. The cotyledon expansio.
and dry weight of seedling psrts were higher at 8-10 hr
photoperiods, while shoot elongrtion wAas found maximum in dsrk

(Fig. 3.10).

Light intensity

P. kesiya : The light intensity frou 1-10 lux
resulted in batter germiastion as coupared to darke A 3.0 lux
light requirem.nt was found optimum for fast germination'
(Table 3.7). The l-ngth and biemass of seedling were also

maximum at this light intensity (Fig. 3.11).

S. khasiana @ A light of 25 lux resulteg in m-ximum
germination percentage snd rate and »2l=so reduced th=2 days to

pe=k value (Table 3.7) which decreased subs=seqguently at higher



Fig, 3.7 : Effect of imbibition of Schima khasiana

seeds at different temperatures on length
of hypocotyl (0) =nd radicle (&), cotyle-
don expansion (O) and biomass of hypoooty‘\l
(x), radicle (A}, cotyledon (@), shoot (@)
and seedling (®), C = control, vertical

bars (L.S.D. p=0.05).
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Fig. 3.8 : Effect of imbibition of Schima Khasiana at

15°C for different periods on length of
hypocotyl (0) and radicle ( &), cotyledon
expansion () and biomass of hypocotyl (x),
radicle ( ®), cotyledon (M), shoot (® and
seedling (®). Verticale bars (L.S.D., p=0.05).
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Table 3.6 : Effect of photoperiod on s=zed jermination in

Pinus kesiya and Schima khasiana

.

Duration of Germination

Germination rate

oays to peak
value

light (4 { 4 seed day~ ")
( br)

Pinus kesiya

Dark 62,75 23,40 + 3,60 3.7
8 68.75 31,40 & 4.05 2.90
12 69. 10 46.00 » 7.85 1,80
14 71.10 53,10 + 6,05 1. 70
16 91.7 57.90 +12.80 1435
18 72.70 53,10 +13.85 1435
20 68,75 47.40 + 5,15 1.90
L.S.D. (p=0.05) 10,65

Schima khasiana

Dark 47450 317.30 £ 3.10 3.00
6 57.50 42.00 r 6.40 2.10
8 67.50 56,50 212,30 1.40
10 65.00 56,10 <11.60 1.40
12 55.00 33,80 = 4.25 2,60
16 52.50 33.30 & 3.90 2.7
24 55,00 31.7 < 3.50 2.90
L.S.D. (p=0.05) 11.40

&+ S.E,



Fig, 3.9 : Photoperiodic effect >n length ?f hypocotyl
(05 , radicle (6), cotyledon (3) and biomass
SFY hypocotyl (‘) , radicle ( #), cotyledon
(@), shoot (x) 2nd seedling (®) of Pinus
kesiya, D = dark, Vertical bars (L.S.D. p=0.05)
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Photoperiodic effect on length of hypocotyl
(0) and radicle (&), cotyledon expansion
() and biomass 6f hypocotyl (x), radicle
(&), cotyledon (W), shoot (®) and seedling
(@) of Schima khasiana, D = drrk, Vertical

bars (L.S.D. p=0,05).
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Table 3.7 : Influence ot light intensity on seed germination
in Pinus kesiya and Schima khasiana

Light inten- Germination  Germination rate Dagza;{:o
sity (_lxix‘) ..... (_ ) (% seed day™ 1) value
Pinus kesiya

Dark 62.75 23.40 + 3.60 3.7
1 91.70 31,30 + 3.10 3,00
2 91.7 36.50 & 2,60 2.65
3, 91.70 53,20 + 5.10 1,75
5 91.70 48,00 + 5.60 1.90
10 91.40 42,50 + 0.60 2.35
L.S.D. (p=0.05) 8.75

Schima khasiana

Dark 47.50 31.30 - 3.10 5.00
1 47.50 31,40 « 4.10 2.9
5 50,30 36.50 - 2.60 2.60
10 50.00 54,10 : 4,40 1.80
25 65.00 57.90 +12.80 1.0
50 60,00 53,10 = 6.10 1. 70

100 50.00 43.30 & 6.00 2,00
L.S.D. (p=0.05) 6.7

+ s. E.
-



Fig, 3,11 ¢+ Effect »f light intensity on length of
hypocotyl (0), radicle (&), cotyledon
(@) and biomass 2f hypocotyi (@),
radicle ( #), cotyledon (@), shoot (X

and seedling (@) of Pinus kesiya,

D = dark, Vertical bars (L.S.D. p=0,05).
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light intensities, There swas a concomitant increase in
cotyl-don expansion and seedling dry weight with increase in
light intensiti=s. Jonversely snoot elingation was found to
declin. upto 25 lux and subsequeatly no change was noticeable

(Fig. 3.12).

vavelength

P. kesiya : The red light irradiation eof seeds
resulted in high=r germination, rate and seedling growth and
reduc~d the days to peask value as coapared to cortrol (Table
3.8 7ad Fig. 3.13), The far-red irradiation of seeds

reversad th- stimlstory effect of red light.

Vi Temperature

P. ¥esiyas : The effect of constant temperature
sho .ed th=t geruin tion and seedling growt . increased upto
25°C which subseduently decreased by increasing the tempera-
ture (Table 3.9), On th: ocher hand, the diurnal temperature
of 20/15°C resulted in meximum germination. The diurnal
temmoperiodicity of 35/20°C was optimun for lawngth and biomass
of seedling parts (Fig. 3.14). A slight increase in growth was

also noticed =t 25/15°C temperature.

S. khasisna : The optimum and earliest gernin~tion

were r=coded »t 20/10°C amongst the various constant ~ad
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3,12 ¢

Effect of light intensity on length of
nypocotyl (C) and radicle (&), cotyle-
don expansion () and biomass of hyp?—
cotyl (x), radicle (l,s) , cotyledon (‘) y
shoot (@) and seedling (®) of Schima
Khasiana, D = dark, Vertical bars
(L.S.D. p=0.05).



1
|

]

- 3

4

%

2000

100

Light intensity (lux)

~J

o
1ed Bui

o
—

3 ™m ™N
Po3s/(;uiw) ea® 1o (W) yibuan

S D

O T
yded Bujpass
10 bBuipess /(bw)ssewolq

50

25

D 10

Fig 3-12



Table 3.8 : gffect of rad and far-r=d radiation on seed
germinstion in Pinus kesiya

laneed - - A W WD W A T WM i W e AR T ST B ITD N WL A . e S s N o

; s , Days to
Treatment Gerznyﬁ)natlon ((}er;l;gdtég;_ ;“)ate 52‘;5&‘
Dark 62.75 23.40 + 3.60 3.7
R 86.15 43,00 + 9435 1,80
F 68.80 28,10 r 3.30 3.25
R/F 68,80 31.40 + 4,10 2.85
R/F/R 86.15 43,00 + 9.35 1.80
R/F/R/F 69. 10 31.40 + 4.10 2.85
L.S.D. (p=0.05) 12,15

R = Red; F = Far-red
+ S.E.



Fig,

3.13 ¢

Response of Pinus kesiya seeds to red and

far-red radiatisns 2n length of hypocotyl
(0), radicle (&}, cotyledon (3) and
biomass of hypocotyl (@), radicle (&),
crtyledon (@), shoot (x) and seedling (@),
D = dark, Vertical bars (L.S.D. p=0,05).
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Table 3.9 : Effect of temperature on seed germination in

Finus kesiya

Days to pesk

Temgsanture Gerx(x:)i;onstion C(}zrgléggtégr}_ﬁ'\)"te value
15 76.85 14,20 + 1,00 6.90
20 86.15 20.80 & 1,60 4,50
25 90,00 20,30 + 3.85 3,00
30 72,60 20.90 + 4.15 3,80
35 62.75 11.80 r 2.65 6.50
20/15 88.90 25.70 + 3.80 3,40
25/15 73.90 2,50 + 2.60 4o ko
30/15 69.00 27.20 + 4.35 3.15
35/15 85.80 25.50 + 3.20 3.50
30/20 73.35 20,40 + 0.7 4,85
35/20 83,15 25,50 + 4,00 3.7
35/25 78.75 26.7 + 5.10 3,00

L.S.D. (p=0.05)

10.80

+ S.E,



Fig. 3,14 : Effect »f temperature on length of hypocotyl
(0), radicle ( d) , ctyledon () and biomass
of hypocotyl (®), radicle ( &), cotyledon
(W), shoot (x¥) and seedling (@) of Pinus
kesiya., Vertical bars (L.S.D. p=0,05).



35 M5 Bis s N 2o 3950 %5

30

25

20

Hg)
<«

o o oo oOovOo B’

%) < N =} ®» O ~F
jJed bBuipoes jued bBuypass 1o
/(wud ) y3bua Buypaas,/(but) ssewolg

o

00

Temperature (°C)

Fig 3-14



41
diurnal temjperature treatments {Table 3,10). Ho.ever, the
maximum growth was recorded at 25/15°C (#ig. 3.15) wnich was

higher than optimum teuperature for seed g-rmin=tion.

(vi) Growth Regulators

F. kesiya : All the concentrations of growth regula-
tors used, promoted germination of P, kasiya seeds, Seeds
treated wich IAA (25 mg/l), GA (150-200 mg/l), FAE (1 mg/l),

AA (25-50 mg/l) s.owed better geranin-tion percdentage, rate and
also lower days to g-=rk value as comparad t3 control. On the
other hand, 2,4-D treatment resulted in better geramin=tion per-
ceatage and rate at 100 mg/l and 25 mg/l concentrations,
respectively (Table 3,11), There was a decrease in germination
with growth regulator treatm:nts beyond the aforesaid concen-
trations, Amongst the different growth regul~toi's used, GA
showed maximum germinetion percentage, rate and lzast daye to

" peak value, Comparative study or various growth regulators on
seedlinrg growth, revealed that GA Aand AA showed higher radicle
and shoot elongations whereas higher cotyledon growth was
meted in FAP and AA treatm-nts (+ig., 3,16). wWith 2,4-D
treatment, abnormal seedlings were produced having reduced
racicle, The dry weight ©f seedling parts was maximum in G4

treated seezds,

S. khasiana : Different concentrations of growth

regulator treatments stimulated germination in this species.



Table 3,10 :

Effect of temperature on seed germination in
fchima khasiana

Germination rate

Temperature Germination Days to peak
(°0) (%) (4 seed day Y value

10 0 0 0

15 50 .00 29.90 + 4.50 3.7

20 47.50 34,10 + 5.60 2,50

25 37.50 33,40 + 3.90 2.7
15/10 52.50 25.80 *+ 1.40 3,80
20/10 55.00 38,00 + 8.90 2,00
25/10 42,50 33.80 + 4,75 2.
25/15 35.00 3.7 + 6.7 2.40

L.S.D. {p=0.05)

6.7

+ S.E.



Fig. 3.15 : Effect of temperature on length of hypocotyl
(0) and radicle (4), cotyledon expansion
(O) and biomass of hypocotyl (x), radicle
(&), cotyledon (®), shoot (®) and seedling

(®) of Schima khasiana., Vertical bars

(L.S.D. p=0.05).
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Table 3,11 ;3 Effect of IAA, 2,4-D, GA, FAP and AA on seed

germination in Pinus Kesiya

hrvien - —r
(ngﬁggﬁﬁa- Germination Germination rate Days to peak

tion mg/1) (4 seed day=1) value

i nipadinabomumiis —i BRI amay o g

Control 75,00 4,80 2140 £ 24D b4y 35
IAA

1 75.00 fosd 4,60 30,80 b 1'& 4,10

10 75.00 & 6.7 32,10 % 4,00 3,480

25 88.50 + 5.20% 33,0 X L, 20% 3475
50 86.25 st 6.00 27, 10 X 1980 5450
100 86,25 + 5.0 26,60 + 0,60 5.80
2,4=D

25 75.00 _" 2025 43.% ; Bpm* 3‘&
50 83.50 + 3.25 37.7 £ 3450% 3490
100 92.50 + 3,40% 33.50 + 3.0 4,60
00 88.80 + 5.9 35,10 x 1.50 5,00
GA

10 81,50 + 5.00 35,10 + 1.50 4,00

25 81.50 + 4.20 35.20 + 4.60 2.50
50 81.50 + 4. 20 40.00 + 5.60% 2.25
100 82.50 s 8;75* 44§5O _-_f_ 2925* 24 X
150 95.25 + 2.0% 54,50 X 2420% 1,80
200 97.50 * 2.50% 53430 £ 3, 0% 1,80
250 94,00 + 5.20% 48,50 + 5.00% 2,00
FAP
0.5 87.50 + 2.75 34.50 + 1.25 4,00
1.0 93,50 + 2.75% 43.90 + 4.20% 1.90
5.0 73.50 + 6.50 43.90 + 5.20% 2.00
10.0 71,00 + 2.25 37.10 + 4.25 2.50
AA

1 75.00 + 3.40 34,50 £ 1.50 4.00

10 81.50 + 4.00 41.80 + 2.75* 3.00

25 95.00 + 4,30 48.00 + 9.00% 2.00
50 90.00 + 3.00% 47.90 + 6.00% 2.25
100 81.50 + 5.00 35.80 + 1.40 3,80
+ S.E.

¥ Significant at p g 0,05 level.



Fig. 3.16 ; Effect of seed treatment with growth
regulathrs on seedling growth »f
Pinus kesiya and Schima khasiana,
C = control, (1) IAA, (2 2,4-D,
(3 GA, (4) FAP and (5) AA,
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Table 3.12 : Effect of IAA, 2,4-D, GA, FAF and AA on seed
germination in Schima khasiana

Treatment Germination Germination rate Days to peak
%gggcgg}:i?_ 4 (4 seed day™ 1) value
Control 25.00 + 4.0 16.80 + 2.10 5.35
IAA

1 25:00 + 4,40 16.80 + 2,25 5.30
10 36.20 + 2.00% 18.90 # 2,25% 4,80
25 29.10 * 3.25 15,30 + 1.85 5.0
50 25.00 + 3,25 13.00 + 3.25 7. 70
100 25,00 + 3.80 13.00 + 3.25 7.0
2,4=D

10 25.00 + 3,90 18.20 + 4,60 4,00
25 30.00 + 5,40% 21.680 + 3,90% 3495
50 24,50 + 5,20 4.3 + 3.25 5.20
100 22,00 £ 5.20 13,50 + 1,00 7. 10
GA

1 25.00 + 3,25 19.60 + 2.25 4,55
10 25.00 + 3.25 23.20 r 3.10% 3.80
25 33.10 + 3.80% 26,20 + 2.25% 3. 60
50 24.50 + 3.80 19.60 + 2,10 4,70
100 24.50 + 3.80 16,70 + 1.50 5.65
FAP
0.05 36.50 + 2.40% .60 + 3,00% 3. 10
0.10 45,00 + 2,40%* 37.60 + 4,10+% 2.45
0.50 38,00 + 3,25% 29.50 + 3.10% 3« 10
1.00 36.50 + 1.50% 22.00 + 2.00 4,25
AA

1 30.00 + 3.80% 0.7 + 2.2 b4 b5
10 33.50 + 5.00% 29.20 + 3.10 3. 15
25 25.00 + 3.25 21.60 + 3.40 3.95
50 25.00 + 2.00 18.20 + 1.7 5.10
+ S.E.
¥ Significant at pg0.05 level,
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Treatment o: seeds with IsA (10 mg/l), 2,4=D (25 mg/l), GA

(25 meo/1), FAF (0.1 mg/l) and AA (10 mg/l) resulted in hi:her
germination parcentage, rate snd lower days to pe2k value as
compared to control (Table 3,120, 4 decrease was noticed in
germin-tion beyond the aforesaid concentr=tions., Amongst
different growth regulators, FAP treatmant exhibited maximua
germination ana rate and least days to peak value. FAP and AA
treatments resulted in msximum cotyledon expansion and radicle
eloneation, resp=ctively. tlowever, higher shoot elongatio.: was
obsarved in GA and FAF treatments (Fig. 3.16). 4 reductisn in
tha growth ol seedling was found in 2,4~p treated seeds. The

total dry weight of seedling was maximum in FAP treatment.

Discussion

Germinating seeds are very sensitive to H™ ion concen-
tration of the medium. A slight change in pH level may lead
to a significant disruption in metabolism (Ovcherov, 1969). The
substrate z2cidity ( pH 2.0) was reported to inhibit seed
germin=tion and early seadling growth in Douglas-fir (McColl
and Johnson, 1983) . Ogner and Teiger (1980) reported that
irrigation of spruce plants with hi her acidic solutions like
pf 2.5 and 3.0 resulted in greater accumulation of Al3% ions

. . L 3+
and reduction in Caz*, re3

and anr ions. 3ut thase changes
did not affect th- plant growth immedimtely. Among coniferous

sp2ci-~s, acidic subst.ates either had no effect as obsarvad in
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hemlock or promoted seed germination as in white pine (Baldwin,
1934; Lee and Weber, 1980). Raynal et al. (1982) reported that
hemlock seeds germinated well at pH 4.0, During the present
study, E. Kesiya seeds showed maximum germination percencage
at pH 4.8 whereas a better rate of germination resulted at pH
6.0 and 6.4 amongst the various pH treatments. There were no
significant relstionship between pH and seed germination of

P. rigida (Maull, 1963) anmd P. banksiana (Vaartaja, 1957).
While mildly acidic to neutral piH exhibited higher germination
and growth of various parts in 3. khasiana, the alkaline and
highly acidic pH were toxic in this species. The mildly
acidic to neutral pH was also reported stimulatory for germina-

tion and growth of Achillea millefolium (Stjepanovil and

Corovic, 1963) ., Abougendia and Redman (1979) noted varying
effects of Aacidity on germination in conifers depending upon
the ionic characteristics of the substrate solution which
resulted in leaching of the various substances from the seed
itself. Hence, in these experiments it was essential to change
the treatment solution frequently to prevent the changes in

pH level caused by seed leachates,

Tree seeds are very sensitive to availability of
water (Baker, 1950) which determines the germinstion and early
seedling survival, It was recorded that the germination

energy of Populus deltoides (Farmer and Bonner, 1967,
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P. ciliata (Singh and Singh, 1983), Acacia rigidula,

A. berlandieri and Forliera angustifolia (tveritt, 1983)

decreased as moisture stress increased. During the present
study on P. kesiya and S. khasiana seeds, water potential
beyond ~2.5 and -0.5 bars, respectively, inhibited the germina-
tion and seedling growth. The water potential created with
sucrose was stimulatory for seed germination and seeling growth
at -2.5 bar in P. kesiya, and for early germination as well as
maximum dry weight at -0.1 bar in S. khasiana. Under stress
condition, the deterioration in seedling growth of P. deltoides
was also reported. Inhibition in germination by increasing
water stress may possibly be related to the moisture deficit in
the seeds below the threshold (Larson and S@hubert, 1969;
Everitt, 198%. The moisture deficit may lcad to the degrada-
tion and inactivation of biochemical processes., The prevention
of seed germination by an osmoticum has been reported on account
of reduced water supply and appreciable respiration during seed
germination (Hegarthy, 1977) . The increase in shoot growth in
S. khasiana at -0.1 bar and early germination and higher
seedling growth in P. kesiya at -2.5 bars woere probably due to

nutrient availability from the substrate,

Sced germination and s=edling growth of E. kesiya were
greatly improved by imbibing the sceds in water at 5°C. To
improve sced germination, the soaking of seeds has been tried by

many workers. Tool: et al. (1961) reported that imbibition of
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P. virginiana sceds at 5°C and subsequent incubation at 25°C

resulted in b:tter germination. Similar treatment also
stimulated the seed germination in southern pines (Barnett,
1971) . The induction of seed germination in loblolly pine
occurr<d due to lz2aAching of inhibitors and an increase in endo-
genous levels of growth stimulators during the process of stra-
titication (Paul et al., 1973). Bevington and Hoyle (1981)
noted that chilling treatment at 3°C or red light initiated the
phytochrome system in Betuls resulting in highor germination,
Marreno (1962) mentioned that P. carribea seeds soaked in water
for a day or two showed better germination. In case of

F. patula, soaking for 18 hr was found suitable (Ghosh et al.,
1974) . On the other hand, E. glliottii required 10 days of
soaking for hastening the germination (Foot, 1967). In the
present study, imbibition of P. kesiya seeds for 12 and 24 hr
resulted in higher germination and growth whercas radicle growth
was much higher in seeds imbibed for 24 hr. Casas (1964) noted
in case of cacaop tree that 25% moisture content of the seeds
resulted in 100% germination., Soaking of S. khasiana seeds at
15°C for 6 hr might have resulted in activation of the physiolo-
gical process leading to fast germination because non-dormant
seeds reyuire a certain amount of water for resumption of
physiological process (Kramer and Kozlowski, 1979) . An increase
in germination of alder and parsley seads after 24 hr incubation

was observed (Khudyakov and Zinov'ev, 1964). Imbibition of
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seeds at high temperatures and durations resulted in delayed
germination and slow growth of E. kesiya and S. khasiana
probably due to higher moisture contents of seeds., It has
been reported in southern pines that higher moisture content
of seeds inhibited the total germination and delayed the peak
value (Campbell, 1982). The soaking of maize seeds for
higher periods resulted in decrease in cytokinin content
during swelling (Julin-Tegelman, 1979). The soaking require-
ment of both the spscies was differed due to their seed coat

constraints.

It hes been reported that early successional and
ploneer spescies regenerate in gaps (Denslow, 1980; Vdsquez-
Yanes, 1980). FE. kesiya and S. khasiana are early successional
species. The germination and seedling growth except shoot
elongation in S. khasiana were enhanced when seeds were
germinated in light conditions, The stimulatory effects of
light in seed germination have been reported in many species
(Sarvas, 1950; Jones, 1961; Shukla and Ramakrishnan, 1981;
Campbell, 1982). Generally, 8-12 hr day length is necessary
for maximum germination and growth in most forest trees
(Koslowski, 1971) . During the present study, optimum germina-
tion of E. kesiya and S. khasiana seeds resulted with 3 lux
for 16 hr and with 25 lux for 8 hr, respectively., A higher

requirement of photoperiods in case of Pseudotsugas menziesii,

Betula (Jones, 1961) and Duaban,a sonneratioides (Shukla and
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Ramakrishnan, 1981) have been reported. Jones (1961) reported
the stimul~ation of seed germination in many trees species by
low light intensities upto 100 lux., It is clear from the
results that P. kKesiya is a low light requiring specles under
long photoperiods exhibiting its wide distribution at high
altitude. The present findings in S. khasiana are closely
related to the conditions of light and temperature prevalent at
high altitude (1800m) of Meghalaya during early rainfall of
late April and early May when the germination in Schima occurs
under natural conditions. The marked differences in seed
germination under dark and low light intensities and photo-
periods, is in contrast to the findings of BSoojh and
Ramakristnan (1982) on the same species where non-significant
changes were reported under dark and continuous light (500-600
lux) conditions, Besides, these authors have reported the
maximum germination at 0~2 cm depth of soil under natural
conditions where a light intensity of 500-600 lux could not be
possible for 24 hr (Wooley and Stoller, 1978). The increase in
cotyledon expansion and yield of seedling parts were observed
at higher light intensities in S. khasisna which was probably
due to increased light mediated process like photosynthesis, as

reported in Robinia pseudoaccacia (Marshall and Kozlowski,

1974) . The inhibition in shoot elongation at higher light
intensities is possibly related to maturation of seedling axes

after emergence.



An irradiation of far-red (20 min) =lmost reversed
the stimulatory effect of red light (10 min) on seed germina-
tion in P. kesiya during thes present investigation. It was
found that red irradiation alone or red/far-red/red irradia-
tilons showed better gormination, while irradiations of far-red,
red/far-rad and red/far-red/red/far-red inhibited seed germina-
tion in P, kesiya suggesting the involvement of phytochrome
system, This is consistent with findings of Toole et al.

(1961 in cese of E. virginiana and Nyman (1961) in

E. sylvestris where a phytochrome mediated process was repor-
ted. An increase in polysome formation mediated by ph¥tochrome

action has been reported in P. thunbergii germinating seeds

(Yamamoto et al,, 1975). Sasaki and Asakawa (1974) reported in

P. thunbergii seeds isolat~d from cones in the dark, a

promotory effect of red light on germin~Ation which was
reverseg¢ by an incressed quantity ot far-red light. Light has
been report=d to cruse incressed protein synthesis (Yamamoto
and Sasaki, 1977) and also in RNa containing poly a” (Yamamoto,

1982) in P. thunbergii seeds. The reversal effects of red/far-

red/red and red/far-red/red/far-red showed an increase and
decrease in length of various seedling parts, respectively.
However, = reverse pattern was obtasined for biomass of seedling
parts which could be duz to thinning and thickening of hypoco-~

tyl.
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Temperature also cruses a significant change in sced
germination of many speci=s. During the present study, a
constant temperature of 25°C was found optimum for seed germi~-
nation in P. kesiya, However, diurnal th=rmoperiodicity of
20/15°C and 35,20°C showed earlier germination and b:tter
seadling growth, respectively. A peak germination of southern
pines has bean report=d to occur at 24°C (3arnett, 1979). In
P. contorta the germination was equal from 20~30° Critchfiezld,
1957) ., An almost simil-r trend was also reported during
seedling em:rgence of fngleman spruse and lodgepole pine at
16=25°C (Kaufmann and ickard, 1977), but reduction in germina-
tion was recorded at 35°C., On the other hand, there are
reports in literature regrrding diurnal thermoperiodicity

accelerating sead germination in P. densiflora, P, thunbergii

(Asakawa, 1959), E. elliottii, P. taeda (Dunlap and Barnett,
(1982), Heliocarpus (VAzquez-Yanes and Orozco~-Segovia, 1982).
Lang (1965) mention=d that the optimum conditions of Qifferent
speclies varizs depending upon their requirement which may be
eithzr physiological or geneticel., The existence of thermo-
Periodic behaviour of P. kesiya under long photoperiod is
related to its wide distribution at high elevation of North-
EAast India., It has be=n well-established that development of
daily fluctuation of temperature under naturazl conditions act
as an environmen:al indicator of appropriate conditions for

seed germination and seedling establishment in many species
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(Ellern and Tadnor, 1967; Vdzqu-s-Yanes and Orozco-Segovia,
1982) . S. khasiana showed maximum s=22d germination and
seedling growth at 20/10°C »nd 25/15°C, respectively. iowever,
these findings are in contrast to the constant temperature
optimum of 15°C reported in th-= sam» species by Boojh and
Ramakrishnan (1982) . lMoreover, the constant temperature
could not exist under nrtural conditions of high altitude of
Meghalasya at the time of germination in this species. The
occurrance of diurnal thermoperiodicity in early successional
species has beon reported (Rao and Singh, 1985). The higher
temperature requirement for seedling esmergence compared to
that for germination was reported in a number of species

{ Stepanov, 1946) . The thermoperiodic behaviour for seedling
emergence in EF. kesiya and S. khasiz=na mAy be 3 possible
frctor for conferring adaptability under natural condition of

high altitude of Meghalaya,

In general, storage of seeds results. in partial
loss of viability due to disturbances in motabolism and defi-
ciencies o1 certain chemicals Ovcharov, 1969; Khan, 1977;
Bewley »nd Black, 1982). GaA, kinins, £BA, auxins, ethylene,
vitamins ~«nd other regul=tory substances are vitally important
and their application to seeds intensily the m=atabolism and
improve germination and plant productivity (Bonner, 1976; Lewa

1984; Mehanna et al., 1985; Raghava, 1985; Singh, 1985).
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During the present study, one year-stored seeds of P. Kesiya
and S. khasiana showed better germination when treated with
various growth regulators, viz., Isa, 2,4~D, GA, FAF and AA.
The stimul-tion of se=ed germin-=tion by growth regul-~tor has
bz2en reported in = number of woody plants (3iswas et al., 1972;
Shafiq, 1979, 1980; Shibakusa, 1980; Tinus, 1982; Kumari and
Kohli, 1984; Mehanna et al., 1985; Singh, 1985). It is noted
that germin: tion response of seeds to growth regul-tors is
highly variabl= which gensrally depends upon both the external
and internal factors. The growth regulators may easily pene-
trate the seed at their optimum concentration and also be
available at th- site of -ction (Bonner, 1976; Tinus, 1982).
The higher germination in P. kesiya ond S. khasiana were
obtained with GA (150 and 200 mg/l) and FAP (0,1 mg/l) treat-
ments, respactively. The s2eds of both species may lack these
concentrations during th- beginning of germin~tion in one-year-
stored se»ds. It is reported that GA {250-1,000 mg/l) applica-
tion to under devzloped embryos of sub-tropical species stimu-
late the seed germination (Grushvitskii and Limar, 1965). The
increase in cytokinin content of seeds at thz beginning of
germin~tion has be=n reported in meny cases (ref. Khan, 1977).
Mehanna et al. {1985) reported the enhancement of germination
of Nemaguard peach seads by benzylaminopurine., The soaking of
tung se=ds in solutions of auxins and AA hevae beei: reported to
improve th» seed germinntion and seedling growsth (Chatterjee,

1960) ., The high level of AA content and its utilization in
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embryonic axes during seed germination was observed (Chinoy et

al,, 1973 .

Plant growth and davelopmsnt are greatly influ-=ncad by
phytohormones., During the study on seedling growth, GA, FAF
and A4 were found highly effactive in increasing the growth of
seedling parts in P, kesiya and S. khasisana., 2,4-D treatment
resulted in »bnormesl seedlings in both the species which could
bea due to its phytotoxic effects on sesedling development
(Kozlowski and Sasaki, 1968; Sasaki et al,, 1968; wWu et al.,
1971) ., Simakin (1966) mentioned that radicle of apple seeds
first reacted to IAA, othar embryonic parts to 2,4-D and
perisperm responded to succinic acid. During the present
investigation, P. kesiya seeds showed maximum radicle and shoot
elongation in GA and AA treatments while cotyledon growth was
higher in FAP and AA treated seceds. In S. khasiana seeds,
radicle length and cotyledon expansion ware higher in AA and
FAF treatments, respectively. Shoot elongation was higher in
GA and FAFP trestments. A differential response of various
seedling parts to differant growth regulators was observed in

both E. 5§§iza and S. khasiana,



Chapter IV

BIOCHEMICAL CHANGES DURING SEEDLING DEVELOPMENT




Introduction

The seed germin tion is an unique developmental
phenomenon in tns 1if- of plants and its complexity is shown
up by tihr intricate interactions b~tween axes and stoiage
tissue or organ, i.e., endosperm of cotyledons (Mayer and
Marbach, 1981)., Hence, the ragul~tion of enzyme activity is
under the influence of embryonic sxes. The young regions of
plants are chnracterized by reduced state which switches over
to an oxidized stzte as thz tissue becomes mature and diffe-
rentinted. Th: enzyme system responsible for synthesis of
membrane componants like fatty acids, nucleosides and nucleo-
tides, purin:s and pyrimidin~s 21l become gctive early in
germination., The oxidases have been implicated in many meta-~
bolic changes (Mayer and Shain, 1974; Mayar and Foljakoff-
Mayber, 1982). auxin insactivating system has an important
physiological role in the regulation of IAA (Fielding and Hall,
1978; Palmieri et al., 1978). Fhenolic compounds are
co~factors ol certain enzymes and thus regulate the growth and
development of plants (Sarapuu, 1965; Runkova et al., 1972;
Butt, 1979; Duke and Vaughn, 1982) through changes in the
activiti-s of phenollﬂxidase, IAA-oxidrse, and peroxidnse
(FPodstolski et al., 1974; Butt, 1979; Barendse, 1983). The role
of enzymes in relation to germination has been focussed by
several workers (Scendalios, 1974; Gasper et al., 1977; Dendsay

and Sachar, 1982; Barendse, 1983; Fitel et al., 1984; Miller,
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1985). The value of isoenzymes as biochemical and genetic
markers of forest trees has been demonstrated in various
studies like characterization of populations, spescies differen-
tiation, pollination studies and evolutionary aspects (Durzan,
1966; Feret and Bergmaen, 1976; Kohli and Tandon, 1982; Cheliak
and Pitel, 1984). Although there are numerous studies on
isoenzyme expression during germination of agricultural crops
(Scandalios, 1974; Gaspar et al., 1977) but only a few are

concerned with ths tree species (ref, Pitel et al., 1984).

et—

In conifers the higher content ef lipid exists in
mega-gametophytic tissue and it is converted or utilized
through sugars vis glyoxylate cycla during germination in the
presence of glyoxyl~te enzymes (Firenzuwli et 21., 1968a;

Ching, 1970). Ffurther, Firenzuoli et al.,(1968b) have reported
the transfer of sugars to aombryos for their growth promotion,
Iso~citrate lyase is a prominent enzyme of glyoxysome cycle

in conifers and its control mechanism by growth regulators has

been studied (Bilderback, 1974; Vu and Biggs, 1979) .

In many cases, the exogenous application of Kknown
growth regul~mtors could substitute for the seedling axes or
embryo. The control of sced germination by external applica~
tion of hormones reaflects the natural control mechanism ( Khan,
1971; Meryer =nd Shain, 1974). The changes in property of

membranes, in response to growth regul~«tors, 1is known to play



55

a promin-nt role in controlling seed germination by affecting
the rate of hydration, ~nzyms release, ion transport and

conc ‘ntration, pH and inhibitor contents (Tao »nd Khan, 1977
Penel et al., 1984), On the other hand, growth inhibitors
decisively interfere with physiological process of seed germi-
nation (Dendsay and Sachar, 1978, 1982; Barendse, 1983;

Lewak, 1984),

Enzyme activity is greatly influsnced by environmental
factors through change in hormones synthesis (Smith et al,,
1977 . The regul-tory role of growth regul:-tors on enzyme
activity is very comilex due to the action of both environmen-
tal fectors =and growth regulstors on specific enzymes
(Brrendse, 1983). E£Effects of growth regulators on seed germi-
n~tion, seedling growth=nd enzyme metabolism have been widely
studied (Wareing and Saunders, 1971; Mehta et al., 1974a,b;
Balasimha and Tewari, 1979; Dendsay and Sachar, 1982; Barendse,
1983; Sankhla et al., 1985). The number of different enzymes
affected by growth regulstors is large and they cover a wide
range of metabolic activities (Lethsm et al,, 1978; Dendsay and
Sachar, 1982; Barendse, 1983; Penel et al., 1984; Miller, 1985;
Sankhla et al., 1985; Sarkar and Choudhuri, 1985), But the
mechanism by which seed germination and early seedling growth
affected by growth regulators ~nd modified with changes in
enzymes, phanols and nucleic acid contents is poorly understood

in forest trees,



56

Materials and Methods

Pinus kesiya seeds were soaked in Iaa (25 mg/l), 2,4-D

(100 mg/l), GA {150 mg/Y), FAF (1 mg/l) »nd 2A (25 mg/l) for

24 hours at 5°C while Schima khasiana in Iua (10 mg/l) 2,4~D

(25 mg/l), GA (25 mg/l), FAF (0.1 mg/l) and aA {1 mg/l) for ©
hr at 15°C and germinated 2s described in chapter III, In case
of P. kesiya, embryo »nd endosp=rm were saparated after seed
treatment, radicle and cotyledon emergence stages, whereas in
S. khasiana, into seedling axes and cotyledons at radicle,

plumules ~nd cetyledon emergence.

Fresh weight and moisture content determin~tions

Fresh weight of different parts of both the species as
mentioned above were recorded during differesnt stages of
germination, The dry weight was determined by oven drying the
materials at 60 + 1°C for 48 hr for estim~tion of moisture

content, It is expressed on percen:age fresh weight basis,

Enzyme axtraction

Acetonz powders of different parts were homogenized in
chilled mortar and pestle with 20 volum2s of its weight in O0.2M
phosph~te buffer (pH 6.8), In c~se of E. kesiya, O.3% sodium
dodacyle sulph-te (/W) wrs used in the extracting buffer as
phenolic scavenger. The homogenates were filtered through two

layers of muslin cloth and centrifuged at 10,000 rpm for 30 min



at 0-4°C =ad th= suparnatants were used for enzyme @ssay,

Assay of enzymes

Catalase : The activity of catalzse (£.C.1.11.1.6was measured
by the method of Mahadevan and Sridhar (1982). In th> assay
mixture, 2.7 ml phosph=te buffer (0.14, pd 6.0) »nd 0,2 ml
extract were taken, After adjusting the absorbance to zzro,
0.1 ml H202 (146 V/V) wss added. Absorbance was recorded ot
230 nn for 75 sec at 15 sec interval., The activity is
expressed as @A min~! mg”' protein., The controls were

maintainad using boiled extracts.

Peroxidase : The peroxidsse (EC 1.11.1.7) activity was

measured following Mahsdavan and Sridhar (1982). In a 6 ml
reaction mixture, 2,5 ml pyrogallol (0.1 IM)» approrpriate
amounts or phosphat2 buffar (0.1 M, pH 6.8) and enzyme were
taken #nd the absorption was calibrated to zero., To this 0.5
ml of H202 {15 V/V) was added ~nd the tube inverted immediately
to mix the contents., The change in absorbance was recorded =t
20 sec interval for 3 min at 420 nm, The activity is expressed

as & A min” ' mg” ! protein.

Isd~oxidase : Tho enzyme activity was measured by the method of
Tandon and arya (1982). In the reaction mixture, first 2,4~
dichlorophenol { DCP) was added to 0.2 M phosphate buffer

(pH 6,8) then mengmanese chloride (MnClz) and enzyme, and At
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last TAA, The total volume of the resaction mixture was 5 ml

and the final concentrations of DCP, MnCl_, and IAAwas 0.2 ul,

2
The reaction mixture was incubzted in dark st 37°C in a
shaking water both., after 1 hr, 2 ml of Salkowski reagent was
added to terminate the reaction. Following 1 hr wait, the
absorbance of the mixture wss recorded at 530 nm., The amount
of IAA destroyed was calculated from a standard curve of Iia,
The enzyme activity is expressed as mg IAA oxidized hr™ ' mg™ |

protein,

Polyphenol oxidase : The polyphenol oxidase (EC 1.10,3.1)

activity was measured using the method of Mahadevan and Sridhar
(1982). In a 6 ml reaction mixture, 2 ml enzyme extract and 3
ml phosphste buffer (0.1, pH 6.8) were taken, After calibra-
tion of absorbance to zero at 495 na, 1 ml of 0.1 M substrate
(pyrogallol for P, kesiya and catechol for S. khasiana) was
added. The change in absorbance was recorded at 20 sec interval

for 3 min. The activity is expressed as 44 min | mg"'1 protein,

Protein :

Protein was estimated following the method of Lowry et al.
(1951 . Protein was precipitated by adding 10#4 trichloroacetic
acid (TCA) to tissue extract in a ratio of 1:1 (V/V) and centri-
fuged at 6,000 rpm for 10 min. The supernatant was discarded

and precipitate was washed twice with distilled water, It was
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dissolved in 1 ml of 0.5 N NaOH and diluted to desired

volume, The volume of diluted extrzct was made to 1.5 ml with
distilled water. To this, 5 ml freshly prepared alkaline
solution (1 ml of 1% Copper sulphate and 1 ml of 2,74 sodium
potassium tartarate mixed with 100 ml of 24 sodium carbonate
solution) was added »nd sllowed to stand for 10 min at room
temperature, After incubsation 0.5 ml Folin-ciocaltaeu
reagent { equally diluted with water) was added with immediate
shaking »nd held at room temperature for 20 min and colour was
read at 750 nm. Protein content is expressed =s lig seed”

1

part or seedling ' pert using standard curve prepared by

bovine serum albumin,

sxtraction of phenols

- - -

The tissue was cut into pieces 2and plunged into
boiling ethyl alcohol (964 and boiled for 5-10 min., After
cooling, it was crushed in a mortar and pestle, The homoge-
nate was passed through two layers of muslin cloth and debris
was re-extracted with 804 ethyl alcohol for 3 min, Crude
extracts were mixed together and centrifuged at 6,000 rpm for
10 min. The sup.rnatant wes used for estim~tions of phenols
using the procedure of Mahadevan and Sridhar (1982) with
slight modification. The phenol contents are expressed as

mg g fresh welght.
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Total phencl : The reaction mixture contained 1 ml extract, 1

ml Folin-ciocaltaeu reagent (1:10 V/V) and 2 ml 204 NaZODB'
After thorough mixing it was boiled for exactly 1 min »nd
cooled under running tap water. The volume of reaction mix-
ture was made to 25 ml with distilled water and the intensity
of colour was read at 650 nm. A blank cotaining all the
reagents minus extract was used to adjust the absorbance to

zero, The total phenol content was calculated using a stane .

dard curve prepared with catechol.

O-dihydroxyphenol : To 1 ml of alcohol extract, were added 2

ml HC1 (0.05N), 1 ml Arnow's reagent (10 g sodium nitrate and
10 g sodium molybdate in 100 ml distilled water) and 2 ml NaOd
(1N), Soon after the addition of the alkali, pink colour
appeared. The colour was diluted by rsising the volume to 10
ml with distilled water and the absorbance was read at 515 nm,
Amount ol O~dihydroxyphenol was calculated using a standard

curve prepared with caffeic acid.

Extraction and estim=tion of nucleic acids

The procedure described by Fusimura et al. (1980) was

used for the extraction and estimation of nucleilc acids.,

500 mg of tissues from different stages of seedling
emergence were cut and plunged into 5 ml of boiling ethanol
{95,) and macerated in 2 mortar and pestle using acid washed

sand, The M@Iogenate was centrifuged for 15 min a2t 10,000 rpm.
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The pellest was extrocted twice with 80, ethanol and centri-
fuged., The residue was re-extracted twice in chilled
distilled water and centrifuged. The pellet was suspended in
10 ml of 54 p-rchloric acid (FCA) and allowed to stand for 30
min in ice bath, After centrifugation, the residue was
extracted in 10 ml mixture of diethyl ether:alcohol (2:1) and
centrifuged as mzntioned above., The pellet contained nucleic

acids ~ad proteins,

T'h~ prllet was suspandad in 5 ml or chilled 1N PCA
and incubated at 4°C for 42 hr., After incubation, the extract
was centrifuged at 4°C for 15 min., The supernatant was used
for ribonucleic acid (RNa) estimation. The residue was
suspanded in 10 ml of 1N EFCA and incubmsted for 30 min at 90°C
in water bath. After incubation, the extract was cooled and
centrifuged., The sup=srnatant was collacted for estimation of

dioxyribonucleic acid (DNa) .

The absorbance of DNA and RNA solutions wer-: raad at
260 nm in a UV spectrophotometer and their quantities were
calculated using standard curve prepared with calf thymus DNa
and yeast extract RNA, The nucleic acids are expressed as
mg g_1 fresh weight of tissues.

Electrophoresis

s—nar 2n

f'or electrophoretic studies, fresh materirsls were
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crushed with 0.2 M phosphate buffer pH (6.8) in a chilled
mortar and pestle. The homogenates =fter filtering through
two layers of muslin cloth ware centrifuged for 30 min at
10,000 ‘vm, The supernatants were used for qualitative

analyses of proteins and peroxidase.

The polyacrylamide gels were prepared following Davis
(1964) ., Each batch of gels were prepared by mixing one part
of stock solution A (conteining 24 ml 1N HCl, 18.3 g Tris,
0.115 ml NNN'N'-tetramethylethylenediamine and volume was
made upto 50 ml in distillad water), two parts of stock
solution 3(28g acrylamide, 0.735 N N'-methylene-biacrylamide,
dissolved in distilled water to make the volume to 100 mlj,one
part of distilled water and four parts af 1.4 g/l ammonium per
sulphate solution freshly prepared. Tris glycine ( pH 8.4)

buffer was used as an elactrolyte,

Protein samples ware mixed with freshly prepared 40%
sucrose solution and the mixture containing 0.2-0.4 mg protein
(Pitel et al. 1984) was appli=d to the gel celumn in cathodic
chamber, A drop of 1% bromophenol blue in distilled water was
added in the mixture as tracking dye. The gels were electro-
phoresised at 4°C with 1mA per tube for first 10 min and
subsequently 3mA p2r tube to allow the tracking dye to geach
the bottom of each gel.
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Frotein bands were localized following the methods of

Durzan ( 1966) . The gels were fixed in 104 TCA for 30 min
followed by staining with 0.,1% amido block in 7# acetic acid
for 30 min. After destsining by washing with 7% acetic acid
the gels were stored in distilled water. Peroxidases were
stained by placing the gels in a solution containing 15 ml of
1,6 H202 (V/V) in 2/ benzidine in 204 acetic acid (wW/V) in
distilled water as described by Pitel 2t al. (1984).

The bands were cetegorized as dense, medium and light
depending on the intensity of the colour and the gel patterns
were compared visually. Zymograms were made b~sed on thz2 Rf

values of protein #nd peroxidase bands,

Results

Fresh weight and moisture content

P. kesiya : The fresh weight of embryo increased during all
the stages of seedling em~rgence in conirol as well as with
growth regulsator treatments., The endosperm showed an increase
in growth upto the radicle protrusion stage and thereafter it
declined during the cotyledon emergence except for 2,4-D
treatment (Table 4.1). The growth regulator treatments did not
show any significant change in the growth of embryo in the
treated seeds while higher growth was recorded with IAA, GA,

FAP and AA treatments at radicle and cotyladon em.rgence stages.

The growth regul=tor treatments resulted in higher growth of



Table 4.1 : Effect of growth regulagb.s on fresh weight (mg) of
embryo and endosperm of Pinus kesiya in treated

seeds and during seedling emergence

Radicle | Cotyledon
Treatment Seed part Treated seeds Bmargéence emergence
stage stage
Control Embryo 2.25 + 0.06 3.80 + 0,04 46.60 + 0.85
fndosperm  12.80 * 0.13  14.00 + 0.05 11.10 + 0,25
IAA Embryo 2.15 £ 0,02 11.00 + 0,25 56,60 + 0,25
“Endosperm 12,80 + 0.17 16,35 + 0.30 9.45 + 0.05
2,4-D Embryo 2.3 +0.08  3.00 +0.06 41,20 + 2.00
Endosperm 15.60 + 0,13 12.85 : 0.32 8.95 + 0.15
GA Embryo 2,40 - 0,05 11.80 + 1,00 52,40 + 0.45
Endosperm 12.50 + 0,50 18,80 - 0,13 7,10 + 0.05
FAP Embryo 2.15 + 0,01  6.85 + 0.73  50.90 + 0,30
Endosperm  10.20 i+ 0,00 17.20 & 0.62 12.65 + 0,15
AA Embryo 2.35 + 0,02 7.60 - 0.65 53,50 + 1.05
Endosperm 10,35 - 0,15 17.65 + 0,55 0.0 . 0,10

I

Se Ee
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endosperm as comp=red to the control at radicle emergence
stage. Conyersely, an inhibition in gro .th was obtained at the

cotyledon emergence stage except FAP treatment,

The moisture content of both embryo and endosperm
increased in control as well as in all the girowth regulator
treatments during different stages of seedling emergence. After
seed treatment, the moisture content was highesgt in the
endosperm of 2,4~D treated seeds. The higher moisture content
of both embryo and endosperm was also recorded in all the
growth regulator trestments except for 2,4~-D as compared to
control at the radicle and cotyledon emergence stages (Table

4.2),

S. khasiana : The increase in fresh weight of seedling axes
and cotyledons was recorded during different stages of seed-
ling emergence in control as well as growth regulator treat-
ments except in cotyledons of 2,4~D treatment during the coty-
ledon emergence phase. As compared to control, the seed
treatment with growth regulators showed higher fresh weight of
cotyledons 2t radicle emergence except for FAF treatment while
IAA treatment incrersed the growth of both the seedling parts,
At the time of plumule emergence, the growth of seedling axes
and cotyledons were higher in all treatments except 2,4-D as
compared to control. The growth of seedling axes and cotyle-

dons were higher in IaA, GA, FAP and AA treatments at cotyledon



Table L}-c 2

Effect of growth regulators on percentage moisture
content of embryo =nd endosperm of Pinus kesiya in
treated seeds and during seedling emargence

-~

Radicle Cotyledon
Treatment Seed part Treated seeds emergence emegence
stage ' stage
Control Embryo 73.70 86,60
Endosperm 53,00 764 10
TAA Embryo 86. 35 87.40
£ndo sperm 59,65 83, 10
2,4=D Embryo 70 .00 83,60
Endosperm 52.10 75.50
GA Embryo 87, 0 86,65
Endosperm 65.40 78475
FAP Embryo 83.25 86,50
Endosperm 57,60 77.50
AA Embryo 83, 60 87. 10
Endosperm 62,00 .75.00
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emergence phase, excepting GA in cotyledons. 2,4-D inhibited
the growth of both the seedling parts at various stages of

seedling =mergence (Table 4,3).

The moisture content of both the seedling parts ..
incressed during plumule emergence, During cotyledon emergence
it was almost stationary in seedling axes except 2,4~D treat-
ment, where an increase was recorded. In case of cotyledons,
the moisture content increased during cotyledon emergence in
all the treatments except 2,4~-D. 4t the radicle emergence
ph~ase, the moisture content was higher in cotyledons with
growth regulator treatments as compared to control, and at
plumule emergence with IAA, FAP and AA trestments., A lower
moisture content of seedling axes =t radicle emergence in
2, 4=D treatment as compared to control and in both the seed-
ling parts at plumule and cotyledon emergance pheses were

recorded (Table 4.4),

ggtalase

P. kesiya : The enzyme activity decremsed in embryo during
radicle emergence in control as well as in growth regulator
treatments except AP, Howevar, the activity increased in
control as well as in all treatments between radicle and
cotyledon emergence stages except AP treatment, During

radicle emergence stage, the enzyme activity of endosperm



Table 4.4

Effect of growth regulators on percentage moisture
content of seedling axes and cotyledons of Schima
khasiana during seedling emergence

Stages of seedling development

Treatment Seedling part
Radicle Plumule Cotyledon
emergence emergence emergence
Control Seedling axes 84,30 94,50 94,00
Cotyledons 50. 70 75.00 90,00
IAA Seedling axes 88. 10 93. 30 94,10
Cotyledons 61.50 77.60 91.75
2,4=D Seedling axes 54,30 58.80 7940
Cotyledons 52.00 66,00 66,
GA Seedling axes 80,00 93.50 94,50
Cotyledons €0.00 Th. 25 94,15
FAP Seedling axes 82.70 95. 30 95.00
Cotyledons 66.80 81.50 91.00
AA Seedling axes 83. 20 95.00 94,00
Cotyledons 62.50 82,30 91.25
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incremssed with 2,4~D and FAP treatments while in control as
well as in other growth regulator treatments a decrease was
recordeds An inhibition of catalase activity also resulted
during cotyledon emergence phase except 2,4~D and FAP treat-
ments, As compared to control, all growth regulator treatments
except AA resulted in lower enzyme activity in embryo after
seed tremtment., With all the growth regulator treatments, the
activity was also less as compsred to control during radicle
and cotyledon emergence stages. However, GA and AA treatments
resulted in higher activity at the latter stoge. As compared
to control, the enzyme activity was higher in endosperm ¢f GA
treated seeds, with all the growth regulstors at radicle and

cotyledon emergence stages (Table 4.5),

S. khasiana : The enzyme activity increased in both seedling
Axes and cotyledons during seedling emergence in control as
well as in growth regulator treatments except in seedling axes
of 2,4~D treated seeds. At radicle emergence, the growth
regulator treatments resulted in higher enzyme activity in both
the seedling parts as compared to control., But an inhibition
was recorded with IAA, 2,4-D and AA treatments at plumule
emergence and with IAA, 2,4~D and GA ~t cotyledon emergence
Phase., While FAP enhanced the activity in both the seedling
parts, AA resulted in higher activity only in seedling »xes

At cotyledon emergence stage (Table 4.6),



Table 4.5 : Effect of growth regulators on .catalase activity
(& A min™ ~ protein) of embryo and endosperm
of Pinus kesiya in treated seeds and during seed-
ling emergence
Radicle Cotyledon
Treatment Seed part Treated seeds emergence emergence
stage stage
Control Embryo 29. 010. 15 5.20+0.00 5.8540.10
Endosperm 23.9010.60 3.4040.15 1.2530.00
IAA Embryo 6.4040.05 2.8040.05 3.6040,.65
Endosperm 5.0040.05 4.4040.00 3.9040. 10
2,4=D Embryo 7.4040.05 2.5040.05 3.50+1. 15
Endosperm 3. 70+0.00 4.,0040.02 5.2580. 30
GA Embryo 21.8010. 15 4.,9040.05 8.8040.0
Endosperm 56, 2040.90 3.40+0. 10 2.60:0. 20
FAP Embryo 2¢2540.01 3.85+0.05 3.5040. 25
Endosperm 3.,0010.05 4,1030,02 6.,4040.15
AA Embryo 29.M0+. 0 3.0040. 10 9.710.25
Endosperm 14, 25+0,.00 5.3010.05 3.00+0. 20

+ S.E.



Table 4.6 : Effect of growth regulators on catalase activity

(& A min™ ! mg"'1

protein) of seedling axes and

cotyledons of Schima khasiana during seedling

emergence

Treatment Seedling parts

Stages of seedling emergence

Radicle Plumule Cotyledon

emergence emergence emergence

Control Seedling axes 0.03:0.01 0.6040.04 3,8040.25
Cotyledons 0.04+0.01 0.5040.03 4o 154040

TAA Seedling axes 0.04+0.01 0.05+0.00 1.95#0. 10
Cotyledons 0.07+#0.02 0.2540.01 1. 20+0.20

2, 4=D Seedling axes 0.90+0.01 0.60+0.05 0.85+0. 0
Cotyledons 0.0640,01 J.154£0.00 0.2540.05

GA Seedling axes 0.05_t0 .01 0.8010 .01 Te 7510 .05
Cotyledons 0.12#0.01 0.65:0.04 10 2030 .10

FAP Seedling axes 0.1540.04 1. 1040.05 4.2040. 10
Cotyledons 0.0630.02 2.70%.10  6.0030.10

AA Seedling axes 0.1540.05 0.5040.06 7.2540. 10
Cotyledons 0.09+0.01 0.40+40.04 0.80#0.05

+ S.E.
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Peroxidase

P. kesiya : The enzyme activity increased in embryo of control
and treated seeds during different stages of seedling
emzergence except for 2,4~D treatment where it decreased at
cotyledon emergence stage. While in endosperm, enzyme
activity increased during radicle emergence and later during
cotyledon emergence stage, it showed a decreasing trend.
After seed treatment with growth regulstors, except AA, a
higher enzyme ectivity was observed in both embryo and
endosperm as compared to control., The inhibition in activity
wAs recorded with all the growth regulator treatments at
radicle emergence except GA treatment, where it was higher. At
cotyledon emergence phase, 2,4-D and GA inhibited the peroxi-
dase activity in embryo whereas IAA, FAP and aAA inhibited it

in endosperm (Table 4.7).

S. Khasiana : In seedling axes, peroxidase activity decreased
in control during plumule emergence as compared to radicle
emergence phase, while with IAA, GA, FAP and AA treatments it
increased. Conversely, during cotyledons emergence the
activity decreased in control as well as with all growth
regulator treatments. On the other hand, the enzyme activity
increased in cotyledons of control as w21l as growth regulator
treatments except 2,4-D during seedling develepment, At

radicle em=rgence stage, enzyme activity was less in seedling


file:///vhile

Table 4.7 : Effect of growth regulators on peroxidase activity

(& A min” protein) of embryo and endosperm of
Pinus kesiya in treated seeds and during seedling
emergence
Radicle Cotyledon
Treatment Seed part Treated seeds emergence emergence
stage stage
Control Embryo 0.0440,01 1. 0+0.04 2. 2010.06
Endosperm 0.04+0.00 0.6530.02 0.5040.01
TAA Embryo 0.17+0.01 0.2510.00 5.50+0.02
Endosperm 0.1540.01 0.5040.01 0.45+0.01
Endosperm 0.1640.01 0.6040.01 0.55+0.01
GA Embryo 0.06+0,01 1.75+0.03 1.8040.04
Endosperm 0.1040.01 143540.03 0.90+0.01
FAP Embryo 0.13+40.01 0.65+0.02 4.8540.02
Endosperm 0.1430.01 0.60+0,01 0.35+0.06
AA Embryo 0.,04+0,01 0.40+0.00 2.6510.02
End.OSper'm 0003:’_'0000 006510001 OcL"Oi'OoO1

i S. E.
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axes of Aall the growth regulator treatments as compared to
control. At plumule and cotyledon emergence phase, the
enzyme activity was higher with IAA, FAP and AA trestments
excepting the lsst treatment in case of cotyledon during
cotyledon emergence, The enzyme activity increased with
growth regulator treatments in cotyledons of all the stages
o[ seedling emergence except 2,4-D at cotyledon emzrgence

Phase where it decreased (Table 4,8).

IAA~pxidase

P. kesiya : The enzyme activity increased in embryo of control
as well as with growth regulators except IAA and 2,4~D treat-
ments at radicle emsrgence phase. In ease of endosperm, the
enzyme activity decreased during radicle emergence in control,
IAA and 2,4-D treatments whereas GA, FAF and AA treatments
resulted in increase in the activity. During cotyledon
emergence, in endosperm, the activity was less in control and
GA treatments. The enzyme ~ctivity could not be detected in
embryo of control and GA trestment as well as in both embryo
and endosperm of AA treated seeds. But at radicle and cotyle-
don emergence stages the activity was lower in both the seed
parts in all the treatments except embryo in GA and AA treat-
ments as compared to control. In endosperm, enzyme activity
was higher with IAA, 2,4-~D and GA treatments after seed

treatment stage and with GA and AA at radicle and cotyledon



Table 4.8

Effect of growth regulators on peroxidase activity

(AA min~ | mg

-1

protein) of seedling axes and

cotyledons of Schima khasiana during seedling

emergence

Stages of seedling development

Treatment Seedling part
Radicle Plumule Cotyledon
emergence emergence emergence
Control Seedling axes 2. 3:0.08 1,6540.03 0,65+0.04
Cotyledons 0.4540.03 0.45+#0.03 0,804#0.05
TaA Seedling axes 1. 7040.04 4,00#0.01  2.85+0.01
Cotyledons 0.7M0+0.01 1. 20+0.01  2.9580. 11
2, 4=~D Seedling axes 0.5040.02 0.5040.03 0.40#0.03
Cotyledons 0.80%.01  0.80%.01 0.3030.01
GA Seedling axes 0.651+0.02 0.8520.01 0.,30+0.04
Cotyledons 0.5030.01 0.70¥.02 1.6030.04
FAP Seedling axes 1.5040.13  1.8040.05  1.35+0.05
Cotyledons 1.0530.01 1.1510.04  1.5010.01
AA Seedling axes 1.65+0.05 2.50#0.14 0,6010.03
Cotyledons 0.7M10.02 1.1540.05 3.1010.09

+ S.E.
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emergence phases (Table 4,9).

S. khasiana : The enzyma activity was not observed during the
course of seedling development in both seedling axes and
cotyledons of control., The activity was recorded during
plumule emergence in cotyledons of IAA, 2,4-D and GA tremted
seeds and seedling axes in IAA treatment, At cotyledon
emergence, higher activity in seedling axes was noted in IAA,
FAP and AA trestments whereas in cotyledons the maximum

activity wes recorded in FAP treatment (Table 4,10).

Polypheniol oxidase

P. khasiana : In general the increase in enzyme activity was
observed in embryo of control as well a2s ef growth regulator
treated seeds during seedling emergence except 2,4-D., In case
of endosperm, the sctivity was higher during radicle emergence
phase in all the treatments., Conversely, it declined during
cotyledon emergence except for AA treatment. The enzyme
activity was higher in both embryo and endosperm of growth
regulator treated seeds as compared to control at all the

stages of seedling development (Table 4.11).

S. khasiana : In the seedling axes of control, the enzyme acti-

vity was similar during radicle and piumule gmergence stages.



Table 4.9

Effect of growth regulators on IAA-oxidase activity

(mg IAA oxidized Ar~ ] mg"1 protein) of embryo and

endosperm of Pinus kKesiya in treated seeds and during

seedling emergence

Radicle Cotyledon
Treatment Seed part Treated seeds emergence emergence
stage stage
Control Embryo - 0.7+.00 1. 040.03
Endosperm 0.03:0.01 0.2540.01 0.1040.01
IaA BEmbryo 0.20+.01 0.05#.00 0.5040.07
Endosperm 0.1940.01 0.0540.01 0.05+0.01
2, 4=D Embryo 0.23+0.01 0.10#.02 0.65+0.01
Endosperm 0. 18+0.01 0.0540.01 0.0540.02
Endosperm 0.081+0.00 0,6510.05 0.20+0.01
FAP Embryo 0.02+0.01 0.204.02 0.604.07
Endosperm 0.0340.01 0.0510.01 0.0510.01
A.A E’mbl"yo - Oo 25_""0.01 1.50"_‘0008
Endosperm - 0.45+0.01 0.4040.01
+ S.E.

~ Activity not seen.



Table 4.10 : Effect of growth regulators on IAA-oxidase activity
(mg IAA oxidized ar ! mgm'l protein) of seedling axes
and cotyledons of Schima khasiana during seedling
emergence ’

Stages of seedling development

Treatment Seedling part

Radicle Plumule Cotyledon
emergence emergence  emergence

Control Seedling axes - - -
Cotyledons - - -

TaA Seedling axes - 1.0540.0 1.2540.01
Cotyledons - 0.05+0.0 0. 151004

2y 4=D Seedling axes - - 0.2540.04
Cotyledons - 0,1540.01 0.1010.02

GA Seedling axes - - 0.05+0.01

FAP Seedling axes - - 1. 204025
Cotyledons - - 1.0040.01

AA Seedling axes - - 1. 010.04
Cotyledons - - 0.85+0.00

+ S.E.

- Activity not seen.



Table 4.11 :

activity (AA min ' mg

1

Effect of growth regulators on polyphenol oxidase
protein) of embryo and

endosperm of Pinus kesiya in treated seeds and

during seedling emergence

Radicle Cotyledon

Treatment Seed part Treated seeds emergence emergence
stage stage

Control Embryo 0.01+0.00 0.0540.01 0.,1040.01

Endosperm 0.0140.00 0.05+0.01 0.0440.01

IAA Embryo 0.0940.01 0.23+0.01 2.49+40.06

Endosperm 0.07+0.01 0.32+0.01 0.2140.01

2y 4=D Embryo 0.1340.02 0.1140.00 0.10+0.04

Endosperm 0.10+0.01 0.46+0.03 0.25+0.01

GA Embryo 0.01+0.00 0.,10140.01 0,07+0.01

Endosperm 0.04+0.00 0.0510.00 0.03+0.01

FAP Embryo 0.0540.00 0.5440.01 2.1040.01

Endosperm 0.0520.00 0.4640.01 0.2240.01

AA Embryo 0.01+0.00 0.04+0.01  0.1240.01

Endosperm 0.02+0.00 0.06+0.01 0.,08+0,01

+ S.E.



However, it incrersed in Ias treatment. The other growth
regulators inhibited the activity in se.dling axes at this
stage., While at cotyledon em rgence st~ge, activity declined
in seedling axes o. control and growth regulator trestments
except in cAse of FAFP treatment. 1In cotyledons, the activity
increased during different stages of seedling emergence

except for FAF and AA trestments during plumule and cotyledon
emergence phases, respectively. The enzyme activity was

higher in seedling axes with all growth regul-tor tre~tments

at radicle em=srgence; with I:A, GA and AA treatments at plumule
emergence, and with IAA, FAP and AA treatments at cotyledon
emergence phase 2s compared to control. On the other hand, the
acitivity was lower in cotyledons with all tha growth regula=-
tor treatments except FAF at radicle emergence phase. However,
at plumule emergence stage it was higher with GA treatment
(Table 4.12), The enzyme activity was higher in cotyledons
with IAA and GA treatments at cotyledon emergence stage as

compared to control,

Exotein

P. kesiya : In embryo, protein content incressed during seed-
ling emergence in control »nd growth regulstor treatments,
while it declined in endosperm, As compared to control, the
protein content in embryo was higher in all the growth regula-

tor treated seeds except 2,4-D, At radicle emergence stage the

i



Table 4.12 : Effect of growth regulators on polyphenol oxidase

activity ( AA min ! mg""l protein) of seedling axes

and cotyledons of Schima khasiana during seedling

emergence

Stages of seedling development

Treatment  Seedling part Radicle Plumule Cotyledon
emergence emergence emergence

Control Seedling axes 0.1540.03 0.154#0.01  0.1040.02
Cotyledons 0.1540.03 0.15+0.04 0,20+0.01

TAA Seedling axes 0.40+0.02 0.55#0.01  0.350.01
Cotyledons 0.1040.01 0.1540.00 0.35+0.01

2,4-D Seedling axes 0.35+0.00 0.10+0.01 0.05+0.01
Cotyledons 0.1030.01 0.15¥.01  0,2030.04

GA Seedling axes 0.25+0.01 0.,20+0.01 0.10+0.01
Cotyledons 0.0530.01 0.,25%0.01 0.70%0.00

FAP Seedling axes 0.50£.03 0.1540.01 0.15£0.02
Cotyledons 0.,204+.05 0,1010.01 0.10#0.01

AA Seedling axes 0.50+0.04 0,2040.00 0.1540,01
Cotyledons 0.10#.02 0.1540.01 0104001

+ S.E.
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protein content in embryo wss higher with AA trestment whereas
in all other tkeatments it was lower than control. Lower
protein content was observed in ~ndosperm ol tfe~rted seeds and
at radicle =nd cotyledon em-rgence phases as compared to
control, However, it enhsnced with I\A, FAP and A. treatment

at cotyledon em~rgence phase (Table 4,13).

S. khasiana : In seedling axes, protein content increased
during seedling emergence in control and growth regulator
treatmants., In cotyledons, the pratein concent increased
during plumule emergence in all the treatments. dowever, it
declined during cotyledon em~rgence. In IAA, Ga, FAP and AA
trested seeds the protein content was higher in seedling axes
as comp red to control at radicle and plumule emergence stages.
At cotyledon emesrgence stage only with IAA and AA treatments
higher protein content in seedling axes were observed. In
case of cotyledons, all growth regulataor treatmente resulted
in high:r protein content at radicle, plumule and ¢&btyledon
em2rgence stages excepting FAP #nd AA trertments. The inhibi~
tion in protein content wss observed with 2,4~D treatment in
both seedling axes ard cotyledons during secdling growth

(Table 4.14).

Total Phenol
P. kesiya : The total phenol contents increased in ewbryo

during seedling d-v.-lopm=nt in control and growth - .-.



Table 4.13 ¢

Effect of growth regulators on protein content

(e seed”]

part) of embryo and endosperm of

Pinus Kesiya in treated seeds and during seed-

ling emergence

Radicle Cotyledon
Treatment Seed part Treated Seeds emergence emergence
. stage stage

Control Embryo 13,000 .40 28,3040,7  64,80+2.00
Endosperm 61.2030. 20 4L5,0030.05  21.60%0.25

Iaa Embryo 19.5010 .00 22.68010.75 68.50+7.25
Endosperm 49, 3030 .40 31.900.45 22,30+0.20

2y 4D Embryo 11.9040.95 21. 100,60  33,35+4.95
Endosperm 43,5030 . 0 35.1540.45  18.25%0.45

GA Embryo 21.3540.65 28.15£1.05 90.10+1. 30
Endosperm 28,9030 .45 19.100.20  10.10+0.35

FAP Embryo 22. 0+0.25 24.,90+3.00 25.35+0.85
Endosperm 47.2040.20 36.15180.30  31.60%0.90

AA Embryo 23,00+0.00 31,25+0.55 78.30+3.40
Endosperm 39.10+0. 20 34, 1030 .00 39,1040, 20

I+

S. E.



Table 4.14

Effect of growth regulators on protein content
part) of seedling axes and coty-

(Ug seedling
ledons of Schima khasiana during seedling

emergence
Stages of seedling development
Treatment Seedling part Radicle Plumule Cotyledon
emergence emergence emergence
Control Seedling axes 10.104.15 10.90+0.80 34.65+1, 15
Cotyledons 220.70%3.40 3M.30%.00 195.20%9.2
IAA Seedling axes 31,0040.40  39,60+0.50 52.50+3. 15
Cotyledons 230, 20+1.60 30.40:7.75  240.10+9.10
2,4~D Seedling axes 10. 104,06  10.5040.75 23.00+1. 25
Cotyledons 195.20+2.65 300,00+5.60 205,00+3.50
GA Seedling axes 15.0040.,40  21,70+2.05 22,40+1.95
Cotyledons 400.50+5.30 430.00+2.50  3%0.00+4,00
FAP SGEdling axes 160401001) 290501"_3050 340401'0050
Cotyledons 270.5030.10 400.50%2.35  180.25%6.65
AA Seedling axes 1%4.20+2.15 24,0010.10 40,5040, 60
Cotyledons 245,70+1.50 L460,00+2.35 125,60+9,80

+ S.E.
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regulator treatments. It decrersed in endosperm ~nd seed

cont during radicle em:rg=nce excapt for an increase in
endosperm of GA and AA treated seeds (Table 4,15). The growth
regulator treatments resulted in higher phenol content in
embryo snd lower in endosperm 2nd seed cort as compared to
control during seedling developm=nt excepting GA and AA trest-

ments in case of endosperm,

S. khasiana : The total phenol contents deceeased in seedling
axes during plumule and cotyledon emergence stages in control
and growth regulator treated seeds whereas 1t increased during
plunule emergence in IsA and 2,4~D treatments, In case of
cotyledons, phenol content increased during seedling develop-
ment except during cotyledon emergence in GA treatment. An
inhibition was recorded in phenol contents of seed coat during
seedling development, 2,4-D and GA treatments of the seeds
resulted in an increase in phenol contents of seedling axes and
cotyledons as compared to control at different stages of
seedling development whereas IAA treatment exhibited higher
phenol contents at plumule and cotyledon emergence stages

(Table 4.,16) .,

O-dihydroxyphenol

P. kesiya : The increase in O-dlhydroxyphenol content was
recorded in both embryo and endosperm during seedling develop-

ment in control and growth regulator treatments excipt IAA and



Table 4,15 :

(ng g

Effect of growth regulators on total phenol content

fresh weight) of embryo, endosperm and seed

coat of Pinus kesiya in treated seeds and during

seedling emergence

Radicle Cotyledon
Treatment Seed part Treated seeds emergence emergence
stage stage

Control Embryo 0.20+0.00 1.2540.01 2. 2040.04
Endosperm 0.55+0.03 0.5510.00 0.75#0.02

Seed coat 0.4530.00 0.303.02  0.30%.00

IaA Embryo 0.3510.02 1.1040.01 2.2040.02
Endosperm 0.4540.04 0.3540.01 0.55+0.01

Seed coat 0.4010.03 0.2540.03 0.2540.01

2,4=D Embryo 0.75+0.06 1.2540.03 2.4510,04
Endosperm 0.454#0.03 0.4040.01 0.4040.01

Seed coat 0.3540.03 0.20+0.01 0.2510.01

GA Embryo 0.3510.03 1.4040.02  2.4510.04
Endosperm 0.3030.00 0.4550.02  0.9030.02

Seed coat 0.30+0.06 0.2010.02 0.3540.05

FAP Embryo 0.6540.04 1.3040.02 2.15+0.04
Endosperm 0.5020.04 0.4530.01 0.55#0.01

Seed coat 0.40+40.02 0.2010.01 0.204.01

AA Embryo 0.70+0.04 1.2510.01 2.40+0.00
Endosperm 0.4540.00 0.50+0.01 0.8510.02

Seed coat 0.4530.04 0.2030.02  0.3030.00

*+ S.E.



(mg gf1 fresh weight) of seedling axes, cotyledons
and seed coat of Schima khasiana during seedling

Effect of growth regulators on total phenol content
emegpgence

Table 4.16

Stages of seedling development
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AA treatments. As compared to control, IAA treatment resulted
in higher O-dihydroxyphenol content in embryo and endosperm
after seed treatment, in embryo with all the treatments at
radicle emergence, and with IAA, 2,4-D and FAP at cotyledon
emergence stage. The higher content of O-~dihydroxyphenol in
endosperm at both radicle and cotyledon emergence stages were
recorded with 2,4-D treéatment and with FAP at cotyledon
emergence stage only (Table 4.17).

S. khasiana : The O-dihydroxyphenol content decreased in
seedling axes during seedling development except for control,
FAP =nd AA treatments. In cotyledons, it decreased with IAA
and 2,4-D treatments during seedling development. It increased
with GA during plumule emergence and with FAP and AA treatments
during cotyledon emergence stage. The O-dihydroxyphenol
content decreased in IAA and GA treatments during cotyledon

emergence stage (Table 4,18).

Nucleic acids

P. kesiya : The dndosperm contained more DNA and RNA as

compared to embryo during all stages of seedling development,
During radicle emergence, both DNA and RNA contents in embryo
and endosperm increased as compared to imbibed seeds, However,

these declined during cotyledon emergence stage (Table 4.19).

S. khasiana : The DNA contents in both seedling axes and

cotyledons decressed during seedling development except for an



Table 4.17 ¢

Effect of growth regulators on O-dihydroxyphenol

content (mg g"" fresh weight) of embryo, endosperm
and seed coat of Pinus kesiya in treated seeds and

during seedling emergence

Radicle Cotyledon
emergence emergence

Treatment Seed part Treated seeds stage stage
Control Embryo 0.0120.001 0.0840.001 0. 1440.001
Endosperm 0.02#0.001 0.03+0.000 0.04+0.002
Seed coat 0.03+0.003 0.0340.001 0.02+0.001
TAA Embryo 0.03+0.001 0.1240.005 0.26+0,002
Endosperm  0.08+0.002 0.02+40.001 0.,02#0.002
Seed coat 0.03+0.001 0.,0410,003 0.03+0.001
2, 4=D Embryo 0.01+0.001 0.11+0,002 0.240.001
Endosperm  0.03%0,001 0.0630.002 0.13+0.002
Seed coat 0,02+0.001 0.0240.001 0.0240.001
GA Embryo 0.0140.002 0.11#0.002 0. 13+0.001
Endosperm 0.02+0.001 0.03+0.001 0.03+0.002
Seed coat 0.04+0.001 0.05#0.002 0.0210.001
FAP Embryo 0.01#0.001 041440.002 0.21+0.004
Endosperm 0.02+0,002 0.0320.001 0.1040.001
Seed coat 0.03+0.001 0.02+#0,002 0,0240.001
AA Embryo 0.0140.003 0.1120.002 0.13+0.001
Endosperm 0,03+0.001 0.034+0.001 0.01+0.001
Seed coat 0.03#0.001 0.0310.001 0.01#0.003

S. E.

I+



Table 4,18 : Effect of growth regulators on O-dihydroxyphenol
content (mg g ! fresh weight) of seedling axes,
cotyledons and seed coat of Schima khasiana during

seedling emergence

Treatment

Seedling part

Stages of seedling development

Radicle Plumule Cotyledon

emergence  emergence emergence

Control Seedling axes  0.03#0.005 0.01#0.002 0.0240.003
Cotyledons 0.03¥.003 0.03#0.001 0,0930.002

Seed coat 0.0130.001 0.01¥0.,002 0.,01%0.001

TAA Seedling axes 0.09+0.004 0.0640.002 0.,02+#0.002
Cotyledons 0.38+0.008 0.,24+0.005 0,16+0.015

Seed coat 0.01¥0.001 0.03¥0.002 0.0130.001

2,4~D Seedling axes 0.50#0.040 0.4510.001 0.30+0.040
Cotyledons 0.1580.002 0,093,005 0.1030.005

Seed coat 0.02#0.001 0.03#0.004 0.03+0.004

GA Seedling axes  0.20#0.002 0.08+#0.006 0.04+0.001
Cotyledons 0.08#0.010 0.18¥0.010 0.10%0.001

Seed coat 0.0230.002 0,02¥0.002 0.0130.001

FAP Seedling axes  0,03#0.001 0.02+0.002 0.03:0.003
Cotyledons 0.03%¥0.002 0.0310.003 0.1230.002

Seed coat 0.01#.001 0.02#.001 0.02#0.002

AA Seedling axes 0.02+#0.004 0.01#0.001 0.,02+0.001
Cotyledons 0.01#0.004 0.01+0.003 0.1520.025

Seed coat 0.014#0.002 0.01+x0.001 0.02+0.001

+ S.E.
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Table 4.19 : Changes in nucleic acid contents (mg g 'fresh weight)

during imbibition and seedling emergence in Pinus

kesiya

Radicle Cotyledon
Nucleic acid Seed part Imbibed seeds emegrgence emergence

stage stage
DNA Embryo 1. 040.05 1. 040. 11 1.5040. 0
Endosperm 1.65+%0.07 1.8030.16  1.65%0.25
RNA Embryo 10.20+1.25 14,30+1.50 13.20+1.75
Endosperm 16.80+1.40 18.40+1.80 16,20+2.25

+ S.E.
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increase in the former at plumule emergence stage. In both
seedling axes and cotyledons, the RNA content dacreased at
plumule emergence stage which subseguently increased during

cotyledons em:rgence (Table 4.20).

Electrophoresis

P. kesiya

Feroxidases : In embryo, 6, 9 and 10 bands appeared after

imbibition, radicle and cotyledon emergence, respectively
(Fige 4.1A) . The increase in nuamber of bands with Rfs 0.05,
0.10, 0.16, 0.26, 0.29, 0.47 and 0.60 during radicle emergence
and Rfs 0.02, 0.23 #nd 0.65 during cotyledoa emergence were
observed., This is also accoampanied with increase in enzyme
activity of embryo during seedling emergence (Table 4.7). In
endosperm, 3, 15 and 10 bands were observed on gels after
imbibition, radicle and cotyledon emergence phases, respective-
ly (Fig. 4.7A). A large number of new bands having Rfs 0.04,
0.06, 0.11, 0.43, 0.49, 0.55, 0.59, 0.65, 0.82, 0.87, 0.90 and
0.94 were recorded during radicle emergence while bands or

Rfs 0.04, ).65, 0.83, 0.87, 0.90 and 0.94 were not detected ia
endosperm during emergence of cotyledons. This is also corre-
lated with peroxidase activity recorded during seedling =nd

cotyledon emesrgence stages (Table 4.7).

Proteins : In embryo 28, 16, 19 bands were recorded after

imbibition, radicle and cotyledon emergence, respectively



Table #,20 : Changes in nucleic acid contents (mg g'1fresh weight)
during seedling emergence in Schima khasiana

Stages of seedling development

Nucleic acid Seedling part
Radicle Plumule Cotyledon

emergence emergence emergence

DNA Seedling axes 1.4010.12 2.00#0.15 1.4010.10
Cotyledons 1,904.25 1.,70+0.05 1.60+0.15
RNA Seedling axes 19.20+1.25 12.904+2.10 18.90+2.70
Cotyledons 24,60+2,20 21.00£1.50 21.,60+2,40
R

+ S.E.



Fige 4.1

Electrophoretic changes in peroxidases (&)
and proteins (B) in embryo and endosperm
during (I) imbibing seeds, (II) radicle
emerged and ( III) cotyledon emergence

phases of Pinus kesiya. Increasing band

intensity (= oo ),
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(Fig. 4.71B). Jhile two new bands of Rfs 0.74 and 0.82 appeared
during radicle emergence, 5 new bands of Rfs 0.21, 0,23, 0,45,
0.56 and 0,71 appeared during the cotyledon emergence phase.
The appearance of new bands during seedling emergence is also
in accordance with increase in protein content of embryo
(Table 4.13), In endosperm 17, 22 and 21 bands appesred on
gels using extracts of imbibed seeds, radicle and cotyledon
emegence stage, respectively (Fig. 4.18). During emergence of
radicle, bands of Rfs 0.02, 0.28, 0.42 and 0.54 were not
detected and also during cotyledon emergence bands with Rfs
0.58, 0.88 and 0.92 were absent. This was consistent with
decrease in protein content ot endosperm during seedling

emergence (Table 4,13).

S. khasiana

Feroxidases : In seedling axes 14, 8 and 10 bands were noticed

during stages of radicle, plumule ~nd cotyledon emergence,
respectively (Figs 4.24). Correspondingly, a decrease in
enzyme activity was also recorded during seedling emergence
(Table 4.8). During plumule emergence, bands of Ris 0.06, 0.15
0.22, 0.68, 0.75, 0.83 and 0.94 were absent., However, 1 new
band o. Rf 0.§6 appeared at this stage. On the other hand,
during cotyledon emergence, band of Rf 0.62 was not detected
but 3 new brnds with Rfs 0.09, 0.65 and 0.71 were recporded. In

cotyledons, 7, 5 and 8 bsnds appeared during radicle, plumule



Fig. 4.2 :

Alactrophoretic changes in peroxidases (A)
and proteins (B) in seedling axes and
cotyledons during (I) radicle emergence
phase, ( II) plumule emergence phase and
(IID) cotyledon emergence phase in Schima
Khasiana., Increasing band intensity

(=)
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and cotyledon emergence, respectively. During plumule
emergence, bands or Rfs 0.18 and 0.74 were not detected. The
intensity of band o  Rf 0.38 was more. ODuring cotyledon
emergence, 3 ne2w bands of Rfs 0.08, 0,62 and 0,68 were
observed. The increase in enzyme activity was Aalso recorded

in cotyledons at cotyledon emergence stage (Table 4.8),

Proteins : In seedling axes, 12, 14, 15 bands were observed
at stages of radicle, plumule ana cotyledon emz=rgence,
respectively, During plumule emergence, & new bands of Rfs
0.02, 0.54, 0,65 and 0.79 were recorded. One band of Rf 0.47
of radicle emergence stage perhaps got split up into two bands
of Rfs 0.45 and 0.49, observed at plumule emergence stage. But
during emzrgence ol cotyledons, a band of Rf 0.39 present in
radicle emasrgence phase was re-recorded (Fig. 4.2B)., The
increase in protein content of seedling axes was also observed
during seedling emergence (Table 4,%). In cotyledons, 19, 16
and 15 bands were detected during radicle, plumule and cotyle-
don emergence phases, respactivaly (¥Fig. 4.28). During plumule
emergence, 2 new b nds of Rfs 0.42 and 0.33 were developed
whereas two bands of Rfs 0.02 and 0.53 were not detected during
emergence o. cotyledons. The increase in protein content
during plumule emergence phase and subsequently decrease during

cotyledon emergence were recorded {Table 4.14).



77

Discussion

The soaking of seeds in grow~th regulators like IsA, 4,
FAP ~And 4A splutions exhibited an increase in the seedling
growth and moisture content in both P. kesiyas and S. «hasiana
except 2,4~D treatment. The increase in growth is du- to
cell enlrrgem nt and differentistion er active embryo (£han,
1977; Chinoy and Saxena, 1378) while suppression in growth by

2,4-D is dus to 1ts texic nature (Frasad, 1984).

MAany oxidative enzymes are present in sewds and changes
in them lead to onset of germination (Mayer and Foljakoff-
Mayber, 1982). 1\ number of terminal oxida<es are associated
with membranes and the change in properties o. membranes bear
2 prominent role in controlling seed germination by affecting
the rate ol hydration, respiration, enzyme release and hormone
content etc. (Tao and Khan, 1977; Aodriguez and Sanchez-Tamis,
1986) . Auxins, GA, FaP and AA regulate the engogenous IAA
content during germination and development, by change in
enzyme activities or synthesis of auxin (Galston and Davis,
1969; Gaspar et al., 1377, Mehta and Chinoy, 1978; Lee, 1980;
Saleh and Hamberg, 19803; Dendsay and Sachar, 1982; Trewavas,
1982; Zajgczlowski et al., 1983).

The increase in cartalase activity was recorded in
endosperm of P, kKesiya with growth regulator treatments as

compared to control at radicle and cotyledon emergence stages
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nd also in GA treated seeds. In coni. rs, th.  ctunl site
of catalase involvam-nt in se.d Jor mobilization ol trigly-
ceride may be tn2 endosperm. <The presence of hi‘h levels of
lipids in conifers also su, ,e=ts the occurrence of enzymes o«
glyoxy<ome cycle | ispcil.rate lyase, matate synthetase and
catalase) in germinating seeds (. irenzuoli 2t al., 1968a;
Ching, 1970). an inhibition in catalage activity in eiabryo
resulted At both radicle and cotyledon emergence stages except
for A And A4 treatm-nts at the latter stage. In case ol

S. khasiana the catalase activity was hi_her in seedling axes
and cotyledons in all growth regulator treatments as compared
to conteol except 2,4-D. However, IAA and 2,4-D treatments
were slightly inhipitory. &n increase in the micro-bodies
during dsvelopment sugzests an increase in catalase activity
and protein podies of sweet potato root tissues ( fsaka and
Asahi, 1979; Esaka et al., 1983). The catalase activity
regulates the level of H202 which may b2 the function ef
plant rowth regulators as reported during development e.
sunilower plants (Sarkar and Choudhury, 1985). The increase

in cxtalase activity oy Cicer arietinum with Ga and a4a (luehta,

et al., 1974a) and of Cajanas cajan (Mehta et al., 1974b) with

AA treatments have been reported. Seed potatoes soaked in GA
result=d in decrease in catalase and increase in peroxidase
activities during early germination (Puzin®, 1976). Henry and

Jordan (1977) also showed a depression in the activitiss of
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c2tala~e, peroxidase And polyph=znol oxidase with GA and IaA
treatm=nts o. the excised apical section of pea seedlings. .ut
the incremse ir. peroxidase and catalase with AA suggests an
upsurge in oxidative proc=sses throurh free radical monodehy-
droascorbic acid in the energy transfer during seedling deve-
lopment of EFlantago (lehta and Chinoy, 197J). sinetin has
been reported to activate the IaA-oxidizing enzyme in roots »=z

Lens culminaris but not the catalase activity which led to a

decrease in IAA content (Gaspar and Xhauffaire, 1967).

In control of P. kesiya, the peroxidase activity was
higher in embryo as compared to endosperm suggesting the
actual energetics involved with the embryo during germination,
Feroxidase and IAA oxidase activities have been found associa-
ted with the ~ctive differentiation in cucumber seedlings
(Halevy, 1964) and it can be regulated by the translocation
waves or auxin (Sdnchez-Bravo et al., 1986). The developmen-
tal fluctuation in the measured levels of peroxidase activity
were also observed in pea (Gibson and Liu, 1978). They also
reported that such fluctuastion could be due to either non-
physiologically identical isoenzymes of peroxidase which might
be re<sponsible for these developmental fluctuations, as
compared to control, the growth regulators suppressed the
peroxidase and IaA-oxidase activities, during radicle emergence
except GA treatment in P. kesiya. The decrease in peroxidase

activity in gro.th regulator treatments accompanied with



overall increase in fresh welght of S, ghasiana has been
observed guring the radicle emergence while IAA oxidase
activity was not detected during this stage. Gaspar et al,
(1977) emphasized the presence os a sufficiently lew peroxi-
dase activity and a minimum auxin level of the embryo which
may be responsibl~> for the onset of germination of dormant

and nonrdormant whkat seeds, The same msy increase the produc-
tion of «-amylase. The inverse correlation between peroxidase
and radicle emergence with application to IaA, FAP and AA in

P. kesiya and also in S. khasiana with all growth regulators
except 2,4~-D suggests the possible role ef peroxidase and IaA
oxidase in regulation of IAA level which could govern the
redox potential and cell division (Kamiski, 1971; Lee, 1980).
During germination the peroxidase activity was higher in GA
treated seeds of P. Kesiya. A similar observation has been
recorded during the germination of sweet potato seeds treated
with GA (Puzina, 1976). Besides, a number of growth hormones
have been reported to inhibit the peroxidase and IAA-exidase
activities in many species ( Zlkinawy and Raa, 1973; Ram et al.,
1976; B-~lasimha, et al., 1977; Saleh, 1981; Dendsay and Sachar,
1982). A direct correlation between growth and peroxidase
activity has been found during cotyledon emergence in k. keslya
and S. Khasiana in response to IAA, FAF, AA and GA treatments
excepting the last treatment in the latter species. While all

the growth regulators enhanced the IAA-oxidase activity in



P. Kesiya, the treatm~nts of IAA, 2,4~D and FAP increased the
activity o. IAA-oxidase in treated seeds., The maximumn increase
in the activities of both peroxidase and IAA-oxidase at
cotyledon emergence stage in 3. Kkhasiana with FAF treatment
suggests that cotyledons Aare the possible site of accumulation

of synthesis of IAA.

Similar imffterpretation was given for cotyledons of

Lupinus albus during seedling gdevelopment (Elkinawy, 1982).

Saleh and Hamberg ( 1980) have mentioned an increase in the

amount of endogenous IAA in seeds of Fhaseolus, Pinus, Zea as

well as in young bean plants with kinetin treatment. In

number of studies an increase in IAA-oxidase and peroxidase

has been reported during seedling developm=-nt with application
of various growth regulators (iziewanowska and Lewak, 1975;
Brunner, 1978; Dendsay and Sachar, 1978; 1982; Meh%a and _ -
Chinoy, 1978; Balasimha and Tewari, 1979). 2,4-D inhibited the
peroxidase activity and seedling growth in both the embryo and
endosperm of radicle and cotyledon protruded seeds of E. kesiya
and throughout seedling development in S. khasiana. The
activity of peroxidase with application to 2,4-D has been
shown to slightly improve in Jerusalem artichoke tissue (Morell
and Démétriadds, 1955). Conversely, inhibition in the enzyme

activity in relation to seedling growth in Trigonella foenum-

graeuum (Balasimha et al., 1976) and in wheat (Fluckiger, 1977)

were reported.
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In many cases, a clese correlation has been found
between the enhanced activity of polyphenol oxidase and the
concentration of phenolic substances (Stelgig et al., 1972;
Mayer and Harel, 1979; Vaughn and Duke, 1984). Polyphenol
oxidase activity increased with seedling emergence in both
embryo and endosperm oi P. keslya except in endosperm of
cotyledon emergence phases In general, this increase was
accompanied with an increase in total phenol and O-dihydroxy-
phenol contents, It has ieen suggested that polyphenol oxidase
has been involved in the biosynthesis of flavonoids (Gaspar,
1965; Runkova et al., 1972, Sutfeld and Wiermann, 1976; Butt,
1979; Duke and Vaughn, 1982). The decrease in phenol contents
of seed coats in both the species with growth regulator treat-
ments reveal the leaching of phenolic inhibitors, Kumar et al.
(1979) mentioned the presence of rutin, quercetin, «-resorcyclic
acid, vrotocatechuic acid, p-hydrowenzoic and vanillic acid in
leachates of Cicer seeds. The growth regulators enhanced the
polyphenol oxidase activity in both embryo and endssperm of
P. kesiya during seedling development except 2,4-D treatment.
It has been observed that higher phenol content was directly
proportional to the increase in fresh weight of seedling. The
increase in growth could be due to increase in polyphenols
which are found to be associsted with an increase in protein
and IsA contents (Galston and Davis, 1969; Schneider and
Wightman, 1974; Barendse, 1983).
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In response to IaA, 2,4-D, GA and AA treatmants of
S. Khasiana, the polyphenol oxidase activity increased in
seedling axes and decreased in cotyledons as comparred to
control, during raditle emergence stage. However, FAP treat-
ment resulted in higher activity in both the seedling parts.
During plumule emsrgence, 2,4-D and FAP inhibited the activity
in seedling axes and cotyledons respectively., During cotyle-
don emergence stage, it was observed that IisA enhanced the
polyphenol oxidase activity in both seedling axes and cotyle-
dons, The higher content of total phenol was observed during
plumule and cotyledon emergence in IAA, 2,4~D and GA treatments
and O-dihydroxyphenol during radicle, plumule and cotyledon
emergence in both seedling axes and cotyledons as compared to
respective controls, A direct relationship was seen between
polyphenol oxidase and total phenol content. The possible
involvement of phenol oxidase in oxidation of IAA has been
reported (Potapov et al., 1973). The higher activity of
TAA-oxidase, peroxidase and polyph=2nol oxidase in growth zone
of Lupinus roots was also observed. A number of growth regula-
ters were found to affect differently the level of polyphenol
oxlildase during growth (Henry and Jordan, 1977; Taneja and
Sachar, 1977a,b; Balasimha and Tewari, 1979). The increase in
polyphenol and O-dihydroxyphenol contents with growth promoters
i.e., 1M, GA, FAP and AA indicated their involvement in

metabolic pathways during seedling development. The increase
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in polyph-nols resulted in a higher number of protein bands
(Feucht and Schmid, 1980; Schmid ~nd Feucht, 1981) . The
incresse in protein content o. embryo and seedling axes of

P. kesiys and 3. khasiana,.respectiVely, m~,y be correlated

with the growth of the tissue. The decrease in protein content
in endosperm of P. kesiya exhibited the mobilization of

soluble material for seedling development. The marked increase
in protein content of seedlings with IAA, GA and AA during
cotyledon emergence could probably be related to photosynthetic
activity ol cotyledons (Huber and Sankhla, 1974a). AA and FAP
treatments resulted in higher protein contents in endosperm as
compared to control. This indicates less utilization orf
protein content during seedling development in these treatments.
The protein content was found higher in cotyledons as compared
to seedling axes in S, khasiana, The cotyledon is regarded as
storage organ in mAny angiosperm, Under the influence or
different growth regulators, protein could be mobilized
differently to developing seedling axes {Kumrri and Kohli, 1984).
The changes in protein content mAay be related with the initisl

stages of differentiation (Patterson and Trewavas, 1967).

The RNA content was higher in extra-embrynol parts like
endosperm in P. kesiya and cotyledons in S. khasiana during
emergence of radicle. The increase in RNA contents in extra-

embryonal part is suggestive o. stimulation of the radicle
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protrusion from the seeds through hydrelization of protein
content for developing embryos, This is also true for

extra-embryonal parts of many seeds like Cassia occidentalis

(Kumari and Kohli, 1984), Douglas-fir (Ching, 1966) and

Castor bean (Martin and Northecote, 1981). In general, both
RNA and DNA contents incremsed during rodicle emergence, The
higher amount of DNA during radicle emergence except embryo of
P. kesiya is indicstive of higher rate of cell division as
mentioned by several workers {ref., Mayer and Poljakoff-lMayber,

1982) ,

The present study on electrophoresis o. oxtrects ol
F. kosiy~ ~nd S. khrsisna during seedling emergence indicated
that during germin~tion ~nd emergence of seedlings, many
changes occur in the level of isomaric nature and number of
hands of peroxidases =and proteins. The 7 and 12 new bands of
peroxidase and 2 and 8 new bands of proteins in embryo and
endosperm tissues of E. kesiya, respectively, were observed
during emergence of radicle, The appearance of new bands of
peroxidase and proteins in embryo and change in intensity of
bands exhibit an impertant function oi peroxidase »nd synthesis
of proteins for the onset ef radicle protrusion from the seed.
The increase in number of bands eof peroxidase and prsteins in
endosperm is pessibly due to synthesis of metabolites and
growth factors responsible for active growth and differentia-

tion of embryo during initiation of germination. The detection
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of new bands and changes in activities during germinstion is

in asccordance with results obtained in other species of Pinus
(Conkle, 1971; Ramaiah et al., 1971; Pitel et al,, 1984)., In
general, metabolic activity of seed begins with ianbibition and
increases during subsequent germination. The increase in
activity is rel~ated to the physiological, anatomical or
morphological events occuring during germin~tion (Mayer, 1977).
After emergence of plumule in S. khasiana, the decrease in the
number of bands of peroxidase in both seedling axes and cotyle-
dons was recorded along with decrease in its cactivity. Such
changes could be due to » conformational change of the iso-
enzymes of peroxidase or due to interaction between enzyme
sub-units., The increase and decrease in protein bands of
seedling axes and catyledons to developing seedling for its
growth during emergence of plumule and cotyledon in S.khasiana
with further growth and differentiation, the number or inten-
sity of peroxidase iso-enzymes changed in embryo and endosperm
of P. kesiya and seedling axes and cotyledons of S. khasliana
during emergence of -cotyledons. Similar results were
reported in other tree species in which activity of peroxidase
has been found to be low in dry and imbibed seeds, but the
nunber and intensity of peroxidase bands increased with further
development (Thévénot, 19773 Pitel et al., 1934). It has been
seen that certain peroxidase and protein bande are specific and

they may be possibly involved in tissue differentiation or
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morphogenetic changes in developing seedlings of both the

species, The occurrence of specific iso~enzymes have been

reported in Quercus alba (Mayberry and feret, 1977) »nd Pinus
(Conkle, 1971; Fitel et al., 1984), M-ny of the consistently
occuring bands reprecent storage proteins, whereas others of
lower concentration may be enzymes necessary for development
of embryo during germinstion process (Durzan, 1966), However,
the physiological role attributable to certain enzymes is
complex and for that they are known to ohange their structure
and specificity in the presence of small molecules which

induce conformational change in the protein,



Chapter V

SUMMARY




The regeneration of pioneer and important trees is
important becruse the forest resources are frst dwindling due

to indiscriminate felling of forest trees, Pinus kesiya Royle

ex Gord. and Schima khasiana Dyer are two economically impor-

tant trees of high altitude in North-Zast India. The seed is
crucial intermediary step in the life of trees. The germina-
tion in relation to biochemical approach has received little
attention in forest trees. During the Present study, require-
ments of seed storage, germination, seedling growth as well as
regulation of certain biochemical aspects during seedling

emergence have been studied.

Longevity of seed is extremely important for the rege-
neration of plants snd raising the nursery through direct seed-
ing, The seeds of pioneer and early successional plants
loose their viability very soon under unfavourable conditions.
During the present study, both P. kesiya and S. khasiana seeds
stored at 35°C in sealed bags showed optimum viability and
germination. while storage of S, khasiana seeds at laboratory
temperature ( 15-22°C) in open and over Ca0 showed complete loss
of germination capacity within 4 months, it was retained in the
seeds stored in sealed bags, One-year-stored seeds under
various conditions exhibited a decresse in yield in both the

specles.

The early emergence and higher growth were recorded

after » year in S. khasiana as compared to P. kesiya under
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field conditions. The seasonal varistions showed that the
conditions prevalent at the study site during August and
September for P. kesiya and S. khessiana, respectively, might
be appropriate periods to raise the seedlings under controlled

conditions.

A mumber of environmental factors and growth regulators
affect the resumption of embryonic growth, The early germina-
tion was recorded in P. kesiya at pH 6.0 and 6.4, however,
total germinntion was higher at pH 4.8, The slightly acidic
to neutral pH solutions enhanced the seed germination and
seedling growth in S. khasiana, The water stress of =-2.,5 bars
stimulated the seed germination and seedling growth in
P. kesiya and beyond this limit » decrease was noted. Osmotic
potentisls above -1.0 bar created by both PIG and sucrose
sipnificantly inhibited the seed germination (P € 0.05) and
decressed the seedling growth in S. khasiana, However,
sucrose at -0, 10 ®ar as osmoticum enhanced the s=2edling growth.
fmbibition of seeds at varying temperature and duration showed
better seed germination and seedling growth at 5°C in
P. kesiya for 24 hr, In S. khasisna, the soaking of seeds at
15°C for 6 hr resulted in meximum germination and early seed-

ling growth,

The responses of light and temperature on seedling

emergence in both P. kesiya and S. khasiana seeds were studied,



The.maximum seed germination and seedling growth resulted
under a2 3.0 lux light ef 16 hr photoperiod in P. kesiya while
in S. khasisna, illuminance of 25 lux for 8-10 hr photoperiod
resulted in rapid and maximum germination, On the other hand
cotyledon expansion and seedling yield in S. khasiana were
better at higher light intensities, The red radiation enhanced
seed germination and seedling growth in B, kesiya, whereas far-
red reversed the stimulatory effect of red light, Amongst the
different tempersture treatments, diurnal temperatures of
20/15°C and 20/10°C resulted in higher seed germination in

P, kesiya and S. khasiana, respectively. However, higher
seedling growth in P. kesiya and S. kbasiana, were recorded
at diurnal temperature of 35/20 and 25/15°C, respectively, The
effect of growth regulators on seed germination of one-year-
stored seeds of P. kesiya and S, khasiana were studied. The
growth regulators viz., IsA (25 mg/l), 2,4~D (25 mg/l and

100 mg/l), GA (150-200 mg/l), FAP (1 mg/l) and AA (25-50 mg/l)
stimulated seed germination im P, kesiya, In 3. khasiana
soaking of seedL;j;wth regulators like IaA (10 mg/l), 2,4-D
(25 mg/l), GA., (25 mg/l), FAP (0.1 mg/l) and AA (10 mg/l)
enhanced the germination percentage, 2,4~D produced abnormal
seedlings in both the species. Studies of different growth
regulators on seedling growth revealed that GA and FAP were
highky permissive in P. kesiya and S. khasiana, respectively,

for stimulation of seed germination and seedling growth,
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Application of growth regulators affect the enzyme
levels during seed germination, The catalase activity was
higher in endosparm of GA treated seeds and also with othar
growth regulators during radicle emzrgence in P. kKesiya. In
S. Khasiana, catalase ~ctivity was significantly higher in
seedling axes of 2,4-D, FAP and AA during radicle emergence,
2,4=D resulted in an inhibition in the enzyme ~ctivity during
cotyledon emergence in both the seedling parts, The peroxidase
activity in P. kesiya was inhibited in embryo and endosperm
of growth regulator treatments except GA at radicle emergence
stage. The cotyledons of S, khasiana showed an increase in
puroxilase sctivity with seedling development., Growth regula-
tors inhibited the enzyme activity in seedling axes but
increased in the cotyledons during radicle emergence. 2,4-D
resulted in an inhibition in peroxidase activity in both the
species., The decrease in IaA-oxidase activity was recorded in
the embryo of growth regulators treatment during radicle
emergence as compared to control in P. kesiya, The inhibition
was also noted in endosperm with IAA, 2,4-~D and FAP treatments.
The higher IAA-oxidase activity was observed in seedling axes
as comparred to cotyledon during cotyledon emsrgence in
S. khasiana., In P, kesiya all the growth regulators enhanced
the polyphenol oxidase activity in embryo and endosperm. In

general an incre=mse in polyphenol sxidase activity was observed

in seedling axes of S. khasiapg Jn growth regulator treatments
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whereas a decrease in cotyledons wes recorded,

Total phenol and O-dihydroxyphenol contents increased
in the embryo during its growth =snd a2 decrease in total phenol
of endosperm and seed co~t was observed in P, kesiya. In
S. khasiana, total phenol content declined in seedling axes and
seed coat, wherers an increase was observed in cotyledons,
During cotyledon emergence, 2,4~D enhanced the O-dihydroxyphe-
nol content in seedling axes whereas other growth regulators

in cotyledons,

An increase in protein content of embryo and seedling
axes of F, Kesiya a2nd S. khasiana, respectively, was observed
in developing seedlings, In P. kesiya, a marked incresse
in protein content of embryo with IsA, GA and AA during cotyle-
don emergence was observed, However, a decrease was noted in
endosperm except FAP and AA treatments. The higher protein
content was observed in cotyledons as compared to seedling axes
in S. khasisna., The protein content increased with the growth
in this species except in cotyledons during cotyledon emergence
stage. An inhibition in protein contents with 2,4~D during
radicle and plumule emergence in both the seedling parts was
observed as compared to respective controls, Initially, no
change in DNA content of embryo in P. kesiya wes recorded while
endosperm showed an increase in its eontent during radicle

emergence, RNA content was higher in both the seed parts
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during radicle emergence which subsequently declined during
cotyledon emergence. In S. khasiana, seedling axes showed an
increase in DNA content during emergence of plumule whiea
declined Later. RNA content in both seedling parts decreased
at plumu.e ciergence stage and subsequently increased during

cotyledon emergence. in seedling axes.,

Isoperoxidases and protein bands were localised on
polyacrylamide gels during imbib.ition and germination in
P. kesiya and also during various stages of seedling emergence
in S, khasiana, The emergence of radicle and cotyledons
resulted in dramatic increase in peroxidase isoenzymes in
embryo of P, kesiya and also during radicle emergence in
endosperm tissues, In seedling axes of S. khasiana, a higher
number of bands appear:d while further growth, i,e. plumule
emergence phase, resulted in decrease in number of higher
intense bands. The dramstic increase in protein bands of
P. kesiya embryo were noticed while in endosperm these
decreased, In S, khasiana an increase in number of bands in
seedling axes was observed at different stages of seedling
emergence. Howeven a reverse plcture was obtained for cotyle-
dons. The change in bands pattern msy be on account of tissue

differentiation during seedling emergence,
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