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Alkaloid yielding Solanuns are important as they 

provide raw material f o r  the manufacture of steroids, However, 

f o r  the establishment of commercial cult ivation these species 

need genetic improvement since yield is  poor, Ionizing radia- 

t ions  are used for  crop improvement; fo r  the success of any such 

programme a thorough understanding of the radiobiology of the 

species used is essential ,  Radiobiological studies i n   SO^^ 

kbasf,anitn and S.  indicum are lacking. The present investigation 
0- 

was undertaken t o  make a comparative study of radiation 

responses in  the MI generation with the aim t o  obtain basic 

information needed fo r  i r radiat ion experiments, The following 

are t h e  salient features of the present study, 

Seeds of S, khasianum (moisture content 14,4796) and - 
indicum (moisture content 14.17%) used i n  the present study 

were always collected from a single plant of the respective 

species grown secluded, The seeds of both the species were sent 

t o  Bhabha Atomic Research Centre, Trombay, Bombay for irradia- 

t ion  purposes and exposed with 2,5, 5, 10, 15, 20, 25 and 30 kR 

of gamma rays emitted from a ~ o ~ ~ - s o u r c e  a t  the r a t e  of 4.1 kFi 

per minute, The i rradiated seeds were flown back t o  Shillong 

and sown in pots, One and half month old seedlings were trans- 

planted i n  polythene sleeves, A month l a t e r  these seedlings 

were transferred t o  the experimental plots  of the Botany 

Department, North-Eastern H i l l  University, Shillong, Observa- 

t ions on growth, development and yield were recorded from 10 



plants per treatment, 

Seed germination studies revealed t h a t  pre-sowing 

irradiat ion of seeds markedly improved seed germination i n  

S. khasianum but inhibited germination of seeds i n  9.' indicum. - 
In 5, khasianum while exposures upto 20 kR had no effect on 

seedling survival, exposures of 25 and 30 kR significantXy 

reduced seedling survival. In  -.) S, indicum increasing exposures 

from 20 kR onwards increased seedling mortality drast ical ly and 

the  LD5* fo r  seedling survival was between 20 and 25 W1, Thus 

f o r  causing 50% inhibit ion to  seedling survival, 2, indicum 

required a lower exposure of gamma rays, compared to 9. khasianum. 

A comparison of gamma radiation effects  on plant height 

revealed tha t  though gamma rays did not influence p l m t  height 

in g. khasianum, significant inhibit ion was caused in 2. indicum, 

Lateral branching was stimulated by radiation in s, khasianum 

and inhibited i n  - S, indicum, Plastochron index was significantly 

inhibited by 15 and 20 kR exposures i n  both the species, The 

incidence of chimeric and abnormal leaves were more i n  

S, indicum compared t o  S. khasianum. The s ix th  leaf of - - 
irradiated plants of both the species had fewer spines compared 

t o  control. Relative t o  - S, khasianum inhibit ion of spine number 

was more i n  2. indicum, Spine s ize on the dorsal surface of the 

s i x t h  leaf i n  2. khasianum was not influenced by i rradiat ion but 

the s ize of the ventral surface spines was reduced by 15 and 20 

kR exposures. On the other hand, in - S. indicwn while 2,5 kR 



significantly stimulated s ize  of thz spines on both the surfaces 

of t h e  s ixth leaf ,  20 Wi exposure reduced spine s ize on the 

ventral  surface alone. The ventral surface spines are thus 

influenced more by radiation. The number of berries produced 

per plant and berry yield i n  the i rradiated plants of 

S, khasianum did not appreciably d i f fe r  from control, All the - 
gamma-ray exposures, however, reduced berry number and berry 

yield i n  -.. S ,  indicum w i t h  more than 50% reduction occurring i n  

15 and 10 kR exposed plants, respectively. 

The glycoalkaloid content of berries i n  i r radiated 

plants of 2. khasianum did not d i f fe r  from control except i n  20 

kR exposed plants where alkaloid content was more compared t o  

control. Though 2.5 kR exposure resulted i n  an increase of 

glycoalkaloid content i n  - S. indicum, the higher expoeures were 

inhibitory. More than 50% reduction i n  the glycoalkaloid ,.- .: 

content was observed i n  2 .  indicum i n  10 kR expoeure. 
/ 

An analysis of gamma radiation effects on seed germi- 

nation, seedling survival, plant height, l a t e r a l  branching, 

production of chimeric and abnormal leaves, spines present and 

spine intensity of leaves, berry yield and alkaloid content i n  

the t w o  species reveal tha t  S. indicum is relatively more 
I 

radiosensitive than 2. khasianum. 

Gamma-ray exposures though influenced topography of the 

apex i n  s. indicum, it was not altered i n  9. khasianum. 



Vacuolation of tunica and corpus was evident i n  irradiated 

apices of both the species, But relat ive t o  - S, khasianum, the 

degree of vacuolation was more i n  9. indicum, Apices of both 

the  species studied have an Angiosperm type of cytohistological 

zonation pattern which was though not influenced by gamma rays 

i n s ,  khasianum, 2. indicm apices showed a tendency for  disor- 

ganization of the zonation pattern, I n  - S, indicun a11 the 

irradiated apices had relat ively proximal c e l l  maturation zone, 

compared t o  control, This aspect w a s ,  however, not much 

influenced i n  khasianum, Irradiated apices of Q, indicum had 

more elongated ce l l s  compared t o  control but i n  2, khasianum no 

def in i te  response was evident, Almost a l l  the irradiated apices 

showed c e l l  disruption and revealed micronuclei i n  2, indicum. 

I n  - S, khasianum on the other hand, c e l l  disruption was observed 

only i n  20 kR irradiated apices of 15 days old seeaings; no 

c e l l  disruption could be noticed i n  irradiated apices of 60 days 

old seedlings, however, Micronuclei i n  S, khasianum irradiated 

apices were present only i n  60 days old seedlings given 5-20 kR 

exposures. 

In both 2.  khasianum and S, indicum orily 15 and 20 kR - 
exposures of gamma rays caused an appreciable delay i n  flowering, 

Gamma-ray exposures inhibited inflorescence development and 

flower production more drast ical ly i n  2, indicum than in  

S, khasianum, In  S, khasianwn the various gamma-ray exposures 
.I (I 

did not e l i c i t  any definite response for  these aspects, While 



the number of open flowers per plan-I; i n  2, khasianum was signi- 

f icant ly stimulated by 2.5 and 5 kR exposures only i n  the early 

phase of flowering, gamma-ray exposures of 10 - 20 kR induced 

significant inhibit ion throughout the season, I n  - S, indicum the 

number of open flowers per plant was inhibited by a l l  the gamma- 

ray exposures, A s  t h i s  may be a ref lect ion of the radiation 

ef fec ts  on inflorescence development and flower production 

i n  the species, it may be concluded tha t  the process o f  inflo- 

Fescencedevel~~ment and flower formation i s  more prone t o  

radiation damage i n  2, indicm than i n  2, khasianwm. In 

S, khasianum whileberries borne on 5 kR plants matured earl ier ,  - 
15 and 20 kR exposures induced delay, I n  - S, indicum,on the other 

hand, most of the exposures (5-20 k ~ )  delayed berry maturity, 
A' 

Thus radiation effects  on inflorescence development, flower 

production and berry maturity reveal greater radiosensitivity 

of 2,  indicum vis-a-vis Q ,  khasianum, 

The pollen grains of g, khasianum and S, indicun . 
I 

obtained from plants raised from control and gamma-irradiated 

seeds were germinated i n  vitro. Whereas gamma-ray exposures had 

no ef fec t  on pollen germination i n  g. khasianum, i n  5, indicum 

the pollen germination percentage decreased with increasing 

exposures. Pollen tube growth i n  both the species was inhibi- 

ted by higher exposures (15 and 20 k ~ ) ,  A s  the higher exposures 

decreased pollen tube growth i n  both the species, it was 

considered worthwhile t o  investigate whether plant growth 



hormones ( G A J ,  IAA and kinetin) can modulate radiation responses 

of pollen grains. This was achieved by growing irradiated 

pollen i n  growth hormone supplemented basal medium, It was 

found tha t  while i n  - S. indicw. a l l  the concentrations of GAJ 

( I ,  5, 10 and 25 ~ ~ r n )  induced recovery from radiation injury, i n  

S.  khasianum concentrations upto 10 pprn were radioprotective but 
I 

25 pprn further sensitized pollen germination and pollen tube 

growth. A l l  concentrations of  IAA i n  2. khasianum and 10 and 25 

PP* of IAA i n  2. indicum further radiosensitized the phenome- 
v 

non of pollen germination and pollen tube growth. However, 1 

and 5 pprn of IAA reduced radiation injury t o  both these aspects 

i n  S-, indicum. Except 1 pprn of kinetin which helped recover 

pollen tube growth i n  bo th  the species, the other concentrations 

further  enhanced radiation damage, Injury t o  pollen germination 

was reduced by 1 pprn of kinetin i n  g, indicun but not altered i n  
lo 

S. khasianum. FiveLand 25 pprn of kinetin enhanced radiation - 
injury t o  both the species, The present findings,the~efore,  

bring aut the f a c t  t ha t  though GA3 could effectively counter 

inhibit ion of pollen germination and pollen tube growth induced 

by gamma rays, IAA and kinetin induced variable responses i n  

germination and tube growth of i r radiated pollen. 

In  unirradiated -.. S. khasianum pollen, bo th  germination 

and tube growth were inhibited by GA concentrations, but i n  3 
S. indicm an optimum curve was observed with 5 ppm of GA3 as - 
the  most stimulating concentration. Most of the concentrations 



of IAA and kinetin induced inhibition to  both pollen germination 

and pollen tube growth, 

The process of heterostyly, production of long styled 

(berry forming) and short styled (non-berry forming) flowers, i n  

S. khasianum was studied by analysing long s ty le  development, - 
It was found i n  the present study tha t  though i n  the early phase 

of flowering ( ~ u l y - ~ u g u s t )  long s ty le  incidence increased w i t h  

age, i n  l a t e r  phase of flowering (~e~ tember -~c tobe r )  , when 

temperature was relat ively low, it decreased. Thus long style  

development i n  9, khasianum seems t o  be under the influence of 

age, and environmental conditions such as temperature, 

A n  analysis of plant growth hormone effects on long 

s ty l e  development reveal tha t  while long styles  are favoured by 

kinetin trea-hnents, IAA does not seem t o  be involved directly 

i n  t h i s  process. Accumulated GA3 concentrations reduced the 

incidence of flowers with long styles,  Effect of radiation on 

the expression of heterostyly was also studied and it was found 

tha t  low exposures of gamma rays promoted long s ty le  development 

while higher exposures favoured development of short styles, 

The irradia-t;ed plants producing predominantly long styled flowers 

bore greater number of berries. Thus berry yield i n  this species 

may be increased by appropriate exposures. An effor t  t o  modulate 

effects  of radiation, on the expression of heterostyly, was 

attempted using plant growth hormones (GA~, IAA and kinetin). The 

findings provide evidence for the intaolvement of kinetin in  



gamma-ray induced effects  on long s ty l e  development, as kinetin 

concentrations of 25, 50 and 100 ppm could always reduce t h e  

injury t o  long s ty le  flower incidence, Low concentrations of 

I A A  (25 and 50 ppm) though could provide radioprotection for  a 

very brief period it was not effective during most of the time 

suggesting tha t  radiation effects on long s ty le  production are 

possibly not mediated through i ts  effect  on IAA. GA3 also had 

no ef fec t  on radiation responses of heterostyly, 



RADl OBlOLOGlCAL STUDIES IN SOLASOOW 
YIELDING SOLANUMS 

S. RAVINDRAN 

THESIS SUBMITTED IN FULFILMENT OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

DEPARTMENT OF BOTANY 
SCHOOL OF LIFE SCIENCES 
NORTH-EASTERN HILL UNIVERSITY 
SHILLONG - 793024 
INDIA 

AUGUST, 1981 





Grams t N E W  

North - Eastern Hill University 
Lower Lachaumiere, Shillong - 793001 (Meghalaya) 

D r .  Y.S. Chauhan 
Reader 

DEPARTMENT OF BOTANY 
SCHOOL OF LIFE SCIENCES 

I c e r t i f y  t h a t  the  t h e s i s  e n t i t l e d  flRADIOBIOLOCXCL 

STUDIES I N  SOLASODINE YIELDING SOLANUMSv submitted by 

S. Ravindran f o r  t he  Degree of Doctor of Philosophy of t he  

North-Eastern Hill University, S hi l long,  embodies t h e  record 

of o r ig ina l  inves t iga t ion  ca r r i ed  out  by him under my 

supervision. H e  has been duly reg i s te red  and t h e  t h e s i s  

presented i s  worthy of being considered f o r  t h e  award of the  

Ph.D. Degree. This work has not  been submitted f o r  any 

degree of any other  University. 

Date 24-(3'B/ 

Place  auhg signa tu re  of t he  Supervisor 

Maid* 
i?f@Q?rnIrmt of B a l ~  

&hool of Life S c r e w  

North E o q r ~ r n  Hill Uniuersrrjr 

.S;' .dr4d,  M e g h d o .  



A C K N O W L E D G E M E N T S  

I am deeply indebted t o  D r ,  Y e s e  Chauhan, Reader, 

Department of Botany, School of L i f e  Sciences, North-Eastern 

H i l l  University, Shil long f o r  h i s  keen i n t e r e s t  and invaluable 

guidance throughout t h e  course of this work, 

I am g r a t e f u l  t o  Professor P.S, Ramakrishnan, former 

Head of the  Department of Botany and t o  Professor R.R. Mishra, 

Head of t h e  Department of Botany, f o r  providing necessary 

research f a c i l i t i e s .  

I acknowledge with thanks t he  useful suggestions given 

by D r .  R,K, Kohli, CSIR Pool Off icer  in  the  Department of Botany 

during 1 979-80, 

I am g ra t e fu l  t o  D r ,  P.M, Reddy and Dr .  M,N.V. Prasad, 

Lecturers  i n  t h e  Department of Botany, f o r  t he  moral support and 

help rendered i n  various ways, 

My s incere  thanks are a l s o  due t o  M i s s  Papiya Dev, 

M r ,  Mono jit Dev, M r .  Ashesh K u m a r  D a s ,  M r ,  Bidyut K u m a r  Mishra, 

Mr. K.W. Kuruvilla and M r .  S,N, Ramanujam f o r  t h e i r  generous 

help. 

I express my appreciat ion t o  M r .  B,K. D a s  f o r  t he  

photographic ass is tance ,  M r .  M.H, Barbhuiya and M r ,  S a i l  

Choudhury f o r  t h e  drawings, Mrs, Gi tas ree  Barbhuiya f o r  t he  

help rendered i n  s t a t i s t i c a l  analyses, M r .  Godfrey Pathaw f o r  



c u t t i n g  the  s t e n c i l s  and t o  Mr, W. Paswet f o r  cyclos tyl ing t h e  

t hes i s ,  

A g i f t  sample of solasodine from M/S. Organon Limited, 

Calcut ta  i s  g ra t e fu l ly  acknowledged, 

Words a r e  inadequate t o  express my deep sense of 

g ra t i tude  t o  my parents  who had always been a constant  source of 

inspiration to accomplish this work, 

Final ly ,  I want t o  express my appreciat ion t o  my wife 

f o r  t h e  help and encouragement when most needed, 

I acknowledge the  f i n a n c i a l  ass i s tance  i n  t h e  form of 

a Junior  Research Fellowship from t h e  Council of S c i e n t i f i c  and 

I n d u s t r i a l  Research, New Delhi, as most of t he  work embodied i n  

t h e  present  inves t iga t ion  was'done under a CSIR-sponsored scheme 

e n t i t l e d  "Survey of Medicinal F lora  of Meghalaya with emphasis 

on Morphological, Ecological and Cul t ivat ional  aspects  of 

solasodine yie lding Solanums" sanctioned t o  Dr .  Y e s ,  Chauhan and 

f o r  granting me a Senior Research Fellowship. 

Morphology & Morphogenesis 
Laboratory 
Department of Botany 
School of L i f e  Sciences 
North-Eastern H i l l  University 
Shi l long 793 014. 
Dated A $ -  8- / 9 s 1  



D E D I C A T E D  T 0 T H E  

L O V I N G  M E M O R Y  0 F 

M Y F A T H E R  



C O N T E N T S  

ACKNOWLEDGEMENTS 
CHAPTER I 
Introduction 
CHAPTER I1 
Review of Li te ra ture  
CHAPTER I11 
Seed Germination and Seedling Survival 
CHAPTER IV 
Growth and Yield 
CHAPTER V 
Shoot Apical Meristem 
CHAPTER V I  
Flowering Responses 
CHAPTER V I I  
Pollen Germination and Pollen Tube Growth 
CHAPTER V I I I  
Heterostyly 
CHAPTER UC 
General Discussion and Conclusions 
LITERATURE CITED 
APPENDIX: 

Page 

i- ii 

i )  G m a  ray ef fec ts  on heterostyly i n  
Solanun khasianum Clarke. CW. Sci, 
48:* 

ii) Hormonal regulation of gamma-ray 
induced e f f e c t  on heterostyly i n  
Solamm khasianum Clarke. (kccepted f o r  
'-tion i n  Phytomorphology . 

iii) Studies i n  the  reproductive biology of 
alkaloid yielding Solanwns, I. Temperature, 
Sucrose and Boron requirements f o r  pollen 
germination and pollen tube elongation. 
J. Palynol, Vol. 16 ( i n  press). 

iv) Gamma-ray induced var ia t ion  i n  the  develop- 
ment and i n ju r i e s  , i n  the  M, gemination o f  
 sol^^^ indicum ( ~ c c e ~ t e d  f o r  publication 
i n  Acta Botanica Indica). 



CHAPTER I 

INTRODUCTION 



Steroidal hormones and corticosteroids have assumed 

great importance as they are used f o r  various human ailments 

such as  rheumatoid arthritis, addison's disease, chronic 

cases of asthma, leukaemia and obesity. They are also the 

active principles of ora l  contraceptives. 

Several natural  plant sources have been discovered 

which yield intermediates for  the synthesis of s teroidal  

drugs, Diosgenin, a steroid sapogenin obtained from Dioscorea 

has been commercially exploited for  t h i s  purpose, Diosgenin 

can be converted in to  3@-- acetoxy - 4 5  - 16 pregnadiene - 20 

- one, a key intermediate fo r  the synthesis of s teroidal  

drugs, The same intermediate has been obtained from solaso- 

dine (a steroidal alkaloid found i n  some Solanum spp,) which 

i s  a nitrogen analogue of diosgenin (Sato &a,, 1951). The 

real izat ion tha t  the glycoalkaloid solasodine is  a suitable 

al ternate  raw material f o r  the production of steroid hormones 

led  t o  a worldwide search for  the ident if icat ion of Solanum 

species r ich  i n  solasodine content and suitable fo r  large 

scale cultivation. Though a number of Solanun species are 

reported t o  yield solasodine i n  appreciable quantities,only 

few species occur wildly in  India. Amongst these species, 

Solanum khasianum and Solanun indicum yield solasodine in 

commercially exploitable amounts ( ~ a i t i  & aJ.. , ; Chopra 

and Kapoor, 1968). However, commercial cult ivation of these 

species have met with limited success because of low berry 

production resulting i n  reduced alkaloid yield. Furthermore, 



the presence of sharp spines on the ae r ia l  parts  of the plant 

and asynchronous flowering poses a serious problem i n  the 

harvesting of berries, Therefore the need fo r  an intensive 

breeding programme t o  improve solasodine yielding solanums 

has been emphasised, but the attempts t o  improve 2. khasianum 

by hybridization have not succeeded (Kaul and Zutshi, 1977). 

Induction of tetraploidy i n  t h i s  species also did not prove 

t o  be promising (Kaul and Zutshi, 1977). Thus the poss ib i l i t ies  

t o  improve t h i s  species through conventional methods of plant 

breeding are meagre, Similar were the conc~usions of Rudolph 

(1972) in the case of fores t  t ree  species exhibiting poor 

hybridization possibi l i t ies .  Induced mutations are considered 

an alternative t o  hybridization and recombination i n  plant 

breeding  rock, 1971). Ionizing radiations are increasingly 

used t o  induce mutations i n  plants and many medicinal and 

aromatic plants have been improved by inducing mutations wi th  

gamma rays ( ~ a p o o r  and Datta, 1967; Kau3. and Kak, 1975; Kaul 

and Choudhury, 1975; Gupta et &. , 1979). Grmuna rays have 

been used fo r  the genetic improvement of 2, khasianum but the 

attempts have met w i t h  limited success ( ~ h a t t ,  1972; Chauhan 

e t  a3 - . , 1975~1, b, 1976). For a successfu3. crop improvement 

programme using ionizing radiations a thorough understanding 

of the radiobiology of the species used is essent ial  since 

great differences (more than 100 fold) exis t  i n  the 

radiosensit ivity of different species (Sparrow & a&, 1961 b, b) . 
Rudolph ( 1 971) considers t h a t  information on relat ive 



radiosensit ivity of different  species under comparable 

conditions i s  of value and helps i n  understanding the radio- 

biological responses of the species. A s  radiobiological 

studies i n  2, khasianum and -.I S, indicum are lacking the present 

study was undertaken t o  make a comparative study of radiation 

responses i n  M,, generation since t h i s  may provide basic 

information needed for i r radiat ion experiments, The following 

aspects were considered: 

1, Seed germination and seedling survival. 

2, Growth and yield. 

3 .  Shoot apical meristem. 

4. Flowering responses. 

5. Pollen germination and pollen tube growth. 

6, Heterostyly, 



CHAPTER IS 

REVIEW OF LITERATURE 



Radiation: 

The nature and frequency of responses of whole p l a t s  

and plant parts t o  various kinds of ionizing radiations have 

long been an intensively pursued area of investigation. 

Sparrow, Binnington and Pond ( 1958) published the bibliography 

of the work done on radiation botany during 1896-1955, The 

various effects of ionizing radiations on plants have been 

reviewed by Gordon ( 1957) , Gunckel ( 1957, 1965), Gunckel and 

Sparrow ( 1961) and Romani (1966)~ Comprehensive accounts of 

radiation effects a t  atomic, molecular and ceLlu3.a.r levels of 

organization are given i n  Radiation Research (~ilini, 1967). 

Sparrow and Forro (1953) and Bacq and Alexander (1961) 

have discussed i n  de ta i l  the fundamentals of radiobiology. 

While Sparrow (1960) mentioned the practical applications of 

ionizing radia-tiions, Ehrenberg ( 1955) described the mechanisms 

of action of radiations i n  seeds. Gray (1954) and Sparrow 

e t  al. (1961a, b) have discussed the factors affecting the 
I -  

responses of plants t o  acute and chronic irradiations. Saric 

(1961) studied the effects of irradiation i n  relation t o  the 

biologic t r a i t s  of the seed and reported that these have some 

bearings on the effects of irradiations. Patt  (1953) while 

describing the nature of radiobiological effects discussed 

problems of radiosensitivity, intermediary radio-chemical 

events and different factors having some bearing on radiosen- 

s i t iv i ty  of the organism concerned. Variation i n  the radiosen- 

s i t i v i t y  of plants a t  interfamily, interspecific and 



intraspecific levels are reported (sparrow, 1962, 1964). 

Effects of gamma rays on germination of seeds of 

gymnosperms and angiosperms have been studied by several 

workers. The higher exposures are usually inhibitory (Bora, 

1961 ; Bowen and Thick, 1961 ; Saric e t  a l e ,  1961; D e  Hondt and 

Balal, 1966; Johnstone and Klepinger, 1967; Miyazaki, 1968; 

Bancher & g,,  1971; Garg, 1972; Singh and Chowdhwy, 1972; 

Tewari and Chandra, 1975; Rao a,, 1976; Ghosh and Sen, 

1978; Venkateswarlu e t  al., 1978), while lower exposures are 

sometimes dimulatory ( ~ t o t z k y  & &. , 1964; Torne, 1964; SUSS, 

1966; Vig, 1969; Dnyansagar and T a r a r ,  1971; Mujeeb, 1974; 

Tome and Desai, 1975; Mathew and Gaur, 1975 ; Maherchandani, 

1976; Mujeeb and Greig, 1976). 

Gunckel and Sparrow ( 1961) have extensively reviewed 

the work done on the effect of gamma rays on plant growth and 

development. From the l i tera ture  it is evident that  one of 

the most characteristic responses of plants t o  ionizing 

radiation i s  dwarfing owing t o  destruction or growth inhibition 

of apical meristems o r  par t ia l  failure of the internodes t o  

elongate, In general,the growth is inversely proportional t o  

the dose ra te  o r  to ta l  exposure dose of gamma rays administered 

(~unckel,  1965). Gamma-ray-induced growth inhibition has been 

reported i n  Lycopersicon (sparrow and Singleton, 1953) , 
Nicotiana (Meiselman, 1956), cereal seedlings (Dumanovic and 

Ehrenberg, 1965)~ - Pinus rigida ( ~ e ~ g e n  and Thielges, 1%6), 

wheat, sorghum and radish (woodstock and Justice, 1967), 



Sequoia ~ i g a n t e a  ( ~ a y l o r ,  1968), Phaseolus vul~aris ( ~ a j a j  3 
a le ,  '1970) , wheat ( ~ u s s a i n  and Khan, 197'1) , Phaseolus aureus - 
(Rajput, 1971), Solanum khasianum (Chauhan, 1978), 

Cvamo~sis te tra~onoloba ( ~ i s r a  & a&, 19791, gram (Khanna and 

Maherchandani, 1980) , r i ce  ( ~ n o u e  e t  al., 1980). Saric & 3. 
(1961) working on wheat observed tha t  while lower exposures of 

gamma rays were stimulative the higher exposures were inhibi- 

t d r y ,  Sax (1963) while discussing the stimulative effects  of 

ionizing radiation, s tated t ha t  these stimulative effects  are 

often not reproducible, although i n  individual t e s t s  the 

difference may be s t a t i s t i c a l l y  significant, Kahan ( 1973) 

demonstrated tha t  very marked increases i n  vegetative growth 

may be induced by radiation, without any v is ib le  effect  on the 

gemination capacity of the  irradiated seeds of Pea pratensis. 

Stimulation of growth by gamma rays has been reported i n  

Phaseolus vulgaris ( ~ u j  eeb and Greig, 1976) , Petunia i n f l a t a  

( ~ a p a t  and Rao, 1976) and - Pisum sativum (Shamsi and Bajwa ,  

1978) 

Gunckel (1957) reviewed the work done on meristems, ' Since 

i n  the present study only shoot apical meristem was investigated, 

work pertaining t o  the shoot apica l  meristein-alone'ks .reviewed. 

Gunckel and Sparrow ( 1954) found t h a t  i n  haploid tomato plants 

unlike the f l o r a l  apices where the actively dividing ce l l s  were 

highly sensitive, i n  vegetative apices, compared t o  t he i r  

highly vacuolated derivatives, the dividing ce l l s  were l e s s  

influenced . The f lat tening of irradiated shoot apices has 



been reported for concorde grape (Pratt ,  19591, apple (Prat t  

e t  a1 1959; Pratt, 1963) ,Prunus avium ( ~ r a t t ,  1968)~ Pinus - -** 

rigida (~os t r ack  and Sparrow, 1969) and guar ( ~ a i  and Singh, 

1976). Crockett (1957) reported that  the normally low domed 

shoot apex, w i t h  a biseriate twlica of tobacco plants exposed 

t o  chronic gamma-irradiation became more elevated, periclinal 

divisions occurred in  first  tunica layer and the identity of 

the second tunica layer was l o s t .  M a x i m u m  damage t o  inner 

tunica and corpus has been reported in  L~copersicon esculentum, 

L, pimpinellifolium (~uehnert ,  1962), apple ( ~ r a t t ,  1963), 
.I 

apple and pear ( ~ r a t t ,  1967) and Linm (~unckel,  1965). 

Different regions within the shoot apical meristem are 

differentially sensitive t o  radiation treatments. Miksche et 
al. (1962) reported Chat &Q Taxus. medf a the deeper the layer o r  - 1 - -  

the region within the meristem proper tkm l e s s  the sensitivity 

t o  radiation, Crockett (1968) has also reported the existence 

of a radiosensitivity gradient i n  Coleus blumei i n  which the 

deeper the layer o r  region the greater the sensitivity t o  

radiations. Prat t  -- e t  a l ,  (1959) stated that  in  apple shoots 

exposed t o  gamma rays the f i r s t  tunica layer was more resistant  

than the inner twrica and corpus, The p i t h  r i b  meristem was, 

however, most resistant, Clowes (1966) suggested that the 

differences i n  radiosensitivity between the different regions 

of the meristems are solely due t o  differences in rates of 

mitosis of the cells,  Foard and Haber (1961) observed that  

gamma rays caused damage t o  whole of the shoot apex i n  wheat and 



induced inhibition of celldivisiCIb~hroni.c exposures of gamma 

rays caused maximum damage t o  apical meristems and axillary 

meristems of Pinus r igida (Mergen and Thielges, 1966). Pra t t  

(1968) while reviewing the work done on radiation damage i n  
. , 

shoot apical meristems, beported tha t  i n  Prunus avium gamma 

rays caused maximum damage t o  scattered ce l l s  which could be 

characterized by darkly stained thickened c e l l  walls and the 

v i r tua l  absence of division. Iqbal ( 1969) observed abnormal 

presence of isolated vessels in some of the completely disorga- 

nized shoot apices of Capsicum annuullk* Iqbal (1969) considers 

t ha t  radiation-induced growth abnormalities are mainly due to  

c e l l  death and suppression of mitoses a t  different exposures, 

The studies of Iqbal ( 1970) revealed tha t  though resumption of 

normal growth of shoot apices of Capsicum annuwn exposed t o  low 

exposures (1-2 k ~ )  can take place by di rec t  recovery of the 

meristem, no recovery takes place a t  higher exposures of 4-10 

kR. Lapins and Hough (1970) observed tha t  i n  apple and peach 

shoot apices the sens i t iv i ty  t o  radiation injury decreased from 

promeristem through peripheral meristem t o  p i th  meristem, 

Graham (1972) made an electron microscopic study of maize shoot 

apices 24 hours a f t e r  acute l e tha l  gamma-irradiation. and 

reported tha t  large, dense, in t r ica te ly  formed vacuolar 

inclusions developed i n  many interphase ce l l s  of the apical 

meristem. Absence of cytohistological zonation i s  reported i n  

gamma-irradiated shoot apices of Solanum melomena and 

Capsicum annuum (pate1 and Shah, 1974) , Carthamus tinctorius 



(Chauhan and Singh, 1975) and guar ( ~ a i  and Singh, 1976). 

Chauhan and Singh (1975) also reported the occurrence of 

isolated tracheidal ce l l s  i n  apices exposed t o  20 kR. Chauhau 

(1976) stated t ha t  the safflower shoot apex has a different ial  

radiosensitivity gradient, the tunica being most radioresistant. 

Singh & 2. (1980) studied the ef fec t  of gamma rays on shoot 

apices of Ricinus communis and reported that  the two-layered 

tunica seen i n  unirradiated shoot a?ices was one-layered i n  

irradiated ones, 

Gunckel (1965) stated t ha t  i n  a c r i t i c a l  dose range, 

which varies w i t h  the species, in a number of plants flowering 

may be stimulated e.g,, Nicotiana rustica ( ~ u n c k e l  and Sparrow, 

1954) , Impatiens sul tani i  (~uncke l ,  lgfj7), Tradescantia paludosa 

(~uncke l  5 a&, 1953). Both early and delayed flowering as a 

response t o  gamma-irradiati~n~ai.~ known (Sparrow and Singleton, 

1953; Sax, 1955; Spencer, 1955; Bowen g$ a,, 1962; Seetharam 

and Srinivasachar, 1976 ; Maltseva, 1978; Selenina and Stepanenko, 

1979; Katyayani & a&, 1980; Tarar and Dnyansagar, 1980). 

However, Amer and Hakeen ( 1964) reported tha t  i n  Lupinus termis 

flowering time was not influenced by gamma-irradiation, 

P r e - A n g  gamma-irradiation of seeds resulted i n  early maturation 

of  f r u i t s  and accelerated and enhanced inflorescence development 

i n  tomato  a ah an & s., 1972; Kahan, 1974) and pepper ( ~ a l t s e v a ,  

1978) . Low exposures of gamma rays induce increased flower 

formation i n  Pisum - sativum (Shamsi and Bajwa, 1978). 

Radiations are known t o  influence anther and pollen 



development, female gametophyte and embryo development. Since 

these aspects do not consti tute part  of t h i s  investigation, 

l i t e r a t w e  on these aspects are not reviewed here. 

Pollen grains are suitable material f o r  radiobotanical 

investigations since they afford a relat ively simple haploid 

radiation target  and can withstand an impressive array of 

experimental conditions, The l i t e ra tu re  pertaining t o  pollen 

radiobotany has been extensively reviewed by Brewbaker and 

Emery (1962) and Brewbaker 1;4 (1965). Pfahler (1967, 1971 , 
1973) conducted detailed experiments on the effect  of  gamma and 

u.Vr i rradiat ion on maize pollen, Gamma-irradiation upto 5 kR 

though did not alter in v i t ro  germination, tube length and 

f e r t i l i z a t i on  ab i l i ty  of the pollen, kernel s e t  was drast ical ly 

reduced ( ~ f a h l e r ,  1967). Pfahler (1971) studied the ef fec t  of 

high exposures of gamma rays (upto 120 kR) on in rvitro responses 

of pollen and observed a l inear  decrease i n  germination percen- 

tage w i t h  increasing exposure. Cresti  & aJ. (1977) have 

studied the ul t rastructural  aspects of pollen tube growth 

following gamma irradiat ion in  L~copersicon peruvianum. Van 

der  Donk -- e t  a3. (1978) reported tha t  X-irradiation of pollen i n  

Douglas-fir resulted i n  interference wi th  the main regulatory 

mechanism of pollen tube growth, which i s  de- and re-masking of 

mainly pre- 8ynthesized m RNA, 

The effec-tsof ionizing radiations on the yield of 

various agricultural  crops have been studied. Yamakawa and 



spa i row (1965) observed reduction i n  viable seed s e t  by chronic 

gamma-irradiation i n  twentyone cultivated plants. Reduced crop 

yields following irradiat ion are reported i n  l i t e r a tu re  (Davies, 

1968, 1973; Kahan, 1969; Ashraf e t  al., 1975; Fautrier, 

1976; I q b a 1 ~ 1 ~ ) .  Compared t o  stem length, yield showed a 

greater degree of sensi t ivi ty t o  gamma-irradiation i n  Glycine 

max (Killion e t  a1 1971). Katiyar and Roy (1973) reported - - - 8  

t ha t  though yield was increased t o  the extent of 60, 30 and 15% 

i n  30, 40 and 20 kR irradiated plants of Citrullus lanatus 

respectively, the seed f e r t i l i t y  decreased w i t h  increased 

exposure of radiation. 

Enhanced yield as a radiation response is  reported i n  

o i l  mustard, peanut, peas, sesame, barley, oats and wheat 

(sparrow and Konzak, 1958), Corn (Berezina at &. , 1962)~ 

Safflower ( ~ i n g h ,  1974), pea (~hamsi  and Bajwa, 1978) and broad 

bean (~hamsi  and Sofajy, 1980). Ibraginov & &. (1961) 

observed tha t  gamma-irradiation of cotton seed resulted in an 

increase i n  the number of bol ls  per plant and the o i l  content 

i n  the seed. 

Hicotiana plants raised from gamma-irradiated seeds 

have a higher nicotine content a t  the ripening stage, compared 

t o  control ( ~ u z i n  e t  ax., 196 3) . In  gamma-irradiated Mentha 

arvensis o i l  percentage and menthol content did not differ  

significantly from the progenies of the untreated stolons ( ~ i t a l  

e t  al 1972). Kaul e t  21. (1973) reported t h a t  i n  Datura metel - . s  

10 kR of gamma rays caused a remarkable increase of t o t a l  



alkaloids. Tarar and Dnyansagar ( 1977) observed tha t  caffeine 

content increased in  Turnera ulmifolia plants raised from 

seeds treated with lower exposures of gamma rays or concentra- 

t ions of EMS. Sadowska (1979) reported a significant increase 

i n  the percentage of essential  o i l  i n  the leaves of peppem~int 

as a resul t  of irradiation. Selenina and Stepanenko (1979) 

noted an increase i n  es ter  o i l  content i n  the inflorescences of 

Matricaria recu t i t a  plants raised from gamma-irradiated seeds. 

Growth hormones: 

Phytohormones have a profound influence on the growth 

processes i n  plants  a all, 1973; Jones, 1973; Wareing and 

Phillips,?978) and are also known t o  modify radiation responses 

i n  plants (Klein and Klein, 1971). Since using growth hormones 

an attempt is  made, i n  the present study, t o  modulate the 

radiation effects  on the expression of heterostyly, pollen 

germination and pollen tube growth, the l i t e r a tu re  on these 

aspects only is  reviewed here. 

Johri  e t  al. (1977) s tated tha t  the response of pollen -- 
grains t o  exogenous growth hormones is not w e l l  understood. 

There are a few reports of stimulation of germination and tube 

elongation by auxins, gibberellins and c ytokinins (chandler, 

1957; Konar, 1958; Bose, 1959; Raghavan and Baruah, 1956, 1959) 

According t o  Sondheimer and Linskens (1974), however, LAA, 

gibberellins, zeatin and abscisic acid do not affect  &n v W o  

germination and tube growth of Petunia hybrida. McLeod (1975) 



observed tha t  tomato pollen was almost completely insensitive 

t o  plant growth substances (including auxin, gibberellins and 

abscisic acid). The application of IAA a t  a low level (1 ppm 

o r  even less) at  1, 2, 3 hour af ter  culture fa i led  t o  influence 

pollen germination and the r a t e  of tube elongation,but a t  

higher levels  ( 100 ppm) it suppressed germination. However, 

when high concentrations of IM were added 3 hours a f te r  culture 

there was a pronounced stimulatory effect on tube growth. A t  

higher concentrations several other growth inhibitors (maleic 

hydrazide, iodoacetate, transcinnamic acid and abscisic acid) 

also inhibited germination t o  various extent, but promoted tube 

growth. This  led McLeod (1975) t o  suggest t ha t  germination and 

tube elongation are two d i s t inc t  processes differ ing in the i r  

sens i t ia i ty  t o  different chemicalssvch as maleic hydrazide, 

transcinnamic acid, iodoacetate and abscisic acid. Dickinson 

(1978) observed that  neither early pollen tube growth nor 

percent germination was stimulated by the hormones (IAA and GA) 

o r  was there any effect  by AMO-1618, an inhibi tor  of gibberll in 

biosynthesis. Addition of GA i n  the growth medium markedly 

inhibited germination and tube growth in Lycopersicon esculentum 

(Dhingra and Barghese, 1976). According t o  Prasad (1976) 

increasing concentration of GA, IAA and IBA increased pollen 

tube length of Eriobotrya japonicar Ghhabra and Malik (1976) 

opined tha t  auxin played a significant ro le  i n  hastening germi- 

nation and eliciting tube length over control in groundnut. 

They are of the view tha t  i n  Arachis hypoaea auxin seems t o  

act  a t  the germination stage while gibberllin a t  the early and 



ethylene a t  the pollen tube stages, respectively. Yadav ( 1980) 

studied the effect of growth regulators on pollen germination 

and pollen tube growth i n  Cassia tora  and 2, obtusifolia and 

showed that  IAA fai led t o  enhance both germination and tube 

elongation. GA3 could improve germination a l i t t l e  a t  100 mg/l 

in - C. - tora and a t  20 mg/l i n  G. obtusifolia, the pollen tube 

elongation remained under control value, however. 

Wakhloo (1975b) has shown tha t  while GA-J treatments 

enhance production of female s t e r i l e  flowers in Solanum 

sisymbrifolium plants low in  potassium content, kinetin applica- 

t ion enhances development of female f e r t i l e  flowers. Reddy and 

Bahadur (1977) consider that  the cause of female s t e r i l i t y  of 

sho r t  styled flowers i n  -.I S. surattense is probably hormonal and 

sporophytically determined. 

Modulation of radiation responses: 

The responses t o  ionizing radiation can be modified by 

several post-irradiation treatments ( ~ l e i n  and Klein, 1971) . 
These treatments can result  i n  a decrease or increase of the 

severity of the injury ( ~ a t a r j e t  and Gray, 1954). Phytohormones 

occupy an important place among the various treatments and 

agents that  can modulate radiation injury. 

Post-irradiation treatment of gibberellic acid modulates 

the growth responses of radiation-stunted maize seedlings ( ~ a u r  

and Notani, 1960), wheat seedlings (Haber and Luipold, 1960; 



El-Keredy g ale, 1975) and pinto bean plants (~ockhar t ,  1961). 

Mathur ( 1965) using GA could reverse -ray-induced potato 

dormancy, Bhattacharya ( 1977) observed tha t  GA3 was superior 

t o  I M  i n  reversing the  inhibitory effects  of higher exposures 

of gamma. radiation i n  soybean plants, Si lveira  and Hell 

(19V7) stated t h a t  post-irradiation GA3 treatments show modula- 

tory effects  reducing the severity of radiation-induced growth 

inhibit ion in Phaseolus vulparis plantlets. 

Holmsen e t  a l ,  (1964) using auxin reported reversal of -- 
radiat;i,oninhibited geotropic response i n  corn and pea seedlings, 

Cerkovnikov e t  a le  (1965) while studying action of some -- 
biocatalysts on soybeans, unirradiated and irradiated wi th  X rays, 

found tha t  2 , b D  rendered par t i a l  protection against the 

inhibit ing action of radiation, Romani (1966) suggested tha t  

auxins might have a significant role  i n  correcting inhibitory 

ef fec ts  of gamma-irradiatiom, Abrol e t  ale  (1969) observed -- 
t h a t  the decreased L-amylase ac t iv i ty  induced by gamma rays i n  

wheat could be reversed bypre-sowing soaking in  IAA solution. 

When r i ce  seeds exposed t o  5 kR of gamma rays were supplied IAA 

(50 and 100 ppm) exogenously there was a significant recovery 

i n  growth (~hat tacharya and Rao, 1978). 

Araratyan -- e t  a l e  (1975) studied the radioprotective 

ef fec ts  of kinetin on chromosome aberrations induced by irradia- 

t ion  of Crepis cap i l l a r i s  seeds, They found tha t  kinetin stim* 

l a t e s  the onset of stage S for  a certain proportion of ce l l s  and 

thus a t  the moment of i r radiat ion the c e l l  population is i n  a 



asynchronous state. Mikhailov & a. (1 978) found tha t  the 

post-irradiation soaking of pea seeds i n  kinetin solution 

removes part ial ly the inhibitory effect  of X-ray-irradiation on 

the growth and development of seedling axial  organs as well as 

t h e  growth and development of l a t e r a l  roots, 

(i) Solanun khasianum: 

Solanum khasianum is  widely distributed i n  India (~aul 

and Zutshi, 1977; Sharma and Varghese, 1980). Deb (1975) 

considers tha t  - S. myriacanthum Dunal i s  the species having 

various synonyms (g. reflexurn Schrank, & platanifoliwn Hooker, 

S. viarum D u d ,  S, khasianum Clarke var, chatter3eeanum - I 

~ e n g u ~ t a ) .  According t o  Babu and Hepper (1979) S. khasianun 

Clarke i s  considered as conspecific with g, myriacanthum Dunal 

which is the acceptable name for  t h i s  species. Thus the 

nomenclature of this species i s  controversial, 

S, khasianum is an erect or somewhat prostrate, branched - 
undershrub or shrub upto 1.5 t o  1.8 m high. Spines are present 

on the stems, petioles,leaves and pedicels of flowers, Leaves 

are ovate having triangular lobes, hirsute and spines are 

present on both the surfaces. Flowers are white, in  l a t e r a l  

1-4 flowered racemes. Berries are pale yellow with green 

streaks when immature and bright yellow on maturity, Seeds are 

smooth, brown and compressed, 



The somatic chromosme number of 2. khasianum i s  24 

(~ezbantah and Bezbaruah, 1963; Mitra, 9966, 1967; 

Chemaveeraiah and Krishnappa, 1965; Gill, 1972; Dnyansagar, 

1976- L )  . Krishnappa ( 1968) and Mehra and G i l l  ( 1968) reported 

the meiotic chromosome number as  n = 12. The presence of 

B-chromosomes i n  t h i s  species were reported by Dnyansagq and 

D h w a j  ( 1972) . 
Studies on the germination of g. khasianum seeds are 

very limited. P a t i l  (1967) studied the effect  of gamma rays on 

germination behaviour and seedling growth. Though the ra te  of 

germination was delayed, no correlation was obtained between 

germination percentage and dosage. Bhatt ( 1972) irradiated dry 

seeds with 5 t o  35 kR exposures of gamma rays and reported 20 Mi 

exposure as the LD50 fo r  seed germination; exposures above 30 kR 

were lethal. Chauhan (197a,  however, observed tha t  2. khasianum 

seeds exposed t o  25 Wi of gamma rays, fai led t o  germinate. 

Chauhan ( 1978b) and Pingle and Dnyansagar ( 1979) have reported 

the e r ra t i c  germination of seeds. According t o  Chatterjee (1977) 

March-April sowing of the seeds resulted i n  40% germination and 

i n  August-September sowing only 30% seeds germinate. Chauhan 

( 1978b) observed tha t  while lower concentrations of ethrel  (TOO 

and 750 ppm) stimulated seed germination, the higher concentra- 

t ions (1000 and 1250 ppm) inhibited and delayed germination. 

Laha and Basu (1980) reported tha t  gibberellic acid replaced the 

l i g h t  requirements of seeds suggesting tha t  the  seeds of 

So khasianum are positively photoblastic i n  nature. A m i n  Uddin - 



and Chatwedi  (?f80) have reported the presence of, abscisic 

acid i n  the berries of I S. khasianum and consider tha t  the 

er ra t ic  and low percentage of gemination may be due t o  the 

presence of abscisic acid i n  the berries. Mitra and Kushari 

(1981) observed tha t  while low concentrations of 2,4-D were 

effective i n  breaking dormancy in i t i a l l y ,  higher concentrations 

increased the percentage of germination in l a t e  period of 

storage. 

According t o  Chakrav~rty and Basu (1973) f o l i a r  

application of gibberellic acid (GS) resulted i n  an increase 

i n  plant height w i t h  a considerable reduction i n  the number and 

length of spines on both the surfaces of the leaf ,  petiole and 

stem as compared t o  untreated control. The leaves of treated 

plantswae sof t  in  texture, l e s s  lobed, s l ight ly pale i n  colour 

and almost spineless, Y consider tha t  the suppression or 

reduction i n  the formation and development of spines are related 

t o  the rapid elongation of plants and expression of apical 

dominance as a resu l t  of GA3 treatment. Datta g& a& (1979) 

reported tha t  phloridzin, a chalcone derivative, a t  the 

highest concentration ( 1000 mg/l) stimulated plant height, leaf 

number and yield of berries i n  9. khasianum. Chauhan (1978%) 

studied the gamma-ray-induced variation i n  the development of 

S. khasianum. He observed tha t  gamma-ray exposures inhibited - 
the  height of the  plants, number of leaves produced per plant as 

also number of branches per plant. Further gamma rays affected 

spine number, spine intensity, and spine size of the spines 



present on the leaves. 

In - S. khasianum flowering i n i t i a t e s  within 65 t o  80 

days of sowing and start blossoming i n  the early hours of 

morning (~handra  & a&, 1970). Kaul and Zutshi (1977) 

reported tha t  flowering occurs about 55-65 days a f te r  trans- 

planting. P a l  and Singh (1979) studied the blossom biology of 

S. khasianum and reported tha t  i n i t i a t i on  of flowering occurs - 
within 65 t o  80 days of seed sowing, The development of flowers 

a f te r  the emergence of buds required 20 and 25 days and blooming 

period was 130 and 150 days i n  JRE.28 and J-12, respectively, 

The duration of flowering was 100 days, 

Pollen morphological studiesin t h i s  species were made by 

Basak (1967) and Sharma (1 974) . The media requirements fo r  the 

germination of pollen grains of 9, khasianumm determined by 

Ravindran and C hauhan ( 1 980) . 
Murthy and Abraham (1 975a) observed heterostyly in both 

the normal wild and the curved mutant var ie t ies  of g. khasianum, 

The length of the s ty le  varied from less  than a mm t o  as much as 

15 mm. The frequency of occurrence of these two types of . 

flowers varied with the age of the plant, Crossing experiments 

revealed tha t  the most successful crosses were those where there 

was a long style.  F r u i t  s e t  w a s  nearly 90% i n  such cases, 

However, no f r u i t  s e t  was observed i n  crosses with short styles. 

Mohan (1 970) studied the embryological aspects of 

S, khasianun, The o w e s  of t h i s  species are anacampylotropous, - 



unitegmic and tenuinucellate. One, rarely two archesporial 

ce l l s  direct ly function as megaspore mother c e l l  or cells.  

Usually linear, but in some cases a 'T1-shaped tetrad of 

megaspores is found, The chalaza1 megaspore functions. The 

development of embryo sac is  of polygonum type. The synergids 

are narrow and the antipodals are ephemeral, Polar nuclei 

move upward and fuse t o  form the secondary nucleus in the upper 

half of the  embryo sac, Before male nucleus i s  able t o  fuse 

completely w i t h  primary endosperm nucleus, it divides. Pollen 

tubes are present even a t  the second or th i rd  division of zygote. 

Chauhan -- e t  al. (1975b) studied the  association between 

yield of f r u i t s  and i t s  components and reported tha t  significant 

positive correlation exists  between number of fruits, weight of 

fruits, s ize  of fruits and yield per plant; the highest being 

between number of f r u i t s  per plant and yield of frui ts .  

Kammathy & a& (1 971) described the pharmacognostic 

aspects of the berries. The berries are nearly spherical with 

a diameter of 2,3 t o  3.2 cm, deep green wi th  white variegation 

when young and turning bright yellow on f u l l  maturity, smooth 

and glossy i n  texture. The placentation i s  axile with 

innumerable seeds embedded in sof t  pericarp. Seeds are 

compressed, flat with the outline circular or nearly so and 

covered wi th  a mucilage layer, Anatomical studies of the fruit 

have shown the presence of a d is t inc t  cut ic le  with 2 or 3 

layered, s m a l l  sized epidermal ce l l s  w i t h  thick walls. There 



are two inner layers of c e l l s  containing ei ther  prismatic or 

rectangular crystals. Below the epidermal layer there are 2 o r  

3 layers of collenchyma cells.  The r e s t  of the p e r i c q  and 

placenta are made up of multilayered parench~a tous  ce l l s  

composed of outer closely packed and inner loosely packed cells.  

Vascular t i ssue  is  scattered among parenchyma ce l l s  i n  the inner 

region of the pericarp and placenta. Vessels are wi th  sp i r a l  

thickening. Seed i s  composed of a thick walled.epidermis 

followed by crushed ce l l s  of the inner integument and perisperm 

cells.  The embryo i s  narrow, curved and l i e s  enclosed by the 

endosperm cells.  The ce l l s  of both the embryo and the endosperm 

are f i l l e d  w i t h  granular contents, 

Macroscopic examination of powdered berries give a 

greenish brown colouration with pungent smell, s l ight ly b i t t e r  

i n  t a s t e  and highly mucilaginous. MicroscopicaJ, examination 

reveal multicellular pointed trichomes and uni- o r  multicellular 

trichomes wi th  s t~mata.  Microchemical t e s t s  reveal the presence 

of glycoalkaloid and calcium oxalate crystals i n  the inner 

epidermal ce l l s  of the pericarp, 

Conflicting reports have appeared on the alkaloidal 

content of - S. khasianum, The berries of 9. khasianum var. 

chatterjeeanum i s  the r ichest  source of solasodine w i t h  an 

yield of 5.4% on a dry weight basis (Maiti & &. , 1964). Other 

workers (Chaudhuri and Rao, 1964; Chaudhuri and Hazarika, 1966), 

however, obtained f a r  too low values of solasodine. Maiti & 

a l e  (1965) made a comparative assay of berr ies  collected from - 



di f ferent  l o c a l i t i e s  i n  India  and reported t h e t  the  berr ies  

collected from N i l i g i r i s  contained the highest amount of 

solasodine, Sa in i  (1966) analysed the f r u i t s  of same 

physiological age at about weekly in te rva ls  r i g h t  from t h e i r  

ear ly  development and reported a progressive accumulation of 

glycoalkaloid, The concentration of glycoalkaloid reached a 

maximum (7,496) when the fruits were about 55-60 days old, This 

stage of development appears t o  coincide wi th  the  f r u i t  colour 

changing from green t o  yellow, Chandra -- e t  al. (1970) reported 

t h a t  solasodine content ranged from 0 , I O  t o  0,8796 upto 5 th  week 

of f r u i t  development. I n  the  6 th  week with change of colour the 

increase i n  solasodine content w a s  considerably higher ranging 

between 1.55 t o  1.8996 which continued upto 10th week, Khanna 

and Murthy (1972) found t h a t  alkaloid was m a x i m u m  when berr ies  

were deep yellow. The ber r ies  harvested from older plants have 

higher alkaloid, They fur ther  suggested t h a t  though the 

interact ion of genetic make up, plant  maturity and stage of 

harvest have an important beilring on the alkaloid content of the  

berr ies ,  temperature possibly does not influence t h i s  accumula- 

t ion,  Sharma -- e t  al. ( 1979) reported t h a t  m a x i m u m  content of 

solasodine was 80 days a f t e r  f e r t i l i z a t i o n  when the colour of 

the  f r u i t s  was turning yellOw, Decrease i n  solasodine content 

was observed upto the f u l l  ripening of the  be r r i e s  (complete 

yellow). Varghese -- e t  al. (1 979) s ta ted  t h a t  solasodine which i s  

synthesized i n  the  leaves and berry w a l l s  i s  continuously 

accumulated i n  the  f ru i t  pulp, The m a x i m u m  amount of solasodine 

i s  obtained a t  the  pale yellow stage of the  berries. 



Analysis of various par ts  of the f r u i t  indicates tha t  

the fleshy cover and washed seeds do not contain any alkaloid 

which is concentrated i n  a mucilage layer a l l  a~ound the seeds 

(Saini, 1966) . Saini and Biswas ( I  967) further enumerated 

t h a t  t h i s  mucilaginous layer develops as a resul t  of disinte- 

gration of the outermost layer of developing seeds and appears 

t o  be more connected w i t h  the development of the seed i t s e l f  

than the remaining pa r t  of the f ru i t .  Hence the t o t a l  alkaloid 

content may thus be direct ly correlated t o  the number of seeds 

i n  each f ru i t ,  T h i s  w a s  further substantiated by the analysis 

of Bakshi and Hamied (1971) who obtained 1,O and 1,696 

solasodine i n  the seed and muc-ilage of r ipe berries, respectiQe3y. 

This was, however, disputed by Janaki Ammal and Bhatt ( 1971) as 

they got ent irely different resul ts  i n  diploid and tetraploid 

plants, According t o  them, the fruits obtained from diploid 

plants though had 200 t o  300 seeds, the glycoalkaloid content 

was appreciably l e s s  than tha t  of f r u i t s  of tetraploid plants 

containing 2-5 seeds. Murthy (1976) studied the alkaloid 

dis tr ibut ion i n  -.. S, khasianum and observed a correlation between 

seed number and f r u i t  size, but no correlation was found between 

the glycoalkaloid content and f r u i t  size, According t o  him the 

mucilage secreting ce l l s  reponsible fo r  the glycoalkaloid are 

not confined only t o  the seed coat but are also present i n  

other parts  of the f r u i t ,  

Datta & & ( 1973) found tha t  lowest concentration of 

phloridzin ( ?mg/l) increased the yield of solasodine. 



Chaudhuri and Chatter jee ( 1 979a) observed tha t  sucrose feeding 

generally increased the formation of solasodine and the effect 

was dependent on the  age of the f ru i t s .  Chaudhuri and Chatterjee 

(1 979b) also found that  a l t i tude  has an influence on solasodine 

content of f r u i t s ;  the effect  being inhibitory and seasonal i n  

character. Further, varying amounts of GA3 - feeding increased 

flowering and f ru i t ing  as also solasodine content. 

Several attempts were made t o  cross 8, khasianwn with 

22 other species available but no success was achieved ( ~ a u l  and 

Zutshi, 1977) . Interspecific hybridization even with species 

which show close karyomorphological relat ion with it did not 

succeed f iutshi ,  1968). Sarkar -- e t  al. (1977) made an estimate 

of genetic divergence between some solanaceous species and 

reported tha t  9, khasianum was more closely placed to  niprum, 

They thereby suggested tha t  t o  improve plants of 2, khasianum 
some interspecif ic  crosses should be made e i ther  w i t h  5. niarum 
o r  via  t h i s  species. 

Tetraploidy was induced by treat ing young seedlings 

with colchicine, before p lmule  development (~anaki Amma1 and 

Bhatt, 1971) . Tetraploids showed delayed flowering and fruiting 

but possessed fewer spines than the diploids. The f r u i t s  i n  

tetraploids were smaller i n  s ize  and weight, but contained 

larger seeds, An interesting feature noticed i n  these plants 

was the presence of 3-5 f r u i t s  a t  some nodes instead of usual 

single f r u i t  i n  diploids, indicating the development of more 

than one hermaphrodite flower i n  tetraploids, Janaki Ammal 

* Quoted from Kaul and Zutshi  ( 1  977) 



and Bhatt (1971) pointed out t h i s  feature t o  be an added 

advantage i n  commercial cultivation, 

~ h a t t ( 1 9 7 2 )  irradiated dry seeds of 5, khasianum w i t h  

5-35 kR of gamma rays* One of the M2 progenies isolated from 

10 kR treatment showed thick curved and blunt spines with a 56% 

reduction i n  spine length. The mutant plants were t a l l e r  than 

control, The increase i n  yield was due to  larger s ize  of f r u i t s  

i n  the mutants. The glycoalkaloid content also showed an 

improvement over control, Bhatt ( 1972, 1977) obtained almost 

spineless plants a f t e r  treatment w i t h  gamma rays and colchicine 

treatment respectively and oberved tha t  reduction in spine 

number and s ize  was associatad w i t h  s t e r i l i t y ,  Murthy and 

Abraham (19V5b) treated gi khasianum seeds wi th  20 and 30 kR of 

gamma rays& Some of the highly vigorous R2 plants were treated 

wi th  0101 and 0.02% Nitrosomethylurea (NMU). A M progeny from 3 
the former treatment produced some plants which were almost 

completely spineless, f u l l y  f e r t i l e  and produced fruits pro- 

fusely. The stems, younger leaves and f l o r a l  parts were a l l  

devoid of spines. Chauhan e t  al. (I 976) have shown an increase -- 
of 166.6% of berry yield over control in M2 generation of X )  kR 

irradiated plants, Chauhan -- e t  ax. (1975a) also f o p d  that  the 

radiation treatment did not change solasodine content appreciably 

vis-a-vis control, Kaul and Zutshi (1974) evolved several high 

yielding s t ra ins  by exposing dry seeds t o  various dosages of 

gamma rays (7.5-20 k ~ )  and chemical mutagens l i ke  EMS (0.05 and 

0.15%) , ethyleneimine (0.025%) and nitrosoguanidine (0.5 m~). 



They isolated a good number of mutants showing significant 

vegetative growth, f r u i t  sett ing, l e s s  frequency of spines and 

resistance t o  diseases. One mutant (RRL - 20 - 2) was found 

t o  be very promising in having vigorous vegetative growth, 3 t o  

4 f r u i t s  per node, reduced number of spines on leaves w i t h  

almost spineless stems ( ~ a u l  and Zutshi, 1977). The yield of 

berries i n  mutant was found t o  be 5.51 tomes per hectare wi th  

solasodine content of 3.0% on dry weight basis resulting i n  net 

yields of 41.25 kg of solasodine per hectare as against control 

where 6.12 tonnes of berries wi th  1.2% solasodine yielded about 

18.15 kg of solasodine per hectare ( ~ a u l  and Zutshi, 1977). 

Hazarika - @% a. ( 1978) selected a superior s t ra in  JRL-30 

a f t e r  extensive f i e ld  t r i a l s .  It produced 6.14 tomes  of fresh 

berr ies  per hectare w i t h  3,2896 solasodine on d r y  weight basis 

amounting t o  40.34 kg of calculated solasodine per hectare. 

T h i s  selection had l e s s  percentage of mortality (4.7 t o  9.796) i n  

f i e l d  w i t h  73% seed germination. 

Gandhi (1  978) carried out agronomic evaluation of 

S.  khasianwn and reported a significant variation i n  the number - 
of branches and the number of berries per plant. The solasodine 

czbo 
contentiranges from 0.6 t o  2.2%. Singh & a. (1978) have 

studied the genetic variabi l i ty  fo r  gluco-alkaloid content i n  

S. khasianum and suggested tha t  production of gluco-alkaloids i s  - 
a quantitative character controlled by genetic mechanisms. 

S. khasianum plants are f a i r l y  hardy and can thrive - 



well under diverse climatic condlitions. However, they ccznnot 

stand too much of desiccation or water logging. Such conditions 

not only affect very adversely the i r  normal growth but result  i n  

scorching of the leaves w i t h  gradual yellowing and ultimate 

wilting of the plant (~hakraverty and Raychaudhuri, 1974) , 

The plants are generally propagated by seed but vegeta- 

t ive  propagation by stem cuttings are also successful ( ~ u s h a r i  

and Chatterjee, 1976). The seeds are either sown i n  nursery o r  

seed beds t o  ra ise  seedlings for transplantation or broadcast 

f o r  direct sowing. Singh & a. (1972) indicated that  direct 

sowing of seeds i n  the f ie ld  gives a significantly better yield 

of fruits as compared t o  sowing by transplantation. The optimum 

period for seed sowing was Oclobiz, . Hazarika and Bora (1976) 

found that a spacing of 90 cm, x 90 cm gave m a x i m u m  yield of 

berries, 

The time of sowing (March, June and ~c tober )  plays a signi- 

ficant role i n  the growth, development and ultimate yield of 

f r u i t s  without much affecting the glycoalkaloid contents (~aini 

and Biswas, 1967). According t o  Chandra & a. (1970) plants 

transplanted i n  August exhibit good growth with stout branching. 

Fertil ization i n  newly introduced areas is  seldom essential, 

but the plants show great agronomic promise and responds well t o  

f e r t i l i zec  applications (Chakraverty and Raychaudhuri, 1974) . 
N, P and K have been found t o  increase the growth of plants and 

fruiting. Excess of N f e r t i l i ze r s  reduce the f r u i t  yield and 



the plants become susceptible t o  wilting. Applications of P40, 

KkO and NbO and N6() per hectare have been found t o  produce the 

highest number of fruits. In  case of pot culture 1 kg of fa rm 

yard manure supplemented wi th  monthly applications of 2 g each 

of ammonium sulphate, potassium sulphate, and superphosphate 

produce good growth of plants ( ~ a i n i  and Biswas, 1967). 

Choudhur~ -- e t  al. ( 1979) reported increased yield of berries due 

t o  nitrogen application, This also resulted in a marginal 

increase i n  solasodine content. 

The plants are generally cultivated as annuals and 

complete the maximum frui t ing  =thin 5 t o  6 months a f t e r  sowing 

subsequent t o  which the flush of flowers and f r u i t  set t ing 

gradually declines, Under suitable cul tural  practices and 

favourable climatic conditions the plants grow as perennials. 

For f r u i t  production, maintenance of continuous supply t o  the 

industries and t o  get  m a x i m u m  benefit it is  advisable t o  raise 

a t  l e a s t  4x0 crops of this species per year  i n  the same land. 

However, perennial populations may also be maintained for  seed 

collection particularly when some high yielding s t ra ins  are 

isolated (Chakraverty and Rayc-k,. 1974). 

Khanna g-J &. ( 1976) studied the solasodine content in  

t issues grown in  s t a t i c  cultures and reported the maximum amount 

of solasodine (0.025%) i n  8 weeks old t issue,  Kokate and Radwan 

(1978) established the callus cultures of .II S ,  khasianum on MS and 

B5 media and found tha t  callus cultures a t  the beginning of 

organ differentiation, were much richer in  steroidal 



glycoalkaloids (5.2% of t i ssue  dry weight), compared t o  seeds 

(0.34%). A m i n  Uddin ( 1978) and Amin ( 1979) 

reported tha t  the callus cultures of 

whole seedlings were capable of 

0.067%. Chaturvedi -- e t  al. 

the t i c  potential  of 

t o  seed-callus, 

-- 

Chaturvedi and Sinha (1977, 1979) have reported the mass clonal 

prcpagation of 9. khasianum through t issue culture techniques. 

Bhatt e t  ale (1979) observed tha t  leaf explants of 2, khasianurn 

did not regenerate on any tested media i n  the l ight ,  but. did SO 

when cultured i n  darkness, 

Thakur and Sastry (1971) and Rangaraju and Chenulu 

(1 974) described the host range, symptomatology and properties 

of the virus causing mosaic disease of g. khasianum. Verma & 

al. (1972) and Rangaraju and Chenulu (1974) designated the - 
virus isolated from g. khasianum as SKMV, Rangaraju and 

Chenulu (1975) reported a significant reduction i n  growth and 

alkaloid content of virus infected g. khasianum plants. 

Chlorotic s tunt  disease and i t s  association w i t h  root-knot 

nematode Meloidogyne javanica has been reported by Z a i d i  & a. 
( 1 978). Roo t-knot and w i l t  diseases caused by Meloidome 

i n c o m t a  could be controlled by carbofuran application a t  the 

r a t e  of 25 kg per hectare a t  an interval  of three weeks 

( ~ a z m d a r  & f??;. , 1977). Ismail PI e t  al. -* (1979) reported the influ- 

ence of root-knot nematode and tobacco mosaic virus cn the growth anl 



carbohydrate content of t h i s  species. wishna Prasad & 

(1980) observed increased wilting of 2. khasianum plants 

treated wi th  the nematode Meloidome incoe~lita and the fune;us 

Corticium r o l f s i i  thus indicating a high degree of synergism 

between the two pathogens. The w i l t  disease of 2. khasianum is 

caused by Fusarim oxysporum and the incidence of disease i n  

Jorhat conditions, can be controlled by direct  sowing of seeds 

rather than transplanting (~ordo lo i  al., 1971). Siddarmaiah 

e t  a3 ( 1979) reported that  the fungicides Vitavax and Plantavax - -* 
were effective i n  controlling r o o t  w i l t  of 2. khasianum. Besides 

these the other diseases of this species are sclerotial  r o t  

(Upadhyay and Bordoloi, 19771, leaf blight ( ~ u p t a  & &., 1979) 

bacterial w i l t  (Ram Kishun al., 1980) , and Alternaria f r u i t  

r o t  '  irema math e t  al., 1980). 

( i i )  indicum: 

The importance of Solanun indicum as an alternate source 

of s tart ing material for  $he synthesis of steroidal hormones 

was revealed by the alkaloid screening study of Chopra and ~anda* 

( 1963) ). 2,  indicuxn f ru i t s  contain 4.896 crude glycoalkaloid and 

1.896 of the alkaloid, Rathore -- e t  al ,  (1978) reported the 

presence of steroids and steroidal alkaloids i n  the stems, 

leaves, roo t s ,  flowers, green and ripe berries of g. indicum and 

identified them as diosgenln, f-sitosterol,  lanosterol, solaso- 

nine and solamargine, .The solasodine content was 0.34796 i n  

green berries. 
* Quoted from Chopra and Kapoor ( 1968) 



S. indicum L. i s  an erechbranched, undershrub upto one - 
metre high, The stem i s  armed w i t h  spines and s t e l l a t e  tomen- 

tose hairs, Leaf i s  shallowly lobed, ovate, oblong, somewhat 

oblique. Inflorescence i s  cymose, few t o  many flowered; 

pedicel 1-5 cm long, smooth o r  prickly; calyx sometimes prickly; 

corolla blue, s l ight ly  s t e l l a t e ly  hairy 1-1,5 cm long. Berries 

are globose 1 cm across, green when immature and bright red on 

maturity, Seeds are pale yellowish, flattened, 

Viswanathan (1975) reported tha t  2. indicum which is a 

diploid has 2n chromosome number = 24, He induced tetraploidy 

i n  t h i s  species by colchicine treatment, 

Very few studies have been made on the growth and deve- 

lopment of S. indicum. Kharbteng and Chauhan ( 1979) studied 

the effect  of e thre l  on - S. indicun which revealed a reduction i n  

the number of stamens and absence of p i s t i l  in  some flowers. 

The media requirements for  pollen germination of 

S. indicm were studied by Ravindran and Chauhan ( 1980)~ - 
The response of excised anthers of g. indicum i n  v i t ro  

was studied by David and Chinchanikar (1980). 



CHAPTER 111 

SEED GERMINATION AND 
SEEDLING SURVIVAL 



INTRODUCTION 

I 

Several solasodine yielding species of Solanurn display 

poor, e r ra t ic  germination and uneven, slow seedling emergence 

(~ud ia t so  and Wilson, 'I 974; Chatter jee, 1977; Chauhan, 19788 ; 

Pingle and Dnyansagar, 1979). Th i s  poses a serious problem i n  

large scale commercial cultivation programmes for the product- 

ion of steroidal glycoalkaloid solamdine, as transplanting of 

seedlings raised from seeds i s  necessary. Various c-ical 

( ~ p i c e r  and Dionne, 1961 ; Singh, 1974; Porter and Gilmore, 1976; 

Chauhan, 1978Q; 9asu and C hakraverty, 1979 3 Pingle and Dnyansagar, 

1979; Mitra and Kushari, 1980, 1981) and physical agents 

( ~ i n g h  & &. , 1974; Mathew and Gaur, 1975; Torne and Desai, 

1975; Mahenchandanf,, 1976) are used for  improving seed gemina- 

tion i n  problem species. Gamma rays are known t o  influence seed 

gemination i n  various crop plants. While lower exposures are 

sometimes stimulatory ( ~ t o t z k y  & &. , 1964; Torne, 1964; 

Sparrow, 1966; Suss, 1966; TavEar, 1966; Dnyansagar and Tarar, 

1971 ; Mathew and Gaur, 1975 ; Torne and Desai, 1975 ; Maherchandani, 

1976), the higher exposures are always inhibitory ( ~ a t s u o  and 

Onozawa, 1961 ; Saric g& G., 1961 ; Johnstone and Klepinger, 1967; 

Torne and Desai, 1975) . Prasad and Godward (1975) consider that  

relationship between germination and survival of seedlings is of 

interest  i n  breeding programmes because, although, the 

germination percentage may not be reduced wi th  high doses, 

survival may be reduced/negligible or  there may be no survival 

( ~ u j i i  and Matsunara, 1958; Micke, 1961). Canma rays are being 
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used for  the improvement of the solasodine yielding Solanum 

species ( ~ h a t t ,  1972; Chauhan & a., 1975a, 1976) 6 But no 

information i s  available as t o  how seed germination and seedling 

survival i s  affected by gamma rays i n  g, khasianum and 

S, indicum, An attempt was therefore made t o  study these aspects - 
i n  these two species, since t h i s  w i l l  help i n  understanding the 

radiobiology of these species, 

M A T E R D  AND METHODS 

In the present study, seeds used for  i r radia t ion  were 

always collected from a single plant of s, khasianum and 

S. indicum grown secluded i n  the previous year. Seeds of 
I 

S. khasianum (moisture content 14.47%) and 2. indicum (moisture - 
content 14.1796) were sent t o  the Bhabha Atomic Research Centre, 

Trombay, Bombay for  i r radiat ion purposes, The seeds were given 

2.5, 5, 10, 1 5 , 2 O f 2 5 ~  30 kR exposures of gamma rays emitted 

from co60 source a t  the ra te  of 4.1 kR/minute. The irradiated 

seeds were flown t o  Shillong and sown in pots f i l l e d  with 1:1 

mixture of s o i l  and farmyard manure, Per treatment 250 seeds 

were sown at the r a t e  of 50 seeds per pot, The pots were watered 

regularly t o  maintain suff icient  moishre f o r  germination. Data 

on seed germination were recorded regularly upto 63 days a f te r  

sowing subsequent t o  which no seedling emergence occurred. The 

parameters taken in to  consideration were the days taken for: 

( a) commencement of germination ( b) achieving 5096 germination 

(c) completion of germination and f i n a l  germination percentage. 



Seedling survival was scored a t  the end of 75 days after  sowing, 

RESULTS 

S. khasianum : - 
Unirradiated - S. khasianum seeds, start germinating on 

the 22nd day after  sowing, achieve 5096 germination i n  46 days 

and complete germination i n  60 days. The f i n a l  germination 

percentage towards the end of germination was 60 (Table 1). A 

scrutiny of radiation effect on seed germination revealed that  

irradiated seeds required almost the same time as control t o  

complete germination. However, the rate of germination i n  the 

seeds given low exposures of gamma rays (2.5 - 10 k ~ )  was 

faster  compared t o  unirradiated control since these seeds . 

achieved 50% germination i n  lesser time  a able 1). Further, 

compared t o  control the f ina l  germination percentage was 

significantly stimulateflby 2.5 kR - 15 kR exposure of gamma 

rays (Table 1, Fig, 1). The increased seed gemination i n  the 

seeds given 20 - 30 kR exposures did not d i f fer  significantly 

from control (Table I ) ,  

In unirradiated (I S, khasianum 95.096 seedlings survived. 

The survival i n  the irradiated seedlings was though enhanced by 

low exposures (2.5 - 10 k ~ )  , the differences were not signifi- 

cant (Table 2). The higher exposures caused significant 

inhibition  able 2, Fig,  I), The maximum injury of 19.95% t o  

seedling ourvival was inducod by 30 kR (Fig, 1). 

* Percent inhibition/stim&ation = Control - irradiated YIOO 
Control 
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Table 2:  Effect of gamma rays on seedling survival 

in Solam khasianum and 9, indicum, 

Treatment Total number of Number of surviving percent survival 
seedlings seedlings 

CONTROL 150 

2e5 kR 199 

5eO Mi 20 I 

10.0 kR 226 

15.0 kR 187 

20,O kR 154 

25eO kR 158 

3 O e O  kR 152 

L.S.D. (p=0.05) 

1 - S, khasianum 

2 I S, indicum . 

* Significantly different from control (p=O .05) 



Fig. 1 : Gamma-ray induced percent stimulation/injury 

f o r  seed germination and seedling surviva3. of 

S. khasianum and 2. Indicum. - 
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3, indicum r -.. 

S. indicum seeds start germinating on the 16th day af ter  
I 

sowing, achieve 500h germination i n  20 days and rec,uire 46 days 

t o  complete germination, The f i na l  germination percentage i n  

the unirradiated control was 96,8  a able I) .  Irradiation of 

seeds delayed germination, adversely affected the ra te  of 

gemination and reduced the f i na l  percentage of germination 

 a able 1, Fig. 1). Although the effects  on the time taken t o  

complete 50% germination and the number of days required fo r  

germination t o  be over were not exposure dependent, the inhibi- 

t ion  of seed germination increased with increasing exposure. 

The inhibitory effect was significant, however, only from 10 kR 

onwards (Table 1). 

In unirradiated 8, indicum 90.9% seedlings survived 

 able 2). Amongst the irradiated material though survival i n  

the seedlings given 2,5 kR of gamma rays was s l ight ly  more 

compared t o  control the difference was s t a t i s t i c a l l y  insignifi-  

cant, Exposures of 5 kR and above reduced seedling survival but 

the differences were significant only i n  20, 25 and 30 kR 

exposed seeds  a able 2). The L q O  for  seedling survival was 

between 20 and 25 kR, and 30 kR proved l e t h a l   a able 2, Fi'g. 1). 

DISCUSSION 

A comparison of gamma-ray effects  on seed germination 

of - S, khasianum and .I) S. indicum reveal tha t  gamma-irradiation 



enhances the r a t e  of germination and percentage germination i n  

the former and inhibi ts  these aspects i n  the l a t t e r ,  Gamma-ray- 

induced stimulation and inhibitLon of seed germination are 

known i n  l i t e r a tu re  (~uncke l  and Sparrow, 1961 ; Grover and 

Dhanju, 1979) . Stimulatory effects  o@ gamma-irradiation on 

germination may be due t o  shortening or breaking of dormancy 

period (Sparrow, 1966; Suss, 1966; TavEar, 1966), s t ructural  

changes i n  membranes (Elkeles, 1%2), increased permeability 

of membranes t o  water and ions (Bacq and Herve, 1952; Hooker 

e t  a1 1958; Skou, 1963). It may also be due t o  increase i n  - -*, 
the oxygen uptake of seeds thus causing formation of peroxy 

radicals i n  the t issues which i n  turn may inactivate the 

inhibitors by oxidation and thus t i l t i n g  the promoter/inhibitor 

balance i n  favour of promotars (Maherchandani, 1976). 

Radiation-induced inhibition of seed germination i s  attributed 

t o  the inactivation/destruction of germination regulators in 

the seeds (Gordon and Weber, 1955; Haber and Luipold, 1959)~ 

Dnyansagar and Tarar (1971), however, are of the opinion tha t  

while lower exposures of radiation stimulate seed germination 

by' inducing early DNA synthesis, the higher exposures inhibited 

both  seed germination and DNA synthesis, Khanna and 
rn 

Maherchandani ( 1980) considerL the  disturbances i n  the 

biosynthetic pathways i n  i rradiated seeds a t  l a t e r  stages 

possibly cause the production of insuff icient  amount of enzymes 

vrhich i n  turn resul t  i n  reduced growth and development of such 

plants, 



Both i n  .I S, indicun and - S, khasianum although lower 

exposures of gamma rays did not stimulate seedling survival, 

the higher exposures were inhibitory and the inhibit ion increased 

w i t h  increasing exposure, In - S. khasianum only 25 and 30 kR 

treatments caused a significant decrease i n  seedling survival 

while i n  .I S, indicum 20 kR and above inhibited seedling survival 

drastically,  Thus the minimum exposure required fo r  inducing 

inhibit ion t o  seedling survival differed i n  the two species. 

Increased inhibition of seedling survival by higher exposures of 

radiation i s  reported fo r  other plants also ( ~ u j i i  and Matsumara, 

1958; Prasad and Godward, 1975; Torne and Desai, 1975). 

In - S. khasianum even though 2.5 - 10 kR exposures of 

gamma-rays did not improve seedling survival, the t o t a l  seedling 

avai labi l i ty  increased since the  gamma-ray exposures (2.5 - 10 ~ i )  

induced significant increase i n  seed germination. In  .I S, indicum, 

however, both these aspects were inhibited by gamma rays and 

therefore number of seedlings available was l ess  compared t o  

unirradiated control, 

It i s  interest ing tha t  the two species 2. khasianum and. 

S. indicum have displayed a d i f ferent ia l  response t o  grunma- 
I 

i r radiat ion w i t h  reference t o  seed germination, wherein gamma 

rays have significantly stimulated seed germination i n  the former 

and inhibited i n  the latter, These results are i n  agreement wi th  

the findings i n  Papaver pa rover and Dhanju, 1979), 



CHAPTER I V  

GROWTH AND YIELD 



INTRODUCTION 

Ionizing radiations are being increasingly used f o r  the 

improvement of crop plants, Kapoor and Datta (1967) have 

reported gamma-ray-induced useful mutations i n  certain medicinal 

and aromatic plants. Though the genetic improvement of Solanum 

khasianun - . w i t h  gamma rays has been attempted ( ~ h a t t ,  1972; 

C h ~ ~ h a n  & &., 1975a; Chauhan & &., 19761, the success has 

not been great, In  a radiation based crop improvement programme 

the mutagenic efficiency i s  determined t o  a considerable extent 

by the degree of M, injuries  (Gaul, 1964; Ehrenberg, 1971) and 

such in jur ies  have a bearing on the s ize of M I  population t o  be 

treated and the M2 t o  be raised ( ~ l i x t ,  1972). Further, i n  a 

crop improvement programme it is  sometimes required t o  i r radia te  

the material under the conditions of maximum and minimum 

radiosensitivity (Gunckel and Sparrow, 1961). Although great 

differences exis t  i n  the radiosensitivity of the  different  

species (Sparrow & &., 1961a, b) s t i l l  information on radiosen- 

s i t i v i t y  of different  species under comparable conditions is  of 

value (Rudolph, 1971) and help i n  understanding the  radiobiolo- 

g i c a l  responses of the species. 

Since information on t h e l  aspects are lacking fo r  these 

two species an attempt has been made t o  analyse the effect  of 

different acute exposures of gamma rays on growth and yield i n  

S. khasianum and S. indicum, 
.I - 



MATERIALS 'AND METHODS 

The de ta i l s  of seed i rradiat ion are given i n  ChapterIII. 

Since exposures of 25 kR and above drast ical ly inhibited seed 

germination and seedling survival, only seedlings obtained from 

seeds given 2,5, 5, lo, 15 and 20 kR exposures were used for  

studying the gamma-ray effects on growth, development and yield 

of the two species. 

Seedlings exhibiting chimeric leaves and leaf abnormali- 

t i e s  were scored a t  60 days a f t e r  seed sowing; before 

transplanting seedlings t o  polythene sleeves. One and a half 

month old seedlings were transplanted i n  polythene sleeves 

(5" x 10") containing 1:1 mixture of s o i l  and fannyard manure. 

After a month these seedlings were transplanted i n  the 

experimental plots  of North-Eastern H i l l  University, Shillong. 

The distance between plants was 50 cm, and between rows 70 cm , 

The treatments were randomized and fo r  each treatment ten  plants 

were maintained. 

Observations on growth, rep~oductive characters and 

yield aspects of control and irradiated plants of the two species 

were recorded from 10 plants per treatment, Plant height, 

plastochron index, m a x i m u n  length and breadth of s ix th  leaf,  

spine number and s ize  on the dorsal and ventral surfaces of 

s ix th  leaf were recorded in  90 day old seedlings just  before the 

v i s ib le  appearance of flower buds, Plant height was measured as 

the  distance from cotyledonary node t o  shoot t ip ,  Plastochron 



index was calculated according t o  the fomu3a 

logLn - log I 0  
P i  = n + -. 

l o a n  - l o a n  + 1 

where n = number of leaves with a length exceeding 10 mm; logLn 

i s  length of tha t  leaf which just  exceeds 10 mm; logLn + 9 i s  

the length of tha t  leaf which i s  l e s s  than 10 mm, 

Leaf area was calculated by multiplying length w i t h  

breadth, Spine frequency (intensity) per unit area was calcw 

lated by dividing spine number wi th  leaf area, Spine s ize was 

determined by measuring a l l  the spines on dorsal wd  ventral 

surfaces of the s i x t h  leaf,  

A t  the time of harvest plant height was again recorded 

by measuring the distance from cotyledonary node t o  t i p  of t h e  

longest branch, Number of branches (primary and secondary) per 

plant were counted. The berries were harvested plant wise and 

t h e i r  number and weight determined. 

Berry diameter, volume and nmber of seeds per berry 

were determined from 20 batches of 5 berries each per treatment. 

For estimation of glycoalkaloid content the method 

followed by Crusena -- e t  a l ,  ('1965) was used in this study, Three 

repl icates  per treatment were run, The berries of g, khasianum 

(yellow) and - S, indicm (red) were harvested and dried i n  a hot 

a i r  oven around 60°C, Two grammes of the drfed pulverized 

berry were covered w i t h  30 m l  of a mixture of ethanol, glacial  

acet ic  acid and water C50:2:48) and left fo r  six hours with 



periodic shaking, The extract w a s  f i l t e r e d  and the residue on 

f i l t e r  paper was washed three times w i t h  5 m l  of the above 

mentioned mixture. The f i l t r a t e s  were combined and transferred 

t o  a beaker and evaporated on a water bath t o  half i t s  volume. 

It was then f i l t e red  and the residue on f i l t e r  paper was washed 

4 times w i t h  6 m l  of 2% acetic acid. The f i l t r a t e s  were 

combined and the glycoalkaloids were precipitated from acet ic  

acid solution by adding 25% solution of NH40H t o  an alkaline 

reaction using phenolphthalein as an indicator, The mixture was 

heated t o  60-70°C and l e f t  overnight t o  coagulate the 

precipitate. The precipi tate  thus formed was f i l t e r ed  off and 

the residue on the f i l t e r  paper was wmhed with 100 m l  of 

0.1% NH40H solution, u n t i l  the washings were colour less~ The 

washed precipitate w a s  dissolved on the f i l t e r  paper i n  10 m l  of 

a mixture of ethanol, g lac ia l  acetic acid and water (4:1:5). 

The f i l t r a t e  was transferred t o  a volumetric f lask and the 

volume was made upto 100 m l  with the 4:1:5 mixture, One m l  of 

this extract was diluted with 1 m l  of 4: 1 :5, This solution i n  

a t e s t  tube was kept i n  a container containing ice and 4 m l  of 

concentrated sulphuric acid was added over a period of 2 minutes 

t o  this i ce  cold solution, Then 2 m l  of 1% formalin was added 

over a period of 1 minute. Thereafter a crimson coloured 

solution was formed whose optical density was meaeured a t  490 nm 

i n  a systronic colorimeter. The optical density readings were 

matched w i t h  the standard graph and the solasodine content i n  2 

m l  of the sample was obtained, The f i n a l  resul ts  tabulated were 

calculated on the basis of solasodine amount per 100 gms of dry 



berry weight. 

The standard graph prepared was l inear  and obtained by 

using dif  f went  concentrations of pure solasodine (M/s. Organon 

Limited). The procedure followed was same as outlined above. 

A l l  t h e  chemicals used i n  t h i s  study were of analytical grade. 

RESULTS 

S, khasianum I ;  - . . 

The resul ts  of the  effect  of gamma rays on plant height, 

plastochron index, number of branches and sixth leaf are given 

i n  t ab l e s  3-5. Gamma-ray exposures had no effect  on plant 

height both a t  90 days a f t e r  sowing and at maturity, Plastochrun 

index was inhibited by higher exposures (15 and 20 kR)  a able 3),  

Though a l l  gamma-ray exposures stimulated branches per plant the 

differences were significant from control in 5-15 Mi irradiated 

plants (Fig. 2). 

Normal leaves of I S. khasianwn are ovate with s l igh t  

lobing of margins (Plate  1 a). The various abnormalities 

observed were: 'leaves with unequal lamina and clef t ing of leaf 

lamina both towards the top and sides (Plate I b-d) The 

incidence of abnormal shaped leaves was exposure dependent 

(Table 4 ) .  

The node number having leaf abnormalities increased with 

gamma-ray exposures and 15 and 20 kR exposurds resulted i n  leaf 

abnormalities persisting upto 5th node (Table 4). 



Table 3: Gamma-ray effects on the growth of Solanum khasianum 
plants 90 days after  sowing and a t  matur i ty ,  

i 
t 90 DAYS AFTER SOWING , AT MATURITY 
t 

Treatment Plant height P l a s t o c h r o n ( P 1 a n t  h e i g h t  Number of 
( cm) index t I ( cm) branches 

+ SeEw - 
* Significantly different fpom control (p=0.,05) 

es i n  bracket represent percent stimulation 
(-) over control 



Pig, 2: Gamma-ray effects on number of branches in 

S. khasianum and s. indicum plants, 
.I 



5. khasianum - 
- - -- 5. indicum - 



P l a t e  1 : V a r i a t i o n  in  leaf shape and leaves  wi th  

chlorophyl l  chimeras in con t ro l  and 

i r r a d i a t e d  2. khasianwn. 

a - d: V a r i a t i o n  in l e a f  shape. 

e - f :  Chimeric leaves. 
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The production of leaves exhibiting chlorophyll chimeras 

(Plate I ,e, f )  showed an increase w i t h  increasing gamma-ray 

exposures (Table 4). 

A l l  exposures of gamma rays inhibited leaf length but the 

inhibitions were significant i n  15 and 20 kR' exposures alone. 

Leaf breadth which w a s  not influenced by low exposures of gamma 

rays, was inhibited significantly i n  plants given 15 and 20 kR 

exposures (Table 5). Leaf area was inhibited by all the gamma- 

ray treatments except 5 kR.  a able 5 ) .  Compared t o  control 

plants, leaves of gamma irradiated plants were more spiny except 

i n  the plants given 20 kR exposure  a able 5; Fig. 3). 

Analysis of spines on dorsal and ventral surfaces of the 

s i x t h  leaf revealed tha t  compared t o  the dorsal surface more 

spines are produced on the ventral surface  able 5). While low 

exposures of gamma rays did not affect spine number of both 

dorsal. and ventral surface i n  the s i x t h  leaf of irradiated 

plants, higher exposures ( 15 and 20 kR) inhibited spine 

production, The gamma-ray-induced injury t o  spine number was 

more on ventral surf ace than on dorsal surface (Table 5 ) .  

Compared t o  control, t h~ugh  irradiated plants had smaller spines, 

the differences were significant only i n  the case o f  ventral 

surface spines produced on leaves of plants exposed t o  15 and 20 

kR  a able 5 ;  Fig. 4) ,  Thus the ventral surface spines were more 

sensitive t o  gamma-rays than spines present on the dorsal 

surf ace of leaves. 



Fig, 3: Gamma-ray effects on spine intensity of the  

sixth leaf in S, khasianum and 5. indicum. - 



Fig. 3 - 5. khasianurn - 
-___ S, indicum - 

i 

Exposures kR 



Fig.  4: Gamma-ray effects on the s ize  of dorsal and 

ventral surface spines i n  the s ix th  leaf of 

S. khasianum and 9. indicum plants. 
.I 



Fig. 4 
0 Dorsal surface 

A Ventral surface 
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Table 6: Gamma-ray effects  on yield and alkaloid content i n  

Solanum khasianum plants, 

Treatment Berry P e r  Berry Ber yield Alkaloid 
number weight %d content 

(gms) (percent) 

CONTROL 113 2 12.2 6.84 2 0.15 770.86 2 83.76 0.53 2 0.03 

Significantly different from control ( ~ 0 . 0 5 )  

Figures i n  bracket represent ercent 
stimulation (+) /inhibition (-f over 
control 



Table 7: Gamma-ray effects on Solanum khasianum 

berries. 

. Treatment Berry diameter Berry volume Seed number per  
( cm) (cm3) berry 

CONTROL 2.69 5 0.02 I"11 2 Om33 377 2 21 

2.5 2-84 2 0.03 12.4 2 om33 381 2 14 

5.0 kR 2.78 2 0*02 12.0 ;f: 0.32 393 2 10 

10.0 kR 2.67 2 0.06 10.7 2 Om70 358 2 13 

15.0 2.71 - + 0.04 11, l  I + 0.54 319 2 21 

* Significantly different from control 
(p=0.05) 



The ef fec t  of gamma rays on berry number, yield and 

alkaloid content are given i n  table 6. Control plants produced 

113 berries per plant, In  gamma irradiated plants the number of 

berries increased upto 5 kR subsequent t o  which the number 

declined, However, the berry number i n  treated plants did not 

differ significantly from control  a able 6). The weight per 

berry while i n  plants given 2.5-15 kR exposures did not d i f fer  

from control, the berries produced on plants given 20 kR 

exposure had significantly l e s s  weight (Table 6 ) ,  Though i n  none 

of the treatments berry yield differed significantly from control, 

the plants given 2.5 and 5 Mi exposure yielded more berries and 

plants raised from 10-20 kR exposed seeds yielded l e s s  berries 

(Table 6) .  The berries of control, which had a diameter of 

2.69 crri, 9 displaced a volume of 11,1 cc. and contained 377 seeds 

per berry (!Table 7). The gamma-ray exposures of 2.5-15 kR had 

no appreciable effect  on berry diameter and volumer However, 

berries from 20 kR plants were smaller and displaced lesser  

volume (Table 7). The various gamma-ray exposures had no marked 

effect  on the seed number per berry (Table 7). The berries of 

control plants contained 0.53% of alkaloid on percent dry weight 

basis, The various gamma-ray exposures had no appreciable 

influence on the glycoalkaloid content except 20 Mi which 

resulted i n  a significant increase i n  glycoalkaloid content as 

compared t o  control (Table 6 ;  Fig. 5). 

S. indicum : 
.I 

The resul ts  of the ef fec t  of gamma-ray exposures on 



growth and s ix th  leaf characters of I S. indicum are given i n  

tables 8-10, A perusal of the table 8 reveals t ha t  gamma-ray 

exposures of 5 kR and above significantly inhibited plant 

height a t  90 days a f te r  sowing, but a t  maturity, the plant  

height did not d i f f e r  appreciably f~om control. Plastochron 

index was inhibited by higher exposures (15 and 20 E)  able 8). 

A l l  gamma-ray treatments inhibited number of branches per plant 

(Table 8; Fig, 2). 

Normal leaves were ovate with s l igh t  lobing of margins 

(plate  2 a) , In  the various gamma-ray trea-t;ments the leaf 

ahnonnalikies observed were the production of leaves w i t h  

unequal lamina and clefting of lamina both towards t i p  and sides 

(p la te  2 b-f), The production of  such leaves increased with 

increasing gamma-ray exposures (Table 9) .  

The node number having leaf abnormalities increased with 

gamma-ray exposures and i n  20 kR exposure leaf abnormalities 

persisted upto the 6 th  node  able 9 ) ,  

The production of leaves with chlorophyll chimeras 

(plate  2 b,c9e9f) was exposure dependent  able 9) and increased 

with increasing exposure, 

The effect  of gamma-ray exposures on leaf expansion 

revealed tha t  only 20 kR exposure could cause significant 

reduction of leaf length (Table 10). The l a t e r a l  expansion of 

s ix th  leaf was significantly stimulated in 2.5 kR exposure, the 

other exposures, however, had no effect  on l a t e r a l  expansion of 



Fig, 5: Gamma-ray effects on alkaloid content of berries 

of - S. khasianum and -.. S, indicum plants, 



0.7- - S. - khasianum 
-- --- 5. indicum - 
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Plate  2: : Variation i n  leaf shape and leaves w i t h  

chlorophyll chimeras i n  control and 

irradiated 5. indicum, 

a - f:  Variation i n  leaf shape, 
b,c,e,f: Chimeric leaves. 
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Table 8: Gamma-ray e f f e c t s  on the  growth of Solanum indicum 

p l a n t s  90 days a f t e r  sowing and at  maturity. 

i 
90DAYSAFTERSOWING i AT MATURITY 

Treatment P lan t  height Plastochron P l a n t  height Number of 
( cm) index I ( cm) branches 

- -  -- 

CONTROL 4.9 2 0035 

+ SoEo - 
* Signi f ican t ly  d i f f e r en t  from cont ro l  ( ~ 4 . 0 5 )  

represent  percent s t imulat ion 
( 0 )  over con t ro l  
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leaf (Table 10). Leaf area was stimulated by low exposures 

(2.5, 5 and 10 kR) but the higher exposures (15 and 20 kR) were 

inhibitory (Table 10) . A l l  gamma-ray treatments reduced spine 

intensity  able 10; Fig. 3). 

Analysis of spines on dorsal and ventral surfaces of 

si-kth leaf i n  control plants revealed tha t  more spines are 

produced on the dorsal surface. However, the gamma-ray-induced 

injury t o  spine number was more on ven-tbal surface than dorsal 

surface (Table 10). Spine s ize of both the dorsal and ventral  

surfaces, which was stimulated by 2.5 kR exposure of gamma rays, 

did not d i f f e r  from control i n  plants given other exposures of 

gamma rays (5-15 kR) (Table 10). In 20 Wi exposed plants, though 

the ventral  surface spines were smaller than control, the spines 

on the dorsal surface remained unaffected (Table 10; Fig. 4). 

The effect  of gamma rays on berry number, yield and 

alkaloid content are given i n  table  11. The unirradiated control 

plants produced maximum jnumber of berries (Table 71) and in  

irradiated plants the berry number decreased with an increase in 

the gamma-ray exposure. Though the diffefences were significant 

even i n  10 kR irradiated plants, more than 50% reduction in berry 

number was induced by 15 and 20 kR exposures (Table 11). Berry 

weight was significantly reduced vis-a-vis control i n  10, 15 and 

20 kR i r radiated plants. But only 20 kR exposure could cause 

more than 50% reduction i n  berry weight (Table 11). The decrease 

i n  berry yield vis-a-vis control was significant-from 5 kR 

onwards and more than 5096 reduction i n  berry yield occurred i n  



Table 11: Gamma-ray effects on yield and alkaloid content i n  
Solanum indicum. 

Treatment Berry Per Berry Berry yield Alkaloid 
number weight ( ips) content 

( PS) ( ~ e r c e n t )  

CONTROL 420 2 94.9 3.4084 + 0,0225 
.I 

* Significantly different  from control (p=0.05) 

Figures i n  bracket represent ercent 
stimulation (+) /inhibition (- over 
control 

P 



Table, 12: Gma-ray effects on Solanum indicum 

berries, 

Treatment Berry diameter Berry volume Seed number per 
( cm> ( cm3) berry 

CONTROL 

2.5 kR 

5.0 k .  

10.0 kR 

1 5 e O  kR 

20.0 kR 

* Significantly different from 
control (p~0.05) 



10 kR plants. Thus berry yield is  most radiosensitive i n  this 

species, The berries of control plants had a diameter of 0.98 

cm, displaced a volume of 0.56 cc. and contained 41 seeds pW 

berry  able 12). Both berry s ize and berry volume were l e s s  

i n  plants given an exposure of 5 kR or  more  a able 12). A 1 1  

gamma-ray exposures reduced seed number per berry  a able 12). 

The berries of  c o n t r ~ l  plants yielded 0.29% of glycoalkaloid on 

dry weight basis. Except 2.5 kR exposure of gamma rays, which 

increased glycoalkaloid content, a l l  other exposures (5-20 kR) 

inhibited the aUaloid content of the berr ies  (Table 11 ; Fig. 5). 

DISCUSSION 

A comparison of gamma-ray effects  on plant height of 

So khasianlan and S, indicum revealed tha t  while gamma irradia- - .I 

t ion  did not inhibi t  plant height in the former, significant 

inhibit ion was caused in the l a t t e r ,  In  both the species 

plastochron index was significantly inhibited, however, 

Gamma-ray-induced growth inhibit ion of solanaceous species has 

been reported in L~copersicon (sparrow and Singleton, 19531, 

Nicotiana (Meiselman, 1956). Radiation-induced reduction in  

seedling height and growth inhibit ion may be due t o  destruction 

or damage t o  apical meristems (Iqbal, 1969; Pate1 and Shah, 

1974) ; p a r t i a l  fa i lure  of the internodes t o  elongate, decrease 

i n  the number of proliferating ce l l s  ( ~ a n ' t   of and Sparrow, 

1965) ; chromosome s t ructura l  damage in meristematic c e l l s  

following irradiat ion  r ray and Scholes, 195 1) ; inactivation of 



growth substance (~koog, 1934) and reduced auxin levels (Skoog, 

1935). But according t o  Sparrow -- st al. (1956) the ascribing of 

reduced stem elongation t o  reduced auxin levels alone may be an 

oversimplification since nutrit ional levels and mechanisms of 

assimilation may also be important factors. 

A t  maturity, in irradiated plants height did not differ 

from control i n  both the species, This could be due t o  the 

recovery from radiation damage. Recovery from radiation damage 

w i t h  the progression of time i s  reported in l i tera ture  (Gunckel 

and Sparrow, 1961). 

A comparison of gamma-ray effects on number of branches 

produced per plant i n  g. khasianun and .I S. indicum revealed that  

while gamma irradiation stimulated the production of branches in  

the former, significant inhibition was caused i n  the la t te r ,  

Ionizing radiations are known t o  break apical dominance and 

accelerate l a t e ra l  branches (sax, 1963). According to  Skoog 

(19351, irradiation of the shoot t i p s  by relatively small doses 

of x-rays reduces or inactivates the auxin production and 

promotes development of la te ra l  buds by releasing their  arrest. 

Radiation-induced stimulation of side shoots is reported in  

l i tera ture   ahan an, 1973; Shamsi and Bajwa, 1978). In .I S, indicum, 
I 

however, there was an exposure dependent reduction i n  the 

production of branches and more than 5096 reduction in branch 

number vis-a-vis control was observed i n  20 kR plants. Radiation- 

induced inhibition of la te ra l  branching has been reported i n  

chi l l ies  (Sethupathi, 1976) and ES. bhasianun (~hauhan, 1978a). 



The percentage of plants w i t h  chimeric leaves and leaf 

abnormalities were more i n  2. indicum than i n  - S. khasianum, Thus 

S. indicum i s  more radiosensitive, In both the species the - 
production of seedlings w i t h  abnormal leaves was found t o  

increase w i t h  increasing gamma-ray exposures. Similar resu l t s  

have been reported l o r  other plants also (~uncke l ,  1957; Chauhm, 

1969 ; Rai and Singh, 1976) , 

In  both the species leaf length was more sensit ive t o  

gamma-ray exposures than leaf breadth. This could be due t o  

greater injury t o  leaf t i p  meristem compared t o  the l a t e r a l  

meristem. S imi la r  were the observations of Chauhan (19784 i n  

S, khasianum, Sixth leaf  of the i rradiated 2, khasianum plants 
.I 

was smaller compared t o  control except i n  5 kR plants which had 

marginally bigger leaves. Unlike this i n  I S, indicum gammagray 

expoeures upto 10 kR, stimulated leaf size,  the higher exposures 

induced inhibition, Thus we find tha t  compared t o  2. khasianum 

leaf expansion in - S. indicum is  more amenable t o  radiation 

treatments, 

In  the present study the s ixth leaf  of the  irradiated 

plants of both the species had l e s s  spines compared t o  control. 

The only exception being -. S, khasianum plants given 5 kR exposure 

which bore leaves with marginally higher number of spines. 

However, the  increase in spine number was not significant 

vis-a-vis control. In  - S, khasianum while only 15 and 20 kR 

exposures induced significant inhibit ion of spine number, i n  

S. indicum even 5 kR exposure was inhibitory. Thus spine - 



development i n  g, indicwn i s  comparatively more radiosensitive, 

According t o  Chauhan (197w,although spine s ize i n  the 

irradiated 6 had an inverse relationship wi th  ,increasing 

exposure dose, spines i n  10 kR plants were bigger compared t o  

control, In the present study, though the s ize  of spines present 

on the dorsal surface of - S, khasianum leaves w a s  not influenced 

by radiation, 15 and 20 kR exposures significantly inhibited 

spine s ize on the ventral surface, In  2, indicum, however, 

lower exposures (2.5 kR) significantly stimulated s ize  of the 

spines present on both the surfaces of the s ix th  leaf,  A signi- 

f icant  reduction i n  spine s ize  was observed only on the ventral  

surface i n  20 kR exposure. 

Unlike I S, khasianum where the leaves of irradiated plants 

were more spiny, the intensi ty of spines i n  Q, indicum was l e s s  

compared t o  control, This  i s  because i n  - S, indicum though spine 

number was greatly inhibited by gamma rays, leaf  expansion was 

stimulated by lower exposures and inhibited very l i t t l e  by 

higher exposures, Unlike t h i s  the increase in spine intensity 

of 2. khasianum leaves given low exposures w a s  because compared 

t o  leaf area, l e s s  injury w a s  caused t o  spine production, Thus 

the response of spine intensi ty t o  gamma rays in g, indicum and 

S, khasianum differed from each other, Variation in the response 
1 

of two species t o  gamma rays is reported in l i t e ra tu re  ( ~ u n c k e l  

and Sparrow, 1961)~ Wareing (1977) while discussing the effect  

of growth hormones on integration of ac t iv i ty  i n  higher plants 

emphasized "the specif ici ty of the response t o  a given growth 



substance i s  usually determined by the competence1 or progrrm- 

ming of the target t i ssue  and which may be the reason fo r  

different  effects  of a growth hormone i n  different p l a ~ t s . ~  

The d i f fe ren t ia l  effects  of radiations on different p l an t s  can 

be explained on the'3bove l ines  since radiations are known t o  

cause hormonal Usbalance i n  irradiated plant-material ( ~ i d e r s  

s.- - 
The number of berries produced per plant i n  i r r a d i k e d l  

plants did not appreciably d i f fe r  from control. On the  other 

hand i n  - S. indicum a l l  gamma-ray exposures caused a significant 

reduction i n  berry number and the differences were significant 

i n  10, 15 and 20 kR exposures, More than 5096 reduction in berry 

number per plant was observed i n  15 kR plants. Thus unlike 

S, khasianum berry number was more radiosensitive i n  indicum, - 
In  g, khasianum gamma-ray exposures had no marked. effect 

on berry diameter and volume except 20 kR exposure which 

reduced both these aspects, Unlike this, i n  .I S. indicum though 

2.5 kR exposure of gamma rays did not influence berry diameter 

and volume, the other exposures (5-20 kFt) were inhibitory, 

Further, while i n  I S. khasianum gamma-ray exposures had no effect  

on seed number per berry, i n  (I S, indicum it was decreased. 

Berry weight i n  both t h e  species was reduced by gamma- 

ray exposures, However, while in  - S, khasianum only 20 kR 

exposure could cause significant inhibit ion,in 2. indicum 
gamma-ray exposures from 10 kR onwards were inhibitory, Thus 



berry weight i n  g, indicum is  more radiosensitive than 

S. khasianum, Radiation-induced reduction berry weight i n  - 
S. khasianum is  reported (~hauhan, 1978a). 
I 

Berry yield i n  irradiated - S, khasianum plants did not 

d i f fer  significantly from control, In contrast, compared t o  

control irradiated 2, indicum plants had lesser berry yield, 

Thus unlike 2. khasianum berry yield was more radioaensitive 

i n  - S. indicum. Killion -- e t  al. (1971) reported greater 

sensitivity of yield compared t o  stem length and observed that 

plant radiosensitivity increases once the plants develop 

reproductive capabilities, The present findings in 2. indicum 

provide an evidence i n  this direction. Gamma radiation is known 

t o  decrease yield ( ~ a v i e s ,  1968; Kahan, 1969; Killion & &, 
1971 ; Davies, 1973 3 Davies and Mackay, 19733 Ashraf & &, , 
1 975 ; Fautrier , 1976 ; Iqbal, 1980) , 

The glycoalkaloid content i n  20 kR irradiated 

S, khasianum plants was more, compared t o  control. Though 2.5 - 
kR exposure induced an increase i n  glycoalkaloid content of 

S. fndicum, the higher exposures were inhibitory, Gamma - 
radiation-induced increase in active principle content i s  known 

f o r  Nicotiana (Kuzin & a&, 1963) , - Datura (Kaul, & &, , 1973)~ 

Papaver somnif erum ( ~ a l i k  st al., 1977) , Turnera ulmifd'ia 
(~arar  and Dnyansagar, 1977) , peppermint (Sadowska, 1979) and 

Matricaria recuti ta  (~e len ina  and Stepanenko, 1979) l 



CHAPTER V 

SHOOT APICAL MERISTEM 



Growth reactions of plarsts are reflected i n  the 

responses of the shoot apex (~unckel  and Sparrow, 1961). A 

study of the effect of radiations on the shoot  apical meristem 

should, therefore, lead t o  the understanding of growth responses 

i n  the irradiated material, Since no information i s  available 

on these aspects i n  the two species included here (solanurn 

khasianum and I S. indicum) and as the  behaviour of these t w ~  

species i n  the radiation experiments described before (Chapters 

111 and IV) were very different, an attempt w a s  made t o  study 

radiation effects on the shoot  apical meristem and t o  correlate 

these w i t h  the growth responses of 15 and 60 days old seedlings. 

MATERIALS AND METHODS 

The methods f o r  the gamma irradiation of seeds are given 

i n  Chapter 111. When the control and irradiated seeds of the 

two species began t o  germinate they were tagged on the day of 

emergence. For anatomical studies 15 and 60 days old seedlings 

(from the day of emergence) were fixed i n  Randolph's modifica- 

t ion of Navashin f l u i d   ohan an sen, 1940). The shoot apices were 

dehydrated through ter t iary  butyl alcohol series, inf i l t ra ted 

and embedded in  paraffin (BDH, ~ n d i a )  . The sections were cut on 

a rotary microtome a t  a thickness of 8-10 p and stained w i t h  

safranin-Delafield's haematoxylin combination and mounted in  

D.P.X. 

For observations only median longitudinal sections of 



the  shoot apices were considered. Per treatment 5 apices were 

scored and the characters studied included topography of the 

apex, c e l l  characterist ics of tunica and corpus, cytohistologi- 

cal  zonation, distance of c e l l  maturation zone from summit and 

ce l l  expansion, Cell area was calculated w i t h  the help of 

radial  and axial  dimensions of the ce l l s ,  For a particular c e l l  

area a t  l e a s t  ten ce l l s  per apex were measured, 

RESULTS 

S. - khasianum : 

(1) Control: The vegetative shoot apex of 9. khasianum which 

i n  the 15 days old seedlings was hemispherical became dome 

shaped i n  60 days old seedlings (plate  3 a,b). On both the days 

the tunica w a s  u s e r i a t e  having dense cytoplasm w i t h  almost 

isodiametric t o  ant icl inal ly elongated ce l l s ,  The corpus ce l l s  

also had dense cytoplasm and were broader than long, Shoot 

apex organization on both the days exhibited cytohistological 

zanation pattern (Plate 3 a,b) , typical t o  Angiosperms type 

(popham, 1952). Some apices of this species (60 days old) 

exhibited i n i t i a t i on  of flower buds (plate  g c). The distance 

of c e l l  maturation zone from summit increased with increase i n  

age  a able 13). The ce l l s  present between 200-300 um from the 

summit of the apex i n  the c e l l  enlargement zone measured 
2 2 367.87 )rm and 192.81 pn i n  15 and 60 days old seedlings, 

respectively (Table 13) . 
( i i )  Irradiated: The apices given various exposures of gamma 



P l a t e  3 ( a  - 1) : Median longi tudinal  sect ions  of shoot apices 

of 15 and 60 days old seedlings of d i f f e r e n t  

treatments of .I S. khasianum ( A l l  f igures  x 660 

except c and e x 320) 

a : 15 days old control  shoot apex 

b : 60 days o ld  control  shoot apex 

c : I n i t i a t i o n  of flowering i n  60 days old  seed- 

l i ngs  of con t ro l  

d : 15 days old shoot apex given 2.5 kR exposure 

e : 15 days o ld  shoot apex given 20 kR exposure 

f : 60 days old shoot apex given 5 kR exposure 

g : 60 days old  shoot apex given 15 kR exposure 

h : 60 days old shoot apex given 20 kR exposure 

i : I n i t i a t i o n  of flowering i n  60 days old  20 Wi 

i r r ad i a t ed  seedling 

j : A p a r t  of 20 kR i r r a d i a t e d  apex showing c e l l  

d is rupt ion 

k : A p a r t  of 20 kR i r r a d i a t e d  apex showing 

t rache ida l  c e l l s  i n  c o r t i c a l  region 

1 : A p a r t  of 20 kR i r r a d i a t e d  apex showing 

micronuclei 
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rays i n  15 days old seedlings exhibited a hemispherical outline(~&rs,  

..Plate 3 d, e )  . In 60 days old seedlings, however, the shape of 

the shoot apex i n  exposed plants exhibited a variation of 

outline between hemispherical and dome l ~ l a t e  3 f-h). The 

biser ia te  tunica, which i n  15 days old irradiated seedlings had 

ce l l s  broader than long, i n  60 days old seedlings was made of 

ce l l s  longer than broad (Plate 3 d-h). Vacuolation of tunica 

and corpus ce l l s  was evident in  a l l  the irradiated apices, both 

on 15 and 60 days (plate  3 doh), The irradiated apices in both 

15 and 60 days old seedlings exhibited a cytohistological zona- 

t i on  pattern similar t o  the control apex (Plate 3 doh). 

Further, i n  conformity t o  the control apex the i rradiated apices 

also exhibited i n i t i a t i on  of flowering i n  60 days old s e e d l i n g s ( ~ l k l 3 ~  

:.Plate 3 i). The distance of c e l l  maturation zone from summit 

was usually more i n  60 days compared to  15 days  able 13). 

However, no dose r a t e  relationship could be established. Also, 

compared t o  c o ~ ~ t r o l ,  the distance was more from the summit ~f 

the apex i n  most  of the treatments  a able 13). The ce l l s  on the 

15th day,in the c e l l  enlargement zone between 200-300 p from 

the apex,were larger  i n  2.5 kR irradiated apices and 

smaller than control i n  apices given 5-20 kR exposures (Table 13) 

On the 60th day, however, the irradiated apices had bigger ce l l s  

compared to control (Table 13). A s  i n  control, apices of 60 days 

old seedlings had smaller ce l l s  i n  comparison t o  15 days old 

seedlings (Table I 3) . 
Cell disruption and thickened c e l l  w a l l s '  i n  the ce l l s  of 

the meristem as also different iat ion of tracheidal ce l l s  i n  



cortex were observed i n  20 kR i r radiated apices (p la te  3 j;a. 

Micronuclei were witnessed only i n  apices of 60 days o l d  

seedlings given 5-20 kR exposures (p la te  3 [ T& 13).  

S. indicum : - 
(i) Control: The vegetative shoot apices of S. indicum were 

hemispherical on both the days of scrutiny (plate  4 a,b). On 

both the days the tunica was b iser ia te  having dense cytoplasm, 

The structure of the ce l l s  i n  tunica and corpus exhibited 

variation from 15 days old seedlings, i n  60 days old seedlings 

 a able 14). Shoot apex organization on both the days exhibited 

a d i s t inc t  cytohistological zonation, typical  t o  Angiosperm 

type (popham, 1952) (p la te  4 a,b). The distance of c e l l  

maturation zone from summit decreased with an increase i n  age 

 able 14). The c e l l s  present between 200-300 pn from the 

s u m m i t  of the apex in the c e l l  enlargement zone measured 219.37 
2 2 

p and 195,62 pm i n  15 and 60 days old seedlings, respectively 

( i i )  Irradiated: The zpices given various exposures o f  gamma 

rays i n  15 days old seedlings exhibited a hemispherical outline 

upto 15 kR (Plate 4 c,d) which almost flattened in  20 kR exposed 

apices (plate  4 e), In  60 days old seedlings, however, the 

shoot apex was  hemispherical trpto 10 kR and almost f l a t  i n  15 

and 20 kR irradiated apices (plate  4 f-h). The tunica which in 

15 days old seedlings was biser iate  upto 15 kR became uniseriate 

i n  20 kR (p la te  4 c-e) . In  60 days old seedlings, however, the 



P l a t e  4 ( a  - j) : Median longitudinal sections of shoot apices 

of 15 and 60 days old seedlings of d i f fe rent  

treatments of - S. indicum (All  f igures  x 660) 

a : 15 days old control  shoot apex 

b : 60 days old control  shoot apex 

c : 15 days old shoot apex given 10 kR exposure 

d : 15 days old shoot apex given 15 kR exposure 

e : 15 days old shoot apex given 20 kR exposure 

f : 60 days old shoot apex given 5 kR exposure 

g : 60 days old shoot apex given 15 kR exposu?:e 

h : 60 days old shoot apex given 20 kR exposure 

i : A p a r t  of 20 kR i r rad ia ted  apex showing c z l l  

disruption 

i r rad ia ted  showing 

micronuclei 
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tunica was b iser ia te  i n  a l l  the irradiated apices (plate  4 f-h). 

In 15 days old irradiated apices the tunica c e l l s  were broader 

thnn long upto 15 kR (plate  4 c,d) and prominently longer than 

broad with highly vacuolated ce l l s  i n  20 kR (p la te  4 e). In 60 

days old seedlings the tunica ce l l s  were isodiametric t o  s l ight ly 

longer than broad i n  a l l  the irradiated apicee (Plate 4 f-h). 

Vacuolated tunica ce l l s  were observed i n  a l l  the  irradiated 

apices of 60 days old seedlings (plate  4 f-h), The corpus ce l l s  

i n  15 days old irradiated apices were similar t o  control upto 10k'  

'but  became much elongated i n  15 and 20 kR (Table 14, Plate  4 

c-e). The vacuolation w a s  similar t o  tunica cells.  In  60 days 

old apices the corpus c e l l  structure showed some variation 

(Table 14, Plate  4 f-h), Vacuolation of corpus ce l l s  was evident 

i n  a l l  the irradiated treatments (plate  4 f-h). The i rradiated 

15 days old apices exhibited a cytohistological zonation upto 

10 kR (plate  4 c);  it w a s  on the verge of disorgnization in  15 

kR (plate  4 d) and disorgnized i n  20 kR (~ la -be  4 e). In 

irradiated 60 days old apices cytohistological zonation was 

present upto 10 kR (plate  4 f ) ,  and was disorganizing i n  15 and 

20 kR (p la te  4 g, h) . Shoot apices given 15 and 20 kR exposure 

exhibited s t ra t i f i ca t ion  (p la te  4 g,h). A s  i n  control, the c e l l  

maturation zone i n  60 days old irradiated seedlings was more 

proximal t o  summit than i n  15 days old seedlings (Table 14). 

The ce l l s  i n  the c e l l  enlargement zone between 200-300 p from 

the apex were bigger than i n  control in both 15 days and 60 days 

old apices. A s  i n  control, the apices of 60 days old seedlings 

had comparatively smaller ce l l s  (Table 14). 



In  15 days old seedlings whereas c e l l  disorganization 

was observed only i n  apices given 20 kR exposure  a able 14, 

Plate  4 i' ), i n  60 days old seedlings almost a l l  the exposures 

caused c e l l  disruption (Table 14). 

All the irradiated apices of 60 days old seedlings 

(2.5-20 k ~ )  exhibited micronuclei (plate  4 j , ~ &  14) 

DISCUSSION 

The control apices i n  both the species had a hemispheri- 

ca l  outline i n  15 days old seedlings, wkile 60 days old 

seedlings revealed a dome shaped apex in g, khasianum, it 

remained hemispherical in  25-. indicum. In i rradiated apices the 

shape of the apex was not much influenced i n  2. khasianum even 

a t  20 kR exposure, However, unlike the control, the topography 

of the apex i n  8. indicum became nearly f l a t  i n  plants given 

10-20 kR exposures, indicating flattening of the apex. 

Flattening of the apex is considered a radiation response and is  

reported fo r  many species ( ~ r a t t ,  1959, 1963, 1968; P ra t t  & ale, 
1959; Bostrack and Sparrow, 1969; Rai and Singh, 1976). 

Cells of the tunica and corpus which have dense cyto- 

plasm i n  control apices on both the days of scrutiny i n  both the 

species show vacuolation of the cells i n  the irradiated apices. 

Vacuolation was relat ively more i n  9, indicum apices. Pronounced 

vacuolation of the ce l l s  i n  irradiated apiaes i s  reported before 

(Pratt, 1968; Pate l  and Shah, 1974; Chauhan and S ingh ,  1975) 



A n  organized and active shoot apex i s  supposed to  have 

a cytohistological zonation pattern as evident by staining 

reactions and is  correlated w i t h  the growth process (Foster, 

1938). Both the species studied here reveal Angiosperm type 

(popham, 1952) of zonation pattern. Irradiation though could 

not influence this pattern i n  2, khasianm, the zonation 

pattern in Q. indicum .I exhibited a tendency of disorganization 

i n  apices given 15 and 20 kR exposures. The shoot apices 

exposed to  15 and 20 kR exposures were s t ra t i f i ed ,  also. The 

disruption and disorganization of  cytohistological zonation 

pattern i s  considered t o  be a typical  radiation response ,and is  

correlated w i t h  radiation damage (Pate1 and Shah, 1974; Chauhan 

and Singh, 1975 ; Rai and Singh, 1976)~ Radiations  are known t o  

induce acropetal advancement of c e l l  maturation zone i n  the 

radiation injured shoot apices ( ~ o s t r &  and Sparrow, 1969; 

Chauhan and Singh, 1975) . Unlike 2, khasianum, where even higher 

exposures could not induce t h i s  response, in  - S, indicwn a l l  the 

i rradiated apices) compared t o  control, had relat ively proximal 

maturation zone, Excessive c e l l  elongation due t o  radiations 

are reported fo r  wheat ( ~ o a r d  and Haber, 1961)~ and Carthaus 

t inctorius (~hauhan, 1976)~ In the present study while 

S, indicum had consistently larger ce l l s  compared t o  control 
.I 

apices, i n  Qo khasianum no def in i te  response could be evinced, 

Cell disruption and presence of micronuclei are associated wi th  

radiation injury in  meristems (~lowes ,  1964; Pra t t ,  1968). In 

the present study while on the 15 th  day only 20 kR could induce 

c e l l  disruption, on 60th day almost a l l  the exposures mused 



c e l l  disruption and revealed micronuclei i n  2, indicum, In 

S. khasimm, on the other hand even though c e l l  disruption was 
.I 

observed i n  20 kR i r radiated apices of 15 days old seedlings, 

no c e l l  disruption was evident i n  i r radiated apices of 60 days 

old seedlings, suggesting recovery. Mhcronuclei were present 

only i n  apices of 60 days o ld  irradiated seedlings. Further, 

the incidence of occ71rrence was l e s s  intense i n  2, khwianum 

than i n  - S. indicum, Absence of cytohistologicaJ. zonation, ce l l  

disruption, occurrence of micronuclei, increased vacuolation, 

excessive c e l l  elorgation, acropetal advancement of c e l l  

maturation zone and f lat tening of apex are considered t o  be 

reflections of inhibited meristematic ac t iv i ty  (prate, 1968; 

R a i  and Singh, 1976). Since these aspects are more pronounced 

i n  g ,  indicum apices vis-a-vis 2, khasianum it may be assumed 

tha t  - S, indicum is  more radiosensitive than 2, khasianum. That 

it i s  so, i s  also reflected i n  the growth stimulation/inhibition 

induced by radiation exposures i n  15 and 60 days old seedlings 

(Fig, 6,7), The present study also provides evidence t o  suggest 

tha t  the growth reactions of plants are reflected in responses 

of the shoot apex. Similar were the observations of Chauhan 

( i n  press). 



Fig. 6 :  Effect of gamma rays on plant height  in 

S o  khasianum seedl ings  - 
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Fig, 7: Effect of gamma rays on plant height in 

S, indicum seedlings, - 
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CHAPTER V I  

FLOWERING RESPONSES 



INTRODUCTION 

Radiations exert profound influence on the flowering 

responses of plants, Since information on the flowering behaviour 

of i r radiated Solanun khasianum- and & indicum plants i s  

lacking an attempt has been made t o  evaluate the effect  of gamma 

rays on flowering responses (bud emergence, flower production, 

anthesis, inf lorescei~ce (flower cluster) development and berry 

( f ru i t )  maturity of these two species, 

MATERIALS AND METHODS 

The number of days a f t e r  seed sowing fo r  the bud 

emergence, f irst  anthesis and berry maturity as denoted by 

yellowing of berries i n  2, khasianun and reddening of berr ies  i n  

S, indicum were recorded from control and plants raised from 
0 

irradiated seeds. Details of seed i rradiat ion and f i e ld  planting 

are given i n  Chapters I11 and I V .  The plants began t o  flower 

from July onwards. The number of inflorescences, flower number 

and number of open flowers per plant were recorded every month 

from July t o  October from 10 plants per treatment. Subsequent t o  

October, since only sporadic flowers formed, no data were 

recorded i n  November, 

RESULTS 

S, khasianum : 
0 

In  - S, khasianum the onset of reproductive phase i s  

evxdent w i t h  the appearance of first bud 91 days af ter  seed 



sowing (Table 15). The anthesis of first bud occurred on 123rd 

day a f t e r  seed sowing (Table 15). The low exposures of gamma 

rays (2.5 - 10 k ~ )  did not influence e i ther  the  process of bud 

appearance or anthesis,  however, both these processes were 

inhibi ted by the higher exposures (15 and 20 kR) (Table 15). 

The monthly production of inflorescences per plant  

i n  control  and gamma i r rad ia ted  p lan ts  of 9, khasianum are  

represented i n  t a b l e  16 and f igure  8. But f o r  the  first month 

of flowering when i r rad ia ted  p lan ts  (10 k ~ )  produced signifi- 

cantly more inflorescences r e l a t i v e  t o  control, i n  the  l a t e r  

phase of flowering radiat ion induced inhibit ion,  However, the 

inhib i t ion  caused by any par t icu lar  exposure could be signifi- 

cant/insignif i can t  at  varying time. Further, no re la t ionship 

w i t h  the  dose r a t e  could be witnessed, Thus gamma rays did not 

e l i c i t  any def in i t e  response on inflorescence production i n  t h i s  

species. 

The monthly production 'of flowers per plant  in  

control  and gamma i r rad ia ted  p lan ts  of 9, khasianum is  shown i n  

t a b l e  17 and f igure  9. A perusal of the f igure  reveals t h a t  

though 10 kR exposure increased the  number of flowers per plant  

during early phases of flowering, the  flower number was 

decreased by 15 and 20 kR exposures i n  August and September, 

respectively, Towards the close of flowering season i n  October, 

but fo r  5 kR plants  which had more flowers compared t o  control, 

the  control and i r rad ia ted  plants  did  not d i f f e r  s ignif icant ly  

 able 17). Thus gamma-ray exposures upto 10 kR while 



Table 15: Effect of gamma rays on bud emergence, anthesis and 

berry maturity i n  Solanum khasianum, 

-- 

Treatment Bud Emergence F i r s t  Anthesis Berry-Ma%urity 

CONTROL 91.0 2 1.3 l23oo 0-7 210.0 2 1.5 

* Significantly different from control  
(p=o .05) 



Table 16: Effect of gamma rays on clusters/plant i n  Solanum 

khasianum. 

- - -- - - - -- 

Treatment July August September October 
-. 

CONTROL 18.4 + 0.6 26.9 2 Is9 - 

* Significantly different from control 
(p=0.05) 

Figures i n  bracket represent ercent 
stimulation ( +) /inhibition (-f over 
control 



F i g .  8: Effect of gamma rays  on number of clusters 

produced per plant in 2, khasianum, 
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Table 17: Effect of gamma rays on flower nranber/plant i n  

Solanum khasianm. 

Treatment July August September October 

CONTROL 

2.5 kR 

* Significantly different from control 
(p=0*05) 

Figures i n  bracket represent ercent 
stimulation (+) /inhibition (-f) over 
control 



Fig. 9 :  Effect of gamma rays on number of flowers 

produced per plant in 2. khasianum. 





stimulated flowering a t  one stage o r  other, exposures above 10 

kR induced inhibition. 

The number of open flowers per plant i n  different months 

i n  control and gamma irradiated plants of 9. khasianum are given 

i n  table 18 and figure 10. It is evident from the figure t ha t  

a t  the onset of  flowering i n  July, while 2.5 and 5 kR plants 

had more open flowers, 20 kR plants had l e s s  open flowers, 

compared t o  control, In  August only 5 kR plants exhibited more 

open flowers, the number of open flowers per plant, however, was 

decreased by 10, 15 and 20 kR exposures of gamma rays (Fig. '10). 

In  September also the number of open flowers per plant w a s  maxi- 

mum i n  5 kR plants and minimum i n  20 kR plants (Fig. 10). But 

a t  the end of flowering season a l l  the gamma irradiated plants 

had lesser  number of open flowers per plant, coqared t o  control(f&~g~ 

Fig. 10). Thus relat ive t o  control, low exposures of radiation 

stimulated flower anthesis and higher exposures inhibited,rx+t A& 

Unlike control, (plate  5 a) i n  irradiated plants some abnormal 

flowers (deformed petals and reduced number of stamen) were 

observed (p la te  5 b-d), however the i r  frequency was not high. 

In  control berry maturity occurred 210 days a f te r  seed 

sowing  a able 15). Gamma-ray exposures of 2.5 and 10 kR while 

did not influence berry maturity, the berries i n  5 kR i r radiated 

plants matured ea r l i e r  than control. The higher exposures of 

gamma rays (15 and 20 k ~ )  delayed berry maturity vis-a-vis 

control (Table 15). 



Table 18: Effect of ganma-ray exposures on number of open 

flowers per p lan t  i n  Solanurn khasianum. 

Treatment July August September October 

CONTROL 9.3 2 0e5 23e1 2 1.1 27,6 I + 3.4 I9e8 2 2e7 

* Sf gnificantly .different from control  
(p=0.05) 



Fig. 10: Effect of gamma r a y s  on number of open 

flowers per plant in 2. khasianum and 

S. indicum. - 
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P l a t e  5 : Flowers produced on control and irradiated plants of 

S. khasianum 
.I 

a : Normal flower 

d - d : Flowers exhibitin reduction of pe ta l s  and stamen 9 



PLATE 5 



S. indicum : - 
S. indicum plants require 116 days for  the emergence of - 

flower buds, Compared t o  control, a l l  the gamma-ray exposures 

delayed the onset of reproductive phase which became signifi-  

cant i n  15 and 20 kR irradiated plants (Table 19). The f i r s t  

bud i n  control anthesized 139 days a f te r  seed sowing (Table 19). 

Amongst the different  gamma-ray treatments, exposures upto 10 

kR did not influence anthesis time but higher exposures of gamma 

rays (15 and 20 k ~ )  delayed f i r s t  anthesis and the delay was 

significant vis-a-vis control an able 19). 

The monthly production of inflorescences per plant i n  

control and gamma irradiated plants is represented i n  table  20 

and figure 11, It i s  clear  from the figure tha t  a l l  gamma-ray 

exposures induced inhibit ion of inflorescence development which 

remained significant during most of flowering period, except 

October. 

The figure 12, which shows the average number of flowers 

produced per plant i n  control and gamma irradiated plants of 

S. indicum i n  different  months reveals tha t  a l l  the gamma-ray - 
exposures decreased the number of flowers and the effect persis- 

ted fo r  most of the flowering period except October, wherein no 

appreciable effect  of  gamma rays on flower development was 

evident  a able 21, Fig. 12), 

The nmber of open flowers per  plant in different  months 

i n  control and gamma irradizted plants are given i n  table 22 



Table 19: Effect of gamma- rays on bud emergence, anthesis and 

berry maturity i n  Solanum indicum. 

Treatment Bud emergence F i r s t  anthesis Berry maturity 

C ONTROL 116.0 2 1.1 

* Significantly different from control 
(p=o.05) 



Table 20: Effect of gamma rays on clusters/plant i n  Solanum 

indicum. 

Treatment J a y  August September October 

C ONTROL 10.7 2 7.5 

* Significantly different  from control 
(p=0.05) 

Figures i n  bracket represent ercent 
stimulation (+) /inhibition (-f) over 
control 



Fig. I :  Effect of gamma rays on number of clusters 

produced per plant in 2 6  indicum, 
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Table 21 : Effect of gamma rays on flower number/plant in 

Treatment July August September October 

* Significantly different from control 
(p=0.05) 

Figures i n  bracket r e p r e s a t  percent (+I/ 
inhibition ( 0 )  over control 



Fig.  12: Effect of gamma r ay s  on number of flowezs 

produced per plant i n  s. indicum. 
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Table 22: Effect  of gamma-ray exposures on number of open 

flowers per p lan t  i n  Solanum indicum. 

- - 

Treatment July August September October 

CONTROL 1.9 17.7 2 2.2 32e4 2 2.9 1808 f: 3.0 

* Signif icant ly  d i f f e ren t  from control 
(p=oe05) 



P l a t e  6 : Flowers produced on control and irradiated plants  of 

S. indicum 
I 

a : Normal flower 

b : Flower showing reduction of p e t a l s  and stamen 



PLATE 6 



and figure 10. It i s  evident from these tha t  a l l  gamma-ray 

exposures inhibited anthesis an able 22). However, differences 
c d l d  , ' - 

were not significant i n  the firstimonth of flowering. Similar 

t o  - S. khasianum, i n  - S. indicum also only irradiated plants 

produced abnormal flowers (reduction of flora& parts) (plate  6 

a-b) i n  very limited numbers. 

The maturity of berries occurred on the 204th day a f te r  

seed sowing and various gamma-ray exposures, except 2.5 kR, 

significantly delayed the maturity of berries in  t h i s  species 

(Table 19). 

DISCUSSION 

I n  - S. khasianum the emergence of first flower buds and 

i ts  anthesis occurs ea r l i e r  than 2. indicum. In both the species 

while lower exposures of gamma rays did not influence flowering 

the higher exposures (15 and 20 k ~ )  caused an appreciable deltky 

i n  flowering. Radiation-induced delay in flowering i s  known for  

other plants also (Bowen e-J &., 1962; Gunckel, 1965; 

Seetharam and Srinivasachar, 1976). 

In  - S. Bhasianum the  various gamma-ray exposures did not 

e l i c i t  any definite response i n  case of inflorescence develop- 

ment and flower formati~n. In  s. indicum, however, gamma-ray 

treatments inhibited inflorescence development and flower 

formation upto September only. The inflorescence and flower 

production is more drast ical ly affected by gamma rays in 

S. indicum than in S. khasianw. Thus S. indicum is  more 
II 'I 



radlosensitive, The fac t  t h a t  i n  October there was no 

appreciable difference i n  the number of inflorescences per 

plant both in control and gamma irradiated plants of 

So khasianum and 2, indicum could be explained on the basis of - 
recovery from radiation damage w i t h  progression of time. 

Recovery from radiation damage is  known for  other plants also 

(~uncke l  and Sparrow, 1961)~  

The number of open flowers per plant i n  9, khasianum 

was significantly increased by low exposures (2,5 and 5 kR) i n  

the early phase of flowering. In  the l a s t  month of flowering 

the stimulatory effect  was l o s t  and instead inhibit ion se t s  in, 

The plants given 10-20 kR gamma-ray exposures, however, had 

reduced number of open flowers from the beginnin and the 
L W e J b ,  

inhibit ion was mostly significant. Kahan ( 19744 ireported tha t  

i n  tomato radiation treatments gave significantly more open 

flowers a t  the beginning flowering period, The fac t  tha t  

even stimulatory eqosures became inhibitory during the month 

October could be the resu l t  of onsetting of unconduclxe 

environmental conditions. In  S. indicum the process of anthesis 
.I 

was inhibited by a l l  the gamma-ray exposures which may be a 

reflection of radiation effects  on inflorescence development and 

flower production i n  t h i s  species. 

Berry maturity occurred ea r l i e r  in Q ,  indi~um than in 

S, khasianum, In  S, khasianum 5 kR exposure caused an earliness - II 

of berry maturity, Radiation-induced earliness of berry 

ripening i s  known for tomato (Kahan &I&,+- -- pepper (Maltseva, 



19'78). Higher exposures of gamma rays delayed f r u i t  ripening 

in 5 ,  khasianum. In  g ,  indicm, however, berry maturity was 

sigpificantly delayed by most of the exposures used, Berry 

maturity i n  - S. indicum i s  influenced more by gamma rays than i n  

S, khzsianum, - 
The present study thus brings out the f a c t  that 

flowering responses of the two species t o  gamma-ray exposures 

are different, Variation i n  the responses of different species 

are reported (Gunckel and Sparrow, 1961). 



CHAPTER VII 

POLLEN GERMINATION & POLLEN1 
TUBE GROWTH 



INTRODUCTION 

Most of the work on radiation effects on i n  v i t ro  responses 

of pollen grains pertain mainly t o  pollen grains irradiated with 

different types of radiations and the i r  subsequent culturing i n  

nutrient media, However, there are very few reports on the i n  

v i t ro  responses of pollen grains produced in  plants raised from 

gamma irradiated seeds. Pfahler (1970) has emphasized the 

importance of such studies, Hence the present investigation was 

undertaken t o  study the effect  of various gamma-ray exposures 

(seed irradiation) on the pollen germination and pollen tube growth 

c6 khas iar i~n~  and - S, indicum i n  vitro. Radiations induce 

hormonal disbalance i n  the i rradiated materials (~koog,  193ki 

1935 ; Gordon and Weber, 1955; Siders & &. , 1969) and exogenous 

application of hormones can modulate radiation effects  ( ~ a u r  and 

Notani, 1960; Chauhan and Singh, 1975 ; Chauhan, 1976; Bhattacharya, 

1977). Since exogenous application of pqohormones i s  a l s o  known 

t o  affect  pollen germination and pollen tube growth ( ~ o h r i  & &., 

1977), an attempt was made t o  study how gibberell ic acid ( G A ~ ) ,  

Indole acetic acid (IM) and 6-furfuryl aminopurine (Kinetin) 

affect  the above radiation responses i n  the two Solanums included 

i n  -this investigation, 

MATERIALS AND METHODS 

I. Effect of gamma rays on pollen germination and ~ o l l e n  tube 

The pollen grains of s, khasianum and 9, indicum used i n  

the present study were obtained from plants raised from gamma 



irradiated and control (unirradiated) seeds ,during 1978. 

Details of seed i rradiat ion and f i e ld  planting are given i n  

Chapters I11 and IV. The pollen grains were geminated on an 

agarized Brewbaker and. Kwack medium (~rewbaker and Kwack, 1964). 

The composition of the basal medium was 15% sucrose, 100 ppm 

boric acid, 300 ppm calcium ni t ra te ,  200 ppm magnesium sulphate, 

100 ppm potassium n i t r a t e  and 0,696 bacto-agar. The media were 

prepared i n  double glass d i s t i l l ed  water, A 1 1  the chemicals used 

i n  this study were of analar grade (BDH), The pH of the medium 

was adjusted t o  7.3. 

The anthers from S, khasianum and indicum plants were - 
collected between 6.00 and 6.30 A.M, The anthers were 

immediately brought t o  the laboratory and the i r  t i p s  cut off 

with a sharp scalpel, The pollen grains were then dusted on a 

coverslip containing approximately 0.01 m l  of the above mentioned 

medim by gently tapping the anthers. The coverslip was  then 

placed i n  an inverted'position over a metalic ring (thickness 

1.5 mm) prefixed t o  a glass s l ide and lined wi th  petroleum jelly. 

The s l ides of a l l  treatments were incubated a t  30°C for  

4 hr a t  the end of which the germinating pollen grains and pollen 

tubes were fixed flooding with FAA (5 ml formaldehyde + 5 m3, 

g lac ia l  acetic acid + 90 m l  50% ethanol). Four repl icate  sl ides 

were maintained per treatment. The number of germinated and 

ungerminated grains were counted from 5 microscopic f i e ld s  chosen 

randomly per sl ide,  Similarly$ fo r  the pollen tube growth 1 

25 pollen tubes per s l ide  were selected randomly and 

measured. 



11, Effect of ~ rowth  hormones and modulation of radiation 
responses : 

Based on the information gathered from the above experi- 

ment, i n  1979 another experiment was planned t o  study how 

various plant growth hormones modulate radiation responses, 

During the course of t h i s  investiga-t;ion effect  of various plant 

growth hormones on germination and elongation of pollen tube i n  

pollen produced on control (unirradiated) plants was also 

attempted, The following plant growth hormones were used i n  

this study: 

1) Gibberellic acid (GA~) (~hylax ia ,  ~ u d a ~ e s t )  

2) Indole acetic acid (w) (E. Merck, ~ndia)  

3) 6-f urf uylaminopurine ( ~ i n e t i n )  (~oba-~hemie, ~ u s t r i a )  , 

The concentrations employed were I, 5, 10 and 25 ppm. 

GAj and IAA were dissolved f i r s t  i n  few drops of ethanol 

while kinet in was dissolved i n  few drops of 'IN HCL and different  

concentrations of these hormones were prepared by diluting w i t h  

the Brewbaker and Kwack basal medium. The pH of the medium was 

adjusted t o  7.3, The l iquid  media were jelled with 0.6% bacto- 

agar, 

The pollen grains used i n  this study were obtained from 

control and 20 kR i r radiated plants of 2. khasianwn and 

S, indicum, I n  this experiment pollen from 20 kR i r radiated 
-.I 

plants were used as the radiation effects were most pronounced 

i n  this treatment only, The procedure adopted for  sett ing.up 

this experiment was as outlined above, Three replicate s l ides 



were maintained per treatment, The number of germinated and 

ungerminated grains were counted from 5 microscopic f i e l d s  

chosen randomly per s l i d e  and twentyfive pollen tubes selected 

randomly per s l i d e  were measured f o r  pollen tube growth, 

RESULTS 

A. POLLEN GERMINATION 

I. Gamma-ray ef fec ts  : 

S. khasianum : - 
The pollen produced on control p lan ts  exhibited a 

gemination percentage of 56.296  able 23), A perusal of tab le  

23 and f igure  13 reveals t h a t  gamma-ray exposures had no signi- 

f i c a n t  influence on pollen germination i n  this species. 

The pollen collected from control  plants  exhibited 59.0 

percent germination. Gamma-ray exposures of 2.5 and 5.0 kR 

though did not influence pollen germination, 10-20 Mi exposures 

reduced pollen germination percentage s igni f icant ly   able 24, 

Fig. 131, 

11, Effect  of growth hormones and modulation of radiat ion 
responses : 

In this experiment 55.1% of the control  pollen grains 

germinated  a able 25). The various hormone treatments viz. GA3, 

IAA and k ine t in  inhibi ted pollen germination s ignif icant ly  and 



Table 23: Effect of gamma rays on pollen germination and 

pollen tube growth i n  Solanurn khasianum. 

Treatment Pollen germination Pollen tube length' 
(%I (P) 

CONTROL 5602 2 3a7 

(49,o) 

Mean of 100 measurements 

* Significantly different  from control 
according t o  student' s ' t' test. 
Figures within parenthesis are transformed 
means. - or + denotes percent inhibit ion (-), 
stimulation (+) values over control, 



Table 24: Effect of gamma rays on pollen germination and 

pollen tube growth i n  Solanum indicum. 

- - - - - -- - 

Treatment Pollen ermination 
(#) 

Pollen tube lengtho 
( P )  

C ONTROL 59.0 2 2.4 

(50.3) 

+ S.E. - 
Mean of 100 measurements 

* Significantly different  from control 
according t o  student's 't' tes t .  

Figures within parenthesis are transformed 
means 

- or + denotes percent inhibit ion (-), 
stimulation (+) values over control 



Fig. 13: Ef fec t  of gamma rays on pol len  germination i n  

S. khasianum and 2. indicum. 
.I 





Fig. 14: Effect of gamma rays on pollen tube growth 

in S. khasianun and 2. indicum. 
.I 
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Fig. 15: Effect of growth hormones on pollen gemination 

in Solanums. 
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the  inhibit ion increased w i t h  increasing concentration (Table 25, 

Fig. 15). 

The pollen grains collected from 20 kR plants exhibited 

very poor germination, compared t o  control  a able 25, Fig. 16 and 

Pla te  7 a,b) , Effect of interaction of various growth hormones 

and gzmma rays on radiation injury was  studied by germinating the 

pollen grains of 20 kR plants i n  different growth hormones (~lf, 
IAA and kinetin) supplemented media. From the above table and 

figure it i s  evident tha t  GA concentrations of I ,  5 and 10 ppm 3 
did not a l t e r  significantly the germinability of irradiated 

pollen. Twentyfive ppm GA3, however, further decreased the 

germination percentage of i r radiated pollen indicating radiosensi- 

t iza t ion   a able 25, Fig. 16 and Plate  7 c). Similarly, while 

low concentrations of IAA ( 1 and 5 ppm) did not a.ff e c t  the 

germinating capacity of i r radiated pollen, the higher concentra- 

t ions (10 and 25 ppm) further enhanced radiation damage (Table 25, 

Fig. 16 and Pla te  7 d,e). In  the kinetin supplemented medium, 

except one ppm kinetin which did not affect  radiation injury t o  

pollen germination the other concentrations (5, 10 and 25 ppm) 

drast ical ly reduced the germinability of i r radiated pollen 

(Table 25, Fig. 16 and Plate  7 f ,  g) . Thus it becomes evident 

from the resu l t s  tha t  GA IAA and kinetin concentrations above a 3' 
threshold level  enhanced t h e  radiation damage t o  pollen 

germination i n  this species, 

S. indicun : 
I 

The control pollen grains exhibited a germination 
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Fig. 16: Modulation of r a d i a t i o n  effects on p o l l e n  

germination i n  Solanums. 
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Plate 7 : Modulation of r a d i a t i o n  responses of pol len 

germination by growth hormones in 5. khas ianq  

x 120 

Contro l  

20 kR 

20 ld( + 25 pprn GA3 

20 kR + 10 ppm IAA 
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P7.a-k~ 8 : Modl~lati-on of radiat ion responses of pol len 

germination by growth hormones i n  9. indicum 

x 120 

a : Control 

C : 20 kR + 1 ppm GA3 

d : 20 kR + 5 ppm IAA 

e : 20 kR + 1 ppm kine t in  

f : 20 Wi -t- 25 ppm kine t in  





percentage of 41,1   able 25 ) .  When these pollen grains were 

germinated i n  various growth hormones (viz., GA3, and 

kinetin) supplemented media it w a s  observed tha t  though GA3 

concentrations of 1 and 5 pprn improved germination percentage 

the differences became significant only a t  5 ppm (Table 259 

Fig, 15). Ten and twentyfive pprn of GA inhibited pollen 3 
gemination which was significant a t  25 pprn  a able 25). On the 

other hand, when pollen were germinated i n  IAA supplemented 

medium except 1 pprn of W, a l l  the other concentrations (5, 10 

and 25 ppm) significantly decreased pollen germination  able 25, 

Fig, 15). A similar response w a s  observed when various concen- 

t ra t ions  (1, 5,lO and 25 ppm) of kinetin were used i n  the 

medium (Table 25, Fig. 15) 

Only 28,796 of the pollen grains obtained from 20 kR 

plants had the  ab i l i ty  t o  germinate compared t o  41.1% germina- 

t ion  i n  control pollen ti able 25, Fig. 16 and Pla te  8 a,b). 

When the pollen grains from 20 kR plants were germinated in 

various growth hormones ( G A ~ ,  IAA and kinetin) supplemented 

media, it was observed tha t  1, 5 and 10 pprn of GA3 markedly 

improved the germination percentage of i r radiated pollen (Table 

25, Fig. 16 and Plate  8 c) . Twentyfive ppm of GA3 did not 

a l t e r  significantly pollen gemination i n  i rradiated pollen 

 a able 25, Fig, 16). But when IAA was used even though 1, 5 and 

10 pprn concentrations increased the germinability of irradiated 

pollen, the differences were significant only a t  the concentra- 

t ions of 1 and 5 pprn (Table 25, Fig. 16 and Pla te  8 d). 

Twentyfive pprn of IAA though enhanced radiation-induced 



inhibition, the differences were non-significant  able 25, 

Fig, 16). On the other hand, i n  kinetin supplemented medium 

while 1 ppm of kinetin could reduce the radiation injury t o  

pollen gemination, the higher concentrations (5, 10 and 25 

ppm) enhanced t h e  radiation damage  able 25, Fig, 16 and 

Plate 8 e,f) .  It i s  clear from the foregoing account tha t  GA3 

concentrations of 1, 5 and 10 ppm, I A A  concentrations of 1 and. 

5 ppm and kinet in concentrations of 1 ppm could radioprotect 

the process of pollen germination against radiation injury. GA3 

concentrations of 25 ppm and IM concentrations of 10 and 25 ppm 

while did not have any appreciable influence on pollen gemina- 

tion, 5, 10 and 25 ppm of kinetin sensitized this process 

(Table 25). 

B, POLLEN TUBE GROWTH 

I. Gamma-ray effects : 

S, khasianum : - 
The pollen tubes of control measured 237 pn a t  the end 

of 4 hr incubation period, Though 2.5 and 5 kR produced longer 

pollen tubes, the differences were insignificant,  Ten t o  

twenty kR exposures of garma rays induced inhibit ion which w a s  

not significant a t  10 kR (Table 23, Fig, 14). 

The pollen tubes of control measured 510 p. In  t h i s ,  

species, i r radiated pollen grains produced smaller pollen tubes 

compared t o  control, but the differences were significant only 



i n  15 and 20 kR irradiated pollen (Table 24, Fig, 14). 

11. Effect of growth hormones and modulation of radiation 
responses : 

The control pollen tubes measured 388 p a t  the end 

of 4 hr incubation. GA3 concentrations of 1 and 5 ppm although 

had no ef fec t  on pollen tube elongation, the higher concentra- 

t ions of GA3 (10 and 25 P P ~ )  significantly decreased pollen tube 

s ize  (Table 26, Fig, 17). A l l  concentrations of IAA and kinetin 

( 1,  5, 10 and 25 ppm) reduced pollen tube elongation, drast ical ly 

(Table 26, Fig. 17). 

Twenty kR exposure of gamma rays reduced pollen tube- 

elongation vis-a-vis control ra able 26, Fig. 18 and Plate 9 a,b) . 
When the pollen grains obtained from plants given20 kR exposure 

of gamma rays were grown i n  various hormone supplemented media, 

it w a s  found tha t  4-10 ppm of GA3 markedly improved pollen tube 

growth while 25 ppm of GA reduced pollen tube elongation 3 
drast ical ly (Table 26, Fig. 18 and Plate 9 c ~ d )  Thus GA3 

concentrations upto X) ppm acted as a radioprotector, but 25 ppm 

increased radiation injury caused t o  pollen tube elongation, A l l  

the  IM concentrations used radiosensitized pollen tube elonga- 

t ion  and the degree of sensit ization increased with increasing 

concentration (Table 26, Fig. 18 and Plate  9 e,f). Except the 

lowest concentration of.. kinetin (1 ppm) which was radioprotective, 

other concentrations (5, 10 and 25 ~ ~ m )  radiosensitized the 
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Fig. 17: Effect of growth hormones on pol len tube 

growth in Solanums. 





Fig. 18: Modulation of radiation effects on pollen 

tube growth i n  Solanums. 
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P l a t e  9 : Modulation of r a d i a t i o n  responses of p o l l e n  

tube growth by growth hormones i n  g .  khasianum 

x 120 

a : Control  

b : 2 0 k R  

c : 20 kFt + 5 pprn GA3 

d : 20 16( + 25 pprn GA3 

e  : 20 kR + 1 pprn IAA 

f : 20 kR + 25 pprn IAA 

g : 20 kR + I pprn k i n e t i n  

h : 20 kR + 10 pprn k i n e t i n  





P l a t e  10 : Modulation of r a d i a t i o n  responses of p o l l e n  

tube growth by growth hormones i n  2. indicum 

x 120 

a : Control 

c : 20 kR + 1 ppm GA3 

: 20 kR + 5 ppm IAA 

e  : 20 kR + 25 ppm IAA 

f : 20 kR + 1 ppm k i n e t i n  

g : 20 kR + 25 ppm k i n e t i n  





phenomenon of pollen tube growth  able 26, Fig. 18 and Pla te  9 

g, hl* 

S. indicum : - 
The control pollen tubes of 5. indicum measured 586 p. 

Lower concentrations of GA (I, 5 and 10 ppm) though increased 3 
pollen tube elongation the  stimulation was s ignif icant  only a t  

5 pprn (Table 26, Fig. 17). Twentyfive pprn of G%, however, 

caused s ignif icant  inh ib i t ion  t o  pollen tube growth  able 26, 

Fig, 17). A11 the concentrations of IAA reduced pollen tube 

elongation and the inhib i t ion  w a s  s igni f icant  except at  I pprn 

(Table 26, Fig, 17), A l l  k ine t in  concentrations d ras t i ca l ly  

reduced pollen tube elongation (Table 26, Fig. 17). 

The i r rad ia ted  pollen grains produced shorter  tubes 

compared t o  control  a able 26, Fig, 18 and P la te  10 a,b) . The 

i r rad ia ted  pollen grains when grown i n  GA3 (1, 5,  and lo ~pm) 

supplemented medium resul ted i n  a marked stimulation of pollen 

tube elongation  a able 26, Fig, 18 and Pla te  10 c ) .  One and 

f i v e  pprn of IAA \r~hile induced s igni f icant  recovery from radiat ion 

injury t o  pollen tube elongation  able 26, Fig, 18 and Pla te  10 

d) , 10 and 25 pprn of IAA fur ther  enhanced radiat ion injury which 

became s ignif icant  a t  25 pprn  a able 26, Fig. 18 and Plate ?Q e) , 

Except f o r  1 pprn of k ine t in  which reduced radiat ion injury t o  

pollen tube elongation, other concentrations of kinet in  enhanced 

the  damage ki able 26, Fig. 18 and P la te  10 f,g), Thus i n  this 

species only lower concentrations of hormones were radio- 

protective t o  pollen tube elongation. 



Gamma-ray e f fec t s  : 

Gamma-ray exposures had no appreciable influence on 

pollen germination i n  2. khasianun. I n  .I S. indicum, however, the  

pollen germination decreased with an increase i n  exposure and 

the  LD50 f o r  pollen germination was between 15 and 20 kR exposure. 

Swaminathan and Murthy ( 1959) have reported of 11 kR fo r  

pollen germination i n  Nicotiana rustica.  Pf ahler  (1 971) has 

observed a l i n e a r  decrease i n  germination percentage of maize 

pollen following increasing exposures of gamma rays, 

In both 5. khasianum and - S. indicum though low ecposures 

of gamma rays had no appreciable effect  on pollen tube elongation, 

the  higher exposures (15 and 20 k ~ )  were inhibitory,  Pfahler 

(1971) has reported a proportionate decrease in pollen tube 

elongation i n  maize following gamma-ray exposures. 

Since pollen germination and pollen tube growth is a 

process of c e l l  enlargement it is  considered t h a t  the  primary 

ef fec ts  of gamma rays on pollen germination and pollen tube 

growth may be due t o  : 

I) Gross impairment of binding of calcium ion essent ia l  

f o r  normal tube elongation and a cumulative type of 

physiological act ion probably affect ing principally 

the  c e l l  membrane and c e l l  machinery involved i n  

synthesis of cellulose,  pectin and cal lose  (~rewbaker 

and Emery, 1962). 



i i )  Impairment or destruction of c e l l  constituents 

including c e l l  membranes and enzymes following high 

levels  of ionizing radiation (Brewbaker &. , 1965). 

i i i )  Disruption of c e l l  membrane (Pfahler, 1971). 

iv) Cessation of protein synthesis (Cresti & &. , 1977). 

v) Inteference w i t h  the main regulatory mechanism of 

pollen tube growth by de- and re-masking of mainly 

pre-synthesized m RNA (Van der Donk & a&, 1978). 

Thus the mechanism of gamma-ray-induced inhibit ion of 

pollen germination and pollen tube growth i s  complex. 

Effect of growth hormones : 

GA3 treatments significantly inhibited 

pollen germination and pollen tube growth i n  2. khasianum. These 

resu l t s  find support from the findings of Dhingra and Varghese 

(1976) i n  Lycopersicon esculentum. In  I S. indicum, however, the 

response of pollen germination and pollen tube elongation to  G f S  

followed an optimum curve w i t h  the peak values i n  5 ppm GA3. 

Promotion of pollen germination and tube elongation by GA3 i s  

reported i n  Piswn ( ~ o s e ,  1959). GA induced stimulation of 3- 
pollen tube elongation may be due t o  promotion of c e l l  expansion 

and orientation of newly synthesized cellulose microfibrils 

(Malik and Chhabra, 1976). 

A 1 1  concentrations of IAA reduced pollen germination and 

pollen tube elongation i n  2. khasianm. In  - S. indicun except 



1 ppm of IAA, the other concentrations (5, 10 and 25 ppm) 

significantly reduced pollen germination and pollen tube length. 

These resul ts  are i n  agreement with those of Yadav (1980) i n  

Cassia - to ra  and Cassia obtusifolia, 

Kinetin treatments resulted i n  a decrease i n  pollen 

germination and pollen tube elongation i n  both the species, This 

could be because exogenous supply of kinetin may have become 

toxic due t o  supra optimal concentration, 

Modulation of radiation injury : 

In 2. khasianum GA concentrations of 1, 5 and 10 ppm, 
&A ?wt 3 

which'modulate radiation effect  on pollen germination, signifi-  I\ 
cantly nul l i f ied  t h e  inhibit ion caused t o  pollen tube elongation 

by 20 kR exposure, However, 25 ppm GA i n  the medium further 3 
enhanced radiation injury for  both pollen germination and pollen 

tube elongation, In  I S. indicum a l l  the  GA treatments resulted 3 
in a recovery in pollen germination and tube growth re la t ive  t o  

20 kR alone; the recovery was significant upto 10 pprn. Siders 

e t  al. ( 1969) have reported the destruction of biological -- 
activity: of gibberellic acid by low doses of ionizing radiation. 

Exogenous supply of GA i n  the medium resulted i n  a recovery of 
3 

pollen germination and tube growth i n  case of pollen from irra-  

diated plants. Post-irradiation modulation of radiation injury 

by GA3 treatments is known for  maize seedlings ( ~ a u r  and Not&, 

lg60), wheat seedlings ( ~ a b e r  and Luipold, 1960; El-keredy et 
a1 1 9 7 4 ) ~  pifito bean plants (~ockhar t ,  1961) and Phaseolus -. 9 

vulgaris (Si lveira  and Hell, 1977). 



A* 
Indole acetic acidAinhibited pollen germination and 

pollen tube elongation i n  9. khasianum further  enhanced t h e  

radiation injury caused t o  bo > t h  the processes i n  this species, 

In  I S. indicum, while low concentrations of IAA (1 and 5 ppm) 

acted as radioprotective t o  both the phenomena, the higher 

concentration of 25 ppm significantly increased radiation injury 

t o  pollen tube elongation. The present findings thus indicate 

t h a t  only low concentration of auxin are able t o  reduce 

radiation-induced inhibition, These resul ts ,  therefore, support 

the findings of Chauhan and Singh ( 1975), Chauhan ( 1976 .umd i n  

press) i n  Carthamus tinctoriuae Bhattacharya and Rae (1978) are 

of the opinion tha t  radiation causes IAA breakdown in irradiated 

material by stimulating IAA oxidase act ivi ty and higher concen- 

t rat ions of exogenous IAA (50, 100 ppm) resulted in significant 

growth recovery, Post-irradiation modulation of radiation 

injury by exogenous supply of IAA is  reported fbr Crepis 

(~rara tyan and Azatyan, 1974) , soybean (Bhattacharya, 1977) , and 

r i ce  (Bhattacharya and Rao, 1978). 

In I S, khasianum I ppm kinetin resulted i n  significant 

increase i n  pollen tube length but pollen germination was not 

affected as compared t o  20 kR alone, In g, indicum, however, 

both  these processes were significantly stimulated relat ive t o  

20 Mi. Gamma rays are known t o  influence cytokinin synthesis i n  

irradiated material (~andey  & a., 1978). In  both these species 

gamma-irradiation might have resulted i n  a decrease i n  endogenous 

cytokinin levels  i n  pollen and, therefore, exogenous supply of 



k ine t in  ('1 ppm) i n  the medium resul ted i n  a res tora t ion  of 

normal growth of pollen. The higher concentration (5, 10 and 

25 ppm) which f u r t h e r  increased r a d i a t i o n  injury i n  both t h e  

species may have become toxic due t o  supraoptimal concentration. 

Radioprotective e f fec ts  of k ine t in  are reported i n  l i t e r a t u r e  

(Araratyan &., 1975; Mikhailov & a&., 1978; Jonard & a&, 

1979) .I 



CHAPTER VIII 

HETEROSTYLY 



INTRODUCTION 

Typical heteros tyly  with stamens and s t y l e s  in 

complementary pos i t i on  which proinote outbreeding i s  reported f o r  

t h e  family Solanaceae ( ~ a c k e r  and Bakhuizen, 1965). I n  Solanurn, 

however, only one stamen t ier  remains constant t o  a l l  t h e  

d i f f e r e n t  forms of s t y l e  lengths. This  condition is  considered 

t o  be one s t ep  towards the  evolution of heteros tyly   e eddy and 

Bahadur, 1 9 7 7 ) ~  Opinions d i f f e r  as t o  whether t h e  s t y l ~  

heteromorphism i s  determined by physiological., environmental o r  

genetic  f ac to r  independently o r  by a combined e f f e c t  of these  

factors .  P a l  and Singh (1943) have suggested the  e f f e c t  of 

weather and season t o  be t h e  main f a c t o r s  f o r  t he  s t y l a r  

va r i a t i on  and have reported' 3 types of flowers in egg plant:  

long s ty led,  pseudo-short s ty led  and sho r t  styled. Wakhloo 

(1975a) i n  2. sisymbrifolium has shown a cor re la t ion  between the  

s h o r t  s t y l ed  (female s t e r i l e )  and long s ty led  (female f e r t i l e )  

flowers with low and high potassium content, respectively. 

Murthy and Abraham ( 1975a) reported heterostyly i n  g. khasianum 

 late 11 :l,b) suggested t h a t  age of t he  p l a t  has a bearingon* 

expression A of heteros tyly  i n  t h i s  species. Hossain (1973) 

opined t h a t  t he  occurrence of s t y l a r  va r i a t i on  i n  t h e  d i f fe ren t  

flowers of t he  same individual  c l e a r l y  suggests a physiological 

e f f e c t  r a the r  than a genet ica l  one. He fu r the r  suggested t h a t  

t h e  constancy of t h e  phenoraenon i n  t h e  species may have some 

kind of genetic basis ,  f o r  t h e r e  are some species i n  t h e  genus 

which do not  show any va r i a t i on  i n  s t y l e  length eg, Solanuxn 



Plate 11 : Hete ros ty ly  in 2. khasianum 

a : Long, style 

b : Shor t  style 



PLATE 1 1  



verbascifolium, - S, seaforthianum and 2. indicum, According t o  

Martin (1972) the  reduction i n  s ty le  s ize and s t e r i l i t y  i n  

S, mammosum could be due t o  lack of sufficient developmental 
.I 

hormones. Wakhloo (1975b) has shown that  the production of 

female s t e r i l e  flowers i n  - S. sisymbrifolium plants low i n  

potassium content i s  enhanced by GA treatment, however, kinetin 3 
application enhances development of female f e r t i l e  (long styled) 

flowers. Reddy and Bahadur (1 977) consider t h a t  the cause of 

female s t e r i l i t y  of s h o r t  styled flowers i n  - S, surattense i s  

probably hormonal and sporophytically determined. Heslop-Harrison 

( 1957) while discussing the possible mechanism of sex expression 

i n  flowering plants has postulated tha t  e i ther  a single or two 

different auxins control the growth of p i s t i l  and stamen. In 

case of a single auxin involvement the concentration of awcin 

responsible fo r  the maximum p i s t i l  growth i s  higher than the 

concentration required for  m a x i m u m  stamen growth so tha t  the 

auxin level a t  the different iat ing apex determines the sex 

balance of the flowers produced, Th i s  hypothesis explains the 

intermittent s t e r i l i t y  i n  Cleome spinosa where hermaphrodite, 

male and female flowers occur on the same inflorescence. In 

this species the differences i n  the flower sex are attributed 

t o  the osci l la t ion of the auxin level between the stamen and 

p i s t i l  optima. The hermaphrodite flowers, it i s  conjectured, 

appear when the level  of auxin is  somewhere i n  between the two 

optima, The abortion of stamens i n  some p i s t i l l a t e  flowers of 

this species i s  regarded t o  be due t o  inhibitory effect  of a 

high auxin level  which promotes p i s t i l  growth. On the other 



hand, where two separate auxins regu la te  t h e  stamen and p i s t i l  

growth t h e  l e v e l  of auxin responsible f o r  maximum stamen growth 

remains constant rendering t h e  stamen length, pol len  f e r t i l i t y  

and pollen s i z e  more or  l e s s  t h e  same from base t o  t i p  of t h e  

inflorescence and the  l e v e l  of auxin responsible f o r  p i s t i l  

growth f luc tua t e s  randomly a t  d i f f e r e n t  places i n  t h e  inf lores-  

cence or  among d i f f e r e n t  inflorescences i n  t h e  same plant, thus  

r e s u l t i n g  i n  heteromorphic development of s ty les .  Such a 

condit ion i s  speculated f o r  2, macranthum ( ~ a k s h  and Iqbal,  

1978). Thus possibly more than one mechanism influence the  

s t y l a r  development i n  Solanums. 

Chauhan and Ravindran ( 1 979) studied t h e  r e l a t i ons  hip 

between heteros tyly  and berry production i n  P, k h a s i a m  and 

reported t h a t  berry production could be enhanced by increasing 

the  incidence of long s ty led  flowers, Since information on t h e  

mechanism of heterostyly i n  2. khasianum i s  scanty and as berry 

i s  the  source of a lkaloid  an attempt w a s  made t o  elaborate t h e  

mechanism involved i n  t h e  expression of heteros tyly  i n  t h i s  

species,  The study was confined t o  S. khasianum only as - 
S, indicum does not show any s t y l a r  va r i a t i on  (Hossain, 1973) - 
and the  occurrence of shor t  s t y l ed  flowers i s  very ra re ,  

The present  study dea l s  with t he  following aspects  of 

heterostyly as evident by t h e  development of long s ty les :  

I, Ef fec t  of age and season on t h e  occurrence of long 

s ty l ed  flowers, 

11. Hormonal regula t ion of heterostyly,  



111, Effect of gamma-ray exposures on heterostyly and 

modulation of radiation responses. 

MATERIALS AND )IETHOB 

I, Effect of ape and season on the occurrence of long styled 

m w e r ~  

Solanum khasianum plants raised from control seeds and 

maintained a t  the experimental beds of the Botanical Garden of 

North-Eastern H i l l  University, Shillong, were used in  the present 

eqeriment, Data were recorded on 10 plants. The plants began 

t o  flower from July onwards. Ten clusters per plant were tagged 

a t  the beginning of every month and the subsequent observations 

for  the incidence of long and short styled flowers were recorded 

i n  these tagged clusters, These observations were made between 

July and October as i n  November, w i t h  the onset of winter, very 

few flowers were produced, A monthly record of the maximum and 

minimum temperature prevailing in  Shillong during these months 

( ~ u l y  - October) was also maintained, 

11, Hormonal regulation of heterostyly: 

In 1979 a preliminary experiment was conducted with three 

plant hormones gibberellic acid ( G A ~ )  (~hy lax ia ,  Budapest), 

Indole acetic acid (IAA) (E, Merck, ~ n d i a )  and 6-furfurylamino- 

pu r im(~ ine t in )  ( Loba-Chemie, AUS t r i a )  . Seventyf ive days old 

seedlings of control I S, khasianum were transplanted in pots 

f i l l e d  with 1 : 1 mix tu re  of s o i l  and farmyard manure. The f i rs t  



buds appeared about 90 days a f te r  sowing, Hormonal sprays were 

carried out from t h i s  stage onwards and were repeated a t  

fortnightly intervals. The dorementioned hormones, each i n  a 

strength of 100 ppm, were used as fo l i a r  spray, The stock 

solutions of plant growth hormones were prepared as per de ta i l s  

given below : 

For GA3 and IAA solutions100 mg each of GA3 and 

were f i r s t  dissolved i n  a few drops of ethanol and the volume 

made* 1000 m l  w i t h  double glass d i s t i l l ed  water i n  a volume- 

t r i c  f lask t o  get a 100 ppm stock solution. For kinetin 

solution 100 mg of kinetin was f i r s t  dissolved i n  a few drops of 

IN Haand the volume was made upto 1000 m 3  with double glass 

d i s t i l l ed  water i n  a volumetric f lask  t o  get a 100 pprn stock 

solution, 

Care was taken t o  segregate the treatments and the 

ent i re  plant was thoroughly doused w i t h  the hormonal spray u n t i l  

t o  the point of run off. Control plants were sprayed with 

double glass d i s t i l l e d  water. Five plants were maintained per 

treatment and the  treatments were randomized. The percentage 

occurrence of long styled flowers were calculated a t  t h e  end of 

each spraying. Since the  flowers began t o  anthesize only after 

the second spray, the data could be recorded only from second 

spray onwards, 

Based on the information gathered from preliminary 

experiment, a more elaborate experiment was s e t  i n  1980 using 

three concentrations (25, 50 and 100 ppm) each of IAA and 



kinetin. Besides, 100 pprn of an antiawdn maleic hydrazide 

( ~ e o p o l d  and Klein, 1952) and 50 pprn of Rifampicin* were a lso 

used t o  elucidate i f  I M  o r  k ine t in  o r  both have any ro le  i n  

heterostyly. The stock solutions of maleic hydrazide (MH) 

( Indian Drugs and Pharmaceuticals Limited, ~yderabad) and 

R i f  ampicin (Biochem Pharmaceutical Industries,  aombay) were 

prepared as  per d e t a i l s  given below: 

For maleic hydrazide solution 100 mg of MH was first 

dissolved i n  a few drops of ethanol and the  volume made upto 

1000 m l  with double glass d i s t i l l e d  water i n  a volumetric f l a s k  

t o  get a 100 pprn stock solution. For Rifampicin solution 50 mg 

was dissolved i n  I t d o u b l e  glass d i s t i l l e d  water and the  

volume made upto 1000 m l  in a volumetric f l a s k  t o  get a 50 ppm 

stock solution. The mode of treatment and data recording was as 

i n  2979. Besides the  average number of ber r ies  produced per 

plant  was  calculated f o r  control  and the d i f f e ren t  treatments a t  

maturity. 

Since in 1980 uniform flowering i n  d i f fe rent  treatments 

occurred only a t  the end of t h i r d  spraying the  data w a s  recorded 

from t h i r d  spray onwards. 

* Cytokinins are known t o  a c t  i n  plants by stimulating FNA and 
protein synthesis. Further, inhibitors of t ranscr ipt ion and 
t rans la t ion  counteract the  e f fec t  of cytokinins (Hess, 1975). 
Therefore, Rifmqicin,  which inh ib i t s  act ion of RNA polymerase 
thus stopping m-RNA and p r o h i n  synthesis (Michel- Briand, 
1978) was used t o  confirm the involvement of kinet in  i n  long 
s t y l e  production, 



111. Effect of gamma-ray exposures on heterostyly and modula- 

t ion  of radiation responses: 

Plants of I S. khasianum raised from gamma-irradiated 

seeds and maintained a t  the experimental beds of the Botanical 

Garden of North-Eastern H i l l  University, Shillong, were used for  

the  present experiment, Details of seed i r radia t ion  and f i e ld  

planting are given i n  Chapters 111 and I V ,  To study the effect 

of different exposures (2.5, 5, 10, 15, and ,20 k ~ )  of gamma rays 

on'heterostyly 350-400 flowers from 10 plants per treatment were 

analysed for  the incidence of long and short styled flowers, The 

average number of berries produced per plant was also recorded 

fo r  control and irradiated plants. 

Phytohormones are known t o  modulate radiation responses 

i n  irradiated material (Gaur and Notani, 1960; Araratyan and 

Azatyan, 1974; Bhattacharya, 1977; Bhattacharya and Rao, 1978). 

In  the present study an attempt was made t o  modulate the 

radiation responses of heterostyly i n  20 kR i r radiated plants, 

since t h i s  exposure reduces long s ty le  development, A prelimi- 

nary experiment was conducted i n  1979 with 100 ppm each of three 

plant hormones ( ~ 5 ,  LAA and kinetin) t o  find out if any of the 

hormone ' helps i n  the recovery of radiation damage t o  long s ty le  

flower production i n  g. khasianum, A more elaborate experiment 

using three concentrations (25 ,  50 and 100 ppm) of IAA and 

kinekin was, however, s e t  i n  1980 season. GA was omitted 3 
because it did not influence radiation responses during 1979 

experiment. The methodology of planting, treatment and 



observation fo r  both 1979 and 1980 experiments were s i m i l a r  t o  

the respective experiments dealing,with the hormonal regulation 

of heterostyly and described above, In this experiment, however, 

both control (unirradiated) and 20 kR irradiated plants served 

as  control, 

RESULTS 

I, Effect of age and season on the occurrence of long styled 

flowers : 

Figure 19 shows the percent occurrence of long styled 

flowers i n  different  months i n  3. khasianum. The percent 

occurrence of long styled flowers i n  July was 34.1, There was a 

s l igh t  increase i n  the production of long styled flowers i n  

August, subsequent t o  which it decreased considerably. Thus the 

incidence of long styled flowers decreased, with an increase i n  

age of the plant, during l a t e r  phase of flowering, The relation- 

ship between incidence of long s ty les  and temperature i s  shown 

i n  figure 19, It i s  evident t ha t  the incidence of long styles  is 

also influenced by changes i n  the maximum temperature. The 

higher temperature favoured the incidence of lone s tyles  while 

lower temperature favoured the incidence of short  styles. 

11, Hormonal regulation of heterostylv: 

In t h e  preliminary experiment of 1979, i n  control a t  

the  end of second spray 43 percent flowers were long styled and 

the percent occurrence of long styled flowers decreased w i t h  the 

increasing age of the plarit, A t  the end of f i f t h  spray the 



Fig.  19: Effect of age and temperature on the occurrence 

of long styled f lowers  in 9. khasianum, 
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incidence of long styled flowers i n  control was only 25,7 

percent (Table 27). A similar trend was evident i n  hormone- 

sprayed plants  a lso (Table 27). However, compared t o  control,  

GA3 treatment reduced the  occurrence of long styled flowers. 

F-; both IAA and k ine t in  treatments did not a l t e r  s igni f i -  

cantly the incidence of long styled flowers (Table 27), suggest- 

ing tha t  t h e  concentration used may be supraphysiological, 

In  1980, therefore, omitting GA3 an elaborate experiment 

was s e t  using three concentrations (25, 50, and 100 ppm) of IAA 

and k ine t in  and 100 pprn MH and 50 pprn Rifarnpicin t o  f ind out i f  

IM/kinet in  has any e f fec t  on the production of long styled 

flowers. 

In  control  68,6 percent of the  flowers were long s tyled a t  

the  end of t h i r d  spraying, The percentage occurrence of long 

s tyled flowers decreased with an increase i n  the  age of the 

plant  and a t  the  end of f i f t h  spray 53,4 percent of the  flowers 

were long s ty led  (Table 28). 

Twentyfive pprn of IAA sprays resul ted i n  increase in  the 

production of long styled flowers  a able 28, Fig. 20). The 

increased incidence which di f fered  s igni f icant ly  from control  a t  

the  end of third and fourth sprays became non-significant a t  the  

end of f i f t h  spray ( ~ a h l e  28). F i f ty  and hundred pprn of IAA did 

not a l t e r  the  formation of long styled flowers, compared t o  

control  (Table 28, Fig. 20), Hundred pprn of MH-sprayed p lan ts  

a lso did not d i f f e r  s igni f icant ly  from control  (Table 28, Fig, 

20). Though the  berry number i n  25 pprn IAA t rea ted  plants was 



Table 27: Effect of growth hormones on heterostyly in 

S o l a m  khasianum during 1979. 

- - -- 

Treatment LONG STYLE; PERCENTAGES 
2nd Spray 3rd Spray 4th Spray 5th Spray 

CONTROL 

IAA 

KINETIN 

* Significantly different from control 

Significance t e s t e d  by student's ' t t  
test (p=0,05) 



Table 28: Effects of growth hormones, MH and Rifampicin 

on heterostyly in  S o l a m  khasianum during 1980. 

Treatment LONG STYLE PERCENTAGES 

3rd Spray 4th Spray 5th Spray 

CONTROL 

25 ppm IAA 

50 pprn IAA 

100 pprn IAA 

100 pprn MH 

25 ppm KINETIN 

50 ppm KINETIN 

100 pprn KINE;TIN 

50 pprn RIFAMPICIN 

+ SeEo 
..I 

* Significantly different from control - 
Significantly different from 25 ppm kinetin 

O Significantly different from 50 pprn kinetin 

Significance tested by studentt s ' tt test 
(p=O.05) 



Fig. 20: Effect of growth hormones, MH and Rifampicfn 

on long s t y l e  development in 2. khasianum. 





more than control, 50 and 100 ppm of LAA reduced the berry 

number (Table 29, Fig. 21). A l l  these differences did not 

d i f fe r  significantly from control plants (Table 29, Plate12a-d). 

In the MH t reated plants the berry number was same as i n  corltrol 

 able 29, Fig. 21 and Pla te  12 8) 

A l l  the kinetin treatments though enhanced long s ty le  

production the differences with control were significant only i n  

50 ppm kinetin  able 28, Fig, 21). The incidence of long 

styled flowers i n  50 ppm Rifampicu treated plants was much 

lower than both control and kinetin sprayed plants ki able 28, 

Fig. 21). Further, while kinet in sprayed plants either bore 

more berries or same as control, i n  Rifampicin treated plants 

the berry number was  l e s s  than control  a able 29, Fig. 21 and 

Plate 12 ei)  . Moreover, the differences vis-a-vis control were 

significant only i n  50 ppm kinet in sprays and 50 ppm Rifampicin 

sprayed plants  a able 29). 

IIIa. Gma-ray effect  on heterostyly: 

In t h i s  experiment the percent occurrence of long styled 

flowers i n  control was 43.3. Gamma-ray exposures promoted long 

s ty le  development i n  irradiated plants, It is clear  from table 

30 that  the long s ty le  production increased with increasing 

exposure upto a th-eshold level  subsequent t o  which a declining 

trend se t  in.  The m a x i m u m  long s ty le  production was recorded 

i n  5 kR exposed plants and the value differed significantly from 

control (Table 30). The differences i n  the other treatments 



T a b l e  29: Effec t  of growth hormones, MH and 
Rifarnpicin on berry production in 
Solanum khasianum during 1980. 

Treatment Berry number/plant 

CONTROL 

25 pprn 1A.A 

50 pprn IAA 

100 ppm I M  

100 ppm MH 

25 pprn KINETIN 

50 pprn KINETIN 

100 pprn KINETIN 

50 pprn RIF'AMPICIN 

Significantly d i f f e r e n t  from 
control  

S i g n i f i c a n c e  tested by student1 s 
'tl test  (p=0.05) 



Fig, 21: E f f e c t  of growth hormones, and Rifampicin 

on berry production i n  9. khasianm. 





Plate 12 : Effect of growth hormones, MH and Rifampicin 

on berry production i n  g. khasianum during 

I980. 
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Table 30: Effect of gamma-ray exposures on heterostyly and 

berry number per plant i n  Solanwn khasianum. 

Treatment Long s ty le  frequency Berry number/plan-t; 
(%I 

CONTROL 

2.5 Wi 

5.0 Wi. 

10.0 kR 

155.0 kR 

20.0 kR 

* Significantly different from control 

Significance tested by studentt s 'tl test 
(p=O ,05) . 



were not significant  able 30). The increased incidence of 

long styled flowers was reflected i n  the enhanced berry produc- 

t ion also (Table 30). , 

IIIb,  Modulation of radiation responses: 

In  the preliminary experiment, compared t o  control, 20 

kR irradiated plants produced lesser  number of long styled 

flowers. These differences which were significant a t  the end 

of second spray, however, became non-significant i n  the l a t e r  

stages of development (Table 31). 

The incidence of long styled flowers i n  the combinations 

of 20 kR + GAj and 20 kR + IAA did not a l t e r  vis-a-vis control 

o r  plants given 20 kR exposure (Table 31). However, the 

combination of 20 kR + kinetin influenced the production of long 

styled flowers f avourably and helped i n  the recovery of radiation 

injury. This i s  evident from the f ac t  tha t  while 20 kR + 

kinetin d i f fe r s  significantly from 20 kR irradiated plants, this 

trea-tjrnent did not d i f fe r  from control  a able 31). 

The resul ts  of detailed experiment conducted i n  1980 for  

modulating radiation injury i n  5. khasianum are presented i n  

table 32, and figure 22, The 20 kR i r radiated plants produced 

lesser  number of long styled flowers compared t o  control 

 able 32, Fig. 22) and the berry number was also l ess  than 

control  able 33, Fig, 23 and Plate  13 a,b). 

Combination treatments of 25 and 50 ppm IAA w i t h  20 Wi 



Table 31: Modulation of r ad i z t i on  e f f e c t s  on heteros tyly  i n  

Solanurn khasianum by growth hormones during 1979. 

Treatment LONG STYLE PERCENTAGES 
2nd Spray 3rd Spray 4th Spray 5 t h  Spray 

CONTROL 43.0 1: 3.0 34.0 2 3 3 .  28.5 f; 4.6 25.7 2 4.4 

* 
20.0 kFt 23.0 1: 4.0 29.5 2 4.3 23.4 2 3.2 20.4 2*2 

20.0 kR+GA3 25.0 + 3.5 25.4 + 2.6 17.6 + 1.5 15.6 + 1.3 

20.0 kR+IAA 25.7 2 1.1 27.6 2 1.3 20.7 2 0.7 18.9 2 1.0 

+ S.E. - 
* Sign i f i can t ly  d i f f e r e n t  from control  (p 

** Signixicant ly  d i f f e r en t  from 20.0 kR 

Signif icance t e s t ed  by student1 s ' t' tes t  (~=0.05) 



Table 32: Modulation of radiation effects on heterostyly 

i n  Solanum khasianum by growth hcrmones tiuing 

1980 

Treatment 
LONG S T Y U  PERCENTAGES 

3rd Spray 4 th  Spray 5th Spray 
- - - -  

CONTROL 68.6 2 4,3 60.7 2 3.6 53.4 2 2.6 

20.0 kR + 25 ppm IM 

20.0 Mi + 50 ppm IAA 

20.0 kR + 100 ppm IAA 38.9 + 2.5 36.0 2 2.5 32.8 2 2*3 
.3 

20.0 MI + 25 ppm KINETIN 

* 
20.0 kR + 50 ppm KINETIN 63.1 2 8.8 60.2 2 6.1 51.4 4 4.7 

* ** * 
20.0 kR + 100 ppm KINETIN 80.3 2 5.2 6703 2 3.9 59.2 2 2.8 

* Significantly different from control 

** Significantly different from 20 kR 

Significance tested by student's It1 t e s t  
(p=o 05) 



Fig. 22: Modulation of r ad i a t i on  i n j u r y  by hormones 

in .I S, khasianum. 





Table 33: Modulation of radiation effects on berry 

development in Solanum khasianum by growth 

hormones during 1980. 

Treatment Berry number/plant 

CONTROL 

20.0 kR 

20.0 kR + 25 ppm IAA 

20.0 kR + 50 ppm I A A  

20.0 kR + 100 ppm IAA 

20.0 kR + 25 ppm KINETIN 

20.0 kR + 50 ppm KINETIN 

20.0 kR + 100 ppm KINETIN 

+ S*E* - 
* Significantly different from control 

Significantly different from 20.0 kR 

Significance tested by student1 s t1 t e s t  
(p=O.O5) 



Fig. 23: Modulation of radiat ion effects on berry 

development in 9. khasianum by growth 

hormones, 





Plate 13 : Modulation of radiation effects on berry 

development i n  2. khasianum by growth 

hormones during 1980. 





improved significan-tly the incidence of long styled flowers 

over 20 kR plants i n  the early phase of flowering (Table 32, 

Fig, 22). These differences, however, became non-significant 

l a t e r  (Table 32). The radiation injury t o  long s ty le  production 

was not influenced by 100 pprn of I U   a able 32, Fig,  22). 

Twenty KR plants sprayed w i t h  25 ppm IAA alone produced signifi-  

cantly more berries than irradiated control, other concentrations 

could not induce significant differences i n  berry production 

pr able 33, Fig, 23 and Plate  13 c-e), 

Spraying of 20 kR plants with kinetin improved the 

incidence of long styled flowers. Whereas 25 and 50 pprn kinetin 

improved t h e  incidence of long styled flowers over 20 kR irradia- 

ted plants a t  the end of f i f t h  spray only, 100 ppm kine- 

increased the incidence of long styled flowers from th i rd  spray 

onwcrds (Table 32, Fig. 22). A l l  the combination trea-hents 

though did not d i f fe r  from control, the differences were signi- 

fi cant w i t h  reference to  20 kR plants (Table 32). A similar 

pattern w a s  evident i n  the berry production per plant  able 33, 

Fig, 23 and Pla te  13 f-h) . 
DISCUSSION 

I, Effect of age and season on the  occurrence of long styled 

flowers : 

Murthy and Abraham (1975a)re~orted t h a t  i n  2, khasianum 
w i t h  an increase in age of the plant the frequency of long 

styled flowers increased, In  the present study, however, the 



incidence of long styled flowers though increased w i t h  the age 

of the plant i n  the early phase of flowering (3u ly-~u~us t )  i n  

the l a t e r  phase (~e~ tember -~c tobe r )  it decreased vrith the 

progression of age, Since the temperature prevailing i n  

Shillong during September, October was different  from the 

temperature of July, August the possibi l i ty  of temperature as a 

factor  i n  the incidence of long styled flowers cannot be ruled 

out. That temperature is  involved i n  the incidence of long 

styled flowers i s  supported from the f ac t  t ha t  in th i s  study 

long styled production reflected the changes i n  the m a x i m u m  

temperature a t  Shillong conditions. These observations are i n  

agreement w i t h  those of Pal  and Singh (1943) i n  eggplant wherein 

they have suggested the ef fec t  of weather and season t o  be the 
I main factors for  variations i n  s ty le  size. Thus i n  - S. khasianum 

both age of the plant and temperature influence the expression 

of heterostyly. 

11, Hormonal regulation of heterostyly: 

Gibberellic acid cause significant decrease i n  the 

incidence of long styled flowers, compared t o  control. Wakhloo 

( 1975b) also reported enhanced production of female s t e r i l e  

(short styled) flowers i n  GA3 treated - S. sisymbrifolium plants. 

Twentyfive ppm of IAA induced significant increase i n  the 

incidence of long styled flowers during early phase of experi- 

mentation, but the differences were short-lived. The higher 

concentrations of IAA (50 and 100 ppm) did not influence the 



incidence of long styled flowers, Hundred ppm MH, also did not 

a l t e r  significantly the incidence of long styled flowers 

vis-a-vis control, These findings may therefore suggest tha t  

endogenous IAA probably has no di rec t  influence on heterostyly 

i n  2,  khasianum, 

The production of long styled flowers could be under the 

influence of kinetin, In  the present study all the kinetin 

t reated plants had greater incidence of long styledflowers, and 

the  effect  persisted throughout the experimentation. The 

differences vis-a-vis control were, however, significant i n  

plants sprayed with 50 ppm of kinetin. Thus the responses 

follow an optimum curve, Further, the treatment with Rifampicin 

significantly inhibited long styled flower incidence and the 

effect  was persistent,  The present findings, therefore, suggest 

the possible involvement of kinetin i n  the development of long 

styled flowers i n  - S. khasianum, These conclusions find support 

from the studies of Wakhloo (1975b) i n  Q, sisymbrifoliun where 

he has shown tha t  kinetin application caused an increase in 

female f e r t i l e  (long styled) flowers. 

IIIa, Gamma-ray effects  on heterostyly: 

The incidence of long styled flowers was stimulated by 

low exposures of g c m a  rays. The maximum stimulation was 

noticed i n  5 kR i r radiated plants and the higher exposures 

resulted in  a s l igh t  decrease i n  the incidence of long styled 

flowers, Since the effect  of gamma-irradiation were reflected 



on the berry production also, the present study suggests the 

possibi l i ty  of increasing berry yield by appropriate exposures. 

Stirnuation of growth, development and yield by gamma rays i s  

reported i n  l i t e r a tu re  (~uncke l  and Sparrow, 1961 ; Sax, 1963; 

Kahan, 1973; Shamsi and Sofajy, 1980). 

IIIb,  Modulation of radiation responses: 

In  the preliminary experiments, compared t o  control 

there was a significant reduction i n  long s ty le  flower occurrence 

i n  20 kR a t  the end of second spray, In the l a t e r  phase the 

differences became nonosignificant which could be due t o  recovery 

of these plants from radiation injury. Recovery from radiation 

injury w i t h  passage of time is  reported i n  l i t e ra tu re  (~uncke l  

and Sparrow, 1961). 

GA did not influence radiation responses i n  the 3 
experiment done during 1979 suggesting tha t  GA i s  not involved 3 
i n  radiation effects  on long s ty le  development i n  this species, 

Hundred pprn of SAA did not a l t e r  radiation effects 

significantly, Twentyfive and f i f t y  ppm of IAA though induced 

slight recovery, the effect w a s  very brief,  The present 

findings thus suggest t ha t  only low concentrations of auxin are 

able t o  reduce radiation-induced inhibition. Similar were the 

observations of Chauhan (1976), Chauhan and Singh (1975)~ 

Chauhan ( i n  press) in Carthamus tinctoriua and Bhattacharya and 

Rao ( 1978) i n  rice. Post- i r radiat ion modulatLon of radiation 

i n j w y  by exogenous application of IAA i s  reported fo r  Crepis 



( Araratyan and Azatyan, 1974) , Soybean (~hattacharyn, 1977) and 

r ice  (Bhattacharya and Rao, 1978). Bhattacharya and Rao (1978) 

are of the opinion tha t  radiation enhances IAA breakdown i n  

irradiated material by stimulating IAA oxidase act ivi ty and 

therefore, exogenous application of auxin restores normal growth 

i n  the i rradiated plants, 

Hundred pprn of kinetin sprays on 20 kR plants resulted i n  

a significant increase i n  the incidence of long styled flowers 

i n  both the  experiments. T h i s  suggests tha t  exogenous applica- 

t ion  of kinet in i s  able t o  reverse the gamma-ray-induced inhibi- 

t ion  of long s ty l e  development. Thus kinetin functions as a 

radioprotective agent fo r  t h i s  phenomenon, Radioprotective 

effects of kinetin are known i n  Crepis (Araratyan e-J &. , 1975) 

and pea seedlings (Mikhailov & a., 1978). Since in  the present 

study 25 and 50 ppm of kinetin could restore the production of 

long style8 only a f te r  repeated sprays, it may be said tha t  fo r  

long s ty le  formation a m i n i m u m  threshold level  of cytokinin is  a 

necessity, Gamma rays are known t o  influence cytokinin synthesis 

i n  irradiated material (~andey  & &. , 1978). Thus it may be 

visualized tha t  i n  S, khasianum gamma-ray effects  on heterostyly - 
(production of long styles) are mediated through i ts  effect on 

cytokinin metabolism. That this is  ao is  supported by the f ac t  

tha t  exogenous application of kinetin t o  i r radiated plants 

resulted i n  restoring the occurrence of long s ty le  flowers t o  

normal level,  

The present findings thus suggest tha t  the phenomenon of 



heterostyly i n  5. khasianwn, as evident by the production of 
\ 

long s ty le  flowers i s  a complex one and influenced by age of the 

plant, temperature prevailing and plant hormones, Amongst p l m t  

hormones a d i rec t  involvement of kinetin is suggested since it 

influenced the production of long s ty les  i n  experiment Nos, I1 

and I I Ib ,  The resul ts  obtained w i t h  Rifampicin further corro- 

borate t h i s  conclusion, Since only 25 ppm of IAA influenced 

production of long s ty les  for  a very brief period and as neither 

exogenous application of MH, an antiauxin, nor IAU i n  experiment 

Nos, I1 and IIIb, respectively, could a l t e r  the incidence of 

long styles ,  it is assumed tha t  possibly IAA is  not involved 

direct ly i n  the production of long s ty les in  3. khasianum. The 

fac t  tha t  GA could not modulate radiation effect on long style  3 
development and as the incidence of long s ty le  was significantly 

inhibited compared t o  control only towards the end of prelini-  

nary experiment during 1979 it may be concluded tha t  GA 3 
effects on long styles  are only due t o  supraoptimal concentra- 

t i on  of this hormone, GA also, therefore, does not seem t o  
3 

have any di rec t  role  i n  the production of long styles  i n  this 

species, 



CHAPTER IX 

GENERAL DISCUSSION AND 
CONCLUSION 



Gamma-irradiation stimulated the ra te  of germination of 

seeds i n  g, khasianum and inhibited this aspect in 2. indi~mle 

P a t i l  (1967) reported tha t  i n  2, khasianurn gamma rays delay the 

r a t e  of seed germination, Pre-sowing gamma-irradiation of seeds 

markedly improved seed germination i n  5. khasianum but reduced 

this i n  I S, indicum, vis-a-vis control, Gamma-ray-induced 

stimulation and inhibit ion of germination are reported f o r  

other plants also ( ~ u n c k e l  and Sparrow, 1961; Grover and Dhanju, 

1979). Bhatt (1 972) reported 20 kR as the LD50 fo r  seed 

germination i n  - S, khasianum. Chauhan ( 1978 a)observed tha t  

S, khasianum seeds exposed to  25 kR of gamma rays fa i led  t o  - 
germinate. In  the present study, however, exposures upto 30 kR 

did not inhibi t  seed germination i n  this species. On the other 

hand i n  - S. indicun the LD50 for  seed germination was between 25 

and 30 Wi of gamma rays, Thus - S, indicum is more radiosensitive 

than  - S, khasianum, The d i f ferent ia l  behaviour of . S, khasianun 

seeds t o  seed i r radia t ion  i n  the three studies mentioned above 

could be due t o  different  experimental conditions. Factors l i ke  

environment, seed moisture content, r a t e  of i r radiat ion etc, are 

known t o  a l t e r  radiation responses (~uncke l  and Sparrow, 1961). 

In 2. khasianum while, exposures upto 20 kR had no 

ef fec t  on seedling survival, exposures of 25 and 30 kR resulted 

i n  a significant decrease i n  seedling survival. In .I S, indicun, 

exposures of 20 kR and above reduced seedling survival drasti- 

cally, the LD50 f o r  seedling survival being between 20 and 25 

kR. Thus the minimum exposure required fo r  inducing 5096 inhibi- 

t ion  t o  seedling surviva3 differed i n  the two species wi th  



S. indicum requiring lower exposure of gamma rays, Thus 
CI 

So indicum i s  more pnone t o  radiation damage than Q. khasianum. 
.IcI 

Reduced seedling survival by higher exposures of radiation i s  

reported f o r  other plants also (E'ujii and Matsumara, 1958; 

Micke, 1961 ; Prasad and Godward, 1975; Torne and Desai, 1975). 

Findings w i t h  2. khasianum provide further evidence t o  t h e  

f ac t  that  though radiations may not influence seed germination, 

the seedling survival i s  dras t ica l ly  reduced. 

One of the most character is t ic  responses of plants t o  

ionizing radiations is inhibi t ion of growth. In general, growth 

i s  inversely proportional t o  the dose ra te  or total. exposure 

dose of gamma rays administered (~unckel ,  1965). Gamma-ray- 

induced growth inhibit ion has been reported fo r  several plant 

species (sparrow and Singleton, 1953; Meiselman, 1956; Dumanovic 

and Ehrenberg, 1965; Mergen and Thielges, 1966; Taylor, 1968; 

Bajaj & &, , 1970; Hussain and Khan, 1971 ; Rajput, 1971 ; 

Chauhan, 1978a;Misra e-t; a,, 1979; Khanna and Maherchandani, 

1980; Inoue & a,,, 1980). Stimulation of growth by gamma rays 

i s  also reported i n  l i t e ra tu re  (Mujeeb and Greig, 1976; Bapat 

and Rao, 1976; Kothekar, 1977; Shamsi and Bajwa,  1978). In  the  

present study though gamma rays did not influence plant height 

i n  2. khasianum, significant inhibit ion of plant height was 

observed i n  9. indicun. The production of branches was stimu- 

la ted i n  9. khasianum and inhibited i n  - S. indicum. More t han  

50% reduction i n  the number of branches per plant was observed 

i n  20 kR plants of - S. indicum, Thus Q. indicum is more 

radiosensitive. 



Plastochron index was significantly inhibited by 15 and 

20 kR exposures of gamma rays i n  both the species, The 

incidence of chimeric leaves and leaf abnormalities i n  

irradiated material were more i n  2. indicum than i n  g, khasianum 

suggesting greater radiosensit ivity of the former species, 

In  the present study the s i x t h  leaf of the irradiated 

plants of both the species had l e s s  spines compared t o  control. 

Relative t o  -.I S, khasianum, inhibit ion of spine number was more 

pronounced i n  Q. indicum, Thus spine development i n  9, indicum 

i s  more radiosensitive, Spine s ize  on the dorsal surface of 

the s ixth leaf i n  - S, khasianun was,though not influenced by 

irradiation, the s ize  of the ventral surface spines w a s  reduced 

by 15 and 20 kR exposures, On the  other hand, in-g, indicum 

while 2,5 kR significantly stimulated s ize  of the spines on 

both the surfaces of the s ixth leaf ,  20 kR exposure reduced 

spine s ize on the ventral  surface along, The ventral  spines are 

thus more prone to  radiation damage, Similar were the findings 

of Chauhan (1978a) i n  S, khasianum* 
.I 

The number of berries produced per plant and the berry 

yield i n  the i rradiated plants of g ,  khasianum did not 

appreciably d i f fe r  from control. A l l  the gamma-ray e~posures, 

however, reduced berry number and berry yield in g. indicum. In  

S .  indicum more than 50961 reduction of berry number and berry 
II 

yield occurred i n  15 and 10 kR exposed plants, respectively, 

Thus unlike I S. khasiantm berry yield i n  2. indicum i s  more 

prone t o  radiation damage. According t o  Killion & (1971) 



p lan t  radiosensi t ivi ty  increases once the  plants  develop repro- 

ductive capabi l i t ies .  The present findings i n  2. indicuin though 

supports this view, observations w i t h  s, khasianum did not 

provide evidence f o r  this, The two species thus d i f f e r  i n  t h e i r  

responses t o  gamma rays, 
J 

The glycoalkaloid content i n  i r rad ia ted  p lan ts  of 

S, khasianum did not d i f f e r  from control  except i n  20 kR exposed 
.I 

plants  where alkaloid content was more, compared t o  control. 

Though 2.5 kR exposure resulted i n  an increase i n  glycoalkaloid 

content in - S, indicum, the higher exposures were inhibitory, 

More than 50% reduction i n  the glycoalkaloid content w a s  found 

i n  2, indicum i n  10 kR exposure, Thus r e l a t ive  t o  2, khasianum 

t h i s  aspect i s  more dras t ica l ly  influenced i n  2, indicum, 

Gamma-ray exposures while influenced topography of apex in  

S, indicum, the out l ine of the  apex did not d i f f e r  from control 
.I 

i n  the  i r rad ia ted  I S, khasianuim apices, Vacuolation of tunica and 

corpus was evident i n  i r rad ia ted  apices of both the  species. But 

r e l a t i v e  t o  - S, khasianurn the degree of vacuolation w a s  more i n  

S, indicum, Apices of both the species studied have an angiosperm 
111 

type (popham, 1952) of cytohistological  zonation pattern. Though 

gamma radiat ion could not influence cytohistological  zonation 

i n  2, khasianum, i n  9, indicum there  w a s  a tendency f o r  disorga- 

nizat ion of the  zonation pat tern i n  apices of 10-20 kR exposures. 

I n  2, indicum a l l  the  i r rad ia ted  apices had re l a t ive ly  proximal 



c e l l  naturation zone compared to  control, This aspect was, 

however, not much influenced i n  9, khasianum. Excessive c e l l  

elongation as a resul t  of radiations are reported i n  l i t e r a tu re  

(Foard and Haber, 1961 ; Chauhan, 8%). While irradiated apices 

of 5, indicum had more elongated ce l l s  compared to  control, i n  

S, Jchasiiil~um no defini te  response was evident, Almost a l l  the - 
irradiated apices showed c e l l  disruption and revealed micronu- 

c l e i  i n  2, indicum, I n  - S, khasianum on the other hand while 

c e l l  disruption was observed only i n  20 kR irradiated apices of 

15 days old seedlings, no c e l l  disruption could be noticed i n  

irradiated apices of 60 days old seedlings; suggesting recovery. 

Micronuclei in -.. S. khasianum irradiated apices were present only 

i n  60 days old seedlings given 5-20 kR exposures, Absence of 

c~ohFs to log ica l  zonation, c e l l  disruption, occurrence of 

micronuclei, increased vacuolation,excessive c e l l  elongation, 

acropetal advancement of maturation zone, flatt- ~f apex 

are considered t o  be reflections of inhibited meristematic 

ac t iv i ty  ( ~ r a t t ,  1968; Rai and Singh, 1976). Since these aspects 

are more pronounced i n  2. indicum compared t o  5. khasianum it > 
may be assumed that  S. indicum i s  more radiosensitive than 

-.I 

S, khasianum. These observations find additional support i n  the - 
growth reactions of 15 and 60 days old seedlings, The present 

study also provides evidence t o  suggest t ha t  the growth reactions 

of plants are reflected i n  responses of shoot apex. 

In  both - S, khasianum and S, indicum only 15 and 20 kR - 
exposures caused an appreciable delay i n  flowering, Gamma-ray 



exposures inhibited inflorescence development and floder 

production more drast ical ly i n  2, indicum than i n  9, khasianum. 

I n  I S. khasianm the various gmd-ray exposures did not e l i c i t  

any defini te  response for  these aspects, While the number of 

open flowers per plant i n  2. khasianum was significantly sti- 

mulated by 2.5 and 5 kR exposures only i n  the early phase of 

flowering, gamma-ray exposures of 10-20 kR induced significant 

inhibi t ion throughout the season, I n  I S, indicum the number of 

open flowers per plant was inhibited by a11 the gamma-ray 

exposures. A s  this may be a ref lect ion of the radiation effects 

on inflorescence development and flower production i n  the 

species, it may be concluded tha t  the process of inflorescence 

development and flower formation is  more prone t o  radiation 

damage i n  I S. indicum than i n  2. khasianum. In  - S, khasianum 

while 5 kR exposure caused an earliness of berry maturity, 15 

and 20 kR exposures induced delay. In 2, indicum on the other 

hand, though 2.5 kR exposure did not influence berry maturity, 

a l l  other exposures (5-20 kR) delayed berry maturity, suggesting 

t h a t  radiation effects  are more severe i n  p, indicum. 

A Whereas gamma-ray exposures had no effect  on pollen 

gemha t ion  i n  - S, khasianum, i n  2, indicum the germination 

percentage decreased with increasing exposures. Pollen tube 
i 

growth i n  both the spjpcc~s was inhibited by higher exposures (15 

and 20 HI) .  The inhibit ion of pollen germination and pollen 

tube growth induced by gamma rays could be due t o  gross 

impairment of binding of calcium ions essential  for  normal tube > 



elongation and i t s  probable influence on c e l l  membranes and 

synthesis of cellulose, pectin and callose (~rewbaker and Emery, 

1962); effect on c e l l  membrane and enzymes associated with it 

(Brewbaker & ale, 1965) ; disruption of c e l l  membrane ( ~ f a h l e r ,  

1971) ; cessation of protein synthesis ( ~ r e s t i  & 1977) and 

interference of m-RNA metabolism associated with pollen tube 

growth (Van der Donk & a&, 1978). Thus mechanism of g--ray- 
ea-6lN 

induced pollen germination and pollen tube growth i s  complex. I 
Gamma rays influence heterostyly i n  z, k h a s i a m ,  While 

low exposures promoted long s ty le  development, the higher 

exposures favoured development of short styles,  The irradiated 

plants producing predominantly long styled flowers bore greater 

number of berries. Thus berry yield i n  t h i s  species may be 

increased by appropriate exposures, 

Thus,the data collected on seed germination, seedling 

survival, plant height, incidence of chimeric and abnonnal 

leaves, spines present on the leaves, number of branches, berry 

number, berry yield, glycoalkaloid content of berries, 

production of inflorescence clusters,  flowers per plant, nuiiber 

of open flowers per plant and pollen germination of the -two 

species i n  the present study reveal tha t  gamma-ray exposures 

caused more injury in  p. indicum than i n  S, khasianum, T h i s  i s  

fur ther  supported by observations on shoot apical meristem of 

the  two species, 
r". 

In  the present s-y gamma-ray exposures stimulated 

seed germination, number of branches, intensity of spines 



present on the leaves and number of open flowers per plant i n  

S. khasianum but inhibited these aspects i n  2. indicum, Gamma- - 
ray exposures had no effect on flower production and inflores- 

cence development i n  - S, khasianum while it inhibited these 

aspects i n  2, indicum, Besides, the glycoalkaloid content of 

S. khasianum was while stimulated by 20 kR exposures,in 
.I 

S, indicum except 2.5 kR a11 other exposures induced inhibition, 
I 

Thus the responses of these two species t o  gamma rays are 

different. Variaaion i n  the response of two species t o  gamma 

rays is reported in l i t e ra ture  (Gunckel and Sparrow, 1961). 

Wareing (1977) while discussing the effect  of growth hormones on 

integration of activity i n  higher plants emphasized "the speci- 

f i c i t y  of the response t o  a given growth substance i a  usually 

determined by the 'competence' or programming of the target 

t issue and which may be the reason for  different effects of a 

growth hormone i n  different plants1'. The differential effects of 

radiations on different plants can be explained on the above 

l ines since radiations are known t o  cause hormonal disbalance i n  

irradiated plant material (~koog, 1934,1035; Siders & a,, 1969). 

Radiations induce hormonal disbalance i n  irradiated 

plant material (~koog, 1934, 1935; Gordon and Weber, 1955; Siders 

e t  ah., 1969) and exogenous application of hormones can modulate -- 
radiation effects (Gaur and Notani, 1960; Chauhan and Singh, 

1965 ; Chauhan, 1976 ; Bhattacharya, 1977) , Since radiations 

caused a pronounced inhibition of pollen germination and pollen 

tube growth i n  both the species included i n  the present investi- 

gation, it was considered worthwhile to see whether plant grovhh 



hormones ( G A ~ ,  IAA and kinetin) can modulate radiat ion 

responses of pollen grains, It was  found t h a t  while i n  

S .  ind icm a l l  the  concentrations of GA3 (1, 5, 10, and 25 p p d  - 
induced recovery from radiat ion injury, i n  - S, khasianum concen- 

t r a t ions  upto 10 pprn were radioprotective but 25 pprn fur ther  

sensit ized pollen germination and pollen tube growth. The 

toxic e f fec t  of 25 pprn GA3 could be because i t s  concentration 

-9 have become supr&optimal. Post-irradiation moduLation of 

radiation in jury  by GA treatments i s  reported f o r  maize 3 
seedlings ( G a u r  and Notani, 1960)~ wheat seedlings (Haber and 

Luipold, 1 9 6 0 ) ~  pinto bean p lan ts  ( ~ o c k h a r t ,  1961) and Phaseolus 

vulgaris  ( ~ i l v e i r a  and Hell, 1977). A l l  concentrations of IAA 

i n  I S. khasianum and 10 and 25 ppm of IAA i n  S. ind icm fur ther  - 
radiosensit ized the  phenomenon of pollen germination and pollen 

tube growth, However, 1 t o  5 pprn of IAA reduced radiation 

injury t o  both these aspects in  9. indicum. P o s t i r r a d i a t i o n  

modulation of radiation in jury  by exogenous supply of IAA is  

reported f o r  Crepis (Araratyan and Azatyan, 1974) soybean 

(~hat tacharya ,  1977) and r i c e  (~ha t t acha rya  and Rao, 1978). 

Except one pprn of kinet in  which helped recover pollen tube 

growth i n  both the  species, the  other concentrations fur ther  

enhanced radiat ion injury. Injury t o  pollen germination w a s  

while reduced by 1 pprn k ine t in  i n  2. indicum,it did not a l t e r  

radiation in jury  in 2. khasianum. Five and 25 pprn of k ine t in  

enhanced radiat ion injury t o  both the species. The present 

findings thus bring out the  f a c t  t h a t  GA3 could effectively 

counter inh ib i t ion  of pollen gemination and pollen tube growth 



induced by gamma rays, IAA and kinetin induced vamiable 

responses i n  germination and tube growth of i r radiated pollen, 

In - S. khasianum pollen ~erminat ion and pollen tube growth 

were inhibited by GA3 concentrations, but i n  2. indicum an 

optimum curve was observed with 5 ppm of GA3 as  the  most stir* 

la t ing  concentration. The GA3-induced stimulation of pollen 

tube growth is considered t o  be because of i ts ef fec t  on c e l l  

expansion and orientation of newly synthesized ce l lu lar  micro- 

f i b r i l s  ( ~ a l i k  and Chhabra, 1976). Most of the concentrations 

of IAA and kinetin induced inhibit ion suggesting tha t  the 

concentrations used were toxic. 

The process of heterostyly i n  2. khasianum seems t o  be 

under the influence of age, environmental conditions (tempera- 

ture) and plant growth hormones. It was found tha t  i n  the 

present study though i n  the early phase (tJu3.y-~ugust) of flower- 

ing long s ty le  incidence incaeased with age i n  l a t e r  phase of 

flowering (~eptember-~ctober) it decreased. Since the environ- 

mental conditions prevailing i n  the two phases of flowering were 

different  it may be assumed tha t  besides age of the plant, 

temperature also influences long s ty le  development. Murthy and 
a. 

Abraham ( 1 975), who found tha t  long s ty l e  development increases 

with increase i n  age do not, however, mention anything about the 

ro le  played by fluctuating temperature during the growing season. 

Involvement of plant hormones i n  the development of heteromorphic 

s ty les  i n  S o l a m s  i s  suggested (Martin, 1972; Wakhloo, 1975b). 

An attempt was, therefore made t o  find out i f  it i s  so. It w a s  



found tha t  long s ty le  development i s  favoured by kinet in 

treatments whereas IU is  not direct ly involved i n  long s ty le  

formation. Accumulated GA concentrations reduced the incidence 3 
of long styles  which could be because of supraoptimal concentra- 

tion. The present study therefore suggests tha t  instead of IAA 

(~es lop -~a r r i son ,  1957; Baksh and Iqbal, 1978) it is  kinetin 

which controls the production of flowers with long styles,  

Further evidence for  kinetin involvement i n  gamma-ray- 

induced effects on long s ty le  development w a s  obtained while 

attempting modification of inhibit ion of long s ty le  development 

induced by gamma rays with growth hormones. It was found that  

kinetinconcentrations (25, 50 and 100 ~pm) u s e d i n  t h i s  

study could always reduce the injury t o  long s ty le  flowers 

incidence, Low concentrations of IAA (25 and 50 ppm) though 

could provide radioprotection fo r  a very brief period it was 

not effective during most of the time suggesting tha t  radiation 

effects  on long s ty le  production are possibly not mediated 

through i t s  effect on IAA, 



LITERATURE CITED 



ABROL, Y.P,, SIROHI, G.S, and SINHA, S.K, 1969, Reversal of 

inhibitory effects of T-rays on the seedling growth 
of wheat by the application of IHA, tryptophan and 

zinc, Indian J, Exp, Biol, 1: 114-116, 

60 
AMER, S. and JUKEB!I,H.A. 1964, Studies on the effect  of Co - 

gamma radiation on Lupinus termis. Radiat. Bat, 5: 

A M I N  UDDIN 1978, Solasodine i n  Solanum khasianum ~ U t ~ r e s e  

Indian D r u g s  5: 31-32, 

AMIN UDDIN and CHATURVEDI, H.C. 1979, Solasodine i n  somatic 
t i ssue  cultures of Solanum khasianum, Planta Med, x: 
90.92 , 

AMIN UDDIN and CHATURVEDI , H, C . 1980, Quantitative estimation 
of abscisic acid i n  the r ipe berries of the Solanum 

khasianum, Proc, 67th Indian Sci, Cong, Part  111, 
Section VI: Botany Abst, No, 230. pp, 87, 

U T Y A N ,  L.A. and AZATYAN, R,A. 1974, Radioprotective effect 

of beta-indoleacetic acid and i t s  stimulating effect on 
DNA synthesis i n  c e l l s  of Crepis cap i l l a r i s  L, seeds, 
T s i t o l ,  Genet, 2: 299-302, 

ARARATYAN, L - A , ,  AZATYAN, R.A, and VOSKANYAN, A,Z. 1975, Effect 

of kinetin on the formation of chromosome aberrations 
induced by the i r radia t ion  of Crepis capi l lar i s  L, seeds 

and i t s  radioprotective effect, Genetika ?I: 28-34. 

ASHRUF, Y , ,  A M ,  K, and YOUSAF, M e  1975. The effect  of ioni- 

zing radiation i n  mung (Phaseolus aureus ~oxb.). 
Pakistan J, Agric, Sci. 12: 259-266. - 

BABU, C.R, and HEPPER, F.N. 1979, Taxonomy and nomenclature of 
Solanum khasianum and some of i ts  relatives. Kew Bull, 
34: 407-411, - 



BACKER, C.A. and EUKWIZEN, R,C,V.D.B, 1965. Flora or' Java 

Vol,II, N.V.P. Noordhoff-Groningen, The Netherlands, 

BACQ, Z.M. and ALEXANDER, P, 1961, Fundamentals of Radiobio 
logy, Pergamon Press Ltd,, London. 

BACQ, Z .Me and W E ,  A, 1952, Protection chemique contre l e  
rayonnement X. Bull, Acad, Roy, Med, Belg. 2: 13-58, 

BAJAJ, Y.P.S., SAETTLER, A.W. and ADl@E, MOW. 1970. Gamma 
i r radiat ion studies on seeds, seedlings and cal lus  

t i ssue  cultures of Phaseolus vulgaris L. Radiat, Bot, 
10: 119-124, - 

BAKSH, S, and IQBAL, M e  1978, Floral  features of Solanum 
macranthum Dun. w i t h  special reference t o  s ty lar  
heteromorphism and intercrossability. Flora 167: 423- 

431, 

BAKSHI, V.M. and HAMIED, Y,K. 1971, Isolat ion of solasodine 
from Solanum khasianum grown i n  Bombay. Indian J, 

P h m .  2: 54-55. 

BANCHER, E, , RIEDFkWi, P, and WASHUETTL, J. 1971, The effect 
of a r-60~o radiation of carrot seeds I. Studies of 

the germination capacity and observations of vegetation. 

Osterr, Bot, 2 ,  2: 432-441, 

BAPAT, V.A. and RAO, P,S, 1976. Differential. radiosensi t ivi t ies  

of seeds, seedlings and callus cultures of P e W a  
inflata ,  Plant Sci, Lett, 6:  291-298, 

BASAK, R,K, 1967. The pollen grains of Solanaceae, B u l l ,  B o t ,  

Soc, Bengal, - 21 : 49-58, 

BASU, D, and CHAKRAVERTY, R.K. 1979. Dormancy, v iabi l i ty  and 
germination behaviour of the seeds of Solanwn khasianum 
Clarke, Proc, 66th Indian-Sci, Congr, Part 111, 
Section V I :  Botany Abstr, No, 261, pp. 119, 



BEREZINA, N.M,, KORNEVA, E.I. and RIZAZA.DE, ReR. 1962, Results 

on production of corn seed pre-sowing treatment w i t h  

CS' 37 ,rays, Radiobiologia - 2: 629-633. 

BEZBARUAH, H.P. and BEZBARUAH, B. 1963, Chromosome survey of 

some species of Solanum of medicinal value. Proc. Indian 
Acad, Sci. - 58B: 198-200, 

BHATT, Be 1972, Curved spine mutant i n  Solanum khasianum Clarke, 
induced by -radiation, Curr, Sci, 41: 889-890, 

BHATT, Be  1975, Induced tetraploidy i n  curved spine mutant of 
Solanum khasianum Clarke, Curr. Sci, - 44: 677-678, 

BHATT, B, 1977, Further studies on colchicine-induced tetraploids 

i n  Solanum khasjanum Clarke, Environ, Expo Bot. a: 121- 
124, 

BHATT, P.N., BHATT, D.P, and SUSSEX, 1,M. 1979, Organ regenera- 
t ion from leaf discs of Solanum niwum, Solanum dulcamara 

and Solanum khasianum, Z, Pflanzenphysiol, 2: 355-362, 

BHATTACHARYA, M.K. 1977, Reversal of inhibitory effects of gamma 
irradiated soybean plants through IAA and GA, Trans, 

Bose Res, Inst ,  ( ~ a l c u t t a )  - 40: 93-100. 

BHATTACHARYA, S. and RAO, H,K,S, 1978, Effect of exogenous IAA 

on radiation-induced seedling growth i n  rice. Indian 

J, Exp. B i o l ,  16: 125-126, 

BLIXT, S. 1972, Mutation genetics i n  Pisum, Agr,. Hort, Genet, 
2: 1-293, 

BORA, K.C. 1961, Relative biological efficiencies of ionizing 
radiations on the induction of cytogenetic effects i n  
plants, In: Effects of ionizing radiations on seeds, 
Proc, of the Symp, on t h e  effects  of ionizing radiations 
on seeds and the i r  significance for  crop improvement, 

pp. 345-357, Karlsruhe, 1960, I.A.E.A., Vienna. 



BORDOLOI, D,N., HAZARIKA, J .N. and GANGULY, D, 1973, W i l t  of 
Solanum khasianum caused by Fusarium oxysporum, Indian 

PhytopathoL&: 788-791. 

BOSE, N,  1959, Effect of gibberellin on the growth of the 
pollen tubes i n  - P i s u n  s a t i m .  Nature  ondo don) 184: 
1577. 

BOSTRACK, J . M ,  and SPARROW, A,H. 1969. Effects of chronic gamma 

i r radiat ion on:the anatomy of vegetative t issues of 
Pinus r i a ida  M i l l .  Radiat, Bot, 2: 367-374. - 

BOWEN, H.J,M, and THICK, J, 1961, Effects of seed extracts on 
radiosensitivity, In; Effects of ionizing radiations 
on seeds, Proc, of the Symp. on the effects  of ionizing 

radiations on seeds and the i r  signficance fo r  crop 
improvement, pp. 75-82, Karlaruhe, 1960, I,A*EoAe, 
Vienna, 

BOWEN, H,J,M,,CAWSE, P,A, and DICK, M , J ,  1962, The induction 

of sports i n  chrysanthemums by gamma radiation, Radiat. 

Bo t ,  1: 293-304, 

BREWBAKER, J.L, and EMERY, G,C, 1962. Pollen radiobotany, 
Radiat, Bot, - 1: 101-154, 

BREWBAKER, J,L. and KWACK, B,H, 1964. The calcium ion and 

substances influencing pollen growth, In: Pollen 
physiology and f e r t i l i z a t i on  ( ~ d ,  H.F, ~ inskens) ,  
pp, 143-151, North Holland Publo Co, Amsterdam. 

BREWBAKER, J.L., ESPIRITU, L, and MAJWDER, S.K, 1965, Compara- 

t i ve  effects  of x-ray and u,v, irradiation on pollen 
germination and tube growth, Radiat, Bot, 3: 493-500. 

BROCK, R,D, 1971, The role  of induced mutations i n  plant 
improvement, Radiat. Bot. fi: 181-196, 



CERKOVNXOV, E, , STEINER, A, and JSIRIGIN, M, 1965, Regeneration 

of l i v e  organisms following the action of ionizing 
radiation I V ,  Action of. some biocatalysts on soybeans 
unirradiated and irradiated with X-rays, Acta Pharm. 
Jugoslav, a: 127-1 37, 

CHAKFUVERTY, R,K, and BASU, D. 1973, Morphological changes i n  
Solanum - -  viarum (s, khasianum) induced by gibberellic 
acid, Sci, Cult, 2: 134-136. 

CHAKRAVERTY, R,K, and RAYCHAUDHURI, E, 1974. Solanum khasianum 

Clarke, A potential commercial source of solasodine for  
the synthesis of steroids, J, Sci, Club 2: 126-149, 

* 
CHANDLER, C, 1957. The effect of gibberellic acid on germination 

' and pollen tube growth, Contr. Boyce Thompson Inst, P1, 
Res, Yonkers, N.Y., U.S,A, 2: 215-224. 

CHANDRA, V,, SINGH, B,, SINGU, A., and KAPOOR, L.D, 1970. 
Variation i n  the solasonine content of f r u i t s  of Solanum 
khasianum a t  different stages of development i n  Lucknow. 
Indian For, 96: 352-360. 

CHATTERJEE, S.K. 1977. Availability of medicinal and aromatic 

plants i n  North-Eastem India with special reference t o  
West Bengal. In: Cultivation and uti l izat ion of medici- 
nal  and aromatic plants. (Eds C,K, Atal and B,M. ~ a ~ u r )  

pp. 485-494, C,S,I,R,, Regional Research Laboratory, 
Jammu-Tawid 

CHATURVEDI, H.C, and SINHA, Me 1977. Possibili ty of mass clonal 

propagation of Solanun khasianum through tissue culture. 
Abstract In: Symposium on Production and util ization of 

vegetable raw materials for  steroid hormones and o r a l  
contraceptives, National Botanic Gardens, Lucknow, 

ppe 25-26, 



CHATURVEDI, H.C. and SINHA, M. 1979, Mass clonal propagation 
of Solanum khasianwn through tissue culture. Indian J, 

Exp. B i o l ,  17: 153-157, 

CHATURVEDI, H.C., CHOWMIURY, A.R, and AMIN UDDIN 1979. Solaso- 
dine biosynthesis i n  seed and ~ e e d l i n g ~ c a l l u s  of Solanun 
khasianum Clarke grown in  vitro. Indian J. Expo Bio l .  

a: 107-109, 

CHAUDHURI, R,K, and CHATTERJEE, S,K, 1979a. Variations of 

solasodine i n  S o l a m  khasianum f ru i t s  as influenced by 
alti tude and sucrose-feeding, Indian J, P h m .  Sci. s: 
76-78 

CHAUDHURI, R,K. and CHATTERJEE, S.K, 1979b. Effect of alti tude 

and fibberellin feeding on solasodine contents i n  Solanum 
khasianum Clarke, f r u i t s  of DarJeeling hills, Indian 
J, Exp, Biol. 21: 611-612. 

CHAUDHUEU, SOB, and KAZARIKA, J,N, 1966, Seasonal variation i n  
the alkaloid contents of Solanum khasianum Clarke. Cur. 
Sci, 22: 187. 

CHAUDHURI, S.B, and RAO, P,R, 1964, Solasonine from Solanurn 
khasianum Clarke. Indian J, Chem, g: 424, 

CHAUHAN, Y.S, 1969, Morphological studies i n  Indian safflower 

(Carthamus tinctorius  inn.) with special reference t o  
the effect of 2,4D and gamma rays, PhoDe Thesis, Agra 
University. 

C H A M ,  Y.S. 1976. Morphological studies in safflower 

CCarthamus tinctorius L.) with special reference t o  the 
effect of 2 , b D  and gamma rays - 11, Cellular responses. 
Environ, Exp, Bot ,  16: 235-240, - 

C H A W ,  Y.S. 1978a. Gamma-ray-induced variation i n  the develop 
ment of Q, khasianwn Clarke, J, Indian bot, Soc, x: 
347-352 



CHAUHAN, Y.S. 1978b. Effect of ethrel on the germination of 

S. khasianum, C1. seeds. Indian J. Pharm. Sci. 40: - 
61-63. 

CHAUHAN, Y.S. Radioprotective effects of 2,bDichlorophenoxy 

acetic acid. Phytomorphology (1n ~ r e s s ) .  

CHAUHAN, Y ,S, and RAVINDRAN, S, 1979. Gamma-ray effects on 
heterostyly i n  Solanum khasianum Clarke. Curr. ~ci./ 

48: 698. - 
CHAUHAN, Y.S. and SINGH, Rep. 1975. Morphological studies i n  

safflower (Carthamus tinctorius ~ i r n .  ) with special 

reference t o  t he  effect of 2,4-D and gamma rays - 1, 
Vegetative shoot apex. Radiat, Bot.  2: 69-77. 

CHAUHAN, Y.S., SINGH, K.K. and GANCULY, D. 1975a. Gamma-ray 
induced variation i n  some quantitative characters i n  
Solanum khasianum Clarke. Indian Drugs ~ ( 1 2 )  8 17-1 9. 

CHAUHAN, Y,S., SINGH, K.K. and GANGULY, D, 1975b. Association 

between yield of f r u i t s  and i t s  components i n  Solanum 

khasianum Clarke, Indian For. t 289-95. 

C H A W ,  Yes. ,  UPADHYAY, D.N.9 SINGH, KaK. and GANGULY, De 19760 

Induced mutations i n  Solanun khasianum Clarke: Some 

promising plants of M2 generation. I.D.M.A. B u l l .  2: 
171-1730 

CHENNAVEZRA.IAH,. M.S. and KRISHNAPPA, D.G. 1965. The occurrence 

and behaviour of accessory chromosomes i n  Solanum 

species. Nucleus g: 161 - f 70 

CHHABRA, N. and MALE, C.P. 1976. Biochemical changes of 

Arachis hmgea   r round nut) pollen during germination 

and its control mechanism. Abstract in: Physiology of 

sexual reproduction in higher plants. Ludhiana, India, 
PP. 16-17. 



CHOPRA, I.C.  and KAPOOR, LSD. 1968, Steroid Sapogenin-bearing 

Plants of Lndia. Indian For. 94: 620-630. 

CHOUDHURY, SON., BALYAN, S.S. a d  KAUL, B o L e  1979. Effect of 
nitrogen on the growth and yield of Solanum khasianum 

Clarke. Indian Drugs l6(10) : 229-230, 

CLOWES, F.A,L, '1964, Micronuclei and radiosensit ivity i n  the 

root rneristem of Vicia faba, Ann, Bot.  ondo don) 28: 
345.350. 

-- 
CLOWES, F,A,L, and HALL, E, J, 1966, Meristems under continuous 

irradiation, Ann. Bot.  o on don) 2: 243-251 

CRESTI, M e ,  CIAMPOLINI, F., PACINI, E., SREE W U ,  K,, 
DEVREUX, M, and LANERI, U, 1977. Ultrastructural  aspects 

of pollen tube growth inhibit ion a f t e r  gamma irradiat ion 

i n  Lyco~ersicum peruvianum, Theor. Appl. Genet. 42: 

297.303 

CROCKETT, L a J o  1957. A study of the tunica corpus and anneau 

i n i t i a l  of i r radiated and normal stem apices of 
Nicotiana tabacum L. B u l l .  Torrey Bot. Club &: 229-236, 

CROCKETT, L.J, 1968, The effects of chronic gamma radiation on 

the  internal  apical configurations of the  vegetative 

shoot apex of Coleus blumei, Am, J. Bot, a: 265-268, 

CRUSENA, A. R o  , PASESHNICHENKO, V, A. , BORZKHINA, MeGe a d  

MOISEEV, R,Ko 1965, Determination of  steroid glycoal- 

kaloids, Biochemistry z: 224, 

DATTA, A., PAL, G,D, , BHATTACHARYA, P, and CHAKRAvERTY, R.Ko 
1973, Effect of phloridzin on the growth, development 
and glycoalkaloid contents of Solantw viarum Dunal, 

Bull. Bot, Surv, India 3: '177-181, 



DAVID, S.B., and CHINCHANIKAR, Gas. 1980. Anthzr culture of 

Solanum indicum L. In: Plant t i s sue  culture, genetic 

manipulation and somatic hybridization of plant cel ls ,  

(Eds. P.S. Rao, M.R. Heble, and M.S.  hadh ha), PP-79-84, 
D.A.A., Bombay, India. 

DAVIES, C.R. 1968. Effects of gamma i r radia t ion  on growth and 

yield of agricultural  crops - I. Spring sown .wheat. 

Radiat, Bot.  2:  17-30. 

DAVIES, C.R. 1973. Effects of gamma i r radia t ion  on growth and 

yield of agricultural  crops - 111, Root crops, 

legumes and grasses. Radiat. Bot. 3: 127-136. 

DAVIES, C,R, and MACKAY, D.B. 1973, Effects of gamma irradia- 

t ion  on growth and yield of agricultural  crops - IV. 

Effects on yields of the second generation i n  cereals 

and potato, Radiat, Bot. - 13: 137-144, 

Dm, D,B. 1975, Conspecificity of Solanum khasianum and 
S, myriacanthum, Solanaceae News Letter  2: 33, - 

DE HONDT, H.A. and BALAL, M.S, 1966. The sensi t ivi ty of 

different wheat species of gamma radiation. Alexandria 

J. Agr. Res. - 14: 223-228, 

DIG-NGRA, H.R, and VARGHESE, T,M. 1976. In  v i t ro  studies on 
pollen germination in two var ie t ies  of tomato 

(~ycopersicon esculentum  ill.) . Abstract. in: Physio- 

logy of sexual reproduction i n  higher plants, 

Ludhiana, India, pp, 19. 

DICKINSON, D,B. 1978. Influence of borate and pentaerythritol 

concentrations on germination and tube growth of 

L i l i u m  longiflorum pollen, J, Am, Soc, Hortic, Sci, 
103: 413-416, 



DPTYfLNSAGAR, V.R, 1976, Biology of Solanum viarum ba, 
Abstract in: Seminar on biology and biosynthetic 
pathways of medicinal nlants, I,S.C,A,, Waltair, 

pp. 14, 

DNYANSAGAR, VoRe  and DHANRAJ, A, 1972, Meiosis i n  plants 04: 
Solanum viarum Dunal Syn, Solanum khasianum var. 

cinatter;ieeanum, Sengupta with B-Chromosomese A U  
India Symposium on biology of Land Plants, (~ds . ,  V, P w i ,  
Y,S, Murthy, P.K. Gupta, D, ~ a n e r j i )  pp, 241-245. 

DWANSAGm, V o R a  and TARAR, JeL, 1971. Effect of gamma rays on 
DNA synthesis i n  seeds of Turnera ulmifolia Linn. In: 

Proc, F i r s t  A13. India Congr. Cytol. & Genet. PP, 307- 
311. 

DUMANAOVIC, J, and EFEENBERG, L, 1965. Growth inhibit ion in 
~ e r e a l  seedlings induced by gamma i r radia t ion  a t  
different  oxygen tensions, Radiat. Bat, 2: 307-319. 

EHRENBERG, Lo 1955. Studies on the mechanism of action of 
ionizing radiations i n  plant seeds, Svensk, Kern, Tidskr. 
67: - 207-224. 

EHRENBERG, L, 1971. Higher plants. In: Chemical Mutagens, 

Principles @ methods fo r  the i r  detection. (~d. 
H. ~o l laender )  Vol, 2, ppr 365-386.. Plenum Press, 
New York. 

ELKELES, A, 1962, Calcium and i ts  relationship t o  radiosensi- 

t i v i t y  and cancer, Nature  ondo don) 193: - 1089. 

EGKEREDY, MoSo, ABD-ALLA, S.A. and EL-AISHY, S, 1975, Effects 
of gibberellic acid on mitotic act ivi ty,  root and s h o ~ t  
growth of wheat grown from seeds i rradiated with gamma 
rays, Egypt J, Genet, Cytol. 2: 317-323, 



FAUTRIER, A.G. 1976, The influence of gamma irradiation on dry 

seeds of Lucerne cv, Wairau - I, Observations on the 
M1 generation. Environ, Exp. Bot, - 16: 77-81. 

FOARD, D,E, and HABER, A,H, 1961. Anatomic studies of gamma- 
irradiated wheat growing without c e l l  division, Am. 

J, Bot, - 48: 438-446. 

FOSTER, A S .  1938, Structure and growth of the shoot apex in  
Gink o biloba Bull, Torrey Bot. Club 65: 533-556, R -. - 

'~FUTII, T, and ,MATSUMARA, S. 1958. Radiosensitivity i n  plants. 

I. Determination of -50 i n  cultivated plants. Jap. 

J, Genet, 22: 389-397. 

GANDHI, R, 1978, Agronomic evaluation of some new introductions 
of Solanum khasianum, Indian Drugs - 16(2) : 46-48, 

GARG, O.K. 1972, Effect of pre-sowing gamma irradiated seeds i n  
relation t o  the germination behaviour of Indian colza 
( ~ s a s s i c a  campestris L, var, sarson  rain) , Indian J. 
Agric, Sci, 42: 553-556, 

GAUL, Ho 1964, Mutations i n  plant breeding. Radiat, Bot. 2: 
155-2320 

GAUR, B,K. and NOTANI, N,K, 1960, Effects of gibberellic acid 
on the radiation-stunted seedlings of maize, Int,  J, 

Rad, Biol ,  2: 257-259. 

GROSH, N o  and SEN, S, 1978, Assessment of radiosensitivity 
from germination of jute seeds, Biol ,  Plant, ( ~ r a h a )  

20: 268-273, - 
GILL, L.S, 1972, Chromosome numbers i n  west-Himalayan bicar- 

pellate species, 11, B d l o  Torrey Boto Club B: 36. 

GORDON, S.A, 1957, The effect of ionizing radiation on plants. 
Biochemical and physiological aspects, Quart. Rev. 

Bi01o z: +14m 



GORDON, S.A. and WEBER, RePo 1955. Studies on t h e  mechanism 
of phytohormone damage by ioniz ing radia t ion,  I, The 

r ad iosens i t i v i t y  of indole  a c e t i c  acid, P l an t  Physiol, 

2: 200-210, 

GRAHAM, E,T, 1972, Vacuolar inclus ions  and condensed nucle i  i n  
t h e  shoot apex of maize a f t e r  r i r r ad i a t i on ,  Radiat. 

Bot, - 12: 407-409. 

GRAY, L.H. 1954, Some c h a r a c t e r i s t i c s  of b io log ica l  damage 
induced by ionizing rad ia t ions ,  Radiat, Res. 1: 189-213, 

* 
GRAY, L,H, and SCHOLES, M.E. 1951, The e f f e c t  of ioniz ing 

rad ia t ions  on the  broad bean root,  P a r t  V I I I ,  Growth 
rate s tud ie s  and h i s to log ica l  analyses, B r i t ,  J, 

Radiol, 24: 82-92, 176-180, 228-236, 285,291, 348-350. 

GROVER, 1,s. and DHANJU, M,S, 1979, Effect  of gamma i r r a d i a t i o n  
on t h e  germination of Papver somniferun and rhoease 
Indian J, P1, Physiol. 22: 75-77. 

GUNCKEL, J O E ,  1957. The e f f e c t  of ioniz ing r ad i a t i on  on plants:  
morphological e f fec t s ,  Quart ,  Rev, Biol,  32: 6-56, 

GUNCKEL, J,E, 1965, Modifications of p l an t  growth and develop- 
ment induced by ioniz ing radiat ions,  In: Ehcycl, 
P lan t  Physiol; (~d, We ~ u h l a n d )  XV p t ,  2: pp* 365-3879 
SpringerVer lag,  Berl in,  

GUNCKEL, 3.E. and SPARROW, A,H, 1954. Aberrant growth in p lan t s  
induced by ioniz ing rad ia t ion ,  In: Abnormal and patholo- 
g i c a l  p l a n t  growth, Brookhaven Symposia %n Biology, 

No, 6, 1252-1279, Upton, N.Y.: Brookhaven National 
Laboratory, U.S.A. 

GUNCKET,, J.Ee and SPARROW, AeH, 1961. Ionizing radiat ions:  
Biochemical, physiological  and morphological aspects  of 
t h e i r  e f f e c t s  on p lan t s ,  In: Encycl, Plant Physiol, 
(EL We Ruhland) XVI: pp, 555-611, SpringercVerlag,Berlin. 



GUNCKEL, J.E., SPARROW, A.H., MORROW, I.B, and CHRISTmSEN, E, 1953. 

Vegetative and f l o r a l  development of i r radiated and non- , 
irradiated plants of Tradescantia paludosa, Am. J. Bat. 40: 
3 1 7-332 

GUPTA, M.L., JANARDHANA, K.K. and HUSSAIN, A, 1979. Pythim leaf 
blight of Solanaum khasianm. Indian Phytopathol, z: 126, 

GUPTA, M.N., NATH, P. and DATTA, S,K, 1979. Effects of gamma rays on 
. Mentha - c i t r a t a  Ehrh, Indian Perfum, 3: 42-46, 

HABER, A.H. and LUIPOLD, H.J. 1959, Dormancy resulting from gamma: 
i rradiat ion of le t tuce seed, Int ,  J, Radiat, Biol, 1: 317- 

327, 

HABER, A.H. and LUIPOW, H,J. 1960, Effect of g i b b e r e l m  on gamma 

irradiated wheat, Am. J. Bot. 42: 140-144 

HALL, R,H, 1973. Cytokinins as a proble of developmental. processes, 
Ann, Rev, Plant Physiol. 24: 415-444. 

HAZARIKA, H.N. and BORA, A,C, 1976, Effect of variation of spacing 
fo r  growing Solanum khasianum Clarke on the yield of 
berries, Indian Drugs, Pharm, Ind, - 1 l(4) : 12-16, 

HAZAFUKA, J.N., BORDOLOI, D.N, and BORA, A,C, 1978, J-30, an 

improved s t ra in  of Solanutn khasianum Clarke as a source of 
solasodine, Agric. Agro-Ind, J, 11: 9-12, - 

HESLOP-HARRISON, J. 1957, The experimental. modification of sex 

expression i n  flowering plants, Bio l .  Rev, 32: 38-89, 

HESS, D. 1975, Plant Physiology. Narosa Publishing House, New 
Delhi, 

HIREMATH, P,C,, KHAN, A,N,A, and JANARDHAN, A. 1980. Alternaria 
f r u i t  r o t  of - Solanurn khasianum i n  India, Curr. Sci, 49: 743, 

HOLMSEN, T.W., TEAS, H.J, and KOCH, A,L, 1964. Inhibition of 

geotropism by ionizing radiations: Reversal of the inhibi- 
t ion  by auxins, Radiat, B o t ,  4: 413-416, 



* 
HOOKER, W , J , ,  ISLEIB, D.R. and DUNCAN, D.T. 1958. Control of 

storage ro t  of potatoes by gamma irradiation, Quarto 

Food Cont, Inst, Rept. S-558. 

HOSSAIN, M, 1973, Observations on stylar heteromorphisrn i n  
Solanurn ~OJXWII Sw. (~olanaceae) Bot. J. Linn. Soc. a: 
291-301, 

HUSSAIN, H, and KHAN, M.1, 1971, Effect of gamma radiation on 
growth, protein and nucleic acid metabolism of wheat 
seeds, Pak, J, Biochem, - 4: 61-66. 

IBRAGINOV, A.P.,  IBFUGINOV, Sh, I, and ZAKIROV, A, 1961, EXf ect 
of gamma rays on the growth, development, productivity 

and o i l  content of the seed of cotton, Akad. Nauk. 
Uzbek, SSR. (~ashkent) 2: 424-428. 

INOUE, M, ,  HASEGAWA, H, and HOFU, S. 1980. Glucose metabolism 
i n  gamma irradiated r ice  seeds. Environ, Exp, Bot ,  20: 
27-30, 

IQBAL, J. 1969, Radiation induced growth abnormalities in 
vegetative shoot apices of Capsicum mum L, i n  rela- 
t ion t o  cellular damage, Radiat, Bot, 2: 491-499. 

IQBAL, J, 1970, Recovery from cellular damage i n  vegetative 

shoot apices of Capsicum annuum L, af ter  acute gamma 
irradiation, Radiat, Bot, 2: 337-343. 

IgBAL, J, 1980. Effects of acute gamma irradiation, develop. . 

mental stages and cultivar differences on growth and 

yield of wheat and sorghum plants, Environ, Exp. Bot. 
20: 219-232, - 

ISMAU;, W,,  J O H R I ,  J.K., ZAIDI ,  A,A, and SINGH, B.P. 1979. 
Influence of root-knot nematode, Tobacco Mosaic Virus 

and complex on the growth and carbohydrates of Solanum 
khasianum Clarke. Indian J. Exp. B i o l ,  g: 1266-1267, 



JANAKIAMMAL, E.K, and BHATT, B, 1971, Induced tetraploidy i n  
Solanum khasianum Clarke, Proc, Indian Acad, Sci, E B :  

98-101, 

JOHANSEN, D.A, 1940, Plant microtechnique, McGraw H i l l  book 
company, New York, 

JOI-UISTONE, G,R, and KLEPINGER, F,W, 1967, The effects of gamma 

radiation on germination and seedling development of 
Yucca brevifolia Engeb, Radiat, Bot, 2: 385-388.1 - 

J O H R I ,  B.M.9 SASTRI, DOC, and SHNANNA,K,R, 19'77. Pollen 
viability,  storage and germination, In: Advances in 
pollen-spore research, 11: 1-20, 

JONARD, R, ,BAYONOVE, J, , RAVELWANA,  D, and RIEDEL, M. 1979, 
Cytokinins and radiorestorations of vegetable and 
tumoral tissues, Environ, Exp, Bot, s: 13-26, 

JONES, R,L, 1973, Giberrelins: Their physiological role, Ann. 
Rev, Plant Physiol, 24: 571-598, 

KAHAN, R,S. 1969, Differential effects of small doses of 
ionizing radiation on the growth of onion seed and 
bulblets and on crop yields, Radiat. But;, 9: 175-178, 

KAHAN, R,S, 1973, Increased vegetative and generative plant 

growth induced by pre-sowing treatment of seeds wi th  

N s m a l l t l  >radiation doses, In: Proc, of the 
regional conference on radiation protection, Jerusalem. 

(~ds.  Y, Feige and T, ~chlesinger) ,  pp, 412-424. 

Israel Atomic Energy Commission, Soreq Nuclear Research 
Centre, Yavne. 

KAHAN, R,S, 1974, Accelerated and increased development of 
inflorescences in  tomato plants f r m  irradiated seeds, 
Radiat, Bot. - 14: 257-262, 



KAHAN, R.S, , PADOVA, Re and ROSS, I, 1972, E a r l j j  nlaturation 
of tomato f r u i t s  following presowing irradiat ion of 

seeds (abstr.), Radiat. Res. 2: 534. 

KAMMATHY, R.V., CHAUDHURI, R.H.N. and KAYAL, R.N, 1971, 
Pharmacognostic studies on the genus Sobnun Linne 
Par t  I, Bull. Bot. Surv. India s: 224-235. 

KAPOOR, M,L, and DATTA, S,C, 1967, Use of ionizing radiations 
fo r  improvement of medicinal and aromatic plants, 
Perfumery and Essential o i l  Record  o on don) z: 442, 

KATIYAR, ROB, and ROY, S,K, 1973, Studies on the effect  of 

gamma-rays on the vegetable crop plant t inda ( ~ i t r u l l u s  

lanatus var, f is tulosus (stocks) Nair Comb. NOV,) J. 
R e s ,  B.HeU, 3: 123-127. 

KATYAYANI, M., RAO, D,, RAO, S, and KFUSHNA MURTHY, P, 1980, 
Gamma irradiat ion induced physiological va r iab i l i t i e s  
i n  Phaseolus - aureus Roxb, J, Indian bot, Soc, Zq: 153- 

156, 

KAUL, B.L, and CHOUDHURY, D,K, 1975, Radiation induced 
polygenic mutations i n  Atropa belladonna. In: 
Advancing f ront iers  i n  cytogeneti'cs i n  evolution and 

improvement of plants. ( ~ d ,  P, ~achroo) ,  pp. 204-207. 
HindustBn PubUshing Corporation (1ndia) , Delhi. 

KAUL, B.L. and KAK, SN. 1975. Improvement of Mentha amensis 
L, through induced mutations, In Advancing front iers  
i n  cytogenetics i n  evolution and improvement of plants, 
( ~ d .  P, ~achroo) , pp. 189-195. Hindustan Publishing 
Corporation (India), Delhi, 

KAUL, B,L, and ZUTSHI, U, 1974, Improvement of solasodine i n  
Solanum khasianum through induced mutations, Indian 

J, Genet, &A: 1204-1209, 



KAUL, B O L O  and ZUTSHI, U. 1977, Cultivation of Solanum 
khasianum Clarke fo r  steroids: Problems and Promises, 
In: Cultivation and ut i l iza t ion  of medicinal and aroma- 
t i c  plants. (&. C.K. Atal and B.M. ~ a ~ u r ) ,  pp. 23-31 * 
C .S .LOR, Regional Research Laboratory, Jammu-Tawi. 

KAUL, B,L,, SINGH, C, ,  ZUTSHI, U. and DHAR, KeLe  1973, Radiation 
effects  on growth and concentration of total. alkaloids 
in  Datura -- metel L, Indian J. Exp, Biol. 2: 133-134. 

KHANNA, K.R, and MURTHY, A,S, 1972, Effect of f r u i t  stage and 

maturity on the glyco-alkaloid content i n  Solanum 

khasianum. Planta Med, 21: 182-187, 

KHANNA, P, , AMIN UDDIN, SHARMA, G.L., MANOT, S.K, and RATHORE, 

A.K. 1976. Isolat ion and characterization of sapogenin 
and solasodine from in  v i t r o  t i ssue  cultures of some 
solanaceaeous plants, Indian J, Exp, Biol, 2: 696, 

KHANNA, V,K, and MAHERCHANDANI, N, 1980, Effect of gamma 

irradiat ion on the ac t iv i t i e s  of adenosine ,triphosphatase 
and inorganic phosphatase i n  gram seedlings, Curr, Sci., 

9: 176-179, 

KHARBTENG, J.S. and CHAUHAN, Y.S. 1979, Ethrel induced inhibi- 

t ion  of p i s t i l  in Solanum indicm L, Curr. Sci. 3: 
8 1 9-820. 

K I L L I O N ,  DODO, CONSTANTIN, M,J. and SIEMER, E.G. 1971, Acute 

gamma i r radia t ion  of the soybean plant: Effects of 
exposure, exposwe ra te  and developmental stage on 
growth and yield. Radiat. B o t ,  11: 225-232. - 

-IN, R,M, and KLEIN, D,T, 1971, Post-radiation modulation of 

ionizing radiation damage t o  plants, Bot, Rev, a: 
497-536 



KOKATE, C.K, and RADWAN, S.S. 1978, Steroidal glycoalkaloids 

i n  tissue cultures of Solanm khasianum during organo- 

genesis. Planta .---- Med, 33: 301, 

K O N M ,  R.N, 1958, Effect of IAA and kinetin on pollen tubes of 

Pinus roxburghii C u r r ,  Sci. 2'J: 216-217, - 
KDTHFRAR, V.S. 1977. Effect of garma irradiation on MI 

parameters i n  the diploid Solanm nigrm Linn,  In: f Recent trends and contacts between cytogenetics, 

embryology and morphology, (Ed% VoR* Dnyansagar, P.K. 
Deshpande and MOD, ~adhye) pp, 97-103, Today & 

Tomorrow' s Printers & Publishers, New Delhi, 

KRISHNMPA, DOG,  1968, Meiotic behaviour i n  non-tuberif ~ o u s  

species of Solanum. Cellule 6J: 163. 

KRISHNA PRASAD, K.S,, SIDD-, A.L. and W D E ,  R,K, 1980, 

Note on the association of Corticium r o l f s i i  and 

Meloidomne incognita in the w i l t  complex of 2, khasianum, 

Indian J, Agric, Sci, 50: 454, 

KUEI-INERT, C.C, 1962, Cytological and morphological changes 

induced in tomato as a result  of thermal neutron 

irradiation, Radiat, Bot, 2: 81-88, 

KUSHARI, D,P. and CHATTERTEE, S.K. 1976, Possibility of 

cultivation of Solanum khasianum by stem cuttings. C u r r .  

Sci, - 45: 705-706~ 

KUZIN, A.M., UZORIN, E,K, and CHIRKOVSKII, V.1. 1963. An 
investigation of remote after-effects of gamma-ray 

irradiation of seeds of some Nicotiana species, 

Radiobiologia 2: 903-908, 

LAHA, M,K, and BASU, P,K, 1980. Positively photoblastic nature 

of seed germination i n  Solanum khasianm Clarke, 

Geobios 1: 262-263, 



LAPINS, K.0, and HOUGH, L.F, 1970, Effects of gamma rays on 

apple and peach leaf buds a t  different stages of 

development - I1 Injury t o  apical and axillary 

meristems and regeneration of shoot apices, Radiat, 

Bot. 2: 59-68, 

* 
LATARJET, 3, and GRAY, L,H, 1954. Definition of the terms 

"protection" and l'restorationfl Acta, Radiol. 41: 61-62. 

*LEOPQLD, A.C. and KLEIN, WeH. 1952. Maleic hydrazide as an 
antiauxin, Physiol, Plant. 2: 91-99, 

LOCKHART, J .A, 1961 , Intezactions between gibberellin and 

various environmental factors on stem growth, Am. J o  

Bo t ,  - 48: 516-525, 

MAHERCHANDANI, N, 1976. Stimulation of germinatison by gamma 

radiations of the dormant seeds of Avena f atua Lo Curr, 

Sci, 5: 629-630. 

MAITI ,  P ,C, , M O O K E R J U ,  S, and MATHEM, RO 1965, Solasodine from 
Solanum khasianum, J o  P h m o  Sci, 2: 1828-1829. 

MAITI,  P e C e ,  MOOKERJEA, So, MATHEW, Rm and HENRY, AoNm 1964, 

Solanm khasianum var, chatterjeeanum Sengupta: The 

richest source of solasodine, Curr, Sci, 22: 730, 

MALIK, C,P, and CHHABRA, N o  1976, Hormonal regulation of pollen 

germination and pollen tube elongation i n  Arachis 

hypogea Reitz. Proc, Indian Acad. Sci. &(3) : 101-108. 

PIALIK, S o ,  MAHMOOD, A,, ROMNJIA, B, and MALIK, N A ,  1977. 

Effect of cobalt-60 gamma radiation on the growth and 

alkaloidal contents of medicinal plants: 2, Papaver 

somniferum (~apaveraceae) , Pak. J o  Sci. Ind. Res, 20: 
285-287, 

MALTSEVA, S, 1978, Effect of pre irradiation of pepper seeds 

w i t h  6 0 ~ o  Y-rays, Radiobiologia 18: 152-155. 



MARTIN, F.W. 1972, S te r i l e  s tyles  i n  Solanum mammomme 
Phyton 29: 127-134, 

MATHEN, T, and GAUR, B,K, 1975. Breaking dormancy i n  cocklebur 
(~anthium stramonium) seeds w i t h  gamma radiation, 

temperature and l ight  treatments, Indian J, Exp, 
13: 45-48. - 

MATHUR, P,B. 1965, Reversal of some effects  of gamma irradia- 
t ion  by the ethylester of gibberellic acid, Nature 
 o on don) a: 212-213. 

MATSUO, T, and ONOZAWA, Y, 1961, Mutaticns induced i n  r i ce  by 

ionizing radiations and chemicals. In: Effects of 
ionizing radiations on seeds, Proc, of the Symp. on the 
effect of ionizing radiations on seeds and the i r  
significance for  crop improvement, pp, 495-502, Karlsruhe, 
1960, I o A e E o A e ,  Vienna, 

MAZUMDAR, JON., MAITY, Be,  BWTTACHARYA, NeK.9 SAMADDAR, KoR, 

and GJOSE, M.Re 1977. Root knot and w i l t  of Solanum 
khasianum caused by Meloidogyne incognita, Plant D i s .  

Reptr, - 61: 806, 

McLEOD, A, 1975, The control of growth of tomato pollen. h, 
Bot,  ondo don) 39: 591-5960 

* 
MEISETMAN, S.G, 1956, The effects  of chronic gamma radiation 

upon two species of Nicotiana and the i r  interspecific 
hybrid, Ph.D. Thesis, Rutgers. The State  University, 
New Brunswick, N, J. 

MERGEN, F, and THLEZIGES, B.A. 1966, Effects of chronic 
60 exposures t o  Co radiation on Pinus r igida seedlings. 

Radiat, Bot, - 6: 203-210, 

MEHRA, P,N, and GILL, L.S. 1968. IOBP Chromosome number 
reports XVI, Taxon 17: 203, 



MICHEGBRIAND, Ye 1978, Mechanisms of ant ibiot ic  activity:  
Some examples, C,R, Seances, Soc, Biol, F i l e  z: 
609-627, 

MICKE, A. 1961. Comparison of the effects of X-rays and thermal 

neutrons on viabi l i ty  and growth of sweet clover 

( ~ e l i l o t u s  albus) a f te r  ionization of dry seeds, In: 
Effects of ionizing radiations on ,seeds, Proc. of the 
Symp, on t h e  effect  of ionizing radiations on seeds and 
t he i r  significance fo r  crop improvement. pp, 403-410, 

Rmlsruhe, 1960, I,A,E.A., Vienna, 

MIKHAILOV, O.F., BESSONOVA, V,P, and KORYTOVA, A.I. 1978, Effect 
of kinetin and X-ray i rradiat ion on growth processes and 

accumulation of pigments in  pea seedlings. Fiziol. 

Biokhim, Kultt,  R a s t ,  10: 70-76, 

MIKSCHE, J,P, , SPARROW, A,H, and ROGERS, A,Fm 1962. The effects 

of gamma irradiat ion on the apical meristem and bud 
formation of Taxus media, Radiat, Bot, 2: 125-129. 

MISRA, C,P/I., SINGH, R,P, and PANDEX, A,K, 1979, Effect of gamma 
irradiat ions on germination and seedling growth i n  
Cyamopsis te tra~onoloba Taub. Geobios 6: 344-346. 

MITAL, S,P,, ISSAR, S,C., KIDWAI, M.A, and S-A, DeBe 1972. 

Improvement i n  Japanese mint (plentha arvensi s L. var. 
piperascens ~olmes) through gamma-irradiation, Indian 
J, Agric, Sci, 42: 550-553, 

MITRA, K, '1966, The chromosomes i n  Solanum khasianum VEU', 

chatter3eeanum Sengupta, Sci, Cult, 2: 143-144, 

MITRA, K, 1967, The significance of karyotype studies in 
relat ion t o  speciation i n  some solanaceous species, 
Bull, Bot, Soc. Beng, 21: 75-80. 



MITM, S, and KUSHARI, D,P, 1980, Germination behaviour of 

seeds of S o l a m  khasianum Clarke, Proc, 67th Indian 

Sci. Cong,: Par t  I11 Section V I :  Botany Abst, No, 209, 

pp. 790 

MITRA, S, and KUSHARI, D.P, 1981. Effect of 2,4-D (2-4 

dic hlorophenoxy srcetic acid) on the germination behaviour 

of seeds of Solanum khasianum Clarke, Proc, 68th Indian 

Sci, Cong,: Part  I11 Section V I :  Botany Abstr. No. 275, 

pp* 109-110. 

MIYAZAKI, S, 1968, On the germination and growth of the orchid 

seeds irradiated by gamma rays, Agr. B u l l .  Saga. Univ, 

3: 101-716. 

M O W ,  K, 1970, Morphological studies i n  Solanaceae - V I .  The 

development of ovule and embryosae i n  Solanun khasianm 

Clarke. Agra Univ. J. Res. (science) s: 39-44, 

MUJEEB, K,A, 1974, Gamma-frradiation induced variation i n  some 
morphological and nutr i t ional  components of Cicer 

arietinum L, cv, Chhola, Experientia 2: 891-892. 

MUJEEB, K,A, and GmIG, J,K. 1976, Growth stimulation i n  

Phaseolus vulgaris L. induced by gamma irradiat ion of 

seeds. B i o l .  Plant. (~ rague )  18: 301-303. 

MURTHY, A,S.  1976, Alkaloid dis tr ibut ion i n  the f ru i t  of 

Solanum khasianum, C u r .  Sci, - 45: 314. 

MURTHY, U,R, and ABRAHAM, K, 1975a, Heterostyly i n  Solanum 

khasian.um Clarke, C u r r .  Sci, 44: 525, 

MURTHY, U.R. and ABRAHAM, K,  1975b. Spineless mutant in Solanwn 

khasianum Clarke, Curr, Sci, 44: 718. 

PAL, BOP, and SINGH, H,B, 1943. Floral  characters and fruit 

formation i n  the egg plant, Indian J, Genet. P1, Breed, 

2: 45.580 



PAL, S,, and SINGH, K,K, 1979, A study of blossom biology i n  

Solanurn khasianum Clarke, Indian For. '105: 746-749, 

PANDN, K.N., SABHARWAL, P.S, and KEMP, T,R, 1978. Cell division 

factors (~ytokinins)  from irradiated plant t issue,  I\lature 

 ondo don) . - 271 : 449-450, 

PATEL, ,J,D, and SHAH, J.J. 1974, Effect of gamma irradiat ion on 

seed germination and organization of shoot apex i n  
Solanum melongena and Capsicum annuum. Phytomorphology 

24: 174-180, - 
PATIL, Rep, 1967, Effect of gamma rays on germination i n  Solanum 

khasianum Clarke, Curr. Sci, 36: 131, 

PATT, H.M. 1953, Protective mechanisms in ionizing radiation 

injury. Physiol, R e v s ~ z :  35-76, 

PFAHLER, P,L. 1967, Fer t i l iza t ion  ab i l i ty  of maize pollen 
grains. 111. Gamma i r radia t ion  of mature pollen. 

Genetics z: 523-530. 

PFAHLER, P.L. 1970. Reproductive characteristics of Zea mays L, 
plants produced from gamma-irradiated kernels. Radiat. 

Bot, - 10: 329-335, 

PFAHLER, P,L. 1971. In  v i t ro  germination and pollen tube growth 

of maize ( ~ e a  mays L,) pollen, V, Gamma i r radiat ion 

effects. Radiat, Bot. 11: 233-237. 

PFAHLER, POL, 1973, In  v i t ro  germination and pollen tube growth 

of maize (Zea mays L.) Pollen - V I I .  Effects of - 
ul t raviole t  irradiation, Radiat, Bot, 2: 13-18. 

PINGLE, A.R, and DNYANSAGAR, V,R, 1979. Induction of germina- 

t ion i n  Solanurn, Curr, Sci. 48: 449-450. 

POPHAM, R.A, 1952, Developmental plant anatomy, Long. Columbus , 
Ohio* 



PORTER, N.G. and GIWORE, H.M, 1976, Germination studies of 

the seed of Solanum laciniatwn A i t ,  and S. aviculare 
Forst, N . 2 ,  J, Exp, Agric, - 4: 343-345, 

PRASAD, A, 1976, Pollen germination and pollen tube growth with 
special reference t o  hormones treatment i n  loquat, 

Abstract in: Physiology of sexual reproduction i n  higher 
plants, Ludhiana, India, pp. 26, 

PRASAD, A,B, and GODWARD, M.B.E. 1975, Comparison of the 

developmental response of diploid and tetraploid Phalaria 
following irradiat ion of the dry seed. V, Germination, 

survival and length of root and shoot. Cytologia 40: 
535-542, 

PRATT, C, 1959, Radiation damage i n  shoot apices of concord 

grape, Am, J, Bot, &: 103-109. 

PRATT, C, 1963. Radiation damage and recovery i n  diploid and 
cytochimeral variet ies  of apples, Radiat, Bot. 2: 193- 
206. 

PRATT, C. 1967. Axillary buds i n  normal and irradiated apple 
and pear, Radiat. Bot, 2: 113-122, 

PRATT, C, 1968, Radiation damage i n  shoots of sweet cherry 

 runus us - avium I,.). Radiat. Bot. 8: 297-306. 

PRATT, c., EINSET, J, and ZAHUR, M, 1959, Radiation damage i n  

apple shoot apices, Am. J. Bot, 46: 537-5440 

RAGHAVAN, V. and BARUAH, H.K, 1956, On factrors influencing 

f ru i t -se t  and s t e r i l i t y  i n  a recent 11, Germination of 

pollen grains and growth of pollen tubes under the 
influence of certain auxins, vitamins and trace elements. 
Phyton (Argentina) 1: 77-88. 



RAGHAVAN, V, and BARUAH, H,K, 1959, Ef fec t  of t i m e  f a c t o r  on 
the  s t imulat ion of po l len  germination and pol len  tube 

growth by c e r t a i n  auxins, vitamins and trace elements, 
Physiol,  P1, - 12: 441-451, 

RAI ,  R, and SINGH,  R.P, 1976. Ef fec t  of gamma i r r a d i a t i o n  on 
guar ( ~yamopsis  tetragonoloba ~ a u b ,  ) - General growth 
morphology and shoot apex organization. New Botanist  
2: 104-110, 

RAJPUT, M,Am 1971. Morphological var ia t ions  i n  mung ( ~ h a s e o l u s  

aureus) induced gamma i r r ad i a t i on ,  Pak. J. Sci. Ind. - 
Res, - 14: 400, 

KISHAN, SOHI, H a s ,  and U O ,  M.V,B. 1980. Two new c o l l a t e r a l  

hosts  f o r  Pseudomonas solanacearum. Curr. Sci ,  &: 639. 

RANGARAJU, R. and CHENULU, V,V, 1974. Studies  on a v i m  inci -  
t i n g  mosaic d isease  i n  Solanurn khasianum Clarke. Indian 

J. Expo Biolo 2: 356-3590 

RANGARAJU, R, and CHENULU, V,V, 1975, Ef fec t  of Solanum 

khasianm mosaic v i r u s  on ce r t a in  growth characters  and 

a lka lo id  content of i t s  host, Acta Phytopathol. Acad. 
Sci ,  Hung. 2: 237-243. 

RAO, P.S., HARADA, H, and BAPAT, V.A. 1976, A comparative 
study of d i f f e r e n t i a l  r ad iosens i t i v i t y  of seeds, 
seedlings and t i s s u e  cultures of the Japanese morning 
glory    habiti is nil). P l a n t  C e l l  Physiol,  111: 119-125, 

RATHORE, A,K,, S-, KoP. and SHARMA, G,L, 1978. A reinves- 
t i g a t i o n  of t he  s t e r o i d s  and s t e r o i d a l  a lkaloids  of 
Solanum indicum L. Bangladesh Pharm, J, 2: 10-1 1, 

RAVINDRAN, S. and CHAUHAN, Y.S, 1980, Studies  i n  the  reproduct- 

i v e  biology of a lka lo id  yie lding Solanuas, I, Tempera- 
t u r e ,  sucrose and boron requirements f o r  pollen germin* 
t i o n  and pol len  tube elongation. J. Palynol. '%(1&2) 

( in  press) .  



REDDY, N.P, and BAKADUR, B, 1977, Flower morphism and s t e r i l e  

s ty les  i n  Solanum surattense Burm, F, Geobios 4: 103-105, 

ROMANI, R.J, 1966, Biochemical responses of plant systems t o  
large doses of ionizing radiation, Radiat. Bot, 6: 
87-104, 

RUDOLPH, T=D. 1971. Gymnosperm seedling sensitivity to gamma 
radiation: Its relat ion t o  seed radiosensit ivity and 
nuclear variables. Radiat, Bot. 2: 45-51. 

RUDOLPH, T,D, 1972. Mutation breeding i n  fores t  trees. In: 
Mutation Breeding Workshop, January 17-18, University of 
Tennessee, Agricultural Campus, Knoxville, T e ~ e s s e e .  

SADOWSKA, A. 1979. Quantitative changes i n  peppermint (Mentha 

p iper i t a  L.) essential  o i l  induced by irradiation. 
Planta Med. 36: 285. 

SAINI, A,D. 1966, Alkaloidal content of Solanum khasianum Clarke, 
Curr. Sci. 35: 600, 

SAINI, A.D, and BISWAS, ROC, 1967. Studies on the physiology of 

Solanum khasianum Clarke. 11. Effect of different sowing 
dates on growth and development. Indian J, Plant " 

Physiol, 10: 36-43. 

SAINI, A.D., MUKHERJE, M e  and BISWAS, R.C, 1965. Studies on the 
Physiology of Solanun khasianum Clarke I. Observations on 
i t s  growth and glycoalkaloid (solasonine) content under 

cultivation. Indian J, Plant. Physiol. g: 103-112. 

SARIC, M, 1961. The effects of i r radiat ion i n  relat ion t o  the 

biological traits of the seed irradiated, In: Effects 
of ionizing radiations on seeds. Proc, of the Symp. on 
the  effects  of ionizing radial;ions on seeds and the i r  
significance fo r  crop improvement. pp. 103-1 16. 
Karlsruhe, 1960, 1. A, Em A,, Vienna, 



SARIC,  M,, CURIC, Re, CERIC, I and KADZIJm,D, 1961. 

Effects of gamma irradiation of some variet ies of wheat 
seed on the morphophysiological characteristics of t h e  

seedlings, In: Effects of ionizing radiations on seeds. 

Proc, of the Symp, on the effects of ionizing radiations 
on seeds and their  significance for  crop improvement, 

pp, 103-116, Karlsruhe, 1960, I.A,E,A,, Vienna. 

SARKAR, L,, MAJUMDER, M.K., SENGUPTA, T o K o  and BANWEE, SoPo 

1977@ An estirnate of genetic divergence between some 

solanaceous species of medicinal importance, Indian 
Agric, 21: 129-136, 

SATO, Y e ,  MILLER, H,Ke and MOSETTIG, E. 1951, Degradation of 
solasodine, J, her ,  Chem, Soc,, 3: 5009. 

SAX, K. 1955. The effect of ionizing radiation on plant growth, 
Am, J. Bot. 9: 360-364. 

SAX, K, 1963, The stimulation of plant growth by ionizing 
radiation, Radiate B o t ,  2:  179.1186, 

SEETKARAM, A, and SRINIVASACHAR, D o  1976, Effects of acute 

gamma irradiation on linseed. Genet, Iber, 28: 157-168. 

SELENINA, L,V, and STEPANENKO, 0,G. 1979, The effect of pre- 

sowing gamma irradiation on the productivity of 

Matricaria recutita and the content of active substances 
i n  the raw material, Rastit,  Resur, a: 91-98. 

SETHWATHI, RoRo 1976, A note on the induced variations in  

chil l ies ,  Curr, Sci, 45: 69, 

SHAMSI, S.R,Ae and BAJWA, R,S, 1978, Radiation stimulation of 
growth and yield of pea Pisum sativum L, Indian Exp. - 
B i o l ,  - 16: 1152-1 157. 



SHAMSI, S,R.A, and SOFAJY, S,A.  1980, Effects of low doses of 
gamma radiation on the g.rowth and yield of two cul t ivars  
of broad bean, Environ, E x p ,  Bot ,  20: 8 7 ~ 9 4 ~  

SHARfUi, BeDo 1974. Contribution t o  the palynotaxonomy of genus 
Solanurn Linn,  J, Palynol. 10: 51, 

SHARMA, NOS, and VARGHESE, S, 1980, Solanum khasianum Clarke and 
i t s  solasodine content, Indian Drugs 18: 1-7. 

SHARMA, N.S., VARGHESE, S., DESAI, J, and CHINOY, JoJo  197g0 

Biosynthesis of solasodine i n  developing berries of 
Solanurn khasianurn Clarke, Indian J o  Exp. Biol ,  x: 
224-225, 

SIDERS, E,G,, KLEINHOFS, A, and NILAN, R,A. 1969, Destruction 

of a biological ac t iv i ty  of gibberell ic acid by low 
doses of ionizing radiation, Radiat. Bot, 2: 349-351, 

SILINI, G, ( a). 1967. Radiation Research, North Holland, 
Amsterdam, 

SILVEIRA, .M.A.V, and HELL, K a G o  1977, Gibberellic acid effect  

on the growth of Phaseolus vul~aris L. plant lets  from 

gamma irradiated seeds. Bol. Botanica, Univ, SI Paulo 
2:  53-56, 

SINGH, B,, KHANNA, K,R, and MURTHY, AoSo 1978, A note on 

genetic variabi l i ty  fo r  gluco-alkaloids i n  Solanum 
khasianum Clarke, Indian J, Hort. 2: 145-146. 

SINGH, BOB, 1974, Effect of gamma i r radia t ion  on growth and 

yield of safflower, In: Symposium on use of radiations 
and radioisotopes in  studies of plant productivity 
( ~ b s t r a c t s )  , Food and Agriculture Committee of the 

Department of Atomic Energy, Government of India. pp.154. 

SINGH, B,P. and CHOWDHURY, 3,B, 1972, Studies in irradiated 
guar, Nucleus 2: 16-22. 



SINGH, C, 1974, Seed germination i n  Datura innoxia M i l l .  

Indian J, Exp, Biol, 2: 291, 

SINGH, C,, BHAN, A,K, and KAUL, B.L, 1974. The role  of some 

physical and chemical agents i n  the  improvement of seed 
germination i n  Datura innoxia, Seed Sci, & Technol, 2: 
42 1-425 

SINGH, H a s o ,  GHANW, A*, HAZARIKA, J .NI ,  GOPINATH, KOWO and 
GANGULY, D. 1972, Studies on Solanum khasianum Clarke 

as a source of solasodine, Abstract in: Third Internat l ,  
Symp, Sub-Trop. Trop, Hort, pp. 54. 

SINGH, RePo, C H A W ,  Y,S, and CHOPRA, So 1980, Effects of gamma 
rays on shoot apex of Ricinus communis L. Abstract in: 

Third A 1 1  India Botanical Conference, J, Indian Bot, Soc, 

Vol. 59 (supplement). pp, 65. 

SKOOG, F, 1934. The effect  of X-rays on growth substance and 

plant growth, Science, 19: 256, 

SKOOG, F, 1935, The effect  of X-radiation on auxin and plant 

growth. J, Cellular Comp. Physiol, 1: 227-270, 

SKOU, J,P, 1963, Changes i n  the permeability of carrot t issue 
due t o  -irradiation and other physical and chemical 
treatments, Physiologia. Plant, 5: 423439, 

%OMIHEIMER, E. and LINSKENS, H.F. 1974. Control of i n  v i t ro  

germination p d  tube extension of Petunia hybrida pollen. 
Proc, K, ned, Akad, van Wet. Ser, C, 11: 116-124, 

SPARROW, A,H, 1960. Uses of large sources of ionizing radiations 
i n  botanical research and some possible pract ical  
applications, In: Large Radiation Sowl"ces i n  Industry 2: 
195-219, I.A,E,A,, Vienna. 

SPARROW, A,H, 1962, The ro le  of c e l l  nucleus i n  determining 
radiosensitivity, BNL 766, Brookhaven Lecture Series No,17, 

PPO 1-24. 



SPARROW, A,H, 1964, Comparisons of the tolerance of higher 
plants species t o  acute and chronic exposures of 
ionizing radiation, In: Proc, of the  conference on 

mechanisms of the  dose ra te  effect  of radiation a t  the 
genetic and ce l lu lar  levels, OISO, Nov, 1964, pp.12-37, 
Publ, by the Genetic Soc, of Japan, 1965. 

SPARROW, A.H, 1966, Plant growth stimulation by ionizing 
radiation, In: Effects of low doses of radiation on 
crop plants, pp, 12-15, Technical Reports Series No.64, 
IaAoEaA, ,  Vienna, 

SPARROW, A,H, and FORRO, Jr, F. 1953, Cellular radiobiology. 

Ann, Rev, nuclear Sci, 2: 339-368. 

SPARROW, A,H, and KONZAK, C,F, 1958, The use d f  ionizing 

radiation i n  plant breeding: Accomplishment and 
U 

prospects. C a m e l l i s  Culture (~d. B.C. T T J ~ )  pp. 425-52. 
The Macmillan Co, 

SPARROW, A.H, and SINGLETON, W,R, 1953. The use of radiocobalt 

as a source of gamma rays and some effec ts  of chronic 

i r radia t ion  on growing plants. Amer, Nat. 87: 29-48, 

SPARROW, A,H,, BINNINGTON, J,P, and POND, V, 1958. Bibliography 

on the effects of ionizing radiations on plants. 

Brookhaven National Laboratory, Upton, N,Y. 

SPARRW, A.H,, CUANY, R,L,, MIKSCHE, J,P, and SCHAIRER, L.A. 

196?a, Some factors  affecting the responses of plants 
t o  acute and chronic radiation exposures. Radiat, Bot, 
1: 10-34, - 

SPARROW, A,H,, CUANY, R.L,, MIKSCHE, JePe and SCHAIRER, LeAo 

1961b. Some factors  affecting the responses of plants 

t o  acute and chronic radiation exposures. In: Effects 
of ionizing radiatioos on seeds, Proc, of the Symp, on 
the effects  of ionizing radiations on seeds and the i r  
significance for  crop improvement, pp.289-320, Karlsruhe 
1960, I.AeE*A., Vienna, 



SPARROW, A.Ho, WCKEL, JOE.,  SCHAIRER, LoAo and HAGm, G,L, 

1956. Tumor formation and other morphogenetic 

responses i n  an amphidiploid tobacco hybrid exposed t o  
chronic gamma irradiat ion,  Am. J, Bot, u: 377-388, 

SPENCER, J,L,  1955, The ef fec t  of x-radiation on the flowering 
of certain cultivated bulbs and corms. Am. J. Bot. - 42: 

9 1 7-920 

SPICER, P.B. and DIONNE, L.A. 1961. Use of gibberellic acid t o  
hasten seed germination of Solanum seed, Nature  o on don) 

187: 327-328. 

STOTZKY, G o  , COX, E.A. GROSS, R O D o ,  WORMICK, R.C. and BADGER, 

A.M. 1964, Some effects  of gamma irradiat ion on seeds 
and rhizomes of Musa. Am. J o  Bot. a: 724-729. 

SUDIATSO, I.S. and WILSON, D,R. 1974, Seed germination of 
Solanum laciniatum A i t ,  N e Z o  J. Agric. Res, 11: 455-458, 

S ~ S S ,  Ao 1966. Effect of low doses of seed i rradiat ion on plant 

growth, In: Effects of low doses of radiation on crop 
plants. Technical Reports Series No, 64: 1-1 1, I.A.E.A., 
Vienna, 

a 
SWAMINATHAN, MoSo and MURTKY, BoRe 1959. Effects of i r radia t ion  

on pollen tube growth and seed se t t ing  i n  crosses 
between Nicotiana tabacum and E, rustica. Z, indukt, 
Abstamm,-u Vererb Lehre 90: 393-399, 

TARAR, JoL. and DNYANSAGAR, VoR. 1977. Effect of gamma rays 

and ethyl methanesulf onate on caffeine content i n  
Turnera O i f o l i a  Linn, var, angustifolia Willd, In: 
Recent Trends and contacts between Cytogenetics, 
Qnbryology and Morphology (Eds. V o R o  Dnyansagar, P.K. 

Deshpande, M O D .  ~adhye)  , pp. 63-68, ~ o d a y  & Tomorrowt s 

Printers  & Publishers, New Delhi. 



TARAR* J .L, and DNYANSAGAR, VoR, 1 980. Mutagen-induced variation 

i n  flowering and f lora l  morphology i n  plants of Twzlera 
W f o l i a  Linn. J. Indian Bot.  Soc, Zq: 164-169. 

TAV~AR,  A. 1966. Stimulating effects of low doses o r  radiation. 

In: Effects of low doses of radiation on crop plants, 
Technical reports Series No, 64: 16-25, IoAeEoAo, 

Vienna, 

TAYLOR, Jr, F.G, 1968. Some effects of acute gamma radiation in 
giant Sequoia seedlings, Radiat, Bat, 8: 67-70. 

TENARI, SON, and CKclNDRA, A. 1975. Effect of gamma radiation 

on germination pollen and ovule s t e r i l i t y  and leaf 
variations i n  mung bean (P haseolus aureus ~ o x b ,  ) Ba1wan-t 

Vidyapeeth agric, Scient. Res, 11: 53-55. 

THAKUR, R.N., and SASTRY, K.S.M. 1971. Studies on mosaic disease 

of Solanurn khasianum, Indian Phytopathol. a: 127-130, 

TORNE, S.G., 1964, Germination of Rauvolfia serpentine Benth, 

seeds, Curr. Sci, 2: 24, 

TORNE, S,G,, and DESAI, R,N.P, 1975. Effect of ionizing 
radiations on seed germination of Passiflora species. 
Curr. Sci, - 44: 112-113, 

UPADHYAY, DON. and BORDOLOI, DON, 1977. Sclerotial r o t  of 

Solanum khasianum Clarke and Solanum mammosum L,: two 
new hosts, C u r r .  Sci, 46_: 349. 

VAN DER DONK, J,A., LIVINGSTON,$ GoK. 9 LINSKEXVS, H.F and VAN DER 

D m ,  Mo 1978, The regulation of pollen tube growth i n  
douglas f i r  following high doses of ionizing radiation. 

Planta - 140 : 283-288. 

VANIT HOF, J, and SPARROW* A.H. 1965, Radiation effects on the 
growth ra te  and ce l l  population kLnetics of actively 

growing and dormant roo t s  of Tradescantia paludosa. J. 

Cell, B i o l o  &: 187-199, 



VARGHESE, S., SHAFNA, N.S., DESAI, J.D. and CHINOY, J.J. 1979. 
Dynamics of solasodine biosynthesis and accumulation 
in Solanum khasianhn Clarke, Indian J, Phann. Sci. 41: 
198-200, 

VENKATESWARLU, S,, SINGH, R,M,, SINGH, ROB. and SINGH, BOD. 

2978. Radiosensitivity and frequency of chlorophyll 

' mutations i n  pigeon pea, Indian J. Genet, Plant Breed. 

: 9-94, 

VERMA, V,S, , SINGH, S, , MISHRA, MOD, and PRAKASH, N, 1972. 
Mosaic disease of a medicinal plant SO&UIM~ khasianum 
Clarke from India. PhytopathoL 2 ,  a: 52-58. 

BIG, B.K. 1969, Studies with 60~o-radiated guar (Cyamo~sis 

tetragonoloba (L,) ~aub.)  Ohio 3. Sci, : 18-30. 

VISWANATHAN, T,V, 1975. Induced tetraploidy i n  four species of 
Solanum collected from south Indian t r ibals .  Abstract 
in: Natl, Syrnp, Recent Adv, Dev. Prod, u t i ,  Med,.Bro. 

P1. C,S. I ,R,  Central Indian Medicinal Plants 
Organization, Lucknow, pp. 16. 

WAKHLOO, J.L, 1975a, Studies on the growth, flowering and 
production of s t e r i l e  flowers as affected by different 
levels of fo l i a r  potassium i n  Solanum sisymbrifolium 

Lam. I, Effect of potassium content of the plant on 
vegetative growth and flowering. J. Exp. Bot. 26: 
425-432. 

WAKHLOO, J.L. 1975b. Studies on the growth, flowering and 
production of female s t e r i l e  flowers as affected by 
different  levels  of f o l i a r  potassium i n  Solanum 
sisvmbrif olium Lam, 11, Interactions between fo l i a r  
potassium and applied gibberell ic acid and 6-furfuryl- 
aminopurine, J. Exp. Bot. 3: 433-440, 



WAREING, P.F. 1977. Growth substances and integration i n  the 

whole plant. In: Integration of act ivi ty i n  the higher 

plant (Ed. D.H. Jennings), pp. 337-3651, Symp. Soc. 
Exp, Biol .  No, 31, London, 

WAREING, P.F, and PHILLIPS, 1,D.J. 1978. The control of growth 
and differentiation i n  plants, Pergamon Press, Oxford, 

WOODSTOCK, L,W, and JUSTICE, O,L, 1967. Radiation induced 
changes i n  respiration of corn, wheat, sorghum and radish 

seeds during i n i t i a l  stages of germination i n  relation 
t o  subsequent seedling growth, Radiat. Bot .  2: 129-936. 

YADAV, V,B, 1980, Effect of some growth regulators on pollen 
germination and pollen tube growth i n  Cassia tora L, and 

C, obtusifolia L, Comp, Physiol. Ecol. 2: 165-168, - 
YAMAKAWA, K, and SPARROW, A,H, 1965. Correlation of Wterphase 

chromosome volume and reduction of viable seed s e t  by 

chronic irradiation of 21 cultivated plants during 

reproductive stages. Radiat. Bot. 2: 557-566. 

ZAIDI ,  A.A,, SINGH, B.P. and MISRA, S,R, 1978, Chloro t ic  stunt 

disease of Solanum khasianum Clarke and i t s  association 
w i t h  root-knot nematode, Meloidogyne Javanica. Geobios 

2: 202-204, 

* Not seen i n  original. 



APPENDIX 



kepri*t$ from "CM. S&, Augwt 5, 1979, Vol. 48, No. 1.5, 698 
1- .. 

GAMMA RAY EPFECTS ON HETEROSTYLY IN SOLANUM KHASIANUM CLARKE 

Solanum khasianum Cl. yields the alkaloid solasodine, 
a raw material for the synthesis of Corticosteroids in 
commercially exploitable amounts3. However, attempts 
to cultivate this species have not been encouraging 
mainly due to the low berry yield1. Murthy and 
Abraham4 reported the occurrence of heterostyly in 
this species. Though they found 90.0% fruit set in 
long styled flowers. the short styled flowers did not 
set any fruits. Thus heterostyly may be responsible 
for poor berry yield of this species. In the present 
communication the effects of gamma rays on the inci- 
dence of heterostyly are described. 

Seeds of S. khasianum (moisture content 14.5%) 
were irradiated with 2.5 ,  5 .0 ,  10.0, 15 .0  and 20.0kR 
using 60Co source (4.1 kRlmin). The irradiated seeds 
were flown back to Shillong and sown in pots filled with 
1 : 1 mixture of soil and farmyard manure. When 
seedlings were about 75 days old, they were trans- 
planted in the experimental beds (Botanical Garden 
of the N.E. Hill University). When the plants started 
flowering, 350-40 flowers were analysed for the inci- 
dence of long and short styled flowers in control and 
in irradiated plants. The average number of berries 
produced per plant was also recorded for control and 
irradiated plants. 

The per cent occurrence of long and short styles and 
berry production in both unirradiated and irradiated 
S. khasianum are shown in Fig. 1. The per cent 
incidence of long and short styled flowers was 43.3 
and 56.7 respectively in the control, but the percentage 
of long styled flowers increased in the irradiated plants. 
The increased incidence of long styled flowers was 
also reflected in the enhanced berry production 
(Fig. 1). Although all the exposures increased the 
occurrence of long styled flowers and enhanced berry 
production, the rising trend of the curve was evident 
up to 5 . 0  kR only, subsequent to which it showed a 
decline. Thus, while the per cent incidence of long 
styled flowers is increasingly stimulated by lower 
exposures of gamma rays up to a threshold exposure 
dose, the higher exposures inhibit. Gamma ray expo- 
sures have an inverse effect on short styles. Stimu- 
lation of growth and development by low exposures 
of gamma rays and inhibition by higher exposures is 
reported in literaturea. 

60- 
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LO' 

'i 

E 10- 
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FIG. 1 .  Effect of ]!-ray exposures on the incidence 
of long and short styles in S. khasianum and their 
relationship with berry formation. 

The present study brings out the fact that with appro- 
priate gamma ray exposures, the incidence of long 
styled flowers can be altered suitably for getting a 
better berry yield. 
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i l h ~ a u r ~  (23 k c 3  canrse s&gn&ficmt wury to the pscx~uctian 

of lane 8tyles. The effect of the sbava three hamancls an 

C n j  mi IAA could not modulate r.wfiatlon-M~ed ZnUbitZon 

t o  the pmductlon of long etylese UneWn resulted in 

uignlficsnt recovery of rwitatian mwy. Thus, M m t h  acts 

aa a redlmratector In the present stwly. The irav01vammt of 

Short tftle 0 IJb3iU9=, Ye:;. R I ' 3 9 V W t U I p  20 **FWSl@kI 

re@aticm of ~:mcprrey effects on lietematyly. 
Pirranc&mL assistame fcbm the Jomcil of .;cicnrtUia 

Rnd IndwtrSal ".eeearch f a  ypatefuI1.y c9ekmwledR+Q. e me 
t h s  to "rof~l~ar ,?.LC;. : . ~ ~ a & i ~ ' l ~ - p  !ie&c; of tQ0 semf?ment 
af la+m, P?art+ ;mtm IUl l  3niversity far facLUties. 



-up Slarke t a  an hpertmt m & c W  

plant as its berries yield t h e  ~yocMUtal0fd uolasa8ijl. 

(~aitt ut al. 19%). The berry pra$uctlon in this 8psoier 

fa very &w m a i n l y  &ae t3 heterustylyz l o n ~  aty le  (berry 

foming) and short style (mberry  ion&& Zlowera 

( H ~ % h y  & Abraham, 19'75). nigher Qxpasurea of *ray8 i n h h  

bited 1- styles inciderme! in 3. reducing berry 

yield ( C h a m  h 1 m ) e  IlRCt- (7972) S U P , ~ U S ~ . ~  

t h e  in atmbejaq short lrtyled nmwberry Porning 

flewP8 m a y  be produced due t o  X t W c  of uufficfent develozmsntal 

hex%asrs. Gwrma rays &'feat hormonal balame arrd bring about 

changes 3,rz growth processes in plmta  (Gwmkel & qarrw,  9961). 

A t  the Ngher exuomma of g- ray8 inhibtted 1- style 

fonnnaon, the prebent atUdy w88 tordemsken t o  fnvestic;ate i f  

the r ~ ~ f ~ i n B u 0 ~  effwts on heterastyly are mediated thmwh 

plant hormone8 snd whether radlatlan eifeetr, can be modulated by 

exafferrcrua supgly of the Wmme irwalved, The three hamme8 

used Zn this study were G A y  IAB llnd Wnat)n. 

The praosdm Mopted fo r  raising the central md 

irr#Uated 8sad'lhr;s me desoribecl elsawhem (Chauban & :*vSnclrun, 

1979) S W W k t Y f l ~ 8  day old S W I $ ~ ~ S  of cdbl.tr01 (Wrrca4Lated) 

and 26 kt2 3. were tranaplunted in pot8 f i l l ed  with l t l  

mixture of SO%% and farmysrd msmrrs. The first butla ao~eerred 90 



day$ d'tsr swing. H o m d  sprays were carriwi out tamam 

this atago m&cl snd were repeated et two wsak irrtewtkl8. 

;I- ppm ~h of GA3 (DibbFfBlk!.~ t!tU%d), (Inde1e.j. 

metie aa&& and Wnetin (6-fwfuryZwrin~)puxYne) were mad 

Itn the preamt experiment ua foZiar apray an r r c m t r a X  and 20 

kR brradia%sd plmtac. Care Y- tskm t o  begregate the 

~ ~ m t 8  &rid the entire plant mm thomugh~y dO\rded d t h  

the h m a n a l  spray. Zmtral and 30 kR icradfiated plants  were 

sprayad cmly #ith dmble glasr~ diai;i'llsd orarter. Five p l m t s  

wers maintainad pas treatment tlnd the Weatangnts were rsndah. 

itd. The ebsemtians on the occurranca, of 1- retyle flowara 

w e r s  carried aut at 4 day internab. The 4 ~ 1 ~ t P e  percantage 

occurrence of long aty1ard ~~~8 were caleuleted at  the lad of 

ewh spray*. The flowers began t o  anthesize m l y  after the 

secarPd spray, !iancs the data has been present& from sacend 

spray amardb. 'Mrs amrage nmber of W r i e s  pmduced per 

plant w m  recorded for control m d  the different treatm~nts a r t  

maturity. 

In aentrel at the end of sscanil spray 43 3 ~XWW-S were 

1- 8tyXed rvtd the parcent oucurrartce of  long s ty les  daer(b~b.d 

with an inureme in we of the plant. A t  the end of f i f t h  

apray the psreantip,~e incidence of 1- s t y l e d  Slawbra in control 

plenta YM 25.7 (Table-1). 



. -  

TIIFA'Xt7JW 2nd SPRAY 3rd SPRAY 4th SPRAY 9th SPRAY 

a s i g n ~ ~ c a t ~ y  c ~ i f e m t  isan contraa. 

a g n ~ i c a n t l y  differant irm 29 MI. 

= .ipmtfic.ant*r different hoa IM. 

dgnif&csntly differart naQI W n e t h  

Signiflcmce tested Bp *tt teat  at 0.05 lrrcrl. 



Gibbw83.U~ acid k*eatarPnt mtluclrd the bcldmc+ of 

1- stpi+d n ~ ~ a  in the weat& pbnw mt the eiie~t 

rl&flcruntly Ciffersd control only in the last spray 

(Tdblewl) * 

Bsth IA4 aabd martin trm-&a tnaugh trad a tmdm8y 

t o  rdme the predwtsbsr of  long styled flmmcs, tho diifaramer 

wwa never algn%ficmt via-ar.ris amtral. 

Cacnpsrsd to ~bntrar, 20 m &rr'muatad plant8 prodwad 

lemur mmber of long utyled  f l b w ~ ) ~ ~ ) .  The84 diffemnoer, wh&crh 

were rrrigntfloant at the and of the eoeend spray, beam 

mrwrrihplifiaant Sn the later etagem of  dwelopamt  able-1). 

TMa couZd be d w  to the rawcrt tq ef irradiated plant6 fraa 

rsdiatiowindwed im$ury. R~~ f ~ m  rsdiatien mw with 

praersaaa of t b e  jlraa irradiatien 1s rr_r?artd Itn Utemture 

(0Mdt.r 3~-,  99618 Iqbale 'l!?'tO# hpinS 6 H e  9970). 

&ongat ambinatSon treataamts of radiatfan end h6nrmes 

20 m +  0 9  dM net diifer aignif1epltU 2rom Zl kR irradlatod 

plrrnkr (TabZsr*). fn other mrda,. th. wury indubul by 

rswll.tia t o  the p1?06UOtian of 1- 8tyl.d fl-8 crautd nat be 

m o d j 3 t s d  by G S  auggeeWng that G% i s  neither rrdic)8ens&tislng 

 OF rPdf~~'6te~thg the p m - m  of hetmWf$ in S. 
Pest  fsraQiation modulation of radl&t.oa injw by 9 8ppUcc 

tlm, hawever, haa besn rcrportsd in U2eratum ( G ~ W  & Notmi, 

19608 Haw Q L u i ~ r C t ,  1-8 Lackhtncts 996'1) sllvdra & Hen, 



r m ,  ~ ~ o ~ t i ~ ~ i ~ ~ ~ m + u ~ d n o f a t . ~ ~  

~MUUW. 0% iggg r w l d  n w m  vh-8 sontrol ar ptrwtr, 

@Val  20 kft imgm8~8. HwWW', phtht8 of thA.8 tCur$~Bt bta 

. t ~ f i c ~ t r p  BSfLer f:ra we X M  tmdw ptrult8 4n t&u 

produat&cm of 1- atylmi flewirrs ( T a b l ~ l ) ~  Thla thus indIF 

thst v e d  t o  fa th@ 600bin~W0n Ot & rSrr 

lur 3.8 m e  LnJt;rlow t o  the prot.L~aWm at ton& rtyled fl6um. 

P W  rdir?(Wan 1soduloU0~1 e$ rad%etlm igjw*y by oralsmapy 

appuoetioor of 4lwsixu hUI, hmwu') bem ICapwtsd 4.n fih. 

U~;~?S~WV (i3bttra0-a dr We 19788 K1& di IO- 1971) 

The oaaUrmitian of 2U Ic;ir + kin- eiltgcwtrrb fbr, 

Man ~f l u q  styXe8 fwcmra5&y (Tabla-t). while tnis 

LPiSnJLircantly 2Q kR Srfadiated gtrpnk 9l-8, tba 

-t nra rA@f&craat *ll)l.:'tiVls kfncrtin tpaatad plmta ia 

S a w w  cra3d Zi-h m e  (Table-1). T b  fret that ktnatirr w w r  
Pothwd 8ha rqptnehmed 4 u r y  atgrUiemt1y -t W 

UsWdb ~FC- UI e mzUaproteutZv8 

af kimtAn rtr). repostad &.n lfteratura (Armw@yra et o& 99'19) 

PluaaaSov 8t J.$ 19mg damF4 et ab, t979). 



f%av~rs i n  2. khnallmqn, Mnetin Pmlpn in the ~ecwex?f a? 

mklaticpn ia~y auag-estjtptg +,he passd5llity of klnetln lCmroZ- 

m m t  9.n r a d S a t i m 5 n ~ u c ~  effects an the heterasty2y 2n t h i a  

meeisa ['Tabla-1). 

The praMnt aturly also infieatas that G b 5  reduces the 

incidence of long stylea; howmaw, *ha, efieat ~ m e s  sipnifl- 

cant only after the i l f ' th  #pray. Whether G 5  has a &met er 

in&llmt effect on the inoidenoe a2 heteraas^tyly in 2. -, 
we are not i n  a poaition to cacrmsnt at presmt. Eurther, based 

&n the abiteIkpatfona wi%h Wetin It may be con;)ectur& that a 

airtiam threabld %we1 of MneUn, which 1s n e c e a m  far the 

styles, ss %a evident in tha Lrr&ateO plznZlt3. 'TUo fa coraPlxmed 

by the fiPrdhg that expgmms aqq~ly  of k;?natin rsatoraa tho lanp, 

atyle p-mdwtIm t o  noma level. Y&crtia in ~-13~a~)Ulaisloqiasl 

concsntratAan $8 02 no consequence hgZ;a~ostyly (%b3e-t) . 
Gmma rays ara knm t o  Muanca cytokinfn synChesLa In im?adlm 

tad naterial (Pmdsy et SIX. lw). I A A  d m  no2 s m  to hnm 

any m3e i n  *her heterostyly. 
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STUDIES IN THE REP?IOWCTNB BIOLOGY OF ALKALOPD YIEZDING 
SWJUMS. X. m4pm- SUCROSE AND sonm murmm 
FUR P M  CER4INATIOH APwD POfJLEN TUBE ELOtIMl!IQ3 

ABSTRACT 

TempereWme 8ucrwe and barcla reguiranaarta for palla! 

g+nainatfm and pollen tube gmwth la fouf 8 0 1 ~  upeateat 

9 e  Sb Ae&&ahrcs, 30 ii,&@a S o  l&&Wmm - 
bsar stubieU. V a r ~ l i n g  t-wature ('15 PC) dld naf & f ~ t  

polZen gemtnatiaat in a. a- asla -0 But in 

S and p, &~J%oum the best 8(,nninatien obtah~ed -* 
e n ~ y  at -*C, T ~ O  o p t t ~ ~ ~  taapmtase for p o l ~ s n  w m  g'awth 

in 2. m g p n ; m r .  Pollen ef all the speaiea st\d;Ld reqtdmd 95% 

memue far rnaxlnm gemhation. Hmmor, the aptienurs awraae 

8--tian far pellm tube elongation varied wlth t b  8pmle8 *., & * e a r n  ~lrn). g* ~ a a i t ~  ad 5. m- (394) 

and a. &UM (2W). The optirwn bomn mqu.Wmarat for pal1.n 

gaminetian crnd pallem tube growth wsa 106 gpp, in 2. pSq&gg 

8nb baran optSma for pallen ~;snainartioa enl pollen tube 

e l ~ ~ ~ @ % a  Poll- tub. m h  in 2. &@- rsgui- 8 higher 

boron cmcartraUan (m ppm) t-3. wi- (200 ppr). 



To fau23Utato lnte~8pec5110 and Sateicgsneric hibrim 

ditaticm en undemtandhg 01 the fwtors contro1Ung pallan 

geminaim asld po%len tblaQ el~mgQtiCm i s  .asantist (Vasix,  

1974). Same of the bapartrurt faetars abntrollbg pallcar 

mhatlan and pollen tube slongatian are t e q ~ ~ a t u m *  8wme 

a barn anil mm%m m~aSf l~  ($OW and VaaiZ, 1961). 

Simo iniormartian ma these aspect8 of poUm bl6Xogy A8 ZacRlng 

far the sUf f~ant  m a l o i d  pi~Zding m &tmt 
wss mad8 te  atw@ in r;ltro the temp8ratur0, uwmm m d  baMlr 

Pmpdmmnts for pollan ~emlnatirm sprd gaUm tube growth in 

MATERIALS At30 lQ2!W098 

The pallem grains m e  gembatrd en s rJ8ai+alib 

mmmse-agar mmllm. The wmpuraition air the basal mtllt ras 

lC% n;raroae, 100 ppra barie ~014, Jbbppm calaim nitmte, 200 p p  

magneaitlll aulphater 108 ppm patarsaim nitrate d0.6% bacto- 

agac. The pH ai the &un waur auatsd 7.3. The effeets og 

vary- trapemtwe (9!3,20,25 and P C )  on pollen 

and p a l Z e n  tube growth wsrs a W a d  fSnat using the af8mment id  

bMaf madim. In mba4quent gcparhsntar effect8 of mry%g 

aarwemtmtiom ef mrcrasa (10, t5 aad 209() anel barn (93, 106, 

aood 300 p), in the fang of barfa Wd, we~s studSd ar pallem 

gemhetiam and pollen tubs pgwwth, a l t a r h g  the  aamsntretion 



of an. Srsrstof (memme/bom) at a time in the above basal 

tmditn. The ina6ulated s l i d a ~  wem inmabated at the aptiatua 

tamp- of the bpwlea, d e t e m h d  ~ U e r .  

The just anthssized il8wem orlth undohiwed anthers 

wue wl%arttd, f m n  plantrs of ve&aus &&- apeeler 

&n the a x p a m e a l  wan of the Botany departxnent, N.E. IN11 

UnlvemJ,ty* ShiUmg, betwean 6.0 - 6.30 %a. The Sl-r 

were Wmght t o  the laboratmy and the anther tape were cut off 

with a sharp =&~.1. Th. poll- wu"r? 4~100ulat.d cW-l&pe 

hatting 0.01 a bp ~ I P  wing t h ~  anthers. 

The pallmi dusted oovwaUp w m  inverted and plmed aver a 

awtaXUc rSng (thLnbm~a 1.5 d prei%xed t o  a glm8 aUdo rrad 

lined with lanolin. The slides, in al l  the ocplrriasearta(, were 

i n o u ' d  for 4 hr. at the o f  which the germlneting pollen 

gmm~ and porzm tubs8 w a ~ .  fl.xsd by flaading w%tR F.A.A. (5 m1 

fararaldshpde + 3 m l  glacial acetie mid + 90 m1M ethano11~ 

Faur rcrpSlaate aUdes wuce mahntalnsd for e31 the treatments. 

The n m t w  af gemlmtsd and tagenntnatd grQin8 were atmated far 
5 miemsaapio fiel$a chaeen randm4 per 8Ude. Sb&lsrly for 

the p o l Z e n  tube @uwth at%eaut 25 pallear tubr p.r sUde 

rr*Ieesd .-mue - asssursd. 

Tabl-3 meal8 that in 2. anb 9. -8- 

Varying fenperaturea ( 95 - S 8 C )  bid no% apprmiably affect 





pallan gsm~.nation. In go $ n d i q  2. t h - t v  

the best gennlnst.ion uaa abta%neb a l l y  391.C and 10mF 

temperature (15 - 25.~) ware inhfbitarJf. Fallen tube @ a h  

in all these 8pwier uas eanridemb3y aftouted by tt- 

tasp.catuNsa. The rate of pallen tubs growth frWW8a8.6 with 

lncmas%ng tapeFature uptb 811 q t 3 W U I I .  fn a l l  the speule80 

While 25.C waa the optlam tmpemZure for pollen tube grwth 

n * aq&g& g o  w=m "Ld a@ ,Lntcuar* 9. 
req&W p * C  far nrsxianaa pollen tube elongation (Tabled) 

Swh diiferentisl tatperatwe requbmmts have lnan v r t + b  

in other plants aXim ( V a a i l  and Bebe, 1939). 

Pollen gmiits ai rimy p l e a  r-~e an 0ptAm.m c~~ 

trmm sf war  an $OF gem%n&ian (Mukerdm aad Dm, 

1964) Wh%ch VaZ'%w fl%Q meCi@fS to 8P4de8 ( S O H  wd Va8%1e 

l%?). 3434~8 .ef 3s mtrdtive aata,riaIa for the gembation 

of pallen (Johri VasiL, 1961) and heZp a pmm 

oarabtie b s 3 m c ~  btwwm ths gerieinathig mcrdia uml tirs po35an 

eytapq&m~ (klukeraee UM, 9W)r fn *he p ~ s r n t  study 

polZen germfnatlon pementage wps m m  in all %he qmaLea 

i n  15:4 mmae f~eble-2). Them resulk ars in a@mmnt with 

the merose requLr~lller,ts reported fbP 0 t h ~  &.Mta&48 (PfMep*  

lS71 Seth-= ePrd K m  Ktsaeri, q974) Poll- t u b  

1!1mgarti~ however, shaved a vrrr;tabla response. fn the pre- 

8cbnt whire 3. reqai.retl e colaplrsatively larsr 

oonoslrtsaticn (1094) %r pollen tub gwth, the mmruee c 4' 
fratfan for a&um pollm tube elon@%an was r&h/ 





S .=- (20%). g. !.h~S&a- -* anU a. heuwer, 
required an intermecttate merase canctslltralAon (13S)* Both 

1ov and high 8uaraae rewqulmarrrts far pollcsn genaination an8 

polZen tube mowth are reported ijr literature (hukharljoe and 

-, $964) 

Table-3 rmab that in 2. em3 3. 
both pollen gemfnatian and pollen tube, elongatlen mre 

aptimtnn in the rnedlun containing 100 ppm boric aci4.. Higher 

baran eenomtratian resulted In a decreaiae in poXlm ~ n n -  

tion and pollan tuba growth. Z n  2. m a n w q  though tho bam 

requiremanta for@ pollm gerrmLnatlan w a ~  similar t o  that of 

S bcQ$attq Ze a ~ i c u l a ~ ,  a higher conomtration o f  baron 

(200 ppm) was required for opthal pollen tube olongatien ICn 

thla 8pemies. Thus the pollen getaimtion and ix,ZIrar tuba 

elongation heremad with incre=wing cmcantratitm of baran upto 

a level 8ubsequent t o  W c h  it decreased. The level of baron 

cawing inhibition varied vith the s ? e ~ l ~ a  (TabZe 3). Siarilar 

result8 have been reported for other S o l q  species alsa 

( V a s i l ,  1964). In 2. $pt&cp~ bath pollen f?sermination und pollen 

tub elon~gation were better In the mcllui~ c o n t W g  higher 

concentrations of  beric ~ c l c l .  While best pollen germinatian wan 

observed fn the m s d l u n  contain$ng 200 pm boron, the porlem tub. 

elongation was maKimm in 300 ppm buron- bu able 3). Higher baron 

reqgirmtmfrs for pollen gemination clard pollen tube growth ar. 





cans1d.r.d to br! indicatWa of lowsr lrrslrr of fn the 

plant (Vasll, 1944). The physlolo@cal meehsniafm asstwla- 

teQ with bran effect an pollen gemlmtAan pma@as art, 

rather complex rvrd l ittle underartaad. Hawever, several 

.i.4nrctiona in the pollen gsrrainatlon are suffgssted far boran 

1) the formation of sugaFborate carrrpleoces !!ch allow for 

Snemt!med absorption, t r ~ l a c a t f a n  and metabUsm of augarsl 

( V a s i l ,  1964). ii) the  synthesis of pecttn materiala far the 

w a l l  of actively growing pollen tubes (stanley and l&ewm. 

1964). iii) stbulatlon of charnotropic activity of ~f 
(Fiascarsnhas and MachUs, 1%) an4 Ittt) increase axyRen uptake 

by pollen (0*kel3!$, 1957) . However, since boron sffact a 

po32en tube growth were not clouely related t o  barste effwtlr 
e 

on mspiration or sugar aMorptZon. 09ke1+y fw%)Ier su~geatal 

*boron h.88 a spmific role in pollen tube growth, in addition 

to a stimulotory effect an oxygen uptake and sugar mbsorgtfon.* 

We gratefully ackaowledge the financial aasistmc8 

from C.S.I.R., New I)elhf and the Head of the  Depatrhamt of 

Botany, M~rth-E-tem FK31 University, SUllong, for laborrrtary 

f a&litiea. 
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-sd 2*3* 9.6, lc3.0, 15.0 wd 26.0 IcS TIw 

~ a t r d s ~ ~ f l ~ ~ a e k t o S ~ U a a g r s n d m u m i n p a t 8  

ifbbd #fth I t 1  mhctwa a2 mE'L Prd famya?d P+r 

256 d s  were sarm at tha rate of SO aead&@t. !l'h 

pete were watwd te  maintda btrffieiart raistam far 

m-mo 

lhsa and a kerli maext)bb 8Id aead.l* we?. tPans!skmtad 

A n  %ha plats  et Nart)lrCWtan itin ?hlvem&ty* 

t;bSj.lq. C b a e W e m  an ttM, *)\ rlnd ~pCbrfue+Arar ehaPaatsrr 

ef e m 1  uml m&tul plrrnta wem remardud f?m 30 pllmtr 

per tmmbmk S h e b  &ntttat%m ef flawing emam b d h  in 

centre1 m d  M a t 0 4  pbmta eqmn&mtaly 96 6-8 after IsawinQ;I, 

tho Il\aXla&hpg gmuth atmmatem we~8 FOC~F&H~ fYr 9fJ d y s  old 

rscml;lltiyr;st. plant ?Ma* pla-hrax s.n&%, - 
m h  af tm 6th X m f .  The leaf #~s b.' m-tzti- 

p W Z e n & h  MWI lmmltb S p W  numbdac rrrd d s e  am *he ftoksrZ 

,, 6th Th. plan- wwo 9 ~~lf l t l tb anb 

the mx%mm wageWt%vu eml r ~ ~ v e  ckeratztem etmddanb 



Wb*l PW8d.3 t&&"k thaugh -rm 8-89 0f 5 %% 

cibar+ ai@fi~-y trsiRIbfGsd pa-t hs ip~ht~ Wr t) a 
rtR eat;tld M W t  pkraWbeW~~ inbm C M I c t h  WUUm 

by m a  ifMd$atian b s e l t e m a t r ? m  macia8 &a bagn J1.spart+b 

in (8- t@ 3Z~1- 1953)r 

(Viwwlmar ,  19%) ard &. (chauha. lm). &%atLan 

irrc)ua& Pulwwm in meaAn!g b%gm ane; p w t h  Lm).dM?;taa 2- 

bs Aua ta d e a t n m  at daaw fa aptma& amrlataattt (P@teZ and 

3- 9974). p M d  faUurs of the W d e 8  t~ e lmy~te~  
nU.mbP.r deemme in the mu&a~ a9 pmU3- eeUs ( Y d t  lie$ gd 

spamm* t%S?, e- a-tmY& d m q e  in rsairtaarerttcr 

ee2b iellewing W & i a n  [Omy uml .%ble8, t91) ml trains 

( m w .  993.9). -el, -* te *- et a. (19%) th. 

aawtMag of a=ahtW sr+,aa eXmqatiaar ta mthaudl twdn lweb 

dan Q ~ S  be aan ~ ~ c a t l u n  atme at ti^ X ~ l t ) h  mcl 





aechnniarsr af msaZn&latLm say also be &spa%& Zaetehk 

meat of l-rsCp a3QmBw.s aa xed q- iar  h the 6th 

leai vrts a88 ~ u U  (T8b162)r I W  O S l r  PIPJb 

did nut affect l e e  I.- $a Amallatel p l m  amlj' 28 k - 
expemm cml# l  rrigmiiicmt i n M M t l ~  eaapamc! amtreL 

!Phe Z a t m  apfiwim of the 6th leaf was dgntillcantly 

attmi&ut&l $n 2.5 kR -sure aad the nigher .rcpml*ras hM- r r ~ ,  

effwt rn ratera1 ~ ~ i a s t  af Id. 'Plrw here 1-f Ilm.p$h was 

Bare Mftxted b y r  ray. than Isad bredltlzo ? M a  caul& br, 8tm 90 

gmatsr wur~~ ta the X e d  t%p oer%stm edarpecc?d t a  t h e  plate 

arer%stclo (T&babttWjr ti-lar were tha abserPaUansr of 2hhguan 
I 

t r m )  in 2. khdsnur. 

bd w ~ U ~ h t 3 . y  stiraul- W Z W  mnesarr+r (2e5, 

g,O lrrri 10 kR) b a t  tlra M@er mpwwwa (15 and tm fcl2) rnre 

hhib&Ww ('f~bx-2). btdb&'ki~n Qf bY 

$9- nmtm~ w spine i n ~ t y j m a  s m  a daeramu 

w2th an increase $.n -my eqmmwe*  able-2). The 1CBrj\)Ction Sn 

u p h e  i n t d t y  is to  en fn wine mmBer. In 

s* 4 h6ucrvsr. sphe intenafty i n c r ~ e d  uSth gn Sn*xm@ 

9~ (Cb- f!??3). The d i f i ( b , ~ e  the t#a m e -  

l a  became while An &. %o s p h  mbw, sarr, 

m~ was cmamd ta la& ecpension, a&. kt is t h e  
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i r r  ~ e t a t ~  ty tha ltcmar uptmma, hi- lmtpar~rrrn ammo 
I 

+my Uttlw inhibitim. Var;LaPtSapr in the r e s w  of t tm 

&&yda & s p a  as d a m  pd +antrrst &me ef tho 

6th l+si m m l a d  tbat spars aw prcrrlwd ar UH B O a u l  

mlsfa~ba txmparcbd Go %he vmtrdli mwfaao (Tab1-3). Sg- 

~ t y a n b e t h U r + m r f ~ b r w r ~ a d ~ r t t ) r ~ I # r ~  

irrT-tueya.qmmm* l S R I ~ u r y u a u 6 ~ ~ c r p i r b . - - ~ r b p i t # )  

uamg&tye crap.c+d ta darsaf, C I U P ~ C D E ~ ,  was m m  an th. wen- -- -w that - 0f 'W48 ad*  YOSCe IWIC8 
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