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INTRODUCTION



I ,  INTRODUCTIOir

Ethylene ie  a simple organic compound produced 

by any p lant p a rt . I t  is  b io lo g ic a l ly  a c t iv e  in  trace  

amounts and is  re fe rred  to  as a gaseous p lant hormone.

Ethylene is  a powerful n a tu ra l re g u la t in g  sub­

stance o f p lant metabolism. I t  i s  found to  in flu en ce  

many processes e ith e r  by a c tin g  d ir e c t ly  or by in te r ­

a ctin g  w ith other hormones in  trace  amount . I t  was 

shown to  regu late  many p lant growth and developmental 

processes such as gezm ination o f seeds and p o lle n , 

stem growth, root growth, expansion o f le a ve s , flow er 

Induction , exudation o f la te x  in  rubber, sex expression, 

senescence, a b sc iss io n  o f leaves and flow ers and fzruit 

r ip e n in g .

Ethylene production in  p lant t is s u e  i s  regulated  

by many p h y s io lo g ic a l and environm ental fa c to rs .  Various  

p h y s ica l and chem ical stressed  l ik e  d ise ases, wounding 

and h igh  ra d ia t io n  were shown to  in flu en ce  ethylene  

production . Induced ra te s  o f ethylene production is  

observed during the term inal l i f e  o f the organ follow ed



2

by eeneacence and abscission* This assumes an active 
role fo r  ethylene in senescence and abscission*

Leaf senescence induced by d ifferent ab iotic 

stresses (moisture stress, temperature, low lig h t) 
is  a major constraint fo r  productivity in many crop 
plants. Since a positive correlation  ex ists between 
the lea f area duration and biomass production*

Abscission is  the fin a l stage o f senescence*

A h i^  rate o f flower shedding has been reported in 
many crop species especially  in pulses* Limitation 
o f nutrients, hormonal imbalance and environmental 
factors have been considered to  be some of the impor­

tant factors influencing premature f lo r a l  abscission*

Controlling senescence and abscission could 
be o f great economic value* Since both these pro­
cesses are related to  ethylene, controlling  ethylene 
synthesis would be an approach to retard senescence 
and abscission*



R ecently  t h is  f ie ld  o f study has gained a lo t  

o f in t e r e s t .  Ethylene b io sy n th e tic  pathway, and the 

Important s ite s  o f re g u la tio n  in  the b io sy n th e tic  

pathway hawe been w ell documented. Many organ ic and 

in o rg an ic  compounds haws been found to  regu late  ethylene  

production and a c t io n .

A number o f m etal ions l ik e  s i lw e r , copper, 

n io k le  and e o b a lt , organic chem icals l ik e  bensoio a o id , 

sodium bensoate, propyl e ste rs  o f p y ro g a llo l-n -p ro p y l 

g a lla te  and phenols have been shown to  in h ib it  ethylene  

synthesis and/or a c t io n . Some o f these ohemieale aot 

as fre e  ra d ic le  searengers.

Mode o f a ctio n  o f these chem icals, s it e s  o f  

in h ib it io n  during the ethylene b lo syn th e tio  pathway 

and t h e ir  ro le  as com petitive Inhibitozre at the s it e  

o f a c tio n  have been e x te n s iv e ly  stu d ie d . Chemical 

nature o f these substances, optimum concentrations to  

be used fo r  ethylene in h ib it io n ,  duration  o f t re a t­

ment a lso  have been given a lo t  o f im portance, w ith  

th is  background, experiments have been conducted 

w ith the fo llo w in g  o b je c t iv e s .



O b je ctiv e s :

i )  To assess the ro le  o f ethylene synthesis/  

a ctio n  in h ib ito rs  on le a f  senesoence^

11) To determine the e f fe c t  o f some chemioals 

which re ta rd  senesoenoe and f lo r a l  a b se l-  

ss io n  in  excised in floresoenoSf

i i i )  To assess the e f fe c t  o f  a few e f fe c t iv e  

oonoentrations o f ethylene syn th esis/

. a c t io n  in h ib ito r s  on pod se t and p ro d u o ti-  

▼ ity in  f ie ld  beans, lu d e r  f ie ld  co n d itio n s.
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I I ,  REVIEW OF LITERATURE

Various p h y a io lo g lo a l and bioohem loal ohanges 

preceding the process o f senescence and a b so iss io n f 

ro le  o f endogenous p lant hormones on senescence and 

a b sc iss io n  and the e ffe c t  o f exogenous a p p lic a t io n  o f 

various chem icals on senescence and a b sc iss io n  are 

b r ie f ly  reviewed.

Senescence

Senescence re fe rs  to  the deteriozratlve changes 

which are n a tu ra l causes o f death. Some o f these deterlo*  

native  processes that re s u lt  in  senescence^ i f  i t  occurs 

during  the a c tiv e  growth stage a ffe c t  plsmt growth and 

development re s u lt in g  in  reduction  o f p lant p ro d u c tiv ity .

M etabolic changes in  le a f  senescence

Dwivedi et ad. (1979) studied various biochemical 
changes in excised leaves o f Oryga sativa . They reported 
that during senescence, \inder both turgid and water 
stressed conditions, there was reduction in chlorophyll.



to ta l protein, starch, soluble sugars, to ta l carbohydrates 
and non-reducing sugar content*

Bhivare at al« (1984) shoved that le a f age had 
a marked e ffe c t  on the concentration o f  organic and 
inorganic constituents.

Jana and Choudhuri (1982) reported that during 
senescence, chlorophyll content, RNA, DNA, protein 
a ctiv ity  o f  alkaline pyrophosphatase decreased while 
a few amino acids, a ct iv ity  o f  protease and RNase 
increased.

Chlorophyll degradation

One o f the major prominent symptoms o f sene­
scence is  yellowing. Loss o f  chlorophyll has been 
the main criterion  fo r  assessing senescence by many 
workers. Tetley and Thimann (1974) reported that 
detached f i r s t  leaves from green or etio la ted  oat 
seedlings loose chlorophyll and carotenoids. Farther 
Tanaki (1982) shoved the degeneration o f  chlorophyll 
during senescence o f  maise le a f d iscs . Chlorophyll 
deficien t types o f soybean have fever lig^ t complexes



and a hi^^er ra tio  o f  ?S II  to  ?S I (Bakins at a l . .  

1983).

Redaction In p ro te in  content

Decreased protein synthesis or Increased 

protein degradation would account fo r  the decline in 
protein content (Beevers, 1976).

Reduction in protein content and t^lse in to ta l 
amino aoids In senesoing organs was observed by many 
workers (Hendry and Stobart, 1977» Storey and Beewers,

1977).

Proteolysis has been used as a measure o f 
senesoenoe in some oases (Osborne, 1968; Tetley and 
Thimann, 1974).

Garcia et a l .  (1983) indicated that protein 
synthesising capacity increases a fter 10-12 hours o f 
dark incubation in isolated chloroplast o f  Hordeum 
Tulgare.
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Change In nucleic aolds

Senescence Is associated with marked changes in 
nucleic acid content* Reduction in RNA content during 
senescence was noted by many workers (Osborne^ 1968).

Thimann (1980) stated that decrease in DNA was 

smaller than to that of RNA.

Decrease in to ta l RNA content occurs due to 
Increased a ctiv ity  o f RNase ensyme (Osborne, 1968}* 
Thimann (1980) opined that reduction in RNA can be due 
to decreases in the rates o f synthesis or due to increase 

in the a ctiv ity  o f RNase.

Scott et al» (1983) stated that there was 
preferential loss o f plant DNA during the senescence 

induced due to  nitrogen deficiency .

Plant growth regulators and lea f senescence

Growth regulators play a predominant ro le  in 
lea f senescence. Osborne and Cheah (1982) reported 
that retardation or acceleration o f senescence can be 
duplicated by the d irect addition o f appropriate growth
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regulator to the lea f tissu e, though the accelerations 
was evident only in leaves that are already past fu l l  
maturity.

Oshome ^ Hallaway (1964) observed that auxins 
auch as 2,4-D e ffe c t iv e ly  retard senescence vhen supplied 
to leaves at particular stages of growth and developaient. 
Supraoptimal concentrations o f Ikk stimulated ethylene 
production opposing the senescence retarding e ffe c t  o f 
lAA (Aharoni et a l . ,  1979)*

Senescence retarding property o f  auxins was 
further supported by many researchers (Gepstein and 
Thimann, 1981).

Hsia ^  a l. (1978) said that g ib b ere llic  acid 
retarded chlorophyll loss during senescence* A ctiv ity  
was due to sustained membrane in tegrity .

Kumar and Khan (1983) reported that GA and 
benzyl( adenine prevented the raise in RNase a ct iv ity .

Benzyl adenine treatment o f intact primary 
leaves o f bean prevents the decline in the lev e l o f
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chlorophyll, protein, RNA, DNA and elevated the a ct iv i­

tie s  o f  corresponding hydrolases (Nalto ^  S i»t 1979).

Thimann and Satler (1979) reported that kinetin 
prevents senescence in excised oat leaves by keeping the 
stomata open. In tobacco and tomato flux o f  BA in xylem 

sap, was increased due to debudding treatment. This 

retarded chlorophyll lo ss . Kinetin retarded senescence 
and stimulated metabolism o f sugars in maize lea f discs 

(Tanaki, 1982). Lesham (1984) observed that cytoklnin 
induced reduction in lipoxygenase and superoxide d is - 
mutase in senescing fo lia g e .

ABA accelerates senescence and ABA levels 

increases sharply during senescence (Dumbroff et a l . ,  
1977 Gepsteln and Thimann, 1980, 1981).

ABA promotes senescence o f Lupinus albue 
cotyledons by speeding up the translocation o f  nutrients 

from cotyledons to axis (Elkinsway, 1983).

Ethylene

It  is  a well established fact that ethylene
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Induces le a f senescence and abscission (Burg, 1968) 
Abels and Holm (1966) reported that ethylene stimu­

lates senescence and thus abscission*

Ethylene supplied through leaves or roots 

Induced endogenous ethylene production and also stimu­

lated senescence within 75 hours (Hall, 1977). During 
the senescence o f tobacco, pLnto bean and sugarbeat 
leaves, ethylene production occurred (Aharohi and 
Lieberman, 1979). Similarly Morgan and Durham (1980) 

reported involvement o f ethylene in the senescence o f 
Melia leaves.

Barmore (1975) reported that ethylene treat­
ment increased the ohlorophyllase a ctiv ity  in the rind 
tissue o f calmodulin by 195 per cent. This was further 
supported by the observations made by Shimokawa (1978). 

He reported that ethylene Induced degreening in citrus 
resulted in increased chlorophyllase activ ity*

Gepstein and Thimann (1981) reported chloro­
phyll loss during senescence o f oat leaves and obser­
ved that loss  o f  chlorophyll was low in white ligh t 
associated with low ethylene evolution, when the loss



oc

of chlorophyll was rapid, ethylene evolution was also 
accelerated. Kao and Yang (1983) have shown that 
during senescence o f excised rice  leaves ethylene 
production enhances. Light, cyclohoxiinide and cold 
temperature which retarded chlorophyll degradation 
also inhibited ethylene production. Legge and Thomp­

son (1983) studied ethylene biosynthesis and membrane 
changes during plant senescence in senescing carnation 

flowers and ep icoty ls  from etiolated peas. They 
reported that the enzyme capable of converting AGO to 
ethylene was primarily associated with microsomal 

membrane fraction . A sequential pattern o f l ip id  
r ig id ifica t io n  was observed fo r  microsomal membranes 

which correlated temporarily with the pattern of 

production»

E ffect o f growth regulators on 
ethylene s^ th e s ls  and action

Higher concentrations o f auxins applied 

particularly during ageing was found to stimulate 
ethylene production leading to early senescence 
or ripening (Aharoni ^  ^ . ,  1979). It was found 
that auxin induced formative e ffects  such as flowering 
was due to ethylene production (Clark and Kerns, 1942).
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The region o f plant parts having higher endogenous 
auxin content were also shown to produce higher rates 

of ethylene (Sakai at a l . ,  1970).

Enhanced ethylene production was observed with 
the application o f synthetic auxins lik e , 2f4-D (Hansen, 
1946) which promoted fru it  ripening. Picloram, an 

auxin lik e  herbicide (Hansen, 1946), 2 ,4-5-T rieh loro- 
phenoxy acetic acid (Chalutz et ^ . f  1969) were also 
found to stimulate ethylene production.

In the ethylene biosynthetic pathway, lAA 

stimulates ethylene production by inducing synthesis 
or activation o f ACC synthase which catalyses the 
conversion of SAM to ACC (Yu ^  1979). ACC is  the
in vivo precursor o f ethylene. The a ctiv ity  o f ACC 
forming enzyme was higher in seedling sections o f Pisum 
sativum (incubated with lAA than in sections incubated 

in water alone (Jones and Hanskende, 1979).

Yoshii and Imaseki (1982) investigated the 
pathway of ethylene biosynthesis in auxin treated 

mungbean hypocotyls. They said that the enzyme which 
converts ACC to ethylene is  already present in the
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tissue and that auxin Induced production o f the enzyma­
t i c  system responsible fo r  the conversion o f  methionine 
to ACC,

ACC synthase was inactivated by it s  substrate 

SAM during its  ca ta lytic action (Satoh and Bsashi, 

1986) .

Higher concentrations o f eytokinlns were also 

found to stimulate ethylene synthesis. Leibermann 
et a l . (1977) showed that Isopentenyl (IPA) adenosine + 
lAA and IPA + lAA -f GÂ  reduced ethylene production in 
tissue s lice s  from precllm ateric, olim aterlc as well 
as post-clim aterio apples. GÂ  had l i t t l e  e ffe c t  on 
ethylene production at a l l  stages o f fru it  growth*

Gepsteln and Thimann (1981) reported that lAA 
inhibits ACC induced reversal o f  chlorophyll loss in 
leaves o f oat seedlings. Einetin, cobalt, s ilv e r  and 
lAA were shown to  inhibit the chlorophyll loss  induced 
by ethylene in ACC applied tissue.

When ABA and BA were simultaneously applied 

to the tissue ABA inhibited lAA induced ethylene production
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The degree of inhibition  was so le ly  determined by ABA 
concentration (Kendo, 1975).

E ffect o f inorganic ions on 
ethylene synthesis and action

Inorganic ions lik e  cobalt and n ickel were 
shown to inhibit ethylene induced e ffe c t  in many 
plant tissues (Kang et a l. (1967). Lau and Yang
(1976) showed that cobalt strongly Inhibited the i£  
viyo conyersion o f methionine to ethylene 
exerting it s  e ffe c t  by inh ibiting ethylene formation.

Aharonl ^  a l. (1979) stated that cobalt and 
s ily er  ions bind to the receptor s ite  where ethylene 
actually a cts . This was further confirmed by Yu and 

Yang (1979). Cobalt seems to form complexes with 
sulfhydryl group o f proteins (Thimann, 1956 and Yu 
and Yang, 1979).

However other potent sulfhydryl agents such 
as P-chloromercuribenzoate, N-ethylmalelmide and S,
5̂  -d lth io-b ls«2-n itrobenaolc acid were not as e ffe c ­
tive as cobalt or nickel (Yang and Hoffman, 1984).

^  2 0 4 9
I w m W M M I T V  O f  M M K U L T U N A L  S t M I M O  
i  t m i V f f t S I T V  L I B R A R Y
I «rVK BAMaALORG'BBO 1
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According to a recent review by Tang and Hoff­

man (1984) Inhibitors o f ethylene biosynthesis were 
c la ss ified  into 2 types.

1. Vinyl glycine analogs -  Compounds which inhibit 
pyridoxal phosphate linked enz3rmes irreversib ly .

2. Hydroxyl amine analogs -  Which react with 
pyridoxal phosphate co-enzymes to  form stable 
oximes.

Rhlzobltoxine inhibits methionine biosynthesis 
through inactivation o f B-crystathionase (Owens et a l . .  

1968; Giovanelli et a l . .  1971). Although AVG (Amino 
ethoxy vinyl glycine) was found to  be an irreversib le  

inh ib itor o f ethylene production In apple tissu e , the 
Inhibition o f AVG on ACC synthesis in v itro  was rever­
sib le  as inhibited enzyme a ctiv ity  was fu lly  recovered 

when AVG was removed from the incubation medium (Boiler 

et a l . ,  1979; Hoffman and Yang, 1982; Yoshli and 
Imaseki, 1982).

Yu ^  1^ , (1979) showed L-canaline and Amino 
oxyacetlc acid (AOA) hydroxyl amine analogue markedly 
Inhibit lAA induced ethylene production.
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Romani et (1980) showed that A70 inhibits 
ethylene production and ripening in pear fr u its .

Recently, Bufler (1984) showed that AVG e ffe c ­
tiv e ly  blocked the inh ibition  o f autocatalytlc ethylene 
production and ripening o f apples. Addition o f AVG to 
a reaction mixture containing mungbean hypocotyl tissue 
and 40 pM SAM prevented ACC synthase inactivation and 
increased the half l i f e  o f  the ensyme about 2 fo ld  
(Satoh and Ssashi, 1986).

Action inhibitors

S ilver ions and carbon dioxide were c la ss ified  
as ethylene action in h ib itors . The inhibitory action 
o f s ilv e r  and CO2 on ethylene were explained in two 
ways •

1• A dissociable ethylene receptor complex acting 
like  a switch that could turn on a number o f 
reactions when ethylene combines with i t s  receptor.

2. An actual reaction with ethylene at receptor s ite  
which produces reactants from the ethylene mole­
cule resulting in physiological actions.
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Ag  ̂ with lAA, klnetln and CO2 Increased ethylene 

production 160 folds over control but they inhibited 
senescence (Aharoni et a l . ,  1979).

Aharonl and Lleberman (1979) stated that tobacco 

lea f disc senescence vas delayed by Ag-f and OO2 which 
blocked ethylene binding to its  receptor s it e , but 
increased ethylene production.

AgNO ,̂ AVG and CO2 were shown to inh ibit sene­

scence o f oat leaves in ligh t and dark (Gepstein and 
Thlmann, 1981).

Beyer (1976) reported that s ilv e r  ion oppose 

the e ffe c t  o f ethylene presumably by blocking the 
ethylene action at it s  receptor s ites  so that the 
receptor s ite  did not react with ethylene.

Among ethylene synthesis Inhibitors^silver 

ion was most potent anti ethylene agent.

Veen and Evakkenbos (1983) suggested that the 
binding o f to  its  receptor leads to an Increase
in the production o f ACC and o f blocking the
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CgĤ  action . S ilver ion inhibits the autocatalytic 
increase in ethylene and the accompanying r ise  in ACC 

content.

Aharonl (1985) studied the e ffe c t  o f s ilv er  
ions and ethylene on auxin metabolism and auxin induced 
ethylene production in tobacco lea f d iscs and he stated 
that the most pronounced e ffe c t  o f kg* in increasing 
ethylene production as well as the strongest antagonis­
t i c  e ffe c t  o f exogenous ethylene were found between 24 
and 48 hrs o f incubation, ethylene exerted it s  auto- 
inhlbltory e ffe c t  by a feed back control on the lAA 
induced ethylene biosynthesis.

Burg and Burg (1965 and 1967) proposed that CÔ  
is  a competitive inhibitor o f ethylene. They pointed 
out that COg has close structural analog which substi­
tute fo r  ethylene (Burg and Burg, 1965). When CÔ  was 
added to the system o f pea stem sections in different 

concentrations o f ethylene, CO2 has been found to block 
or retard ethylene action .

The fact that CO2 was able to overcome or block 
ethylene action has been taken advantage o f in several
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cases. Many workers demonstrated that ethylene played 

an Intexrmedlate role in the action o f various chemicals 
or treatments*

CÔ  treatment inhibited ethylene production and 
respiration o f apples (Chaves and Tomes, 1984), Bufler 

(1984) showed that CO2 delayed induction o f ACC synthase 
a ctiv ity  and ripening o f preclimaoterio apples.

Proft et a l .  (1985) noticed that during the in 
v itro  culture o f Magnolia, high COg and low ethylene 
concentrations correspond with low chlorophyll content 

and reduced growth*

E ffect o f calcium

Rao and Swamy (1977) suggested that CaCl^ 
treatment and petiole  removal could markedly delay 
senescence in detached betel leaves by retarding 
chlorophyll and protein degradation.

Lleberman and Wang (1982) observed that high 
concentrations o f calcium and magnesium eliminate 
lip id  peroxidase protein leakage and also conversion 
o f ACC to ethylene*
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Green (1983) stated that KCl and CaCl2 applied 
to cucumber cotyledons singly increased ethylene evolu­
tion . Whereas they strongly inhibited ethylene evolu­

tion  when mixed together.

Bvensen (1984) showed that calcium at a concen­
tration o f 50 mM Increased ethylene production by 2 to 

3 times in potato d iscs . Endogenous levels o f 1-amino- 
cyclopropane- 1 -carboxylic acid increased in parallel 
with ethylene production and ACC levels are 3-5 times 
higher in calcium treated discs than in con trol. This 
indicated the primary e ffe c t  o f calcium on a step o f 
ethylene biosynthesis precede ACC production. Since 
a consistent increase in ACC dependent ethylene produc­
tion was observed in the presence o f  calcium* they 
opined that membrane stab iliza tion  by calcium could 

also be involved in it s  e ffe c ts  on ethylene production.

Lesham et a l . (1984) suggested that in senescence 
Induced pea plants internal calcium ions promoted sene­
scence by activating calmodulin which in turn mediated 
the action o f phospholipase A2 on membranes which also 
had increased capabilities to  convert ACC to  2̂11̂ .
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Recently Burns and Bvensen (1986) reported that 
application o f  5 mM CaCl2 resulted in increased ethylene 
production in pericarp d iscs obtained from ripening 
tomato.

E ffect o f phenolic compounds free 
radical scavengers and otlier chemicals

A niimber o f other compounds were also shown to 
inh ibit ethylene production/action lik e  protein synthe* 
s is  inhibitors (Apelbaum and Tang, 1981) short chain 
organic acids, oxidativejhosphorylationinhibitors like  

2,4-Dinitrophenol (DNP).

BNP was found to inhibit auxin dependent 
ethylene production in mungbean hypocotyl tissue (Yu 
et a l , ,  1980). They have also reported that at lower 
concentrations DRP inhibits conversion o f ACC to 
At h i^ e r  concentrations, inhibitoiry e ffe c t  was a ttr i­

buted to inhibition  o f S. Adenosyl methionine (SAM) 

synthesis.

Shortehain organic acids were found to  reduce 
the endogenous ACC leve ls  (Apelbaum et , 1981) •
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Leibermann and Kunishl (1975) reported that 
inhibitors o f protein synthesis lik e  aotinomycin-D, 

cordycepin, L-amanitin and cyclohezimide Inhibit . 
auxin induced ethylene synthesis.

Fuohs and Lleberman (1968) reported that 

inhibitors like  oyoloheximide and N->ethylmaleimide 
caused considerable inhibition  o f kinetln induced 
ethylene production.

Puhrer et ad. (1982) reported that polyamines 

inhibit senescence by inhibiting ethylene production 
and a ctiv ity  o f enzyme ACC synthase.

Polyamines spermine and spermidine, diamines,
putresoine and oadaverin were found highly e ffe ctiv e
in preventing chlorophyll loss  In excised leaves o f

radish (Altman, 1982). Chen et (1982) have
.2+reported that spermine, spermidine and Co 

ethylene production.
inhibited

Floral abscission

Flower and Immature pod drop is  a major factor 
lim iting seed y ie ld  in many crops. In f ie ld  beans only
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84 to 90 per cent o f the flower buds opened into flowers 

and 39 to 63 per cent o f the flowers produced young pods 
(Kombal, 1969). H l^  percentage o f f lo r a l  abscission 
to  the extent o f 80 to 90 per cent was recorded In cowpea 
(Summer f ie ld  et 197#) and in f ie ld  bean (Soper,
1952j Rawlands, 1961). High percentage o f f lo r a l  absci­
ssion in d ifferen t crops has been reported by several 
other workers, Kaul et a l . (1976) showed high flower 
abscission in cowpea, greengram and blackgram and 
Soundrapandlan et a l . ,  1975 in black gram. Huff and 
Dyblng (1980) reported high percentage o f abscission 

o f flowers in soybean,

A number o f edaphic, environmental and plant 

factors influence abscission . In Capscicuro annum, 
number o f  flowers produced decreased with reducing 

ll^^t intensity  (Park and Jeong, 1977). Bean flower 
buds have been found to abscise in large numbers 
under long day conditions (Bentley et ^ . ,  1975;

Periera et ^ . ,  1971),

High temperatures were shown to induoe f lo r a l 
abscission in tomato (Levy ^  a l , ,  1978) soybeans 
(Mann euid Jawarskl, 1970), and in hot pepper (Song et 
a l . ,  1978).
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Mineral elements vbloh are associated with 

abscission o f plant parts are nitrogen, phosphorus, 
potassium, sulphur, calcium, magnesium,zinc and iron.
The deficiency o f these minerals in s o i l  were reported 
to increase the abscission o f flowers and pods 
(Kozlowki, 1973). Rubie et a l . (1979) showed that 
nitrogen application increased the to ta l dry matter 

accumulated and number o f pods produced by plant.

Calcium plays an Important role  in abscission 

through it s  presence in calcium peotate, the cementing 

substance between the ce lls  (Leopold, 1964). C ell wall 

o f the abscission layer had lower a ff in ity  fo r  calcium 
with progressive development o f abscission zone due to 
degradation o f c e l l  wall (Poovaiah and Rasmussen 1973a). 

They have also shown that, calcium chloride treatment 
resulted in delayed abscission.

The other important elements, the deficiency 
o f which accelerates abscission are zinc (Takakl and 
Kushizedii, 1970) and Boron (Linskens, 1964).

Many workers proved the importance o f current 
photosynthesis during reproductive stage fo r  increased 
pod fru it  set and development.
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Duarte and Adams (1972) suggested that lea f 
ntunber was highly correlated with pod number.

After pollination  and fe r t iliz a t io n  o f the 

ovary^ further growth and development or suspension 
o f growth resulting in abscission o f flower seems to  
l i e  much in the synthetic a ctiv ity  in the ovary. 
Several biochemical and physiological changes occur 

during abscission.

Studies conducted to find the sequence o f 

processes prior to abscission showed that there is  
synthesis and secretion o f enzymes which in it ia te  
ce llu lose  and hemicellulose degradation in the abscl> 
ssion zones associated with increased enzyme a ctiv i­

t ie s  which are involved in the formation o f  abscission 

layer c e l l s •

Increased a ctiv ity  of the enzsrmes polygalactrr- 

uronase and cellu lase (Greenberg, ^  1975; Perger,
1979) lead to the abscission o f citrus and Phaseolus 
vulgaris ezplants. Cellulase and pectinase enzymes 
accelerated the degradation o f abscission layer ce lls  
during le a f shedding (Otakhanov and Imamalier, 1982).
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Foovalah and Raamassen (1973b) showed Increased peroxi­

dase a ctiv ity  is  close ly  related with the development o f 
abscission layer. Henry ^  aj,. (1974) observed high 
a ctiv ity  o f peroxidase in abscission layer before 
abscission is  Induced. In f ie ld  beans, reduction in 
source capacity by defoliation  enhanced flower drop 

(Chinnaswamy, 1979). Similar results were reported by ' 
many researchers (Stewart et 1978; Bnyl, 1975;

Lockwood ^  al*t 1977).

Competition between vegetative and reproductive 

organs fo r  current photosynthates leads to incomplete 
development o f many sinks leading to  their abscission 

(Egli and Legett, 1973; Tanaka and Puzita, 1975). 
Farrington and Pate (1981) observed that in Lupinus 
anguetifolius. interaction o f vegetative and reproduc­

tive growth at flowering lead to f lo r a l  abscission.
In groundnut a lso , varieties which showed higher parti­
tioning o f  assimilates to the reproductive growth showed 

h i^ e r  pod y ield  (Williams et a l . ,  1975; I>uncan et a l , ,

1978).

Role o f hormones

Changes in the leve l of endogenous growth
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regulators in the absoisslng organs are often correlated 

with abscission o f leaves and flowers*

Auxins are found to have a major ro le  in contro­

ll in g  senescence and abscission . Levels o f extractable 
and d iffisa b le  auxins are known to decrease with age 

o f the leaves (Wetmore and Jacobs, 1953). Addioot and 
Lynch (1951) suggested that higher auxin concentration 
in the proximal side promotes abscission. On the other 
hand higher auxin concentration in d ista l side o f the 
abaoission sons delays abscission . Rubinstein and 
Leopold (1963) showed that auxin e ffe cts  were Ihhibi- 

tory to abscission at in it ia l  stages,whereas at later 
stages, the same concentrations o f auxins promoted 
abscission . Morgan and Durham (1972) suggested that 
the natural ro le  o f auxin in suppression o f  abscission 
should have two oomponents ( i )  an adequate amount o f 
auxin needs to be synthesised in the lea f blade and 
( l i )  a continuous flow o f auxin from d lsa l to  promimal 
side o f abscission zone.

Roberts and Osborne (1981) stated that auxin 
flux from abscising organ decrease in turn increasing 
ethylene production. George (1982)>npf4d that a b ility
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o f  petals to  respond to lAA appears to be a ftmctlon o f 
physiological age. lAA induces senescence in Planthus 
caryophyllus petals by the duration and amount o f 
ethylene production. Nago and Sakai (1985) reported that 
reduction in fru it  removing force was inhibited by 
100 juM NAA and 100 juM 2,4-P.

Gibberellins can have moderately promotive 

e ffe c t  on abscission (Jacobs, 1966). The stimulatory 

e ffe c t  o f g ibberellin  is  said to be due to enhancement 
in ethylene formation (Abeles and Rubinstein, 1964) 
Addicot, 1970; Maryniok, 1977 and Gorrod and Harris 
(1978) reported delay in senescence with the applica» 
tion  o f GA (GA^), at 200 m g/litre to isolated petdls 
o f carnation Cv. Whitesim.

Cytokinins retard senescence and thus have an 
inhibitory e ffe c t  on absisslon (Osborne and Moss, 
1963). In streptooarpus leaves, a decrease in endo­
genous oytokinln levels have been correlated with 

abscission (Vanstaden, 1973)» However, Abeles et a l. 
(1967) had shown that oytokinln can stimulate ethylene 
biosynthesis which in turn can promote abscission .
Pre-treatment of leaves with oytokinln enhanced the
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delaying e ffe c t  o f lAA on abscission o f debladed petioles 

in ooleus (Sastry and Ramarao, 1967). Further, pre­
treatment o f loaves with cytokinin prevented alanine 

induced abscission (Viswanath et 1970).

Abscisic acid (ABA)

It  is  very well established that abscisic  acid 

promotes abscission (Craker and Abeles, 1969; Jackson 
and Osborne, 1972, Addioot, 1982). Varma (1976) reported 
that in cotton, oompared to abscising b o lls , retained 

b o lls  contained less ABA.ABA treatment to intact or 
ezplant b o lls  promoted abscission .

Porter (1977) observed a sharp increase in ABA 
content in flowers o f Lupinus luteus a day before 
abscission. Bxtemal application o f ABA to leaves 
increased abscission o f flowers*

Apte and Laloraya (1982) stated that ABA induces 
abscission o f  petioles o f Phaseolus vulgaris ezplants. 
Guinn (1982) reported that abscission o f  young cotton 
b o lls  Increased when they were placed in dim l i ^ t  due 
to increased levels o f ABA.
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Ethylene

Members o f each o f the five  groups o f plant 
hormones have been implicated in the regulation o f 
senescence and f lo r a l abscission* However, ethylene 
seems to have been dealt with most extensively, because 
o f it s  potential hazard as a pollutant. A wide range 
o f flowers are affected by ethylene to various degrees. 
Various symptoms associated are fading and in ro llin g  

of the coro lla  o f Ipomea (Kende and Baumgartner, 1 9 7 4 ).  

Fading and w ilting o f sepal tips in orchid (Akamine, 

1963) and abscission o f flowers and petals.

Exposure o f mature carnation flowers to 
ethylene resulted in a dual response i . e . ,  in ro llin g  
o f petals and increased S3rathesis o f ethylene. In 
young carnation buds, exposure to ethylene did not 
stimulate ethylene production but a promotion o f petal 
expansion was observed (Camprubl and Nichols, 1978, 

1979} Nowak and Rudnicki, 1 9 7 9 ) .

Similarly exposure o f mature open Ipomea 
flowers to ethylene resulted in a dual response. 

However, younger buds responded only with the Inrolling
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o f the coro lla  without a concomitant increase in ethylene 

synthesis (Kende and Hanson, 1976, 1977)*

The time course o f ethylene production follow s 
a typical p ro file  composed o f three d istin ct phases 
( i )  low steady rate (2) an aecelerated rise  to  maxi­
mum emanation (3) a last phase in wbioh production is  
declin ing. Various events associated with senescence 
can be studied with reference to  these phases (Maxie 

et a l . ,  1973).

Exposure o f mature carnation flower tissue 

to ethylene generally hastens the onset o f senescence 
and the development o f typ ica l aging symptoms (Mayak 

and Kofranek, 1976). Mor and Reid (1981) found that 
petals detached from mature flowers senesced and showed 
the clim acteric r ise  in ethylene simultaneously with 
parent flow ers. However, petals detached from young 

flowers on the day o f  flower opening senesced muoh 
la ter and produced less ethylene than did detached 
petals o f older flowers, Senescence includes proce­
sses leading to  c e l l  disorganisation.

Kende and Baumgartner (1974) have proposed a
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model based on changes in oompartmentation to  account 
fo r  autocatalytic ethylene synthesis. By increasing 

the permeability o f the tonoplast, ethylene could 
enhance the flow o f substrates from the yaouole to 
the cytoplasm where an ethylene -  generating system 
is  located. Hanson and Kende (1975) and Mayak ^  a l .

(1977), indicated that one o f the f i r s t  changes to 
take place in response to ethylene was an enhanced 

e fflu x  across the tonoplast. Halevy and Mayak (1979^ 
Matile (1978) have also demonstrated c e l l  membrane 
disintegration , especia lly  the tonoplast leading to 
uncontrolled mixing o f vacuole contents with the 

cytoplasm. However, Buttle and Kende (1978) conclu­
ded that a rise  in ethylene production was observed 
in Tradesoantla petals during the in it ia l  period o f 
fading without corresponding Increase in pigment 
leakage, a natural indicator o f changes in permeability.

Buttle and Kende (1980) stated that there is a 
lag o f about 2 hours between ethylene application and 
Increased permeability in Tradescantia petals. The 
increase in permeability is  accompanied by a massive 
loss o f phospholipids (Boroohov et a l . .  1978). John 
et a l . (1982) concluded that the clim acteric range in
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ethylene production during senescence o f carnation flowers 

fa c ilita te d  physical changes in membrane lip id s  that 

presumably lead to  loss o f membrane lip id s .

Tender Wcsthaiien end dt Sirerdt (1978) obserred 
e r ise  in the leve l o f  methionine et ebont the physio- 

lo g io e l stage associated with commendement o f  the rise  
in ethylene production.

Nichols (1977) proposed that in oamation a fter 
pollination , the sty le , throu^  its  endogenous ethylene 
production is  thought to trigger petal w ilting . &llssen 
(1977) using petunia flow ers, reported that the penetra­

ting pollen tubes activate the stylar tissue whioh then 
leads to the w ilting o f the flow er.

Stead and Moore (1979) demonstrated that a 
stimulus was transmitted from the i>ollinated stigma 

throu£^ the style and the ovary stimulating petal 

abscission .

Bufler et a l .  (1980) observed that the r ise  in 
ethylene production was associated with 30 fo ld  increase
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In ACC in the petals o f cut carnations* Roberts at a l . 
(1984) reported that exposure o f excised pedicels with 
the flower attached to ethylene results in abscission 

within 12 hrs in tomato. Mor et (1985) studied 
the cause o f the uneven production o f ethylene by 
upper and basal portions o f detached petals o f 
carnation. They suggested that ACC synthase a ctiv ity  

in the basal portion o f  the petals was 38 to  400 times 
more than that in the upper portion.

Application o f 1-Amino oyolopropane-1-carbo­
x y lic  acid (ACC) to rib  segments o f excised ipomea 

flowers resulted in the formation o f  ethylene in 
greater quantities than produced under natural condi­

tions (Jorg et a l . .  1980). Whitehead et a l . (1984) 
stated that during senescence o f carnation petals, 
ethylene production Increased more than 1000 fo ld  

but the ACC concentration in petals Increased only 

3 fo ld . The concentrations o f  conjugated ACC was 
generally lower than that o f  free ACC.

Cook ^  a l. (1985) observed a characteristic 
rise  in AS9, in the in it ia l  stages but the greatest 
increase in ACC are associated with the decline in
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ethylene production during the la ter stages o f lower 
senescence o f out carnations. They suggested that 
ACC synthase in the basal portion o f the petals was 
38 to 400 times than that in the upper portions.

Regulation o f absolssion

Sastry and Rama Rao (1967) reported that lAA 
delays abscission o f debladed petioles o f Coleus 
blumei. Poovaiah and Rasmussen (1973) observed that 
application o f lAA 10“ ^  and cycloheximide inhibited 
abscission o f petiolar ezplants o f beans.

Cook et a l . (1985) suggested that oytoklnins 
delay the onset o f senescence and reduce ethylene 
sen sitiv ity  and production in cut carnation flowers 
by a ffectin g  the biosynthesis and action o f  ethylene 
in the tissu e. Benzyl adenine prevents the r ise  

in endogenous ACC levels and reduces the oax>acity 
o f the tissue to convert ACC to ethylene.

Ethylene synthesis inhibitors

Suttle and Eende (1978) reported that AVO 
completely inhibits ethylene production in petals o f
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Tradescantia and also Inhibits partia lly  the loss of 

membrane permeability.

Konize £t (1980) observed that ACC dependent 

ethylene production in protoplasts obtained from flower 

tissue of Ipomea tr lo o lo r  was inhibited by n-propyl 
gallate, s ilv e r  n itrate, cobalt chloride and potassium 

cyanide.

Rhizobitoxlne and some of its  analogues inhibited 
the synthesis o f ethylene from methionine. They also 
reduced ethylene production and extended longivity  of 

carnation (Baker ^  &!•# 1977). Yu et a l. (1979) and 
Amrhelm and Wenkler (1979) reported that amino oxy- 
acetic acid (AOA) is  an inhibitor o f ACC synthase.

Addition o f AOA to the vase solution o f carnations 
greatly extended longivity  and suppressed the climac­

te r ic  rise  in respiration and ACC and ethylene produc­

tion (Brown and Mayak, 1980; Pujino et 1981).

Several polyamines e .g . , putrescine, cadavenine 
spermidine and spermine which were reported to retard 
the senescence o f lea f protoplasts also inhibited
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ethylene production In senesclng petals o f Tradescentia 

(Suttle, 1980).

Amino ethoxylene vinyl glycine and methoxy vinyl 

glycine (MVG) rhizobitoxine analogues shown to be sp ec ific  
Inhibitors o f  ethylene synthesis from »thlonine by block­
ing the conversion o f  S-adenosylmethlonine to 1-amlnocyolo 
propane-1-carboxylic acid (Llebeman, 1979)*

S ilver Ion

Veen (1979) reported that s ilv er  ions have 
antiethylene action . Movement o f s ilv e r  ions are faster 

in the form o f s ilv e r  thiosulphate (STS) anlnoio complex. 
Anti-ethylene action o f s ilv e r  is  preserved in th is com­

plex as shown by a sign ifican t improvement o f  the longivlty  
o f  carnation flow er. Bufler et a l . (1980) observed that 
pre-treatment o f flowers with s ilv e r  thiosulphate retarded 

flower senescence and prevented the increase in ACC.

An increase in ACC in the remaining flower parts, which 

appeared to precede its  increase in the petals was only 
partia lly  prevented by the STS pre-treatment.

Reid et a l . (1980) stated that STS doubled vase
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l i f e  o f  carnation flow ers. The e ffe c t  could be achieved 
by treating stems with solutions containing as l i t t l e  as
1.0 ndl with a pulse as short as 10 minutes. S ilver 
uptake estimations indicated that a minimum o f 0.5 ju 
mol Ag was required per stem fo r  maximum vase l i f e  and 

more than that was tox ic .

Meeteren et (1982) suggested that light 
controlled flower bud abscission was mediated by ethy­
lene, in Lilium. As a consequence o f the influence o f 
ligh t on ethylene action darkness also caused an 
increase in ethylene evolution and f lo r a l  bud abscission. 

This could be prevented by in jecting  flower buds with
0.2 STS at the beginning o f dark period.

A combined STS and sucrose treatment improved 

flower quality by promoting bud opening o f  spikes and 
delayed f lo r e t  senescence and abscission in both 
fresh and stored flowers in sweet peas (Mor at a l . .

1984).

Cook et a l. (1985) in their work on carnations 
compared the e ffe c t  o f antisenescence agents such as 

AVC, s ilv e r  ions and cobalt ions with BA on ethylene
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sen sitiv ity  and production. Benzyladenine prevents the 
r ise  in endbgenops ACC levels and reduces the capacity 
o f the tissue to convert ACC to ethylene,

Veen (1985) suggested that STS has an antagonis­
t i c  e ffe c t  on ACC stimulated growth o f p is t i ls  in carna­
tion buds.

Carbon dioxide (at 4 per cent) is  a competitive 
inh ibitor o f ethylene and i t  completely prevented the 

develojanent o f in ro llin g  o f carnation petal tissue 

associated with naturally occurring changes in ethylene 

production (Mayak and D illey , 1976). Kendo and Hanson 

(1976) reported that CO2 delayed but did not prevent 
the in ro llin g  o f the coro lla  in Ipomea flow ers.

In Tradesoantia petals, CO2 delayed but did not 

prevent the r ise  in ethylene evolution and pigment 

leakage (Suttle and Kende, 1978).

Cobalt is  an inh ib itor o f ethylene biosynthesis 
and has been shown to extend vase l i f e  o f cut flow ers. 
(Lau ejL_aL»f 1976; Pujlno and Reid, 1983; Venkatara- 

yappa ^  al»» 1980).
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Calcium sa lts at 10*^ to  10*V applied at the 
sta te -I Inhibited abscission o f besm petioles probably 
by retarding the senescence o f pulvlnar tissue (Poovalah 
and Leopold, 1973a). (Poovalah and Rasmussen 1973b) 
reported that CaCl2 treated bean leaves had h l^ e r  
calcium content looallsed  In abscission zone and 
prior to  abscission , there was a corresponding decrease 
in calcium content in the abscission zone.



MATERIAL AND METHODS



I I I .  MATERIAL A!̂ D METHODS

Experiments were conducted to study the e ffe c t  
o f  ethylene synthesis/action Inhibitors on the senee- 
cence o f lea f discs o f soybean, abscission o f debladed 
coleus petioles and flo ra l abscission in f ie ld  beans. 
Plant material used in these experiments and the 
methods adopted to study senescence and abscission 

processes are explained in b r ie f in this chapter.

3.1 E ffect o f ethylene syntheeis/action 
inhibitors on senescence:

Plant material -  Soybean leaves;

Soybean variety KSHB-2 was used inth is study- 
healthy, bold seeds were selected and sown on raised 
beds with a spaclnr o f 15 cm between plants and 30 cm 

between rows. Cultural practices and plant protec­
tion  measures were taken accordinp to the xrecommendatlons

dfin the packape o f practices fo r  the cu ltivation  soybean 
variety  XSHB-2 (Anon., 1982). Leaves were used from 
the plants aped around 30 -  35 days. Third or fourth 
t r ifo l ia t e  loa f from the top was used in the experiments.

Chemicals tested: -  Ethylene synthesis inhibitor 

cobalt chloride, free radical scavenger benzoic acid.



Ethylene action inh ib itor s ilv e r  thiosulphate (STS) 
were used in the experiments. E ffect o f  calcium, 

aluminium alone or in combination with other ethylene 
synthesis/action inhibitors were also studied.

3.1 Experiments

Experiments were conducted to study the e ffe c t  

o f  d ifferen t chemicals on chlorophyll degradation in 
senescin^^ soybean le a f d iscs under normal (non-induced) 

conditions.

u

Second or third fu lly  expanded leaves from top 

o f  soybean plants were excised and were washed vrith 
d is t ille d  water. Leaf punches measuring 0,75 cm diameter 
were taken by using a lea f punch. Ten lea f discs were 
used per each rep lication . Leaf discs were placed in 
petrldishes (9 cm diameter) containing 6 ml o f test 
solution with three replications and incubated under 

dark conditions at 35®C. After 72 hrs chlorophyll 
content retained in le a f discs was measured,

3»1*1 E ffect o f s ilv er  thiosulphate on chlorophyll 
degradation:

This experiment was conducted to study the e ffe c t  
o f  STS on lea f senescence. Different concentrations o f 
STS were used to know the optimum concentration required 
fo r  retarding chlorophyll degradation.
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Leaves from soybean plants were excised and 
were washed with d is t ille d  water and surface dried 

by gently b lotting  between folds o f f i l t e r  paper*
Ten such le a f d iscs were placed In 9 cm petrldlshes 
containing 6 ml o f  test solution with three rep li­
cations and Incubated under dark conditions at 35®C* 
A fter 72 hrs, chlorophyll content retained in le a f 

d iscs  was measured* Concentrations o f  STS used in 
th is experiment are given in results chapter*

3 .1 .2  Cobalt:

Leaf discs o f soybean were incubated in 

d ifferen t concentrations o f cobalt chloride solutions 
fo r  72 hrs. The e ffe c t  o f cobalt on chloirophyll 
degradation was studied*

3*1*3 Aluminium:

Leaf discs o f soybean plant were incubated 
in d ifferent concentrations o f aluminium chloride 
solutions* Amount o f chlorophyll retained in the 
le a f  discs was measured at the end o f 72 hrs o f 
incubation period.
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3.1 .4  E ffect o f cobalt. STS and their oomblnatione 
with altualnluin on aeneacence o f aoybean lea f 
d iscs :

T r ifo lia te  loaves o f soybean were excised from 

plants aged 30 days. Leaves were washed with d is t ille d  
water and surface dried. Cut ends o f petio les were kept 

iamersed in d ifferent test solutions. For increased 
uptake o f  test solutions into conical flasks containing 
test solutions and leaves were kept under l i ^ t  (1000 

Itix.) fo r  6 hours. Leaf d iscs taken from these leaves 
were incubated in respective test solutions with which 
they were pretreated at 35®C in dark. Three rep lica ­

tions were maintained fo r  each treatment. At the end 
o f 72 hre o f incubation period, chlorophyll retained in 
the lea f d iscs was measured.

3.1.5  E ffect o f bengoic acid , cobalt and STS 
on ABA induced cklorophvll degradation:

Experiments were conducted to study the e ffe c t  
o f d ifferen t chemicals on le a f senescence induced by 

ABA. Soybean lea f discs were pre*inoubated in d i f fe ­

rent concentrations o f a b scis ic  acid solution (ABA-0,

ABA 1 0"^  and ABA 10*^) fo r  24 hrs at 35®C. Later, 
le a f d iscs were transferred to  petrldishes containing 
water, benzoic acid (100 uH), cobalt chloride (100 uM)
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and STS (100 joM)* After 48 hrs o f  dark Incubation 

at 55®C, chlorophyll content and per cent leakage o f  
solutes were measured.

3*1*6 Calcium*

Calcium solutions o f d ifferent concentrations 
were prepared using calcium chloride sa lt . Leaf discs 
were incubated in petrldishes cont-ining d ifferen t 

concentrations o f calcium for  72 hrs* At the end o f 
the incubsticm period, chlorophyll content retained 
in  the lea f discs was measured.

3*1*7 E ffect o f calcium on senescence under 
normfi conditions and in the p resen t 
o f  EGTA:

Experiments were conducted to see the involve­
ment o f calcium in  the senescence process. EGTA was 
used to sequester calcium ions. Cut ends o f petioles 
o f  t r i fo l ia t e  leaves were kept immersed in d ifferen t 
treatment solutions o f calcium and EGTA fo r  6 hrs under 
l ig h t .  Leaf punches from these leaves were incub’ ted 

in  dark in the respective treatment solutions in 
petrldishes with which they were pre-treated. At the 
end o f  incubation period, chlorophyll retained in le a f 
d iscs  and per cent leakage o f  solutes were measured.
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3*1.8 E ffect o f calcium pre-treatment on
chlorophyll derradation under normal 
conditions and In the presence o f EGTA;

Soybean leaves were enriched with d ifferent 
concentrations o f calcltun by keeping the cut ends 
o f  le a f petioles In conical flasks containing treatment 
solutions fo r  6 hrs. Leaf punches taken from leaves o f 

each treatment were incubated in the same treatment 
solutions with which they were pre-treated. After ?4 

hoursf le a f discs were transferred to d ifferen t p e tr i- 
dishes containing water, EGTA, calcium and calcium + 6GTA* 
A fter 48 hrs o f  dark Incubation at 35°C, chlorophyll content 
and per cent leakage o f solutes from the le a f  d iscs were 
measured*

Ca 1 mH

Ca 2 mM

a) HgO

b) EGTA

c) Ca 1 mM
d) Ca 1 mM + EGTA 1 mM

a) HgO

b) EGTA 1 mH
c) Ca 2 mM
d) Ca 2 mM + EGTA 1 mM
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Ca 5 mW a) H2O

b) EGTA 1 mK
c) Ca 5 oM
d) Ca 5 in>! + EGTA 1 mM

3 .1 .9  ‘ E ffect o f calcium and -flliMilnlum on
aenescence o f soybean lea j^^ lscs;

Excised leaves were enriched with treatment 
solutions by keeping the cut ends o f petioles in the 

treatment solutions. Leaf discs taken from these leaves 
were incubated in the same treatment solutions. At the 
end o f 72 hrs o f incubation period, chlorophyll content 
retained in lea f d iscs were measured.

F loral abscission .

Experiments were conducted by using lea f petiolar 
explants from coleus plants to study the role o f ethylene 
synthesis/action inhibitors on abscission.

3.2.1 Plant material;

Coleus blumei -  Benth plants were multiplied from 
a single clonal stock. When the plants were at one and 
half to two months old , lea f petiolar explants were taken 
fo r  the studies. Leaves were debladed keeping the length 
o f  petioles at 2.5 cm. Three centimeter section o f inter­
node with the petioles were used in the experiments.
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Bxplants were soaked in 10 ml o f  each treatment 
solution  taken in petriplates at room temperature.
Later, explants were planted on a^ar block in
9 cm petrip lates. Eight explants were planted in each 
p etr ip la te . Two replications were maintained fo r  each 
treatment, Petriplates weire placed in a humid chamber 
(100?? relative humidity).

To study the e ffe c t  o f d ifferent chemicals under 
ethylene Inductive conditions, ethylene was released 
in the humid chamber from ethrel solution to give 100 ppm 

in  the chamber o f capacity o f 7*5 litres*  At regular 
time intervals, number o f petioles abscised were recorded.

3.2.1 E ffect o f s ilv e r  thiosulphate on 
abscission o f petiolar explants:

Petiolar explants were soaked in d ifferent 
concentrations o f STS solution fo r  16 hrs. At the 
end o f 16 hrs, they were surface dried by b lottin g  the 
moisture and planted over agar medium* Number o f  
p etio les  abscised were recorded at d ifferen t time 
intervale
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3.2 ,2  Standardization o f pretreatment time
required to delay abeciselon o f colega 
netlolar explante W  STS;

This experiment vas conducted to  knov the minimum 
duration o f  s ilv e r  thiosulphate (30;oM)« Pretreatment 
time required to  inh ibit abscission o f petio les e ffe c t iv e ly .

Bxplants were soaked with ST8,50juM fo r  0 hrs,
8 hrs, 16 hrs and 24 hrs. After the pre-treatment, ex­
plants were planted on agar medium and placed in hxuaid 
chamber. Observations were recorded at regular inter­

va ls.

3*2.3 E ffect o f STS and cobalt on abscission 
o^ coleus petio iar exnlants;

With an ob jective to  study the comparative 

effectiveness o f  ethylene synthesis Inhibitor -  cobalt 
and ethylene action inh ib itor -  STS. Bxplants were 
soaked in 50 tiM concentration solution o f  C0CI2 and STS 

fo r  16 hrs and then planted on agar medium. Number o f 

petioles abscised at d ifferen t time intervals were counted.

3 . 2 . 4  E ffect o f ethylene synthesis, action inhibitors 
and :^ree radical scavengers on abscission o f 
coleus netiolar exnlani^

This experiment was conducted to see the e ffe c t  
o f d ifferent ethylene synthesis/action Inhibitors and free
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Coleus explants were soaked in d ifferent 
treatment solutions fo r  16 hrs, at room temperature. 
After pre-treatment, explants were surface dried and 
planted over agar medium. One set o f explants treated 
with d ifferent chemicals, were maintained in ethylene 
free  atmosphere. In another set, the explants were main­
tained in ethylene medium. Ethylene concentration o f 
100 ppm was released by using ethrel solution in humid 

chamber.

3 .2 .5  Floral abscission :

Experiments were conducted to study the e ffe c t  

o f  ethylene synthesis/actlon inhibitors on abscission 
o f  flowers and buds in f ie ld  bean.

Plant material.

radical ecavenr'ers on abscission of petioles.

Field bean, variety Hebbal Avare-3 plants were 
selected fo r  the experiment. Plants were raised imder 
f ie ld  conditions adoptin'^ a spacing o f  30 cm between rows 
and 15 cms between plants in a row. Culturfil practices 
and fe r t i l iz e r  dosages were followed according to the 
recommendations in package o f  practices fo r  the cu ltivar 
Hebbal Av:re-3 (Anon., 1982).
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First formed inflorescences havinfr approxi­
mately eaual n\imber o f flowers and buds were excised 
from fie ld  bean plants and used in the experiments.

Wethod o f treatment.

Field bean Inflorescences were brought to the 
laboratory and the inflorescences were sprayed with 
5 ml o f treatment solution individually with a hand 
sprayer. After spraying, cut erxds o f inflorescences were 
kept immersed in water or ethrel (50 ppm) solutions taken 
in conical flasks (50 ml). Four replications were main­
tained fo r  each treatment. Number o f pods, flowers and 
buds abscissed were recorded at regular time Intervals. 
D ifferent treatment solutions used in these experiments 
were:

1• Water
2. STS 50 pM
3. STS 100 pM
4. STS 200 uM
5. Co 50 pM
6. Co 100 uM
7. Co 200 pM
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Field experiments.

E ffect o f fo lln r  application o f  ethylene eynthesla 
Inh ib itor-cobalt and action inhlblt03>-silver on flo ra l 
abscission  was studied under fie ld  conditions.

Experiments were conducted at the Gandhi Krishi 

Vifrnnna Kendra (GKVK)f University o f Agricultural Sciences, 
Bangj?lore, during kharlf season (July to November 1985) 
and Rabi season (November to February 1986). F ertilizer  
dosage and other cultural practices were followed according 
to the recommendations in package o f practices fo r  the 

cu ltivar Hebbal Avare-3 (Annon., 1982).

3'»2.6 Experiment-I

Field bean variety Febbal Avare-3 was selected fo r  
the studies. The experiment was laid out in a randomised 
block design. Plants were raised with a spacing o f  45 cms 
between rows and 30 cms between plants within a row. When 
the flowers started opening in the basal nodes o f in flo re ­
scence, d ifferent concentrations o f  aqueous solutions of 
cobalt and STS were sprayed on the inflorescence using a 
hand sprayer.

Thirty representative plants were selected from each 
treatment and the follow ing observations were taken a fter  
the plants attained maturity.
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1• Leaf dry weight
2. Pod dry weight
3. Stem dry weight
4. Number o f poda/plant

Treatment aolutlons used*

1• Water
2, STS 50
3- STS 100 ]uK
4. STS 200 aim

5. Co 50 mM
6. Co 100 aim

7. Co 200 aim

3*2*7 Sxperlment II

Field bean variety Hebbal Avare was grown during 
November 1985 -  February 1986 at GKVK Farm, The experi­
ment was laid  out In a randomised block design, each plot 
measuring 1,8 x 3»0 m. Four replications were maintained 
fo r  each treatment. Plants were raised with a spacing o f 
45 X 30 cm. F ertilizer  application, cultural practices 
and plant protection measures were taken as recommended 

in the package o f practices (Anon,, 1982), When the 
flowers started opening at the basal nodes o f the Inflore-
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scence, the following treatment solutions were sprayed 
on the inflorescence. Second spray was g'iven a fter 

10 days o f f ir s t  treatment.

Treatments.

1• Control

2. STS 25 liM
3. STS 50 pM

4. Co 50 pM
5. Co 100 pK

6. STS 25 pM + Co 50 uM
7. STS 25 pM + Co 100 uM
8. STS 50 pK + Ca 50 uM
9. STS 50 + Co 100 uM

Ten representative plants from each replication  

o f  each treatment were taken fo r  observations* The 
following' observations were taken a fter  the pods attained 

maturity.

1• Number o f pods

2. Pod dry weight

3. Leaf dry weight
4. Stem dry weight

Dry weight.
Dry weights o f le a f , stem and pods were recorded

a fte r  oven drying the samples -  at 80®C fo r  24 hrs. Stem dry 
matter included a l l  branches of stem and inflorescence*
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Number o f pods per plant»

The tota l number o f mature pods produced by the 

plant were counted at harvest*

Estimation o f chlorophyll content In le a f  d iscs*

Chloirophyll content was estimated follow ing the 
method ®3q{lalned here* Immediately a fter  taking le a f 
d iscs  from tr ifo l ia te  leaves o f soybean* fresh weight o f 
10 discs was estimated from a l l  the treatments and rep li­
cations* After Incubating the le a f discs In the respective 
test solutions, chlorophyll content was estimated*
To know the In it ia l chlorophyll content before Incubation 
In test solutions, tota l chlorophyll content was estimated 

In 3 sets o f 10 le a f discs each*

Known weight o f le a f discs were mascernted with 
a pinch o f calcium carbonate Into a thin paste using a 
pestle  and mortar. To th is , 10 ml o f 80 per cent acetone 
was added and thoroughly mixed* The mixture was filte red  
under suction* Reoulred volume o f acetone was added to 
the residue and filte red  until a ll  the chlorophyll la 
extracted* The f ilt r a te  was collected*

The volume of the f i lt r a te  was made upto 30 ml 
and this extr^^ct Wcs used for  estimating chlorophyll 'a*.
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*b' and tota l chlorophyll# The optica l density o f 

the extract was measured at wave lenf^ths o f 645* 652 
and 663 nM in a Doubleheam Spectrophotometer.
Chlorophyll *a ', *b* and to ta l chlorophyll contents were 

estimated by using the following formulae#

V
mg# chlorophyll ’ a » /«  1 2.7(D663)-2.69(D645) x 7555- ^  

g tissue

mg. chlorophyll *b*/= 22,9(D 645)- 4#68(D 663) 
g tissue

Total chlorophyll = mg o f c h l , ’ a*/g tissue + mg o f ch l#*b '/g
tissue

Where:
D -  Optical density
V -  Final volume o f 80 per cent acetone 
W -  Fresh weight in grams

Estimation o f loss in membrane in tegrity#

Leaf discs from three replications o f each treat­
ment incubated in three d ifferent petriplates were 
selected to know the loss  in membrane Integrity# The 
extent o f membrane damage or leakage was quantified by 
measuring the amount o f substances that leaked out from the 
le a f  d iscs . Solutes which are having absorption peak at
273 no were estimated by following the method o f Leopold
( 1981 ) .
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Leaf discs taken out from the incubation medium 

wer-e b r ie fly  washed with d is t ille d  water and surface 
dried on a f i l t e r  paper. Leaf discs were floated on 
10 ml o f d is t ille d  water in a beaker (25 ml). The 
beakers were occasionally shaken, so that a ll  the 
solutes w ill leak uniformly into the water. Leaf discs 
were le f t  in water fo r  three hours. The amount o f 
substances leaked out into the medium was measured by 
takinf* absorbance at 273 nm. The contents o f the 
beaker were then kept in a bolllnp’ water bath fo r  
15 minutes fo r  the complete destruction o f the tissue 
and complete leakage o f substances in water. After 
necessary d ilu tions, the amount o f substances leaked 

was measuredv^by measuring OD at 273 nm. The per cent 
o f  substances leaked out into the medium was calculated 
using the formula.

% leakage 
o f  substance 
or solutes

OD o f leachate from lea f discs
OD o f leachate from the same 
le a f discs kept in boiling  
water

X 100

Method followed to prepare s ilv e r  thiosulphate

S ilver thiosulphate was prepared by mixing equal 
volumes o f 1 mM Silver nitrate with 8 mM Sodium thiosul­
phate. This was used as stock solution are dilutions 
were made as and when required.
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IV. EXPERIMENTAL RESULTS

Several laboratory experiments were conducted 

to study the ro le  o f ethylene synthesis and etbylene 
action Inhibitors on le a f senescence.

In addition, some o f the chemicals were used 

to study their e ffe c t  on abscission o f petio les by 
using lea f petlolar explants. Effectiveness o f  these 
substances on abscission o f flowers and flower buds 
in excised fieldbean inflorescence was also assessed.

Some chemicals which were e ffe ctiv e  in reducing 
the f lo r a l  abscission in excised inflorescence were 

used under f ie ld  conditions to study their e f fe c ­
tiveness in inhibiting f lo r a l  abscission in fieldbean.

The results obtained in these experiments are 
presented in th is chapter.

4.1 Senescence

Different chemicals which inhibit synthesis o f 
ethylene synthesis and or action on senescence was 
studied under laboratory conditions. The amount o f



60

chlorophyll retained in the le a f discs a fter  incubation 

in d ifferent solutions was used as a measure o f  sene­
scence.

4.1.1 E ffect o f ethylene action inh ibitor -  s ilv er  
^liioeulphate on senescence o f soybean lea f 
discs

Ten lea f discs were incubated in water or on 

d ifferent concentrations o f STS. At the end o f  72 hrs 

o f dark incubation period, senescence was measured by 
estimating chlorophyll 'a ' ,  'b* and to ta l ohlorophyll 
content in le a f d iscs . Bata are presented in Table 1.

Leaf discs o f soybean leaves incubated in 

water showed a teduotion o f to ta l chlorophyll content 
from 5.1 mg to 2.85 mg/gram fresh weight. Incubating 
lea f discs with STS solution o f 50 joM or higher concen­
trations sign ifican tly  retarded the chlorophyll degra­
dation. The amount of chlorophyll retained in the 

lea f discs were 3.29, 3.98, 3.69 mg/g fresh weight 
in STS 50, 100 and 200 joM respectively . STS 10 joM 
was not e ffe c tiv e  in retarding senescence. Highest 
ohlorophyll content was observed in le a f d iscs incuba­
ted in STS 100 ]oN. Further increase in the concentra­
tions o f STS in the medium was not e ffe c tiv e  in retaining
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Table 1• Chlorophyll content o f soybean lea f discs 
in the presence o f s ilv er  thiosulphate in
the incubation medium

Treatments 
(Concentration 

in uM)

Chi. »a» Chi. *b* 
(mg/g fresh weight

Total Chi. 
o f  lea f d iscs)

V 1.888 0.97 2.85(44)*

STS 10 1.64 0.67 2.32(55)

STS 50 2.25 1.03 5.29(36)

STS 100 2.78 1.20 5.98(22)

STS 200 2.30 1.38 5.69(28)

CD 0.3051 0.1847 0.2452

c ’ i l o . : c o h y

♦ Per cent reduction in to ta l chlorophyll in relation  
to in it ia l  chlorophyll values.
In it ia l  chlorophyll content -  5.1 ng/g fresh weight.
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higher amoants o f chlorophyll when compared to STS 
100 joM.

Chlorophyll *a* content were sign ifica n tly  more 
In STS 50, 100 and 200 pM compared to  water treatment. 
Higher chlorophyll *b* content was also observed in 
these treatments.

S ilver thiosulphate in the incubation medium 
inhibited chlorophyll degradation in excised soybean 
lea f d iscs . A minimum concentration o f 100 |oH is  
necessary to inhibit the chlorophyll degradation 
s ig n ifica n tly .

4 .1 .2  E ffect o f cobalt on senescence o f 
soybean le a f discs

Leaf d iscs from 30 days old soybean seedlings 
were incubated in water and d ifferen t concentrations 
o f cobalt ch loride. After 72 hrs o f incubation, under 
dark at chlorophyll content in le a f discs was
estimated. Data are presented in Table 2.

Cobalt s ign ifican tly  retarded senescence with 
increase in concentrations o f  cobalt from 10 to 50, 
100 and 200 ;iM, to ta l chlorophyll content retained in



Table 2. Chlorophyll content o f eeneeeing soybean 
lea f dieos in the presence o f cobalt In 
the incubation medium

Treatments 
(concentra­
tion  in )oN)

Chi. 'a* Chi. *b’ 

(mg/g fresh weight

Total
chlorophyll 

o f lea f d iscs)

HgO 1.886 0.971 2.859(44)»

Co 10 loM 1.749 1.105 2.854(44)

Co 50 j|iM 1.881 1.053 2.934(42)

Co 100 ]oN t.273 0.861 3.134(38)

Co 200 pM 2.418 1.465 3.883(24)

CD at 51̂ 0.3957 0.2273 0.3974

* Per cent reduction in to ta l chlorophyll In relation  
to in it ia l  chlorophyll values.

In it ia l chlorophyll content -5 * 1  mg/g fresh v e i^ t .
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le a f d iscs increased accordingly tota l chlorophyll 

values were 2*854, 2*934, 3*134 and 3.883 mg/g 
fresh weight respectively* Highest chlorophyll 
content was observed in le a f d iscs incubated in Co 

200 ;iM concentration. Cobalt at lower concentrations 
o f  10 and 50 joM were not e ffe c tiv e  in retarding 
chlorophyll degradation during senescence*

Chlorophyll 'a* content retained in the leaves 

showed an increasing trend from 1*749 to 2*418 mg/g 
fresh w e i^ t with increase in concentrations o f cobalt 

from 10 juM to 200 pK* Chlorophyll *a* content in 
water treated lea f d iscs was 1*888 mg/g fresh weight* 
Chlorophyll *b* content a lso followed the same trend* 
Values increased from 1*105 to  1*465 mg/g fresh weight 
with increasing concentrations o f cobalt from 10 pM 
to 200 pM*

Cobalt at a concentration o f  200 juM, s ig n if i ­
cantly retaxrded senescence o f soybean le a f discs*

4*1*3 E ffect o f aluminium on senescence o f 
soy~bean le a f discs

T rifo lia te  leaves o f  soybean from plants siged
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35 days old were selected fo r  the experiment. Ten lea f 
discs were placed over f i l t e r  paper in petrlplates con­
taining 6 ml o f  water or d ifferent concentrations o f 
aluminium ch loride. A fter 72 hours o f Incubation* 
<dilorophyll retained in the lea f d iscs was estimated 

(Table 3 ) .

Leaf d iscs o f soybean leaves placed over water 
shoved a sign ifican t reduction in to ta l chlorophyll 

content from 4*4 mg/g fresh w e i^ t  to 1*139 mg/g fresh 
w e i^ t . Leaf d iscs placed over solutions o f aluminium 
retarded lea f senescence showing sign ifica n tly  higher 
values o f chlorophyll 'a '*  *b* and to ta l chlorophyll. 
H ip est values o f  to ta l chlorophyll and chlorophyll 
*a* were observed at A l, 900 pM concentration. Total 
chlorophyll content and chlorophyll 'a* content values 

were 3.28f mg/g fresh weight and 2.391 mg/g fresh 

weight.

This treatment was followed by A1.800 jpM and 
Ali pK treatments. In which tota l chlorophyll content 
3.266 mg/g fresh weight and 3.273 mg/g fresh weight 

were observed respectively .
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Table 3. Chlorophyll and to ta l chlorophyll content 
o f  eenesclng soybean lea f d iscs Incabated 
with d ifferent concentrations o f  altuninium

Treatment 
(Concentration in 

uM)

C h i.'a ' Chl.'b* Total chloro­
phyll

(mg/g fresh weight o f lea f d iscs)

1. H2© 0.739 0.400 1.139(74)*

2. A1 100 uM 1.212 0.709 1.921(56)

3. A1 200 uM 1.337 0.474 1.811(59)

4. A1 300 uH 1.416 0.812 2.228(49)

5. A1 400 uM 1.518 0.694 2.212(49)

6. A1 500 uM 1.630 0.678 2.308(48)

7. A1 600 uM 1.836 0.609 2.445(44)

8. A1 700 uM 1.695 0.867 2.562(42)

9. A1 800 uM 2.140 1.126 3.266(25)

10. A1 900 uM 2.391 0.990 3.281(25)

11. A1 1000 uM 1.982 1.291 3.273(26)

12. A1 2eM 1.524 0.918 2.442(45)

13. A1 3 mM 1.449 0.835 1.284(71)

CD at 3̂ 0.2281 0.1307 0.2585

* Per cent reduction in to ta l chlorophyll in relation  
to in it ia l  chlorophyll values.
In it ia l chlorophyll content -  4.42 mg/g fresh weight.
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An increasing trend in chlorophyll content was 
observed with increase in concentrations o f  aluminium 
from A1.200 joM to A1.900 joM. Total chlorophyll values 

increased from 1.881 mg/g fresh weight t> 3*281 mg/g 
fresh weight. A further increase in aluminium concen­
tration reduced the amount o f chlorophyll retained 

in the leaves.

The same increasing trend was observed in 
chlorophyll *a’ and *b’ content. Chlorophyll *a' 
values increased from 1.212 mg/g fresh weight to 
1.982 mg/g fresh weight from Al. 100 )oM to Al. 1000 ;uM 
(A1 1 mM) showing a peak at Al 900 joM and Al 800 joM 

which showed 2.391 and 2.140 mg/g fresh weight respec­
t iv e ly . Chlorophyll 'b* values also increased in the 

same manner.

Aluminium in the incubation medium in the 

concentration range o f 100 to 1000 joM inhibited ohloro* 

phy11 degradation in the lea f discs o f excised soybean 
lea f d iscs .

4 .1 .4  E ffect o f cobalt. 3T3 and their combinations 
with aluminium on senescence o f soybean lea? 
discs

T rifo lia te  leaves o f soybean were excised from
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plants aged 30 days* Cut ends o f  the petio les were 
kept immersed in d ifferent treatment solutions contai­
ning d ifferent oonoentrations o f cobalt, STS and alumi­

nium* To enhance rate o f translocation o f the solutions 
into leaves, these were placed under high ligh t inten­
s it ie s  Jbf 6 hours* Leaf d iscs taken from these leaves 

were Incubated with the respective treatment solutions 
fo r  48 hrs at 35®C under dark* Chlorophyll content 

was estimated at the end o f  incubation period (Table 4)*

At the end o f incubation period, to ta l chloro­
phyll value dropped to 1*274 mg/g fresh weight in ease 
o f loa f discs treated with water from the orig inal 
chlorophyll content o f  5 mg/g fresh weight* Incuba­
ting the lea f discs with ethylene synthesis/action 
inhibitors s ign ifica n tly  reduced senescence* Total 

chlorophyll content retained was 1*697, 2*367, 2*583 
and 2*610 mg/g fresh weight in lea f disos incubated 
with Co 100 pM, Co 200 pM STS 100 juM and STS 200 ;oM 
respectively .

Aluminium at ooncentratlons 500 jnM and 1 0 0 0 ^  
(1 mM) was found e ffe ctiv e  in retarding senescence.
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Table 4. Chlorophyll content in senescing soybean 
lea f discs in the presence o f cobalt, STS 
and alnininium in the incubation medium

Treatments 
(Concentra­
tion  in 

JoM)

C h i.'a ' C h l.’ b ' 

(mg/g fresh w t.of

Total
Chi.

lea f d iscs)

Per cent 
reduction

Control 0.614 0.660 1.274 75*
Co 100 0.959 0.738 1.697 66
Co 200 1.776 0.591 2.367 53
STS 100 1.910 0.673 2.583 48
STS 200 1.998 0.612 2.610 48
Al. 500 2.568 1.259 2.327 43
A l. 500 + Co 100 2.245 1.225 3.470 31
Al 500 + Co 200 2.553 0.982 3.335 33
Al 500 + STS 100 0.998 1.460 2.458 51
Al 500 + STS 200 1.633 0.734 2.367 53
Al 1000 2.430 1.136 3.566 29
Al 1000 + Co 100 2.503 1.185 3.688 26
Al 1000 + Co 200 2.660 1.285 3.945 0 21
Al 1000 +STS 100 1.363 1.458 2.821 44
Al 1000 +STS 200 1.137 0.862 1.991 62

C.D. 0.1919 0.2136 0.3306

* Per cent reduction in to ta l chlorophyll in relation  
to In it ia l  chlorophyll values.
In it ia l chlorophyll content -  5 mg/g fresh weight.
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Total chlorophyll retained In lea f tissue were 2.327 

®g/g fresh weight and 3.566 mg/g fresh weight In lea f 
discs pre-treated with A l, 500 jaM emd A l. 1000 uM. 
respectively .

H ip est to ta l chlorophyll values, 3.945 followed 
by 3.688 mg/g fresh weight were observed In lea f discs 
treated with aluminium 1000 ]oM cobalt 200 joM and 
aluminium 1000 uM oobalt 100 uH respectively . Total 
chlorophyll values o f  le a f discs treated with Al 500 

;uM + Co 100 )uM and Al 500 jcM + Co 200 juM were 3.470 
and 3.335 mg/g fresh weight.

Aluminium In combination with s ilv e r  thlo> 

sulphate not e ffe c tiv e  in retarding chlorcphyll degra­

dation when compared to aluminium In combination with 
cobalt.

Chlorophyll 'a* content Increased when the lea f 

discs were Incubated with ethylene synthesis Inhibitors 

Co 100 pK and Co 200 ;uM and ethylene action Inhibitor 
ST8 at 100 and 200 juM. Highest chlorophyll *a* content 
o f 2.660 mg/g fresh weight was observed in le a f discs 
treated with Al 1000 in combination with Co 200 pHl,
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This was followed by 2.568 mg/g fresh weight in lea f 
discs treated with A1 500 uM and 2.503 ng/g fresh 
weight in le a f discs treated with A1 1000 uM in combi­

nation with Co-100 nM.

4 .1 .5  E ffect o f benzoic acid , cobalt and s ilv e r  
ihiosnlphate on ABA induced chlorophylJ 
degradation In soybean leaves

E ffect o f  d ifferen t ethylene synthesis and 
action Inhibitors on absoisio acid induced degradation 

o f chlorophyll was studied. Leaf discs from soybean
-4leaves were floated on water, or on 10 and 10  ̂ M 

concentrations o f ABA (abscis ic  a c id ). A fter 8 hours/ 
lea f discs were transferred to  water, bensoio acid , 

cobalt and STS solutions and incubated fo r  72 hrs 
at 33°C under dark (Table 5 ).

Total chlorophyll content retained at the end 
o f  incubation was 2.406 mg/g fresh weight in le a f discs 

treated with water and transferred to  water. Pre­

treatment with ABA lO**̂  M and ABA 10“  ̂ M resulted 
in marked reduction in the amount o f chlorophyll 
retained in the leaves.
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The amount o f chlorophyll retained in the lea f
. c  —Adieos pretreated with 10 and 10  ̂ M ABA and trans­

ferred to water were 1.354 and 1,216 mg/g fresh weight 
respectively .

With Increasing concentrations o f  ABA, the 
amount o f to ta l chlorophyll, chlorophyll 'a ' ,  chloro­
phyll *h* retained In the lea f discs reduced markedly. 

The amount o f chlorophyll 'a* retained In the leaves 

pretseated with water, 10*^ and 10"^ M ABA were 1,642,
1,045 and 0.869 ng/g fresh mrlght. The corresponding 
values fo r  chlorophyll 'b* were 0,764, 0.409 and 

0,337 respectively .

In bensoic acid 100 ;oM to ta l chlorophyll 

content retained was 2.619, 2.852, 2.422 mg/g fresh 
weight In lea f discs pretreated with water, ABA 10  ̂
and ABA 10*^ M respectively . Same trend was observed 

In case o f chlorophyll *a' and chlorophyll *b* content.

Cobalt, an ethylene synthesis Inhibitor also 
retarded senescence sig n ifica n tly  both under normal 
and ABA induced conditions. Total ch lorop l^ ll con­
tent values were 3*284, 2,246, 2,164 mg/g fresh weight
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Table 5* Chlorophyll content o f  soybean le a f discs 
pre-treated with abscissic acid and 
transferred to  bensoio acid , STS and 
cobalt

Incubated
In

Transferred
to

Chi.'a* Chl.'b* Total
Chi.

(®g/g fresh ¥ t.o f lea f d iscs)

HgO HgO 1.642 0.764 2-406(49)*
HgO Benzoic acid 

(100 uM) 1.718 0.910 2.619(45)
HgO Co (100 uM) 2.077 1.207> 3.284(31)
HgO STS (100 uM) 2.464 1.284 3.748(21)

ABA io“ 5 M HgO 1.045 0.409 1.354(71)

ABA 10*5 M Benzoic acid 
(100 »M)

1.653 1.199 2.852(40)

ABA 10-5 M Co (100 uM) 1.561 0.685 2.246(53)

ABA 10-5 M STS (100 pM) 1.927 0.933 2.860(40)

ABA 10*^ M HgO 0.869 0.337 1.216(74)

ABA 10*^ M Benzoic acid 
(100 »M)

V.816 0.606 2.422(49)

ABA 10*^ M Co (100 jiM) 1.461 0.703 2.164(54)

ABA 10*^ M STS (100 uM) 1.736 1.001 2.737(42)

C.►D. 0.610 0.561 1.224

♦Per cent reduction in to ta l chlorophyll in relation  to 
in it ia l  values.
In it ia l  chlorophyll content 4.74 ag/g fresh weight o f 
lea f tissue.
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in leaf disos pxretreated with water, ABA 10 and ABA 

10“^ M solutions respectively.

Among the senesoenoe inhibitors used in this

experiment, STS proved to be more effective . H ipest

total chlorophyll values 3 .748, 2.860 and 2.737 mg/g

fresh w e i^ t were observed in leaf discs floated over 
— - Awater, ABA 10 M and ABA 10 M solutions and then 

transferred to STS 100 pM. Hif^est chlorophyll *a' and 

chlorophyll 'b* values were also observed in these 

treatments.

STS 100 pM retarded senescence significantly  

both under normal and induced conditions. This was 

followed by cobalt and benzoic acid.

Absoisio acid accelerated total chlorophyll 

degradation markedly at a l l  the concentrations. However, 

in the presence of different ethylene synthesis/action  

inhibitors, to ta l chlorophyll degradation was le ss .

Transferring leaf discs pretreated with ABA 

to medltxm containing different ethylene synthesis/action  

inhibitors reduced the per cent leakage of solutes 

considerably (Table 6 ) . Benzoic acid was found to be
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T ab le  6 . P er ce n t lea k a g e  o f  s o lu t e s  ffom  soybean
l e a f  d is c s  p r e - t r e a t e d  w ith  a b s o l s e i c  a o ld  
and t r a n s fe r r e d  t o  b e n s o lc  a c ld »  STS and 
c o b a lt

Incubated
in

Transferred
to

Per cent leakage 
of solutes

1. HgO HgO 19.3 (26)*

2. HgO Benzoic aold 100 uM 12.8 (21)

3. HjO Co 100 uM 19.7 (26.5)

4 . HgO STS 100 uM 18,1 (25.5)

5. ABA 10“5 HgO 45.2 (42.2)

6. ABA 10*5 Benzoic acid 100 uM 15.5 (25.1)

7. ABA 10*5 Co 100 uM 25.0 (30)

8 . ABA 10*5 STS 100 uM 20.5 (26.5)

9. ABA 10*^ HgO 44.2 (41.5)

10. ABA 10*^ Benzoic aold 100 uM 30.1 (55.2)

11. ABA 10*^ Co 100 uM 32.7 (34.6)

12. ABA 10*5 STS 100 uM 26 (30.5)

O.D. N.S.

*Angular transformed values. 
H8 I NDorsignlfloant
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e f f e c t i v e  In  m a in ta in in g  i n t e g r i t y  b o th  u nder induced  

and n on -ln d u oed  c o n d i t i o n s .  T r a n s fe r r in g  t o  ABA p re ­

t r e a te d  le a v e s  t o  STS and c o b a l t  c h lo r id e  s o lu t io n  

redu ced  ABA induced  lea k a g e  o f  s o l u t e s .

4 .1 .6  Effect of oalcium on senescence 
of soybean leaf daises

Incubating the lea f discs of soybean over 

calcium medium inhibited the process of senescence 

significantly (Table f ) .

Total chlorophyll content of lea f discs 

incubated in water was 0.776 mg/g fresh weight whereas 

the in it ia l total chlorophyll content was 3*82 mg/g 

fresh weight. Leaf discs incubated in a medium 

having caloium, retained'chlorophyll content. The 

amount of chlorophyll retained varied between from 

1.087 mg/g fresh weight and 2.885 mg/g fresh weight 

when the calcium concentration in the medium was 

between 250 joM to 3 mM. Leaf discs treated with 

calcium concentration in the range of 1 to 3 miM 

retained higher chlorophyll content with the highest 

quantity of 2.885 mg/g fresh w e i^ t . Further increase 

in calcium concentrations to 4 mM and 5 mM reduced the
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Table 7* Chlorophyll content in Benescing soybean 
lea f disoB In the presence of ealclnm in 
the Incubation medium

Treatments 
(Concentra­
tion in uH)

Chi. »a* Chi. *b* Total Chi. 
(mg/g fresh w e i^ t of lea f discs)

Vater 0.538 0.238 0.776(80)«

Ca 100 uM 0.651 0.436 1.087(72)

Ca 250 uM 1.016 0.698 1.714(55)

Ca 500 uH 1.068 0.723 1.791(53)

Ca 750 uM 1. 05 0.485 1.590(58)

Ca 1 nH 1.437 0.905 2.342(39)

Ca 2 mH 1.553 0.954 2.507(34)

Ca 3 mM 1.722 1.163 2.885(24)

Ca 4 mH 1.718 0.891 2.609(32)

Oa 5 mM 1.796 1.002 2.798(27)

C.D. at 51̂ 0.1973 0.2063 0.411

* Per cent reduction in to ta l chlorophyll in relation  
to in it ia l values

In itia l chlorophyll content -  3*82 mg/g fresh weight
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amount of chlorophyll retained in the leaf discs when 

compared to 3 mM concentration.

Same trend was observed in case of chlorophyll 

'a* content which showed an Increase from 0.631 Bg/g 

fresh weight to 1.553 mg/g fresh weight in the calcium 

concentrations of ICO juM and 1 mM respectively. In 

water treated leaf discs chlorophyll 'a* content was

0.338 mg/g fresh w e i^ t . Chlorophyll *b* content also  

increased with increase in concentration of calcium.

4 .1 .7  Effect of calcium on senescence of soybean 
lea f discs under noraal conditions and in 
the presence of EGTA ,

This experiment was conducted with an objective 

to study the involvement of calcium in senescence 

process. EGTA was used to sequester the calcium ion. 

Its effect with different levels of calcium in the 

medium on senescence process was tested.

Leaf discs from soybean leaves were incubated 

in different treatment solutions taken in petridishes 

for 48 hours under dark conditions at 35®C. Chloro­

phyll content and membrane integrity were measured at



78

Table 8 . Chlorophyll content of seneselng soybean 
leaf discs in the presence of calcium and 
BOTA in the incubation medium

Treatments 
(Concentration 

in mH)

Chi.*a* C h l.’ b* Total Chi. 
(mg/g fresh weight)

HgO 1.022 0.814 1.836(46)*

Ca 1 1.538 0.869 2.407(31)

Ca 2 1.821 0.813 2.634(25)

Ca 5 1.405 0.765 2.17 (38)

EGTA 1 1.211 0.604 1.615(54)

Ca 1 + EGTA 1.101 0.443 1.544(56)

Ca 2 + EGTA 1.195 0.892 2.087(40)

Ca 5 + BGTA 1.184 0.508 1.692(52)

C.D. at 5^ 0.0871 0.2056 0.0566

* Indicate the per cent reduction in to ta l chlorophyll 
content in relation to original to ta l chlorophyll 
content•

Original chlorophyll content -  3*5 mg/g fresh weight.
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the end of incubation period. Data are presented in 

Table 8 and Table 9.

Total chlorophyll content reduced from 3.5  mg/g 

fresh weight t>r 1.836 mg/g fresh weight in lea f discs 

treated with water. Calcium in the medium retarded 

chlorophyll degradation sign ificantly . Highest chloro­

phyll content was observed in leaf discs treated with 

Ca 2 nM. Increasing the calcium concentration in 

incubation medium to 5 mM decreased the amount of chloro­

phyll retained by the leaves. The to ta l chlorophyll 

content in le a f discs incubated in 5 was only 2.17 mg 

compared to 2.634 mg in calcium 2 oM.

EOTA in the meditun reduced the chlorophyll 

retained by the leaf discs significantly at a l l  the levels  

of calcium in the medium.

Highest chlorophyll 'a* content was observed 

in leaf discs treated with calcium 2 mN followed* ?̂ by 

calcium 1 mH. Among combination treatments, EOTA 

1 mM in combination with Ca 2 mH showed the highest 

chlorophyll content of 1.195 mg/g fresh weight (Table 8 ) .
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Table 9* Per cent leakage of solutes from soybean 
lea f discs incubated in medium containing 
calcium and EGTA

Treatments 
(Concentration 

in uM)
Per cent leakage 

of solutes

HgO 20.6 (26.88)*

Ca 1 10.1 (18.56)

Ca 2 3.1 ( 9.46)

Ca 5 3.18(10.28)

EGTA 31.9 (34.26)

Ca 1 + EGTA 33.7 (35.5)

Ca 2 + EGTA 16.1 (23.61)

Ca 5 + BGTA 10.4 (18.54)

C.D, at 51̂ 8.746

* A ngular tran sform ed  v a lu e s •
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Calcium at 2 mM ooneentratlon was found effec­

tive in maintaining; membrane Integrityl Per cent 

leakage observed was only 3*1 per cent. This treatment 

was followed by Ca 5 mM where the per cent leakage was 

3*18 per cent.

Per cent leakage of solutes was highest (33.7  

per cent) in leaf discs treated with calcium 1 niH -f 

EGTAf mM solution (Table 9 ) .

4 .1 .8  Effect of calcium pre-treatment on 
senescence under normal condiiion 
and in the presence of BQTA

Effect of calcium pretreatment on chlorophyll 

degradation was studied in leaf discs of soybean. 

Trifoliate leaves of soybean were excised from soybean 

plants aged 30 days. Cut ends of petioles of leaves 

were kept Immersed in treatment solutions of H2O. 

calcium 1 mM, Ca 2 mM, and Ca 3 mM for 6 hrs under 

high light inten sities.

Leaf discs taken from these leaves were incu­

bated in the respective treatment solutions with 

which they were pretreated. After 24 hrs loaf discs
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from each treatment were transferred to petrldlshes 

containing H2O, BGTA, calcium and calcium + SGTA 

treatment solutions, Fetridishea were kept under 

dark conditions at for 72 hrs. Chlorophyll content

and membrane integrity were estimated at the end of 

incubation period. Data are presented in Table 10«

Fretreatment of soybean leaf discs with 

calcium significantly inhibited the total chlorophyll 

degradation. H ipest to ta l chlorophyll walues were 

2,5323t 2,4548 mg/g fresh weight observed in the 

treatments pretreated with calcium 2 mM and transferred 

to water and Ca 2 bM respectively.

The total chlorophyll content retained was 

2,3985t 2,2106 mg/g fresh weight in the leaf discs 

which were pretreated with oaloium (1 mH) and 

transferred to Ca (1 mM) and water.

A significant reduction in to ta l chlorophyll 

content was observed,  when the lea f discs were 

incubated in EGTA, Total chlorophyll values were 

1,3403t 1,4644, 1.0543 and 1,1395 mg/g fresh weight 

in leaf discs pretreated with Ca~0, Ca-1 mM, Ca-2mM 

and Ca 5 0̂  and then transferred to EOTA,
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Table 10. Chlorophyll content of soybean leaf discs 
in the presence of calcium and EGTA in the 
incubation medium

Incubated
in

(24 hrs)

Transferred
to

(48 hrs)

Chi.'a* C h l.’ b' 

(fflg/g leaf fresh

Total
chlorophyll

weight)

Ca 0 mM H2O 1.007 0.7336 1.7406 (54)*

E&TA 1 mM 0.851 0.4893 1.3403 (64)

Ca 1 mM H2O 1.402 0.8086 2.2106 (41)

EGTA 1 mM 0.919 0.5454 1 .4644 (61)

Ca 1 mM 1.481 0.9175 2.3985 (36)

IStW ^  mM 0.924 0.3029 1.2269 (68)

Ca 2 uM H2O 1.928 0.6043 2.5323 (33)

EGTA 1 mM 0.589 0.4653 1.0543 (72)

Ca 2 mM 1.679 0.7758 2.4548 (35)

Ca 2 mM + 
EGTA 1 mM 0.981 0.2516 1.2326 (67)

Ca 5 mM H2O 0.753 0.6311 1.384 (63)

EGTA 1 mM 0.662 0.4775 1.1395 (70)

Ca 5 mM 1.210 0.5287 1.7387 (54)

Ca 5 + 
EGTA 1 mM 1.337 0.8718 2.2088 (41)

C.D. 0.2560 0.0507 0.2636

* Per cent reduction in total chlorophyll in relation to
in itia l chlorophyll content.
In itia l total chlorophyll content -  3.76 mg/g fresh

weight of leaf tissue
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Table 11. Percent lenkaf>;e o f solutes from
soybean lea f d iscs incubated with 
calcium and EGTA.

Treatments Per cent 
leakage

Incubated in Transferred 'to
(24 hrs) (48 hrs)

HgO. Hao 25,22 (3 0 . 1 1 )*

EGTA 1 mM 36.26 (37.02)

H2O 11.75 ( 1 9 . 4 9 )

Ca 1 mH EGTA 1 mM 32.35 (34.62)

Ca 1 mM 6.97 ( 1 5 . 3 0 )

Ca 1 • mM-*-EGTA 1 mM 17.64 (24.83)

Ca 2 mM HgO 4.74 (12.44)
EGTA 1 mM 15.85 (23.37)
Ca 2 mM 1.60 ( 7.26)

Ca 2 mM+EGTA 1 mM 7.65 (15.84)
Ca 5 mM HgO 3.18 (10.28)

EGTA 1 mM 10.40 (18.54)
Ca 5 mM 3.16 (10.22)

Ca 5 mM+EGTA 1 mM 1 2 . 1 9 (20.42)

CD a t_5 ^ _________________________________5.348^
* Values in the parenthesis indicate the angular 

transformation value.
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Incubating calcium pretreated lealres in EOTA 
solution reduced the concentration o f chlorophyll 
retained by the le a f d iscs . EOTA reduced the avails* 

b i l i t y  o f calcium thereby causing more chlorophyll 
degradation.

Highest chlorophyll *a* content 1.928 mg/g 
fresh wei£^t vas observed in le a f dlsos pretreated 
with calcium and transferred to water. In the presence 
o f BGTA chlorophyll *a* content retained by the leaves 
was s ign ifica n tly  le s s . ^

Chlorophyll degradation was associated with 

loss of membrane in tegrity . Per cent leakage was 
23.22 per cent in lea f d iscs treated with water 
(Table 11). This was increased to 36.26 per cent in 

case o f lea f discs treated with EGTA, presence o f calcium 
in the incubation medium, reduced the leakage consi­
derably. Highest leve l o f membrane integrity  was 
obserred in lea f discs pre>treated with calcium 2 mM 

and transferred to  calcium 2 mM. Per cent leakage 
observed in th is treatment was ^.6 per cent.

4 .1 .9  E ffect o f calcium and aluminium on 
aenesoenoe o f soybean lea f discs

In th is experiment, e ffe c t  o f combination o f
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Table 12. Chlorophyll content o f  soybean le a f discs 
inoabated with oalolnm and alnmlninm

Treatments 
(Concentra­
tions in uM)

Chi.•a» Chi.•b * chlorophyll 
(mg/g fresh w t.o f lea f disos)

HgO 1.4128 0.7635 2.1763(55)*

Ca 0.01 1.2424 0.8495 2.0919(56)

Ca 0.1 1.4869 0.8418 2.3287(52)

Ca 1 1.5381 1.4202 2. 958(39)

A1 1 1.7935 1.0199 2.8134(42)

A1 1 Ca 0.01 mM 1.6670 0.6985 2.3655(51)

Ca 0,1 4- A1 1 2.1853 1.4559 3.6412(24)

Ca 1.0 + A1 1 2.1716 1.555 3.7271(23)

CD at 0.0308 0.0165 0.1609

* Per cent reduction in to ta l chlorophyll content 
in relation  to in it ia l  chlorophyll content.

In it ia l to ta l chlorophyll content: 4«S mg/g 
fresh weight#
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alYU D lnlum  an d  o a lo ltim  on se n e a e o n e e  iraa studied in  

so y b e a n  l e a f  d is o s .

Calcium and altuninium retarded seneseenoe signi­

fica n tly . Total chlorophyll values at Ca 1 mM and A1 
1 inM were 2.9583 and 2.8133 mg/g fresh weight respee- 
t iv e ly . Lower ooncentrations o f  oaloium were found 
not e ffe c tiv e  in reducing the chlorphyll degradation. 
Highest to ta l chlorophyll content 3.7271 mg/g was 
observed in lea f discs incubated with Ca 1 nM in combi­

nation with A1 1 mM solution . This was followed by the 
treatment calcium 0.1 mM *»• A1 1 niH where the to ta l 
chlorophyll content observed was 3.6412 mg/g fresh weight.

4.2 E ffect o f ethylene synthesis and action 
inhibitors on f lo r a l absclseion in fleTd 
Iseans

In f ie ld  beans, a large number o f flowers are 
produced and only a few o f them develop into mature 
pods. When once pod set occurs in the few basal nodes 

o f  f i r s t  formed in florescence, a l l  the flowers which 
formed la ter in the basal nodes as well as flowers and 
flower buds from the upper nodes abscise. This results 
in very low pod set percentage in f ie ld  beans. Ethylene
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Involvement was shown in the ahsoisslon o f f lo r a l  
organs (Tonng pads, flowers and flower buds). Experi­
ments were conducted to study the e ffe c t  o f ethylene 
action inh ibitor STS and ethylene synthesis Inhibitor 
cobalt on abscission o f f lo r a l  organs. With an objec­
tive  to determine concentrations o f chemicals required 
to inhibit abscission, ethylene synthesis and action 
inhibitors were f i r s t  tested on coleus petlo lar ezplants, 

The e ffe ctiv e  concentrations which Inhibited coleus 
petlolar abscission were used to see their e ffed t on 

f lo r a l abscission in f ie ld  bean inflorescence under 
laboratory conditions.

Excised inflorescence were treated with d if fe ­
rent concentration o f STS and cobalt chloride and their 

e ffe c t  on abscission o f  f lo r a l  organs was studied under 
normal conditions and Induced conditions.

4,«J,1 E ffect o f STS on abscission o f 
coleus petlolar explan€s

Coleus petlolar explants were Immersed in water 
or STS 10, 50 and 100 pM concentrations fo r  16 hrs. 
Later, explants were washed with water and planted on 
agar meditun. The number o f petioles abscised were



Plate 1} Extent o f absoiaslon o f petioles 
frcnn coleus explants at the end 
o f 24 hrs. Explants were pre­
treated with STS

Treatments:

1. Control
2 . STS 10 juM
3 .  3TS 25 JOM 
4 *  STS 50 )0M





Plate 2: Extent o f abscission o f petioles
from ooleus explants at the end 
o f 48 hrs. Explants were pre­
treated with STS

Treatments:

1• Control
2. STS 10 tiM

3. STS 25
4. STS 50 uM
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Table 13. Cumulative number o f petioles abscised 
at d ifferent time intervals follow ing 
pre-tr#atment o f explauts with s ilv e r  
thiosulphate under ethylene induced 
conditions

Drop o f petioles a fter
Treatment t ia l  -----------------------------------------------------------

18 hrs 24 hrs 36 hrs 48 hrs

1. H«0 16 16 16 16 16( 100) ( 100) ( 100) ( 100)
2. STS 10 uM 16 13.34 13.34 13.36 16

(83.3) (83.34) (83.5) (100)

3. STS 25 \iM 16 0 6.64 6.64 14.64
(41.5) (41.5) (91.5)

4. STS 50 uM 16 0 1.36 1,36 13.28
( 8 .5) ( 8.5) (83.00)

C.D. at 59̂ 1.96 2.09 2.09 2.34

Values in the parenthesis indicate the per cent 
abscission o f p etio les .
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recorded at 18, 24, 36 and 48 hours a fter planting on 
agar. Explants treated with water showed 100 per cent 
abscission within 18 hours a fter  planting on agar 

medium. STS pre-treatment reduced the number o f petio­
les  abscised. Per cent o f petioles abscised at the end 
o f 18, 36 and 48 hours wore 83.3 per cent, 83.5 per cent 
and 10 per cent in STS 10 juM concentration. Corres­
ponding values in the treatment where STS 50 juM used 

were 0, 8.5 and 83 per cent respectively suggesting 
that STS 50 pM treatment s ign ifican tly  inhibited the 
abscission o f petiolar explants.

Standardization o f pretreatment time with 
^TS required to delay abscission o f coleus 
peiio lar explanfi

In another experiment, the minimum pre-treatment 
time required to get sign ificant difference in absci­
ssion was studied.

Coleus petiolar explants were Immersed in STS 
50 joM solution fo r  0, 8, 16 and 24 hours and planted 
over agar medium. Number o f petioles abscised 
at the end o f 16, 20, 24 and 48 hrs were 37.5* 50, 100 
and 100 respectively in water treated petio lar explants.



Plate 3: Extent o f abscieslon o f petioles from 
coleus explants at the end o f  16 hrs. 
Explants were pretreated with STS 50 faHi

Treatments

Explants were treated fo r  -

1. 0 hrs
2. 8 hrs
3. 16 hrs
4. 24 hrs

Plate 4: Extent o f abscission o f petioles from 
coleus explants at the end o f 20 hrs. 
Explants were pretreated with STS 50 joM,

Treatments

Explants were treated for -

1• 0 hrs
2. 8 hrs
3. 16 hrs
4• 24 hrs
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Table 14. Ctimulatlve number o f petioles abscised
at d ifferent time Intervals follow ing pre­
treatment o f coleus explants with STS 50 uM 
fo r  d ifferent periods

Drop a fter
Treatment t la l  -------------------------------------------------------------

16 hrs 20 hrs 24 hrs 48 hrs

0 hrs 16 6 8 16 16
(37.5) (50) (100) (100)

8 hrs 1 6 1  1 10 13.02
(6.2 ) (6 .2) (62) (81.4)

16 hrs 16 1 1 11 13.06
(6.2) (6 .2 ) (68) (81.6)

24 hrs 16 0 0 0 1
(6. 2)

C.D. at 51̂ 2.810 3.328 4.95 4.48

Values in the parenthesis indicate the 
per cent abscission o f p etio les .



Plate 5: Extent o f abscission o f petioles
from coleus explants at the end 
o f 48 hrs. Bxplants were pre- 
treated with STS 50 uM

Treatments

Bxplants were treated fo r  •>
1 • 0 hrs
2. 8 hrs
3. 16 hrs
4 • 24 hrs
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Treating the petioles fo r  8 hrs with 50 pM STS s ig n ifi­
cantly reduced the abscission . Petioles abscised were 
6,2, 62 and 8.4 per cent at the end o f 16, 24 and 48 hrs 
respectively . Pretreating the petlolar explants conti­
nuously fo r  24 hrs with 50 uM STS completely inhibited 

abscission.

A.2 .5 . E ffect o f STS and cobalt on abscission 
o f petiolar explanis

In another experiment, the relative e ffic ien cy  
o f STS and cobalt on abscission o f petiolar explants 
wereakudled. Petiolar explants were treated by immer­

sing in water and 50 joM each o f STS and Co fo r  16 hzrs. 
Petiolar explants were planted on agar and number o f 
petioles abscised were recorded at the end o f  16, 36 

and 48 hrs a fter  planting on agar. Number o f petioles 
abscised increased with time in water pre-treated ex­
plants reaching 100 per cent within 48 hrs a fter  planting 
over agar. Data are given in Table 14*

Per cent abscission o f  petiolar explants pre­
treated with 50 joM Co were 12.5* 23.4, 34.3 and 34.3 
per cent respectively  at the end o f  16, 24, 36 and 
48 hrs respectively .
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Table 15* Number of petio les abscised at d ifferent
time intervals follow ing the pre-treatment 
o f peteolar explants with STS and Co 
(50 uM)

Drop a fter petioles a fter
Treatment t la l  ------- ----- —---------------------------- ------------ -

16 hrs 24 hrs 36 hrs 48 hrs

1. H,0 16 4.5 6 12 16
 ̂ (28.13) (37.5) (75 .0)) (100.0)

2. STS 50 uM 16 0 0 0 0

3. Co 50 uM 16 2 3.75 3.5 5.5
(12.5) (23.4) (34.3) (34.3)

C.D. at 55̂  1.251 2.262 2.413 0.461

Values in the parenthesis indicate per cent 
abscission o f p etio les .
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STS pre-treated ezplants did not ahow abaci* 
aaion at the end o f  48 hrs auggeatlng that amongat 
STS and cobalt, STS la more e ffe c tiv e  in inhibiting 
the abaciaaion o f ooleua petio lar explanta.

4.2«4 . B ffeot o f ethylene ayntheala/aotion inhibitora 
and free radical aoavengera on abaciaaion of 
coleus petio lar explanta

Coleus petiolar ezplants were treated with 
d ifferent ethylene synthesls/aotlon inhibitors and 
free radical scavenger fo r  16 hrs* Bxplants were 
planted on agar media and the number o f petioles 
abscised at the end o f 16, 36, 48 and 64 hrs were 
counted*

Bxplants treated with water showed 18*75>
41*6, 73 and 100 per cent abscission at the end o f 

16, 36, 48 and 64 hrs respectively* A ll the chemicals 
used markedly reduced the abscission o f petiolar ex­
plants. Bxplants treated with CoClg showed 6 .2 , 15.75 

50 and 81 per cent abscission at the end o f 16, 36,
48 and 64 hrs. Explants treated with Hydroxyquino- 
lln e  and sodium benzoate showed abslcssion only at 
the end o f 48 hrs. However, in explants treated with
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STS 50 joM and Ca 1 mH the absclsaion waa obseryed only 

at the end o f  64 hra.

At the end o f 64 hra, xintreated explanta ahoved 
100 per cent abaclaalon vhereaa per cent abaolaalon at 

the end o f 64 hra were 37.5, 52, t5 , 81,2 and 83.25 in 
the treatmenta in which the ecplanta were treated with STS 

50 Oa 1 mM, hydrozyquincline 1 0 "^  (0.1 inM) Co 
50 ;uM Sodium benzoate 500 ;aM reapectively.

In another experiment the e ffe c t  o f pretreating 
petiolar explanta with d ifferent ethylene ayntheaia 
and action inhibitors on ethylene induced abscission 
was studied. Explanta were treated with d ifferent 
chemicals fo r  16 hra and planted on agar and then 
the explanta were exposed to ethylene. Obseryationa 
were recorded at d ifferent time interyals. Data are 

given in Table 17.

Explanta treated only with water showed 50 per 

cent abscission within 16 hra. At the end o f  36 and 
48 hrs the per cent abscission in water treated ex­

planta were 87.5 and 100. A ll the chemicals used 
markedly reduced the abscission o f petiolar explanta.
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Table 16. Cunmlative number o f petioles dropped 
at d ifferent time intervala a fter  pre- 
treating the coleus explants with 
d ifferen t ethylene synthesis/action 
inhibitors under normal conditions

Drop o f petioles a fter
Treatments t ia l  --------------------------------------------------------------

16 hrs 36 hrs 48 hrs 64 hrs

1. H»0 16 3 6.68 12 16
 ̂ (18.75 (41.63) (75.0) (100.0)

2. STS 50 uM 16 0 0 0 6
(37.51

3. Co 50 uM 16 1.00 2.52 8.04 13
(6.25) (15.75) (50.0) (81.25)

4. Sodium benzoate 16 0 0 5.32 13.32
(500 uM) (33.25) (83.25)

5. Ca 1 mM 16 0 0 0 8.32
( 52 . 0 )

6. Hydroxy quinoline 16 0 0 2.0 12
(0.1 mM) (12.5) (75.0)

C.D. at 5?t NS NS 1.68 3.88 5.08

Values in the parenthesis Indicate per cent 
abscission of petioles.
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Table 17* Cumulntive number o f  petio les abscissed 
at d ifferent time intervals following 
tbe pre-treatment o f coleus explants with 
d ifferen t ethylene syntheais/action 
inhibitors under ethylene induced conditions*

Treatments I n i t i a l _____ Petiolen^dTO££ed_^er-----
number ^

1. H.O 16 8 14 16
 ̂ (50) (87.5) (100)

2. STS 50 uM 16 2 3 5
(12.5) (18.75) (51.25)

5. Co 50 uM 16 12 13 15
(75.0) (81.25) (93.75)

4. Sodium benzoate
(500 uM) 16 4 6 14

(25.0) (37.5) (87*5)
5. Ca 1 mM 16 0 1 11

( 6.25) (68.75)
6 . Hydroxy Quinoline

(0.1 mM) 16 9 11 13.04
(56.25) (68.75) (81.5)

CD at 5?̂  5.36 5.44 4.92

Valuesj-in the parenthesis indicate per cent 
abscission o f  p etio les .
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Explants treated with d ifferent chemicals showed absi- 

ssion only at the end o f 36 hrs. In case o f calcium 
(1 mM) treated explants, the abscission was noticed 

only at the end o f 48 hrs. Amongst the d ifferent 
chemicals used to inhibit abscission in petiolar 

explants calcium and STS were found to be e ffe c t iv e . 

The per cent abscission at the end o f 48 hrs was 

31.25, 68.75, 81.5, 87.5, 93.75 and 100 in STS 50 uM, 
Ca 1 mM. Hydroxy qunlnoline 10*"̂  M (0.1 mM), Co 50 
uM and water respectively .

E ffect o f STS on normal and ethylene 
Induced abscission o f f lo r a l or^ns

Experiment 1

F irst formed inflorescence from the plants 

o f f ie ld  bean were excised and ten inflorescences for  
each treatment were sprayed with d ifferent concentra­
tions o f STS, Cut ends o f the inflorescences were 
placed in water or ethrel (50 ppm). Ntxmber o f f lo r a l 

organs abscised were counted at 24, 30 and 48 hrs. 
(Data are given in Table 18), Abscission per cent 
Increased with increase in duration o f treatment. 
Inflorescences treated with water and kept in water
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Table 18, Cumulative number o f f lo ra l orgr^ns abscised 
at d ifferen t time intervals follow ing pre- 
treatment with s ilv er  thiosulphate under 
inductive and normal conditions.

Treatment In it ia l Abscission o-p f lo r a l organs a fter
number ĵ j.g hrs 48 hrs

H2O, Ê O 41.0 5.75(9) 4.75(11.6) 10.5(25.6)

STS 50 41.8 2 (4.8) 2,5 (6) 8.5(20.3)

STS 100 jiM 39.8 1 .5(3 .3) 2,25(6) 5.75(14.4)
STS 200 uK 35.8 0 .75(2,1) 1 .5(4 .2) 3.75(10.47)

Ethrel, Ĥ O 46.8 8,00(17) 14(30) 20.75(44)

STS 50 uM 46.5 3.75(8) 6. 5 ( 14) 16.75(36)

STS 100 m  43.00 5.5(13) 9.5(22) 12.5(29)
STS 200 juM 39.8 3.25(8) 4.5(11) 8.75(21.9)

CD at 59S 10.526 2,714 2.987 4.156

Values in the parenthesis indicate the per cent 
o f f lo ra l org' n abscission.
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(control) showed 9.1» 11«6 and 23*6 per cent o f  absci- 
sslon at the end o f 2 4 , 30  and 48 hrs respectively*
STS treatment reduced the number o f f lo r a l  organa 
abscised. In inflorescences sprayed with d ifferen t 

concentrations o f STS and kept in water percentage 
abscission o f f lo r a l  organs at the end o f 48 hrs were 

20.3, 14.4 and 10.47 in 50, 100 and 200 uM o f STS 
treatment respectively compared to 23*6 per cent in 
water treated in florescences.

Placing the inflorescence in ethrel solution 

enhanced the number o f f lo r a l  organs abscised compared 
to the inflorescences placed in water* STS treatment 
reduced even the ethrel induced abscission o f  f lo r a l 
organs* At the end o f 48 hrs, percentage abscission 
o f f lo r a l  organs in water treated inflorescence kept 

in ethrel was 44 per cent* Pre-treating the in flore­
scence with STS before keeping in ethrel reduced the 

percentage o f abscission to 36, 29 and 21*9 per cent 
in STS 50, 100 and 200 uM respectively at the end o f 
48 hrs (Table 18)* This suggests that STS pre-treat­
ment inhibits normal abscission as well as ethylene 
induced abscission o f f lo r a l organs in excised in flo ­
rescence o f f ie ld  beans*
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Experiment 2

A sim ilar experiment conducted using STS also 
showed same trend as Bxperlment-1• Observations of 
the number o f f lo r a l  organs abscised at d ifferen t time 
Intervals showed that STS pre-treatment reduced absci­
ssion o f f lo r a l  organs In excised Inflorescences. Data 
are given in Table 19* Percentages o f f lo r a l  organs 
abscised at the end o f 24* 36 and 48 hrs were 11.5,
37.5 and 47.4 In water treated Inflorescence. The 
corresponding values in STS 100 pK were 4.73* 15.44 
and 22.94 and in STS 200 ;aM wore 4.02* 13.77 and 22.84 
per cent* respectively .

Immersing the cut end o f Inflorescence in 

ethrel stimulated the number o f f lo r a l organs abscised. 

At the end o f 48 hrs* the per cent o f f lo r a l  organs 
abscised were 51.96 (In con tro l). Inflorescences pre­
treated with STS 50* 100 and 200 juM showed the absci­

ssion percentages 33-23* 33.17 and 27.15 respectively .

The r e s u l t  o f  th e s e  two exp erim en ts eon firm ed  

th e  f a c t  th a t  STS, an e th y le n e  a c t io n  i n h ib i t o r  redu­

c e s  a b s c i s s i o n c f f l o r a l  buds and f lo w e r s  u nder Indu­

ced  as w e l l  as under n on -ln d u ced  c o n d i t io n s .
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Table 19. Cumulative number o f f lo r a l organs abscised 
at d ifferent time intervals follow ing pre- 
treatement with s ilv er  thiosulphate under 
normal and Inductive conditions.

Treatment In it ia l
number

Abscission o f f lo r a l  organs a fter
24 hours 36 hours 48 hours

Water:

1 . Ĥ O 48 5.53(11.52) 18.00(37.5) 22.75(47.4)

2. STS 50 )nM 47 2.00(4.25) 12.25(26.06) 14.75(31.4)

3. STS 100 jiM 53 2.53(4.73) 8.25(15.44) 12.25(22.94)

4. STS 200 >iM 47 1.9(4.02) 6.5(13.77) 10.78(22.84)

?.threl:

5. Ĥ O 48 14(29.16) 17.36(16) 24i .94(51.6)

6. STS 50 aim 52 7(13.46) 13.75(26.4) 17.28(33.23)
7*#STS 100 |iM 52 4.25(8.17) 10.25(19.71) 17.25(33.17)

8 . STS 200 jaM 48 3.25(6.77) 12.25(25.52) 13.03(27.15)

CD at 6.209 7.47 6.95 3.060

Values in the parenthesis Indicate per cent 
o f flo ra l abscission.
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Experiment 3;

With an objective to see the extent o f absci­
ssion o f d ifferent reproductive organs» the number o f 
pods, flowers Eind buds abscised at d ifferent time 
intervals in Inflorescences treated with d ifferent 
concentrations o f STS were studied.

Amongst the reproductive organs, flowers were 

very senettlve and showed h ip e s t  per cent abscission 
compared to pods and buds. At the end o f 48 hrs 

percentage o f flowers abscised in the inflorescences 

kept in water were 83 per cent whereas the per cent 
o f pods and buds abscised were only 50 and 30 per cent 
respectively . Same trend was observed in the case o f 
inflorescences kept in ethrel a lso .

Per cent o f pods, flowers and buds abscised 
at the end o f 48 hrs in the inflorescence kept in 
water were 50 , 83 and 30 in water treated in florescences. 
The corresponding per cents in STS 50, 100 and 200 uM 
pre-treated inflox*escence were 25» 97 and 30 per cent:
50, 100 and 19t 100, 68 and 11 per cent respectively .
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Keeping the inflorescence in ethrel increased 
percent abscission o f  f lo r a l  organs. N\imber o f pods, 
flow ers, buds abscised at the end o f 48 hrs were 100, 
96 and 57 per cent in the inflorescence pre-treated 
with water under inductive conditions. STS pre-treat­
ment reduced even the ethylene induced absoission o f 
pods, flowers and buds. The per cent o f pods, flowers 

and buds abscised in inflorescence pre-treated with 
200 *iM STS at the end o f 48 hrs were 50, 87 and 23 
per cent•

The results o f these experiments suggest that 
STS pre-treatment reduced the number o f  f lo r a l  organs 
abscised from the Inflorescence both under normal and 
inductive conditions. STS pre-treatment reduced the 
abscission o f pods, flowers as well as flower buds.

E ffect o f cobalt on ethylene induced 
abscission o f f lo r a l or^ns

Excised infloresoenoe o f f ie ld  beans were 
sprayed with 0, 50, 100, 200 and 500 ;oM C0CI2 solution . 
Immediately a fter spraying, the out ends o f in flore ­
scence were immersed in water and the number o f  f lo r a l
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organs abscised were counted at the end of 48 hrs. In 
the case o f water pre-treatod Inflorescence, number o f 

f lo r a l  organs abscised were 19 at the end o f 48 hrs.
The number o f f lo ra l organs abscised in the eorrespon~ 
ding period in the inflorescence treated with cobalt 

50, 100, 200 and 500 joM were 13, 13*4, 12.8 and 12.01
respectively . Cobalt pre-treatment reduced the per 

cent o f  f lo r a l organs abscised s ign ifican tly  from 38 
per cent in water to 25 per cent in cobalt pre-treated 
in florescence. Cobalt pre-treatment at concentration 
50 nN was e ffe c tiv e  in sig n ifica n tly  reducing abscission 
o f f lo r a l  organs. However, a l l  the concentrations o f 

C0CI2 used showed almost same per cent o f abscission 
at the end o f 52 hrs.

Though Co reduced abscission amongst the two 
chemicals used, STS is  more e ffe ctiv e  in preventing 
abscission both under non-inductive and inductive 

conditions.

Field experiments

E ffect o f fo l ia r  application o f ethylene 
synthesis in h ib itor, cobalt and ethylene action



108

Table 21• Cumulative number o f  reproductive organs 
absoissed at the end o f 48 hrs follow ing 
pretreatment o f infloresoenoe with 
d ifferent oonoentrations o f cobalt chloride

Treatments In it ia l Abscission o f f lo r a l
number organs a fter  48 hrs

1. HgO 50 18.94(38)»

2. Co 50 uM 53 13.03(24.26)

3. Co 100 uM 54 13.40(24.8)

4. Co 200 uM 50 12.87(25.74)

5. Co 500 uM 50 12.01(24.02)

C.D. at 5% 6 1.36

Values in the parenthesis indicate per cent 
o f f lo r a l  abscission



109

in h ib itor» s ilv er  on pod setting was studied in deter­

minate f ie ld  be£m under f ie ld  conditions. Two sepa­
rate f ie ld  experiments were conducted between July 

1985 to November 1985 and November 1985 to  February 
1986. Aqueous solutions o f  d ifferen t concentrations 

o f s ilv e r  thiosulphate (STS) and C0CI2 were sprayed 
to the inflorescence only when flowers started opening 
in the basal nodes o f inflorescence.

4 .2 .6 . Experiment 1

Plants were sprayed with d ifferent concentra­
tions o f the chemicals when flower buds started opening 
in the basal nodes o f f i r s t  formed in florescences.
At the time o f  harvest, pod number, pod dry wei(^t, 
le a f and stem dry weight o f the plant and also the 
to ta l dry matter/plant were assessed. In the f ir s t  
f ie ld  experiment, 3 concentrations each o f s ilv e r  
thiosulphate and cobalt chloride were used (Table 22).

Total dry matter accumulated per plant showed 
sign ificant differences among the treatments. Plants 
sprayed with 200 jri? concentration o f STS showed the 
h ip e s t  dry matter accumulation at the time o f  harvest.
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It vas least in the treatment where Co 50 ^  was applied 
to the plants. Leaf dry weight at the time o f  harvest

did not show any sign ificant difference among the treat­
ments. No sign ificant difference was observed in stem 

weight at the time o f harvest. The dry weight o f plant 
was highest in the plants treated with STS 200 joM 
followed by Co 100 jiM. However, the difference between 
the various concentrations o f STS, Co and untreated 

plants were not sign lfioant (Table 22).

The number o f pods produced per plant were 
h ip e s t  in the treatment in which the plants were 
treated with Co 100 joM followed by STS 100 uM.

The dry weight o f the plant was h ip e s t  in the 
plants treated with STS 200 followed by Co 100 }oM. 
However, the difference between the various concentra­
tions o f  STS and Co and untreated plants were not 

s ig n ifica n t.

4 .2 .7 . Experiment 2

In th is f ie ld  experiment 2, oonoentrations of 
STS and CoClg and their combinations were sprayed to
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plants immediately a fter flowers started opening. Obser­
vations on to ta l dry matter accumulated in leaves, stem, 
pods and number o f pods produced per plant were calcu­

lated (Table 23).

Total dry matter accumulated per plant zranged 

from 43.87 to 61.7 g /plant. The dry matter per plant 
was hi£^est in the treatment in which the plants were 
treated with STS 50 + C0CI2 100 followed by Co IOOjuM. 
Dry matter accumulated in the lea f was 5.07 in the water 
treated plants whereas i t  was 9.43 g in STS 50 + Co 100 
joM treated plants (Table 23)*

Stem weight at the time o f harvest was highest 

in the treatments in which STS 25 JuM and STS 50 joM 
were sprayed to plants. Plants treated with STS 50 +

Co lOOjoM also showed higher dry matter accumulation.

Number o f pods produced per plant ranged from

31.4 to 50.15 pods per plant. Both STS and C0CI2 

treatments resulted in increased number o f  pods. An 
increase in ntuaber of pods per plant was observed with 
increasing concentration o f cobalt ch loride. Plants 
treated with STS also showed an increasing trend in
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the numher of pods per plant. A ll the concentrations 
o f  STS and CoCl^ from 25 100 joN concentrations signi<-
fioantly  increased the number of pods. Amongst the 
d ifferent treatments Co 50 jiM aqueous spray to inf3.ore- 
scence resulted in highest pod number followed by Co 
100 juM and STS 50 + Co 100 uM.

Weight o f pods at the time o f harvest ranged 
from 25.26 g to 32.37 g/plant treated with Co 100 joM 
and STS 50 + Co 100 showed s ign ifican tly  h i^ e r  
pod weight.

Field experiments conducted to study the e ffe c t  

of application of d ifferent concentrations o f STS and 
CoCl suggests that application o f  STS 50 joM + Co 100 nM 
sign ifican tly  enhanced the pod number and pod weight/ 
plant.



DISCUSSION



y. Disoussiow

III many crop p la n to , a d ire c t  re la t io n s h ip  

between source s iz e  and b lo p ro d u o tlT lty  has been shown*

A positive  relationship between le a f  area duration and 
b lolog loS l y ie ld  and economic y ie ld  has been shown In 

paddy (Devendra et 1980), groundnut (Ghoodhurl,
1982) cowpea (Mekhrl, 1979) finger m illet (Gurumurthy, 
1982, Sashldhar ^  aj,*, 1985) setarla (Sashldhar et al«* 

1986) and In f ie ld  beans (Prasad, 1985).

Importance o f  higher source size and Its  
capacity for  establishment o f  more number o f  -viable 

reproductive sinks and post fe r t iliz a t io n  development 

o f reproductive sinks has been emphasized. Higher 
source size during pre**anthesls and post-anthesls 

de-velopment period in many crops result In higher 

grain y ie ld  (Johnston et 1969? Peet et a l.*
1977). Premature senescence o f  lea-ves Is the major 

fa ctor  lim iting seed y ie ld  in many crops * particu larly  
In ptilses* Increasing the source size by agronomical 
or chemical manipulations Is a means o f increasing 

crop productivity.
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i>remature absolssion o f buds* flowers and 

young pods Is another major constraint fo r  produotl* 

▼ity in many hortiooltural crops and pi0.se8» In many 

pulse crops* abscission o f buds* flowers and pods 

constitute more than 80 to  90 per cent o f  to ta l repro­

ductive organs in itia ted , ICombSl (1969) while study­
ing pod development in  f ie ld  beans estimated that 

only B4 to  90 per cent o f flower buds opened into 
flowers and 59 to  63 per cent of flowers produced 
young pods. Thirteen per cent to  f if te e n  per cent 

pods developed into matured fru its .

Eblong ( 1 9 6 8 ) reported abnoxnal naaber o f 

flower drop in  oowpea and soybean due to  unknown 
physiological reasons. Kail (1976) reported that 

flower drop in oowpea, greengram and redgram was 

about 60 , 30 and 45 per cent, respectively . High 

percentage o f  Hower drop was also reported in 
f ie ld  bean, greengram, blackgram, chickpea and s o y  

bean e tc , ( Ohinnaswamy, 1979| Powar and Bhatia,

1980; Savltrl et ag^,,1978; Huff and Byblng, 1900; 
Sheldrake and Saxena, 1979),

Endogenous hormones regiilato senescence and
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abaolsslon prooeea* Aiulns are found to  have o a jo r  

ro le  In controlling  eenesoenoe and abeoleslon. 
Senescence retarding property o f  auxins vas shoved 

recently  by Nooden et (1979)* GA was shown to  
retard chlorophyll degradation during senescence 
(Hsla et al,t 1978).

Cytoklnlns retard senescence and thus have an 
Inhibitory e ffe c t  on abscission. The le a f  cytoklnln 
content decreases drastica lly  during senescence 

( Engelbrecht, 1971) Exogenous application o f  klnetln 
was shown to  retard senescence and stimulate metabolism 
o f sugars In malse le a f  d iscs (Tanakl» 1982)| Lesham 

at 8^. (1984) observed that cytoklnln resulted In 

reduced llpoxfgenase and superozlde dlamutase aotl*- 

v lty  In senesclng fo lia g e .

Absclsslc acid  accelerates senescencst ABA 
le v e ls  Increase sharply during senescence (Bunbroff 

et a l . ,  1977? Gepstein and Thlmann, 1980t 1981).

In Luplnus albus ABA promotes senescence by speeding 
up the translocation o f  nutrients from cotyledons to  

axis (Elklnswayt 1983).
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Ethylene promotes senesoenoe at all stages o f 

plant growth. Ethylene production during senesoenoe of 

leaves was reported in many orops lik e  tobaooo, pinto 
bean (Aharoni and lieberman, 1979) melia leaves (Morgan 

and Durhamt 1980) oat leaves (Gepstein and Thimann*

1981) and in  rioe  leaves (Kao and Tangt 1983)* Legge 
and Thompson (1983) studied ethylene biosynthesis 
and membrane changes that ooour during senesoenoe,

EthTlene plays a predominant ro le  in absoission 
o f f lo ra l organs a lso . During senesoenoe and absoission, 

’ higher oonoent rat ions o f  ethylene was shown to  be 
released in many organs, A close relationship between 
amount o f ethylene released and senesoenoe and absoi* 

ssion o f plant organs has been reported (Masrak and 

Kofranek, 1976j Suttle and Kende, 1973| Niohols, 1977? 

Whitehead et a l , ,  1984),

It has been recognised that ethylene is  the 
dominant hormone having a d irect ro le  in in itia tin g  
senesoenoe and thus leads to  absoission o f flower buds. 
Exogenous application o f ethylene releasing substanoes 
to  plants leads to  senesoenoe which is  assooiated with 
inoreased chlorophyll degradation, lo s s  in membrane
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funotlon« degradation o f  stored oarbohydratesf proteins 

and n u d e io  aoids.

Regulation o f  ethylene biosynthesis in plants 

has a great advantage in agrioultarhl produotion. >ftinl» 
pulation o f ethylene synthesis in  plants is  possible 

now through applioation o f knoidedge obtained from 
studies oonduoted to  understand the bioaynthetio 
pathway of ethylene.

The key aynthetio ensymas in  the pathway of 
ethylene biosynthesis and regulation o f th e ir  aotiv ity  
by applying number o f ohemicals has been shown recently. 

1«Amlno»eyolopropane-1-oarbox7lio acid synthase seems 
to  be the key intermediate enzyme in the ethylene bio* 

synthesis.

A nunber o f  enviroxmental factors influence 

ACC synthase a ct iv ity . Chemical injury* iruunding* 

flooding* drought and ch illin g  increases ethylene 

production by increasing the synthesis o f ACC. The 
current knov/ledge in the f ie ld  o f ethylene biosynthesis 

and id en tifica tion  o f  number o f substances which inhibits 
ethylene biosynthesis provides scope fo r  manipulation
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o f some physiological processes In plants to  achieve 

desired e ffects*

In th is study, the e ffect o f noaber o f ethylene 
synthesis and action Inhibitors on senescence and abaci* 
sslon  processes were studied. The Influence o f ethylene 

synthesis and action  Inhibitors on senescence o f e»slsed 
soybean le a f  d iscs were studied. Chlorophyll degradation 

during senescence was used as a parameter to  assess the 

effectiveness o f  these compounds.

Incubation o f  le a f  d iscs In a medluoi containing 

STS Inhibited chlorophyll degradation during senescence. 
STS at concentrations o f 50, 100 and 200 ;0M s ig n if i­

cantly reduced chlorophyll degradation. Per cent reduc­

tion  In to ta l chlorophyll contents were 36 and 22 per 
cent In STS 50 and 100 uM treatments compared to  44 per 

cent In water treatment.

Cobalt an Inhibitor o f ethylene biosynthesis 
was also e ffe ctive  In reducing degradation o f chloro­
phyll during senescence. Cobalt at a concentration o f 
50 juM was e ffective  In Inhibiting chlorophyll degrada­
tio n . Higher concentrations o f cobalt In the medlim
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reavdted In an Inoreased eunount o f  oUloroplqrll In tha 

le a f  tisaue at the end o f inoubatlon period.

ilonlnlun was reported to  change the growth 

regulator balance, in plants. Aluainiun was shown 
to  inhibit starch hydrolysis (Sohnabl and Ziei^er,

1 9 7 5 ) *

Alimlnlum also e ffe c tiv e ly  inhibited chlorophyll 

degradation during senescence. When le a f  discs were 

placed in  a medlun of water or d ifferent concentrations 
o f alumlniua ranging from 100 uM to  1 mM, sign ificant 

reduction in chlorophyll degradation was observed. 

Increasing concentrations o f aluniniun in the mediao 
upto 1 mM, resisted in  corresponding inh ibition  o f 
chlorophyll degradation. However, alizainlim when used 

at a concentration o f  3 nM was not e ffe c t iv e  in over­
coming chloropfayll degradation during senescence.

These resu lts suggested that Ag, Oo and A1 

were e ffe c tiv e  in inhibiting senescence o f  le a f  discs 
individually. The concentrations o f  A1 required to  

inhibit senescence was re la tiv e ly  more compared to  ^g 

and Co.
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Ag  ̂ loti has long been known ae a potent Inhl* 

b lto r  o f  ethylene action  (Teen and Kwakkenbos, 1983l 

Gepsteln and Thlmann, 1961 )• Ih soybean le a f  dlsos^

Ag*̂  Ions showed a marked e ffect on delaying senescence. 
It has also been proposed that In the presence of 

lonsi ethylene action In the tissue was Inhibited since 
ethylene foiras a owaplex with Ag"̂  In plant tissue 
(Beyer, 1976). It has been proposed that sUvar lone 
Inhibit ethylene action  by binding to  receptor s ites  
o f ethylene. Aharon! et a l. (1979) suggested that Aĝ  
OO2 have same e ffe c t  o f  binding to the receptor s ites  
o f  ethylene and thus inhibit the action  o f ethylene In 

plant tissues*

Cobalt a known Inhibitor o f  ethylene blosyii* 

th esis , was shown to  Inhibit the conversion o f  AGO to  

ethylene (Yu and Tang, 1979)* Cobalt a lso exerts I ts  

Inhlbltozy e ffe c t  by complexlng wlthsulfhydiyl group 

o f  proteins. Studies conducted with tnaato plants 
suggested that cobalt e ffe c t iv e ly  inhibited ethylene 
production (Bradford, 1 9 ® ). Heavy metals l ik e  cobalt, 

and Manganese have been found to  confer some amount of 
resistance to membranes against lo s s  o f pem eablllty  
on Imposition of moisture stress (Young and Katiss,

1983).
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Cobalt and Manganese were shown to  reduce lo ss  

o f odirtoe (Oarrod and Humphreys, 1 9 ^ ) .  Apart from 

binding to  the anlonlo s ites  and thus maintaining 
membrane Integrity , oobalt also had an e ffe c t  on inhibit* 
Ing the formation o f l ip id  peroxidase (Dupont and Lance, 

1930; Tam and Moony* 1970).

E^erlments conducted to  study the e ffe c t  o f 

STS, oobalt and alumlnlua Individually and In combina­
t io n  on senescence showed that^Co, STS and Al. reduced 
the rate of senescence as measured by chlorophyll degra­

dation. Amongst coba lt, STS and alcnlnlua, alumlnlua 

was the most e ffe c t iv e  In Inhibiting chlorophyll degra­
dation. Presence o f  1 mM concentration aluninlum In 

the median resulted In mariced reduction In senescence.
Al 1 mM with oobalt 200 uM treatment was most e ffe c tiv e  

In delaying chlorophyll degradation during senescence.

Hffeot o f cobalt, STS and free radical scavenger 
benzoic acid oz^A Induced degradation o f  chlorophyll 
In soybean le a f  discs showed that presence o f ABA In 
the Incubation medium Increased the rate o f  degradation 
o f chlorophyll. Amount o f chlorophyll reduced In a 
period o f  72 hrs was 47 per cent In oonikrol. Presence
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o f ABA 10 and ABA 10 M inoreased ohloropfasrll degra­

dation to  71 and 74 per oent respeotlvely. Stl^Xene 
action in h ib itor, STS, ethylene eynthesie inhibitor 

cobalt, free radical scavenger benzoic acid were effec*  

tiv e  in  reducing chlorophyll degradation both under 
induced and non-induced conditionjEu SIS inhibited 

ABA induced senescence to  a greater extent. Benaoic 

acid and cobalt were also e ffe c tiv e  in overcoming 

ABA induced senescence.

In a series o f experiments, e ffe ct o f calcium 
on senescence o f excised le a f  d iscs o f soybean was 

studied. Presence o f  calcium in the range o f 100 îM 

to  3 mM reduced chlorophyll degradation. With increase 
o f  calcium in  the medium, the amount o f chlorophyll 
retained inoreased. However, presence o f  3'taM oaloiixa 

resulted in only 24 per oent reduction in chlorophyll 
content suggesting that calcium is  e ffe c t iv e ly  inhibi­
tin g  senescence. Role o f calcium in  senescence was 

studied by chelating calcium and a lso by increasing 

calcium level by giving oaloiun in  the incubation 
medium. EGTA is  a sp e c ific  chelator o f  oaloioa.

Presence o f B(^A in  the Incubating medium inoreased 
senescence process as measured by chlorophyll degradation.
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ECTFA was e ffe c t  lye In Inducing eeneeoenoe eyen In the 

presence o f  higher concentration o f oeaolm  In the 

medium. Chlorophyll content reduced by 46 per cent 

when water was In the medium. Presence on 1^2 and 
5 mM calcium In the medlim reduced degradation o f  

chlorophyll*and-per cent reduction In chlorophyll 
during the Incubation medium was only 31# 25 and 38 
per cent respect Ively , Presence o f EOTA Increased 

degradation to  54 per cent In the presence o f 1# 2 
and 5 mM calcium respeotlyely. This suggests that 
calciian Is Inrolyed In phenomena. When endogenous 

oalolum or added calcium was chelated and made 
unavailable fo r  physiological processes# there was 

acceleration  o f  senescence.

Results on per cent leakage o f solutes also 

suggested that oalolum in h ib its lo s s  o f  membrane 

Integrity during senescence. Per cent leakage o f 

solutes were only 10, 3 and 3 per cent when calcium

1 ,2  and 5 mM was In the medium as against 20,6 per 
cent In the absence o f calcium* Chelating oalolum 

by E6TA Increased per cent leakage o f solu tes. How­
ever# at high concentrations o f  oalolum in the pre­
sence o f ECTA per cent leakage was le s s .
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In another ej(perlment, e ffeo t  o f pre-treatment 

o f oalolum and the preeenoe o f oalolum oontlnuouidy In 
the nedlun on the rate o f eeneeoenoe wae studied* In 
th is  e:q?erlnent also lo a f  dlsoe pre-treated with oalolum 

and transferred to  water and le a f  d iscs which were oon tl- 
nuously In oalolum retained higher chlorophyll content*

Degradation o f chlorophyll during senescence 
was more In the le a f  dlsos which were transferred from 
water to SGTA* SCTA was e ffeo tly e  In Inducing senescence 

even in leaves pre-treated with oalolum* When alanlnlum 

wae present together with oaloltsi In the Incubation 
mediant vexy low oonoentratlon o f oalolvn o f  0*1 nM 

was e ffe ctiv e  In Inhibition o f senescence In le a f  dlsoe* 

The degradation o f  chlorophyll during senescence as 
w ^ l as lo ss  in membrane Integrity during senescence 

was le s s  In the presence o f oalolun and oalolun ♦ 

alumlnluB*

Presence o f oalolum In the median alone or 

along with alonlnlon Inhibits senescence o f excised 
le a f  dlsos* Vexy low oonoent rat Ions o f aionlnlan 
was e ffe c t iv e  In Inhibiting senescence when treated 

along with alanlnlum*
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It has long been knovn that oalolon inhibit 
eenesoenoe o f leaves. Oelolum was shown to  bind to  
negative oharges In membrane struoture and forms oross 

lin k s  between membrane structuzel oomponents. It has 

been shown that oalolum deficiency Induoes lo s s  in 
membrane Integrity early. Tissues deficient In cal* 

d im  were shown to  loose  membrane Integrity at very 

low Intensities o f  moisture stress resisting In membrane 

damage (Chrlstlazfsen and Foyt 19791 1983).
ceiolan In the tissue Is shown to  reduce membrane 
damage and leakage o f tissue (Foovalah and Leopold, 

1973).

In excised leaves, ethylene synthesis Inhibitor 
cobalt and aluralniim, ethylene action in h ib itor s ilv er  

Ion and free radical scavenger, benzole a d d  and calcium 
which gives r ld lg lty  to  membrane. Inhibits rate o f 
senesoenoe as observed by chLorophyll degradation as 

well as lo s s  In membrane Integrity . Apart from oald im  

role In membrane In tegrity , there must be few ottor 
possible mechanisms by which calcium Is retarding 
senesoenoe.
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fii mai^ plant tl8sues« senesoenoe preoeds 

abBoission prooesB*' The e ffe c t  o f  ohttBloeCLB which 
were found e ffe c t iv e  in  inhibiting eeneacencet were 

further tested to  study their e f fe c t  on abscission 

process. Ih a series o f  esperiments* the inhibitoxy 

e ffe c t  o f ethylene synthesis and action inhibitors 

were tested on coleus petio lar explants to  identify  

the e ffe c tiv e  concentrations o f  ohemiotiLs in inhibi* 

ting abscission.

S ilver thiosulphate pretreatment was e ffe c ­

tive  in  delaying abscission  o f  cbleus p etio la r  ex”
plants. Pre-treating the explants with 10« 25 and 30 

*
uM STS delayed abscission o f petio les s ign ifica n tly . 

Abscission o f petid les occurred in  water pretreated 

explants within 17 hrs a fter  planting explants in 
agar medium. There was no abscission in  explants 

pretreated with STS 25 and 50 oM. At the end o f 

24 hrs per cent abscission in  STS 10« 25 and 30 
pretreatments were 83.3 per cent, 41*5 and '8,5 whereas 

i t  was 100 per o « it  in  water.

The e ffe c t  c f  SKFS, cobalt, sodium benzoate 

and hydroxy quinoline on abscission o f coleus petio lar 
explants suggested that STS 50 vM and calcium 1 mM were
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more e ffe c t iv e  compared to  cobalt, sodlim benzoate 

and hydroxy quinoline* S ilver thlosULphate and 
calcium pretreatmont was e ffe c tiv e  In even delaying 
ethylene Induced abscission . I^^drojqr quinoline has 

cytoklnln lik e  a ctiv ity  In retarding senescence 
(Ohua, 1970) was also found e ffective  In Inhibiting 
abscission o f coleus p etlo la r  explants. ^T^droxy 
quinoline was shown to  inhibit ethylene w o lu tlon  
In rose stamens, apple fru it  s lice s  and also In oama* 
tlon  flowers (Parups and Peterson, 1973f Wilkins 

and Swanson, 1973)*

With an ob jective to see the e ffe c t  o f STS 

on f lo r a l abscission In f ie ld  bean a number o f experl* 

ments were conducted In which e n ls e d  Inflorescences 
were sprayed with d ifferent concentrations o f  STS 
and the cut ends o f  inflorescence were kept Immersed 

In water. ITonber o f  flowers abscised was counted at 
regular Intervals. In water pretreated InflorescenesSt 
per cent o f  flowers abscised from Infloresoenoe were 

11*5* 57.5 and 47.4 at the end o f  24^36 and 43 hrs. 
pretreatment of Inflorescence with 50 pM STS markedly 
reduced the number o f flo ra l organs abscised. Per 
cent flo ra l organs abscised are only 4 .02, 13.77 and
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22,84 at the end o f  24$ 36 and 43 hours. When out end 

o f  Inforesoenoe were immersed In ethrel scd.utlon, there 

was aooelerated abscission  o f flo ra l organs. STS pre- 
treatment Inhibited even ethylaaa induced absoission. 
STS 100 uM and 200 uM pretreatment were e ffective  redu­

cing the absoission o f  flo ra l organs under normal oondi* 
tion s as vOll as under etl^lene induced conditions.

Aaftngst the reproductive organst flowers were 

veiy sensitive and showed highest abscission compared 

to  pods and buds.

Experiments conducted with cobalt chloride 
solutions using coleus petlo lar eo^lants showed that 

higher concentrations o f  cobalt were e ffe c t iv e  in 

delaying abscission. With an objective to  identify  
e ffe c t iv e  concentration o f  cobalt to  delay flo ra l 
absoission^ excised inflorescences were sprayed with 

5Of lOOt 200 and 300 uH concentrations o f  cobhlt and 
i t s  e ffe c t  on abscission  o f  f lo ra l organs were studied 
at the end o f 48 hrs. Cobalt was also e ffe c tiv e  in 
reduoizig the ntxuber o f  f lo r a l organs abscised, however 
i t s  e ffe c t  in reducing the abscission o f  f lo ra l organs 
was very much le s s  ocxnpared to  STS.
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Absolasion o f  leaves and flo ra l organs is  under 

the control o f  endogenous le v e ls  o f horaones in the 

abscising tissu e . Higher le v e ls  o f  auxin reduce 

abscission . Qsrtokinins and gibberellins also delsy'^ 
abscission to  some extent. Many voxkers suggest that 

auxinst cy^okinins and ABA regulate abscission process 

by changing the auxin* g ibberellin  content in  plants.
In addition to endogenous auxin lev e l the length and 

time o f  duration with which pc0.ar transport o f auxin 

is  maintained in plants is  a lso Important fo r  retarding 
abscission (Osborne at * 1968} Beyer and Morgan* 

1971).

Hthylene was shown to  induce abscission liy 
reducing auxin concentration in  the tissu e . Ethylene 

decreases auxin concentration hy inhibiting the conver­
sion o f auxin precursor treptophan to  lAA. Ethylene 

also has been shownto increase lAA oxidase activ ity  1a 

tissue* which oxidises endogenous lAA. Ethylene is  

known to inhibit auxin transport in the tissue (Abeles 

et a i.*  1971} Beyer and Morgan, 1971).

Since, STS and cobalt are e ffe ctiv e  in  inhibi­
ting ethylene action  and synthesis in tissue probably 

by maintenance o f higher ccaioentration o f auxin in
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tissu e ethylene synthesis and action  inhibitors are 

e ffe c t iv e  in delaying abscission o f p e tlo la r  explants 
as well as flo ra l abscission  in f ie ld  beans, CaLLcium 
is  known to  play an important role  in abscission o f 

plant parts. Calciun is  present in the middle lamella 
as calcium peotate which is  a cementing substance 
between c e l ls  (Leopold, 1964) during abscission and 

thus a ff in ity  fo r  oaloian in abscission zone increases , 
caloiian pectate gets converted into peotic acid which 
is  water soluble resulting in separation o f c e lls  in 

abscission zone (Poovaiah and Basmussen, 1973}•
I

In f ie ld  experiments, the e ffe c t  o f  treating 

the InHorescence with d ifferent concentrations o f 

STS and cobalt during ea ily  stages o f  reproductive 
growth on pod set and y ie ld  was studied. In the f ir s t  

f ie ld  experiment, inflorescences were spreyed with 

water, 25, 50, 100 juM of STS or cobalt chloride solur 
t io n  individually on 45th day a fte r  sowing. The e ffe c t  
o f these treatments on tota l pods produced at the time 

o f harvest, and on blologloSl y ie ld  were recorded.

In th is experiment, oxily cobalt 100 juM treat* 

ment was e ffe c t iv e  in  increasing total nixnber of pods
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produoed/plant. Pod dry weight was more In STS 200 joM 
and Oo 100 juM treatments. However, the difference 
between the treatments were not s ign lfloant.

In another f ie ld  experiment, Infloresoenoe 

were treated with d ifferen t oonoentratlons o f  oobait 

and STS and th e ir  oomblnatlons. InHoresoenoes were 
sprayed with treatment solutions on 45th and 30^day 
a fter  sowing. Co 100, Co 50 and STS 50 ♦ Co 100 uH 

shoi^d sign ificant Increase In the nixnber o f pods 

produced per plant. S ignificant Increase In pod dry 
weight per plant was also noticed In plants treated 

with Oo 100. STS 25 ♦ Oo 100 and STS 50 ♦ Co 100.
In some treatments Increase In stem dry weight, le a f  
dry weight and tota l b io log ica l y ie ld  ŵ  noticed.
This Increase was mainly due to  lesser  rate o f 

senescence o f leaves*

These resm ts on the e ffe ct o f etbylene syn­

th esis and action Inhibitors suggests that there is  
scope fo r  Inhibiting ethylene synthesis and action. 
Application o f  ethylene synthesis and action  Inhibitors 

In combination, two times during early stages o f repro* 
ductlve stage showed some Interesting trend In Increa­

sing productivity.
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Studies conducted to  see the e ffe c t  o f ethylene 

synthesist action  inh ib itors, free radical soavangers 

on le a f  senescence and abscission o f fo lia r  and flo ra l 
organs suggested that (1 )  silT sr thiosiilphate 200 pM 

in the incubating median inh ib its chlorophyll degrada­

tion  o f ojcolsed soybean le a f  d iscs during senescence,
(2 )  iSthylene synthesis inh ibitor OoClg and free radical 

scarenger benzoic acid were also e ffe ctiv e  in  delaying 
chlorophyll degradation during senescence o f  excised 
soybean, (3 ) Calclon and aluminium when present in  the 

incubation median were also e ffe c t iv e  in delaying 
chlorophyll degradation during senescence o f excised  

soybean.

A combination treatment o f  1 mM Ca l̂ mM alumi­
nium resulted in higher amount o f chlorophyll retention 

in  leaves, 2 mM to  3 mM was found e ffe c t iv e  in retard­

ing senescence, (4 )  Bthylene action inh ibitors STS 
and synthesis inh ibition  cobalt were e ffe c t iv e  in 

delaying abscission o f  petio lar explants, (5 )  STS in 

the range o f 100 laM and 200 uM spray delayed flora l 
abscission  in fie ld  beans. Cobalt and STS application 
to  the inflorescence at early stages Increased pod 

number in f ie ld  e^erlm ents.



SUMMARY



T t. SUMMART

Experiments were oonduoted to  study the e ffe c t  

o f  ethylene aynthesis/aotion inh ibitors and free radi* 
ca l scavengers on chlorophyll degradation during sene­
scence o f exoised soybean leaves and in delaying absci­

ssion  o f  coleus p e tio la r  explants and premature f lo r a l 
absoission o f f ie ld  bean inflorescences under v itro  
and in  vivo conditions.

S ilver thiosulphate (ethylene action  inh ib itor) 

at concentration range of 30 juM to  200 pH s ign ifican tly  

retarded chlorophyll degradation. Highest chlorophyll 
contents were observed at 200 joM oonoentrations o f  STS 
(s i lv e r  thiosiAphate).

Experiments conducted with aluraininn showed that 
altMlnlum retard senescence in the concentration range 

o f  100 )oM to  1 mM. A1 1 mM treatment was highly e ffe c ­

t iv e  in retarding chlorophyll degradation.

Senescence retarding e ffe c t  o f STS, cobalt and 
aluniniun was further studied by incubating the le a f  
d iscs in the medium containing combination o f these 

chemicals at d ifferent concentrations. A1 1000 ♦
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Oo 200 jOM, A1 1000 juM ♦ Co 100 |UM, Al 500 joM ♦ Co 100 jaU 
treatments were found e ffe ctiv e  In delaying senescenoe*

Studies oonduoted to  see the e ffe c t  o f  STSt 
cobalt and free  radical scavenger, bensoic acid on ABA 

induced senescence showed that STS at 100 )0M and 200 

were e ffe ctiv e  in  retarding chlorophyll degradation 
induced fay ABA. Cobalt and benmoic acid were also 
e ffe c t iv e  in  inhibiting ABA induced senescence. This 

suggests that ABA induces senescence \iiy increased bio* 

synthesis o f ethylene.

In a series o f  experiments e ffe c t  of calcium 
on senescence o f excised le a f  discs o f  soybean were 
studied. Calcium ions were found to  inh ib it chloro* 

phyll degradation in the concentration range o f  100 joM 

to  3 mM. Caloiim at 2 mM and 3 aM were observed to  bo 
very e ffe c t iv e  concentrations. Presence o f ECTA in 

the incubation mediim induced senescence. ECTA is  a 

sp e c ific  chelator of oa lcius ion and makes csdoiua 

le s s  available. However, higher concentrations o f 

oarcium with ECTA inhibited senescence and membrane 
damage sign ifica n tly .
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Continjious presence o f calcium In the medium 
sign ifica n tly  Inhibited senescence. These observations 
suggested that calcium Is Involved In delaying sene­

scence o f excised leaves.

Studies conducted with calcium and aluminium 
have shown that presence o f  calcium alone or along with 

A1 Inhibits senescence In excised le a f  d iscs . Aluminium 
1 mM Calcium 1 mM treatment was found e ffe c t iv e .

B:q>erlments were also conducted to  see the 

e ffe c t  of ethylane synthesis and action Inhibitors on 
abscission process. S ilver thiosulphate pre-treatment 

was e ffe c t iv e  In delaying the abscission o f coleus 

petlo lar e:^lants. Pre-treatlng the explants fo r  a 
mlnlmun duration o f 3 hrs sign ificantly  retarded absci­

ssion o f  coleus petlo lar e:q)lants. Among the different 
ethylene synthesls/actlon Inhibitors tested , STS 30 
and calcium 1 mM were found e ffective  In reducing the 
petlo lar abscission suggesting that calcium plays an 

Important ro le  In abscission  of plant parts. Experi­
ments conducted on f lo r a l abs61sslon o f excised f ie ld  
bean Inflorescence suggested that pre-treatlng the 

Inflorescence with STS 200 /uM sign ifican tly  retarded
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the absolsslon o f buds, fLowers aad youn^ pods. Cobalt 

was also found e ffeo tiv e  in reduoing the absolsslon 
however Its  Inhlbltoxy e ffe c t  was much le ss  than that 

o f  STS.

Field e3q>erlment8 oonduoted to study the 

e ffe c t  o f application o f s ilv e r  thiosulphate and 
cobalt chloride to  in florescence on pod set and y ie ld  
o f f ie ld  beans showed that application o f STS 50 OM*

Co 50 uM* STS 50 uM ♦ Co 100 uM treatments were e ffe c ­
t iv e  in Increasing pod y ie ld  per plant by Inoreaslng 
the number o f pods developed per plant.
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