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CtiPipter I 

GENERAL INTROOJCTION - REVIEW OF LITERATURE 



The global t r e e resources are fas t dwindling and 

the sheer l u s t for more land has obviously resu l t ed in 

callousness and unprecedented apathy towards the fores t 

wealth. The increasing population pressure has also created 

tremendous environmental- problems in developing countries of 

t ropics and sub- t rop ics . The extent oi fo res t cover in India 

is about 75 mi l l ion hectares which cons t i tu tes 23 per cent of 

the t o t a l geographical area . I t has been observed by the 

National Committee on Environmental Planning in 1983, tha t 

defores ta t ion occurs a t the r a t e of a t l e a s t one mil l ion 

hectares a year, while new planta t ions do not account for 

more than 0.5 mi l l ion hectares a year ( ref , Rao jet a l , , 1985). 

The North-Eastern region cons t i tu tes a t o t a l geogra­

phical area of 25,5 mi l l ion hectares of which about 12.5 per 

cent is under fores t cover. The vegetat ion found herein may 

be c l a s s i f i ed as ( 1) t rop ica l -ever green, semi-evergreen, and 

moist deciduou'' fores ts (2) sub- t ropica l pine fores t s (3) 

temperate fo res t s and (4) a lp ine fo re s t s . The fores t 

resources of the region a re deplet ing due to indiscr iminate 

f e l l i ng of fo res t t rees for age old prac t ice of sh i f t i ng 

cu l t i va t ion loca l ly termed as "Jhum", timber and fuel wood 

extract ion, unplanned human a c t i v i t i e s l i k e hydroelect r ic 

projects , road construction, population pressure, and ru th less 

explo i ta t ion of plants for t r ade . The impact of these factors 



has r e su l t ed in perious ecological imbalances v i z . , s o i l 

erosion, de se r t i f i c a t i on , dwindling of fo res t wealtli, wild 

l i f e and germplasm resources. 

Broadly, the y ie ld of t rees can be subs tan t i a l ly 

influenced by seed germination pat terns , v/hile poor germina­

t i on r e s u l t s in low yields of seedling per u n i t area, the 

slow germination may cau?e a wide va r i a t i on in s i z e and 

acceptable qua l i ty of es tabl i shed seedl ings . Consequently, 

seed germination pat terns represent a major va r iab le in the 

successful production of uniform seedl ing under control led or 

na tura l environments ( ref . iJunlap and Barnet t , 1982). 

Seed germination i s a very complex phenomenon and 

has been the subject of extensive study. I t i s a symbol of 

awakening from sleep and l i f e l e s sness (Timiryazev, 1949), A 

much be t te r understanding of the secre t of seed germinating 

has been gained in the l a s t three decades, which, in i t se l f , 

has resu l t ed in improved seed qua l i ty . Some of the re levant 

problems of se^^d germination have been discussed in d e t a i l 

(Barton, I96l; Mayer and Shain, 1974; Khan, 1977; Kramer and 

Kozlowski, 1979; Bewley and Black, 1982) . 

Woody plants in te rmi t t en t ly produce large seed crops. 

Hence, ^eed longevity is extremely important for regenerat ion 

of plants in nursery beds through d i r ec t seeding (Kozlowski, 



1971; Kramer and KozLowski, 1979; Rai, 1985). Under na tura l 

condit ions, remarkably high Losses of seeds are t raceable to 

lack of seed v i a b i l i t y and seed dormancy (H-oberts, 1972; 

Heydecker, 1973; Purohit ^ a j , . , 1982; Rai, 1985). The tech­

niques for h=!ndling the seeds of t rop ica l and sub- t ropica l 

t rees are poorly developed (Bonner, 1978; Tompsett, 1984, 

1986) , Some of the genera having short seed l i f e span are 

Sal ix. Ulmus (Troup, 1921), j^lnus (Boojh and Ramakrishnan, 

1981a), Schima (Boojtj and Ramakrishnan, 1982), Shorea (Furohit 

e t a l . , 1982), Ailanthus. Arto carpus, Bisctiof ia, Chuckrassia, 

Dalbergia. Michelia. Ptero carpus, SyzyKJum and Toona (Rai, 

1985) . Seeds h«ve been broadly categorized into tva types: 

orthodox seeds, which can be dried to about 5/o moisture 

content without damage and then s tored a t low temperatures for 

long periods (Roberts, 1973; E l l i s and Roberts, 1981) and 

' r e c a l c i t r a n t ' seeds, which cannnot be dr ied below a r e l a t i v e ­

ly high moisture content without immediate damage and must be 

s tored under moist conditions (King and Roberts, 1979) . rience, 

in many countr ies , s tudies are being car r ied out to determine 

the optimum storage conditions which could ensure the maximum 

duration of the l i f e of seeds and successful germination. The 

storage of seeds requi re a careful considerat ion of the 

requirements l ike temperature, humidity e t c . for the mainte­

nance of the embryo in v iab le conditions (Tompsett, 1986; 

Verma and Tandon, 1 9 8 ^ . Fukacka (1983) mentioned t h a t losses 



in v i a b i l i t y of Acer platanoides seeds is r e l a t ed to increase 

in Leaching of e lec t r ica lLy conductive mater ia l , Sprackling 

(1975) reported tha t s torage of Pinus gerardiana seeds a t 

-10^C resu l t ed in be t t e r germination whereas 4°C caused laclc 

of v i a b i l i t y . The higher s t o r a b i l i t y a t low temperatures 

reduces the consumption of reserve mater ia l through slow 

bio logica l processes. The effects of moisture and temperature 

on seed s torage of AO c r i t i c a l ^nd ordinary plant species , 

showed tha t a i r humidity has stronger effect on the loss of 

v i a b i l i t y than temperature (Bulat, 1963) . The normal moisture 

content of 33 per cent has been reported for storage of 

d i f fe ren t seeds. Any further increase in the quanti ty of water 

leads to increase in the in tens i ty of r e s p i r a t i o n and deple­

t i on of s tored mater ial in the seeds (v\foodstock jet a l . , 1984) . 

The unfavourable s torage conditions reduce seedling growth 

more than germination (Stone, 1957a; Kozlowski, 1971). The 

seed ageing, long-term storage or unfavourable s torage condi­

t ions may r e s u l t in various forms of abnormali t ies during 

germination (Huss, 1954; Sorensen, 1975; Chin jet £ l . , 1981) 

due to reduced quanti ty of biochemical components including 

growth regula tors (ADdel-Magid and Osman, 1975; Shamshery and 

Banerjee, 1979) or des t ruc t ion of c e l l organel les (Chin _et a l . , 

1981) . 

The germination and seedling establishment of t rop ica l 

and sub- t rop ica l t r ees under natura l conditions has received 



l i t t l e a t t e n t i o n (Kinnaird, 197^; Boojh and Ramakrishnan, 

1982; Shukla and Ramakrishnan, 1982; Minora, 1986) . The 

importance of appropriate envirorimencal conditions favourable 

for germination and seedl ing gro.tti tiave been emphasized 

(Hinesley, 1981; Mayer and Poljakoff-Mayber, 1982; Kozlowski, 

198^ . Amongst the environmental fac tors ; l i gh t , temperature, 

water and subs t ra te pH influence the resumption of embryonic 

growth (Baker, 1950; Kamra, 1967; Ovcharov, 1969; Kozlowski 

and Gunn, 1972; Kramer and Kozlowski, 1979; Therios, 1982; 

Verma and Tandon, 1983, 1984a, b) . I t i s well-known tha t acid 

s o i l s a re developed in wet climate under long term leaching 

and tend to be low in mineral nu t r i en t s , while a lka l ine and 

sa l ty s o i l s are usual ly developed in dry climate due to high 

evaporation and lack of leaching (Tinus, 1980) . This change 

a f fec ts the fores t regenerat ion (Chou and Young, 1974; Lee and 

Weber, 1980; Raynal et a j . , , 1982) . The moisture of the medium 

can be a l imi t ing factor for the hydration of seeds and oxygen 

flow towards the embryo during germination (Mayer and i-oljakofi-

Mayber, 1982) . The d i f fe ren t temperatures are required for 

the seed swelling and germination. But, the temperature a t 

which swell ing takes place has a greater influence on the 

physiological processes in the seedlings (Ovcharov, 1969; Mayer 

and Poljakoff-Mayber, 1982) . The s t r a t i f i c a t i o n by means of 

cold soaking enhances seed germination in many species (Foot, 

1967; Barnet t , 1971; Ghosh e t a l . , 1974) through increase in 



g ibbe re l l i c sc id (GA) concantrat ion (Sinska and Lewaic, 1977; 

Bretzloff and P e l l e t t , 1979) , «nd a decrease in absc i s ic acid 

(ABA, Lee and Looney, 1978). PitHl et aL. ( 1984) reported the 

changes in isoenzymes of some enzymes following v?irious 

periods of imbibit ion and germination of Pinus contorta seeds. 

The s igni f icance of i l luminat ion has receiv.ed as much 

primary importance in seed germination as temperature and s o i l 

moisture (Bevington and Hoyle, 1981; Campbell, 1982; Gross, 

1985) . In some species, l i g h t requirement for germination may 

be induced a f t e r d i spersa l following contact with the s o i l , 

bur ia l or exposure to leaf f i l t e r e d l i gh t (Mayer and Poljakoff-

Mayber, 198^ . Environmentally induced photosens i t iv i ty of 

seeds is often in te rpre ted as an adaptat ion for ensuring the 

seeds to germinate in s i t e s where probabi l i ty of seedling 

establishment is high. I t was recorded in Malesia tha t large 

seedlings of important t r ee species are very r a r e under closed 

canopy due to lack of su f f i c i en t l i gh t (Burgess, 1968) . The 

l i gh t in tens i ty , qual i ty , and durat ion have s trong effects on 

seed germination (Black and Wareing, 1955; Vaartaja, 1956; 

Shukla and Ramakrishnan, 1981; Campbell, 1982). The requi re ­

ment of l i g h t i n t ens i ty for seed germination var ies for 

d i f fe ren t species , for example, Ficea requires 0,08 lux, 

Betula 1,0 lux and Pinus 5.0 lux, while seeds of few species 

requi re as much as 100 lux (Jones, 1961) , Light was found to 



increase the r^ t e of mitosis (Nyman, 1961) , polysome formation 

(Yamamoto _et a j . . , 1975), pro te in synthesis (Yamamoto and Sasaki, 

1977) and RNA containing poly A"̂  (Yamamoto, 1982) . Temperature 

af fec ts the seed germination in a vast number of species and 

has not received considerable a t t en t i on on the adaptive s ign i ­

ficance of t r e e species (Kozlowski and Gunn, 1972; Kramer and 

Kozlowski, 1979) . The seeds of many species germinate well a t 

constant temperature (Cr i tchf ie ld , 1957; McLemore, 1969, 

Barnett , 1979) while others require diurnal thermo-periodicity 

(Hatano and Asakawa, 1964; Dunlap and Barnett , 1982; \rlzque2-

Yanes and Orozco-Segovia, 1932) . The requirement of tempera­

tu re i s species spec i f ic (Rao and Singh, 1985) and i s control­

led through heredi tary characters (Lang, 1965). 

Besides environmental fac tors , a la rge number of 

substances also influence seed germination and seedling growth 

by the i r inhib i tory or s t imulatory effects on ce r ta in aspects 

of metabolism (Mayer and Shain, 1974; Khan, 1977; Bewley and 

Black, 1982; Barendse, 1983; Kumari and Kohli, 1984; Mthaiam et 

a l . . 1985; Sankhla jet a^., 1985; Van Staden e t a^., 1986), P lant 

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 

associa ted with seed physiology are GA, ABA, cytokinins (FAP) 

auxins and ethylene (Ovcharov, 1969; Khan, 1977; Panel et a j . . , 

file:///rlzque2-
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1984) , Besides, various other agents l i k e s t e ro l s and 

vitamins e t c . have hormone l ike propert ies and have been 

implicated in the physiology of some seeds (Ovcharov, 1969; 

Chinoy e;t a l . , 1971; Lewak, 1984). The progress in the physio­

log ica l effects of plant hormones has been spectacular in 

recent y^ars but probably i t would have been more so, if 

workers in th i s f i e l d were less fascinated by hormone effects 

on extension growth and had paid equal emphasis to oth^r 

aspects which are not generally considered as growth processes 

(Sen, 1984), The chemical treatment of seeds induce the seed 

germination and i n i t i a t i o n of r ad i c l e in many species 

(Ovcharov, 1969; Khan, 1977; Shafiq, 1980; Shibakusa, 1980; 

Tinus, 1982; Mehanna e t ad. , 1985). Trewavas and Jones (1981) 

mentioned the concept of spec i f i c receptors required for the 

ac t ion of hormones. 

The auxins have been implicated in the germination of 

non-dormant seeds (Suszka and Tomaszewska, 1971; Ti l lberg , 

1977) . Auxin f luc tua t ions during seed maturation and seed 

germination h^ve been reported in some species (Nikolaeva, 

1967; T i l lbe rg and Finf ie ld , 1981),, The pre-sowing treatment 

of apple seeds with indole-3-ace t i c acid ( lAA, 0.01-0.001;;^ for 

30 min improved the seed germination (Simakin, 1966) . Besides 

t h i s , soaking tung seeds for 12 hr in indole-butyr ic acid ( I3A) , 

lAA, indole-propionic acid ( IFA), phenylacetic acid and 



ascorbic acid \,AA) improve the ^^errain t ion ^nd peedlin., growtti 

( Cli^it^iroee, i960), h-^ny h ' ro ic ides decrease ttie number of 

germin?«!t."=!. The inhibi tory effect iP caused by d i r ec t 

suppression of seed germination and subsequent tox ic i ty to 

yoxmg seedlings or both (Sasalci and Kozlowski, 1967| 1968j wu 

£ t ajL., 1971). Only two herbicides 2,4-dichlorophenoxyacetic 

acid (2,4-D) '̂ nd 2,4,5- t r ichlorophenoxyacet ic acid (.2,^,5-T) 

are curi ent ly reg i s te red for fores t ry u^e in Canada, because 

of controversy over dioxin content, 2,4,§-T has been withdrawn 

from the ef fec t ive use of m'̂ ny provenances (Prasad, 1983) . The 

phytotoxic effect of herbicides on seeds and seedlings during 

seed control i s well-known (Kozlowski and Kuntz, 1963; Prasad, 

1970; Abrahmson, 1980). The use of seeds for assessing the 

relf- t ive t ox i c i t y of herbicides has al^o been reported (Prasad, 

1984) . 

GA st imulates seed germination in many t r ee species 

(Biswas £ t a l . , 1972; Chandra and Chauhan, 1976; S'tef iq, 1980; 

Shibakusa, 1980; Tinus, 1982; Mehanna et a j . . , 1985). The o p t i ­

mum rpquirement of GA va r i e s from species spec i f i c i t y to time 

as w« l̂l as m'--'thod of appl ica t ion , Kursanov jet aj.. ( 1966) 

reported tha t some seeds respond to addi t iona l supply of kinins 

for seed r ipening and germination. Treatment of ^reen ash 

seeds with 1-10 mg/1 o-benzyl^denine for two days st imulated 

the seed germination (Tinus, 1982). The exogenous appl ica t ion 
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of FAP counteracted the effects of various growth and germina­

t i o n inh ib i to r s (Khan, 1967; 1971; Khan and Tolbert , 1965). 

I t indicates tha t cytokinins may be a p re - r equ i s i t e for germi­

nat ion in some spec ies . The s tudies on the endogenous levels 

of hormone suggested a number of ways in which cytokinins 

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

Seeds of d i f ferent p lants contain d i f fe ren t amounts of 

vi tamins. The quanti ty of those vitamins in seeds of plants 

from one another and in the same var ie ty grown under d i f ferent 

conditions also v a r i e s . Therefore, i t is understandable tha t 

under cert.='in conditions, seeds acciimulate the quant i ty of 

vitamins necessary for the i r germination while under other 

conditions the vitamin content i s insuf f ic ien t (Ovcharov, 1969). 

The increase in c e l l d iv is ion a t the time of t r a n s i t i o n of the 

seed from the s tage of r e s t i n g to germination apparently 

depends upon the vitamin content. Studies on the d i r ec t 

effect of vitamins on seed germination appears qui te promising 

(Ovcharov, 1969; Chinoy and Saxena, 1978). Chinoy e t a l . 

(1971) suggested the possible r o l e of AA in seed germination 

through i t s ac t ion as an e lec t ron donor which maintains the 

redox po ten t ia l to p a r t i c i p a t e in plant systems. 

Metabolic regula t ion of seeds i s required to easure 

the di^ ' t r ibut ion of germination over time and space. Phyto-

hormones dec is ive ly in te r fe re with the physiological process of 
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seed germination and may determine the ways pro ceding the 

involvement of energy oi t r ansc r ip t iona l and t r a n s l a t i o n a l 

control of enzyme formation a t ttie ribosomal level (Tao and 

Khan, 1977; Taylorson and tiendrioks, 1977; Barendse, 198^ . 

tiormones are conceded to be the primary germination agents and 

each hormone has a spec i f i c function (Galston and Davis, 1969; 

Tao and Khan, 1977; Barendse, 198;^ . The highly se l ec t ive 

functions of i rd iv idual hormones in plant m'=^tabolism including 

enzyme leve l (Galston and Davis, 1969; Leshem, 1973; Barendse, 

19831) hormonal s t a tus (Mehanna _et aJL., 1985; Van Staden _et a l , , 

1986) macromolecular d r i f t s (Kumari and Kohli, 1984) and 

control of d i f f e r e n t i a l gene ac t iva t ion or in a l t e r a t i o n of the 

propart ids of ce l l membrane (Lewak, 1984) have oe^n reported. 

The factors which control the i n i t i a t i o n of germination 

d i f fe r from the factors cont ro l l ing enzyme a c t i v i t y occuring 

l a t e r in germination. Varner and Ho (1977) dea l t with the 

physiological and biochemical aspects oy t r e a t i n g the best 

known responses of p lant hormones with regard to control of 

enzyme a c t i v i t y . riigginfl» ^nd Jacob»en (1978) reported the 

effect of hormones on se lec ted aspects of c e l l u l a r metabolism. 

Letham jet al.. (1978), Moore (1980), Bewley and Black (1982) 

and Barendse (1983) have discussed the d i f fe ren t aspects of 

hormonal regula t ion of enzyme synthasis in p lan t s . I t has been 

demonstrated that prote in synthftsris i s one of the essen t i a l 
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^teps in seed germinntion (ln«yer and Stiain, 1974) , This is 

also character ized by the uncrease in a c t i v i t y of aloiost a l l 

the enzyme systems in seeds is well appearance ox new enzyme 

syptems (Hayer, 1977; P i t e l e^ aj . . , 1984) . I t i s accepted 

tha t cha;nges in enzyme leve ls cause developmental changes. The 

enzyme systems responsible for synthesis of membrane compo­

nents become ac t ive e^rly in germination (Mayer and Shain, 

1974), Ching and Ching (,1972) have mentioned a cor re la t ion 

between energy change in ponderosa pine seeds to seedling 

growth, A number of terminal oxidases are associated with 

c e l l membranes of seed coats (rfarel and Mayer, 1963; Khan, 

1977; Mayer and Poljakoff-Mayber, 1982) . Seed coats of 

normally impermeable species contain a r a the r high level of 

phenolic compounds and the ac t ion of oxidases is oxygen 

dependent in tham. In the absence of oxygen, ph3noltc . 

compounds a re not oxidized to corresponding quinones, and 

therefore , there is no tanning reac t ion of seed coat proteins 

(Mayer, 1977) . The exogenous levels of hormones and vitamins 

in quiescent seeds seem to indicate t h e i r concentration adjust­

ment during the germination process ra ther than being a t 

physiological ly s ign i f i can t balance before imbibition 

(Ovcharov, 1969; Khan, 1977). The effect of seed treatment 

with various growth regula tors regula te the endogenous level 

of auxin through change in enzyme a c t i v i t y (Kulaeva,- 1980; 

Gaspar e t a l . , 1982). i\uxin is l ike ly to be a c r i t i c a l factor 
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af f -c t ing th3 synthesis , oxid-.tion And e s t e r i f i c n t i o n of auxin 

in other systems for i t s involvement in germination process, 

ce l l elongation and changes in s t r u c t u r a l components. Exoge­

nous lAA log ica l ly has d i f ferent effects from endogenous lAA 

(Khnn, 1977). lAA can be oxidized by an enzyme XAA-oxidase and 

probably by many non-specific oxidases (Schneider and Wightman, 

1974) . The lAA-oxidase/peroxidase has been widely studied in 

an attempt to understand the regula-tion of lAA levels in plaint 

t i s s u e s . The oxidation of L.^A means in^c t iva t ion of the 

hormone and therefore , the control of lA^i-oxidase and/or peroxi­

dase act ivi t i -^s m«y have repurcussions for XAA synthesis and 

degradatiOii; thus may be involved in plant growth responses to 

aiixins (Barendse, 1983) . 'I'he possible mechanism of laA-oxida-

t ion by horse-radish peroxidase have been discussed lucidly 

(Wakajima and Ypi'mazaki, 1979; Tandon, 1983). 

Catalase is one of the marker enzyme of glyoxysome 

cycle and i t s f^ctivity h^s been studied in r e l a t i o n to seed 

germination ( r e f . Barendse, 1983). Kenten (1955) found t h a t 

ca ta lase could inh ib i t the a c t i v i t y of laA-oxidase presumably 

by diminishing HO l eve l s . Evensen and Loy ( 1978) reported an 

acce le ra t ion of ca ta lase a c t i v i t y by GA treatment during germi­

nat ion of Ci t ru l lus lanatus seed and inh ib i t ion in a c t i v i t y by 

l i g h t . An increase in cata lyse and l ipase was also recorded by 

appl ica t ion of GA and AA in Cicer arietinum while morphactin 
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retarded ttiem (Metata et a_L., 1974a). L^A andtfC-napiithalen-. 

ace t i c acid (Wî A) pronioted cataLase a c t i v i t y of Triticum 

vulgare seedl ing (Shukla and Shukla, 1975) . Sawhney ^ t aO.. 

(1979) reported an occurrence of new isoenzymes of peroxidase 

in GA t rea ted p l an t s . The increase in IHA levels in cotyledons 

anl i t s decrease in the hypocotyl and r ad i c l e was observed 

during early development of cucumber seedlings (Elkinawy and 

Raa, '1973). Simultaneously, lAA-oxidase a c t i v i t y decreased 

during t h i s period in a l l the organs. But lAA, IBA and 

t r i iod inebenzoic acid (TIBA) were aole to increase the lAi^-oxi-

dase and peroxidase a c t i v i t y with progressive regnerat ion of 

Phaseolus vul.g;aris t i s sues (Brunner, 197^) . I t i s well es ta­

bl ished t h a t GA increases the quanti ty of f e ru l i c , chlorogenic 

acid, and other inh ib i to rs and reduces the a c t i v i t y of IAA-

oxidase (Galston and Hillman, 1961) . lAA-oxidase is also 

destroyed by peroxidase (Radionova, 1965). The presence of GA 

or k ine t in during s t r a t i f i c a t i o n enhances the in t ens i ty of some 

isoperoxidases and presence of ABA inhib i ted i t (Tao and Khan, 

1976) . GA was reported jco reduce the a c t i v i t i e s of phosphoenol 

pyruvate (PEP) carboxylase, r ibulose-diphosphate (RUEP) carbo­

xylase and maNLeic enzymes in leaves as well as in seedlings of 

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

invertase were induced in leaves (riuber and Sankhla, 1974b) . 

However, regu la t ion of inver tase synthesis was recorded with 

concomitant increase in growth with appl ica t ion to GA (Huber 



e t aJL., 1974). ABA which i nh ib i t s seedling growth, promotes 

the a c t i v i t i e s of a lanine and a spa r t a t e aminotransferases, 

PEP-carboxylase, malate dehydrogenase and RUDP-carboxylase 

(Huber and Sanlchlf^, 1974c, d; SantchLa and riuber, 1974b, c; 1975; 

1979) due to concomitant decrease of glutamate dehydrogenase 

which re su l t ed in inh ib i t ion of carbon dioxide f ixa t ion 

(Huber _et £ 1 . , 1977) . 

1^-vitamins and AA have been reported to ac t as potent 

ac t iva to r s of e lectron t ranspor t system during seedling growth 

( Chinoy and Saxena, 1978; Kodandarmaiah and Gkjpala Rao, 1984). 

AA also increases peroxidase a c t i v i t y which catalyzes the 

production of the free r a d i c a l of ascorbic acid (Mehta and 

Chinoy, 1978) . If locat ions of d i f ferent enzymes within the 

seed or sub-ce l lu la r f rac t ions become known, t h e i r ro l e in 

germination could be c lear ly defind. Srivastava ( 1964) 

mentioned t h a t under influence of GA and in tens ive biosynthesis 

of soluble RNA takes place which leads to an increase in the 

synthesis of spec i f ic enzyme pro te ins . The effect ox hormones 

on ce r t a in aspects of metabolism have been observed(Key, 1969; 

Tao and Khan, 1977; Barendse, 1983; Kumari and Kohli, 1984; 

Lewak, 1984) . 

Pinus kesiya Royle ex Gord. and Schima khasiana JJyer 

a re two economically important, f a s t growing t r e e sp"cies 

occurring in sub- t rop ica l pine fores t s and sub- t rop ica l moist. 
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evergreen mont?ine fores t s , respect ive ly , of North-East India, 

Seed is .-̂ tn important propagule for regenerat ion in these 

'='pecies. Under na tura l condit ions, high Losses of seeds take 

place due to unfavourable environmental f ac to r s , rience, a 

study was i n i t i a t e d to understand the behaviour of some physico-

chemical fac tors on seed germination and seedl ing growth and 

t h e i r control mechanism on ce r t a in aspects of metabolis» iA 

P. keslya and Ŝ . khasiana. 



C h a p t e r I I 

EFFECT OF SEED STORAGE ON GERMINATION AND SEED­

LING DEVELOPMENT IN FIELD CONDITIONS 



Introduction 

Longivity of seeds is control led by heredi tary 

c h a r a c t e r i s t i c s and environmental condit ions. The v i a b i l i t y 

of seeds is =;trongly affected oy temperature, moisture content 

and oxygen a v a i l a b i l i t y during preservation in majority ox the 

species (Barton, 196I; Roberts, 1981; Bewley and Black, 19ti2) . 

V/hile some information is ava i lab le on the metnods of s torage 

of economically important temperate fo res t t r e e seeds (iNang, 

1974) , i t is scanty in case of t rop i ca l and suD-tropical t r e e 

species (Bonner, 1976; Tompsett, 1984; 1986; Athaya, 1985; Rai, 

1985) . Pit the same time i t i s well known tha t seeds of many 

commercially important t rop ica l t rees are shor t - l ived and 

d i f f i c u l t to s to re (Harrington, 1972; Bewley and Black, 1982) 

due to higher moisture content (Barnett , 1974; 1982; King and 

Roberts, 1979; Chin ^ aj . . , 198I; Purohi t ^ al.. , 1982; 

Tompsett, 1984) . Therefore, the^^e seeds requi re optimum 

conditions for protect ion of v i a b i l i t y during t r a n s i t . This 

could also control the r a t e of germination and, in turn, y ie ld 

through increase in plant density (Kozlowski, 1971) • 

The effect of seed s torage on seedl ing character o£ 

many important t rees has been studied (Huss, 1954; Stone, 1957a; 

Kozlowski, 1971; Sorensen, 1975; Chin et £L_., 1981) . Emergence 

and seedling gro th ox th? species depend on the in te rac t ion 

between t h e i r heredi tary f -o tent ia l i t ies and the environmental 

condit ions. Light, temperature and humidity are so in t e r -
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dependent tha t a change in one factor a l t e r s the others 

(Kramer and Kozlowski, 1979; Kozlowski, 1983). The study of 

weather effects on seedling growth is important as i t may 

provide an opportunity to produce large number of uniform 

t ransp lan t s in control led environment in a l imi ted time. 

Pinus Res iya Royle ex Gord. and Schima khasiana Dyer 

are two economically important early successional forest 

t r e e s which are predominant in the sub-t ropics of North-East 

India, A study was i n i t i a t e d to understand the ideal storage 

conditions for higher v i a b i l i t y , germination and seedling 

growth in P. kes iya and ^ , khas iana as these aspects have 

received l i t t l e a t t e n t i c n . 

Mater ials and Methods 

Mature cones of Pinus kes iya Royle ex Gord. and 

f r u i t s of Schima khas iana Dyer were col lected, respect ively , 

from Univers i ty campus, Shillong, and Upper Shillong fores ts 

( l a t . 24035'N and Long. 9 r 5 6 ' E , Al t . 1500-1800 m) during the 

months of February-March, 1983. Seeds were extracted by a i r 

drying the cones and f ru i t s a t 25-30" C, 

Effect of s torage conditions on seed v i a b i l i t y , germinabil i ty 

and r a t e of germination 

Both seed l o t s were s tored in dark a t 3-5° C and a t 

laboratory temperature ( 15-22° C) in open and in sealed p l a s t i c 
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b-^gs with -̂ nd wichou; calcium oxide \,-̂ ^O; » The sxpsrimental 

design con?ist'-»d of 2 sp^-'Ci^s x 2 germination p^'ttc»rn 

^v iab i l i t y and ge: min^bility) x 6 r.ime in te rva l s i, binaorii:hIy) x 

5 sfcorwge conditions x 7 replicaT:es C3 vi^biliicy and 4 

germinability) x 100 seeds .̂5 groups of 20 seatisy , In another 

se t the design coraprised of 2 species x 6 scoiage candicions 

X 4 r e p l i c a t e s x 100 seeds. 

Viao i l i ty of seeds was t e s t e d with O.l/o 2, 3 ,5 - t r iphe-

nylcetrpzoliura chloride by puncturing the seed coar wit;h the 

ht=>lp of PI ns'^dle, S°eds were surface s t e r i l i z e d wiuh0.1;o 

mercuric chloride for 30 min .'='nd 5 min for P. kasiya and 

Ji* Kh^^^ îana, respectiv-^ly. the seeds war? then wash-r-d 

rep<>8t^dly wit;h s t e r i l i z e d d i - ' t i l l ed //ater to remove the 

disinfpc'cant, 20 Sf^ds were placed ^quidist-int from ^ach 

other in a covered p l a s t i c pi=»tridish v,9 cm di•'̂ m.) containing 

s t e r x l i z e d moist f i l t e r paper find germinated in d-rk in a 

geriflinator a . 20 .; 2"C. So^ds were considered germinated when 

r ad i c l e pro cruded ? bout 1 rnm b.^yond the seed coat < Campbell 

and Sorensen, 1979) . Germination was recoi'ded from 6th-20th 

day at 2 cay i n t e rva l . The v i a b i l i t y and germinabil i ty are 

expressed on percentage seed b^-sis. Th'? x'ate of germination 

( 'A seed day ) was ca lcula ted following Campdell and Soreiisen 

(1979) . 
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Effecc of on -yep.r storn&e Oi, seeds on s e e d l i n g growth. 

Seeds from th-' ."̂ -Gcond s e t ox des ign m^ncioned ••̂ bove 

v^ere sown a t 1 cm s o i l depch i.x pl-^stic po'cs {,'^j cm di^im.) in 

open f i e l d c-mdi t ions dur ing t h m^nth of iApril, 1984. Seed-

Lings were l i f t e d a f t e r 2 months and washed ttnrou^^;hly to 

remove th? r^dhfring s o i l p a r t i c l e ' s . The l eng th o i r oo t pnd 

shoot W3P raastsur^d and they wers ov^in d r i e d ?»t 60 r ^''C for 

48 hr for dry wei^.ht e s t i m a t i o n s . The r e s u l c s oo^a^nf-d by 

sowiiig f r e s h seeds during cha previous yeai' from the same 

provenance were used "'S c 3 n : r o l . 

Locacip_n J3_,f ^^/^i^ijiwjt^ixaijyidjs^e^ 

Emergence of s e e d l i n g s ^nd t h e i r growth p a t t e r n in 

r e l a t i o n co some c l i m a t i c f=»ctors were s t u d i e d a t t he Univer ­

s i t y C-Tmpus, S h i l l o n g (Ale . 1500m). The t empera tu re , r e l a t i v e 

humidity and r a i n f a l l data were c o l l e c t =»d from t h j mete r io -

l o g i c a l c e n t r e i n S h i l l o n g . The climpite i s d iv ided by season-al 

difrerenc '=s inco ( i ) inonsoonic seasoa, with h igher t empera ture , 

humidity ^^nd rp.j.nx9ll ex tend ing from KiMy-October '̂  ix) dry axid 

humid wincer -^e'son from Nov-^mber-February fol lowed by ^ i i i ) 

warm, dry summer of M?trch ^nd A p r i l (.Fig. 2,1) . 

F i f cy seeds of boch thi> -^p-cies were sown i n p l a s t i c 

pots as mentioned foove dur ing A p r i l , 1983. The dur5«tion of 

s e e d l i n g emergence w -̂s r--cordad. Ten s e e d l i n g s were maincainad 



Fig. 2. 1 : Climatic data of the study Site 

(ShilLong); maximum temperature 

(0 ... 0) , minimum temperature 

(f ... •) , average rainfall 

( .) ̂  and humidity (morning A, 

evening <li). 
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in 3Pch pot ^nd tw'-^nty seedlings of -^acii i^peoies in 4 groups 

of 5 w^re excsvatPd -ve^ y month, i'he root was w?>slivd 

thorou-hly fnd length of th:- roo^ and shooc wns m asured. 

Seedlings wera separatod into root , sh^ot, naedla/ 'Ieaf .-̂ nd 

oven dried as raoncionpd above, Tho increases in set-son^I dry 

weight, length <̂ nd r e l a t i v e gro.vth r a t e (HGR) on dry weight 

basis of seadLing and seedling p̂ r̂t-:̂  were ca lcula ted . Standard 

deviat ion was p.Txorem'^d for s t a t i s t i c a l s ignif icance 

(.Snedecor, 1961) . 

Re suites 

Effect ,of ,.̂ to_̂ Ĵ -ĝ s C;"?ndi'ciqnp_j3n seed viabil iuy^ ^erminabi 1 ifcy 

a^nd^r^a t̂e jyf^ ^erjRi^nrJ:Jbyn 

The hif^her v i a b i l i t y and gexininability of i,. ke.* îya 

and S. khasiana were record-^d in seeds preserved a t 3-5'̂ C as 

compared to on-^s a t l^'borato-T temperature (Tables 2,1 - 2 ,4 ) . 

A gradu'-il decrease in v i a b i l i t y was noted und-^r different 

s torage condicions. P. k.-̂ siy_a seeds shovved «bout 85/^ v iab i ­

l i t y OT^ble 2.1) and 84;^ germinabil i ty (rablc. 2.2) a f te r on̂ -̂* 

year of "Storage a t 3-5''C in sealed bags as against; the germi­

na t ion capacicy of 95;'o in fresh seeds, iXiring 8 months of 

s torage of _S. ^p-J'*pJ:fiJEL •*'seds a t laboratory temperattire, low 

v i a b i l i t i v s of ^3% and ^0% were recorded in open and over CaO 

containing bags, rest^actively (Table 2.3) • However, about 33;^ 

v i a b i l i t y was recorded in seeds stored in sea led bags. On 



Tflble 2 . 1 : E f f e c t o f s t o i - age on the v i a b i l i t y o f P i n u s 

kes iyA seeda 

S to r a ge 
bond i t i o n s 

3-5° C 

Open 

S e a l e d 

Over CaO 

L a b o r a t o r y 
t e m p e r a t u r e 

Open 

S e a l e d 

Over CRO 

+ S. D. 

V i a b i l i t y (,o seed) nf i -er aon tbs 

f r e s h 2 4 6 8 10 12 

9 5 . 0 0 9 0 . 0 0 9©.00 90 .00 8 5 . 0 0 8 5 . 0 0 8 2 . 5 0 
,;^5.00 , t7 .50 +2,50 1 2 . 5 0 np.OO +5.00 i 2 . 5 0 

92 .50 9 2 . 5 0 92 .50 9 0 . 0 0 8 5 . 0 0 8 5 . 0 0 
^2..50 : t2 .50 i 5 . 0 0 +10,00 .rjO.OO +5.00 

92 .50 9 2 . 5 0 92 .50 9 0 . 0 0 90 .00 8 5 . 0 0 
j ;2 .50 .!-2.50 J : 2 . 5 0 j ; 5 . 0 0 jP.OO +5.00 

8 5 . 0 0 8 5 . 0 0 75.00 72.50 75.00 75.00 
j , 5 . 00 j^lO.OO i;10.00 .^2.50 j ;5 .00 jP.OO 

90 .00 8 7 . 5 0 87 .50 8 0 , 0 0 78,50 75.00 
+.7.50 J:2.50 j ;7 .50 jOaOO j;3»00 J:3.00 

81 .60 73.30 72.50 7D„00 75,00 72.50 
l 7 . 6 0 1 3 . 0 0 +.10.00 ipfOO +.5.00 1 3 . 0 0 

- ^ 



Table 2 .2 : E f fec t of seed s t o r a g e on t h e g e r m i n a b i l i t y in 

P inus t^esiya 

S torage 
cond i t ions 

Germinat ion {% seedO a f t e r months 

f r e s h 

3-5" C 
Open 

Sealed 

Over CaO 

Labora tory 
•temperature 

( 15-22° 0 

Open 

Sealed 

Over CaO 

95.00 
i-5.00 

4 8 10 12 

90.00 90.00 90.00 85.00 83.75 81.25 
+ 7.00 J:7.00 +4.80 +2.50 +2.50 ^4.80 

92,50 92.50 91.25 86.25 86.25 83.75 
J:9.50 +6.4D J : 7 . 5 0 J ; 6 . 3 0 +.8.50 j^ll.OO 

92.30 92.50 92.50 82,50 82.50 80.00 
1-6.50 +6.30 ,-6,30 :-8.60 +4*60 +4.00 

82.50 82.50 75.00 75.00 7D.00 72.50 
+6.50 +2.50 +5.00 +4.00 J:2.50 +4,30 

85.00 85.00 85.00 80.00 80.00 75,00 
j ^ . a o +4.00 +^.30 +4.00 i 2 . 5 0 +4.80 

77.50 71.50 70.00 ^7.50 67.50 65.00 
+ 11,90 +11.80 f-2.50 +pi;-60 +2.50 +4.00 

+ S.D. 



Table 2.3 : Ef fec t of s t o r a g e on t h e v i a b i l i t y of Schima 

khas iana seeds 

S to rage 
cond i t ions 

V ' i ab i l i t y {/o seed^ a f t e r months 

f r e s h 8 10 12 

3-5° C 

Open 

Sealed 

Over CaO 

Labor-ato fy 
"eraperature 
(15-22«*C) 

Open 

Sealed 

Over CaO 

73.30 55.00 45.00 40.00 40.00 37.50 37.50 
+2.90 +10.00 +5.00 J:5.00 +,5.00 +2.50 ^7.50 

60.00 62.50 57.50 51.7D 50.00 AO.OO 
j:5.00 +7.50 +2.50 +2.50 ;iP.OO jp.OO 

57.50 45.00 AO.OO 40.00 42.50 40.00 
:-2.50 +0,00 +7.50 +10.00 +2.50 +5.00 

47.50 40,00 32.50 12,50 
MO,50 i lO.OO +7.50 +2.50 

55.00 45.00 35.00 35.00 32.50 32.50 
+ 10.00 +.5.00 j :7.50 +5.00 J:7.50 +2.50 

47.50 AO.OO 30,00 10.00 
+7.50 +5.00 +5.00 +5.00 

+ S.D. 

Non-viable s e e d s . 



Table 2 . ^ ; ii 'ffect of seed storage on the g e r m i n a b i l i t y in 
Schima khasian?* 

S torage 
cond i t i ons 

Germinat ion {}{> seed) a f t e r months 

f r e s h 8 10 12 

3-5" C 

Open 

Sealed 

Over CaO 

Labora tory 
t empera tu re 

( 15-22*'C) 

Open 

Sealed 

Over CaO 

48.35 45.00 
+ 7.50 +10.00 

46.25 
iio.oo 

45.00 
HO.80 

28.75 
+7.50 

36.25 
±7.50 

28.30 
+6.80 

45.00 
.i4.10 

43.75 
+4.40 

45.00 
±7.30 

1.25 
j p . 5 0 

35.00 
+ 7.00 

10.00 
+7.60 

37.50 35.00 32.50 32.50 
+8.60 +8.aO +9.50 +10.80 

41.25 41.25 42.50 Ao.OO 
j:6.30 +2.50 i 9 . 5 0 +5.80 

40.00 38.75 31.25 28.75 
+4.10 +7.50 +8.50 +4.80 

30.00 30.00 26.25 25.00 
-10.00 +,8,50 i 2 . 5 0 +5.80 

1.25 - ~ ~ 
-K).50 

+ S.D. 

No germina t ion . 
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the o t h e r hand, the seeds •"tox"='d ^t 3-5 'C in se^^li-d bwgs 

showed sbout 62;^, 52X «nd A-3/o \ / i r .Dil i ty a f t e r 4^ 8 ^nd 12 

months, resg e c t i v e l y , ?s compwred to Tresh peed? havin.i^, 

shout 73;'o v i a b i l i t y , while th? garniinf<bi Lity i n Ŝ . KhF<Planfl 

speds was ri=»cained f^ven p f t e r one? year ox s t o - ' ge in se^li^d 

b;^gs ? t 3"3''C, i t was coiapl'^tely l o ^ t w i t h i n 4 months i n open 

pnd CP.O c o n t a i n i n g s c a l e * li8..,s s to i - ' d '^t L^bor- tory tempera 

t u r e ^Trtble 2.4) . The r - t e ox g.era.in'-'tion in P . k e s i / a 

(T^ble 2.5) «nd S_. khp»si?n:^ (T«bl*^ 2.6) were b'- ' t ter when 

seeds ^ere s t o r e d pit 3 5'C i n s a r i e d bags -s co^np^red to 

o t h e r stoi^'^ge c o n d i t i o n s . Seeds s t o r - d ?;c 3'5"'C in s e a l e d 

bpgs shov/ed non sig-rAficwnt ch^ngef? i.i t h e r ^ t e of geriflination 

throughout the year in t_. k e a i y ? . However, t h i r s t e of germi­

n a t i o n d'^'cressed s i g n i f i c a n t l y af-cer 4 oonths i a S. khaslanp». 

On tn-e o t h : r hand, t h e seeds s t o r e d -̂ t L^oor^tory t e a i ^ e n t u r e 

i n open -^nd over CaO did no c "̂ show any germinpt ion r a t e « f t e r 

4 months, 

i;ffect_^of an^ "X'^i^I.'^^^'lS^-'i-'i-lseds pji s e e d l i n g growth 

•Stor=i^e of se^ds for ? ye^r under v a r i o u s cond i t ions 

r - ' s u l t e d in decrease of y i e l d i n both t h e s p e c a i s ( i ' ^b le 2.7) . 

The r o o t growth WPS l e s s i n l^. kes iya s*="=ds <=to.' d e t 3-5"C in 

open =nd s e ^ l - d bags . On x;h- o t h e r hand, r e d u c t i o n in both 

shoot and r o o t growth v̂ as obS'='rved i n s- '̂-'ds s t o r e d under 

differ^n-c c o i d i t i o n s a t l^bor . tory t empera tu re . la case ox' 



11»ole 2.5 : 

S torage 
cond i t i ons 

E f f ec t of s e r d s t o r a g e on the r a t e of germinAtion 

i n Pi_nus t^esiya 

" • « ' • I i - • I • . l i l i n i l i i i . 1 1 I . 1 1 . . . Ill • H W i i . i » i i - i . • . 

Germinat ion r a t e {/i seed day""') a f t e r months 

2 4 6 f r e s h 8 10 12 
I*"* V«» 

3-5»C 

Open 

Sealed 

Over CaO 

Laboratory 
temperature 
(is-aa^C) 

Open 

Sealed 

Over CaO 

43.20 
1-9.60 

35.30 35.20 35.00 35.60 35.80 27.40 
+6.7D j:8.30 >4.00 ±3.25 +3.50 +2.80 

41.23 39.10 40.80 40.00 
+ 10.00 +7.20 J-4.80 i-5.00 

41.30 42.ao 
+4,20 +9.60 

40.00 39.00 39.10 39.40 30.90 32.90 
+ 7.90 +10.10 +4.90 +2.75 f7.00 +3.80 

39.50 30.60 28.00 28.80 28.25 20.40 
i 5 . 4 0 +4.10 +.3.80 i 2 , 0 0 +4.60 ^5.30 

37.00 34.70 36.30 31.60 31.60 21.30 
j :4.25 j :7.80 +4 . io j : i . 8 0 +5.40 *4.<|0 

36.60 30.80 29.20 28.50 27.23 20.50 
j:5.00 ^8 .25 ±1.33 +3.50 +8.90 ±5.80 

I- S.D. 



Table 2.6 : E f f ec t of seed s t o r a g e on t h e r p t e of germinat ion 

i n Scliiraa ktiAsiana 

S to r age 
c o n d i t i o n s 

Germinat ion r a t e {^ seed day"" ) a f t e r months 
mill mi in II mill < 

f r e s h 8 10 12 

3-5" C 

Open 

Sea led 

Over CaO 

Labora tory 
t empera tu re 

( 1 5 - 2 2 " ^ 

Open 

Sealed 

Over CaO 

39.60 33.7D 24.80 24.60 24.90 25.10 21.80 
+.5.00 +4.60 j;8.2D ^7 .25 ^g . 25 J:^. 20 +6.30 

33.50 28,23 25.10 25.80 25.90 25.50 
+7.33 +8.80 +:7.40 j;1.aD ^7.50 +10,50 

31.60 24.00 23.60 21.73 19.50 18.50 
+5.60 +10.60 +3.60 +.2.7D ^6.50 ±5.70 

31.80 
+5.00 

3.60 
+ 1.00 

3 3 . ^ 23.20 22.00 20.20 
+7.40 +2.40 >3.a3 f1 .50 
»*• vwM wm «•• 

32.60 19.00 
+6.00 +4,30 

18.80 16.80 
+,6,50 i4»2D 

•"^•KF—•(»"*• • 

S.D, 

No germina t ion . 



Table 2 .7 : E f fec t of one-year-s torp ige of seeds on s e e d l i n g 
growth of P inus k e s l y a and Schimf^ khasianft in 
f i e l d cond i t i ons 

. . ' !Pinus'^'e's'iya I ' S^ffCnVITKasTa'riR'''" 

Root Shoot ^^^^ | | ^ ; Root Shoot ^^^^ 3 _ 

l lng"^ po t -1 ; l i ng"^ p o f 1 
• . . * . 1 f ^ • • • ^ I— 1 ^ - ir-M ! • J .. .11 u I.I r II iij II • i i ^ n i n i i r r a a M ' - * - r T - i M — i m UP i j l i i a i i w j i j — — a — i - L i ^ w i u M j w - i u M t n - - u i w r m - w i i — i m j 

Fresh 11.80 5.10 38.80 1125.00 7*00 4.80 29.60 580.50 
seeds J:5.00 jp.TD +6.00 +171.00 ^3.25 +p.7D + 3 . ' ^ +8,25 
On®-year " — ~ — ~. — — 
s t o r e d seeds 
3-5''C 

Open 10.40 5.00 29.40 1117.20 6.80 3.50 18.50 128.73 
14.80 40.80 +7.A0 j;283.ao ^4.00 +0.73 +1.00 ±7.80 

Sealed 9.60 5.23 34.50 10 34.00 7.10 3.7D 25.^0 254.40 
+5.70 +0.80 +8,23 J:247e80 +3.80 f3 .4o ^0.30 j;3.00 

Over CaO 11.75 5.00 29.63 858.75 7.20 3.6o 26.00 2D8.00 
+4.90 +p.60 .t5.75 ±164.20 +,2.7D K).60 +5.00 +40.00 

Labora tory 
t empera tu re 

(15-22*'C!) 

Open 9.50 4.60 28.Ao 728.00 - - -
+5.20 j p . 6 0 ±3.50 +130.00 

Sealed 9.80 4.73 28,00 784.40 5.20 3»40 20.80 102,00 
+5.30 jO.TO j^6.40 j ; l80 .80 +3.60 +0.40 j p . 6 0 +45.00 

Over CaO 9.30 4.60 28.20 795.80 - - -
+4.75 ;<3.80 +4.50 +193.10 

+ S.D. 

Represent lack of s e e d l i n g growth. 
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^ . kliasiang> root growth w«s I.-ss in seeds s to red in opea bags 

a t 3-5''C and also in the seeds s tored in sealed bags a t 

laboratory tej iperature. Further, shoot elongation was less in 

seed'' s tored under d i f ferent condit ions. ^ , khasiana s^eds 

s tored in open and over u-=0 a t laboratory te.nperature did not 

germinate. 

Seedling emergence and growth responses to c l imat ic conditions 

Seedlings emerged in P. kesiya and ^ . khasiana between 

20-'to and 12-25 days, respect ively , \inder open f i e l d conditions 

rraDle 2 .3 ) , The root snd shoot elongations were more 

pronounced in P. kes iya as compared to ^ . khas ia_na a t the time 

of seedling emergence. However, a reverse p ic ture was 

obtained for shoot elongation a f te r a year of growth. During 

the study of th^^ s=-p.sonal v a r i a t i o n of climate, a be t t e r dry 

weight production of seedling and i t s parts in both the 

species (except for root) was recorded in monsoon (Table 2 .9 ) . 

The root dry weight was maximum during summer. As given in 

Fig, 2.2, P. k es iya seedlings, sr.owed maximum shoot elongation 

during -July and August (mean temperature 25.5/l7.5°C and 

RH 85-90;^, average r a i n f a l l SOO mm ~ Fig. 2.1) which was almost 

neg l ig ib le during winter {.mean temperature 17.5/7.5°C and 

Rri 6o-85%5 no ra in fa l l ) . Tha maximum increase in root elonga­

t i o n in th i s species was recorded during September (mean tempe­

ra tu re 22.5/l4°C, RA 90;'o and average r a i n i a l l 450 mm) and was 
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Table 2.9 : Sep>sonftl v.'^riations in y ie ld of Pinus kusiya and 

yea r 

Seed l ing p a r t 

P inus kes iya 

Seed l ing 

Shoot 
Root 

Needle 

Schima kli?siana 

Seed l ing 
Shoot 
Root 

Leaf 

+. S.D, 
No i n c r e a s e in 

Yie ld ( d r y 

Monsoon 

371.50+25.70 

317.90+26.30 
53.60+ 0.60 

1.60+ 0.10 

560.00 + 16.40 

4 6 5 . 6 0 J : 2 5 . 2 0 

9^.20 + 11.60 
42.50+ ©."JO 

growth. 

wt in mg/seed l ing part) 

Seasons 

iftf i n t e r 

5.10-40.50 
-

37.60+7.20 
-

-

-

10 2,80+9.25 
— 

Summer 

103.40+24.00 
26.60+ 3.80 
76.80Ji 4.90 

1.35+ 1.2D 

50 3.00 r28.50 
284.00 + 12.60 
219.00+21.00 

13.10+ 1.50 



Fig, 2.2 : Increase in root ( 0 ) and shoot ( • ) 

length during the first year develop­

ment of Finus kesiya ( ) and Schima 

khRsiana ( ) seedlings. 
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completely inhib i ted during January-February (mean temperature 

17.5/7.5" C, RH 65-80% and no ra infa l l ) . The maximum inc rease 

in shoot length of S, khasiana was recorded during September 

and thereaf te r i t was markedly decreased a t the beginning of 

winter (F ig . 2 .2) . The reoccurrence of i t s growth was observed 

a t the onset of summer. The root elongation was also maximum 

in September and i t declined gradually. I t was inhib i ted 

completely from December-March and the rea f t e r i t resumed the 

growth. The peak periods for RGR in P. kes iya and S. khas iana 

seedlings were found in August-September (mean temperature 

22.5/15*'C, RH 80-90% and r a i n f a l l 450 mm) and September^ 

October (mean temperature 22.5/15°C, RH 80-90% and r a i n f a l l 

325 mm), respect ively (Table 2.10). The negative RGRs were 

obtained in shoot of both the species during October-December 

(mean temperature 15/10*»C, RH 6o-85% and r a i n f a l l 7D mm), in 

P. kes iya needle during October^-February and in S. khas iana 

leaves during October-January. The seedlings also showed 

negative RGRs from October-December and November-December in 

P. kes iya and S, khasiana. respec t ive ly . 

Discussion 

The preservat ion of seed v i a b i l i t y during the course 

of s torage i s grea t ly influenced by i t s heredi tary characters 

and s torage condit ions. The seeds of many t rop ica l t r ees 

d e t e r i o r a t e rapidly with time (Barton, 1961j Tompsett, 1984, 
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1985). However, v i a b i l i t y of seeds c»n h=- prolong'^d by appro­

pr ia te storage conditions for e .g . , lower temperature and 

moisture levels (Barton, 196I; Roberts, 1972, 1981; 3^.rnett, 

1974; Kinc; and Hobf-^rts, 1979; Boojh and Ramakristinan, 198la; 

1982, Chin £ t aj-. , 198I; Bev/ley and Black, 1982; Mayer and 

Foljakoxf-M^jyber, 1982; Purohit ^ ^ . , 1982; Tompsett, 1984, 

1986) . In general i t has been suggested tha t storage l i f e of 

orthodox seeds is doubled for 1-2;̂  decrease in moisture content 

(Bewley and Black, 1982) . However, in ce r t a in seeds decreasing 

the moisture content below 5-6;o may not increase the seed 

s t o r a b i l i t y (Roberts, 1972) . Conversely, far agronomic seeds 

i t was noted th^t an increase in ^/o moisture content from 

5-14/0 halved the l i f e of seeds (Harrington, 1973) . During the 

present inves t iga t ion in P. kesiya. maximum v i a b i l i t y , germi-

n a b i l i t y and r a t e of germination were observed when seeds were 

preserved in sealed bags a t 3-5°C as compared to laboratory 

temperature. The l i fespan of pine seeds is reported to 

decrease fas te r a t laboratory temperature than a t 5''C (Barton, 

1953). Allen (1957) reported the s u i t a b i l i t y ox constant low 

temperature for conifer seed s torage. Further, there was no 

advantage by s to r ing the seeds a t -IS^C over C C . Seeds of 

Araucaria columnar is (Tompsett, 1984) and l i nus taeda (Barnet t , 

1974) f a i l ed to germinate when these were s tored below 

freezing due to high moisture contents leading to i c e - c ry s t a l 

formation, causing f a t a l damage to seeds (Baberts , 197^ . 
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§.' kliasianfl seeds showed be t t e r v i a b i l i t y , germina-

b i l i t y and r a t e of germinpition when stored in sealed bags a t 

3-5°C as compared to other s torage condit ions. A higher 

r e ten t ion of v i a b i l i t y for 7 months was also reported at 4*'C 

in tea (Bulat , 196;^ which V^elongs to the same family F-S tha t 

of Schima. The reduced v i a b i l i t y o" S. khasiana a t laboratory 

temperature in open and over CaO may be due to reduction in 

moisture l eve l . The decrease in germination capacity of 

Fraxinus Pennsylvania, Acer saccharianum, Leriodendron, Quercus, 

and Citrus seeds was reported du? to t h e i r des iccat ion (Barton, 

196I; Kozlowski, 1971) . The changes in physiological s t a t e of 

seeds on account of moisture de f i c i t have been reported due to 

unfavourable storage conditions ( C h i n ^ a_l,, 198I; Pukacka, 

1983) . The changes in re^^piratory metabolism are reported as 

one of the major factors for seed de t e r io ra t ion (.Abdul-Baki, 

1980; v^Toodstock _et a j . . , 1984) . However, be t t e r r e t en t ion of 

v i a b i l i t y a t optimum conditions of storage could be due to 

slow bio logica l processes and alpo accumulation ox substances 

which preserve s t r u c t u r a l formation of the c e l l s for ensuring 

normal germination. 

Varia t ions in the seedling growth and yie ld were 

noticed when seeds of both P. kesiya and S^. khasiana were 

s tored under d i f ferent conditions for a period of one year. The 

various forms of abnormal seedling growth might occur in low 

v i ab i l i cy of seeds because of seed aging and long term storage 
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under unfnvourpble conditions (Huss, 1954; Stone, IS^??^; 

Kozlowski, 1971; Sorensen, 1975; Chin _et nJL,, 1981), The 

unfpvour.'^ble stor-^ge conditions ^re reportod to r e s u l t in 

d i s rup t ion of ce l l w?^!!, ce l l membrane ^nd i l l -de f inad nuclenr 

membr-^ne .-̂ nd nucleolus in Hey eg b r a s i l i ^ n s i s ( Chin _et nj. . , 1981) . 

The early seedling emergence in _S, khasiana as compared 

to F. kesiya seeds was recorded. The probable cause of early 

germination in the former is due to the high permiabi l i ty of 

the seed-coat (M^yer and Poljakoff-Mayber, 1982). Seed s i ze 

(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 P. kes iya 

than S. khffsiana could be corre la ted with seedling length. 

However, P reverse p ic ture obtained for seedling growth a f te r 

a ye?r is dua to genet ic varipition of seeds of both the species . 

Similar conclusions have been reported with regard to seed 

weight and dry weight of about one ye^r old seedlings of s ix 

t r e e species, i . e . Eucalyptus marginata. E. calophylla. 

Banks ia grandis, Allocasuarina f raser iana, Persoonia long^ifolia 

and P, e l l i p t i c a grown in mediterranean fores t of .Western 

Aust ra l ia (Abbott, 1984) . The maximum dry weight production of 

seedl ing p.nd i t s above parts in both P, kes iya and ^ . khasiana 

during monsoon was d i r ec t l y r e l a t ed to optimum conditions of 

temperature, humidity and r a i n f a l l required for growth. But 

root dry weight was highest during summer on account of maximum 
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development ox rootf=! needed for extra absorption (Mflson jet a l . , 

197D) . Henca, i t could be CDncluded thiat exponential growth 

of plantvS is time dependant snd environmentally control led 

(Agren, 1985) . Thie shoot elongation of P. kesiyp. and 

S. khasiana were maximum during July-August (temperature Z5»3/ 

17.5°C RH 85-90;^ nnd r a i n f a l l 600 mni) snd September (tempera­

tu r e 22.5/l4°C, RH 90>o nnd r a i n f a l l 450 mm), respec t ive ly . 

Both shoot and root v/ere s ens i t i ve to low temperature corres­

ponding to 17.5/7.5°C of day and night in winter, Alnwst 

s imi lar observations were reported e a r l i e r with regard to the 

completion of shoot elongation in red pine by the beginning t f 

July vvozlowski and //ard, 1961) ond in e^^stern cotton-wood from 

Ipte A p r i l - l a t e September (Ininckler and v/oerheide, 1968) . The 

root growth of Mugho pine seedlings in Southern Ontario cont i ­

nued from l a t e A p r i l - l a t e November (hason _et _ai-» 1970) • During 

the summer, da i ly root elongation averaged about 6,5 mm, but 

during ^utumn i t was 2,9 mm (Mason et a^l,, 1970). Besides, RGR 

(on dry weight basis) revealed tha t August-September and 

September-October were optimum periods for the seedling growth 

of P, kesiya and S, khasiana. respec t ive ly . The negative RGR 

of the seedling and i t s above parts in both the species was due 

to needle and leaf f a l l during the winter. The comparstive 

study of increase in length and RGR of various parts exhibited 

tha t prevai l ing conditions in August (temperature 23.5/l7.5' 'C, 

RH 85-90/^ and r a i n f a l l AOO mm) and September (temperature 22 ,5 / 
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14°C, RH 90;^ flnd r a i n f a l l 450 mm) may be optimum for produc­

t i o n of nur.sery t ransplants of P. ke.qjya and S. khasiana, 

respec t ive ly . The day temperatures of 22-27°C and night 

temperatures of '\3-^9°C were optimum for containerized Fraser-

f i r seedlings during ac t ive growth (HinesLey, 1981) , The 

occurrence in f i e l d conditions of a l t e rna t ing temperatures of 

23.5/l7.5°C for F. kesiya and 22.5/l4°C for S, khasiana 

r e su l t ed in higher growth under high humidity (approximately 

8O-9O7O "^d moderate r a i n f a l l (average AOO mm) exhibi t ing the 

thermoperiodic behaviour of growth in both the spec ies . 



C h a p t e r I I I 

EFFECT OF ENYIRONMEÎ TAL FACTORS AND GROWTH 

REGULATORS ON SEED GERMINi^TION AND SEEDLDMG 

GROWTH 



Int roduct ion 

The regenerat ion of pioneer and commercially important 

t r e e species i s very important to produce uniform seedling 

crops. Dry seeds are in a slov/ s t a t e of metabolism and are 

capable of withstanding extreme va r i a t ions in t h e i r environ­

ment. Amongst environmental fac tors , subs t ra te pH, moisture 

l eve l , l i g h t and temperature play a s ign i f i can t ro l e in 

resumption of embryonic growth during germination and juveni le 

s tage in early seedling establishment (Ovcharov, 1969; 

Kozlowski, 1971; Kramer and Kozlowski, 1979; Mayer and 

Poljakoff-Mayber, 1982; Ever i t t , 1983) . In general, p lants 

can t o l e r a t e a pH range of 4,0-8,0 (Arnon and Johnson, 1942) . 

However, high concentration of H"*" and OH" ions can be d i r ec t ly 

t ox ic and can also i nh ib i t the n u t r i e n t uptake in p l an t s . The 

increase in ac id i ty or a l k a l i n i t y from the normal can decrease 

t he fores t product iv i ty or a l t e r the regenerat ion pa t te rns 

(Lee and Weber, 198O; Raynal &t a l . , 1982; McColl and Johnson, 

1983) . The moisture a v a i l a b i l i t y of the medium can be a l imi­

t i n g factor for hydration of seeds which i s required to 

i n i t i a t e i n t r i c a t e and in ters locked biochemical processes essen­

t i a l for germination and growth (Kramer and Kozlowski, 1979; 

Ever i t t , 1983) . Cold soaking refer red to as s t r a t i f i c a t i o n 

(Rudolf, 1950; 1952) , influences the germination in many species 

(Rudolf, l952;Stone, ig57b;Foot^ l967;Bariiott» 197l;Biawa3 e t a l , , 

1972;Siaafiq,1979;Bevlngton and Hoyle> 1983) «. Different tempera-
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tu res are required, for the swelling f<nd. germination of the 

sjeds but the temperature ^ t which swelling takas pl?̂ C9 feas ^ 

f-re-^tr^r influence -r . the physiologicsl processes in the 

seedl ing (Ovchsrov, 1y69; J r r n e t t , 1980) . 

Li(::ht and temper-^ture Also play a great r o l e on 

sef^dling emergence under n-turp.l conditions (i^ozlowsKi and 

Gunn, 1972; Toole, 1973) . Under n^tur^l condit ions, l i gh t 

gaps control vegetat ion dynamics and establishment of many 

fores t t r e e s (Budowski, 1965; Burgess, 1968; Hartshorn, 1978; 

Denslow, 1980; '/^zques-Yanes, 19^3; Orians, 1982). The expo­

sure to l i gh t s t imulates seed germination in m^ny t rees 

(Jones, 196I; Toole ^ t a ^ . , 196I; Kamra, 1967, 1969; Sasakiand 

AsakaY,a,1974; Shukla and Ramakrishnan, 1981; Campbell, 1982) by 

increasing the growth poten t ia l of the embryo. vV ĥereas l i g h t 

in tens i ty has r e l a t i v e l y minor effects on germination, both 

day If^ngth and wave length often have pronounced effects 

(Kramer ^nd Koxlowski, 1979) . While the majority of t r e e seeds 

require 8-12 hr l i gh t for maxim.um and fa s t germination ^^Olscn 

_et a_l,, 1959; Jones, 1961; iiamra, 1969; Kramer and Kozlowski, 

1979) . Some others requi re long photoperiods of l6-2D hr • 

(Vaartaja, 1956; W'areing, 1956; Shukla and Ramakrishnan, 1981) . 

Seeds of many species germinate equally well over a 

wide range of temperature ( Cr i tchf ie ld , 1957; Ackerman and 

Farrar , 1965; Kaufman and Sckard, 1977) . Seeds of cer ta in 
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species require constant temperature (iHcLeniore, 1966, 1969; 

Farmer and Bonner, 1967; Barnet t , 1977, 1979; Boojli and 

Ramakrishnpn, I98la, I98lb, 1982; Youslieng and Sz ik la i , 1985) 

for be t t e r germination and growth. On the other hand, 

acce le ra t ion in germination was reported in some cases by 

diurnal thermo-periodici ty (Hatano ^nd Asakawa, 1964; Dunlap 

and Barnet t , 1982; V^azquez-Yanss and Orozco-Segovia, 1982) . 

Besides environmental factors , grov^th regulators 

have also been impltc-ted to promote seed germination and 

growth performance in a number of species (Sankhla and Sankhla, 

1968; Ovcharov, 1969; Khan, 1977; Thomas, 1981; Mehanna _et £ l . , 

1985) . JDuring the storage of se?ds, the reduction in quanti ty 

of hormones and vitamins or accumulation of growth inhibi tory 

subst ances have been reported. The appl ica t ion of growth 

st imulatory substances antagonize the i?ffect of growth inh ib i ­

tory substances and also in tens i fy the mstabolism during 

germination (Ovcharov, 1969; Khan, 1977; Lewak, 1984) , In 

commercial crop production, where high yie lds and uniform 

produce are two main considerat ions, slow and v.^riable seed­

l ings can be a major problem (Dunlap and Barnet t , 198^ , Rapid 

uniform and complete germination are p re - requ i s i t e s for 

achieving good plant populations from the seeds. The use of 

regulatory compounds to improve seedling performance has 

become more r e a l i s t i c p o s s i b i l i t y as our understanding of the 

hormonal control of metabolic processes has increased. 
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Materials ^nd Methods 

Seeds of P. kesiya and Ŝ , kliasiana s tored in sealed 

p l a s t i c bags a t 3-5°C were used for the present study. Surface 

s t e r i l i z e d P. kesiya and _§. khasiana seeds were placed in 

pe t r id ishes ( a s described in chapter 13) and germinated a t 

25+2.^0 and 2D^1°C, respect ively , unless indicated otherwise. 

Each se t of treatment consisted of four r e p l i c a t e s and 

experiments were performed twice. The seed germination and 

seedling growth (on 2Dth day) were measured as given in 

chapter I I . The days to peak value was calcula ted following 

Campbell and Sorensen (1979). S t a t i s t i c a l analyses were 

performed wherever necessary (Snedecor, 1961) . 

For effects of pH and water s t r e s s , the unimbibed seeds 

were supplied with 2.0 ml of appropriate experimental so lu t ions . 

These were drained off from the pet r id ishes and replaced with 

fresh solut ions a t 2-day intervals 

( i ) £K 

The pH of d i s t i l l e d water was adjusted e i the r with 

0 .1 N HCl or 0.1 Î  NaOH solu t ion . 

£• ^^esiya seeds were supplied with ac id ic water 

(pi! 4 . 8 - 6 . 8 ) . 

5» khpsiana seeds were supplied with ac id ic and 

a lka l ine 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. 

( i i ) Water s t r e s s 

Abater s t r e s s was created with e i the r sucrose or poly­

ethylene glycol, 6000 (t-HJ) following the methods of Bonner 

( 1968) or Michel and Kaufman ( 1973) , respec t ive ly , 

£• iS§2iX2. '̂ •seds were subj(-»ct-5d to water po ten t i a l from 

0 to -15,0 bars created with sucrose and germinated a t 25 lux 

for 16 hr day. 

%.* kj^i^siana seeds were subjected to d i f fe ren t water 

po ten t i a l s from 0 to -5.0 bars created with e i the r sucrose or 

PEG and germinated in dark, 

( i i i ) Imbibition 

Both P, kesiya and S, khasiana seeds were soaked in 

d i s t i l l e d water a t d i f ferent temperatures (5,15,25 and 35*'0) 

for 24 hr. In addit ion, P. kesiya and S, khasjana seeds were 

imbibed for O-96 hr a t 5°C and 0-24 hr a t 15°C, respec t ive ly . 

For d i f fe ren t inves t iga t ions , P. kesiya and S, kha.siana 

seeds were allowed to imbibe in dark a t 5°C for 24 hr and 15"C 

for 6 hr, respec t ive ly , 

(iv) Light 

The mixed l i gh t of 4,000 lux was obtained by using two 



35 

f l u o r e s c e n t cool day lp.mps (40 vO «nd t h r e e incandescent 

bulbs (100 vO . Ttie d i f f e r e n t i n t e n s i t i e s of l i g h t were 

o b t a i n e d in a c losed box a t 30° base wi th a wide opening a t 

ano the r end (Varma and Tandon, 1984b) . 

The seeds of bo th t h e s p e c i e s germinated in dark, were 

used as c o n t r o l s for the fo l lowing s t u d i e s : 

Fho^to^p^erio^d 

F, kes iya pnd S_. khasiana seeds were germinated under 

8-aO hr and 6-24 hr photo per iod, r e s p e c t i v e l y , 

Lifiht i n t e n s i t y 

£• kesiya seeds were germinated a t 1-10 lux l i g h t of 

16 hr day l e n g t h . 

•§• kha.siana seeds were germinated a t d i f f e r e n t l i g h t 

i n t e n s i t i e s of 1 ,5 ,10,25,50,100 f^nd 2,000 lux for 8 hr day 

l e n g t h . 

Wavelength 

Red l i g h t was o b t a i n e d by f i l t e r i n g t h e mixed l i g h t 

w i th four l a y e r s of red ce l lophane and f a r - r e d by f i l t e r i n g 

through t h r e e l a y e r s of b l u e and one l a y e r of r ed ce l lophane 

fo l lowing t h e procedure of Nyman ( 1961) . 

P . kes iya seeds were i r r a d i a t e d for 10 min wi th red 

and 20 min vjith f a r - r e d l i g h t and germinated in dark. 
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(v) Temperature 

P, keslya seeds were germinsted in dark a t constant 

(15,20,25,30 and 35°Ci) and diurnal (20/15, 25/ l5, 30/ l5 , 35/l5, 

30/20, '^/2D, and 35/25°C) temperatures. For diurnal tempera­

ture , the higher temperature treatment was given for l6 hr a t 

3 lux l i gh t and lower for 8 hr in dark. 

S. khasiana seeds were germinated a t various constant 

temperatures (10, 15, 20 and 25° C) in dark and a t diurnal 

temperatures (15/20, 20/l0, 25/10 and 25/l5*'C) ; higher tempera­

tu r e being provided with 25 lux of l i g h t for 8 hr followed by 

dark, 

(vi) Gro-wth Regulators 

The influence of growth regul^.tors was studied on 

one-year-s tored seeds a t laboratory temperature, 

£• ^es^y^ seeds were soaked in lAA (1-100 mg/1), 

2,4-D (10-200 rag/1), GA (10-250 mg/l) , F.AP (.0.5-10 mg/l) and 

AA (1-100 mg/1) so lu t ions , 

il* l^hasiana seeds were soaked in LAA (1-100 mg/1), 

2,4-D (10-100 mg/1), GA (1-100 mg/1), FAP (0.05-1.0 mg/1) and 

AA ( 1-50 mg/1) . 

After soaking, the seeds were thoroughly washed 4-5 

times with s t e r i l i z e d d i s t i l l e d water and germinated under 3 

lux l i gh t for l6 hr and 25 lux for 8 hr day length in F. kesiya 

and S. khasiana, respec t ive ly . 
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Results 

P, kesiya : Maximum percentage germination was recorded 

a t pH 4.8 (Table 3.1) » However, early germination resu l ted a t 

pH 6.0 and 6.4, The growth of seedling in a l l the treatments 

was less as compared to control , though i t was s t a t i s t i c a l l y 

ins ign i f i can t (Fig, 3 .1) . 

S, khasiana : The e a r l i e r and be t t e r germination was 

recorded in s l i g h t l y ac idic to neut ra l pH ;̂ ( 6.4-7.2) treatments 

(Table 3 .1) . The higher elongation and dry weight were 

recorded in mildly ac id ic pH (6.0-6,8) (sPig, 3 .2) , 

( ii) VJater s t r e s s 

P, kesiya : As comp-.red to control, a water potent ia l of 

-2 .5 bars r e su l t ed in maximiom germination (Table 3.2) and 

seedling growth (Fig, 3 .3) . Increase in water po ten t ia l above 

t h i s value decreased both germination and growth. The complete 

inh ib i t ion of growth was recorded a t -10,0 and -15.0 bars 

water po ten t i a l , 

5» tchasiana : The germination percentage was s ign i f i can t ­

ly inhibi ted ( p ^ , 0 5 ) above -1 ,0 bar water p o t e n t i a l . The 

e a r l i e r germination was recorded a t both -0 ,1 and -0 ,5 bars 

(Table 3 .3) . '//ith increase in osmotic po ten t i a l created with 

PJSG, shoot and r ad ic l e growth were reduced compared to control . 



Table 3.1 : E f f ec t of pH on seed germin.-tion in Pinus kes iya 
^'nd '^chima khasifina 

pH 

Flnus kes iya 

7.0 (Control) 
4 .8 

5I2 
5-6 
6.0 
6.4 

6 ,8 

L.S.D. (p=0.05) 

Germinat ion 

79.25 
90.30 
84.10 
82.20 
80.10 
80.50 
80.50 
11,80 

Germinat ion r a t e 
{.i ssv^d day-l) 

21.7D j ; 5.80 
^ . 5 0 + 5.00 
40.10 > 2.60 
41.20 f 4.60 
41,60 + 7.00 
43.23 ^ 6.35 
38.80 *- 6.00 

Days to 
peak 
va l^'e 

3.30 

2.50. 

2.50 

2.20 

2.00 

2.00 

2.aD 

Schima khas iana 

7,0 (Control ) 
4 . 8 

5 .2 
5 .6 

6.0 
6 .4 
6 .8 

7 .2 
7.6 

s.o 
L.S.D. (p=0.05) 

37.20 
26,90 
26.90 
31.20 
31.20 
36.30 
37.20 
37.20 
24.30 
20.60 
9.40 

56.80 

10. 2D 

16.40 

18.50 

21.60 

42.30 

57.10 

56.73 

11,00 

9.30 

j^ l7 .10 

± 3 . 7 0 

i 3.00 

S 3.10 

j ; ^• ' 'o 
•10.30 

+17.30 

±16.80 

i 6,50 

f 3.70 

1.20 

6.10 

5.00 

4.70 

3.00 

1.80 

1.20 

i . ao 
3.60 
3.60 

S.E. 



Fig. 3.1 : Effect of pH on length ox hypocotyl (0 ) , 

r ad ic l e ( ^ ) , cotyledon ( O ) ?ind biomass 

of hypocotyl (,t), rad ic lo ( * ) , cotyledon 

( • ) , Bhoot (x) and seedling (•) of 

Pinus kesiya. Ver t ica l bars (L.S.D, p=0.05). 
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Fig, 3 ,2 : Ef fec t of pH on l eng th of hypocotyl (0) 

And r a d i c l e ( /S) , cotyledon expansion 

( © ) ?ind biomass of hypocotyl ( x ) , 

r a d i c l e ( * ) , coty ledon ( 4 i ) , shoot (#) 

and s e e d l i n g ( # ) of S^hima khas lana . 

V e r t i c a l )|ars ( L . S . D. p=0.05) . 
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TToLe : v.2 : ilffect ox water stress c. \ sdod germination 
in Pinus kesi^a 

Days to 
'.^ater potential Germination Germination rate JLZir 

(-bar) (?0 {)i seed day-^) ^̂ f̂ ,̂  valae 

0 (Control ) 
2.50 

3.75 
5.00 

10.00 
15.00 
L.S .D. (p-0, .05) 

90.00 
95.00 
79.10 

79.10 
15.80 
5.50 

21.70 

35.50 + 3.90 
31.60 j ^ 1.85 

29.00 J: 1.65 
30.90 i- 1.80 

16.80 j : 2.45 
8.50 r 0 .35 

2.60 
1.60 
3.A0 
4.80 

5.20 

11.75 

+ S.E, 



Fig. 3.3 : Effect of water s t r e s s on length of tiypocotyl 

(0) , r ad ic le ( ^ ) , cotyledon ( Ĉ ) and biomass 

of hypocotyle ( t ) , r ad ic l e ( A) , cotyledon 

( • ) , shoot (x) and seedling ( • ) in Pinus 

kesiya. Ver t ica le bars (L.S.D. p=0.05) . 
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In contras t , using sucrose as pn osmoticum, s ign i f i can t 

increase in shoot, hypocotyl, cotyledon and seedling dry 

weight -was recorded a t - 0 ,1 bar of vmter po t en t i a l (Fig , 3 .^ ) . 

However, r ad i c l e and shoot elongation as well as r ad i c l e dry 

weight decreased s l i g h t l y . Growth of root and shoot were 

completely inhibi ted a t higher water po ten t ia l s induced with 

PEG or sucrose. 

( i i i ) Imbibition 

£• Kesiya : Tha seeds tmbilJed a t 3° C showed be t t e r 

germination percentage and r a t e as compared to control and 

seeds imbibed a t higher temperature (Table 3 .4) , The imbibi­

t i o n of seeds a t 5*0 also resu l ted in maximum length of 

seedl ing pa r t s and t h e i r biomass (Fig, 3 .5) . Imbibition for 

various periods a t 5*0 also indicated t h a t 24 hr durat ion was 

optimum for germination percentage and r a t e as well as 

e a r l i e s t days of peak value (Table 3.5) . However, the growth 

of seedling par t s was almost equal in seeds imbibed for 12 and 

24 hr a t 5°C except r ad i c l e length (Fig , 3 .6) . 

^» ^^hasiana : Seeds soaked in d i s t i l l e d water a t various 

temperatures did not show any s ign i f i can t increase in seed 

germination and r a t e (Table 3.4) , On the other hand, soaking 

of seeds a t 35"C was inh ib i to ry . The e a r l i e r and higher germi­

nat ion of about 48;^ (pC0.05) was recorded in seeds imbibed 

for 6 hr a t 15*'C (Table 3 .5) . An iji/blbition temperature of 15^0 



Fig. 3.4 : Effect of water s t r e s s (Sucrose, . . . ; PBG, 

•) on Length of tiypocotyl (0) and rad ic le 

( A ) , cotyledon expansion ( O ) and biomass 

.of hypocotyl (x ) , r ad ic le ( * ) , cotyledon 

( • ) , shoot (•) and seedling ( # ) of 

Schima khasiana. Ver t ica l bars (L.S. D. 

P=0.05) . 
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Tpble 3,4 : Ef fec t of i r ab ib i t ion temperflturep on seed 
germina t ion in Pinus kes iya p.nd Schima kiiasiana 

• ^ 

Temperature 

P inus kes ijya 

Co n t ro 1 
5 

15 
25 
35 
L .S .D. (p=0.05) 

Schima khasiana 

Contro l 
5 

15 

Z5 
35 
L.S.D. (P--O.05) 

Germination 

57.00 
92.73 

85.15 
75.90 
71.00 

9.75 

38.50 
40.AO 

42.30 
42.30 

21.15 
13.40 

Germination r a t e 
{/o seed day~1) 

21.73 
, 54. 10 

43.00 
33.20 
21,73 

34.73 
33.10 
35.60 

32.80 
18.30 

J: 5.80 
± 4.35 
i 9.35 
± 1.50 
J: 5.80 

j : 6.30 
j : i o . 15 

1 8.50 
± 8.80 

J: ^ ' l o 

Jays to 
peak 
va lue 

3.30 
1.75 
1.80 
3.00 
3.30 

2.35 
2.10 
2.00 

2.15 
4.15 



Fig. 3.5 : Effect of imbibition of Pinus kesiya seeds 

a t d i f ferent temperatures on Length of 

liypocotyL (0 ) , rad ic le ( <̂ ) , cotyledon 

(O) and biomass of hypocotyl ( f ) , r ad ic l e 

( * ) , cotyledon ( • ) , shoot (x) and seedling 

( # ) , C = control , v e r t i c a l e bars (L.S.D. 

pO.05) . 
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Table 3.5 : Effect of imbibition period on seed germination in 

Finus kesiya and Schima khasiana 

I m b i b i t i o n 
Pe r iod (lir) 

F inus kes iya 

0 (Control) 
6 

12 

24-^ 
48 

96 

Germin- t ion 

57.00 

89.10 
91.70 
92 . 7D 

87.10 

60.25 

Germinat ion r a t e 
{/o seed day-l ) 

21.73 + 5.80 

43.30 i 6.00 
46.00 _> 6.60 

54.10 j^ 4 .55 

29.50 j : 1.35 
20.00 r 2,70 

Days to peak 
v a l u e 

3.30 
2.00 

1.90 

1.75 
3.30 
4.40 

L.S.D. (p=0.05) 11.80 

Schima khasiana 

0 (Control) 

3 
6 

12 

24 

L.S.D. (p=O,05) 

38.50 
38.50 

48.70 
44.40 
42.30 

6.30 

34.73 i 6.30 
34.73 i 8,80 

42.10 +11.75 
39.60 +10.50 

35.60 ^ 8.50 

2.35 

2.15 

1.73 

1,80 

2.10 

S.£. 



Fig. 3.6 : iiffect of imbibition of Finus kesiya a t 

5°C for d i f fe ren t periods on length 9f 

hypocotyl (0 ) , r ad ic le ( <̂ ) , cotyledon ( Q) 

and bioraass of hypocotyl (f) , r ad ic l e ( A) , 

cotyledon ( • ) , shoot (x) and seedling ( • ) . 

Ver t ica l bars (L.S.D. p=0.05) , 
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(Fig . 3.7) for 6 iir (Fig, 3.8) was found optimum for seedling 

growth. 

(iv) Light 

Photo period 

£• tcesiya : Amongst d i f ferent photo periods, 16 hr 

durat ion was found optimum for germination (Table 3.6); length 

and biomass of seedling par ts (Fig . 3 .9) . 

^« ^^hasiana : The germingtion increased s ign i f i can t ­

ly Cp*0.a5) with 8-10 hr photoperiods (Table 3-6) as comparv^d 

to seed"^ germinated i.'i dark, riov^ever, with higher photo-

periods the germin?<tion decreased. The cotyledon expansio^; 

and dry weight of seedling parts were higher a t 8-10 hr 

photoperiods, while shoot elongation v^s found maximum in d'-irk. 

(F ig . 3.10) . 

Light inten'=;ity 

P. kesiyg *. The l i gh t in tens i ty fro u 1-10 lux 

resu l t ed in b-?tter germingtion as coinpared to dark, A 3.0 lux 

l i g h t requirem-.nt was found optimum for f^st germination 

(Table 3 .7) . Th«» 1--ngth and bitmaps of seedling were also 

maximum a t t h i s l igh t in tens i ty (Fig. 3.11). 

S* khasiana - A l i g h t t f 25 lux resultefl in maximum 

germination percentage and r a t e and PISQ reduced the days to 

pe'='k VF-lue (Table 3.7) which decreased subsequ.=»ntly a t higher 



Fig. 3. 7 : Effect of imbibition of Schima khasiana 

seeds at different temperatures on length 

of tiypocotyl (0) and radicle ( ̂ ) , cotyle­

don expansion (Q) and biomass of hypocotyl 

(x), radicle ( A ) , cotyledon (•), shoot (•) 

and seedling (#), C = control, vertical 

bars (L.S.D. p=0.05) . 
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Fig, 3.8 s Effect of imbibition of Schima khasiana a t 

15°C for d i f ferent periods on length of 

hypocotyL (0) and rad ic le ( ^ ) , cotyledon 

expansion (Q) and biomass of hypocotyl (x ) , 

r ad ic le ( A ) , cotyledon ( • ) , shoot ( t ) and 

seedling ( • ) . Ver t ica le bars (L.S.D, p=0.05) . 
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Table 3 

Durst io 
l i g h t 
(hr) 

P inus k 
Dark 

8 

12 

14 

16 

18 

20 

L.S.D. 

Schima 

Dark 
6 

8 

10 

12 

16 

24 

Li • 0 » Dm 

>.6 : 

n of 

:es iya 

E f fec t of photo pe r iod on seed, j^ermination in 
F inns kesiya and Schima khas iana 

Germination Germination r a t e 
(/O { 4i seed day^l) 

(p=0.05) 

khas iana 

(p=0.05) 

62.75 23.40 J: 3.60 
68.75 31.40 r 4 .05 

MM* 

69.10 46.00 j : 7.85 
71.10 53.10 + 6.05 
91.70 57.90 +,12.80 

72.7D 53.10 +13.85 
68.75 47.40 + 5.15 
10.65 

47*50 31.30 j : 3.10 

57.50 42.00 J: 6.40 
67.50 56.50 j ;12. 30 
65»O0 56.10 j;11,6o 

55.00 33.80 J: 4 .25 

52.50 33.30 J: 3.90 
55.00 31.70 ^ 3.50 
11.40 

Days to peak 
va lue 

3.70 
2.90 
1,80 
1.70 

1.35 
1.35 
1.90 

3.00 
2.10 
1.40 
1.40 

2,60 
2.70 
2.90 

S.E. 



Fig. 3.9 : Photoperiodic effact on length of hypocotyl 

(0) , r ad ic l e ( ^ ) , cotyledon ( O ) and biomaas 

01 hypocotyl ( • ) , r ad ic le ( *) , cotyledon 

( • ) , shoot (x) and seedling ( • ) of Pinus 

kesiya. D = dark. Ver t ica l bars (L.S.D. p=O.05) 
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Fig. 3» 10 : Photoperiodic effect on length of hypocotyl 

(0) and r ad i c l e ( A ) , cotyledon expansion 

(O) and biomass of hypocotyl (x ) , r ad ic l e 

( 4 ) , cotyledon ( ' i l ) , shoot (•) and seedling 

( # ) of Schima khasiana. D = dprk. Ver t i ca l 

bars (L.S.D. pO,05) . 
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Table 3.7 : Influence of l i g h t in tens i ty on seed germination 

^^ Pi"-'^s k:--̂ siyâ  and Scliima khasiana 

L igh t 
s i t y ( 

P inus 

Dark 
1 

2 

3 ^ 

5 

10 

L.S.D. 

Schimf* 

Dark 
1 

5 

10 

25 

50 

100 

L.S.D. 

i n t e n -
lux) 

kes iya 

(p=0.05) 

khas iana 

(p=O.05) 

Germinat ion 

62.75 
91.7D 
91.7D 
91.*;^ 
91.7D 
91.40 

8.75 

47.50 
47.50 
50.00 
50.00 
65.00 
60.00 
50.00 

6.7D 

Germinat ion r a t e 
i/o seed day""!) 

23.40 

31.5D 
36.50 

53.20 
48.00 
42.50 

31.30 
31.40 
36.50 
54.10 
57.90 
53.10 

43.30 

t ^*^ 
+ 3.10 

S 2.60 
+• 5.10 
+ 5.60 
+ 0.60 

J: 3.10 
.- 4.10 
_r 2.60 

1 4.40 
+12.80 

Z. ^ ' lO 
h 6.00 

Days to 
peak 

v a l u e 

3*73 
3.00 

2.65 
1.75 
1.90 

2.35 

3.00 
2.90 
2.60 

1.80 

1.30 
1.70 

2.00 

s.s. 



Fig , 3f11 : Ef fec t of Light i n t e n s i t y on Length of 

liypocotyL ( 0 ) , redicLe C-^)? cotyLedon 

( Q) and biomass of hypocotyi (•) , 

r a d i c l e ( • ) , cotyLedon ( • ) , shoot (x) 

and seedLing ( • ) of P.inus kesiya^ 

D a dark. Ver t i caL bars (L .S .D. p=O,05) . 
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AO 

l igi i t i n t e n s i t i e s ; There fwas a concofflitant increase in 

cotyl-don expansion and seedling dry weight with increase in 

Light intenPit i^R. Oonv^rseLy snoot elongation was found to 

declin-^ upto 25 lux arid subsequ.^i^tLy no change was not iceable 

(Fig. 3.12) . 

','avelength 

£• K,e'='>ya : The red l igh t i r r a d i a t i o n cf seeds 

resu l ted in high-r g-=rtnination, r a t e and seedling growth and 

r-^duc^d the days to peak value as co.npared to control (Table 

3.8 Pad Fig. 3.13). The far - red irradia-cion of seeds 

reversed th - st i .nul-tory effect of red l i g h t . 

>. ^^' Temperature 

£• ^gpJLya : Th«= effect of constant temperature 

sho -ed th-.t ger i i in ' t ion and seedling growt > increased upto 

25°C which subsequently decreased by increasing the tempera­

tu r e (Taiale 3.9) » On th^ ocher hand, thr? diurnal temperature 

of 23/l5°C resu l ted i.n maximum germination. The diurnal 

tejnmoperiodicity of 33/20°C was optimum for I'^rigth and biomass 

of seedling parts (Fig . 3. l4) , A s l i g h t increase in growth was 

also noticed •̂ 't 25/l5°C temperature, 

S, khasiana : The optimum and e a r l i e s t germination 

were recorded -̂ t 20/10* C amongst the various constant f̂ .nd 



Fig . 3.12 : Ef fec t of l i g h t i n t e n s i t y on l e n g t h of 

hypocotyl (G) and r?^dicle { ^)» c o t y l e ­

don expansion ( Q ) and biom?iss of hypo­

co ty l ( x ) , r a d i c l e ( A ) , co ty ledon ( # ) , 

shoot ( t ) and s e e d l i n g ( • ) of Schima 

khasiana. D = dark. V e r t i c a l bars 

(L.SoD. p=0.05) . 
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Table 3.8 : Ef fec t of r ed rind f a r - r ^ d r a d i a t i o n on seed 
gerrain;^tioa in Finus kes iya 

Treatment Germin=ition Germin- t ion r ^ t e 
(;o seed day~1) 

bayp to 
peak 
VoLue 

Dark 
R 
F 

R/F 

R/F/R 

R/F/R/F 

L.S.D. (,p=0.05) 

62.75 
86.15 
68.80 
68.80 
86.15 
69.10 
12.15 

R = Red; F = F a r - r e d 
+ S.E. 

2 3 . ^ ± 3.60 

43.00 + 9 . 3 5 

28.10 J : 3.30 

31.AO j ; 4.10 

43.00 i 9-35 

31.40 + 4.10 

3.7D 

1.80 

3.25 

2.85 

1.80 

2.65 



Fig, 3.13 ; Response of Pinus kesiya seeds to red and 

far - red rad ia t ions on length of hypocotyl 

(0) , r ad ic le ( ^ ) , cotyledon (O) and 

biomass of hypocotyl ( • ) , r ad i c l e ( A ) , 

cotyledon ( • ) , shoot (x) and seedling (•).# 

D = dark. Ver t i ca l bars (L.S.D. p=O,05) . 
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Table 3.9 : E f f ec t of t empera ture on seed germina t ion in 
F inus kesiya 

Temperflture Germinat ion Germination r^ite 
i/o seed dsy"'') 

Days to pask 
va lue 

15 
20 

25 
30 

35 

20/15 
25/15 
30/15 
35/15 
30/23 
35/23 

35/25 
L.S.D. (p=0.05) 10.80 

76.85 
86.15 
9 0 . 0 0 

72.60 

62.75 
88.90 
73.90 
69.00 
85.80 

73.35 

83.15 
78.75 

14.20 
2D.80 
30.30 
20.90 
11.80 

25.73 
23.50 
27.23 
25.50 
20.40 
25.50 
26,70 

-I- 1.00 

V 1 .60 

1 3.85 
+ 4.15 
J: 2.65 
+ 3.80 
^ 2.60 

-1- 4 .35 
i 3.20 
->- 0.7D 
+ 4,00 
+ 5.10 

6.90 
4.50 
3.00 
3.80 
6.50 

3 . ^ 
4.40 

3.15 
3.50 

4.85 
3.V0 
3.00 

+ S.E. 



Fig. 3» 14 : Effect of temperature on lengtli of hypocotyl 

(0 ) , m d i c l e ( £^) f cotyledon ( Q ) and biomass 

of hypocotyl ( t ) , r ad ic le ( ^ ) , cotyledon 

( • ) , shoot (x) and seedling ( • ) of Pinus 

kesiya. Ver t i ca l bars (L.S.D. p=0,05) • 
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d i u r n a l t emvera ture tre^tnif^ntp (T=»bLe 3 .10) . Ho-, ever, tlie 

m.̂ ximum growth was recorded a t 25/ l5°C ( F i g . 3.13) which was 

h igher than opttrBum te iapera ture for seed g--^rmination. 

(vi ) Growth Regulp-tors 

£• ^eg^y^ ' A l l the c o n c e n t r a t i o n s of growth r e g u l a ­

t o r s used, promoted germinat ion of P . kes iya s eeds . Seeds 

t r e a t e d wich lAA (25 mg/l) , GA (,130-200 mg/1) , FAB ^^ mg/1) , 

AA (25-50 mg/1) showed b e t t e r g e r a i n - ' t i o n percentage , r a t e and 

a l s o Lower days to p-ak; va lue as compared to o n t r o L. On t h e 

o t h e r hand, 2,4-D t r e a t m e n t r e s u l t e d in b e t t e r germin- ' t ion per-

cexitage and r a t e a t TOO mg/1 and 25 mg/1 c o n c e n t r a t i o n s , 

r e s p e c t i v e l y (Table 3 . 1 1 ) . There was a decrease in germinat ion 

with gro^oith r e g u l a t o r treatm-.-nts beyond t h e a f o r e s a i d concen­

t r a t i o n s . Amongst t h e d i f f e r e n t growth regul'-^toi-s used, GA 

showBd maximum germina t ion pp'rcentage, r a t e and l e a s t d a y to 

peak v a l u e . Comparative s tudy of v a r i o u s grovrfch r e g u l y t o r s on 

seedl iHg growth, r e v e a l e d t h a t GA and AA showed hxgher r a d i c l e 

and shoot e longa t ions whereas h igher cotyledon growth was 

n» ted in FAP and AA t r e a t m - n t s ( F i g . 3 . l6) . iAfith 2,4-D 

t r ea tmen t , abnormal s e e d l i n g s were produced having reduced 

r a d i c l e . The dry weight cf s e e d l i n g p a r t s was maximum in GA 

t r e a t e d s eeds , 

S. khas iana : D i f f e r en t c o n c e n t r a t i o n s of growth 

r e g u l a t o r t r e a tmen t s s t i m u l a t e d ge rmina t ion in t h i s s p e c i e s . 



Table 3.10 : Ef fec t of temperatxire on seed germina t ion i n 
l?chima khaslana 

n "• 

Temperature Germination Germination rate Days to peak 
CC!) (̂  iA seed dar^) "̂ ^̂ ^̂  

I III • • I II » • •! II I I — » — — « • » — turn l « « » « < l — M III | l W » » W i ^ | > l » « » M M » » « - W » l » « « » « » » « » | i * J M M « l ^ i * i » * > « » | M — — » i » » « , 

10 

15 
20 

25 
15/10 

20/10 
25/10 

25/15 

L.S.D. (p=0.05) 6.7D 

0 
50.00 

47.50 

37.50 

52.50 

55.00 

42.50 

35-00 

0 
29.90 + 4.50 

54.10 i 5.60 

33.40 + 3.90 

25.80 + 1.40 

38.00 + 8.90 

33.80 + 4.75 

34.70 + 6 . 3 0 

0 

3.7D 

2,50 

2.7D 

3.̂ 80 

2,00 

2.7D 

2.40 

S.E. 



Fig, 3.15 : Effect of temperature on length of hypocotyl 

(0) and r ad i c l e ( A ) , cotyledon expansion 

( a ) and bioraass of hypocotyl ( x ) , r ad ic le 

( A ) , cotyledon ( • ) , shoot (f) and seedling 

( # ) of Schima khasiana. Ver t i ca l bars 

(L.S.D. p=0.05). 
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Table 3* 11 : Ef fec t of lAA, 2,4-D, GA, FAP and AA on seed 

ge rmina t ion in P inus kes iya 

Treatment 
( c o n c e n t r a ­

t i o n mg/l) 

Contro l 
lAA 

1 

10 

25 
50 

100 

2,4-D 
10 
25 
50 

100 
200 

GA 
10 
25 
50 

100 
150 
200 

250 

FAP 
0 . 5 
1.0 

5.0 
10.0 

AA 
1 

10 

25 
50 

100 

Germination 

75,00 

75.00 

75.00 
88.50 

86.25 
86.25 

75.00 
75.00 
83.50 
92.50 
88.80 

81.50 
81.50 

81.50 
82.50 

95.25 
97.50 
94,00 

87.50 
93.50 

73.50 
71.00 

75.00 
81.50 
95.00 
90.00 
81.50 

4 4,80 

i 4.60 
+ 6. TO 

+ 5.2D* 
+ 6.00 
+ 5.20 

+ 5.00 
J; 2.25 
+ 3.25 
+ 3.A0* 
+ 5.90 

+ 5.00 
+ 4.20 

+ 4.23 

+ 8^75* 
+ 2.70* 

+ 2.50* 
+ 5.2D* 

+ 2.75 
+ 2.75* 
+ 6.50 

+ 2.25 

+ 3.4D 
i 4.00 

+ 4 . 3 0 " 
+ 3.00* 
+ 5.00 

Germination r a t e 
{){> seed da j r l ) 

21,30 X 

30,80 1 
32,10 i 
33,90 i 
27,10 + 
26,60 ± 

28.30 + 
4 3 . 2D + 
37.70 + 
33.50 + 
35.10 i 

35.10 + 
35.30 + 
^ . 0 0 + 
44,50 + 
54.50 + 
53,50 + 
48.50 + 

34.50 + 
43.90 + 

43.90 + 
37.10 + 

34.50 ± 
41.80 + 
48.00 + 

47.90 + 
35.80 + 

2,X 

1,60 
4,00 
4 , 2D* 
1,80 
0 ,60 

6j50 
8,30* 
3*50* 

3*aD 
1.50 

1.50 
4.60 

5 .60* 
2 ,25* 

2,50* 
3.20* 
5.00* 

1.25 
4 .20* 
5.2D* 

4.25 

1.50 

2.75* 
9 .00* 

6.00* 
1.4D 

Days to peak 
va lue 

4.35 

4,10 

3,80 
3,75 
5,50 
5.80 

5 , ^ 
3»aD 
3,90 
4.60 
5.00 

4.00 
2.50 

2.25 
2,20 
1,80 
1,80 

2.00 

4.00 
1.90 
2.00 
2.50 

4.00 
3.00 
2.00 

2.25 
3.80 

S.E. 
* S i g n i f i c a n t a t p ^ 0 ,05 l e v e l . 



Fig . 3. 16 ; Ef fec t of seed t r ea tmen t witn growth 

r e g u l a t o r s on sef^dling growth of 

Pinus kes iya and Schlma khasiana . 

C = con t ro l , (1) lAA, (2) 2,4-D, 

(3) GA, (4) FAF and (5) AA. 
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T?^ble 3.12 : Ef fec t of lAA, 2,4-D, GA, FAF and A A on seed 

germins ' t ion in Schima khasiana 

/'^?^^'^S+„^ Germinat ion Germinat ion r a t e Days to peak 

Control 
lAA 

1 

10 

25 

50 

100 

2 , 4 - D 

10 

25 

50 

100 

GA 

1 

10 

25 

50 

100 

FAP 

0 . 0 5 

0 . 1 0 

0 . 5 0 

1.00 

AA 

1 

10 

25 

50 

25.00 

25i00 

36 .23 

29 .10 

25.00 

25,00 

25.00 

30 .00 

24 .50 

22.00 

25.00 

25.00 

33 .10 

24.50 

24,50 

36.50 

45 .00 

38 .00 

36 .50 

30.00 

33.50 

25 ,00 

25 .00 

+ 

+_ 

^ 

+̂  

1. 
+ 

+ 

+^ 

+_ 
/_ 

> 

jf 

i 
jf 

f 

+ 

_+ 
- j -

+ 

1-

+^ 

^ 

t-

4 . TO 

4 . 4 0 

2 . 0 0 * 

3 .25 

3 .25 

3.80 

3.90 

5 . 4 0 * 

5.aD 

5 . 2 3 

3 .25 

3 .25 

3 . 8 0 * 

3 .80 

3.80 

2.-33* 

2 . 4 0 * 

3 . 25* 

1.50* 

3 . 8 0 * 

5 . 0 0 * 

3 .25 

2 .00 

16.80 

16.80 

18.90 

15.30 

13.00 

13.00 

18.20 

21 .60 

14.30 

13.50 

19.60 

23 .23 

26 .23 

19.60 

16.7D 

30 .60 

37 .60 

29 .50 

22 .00 

20 .70 

29 .23 

21 .60 

18.30 

jH 

+^ 

+; 

_+ 

+_ 

^ 

^ 

^ 

^ 

_+ 

i. 
r 

Jh 

+; 

^ 

^ 

^ 

J; 
_+ 

^ 

j^ 

+_ 

+̂  

2.10 

2 .25 

2 . 2 5 * 

1.85 

3 .25 

3 .25 

4 . 6 0 

3 . 9 0 * 

3 .25 

1.00 

2 . 2 5 

3 . 1 0 * 

2 . 2 5 * 

2 .10 

1.50 

3 . 0 0 * 

4.10'^-

3 . 1 0 * 

2 .00 

2 .20 

3.10 

3.40 

I.TO 

5 . 3 5 

5 ,30 

4 . 8 0 

5 .90 

7.70 

7.70 

4 . 0 0 

3 .95 

5 .33 

7.10 

4 . 5 5 

3.80 

3.60 

4 . 7 0 

5 . 6 5 

3.10 

2 . 4 5 

3.10 

4 . 2 5 

4 . 4 5 

3 .15 

3 .95 

5 .10 

+ S.E. 
* Significant at p^0.05 level. 
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Treatment ox' seed'=! wi th IAA ( 10 mg/I) , 2,4-D (25 mg/l) , GA 

(25 mtVl) , î AF ( 0 , 1 mg/i) p̂ nd AA (,10 mg/L) r e s u l t e d in hij-.her 

germina t ion pe rcen tage , r a t e f̂ nd lov^er days to p'='=ik va lue ap 

compared to c o n t r o l ( T a b l ° 3.12'>. A dec rease was n o t i c e d in 

germin--tion beyond th^ a f o r e s a i d concentrp- t ions . Amongst 

d i f f e r e n t growth regulator-^', FAP t r ea tmen t e x h i b i t e d maxiiLUui 

germinat ion ana r a t e and L^ast days to peaK. v a l u e . FAP and AA 

t r e a t m e n t s r e s u l t e d in maximum cotyledon expansion and r a d i c l e 

elon<;';ation, r e s p e c t i v e l y , tlowever, higher shoot e longa t ion was 

obR'=rved in GA and FAF t r e a t m e n t s ( F i g . 3 . l6) . A r e d u c t i o n in 

th-5 growth o i s e e d l i n g was found in 2,4-D t r e a t e d seeds . The 

t o t a l dry weight of s e e d l i n g was maximum in FAP t r e a t m e n t . 

nQlscuasion 

Germinat ing seeds a r e very s e n s i t i v e to H*" ion concen­

t r a t i o n of t h e medium, A s l i g h t change in pH l e v e l may lead 

to a s i g n i f i c a n t d i s r u p t i o n in metabolism (Ovch-^rov, 1969) . The 

s u b s t r a t e a c i d i t y ( pH 2.0) was r e p o r t e d to i n h i b i t seed 

germin-^tion and e a r l y s e e d l i n g growth in Doug la s - f i r (McColl 

and Johnson, 1983) . Ogner and Teigen (1980) r e p o r t e d th-^t 

i r r i g a t i o n of spruce p l an t s with h i .her a c i d i c s o l u t i o n s l i k e 
3 i-

pH 2.5 and 3.0 r e s u l t e d in g r e a t e r accumulat ion of Al ions 

and r e d u c t i o n in Ca ^, Fe and Mn *" ions . But these changes 

d id not a f f e c t th-- p l an t growth immediately. Among coniferous 

sp-^ci^s, a c i d i c s u b s t ^ a t ^ s e i t h e r had no e f f e c t as observed in 
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hemlock or promoted seed germination as in white pine (Baldwin, 

1934; Lae and vVeber, 1980), Raynal et aJL. (1982) reported tha t 

hemlock seeds germinated -well a t pH 4 .0 . During the present 

study, P. kesiya seeds showed maximum germination percentage 

a t pH 4.8 v/hereas a be t t e r r a t e of germination r e su l t ed a t pH 

6.0 and 6.4 amongst the various pH t reatments . There were no 

s ign i f i can t r e l a t i onsh ip betv/een pH and seed germination of 

£• r i g Ida (hau l l , 1963) and P. banks iana (Vaartaja, 1957) . 

>^hile mildly ac id ic to neut ra l pH exhibited higher germination 

and growth of various par ts in S^. khasiana. the a lka l ine and 

highly ac id ic pH were toxic in t h i s species . The mildly 

ac id ic to neut ra l pH was al?^o reported st imulatory for germina­

t i o n and growth of Achillea millefolium (StjepanoviC and 

Corovic, 1963) . Abougendia and Redman ( 1979) noted varying 

ef fec ts of ac id i ty on germination in conifers depending upon 

the ionic c h a r a c t e r i s t i c s of the subs t ra te so lu t ion which 

r e su l t ed in leaching of the various substances from the seed 

i t s e l f . Hence, in these experiments i t was e s sen t i a l to change 

the treatment so lu t ion frequently to prevent the changes in 

pH level caused by seed leachates . 

Tree seeds are very s ens i t i ve to a v a i l a b i l i t y of 

water (Baker, 1950) which determines the germination and ear ly 

seedl ing surv iva l . I t was recorded t h a t the germination 

energy of Populus del toides (Farmer and Bonner, 1967), 



44 

£• ciliata (Singh and Singh, 1983), Acacia ri^idula, 

h.' berlandieri and Forliera angu?tifoIia (Everitt, 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 Schubert, 1969; 

Everitt, 198^, The moisture deficit may lead 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, 19770 • The increase in shoot growth in 

S* khasia.na at -0.1 bar and early germination and higher 

seedling growth in P. kesiya at -2.5 bars wore probably due to 

nutrient availability from the substrate. 

Seed germination and s-edling growth of P. kesiya were 

greatly improved by imbibing the seeds in water at 5''C. To 

improve seed germination, tho soaking of seeds has been tried by 

many workers. Toole- et al. ( 1961) reported that imbibition of 
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£• Virginians seeds nt 5*0 and subsequent incubation a t 25*0 

re su l t ed in b-.tter germination. Similar treatment also 

s t imulated the seed germination in southern pines (Barnett , 

1971) . The induction of seed germination in lob lo l ly pine 

occurred due to leaching of inh ib i to r s and an increase in endo­

genous levels of grov'th s t imulators during the process of s t r a ­

t i f i c a t i o n (Paul et a l . , 1973) . Bevington and Hoyl« ( 1981) 

noted tha t ch i l l i ng treatment a t 3°C or red l i gh t i n i t i a t e d the 

phytochrome syj'tem in Be tu la r e su l t i ng in higher germination, 

Marreno (1962) mentioned tha t P. carr ibea seeds soaked in water 

for a day or two showed be t t e r germination. In case of 

£• PP^tula. soaking for 18 hr was found su i t ab le (Ghosh _et a l , . 

1974) , On the other hand, P. e l l i o t t i i 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 

resu l ted in higher germination and growth whereas r ad i c l e growth 

was much higher in seeds imbitied for 24 hr, Casas ( 1964) noted 

in case of cacao t r e e tha t 25% moisture content of the seeds 

r e su l t ed in 100:̂  germination. Soaking of S, khaslana seeds a t 

15°C for 6 hr might have r e su l t ed in ac t iva t ion of the physiolo­

g ica l process leading to f a s t germination because non-dormant 

seeds requi re a ce r t a in amount of water for resumption of 

physiological process (Kramer and Kozlowski, 1979) . An increase 

in germination of. alder and parsley seeds a f t e r 24 hr incubation 

was observed (Khudyakov and Zinov'ev, 1964). Imbibition of 
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seeds a t high temperatures and durations resu l t ed in delayed 

germination and slow growth of P. kesiya and S^, khasiana 

probably due to higher moisture contents of seeds. I t has 

been reported in southern pines tha t higher moisture content 

of seeds inhib i ted the t o t a l germination and delayed the peak 

value (Campbell, 1982). The soaking of maize seeds for 

higher periods resu l ted in decrease in cytokinin content 

during swelling (Julin-Tegelman, 1979) . The soaking requi re­

ment of both the species was differed due to t h e i r seed coat 

cons t r a in t s . 

I t hrs been reported tha t early successional and 

pioneer species regenerate in gaps (Denslow, 1980; Vazquez-

Yanes, 1980) . F, kesiya and _S. khasiana a re early successional 

species . The germination and seedling growth except shoot 

elongation in S. khasiana were enhanced when seeds were 

germinated in l igh t condit ions. The st imulatory effects of 

l i g h t in seed germination have been reported in many species 

(Sarvas, 1950; Jones, 196I; Shukla and Ramakrishnan, 1981; 

Campbell, 1982), Generally, 8-12 hr day length i s necessary 

for maximum germination and growth in most fores t t rees 

(Kozlowski, 1971). During the present study, optimum germina­

t i o n of P, kesiya and ^ . khasiana seeds resu l t ed with 3 lux 

for 16 hr and with 25 lixx for 8 hr, r e spec t ive ly . A higher 

requirement of photoperiods in case of Pseudotsuga menziesii . 

Betula (Jones, 1961) and Duaban^a sonnerat ioides (Shukla and 
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Ramakrishnan, 1981) have been reported. Jones (1961) reported 

the s t imula t ion of seed germination in many t r ees species by 

low l i gh t i n t e n s i t i e s upto 100 lux. I t i s c lear from the 

r e s u l t s t h a t P. tcesiya i s a low l igh t requi r ing species under 

long photoperiods exhibi t ing i t s wide d i s t r i b u t i o n a t high 

a l t i t u d e . The present findings in S. khasiana are closely 

r e l a t ed to the conditions of l igh t and temperature prevalent a t 

high a l t i t u d e (1800m) of Meghalaya during ear ly r a i n f a l l of 

l a t e Apri l and early May v;hen the germination in Schima occurs 

under na tu ra l condit ions. The marked differences in seed 

germination under dark and low l igh t i n t e n s i t i e s and photo-

periods, i s in contras t to the findings of Boojh and 

Ramakrishnan (1982) on the same species where non-signif icant 

changes were reported under dark and continuous l i gh t (500-600 

lux) condi t ions. Besides, these authors have reported the 

maximum germination a t 0-2 cm depth of s o i l under na tu ra l 

conditions where a l i g h t in tens i ty of 500-600 l\ix could not be 

poss ible for 24 hr (wooley and S to l l e r , 1978) . The increase in 

cotyledon expansion and y ie ld of seedling par t s were observed 

a t higher l i gh t i n t e n s i t i e s in Ŝ . khasiana which was probably 

due to increased l i gh t mediated process l i ke photosynthesis, as 

reported in Robinia pseudoaccacia (Marshall and Kozlowski, 

1974) . The inh ib i t ion in shoot elongation a t higher l i gh t 

i n t e n s i t i e s i s possibly r e l a t ed to maturation of seedl ing axes 

a f t e r emergence. 



48 

An irr^idifltion of far - red (2D min) f̂ Lmost reversed 

the st imulatory effect of red l i gh t (10 mir̂ ) on seed germina­

t i o n in P. kesiya during th? present inves t iga t ion . I t was 

found tha t red i r r a d i a t i o n alone or r ed / f a r - r ed / r ed i r r ad ia ­

t ions showed be t t e r germination, while i r r a d i a t i o n s of far-red, 

r ed / fa r - red and r ed / f a r - r ed / r ed / f a r - r ed inh ib i ted seed germina­

t i o n in P. kesi ja suggesting the involvement of phytochrome 

system. This i s consis tent with findings of Toole _et aj., 

( 1961) in case of P. v i rg in iana and Nyman ( 1961) in 

£• sy^vQgtris where a phyto chrome mediated process was repor­

ted . An increase in polysome formation mediated by phyto chrome 

ac t ion has been reported in P. thunberg;ii germinating seeds 

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

P. thunbergi i seeds i so la ted from con̂ -̂ s in the dark, a 

promotory effect of red l i g h t on germination which was 

rftverseii by an increased quanti ty of far - red l i g h t . Light has 

been reported to cause incre-sed protein synthesis (Yamamoto 

and Sasaki, 1977) ^nd also in RNA containing poly A"'' (Yamamoto, 

1982) in P. thunbergii seeds. The reversa l effects of r ed / f a r -

red/ red and r ed / f a r - r ed / r ed / f a r - r ed showed an increase and 

decrease in length of various seedling par ts , respec t ive ly . 

However, a reverse pat tern was obtained for biomass of seedling 

par t s which could ba due to thinning and thickening ox hypoco-

t y l . 



49 

Temperature wlso cpuses a s ign i f i can t change in seed 

germination of many species . During the pre.^^ent study, a 

constant temperature of 25°C was found optimum for seed germi­

nat ion in P. kesiya. However, diurnal thermoperiodicity of 

20/15°C and 35/2Q°C showed e a r l i e r germination and b i t t e r 

seedl ing growth, respec t ive ly . A peak germination of southern 

pines has bean reported to occur a t 24°C (Sarnet t , 1979). In 

£• contorta the germin-^tion was equal from 20-30° ^ Cri tchfield, 

1957) . An almost s imi l r r t rend was also reported during 

seedl ing emergence of linglaman spruse and lodgepole pine a t 

16-25'^C (Kaufmann and 2ckard, 1977), but reduct ion in germina­

t i o n was recorded a t 35°C, On the other hand, the re a re 

repor ts in l i t e r a t u r e regarding diurnal thermoperiodicity 

acce le ra t ing seed germination in P, dens i f lo ra , P, thunber^i i 

(Asakawa, 1959), P. e l l i o t t i i , P. taeda (Dunlap and B a m e t t , 

( 1982) , Heliocarpus (V;^zquez-Yanes and Orozco-Segovla, 1982) . 

Lang ( 1965) mention-^d that the opti-num conditions of d i f ferent 

species varios depending upon t h e i r requirement which may be 

e i t he r phy^'iological or gene t ica l . The existence of thermo-

per iodic beh~iviour of £ . kes iya under long photo period is 

r e l a t e d to i t s wide d i s t r i bu t i on ^t high e levat ion of Northr-

Eaat India. I t has been wel l -es tabl i shed t h a t development of 

da i ly f luc tua t ion of temperature under na tura l conditions ac t 

as an environmental indicator of appropriate conditions for 

seed germination and seedling establishment in many species 
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(E l l e rn and Tadnor, 1967; Vazqu-^s-Yanes pnd Orozco-Segovia, 

198^ , _S, khasiana showed maximum serid germination and 

seedling growth a t 2D/lO°C ^nd 25/l5°C, respec t ive ly , ilowever, 

these findings are in cont ras t to the constant temperature 

optimum of 15"C reported in th-? samo species by Boojh and 

Ramakrishnan (1982) . Moreover, the constant temperature 

could not ex i s t under n^^tural conditions of high a l t i t u d e of 

Meghalaya nt the time of germination in t h i s species . The 

occurrance of diurnal thermoperiodicity in ear ly successional 

species has be.?n reported (Rao and Singh, 1985) . The higher 

temperature requirement for seedling emergence compared to 

t h a t for germination was reported in a number of species 

(Stepanov, 1946), The thermo per iodic behaviour for seedling 

emergence in F. jces^l^a and S. khr^si- ,̂na may be a possible 

factor for conferring adap tab i l i ty under na tu ra l condition of 

high a l t i t u d e of Meghalaya. 

In general, s torage of seeds r e s u l t s , in p a r t i a l 

loss of v i a b i l i t y due to disturbances in metabolism and def i ­

ciencies 01 ce r t a in chemicals ^Ovcharov, 1969; Khan, 1977; 

Bewley ^nd Black, 1982) . GA, kinin.^, /iBA, auxins, ethylene, 

vitamins r-.nd other regul'-tory substances are v i t a l l y important 

and t h e i r appl ica t ion to seeds intensify the metabolism and 

improve germination and plant productivi ty (Bonner, 1976; LewaJ(, 

1984; Mehanna ^ t ajl., 1985; Raghava, 1985; Singh, 1985). 
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During the present study, on? year-s tored seeds of P. kesiya 

and S. khasiana showed be t t e r germination when t r ea t ed with 

various growth regula tors , v i z . , lAA, 2,4~D, GA, FAF and AA. 

The s t i m u l t i o n of s'='ed germinr^tion by growth regul-.tor has 

baen reported in a number of woody plants (Biswas _et a_l»» 1972; 

Shafiq, 1979, 19805 Shibakusa, 1980; Tinus, 1982; Kumari and 

Kohli, 1984; Mehanna _et a j . . , 1985; Singh, 1985). I t is noted 

tha t germin;-tion response of seeds to growth regulptors is 

highly va r iab le which generally depends upon both the external 

and in te rna l f ac to r s . The growth regula tors may eas i ly pene­

t r a t e the seed a t t h e i r optimum concentration and also be 

avai labla a t th". s i t e of .ction (Bonner, 1976; Tinus, 1982). 

The higher germination in F. kesiya and S. khasiana were 

obtained with GA ( 150 and 200 mg/1) and FAF (0,1 mg/1) trea1> 

mants, resp.ectively. The seeds of both species may lack these 

concentrations during th? beginning of germination in ons-year-

s tored se?ds. I t i s reported t h a t GA (250-1,000 mg/1) appl ica­

t i o n to under developed embryos of sub- t ropica l species stimu­

l a t e the seed germination (Grushvi tsk i i and Limar, 1965) * The 

increase in cytokinin content of seeds a t the beginning of 

germination has been reported in many cases ( ref . Khan, 1977). 

Mehanna et aj., ( 1985) reported the enhancement ox germination 

of Nemaguard peach seeds by benzylaminopurine. The soaking of 

tung se-^ds in solut ions of auxins and AA have been reported to 

improve th-ii seed germination and seedling grovvth (Chatter jee, 

i960) . The high l^^vel of AA content and i t s u t i l i z a t i o n in 
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embryonic pxes during seed, germinfltion was observed (.Chinoy jet 

£Ll», 1973). 

Plant growth pnd d-valopm^'nt a re grea t ly influ-^nced by 

phy to hormones. During the study on seedling growth, GA, i"AF 

and AA were found hie;hly ef fec t ive in increasing the growth of 

seedling par t s in P, kesiya snd S. khssiana. 2,4-D treatment 

r esu l t ed in flbnormpsl seedlings in both the species which could 

be due to i t s phyto toxic effects on seedling development 

(KoElowski and Sasaki, 1968 j Sasaki et^ ^ i* > 1968; Wu _et a 1.1 

1971) . Simakin (1966) mentioned tha t r a d i c l e of apple seeds 

f i r s t reacted to lAA, other embryonic parts to 2,4-D and 

perisparm responded to succinic acid. During the present 

inves t iga t ion , P. kesiya seeds showed maximum rad i c l e and shoot 

elongation in GA and AA treatments while cotyledon growth was 

higher in FAP and AA t r ea t ed seeds. In S^, khasiana seeds, 

r a d i c l e length and cotyledon expansion were higher in AA and 

FAP treatments , respec t ive ly . Shoot elongation was higher in 

GA and FAP treatments . A d i f f e r en t i a l response of various 

seedling par t s to d i f ferent growth regula tors was observed in 

both P. kesiya and S, khasiana. 



Ch-^pter IV 

BI0CHH4IGAL OiANGES CURING SEEDLING DEVELOPMENT 



Introduct ion 

The seed germin t ion is an unique developm^'ntflL 

phenomenon in the lif^- of plants «nd i t s complexity is shown 

up by th infricMte in te rac t ions b-~-tween axes and stoi'age 

t i s s u e or organ, i . e . , endosperm of cotyledons (Mayer and 

M^rbach, 1981) . Hence, the regulf^tion of enzyme a c t i v i t y is 

under the influence ox embryonic axes. The young regions of 

plants are character ized by reduced s t a t e which switches over 

to an oxidized s t a t e as the t i s s u e becomes mature and di f fe­

r e n t i a t e d . Th: enzyme system responsible for synthesis of 

membrane components l i ke f a t ty acids, nucleosides and nucleo­

t i d e s , purinjs and pyrimidin.^s a l l b€come ac t ive early in 

germination. The oxidases have been implicated in many meta­

bo l i c changes (Mayer and Shain, 1974; Mayer and Foljakoff-

Mayber, 1982) . Axixin inac t iva t ing system has an important 

physiological r o l e in the regula t ion of lAA (Fie ld ing and Hall, 

1978j Palmier i _et aj . . , 1978), Phenolic compounds are 

CO-factors of ce r t a in enzymes and thus regula te the growth and 

development of plants (Sarapuu, 1965; Runkova _et £_!., 1972; 

Butt , 1979; Duke and Vaughn, 1982) through changes in the 

a c t i v i t i e s of phenol -oxidase, lAA-oxidase, and peroxidase 

(Podsto lsk i jet a_ l̂., 1974; Butt , 1979; Barendse, 1983). The ro l e 

of enzymes in r e l a t i o n to germination has been focussed by 

several workers (Scsndalios, 1974; Caspar _et a j ; . , 1977; Dendsay 

and S.^char, 1982; Barendse, 1983; P i t e l e t aJL., 1984; Miller, 
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1985)• The v?»Iue of isoenzymes as biochemicai and genetic 

markers of fores t t r e e s has been demonstrated in various 

s tud ies Like charac te r iza t ion of populations, species differen­

t i a t i o n , po l l i na t i on s tudies and evolutionary aspects (Durzan, 

1966; Feret and Bergman, 1976; Kohli and Tandon, 1982; Cheliak 

and P i t e l , 1984) , Although there are numerous s tudies on 

isoenzyme expression during germination of a g r i c u l t u r a l crops 

(Scandalios, 1974; Gaspar jet fil.., 1977) but only a few are 

concerned with the t r e e species ( ref . P i t e l _et a j . . , 1984) . 

In conifers the higher content t f l i p i d ex i s t s in 

mega-gametophytic t i s s u e and i t i s converted or u t i l i z e d 

through sugars via glyoxylate cycle during germination in the 

presence of glyoxylate enzymes (^Firenzuoli et £ l , , 1968a; 

Ching, 197D) . Further, F i renzuol i _et a_l., (1968b) have reported 

the t ransfer of sugars to embryos for t h e i r growth promotion, 

I s o - c i t r a t e lyase i s a prominent enzyme of glyoxysome cycle 

in conifers and i t s control mechanism by growth regula tors has 

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

In many cases, the exogenous appl ica t ion of known 

growth regula tors could s u b s t i t u t e for the seedling axes or 

embryo. The control of sc?ed germination by external applica­

t i o n of hormones r e f l e c t s the na tura l control mechanism (Khan, 

1971; Mpyer and Shain, 1974), The changes in property of 

membranes, in response to growth regulntors , i s known to pl-'̂ y 
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3 promin->nt ro l e in contro l l ing seed germination by affect ing 

the r a t e ox hydration, -̂ nzyms reLeose, ion t r anspor t and 

cone nt rp t ion , pH and inh ib i to r contents (Tso «nd Khan, 1977j 

P-snel _et a_l., 1984) , On the other hand, growth inh ib i to rs 

decis ively in te r fe re with physiologic-r^l process of seed germi­

nat ion (Dendsay and Sach-^r, 1978, 1982; Barendse, 1983; 

Lewak, 1984) . 

Enzyme a c t i v i t y is gr3at ly influenced by environmental 

fac tors through change in hormones synthesis (Smith et a l« . 

1977). The regul - to ry ro le of growth regul.-.tors on enzyme 

a c t i v i t y i s very comr^lex due to the ac t ion of both environmenr-

t a l factors and growth regula tors on spec i f ic enzymes 

(Bprendse, 198;^ . Effects of growth regula tors on seed germi­

nat ion, seedling growth-^nd enzyme metabolism have been widely 

s tudied («^areing and Saunders, 1971; Mehta et a l , , 1974a, b; 

Balasimha and Tewari, 1979; Dendsay and Sachar, 1982; Barendse, 

1983; Sankhla _et ad. , 1985). The number of d i f fe ren t enzymes 

affected by growth regula tors i s large and they cover a wide 

rr.nge of metabolic a c t i v i t i e s (Letham jet al. , , 1978; Dendsay and 

Sachar, 1982; Barendse, 1983; Penel _et al.., 1984; Miller , 1985; 

Sankhla e t a_l., 1985; Sarkar and Choudhuri, 1985) . But the 

mechanism by which seed germination and early seedling growth 

affected by growth regula tors and modified with changes in 

enzymes, phenols and nuclp-ic acid contents is poorly understood 

in fores t t r e e s . 



56 

Materials and Methods 

Pinus kesiya seeds wers so?»ked in IAA (25 mg/l) , 2,4-D 

(100 mg/I), GA (150 mg/l), FAF ( l mg/I) ?nd AA (25 mg/l) for 

24 hours pt 5°C while Schima kh?*5iana in HiA ( 10 mg/l) 2,4-D 

(25 mg/l), GA (25 mg/l), FAP (0 .1 mg/l) and A A ( l mg/l) for 6 

hr a t 15*'C and germinated -̂ s described in chapter I I I , In cf^se 

of P. kesiya. embryo and endosperm were sep*^rated .-^fter seed 

treatment, r ad i c l e and cotyledon em-^rgence s tages , whereas in 

§.• khasiana. into seedling axes nnd cotyledons a t r ad ic le , 

plumule and cfttyledon emergence. 

Fresh weight and moisture content determinations 

Fresh weight of d i f fe ren t par t s of both the species as 

mentioned above were recorded during d i f ferent stages of 

germination. The dry weight was determined by oven drying the 

mater ia ls a t 60 ^̂  1°C for 48 hr for estim-^tion of moistura 

content. I t i s expeassed on percentage fresh weight bas i s . 

Enzyme ex t rac t ion 

Acetone powders of d i f ferent parts were homogenized in 

ch i l l ed mortar and pes t le with 20 volumes of i t s weight inO,2M 

phosphate buffer ( pH 6 .8) . In c-se of P. kasiya, 0.3% sodium 

dodacyle sulphate (W/W) was used in the ex t rac t ing buffer as 

phenolic scavenger. The homogenates were f i l t e r e d through two 

layers of muslin c loth and centrifuged a t 10,000 rpm for 30 min 
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a t 0-4°C pnd tli^ s u p a r n a t a n t s were used for enzyme «ssay . 

Assay of enzymes 

C!=»talQse : The a c t i v i t y of c s t a l s s e ( £ . C. 1. 11.1,6)w«s measured 

by the method of Mah^^devan and S r idh«r ( 198^ , In the assay 

mixture , 2 .7 ml phosphp-te buffer (O.IK, pH 6.0) AIX4 0 . 2 ml 

e x t r a c t were taken . A f t e r Adjust ing the absorbance to zero , 

0 . 1 ml H2O (I/O V/\^) was added, Absorbrnnce was r ecorded p t 

230 nm for 75 sec a t 15 sec i n t e r v a l . The a c t i v i t y i s 
—'] — 1 expressed as îiA min mg p r o t e i n . The c o n t r o l s were 

main ta ined us ing b o i l e d e x t r a c t s . 

P e r o x i d a s e : The perox idase (EC 1.11.1.7) a c t i v i t y was 

measured fol lowing Msh^davan and S r i d h a r ( 1982) . ^n a 6 ml 

r e a c t i o n mixture , 2.5 ml p y r o g « l l o l ( 0 , 1 h)» a p p r o r p r i a t e 

amounts of phosphate buffer iO. I M, pH 6.8) «nd enzyme were 

t a k e n ^nd t h e ?ibsorpt ion was c a l i b r a t e d to ze ro . To t h i s 0 , 5 

ml of HO (1;^ V/V) v;aR added and t h e tube i n v e r t e d immediately 

to mix t h e c o n t e n t s . The change in absorbance was recorded -it 

20 sec i n t e r v a l for 3 min a t 420 nm. The a c t i v i t y i s expressed 
. - 1 ~ 1 as A A mm mg p r o t e i n , 

HL^SJ^^^^ ' '•^^'^- enzyme a c t i v i t y was measured by t h e method of 

Tandon and Arya (1982) . In t h e r e a c t i o n mixture , f i r s t 2 , 4 -

d ich lo ropheno l (DCP) was added to 0 . 2 M phosphate buf fe r 

( pH 6.8) than manganese c h l o r i d e (MnCl^) «nd enzyme, and a t 
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l a s t lAA, The t o t a l volume of the re'-^iction mixture was 5 ml 

and the f ina l concentrations of DCF, MnCl and lAAwaf 0 .2 ftiM. 

The r sac t ion mixtiire was incubated in dark a t 37°C in a 

shaking water both. After 1 hr, 2 ml of Salkowski reagent was 

added to terminate the reac t ion . Following 1 hr wait, the 

absorbance of the mixture wss recorded a t 530 nm. The amount 

of lAA destroyed was calcula ted from a standard curve of lAA, 

The enzyme a c t i v i t y is expressed as mg lAA oxidized hr mg 

pro te in . 

Polyphenol oxidase : The polyphenol oxid^^se (EC 1,10,3«l) 

a c t i v i t y was measured using the method of Mahadevan and Sridhar 

( 198^ . In a 6 ml reac t ion mixture, 2 ml enzyme ext rac t and 3 

ml phosphPte buffer (0,1M, pH 6,8) were taken. After ca l ibra­

t i o n of abvsorbance to zero a t 495 nm, 1 ml of 0,1 M subs t ra te 

(pyrogal lo l for P, kesiya and catechol for ^ , khasijana) was 

added. The change in absorbance was recorded a t 2D sec in te rva l 

for 3 min. The a c t i v i t y i s expressed asilA min" mg" prote in . 

Pro te in : 

Pro te in was estimated following the method of Lowry e t aJL, 

(1951), Pro te in was p rec ip i t a t ed by adding ^0'^ t r i c h l o r o a c e t i c 

acid (TGA) to t i s s u e ex t rac t in a r a t io of 1:1 (V/V) and c e n t r i -

fuged a t 6,000 rpm for 10 min. The supernatant was discarded 

and p r e c i p i t a t e was washed twice with d i s t i l l e d water,. I t was 
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dissolved in 1 ml of 0.5 N NrtOH and d i lu ted to desired 

volume. The volume of d i lu ted extr.?ct v?ss made to 1.5 ml v/itti 

d i s t i l l e d water. To t h i s , 5 ml freshly prepared a lka l ine 

so lu t ion (1 ml of ^/o Copper sulphate «nd 1 ml of 2, 7;>̂  sodium 

potassium t a r t a r a t e mixed with 100 ml of 2/o sodium carbonate 

solutiori) was added and allowed to stand for 10 min a t room 

temperature. After incubation 0,5 ml Polinr-ciocaltaeu 

reagent (equally d i lu ted with water) was added with immediate 

shaking and held a t room temperature for 20 min and colour was 
-1 read a t 750 nin. Pro te in content i s expressed as LJg seed 

— 1 pa r t or seedling pprt using standard curve prepared by 

bovine serum albumin. 

Ext rac t ion of phenols 

The t i s sue ivas cut into pieces and plunged into 

bo i l ing ethyl alcohol (96;.0 ^nd boiled for 5-10 min. After 

cooling, i t was crushed in a mortar and pes t l e . The homoge-

na te was passed through two layers of muslin cloth and debris 

was re -ex t rac ted with 80;o ethyl alcohol for 3 min. Crude 

ex t rac t s were mixed together and centrifuged a t 6,000 rpm for 

10 min. The sup.^rnatant was used for estifflritions of phenols 

using the procedure of Mahadevan and Sridhar (1982) with 

s l i g h t modification. The ph-^nol contents are expressed as 

mg g"^ fresh weight. 
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Total piienol : The reac t ion mixture contained 1 ml extract , 1 

ml Folirv-ciocaltaeu reagent ( 1: 10 V/V) and 2 ml 2D/o Na 00, , 

Al ta r thorough mixing i t was boiled for exactly 1 min and 

cooled \inder running tap v?ater. The volume of react ion mix­

t u r e -was made to 25 ml with d i s t i l l e d water and the in tens i ty 

of colour was read a t 650 nm. A blank cotaining a l l the 

reagents minus extract was used to adjust the absorbance to 

zero. The t o t a l phenol content was calculated using a stan« . 

dard curve prepared with catechol, 

0-dihydroxypheno 1 : To 1 ml of alcohol extract , were added 2 

ml HCl (0.05IND, 1 ml Arnow's reagent (10 g sodium n i t r a t e and 

10 g sodium molybdate in 100 ml d i s t i l l e d water) and 2 ml NaOri 

( IINO . Soon a f t e r the addi t ion of the a l k a l i , pink colour 

appeared. The colour was d i lu ted by r a i s ing the volume to 10 

ml with d i s t i l l e d water and the absorbance was read a t 515 nm» 

Amount of 0-dihydroxypheno1 was calculated using a standard 

curve prepared with caffeic acid. 

Extract ion and estimation of nucleic acids 

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

used for the ex t rac t ion and estimation of nucle ic ac ids . 

500 mg of t i s sues from di f ferent s tages of seedling 

emergence were cut and plunged into 5 ml of boi l ing ethanol 

(95.o) and macerated in a mortar and p e s t l e using acid wa.shed 

sand. The hOJOgen^te was centrifuged for 15 min a t 10,000 rpm. 

file:///inder
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The pe l l ' ^ t WPS extr.-icted twice with 8O/0 e thano l pnd c e n t r i -

fuged. The r e s i d u e was r e - ex tmc t^ jd twice in chiLLed 

d i s t i l l e d water and cen t r i fuged . The p e l l e t was suspended in 

10 ml ox 5/^ p - r c h l o r i c a c i d (PGA) and al lowed to s t and for 30 

min i n ica ba th . Af te r c e n t r i f u g a t i o n , t h e r e s i d u e was 

e x t r a c t e d in 10 ml mixture of d i e t h y l e t h e r : a l c o h o l (2:1) and 

c e n t r i f u g e d as msntioned above. The p e l l e t con ta ined n u c l e i c 

a c i d s and p r o t e i n s , 

Th^ p a l l e t was suspended in 5 ml of c h i l l e d IN PGA 

and incubated a t 4°C for 42 hr . Af t e r incuba t ion , t h e e x t r a c t 

was c e n t r i f u g e d a t h°C fo r 15 rain. The s u p e r n a t a n t was used 

for r i b o n u c l e i c a c i d (RNî ) e s t i m a t i o n . The r e s i d u e was 

suspended in 10 ml of IN FGA and incubated fo r 30 min a t 90*'C 

i n water ba th . Af t e r incuba t ion , t h e e x t r a c t was cooled and 

c e n t r i f u g e d . The s u p e r n a t a n t was c o l l e c t e d for e s t i m a t i o n of 

d i o x y r i b o n u c l e i c a c i d (DKA) . 

The ^bsorbance of DM and RNA s o l u t i o n s wer- r ead a t 

260 nm in a UV spec t rophotometer and t h e i r q u a n t i t i e s were 

c a l c u l a t e d u s i n g s t anda rd curve prepared wi th c a l f thymus DNA 

and y e a s t e x t r a c t RM, The n u c l e i c ac id s a r e expressed as 

- 1 mg g f r e s h weight of t i s s u e s . 

S1 e c t ro p hqr e ŝ  i s 

For e l e c t r o p h o r e t i c s t u d i e s , f r e s h m a t e r i a l s were 
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crushed with 0 .2 M phosphate buffer jiJ (6.8) in 3 chi l led 

mortar snd p e s t l e . The homogenates a f t e r f i l t e r i n g through 

two layers of musliii c loth were centrifuged for 30 min a t 

10,000 p̂m. The supernatsnts were used for qua l i t a t i ve 

analyses of proteins and peroxidase. 

The polyacryLamide gels were prepared following Davis 

( 1964) . Each batch of gels were prepared by mixing one par t 

of stock so lu t ion A (conta in ing 24 ml IN HCl, 18,3 g Tr i s , 

0.115 ml NNN'N'-tetramethylethylenediamine and volume was 

made upto 50 ml in d i s t i l l e d vwter) , two par t s of stock 

so lu t ion J3 (28g acrylamide, 0.735 N N'-methylene-biacrylamide, 

dissolved in d i s t i l l e d water to make the volume to 100 ml),one 

part of d i s t i l l e d water and four par t s nf 1.4 g/I ammonium per 

sulphate so lu t ion freshly prepared. Tris glycine ( pH 8.4) 

buffer was used as an e l e c t r o l y t e . 

Prote in samples were mixed with freshly prepared 40^ 

sucrose so lu t ion and the mixture containing 0 .2-0 .4 mg protein 

( P i t e l jet «!;• 1984) was appli-^d to the gel celumn in cathodic 

chamber, A drop of 1>o bromophenol blue in d i s t i l l e d water was 

added in the mixture as t racking dye. The gels were e lpc t ro -

phoresised a t 4°C with 1mA per tube for f i r s t 10 min and 

subsequently 3mA p'c:;r tube to allow the t racking dye to ©each 

the bottom of each gel . 
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Prote in bands were Localized following the methods of 

Durzan (, 1966) . The gels were fixed in 10/̂  TGA for J) min 

followed by s ta in ing with 0.1/^ amido block in 7;̂  ace t i c ?»cid 

for 30 min. After destaining by washing with 7.o ace t i c acid 

the gels were s tored in d i s t i l l e d water. Peroxidases were 

s ta ined by placing the gels in a solu t ion containing 15 ml of 

'i/o HO (V/V) in 2/̂  benzidine in 20/o a c e t i c acid (v//V) in 

d i s t i l l e d water as described by P i t e l rt a_l. (1984) , 

The bands were categorized as dense, medium and l i gh t 

depending on the in tens i ty of the colour and the gel pa t te rns 

were compared v i sua l ly . Zymograms were made bi-sed on the Rf 

values of prote in and peroxidase bands. 

Results 

Fresh weight and moisture content 

£• kes.iya : The fresh weight of embryo increased during a l l 

the stages of seedling em-^rgence in control as well as with 

growth regula tor t reatments . The endosperm showed an incres-ise 

in growth upto the r ad ic le protrusion stage and therpaf ter i t 

declined during the cotyledon emergence except for 2,4-D 

treatment (Table 4 . 1 ) . The growth regula tor treatments did not 

show any s ign i f i can t change in the grovvth of embryo in the 

t r ea ted seeds while higher growth was recorded with lAA, GA, 

FAF and AA treatments a t r a d i c l e and cotyledon em.^rgence s tages . 

The growth regulator t reatments resu l ted in higher growth of 



Table 4.1 : Effect of growth regulalifcxs on fresh weight (mg) of 
embryo and endo^sperm of Pinus kes^lya in t r ea ted 
seeds and during seedling emergence 

Radicle ^ Cotyledon 
Treatment Seed par t Treated seeds ^macgenc}^- emergence 

s tage s tage 

Contro1 

lAA 

2,4-D 

GA 

FAF 

AA 

Embryo 
Endosperm 

Embryo 
'•'Endosperm 

Etobryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

2.25 
12^80 

2.15 
12.80 

2.30 
15.60 

2.A0 
12.50 

2.15 
10.30 

2.35 
10.35 

+ 0 .06 
+ 0 . 1 3 

r 0 .0 2 
+ 0 . 1 7 

+ 0 .08 
I 0.13 

i- 0 .05 
I 0*50 

+ 0 .01 
T 0.00 

'r 0 . 0 2 
2 0.15 

3.80 
14.00 

11,00 
16.35 

3*00 
12.85 

11.80 
18,80 

6.85 
17.20 

7.60 
17.65 

3E 

_+ 

i 

0 .04 
0 .05 

0 .25 
0.30 

0.,06 
0 . 3 2 

1.00 
0 . 1 3 

0 . 7 3 
0 , 6 2 

0 .65 
0 .55 

46.60 
11.10 

56.60 
9.45 

41.23 
8..95 

52.40 
7.10 

50.90 
12,65 

53.50 
10, aD 

+ 0 .85 
i 0 .25 

4- 0 ,25 
I 0.05 

+ 2.00 
I 0.15 

+ 0 ,45 
+ 0 .05 

+ 0.30 
I 0.15 

.- 1.05 
7 0.10 

S.E. 
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endosperm as compared to the control pt rsdicLe emergence 

s tage , Conyersely, pn inh ib i t i on in gro .th was obtained s t the 

cotyledon emergence stage except FAP treatment. 

The moisture content of both embryo and endosperm 

increased in control as -well as in a l l the grov/th regul'=itor 

treatments during d i f fe ren t stages of seedling emergence. After 

seed treatment, the moisture content was higherb in the 

endosperm of 2,4-D t r ea t ed seeds. The higher moisture consent 

of both embryo f̂ nd endosperm was also recorded in a l l the 

growth regula tor treatments except for 2,4-D as compared to 

control a t the r ad ic l e and cotyledon emergence stages (Table 

4 . 2 ) . 

§.* khasiana : The increase in fresh weight of seedling axes 

and cotyledons was recorded during d i f fe ren t s tages of seed­

l ing emergence in control as well as growth regula tor t r e a t ­

ments except in cotyledons of 2,4--D treatment during the coty­

ledon emergence phase. As compared to control , the seed 

treatment with growth regula tors showed higher fresh weight of 

cotyledons a t r ad ic l e emergence except for FAF treatment while 

lAA treatment increased th-3 growth of both the seedling p a r t s . 

At the time of plxjimule emergence, the growth of seedling axes 

and cotyledons were higher in a l l treatments except 2,4-D as 

compared to control . The growth of seedling axes and cotyle­

dons v;ere higher in lAA, GA, FAP and AA treatments a t cotyledon 



Table 4 , 2 : E f fec t of growth r e g u l a t o r s on pe rcen tage mois ture 
con ten t of embryo p.nd endosperm of P inus keslya in 
t r e a t e d seeds and dur ing s e e d l i n g emergence 

Treatment 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

Seed p a r t 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Trea ted seeds 

66, 7D 
42. 2D 

51.2D 
44. 6D 

61.2D 
51.00 

64,60 
24.10 

53.60 
34.00 

48.60 
34.40 

Rad ic le 
emergence 
s t a g e 

73.70 
53.00 

86.35 
59.65 

70.00 
52.10 

87,30 
65.40 

83.25 
57.60 

83.60 
62.00 

Cotyledon 
emegence 
s t a g e 

86.60 
76.10 

87.40 
83.10 

83.60 
75.50 

86.65 
78.75 

86.50 
77.50 

87.10 
.75.00 
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emergence phase, excepting GA in cotyledon-s. 2,4-D inhibi ted 

the growth of both the seedling par ts pt various stages of 

seedling emergence (Tsble 4 , ^ . 

The moisture content of both the seedling p^r ts 

increased during plumule emergence. During cotyledon emergence 

i t was almost s ta t ionary in seedling axes except 2,4-D t r e a t ­

ment, where an increase was recorded. In case of cotyledons, 

the moisture content increased during cotyledon emergence in 

a l l the treatments except 2,4-D, At the r a d i c l e emergence 

phpse, the moisture content v;as higher in cotyledons with 

growth regula tor treatments as compared to control, and a t 

plumule emergence with lAA, FAP and AA treatments , A lower 

moisture content of seedling axes a t r ad i c l e emergence in 

2,4-D treatment as compared to control and in both the seed­

l ing par t s a t plumule and cotyledon ©nergence phases were 

recorded (Table 4.4) , 

Catalase 

£• ^esiy" I Ttie enzyme a c t i v i t y decreased in embryo during 

r a d i c l e emergence in control as well as in growth regulator 

treatments except FAP. However, the a c t i v i t y increased in 

control as well as in a l l treatments between r ad i c l e and 

cotyledon emergence stages except î AP treatment . During 

r ad i c l e emergence stage, the enzyme a c t i v i t y of endosperm 



Table 4.4 Effect of growth regula tors on percentage moisture 
content of seedling axes and cotyledons of Schima 
khasiana during seedling emergence 

Treatment Seedling par t 
Stages of seedling development 

Radicle 
emergence 

Plumule 
©mergence 

Cotyledon 
emergence 

Control Seedling axes 84.30 
Cotyledons 50.7D 

lAA Seedling axes 88. 10 
Cotyledons 61.50 

2,4-D Seedling axes 54.33 
Cotyledons 52.00 

GA Seedling axes 80.00 
Cotyledons 60.00 

FAP Seedling axes 82.70 
Cotyledons 66.80 

AA Seedling axes 83.33 
Cotyledons 62.50 

94.50 
75.00 

93.30 
77.60 

58.80 
66.00 

93.50 
74.25 

95,30 
81.50 

95.00 
82.30 

94.00 
90.00 

94.10 
91.75 

79.40 
66.25 

94.50 
94.15 

95.00 
91.00 

94.00 
91.25 
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increBsed with 2,4-D and FAP treatments while in control as 

•well as in other growth regula tor treatments a decrease was 

recorded. An inh ib i t ion of cata lyse a c t i v i t y also resul ted 

during cotyledon emergence phase except 2,4-D and FAP t r e a t ­

ments. As compared to control , a l l growth regula tor treatments 

except AA resu l t ed in lower enzyme a c t i v i t y in embryo a f te r 

seed t reatment . Vfith P 1 1 the growth regula tor treatments, the 

a c t i v i t y was PISO l e ss as compsred to control during r ad i c l e 

and cotyledon emer.gence s t ages . However, GA and AA treatments 

r e su l t ed in higher a c t i v i t y a t the l a t t e r s tage . As compared 

to control , the enzyme a c t i v i t y was higher in endosperm i f GA 

t r e a t e d seeds, with a l l the growth regula tors a t r ad i c l e and 

cotyledon emergence stages (Table 4 . 5 ) . 

.§• ^̂ Î ?̂ sianâ  : The enzyme (activity increased in both seedling 

axes and cotyledons during seedling ©nergence in control as 

well as in growth regulator treatments except in seedling axes 

of 2,4-D t r e a t e d seeds. At r ad i c l e onergence, the growth 

regula tor treatments r e su l t ed in higher enzyme a c t i v i t y in both 

the seedling pa r t s as compared to control . But an inh ib i t ion 

was recorded with lAA, 2,4-D and AA treatments a t plumule 

emergence and with lAA, 2,4-D and GA a t cotyledon emergence 

phase. While FAP enhanced the a c t i v i t y in both the seedling 

pa r t s , AA resu l t ed in higher a c t i v i t y only in seedling axes 

a t cotyledon emergence s tage (Table 4.6) « 



Table 4 .5 : Ef fec t of growth r e g u l a t o r s on - c a t a l a s e a c t i v i t y 
(41A min mg p ro te in ) of embryo and endosperm 
of P inus kes iya i n t r e a t e d seeds and dur ing seed­
l i n g emergence 

Treatment Seed p a r t Trea ted seeds 
Rad ic le 
emergence 
s t a g e 

Cotyledon 
emergence 
s t a g e 

Cont ro l 

lAA 

2.4-D 

GA 

FAP 

AA 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

29. 2D+0.15 
23.90 5 ) . 60 

6.AO-KD.O5 
5 .005) .05 

7.AO-K).05 
3.7n<).00 

21.80+0.15 
56, 2D<).90 

2.25+0.01 
3 . 0 0 ^ . 0 5 

29.7D+0.2D 
14.25^).00 

5.20+0.00 
3.AO+b.l5 

2.80-}0.05 
4.AO<).00 

2.50+0.05 
4.00+0.02 

4.90+0.05 
3.4D<).10 

3.85+0.05 
4 . 1 0 ^ . 0 2 

3.00+0.10 
5 . 3 D 5 ) . 0 5 

5.85+0.10 
1 . 2 5 ^ . 0 0 

3.60+0.65 
3.905).10 

3.50 + 1.15 
5.2553.33 

8.60+0.2D 
2 .605) . 23 

3.50+0.25 
6.A0<)«15 

9.7D+0.25 
3.0053.23 

S.E. 



Table 4 . 6 : E f fec t of grov/th r e g u l a t o r s on c a t a l a s e a c t i v i t y 
( ^ A mirT ^ mg" p ro t e in ) of s e e d l i n g axes and 
coty ledons of Schima kliasiana dur ing s e e d l i n g 

Treatment 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

emergence 

Seed l ing p a r t s 

Seed l ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seedl ing axes 
Ootyledons 

Seedl ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Stages 

Rad ic l e 
emergence 

0.03-K).01 
0 .04^) .01 

0.04-KD.01 
0 .0 7 ^ . 0 2 

0.90-KD.01 
0.065D.01 

0.05-K).01 
0 . 1 2 5 ) . 0 1 

0 .15+0.04 
0 . 0 6 5 ) . 0 2 

0.15-K).05 
0 . 0 9 5 ) ' 0 1 

of s e e d l i n g emergence 

Plumule 
emergence 

0 .60+0.04 
0.50 5 ) . 0 3 

0.05-K3.00 
0 .255)«01 

0 .60+0.05 
0 . 1 5 < ' . 0 0 

0 .80+0.01 
0.655).04 

1.10+0.05 
2 . 7 D 5 ) . 1 0 

0.50+0.06 
o.Ao5).o4 

Cotyledon 
emergence 

3.80+0.25 
4 . 1 5 5 ' . ^ 

1 . 9 5 0 . 1 0 
1.2D<).23 

0.85+0.20 
0 .255) .05 

1.75-KD.05 
1.235). 10 

4.30-K). 10 
6 .005) . "10 

7. 25-K). 10 
0 ,8o5 ) .05 

S.E. 
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P erpxldp s e 

P. kesiya : The enzyme a c t i v i t y increased in embryo of control 

and t r ea t ed seeds during d i f fe ren t stages of seedling 

emergence except for 2,4-D treatment where i t decreased a t 

cotyledon emergence s tage, \vhile in endosperm, enzyme 

a c t i v i t y increased during r ad i c l e emergence and l a t e r during 

cotyledon emergence stage, i t showed a decreasing trend. 

After seed treatment with growth regula tors , except AA, a 

higher enzyme a c t i v i t y was observed in both embryo and 

endosperm as compared to control . The inh ib i t i on in a c t i v i t y 

was recorded with a l l the growth regula tor treatments a t 

r ad i c l e emergence except GA treatment* where i t was higher. At 

cotyledon emergence phase, 2,4-D and GA inh ib i t ed the peroxi­

dase a c t i v i t y in embryo whereas lAA, FAP and AA inhib i ted i t 

in endosperm (Table 4 . 7 ) , 

^» khasiana ; In seedling axes, peroxidase a c t i v i t y decreased 

in control during plumule emergence as compared to r ad ic l e 

emergence phase, while with lAA, GA, FAP and AA treatments i t 

increased. Conversely, during cotyledons emergence the 

a c t i v i t y decreased in control as well as with a l l growth 

regula tor t reatments . On the other hand, the enzyme a c t i v i t y 

increased in cotyledons of control as w-511 as growth regula tor 

treatments except 2,4-D during seedling development. At 

r ad i c l e em-^rgence stage, enzyme a c t i v i t y was less in seedling 

file:///vhile


Table 4 . 7 i E f fec t of growth r e g u l a t o r s on pe rox idase a c t i v i t y 

( ^ A min mg proteiri) of embryo and endosperm of 

P inus kes iya i n t r e a t e d seeds and dur ing s e e d l i n g 

emergence 

Treatment 

Control 

lAA 

2,4"D 

GA 

FAP 

AA 

Seed p a r t 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Trea t ed seeds 

0.04-HD.01 
0 . 0 4 ^ . 0 0 

0 . 17-tO.OI 
0 . 155^.01 

0.24+0.00 
0 . 1 6 ^ . 0 1 

0 .06+0.01 
0 . lOfD.OI 

0 . 1340.01 
0 . 1 4 ^ . 0 1 

0 .04+0.01 
0 .0 3 ^ . 0 0 

Rad i c l e 
emergence 
s t a g e 

1.2D-MD.04 
0 . 6 5 2 ) . 0 2 

0.25-KD.OO 
0 . 5 0 5 ) . 0 1 

0.25-K).01 
0.60 5) .01 

1.75+0.03 
1.355) .03 

0 .65^0.0 2 
0 .6053 .01 

0.40+0.00 
0 .6553 .01 

Cotyledon 
emergence 
s t a g e 

2.20+0.06 
0 .50^3 .01 

5.50+0.02 
0 .4553 .01 

0.15-K3.03 
0 .5553.01 

1.80+0.04 
0 .9053 .01 

4.85-HD.02 
0 .3553 .06 

2.65-K).0 2 
0 .4053 .01 

S.E. 
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f^xes of a l l the growth regulator treatments as compared to 

cont ro l . At plumule and cotyledon emergence phase, the 

enzyme a c t i v i t y was higher with lAA, PAP and AA treatments 

excepting the l a s t treatment in case of cotyledon during 

cotyledon emergence. The enzyme a c t i v i t y increased with 

growth regula tor treatments in cotyledons of a l l the stages 

of seedl ing emergence except 2,4-D a t cotyledon emergence 

phase where i t decreased (Table 4 , 8 ) . 

lAA" oxidase 

£• kesiy^ : The enzyme a c t i v i t y increased in embryo of control 

as well as with growth regula tors axcept lAA and 2,4-D t r e a t ­

ments a t r ad i c l e emergence phase. In oase of endosperm, the 

enzyme a c t i v i t y decreased during r a d i c l e emergence in control, 

lAA and 2,4-D treatments whereas GA, FAP and ÂA treatments 

r e su l t ed in increase in the a c t i v i t y . During cotyledon 

emergence, in endosperm, the a c t i v i t y was l ess in control and 

GA t rea tments . The enzyme a c t i v i t y could not be detected in 

embryo of control and GA treatment as well as in both embryo 

and endosperm of AA t r e a t e d seeds. But a t r ad i c l e and cotyle­

don emergence stages the a c t i v i t y was lower in both the seed 

pa r t s in a l l the treatments except embryo in GA and AA t r e a t s 

ments as compared to control . In endosperm, enzyme a c t i v i t y 

was higher with lAA, 2,4-D and GA treatments a f t e r seed 

t reatment s tage and with GA and AA f t r ad ic l e and cotyledon 



Table 4.8 : Effect of growth regula tors on peroxidase a c t i v i t y 
—•1 — 1 ( iJA min mg protein) of seedling axes and 

cotyledons of Scliima khasiana during seedling 

Treatment 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

emergence 

Seedling par t 

Seedling axes 
Cotyledons 

Seedling axes 
Cotyledons 

Seedling axes 
Cotyledons 

Seedling axes 
Cotyledons 

Seedling axes 
Cotyledons 

Seedling axes 
Cotyledons 

Stages of 

Radicle 
emergence 

2.33 10.08 
0.45<).03 

1.7D-K).04 

0.50+0.02 
0.80^).01 

0.65+0.0 2 
0 . 5 0 ^ . 0 1 

1.50+0.13 
1.05^)'01 

1.65+0.05 
0 . 7 D 5 ) . 0 2 

seedling development 

Plumule 
emergence 

1.65-IO.03 
0.45^3.03 

4.00-K) .01 
1 .20^.01 

0.50-HD.03 
0 . 8 0 ^ . 0 1 

0.85+0.01 
0 . 7 D 5 ) . 0 2 

1.80+0.05 
1. 155^.04 

2.50+0.14 
1.l5ip.05 

Cotyledon 
emergence 

0.65+0.04 
0.80fD.05 

2.85O.01 
2.95^5.11 

O.AO+0.03 
O.30B^.O1 

0.30+0.04 
1.60<).04 

1.35+0.05 
1.50fD.01 

0.60+0.03 
3. 105).09 

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

§.' kl^9sianft : The enzyme a c t i v i t y was not observed during ttie 

course of seedling development in both seedling axes and 

cotyledons of control . The a c t i v i t y was recorded during 

plumul9 emergence in cotyledons of lAA, 2,4-D and GA t r ea t ed 

seeds and seedling axes in lAA treatment. At cotyledon 

emergence, higher a c t i v i t y in seedling axes was noted in lAA, 

FAP and AA treatments whereas in cotyledons the maximum 

a c t i v i t y was recorded in FAP treatment (Table 4,10) « 

Polyphenol oxidase 

E- ^t^j^siana : In general the increase in enzyme a c t i v i t y was 

observed in embryo of control as well as ••f growth regula tor 

t r e a t e d seeds (dicing deediiJig ^nergence except 2,4-D. In case 

of endosperm, the a c t i v i t y was higher during rad ic le emergence 

phase in a l l the t reatments . Conversely, i t declined during 

cotyl-sdon emergence except for AA treatment . The enzyme 

a c t i v i t y was higher in both embryo and endosperm of growth 

regula tor t r ea t ed seeds as compared to control a t a l l the 

s tages of seedling development (Table 4 ,11) . 

S. khasiana : In the seedling axes of control , the enzyme a c t i ­

v i t y was similar during rtidicie and pliomuXe .«i9uergene9 stagas. . 



Table 4.9 : Effect of growth regula tors on lAA-oxidase a c t i v i t y 
(mg lAA oxidized, hr" mg" proteir^ of embryo and 
endosperm of Pinus kesiya in t r ea t ed seeds and during 
seedling emergence 

T r e a t m e n t 

C o n t r o l 

lAA 

2 , 4 - D 

GA 

FAP 

AA 

+ S .E . 

- A c t i v i t y 

Seed p a r t 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Einbryo 
Endosperm 

n o t s e e n . 

T r e a t e d s e e d s 

0 . 0 3 j p . 0 1 

0.2D-K).01 
0. igJ'.OI 

0.23-K).01 
0 . I 8 ] p . 0 1 

0.08+p.OO 

0 . 0 2-K).01 
0.0 35>»0'' 

** 

R a d i c l e 
emergence 
s t a g e 

O.TD-iO.OO 
0 . 2 5 1 ) . 0 1 

0 . 0 5 0 . 0 0 
0 . 0 5 < ) . 0 1 

0 . 1 0 + 0 . 0 2 
0 . 0 5 0 . 0 1 

0 . 3 0 + 0 . 0 3 
0 . 6 5 0 . 0 5 

0 . 2 D O . 0 2 
0 . 0 5 0 . 0 1 

0 . 2 5 0 . 0 1 
0 . 4 5 0 . 0 1 

C o t y l e d o n 
emergence 
s t a g e 

1 . 2 D O . 0 3 
0 . 1 0 5 5 . 0 1 

0 . 5 0 0 . 0 7 
0 . 0 5 0 . 0 1 

0 . 6 5 0 . 0 1 
0 . 0 5 0 . 0 2 

1 . 3 5 0 . 2 2 
0 . 2 0 0 . 0 1 

0 . 6 0 0 . 0 7 
0 . 0 5 0 . 0 1 

1 . 5 0 0 . 0 8 
O.AOO.OI 



Table 4 . 10 Ef fec t of growth r e g u l a t o r s on lAA-oxidase a c t i v i t y 
— 1 — 1 (mg lAA oxidized hr" mg p ro te in ) of seedling axes 

and coty ledons of Schiraa khas iana dur ing s e e d l i n g 

Treatment 

Cont ro l 

lAA 

2,4-D 

GA 

FAP 

AA 

emergence 

Seed l ing p a r t 

Seed l ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Stages 

R a d i c l e 
emergence 

^̂  

~ 

— 

-

-

of s e e d l i n g 

Plumule 
emergence 

•w 

1.05-KD.01 
0 .055^ .01 

0 . l 5 j p . 0 1 

0 .21<) .01 

-

• * 

development 

Cotyledon 
emergence 

-

1.25-KD.01 
0 . 1 5 ^ . 0 4 

0.25-K).04 
0.10 HO .0 2 

0 .05+0.01 
0 . 2 5 ^ . 0 2 

1.23+0.25 
1.0053*01 

1.33+0.04 
0.8553*00 

+ S.E. 
- A c t i v i t y not seen . 



Table 4.11 Effect of growth regulators on polyphenol oxidase 

activity (AA min mg" ' proteir^ of embryo and 

endosperm of Pinus kesiya in treated seeds and 

during seedling emergence 

Treatment Seed part Treated seeds 
Radicle 
emergence 
stage 

Cotyledon 
emergence 
stage 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

O.OIO.OO 
O.OIfD.OO 

0.09+0.01 
0 .0 7iD.01 

0.13+0.0 2 
0 . 10^) .01 

0.01+0.00 
0 .045) .00 

0.05+0.00 
0 .055) .00 

0.01+0.00 
0 .0 2+0.00 

0.05+0.01 
0.055).01 

0.23+0.01 
0. 325> .01 

0.11+0.00 
0.465).03 

0.10+0.01 
0.055).00 

0.54+0.01 
0.465>.01 

0.04+0.01 
0.06+0.01 

0.10+0.01 
0.0453.01 

2.49+0.06 
0.2l5>.0l 

0.10+0.04 
0.255>.01 

0.0 7-K).01 
0.0 353 •01 

2.10+0.01 
0.2255.01 

0.12+0.01 
0.08+0.01 

S.E. 
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However, i t increased in IAA treatmsnt . The othipr growth 

regula tors inh ib i ted the a c t i v i t y in se-dLin^, axes e t t h i s 

str^ge. v/hile a t cotyledon em rgence stfige, a c t i v i t y declined 

in seedling axes o± control and growth regub^tor treatments 

except in case of FAF treatment. In cotyledons, the a c t i v i t y 

increased during di f ferent stages of seedling emergence 

except for FAP and AA treatments during plumule and cotyledon 

emergence phases, respec t ive ly . The enzyme a c t i v i t y was 

highi-r in seedling axes -with a l l growth r egu l - to r treatments 

a t r ad i c l e emergence; with L^A, GA and AA treatments a t plumule 

emc^rgence, and with IAA, FAP and AA treatments a t cotyledon 

emergence phase as compared to control . On the other hand, the 

a c i t i v t t y was lower in cotyledons with a l l the growth regula­

t o r treatments except FAF a t r ad ic l e emergence phase. Hovvever, 

a t plumule emergence s tage i t was higher with GA treatment 

(Table 4 ,12) , The enzyme a c t i v i t y was higher in cotyledons 

with IAA and GA treatments a t cotyledon emergence s tage as 

compared to control , 

FrQ_tein 

P. kesiya : In embryo, pro te in content increased during seed­

l ing emergence in control and growth regulr.tor treatments, 

while i t declined in endosperm. As compared to control, the 

pro te in content in embryo was higher in a l l the growth regula­

t o r t r ea t ed speeds except 2,4-D. At r ad i c l e emergence s tage the 



Table 4 .12 : Ef fec t of growth r e g u l a t o r s on polyphenol ox idase 
a c t i v i t y ( ^ A rain" mg p r o t e i i ^ of s e e d l i n g axes 
and cotyledons of Schima khasiana dur ing s e e d l i n g 

Treatment 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

emergence 

Seedl ing p a r t 

Seedl ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Stages 

Rad ic l e 
emergence 

0 .15+0 .03 
0 . 1 5 5 ) . 0 3 

0.^40+0.0 2 
0 . 1 0 ^ . 0 1 

0.35+0.00 
0 . 1 0 ^ ) . 0 1 

0 .25+0.01 
0 . 0 5 i 0 . 0 1 

0 .50 40.0 3 
0.20 J ) . 0 3 

0 .50+0.04 
0.10 To.0 2 

of s e e d l i n g 

Plumule 
emergence 

0 . 15-K).01 
0 .155>.04 

0 .55+0.01 
0.1555.00 

0 . 10+0.01 
0 .15<) .01 

0.2D-KD.01 
0 .2553 .01 

0.15-K).01 
0.10 5 ) . 0 1 

0.2D-KD.00 
0 . 1 5 5 ) . 0 1 

development 

Cotyledon 
emergence 

0 .10+0.02 
0 .2053.01 

0 .35+0.01 
0 .3553.01 

0.05+0.01 
0 .2353.04 

0.10+0.01 
0.7353.00 

0 .15+0.02 
0 .1053.01 

0.15+0,01 
0 .1053.01 

S.E. 
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prote in content in embryo w»s higher with AA tre.-<tment whereas 

in alL other tire^taaents i t was lower than control . Lower 

pro te in content was ob'^erved in «^ndosperm ox t r ea t ed seeds and 

a t r ad i c l e ?.nd cotyledon em>-̂ rgence phases as compared to 

control . However, i t enh'-^nced with lAA, FAP and AA treatment 

a t cotyledon emergence phase (Table 4»13). 

^ ' kii'̂ f^i^na : In seedling axes, protein content increased 

during seedling emergence in control and growth regulator 

t reatments . In cotyledonvS, the pr*tein concent incrtositl 

during plumule emergence in a l l the t reatments , rfowever, i t 

declined during cotyledon em^rgfince. In lAA, GA, FAP and AA 

t r e a t e d seeds the protein content was higher in seedling axes 

as comp r e d to control a t r«d ic le and plumule emergence s tages . 

At cotyledon emergence s tage only with lAA and AA treatments 

higher protein content in seedling axes were observed. In 

case of cotyledons, a l l §rowtb regulator treatnente resulitad 

in higher protein content a t r ad ic le , plumule and cAtyledon 

emergence stages excepting FAP and AA t rea tments . The inhib i ­

t i on in prote in content w-s observed with 2,4~D treatment in 

both seedling axes ard cotyledons durxng seedl ing growth 

(Table 4.14) . 

Total Phenol 

P. kesiya : The t o t a l phenol contents increased in embryo 

during seedling d^v-lopm-^nt in control and growth ' •- . 



Table 4 .13 : E f fec t of growtli reguipators on p r o t e i n content 
(Ug seed par t ) of embryo and endosperm of 
P inus kes iya i n t r e a t e d seeds and dur ing seed­
l i n g emergence 

Treatment 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

Seed p a r t 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Embryo 
Endosperm 

Trea ted seeds 

13.00-K). 40 
6l.OOf3.20 

19.50+0,00 
49. 305).40 

11.90-tO.95 
4 3 . 5 0 5 ) . 2D 

21.3540.65 
28,9053.45 

22.2040.25 
4 7 . 2 0 ^ . 2 0 

23.00+OeOO 
39. 1 0 ^ . 2 0 

R a d i c l e 
emergence 
s t a g e 

2 8 . 3 0 0 . 7 3 
45.005^.05 

22.60+0.75 
31.90 5>.45 

21.10+0.60 
35.155>.45 

28.15+1.05 
1 9 . 1 0 5 ' . 30 

24.90+3.00 
36.1553.30 

31o25+0.55 
34. io5).oo 

Cotyledon 
emergence 
s t a g e 

64.80 + 2.00 
21.60^3.25 

68.50 + 7.25 
22.3053.33 

33.35+4.95 
18.255^.^5 

90.10+1.30 
10.1053.35 

25.35+0.85 
31.60+0.90 

78.30 + 3.40 
39 .105) . 20 

+ S.E. 



Table 4 .14 

Treatment 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

: Ef fec t of gro 
(Ug seed l ing" 

wth r e g u l a t o r s on p r o t e i n conten t 
par t ) of s e e d l i n g axes and 

ledons of Schima khas iana dur ing s e e d l i n g 
emergence 

Seed l ing p a r t 

Seed l ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seed l ing axes 
Cotyledons 

Seedl ing axes 
Cotyledons 

Stages 

Rad i c l e 
emergence 

10. 1040,15 
2aD.7Di3.40 

31.00+O.AO 
230.23 + 1.60 

10.10+0.06 
195.20+2.65 

15.00-K).40 
400.50+5.30 

16,40-K).2D 
2 7 0 . 5 0 5 ' . 10 

14.33+2.15 
245.73^1.50 

coty-

of s e e d l i n g development 

Plumule 
emergence 

10.90+0.80 
370.33^5.00 

39.60+0.50 
370-40T7.75 

10.5040.75 
300.00+5.60 

21.7D+2.05 
430.00+2.50 

29.50+3.50 
400.50+2.35 

24.0040.10 
460.0072. 35 

Cotyledon 
emergence 

34.65+1.15 
195. 23+9. 2Q 

52.50+3. 15 
240.10+9.10 

23.00 + 1.25 
235.0073.50 

22.40 + 1.95 
333.00+4.00 

34.40 40.50 
180.25+6.65 

40.5040,60 
125.6o79.80 

S,E, 
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reguL?»tor t reatments . I t decreased in endosperm snd seed 

co«t during rpd ic le emergence excapt for an increase in 

endosperm of GA and AA t r ea t ed seeds (Table 4,15) . The growth 

regula tor treatments resu l ted in higher phenol content in 

embryo and lower in endosperm and seed coat t^s compared to 

control during seedling development excepting GA and AA t r e a t ­

ments in case of endosperm, 

S_, khasiana : The t o t a l ph^^nol contents decceased in seedling 

axes during plumule and cotyledon emergence s tages in control 

and growth regula tor t r ea ted seeds v/her^^as i t increased during 

plumule emergence in LMA and 2,4-D treatments . In case of 

cotyledons, phenol content increased during seedling develop­

ment except during cotyledon emergence in GA treatment . An 

inh ib i t ion was recorded in phenol contents of seed coat during 

seedling development. 2,4-D and GA treatments of the seeds 

resu l t ed in an increase in phenol contents of seedling axes and 

cotyledons as compared to control a t d i f fe ren t s tages of 

seedling development whereas lAA tr-^atment exhibited higher 

phenol contents a t plumule and cotyledon emergence stages 

(Table 4.16) , 

0-dihydroxypheno1 

P. kesiya : The increase in O-dihydroxyphenol content was 

recorded in both embryo and endosperm during seedling develop­

ment in control and growth regula tor treatments exct«pt lAA and 



Table 4.15 Effect of growth, regula tors on t o t a l ptienol content 
(mg g fresh weight) of embryo, endosperm and seed 
coat of Pinus kesiya in t r ea ted seeds and during 
seedl ing emergence 

Treatment Seed par t Treated seeds Radicle 
emergence 
stage 

Cotyledon 
emergence 
stage 

Control 

lAA 

2,4-D 

GA 

FAP 

AA 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

0.33+0.00 
0 . 5 5 ^ . 0 3 
0.45fD.00 

0.35+0.0 2 
0.45"^).04 
0 .4053.03 

0.75+0.06 
0 . 4 5 ^ . 0 3 
0.355).0 3 

0.35+0.03 
0.33+0.00 
0.30^3.06 

0.65+0.04 
0.50 40.04 
0.40+0.02 

0.7D+O.04 
0.45+b.OO 
0,4540.04 

1.2540.01 
0.5540.00 
0.30 5) .02 

1.1040.01 
0 .3540.01 
0.2553.03 

1.25+0.0 3 
0.40 40.01 
0 .2053.01 

1.40 40.02 
0 . 4 5 " K ) . 0 2 
0.2053.02 

1.3040.02 
0.45+0.01 
0.205^.01 

1.2540.01 
0.5040.01 
0 .23+0.02 

2.3340.04 
0.75+0.02 
0.3353.00 

2.3040.02 
0.55+0.01 
0.2553.01 

2.4540.04 
0.43+0.01 
0.2553.01 

2.4540.04 
0.9040.02 
0.3553.05 

2.1540.04 
0.5540.01 
0.2353.01 

2.40+0.00 
0.8540.02 
0.30 40.00 

S.E. 



Table 4 . ^6 Effec t of growth r e g u l a t o r s on t o t a l phenol conten t 
• 1 

(mg g" f r e s h weight) of s e e d l i n g axes , co ty ledons 
and seed coa t of Schima khas iana during s e e d l i n g 

emefgence 

Treatment Seedling part 
Stages of seedling development 

Radicle 
emergence 

Plumule 
emergence 

Cotyledon 
emeit'genee 

Control 

lAA 

2,4-D 

GA 

FAP 

Seed l ing axes 
Cotyledons 
Seed coat 

Seedl ing axes 
Cotyledons 
Seed coa t 

Seed l ing axes 
Cotyledons 
Seed coa t 

Seed l ing axes 
Cotyledons 
Seed coa t 

Seed l ing axes 
Cotyledons 
Seed coa t 

I.OO-iO.OO 
0 . 8 0 < ) . 0 3 
0 .3053.01 

0.80+0.03 
0.70+0.03 
0.255) .01 

3.80+0.00 
1.054<D.03 
0 .2553.02 

3.20+0.00 
1.2D+b.07 
0 .2053.01 

1.00-+0.00 
0 . 5 5 l b . 0 3 
0 .25<) .01 

0.50+0.01 
i.ao'+b.0 3 
0 .2553.00 

1.60+0.05 
2. 2540.00 
0 . 25JP .01 

5.25-K3.18 
0.10+t).09 
0 .20+0.01 

1.55+0.08 
2.354<D.0 7 
0 .2053 .01 

0.45-K3.01 
1.10'+b.03 
0.25-K3.01 

0 . ^ -K) .01 
1.30+0.02 
0 .1553.01 

0.7D-K).02 
2.AO+b.06 
0 . 2 D ' K 3 . 0 1 

3.50 40 .13 
2.35'+t).06 
0 .2553.01 

1.25+0.00 
1.90+0.06 
0 .205>.01 

0.40-K3.01 
1.25HO.01 

0.10+0.01 

AA Seedl ing axes 
Cotyledons 
Seed coat 

0 .8040 .03 
0.554t).05 
0 .20+0.01 

0 .5040 .01 
0.80+(3.02 
0.2D+b.01 

0.50+0.00 
1.75+0.03 
0.10+0.00 

+ S.E. 
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AA treatments . As compared, to control , lAA treatment r e su l t ed 

in liigtier O-ditiydroxyphenol content in embryo and endosperm 

a f t e r seed treatment, in embryo witli a l l the treatments a t 

r a d i c l e emergence, and with lAA, 2,4-D and FAP a t cotyledon 

emergence s tage . The higher content of 0-dihydroxyphenol in 

enctosperm a t both r ad ic l e and cotyledon emergence stages were 

recorded with 2,4-D treatment and with FAP a t cotyledon 

emergence s tage only (Table 4.17) . 

^* ^hasiana : The 0-dihydroxyphenol content decreased in 

seedling axes during seedling development except for control, 

FAP r̂ nd AA treatments . Ln cotyledons, i t decrensed with L4A 

and 2,4-D treatments during seedling development. I t increased 

with GA during plumule emergence and with FAP and AA treatments 

during cotyledon emergence s tage . The 0-dihydroxyphenol 

content decreased in lAA and GA treatments during cotyledon 

emergence s tage (Table 4 ,18) , 

Nucleic acids 

!!̂^ ^esiy,9 : The ehidosperm contained more DNA and RJMA as 

compared to embryo during a l l s tages of seedling development. 

During r a d i c l e emergence, both DNA and RNA contents in embryo 

and endosperm increased as compared to imbibed seeds. However, 

these declined during cotyledon emergence s tage (Table 4 .19) . 

—• ^hasiana : The DNA contents in both seedling axes and 

cotyledons decreased during seedling development except for an 



Table 4 .17 s Ef fec t of growth r e g u l a t o r s on 0-dihydroxyplienol 
con ten t (mg g~ ' f r e sh weight) of embryo, endosperm 
and seed coa t of Pinus kes lya in t r e a t e d seeds and 
dur ing s e e d l i n g emergence 

Treatment Seed p a r t Trea ted seeds 
Rad ic l e 
emergence 
stage 

Cotyledon 
emergence 
s t a g e 

Contro l 

lAA 

2,4-D 

GA 

FAP 

AA 

Embryo 
Endosperm 
Seed coa t 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

Embryo 
Endosperm 
Seed coat 

0.01-fO.OOI 
0.0 2+b.001 
0.0 3fD.003 

0.0 3+0.001 
0.08+0.00 2 
0 .035^.001 

0.0140.001 
0.03+0,001 
0 .0 2^3.001 

0.01+0.002 
0 .0 2+0.001 
0.0453.001 

0.01+0,001 
0.0 21^,00 2 
0.0353.001 

0.01+0.003 
0.03+0.001 
0.03+0.001 

0.08+0.001 
0.0 3+b.ooo 
0 .0 353.001 

0.12+0.005 
0.0 2+0.001 
0.0453.003 

0.11+0,002 
0.06+5D.002 
0.0 253.001 

0 . 11+0.002 
0.0 3+0.001 
0.0553.002 

0.14+0.00 2 
0.0 3+t).001 
0.0253.002 

0 . 11+0.002 
0.03+0.001 
0.03+0.001 

0.14+0.001 
0.04+0.002 
0.0253.001 

0.26+0.002 
0.02+b.002 
0.0353.001 

0.23+0.001 
0.13+O.002 
0.0253.001 

0.13+0.001 
0 . 0 3 ^ . 0 0 2 
0 .0253.001 

0.21+0.004 
0.10+0,001 
0 ,0253.001 

0.13+0.001 
0.01+0.001 
0 .01+0.003 

S.E. 



Table 4.18 Effect of growth regula tors on 0-dihydroxyphenol 
content (mg g" ^ fresh weight) of seedling axes, 
cotyledons and seed coat of Schime khasiana during 
seedling emergence 

Treatmait Seedling par t 
Stages of seedling development 

Radicle 
emergence 

Plumule 
emergence 

Cotyledon 
emergence 

Contro 1 

lAA 

2,4-D 

GA 

FAP 

AA 

Seedling axes 
Cotyledons 
Seed coat 

Seedling axes 
Cotyledons 
Seed coat 

Seedling axes 
Cotyledons 
Seed coat 

Seedling axes 
Cotyledons 
Seed coat 

Seedling axes 
Cotyledons 
Seed coat 

Seedling axes 
Cotyledons 
Seed coat 

0.0 3-tO.005 
0.0 3^0.00 3 
0.0 1<).001 

0.09+0.004 
0.38+0.008 
0.0 1^3.001 

0.50-tO.OAO 
0 . 1510.002 
0.0 2 ^ . 0 0 1 

0.20+0.002 
0.08+0.010 
0.0 25).00 2 

0,0 3+0.001 
0.0 3+0.00 2 
0.0 1<).001 

0.0 2+0.004 
0.01^O.004 
O.Ol'iO.002 

0.01+0.002 
0.0 3^<3.001 
0.01^).002 

0.06+0.002 
0.24+0.005 
0.0 35^.002 

0.45+0.001 
0.09+0.005 
0.0 3 5 •004 

0.08+0.006 
0. 18+0.010 
0.0 25>.002 

0.0 2+0.00 2 
0.0 3+0.00 3 
0 . 025 .001 

0.01+0.001 
0.01+0.003 
0.01+0.001 

0.02+0.003 
0.09"^<3.00 2 
0 . 0 1 5 . 0 0 1 

0.0 2+0.00 2 
0.16+0.015 
0 . 0 1 5 ' . 0 0 1 

0.30+0.04D 
0 . 10+0.005 
0 .0 3 5 •004 

0.04+0.001 
0 . 10+0.001 
0.0153.001 

0.03+0.003 
0.12+0.002 
0.0 25 ' .00 2 

0 .0 2+0.001 
0.15+0.0 25 
0 .0 2+0.001 

+ S.E. 



Table 4.19 ; Changes in nucleic acid contents (mg g fresh weight) 

during imbibition and seedling emergence in Pinus 

kes iya 

Radicle Cotyledon 
Nucleic acid Seed part Imbibed seeds emergence emergence 

stage stage 

DNA Embryo 1.7D-K).05 I.TD-KD.II 1.50+0.2D 
Endosperm 1.6553.0 7 I .SO^^.I^ 1.655>«25 

RNA Embryo 10.23 + 1.25 14.30 + 1.50 13.20 + 1.75 
Endosperm 16.80 + 1.40 l8 .4oTl .80 16.20 + 2.25 

S.E. 
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increape in the former at plumule emergence stage. In both 

seedling axes and cotyledons, the RNA consent decreased at 

plumule emergence stage >/hich subsequently increased during 

cotyledons em:*rgence (Table 4.20). 

Electro phores is 

P. keslya 

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

imbibition, radicle and cotyledon emergence, respectively 

(Fig. 4, 1A) . The increase in number of bands with Rfs 0.05, 

0.10, 0.16, 0.26, 0.29, 0.47 and 0.6o during radicle emergence 

and Rfs 0.02, 0.23 and 0.65 during cotyledon emergence were 

observed. This is also accompanied 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. 4.1A). 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 ox 

Rfs 0.04, 0.65, 0.83, 0,87, 0.90 and 0.94 were not detected in 

endosperm during emergence of cotyledons. This is also corre­

lated with peroxidase activity recorded during seedling and 

cotyledon emergence stages (Table 4.7). 

Proteins : In embryo 28, l6, 19 bands were recorded after 

imbibition, radicle and cotyledon emergence, respectively 



Table 4,2D : Ctianges in nucleic acid contents (mg g"" fresh weight) 

during seedling emergence in Schima khasiana 

Nucleic acid Seedling part 
Stages of seedling development 

Radicle 
emergence 

Plumule 
emergence 

Cotyledon 
emergence 

DNA 

RNA 

Seedling axes 
Cotyledons 

Seedling axes 
Cotyledons 

I.AO-KD.12 2.0040.15 1.40-f0.10 
1 . 9 0 ^ . 2 5 1.7D<).05 1.6055.15 

19.50 + 1.25 12.90+2.10 18.90 + 2.30 
24.6o£2.20 21.00i1.50 21.60 + 2.A0 

+ S.E. 



Fig, 4,1 : Elec t rophoret tc changes in peroxidases (A) 

and prote ins (B) in embryo and endosperm 

during (I) imbibing seeds, ( I I ) radicLe 

emerged and ( III) cotyledon emergence 

phases of Finus kesiya.. Increasing band 

intens i ty (=» •»» «») , 
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(Fig . 4. IB) . .'/hile two new bands of Rx? 0.7'^ and 0.82 appeared 

during r ad ic l e emergence, 5 new b^nds of Rfp 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 a lso 

in accordance with increase in protein content of embryo 

(Table 4.13) f In endosperm 17, 22 and 21 bands appeared on 

gels using ex t rac t s of imbibed seeds, r ad i c l e and cotyledon 

emegence stage, respect ively (Fig. 4. IB) . During emergence of 

r ad ic le , 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 consis tent with 

decrease in protein content of endosperm during seedling 

emergence (Table 4 .13) . 

—• t^hasiana 

Peroxid^ises : In seedling ^xes 14, 8 snd 10 bands were noticed 

during stages of radicle, plumule r.nd cotyledon emergence, 

respectively (Figi 4.2A). Correspondingly, a decrease in 

enzyme activity was also recorded during seedling emergence 

(Table 4.8). During plumule emergence, bands of RZn 0.06, 0»15. 

0.22, 0.68, 0.75, 0.83 and 0.94 were absent. However, 1 new 

band O-L Rf 0,S6 appeared at this stage. On the other hand, 

during cotyledon, emergence, band of Rf 0.62 was not detected 

but 3 n?w bf̂ nds with Rfs 0.09, 0,65 and 0,71 were fecprded. In 

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



Fig. 4.2 : Electrophoret ic changes in peroxid'=>ses (A) 

flnd proteins (B) in seedling axes and 

cotyledons during (I) r ad i c l e emergence 

phase, ( II) plumule emergence phase and 

( III) cotyledon emergence phase in Schima 

kifasiana. Increasing band in tens i ty 
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and cotyledon emf-̂ rgence, respectively. During plumule 

emergence, bands oi Rfs 0.18 and 0.74 were not detected. The 

intensity of band o •-" Rf 0,38 was more. During cotyledon 

emergence, 3 new bands of Rfs 0.08, 0,62 and 0.68 were 

observed. The increase in enzyme activity was also 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 Gm=;rgence, 

respectively. During plumule emergence, 4 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 emergence of cotyledons, a band of Rf 0.39 present in 

radicle emergence phase was re-recorded (Fig. 4.2B). The 

increase in protein content of seedling axes was also observed 

during seedling emergence (Table 4, V*) . In cotyledons, 19i l6 

and 15 bands were detected during radicle, plumule and cotyle­

don emergence phases* respectively (Fig. 4,2B). 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. l4) . 
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Discussion 

The soaking of seeds in gro Â tli regulpitors l ike L^A, ^JA, 

FAP pnd AA soluoions exhibited an increase in the seedling 

growth and moisture con-cent in both P. kesiya and _S, .<hasiana 

except 2,4"~D treatmf^nt. The increase in growth is du.-̂  to 

ce l l enl^rgem-nt and d i f f e r en t i a t i on ex ac t i ve embryo (Khan, 

1977; Chinoy and Saxena, 1978) while ^suppression in growth by 

2,4-D is due to i t s toxic nature (Prasad, 1984;. 

Many &xidative '=>nzymes are present in se«ds and ch?^nges 

in them lead to onset of germination (Mayer and Poljakoff-

Mayber, 1982) . ^ number of terminal oxida<'es are associated 

with membranes and the change in propert ies Ox membranes bear 

a prominent ro l e in control l ing seed germination by affect ing 

th'=' r a t e of hydration, r e sp i r a t ion , enzyme r e l ea se and harmone 

content e t c . (Tao and Khan, 1977; Rodriguez and Sanchez-Tarn i s , 

1986) . Auxins, GA, FAP and AA regula te the enciogenous lAA 

content during germination and deve lo^en t , by change in 

enzyme a c t i v i t i e s or synthesis of auxin (Galston and Davis, 

1969; Gaspar et £ 1 . , 1977, Mehta and Chinoy, 1978; Lee, 1980; 

Saleh and Hamberg, 1980; Dendsay and Sachar, 1982; Trewavas, 

1982; Zaofczlowski _et aJL., 1983). 

The increase in ca ta lase a c t i v i t y was recorded in 

endosperm of P. kes iya with growth regula tor treatments as 

compared to control a t r ad ic l e and cotyledon emergence stages 
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•Tnd also in GA t ra^ ted seeds. In coni_ r s , th^ . ctunl site, 

of cp-tslose involv?in--nt in se ,d xor mobilization ox trij^ly-

ceride may be tnc-e endoRperm. The presence oi tii/.ti levels of 

l i p ids in conifers also su^, .ests the occurrence of enzymes ox 

glyoxy-̂ ^ome cycl"^ ,. i soc i^ ra te lyase, matate synthetase and 

catalyse) in germinating seeds (."irenzuoli _£t £ l . , 1968 a; 

Ching, 197D) . :-\n inh ib i t ion in catalaae a c t i v i t y in embryo 

re su l t ed a t bo"ch r ad ic l e and cotyledon emergence stages except 

for LxA pxid APi t reatm-nts a t the l a t t e r s tage. In case of 

jS. khasiana the cata lase a c t i v i t y was hi^;her in seedling axes 

and cotyledons in a l l growth regulator treatments as compared 

to ccntfiol except 2,4-D. tlowever, lAA and 2,4-D treatments 

were s l i g h t l y inhibi tory . An increase in the micro-bodies 

during development suggests an increase in ca ta lase a c t i v i t y 

and protein oodies of sweet potato root t i s sues (Esaka and 

Asahi, 1979; Esaka et a_l., 1983). '•Ch.e ca ta lase a c t i v i t y 

regula tes the level of ripO„ which may ba the function • f 

plant , ;rowth regulators as reported during development tx 

sunflower plants (Sarkar and Choudhury, 1985). The increase 

in c?^talase a c t i v i t y of Cicer ariettnum with GA and AA i^hehta, 

e t a l . . 1974a) and of Cajanas ca.jan (Mehta _et al.., 1974b) with 

AA treatments have been reported. Seed potatoes soaked in GA 

resu l t ed in decrease in ca ta lase and increase in peroxidase 

a c t i v i t i e s during early germination (Puzina, 1976). Henry and 

Jordan (1977) also showed a depression in the a c t i v i t i e s of 
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c'^'talR'^e, peroxida=!e snd polyph?nol oxidase with GA and IAA 

treatments o- the excised apica l sec t ion of pea seedlinj.s. ^ut 

the increase in peroxidase and cataLase with AA suggests an 

upsurge in oxidat ive proc'^sses throu;-h free rad ica l monodehy-

droascorbic acid in the energy t ransfer during seedling deve­

lopment of Plantago (hehta and Chinoy, 197^) . Ainetin has 

been reported to ac t iva te the lAA-oxidizint;; enzyme in roots ->i 

Lens culminaris but not the ca ta lase a c t i v i t y which led to a 

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

In control of P. keslya, the peroxidase a c t i v i t y was 

higher in embryo as compared to endosperm suggesting the 

ac tua l energet ics in\/'oIved with the embryo during germination. 

Peroxidase and lAA oxidase a c t i v i t i e s have been found associa­

ted with the ac t ive diff '^rent ia t ion in cucumber seedlings 

(Halevy, 1964) and i t can be regulated by the t rans loca t ion 

waves of auxin (Sanchez-Bravo et^ £LL»> 1986) , The developmen:-

t a l f luc tua t ion in the measured levels of perojcidase a c t i v i t y 

were also observed in pea (Gibson and Liu, 1978) . They also 

reported tha t such f luc tua t ion could be due to e i the r non-

physiological ly iden t ica l isoenzymes of peroxidase which might 

be responsible for these developmental f luc tua t ions , AS 

compared to control , the growth regula tors suppressed the 

peroxidase and lAA-oxidase a c t i v i t i e s , during r ad i c l e emergence 

except GA treatment in P. kesiya. The decrease in peroxidase 

a c t i v i t y in gro .th regulator treatments accompanied with 
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overa l l increase in fresh wei^^ht of S_, khaslana has been 

observed during the r ad i c l e emergence v;hile lAA oxidase 

a c t i v i t y was not detected during th i s s tage . Gaspar _et al^ 

( 1977) emphasized the presence ox a su f f i c i en t ly l»w peroxi­

dase a c t i v i t y and a minimum auxin level of the embryo which 

may be responsibl? for the onset of germination of dormant 

and nonrdormant whfeat seeds« The same may increase the produc­

t ion of -<-amylase. The inverse cor re la t ion between peroxidase 

and r ad ic l e emergence with appl ica t ion to IAA, FAP and AA in 

£* ^esiya and also in S_, khasiana with a l l growth regulators 

except 2,'+-D suggests the poss ible ro l e • f peroxidase and IAA 

oxidase in regula t ion of IAA level which could govern the 

redox po ten t i a l and ce l l d iv i s ion (Kamiski, 1971; Lee, 1980). 

During germination the p-^roxidase a c t i v i t y vias higher in GA 

t r e a t e d seeds of P. kesiya. A s imilar observat ion has been 

recorded during the germination of sweet potato seeds t r ea t ed 

with GA (Puzina, 1976) . Besides, a number of growth hormones 

have been reported to inh ib i t the peroxidase and lAA-»xidase 

a c t i v i t i e s in many species (^Elkinawy and Raa, 1973; Ram et a l . . 

1976; BTl.Tsimha,_et a l . , 1977; Saleh, 1981; Dendsay and Sachar, 

1982) . A d i r ec t cor re la t ion between growth and peroxidase 

a c t i v i t y has been found during cotyledon emergence in P_. kesiya 

and _S. khasiana in response to IAA, FAF, AA and GA treatments 

excepting the l a s t treatment in the l a t t e r spec ies . While a l l 

the growth regula tors enhanced the lAA-oxidase a c t i v i t y in 
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P. keslya, the treatm'^nts o£ lAA, 2,4-D and FAP increased the 

a c t i v i t y oJ lAA-oxidase in t r ea ted seeds. The raaximuiii increase 

in the a c t i v i t i e s of both peroxidase and lAA-oxidase a t 

cotyledon emergence stage in _S. khasiana with FAF treatment 

suggests t ha t cotyledons are the possible s i t e of accumulation 

of synthesis of lAA. 

Similar i n t e rp re t a t ion was given for cotyledons of 

Lufiinus albus during seedling gdevelopment (Elkinawy, 1982), 

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

amount of endogenous lAA in seeds of Fhaseolus, Pinus. Zea_ as 

well as in young bean plants with k inet in treatment. In 

number of s tud ies an increase in lAA-oxidase and peroxidase 

has been reported during seedl ing developm-nt with appl ica t ion 

of various growth regulators (iJziewanowska and Lewak, 1975; 

Brunner, 1978; Dendsay and Saohar, 1978; 1982; Melalia, and,. .. " 

Chinoy, 1978; Balasimha and Tewari, 1979). 2,4-D inhib i ted the 

peroxidase a c t i v i t y and seedling growth in both the embryo and 

endosperm of r a d i c l e and cotyledon pmtruded seeds of P. kesiya 

and throughout seedling development in S, khasiana. The 

a c t i v i t y of peroxidase with appl ica t ion to 2,4-D has been 

shown to s l i g h t l y improve in Jerusalem ar t ichoke t i s s u e (Morell 

and D^m^triadds, 1955) . Conversely, inh ib i t ion in the enzyme 

a c t i v i t y in r e l a t i o n to seedling growth in Trigonella foenuia-

graeuum (Balasimha jet a_l,, 1976) and in wheat (Fluckiger, 1977) 

were reported. 
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In many cases, a c lese cor re la t ion has been found 

between the enhanced a c t i v i t y of polyphenol oxidase and the 

concentration of phenolic substances (S te lg ig _et ^ , , 1972; 

hayer and tiarel, 1979; Vaughn and Duke, 1984) . Polyphenol 

oxidase a c t i v i t y increased with seedling emergence in both 

embryo and endosperm of P. kesiya except in endosperm of 

cotyledon emergence phase* In general, th i s increase was 

accompanied with an increase in t o t a l phenol and 0-dihydr^xy-

phenol contents. I t has T êen suggested t h a t polyphenol oxidase 

has been involved in the biosynthesis of flavonoids (Caspar, 

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 regula tor trsa-b-

ments reveal the leaching of phenolic i nh ib i t o r s , Kumar _et aj., 

( 1979) mentioned the presence of ru t in , quercatin, x - r e s o r c y c l i c 

acid, protocatechuic acid, />-hydro benzoic and v a n i l l i c acid in 

leachates of Cicer seeds. The growth regula tors enhanced the 

polyphenol oxidase a c t i v i t y in both embryo and end-^sperm of 

P, kesiya during seedling development except 2,4-D treatment. 

I t has been observed tha t higher phenol content was d i r ec t ly 

proport ional to the increase in fresh weight of seedl ing. The 

increase in growth could be due to increase in polyphenols 

which are found to be associf^ted with an increase in prote in 

and laA contents (Galston and Davis, 1969; Schneider and 

Wightman, 1974; Barendse, 1983) . 
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In rpsfonse to lAA, 2,4-D, GA and AA treatments of 

^S. khasiana, the poIyphenoL oxidase a c t i v i t y increased in 

seedling axes and decreased in cotyledons as compared to 

control, during radi tLe emergence s tage. However, iPAF t r e a t ­

ment resu l ted in higher a c t i v i t y in both the seedling pa r t s . 

Daring pluinule emt^rgence, 2,4-D and FAP inh ib i ted the a c t i v i t y 

in seedling axes and cotyledon^ respect ive ly . During cotyle­

don emergence stage, i t was observed tha t lAA enhanced the 

polyphenol oxidase a c t i v i t y in both seedling axes and cotyle­

dons. The higher content of t o t a l phenol was observed during 

plumule and cotyledon emergence in lAA, 2,4-D and GA treatments 

and 0-dihydroxyphenol during rad ic le , plumule and cotyledon 

emergence in both seedling axes and cotyledons as compared to 

respect ive cont ro ls , A d i r ec t r e l a t ionsh ip was seen between 

polyphenol oxidase and t o t a l phenol content. The possible 

involvement of phenol oxidase in oxidation of IAA has been 

reported (Potapov jet a_l., 1973) . The higher a c t i v i t y of 

lAA-oxidase, peroxidase and polyphenol oxidase in growth zone 

°^ ^upiJ^^s roots was also observed. A number of growth regula­

to r s were found to affect d i f fe ren t ly the leve l of polyphenol 

oxidase during growth (Henry and Jordan, 1977; Taneja and 

Sachar, 1977a, b; Balasimha and Tewari, 1979). The increase in 

polyphenol and 0-dihydroxy phenol contents with growth promoters 

i . e . , LAA, GA, FAP and AA indicated t h e i r involvement in 

metabolic pathways during seedling development. The increase 
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in poLyph^nols re^uLted in P higher number of protein bands 

(Feucht and Schmid, 1980; Schmid snd Feucht, 1981). The 

increpse in protein concent Ox embryo and seedling axes of 

P. kesiya and S, khasiana, respect ively , may be corre la ted 

with the growth of the t i s s u e . The decrease in protein content 

in endosperm of P. kes iya exhibited the mobil izat ion of 

soluble mater ia l for seedling development. The marked increase 

in prote in content of seedlings with lAA, GA and AA during 

cotyledon emergence could probably be r e l a t ed to photo synthe t ic 

a c t i v i t y of cotyledons (Huber and Sankhla, 1974a). AA and FAP 

treatments r esu l t ed in higher protein contents in endosperm as 

compared to control . This indicates less u t i l i z a t i o n of 

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 of 

d i f ferent growth regula tors , protein could be mobilized 

d i f fe ren t ly to developing seedling axes (Kumnri and Kohli, 1984) . 

The changes in prote in content may be r e l a t ed with the i n i t i a l 

s tages of d i f f e r en t i a t i on (Pa t te r son and Trewavas, 196?^, 

The RNA content was higher in extra-embryno1 par t s l i ke 

endosperm in P. kes iya and cotyledons in S. khas iana during 

emergence of r a d i c l e . The increase in RNA contents in extra-

embryonal pa r t i s suggestive Ox s t imulat ion of the r ad ic le 
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protrus ion from the seeds through hydroLization of prote in 

content for developing embryos. This i s ?*lso t rue for 

extr^-embryon?iL p^r ts of many seeds Like Cassia occ identa l i s 

(Kumari Pind Kohli, 1984), Douglss-fir ( Ching, 1966) and 

Castor bean (Martin and Northecote, 1981), In general, both 

RNA and DNA contents increased during r'=>dicle emergence. The 

higher amount of DNA during r ad i c l e emergence except embryo of 

£• ^^esiya is ind ica t ive of higher r a t e of c e l l d iv is ion as 

mentioned by several workers ( ref , Mayer and Poljakoff-Mayber, 

1982) . 

The present study on e lect rophores is al c^xtr?cts of 

F. kvsiy^ '̂ nd _S. kh-^siana during seedling emergence indicated 

t h a t during germination and emergence of seedlings, many 

changes occur in the level of isomaric nature and number of 

bands of peroxidases and pro te ins . The 7 and 12 new bands of 

peroxidase and 2 and 8 new bands of proteins in embryo and 

endosperm t i s sues of P. kesiya, respect ively , were observed 

during emergence of r ad i c l e . The appearance of new bands of 

peroxidase and proteins in embryo and change in in tens i ty of 

bands exhibi t an important function of peroxidase and synthesis 

of proteins for the onset • f r ad i c l e protrus ion from the seed. 

The increase in number of bands pf peroxidase and proteins in 

endosperm i s possibly due to synthesis of metaboli tes and 

growth factors responsible for Rctive growth and d i f fe ren t ia ­

t i o n of embryo during i n i t i a t i o n of germination. The detect ion 
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o l new bands and changes in a c t i v i t i e s during gerxnin^^tion is 

in accordance with r e su l t s obtained in other species of Pinus 

(Conkle, 1971; Raraaiah _et a^., 1971; P i t e L ^ a j . . , 1984). In 

general, metabolic a c t i v i t y of sseed begins with imDibition and 

increases during subsequent germination. The increase in 

a c t i v i t y is r e l a t ed to the physiological , anatomical or 

morphological events occuring during germination (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 i t s cac t iv i t y . Such 

changes could be due to a conformational change of the i so ­

enzymes of perostidase or due to in t e rac t ion between enzyme 

sub-uni ts . The increase and decrease in p ro te in bands of 

seedling axes and aktyledons to developing seedling for i t s 

growth during emergence of plumule and cotyledon in S.khasiana 

with fur ther growth and d i f fe ren t i a t ion , the number or intenr-

s i t y of peroxidase iso-enzymes changed in embryo and endosperm 

°^ £• teesiya and seedling axes and cotyledons of S, khasiana 

during emergence of -cotyledons. Similar r e s u l t s were 

reported in other t r e e specios in which a c t i v i t y of peroxidase 

has been found to be low in dry and imbib.ed seeds, but the 

number and in tens i ty of peroxidase bands increased with fur ther 

development (,Th4v4not, 1977; P i t e l _et a j . . , 1934). I t has been 

seen tha t ce r t a in peroxidase and protein bands a re spec i f ic and 

they may be possibly involved in t i s s u e d i f f e r en t i a t i on or 



87 

morptiogenetic changes in developing vseedlings of both the 

species . The occurrence of spec i f ic iso~enzymes b^ve been 

reported in Quercus alba (Mpyberry and F i r e t , 1977) '̂̂ id. Pinus 

( Goniale, 1971; P i t e l j t P_1., 1984), M n̂y of the consis tent ly 

occuring bands represent s torage proteins , whereas others of 

lovjer concentrat ion may be enzymes necessary for development 

of embryo during germination process (Durzan, 1966) , However, 

the physiological ro le a t t r i b u t a b l e to ce r ta in enzymes i s 

complex and for tha t they a re known to change t h e i r s t ruc tu re 

and spec i f i c i t y in the presence of small molecules which 

induce conformational change in the prote in . 



ChPipter V 

SUMMARY 



The regenerat ion of pioneer and important t r ees i s 

importptnt because the fores t resources a re f.'-'St dwindling due 

to indiscr iminate feLLing of fo res t t r e e s , Pinus kes.iy.a Royle 

ex Gord. and Schima^ .tchasiana Dyer are tvro economically import 

t a n t t rees of high a l t i t u d e in North-East India, The seed is 

crucia l intermedi?'ry s tep in the l i f e of t r e e s . The germina­

t i o n in r e l a t i o n to biochemical approach has received l i t t l e 

a t t en t i on in fores t trees^ During the "pr^stnt atudji, require­

ments of seed storage, germination, seedling growth as well ss 

regula t ion of ce r t a in biochemical aspects during seedling 

emergence have been studied. 

Longevity of seed i s extremely important for the rege­

nera t ion of p lants snd r a i s ing the nursery through d i r ec t seed­

ing^. The seeds of pioneer and early successional plants 

loose t h e i r v i a b i l i t y very soon under unfavoumble condit ions. 

During the present study, both F, kesiya and S, khasiana seeds 

s tored a t 3-5° C in sealed b=igs showed optimum v i a b i l i t y and 

germination. vVhile storage of S, khas iana seeds a t laboratory 

temperature (15-22°C5 in open and over CaO showed complete loss 

of germination capacity witihin 4 months, i t was re ta ined in the 

seeds s tored in sealed bags. One-year-stored seeds -under 

various conditions exhibited a decrease In y ie ld in both the 

spec ies . 

The early emergence and higher growth were recorded 

a f t e r a year in S, khasi.-=>na as compared to P, kes iya under 
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f i e l d condit ions. The seasonal var ia t ions showed tha t the 

conditions prevalent a t the study s i t e during August and 

September for P. kesiya and S, khasiana, respect ively , might 

be appropriate periods to r a i s e the seedlings under control led 

condit ions, 

A number of environmental factors and growth regulators 

a f fec t the resumption of embryonic growth. The early germina­

t i o n was recorded in P, kes iya a t pH 6.0 and 6,4, however, 

t o t a l germination was higher a t pH 4 .8 , The s l i g h t l y ac id ic 

to neut ra l pH solut ions enhanced the seed germination and 

seedling growth in S. khasiana. The water s t r e s s of -2 .5 bars 

s t imulated the seed germination and seedling growth in 

P. kes iya and beyond t h i s l imi t a decrease was noted. Osmotic 

po ten t i a l s above -1,0 bar created by both PEG and sucrose 

s ign i f i can t ly inhib i ted the seed germination (P « 0,05) and 

decreased the seedling growth in S. khasiana. However, 

sucrose a t -0.10 ^ar as osmoticum enhanced the seedling growth. 

Tmbibition of seeds a t varying temperature and duration showed 

b e t t e r seed germination and seedling growth a t 5*'C in 

P. kesiya for 24 hr. In S* khasiana^, the soaking of seeds a t 

15'C for 6 hr resu l ted in maximum germination and early seed­

l ing growth. 

The responses of l i g h t and temperature on seedling 

emergence in both P. kesiya and S. khasiana seeds were studied. 
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The maximum seed germination and seedling growth resu l ted 

under a 3.0 lux l i g h t ef 16 hr photoperiod in P. kesiya while 

iri S, khasiana. illuminance of 25 lux for 8-10 hr photoperiod 

re su l t ed in rapid and maximum germination* On the other hand 

cotyledon expansion and seedling y ie ld in jS» Khasiana were 

b e t t e r a t higher l i gh t i n t e n s i t i e s . The red r ad ia t ion enhanced 

seed germination and seedling growth in E, kesiya, whereas far-

red reversed the st imulatory effect of red l i g h t . Amongst the 

d i f ferent temperature t reatments , diurnal temperatures of 

20/15" C and 20/10*0 re su l t ed in higher seed germination in 

P, kesiya and S, khasiana« respec t ive ly . However, higher 

seedl ing growth in P. kesiya and S, khasiana. were recorded 

a t diurnal temperature of 35/20 and 25/15° C, respec t ive ly . The 

effect of growth regulators on seed germination of one-year-

s tored seeds of P. kes iya and S_, khasiana were studied. The 

growth regula tors v i z . , lAA (25 mg/l), 2,4-D (25 mg/1 and 

100 mg/l), GA (150-200 mg/1), FAP ( l mg/1) and AA (25-50 mg/1) 

s t imulated seed germination t o » 'P, kesiya. In S, khasiana 
in — — 

soaking of seed/.groyth regula tors l i k e lAA (10 mg/l), 2,4-D 

(25 mg/l), GA (25 mg/l), FAP (0 .1 mg/H) and A A (10 mg/l) 

enhanced the germination percentage. 2,4-D produced abnormal 

seedlings in both the spec ies . Studies of d i f fe ren t growth 

regula tors on seedling growth revealed tha t GA and FAP were 

highly permissive in P. kes iya and S. khasiana. respect ively , 

for s t imula t ion of seed germination and seedling growth. 
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AppLicntion of grov/tia regulators af fect the enzyme 

levels during seed germination. The ca ta lase a c t i v i t y was 

higher in endosperm of GA t r ea t ed seeds and also with other 

growth regula tors during r a d i c l e emergence in P» kesiya. In 

^ , kha.siana. ca ta lase ."ct ivi ty was s ign i f i can t ly higher in 

s&edling axes of 2,4-D, FAP and AA during r ad i c l e emergence. 

2,4-D resu l t ed in an inh ib i t ion in the enzyme a c t i v i t y during 

cotyledon emergence in both the seedling p a r t s . The peroxidase 

a c t i v i t y in P. kesiya was inhib i ted in embryo and endosperm 

of growth regula tor treatments except GA a t r ad i c l e emergence 

s tage. The cotyledons of S. khasiana^ showed an increase in 

Pi-jroxiJase a c t i v i t y with seedling development. Growth regula­

to rs inhib i ted the enzyme a c t i v i t y in seedling axes but 

increased in the cotyledons during r ad ic l e emergence. 2,4-D 

resu l ted in an inh ib i t ion in peroxidase a c t i v i t y in both the 

spec ies . The decrease in lAA-oxidase a c t i v i t y was recorded in 

the embryo of growth regula tors treatment during r ad ic l e 

emergence as compared to control in P. kesiya. The inh ib i t ion 

was also noted in endosperm with lAA, 2,4-D and FAP treatments . 

The higher lAA-oxidase a c t i v i t y was observed in seedling axes 

as compared to cotyledon during cotyledon emergence in 

S. khasiana. In P, kesiya a l l the growth regula tors enhanced 

the polyphenol oxidase a c t i v i t y in embryo and endosperm. In 

general an increase in polyphenol exidase a c t i v i t y was observed 

i n s e e d l i n g axes o f S. khaaian^ ^ . gJTQwth TQg^J.fttoi'i tT^ l̂ffc'̂ '̂ts 
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wh;=reas a decrease in cotyledons was recorded, 

. Total phenol «nd 0-dihydroxyphenol contents increased 

in the embryo during i t s growth pnd s decrease in t o t a l phenol 

of endosperm and seed coat was observed in P. kesiya. In 

S," khasiana, t o t a l phenol content declined in seedling axes and 

seed coat, whereas an increase was observed in cotyledons. 

During cotyledon emergence, 2,4-D enhanced the 0-dihydroxyphe­

nol content in seedling axes whereas other growth regulators 

in cotyledons. 

An increase in prote in content of embryo and seedling 

axes of F, kesiya and _S, khasiana, respect ively , was observed 

in developing seedl ings . In P. kesiya, a marked increase 

in prote in content of embryo with IAA, 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, khasiana. The pro te in content increased with the growth 

in t h i s species except in cotyledons during cotyledon emergence 

s tage . An inh ib i t i on in pro te in contents with 2,4-D during 

r ad i c l e and plumule emergence in both the seedling parts was 

observed as compared to respec t ive cont ro ls . I n i t i a l l y , no 

change in DNA content of embryo in P, kesiya was recorded while 

endosperm showed an increase in i t s content during r ad i c l e 

emergence, RNA content was higher in both the seed pqrt« 
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during rad ic le emergence which subsequently declined during 

cotyledon emergence. In S, khasiana, seedling axes sho-wed an 

increase in DNA content during emergence of plumule whida 

declined l a t e r , FOJA content in both seedling par t s decreased 

a t plumu.Le emergence s tage and subsequently increased during 

cotyledon emergence, in seedling axes. 

Isoperoxidases and prote in bands were loca l i sed on 

polyacrylamide gels during imbibition and germination in 

£• kesiya and also during various s tages of seedling emergence 

in S» khasiana. The emergence of r a d i c l e and cotyledons 

r e su l t ed in dramatic increase in peroxidase isoenzymes in 

embryo of P, kesiya and also during r a d i c l e emergence in 

endosperm t i s s u e s . In seedling axes of S, khasiana« a higher 

number of bands appeared while fur ther growth, i> e. plumule 

emergence phase, r e su l t ed in decrease in number of higher 

in tense bands. The dramatic increase in pro te in bands of 

£» ^es,J-y^ embryo were noticed while in endosperm these 

decreased. In ^ , khasiana an increase in number of bands in 

seedling axes was observed a t d i f fe ren t stages of seedling 

emergencer. However, a reverse p i c tu re was obtained for cotyle­

dons. The change in bands pa t t e rn may be on account of t i s s u e 

d i f f e r e n t i a t i o n during seedling emergence. 
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