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ABSTRACT 
A study of fl o w e r abscission i n commercial v a r i e t i e s of 

faba beans grown under f i e l d c o n d i t i o n s showed t h a t l e a s t 
flower drop occurred to flowers s i t u a t e d on proximal f l o w e r 
p o s i t i o n s and most on d i s t a l p o s i t i o n s w i t h i n every raceme. 
A p p l i c a t i o n of stresses t o p l a n t s increased flower drop, 
most of which occurred to flowers s i t u a t e d on middle and 
upper f l o w e r p o s i t i o n s . Many f e r t i l i s e d flowers abscised and 
manual t r i p p i n g of a l l flowers d i d not ensure a high l e v e l of 
pod set. Decreasing w i t h i n p l a n t competition and the a p p l i ­
c a t i o n of growth r e g u l a t o r s a l l reduced flo w e r drop. 

An u l t r a s t r u c t u r a l study showed t h a t e i t h e r abscission or 
pod set occurred a f t e r a series of c l e a r l y defined c e l l u l a r and 
enzymatic changes at the pedicel/peduncle j u n c t i o n . 

Flower removal experiments demonstrated t h a t a l l flowers 
were capable of s e t t i n g a pod and t h a t much flowe r drop was 
i n i t i a t e d by the presence of small p r o x i m a l l y s i t u a t e d pods. 

Observations on p l a n t s w i t h d i f f e r e n t f l o r a l and p l a n t 
morphologies revealed two inbred l i n e s which displayed minimal 
flower drop. Experiments showed t h a t there had been no change 
i n the gross morphology of the stem vasculature. I n commercial 
v a r i e t i e s the f i r s t formed flo w e r was, i n many cases, indepen­
dent of other f l o w e r s , while the second and t h i r d f l o w e r s were 
connected to other flowers v i a the vascular strands. The 
inbred l i n e s possessed an independent vascular supply to a l l 
flowers w i t h i n every raceme. This arrangement circumvented 
any communication between proximal and d i s t a l f l o w e r s , allowed 
f o r an even d i s t r i b u t i o n of a s s i m i l a t e s , so a high l e v e l of 
pod set was achieved. I n i t i a l experiments showed t h a t inde­
pendent vascular supply l i n e s were more t o l e r a n t to s t r e s s . 

The r e s u l t s obtained are discussed i n the t h e s i s . 
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CHAPTER 1 
INTRODUCTION 

Biology, o r i g i n and c l a s s i f i c a t i o n 
The faba bean, V i c i a faba L. i s an annual, the dominant 

phenotype having an indeterminate growth h a b i t w i t h i n f l o r ­
escences developing a f t e r between f i v e and ten vegetative 
nodes have formed. The flowers are commonly o f f - w h i t e 
w i t h dark spotted wing p e t a l s , the standard p e t a l possessing 
dark s t r i p e s . They are borne on a x i l l a r y racemes which 
develop a c r o p e t a l l y . The species i s d i p l o i d (2n = 12), 
although a t e t r a p l o i d (2n = 4x = 24), has now been described 
(Poulson and M a r t i n , 1977). The w i l d p r o g e n i t o r s are 
unknown and i t s e v o l u t i o n a r y o r i g i n s obscure (Ladizinsky, 
1975). The closest w i l d r e l a t i v e i s considered to be 
V i c i a g a l i l a e a . P l i t m . e t . Zoh., however V i c i a narbonensis L. 
i s also a close w i l d r e l a t i v e (Smartt, 1980), but no successful 
h y b r i d i s a t i o n of these two species w i t h V. faba has yet been 
achieved. Such hybrids would be u s e f u l f o r i n c r e a s i n g the 
genetic v a r i a b i l i t y of the crop, which i s considered some­
what l i m i t e d (Bond, 1976), although not as yet f u l l y e x p l o i t e d 
(Lawes, 1980). 

The i n t r a s p e c i f i c c l a s s i f i c a t i o n of Muratova (1931) i s 
s t i l l used, based on the c r i t e r i o n of seed s i z e . The opinion 
of Cubero (1974) i s t h a t there are f o u r subspecies faba 
(broad), equina (horse), minor ( f i e l d ) and paucijuga ( t i c k ) , 
faba being commonly known as the v a r i e t y major. 
H i s t o r y and food value of the crop 

V i o l a X'aba has been an important seed p r o t e i n crop i n 

Great B r i t a i n from at l e a s t the bronze age (Hyarns, 1971). 
•GOTHAM WEB^N. 

( 1 0 DEC J982 ) 
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Further archaeological i n v e s t i g a t i o n has enabled the area 
of domestication to be p i n p o i n t e d as the Eastern Mediterranean 
area (Schultz-motel, 1972; Zohary, 1977; Smartt, 1980). I t 
has now spread i n c u l t i v a t i o n to cover the area between 
c e n t r a l Asia, Western Europe, Northern A f r i c a and South 
America. At present over 70% of the crop i s produced i n 
China (F.A.O., 1976), but i t i s also an important legume 
i n most northern temperate areas, and i s grown at higher 
a l t i t u d e s and i n cool seasons i n the sub t r o p i c s (Lawes, 1980). 

The value of the crop l i e s i n the high p r o t e i n l e v e l 
of the seeds ranging from 22% to 36% crude p r o t e i n , which 
although c h a r a c t e r i s t i c a l l y low i n the sulphur amino acids 
cysteine and methionine, i s high i n l y s i n e ( G r i f f i t h s and 
Lawes, 1977, 1978). The crop provides, i n some A f r i c a n 
and Mediterranean c o u n t r i e s , a s u b s t a n t i a l p a r t o f the 
p r o t e i n i n human d i e t s . I n Western Europe i t s use as a 
human food i s , at present, confined t o f r e s h , frozen or 
canned major types (Lawes, 1980). The equina and minor 
v a r i e t i e s are used mainly f o r animal feed, and the smaller 
seeded types are l o c a l l y valuable f o r r a c i n g pigeons. The 
faba bean i s also a p o t e n t i a l l y valuable source o f novel 
p r o t e i n food. The f i r s t United Kingdom spun meat analogue 
("Kesp") was produced from faba bean i s o l a t e s by the 
Courtaulds company. I n a d d i t i o n faba bean f l o u r s have been 
found to be acceptable as a p r o t e i n a d d i t i v e i n bread, 
b i s c u i t s and pasta up t o l e v e l s of 10% i n the U.S.A. (Jonas, 
1981) . 

The f i e l d bean crop 
The acreage of f i e l d beans grown i n England has declined 

s t e a d i l y from 200,000 hectares i n the l a t e n ineteenth century 
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to 42,000 hectares i n 1979 (Jonas, 1981) ) . The n a t i o n a l 
average y i e l d of the crop i s three tonnes per hectare 
(Smith and A l t r i c h , 1967), however, y i e l d s can be as high 
as nine tonnes per hectare or as low as one tonne per 
hectare (Sprent, Bradford and Norton, 1977). The annual 
f l u c t u a t i o n i n y i e l d i s the c h i e f reason f o r the u n p o p u l a r i t y 
of the crop amongst farmers and research has shown t h a t 
several f a c t o r s c o n t r i b u t e to t h i s i n s t a b i l i t y . 
Weeds 

Before the advent o f modern s e l e c t i v e h e r b i c i d e s , the 
t r a d i t i o n a l method of weed c o n t r o l was manual hoeing. 
Although the problem of annual weeds has since been reduced, 
there are as yet no s e l e c t i v e h e r b i c i d e s t h a t w i l l c o n t r o l 
broad leaved weeds such as t h i s t l e s (Circium sp.) and f i e l d 
bindweed (Convolvulus arvensis L.) I n a d d i t i o n p e r e n nial 
grasses, such as couch (Agropyron repens.) reduces y i e l d by 
competition (Hewson, Roberts and Bond, 1973). Couch grass 
i n p a r t i c u l a r i s a c a r r i e r of Take-all (Gauanomyces gramminis) 
and other diseases o f cereals. I t s presence i n f i e l d beans can 
n u l l i f y t h e i r value as a break crop i n i n t e n s i v e cereal 
production (Anon, 1970). 
Pests 

The most serious i n s e c t pest of faba beans i s Aphis fabae, 
the black bean aphid. The degree of damage caused by A. fabae 
depends upon the size of the pest p o p u l a t i o n and the stage of 
crop development at which the a t t a c k occurs. I n f e c t i o n can 
now be c o n t r o l l e d by systemic i n s e c t i c i d e s , so preventing 
k i l l i n g bees, necessary f o r c r o s s - p o l l i n a t i o n . However 
work i s also underway t o seek resistance to t h i s pest (Bond 
and Pope, 1975) and also to p r e d i c t i n f e s t a t i o n from the 



4 

l e v e l s o f o v e r w i n t e r i n g aphid egg populations (Cammell and 
Way, 1977). I n North-West France, a phycomycete, Entomopthora, 
can sometimes provide c o n t r o l (Lawes, 1980). 
Fungal Diseases 

The major fungal pathogens of the crop are chocolate 
spot ( B o t r y t i s fabae) and l e a f spot (Ascochyta fabae). The 
chocolate spot fungus occurs i n non-aggressive and aggressive 
forms. The non-aggressive form n e a r l y always occurs as small 
chocolate spots on most f i e l d bean crops, and causes l i t t l e 
damage to p l a n t s . I t i s the aggressive form which can 
devastate w i n t e r sown beans, and has been a c o n t r i b u t o r y 
f a c t o r f o r the poor y i e l d s of recent years (Hebblethwaite 
and Davis, 1971). Leaf spot i s predominantly a seed-borne 
disease, although crops may also become i n f e c t e d during 
growth by spore transmission. Other fungal diseases t h a t 
are known to i n f e c t faba beans are S c l e r o t i n i a b i f o l i o r i u m 
(stem r o t ) , Perononspora v i c i a e , Rhizotonia s o l a n i , Stem-
phylium botryosum, Uromyces fabae, Fusarium avenaceum, 
F. fabae, F. oxysporium, F. s o l a n i . 

I n comparison w i t h many legumes, there i s r e l a t i v e l y 
l i t t l e genetic v a r i a t i o n i n the re s i s t a n c e to disease, 
however p a r t i a l resistance to Uromyces fabae, Ascochyta fabae 
and B o t r y t i s fabae have r e c e n t l y been reported (Chapman, 1981). 
Chemicals can be used f o r c o n t r o l i n some instances 
(Lizenberger, 1974) but applying them may cause mechanical 
damage. The best form of c o n t r o l f o r l e a f spot i s the use 
of only healthy seed, checked f o r the absence of Ascochyta. 
Virus diseases 

Virus diseases include bean l e a f r o l l v i r u s , bean yellow 
mosaic v i r u s , broad bean s t a i n v i r u s and broad bean true 



mosaic v i r u s . I n Great B r i t a i n , bean l e a f r o l l v i r u s can 
be serious i n spr i n g f i e l d beans. I t i s t r a n s m i t t e d by 
aphids e s p e c i a l l y Acyrthosiphon pisum. Some resis t a n c e 
has been reported to t h i s v i r u s i n commercial v a r i e t y Maris 
Bead (Chapman, 1981), but the best form of c o n t r o l i s by 
use o f clean seed, and c o n t r o l of the aphid vector. 
Plant p a r a s i t e s 

The p a r a s i t i c p l a n t Orobanche crenata (Broomrape), 
can i n the dry climates of Spain and I t a l y completely 
destroy the crop. Two l i n e s are known t o be r e s i s t a n t to 
t h i s p l a n t (Chapman, 1981). However i n humid climates 
Broomrape i s seldom a major problem. 
Flower abscission 

Adverse weather c o n d i t i o n s can have a d e t r i m e n t a l 
e f f e c t , e s p e c i a l l y i n w i n t e r sown beans, on the f i n a l 
y i e l d of the crop (Hebblethwaite and Davis, 1971). I n 
a d d i t i o n f a i l u r e of a l l ovules t o set seed and partheno-
carpic pod formation have also been recognized as f a c t o r s 
i n f l u e n c i n g the o v e r a l l y i e l d of faba beans (Chapman, Fagg 
and Peat, 1979). However high l e v e l s of flowe r and pod drop 
have been i d e n t i f i e d as one of the major c o n t r i b u t o r y f a c t o r s 
l i m i t i n g the y i e l d of f i e l d beans (Kambal, 1969; S e k u r a l i , 
Frauen and Chr. Paul, 1978; Chapman and Peat, 1978; Gates 
and B o u l t e r , unpublished). 
Abscission of flowers i n Legumes 

Abscission of reproductive s t r u c t u r e s i s a common 
phenomenon i n many w i l d and c u l t i v a t e d p l a n t s . I t occurs 
i n many crops of economic importance to man i n c l u d i n g c o t t o n , 
Gossypium hirsutum (Dunlup, 1943), tobacco, Nicotiana tabacum 
(Valdovinos and Jensen, 1968) and tomato, Lycopersion 
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esculentum (Levy, Rabinowitch and Kedar, 1978). The problem 
seems to be of p a r t i c u l a r s i g n i f i c a n c e i n the legumes, where 
fl o w e r drop has been recognized as an important f a c t o r 
l i m i t i n g y i e l d s i n many species, f o r example lima beans, 

V 
Phaseolus lunatus (Cordner, 1953); cowpea, vigna u n g u i c u l a t a 
(Adesomoju et a l , 1979), peanuts, Arachis hypogaea (Smith, 
1954), soya beans, Glycine max (Huff and Dybing, 1980), 
Phaseolus v u l g a r i s (Subhadrabandhu, Adams and Reicosky, 1978), 
pigeon peas, Cajanus cajan (Sheldrake, Narayanan and 
Venkataratnam, 1979) and l u p i n , Lupinus sp. ( P o r t e r , 1977). 

Abscission of flowers i n V. faba appears to be p a r t i c u ­
l a r l y acute, various estimates of which have been reported, 
ranging from 70% - 97% (Soper, 1952; Hodgeson and Blackman, 
1956; Rowlands, 1961; Kambal, 1969, Jaquiery and K e l l e r , 1978). 
The p h y s i o l o g i c a l basis of Abscission 

The process of detachment of p l a n t organs, abscission, 
has been defined by Esau (1960) as o c c u r r i n g i n the 
"abscission zone" which i s the zone at the base of l e a f , 
f r u i t or f l o w e r , or other p l a n t p a r t , t h a t contains the 
"abscission l a y e r " and the " p r o t e c t i v e l a y e r " , both of which 
play a r o l e i n the separation of the p l a n t p a r t from the 
p l a n t . The abscission l a y e r i s a l a y e r of c e l l s , the 
d i s r u p t i o n or breakdown of which separates a p l a n t p a r t 
from the p l a n t (Simons, 1973). The p r o t e c t i v e l a y e r safe­
guards the r e s t of the p l a n t from subsequent invasion by 
pests or disease. 

The c e l l u l a r , changes leading towards separation, have 
been described by a number of authors as i n v o l v i n g the 
d i s s o l u t i o n of the middle l a m e l l a and subsequent expansion 
of parenchyma c e l l s which causes the f r a c t u r e of the xylem 
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vessels. These c e l l s subsequently c o l l a p s e , and a l a y e r of 
meristematic c e l l s then grow over the wound to prevent 
po s s i b l e i n f e c t i o n (Weisner, 1885; Tison, 1899; MacDaniels, 
1936; Valdovinos and Jensen, 1968; Sexton and Redshaw, 1981). 

Some d e s c r i p t i o n s have been at variance to the general 
o u t l i n e of abscission given above f o r example Bornman, 
Spurr and Addicott (1967) described c e l l u l a r separation 
o c c u r r i n g through a l a y e r of newly formed meristematic 
c e l l s . I n a d d i t i o n Webster (1968) noted t h a t d i s s o l u t i o n of 
both middle l a m e l l a and the primary w a l l could r e s u l t i n 
the abscission of P. v u l g a r i s . I n dwarf m i s t l e t o e 

Arceuthobium sp. seed d i s p e r s a l , the f r u i t explodes, along 
an abscission zone i n which the c e l l s were r u p t u r e d , r a t h e r 
than i n t a c t , w i t h l i t t l e evidence of d i s s o l u t i o n of the 
middle l a m e l l a (Toth and K u i j t , 1978). 

I n general i t appears t h a t the d i s t a l side of the 
abscission zone t i s s u e shows a c o n d i t i o n c h a r a c t e r i s t i c of 
senescence (Cams, 1966). I n c o n t r a s t , the proximal side 
seems to be i n a s t a t e of high metabolic a c t i v i t y . The 
most notable u l t r a s t r u c t u r a l f e a t u r e s being a r i s e i n 
dictysome v e s i c l e s w i t h i n the Golgi apparatus, an increase 
i n rough endoplasmic r e t i c u l u m , abundant plasmodesmata, 
abundant mitochondria and a r i s e i n RNA and p r o t e i n synthesis 
( B a i r d , Reid and Webster, 1978). 
Regulators of abscission 

There i s much evidence to support the hypothesis t h a t 
ethylene i s the n a t u r a l r e g u l a t o r of l e a f abscission (Morgan 
and Durham, 1980). I n V. faba increased ethylene appears to 
be c o r r e l a t e d w i t h a bscission, and marked abscission has 
been shown to occur when ethylene l e v e l s are r i s i n g 
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( E l B e l t a g y and H a l l , 1 9 7 5 ) . 

The r o l e o f i n d o l e a c e t i c a c i d ( I A A ) r e m a i n s u n c l e a r 

( H u f f and Dybing, 1980) a l t h o u g h two t h e o r i e s f o r the 

r o l e o f a u x i n have been p r o p o s e d . The f i r s t , the a u x i n 

g r a d i e n t t h e o r y , s t a t e s t h a t a u x i n i s the p r i n c i p a l endo­

genous r e g u l a t o r o f a b s c i s s i o n , i t s g r a d i e n t a c r o s s the 

a b s c i s s i o n zone r e g u l a t e s the o n s e t and r a t e of a b s c i s s i o n . 

A b s c i s s i o n does not o c c u r w i t h a u x i n g r a d i e n t s c h a r a c t e r i s t i c 

o f h e a l t h y , mature t i s s u e : w i t h h i g h a u x i n d i s t a l to the 

a b s c i s s i o n zone and low a u x i n p r o x i m a l t o the a b s c i s s i o n zone. 

A b s c i s s i o n o c c u r s a f t e r a f a l l i n the r a t i o o f d i s t a l to 

p r o x i m a l a u x i n and i s a c c e l e r a t e d when the g r a d i e n t i s 

r e v e r s e d (Addicott:, L ynch and C a m s , 1 9 5 5 ) . The second 

s t a t e s t h a t the p r i m a r y a c t i o n o f a u x i n i s d i r e c t l y on the 

a b s c i s s i o n zone and i s o f a two phase t y p e , w i t h low 

c o n c e n t r a t i o n a c c e l e r a t i n g a b s c i s s i o n and h i g h c o n c e n t r a t i o n 

i n h i b i t i n g . The d i f f e r e n c e s between r e s p o n s e s to p r o x i m a l 

and d i s t a l a p p l i c a t i o n o f a u x i n , i t was c l a i m e d , c o u l d be 

e x p l a i n e d on the b a s i s o f d i f f e r e n c e o f t r a n s p o r t , w i t h o u t 

the n e c e s s i t y o f an a u x i n g r a d i e n t i n v o l v e m e n t ( B i g g s and 

L e o p o l d , 1 9 5 5 ) . 

E n v i r o n m e n t a l f a c t o r s a f f e c t i n g f l o w e r a b s c i s s i o n 

Temperature 

I t h a s been d e m o n s t r a t e d t h a t h i g h t e m p e r a t u r e i n 

tomato f l o w e r s a f f e c t e d g a m e t o g e n e s i s , hence p o l l e n p r o d u c t i o n 

and a l s o changed the r a t e o f g e r m i n a t i o n and p o l l e n tube 

growth i n t o the s t y l e . These f a c t o r s c o n t r i b u t e d to the 

f a i l u r e o f f e r t i l i z a t i o n (wxb<ld<jl*Jwhich was the prime cause 

o f f l o w e r drop i n tomato ( L e v y , R a b i n o w i t c h and Kedar, 1 9 7 8 ) . 

High and r i s i n g t e m p e r a t u r e s a l s o a p p e a r e d to i n c r e a s e f l o w e r 
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shedding i n a v a r i e t y of legumes (Cordner, 1933; Lambeth, 
1950; Davis, 1945). 

With V. faba f l o w e r i n g and fl o w e r drop were reduced 
during the course of a cold s t r e s s p e r i o d . When p l a n t s 
were t r a n s f e r r e d to warmer c o n d i t i o n s the flowers i n i t i a t e d 
d u ring the cold s t r e s s p e r i o d stayed on longer, but f e l l 
f i n a l l y i n a p a t t e r n s i m i l a r to the c o n t r o l p l a n t s (Gehriger, 
1980). I n a d d i t i o n faba beans seem to re q u i r e a s o i l 
temperature above 5°C f o r 1000 degree days f o r s a t i s f a c t o r y 
dry matter pr o d u c t i o n . I t has been suggested t h a t low 
s o i l temperature i n i n i t i a l v e g e t a t i v e growth may be 
responsible f o r the f a i l u r e to achieve f u l l p o t e n t i a l crop 
growth. 

Water 
Water supply appears to be the most c r i t i c a l e n v iron­

mental f a c t o r a f f e c t i n g y i e l d i n most crops. Water st r e s s 
a p p l i e d to legumes during the pod f i l l stage r a t h e r than 
at f l o w e r i n g has the most; severe e f f e c t on subsequent y i e l d 
(Doss, Pearson and Rogers, 1974). L i t t l e work, however, 
has been performed on the s p e c i f i c e f f e c t s of water s t r e s s 
on f l o w e r abscission i n faba beans. I n a d d i t i o n the e f f e c t s 
of i r r i g a t i o n on fl o w e r drop i n V. faba has been l i t t l e 
s t u d i e d , although Stolp (1955) has reported t h a t faba beans 
gave t h e i r maximum y i e l d response when i r r i g a t i o n was applied 
during the f l o w e r i n g p e r i o d . 

Density 
The den s i t y of the crop canopy can be an important 

f a c t o r i n determining pod set and hence o v e r a l l y i e l d . Most 
studies have compared the d i f f e r e n c e s i n pods per p l a n t and 
o v e r a l l y i e l d , r a t h e r than of f l o w e r drop. I n l u p i n , 



10 

i n v e s t i g a t i o n s have shown t h a t a t h i g h d e n s i t y pod s e t was 

reduced and so c o n s e q u e n t l y was seed y i e l d (McGibbon and 

W i l l i a m s , 1980). S i m i l a r r e s u l t s have been shown t o occur 

w i t h f a b a beans ( S p r e n t , B r a d f o r d and N o r t o n , 1977). 

O v e r a l l y i e l d i n f a b a beans, however, i n c r e a s e s w i t h 

i n c r e a s i n g d e n s i t y . I t t h e r e f o r e appears t h a t seed y i e l d 

i s a d i r e c t f u n c t i o n o f the number o f mature pods per u n i t 

a r e a , and n o t mature pods p e r p l a n t ( K e l l e r and B e r k h a r d , 

1981). 

L i g h t 

The l e n g t h o f the p h o t o p e r i o d i s an i m p o r t a n t c o n t r i ­

b u t o r y f a c t o r f o r bud a b s c i s s i o n and f l o w e r f o r m a t i o n . 

Phaseolus v u l g a r i s , i f s u b j e c t e d t o a d a y l e n g t h i n excess o f 

11 hours underwent c o n s i d e r a b l e a b s c i s s i o n o f f l o w e r buds 

( Z e h n i and Morgan, 1976). I n a d d i t i o n w i t h soybean, l o n g 

p h o t o p e r i o d s o f over 14 hours r e s u l t e d i n p l a n t s t h a t d i d n o t 

f l o w e r ( F i s h e r , 1955). L i t t l e work has been performed on 

V. f a b a , b u t Evans (1959) has shown t h a t t h e p l a n t e x h i b i t e d a 

q u a n t i t a t i v e l o n g day response, the c r i t i c a l p h o t o p e r i o d f o r 

f l o w e r expansion b e i n g 12-13 h o u r s . 

The e f f e c t s o f shading on y i e l d has been i n v e s t i g a t e d 

i n a number o f crops i n c l u d i n g wheat, T r i t i c u m a e s t i v u m 

( P e n d l e t o n and W e i b e l , 1965); r i c e , Oryza s a t i v a ( S t a n s e l 

e t a l , 1965); c h i c k p e a , C i c e r a r i e t i n i u m (Pandey, Singh and 

Singh, 1980); pea, Pisum s a t i v u m (Hole and S c o t t , 1981); 

o i l seed r a p e , B r a s s i c a napus subsp. o l e i f e r a (Tayo and Morgan, 

1969) and f a b a beans (Hodgeson and Blackman, 1956). I n a l l 

cases i t was f o u n d t h a t shading had an adverse e f f e c t on 

y i e l d when a p p l i e d d u r i n g r e p r o d u c t i v e r a t h e r t h a n v e g e t a t i v e 

g r o w t h . There have been few i n v e s t i g a t i o n s , however, on the 
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r e l a t i o n s h i p between shading and f l o w e r drop i n f a b a beans. 

P h y s i o l o g i c a l f a c t o r s a f f e c t i n g a b s c i s s i o n 

B r e e d i n g system, p o l l i n a t i o n and f e r t i l i z a t i o n 

Faba beans have a b r e e d i n g system i n t e r m e d i a t e between 

t o t a l autogamy and t o t a l a llogamy, w i t h o u t b r e e d i n g a v e r a g i n g 

30% a l t h o u g h a range o f v a l u e s have been r e p o r t e d (Holden 

and Bond, 1960; Hanna and Lawes, 1967; Voluzneva, 1971; Bond 

and Pope, 1974; Poulsen, 1975). The f l o w e r s n o r m a l l y r e q u i r e 

bee v i s i t s , p r e d o m i n a n t l y Bombus h o r t o r u m and B. agrorum, 

t o t r i p the f l o r a l mechanism and t o e f f e c t c r o s s - p o l l i n a t i o n . 

A f i e l d p o p u l a t i o n o f f a b a beans, t h e r e f o r e , c o n t a i n s b o t h 

h y b r i d and i n b r e d p l a n t s . Flowers o f h y b r i d p l a n t s are 

a b l e t o s e t seed from a u t o p o l l i n a t i o n , and t h e i r progeny are 

produced m a i n l y by s e l f - f e r t i l i z a t i o n . Flowers o f i n b r e d 

p l a n t s appear t o have stigmas t h a t are more d i f f i c u l t t o 

r u p t u r e (Toynbee-Clarke, 1971; 1974) and a l t h o u g h s e l f - f e r t i l e , 

do n o t s e t seed u n l e s s v i s i t e d by i n s e c t s , t h e r e f o r e about 

h a l f t h e i r progeny r e s u l t f rom c r o s s - f e r t i l i z a t i o n (Free and 

W i l l i a m s , 1976; Drayner, 1959). 

The f l o r a l morphology o f s e l f o r a u t o f e r t i l e f l o v / e r s 

has been d e s c r i b e d (Kambal, Bond and Toynbee-Clarke, 1976), 

b u t t he p h y s i o l o g i c a l b a s i s f o r a u t o f e r t i l i t y appears t o be 

due t o the t i m i n g o f s t i g m a r e c e p t i v i t y and p r o d u c t i o n o f a 

s t i g m a t i c exudate, r e l a t i v e t o the time o f a n t h e r dehiscence. 

I n a u t o s t e r i l e l i n e s , r e q u i r i n g bee t r i p p i n g o f the f l o w e r , 

no exudate i s observed u n t i l a f t e r a n t h e s i s , thus a l l o w i n g 

e f f e c t i v e c r o s s - p o l l i n a t i o n b e f o r e s e l f - p o l l e n can germinate 

on the s t i g m a ( P a u l e t a l , 1978). 

T h e r e f o r e , because a p o p u l a t i o n o f f a b a beans c o n s i s t s 

o f a p p r o x i m a t e l y one t h i r d h y b r i d p l a n t s ; and two t h i r d s i n b r e d 
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p l a n t s , i t might be expected t h a t i n s e c t p o l l i n a t i o n o r 
mechanical t r i p p i n g would i n c r e a s e y i e l d . T h i s was found 
t o be the case by a number o f a u t h o r s (Kambal, 1969; 
K e n d a l l and Smith, 1975; Poulsen, 1975; Free and W i l l i a m s , 
1976). I n c o n t r a s t a few a u t h o r s have shov/n t h a t t h e r e i s 
no advantage i n e n s u r i n g t h a t a l l f l o w e r s are t r i p p e d ( F r e e , 
1966; W i l l i a m s , 1972). Bond and Pope (1974) have shown 
t h a t pod s e t a t the c e n t r e o f f i e l d s was l o w e r t h a n t h a t a t 
the b o r d e r i n one y e a r , b u t observed no d i f f e r e n c e the 
n e x t . They suggested t h a t some o f the d i f f e r e n c e was due 
t o problems w i t h p o s t - f e r t i l i z a t i o n d i f f e r e n t i a t i o n o f 
embryos, b u t no evidence c o u l d be found t h a t bees f a i l e d t o 
p e n e t r a t e t o the c e n t r e o f l a r g e f i e l d s . 

The view t h a t bee v i s i t a t i o n , because o f l o c a l v a r i a t i o n s 

i n p o p u l a t i o n and adverse weather c o n d i t i o n s c o u l d be a source 

o f y i e l d i n s t a b i l i t y , has prompted the i n v e s t i g a t i o n o f the 

p o s s i b i l i t y o f c o n v e r t i n g the crop t o t o t a l allogamy (Lawes, 

1974; Hanna and Lawes, 1976; Adcock and Lawes, 1976; 

Chapman and Peat, 1976; Poulsen, 1977). Sources o f a u t o -

f e r t i l i t y are known t o e x i s t i n some Mi d d l e E a s t e r n , I n d i a n 

and A f r i c a n p o p u l a t i o n s , e s p e c i a l l y i n subspecies pauci.juga. 

These types have fewer f l o w e r s per node, w i t h s h o r t , weak stems 

as compared t o European minor t y p e s (Lawes, 1980). 

P l a n t c o m p e t i t i o n and s o u r c e - s i n k r e l a t i o n s h i p s 

As V. faba i s an i n d e t e r m i n a t e s p e c i e s , the f i r s t s e t 

pods compete f o r a s s i m i l a t e s w i t h g r o w i n g r o o t s and stem 

apex, as w e l l as w i t h d e v e l o p i n g pods f u r t h e r up the stem 

(Crompton, Lloyd-Jones, H i l l - C o t t i n g h a m , 1981). The com­

p e t i t i o n w i t h i n t h e p l a n t i s such t h a t Chapman, Fagg and Peat 

(1979) proposed t h a t i n c r e a s i n g w i t h i n p l a n t c o m p e t i t i o n w i l l 
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p r e d i s p o s e a p l a n t t o f l o w e r drop and premature pod d r o p , 

decreased c o m p e t i t i o n h a v i n g a r e v e r s e e f f e c t . C o m p e t i t i o n 

between apex and f r u i t s , as w e l l as between s i n g l e f r u i t s 

was shown t o be r e s p o n s i b l e f o r premature pod drop ( J a q u i e r y 

and K e l l e r , 1980). 

L i t t l e work has been p e r f o r m e d on the e f f e c t s o f 

c o m p e t i t i o n o f the f i r s t s e t pods w i t h i n a raceme on a b s c i s s i o n 

o f f l o w e r s on racemes h i g h e r up t h e p l a n t i n V. f a b a , a l t h o u g h 

i n v e s t i g a t i o n s on the e f f e c t o f f l o w e r and pod removal have 

been p e r f o r m e d on o t h e r legumes i n c l u d i n g y e l l o w l u p i n , 

L upinus l u t e u s (Van Steveninick, 1959), snap bean, P. v u l g a r i s 

(Tamas e t a l , 1979), p i g e o n pea, C. c a j a n ( S h e l d r a k e , 

Narayanan and Venkataratnam, 1979), soya bean, G. max ( H u f f 

and Dybing, 1980) and cowpea, V. u n g u i c u l a t a (Ojehomon, 1972). 

They have v a r i o u s l y reached two hypotheses f o r the a b s c i s s i o n 

o f younger d i s t a l f r u i t s . The f i r s t , i n v o l v e d the p r o d u c t i o n 

o f g r o w t h p r o moters o r i n h i b i t o r s by o l d e r b a s a l f r u i t , 

w h i c h t r a v e l s up the peduncle and promotes a b s c i s s i o n o f 

younger d i s t a l f r u i t . The second i s t h a t the o l d e s t f r u i t 

a t t h e l o w e s t raceme p o s i t i o n monopolises t h e m a j o r i t y o f 

n u t r i e n t s a v a i l a b l e t o the whole i n f l o r e s c e n c e s , so d i s t a l 

young f r u i t s and f l o w e r s s t a r v e , a b o r t and are shed. 

Evidence o f t h e d i s t r i b u t i o n o f carbon a s s i m i l a t e s 

w i t h i n the stem l e a v e s and f r u i t o f V. f a b a , i n d i c a t e s t h a t the 

m a j o r i t y o f f i x e d carbon comes from the l e a f s u b t e n d i n g the 

pod, w i t h o t h e r l e a v e s s u p p l y i n g carbon i n s m a l l e r q u a n t i t i e s 

( K i p p s and B o u l t e r , 1973). I t a l s o appears t h a t t h e stem 

a c t s as a temporary s i n k f o r a s s i m i l a t e s , e s p e c i a l l y i f t h e r e 

i s no demand f o r them elsewhere ( I s m a i l and Sagar, 1981(a) ) . 

However the d i s t r i b u t i o n o f carbon a s s i m i l a t e s w i t h i n racemes, 
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and t he e x a c t c o n t r i b u t i o n made by o t h e r leaves w i t h i n V. f a b a 

has been p o o r l y s t u d i e d and c o u l d h e l p t o e x p l a i n s o u r c e / s i n k 

r e l a t i o n s h i p s w i t h i n the p l a n t and may be a d e t e r m i n i n g 

f a c t o r i n f l o w e r a b s c i s s i o n and hence o v e r a l l crop y i e l d . 

Genetic v a r i a b i l i t y , b r e e d i n g methods 
and c u r r e n t b r e e d i n g o b j e c t i v e s 

The g e n e t i c v a r i a b i l i t y a v a i l a b l e t o p l a n t b r e e d i n g i s 

c o n s i d e r e d somewhat r e s t r i c t e d , a l t h o u g h t h e r e has been 

u n d e r - e x p l o i t a t i o n o f what i s p r e s e n t , i n c u r r e n t b r e e d i n g 

programmes. A t e r m i n a l genotype ( S j o d i n , 1971), a c l o s e d 

f l o w e r mutant ( P o u l s e n , 1977), l a r g e v a r i a b i l i t y i n f l o w e r 

and seed c o l o u r as w e l l as evidence f o r d i f f e r e n c e s i n 

peduncle morphology, and f l o w e r synchrony have now been 

d e s c r i b e d (Chapman, 1981). 

The b r e e d i n g system has been m a n i p u l a t e d from p a r t i a l 

allogamy t o complete allogamy o r complete autogamy t o a l l o w 

e x p l o i t a t i o n o f s t a n d a r d p l a n t b r e e d i n g methods, m a i n l y 

mass and r e c u r r e n t s e l e c t i o n . R e c e n t l y , s y n t h e t i c v a r i e t i e s 

have become a v a i l a b l e (Bond and F y f e , 1962; Bond, 1974; 

Bond, 1981) and a t t e m p t s have been made i n B r i t a i n and France 

t o breed F 1 h y b r i d s u s i n g male s t e r i l i t y (Bond, 1968, 1972; 

Bond, Fyfe and Toynbee-Clarke, 1964, 1966). F± h y b r i d s have 

proved u n s u c c e s s f u l due t o i n c o m p l e t e male s t e r i l i t y , and 

d i f f i c u l t i e s o f l a r g e s c a l e p r o d u c t i o n o f seed ( P l a n t B r e e d i n g 

I n s t i t u t e annual r e p o r t s 1965-75; Bond, Fyfe and Toynbee-

C l a r k e , 1966), a l t h o u g h y i e l d advantages c o n f e r r e d by h e t e r o s i s 

and independence from bee p o l l i n a t o r s have been shown t o be 

c o n s i d e r a b l e (Bond, 1970). 

A r e c e n t programme, now t e r m i n a t e d , a t the Welsh P l a n t 

B r e e d i n g S t a t i o n , A b e r y s t w y t h has been t o i n c r e a s e a u t o -

f e r t i l i t y , u s i n g t he i n h e r e n t autogamous n a t u r e o f e x o t i c 



m a t e r i a l , e s p e c i a l l y p a u c i j u g a t y p e s . The programme produced 

two s p r i n g bean v a r i e t i e s , Dacre and D e i n i o l , f o r w h i c h t h e r e 

was c l a i m e d t o be i n c r e a s e d s e l f - f e r t i l i t y (Lawes, 1981). 

A t t e m p t s have a l s o been made t o breed e a r l i e r m a t u r i n g 

v a r i e t i e s . Present i n d e t e r m i n a t e v a r i e t i e s are l a t e 

m a t u r i n g , r i p e n i n g between mid-September and mid-October, 

when c o n d i t i o n s can be i n c l e m e n t t o h a r v e s t (Aylmer and Walsh, 

1979). However t h e r e i s evidence t h a t e a r l i e r v a r i e t i e s t e n d 

t o have l o w e r y i e l d s ( P o u l s e n , 1977), so a balance must be 

a c h i e v e d between lo w e r y i e l d and e a r l i n e s s . 

The p r i m a r y o b j e c t i v e s o f most f a b a bean b r e e d i n g 

programmes are f o r improved y i e l d s t a b i l i t y and i n c r e a s e d 

d r y o r green seed y i e l d . C u r r e n t o p i n i o n seems t o be t h a t 

a g r e a t e r chance o f success f o r the i n d i r e c t s e l e c t i o n f o r 

y i e l d , might come fr o m s e l e c t i o n o f p h e n o l o g i c a l o r morpho­

l o g i c a l a t t r i b u t e s ( H a w t i n , 1981). C h a r a c t e r s such as onset 

and d u r a t i o n o f f l o w e r i n g and g r a i n f i l l i n g , number o f t i l l e r s , 

p l a n t h e i g h t , d e t e r m i n a t e g r o w t h h a b i t , e x p l o i t a t i o n o f 

h e t e r o s i s , i n c r e a s e d r e s i s t a n c e t o p e s t s and d i s e a s e s and 

reduced f l o w e r drop are a l l r e c o g n i z e d as f a c t o r s t h a t c o u l d 

s t a b i l i z e and p o s s i b l y improve y i e l d ( P i c a r d , 1974; Chapman, 

1977; D e V r i e s , 1979; H a w t i n , 1981). Most o f the above 

improvements would i n v o l v e the p r o d u c t i o n o f i n b r e d l i n e s 

f o r subsequent use i n c r o s s i n g programmes. 

Aims 

The aim o f the work p r e s e n t e d here was t o p r o v i d e an 

a c c u r a t e d e s c r i p t i o n o f t h e phenomenon o f f l o w e r drop i n 

V i c i a f a b a L. To t h i s end o b s e r v a t i o n s o f f l o w e r a b s c i s s i o n 

i n commercial and i n b r e d l i n e s , under normal and s t r e s s 

c o n d i t i o n s i n the f i e l d and glasshouse were made. I n a d d i t i o n 
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a m o r p h o l o g i c a l and b i o c h e m i c a l s t u d y o f the c e l l u l a r and 

enzymatic changes o c c u r r i n g d u r i n g a b s c i s s i o n and pod s e t 

was u n d e r t a k e n . O b s e r v a t i o n s were a l s o made on m a t e r i a l 

o b t a i n e d from e x o t i c and cros s e d m a t e r i a l , l i n e s e x h i b i t i n g 

low f l o w e r drop were s e l e c t e d and by u s i n g r a d i o c a r b o n and 

e o s i n f e e d i n g e x p e r i m e n t s t o g e t h e r w i t h f l u o r e s c e n c e and 

l i g h t m i c roscopy, a comparative s t u d y o f the v a s c u l a r 

anatomy o f commercial v a r i e t i e s and l i n e s e x h i b i t i n g low 

f l o w e r drop was made. These d a t a were used t o d e f i n e a p l a n t 

i d e o t y p e w h i c h e x h i b i t s m i n i m a l f l o w e r drop. F o l l o w i n g t h i s , 

p r e l i m i n a r y d a t a , comparing these new i d e o t y p e s w i t h p r e s e n t 

commercial v a r i e t i e s was o b t a i n e d . 
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CHAPTER 2 

MATERIALS AND METHODS 

B i o l o g i c a l m a t e r i a l 

Commercial and i n b r e d l i n e s which were used i n g l a s s ­

house and f i e l d e x p e r i m e n t s are shown i n Table 2.1. I n b r e d 

m a t e r i a l scored f o r f l o w e r drop from the c r o s s i n g programme 

i s shown i n Table 2.2 and F i g u r e 2.1 i n d i c a t e s the o r i g i n 

o f t he c r o s s e d m a t e r i a l . Table 2.3 l i s t s o t h e r legumes 

employed i n the u l t r a s t r u c t u r a l e x a m i n a t i o n o f a b s c i s s i o n 

zones. 

Chemicals, b i o c h e m i c a l s and h i s t o l o g i c a l s t a i n s 

A l i s t o f the c h e m i c a l m a t e r i a l s used i n t h i s s t u d y 

are shown i n Table 2.4 

Growth c o n d i t i o n s and e x p e r i m e n t a l d e s i g n 

Greenhouse 

Seeds were sown i n L e v i n g t o n ' s p o t t i n g compost i n 

12 o r 14 cm di a m e t e r p l a s t i c p o t s . To ensure n o d u l a t i o n 

benches were i n o c u l a t e d w i t h R h i z o b i a o b t a i n e d from f i e l d 

grown m a t e r i a l and s a t i s f a c t o r y n o d u l a t i o n o f p l a n t s was 

observed. Nodules under these c o n d i t i o n s were w e l l formed 

by t h e time o f f i r s t f l o w e r bud f o r m a t i o n . 

Seeds shown i n s h o r t days were p l a c e d under h i g h 

p r e s s u r e 400 W sodium lamps, type SON/T (Anon, 1973), which 

were suspended 1 m above t h e pods and m a i n t a i n e d a t t h a t 

h e i g h t . T h i s supplementary l i g h t i n g was used t o g i v e the 

p l a n t s a 16 h day u n t i l n a t u r a l d a y l e n g t h exceeded t h i s . 

P l a n t s were w a t e r e d weekly w i t h a commercial n u t r i e n t 

f e e d , Maxicrop (Maxicrop L t d . ) c o n t a i n i n g a l l the necessary 

elements, i n c l u d i n g n i t r o g e n , and a t a l l o t h e r times w i t h 
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Table 2.1 V a r i e t i e s and i n b r e d l i n e s o f V i c i a faba 

V a r i e t y name 
o r i d e n t i f i e r Source 

M a r i s Bead PBI 
D e i n i o l PBI 
Herz Freya PBI 
K r i s t a l l PBI 
Strubes PBI 
M i n i c a PBI 

Weirboon PBI 

M o n t i c a PBI 
C o c k f i e l d PBI 
T I Col PBI 

l i n e 3 PBI 

l i n e 4 PBI 
l i n e 5 PBI 
l i n e 8 PBI 
l i n e 21 WPBS 
l i n e 22 PBI 
T51 PBI 
T2 PBI 

I d e n t i t y 

Commercial v a r i e t y ex EEC 
t r i a l seed. 

-do-
-do-
-do-
-do-

Commercial equina v a r i e t y 
ex EEC t r i a l seed. 
Commercial major v a r i e t y 
ex EEC t r i a l seed. 

-do-
Commercial equina v a r i e t y . 
Topless mutant, c o l o u r e d 
f l o w e r s . 
67, i n b r e d component o f 
s y n t h e t i c v a r i e t y " B u l l d o g " . 
224, equina w i n t e r bean. 
51/3. 
I n b r e d a u t o f e r t i l e l i n e 224. 
Ch 467 Topless mutant. 
Sudanese t r i p l e w h i t e (STW) 
A u t o f e r t i l e i n b r e d l i n e . 
A u t o s t e r i l e i n b r e d l i n e . 

22 x 21 = o r i g i n a l c r o s s 

56 = l i n e number o f g e n e r a t i o n 

56/143 = 143rd seed o f F 2 d e r i v e d f r o m l i n e 56. 

56/143/7 = 7 t h seed o f 56/143 seed s e l e c t e d i n F 2 

I n b r e d f o r f u r t h e r two g e n e r a t i o n s . 

F i g u r e 2.1 C r o s s i n g programme and e x p l a n a t i o n o f i d e n t i f i e r s 
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Table 2.2 I n b r e d l i n e s d e r i v e d f r o m c r o s s i n g programme 

I d e n t i f i e r 

56/98/10 

56/107/1 

56/107/4 

56/109/7 
56/109/15 

56/117/1 

56/118/8 
56/118/20 

56/130/1 

56/134/7 

56/134/12 

56/134/14 

56/143/7 

56/143/13 

56/143/18 

56/14/F 

56/62/F 

56/107/1 - 4 

G e n e r a t i o n 
Scored 

F4 

F6 

P l a n t and F l o r a l A r c h i t e c t u r e 
S e g r e g a t i n g f o r T I and d r a w f i s m , 
w h i t e f l o w e r e d . 
T I b a s a l b u t no stem b r a n c h i n g , 
w h i t e f l o w e r e d , r a p i d senescence, 
sheds l e a v e s . 
T I stem no b a s a l b r a n c h i n g , w h i t e 
f l o w e r e d , r a p i d senescence, sheds 
l e a v e s . 
T I , no stem o r b a s a l b r a n c h i n g , 
w h i t e f l o w e r e d . 
S e g r e g a t i n g f o r T I , w h i t e f l o w e r e d , 
l i t t l e stem b r a n c h i n g . 
T I , b l a c k s p o t t e d f l o w e r s , no stem 
o r b a s a l b r a n c h i n g . 
T I , w h i t e f l o w e r s , b a s a l b r a n c h i n g . 
S e m ideterminate, s p a r s e l y t i l l e r i n g , 
synchronous w h i t e f l o v / e r s . 
S e m i determinate, no t i l l e r s , 
synchronous w h i t e f l o w e r s . 
T I , b a s a l no stem b r a n c h i n g , w h i t e 
f l o w e r e d t e r m i n a l f l o w e r s i n 
c l u s t e r s . 
T I , no b r a n c h i n g , w h i t e f l o w e r e d , 
t e r m i n a l f l o w e r s i n c l u s t e r s . 
T I , b a s a l b r a n c h i n g , w h i t e f l o w e r s , 
c l u s t e r e d t e r m i n a l f l o w e r s . 
T I , s i d e branches, synchronous 
f l o w e r i n g , f l o w e r s w i t h y e l l o w s p o t . 
T I , no b a s a l b u t stem branches syn­
chronous f l o w e r i n g , f l o w e r s w i t h 
y e l l o w s p o t . 
T I , b a s a l and s i d e branches, syn­
chronous f l o w e r i n g , f l o w e r s w i t h 
y e l l o w s p o t . 
B l a c k s p o t t e d f l o w e r s , i n d e t e r m i n a t e , 
l i t t l e b r a n c h i n g . F - f i e l d grown 
m a t e r i a l . 
S e g r e g a t i n g f o r y e l l o w s p o t , b l a c k 
s p o t , w h i t e f l o w e r s , i n d e t e r m i n a t e , 
f i e l d grown m a t e r i a l . 
S e g r e g a t i n g f o r y e l l o w s p o t , b l a c k 
s p o t , w h i t e f l o w e r s , T I and non T I , 
monoculm, l e a f shedder, r a p i d 
senescence. 



20 

Table 2.2 ( c o n t . . ) 

G e n e r a t i o n 
I d e n t i f i e r Scored P l a n t and F l o r a l A r c h i t e c t u r e 

56/118/20 F6 Sem i d e t e r m i n a t e , synchronous w h i t e 
f l o w e r s , l i t t l e b r a n c h i n g . 

56/134/12 + 14 " White f l o w e r e d T I w i t h stem and 
b a s a l b r a n c h i n g . 

56/143/9(G) " Semideterminate, synchronous w h i t e 
f l o w e r s , l i t t l e b r a n c h i n g . 

56/143/13 - 18 " T I , y e l l o w s p o t f l o w e r s , r a p i d 
s enescing w i t h stem and s i d e 
branches. 
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Table 2.3 Legume v a r i e t i e s used f o r scanning e l e c t r o n 
microscope e x a m i n a t i o n o f a b s c i s s i o n l a y e r s 

Species 

V i c i a a t r o p u p u r e a Dest. 

V. pannonica Cr. cv Magledi 

V. v i l l o s a Roth, cv K a r t a l i 

L upinus sp. Russel s t r a i n 

Pisum s a t i v u m L. 
cv. Feltham F i r s t 

C a n a v a l i a e n s i f o r m i s D.C. 

Phaseolus v u l g a r i s L. 
cv. 519N 

Vigna u n q u i c u l a t a L. Walp. 

Source 

Estacao Agronomica N a c i o n a l , 
P o r t u g a l . 

Research Centre f o r Agrobotany 
(NIAVT), Hungary. 

-do-

S u t t o n s Seeds L t d . , Torquay, U.K. 

-do-

Si gma Chemicals L t d . , 
Poole, D o r s e t , U.K. 

I n s t i t u t e de N u t r i c i o n de Centra 
America Y Panama. 

I n t e r n a t i o n a l I n s t i t u t e o f 
T r o p i c a l A g r i c u l t u r e , Ibadan, 
N i g e r i a . 

Phaseolus l u n a t u s L. Tyneside Seed S t o r e s , 
Gateshead, U.K. 

P. aureus L. -do-

C i c e r a r i e t i n u m L. -do-

D o l i c h o s l a b l a b Lam. -do-

G l y c i n e max L. merr. -do-
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Table 2.4 Chemical m a t e r i a l s used and t h e i r 
commercial sources 

Chemical Source 

A c e t i c a c i d B.D.H. B i o c h e m i c a l s L t d . , 
Poole, D o r s e t , U.K. 

A n i l i n e b l u e 

Carmine 

C i t r i c a c i d 

Disodium hydrogen 
o r t h o p h o s p h a t e 

D i p o t a s s i u m hydrogen 
o r t h o p h o s p h a t e 

E t h a n o l 

F e r r i c c h l o r i d e 

H y d r o c h l o r i c a c i d 

Hydrogen p e r o x i d e 

I o d i n e 

L a c t i c a c i d 

P e r i o d i c a c i d 

Phlorogluc i n o l 

Potassium d i h y d r o g e n 
phosphate 

Potassium i o d i d e 

Ruthenium r e d 

S i l v e r n i t r a t e 

Sodium h y d r o x i d e 

S u l p h u r i c a c i d 

T o l u d i n e b l u e 

Toluene 

Xylene 

Agarose Bethsada Chemicals I n c . 
R o c k v i l l e , Maryland, U.S.A. 
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Table 2.4 ( o o n t . . . ) 

Che m i : a l 

P a r a f f i n wax 

F l o u r e s c e i n 

G l u t a r a l d e h y d e 

Formaldehyde 

Sodium c a c o d y l a t e 

S p u r r s r e s i n 

B asic f u s h i n 

2,5,diphenyoxazole (PPO) 

E o s i n 

Sodium c h l o r i d e 

T r i t o n X 

C a l c o f l u o r w h i t e 

8 - a n i l i n o - l - n a p t h e l e n e 
s u l p h o n i c a c i d (ANS) 

G u a i a c o l 

Hydroxy1amine 

P e c t i n 

P e c t i n m e t h y l e s t e r a s e 

P e c t i n a s e ( p o l y g a l a c t u r o n a s e ) 

Pe r o x i dase 

P o r c i n e p a n c r e a t i c a l p h a -
amylase 

Rice s t a r c h 

Sodium benzoate 

T r i - i o d o - b e n z o i c a c i d (TIBA) 

Souroe 
Cheeseborough L t d . 

Edward Gurr L t d . , 
West London, U.K. 

E.M. Scope L a b o r a t o r i e s L t d . , 
A s h f o r d , Kent, U.K. 

-do-

K o c h l i g h t L a b o r a t o r i e s L t d . , 
K o l n b r o o k , Bucks., U.K. 

P o l y s c i e n c e s I n c . , W a r r i n g t o n , 
P e n n s y l v a n i a , U.S.A. 

Sigma Chemicals L t d . , 
Poole, D o r s e t , U.K. 



t a p w a t e r . V i c i a , Pisum and Lupinus were grown under c o o l 

c o n d i t i o n s (maximum day t e m p e r a t u r e 15°C, minimum n i g h t 

t e m p e r a t u r e 10°C), w h i l s t o t h e r legumes were grown w i t h 

a d d i t i o n a l h e a t i n g (maximum day t e m p e r a t u r e 25°C, minimum 

n i g h t t e m p e r a t u r e 15°C). A l l V. f a b a f l o w e r s were hand 

t r i p p e d a t developmental stage 9 ( F i g u r e 2 . 2 ) , u n l e s s 

s t a t e d o t h e r w i s e . 

For most ex p e r i m e n t s i n the glasshouse p l a n t s were 

a r r a n g e d e i t h e r i n a f a c t o r i a l o r randomized b l o c k d e s i g n 

depending on the number o f t r e a t m e n t s and v a r i e t i e s w i t h i n 

the e x p e r i m e n t . 

F i e l d 

Durham 

Seeds were sown d i r e c t l y i n rows o f 30 cm w i d t h w i t h 

8.5 cm s p a c i n g w i t h i n rows, u n l e s s s t a t e d o t h e r w i s e . No 

f e r t i l i z e r t r e a t m e n t was a p p l i e d . Most ex p e r i m e n t s were 

planned on a randomized b l o c k d e s i g n w i t h t h r e e r e p l i c a t e 

p l o t s f o r each v a r i e t y i n the e x p e r i m e n t . I n a l l cases 

guard rows were i n c l u d e d as p a r t o f the e x p e r i m e n t a l d e s i g n . 

Treatments were e i t h e r a r r a n g e d i n b l o c k s or w i t h i n b l o c k s , 

as a v a i l a b l e space a l l o w e d . 

P l a n t B r e e d i n g I n s t i t u t e ( P B I ) , Cambridge 

Seeds were e i t h e r d r i l l e d o r hand sown, m o s t l y i n 

f o u r row p l o t s w i t h a row w i d t h o f 30 cm. The seeds were 

spaced 8.5 cm a p a r t w i t h i n rows. Most experiments were 

a r r a n g e d as randomized b l o c k s o r a m o d i f i c a t i o n o f t h i s 

d e s i g n as space a l l o w e d , w i t h t h r e e r e p l i c a t e p l o t s per t r e a t 

ment. A l l e x p e r i m e n t s i n c l u d e d guard rows as p a r t o f the 

e x p e r i m e n t a l d e s i g n . 



1 s 

2 7 

3 3 

4 9 

5 10 

F i g u r e 2.2: Stages o f f l o w e r development i n V i c i a faba L 
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F l o w e r s t a g e s 

I n o r d e r t o e a s i l y d i s t i n g u i s h d i f f e r e n t s t a g e s o f 

d e v e l o p m e n t , t h e d i f f e r e n t i a t i o n o f f l o w e r s was d i v i d e d 

i n t o t e n s t a g e s ( F i g u r e 2.2) by a m o d i f i c a t i o n o f t h e scheme 

p r o p o s e d by P a u l ( 1 9 7 7 ) . 

S c o r i n g f o r f l o w e r d r o p 

F l o w e r p o s i t i o n w i t h i n a raceme was a s s i g n e d a number; 

one b e i n g t h e l o w e s t , two t h e n e x t l o w e s t and so on ( F i g u r e 2 . 3 ) . 

I n t h i s way, f o r each p l a n t s a m p l e d t h e p o s i t i o n o f f l o w e r 

d r o p and p o d s e t was q u i c k l y and a c c u r a t e l y r e c o r d e d f o r 

e v e r y f l o w e r i n g raceme. 

E m a s c u l a t i o n and c r o s s i n g 

F l o w e r s were e m a s c u l a t e d b y t h e m e t h o d o f E r i t h ( 1 9 3 0 ) . 

A t s t a g e 3-4 t h e w h o l e c o r o l l a was g r i p p e d w i t h f o r c e p s and 

g e n t l y p u l l e d . The p e t a l s s e p a r a t e d f r o m t h e c a l y x b a s e , 

as t h e y s l i d e o v e r t h e s t i g m a and s t a m e n s , t h e a n t h e r s a r e 

r e m o v e d, l e a v i n g b e h i n d an e m a s c u l a t e d f l o w e r w i t h an e x p o s e d 

s t i g m a . T h i s was i m m e d i a t e l y c r o s s - p o l l i n a t e d . The c r o s s 

22 x 21 ( 5 6 ) , r e l e a s e d much v a r i a b i l i t y o f f l o r a l and p l a n t 

a r c h i t e c t u r e w h i c h was s u b s e q u e n t l y i n b r e d ( T a b l e 2.2) and 

s c o r e d f o r f l o w e r d r o p . 

S c o r i n g o f c o m m e r c i a l v a r i e t i e s f o r f l o w e r d r o p 

A d e t a i l e d i n v e s t i g a t i o n o f f l o w e r a b s c i s s i o n w i t h i n 

and on e v e r y raceme was p e r f o r m e d d u r i n g June and J u l y , 1980, 

1981 and 1982 a t t h e P B I , C a m b r i d g e . F i v e p l a n t s w e r e 

c h o s e n and s c o r e d a t random f o r e a c h r e p l i c a t e p l o t o f e i g h t 

v a r i e t i e s c o m p r i s i n g t h e EEC f i e l d bean t r i a l . 

The e f f e c t o f i r r i g a t i o n on f l o w e r d r o p 

The r e l a t i o n s h i p b e t w e e n s u p p l e m e n t a r y w a t e r i n g and 

f l o w e r a b s c i s s i o n was i n v e s t i g a t e d a t t h e P B I . H a l f t h e 



F i g u r e 2.3: E n u m e r a t i o n o f f l o w e r s on a raceme o f V i c i a f a b a L. 



p l o t was i r r i g a t e d f o r two h o u r s on a l t e r n a t e d ays f r o m 

b u d i n i t i a t i o n u n t i l pod s e t . The o t h e r h a l f o f t h e p l o t 

was l e f t u n i r r i g a t e d . F i v e p l a n t s o f e a c h v a r i e t y were 

p i c k e d a t random f r o m each s u b p l o t ( t e n p l a n t s p e r t r e a t m e n t ) 

and were s c o r e d f o r f l o w e r d r o p . 

The e f f e c t o f o v e r w a t e r i n g on f l o w e r d r o p 

I n o r d e r t o c o m p l i m e n t t h e r e s u l t s o b t a i n e d f r o m t h e 

i r r i g a t i o n e x p e r i m e n t , p l a n t s w e re s u b j e c t e d t o an o v e r -

w a t e r i n g t r e a t m e n t a t t h e g l a s s h o u s e s , Durham. When f l o w e r i n g 

h a d commenced p l a n t s f r o m e a c h v a r i e t y w e r e r a n d o m l y a s s i g n e d 

t o t h e o v e r w a t e r i n g t r e a t m e n t , o r t o t h e c o n t r o l , w h ere p l a n t s 

w ere w a t e r e d so as t o keep t h e compost m o i s t , b u t n o t w e t . 

Each t r e a t m e n t c o n s i s t e d o f f i v e p l a n t s p e r v a r i e t y . The 

o v e r w a t e r e d p l a n t s ' compost was a l w a y s k e p t v e r y w e t , 

a c h i e v e d by p l a c i n g p l a s t i c s a u c e r s u n d e r n e a t h t h e p o t s w h i c h 

were a l w a y s f u l l o f w a t e r . A l l p l a n t s w e re s u b s e q u e n t l y 

s c o r e d f o r f l o w e r d r o p . 

W a t e r s t r e s s and f l o w e r d r o p 

The d e t a i l e d e f f e c t s o f a d r o u g h t s t r e s s on f l o w e r 

a b s c i s s i o n w i t h i n e a c h raceme was s t u d i e d on v a r i e t y M a r i s Bead 

i n t h e g l a s s h o u s e a t Durham. W a t e r i n g was w i t h h e l d a t t h e 

f o l l o w i n g s t a g e s o f f l o w e r i n g : - ( a ) f i r s t raceme, a l l f l o w e r s 

a t s t a g e 1 ; ( b ) f i r s t raceme a l l f l o w e r s a t s t a g e 5-6; 

( c ) f i r s t r aceme, a l l f l o w e r s a t s t a g e 8-9; ( d ) f i r s t two 

racemes, a l l f l o w e r s a t s t a g e 8-9 and ( e ) c o n t r o l . Under 

g l a s s h o u s e c o n d i t i o n s d u r i n g J u n e , 1980, t h e p o t s w e re d r y 

w i t h i n t w o - t h r e e days o f w a t e r b e i n g w i t h h e l d . The p l a n t s 

w e r e l e f t u n w a t e r e d u n t i l one day a f t e r t h e l e a v e s had gone 

f l a q L d , t h e y were t h e n w a t e r e d . W a t e r i n g was w i t h h e l d i n 

t h i s manner u n t i l pods h a d s e t on t h e f i r s t t h r e e f l o w e r i n g 
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n o d e s . W a t e r i n g was t h e n commenced n o r m a l l y u n t i l h a r v e s t . 

Seed number, se e d w e i g h t and y i e l d p e r p l a n t were e s t a b l i s h e d 

f o r a l l t r e a t m e n t s . 

S h a d i n g and f l o w e r d r o p 

I n o r d e r t o s t u d y t h e e f f e c t o f l i m i t i n g t h e s u p p l y o f 

p h o t o s y n t h e t i c a s s i m i l a t e s on f l o w e r a b s c i s s i o n a t d i f f e r e n t 

s t a g e s o f f l o w e r i n g p l a n t s w e re sown i n r a n d o m i z e d b l o c k s w i t h 

t h r e e r e p l i c a t e s o f e a c h v a r i e t y a t t h e P B I . T h e r e was no 

r e p l i c a t i o n o f t r e a t m e n t s b e c a u s e o f l i m i t e d space and s h a d i n g 

f r a m e s . T h r e e t r e a t m e n t s and a c o n t r o l w e re e m p l o y e d , each 

t r e a t m e n t l a s t e d two weeks. These began a t t h e f o l l o w i n g 

s t a g e s o f f l o w e r i n g , ( a ) b u d i n i t i a t i o n , ( b ) f i r s t raceme 

f l o w e r s a t s t a g e 9 and ( c ) a t l e a s t f i v e i n f l o r e s c e n c e s 

f l o w e r i n g , t h e f i r s t i n f l o r e s c e n c e p o s s e s s e d p o d s . T h r e e 

v a r i e t i e s i n each s u b p l o t w e r e shaded a t one t i m e b y means 

o f h e s s i a n s c r e e n s p l a c e d o v e r t h e a p p r o p r i a t e p l o t s w h i c h 

w e re s e l e c t e d a t random. The n o r t h s i d e o f t h e f r a m e was 

l e f t open t o a l l o w a c c e s s t o b e e s . Each s c r e e n a l l o w e d 

a p p r o x i m a t e l y 6 0 % o f t h e a m b i e n t l i g h t t o r e a c h t h e canopy 

v e g e t a t i o n . F i v e p l a n t s o f e a c h v a r i e t y w e r e p i c k e d a t 

random f r o m each s u b p l o t ( 1 5 p l a n t s p e r t r e a t m e n t ) . Each 

p l a n t was s c o r e d f o r p o s i t i o n o f f l o w e r d r o p and pod s e t 

w i t h i n e a c h raceme. 

C o l d s h o c k and f l o w e r a b s c i s s i o n 

A p p l i c a t i o n o f a s h o r t l o w t e m p e r a t u r e s h o c k on s u b s e ­

q u e n t a b s c i s s i o n was e x a m i n e d a t t h e P B I . P l a n t s were 

s u b j e c t e d t o a t e m p e r a t u r e o f 4°C f o r f i v e h o u r s i n a g r o w t h 

c a b i n e t . The d u r a t i o n and t e m p e r a t u r e o f t h e t r e a t m e n t was 

d e t e r m i n e d a c c o r d i n g t o t h e m e t e o r o l o g i c a l r e c o r d s o f t h e 

PBI f o r June 1969-1979. These show t h a t t h e l e n g t h o f t h e 



30 

c o l d e s t p e r i o d v a r i e d b e t w e e n 4 and 6 h o u r s . The l o v / e s t 

minimum t e m p e r a t u r e r e c o r d e d d u r i n g t h i s p e r i o d was 1.5°C, 

and t h e h i g h e s t minimum t e m p e r a t u r e r e c o r d e d was 6°C, t h e 

a v e r a g e t e m p e r a t u r e b e i n g 4°C. The p l a n t s w e r e a c c l i m a t i s e d 

t o t h e g r o w t h c a b i n e t a t 25°C and 14 h p h o t o p e r i o d a week 

b e f o r e t h e c o l d s h o c k was a p p l i e d . F o u r p l a n t s o f e a c h 

v a r i e t y were a s s i g n e d t o t h r e e t r e a t m e n t s w h i c h were as 

f o l l o w s : ( a ) f l o w e r s on racemes b e t w e e n s t a g e 1 and 

s t a g e 5-6, ( b ) f l o w e r s on racemes b e t w e e n s t a g e s 4-8 and 

s t a g e s 8-9 and ( c ) c o n t r o l . A f t e r a p p l i c a t i o n o f t h e c o l d 

s h o c k t h e p l a n t s were l e f t o v e r n i g h t a t 25°C and t h e n t r a n s ­

f e r r e d t o an u n h e a t e d g l a s s h o u s e . They were t h e n a l l o w e d 

t o d e v e l o p n o r m a l l y and s u b s e q u e n t l y s c o r e d f o r f l o w e r d r o p 

and p o d s e t . 

F r o s t damage and f l o w e r a b s c i s s i o n 

F r o s t d u r i n g June 1980, damaged t h e apex o f s u s c e p t i b l e 

p l a n t s , r e n d e r i n g them t o p l e s s . T h r e e v a r i e t i e s c o m p r i s i n g 

t h e EEC f i e l d b e an t r i a l w e r e most a f f e c t e d ; W e i r b o o n , 

S t r u b e s and M i n i c a . F i v e p l a n t s so a f f e c t e d were p i c k e d a t 

random f r o m e a c h s u b p l o t and s c o r e d f o r f l o w e r d r o p . These 

f i g u r e s w e r e s u b s e q u e n t l y compared t o t h e e q u i v a l e n t number 

o f f l o w e r i n g n odes on u n a f f e c t e d p l a n t s o f t h e same v a r i e t i e s 

a l r e a d y s c o r e d f o r f l o w e r d r o p . 

P l a n t i n g d e n s i t y and f l o w e r a b s c i s s i o n 

An i n v e s t i g a t i o n o f t h e e f f e c t s o f d e n s i t y on f l o w e r 

d r o p w i t h i n e a c h raceme and on e a c h raceme was p e r f o r m e d 

a t Durham d u r i n g J u l y and A u g u s t 1980. T h e r e were t h r e e 

d e n s i t y t r e a t m e n t s , e a c h s e e d b e i n g p l a c e d e i t h e r a t 45 cm, 

30 cm o r 15 cm a p a r t w i t h i n random p l o t s . F o u r p l a n t s w e r e 

l a b e l l e d r a n d o m l y f r o m e a c h s u b p l o t and s c o r e d f o r f l o w e r d r o p 
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T r i p p i n g e x p e r i m e n t s 

The e f f e c t on f l o w e r d r o p o f d i f f e r e n t i a l t r i p p i n g i n 

b o t h a u t o s t e r i l e and a u t o f e r t i l e l i n e s was i n v e s t i g a t e d i n 

t h e g l a s s h o u s e . Once f l o w e r i n g had commenced t h e f o l l o w i n g 

t r e a t m e n t s were r a n d o m l y a p p l i e d t o f i v e r e p l i c a t e p l a n t s : 

( a ) p r o x i m a l two f l o w e r s t r i p p e d on each raceme, ( b ) d i s t a l 

two f l o w e r s t r i p p e d on e a c h raceme, ( c ) a l l f l o w e r s t r i p p e d 

on e a c h raceme, and ( d ) no f l o w e r s t r i p p e d . The p l a n t s 

w e r e s c o r e d f o r f l o w e r d r o p d u r i n g May 1982. 

P r e s e n c e o f p o l l e n t u b e s i n o v a r i e s o f a b s c i s s e d f l o w e r s 

D e t e c t i o n o f p o l l e n t u b e s i n o v a r i e s o f a b s c i s e d f l o w e r s 

was p e r f o r m e d by a m o d i f i c a t i o n o f t h e m e t h o d o f M a r t i n ( 1 9 5 9 ) 

A n i l i n e b l u e \2%) i n 2 0 % p o t a s s i u m p h o s p h a t e s t a i n e d t h e 

c a l l o s e o f p o l l e n t u b e s i n o v a r i e s t h a t had p r e v i o u s l y been 

s o f t e n e d w i t h 1 M NaOH a t 60°C f o r 2 h . The s a m p l e s were 

t h e n e x a m i n e d u n d e r a L e i t z o r t h o p l a n f l u o r e s c e n c e m i c r o ­

scope ( T a b l e 2 . 5 ) . 

P r e s e n c e o f p o l l e n t u b e s i n o v a r i e s o f t r i p p e d 
and u n t r i p p e d f l o w e r s 

P l a n t s were g r o w n i n t h e g l a s s h o u s e and once f l o w e r i n g 

h a d commenced f l o w e r s on f i v e p l a n t s o f each l i n e p i c k e d a t 

random, were l e f t u n t r i p p e d , a f u r t h e r f i v e p l a n t s h a d a l l 

t h e i r f l o w e r s t r i p p e d . F l o w e r s t h a t a b s c i s e d were a s s a y e d 

f o r t h e p r e s e n c e o r absence o f p o l l e n t u b e s i n o v a r i e s , u s i n g 

t h e m e t h o d d e s c r i b e d a b o v e . 

The e f f e c t o f g r o w t h r e g u l a t o r s on f l o w e r a b s c i s s i o n 

The i n i t i a l e x p e r i m e n t w i t h s i l v e r n i t r a t e 

F o u r p l a n t s o f e a c h l i n e , w h i c h w e re f l o w e r i n g , were 

r a n d o m l y s e l e c t e d and s p r a y e d w i t h 100 mg/1 s i l v e r n i t r a t e 

i n d i s t i l l e d w a t e r t o g e t h e r w i t h two d r o p s o f a w e t t i n g a g e n t 
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( P h o t o f l o , Kodak, L t d . ) p e r 100 ml o f s i l v e r n i t r a t e s o l u t i o n . 

A f u r t h e r f o u r p l a n t s o f each l i n e w e r e s p r a y e d w i t h 

d i s t i l l e d w a t e r o n l y . Each p l a n t was s u b s e q u e n t l y s c o r e d 

f o r f l o w e r d r o p . 

The i n i t i a l e x p e r i m e n t w i t h s o d i u m b e n z o a t e 

T w e n t y p l a n t s w e r e s e l e c t e d f r o m v a r i e t y M a r i s Bead, 

t e n o f w h i c h were s p r a y e d t w i c e w i t h 100 mg/1 s o d i u m b e n z o a t e 

i n d i s t i l l e d w a t e r w i t h two d r o p s o f w e t t i n g a g e n t , p e r 

100 ml s o d i u m b e n z o a t e s o l u t i o n . One s p r a y was a p p l i e d when 

t h e f i r s t i n f l o r e s c e n c e h a d r e a c h e d s t a g e 8, and one was 

a p p l i e d when t h e f i r s t pods had s e t on t h e i n i t i a l i n f l o r ­

e s c e n c e s . The o t h e r t e n p l a n t s w e r e s p r a y e d w i t h d i s t i l l e d 

w a t e r . The p l a n t s were s c o r e d f o r f l o w e r d r o p a t a l l n o d e s . 

F i e l d e x p e r i m e n t w i t h s o d i u m b e n z o a t e and s i l v e r n i t r a t e 

S i l v e r n i t r a t e ( 1 0 0 mg/1) o r s o d i u m b e n z o a t e ( 1 0 0 mg/1) 

w e r e s p r a y e d on s e p a r a t e s u b p l o t s c h o s e n a t random. S p r a y i n g 

was p e r f o r m e d t w i c e , once a t b u d i n i t i a t i o n and once a t f u l l 

f l o w e r i n g . F i v e p l a n t s w e r e s e l e c t e d a t random f r o m e a c h 

s u b p l o t and s c o r e d f o r f l o w e r d r o p . 

The e f f e c t o f i n f l o r e s c e n c e o r t o p r e m o v a l 
on p l a n t s o f l i n e on f l o w e r d r o p 

The f o l l o w i n g t r e a t m e n t s w e re a p p l i e d t o f o u r p l a n t s 

p i c k e d a t random: ( a ) f i r s t raceme removed, ( b ) f i r s t two 

racemes removed, ( c ) f i r s t t h r e e racemes removed; ( d ) f i r s t 

f o u r racemes r e m o v e d , ( e ) f i r s t f i v e racemes removed, 

( f ) f i r s t s i x racemes r e m o v e d . 

The f o l l o w i n g d e c a p i t a t i o n t r e a t m e n t s were a l s o a p p l i e d t o 

f o u r p l a n t s p i c k e d a t random f r o m t h e p l o t : ( a ) t o p removed 

a f t e r s i x f l o w e r i n g n odes had f o r m e d , ( b ) t o p removed a f t e r 

f i v e f l o w e r i n g nodes h a d f o r m e d , ( c ) a:.; ( b ) but.^ a f t e r f o u r 

f l o w e r i n g nodes h a d f o r m e d . F i n a l l y f o u r p l a n t s were 
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s e l e c t e d t o a c t as c o n t r o l s . 

The racemes were removed once a t l e a s t one f l o w e r on 

t h e i n f l o r e s c e n c e had r e a c h e d d e v e l o p m e n t a l s t a g e 9. The 

p l a n t s , where a p p l i c a b l e , were s c o r e d up t o and i n c l u d i n g 

t h e 2 0 t h f l o w e r i n g n o de. 

The e f f e c t o f s u r g i c a l apex r e m o v a l and 
d e c a p i t a t i o n on f l o w e r a b s c i s s i o n 

T h r e e c u l t i v a r s : M a r i s Bead, C o c k f i e l d and D e i n i o l , 

w e r e g r o w n a t t h e P B I . F i v e p l a n t s o f e a c h v a r i e t y w e re 

a s s i g n e d t o e a c h t r e a t m e n t . These w e r e : ( a ) s u r g i c a l 

r e m o v a l o f t h e apex above t h e f i r s t f i v e raceme i n i t i a l s , 

( b ) d e c a p i t a t i o n o f t h e apex a f t e r f i v e f l o w e r i n g n odes h a d 

f u l l y f o r m e d and ( c ) c o n t r o l s . F i v e p l a n t s o f g e n o t y p e 

T I C o l . were g r o w n a t t h e same t i m e as t h e above f o r 

c o m p a r i s o n . A l l p l a n t s were s c o r e d d u r i n g J u l y , 1 9 8 1 . 

The e f f e c t o f l e a f r e m o v a l on f l o w e r a b s c i s s i o n 

L e a v e s were removed f r o m p l a n t s o f c v C o c k f i e l d , once 

t h e y had f u l l y f o r m e d f r o m e a c h s u c c e s s i v e node. Each 

t r e a t m e n t c o n s i s t e d o f f i v e r e p l i c a t e s , t h e s e w e r e : 

( a ) c o n t r o l s , ( b ) a l l l e a v e s on v e g e t a t i v e nodes removed, 

b u t no r e m o v a l o f l e a v e s s u b t e n d i n g i n f l o r e s c e n c e s , 

( c ) l e a v e s on v e g e t a t i v e nodes n o t removed, b u t a l t e r n a t e 

l e a v e s s u b t e n d i n g racemes were removed f r o m t h e f i r s t 

f l o w e r i n g node u p w a r d s , ( d ) as ( c ) b u t l e a f r e m o v a l i n i t i a t e d 

f r o m t h e s e c o n d f l o w e r i n g node u p w a r d s , ( e ) as ( c ) b u t l e a v e s 

f r o m v e g e t a t i v e nodes a l s o r e m o v e d, ( f ) a l l f u l l y f o r m e d 

l e a v e s removed, e x c e p t f o r t h o s e l e a v e s s i t u a t e d on v e g e t a t i v e 

n o d e s a t t h e a p i c a l p o r t i o n o f t h e p l a n t , ( g ) l e a v e s o n l y 

removed on v e g e t a t i v e nodes on t h e a p i c a l p o r t i o n o f t h e 

p l a n t , ( h ) a l l l e a v e s , s u b t e n d i n g i n f l o r e s c e n c e s were r e m o v e d . 

The p l a n t s w e re s c o r e d f o r f l o w e r d r o p d u r i n g May, 1 9 8 1 . 
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T h i s e x p e r i m e n t was r e p e a t e d d u r i n g S e p t e m b e r 1 9 8 1 , b u t 

o n l y w i t h t r e a t m e n t s ( a ) , ( b ) , ( c ) , ( f ) and ( h ) d e s c r i b e d 

a b o v e , and t h e l e a v e s w e re c o v e r e d w i t h s i l v e r f o i l , i n s t e a d 

o f b e i n g removed. T h i s was p e r f o r m e d i n o r d e r t o e l i m i n a t e 

any p o s s i b i l i t y t h a t t h e p h y s i c a l r e m o v a l o f l e a v e s w o u l d 

h a ve an a d v e r s e e f f e c t on s u b s e q u e n t f l o w e r a b s c i s s i o n . 

C o l l e c t i o n o f m a t e r i a l f o r m i c r o s c o p y 

The a p p e a r a n c e o f a d i s t i n c t b r o w n l i n e was u s e d t o 

p r e d i c t f l o w e r s h e d d i n g b u t i n t h e a b s e n c e o f t h i s m a r k e r 

i n c i p i e n t f l o w e r d r o p was t e s t e d by t a p p i n g f l o w e r s l i g h t l y 

w i t h f o r c e p s : p e d i c e l s and p e d u n c l e s o f t h o s e w h i c h d r o p p e d 

w e r e f i x e d . 

M a t e r i a l f o r f l u o r e s c e n c e m i c r o s c o p y was r emoved f r o m 

t h e p l a n t and o b s e r v e d d i r e c t l y i n t h e l a b o r a t o r y . 

F i x a t i o n and p r e p a r a t i o n o f m a t e r i a l f o r m i c r o s c o p y 

M a t e r i a l was f i x e d f o r t h i c k s e c t i o n i n g i n f o r m a l i n : 

e t h a n o l : a c e t i c a c i d ( 1 : 9 : 1 ) f o r 1 h , d e h y d r a t e d i n an a l c o h o l 

s e r i e s , t r a n s f e r r e d t o x y l e n e and embedded i n wax. S e c t i o n s 

(12yu<n) were c u t on a r o t a r y m i c r o t o m e , d e h y d r a t e d t h r o u g h 

an a l c o h o l s e r i e s and s t a i n e d e i t h e r i n t o l u d i n e b l u e , 

p e r i o d i c a c i d S c h i f f s r e a g e n t , i o d i n e / p o t a s s i u m i o d i d e 

s o l u t i o n , a c e t o c a r m i n e , r u t h e n i u m r e d o r h y d r o x y l a m i n e -

f e r r i c c h l o r i d e a c c o r d i n g t o J e n s e n ( 1 9 6 2 ) . 

A l t e r n a t i v e l y s e c t i o n s were f i x e d i n 0.05 M p h o s p h a t e 

b u f f e r pH 7.0 and 1% g l u t a r a l d e h y d e t o a v o i d s h r i n k a g e o f 

a b s c i s s i o n zone c e l l s . T i s s u e was f i x e d f o r t h i n s e c t i o n i n g 

f o r 2 h i n 2.5% g l u t a r a l d e h y d e and 1% f o r m a l d e h y d e i n pH 7.0 

c a c o d y l a t e b u f f e r , washed i n b u f f e r f o r 2 h, p o s t f i x e d i n 

1% aqueous osmium t e t r o x i d e f o r 3 h , washed i n w a t e r , 

d e h y d r a t e d t h r o u g h an a l c o h o l s e r i e s , embedded i n S p u r r ' s r e s i n 
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and s e c t i o n e d a t Ipm w i t h an u l t r a m i c r o tome (LKB u l t r a t o m e ) . 

T h i n s e c t i o n s f o r t r a n s m i s s i o n e l e c t r o n m i c r o s c o p y 

w e r e s t a i n e d i n u r a n y l a c e t a t e and a l k a l i n e l e a d c i t r a t e and 

e x a m i n e d on a P h i l l i p s EM 400 e l e c t r o n m i c r o s c o p e . 

Specimens f o r s c a n n i n g e l e c t r o n m i c r o s c o p y were 

p r e p a r e d by f i x a t i o n i n 0.05 M p h o s p h a t e b u f f e r pH 7.0 p l u s 

1 % g l u t a r a l d e h y d e f o r 12 h , d e h y d r a t e d t h r o u g h an a c e t o n e 

s e r i e s , c r i t i c a l p o i n t d r i e d w i t h CO^, c o a t e d w i t h g o l d -

p a l l a d i u m a l l o y and e x a m i n e d i n a Ca m b r i d g e s t e r e o s c a n 600 

s c a n n i n g e l e c t r o n m i c r o s c o p e (SEM). 

M a t e r i a l f o r f l u o r e s c e n c e m i c r o s c o p y was e i t h e r s e c t i o n e d 

by h a n d o r on a t i s s u e c h o p p e r ( M i c k l e E n g i n e e r i n g C o . ) . 

E i t h e r an aqueous s o l u t i o n ( 0 . 1 % ) o f c a l c o f l u o r w h i t e o r 

0 . 1 % ANS, i n 0.1 M c i t r i c a c i d b u f f e r was a p p l i e d t o t h e 

f r e s h c u t s u r f a c e and e x a m i n e d u n d e r a L e i t z o r t h o p l a n 

f l u o r e s c e n c e m i c r o s c o p e , f o r w a v e l e n g t h s and f i l t e r s u s e d 

see T a b l e 2.5. 

T a b l e 2.5 W a v e l e n g t h and L e i t z f i l t e r s u s e d f o r 
v a r i o u s f l u o r e s c e n t s t a i n s 

F l u o r e s c e n t S u p p r e s s i o n E x c i t i n g W a v e l e n g t h 
s t a i n f i l t e r f i l t e r r a n g e (nrn) 

ANS K460 U V - f i l t e r UG1 290 - 395 

A n i l i n e b l u e K460 " " 

C a l c o f l u o r w h i t e K460 

F l u o r e s c e i n K515 B l u e f i l t e r KP500 360 - 500 

G e l d i f f u s i o n enzyme a s s a y s 

E s t i m a t e s o f t h e c o n c e n t r a t i o n o f t h e enzymes, a m y l a s e , 

pec t in/lie t l i y l vai.orace and p e c t i n a s e were made f o r p e d i c e l / 

p e d u n c l e j u n c t i o n : . ; a t d i f f e r e n t s t a g e s o f f l o w e r d e v e l o p m e n t . 
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P e r o x i d a s e c o n c e n t r a t i o n was a l s o e s t i m a t e d i n p e d i c e l / 

p e d u n c l e j u n c t i o n s a t d i f f e r e n t d e v e l o p m e n t a l s t a g e s t o 

m o n i t o r d e v e l o p m e n t a l d i f f e r e n c e s b e t w e e n v a r i e t i e s w i t h 

d i f f e r e n t f l o r a l a r c h i t e c t u r e s . The m ethod a d o p t e d was a 

m o d i f i c a t i o n o f t h e t e c h n i q u e o f r a d i a l d i f f u s i o n i n an 

a g a r o s e g e l ( M e s t e c k y e t a l , 1969; S c h i l l and Schumacher, 

19 7 9 ) . 

B u f f e r s 

A m y lase 

0.15 M S(Z$rensen p h o s p h a t e b u f f e r , pH 7.0. 

P e c t i n m e t h y l e s t e r a s e 

The b u f f e r was i d e n t i c a l t o t h a t u s e d i n t h e a m y l a s e 

a s s a y , e x c e p t f o r t h e a d d i t i o n o f 0.3 M NaC l , t h e pH v/as c o r r e c t 

t o 7.0. 

P e c t i n a s e 

C i t r a t e p h o s p h a t e b u f f e r pH 4.0 was u s e d i n t h i s a s s a y . 

C i t r i c a c i d ( 0 . 1 M) and 0.2 M d i s o d i u m h y d r o g e n p h o s p h a t e 

was made up w i t h d i s t i l l e d w a t e r , s e p a r a t e l y as s t o c k s o l u t i o n s . 

P e r o x i d a s e 

P o t a s s i u m d i h y d r o g e n p h o s p h a t e ( 2 0 mM) pH 6.1 b u f f e r 

was u s e d i n t h i s a s s a y . 

Amylase a s s a y m e t h o d 

A g a r o s e ( 1 g) was s u s p e n d e d i n 100 m l p h o s p h a t e b u f f e r 

c o n t a i n i n g 0 . 1 % p u r i f i e d r i c e s t a r c h . T h i s was h e a t e d u n t i l 

a l l t h e s t a r c h and a g a r o s e had d i s s o l v e d . A l i q u o t s ( 9 m l ) 

o f h o t a g a r o s e / s t a r c h m i x t u r e w e re p o u r e d o n t o e a c h o f a number 

o f g e l d i f f u s i o n p l a t e s ( M i l e s B i o c h e m i c a l s L t d . ) on a l e v e l l i n g 

t a b l e . A f t e r s o l i d i f i c a t i o n and e q u i l i b r a t i o n ( a t l e a s t 24 h 

i n a m o i s t a t m o s p h e r e a t 4°C) , w e l l s o f 20 fJi 1 c a p a c i t y were 

c u t o u t o f t h e p l a t e s . 



S t a n d a r d d i l u t i o n s o f a l p h a a m y l a s e , a c t i v i t y 1 0 0 0 f t / m g 

p r o t e i n , w e r e p r e p a r e d f r e s h b e t w e e n 1000 and 0 . 1 j ^ g p r o t e i n / m l 

Samples were c r u s h e d i n a m i c r o h o m o g e n i s o r and e x t r a c t e d w i t h 

1 0 0 ^ 1 b u f f e r , 2 0 / i 1 s a m p l e s o f w h i c h w e r e a p p l i e d i n t o 

w e l l s . A t l e a s t f i v e r e p l i c a t e s o f e a c h sample and s t a n d a r d 

w e r e u s e d i n each a s s a y p e r f o r m e d . D i f f u s i o n o f t h e enzyme 

i n t o t h e a g a r o s e s t a r c h g e l was a l l o w e d t o p r o c e e d f o r 16 h 

a t room t e m p e r a t u r e ( a p p r o x i m a t e l y 22°C). The a g a r o s e s l a b s 

w e r e t h e n c o v e r e d f o r two m i n u t e s w i t h 1 0 % p o t a s s i u m i o d i d e / 1 % 

i o d i n e s o l u t i o n . The I / K I s o l u t i o n s t a i n s t h e h i g h l y p o l y ­

m e r i z e d s t a r c h a d a r k b l u e c o l o u r . The d i f f u s i o n zones o f t h e 

enzyme were v i s i b l e as t r a n s p a r e n t d i s c s . These were m e a s u r e d 

i n two p e r p e n d i c u l a r d i a m e t e r s . A s t a n d a r d c u r v e was c o n ­

s t r u c t e d o f l o g ^ Q c o n c e n t r a t i o n o f s t a n d a r d ^.-amylase v e r s u s 

t h e a v e r a g e d i a m e t e r (mm) o f t h e t r a n s p a r e n t d i s c s . From 

t h i s c u r v e t h e c o n c e n t r a t i o n o f a m y l a s e i n e a c h sample was 

e v a l u a t e d . 

P e c t i n methyl e s t e r a s e a s s a y m e t h o d 

A g a r o s e ( 1 % ) and 0 . 1 % p u r i f i e d p e c t i n was d i s s o l v e d i n 

b u f f e r and p l a t e s p o u r e d as p r e v i o u s l y d e s c r i b e d f o r t h e 

a m y l a s e a s s a y . S t a n d a r d p e c t i n m e t h y l e s t e r a s e i n a c o n c e n ­

t r a t i o n r a n g e o f 500 ft g p r o t e i n / m l t o 0 .1 y M g / p r o t e i n / m l , and 

s a m p l e s were p r e p a r e d , d i s p e n s e d and a l l o w e d t o d i f f u s e i n t o 

t h e g e l as d e s c r i b e d f o r t h e a m y l a s e a s s a y . 

D i f f u s i o n zones were s t a i n e d f o r two h o u r s w i t h an 

aqueous s o l u t i o n o f r u t h e n i u m r e d ( 1 : 5 0 0 0 w / v ) . P e c t i n 

t h a t was u n a f f e c t e d by t h e enzyme a p p e a r e d l i g h t p i n k , p e c t i c 

s u b s t a n c e s ( e . g . p e c t i c a c i d s ) r e a c t e d w i t h t h e s t a i n t o g i v e 

a r e d c o l o u r a t i o n . T h e r e f o r e t h e e x t e n t o f t h e enzyme a c t i o n 
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was n o t e d b y r e d c i r c l e s i n a p i n k g e l . The d i f f u s i o n zones 

were m e a s u r e d and a s t a n d a r d c u r v e t a b u l a t e d as p r e v i o u s l y 

d e s c r i b e d f o r t h e a m y l a s e a s s a y . 

P e c t i n a s e 

A g a r o s e / p e c t i n p l a t e s were p r e p a r e d , as f o r t h e p e c t i n 

m e t h y l e s t e r a s e a s s a y , b u t w i t h c i t r a t e / p h o s p h a t e b u f f e r . 

S t a n d a r d p e c t i n a s e ( p o l y g a l a c t u r o n a s e ) , i n a c o n c e n t r a t i o n 

r a n g e o f 5 0 0 ^ t g p r o t e i n / m l t o 0.1 yWg p r o t e i n / m l were p r e p a r e d , 

d i s p e n s e d and a l l o w e d t o d i f f u s e i n t o t h e g e l as p r e v i o u s l y 

d e s c r i b e d . 

I t was f o u n d t h a t 0.05% 1/5% K I s o l u t i o n , was t h e o n l y 

a v a i l a b l e s t a i n t h a t w o u l d show up p e c t i n a s e d i f f u s i o n z o n e s 

as l i g h t y e l l o w c i r c l e s i n a d a r k y e l l o w g e l . The zones were 

m e a s u r e d and a s t a n d a r d c u r v e c o n s t r u c t e d as d e s c r i b e d b e f o r e . 

P e r o x i d a s e 

A g a r o s e ( 1 % ) t o g e t h e r w i t h 5 mM g u a i a c o l were s u s p e n d e d 

i n p h o s p h a t e b u f f e r w h i c h w e r e t h e n p r e p a r e d , p o u r e d and 

e q u i l i b r a t e d as d e s c r i b e d f o r t h e a m y l a s e a s s a y . 

S t a n d a r d h o r s e r a d i s h p e r o x i d a s e was u s e d i n a c o n c e n t r a t i o n 

r a n g e o f 500 / w g / p r o t e i n / m l t o 0.1 yMg p r o t e i n / m l t o g e t h e r w i t h 

s a m p l e s w h i c h were p r e p a r e d as p r e v i o u s l y d e s c r i b e d . Samples 

and s t a n d a r d s were a l l o w e d t o d i f f u s e i n t o t h e g e l as p r e v i o u s l y 

d e s c r i b e d . D i f f u s i o n z ones were s t a i n e d w i t h a 10 mM h y d r o g e n 

p e r o x i d e s o l u t i o n , w h i c h showed up t h e z o n e s , as d a r k b r o w n 

r i n g s i n a c o l o u r l e s s g e l . The zones were m e a s u r e d and a 

s t a n d a r d c u r v e c o n s t r u c t e d as d e s c r i b e d b e f o r e . 
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E x p e r i m e n t s t o e s t i m a t e a m y l a s e c o n c e n t r a t i o n s i n p e d i c e l / 
p e d u n c l e j u n c t i o n s a t d i f f e r e n t d e v e l o p m e n t a l s t a g e s 

E m a s c u l a t i o n and p o l i n a t i o n e f f e c t s on a m y l a s e 
c o n c e n t r a t i o n o f t h e p e d i c e l / p e d u n c l e j u n c t i o n 

F l o w e r s o f l i n e 22 p l a n t s w e re s u b j e c t e d t o t h e f o l l o w i n g 

t r e a t m e n t s : ( a ) s t a g e 5 f l o w e r s e m a s c u l a t e d , l e f t u n p o l l i n a t e d ; 

( b ) s t a g e 5 f l o w e r s e m a s c u l a t e d and p o l l i n a t e d ; ( c ) s t a g e 8-9 

f l o w e r s p o l l i n a t e d ; ( d ) s t a g e 8-9 f l o w e r s l e f t u n p o l l i n a t e d . 

A l l t r e a t m e n t s were p e r f o r m e d on a t l e a s t f i v e f l o w e r s . 

A f t e r 24 h t h e p e d i c e l / p e d u n c l e j u n c t i o n o f each f l o w e r was 

a s s a y e d f o r a m y l a s e as d e s c r i b e d p r e v i o u s l y . T h i s e x p e r i m e n t 

was r e p e a t e d t w i c e more. 

P o l l i n a t i o n e f f e c t s on a m y l a s e c o n c e n t r a t i o n 
o f t h e p e d i c e l / p e d u n c l e j u n c t i o n 

A m y lase c o n c e n t r a t i o n was e s t i m a t e d i n f i v e l i n e 22 

p e d i c e l / p e d u n c l e j u n c t i o n s o b t a i n e d f r o m f l o w e r s a t d e v e l o p ­

m e n t a l s t a g e s 6, 7, 8, 8-9 and 9 r e s p e c t i v e l y , 24 h a f t e r 

t r i p p i n g h a d been p e r f o r m e d . T h i s e x p e r i m e n t was r e p e a t e d 

t w i c e more. 

E s t i m a t i o n o f p e c t i n m e t h y l e s t e r a s e (PME) c o n c e n t r a t i o n 
i n p e d i c e l / p e d u n c l e j u n c t i o n s o f f l o w e r s a t d i f f e r e n t 
d e v e l o p m e n t a l s t a g e s 

C o n c e n t r a t i o n s o f PME were e s t i m a t e d i n p e d i c e l / p e d u n c l e 

j u n c t i o n s o b t a i n e d f r o m f l o w e r s o f M a r i s Bead. The p e d i c e l / 

p e d u n c l e s w e r e removed f r o m f l o w e r s w h i c h h a d r e a c h e d t h e 

f o l l o w i n g d e v e l o p m e n t a l s t a g e s : s t a g e 9; s t a g e 9, p e t a l s 

b e g i n n i n g t o d i e , no s i g n s o f o v a r y e x p a n s i o n ; S t a g e 9, 

p e t a l s b e g i n n i n g t o d i e , s i g n s o f o v a r y e x p a n s i o n ; S t a g e 10 

e a r l y p o d s e t ; S t a g e 10 A b s c i s i n g . The e x p e r i m e n t was 

r e p e a t e d t h r e e t i m e s , w i t h f i v e r e p l i c a t e s f o r each o f t h e 

above t r e a t m e n t s . 
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E s t i m a t i o n o f p e c t i n a s e i n p e d i c a l / p e d u n c l e j u n c t i o n s 

C o n c e n t r a t i o n s o f p e c t i n a s e w e re e s t i m a t e d i n p e d i c e l / 

p e d u n c l e j u n c t i o n s o b t a i n e d f r o m f l o w e r s o f v a r i e t y M a r i s 

Bead. The p e d i c e l / p e d u n c l e j u n c t i o n s w e r e removed f r o m 

f l o w e r s w h i c h h a d r e a c h e d t h e f o l l o w i n g d e v e l o p m e n t a l s t a g e s : 

s t a g e 7, s t a g e 8, s t a g e 9, s t a g e 10, p o d s e t , and a b s c i s i n g . 

The e x p e r i m e n t was r e p e a t e d t h r e e t i m e s , w i t h f i v e r e p l i c a t e s 

f o r e a ch o f t h e above t r e a t m e n t s . 

F l o w e r r e m o v a l e x p e r i m e n t s 

The e f f e c t o f r e m o v a l o f t h e p r o x i m a l f l o w e r 
w i t h i n e a c h raceme on f l o w e r d r o p 

Once f l o w e r i n g h a d commenced, t e n p l a n t s f r o m e a c h 

v a r i e t y , p i c k e d a t random, had t h e f i r s t f l o w e r f r o m e a c h 

raceme removed. The o t h e r t e n p l a n t s w e r e l e f t u n t r e a t e d . 

The p l a n t s were s c o r e d d u r i n g May, 1 9 8 1 . 

The e f f e c t o f r e m o v a l o f p r o x i m a l f l o w e r s on 
f l o w e r d r o p i n D e i n i o l p l a n t s 

The f o l l o w i n g t r e a t m e n t s w e re e m p l o y e d f o r a l l f l o w e r i n g 

n o d e s : ( a ) f i r s t t w o f l o w e r s o f e a c h raceme removed, 

( b ) t h e f i r s t t h r e e f l o w e r s o f e a c h raceme w e r e removed, 

( c ) t h e f i r s t f o u r f l o w e r s o f each raceme were removed and 

( d ) c o n t r o l s . F i v e p l a n t s were a s s i g n e d t o e a c h t r e a t m e n t and 

s c o r e d i n O c t o b e r 1980 f o r f l o w e r d r o p . 

The above e x p e r i m e n t was r e p e a t e d u s i n g v a r i e t y C o c k f i e l d 

and was s c o r e d f o r f l o w e r d r o p d u r i n g J a n u a r y and F e b r u a r y 1 9 8 1 . 

The e f f e c t o f r e m o v a l o f p r o x i m a l f l o w e r s on 
f l o w e r d r o p o f p l a n t s g r o w n i n t h e f i e l d 

The f o l l o w i n g t r e a t m e n t s w e re a s s i g n e d t o e a c h raceme 

o f e ach o f f i v e p l a n t s p i c k e d a t random f r o m e a c h s u b p l o t : 

( a ) c o n t r o l , ( b ) l o w e s t f l o w e r r emoved, ( c ) f i r s t two f l o w e r s 

r emoved and ( d ) f i r s t t h r e e f l o w e r s r emoved. The p l a n t s w e re 

s c o r e d f o r f l o w e r d r o p d u r i n g l a t e A u g u s t , 1 9 8 1 . 
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The e f f e c t o f d i s t a l f l o w e r r e m o v a l w i t h i n 
e a c h raceme on f l o w e r a b s c i s s i o n 

P l a n t s o f c v C o c k f i e l d w e re s u b j e c t e d d u r i n g f l o w e r i n g , 

t o t h e f o l l o w i n g t r e a t m e n t s : ( a ) t o p two f l o w e r s removed, 

( b ) t o p t h r e e f l o w e r s removed, ( c ) t o p f o u r f l o w e r s removed 

and ( d ) c o n t r o l . F i v e r e p l i c a t e s w e r e r a n d o m l y a s s i g n e d t o 

ea c h t r e a t m e n t . The p l a n t s were s c o r e d f o r f l o w e r d r o p 

d u r i n g A p r i l , 1 9 8 1 . 

E s t i m a t i o n o f p e r o x i d a s e c o n c e n t r a t i o n i n p e d i c e l / p e d u n c l e 
j u n c t i o n s f r o m v a r i e t y M a r i s Bead and l i n e 56/118/20 

Racemes o f p l a n t s o f l i n e 56/118/20 w e r e s e l e c t e d f o r 

f l o w e r s , w h i c h a t a l l p o s i t i o n s , h a d r e a c h e d d e v e l o p m e n t a l 

s t a g e 10. F o r racemes on M a r i s Bead p l a n t s , t h e s e w e r e 

s e l e c t e d f o r f l o w e r s t h a t h a d r e a c h e d s t a g e 10 a t p r o x i m a l 

raceme p o s i t i o n s and s t a g e 9 a t d i s t a l raceme p o s i t i o n s . 

E v e r y p e d i c e l / p e d u n c l e j u n c t i o n f r o m f i v e racemes o f e a c h 

v a r i e t y was e x c i s e d and p l a c e d i n Durham t u b e s i n o r d e r o f 

raceme p o s i t i o n . These were t h e n c r u s h e d and a s s a y e d f o r 

p e r o x i d a s e , u s i n g t h e m e t h o d a l r e a d y d e t a i l e d . 

E s t i m a t i o n o f p e r o x i d a s e c o n c e n t r a t i o n i n p e d i c e l / p e d u n c l e 
j u n c t i o n s o f v a r i e t y D e i n i o l and l i n e 56/143/9 a t d i f f e r e n t 
s t a g e s o f d e v e l o p m e n t 

Racemes o f p l a n t s o f v a r i e t y D e i n i o l and l i n e 56/143/9 

were s e l e c t e d f o r f l o w e r s , w h i c h a t a l l p o s i t i o n s h a d r e a c h e d 

d e v e l o p m e n t a l s t a g e 10, and f o r racemes where pods had s e t . 

F o r b o t h s t a g e s o f d e v e l o p m e n t , e v e r y p e d i c e l / p e d u n c l e j u n c t i o n 

f r o m f i v e racemes o f e a c h v a r i e t y was e x c i s e d and p l a c e d i n 

Durham t u b e s i n o r d e r o f raceme p o s i t i o n . These s a m p l e s 

were t h e n a s s a y e d f o r p e r o x i d a s e as d e t a i l e d p r e v i o u s l y . 
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O b s e r v a t i o n s o f f l o w e r drop on p l a n t s w i t h 
d i f f e r i n g f l o r a l and p l a n t a r c h i t e c t u r e s 

I n i t i a l o b s e r v a t i o n s 

A range o f p l a n t s were scored f o r f l o w e r drop t h a t 

e x h i b i t e d d i f f e r e n t f l o r a l and p l a n t a r c h i t e c t u r e s . A l l 

p l a n t s were F 4 i n b r e d l i n e s d e r i v e d from t he c r o s s i n g 

programme (Table 2.2). They were sco r e d f o r f l o w e r drop 

and pod s e t i n the glasshouse d u r i n g December, 1980. 

F i e l d o b s e r v a t i o n s 

Seven Fg i n b r e d l i n e s ( Table 2.2) were grown i n p l o t s 

a t the PBI. Five p l a n t s f r o m each s u b p l o t were p i c k e d a t 

random and scored f o r f l o w e r drop and pod s e t d u r i n g 

J u l y , 1981. 

O b s e r v a t i o n s on the t r a n s p o r t o f the dye e o s i n 
w i t h i n t h e v a s c u l a r t i s s u e o f p l a n t l i n e s e x h i b i t i n g 
low f l o w e r drop and o f commercial v a r i e t i e s 

Racemes from p l a n t s o f v a r i e t y D e i n i o l and l i n e 56/143/9 

were surrounded by p a r a f i l m (Gallenkamp L t d ) which was made 

w a t e r - t i g h t w i t h p a r a f f i n wax, t o form a w e l l . Eosin was 

poured i n t o t h e w e l l so as t o cover e i t h e r the f i r s t o r second 

f l o w e r p o s i t i o n on a raceme. The f i r s t o r second f l o w e r was 

t h e n removed, depending on the e x p e r i m e n t , underneath t h e 

e o s i n s o l u t i o n , w i t h a s c a l p e l b l a d e . I n t h i s way e o s i n 

t r a v e l l e d up the v a s c u l a r t i s s u e o f the pedun c l e , v i a the 

c u t 11ssue. 

At l e a s t f i v e racemes o f b o t h l i n e s , had t h e i r p r o x i m a l 

f l o w e r removed, t o a l l o w e o s i n t r a n s p o r t up the v a s c u l a r 

t i s s u e o f the pedu n c l e . The same number o f racemes, o f b o t h 

l i n e s , had t h e f l o w e r s i t u a t e d on the second raceme p o s i t i o n 

removed t o a l l o w e o s i n t o t r a n s p o r t up the v a s c u l a r system 

o f t he peduncle. 
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I n v e s t i g a t i o n o f t h e d i s t r i b u t i o n o f a s s i m i l a t e s 
w i t h i n t h e bean p l a n t by u s i n g ^ c o 

D e m o n s t r a t i o n o f communication o f f l o w e r s w i t h i n a raceme 

The p r o x i m a l f l o w e r o f each raceme t e s t e d was e n c l o s e d i n 

a perspex box, c o n t a i n i n g 10 f * C L o f H 1 4 C 0 3 (Amersham, 

I n t e r n a t i o n a l , PLC) i n a s m a l l w e l l i n the b o t t o m o f t h e box. 

The box was s e a l e d w i t h p a r a f f i n wax. A s y r i n g e was i n s e r t e d 

t h r o u g h a s m a l l h o l e i n the box, w h i c h had p r e v i o u s l y been 

s e a l e d w i t h p l a s t i c i n e , and 0.5 ml o f 50% l a c t i c a c i d was 

i n j e c t e d i n t o t h e w e l l c o n t a i n i n g t he r a d i o l a b e l l e d carbon. 

A f t e r one hour t he r e a c t i o n was quenched w i t h t h e i n j e c t i o n 

o f 1 M NaOH. The f e d f l o w e r and o t h e r f l o w e r s w i t h i n t he 

raceme were removed, e x t r a c t e d f o r 2 h w i t h 80% a t 70°C. 

A l i q u o t s ( 1 ml) o f e x t r a c t a n t were removed and p l a c e d i n 

5 ml o f s c i n t i l l a n t . The s c i n t i l l a n t used was t o l u e n e and 

t r i t o n x ( 2 : 1 v / c ) , t o which was added 5 g PPO per l i t r e o f 

t o l u e n e . The samples were counted f o r 1 minute on a Packard 
TM 

P r i a s PL/PLD a u t o m a t i c s c i n t i l l a t i o n c o u n t e r . 
14 

The i n c o r p o r a t i o n o f CO,., i n t o racemes 
I n d i v i d u a l l e a v e s f r o m p l a n t s o f l i n e 22 and from 

14 

commercial v a r i e t y M a r i s Bead were f e d w i t h 20juCL CO^ f o r 

2 h a c c o r d i n g t o the methods p r e v i o u s l y d e s c r i b e d . The f e d 

l e a f and s u b t e n d i n g raceme, t o g e t h e r w i t h t he l e a v e s and 

racemes above and below the f e d l e a f were removed, e x t r a c t e d 

and counted as p r e v i o u s l y d e s c r i b e d . 

Communication o f a s s i m i l a t e s between podded nodes 

P l a n t s o f l i n e 56/118/20 and M a r i s Bead were used. 

The methods and m a t e r i a l s used were the same as d e s c r i b e d 

f o r t h e p r e v i o u s e x p e r i m e n t , except t h a t a l e a f s u b t e n d i n g 

the f i f t h f l o w e r i n g node f o r l i n e 56/118/20 and e l e v e n t h 
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f l o w e r i n g node M a r i s Bead, were a l l o w e d t o a s s i m i l a t e 20 
1 4 C 0 2 per p l a n t f o r t h r e e and a h a l f h o u r s . A f t e r the 

r e a c t i o n had been quenched, the f e d f l o w e r s and p e d u n c l e , a l l 

o t h e r f l o w e r s , peduncles and pods t o g e t h e r w i t h the apex and 

l e a v e s w h i c h subtended racemes, and 1 cm p o r t i o n s o f the stem 

above and below t h e f e d l e a f , were removed, e x t r a c t e d and 

counted as p r e v i o u s l y d e s c r i b e d . 
14 

I n c o r p o r a t i o n o f C i n t o a p l a n t o f 
l i n e 56/143/9 when i n f l o w e r 
The l e a f on t h e 10th node o f a p l a n t o f l i n e 56/143/9 

was a l l o w e d t o a s s i m i l a t e 20/* C l C0 2 f o r t h r e e and a h a l f 

h ours as d e s c r i b e d p r e v i o u s l y . A l l racemes, l e a v e s , 1 cm 

stem p o r t i o n s above and below the f e d l e a f and t h e apex were 

removed from the p l a n t , e x t r a c t e d and counted as d e s c r i b e d 

p r e v i o u s l y . 

E x a m i n a t i o n o f t h e v a s c u l a r system o f stem and peduncle 

E o s i n was used t o map the v a s c u l a r t r a c e s o f b o t h stem 

and peduncles. The dye was e i t h e r i n j e c t e d i n t o one main 

v a s c u l a r s t r a n d , w i t h a f i n e hypodermic s y r i n g e o r f r e s h l y 

c u t stems were p l a c e d i n t o a beaker o f e o s i n s o l u t i o n and t h e 

dye was a l l o w e d t o t r a n s p i r e up t h e stem. I n a d d i t i o n t h e 

dye was a p p l i e d t o l e a v e s and p e d u n c l e s , f r o m a p a r a f i l m 

(Gallenkamp, L t d . ) w e l l c o n s t r u c t e d around them. E i t h e r the 

peduncle o r the l e a f was s u b s e q u e n t l y removed u n d e r n e a t h the 

l a y e r o f e o s i n . A s i m i l a r method was used w i t h t h e dye 

f l u o r e s c e i n . To f u r t h e r examine phloem t r a n s p o r t , however, 

f l u o r e s c e i n was a p p l i e d d i r e c t l y t o abrased l e a v e s , w i t h i n 

s m a l l p l a s t i c w e l l s s e a l e d i n t o t h e l e a f w i t h p a r a f f i n wax. 

S e c t i o n s were s u b s e q u e n t l y made f r o m peduncles and stems and 

e i t h e r examined under l i g h t ( e o s i n ) o r f l u o r e s c e n t ( f l u o r e s c e i n ) 

m i croscopy. A l t e r n a t i v e l y e o s i n s t a i n e d m a t e r i a l was c a r e f u l l y 
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d i s s e c t e d under a s t e r e o s c o p i c d i s s e c t i n g microscope 

( N i k o n SMZ 7 0 ) . 

C l e a r i n g and s t a i n i n g t e c h n i q u e s f o r 
e x a m i n a t i o n o f v a s c u l a r s t r a n d s 

V a s c u l a r t r a c e s were examined by p l a c i n g specimen 

peduncles i n 50% l a c t i c a c i d . T h i s was g e n t l y heated f o r 

a few minutes u n t i l t h e t i s s u e , except the v a s c u l a r t r a c e s 

had become t r a n s p a r e n t . Samples were t h e n mounted i n d i l u t e 

g l y c e r o l and examined under a s t e r e o s c o p i c d i s s e c t i n g 

microscope. A l t e r n a t i v e l y samples were s t a i n e d w i t h a 1:1 

s o l u t i o n o f c o n c e n t r a t e d s u l p h u r i c a c i d and p h l o r o g l u c i n o l . 

Excess s t a i n was removed w i t h 95% e t h a n o l , specimens were 

mounted i n d i l u t e g l y c e r o l and examined under the d i s s e c t i n g 

o r l i g h t microscope. 

E n v i r o n m e n t a l and P h y s i o l o g i c a l e x p e r i m e n t s on i n b r e d l i n e s 
p o s s e s s i n g the independent v a s c u l a r s u p p l y c h a r a c t e r i s t i c 

The e f f e c t o f v a r i o u s t r i p p i n g t r e a t m e n t s 
on f l o w e r a b s c i s s i o n 

F i v e r e p l i c a t e s from l i n e s 22 and 56/143/9 were s u b j e c t e d 

t o t h e f o u r t r e a t m e n t s d e s c r i b e d i n the p r e v i o u s t r i p p i n g 

e x p e r i m e n t . Each p l a n t was s u b s e q u e n t l y s c o r e d f o r f l o w e r 

d r o p . 

The e f f e c t o f a p p l i c a t i o n o f 2 . 3 , 5 - T r i i o d o b e n z o i c a c i d 
(T.I.B.A.) on f l o w e r drop 

I n o r d e r t o i n v e s t i g a t e t h e e f f e c t o f TIBA on f l o w e r 

a b s c i s s i o n t e n p l a n t s each o f M a r i s Bead and 56/118/20 were 

p i c k e d a t random and sprayed a t f l o w e r i n g w i t h 100 mg/1 TIBA 

i n d i s t i l l e d w a t e r t o g e t h e r w i t h t w o - t h r e e drops o f a w e t t i n g 

a gent. The o t h e r t e n p l a n t s o f each p l a n t t y p e were sprayed 

w i t h d i s t i l l e d w a t e r . A l l p l a n t s were s u b s e q u e n t l y scored f o r 

f l o w e r drop and pod s e t . 
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The e f f e c t o f supplementary l i g h t i n g and 
t e m p e r a t u r e on f l o w e r drop 
H a l f o f the seeds o f D e i n i o l and o f l i n e 56/143/9 

were grown i n the c o o l glasshouse (maximum day t e m p e r a t u r e 

15°C, minimum n i g h t t e m p e r a t u r e 10°C) the o t h e r h a l f were 

grown i n the warm glasshouse (maximum day t e m p e r a t u r e 25°C, 

minimum n i g h t t e m p e r a t u r e 15°C). H a l f the p l a n t s a s s i g n e d 

t o each greenhouse (seven p l a n t s o f each v a r i e t y ) , were 

a l s o p i c k e d a t random t o r e c e i v e supplementary l i g h t i n g 

(Type SON/T). A l l p l a n t s were scored f o r f l o w e r drop and 

pod s e t as d e s c r i b e d p r e v i o u s l y . 
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CHAPTER 3 

RESULTS OF VISUAL OBSERVATIONS AND 
ENVIRONMENTAL STRESS EXPERIMENTS USING 

COMMERCIAL CULTIVARS OF FABA BEANS 

Assessment o f f l o w e r drop i n commercial v a r i e t i e s 

Most f l o w e r a b s c i s s i o n o c c u r r e d i n a l l t h e c u l t i v a r s 

t e s t e d when f l o w e r s had reached d e v e l o p m e n t a l stage 10. 

Flower drop w i t h i n each raceme f o l l o w e d a s i m i l a r p a t t e r n 

i n a l l v a r i e t i e s examined, i n t h a t most pods s e t on p r o x i m a l 

f l o w e r p o s i t i o n s whereas a t d i s t a l p o s i t i o n s f l o w e r s u s u a l l y 

a b s c i n d ( F i g u r e s 3.1.1, 3.1.2, 3.2.1. 3.2.2, 3.3.1, 3.3.2). 

There was a p r o g r e s s i v e i n c r e a s e i n f l o w e r drop on every 

raceme from t h e bot t o m o f the p l a n t t o t h e t o p . The l e a s t 

amount o f f l o w e r drop commonly o c c u r r e d on i n f l o r e s c e n c e s 

formed i n the l o w e r - m i d d l e f l o w e r i n g p o r t i o n o f p l a n t s 

( F i g u r e s 3.4.1, 3.4.2, 3.4.3, 3.5.1, 3.5.2, 3.5.3). I n 

a d d i t i o n bud a b o r t i o n f r e q u e n t l y o c c u r r e d on d i s t a l racemes. 

O v e r a l l f l o w e r a b s c i s s i o n f l u c t u a t e d c o n s i d e r a b l y between 

d i f f e r e n t seasons ( T a b l e 3 . 1 ) . Flower drop a l s o v a r i e d between 

Table 3.1 Average a b s c i s s i o n o f v a r i e t i e s i n EEC t r i a l 

V a r i e t y Flower a b s c i s s i o n (%) 
1980 1981 1982 

M a r i s Bead 48 52 62 
K r i s t a l l 52 60 58 
Weirboon 62 75 87 
Herz Freya 37 55 66 
M o n t i c a 57 72 87 
D e i n i o l 36 52 61 
S t r u bes 56 65 71 
M i n i c a 40 72 81 
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c u l t i v a r s and t h i s may be due to genetic i n f l u e n c e over 
f l o w e r abscission. Analysis of the y i e l d components of 
these v a r i e t i e s (Table 3.2, 3.3) i n d i c a t e s t h a t the number 
of pods reaching m a t u r i t y i s a f u n c t i o n of seed weight. The 
v a r i e t i e s w i t h the heaviest seed weight r e t a i n a lower 
number of mature pods i n comparison to those w i t h lower seed 
weights. 
Environmental s t r e s s experiments 
The i n f l u e n c e of i r r i g a t i o n on flower drop 

I r r i g a t i o n had a most pronounced e f f e c t on growth of 
f i e l d beans. The indeterminate genotypes were on average 
41 cm t a l l e r than equivalent n o n - i r r i g a t e d p l a n t s ; the 
determinate genotype, TI Col. was 23 cm t a l l e r (Table 3.5). 
I r r i g a t e d p l a n t s showed a greater amount of vegetative 
growth and t h e i r canopy cover was more dense so shading 
the lowest f l o w e r i n g nodes. They also continued f l o w e r i n g 
longer than the n o n - i r r i g a t e d p l a n t s , i n which f l o w e r i n g was 
confined to approximately 12 f l o w e r i n g nodes. Pod set took 
place approximately one week l a t e r than the n o n - i r r i g a t e d 
p l a n t s , although f l o w e r i n g was not s i g n i f i c a n t l y delayed by 
i r r i g a t i o n (Figure 3.6). 

I r r i g a t e d p l a n t s of a l l genotypes showed a s i g n i f i c a n t 
increase i n f l o w e r abscission, at each raceme (Figure 3.7.1, 
3.7.2; Table 3.4), This followed a s i m i l a r p a t t e r n to t h a t 
observed p r e v i o u s l y i n t h a t the l e a s t abscission occurred 
on proximal f l o w e r p o s i t i o n s and highest on d i s t a l p o s i t i o n s . 
I n comparison to n o n - i r r i g a t e d p l a n t s much more flow e r drop 
occurred on lower and middle raceme p o s i t i o n s . This might be 
expected, however, because abscission was greatest on d i s t a l 
p o s i t i o n s of those p l a n t s not subjected to s t r e s s . I r r i g a t i o n 



Figure 3.6: Comparison o f two p l a n t s o f cv Maris Bead 
to show the e f f e c t of i r r i g a t i o n . 
NI = C o n t r o l , not i r r i g a t e d ; 
I = I r r i g a t e d . 
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Table 3.2 Mean y i e l d components of EEC j o i n t f i e l d 
bean t r i a l , PBI, Cambridge, 1980. 

V a r i e t y 
Plant 
l e n g t h 
(m) 

Plant 
d e n s i t y / 2 

m 
Pods/ 
p l a n t 

Seeds/ 
p l a n t 

Dry seed 
weight/ 

p l a n t (g) 
1000 seed 
weight/g 

Maris Bead 1.118 20 15.4 50.5 18 . 2 405 .4 
D e i n i o l 1.116 20 13.1 47.6 17 . 2 406 .4 
K r i s t a l l 1 .281 20 15 .9 46.9 17.8 427 .2 
Herz Freya 1 .136 20 18 .3 39.7 14.5 408.2 
Strubes 1 .143 20 13 .4 36.5 20.7 640.3 
Minica 0.743 20 10.6 31.2 22 .5 812.8 
Weirboon 1.073 20 12.1 26.4 25 .4 1083.9 
Montica 0.578 20 8.6 22.0 15 .1 779.8 

Table 3.3 Mean y i e l d components of EEC j o i n t f i e l d 
bean t r i a l , PBI, Cambridge, 1981 

V a r i e t y 
Plant 
l e n g t h 
(m) 

Plant 
d e n s i t y / 

rr.2 
Pods/ 
p l a n t 

Seeds/ 
p l a n t 

Dry seed 
weights' 

p l a n t (g) 
1000 seed 
weight/g 

Maris Bead 1 .174 20 21.9 62 .3 19.4 311.4 
D e i n i o l 1 .102 20 19 .0 55.4 19.6 353 .8 
K r i s t a l l 0.736 20 16 .9 52 . 2 17.4 333 .3 
Herz Freya 1 .188 20 19.7 59 .0 17.8 301 .7 
Strubes 1 .132 20 14.3 41.3 22.5 544.8 
Minica 0.964 20 6.5 22 .5 19.8 878.8 
Weirboon 1 . 161 20 8.3 20.1 29 .3 990.1 
Montica 0.736 20 5.8 18.7 15.6 832 .8 
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Table 3.4 Comparison o f percentage f l o w e r abscission 
of p l a n t s sampled from i r r i g a t e d and non-
i r r i g a t e d p l o t s 

V a r i e t y 
Average Flower Abscission 2 , v = 1 V a r i e t y 
I r r i g a t e d Non-- i r r i g a t e d 

, v = 1 

Maris Bead 70.6 50.8 37 .60 (P> 0 .001) 
C o c k f i e l d 76.1 51.9 73 .80 (P> 0 .001) 
D e i n i o l 67 .7 44.8 48 .00 (P> 0 .001) 
TI Col. 67.6 48.7 43 .70 (P> o .001) 

Table 3.5 Mean Height (cm) of p l a n t s i n i r r i g a t i o n 
experiment 

V a r i e t y I r r i g a t e d N o n - i r r i g a t e d 
Maris Bead 170.8 114.1 
Co c k f i e l d 157.5 117.5 
D e i n i o l 143.3 115.8 
TI Col. 86.6 63.3 

Table 3.6 To t a l y i e l d ( i n grams) of p l a n t s 
subjected to i r r i g a t i o n 

V a r i e t y 
Maris Bead 
Co c k f i e l d 
D e i n i o l 
TI Col. 

I r r i g a t e d 
995 

1020 
435 
916 

N o n - i r r i g a t e d 
1865.0 
1750.0 
945 .0 
1860.5 

Each value i s the mean of r e p l i c a t e p l o t s 
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depressed the f i n a l y i e l d of a l l f o u r c u l t i v a r s to 52% of 
t h a t of the u n i r r i g a t e d p l a n t s (Table 3.6). 
The i n f l u e n c e of overwatering on f l o w e r drop 

Overwatering r e s u l t e d i n a s l i g h t increase i n mean 
flower abscission w i t h i n each raceme i n a l l c u l t i v a r s t e s t e d , 
t h a t i s except f o r Maris Bead p l a n t s (Figure 3.8). Only f o r 
C o c k f i e l d p l a n t s , however, was the increase s i g n i f i c a n t 
(Table 3.7). This experiment i l l u s t r a t e s the d i f f e r e n t 
response to waterlogging of pot bound p l a n t s to those grown 
i n the f i e l d and subjected to i r r i g a t i o n . As the compost 
was waterlogged over the whole f l o w e r i n g p e r i o d , i t might 
be supposed t h a t faba bean p l a n t s are q u i t e t o l e r a n t to 
excess water when roots are so confined. 
Water d e f i c i t and f l o w e r drop 

I n a l l cases the occurrence of water s t r e s s increased 
f l o w e r abscission w i t h i n each raceme (Figure 3.9). This 
e f f e c t was more pronounced when app l i e d to flowers at an 
e a r l i e r stage of f l o w e r development (Table 3.8). These 
r e s u l t s may i n d i c a t e t h a t p l a n t s are more s e n s i t i v e to 
water d e f i c i t before they reach anthesis; at l a t e r develop­
mental stages flowers appear able to cope b e t t e r w i t h the 
s t r e s s . 

Influence of shading at d i f f e r e n t periods during 
f l o w e r i n g on f l o w e r abscission 

Shading a f f e c t e d the growth of p l a n t s d i f f e r e n t l y 
according t o the stage of f l o w e r i n g at which the shading was 
a p p l i e d . I n a l l cases e t i o l a t i o n of the haulms was observed 
and r e s u l t e d i n very weak stems f o r treatments (a) and ( b ) . 
The mean height of these p l a n t s , a f t e r the screens had been 
removed, d i d not vary s i g n i f i c a n t l y from t h a t of c o n t r o l p l a n t s 



Table 3.7 Summary of r e s u l t s f o r overwatering experiment 

V a r i e t y and 
treatment 

Percentage 
o v e r a l l 
f l o w e r 

abscission 

Percentage 
o v e r a l l 
pods set 

* 2 , v = 1 

D e i n i o l 
Overwatered 
Control 

81.7 
79 .1 

18.3 
20.9 

1 .39 P< 0.1 

C o c k f i e l d 
Overwatered 
Control 

88.7 
85 .6 

11.3 
14.4 

3.22 P>0.1 

Maris Bead 
Overwatered 
Control 

83.1 
84.2 

16.9 
15.8 

0.17 P< 0.1 

TI Col. 
Overwatered 
Control 

83 .9 
82 .1 

16.1 
17 .9 

0.56 P< 0.1 
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= f i r s t raceme, a l l flowers at stage 8-9 

(b) 
(c) 
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stage 8-9. 
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Table 3.8 Summary of r e s u l t s f o r Maris Bead p l a n t s 
subjected to water d e f i c i t 

Treatment 
T o t a l % 
flowers 
dropped 

Total % 
pods set 

2 , v = 1 

Control 66.8 33 .1 
(a) 81 . 2 18.8 14 .28 (P> 0.001) 
(b) 79.2 20.8 13 .10 (P > 0.001) 
(c) 72.2 27 .8 7 .73 (P > 0.01) 
(d) 72.4 27 .6 1 .56 (P< 0.] ) 
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Maris Bead and C o c k f i e l d subjected to treatment (c) were, 
on average, 22 cm and 26 cm t a l l e r than the c o n t r o l p l a n t s 
(Table 3.9). The determinate genotype, TI Col. d i d not vary 
s i g n i f i c a n t l y i n height i n c o n t r o l and other treatments. 

Shading at treatment (a) slowed down the i n i t i a t i o n of 
f l o w e r i n g racemes, but promoted bud a b o r t i o n where i n i t i a l s 
had already formed. Once the screens were removed, f l o w e r i n g 
resumed and continued f o r approximately two weeks a f t e r p l a n t s 
i n the c o n t r o l p l o t s had set pods (Tables 3.10.1, 3.10.2, 
3.11.1, 3.11.2). The indeterminate genotypes i n treatment (b) 
had fewer f l o w e r i n g nodes than those of the c o n t r o l and other 
treatments (Table 3.12). 

Treatments (b) and (c) applied to the indeterminate 
genotypes r e s u l t e d i n greater f l o w e r drop at a l l p o s i t i o n s 
compared to c o n t r o l p l a n t s (Figures 3.10.1, 3.10.2). The 
determinate genotype (Figure 3.10.3) showed greater f l o w e r 
drop f o r a l l treatments. I n a l l cases treatment (c) increased 
abscission to the greatest e x t e n t . 

Shading r e s u l t e d i n higher f l o w e r drop on most i n f l o r ­
escences (Figures 3.11.1, 3.11.2, 3.11.3), f o r indeterminate 
v a r i e t i e s subjected to shading treatments (b) and ( c ) . 
whereas the same v a r i e t i e s subjected to shading treatment (a) 
experienced a decrease i n abscission at higher i n f l o r e s c e n c e s , 
which was compensated f o r , however, by increased bud a b o r t i o n 
(Table 3.11.2). For TI Col. abscission on every raceme was 
higher f o r treatments (a) and ( c ) ; treatment (b) had no 
s i g n i f i c a n t e f f e c t of abscission. 
E f f e c t of cold shock on f l o w e r abscission 

Cold shock d i f f e r e n t i a l l y a f f e c t e d abscission according 
to the f l o w e r i n g stage and the c u l t i v a r t e s t e d (Table 3.14). 
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Table 3.9 Height of p l a n t s subjected to shading 

V a r i e t y and Treatment Height (cm) 

Maris Bead 

(a) 101.2 (11.6) 
(b) 105.2 (14.1) 
(c) 134.2 (11.3) 
Control 112.5 (4.5) 

C o c k f i e l d 
(a) 110.5 (14.6) 
(b) 123.3 (7.9) 
(c) 148.3 (3.7) 
Control 121.8 (4.5) 

TI Col. 
(a) 93.7 (2.8) 
(b) 90.2 (7.7) 
(c) 97.3 (9.0) 
Control 85.3 (5.8) 

Each value i s the average of three p l a n t s chosen at random 
from each subplot (nine p l a n t s i n t o t a l ) . Standard d e v i a t i o n 
i s i n parenthesis. 
Shading was applied to p l a n t s f o r two weeks from: 
(a) bud i n i t i a t i o n (b) f i r s t raceme flowers at stage 9 
(c) f i r s t f i v e i n f l o r escences f l o w e r i n g , the f i r s t 
raceme possessed young pods. 
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Figure 3.10.1 E f f e c t of shading p l a n t s of v a r i e t y C o c k f i e l d 
on fl o w e r abscission. Each value i s an o v e r a l l 
percentage.; • - treatment; o ••• c o n t r o l . 
Shading was applied from: 
(a) bud i n i t i a t i o n , 
(b) f i r s t raceme flowers at stage 9, 
(c) at l e a s t f i v e i n f l o r escences f l o w e r i n g , 

the f i r s t ( i n f l o r e s c e n c e possessed pods. 
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percentage; ' © = treatment; o c o n t r o l . 
Shading was applied from: 
(a) bud i n i t i a t i o n , 
(b) f i r s t raceme flowers at stage 9, 
(c) at l e a s t f i v e i n f l o r e s c e n c e s f l o w e r i n g , 

the f i r s t i n f l o r e s c e n c e possessed pods. 
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Table 3.13 Summary of r e s u l t s and Chi squared a n a l y s i s f o r 
the shading experiment 

V a r i e t y and 
Treatment 

Total 
flowers 

dropped (%) 
To t a l pods 

set (%) * 2, V = 1 

Maris Bead 
(a) 395 (60.6) 257 (39.4) 16 .48 (P> 0 .001) 
(b) 415 (55.9) 327 (44.1) 5 .02 (P = 0 .025) 
(c) 623 (60.8) 401 (39.2) 22 . 67 (P> 0 .001) 
Control 579 (50.6) 564 (49.4) 
C o c k f i e l d 
(a) 497 (65.5) 262 (34.5 13 .04 <P> 0 .001) 
(b) 636 (68.5) 292 (31.5) 28 . 74 (P> 0 .001) 
(c) 970 (77.3) 284 (22.7) 117 . 58 (P> 0 .001) 
Control 807 (57.5) 596 (42.5) 
TI Col. 
(a) 130 (40.5) 191 (59.5) 7 .41 (P> 0 .01 

< 0 .05) 
(b) 103 (34.1) 199 (65.9) 1 .06 (P< 0 .1) 
(c) 201 (58.3) 144 (41.7) 53 . 20 (P> 0 .001) 
Control 99 (30.3) 228 (69.7) 

Percentages i n parentheses, a l l chi-squared values are 
derived from comparison of treatments and c o n t r o l p l a n t s . 



C\J 

I I 

> 

rH 
O 
U 

- P 
c 
o 

o 

X I 
o m 
o 
SZ CD 
co bO 

oS 
X3 - P 
rH CO 
o 

U P 
oj 

CD 
X I 
O 00 
o 
£ 0) 
co bO 

cti 
Xi P 
rH CO 
O 

O P 
03 

o 
. V 

C M CL, 

CM 
Lf) 

CD 

I N 

00 00 
co i n 

I N 
i n 

co 
C M 

I N 
CO 

CD 

CO 
CO 

LO O 
O 

0H 

CM CO 
CO 
tN C M 

CD 
O CM 

o o 
o o 
co 

rH 
oo L O 

oo 
oo 

rH O 
o 
o 
As 
OH 

CM CO 
CO 

i n 

O 00 

cO 

tN C M 

rH 00 

C M fN 
rH in 

to 
CO rH CD rH CD CD 

• • • • • • x: 
CM CN rH CO IN CM p 
CO 00 fN CM -— CD c 
"— v— re

 

00 o CO m CM 05 
00 LO CO CO L O 

X3 XI X) 
CD CD CD 
a a a 
a a a 
p p p 

>> M P rH 
P XI X) CD XJ 
CD X) P CO P 

•H 03 CO CD X) CO CO CD 
SH CD u CO rH U to SH to 
03 PQ CD CD CD X! • CD 

> CO •H O rH to 
to o X3 <H o O O X) 
•H rH O ^ rH o rH o 
Cn CU O a . 
03 o H 

o EH 



86 

Flower abscission w i t h i n each raceme (Figure 3.12) was 
greater at d i s t a l f l o w e r p o s i t i o n s of Maris Bead p l a n t s , 
subjected to c o l d shock. With C o c k f i e l d p l a n t s , c o l d shock 
reduced f l o w e r abscission at l a t e r flower stages more than at 
stage 5-6. With TI Col. p l a n t s , c o l d shock s i g n i f i c a n t l y 
reduced abscission f o r both treatments, however, when the 
shock was a p p l i e d to p l a n t s w i t h flowers at developmental 
stage 8-9, abscission at d i s t a l f l o w e r p o s i t i o n s was s i m i l a r 
to t h a t of c o n t r o l p l a n t s . I t appeared t h a t flowers i n t h i s 
genotype are less s e n s i t i v e t o cold shock at e a r l i e r devel­
opmental stages, r a t h e r than those t h a t have reached anthesis. 
Frost damage and f l o w e r abscission 

Frost during June 1980 damaged the apex of susceptible 
p l a n t s , rendering them t o p l e s s . Three v a r i e t i e s were most 
a f f e c t e d ; Weirboon, Strubes and Minica. A d i f f e r e n t i a l 
response occurred between c u l t i v a r s . Minica and Weirboon 
a f f e c t e d by f r o s t experienced increased flower abscission, 
e s p e c i a l l y on middle and upper inf l o r e s c e n c e p o s i t i o n s 
(Figure 3.13). Strubes, however, was not s i g n i f i c a n t l y 
a f f e c t e d by f r o s t damage (Table 3.15). 
The e f f e c t of p l a n t d e n s i t y on f l o w e r abscission 

Increasing p l a n t d e n s i t y r e s u l t e d i n a h i g h l y s i g n i f i c a n t 
increase i n abscission (Table 3.16), e s p e c i a l l y on middle 
and d i s t a l raceme p o s i t i o n s , proximal flower p o s i t i o n s set 
most pods (Figure 3.14). Reducing density decreased f l o w e r 
abscission p r i m a r i l y on middle and d i s t a l f l o w e r p o s i t i o n s . 
However, i n a l l treatments f l o w e r abscission was always 
greatest at d i s t a l p o s i t i o n s . Abscission (Figure 3.15) was 
g e n e r a l l y lower on most racemes of p l a n t s spaced 45 cm apart 
as compared to those spaced 30 cm apart. S i m i l a r l y f l o w e r 
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Table 3.15 Summary of data comparing normal ( c o n t r o l ) 
p l a n t s w i t h those made topless by f r o s t 

V a r i e t y 
Plants made 
topless by 

f r o s t 
Control K 2 (v = l ) 

Minica 
Flowers dropped 121 72 30.1 (P^O.001) 
Pods set 60 116 

Strubes 
Flowers dropped 126 109 2.27 (P< 0.1) 
Pods set 111 71 

Weirboon 
Flowers dropped 185 168 15 .00 (P> 0.001) 
Pods set 69 127 
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node had reached developmental stage 8-9 (o ) 
and stage 5-6 (» ) as compared to p l a n t s r e c e i v i n g 
no col d treatment ( • ) . Each value i s an o v e r a l l 
bercentaee. 
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d r o p was h i g h e r o v e r most racemes o f p l a n t s s p a c e d 15 cm 

a p a r t compared t o t h a t o f p l a n t s s p a c e d 30 cm a p a r t . 

A n a l y s i s o f t h e f i n a l y i e l d c o m p o nents ( T a b l e s 3.17, 3.18) 

i n d i c a t e d t h a t t h e number o f m a t u r e pods p e r p l a n t i n c r e a s e d 

w i t h d e c r e a s i n g d e n s i t y . However, t h e o v e r a l l f i n a l y i e l d 

d e c r e a s e s w i t h d e c r e a s i n g d e n s i t y . T h i s i s an i n d i c a t i o n 

t h a t seed y i e l d i n M a r i s Bead i s a f u n c t i o n o f t h e number o f 

pods p e r u n i t a r e a , and n o t o f t h e number o f pods p e r p l a n t . 

T a b l e 3.17 T o t a l y i e l d o f M a r i s Bead f r o m p l o t s sown 
a t d i f f e r e n t d e n s i t i e s 

Seed s p a c i n g A v e r a g e t o t a l y i e l d 
(cm) ( g ) o f p l o t s 

15 1414.4 

30 730. 2 

45 426.5 
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CHAPTER 4 

RESULTS OF OBSERVATIONS ON PHYSIOLOGICAL EXPERIMENTS 
PERFORMED ON COMMERCIAL VARIETIES AND INBRED LINES 

I n t r o d u c t i o n 

E v i d e n c e p r e s e n t e d i n t h e p r e v i o u s c h a p t e r showed t h a t 

f o r a l l t h e c o m m e r c i a l v a r i e t i e s e x a m i n e d mean f l o w e r 

a b s c i s s i o n w i t h i n e a c h raceme f o l l o w e d a s i m i l a r p a t t e r n , 

i n t h a t l e a s t f l o w e r d r o p o c c u r r e d on p r o x i m a l raceme 

p o s i t i o n s and most on d i s t a l receme p o s i t i o n s . A p p l i c a t i o n 

o f v a r i o u s e n v i r o n m e n t a l s t r e s s e s r e s u l t e d i n an i n c r e a s e i n 

a b s c i s s i o n , most o f w h i c h o c c u r r e d on m i d d l e and u p p e r f l o w e r 

p o s i t i o n s . The b a s i c p a t t e r n o f a b s c i s s i o n , h o w e v e r , r e m a i n e d 

t h e same. I n a d d i t i o n i t was shown t h a t p l a n t s a r e most 

s e n s i t i v e t o s t r e s s when f l o w e r s have r e a c h e d a n t h e s i s . A 

n o t a b l e e x c e p t i o n t o t h i s was w a t e r d e f i c i t , w h e re f l o w e r s 

a p p e a r e d t o be more s u s c e p t i b l e a t e a r l i e r d e v e l o p m e n t a l 

s t a g e s . 

I n t h i s c h a p t e r t h e r e s u l t s o f p h y s i o l o g i c a l e x p e r i m e n t s 

d e s i g n e d t o e l u c i d a t e p o s s i b l e r e a s o n s f o r t h e o b s e r v e d 

p a t t e r n o f f l o w e r d r o p a r e d e s c r i b e d . 

The e f f e c t o f t r i p p i n g on f l o w e r d r o p 

T r i p p i n g a l l f l o w e r p o s i t i o n s on a l l a x i l l a r y racemes 

o x gl IX 1 1U CLl i \^ JL y l u u i c a o c u ^Ou i n m u i c u X X i 1C CD ±_>x CLllU. I c 

( T a b l e 4 . 1 ) . T h i s i n c r e a s e was most p r o n o u n c e d i n l i n e T2. 

T h i s m i g h t be e x p e c t e d as T51 d i s p l a y s a d e g r e e o f a u t o -

f e r t i l i t y a nd T2 a u t o s t e r i l i t y . M a r i s Bead p l a n t s , c o n v e r s e l y , 

e x h i b i t e d no s i g n i f i c a n t d i f f e r e n c e i n f l o w e r a b s c i s s i o n 

b e t w e e n t h o s e p l a n t s t h a t h a d been t r i p p e d and t h o s e whose 

f l o w e r s h ad been l e f t u n t r i p p e d . 
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T r i p p i n g o f p r o x i m a l f l o w e r p o s i t i o n s o f p l a n t s o f l i n e T2 

r e s u l t e d i n a s i m i l a r d e g r e e o f a b s c i s s i o n w i t h i n e a c h raceme, 

compared t o s i m i l a r f l o w e r p o s i t i o n s on c o n t r o l p l a n t s . An 

i n c r e a s e i n f l o w e r d r o p was, h o w e v e r , e x p e r i e n c e d by t h o s e 

f l o w e r s s i t u a t e d on d i s t a l p o s i t i o n s o f t r e a t e d p l a n t s 

( F i g u r e 4.1.1). When t h e d i s t a l two f l o w e r s were t r i p p e d on 

e a c h raceme l e s s a b s c i s s i o n o c c u r r e d t o t h o s e f l o w e r s , b u t 

g r e a t e r a b s c i s s i o n o c c u r r e d t o f l o w e r s s i t u a t e d on more 

p r o x i m a l p o s i t i o n s compared t o e q u i v a l e n t p o s i t i o n s on 

c o n t r o l p l a n t s ( F i g u r e 4 . 1 . 1 ) . S i m i l a r , b u t l e s s p r o n o u n c e d , 

e f f e c t s on f l o w e r d r o p w i t h i n e a c h raceme, were o b s e r v e d on 

T51 and M a r i s Bead p l a n t s s u b j e c t e d t o t h e same t r e a t m e n t s 

( F i g u r e s 4.1.2, 4 . 1 . 3 ) . 

F l o w e r a b s c i s s i o n was g r e a t e r on most racemes o f l i n e T2 

when f l o w e r s w e r e n o t t r i p p e d compared w i t h f l o w e r s t h a t had 

b e e n t r i p p e d . O t h e r t r e a t m e n t s r e s u l t e d i n g r e a t e r f l o w e r 

a b s c i s s i o n a t racemes s i t u a t e d on t h e u p p e r r e p r o d u c t i v e 

p o r t i o n o f t h e p l a n t ( F i g u r e 4 . 2 . 1 ) . 

C o m p l e t e l a c k o f t r i p p i n g o f p l a n t s o f l i n e T51 r e s u l t e d 

i n g r e a t e r a b s c i s s i o n on p r o x i m a l l y s i t u a t e d r a c e m e s , b u t 

l e s s a b s c i s s i o n o f f l o w e r s on i n f l o r e s c e n c e s s i t u a t e d t o w a r d s 

t h e t o p o f t h e s e p l a n t s , r e l a t i v e t o p l a n t s whose f l o w e r s 

h a d a l l been t r i p p e d ( F i g u r e 4 . 2 . 2 ) . A s i m i l a r , b u t l e s s 

p r o n o u n c e d , e f f e c t was p r o d u c e d by p l a n t s w h ere f l o w e r s 

s i t u a t e d d i s t a l l y on e v e r y raceme were t r i p p e d . P l a n t s o f 

l i n e T 5 1 , where p r o x i m a l f l o w e r s were t r i p p e d , e x p e r i e n c e d 

g r e a t e r a b s c i s s i o n a t l o w e r i n f l o r e s c e n c e s , w h i l e t h e r e was 

l i t t l e d i f f e r e n c e b e t w e e n a b s c i s s i o n on i n f l o r e s c e n c e s s i t u ­

a t e d n e a r t o t h e t o p o f p l a n t s compared w i t h t h e c o n t r o l 

p l a n t s ( w i t h a l l f l o w e r s t r i p p e d ) . 
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F l o w e r a b s c i s s i o n o f M a r i s Bead p l a n t s s u b j e c t e d t o a l l 

t h e t r e a t m e n t s , was s l i g h t l y g r e a t e r o v e r most racemes 

( F i g u r e 4.2.3) . 

These r e s u l t s show t h a t a l t h o u g h t r i p p i n g r e d u c e d 

a b s c i s s i o n , e s p e c i a l l y f o r i n b r e d l i n e T2, i t does n o t i n 

i t s e l f a l t e r t h e b a s i c p a t t e r n o f f l o w e r d r o p , w h i c h i s s t i l l 

h i g h on d i s t a l raceme p o s i t i o n s , e v e n when a l l f l o w e r s h a d 

b e e n t r i p p e d . T r i p p i n g i n i t s e l f i s n o t n e c e s s a r y f o r p o d s 

t o s e t , u n l e s s p l a n t s a r e c o m p l e t e l y a u t o s t e r i l e . 

P r e s e n c e o f p o l l e n t u b e s i n a b s c i s e d f l o w e r s 

O b s e r v a t i o n s on t r i p p e d and u n t r i p p e d f l o w e r s ( T a b l e 4.2) 

showed t h a t f l o w e r s w h i c h w e r e t r i p p e d and p o s s e s s e d o v u l e s 

w i t h p o l l e n t u b e s p r e s e n t , had s t i l l a b s c i s e d . F l o w e r s 

w h i c h h a d b een l e f t u n t r i p p e d , and s i n c e h a d d r o p p e d had no 

d e t e c t a b l e p o l l e n t u b e s p r e s e n t . 

I n a d d i t i o n i t was s u b s e q u e n t l y o b s e r v e d ( T a b l e 4.3) 

t h a t many more p o l l e n t u b e s were d e t e c t e d n e a r t o o v u l e s f r o m 

u n t r i p p e d a u t o f e r t i l e as o p p o s e d t o a u t o s t e r i l e l i n e s . 

These r e s u l t s show t h a t , i f p o l l e n t u b e s a r e d e t e c t e d 

n e a r t o o v u l e s , and i f o v u l e s a r e t h e n r e g a r d e d as f e r t i l i z e d , 

t h e n l a c k o f f e r t i l i z a t i o n c a n n o t be t h e s o l e r e a s o n f o r t h e 

f a i l u r e o f f l o w e r s t o s e t p o d s . 

E f f e c t o f g r o w t h r e g u l a t o r s on a b s c i s s i o n 

I n i t i a l g l a s s h o u s e e x p e r i m e n t s 

A p p l i c a t i o n o f t h e e t h y l e n e i n h i b i t o r s i l v e r n i t r a t e , 

t o i n b r e d l i n e s 3, 4 and 5 r e s u l t e d , on a v e r a g e , i n a d e c r e a s e 

i n a b s c i s s i o n w i t h i n e ach raceme, e s p e c i a l l y a t p r o x i m a l 

f l o w e r p o s i t i o n s ( F i g u r e 4 . 3 ) . T h i s d e c r e a s e i n a b s c i s s i o n 

was s i g n i f i c a n t i n a l l l i n e s e x a m i n e d ( T a b l e 4 . 4 ) . F l o w e r 

d r o p i n t r e a t e d p l a n t s , h o w e v e r , was s t i l l g r e a t , and f o l l o w e d 
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F i g u r e 4.2.3: E f f e c t o f t r i p p i n g on f l o w e r a b s c i s s i o n 
o f v a r i e t y M a r i s - B e a d . 
Each v a l u e i s an a v e r a g e p e r c e n t a g e . 
S t a n d a r d e r r o r s a r e r e p r e s e n t e d as a b a r . 
o - c o n t r o l p l a n t s , a l l t r i p p e d 
® = t r e a t m e n t p l a n t s . 



T a b l e 4.2 P e r c e n t a g e p o l l e n t u b e s d e t e c t e d from 
a b s c i s e d f l o w e r s o f two i n b r e d l i n e s 
o f f i e l d beans 

I n b r e d l i n e P o l l e n t u b e s 
d e t e c t e d 

No p o l l e n t u b e s 
d e t e c t e d 

L i n e 5 

t r i p p e d 50 50 

l e f t u n t r i p p e d 0 100 

L i n e 4 

t r i p p e d 64.3 35 .7 

l e f t u n t r i p p e d 0 100 

T a b l e 4.3 P e r c e n t a g e p o l l e n t u b e s d e t e c t e d from 
a b s c i s e d f l o w e r s o f an a u t o s t e r i l e and 
an a u t o f e r t i l e i n b r e d l i n e o f f i e l d beans 

I n b r e d l i n e P o l l e n t u b e s 
d e t e c t e d 

No p o l l e n t u b e s 
d e t e c t e d 

L i n e 8 

L i n e T2 

60.8 

5.3 

39 . 2 

94.7 
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F i g u r e 4.3: F l o w e r a b s c i s s i o n o f i n b r e d l i n e s 3, 4 and 5 
s u b j e c t e d to s i l v e r n i t r a t e s p r a y i n g as compared 
to c o n t r o l p l a n t s . E a c h v a l u e i s an o v e r a l l 
p e e c e n t a g e . 
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T a b l e 4.4 Summary o f r e s u l t s f o r s i l v e r n i t r a t e 
e x p e r i m e n t 

V a r i e t y and 
t r e a t m e n t C o n t r o l S p r a y i n g w i t h 

S i l v e r N i t r a t e X 2 , v = 1 

L i n e 3 

f l o w e r s dropped 

pods s e t 

80.1 71.2 3 .41 

(P 7 0.1) 

L i n e 4 

f l o w e r s dropped 

pods s e t 

91.0 

9.0 

84.2 

19.1 

4.28 

(P > 0.05) 

L i n e 5 

f l o w e r s dropped 

pods s e t 

78.8 

21.2 

69.9 

30.1 

3 .30 

( P > 0.1) 

E a c h v a l u e i s an o v e r a l l p e r c e n t a g e . 



the same p a t t e r n w i t h i n e a c h raceme, to t h a t d e s c r i b e d 

p r e v i o u s l y . F l o w e r a b s c i s s i o n was r e d u c e d p r i m a r i l y on the 

middle racemes o f t r e a t e d p l a n t s ( F i g u r e 4 . 4 ) . 

I n i t i a l e x p e r i m e n t s w i t h sodium b e n z o a t e , on M a r i s 

Bead p l a n t s , r e s u l t e d i n no s i g n i f i c a n t change i n f l o w e r 

a b s c i s s i o n ( F i g u r e 4.5, T a b l e 4 . 5 ) . 

T a b l e 4.5 Summary o f r e s u l t s f o r Sodium Benzoate 
e x p e r i m e n t 

T r e a t m e n t F l o w e r s 
dropped (%) 

Pods s e t 
(%) X 2 , v = 1 

C o n t r o l 

Sodium b e n z o a t e 
t r e a t e d 

710 ( 8 3 . 2 ) 

895 ( 8 4 . 6 ) 

143 ( 1 6 . 8 ) 

163 ( 1 5 . 4 ) 

0.65 
( P < 0.1) 

P e r c e n t a g e f i g u r e s a r e i n p a r e n t h e s e s . 

F i e l d e x p e r i m e n t s 

D e i n i o l , M i n i c a and M o n t i c a p l a n t s , responded d i f f e r e n t l y 

t o the a p p l i c a t i o n o f s i l v e r n i t r a t e ( F i g u r e s 4.6.1, 4.6.2, 

4 . 6 . 3 ) . S i l v e r n i t r a t e a p p l i c a t i o n s i g n i f i c a n t l y r e d u c e d 

f l o w e r drop i n D e i n i o l and M o n t i c a p l a n t s , and s l i g h t l y 

r e d u c e d f l o w e r drop i n M i n i c a p l a n t s , but not to a s i g n i f i c a n t 
j -u / rn „ 1_ 1 „ a tr- \ 

C A L C U L U a U l C 4 . U / . 

Sodium b e n z o a t e a p p l i c a t i o n p roduced a s l i g h t r e d u c t i o n 

i n a b s c i s s i o n ( F i g u r e s 4.6.1, 4.6.2, 4.6.3) a l t h o u g h t h i s 

was i n s i g n i f i c a n t compared t o the c o n t r o l p l a n t s ( T a b l e 4 . 6 ) , 

t h i s e f f e c t b e i n g most pronounced f o r D e i n i o l p l a n t s . 

These r e s u l t s show t h a t the s m a l l e r seeded v a r i e t y , 

D e i n i o l , r e s p o n d e d more r e a d i l y t o the a p p l i c a t i o n o f s i l v e r 
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F i g u r e 4.4: F l o w e r a b s c i s s i o n , f o r s i l v e r n i t r a t e 
e x p e r i m e n t . o = c o n t r o l p l a n t s ; 
• = s i l v e r n i t r a t e s p r a y e d p l a n t s 
Each, v a l u e i s an a v e r a g e p e r c e n t a g e . 
S t a n d a r d e r r o r i s r e p r e s e n t e d by a b a r 
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F i g u r e 4.5: F l o w e r a b s c i s s i o n f o r M a r i s Bead p l a n t s 
s p r a y e d w i t h sodium b e n z o a t e . 
o = c o n t r o l p l a n t s ; 
o = sodium be n z o a t e s p r a y e d p l a n t s 
E a c h v a l u e i s an o v e r a l l p e r c e n t a g e . 
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F i g u r e 4.6.1: I n f l u e n c e o f s i l v e r - n i t r a t e and 
sodium b e n z o a t e a p p l i c a t i o n on f l o w e r 
a b s c i s s i o n f o r v a r i e t y D e i n i o l . E a c h 
v a l u e i s an o v e r a l l p e r c e n t a g e , 
o = c o n t r o l p l a n t s 
® = t r e a t m e n t p l a n t s . 
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F i g u r e 4.6.2: I n f l u e n c e of s i l v e r n i t r a t e and 
sodium b e n z o a t e a p p l i c a t i o n on 
f l o w e r a b s c i s s i o n f o r v a r i e t y M o n t i c a . 
E a c h v a l u e i s an o v e r a l l p e r c e n t a g e , 
o = c o n t r o l 
# = t r e a t m e n t . 
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F i g u r e 4.6.3: I n f l u e n c e o f s i l v e r n i t r a t e and sodium 
b e n z o a t e a p p l i c a t i o n on f l o w e r a b s c i s s i o n 
f o r v a r i e t y M i n i c a . E a c h v a l u e i s an 
o v e r a l l p e r c e n t a g e , 
o = c o n t r o l , 
® = t r e a t m e n t . 
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n i t r a t e . The l a r g e r s e e d e d v a r i e t i e s r e s p o n d e d to t h i s 

c h e m i c a l to a l e s s e r e x t e n t , most of the o b s e r v e d r e d u c t i o n i n 

f l o w e r a b s c i s s i o n o c c u r r e d m a i n l y on the p r o x i m a l f l o w e r 

p o s i t i o n s . 

A p p l i c a t i o n o f s i l v e r n i t r a t e r e d u c e d f l o w e r drop to 

a s i m i l a r e x t e n t o v e r most a x i l l a r y racemes ( F i g u r e s 4.7.1, 

4.7.2, 4 . 7 . 3 ) . A p p l i c a t i o n o f sodium b e n z o a t e r e s u l t e d i n 

s i m i l a r f l o w e r a b s c i s s i o n t o t h a t e x p e r i e n c e d by c o n t r o l 

p l a n t s . The r e s u l t s w i t h sodium b e n z o a t e , a r e not c o n c l u s i v e , 

but p e r h a p s s e r v e to i n d i c a t e t h a t s i l v e r n i t r a t e p r o d u c e s a 

t r u e e f f e c t on t r e a t e d p l a n t s . 

A n a l y s i s o f y i e l d components ( T a b l e 4.7) r e v e a l e d t h a t 

s i l v e r n i t r a t e a p p l i c a t i o n i n c r e a s e d the number o f mature 

pods produced by p l a n t s o f v a r i e t y D e i n i o l . L i t t l e o r no 

change i n the number o f mature pods was produced by p l a n t s 

o f o t h e r v a r i e t i e s , s u b j e c t e d to t h i s t r e a t m e n t . I n a l l 

v a r i e t i e s examined, however, sodium benzoate t r e a t e d p l a n t s 

had a g r e a t e r a v e r a g e number o f mature pods, s e e d s and the 

h e a v i e s t s e e d w e i g h t . T h i s may i n d i c a t e t h a t sodium benzoate 

might have an e f f e c t on pod r e t e n t i o n a t l a t e r s t a g e s o f pod 

development, r a t h e r t h a n a t the pod s e t s t a g e . 

I t a p p e a r s t h a t s i l v e r n i t r a t e by i n h i b i t i n g the p r o ­

d u c t i o n o f e t h y l e n e r e d u c e s f l o w e r a b s c i s s i o n . T h i s t r e a t m e n t , 

however, by i t s e l f does not a l t e r the b a s i c p a t t e r n o f 

a b s c i s s i o n , i n t h a t p r o x i m a l f l o w e r s s e t most pods, and 

d i s t a l f l o w e r s drop. 

I n f l o r e s c e n c e removal i n l i n e T2 and i t s 
r e l a t i o n s h i p to f l o w e r drop 

Removal o f the f i r s t a x i l l a r y i n f l o r e s c e n c e had v e r y 

l i t t l e e f f e c t . Removal o f the f i r s t two racemes, e x c e p t i o n a l l y , 
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F i g u r e 4,7.1: I n f l u e n c e o f s i l v e r n i t r a t e and sodium 
b e n z o a t e on f l o w e r a b s c i s s i o n of M i n i c a 
p l a n t s . E a c h v a l u e i s an a v e r a g e p e r c e n t a g e 
Standard e r r o r s a r e r e p r e s e n t e d by a b a r . 
© - t r e a t e d p l a n t s , 
o = c o n t r o l p l a n t s . 
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I n c r e a s e d a b s c i s s i o n w i t h i n r e m a i n i n g racemes, e s p e c i a l l y 

a t p r o x i m a l f l o w e r p o s i t i o n s . Removal o f s u c c e s s i v e l y more 

racemes r e d u c e d a b s c i s s i o n w i t h i n the r e m a i n i n g i n f l o r e s c e n c e s . 

On p l a n t s where s i x racemes had been removed, f l o w e r a b s c i s s i o n 

w i t h i n e a c h raceme was r e d u c e d o v e r most f l o w e r p o s i t i o n s , 

e x c e p t f o r t h o s e most d i s t a l l y s i t u a t e d . Even a t t h e s e 

p o s i t i o n s , however, f l o w e r drop was l e s s compared to c o n t r o l 

p l a n t s . ( F i g u r e 4.8; T a b l e 4 . 8 ) . 

A l l t r e a t m e n t s ( F i g u r e 4.9) e x c e p t where the f i r s t two 

i n f l o r e s c e n c e s had been removed, c a u s e d a r e d u c t i o n i n f l o w e r 

a b s c i s s i o n on the m a j o r i t y o f the r e m a i n i n g r a c e m e s . 

A n a l y s i s o f y i e l d components ( T a b l e 4.9) r e v e a l e d t h a t com­

p a r e d to c o n t r o l p l a n t s , removal o f the f i r s t and second racemes, 

r e s u l t e d i n a d e c r e a s e i n y i e l d ( i . e . number o f mature pods 

p r o d u c e d ) . P l a n t s w h i c h had the f i r s t t h r e e and f o u r racemes 

removed, e x p e r i e n c e d an i n c r e a s e i n y i e l d . Subsequent removal 

o f racemes above t h e f o u r t h i n f l o r e s c e n c e , r e s u l t e d i n a 

p r o g r e s s i v e y i e l d d e c r e a s e . 

These r e s u l t s i n d i c a t e the s t r o n g e f f e c t t h a t l o w e r f l o w e r i n g 

nodes, w h i c h may p o s s e s s h a l f mature pods, e x e r t on more d i s t a l 

i n f l o r e s c e n c e s , w h i c h may have f l o w e r s a t and s t i l l t o r e a c h 

a n t h e s i s . I n a d d i t i o n , removal o f the e a r l i e s t formed i n f l o r ­

e s c e n c e s not o n l y r e d u c e d f l o w e r a b s c i s s i o n o f s u b s e q u e n t racemes, 

but a l s o enhanced the f i n a l y i e l d o f p l a n t s so t r e a t e d . 

Top removal ( d e c a p i t a t i o n o f the apex) and f l o w e r drop 

D e c a p i t a t i o n o f the apex o f T 2 p l a n t s , r e s u l t e d i n a 

s i g n i f i c a n t r e d u c t i o n o f a b s c i s s i o n w i t h i n r e m a i n i n g racemes 

( F i g u r e 4.10, T a b l e 4 . 1 0 ) . When p l a n t s were d e c a p i t a t e d 

a f t e r s i x f l o w e r i n g nodes had formed, the r e d u c t i o n o f f l o w e r 

a b s c i s s i o n a t p r o x i m a l raceme p o s i t i o n s was accompanied by 
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T a b l e 4.8 Summary o f p l a n t s s u b j e c t e d t o 
I n f l o r e s c e n c e r e m o v a l 

T r e a t m e n t 
T o t a l % 
f l o w e r s 
d r o p p e d 

T o t a l % 
pods s e t V 

x 2 

= 1 

C o n t r o l 46.9 53.1 

( a ) f i r s t raceme 43.8 56.2 0 .89 ( P < 0 .1) 

( b ) two racemes 58 .4 41.6 10 .34 ( P > 0 .05) 

( c ) t h r e e racemes 23 .0 77 .0 40 .97 ( P > 0 .001) 

( d ) f o u r racemes 26.0 74.0 31 .69 ( P > 0 .001) 

( e ) f i v e racemes 18.6 81 .4 44 .10 (P7 0 .001) 
( f ) s i x racemes 18.5 81 .5 34 .09 ( P > o .001) 
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Figure 4.10: Influence of top removal on fl o w e r 
abscission f o r T2 p l a n t s . Each value 
i s an o v e r a l l percentage. 
« = treatment p l a n t s , 
o = c o n t r o l p l a n t s . 
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Table 4.10 Summary of r e s u l t s f o r T^ pl a n t s subjected 
to top removal 

Treatment 
To t a l % 
flowers 
dropped 

To t a l % 
pods set x 2 , v = 1 

Control 46.9 53 .1 
(g) Top removed 

6 f l o w e r i n g 
a f t e r 
nodes 25 .9 74.1 22 . 63 (P> 0.001) 

(h) Top removed 
5 f l o w e r i n g 

a f t e r 
nodes 16.1 83 .9 41 .86 (P> 0.001) 

( i ) Top removed 
4 f l o w e r i n g 

a f t e r 
nodes 14.8 85 .2 41 .15 (P> 0.001) 
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a sharp Increase i n abscission of flowers on d i s t a l p o s i t i o n s . 
A s i m i l a r , although much less pronounced phenomenon was 
observed when tops were removed a f t e r f o u r i n f l o r e s c e n c e s 
had formed. When p l a n t s were decapitated a f t e r f i v e f l o w e r i n g 
nodes, flowers on a l l p o s i t i o n s experienced a s i m i l a r low 
amount of abscission. 

Analysis of y i e l d components (Table 4.11) revealed, 
however, t h a t the number of mature pods produced were reduced 
f o r a l l treatments. The number of mature pods was most 
d r a s t i c a l l y reduced, when p l a n t s whose tops had been removed 
a f t e r f o u r inflorescences had formed. 

These r e s u l t s i n d i c a t e t h a t d e c a p i t a t i o n of the apex 
can r a d i c a l l y a l t e r abscission w i t h i n each remaining raceme. 
However the f i n a l y i e l d f i g u r e s i n d i c a t e a d e t r i m e n t a l e f f e c t 
of t h i s type of treatment on the production of mature pods. 
This i s perhaps due to the considerable r e d u c t i o n i n l e a f 
area r e s u l t i n g from the removal of the top of the p l a n t . 
The e f f e c t of s u r g i c a l apex removal and 
d e c a p i t a t i o n on flowe r abscission 

The apex of p l a n t s were removed above f i v e raceme 
i n i t i a l s as d i s t i n c t from d e c a p i t a t i o n of the apex a f t e r f i v e 
a x i l l a r y i n f l o r escences had formed using p l a n t s of v a r i e t i e s 
C o c k f i e l d , Maris Bead and D e i n i o l . Decapitation of p l a n t s of 
+- V-\ <c> <~» Trny»T — i o o i . r o o n 1 r~* <̂> r-» o >"» "f* c~v v\m a *-\ r~< r~\ s-\ r>-> >~\ >-» T >--N u i i ^ v t ^ . x -J- v_- o x ^ u »» u u a x o v ^ ^ x -L v_/ i 111 ̂  w. c i o CJ. O U I I I J J U I ± Q U I i • 

Both treatments r e s u l t e d i n a reduc t i o n of abscission 
w i t h i n the racemes of a l l v a r i e t i e s t e s t e d . Removal of the 
apex had the most pronounced e f f e c t , which f o r the smaller 
seeded v a r i e t i e s Maris Bead and D e i n i o l , r e s u l t e d i n n e g l i g i b l e 
abscission w i t h i n remaining a x i l l a r y racemes (Figures 4.11.1, 
4.11.2). These r e s u l t s i n d i c a t e a possible competitive e f f e c t 
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between the apex and the reproductive p a r t s of the p l a n t . 
Apex removal could be regarded as mimicking the e f f e c t of the 
te r m i n a l i n f l o r e s c e n c e gene. However the reduc t i o n i n 
abscission due to apex removal and d e c a p i t a t i o n was much more 
pronounced, than t h a t experienced by TI Col., compared w i t h 
c o n t r o l p l a n t s of the indeterminate genotypes. The geno­
type, TI Col, i n f a c t , experienced a s i m i l a r p a t t e r n of 
fl o w e r abscission to t h a t of the c o n t r o l p l a n t s , i n t h a t 
d i s t a l f l o w e r p o s i t i o n s had an abscission rate approaching 
100%. 

Abscission on remaining inflorescences (Figures 4.12.1, 
4.12.2) was low, f o r a l l v a r i e t i e s t e s t e d , compared to the 
c o n t r o l p l a n t s . Subsequent pod drop was, however, very 
high compensating f o r the r e d u c t i o n i n abscission (Table 4.12) 

Control p l a n t s of Maris Bead and D e i n i o l y i e l d e d more 
mature pods over the same number of f l o w e r i n g nodes, compared 
to those p l a n t s subjected to apex removal and d e c a p i t a t i o n . 
C o c k f i e l d p l a n t s subjected to apex removal, produced s l i g h t l y 
more mature pods and seeds, than c o n t r o l p l a n t s . Decapitated 
C o c k f i e l d p l a n t s produced s l i g h t l y fewer pods, but s l i g h t l y 
more seeds compared to c o n t r o l p l a n t s (Table 4.13). 
The e f f e c t of l e a f removal on fl o w e r abscission 

A l l l e a f removal treatments r e s u l t e d i n augmented flow e r 
abscission (Table 4.14). A gre a t e r increase was experienced 
by p l a n t s subjected to more severe l e a f removal treatments. 

When leaves on non-flowering nodes were removed 
(treatment (b) ) , an increase i n fl o w e r abscission w i t h i n 
each raceme was experienced mainly on middle raceme p o s i t i o n s 
compared to c o n t r o l p l a n t s . This p a t t e r n of abscission was 
emphasized by removing i n a d d i t i o n a l t e r n a t e leaves on 
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Table 4.14 Summary of r e s u l t s f o r l e a f removal 
experiments on v a r i e t y C o c k f i e l d 

Treatment 
To t a l % 
flowers 
dropped 

To t a l % 
pods set x2, 

-

V = 1 

(a) Control 76 .8 23 . 2 
(b) 81 .0 19 .0 3 .62 (P> 0 1 < 0.05) 
(c) 82 .3 17 .7 6 67 (P> 0 01< 0.005) 
(d) 85 .5 14 5 18 35 (p> 0 001) 
(e) 86 3 13 7 16 31 (p> 0 001) 
( f ) 97 7 2 3 98 04 (p> 0 001) 

(g) 82 3 17 7 6 29 (p> 0 025 < 0.01) 
(h) 86 4 13 6 18 24 ( p ; 0 001) 

(b) a l l leaves on vegetative nodes removed 
(c) leaves on veg e t a t i v e nodes not removed, but a l t e r n a t e 

leaves subtending racemes removed from f i r s t f l o w e r i n g 
node upwards 

(d) as (c) but from second f l o w e r i n g node upwards 
(e) as (c) but leaves from vegetative nodes also removed 
( f ) A l l leaves removed 
(g) leaves only removed on vegetative nodes on the a p i c a l 

p o r t i o n of the p l a n t 
(h) a l l leaves subtending inflorescences removed 
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f l o w e r i n g nodes ( t r e a t m e n t s ( c ) , ( d ) and ( e ) ) . F u r t h e r , 

i n these cases, more a b s c i s s i o n o c c u r r e d on p r o x i m a l f l o w e r 

p o s i t i o n s ( F i g u r e 4.13.1), a l t h o u g h i t i s o n l y a t these 

p r o x i m a l p o s i t i o n s where an i n c r e a s e i n f l o w e r a b s c i s s i o n can 

take p l a c e , s i n c e f l o w e r a b s c i s s i o n a t d i s t a l raceme p o s i t i o n s 

was c l o s e t o 100%. 

Removal o f a l t e r n a t e l e a v e s from t he second f l o w e r i n g 

node upwards ( t r e a t m e n t ( d ) ) produced a more pronounced e f f e c t 

on a b s c i s s i o n w i t h i n each raceme t h a n removing a l t e r n a t e 

l e a v e s from t he f i r s t f l o w e r i n g node upwards ( t r e a t m e n t ( e ) ) . 

A l l o t h e r t r e a t m e n t s , w i t h t he e x c e p t i o n o f t r e a t m e n t ( f ) , 

where a l l l e a v e s were removed produced s i m i l a r i n c r e a s e s i n 

a b s c i s s i o n w i t h i n each raceme t o t h a t d e s c r i b e d above. 

Removal o f a l l t he leaves on p l a n t s , r e s u l t e d i n almost 

t o t a l a b s c i s s i o n o f a l l f l o w e r s a t a l l raceme p o s i t i o n s . 

A b s c i s s i o n on d i s t a l i n f l o r e s c e n c e s was l e s s f o r c o n t r o l 

p l a n t s ( F i g u r e s 4.14.1, 4.14.2) t h a n f o r p l a n t s s u b j e c t e d t o 

most o f the l e a f removal t r e a t m e n t s . 

There was no d i f f e r e n c e i n t o t a l a b s c i s s i o n between 

a x i l l a r y racemes on the same p l a n t s u b t e n d i n g i n t a c t and 

removed l e a v e s ( t r e a t m e n t s ( c ) , (d) and (e) ) (Ta b l e 4.15). 

T h i s i s evidence t h a t t he r e c o r d e d i n c r e a s e i n f l o w e r 

a b s c i s s i o n due t o l e a f removal i s d i s t r i b u t e d over a l l 

i n f l o r e s c e n c e s and n o t c o n c e n t r a t e d on racemes s i t u a t e d on 

the same nodes as the removed l e a v e s . 

A n a l y s i s o f y i e l d components (Table 4.16) r e v e a l e d 

t h a t f o r a l l t r e a t m e n t s t h e r e was a r e d u c t i o n i n the number 

o f mature pods and seeds produced compared w i t h c o n t r o l 

p l a n t s . The r e d u c t i o n was p r o p o r t i o n a l t o t h e s e v e r i t y o f 

the t r e a t m e n t a p p l i e d . 
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Table 4.15 Comparison o f o v e r a l l f l o w e r s dropped 
and pods s e t between racemes s u b t e n d i n g 
removed and i n t a c t l e a v e s 

Treatment 
f l o w e r s 
dropped 

(%) 
pods 

(% 
se t 
) 

2 
X , v = 1 

( c ) i n t a c t 279 (83.5) 55 (16. 5) 0. 58 

removed 269 (81 .3 62 (18. 7) (P< o .1) 

(d) i n t a c t 306 (84.3) 57 (15. 7) 1 .96 

removed 306 (87.9) 42 (12. 1) (P< 0 .1) 

(e) i n t a c t 190 (84.4) 35 (15. 6) 1 .29 

removed 207 (99.1) 28 ( 1 1 . 9) (P< o .1) 

Percentage f i g u r e s are i n p a r e n t h e s e s . 
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Table 4.16 Average y i e l d components o f C o c k f i e l d 
p l a n t s s u b j e c t e d t o l e a f removal 

Treatment Pods/ 
p l a n t 

Seeds/ 
p l a n t 

Dry seed 
w e i g h t 

( g ) / p l a n t 

1 
Weight 
o f each 
seed ( g ) 

(a) C o n t r o l 8.0 23.4 13.1 0. 59 

( b ) 7.0 20. 8 12.4 0.61 

( c ) 5.0 16.8 10.0 0.55 

( d ) 4.9 14.6 8.4 0.60 

( e ) 3 . 2 8.0 4.9 0. 77 

( f ) 0.0 0.0 0.0 0.00 

( g ) 3.4 12.0 6.7 0.67 

( h ) 2.5 7.4 5.4 0. 88 

For e x p l a n a t i o n o f t r e a t m e n t s see Table 4.14. 
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The e f f e c t o f complete l e a f s h ading on f l o w e r a b s c i s s i o n 

Shading l e a v e s w i t h s i l v e r f o i l i n s t e a d o f removing them 

r e s u l t e d i n t h e i r u l t i m a t e a b s c i s s i o n . 

A l l t r e a t m e n t s caused, on average, an i n c r e a s e i n f l o w e r 

a b s c i s s i o n w i t h i n each raceme and on every i n f l o r e s c e n c e , 

s i m i l a r t o t h a t observed i n the p r e v i o u s l e a f removal 

experiment ( F i g u r e s 4.15, 4.16, Table 4.17). 

Comparison o f o v e r a l l f l o w e r a b s c i s s i o n on racemes 

s i t u a t e d on nodes w i t h shaded l e a v e s t o those on nodes w i t h 

unshaded l e a v e s (Table 4.18) i n d i c a t e d , as b e f o r e , t h a t 

t he observed i n c r e a s e i n a b s c i s s i o n was d i s t r i b u t e d over 

a l l racemes. I t was not c o n f i n e d t o racemes s i t u a t e d on 

the same nodes as the shaded l e a v e s . 
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Table 4.17 Summary o f r e s u l t s f o r complete l e a f 
s h a d ing e x p e r i m e n t 

Treatment 
T o t a l % 
f l o w e r s 
dropped 

T o t a l % 
pods s e t * ? . v = 1 

C o n t r o l 74.6 25 .4 

t r e a t m e n t (b) 84.1 15.9 10 .64 (P? o. 005< 0.001) 
t r e a t m e n t ( c ) 87.4 12.6 21 . 26 (P> o. 001) 
t r e a t m e n t ( h ) 90.9 9.1 36 .48 (P> 0. 001) 

t r e a t m e n t ( f ) 97.6 2.4 73 .37 (P> o. 001) 

Table 4.18 Comparison o f o v e r a l l f l o w e r s dropped and 
pods s e t between racemes s u b t e n d i n g shaded 
and unshaded l e a v e s 

Treatment 
Flowers 
dropped 

(%) 
Pods s e t 

(%) 
2 

7L , v = 1 

t r e a t m e n t ( c ) 

no t shaded 

shaded 

179 (86.5) 

190 (87.1) 

28 (13.5 

28 (12.9) 

0.043 (P< 0.1) 

Percentage f i g u r e s are i n p a r e n t h e s e s . 



148 

CHAPTER 5 

CELLULAR CHANGES IN THE FLORAL ABSCISSION 
ZONE OF FABA BEANS AND OTHER LEGUMES 

I n t r o d u c t i o n 

Evidence g i v e n i n Chapter 4 i n d i c a t e d t h a t many-

f e r t i l i z e d f l o w e r s s t i l l a b s c i s e . Apex removal, d e c a p i t a t i o n 

and removal o f p r o x i m a l l y formed i n f l o r e s c e n c e s a l l decreased 

f l o w e r drop. When apex removal and d e c a p i t a t i o n experiments 

were p e r f o r m e d , however, h i g h pod drop s u b s e q u e n t l y o c c u r r e d , 

n e g a t i n g t h e observed r e d u c t i o n i n f l o w e r a b s c i s s i o n . 

The mode and mechanism o f f l o w e r shedding and pod s e t 

i s , however, p o o r l y u n d e r s t o o d i n V. f a b a . I n t h i s c h a p t e r 

a d e s c r i p t i o n o f t h e c e l l u l a r changes o c c u r r i n g i n the 

p e d i c e l and peduncle a s s o c i a t e d w i t h f l o w e r a b s c i s s i o n and 

pod s e t i s made. 

Morphology o f the p e d i c e l and peduncle a t a n t h e s i s 

At a n t h e s i s i n l i n e 22 the p e d i c e l had a d i a m e t e r o f 

a p p r o x i m a t e l y 1 mm and was composed o f f i v e c e n t r a l v a s c u l a r 

b u n d l e s ( t h r e e l a r g e and two s m a l l ) surrounded by s i x ranks 

o f t h i n - w a l l e d c o r t i c a l c e l l s ( F i g u r e 5.1(a) ) . The number 

and c r o s s - s e c t i o n a l area o f the v a s c u l a r bundles v a r i e d 

between genotypes. At the p e d i c e l / p e d u n c l e j u n c t i o n a c o l l a r 

o f t h i c k w a l l e d m e r i s t e m a t i c c e l l s w i t h dense c y t o p l a s m 

surrounded t he v a s c u l a r b undles ( F i g u r e 5.1(b) ) . Large 

r e s e r v e s o f s t a r c h were p r e s e n t i n the sheath around the 

v a s c u l a r bundles and i n the parenchyma c e l l s between them 

( F i g u r e 5.1)c) ) . 

Changes d u r i n g e a r l y pod s e t 

Du r i n g pod s e t t h e p e d i c e l underwent a massive i n c r e a s e 

i n volume, w i t h an a p p r o x i m a t e l y s i x - f o l d i n c r e a s e i n dia m e t e r 



F i g u r e 5.1: C e l l u l a r changes o f the p e d i c e l / p e d u n c l e j u n c t i o n . 
( a ) S c a n n i n g - e l e c t r o n m i c r o g r a p h o f t h e p e d i c e l / 

peduncle j u n c t i o n i n V i c i a f a b a L. a t a n t h e s i s , 
showing v a s c u l a r arrangement i n t h e p e d i c e l X250. 

( b ) T a n g e n t i a l L.S. t h r o u g h the p e d i c e l / p e d u n c l e 
j u n c t i o n X400. 

( c ) L.S. t h r o u g h p e d i c e l / p e d u n c l e j u n c t i o n showing 
s t a r c h sheath around v a s c u l a r t i s s u e X500. 

(d ) C h a r a c t e r i s t i c a l l y t h i c k w a l l s o f parenchymatous 
c e l l s w i t h i n t h e p e d i c e l v a s c u l a r c y l i n d e r o f a 
young pod. X2300. 

(e) C e l l s e p a r a t i o n a t the p e d i c e l / p e d u n c l e j u n c t i o n 
i m m e d i a t e l y p r i o r t o f l o w e r shedding. Note t h a t 
c e l l s have s e p a r a t e d a l o n g c e l l w a l l s ( d a r t s ) 
X2500. 

( f ) Development o f t h e a n n u l a r s e p a r a t i o n o f c e l l s a t 
the p e d i c e l / p e d u n c l e j u n c t i o n ( d a r t s ) X400. 
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P l a t e a b b r e v i a t i o n s 

Pc: P e d i c e l 

Pd: Peduncle 

Vb: V a s c u l a r bundle 

M: C o l l a r o f t h i c k w a l l e d m e r i s t e m a t i c c e l l s 

C: C o r t i c a l c e l l s 

S: S t a r c h g r a i n s 

Ep: E i p i d e r m a l c e l l s 
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o c c u r r i n g between a n t h e s i s and the time o f maximum pod 

f r e s h - w e i g h t . C e l l expansion began i m m e d i a t e l y a f t e r 

f e r t i ] i z a t i o n and the c o r t i c a l c e l l s o f the p e d i c e l i n c r e a s e d 

i n d i a m e t e r from 45 m t o 70 ft m, i n the f i r s t 72 h a f t e r 

p o l l i n a t i o n , c o n c u r r e n t l y w i t h ovary s w e l l i n g . A f t e r t h i s 

phase o f c e l l expansion s t o r e d s t a r c h . c o u l d no l o n g e r be 

d e t e c t e d around the v a s c u l a r b u n d l e s . 

The above i n i t i a l phase o f c e l l expansion was f o l l o w e d 

by c e l l d i v i s i o n and expansion i n the c o l l a r o f t h i c k - w a l l e d 

m e r i s t e m a t i c c e l l s a t the p e d i c e l / p e d u n c l e j u n c t i o n . The 

c r o s s - s e c t i o n a l area o f the v a s c u l a r t i s s u e i n c r e a s e d 

a p p r o x i m a t e l y f o u r - f o l d between a n t h e s i s and the development 

o f a pod 2 cm l o n g . A c y l i n d e r o f v a s c u l a r t i s s u e was 

formed, p e n e t r a t e d by a narrow row o f parenchyma c e l l s . 

Parenchymatous c e l l s w i t h i n the v a s c u l a r c y l i n d e r showed 

a c h a r a c t e r i s t i c w a l l t h i c k e n i n g ( F i g u r e 5.1 (d) ) . 

Changes d u r i n g f l o w e r shedding 

The onset o f f l o w e r a b s c i s s i o n was i n i t i a t e d by the 

development o f an a n n u l a r s p l i t a t the p e d i c a l / p e d u n c l e 

j u n c t i o n e x t e n d i n g from the e p i d e r m i s t o the v a s c u l a r 

bundles ( F i g u r e 5 . 1 ( f ) ) . T h i s o c c u r r e d by s e p a r a t i o n o f 

c e l l s r a t h e r t h a n by c e l l f r a c t u r e ( F i g u r e s 5 . 1 ( e ) , 5.2(a) ) . 

U l t r a s t r u c t u r a l e x a m i n a t i o n o f the peduncle s u r f a c e a f t e r 

p e d i c e l s e p a r a t i o n r e v e a l e d t h a t the s e p a r a t i o n o f c e l l s i n "- v 

t h i c k e n e d m e r i s t e m a t i c c o l l a r had o c c u r r e d by d i s r u p t i o n o f 

the m i d d l e l a m e l l a , l e a v i n g a p r i m a r y w a l l e n c l o s i n g the 

p r o t o p l a s t s o f the exposed peduncle c e l l s ( F i g u r e 5.2(b) ) . 

S e p a r a t i o n o f the c e l l u l o s e m i c r o f i b r i l s was a l s o apparent c l o s e 

t o t he m i d d l e l a m e l l a between c e l l s o f the s u r f a c e l a y e r 

( F i g u r e 5 . 2 ( b ) , S t a r ) . The p r o t o p l a s t s o f the s u r f a c e l a y e r 



F i g u r e 5.2: L i g h t and t r a n s m i s s i o n e l e c t r o n m i c r o g r a p h s o f 
peduncle i m m e d i a t e l y a f t e r a b s c i s s i o n . 

( a ) L i g h t m i c r o g r a p h o f a t o l u i d i n e b l u e 
s t a i n e d 1/& m s e c t i o n o f resin-embedded 
peduncle f i x e d i m m e d i a t e l y a f t e r f l o w e r 
a b s c i s s i o n showing c o l l a r o f m e r i s t e m a t i c 
c e l l s and l o c a t i o n o f F i g . 2 ( b ) X100. 

( b ) E l e c t r o n m i c r o g r a p h o f s e r i a l t h i n se 'tiov: 
t o F i g . 2a showing d e t a i l o f c e l l s o f exposed 
peduncle, s e p a r a t i o n o f w a l l m i c r o f i b r i l s near 
meddle l a m e l l a ( s t a r ) , numerous dictyosomes 
( c i r c l e s ) and f u s i o n o f v e s i c l e s w i t h plasma-
lemma ( a r r o w s ) X10.000. 
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c e l l s c o n t a i n e d a g r e a t e r c y t o p l a s m / v a c u o l e r a t i o t h a n 

a d j a c e n t c e l l s w i t h i n t h e peduncle. The cyt o p l a s m c o n t a i n e d 

numerous f r e e and bound ribosomes, m i t o c h o n d r i a w i t h many 

conspicous c r i s t a e , p l a s t i d s and many dictyosomes ( c i r c l e s 

F i g u r e 5.2(b) ) . The presence o f numerous c y t o p l a s m i c 

v e s i c l e s and the appearance o f the plasmalemma i n c l u d i n g 

f u s i o n o f v e s i c l e s ( s m a l l arrows F i g u r e 5.2(b) ) suggested t h a t 

t r a n s p o r t o f v e s i c l e - b o u n d m a t e r i a l across t he membrane 

h e t e r o c h r o m a t i n was c o n s p i c u o u s l y abundant i n the n u c l e i o f 

s u r f a c e c e l l s . 

Flowers were shed s h o r t l y a f t e r t h e development o f t h e 

a n n u l a r s p l i t o f c o r t i c a l c e l l s a t the p e d i c e l / p e d u n c l e 

j u n c t i o n . Scanning e l e c t r o n microscopy (SEM) o f the peduncle 

a b s c i s s i o n s c a r r e v e a l e d t h a t t h e r i n g o f c o r t i c a l c e l l s 

had become enormously i n f l a t e d ( F i g u r e 5.3(a) ) . L i g h t 

microscopy and SEM o b s e r v a t i o n s o f t e n r e v e a l e d expanded 

c o i l s o f t h i c k e n e d xylem p r o t r u d i n g f r o m the a b s c i s s i o n 

s c a r , where the i n f l a t i o n o f the c o r t i c a l c e l l s had s t r e t c h e d 

t h e v a s c u l a r c o n n e c t i o n s u n t i l t h e y had f i n a l l y r u p t u r e d . 

S i m i l a r expanded c o r t i c a l c e l l s were observed on the a b s c i s e d 

p e d i c e l base ( F i g u r e 5 . 3 ( f ) ) . 

F o l l o w i n g p e d i c e l s e p a r a t i o n the i n f l a t e d c o r t i c a l c e l l s 

r a p i d l y c o l l a p s e d and a new e p i d e r m a l l a y e r e v e n t u a l l y 

covered the s c a r l e f t by t h e a b s c i s e d f l o w e r ( F i g u r e 5.3(b) ) . 

The i n f l a t e d c o r t i c a l c e l l s were a l s o v i s i b l e i n f r e e 

hand c u t s e c t i o n s o f peduncles and by m a n i p u l a t i n g t he osmotic 

medium t h e y c o u l d be made t o expand or c o l l a p s e . 

Flower a b s c i s s i o n i n o t h e r legumes 

The f l o r a l a b s c i s s i o n scars on the peduncles o f a range 

o f legumes were examined and i n eve r y case expanded c o r t i c a l 



F i g u r e 5.3: Scanning e l e c t r o n m i c r o g r a p h s o f the p e d i c e l s c a r 
on the peduncle a f t e r f l o w e r shedding. 

( a ) Ring o f c o r t i c a l c e l l s on the peduncle o f 
V. f a b a L., i m m e d i a t e l y a f t e r s e p a r a t i o n o f 
the p e d i c e l . Note the f r a c t u r e d v a s c u l a r bundle 
X230. 

(b) Regrowth o f e p i d e r m a l c e l l s over t h e p e d i c e l 
s c a r o f V. f a b a L., a f t e r c o l l a p s e o f i n f l a t e d 
c o r t i c a l c e l l s X200. 

( c ) P e d i c e l s c a r on the peduncle o f V. pannonica 
c.v. m a g l e d i , showing i n f l a t e d c o r t i c a l c e l l s 
X200. 

(d) Peduncle o f Phaseolus v u l g a r i s c.v. 519N, showing 
i n f l a t e d c o r t i c a l c e l l s X260. 

(e ) Peduncle o f V i c i a v i l l o s a Roth. c.v. K a r t a l i , 
showing i n f l a t e d c o r t i c a l c e l l s X270. 

( f ) C o r t i c a l c e l l s on the p e d i c e l base o f V i c i a 
f a b a L. m i n o r c.v. M a r i s Bead X250. 
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c e l l s , s i m i l a r t o those seen i n V. f a b a were r e c o r d e d 

( F i g u r e s 5 .3(c) , ( d ) , (e) ) . 

S t a r c h d e g r a d a t i o n and c e l l expansion d u r i n g f l o w e r 
a b s c i s s i o n and pod development i n V i c i a faba L. 

Amylase was assayed by r a d i a l d i f f u s i o n i n an agarose 

g e l ( F i g u r e s 5.4, 5.5(a) ) . Large r e s e r v e s o f s t a r c h were 

p r e s e n t i n two rows o f c e l l s which form a sheath around 

the v a s c u l a r bundles a t a n t h e s i s ( F i g u r e s 5 . 6 ( a ) , (b) ) . 

C e l l expansion o c c u r r e d i m m e d i a t e l y a f t e r f e r t i l i z a t i o n i n 

b o t h v a s c u l a r and parenchyma t i s s u e s o f the p e d i c e l / p e d u n c l e 

r e g i o n . A f t e r t h i s phase o f c e l l expansion s t a r c h c o u l d no 

l o n g e r be d e t e c t e d around the v a s c u l a r t i s s u e ( F i g u r e 5 . 6 ( c ) . 

The disappearance o f s t a r c h i s c o n c o m i t a n t w i t h a 

d r a m a t i c r i s e i n amylase c o n c e n t r a t i o n which o c c u r r e d 12 h 

a f t e r p o l l i n a t i o n ( F i g u r e 5.5(b) ) . T h i s r i s e i n amylase 

occurs a t a c r i t i c a l p o i n t d u r i n g f l o w e r development ( a n t h e s i s ) 

( F i g u r e 5.7). A f t e r t h i s i n c r e a s e has o c c u r r e d the amylase 

c o n c e n t r a t i o n drops back t o a l o w e r l e v e l d u r i n g f u r t h e r 

developmental s t a g e s . 

The r o l e o f the enzymes p e c t i n - m e t h y l e s t e r a s e 
and p e c t i n a s e i n a b s c i s s i o n 

P e c t i n - m e t h y l e s t e r a s e and p e c t i n a s e were assayed 

by r a d i a l d i f f u s i o n i n an agarose g e l ( F i g u r e s 5.8, 5.9). 

P e c t i n a s e c o u l d be d e t e c t e d i n p e d i c e l / p e d u n c l e j u n c t i o n s 

a t developmental stages 8 and 9 o n l y ( F i g u r e 5.10). The 

g r e a t e s t c o n c e n t r a t i o n o f p e c t i n - m e t h y l e s t e r a s e i n j u n c t i o n s 

was a l s o d e t e c t e d a t the same developmental stages ( F i g u r e 5.11) 

T h i s enzyme, however, was a l s o p r e s e n t a t o t h e r developmental 

s t a g e s . I n the case o f p e c t i n a s e , no d e t e c t a b l e enzyme was 

p r e s e n t i n a b s c i s e d p e d i c e l / p e d u n c l e j u n c t i o n s . I n a d d i t i o n 

t h e r e was l e s s p e c t i n - m e t h y l e s t e r a s e d e t e c t a b l e i n a b s c i s e d 
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F i g u r e 5.4: Standard'curve f o r -amylase assay. 
Standard e r r o r s are denoted by a b a r . 



F i g u r e 5.5: A = Standard curve f o r the &- -amylase assay. 

B = R e p l i c a t e samples o f p e d i c e l / p e d u n c l e 
j u n c t i o n s a t d i f f e r e n t d evelopmental 
s t a g e s . 

h = f l o w e r l e f t u n t r i p p e d a t stage 8-9 
b = stage 7 
f = emasculated and p o l l i n a t e d a t stage 5. 





F i g u r e 5.6: ( a ) Double l a y e r o f s t a r c h c o n t a i n i n g c e l l s 
around a v a s c u l a r bundle o f a p e d i c e l / 
peduncle j u n c t i o n a t a n t h e s i s X2000. 

(b ) Scanning e l e c t r o n m i c r o g r a p h o f ( a ) , X2100. 

( c ) Scanning e l e c t r o n m i c r o g r a p h o f a p e d i c e l / 
peduncle j u n c t i o n a t e a r l y pod s e t , n o t e 
l a c k o f s t a r c h g r a i n s X2100. 

A l l specimens are o f V i c i a f a b a L. minor 
i n b r e d l i n e 22. 
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F i g u r e 5.8: Standard curve f o r p e c t i n m e t h y l e s t e r a s e . 
Standard e r r o r s are denoted by a b a r . 
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e 5.9: Standard curve f o r p e c t i n a s e assay. 
Standard e r r o r s are denoted by a b a r . 
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F i g u r e 5.10: C o n c e n t r a t i o n o f P e c t i n a s e , w i t h i n 
p e d i c e l / p e d u n c l e j u n c t i o n o f c u l t i v a r 
STW a t d i f f e r e n t d e velopmental stages. 
Each c o n c e n t r a t i o n i s an average o f 
10 r e p l i c a t e s . 
A = stage 6, B = stage 7, C ^ stage 8, 
D - stage 9; E = stage 20, a b s c i s e d ; 
F = e a r l y pod s-et. 



B C D 
Treatment 

C o n c e n t r a t i o n o f .Pectin m e t h y l e s t e r a s e * 
w i t h i n p e d i c e l / P e d u n c l e j u n c t i o n s o f 
v a r i e t y STW a t d i f f e r e n t - d e v e l o p m e n t a l 
s t a g e s . Each c o n c e n t r a t i o n i s an average 
o f 10 r e p l i c a t e s . 
A = stage 8; B = stage 9; C = stage 10; 
D = e a r l y pod s e t ; E = stage 10, a b s c i s e d . 
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f l o w e r s t h a n a t d e v e l o p m e n t a l s t a g e s 8 and 9; a l t h o u g h a t 

pod s e t a g r e a t e r c o n c e n t r a t i o n o f t h i s enzyme was d e t e c t e d 

t h a n a t a b s c i s s i o n . 



165 

CHAPTER 6 

FLOWER REMOVAL EXPERIMENTS : RESULTS 

I n t r o d u c t i o n 

As d e s c r i b e d i n C h a p t e r 4 the removal o f lowermost 

i n f l o r e s c e n c e s e f f e c t s r e d u c e d a b s c i s s i o n w i t h i n e ach 

raceme and a t e v e r y raceme, on s u b s e q u e n t l y formed a x i l l a r y 

i n f l o r e s c e n c e s . As o b s e r v e d i n C h a p t e r 5, once p o l l i n a t i o n 

has t a k e n p l a c e , many enzymic and c e l l u l a r changes o c c u r 

i n t h e p e d i c e l / p e d u n c l e j u n c t i o n , w h i c h l e a d e i t h e r to 

s u c c e s s f u l pod s e t o r a b s c i s s i o n . I n t h i s c h a p t e r the 

e f f e c t o f removing p r o x i m a l l y s i t u a t e d f l o w e r s on the 

s u b s e q u e n t development o f pods, w h i c h a r e more d i s t a l l y 

s i t u a t e d w i t h i n the same raceme, i s d e s c r i b e d . 

The e f f e c t o f removal o f the p r o x i m a l f l o w e r 
w i t h i n e ach raceme on f l o w e r drop 

Removal of the p r o x i m a l f l o w e r on each raceme on p l a n t s 

o f C o c k f i e l d and M a r i s Bead r e s u l t e d i n r e d u c e d f l o w e r 

a b s c i s s i o n on the t h r e e p o s i t i o n s d i s t a l to the removed 

f l o w e r . A b s c i s s i o n w i t h i n e a c h raceme o f p l a n t s o f genotype 

T I C o l . was, on a v e r a g e , not r e d u c e d by t h i s t r e a t m e n t 

( F i g u r e 6 . 1 ) . 

P l a n t s o f C o c k f i e l d and M a r i s Bead d i s p l a y e d a r e d u c t i o n 

i n f l o w e r drop a t e v e r y s i n g l e raceme, under t h i s t r e a t m e n t . 

P l a n t s o f T I C o l . on the o t h e r hand, e x p e r i e n c e d g r e a t e r f l o w e r 

a b s c i s s i o n t h a n the c o n t r o l p l a n t s ( F i g u r e 6 . 2 ) . 

O v e r a l l a b s c i s s i o n f o r e n t i r e p l a n t s o f v a r i e t y C o c k f i e l d 

s u b j e c t e d to the above t r e a t m e n t was s i g n i f i c a n t l y l e s s than 

t h a t f o r the c o n t r o l p l a n t s . Whereas f o r p l a n t s o f M a r i s 

Bead t h i s t r e a t m e n t r e s u l t e d o n l y i n a s l i g h t r e d u c t i o n i n 

f l o w e r a b s c i s s i o n . I n c o n t r a s t T I C o l . p l a n t s under t h i s 
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F i g u r e 6.1: I n f l u e n c e of p r o x i m a l f l o w e r removal on f l o w e r 
a b s c i s s i o n . . E a c h v a l u e i s an o v e r a l l p e r c e n t a g 
o = p r o x i m a l f l o w e r removed; o c o n t r o l p l a n t 



167 

100-

&3« 

g60 

a 401 
< 

Maris Bead 

« u 1 1 V i l l i 
4 6 8 10 12 14 16 

Raceme number 
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F i g u r e 6.2: I n f l u e n c e of p r o x i m a l f l o w e r removal on 
f l o w e r a b s c i s s i o n . E a c h v a l u e i s an a v e r a g e 
p e r c e n t a g e . S t a n d a r d e r r o r s a r e shown a s a b a r . 
o = p r o x i m a l f l o w e r removed; o = c o n t r o l p l a n t s 
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t r e a t m e n t e x p e r i e n c e d a s l i g h t i n c r e a s e i n o v e r a l l a b s c i s s i o n 

I n c o n t r a s t , T I C o l . p l a n t s under t h i s t r e a t m e n t e x p e r i e n c e d 

a s l i g h t i n c r e a s e i n o v e r a l l a b s c i s s i o n ( T a b l e 6 . 1 ) . 

Removal o f f l o w e r s on f l o w e r drop o f D e i n i o l p l a n t s 

Removal of the p r o x i m a l two, t h r e e o r f o u r f l o w e r s 

w i t h i n e a c h raceme r e s u l t e d i n a s u b s t a n t i a l r e d u c t i o n i n 

a b s c i s s i o n of r e m a i n i n g f l o w e r s ( F i g u r e 6 . 3 ) . Of the 

r e m a i n i n g f l o w e r s , t h o s e more p r o x i m a l l y s i t u a t e d e x p e r i e n c e d 

l e s s a b s c i s s i o n compared to t h o s e s i t u a t e d a t more d i s t a l 

p o s i t i o n s . 

F o r a l l f l o w e r removal t r e a t m e n t s ( F i g u r e 6.4) a 

r e d u c t i o n i n a b s c i s s i o n , a t a l l but the most d i s t a l l y 

s i t u a t e d and most p r o x i m a l l y s i t u a t e d racemes, o c c u r r e d . 

I n a l l c a s e s a h i g h l y s i g n i f i c a n t r e d u c t i o n i n o v e r a l l 

f l o w e r drop was e x p e r i e n c e d f o r a l l f l o w e r removal t r e a t m e n t s 

( T a b l e 6 . 2 ) . 

A l l the above f l o w e r removal t r e a t m e n t s r e s u l t e d i n an 

e q u a l development o f young pods on raceme p o s i t i o n s d i s t a l 

t o the removed f l o w e r s . I n a d d i t i o n t h e s e e x p e r i m e n t s show 

t h a t f l o w e r s on a l l receme p o s i t i o n s a r e c a p a b l e o f s e t t i n g 

a pod ( F i g u r e 6 . 5 ) . 

The e f f e c t o f removal o f p r o x i m a l f l o w e r s on 
f l o w e r drop u s i n g v a r i e t y C o c k f i e l d 

o f the r e m a i n i n g f l o w e r s w i t h i n e a c h raceme was r e d u c e d compared 

to c o n t r o l p l a n t s . U s i n g t h i s v a r i e t y , however, the e f f e c t 

was most pronounced when the f i r s t two f l o w e r s were removed. 

T h i s r e d u c t i o n was c o n c e n t r a t e d on the r e m a i n i n g f l o w e r s 

w h i c h were most p r o x i m a l l y s i t u a t e d ( T a b l e 6 . 3 ) . 

A b s c i s s i o n was r e d u c e d o v e r most i n f l o r e s c e n c e s when 
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T a b l e 6.1 Summary o f r e s u l t s f o r v a r i e t i e s s u b j e c t e d 
to p r o x i m a l f l o w e r removal 

1 
j 

V a r i e t y and 
t r e a t m e n t 

F l o w e r s 
dropped 

(%) 
Pods s e t 

(%) X 2 , v = 1 

C o c k f i e l d 

C o n t r o l 

P r o x i m a l f l o w e r 
removed 

1016 ( 8 8 . 7 ) 

1141 ( 8 6 . 4 ) 

129 ( 1 1 . 3 ) 

179 ( 1 3 . 6 ) 

2.95 (P> 0.1) 

M a r i s Bead 

C o n t r o l 

P r o x i m a l f l o w e r 
removed 

1134 ( 8 8 . 1 ) 

945 ( 8 6 . 5 ) 

152 ( 1 1 . 9 ) 

148 ( 1 3 . 5 ) 

1.59 ( P < 0.1) 

T I C o l . 

C o n t r o l 

P r o x i m a l f l o w e r 
removed 

171 ( 7 6 . 7 ) 

132 ( 8 0 . 0 ) 

52 ( 2 3 . 3 ) 

33 ( 2 0 . 0 ) 

0.61 ( p < 0.1) 

P e r c e n t a g e v a l u e s a r e i n p a r e n t h e s e s . 



170 

q. Proximal two flowers removed 
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80 

60 

20 

0 ! 1 I 

4 6 8 10 
Flower position 

b. Proximal three flowers removed 
1001 

80 

« 60 

£ 40 

20 

I i i ' " i 1 > i v 1 "hi y i 

2 4 6 8 10 
Flower posit ion 

c. Proximal four flowers removed c. Proximal four flowers removed 
1001 

80 

60 

40 V) 

20 

0 V * ' V W 1 Y I • . I 

2 4 6 8 10 
Flower position 

F i g u r e 6.3: E f f e c t o f p r o x i m a l f l o w e r removal on 
a b s c i s s i o n f o r v a r i e t y D e i n i o l . E a c h 
v a l u e i s an o v e r a l l p e r c e n t a g e . 
© = t r e a t m e n t p l a n t s ; o --- c o n t r o l p l a n t s . 



171 

10C 

60 c o 1 60 
in 

^ 40 < 

^ 20 

0 

100 

I 60 

y 40 

£ 20 

a. Proximal two flowers removed 

1 » I 1 ) 1 * 1 1 T 1 1 I I « 1 

2 4 u 8 10 12 14 16 
Raceme number 

b. Proximal three flowers. 

100 
80 

.e 60 

5 40 

2? 20 

2 4 6 8 10 12 14 16 
Raceme number 

c.Proximal four flowers removed 

0 * " — 1 1 \—1—!—i—i—T—0—V I H VI '» • r***\ 
4 6 8 10 12 -14 16 

Raceme number 

F i g u r e '6.4: I n f l u e n c e of p r o x i m a l f l o w e r removal 
on f l o w e r a b s c - i s s i o n f o r v a r i e t y D e i n i o l . 
E a s t v a l u e i s an o v e r a l l p e r c e n t a g e . 
® = t r e a t m e n t p l a n t s ; o c o n t r o l p l a n t s . 
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F i g u r e 6.5: E f f e c t o f f l o w e r removal on pod s e t i n V i c i a f a b a L. 
a = c o n t r o l , no f l o w e r r e m o v a l ; 
b = p r o x i m a l two f l o w e r s removed; 
c = p r o x i m a l t h r e e f l o w e r s removed; 
d - p r o x i m a l f o u r f l o w e r s removed. 
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the f i r s t two f l o w e r s on each raceme were removed. R e d u c t i o n 

i n a b s c i s s i o n was, however, c o n c e n t r a t e d on the more p r o x i m a l l y 

s i t u a t e d i n f l o r e s c e n c e s when the f i r s t t h r e e and f o u r f l o w e r s 

on each raceme were removed ( F i g u r e 6.7). 

A r e d u c t i o n i n a b s c i s s i o n over the e n t i r e p l a n t o n l y 

o c c u r r e d when the f i r s t two f l o w e r s were removed on each 

raceme. Other t r e a t m e n t s r e s u l t e d i n an o v e r a l l i n c r e a s e i n 

f l o w e r a b s c i s s i o n (Table 6.4). 

E f f e c t o f removal o f p r o x i m a l f l o w e r s on f l o w e r 
drop o f p l a n t s grown i n the f i e l d 

P l a n t s o f v a r i e t y C o c k f i e l d s u b j e c t e d t o removal o f 

one, two o r t h r e e f l o w e r s on racemes, a l l showed reduced 

a b s c i s s i o n o f r e m a i n i n g f l o w e r s on each raceme compared t o 

c o n t r o l p l a n t s ( F i g u r e 6.8). Maris Bead p l a n t s s u b j e c t e d 

t o f l o w e r removal t r e a t m e n t s a l l e x p e r i e n c e d reduced f l o w e r 

a b s c i s s i o n w i t h i n each raceme. T h i s e f f e c t was l e a s t 

pronounced when the p r o x i m a l f l o w e r was removed, and most 

when the p r o x i m a l t h r e e f l o w e r s were removed ( F i g u r e 6.9). 

T I C o l . p l a n t s which were s u b j e c t t o the above f l o w e r removal 

t r e a t m e n t s , r e s u l t e d i n reduced f l o w e r a b s c i s s i o n w i t h i n each 

raceme on the f l o w e r s i t u a t e d i m m e d i a t e l y above the removed 

f l o w e r ( s ) . However on more d i s t a l p o s i t i o n s , a r a p i d i n c r e a s e 

i n a b s c i s s i o n was e x p e r i e n c e d ( F i g u r e 6.10). 

Flower a b s c i s s i o n a t every raceme o f p l a n t s o f C o c k f i e l d , 

s u b j e c t e d t o removal o f the p r o x i m a l f l o w e r and t h e p r o x i m a l 

two f l o w e r s o f each raceme, was reduced over the i n f l o r e s c e n c e s 

s i t u a t e d on the lo w e r f l o w e r i n g p o r t i o n o f the p l a n t s . Where 

t h r e e f l o w e r s had been removed on each raceme, however, 

h i g h e r f l o w e r a b s c i s s i o n o c c u r r e d on racemes on the l o w e r 

f l o w e r i n g p o r t i o n o f p l a n t s , and a p p r o x i m a t e l y the same 
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F i g u r e 6.7: I n f l u e n c e o f p r o x i m a l f l o w e r removal on 
f l o w e r a b s c i s s i o n f o r v a r i e t y C o c k f i e l d . 
• (= t r e a t m e n t p l a n t s ; o - c o n t r o l p l a n t s . 
Each v a l u e i s an average p e r c e n t a g e . 
Standard e r r o r s are r e p r e s e n t e d by a bar. 
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Q. Proximal 'lower removed 
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F i g u r e (3.8: E f f e c t o f p r o x i m a l f l o w e r removal on 
Hower a b s o l u t i o n f o r v a r i e t y Cock I'.i elcl . 
East, va l u e i t an o v e r a l l p e r c e n t a g e . 
© -= t r e a t m e n t p l a n t s ; o = c o n t r o l p l a n t s . 



180 
Q. Proximal flower removed 

100 

| 90 
V) 
o 60 
< 

20-

0 

ioo -

2 Fl 4 > 6 

Flower position 
b. Proximal two flowers removed 

c80 
o 

£ 60 

1 4 0 

20 

0 

100 
c 

180 

160 

^ 4 0 
20 

2 4 6 
Hower position 

c. Proximal three flowers removed 

2 4 6 
Flower position 

8 

8 

8 

F i g u r e 6.9: "E f f e c t o f p r o x i m a l f l o w e r removal on 
f l o w e r a b s c i s s i o n f o r Ma r i s Bead. 
Each value i s an o v e r a l l p e r c e n t a g e . 
© = t r e a t m e n t p l a n t s ; o = c o n t r o l p l a n t s . 



a Proximal flower removed. 
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c. Proximal three flowers removed 
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F i g u r e 6.10: E f f e c t o f p r o x i m a l f l o w e r removal on 
f l o w e r a b s c i s s i o n f o r v a r i e t y T I C o l . 
Each v a l u e i s an o v e r a l l p e r c e n t a g e . 
$ = t r e a t m e n t p l a n t s ; o = c o n t r o l p l a n t s 
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a b s c i s s i o n o f f l o w e r s o c c u r r e d on the upper f l o w e r i n g 

p o r t i o n as the c o n t r o l p l a n t s ( F i g u r e 6.11). 

A b s c i s s i o n on each raceme o f M a r i s Bead p l a n t s , s u b j e c t 

t o p r o x i m a l f l o w e r removal, was g r e a t e r on the f i r s t formed 

i n f l o r e s c e n c e s , b u t s l i g h t l y l e s s on the subsequent racemes 

compared w i t h c o n t r o l p l a n t s . T h i s p a t t e r n o f f l o w e r 

a b s c i s s i o n was m a i n t a i n e d when p l a n t s were s u b j e c t e d t o 

removal o f the f i r s t two f l o w e r s on each raceme, however, 

th e r e d u c t i o n i n a b s c i s s i o n was much g r e a t e r on racemes 

s i t u a t e d on the upper f l o w e r i n g p o r t i o n o f plant:;. A s i m i l a r , 

b u t l e s s pronounced p a t t e r n o f a b s c i s s i o n was d i s p l a y e d by 

p l a n t s s u b j e c t e d t o removal o f the f i r s t t h r e e f l o w e r s on 

each raceme ( F i g u r e 6.12). Flower a b s c i s s i o n on i n f l o r e s c e n c e s 

o f T I C o l . p l a n t s was g e n e r a l l y h i g h e r on the f i r s t formed 

raceme, lo w e r on m i d d l e racemes and h i g h e r , a g a i n , on d i s t a l 

racemes and the t e r m i n a l i n f l o r e s c e n c e , f o r a l l t r e a t m e n t s , 

compared t o c o n t r o l p l a n t s ( F i g u r e 6.13). 

Flower a b s c i s s i o n , o v e r a l l ( Table 6.5), was s i g n i f i c a n t l y 

reduced f o r M a r i s Bead p l a n t s s u b j e c t t o removal o f the 

p r o x i m a l two f l o w e r s on each raceme. A b s c i s s i o n was s i g n i ­

f i c a n t l y reduced compared t o c o n t r o l C o c k f i e l d p l a n t s when 

s u b j e c t t o p r o x i m a l and f i r s t two f l o w e r removal f o r each 

raceme. T I C o l . p l a n t s , s u b j e c t e d t o f l o w e r removal t r e a t ­

ments a l l e x p e r i e n c e d an o v e r a l l i n c r e a s e i n a b s c i s s i o n , 

w h i c h i n c r e a s e d w i t h i n c r e a s i n g f l o w e r removal, compared t o 

the c o n t r o l p l a n t s . 

An i n c r e a s e i n y i e l d o f Maris Bead p l a n t s was e f f e c t e d 

by the removal o f the p r o x i m a l two f l o w e r s on each raceme. 

T h i s was a l s o t r u e Tor C o c k f i e l d p l a n t s s u b j e c t t o removal o f 

the f i r s t t h r e e f l o w e r s on each raceme (T a b l e 6.6). 
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F i g u r e 6.11: I n f l u e n c e of, f l o w e r removal on f l o w e r 
abscission.S f v a r i e t y C o e k i ' i e l d . 
Each v a l u e i s an average perc e n t a g e , 
o c o n t r o l ; © - t r e a t m e n t . 
Standard e r r o r s are r e p r e s e n t e d by a bar. 
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F i g u r e 6.12: I n f l u e n c e o f f l o w e r removal on 
f l o w e r a b s c i s s i o n o f v a r i e t y M a r i s Bead. 
Each v a l u e i s an average per c e n t a g e . 
o = c o n t r o l ; @ = t r e a t m e n t ; 
Standard e r r o r s are r e p r e s e n t e d by a b a r . 
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F i g u r e 6.13: I n f l u e n c e o f f l o w e r removal on f l o w e r 
a b s c i s s i o n o f v a r i e t y T I C o l . Each 
va l u e i s an average p e r c e n t a g e , 
o = c o n t r o l , ® = t r e a t m e n t ; 
Standard e r r o r s are r e p r e s e n t e d by a b a r . 
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Table 6.5 Summary o f r e s u l t s f o r p r o x i m a l removal 
e x p e r i m e n t s 

V a r i e t y and 
t r e a t m e n t 

% 
f l o w e r s 
dropped 

% 
Pods 
set 

2 
% , v = 1 

Ma r i s Bead 

C o n t r o l 44.1 55 .9 

a) P r o x i m a l f l o w e r 
removed 47.1 52.9 1 . 25 (P< 0. 1) 

b) P r o x i m a l two 
f l o w e r s removed 27.3 72.7 4 . 99 (P> o. 05< 0.025) 

c) P r o x i m a l t h r e e 
f l o w e r s removed 45 .3 54.7 0 . 14 (P < 0. 1) 

C o c k f i e l d 

C o n t r o l 62.6 37 .4 

a) P r o x i m a l f l o w e r 
removed 55 . 7 44.3 9 . 10 (P >o. 005< 0.001) 

b) P r o x i m a l two 
f l o w e r s removed 57 . 2 52.8 5 .49 (P> o. 025 < 0.01) 

c) P r o x i m a l t h r e e 
f l o w e r s removed 66 .1 33 .9 1 .94 (P< 0. 1) 

T I C o l . 

C o n t r o l 19 .6 80.4 

a) P r o x i m a l f l o w e r 
removed 27 .4 72.6 2 .65 (P < o. 1) 

b) P r o x i m a l two 
f l o w e r s removed 29 .7 70 .3 2 .92 (P > 0 . 1 < 0.05) 

c) P r o x i m a l t h r e e • 
f l o w e r s removed 32.0 68 .0 4 .32 (P > o. 05 < 0.025) 
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E f f e c t o f d i s t a l f l o w e r removal w i t h i n racemes 
on f l o w e r a b s c i s s i o n 

C o c k f i e l d p l a n t s s u b j e c t t o removal o f the d i s t a l two o r 

t h r e e f l o w e r s on each raceme, r e s u l t e d i n no change i n f l o w e r 

drop w i t h i n each a x i l l a r y raceme ( F i g u r e 6.14, Table 6.7). 

Table 6.7 Summary o f r e s u l t s f o r d i s t a l f l o w e r removal 
w i t h v a r i e t y C o c k f i e l d 

Treatment 
Flowers 
dropped 

(%) 
Pods s e t 

(%) ycz ( v = i ) 

C o n t r o l 322 (88.7) 41 (11.3) 

D i s t a l two 
f l o w e r s removed 329 (87.9) 45 (12.1) 0.09 (P< 0. 1) 

D i s t a l t h r e e 
f l o w e r s removed 312 (88.6) 40 (11.4) 0.0008 (P< 0.1) 
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F i g u r e 6.14: • I n f l u e n c e o f d i s t a l f l o w e r removal.on 
f l o w e r a b s c i s s i o n o f v a r i e t y C o c k f i e l d . 
o = t r e a t m e n t p l a n t s ; o - c o n t r o l , p l a n t 
Each v a l u e i s an o v e r a l l p e r c e n t a g e . 
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CHAPTER 7 

VISUAL OBSERVATIONS ON PLANTS WITH DIFFERING 
FLORAL AND PLANT ARCHITECTURES. RESULTS OF 
EXPERIMENTS TO ELUCIDATE DIFFERENCES IN VASCULAR 
ANATOMY BETWEEN PLANTS EXHIBITING LOW FLOWER 
ABSCISSION AND THOSE OF C0P4MERCIAL VARIETIES 

O b s e r v a t i o n s o f f l o w e r drop on p l a n t s grown i n the glasshouse 
e x h i b i t i n g d i f f e r e n t f l o r a l and p l a n t a r c h i t e c t u r e s 

Flower a b s c i s s i o n was l e s s i n a l l ( i n b r e d ) l i n e s d e r i v e d 

from the c r o s s 22 x 21 compared t o t h a t e x p e r i e n c e d by 

commercial v a r i e t i e s . I n most cases, however, fewer f l o w e r s 

were produced on each raceme i n the for m e r case. 

Of those l i n e s p o s s e s s i n g a t e r m i n a l i n f l o r e s c e n c e , 

some e x h i b i t e d q u i t e a h i g h f l o w e r drop, w h i l e o t h e r s d i d n o t . 

P l a n t l i n e s e x h i b i t i n g h i g h f l o w e r drop, i . e . 5 6 , i 3 4 / 7 , 

56/143/18, 56/109/7, 56/143/7, 56/109/15, 56/98/10, a l s o 

had a p a t t e r n o f a b s c i s s i o n s i m i l a r t o t h a t observed p r e v i o u s l y 

p r o x i m a l f l o w e r s a b s c i s e d t he l e a s t , d i s t a l f l o w e r s the most. 

Other l i n e s , n o t a b l y 56/134/13, 56/117/1 and 56/107/1 e x h i b i t e d 

low a b s c i s s i o n , and the p a t t e r n o f f l o w e r drop w i t h i n each 

raceme, was on average, a l t e r e d . Most f l o w e r a b s c i s s i o n 

o c c u r r e d a t middle raceme p o s i t i o n s , w h i l e l e s s drop was 

observed a t p o s i t i o n s p r o x i m a l and d i s t a l t o th e s e . P l a n t s 

o f l i n e s 56/107/4, 56/143/13, 56/134/14, 56/143/7 e x h i b i t e d 
a n n n n v i m a f p l 1 / o i m i "1 o r-» f 1 r i i . r o r i H Y-»(~\T~\ a l l n n c i t i n n c o v r> o o f h D 

« [ > t , i » , v J . , i , u » 1 , i j ^ J . , . . ^ j . ^ . i J - J . ^ . . ^ ^ . ^ ^ . ^ ^^^-L. ^ J . , - " " - t " ~ . i n ­

most d i s t a l one, a t which the f l o w e r i n v a r i a b l y a b s c i s e d . 

T h i s p a t t e r n o f flower' drop i s e x e m p l i f i e d by p l a n t s o f 

l i n e 56/143/13, where a p p r o x i m a t e l y 25% o f the f l o w e r s dropped 

on the f i r s t f o u r f l o w e r p o s i t i o n s , b u t every f l o w e r dropped 

on the f i f t h p o s i t i o n ( F i g u r e s 7.1.1, 7.1.2, 7.1.3). 
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F i g u r e 7.1.1: Flower a b s c i s s i o n o f i n b r e d l i n e s w i t h , 
d i f f e r e n t f l o r a l and p l a n t a r c h i t e c t u r e s . 
A l l p l a n t s were o b t a i n e d from t he c r o s s i n g 
programme. Each v a l u e i s an o v e r a l l 
p e rcentage. 
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F i g u r e 7.1.2: -Flower a b s c i s s i o n o f i n b r e d l i n e s w i t h 
d i f f e r e n t f l o r a l and p l a n t a r c h i t e c t u r e s . 

• A l l p l a n t s were o b t a i n e d from the c r o s s i n g 
programme. Each v a l u e i s an o v e r a l l 
p e r c e n t a g e . 
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F i g u r e 7.1.3; Flower a b s c i s s i o n o f i n b r e d l i n e s w i t h 
d i f f e r e n t f l o r a l and p l a n t a r c h i t e c t u r e s , 
arid those o f commercial v a r i e t i e s . A l l 
p l a n t s , except f o r commercial c u l t i v a r s , 
were o b t a i n e d from the c r o s s i n g programme. 
Each v a l u e i s an o v e r a l l p e r c e n t a g e . 
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F l o w e r a b s c i s s i o n f o r most d e t e r m i n a t e l i n e s g r a d u a l l y -

i n c r e a s e d from the p r o x i m a l a x i l l a r y raceme to the t e r m i n a l 

raceme. One l i n e of p l a n t s , 56/117/1, however, e x h i b i t e d 

g r e a t e s t f l o w e r a b s c i s s i o n , on the p r o x i m a l a x i l l a r y i n f l o r ­

e s c e n c e s , and l e a s t on the t e r m i n a l i n f l o r e s c e n c e . Two 

l i n e s o f p l a n t s , 56/107/1 and 56/107/4, e x h i b i t e d low f l o w e r 

a b s c i s s i o n on a l l racemes ( F i g u r e s 7.2.1, 7.2.2, 7.2.3, 7 . 2 . 4 ) . 

A s s e s s m e n t of f l o w e r drop f o r p l a n t s of the i n d e t e r m i n a t e 

l i n e s 56/130/1 and 56/118/20 ( F i g u r e s 7.1.1, 7.1.2) r e v e a l e d 

a c o n s i d e r a b l e d i f f e r e n c e i n a b s c i s s i o n w i t h i n e a c h raceme, 

a l t h o u g h both l i n e s have a s i m i l a r p l a n t a r c h i t e c t u r e . Both 

l i n e s o f p l a n t s p o s s e s s e d , on a v e r a g e , more f l o w e r s on e a c h 

raceme, compared to the t e r m i n a l - i n f l o r e s c e n c e l i n e s , 

These p l a n t s c o u l d be termed s e m i - d e t e r m i n a t e , i n t h a t f l o w e r i n g 

a b r u p t l y s t o p s a f t e r 10 - 14 racemes have been produced, but 

a f u r t h e r few v e g e t a t i v e nodes a r e produced b e f o r e growth 

c e a s e s . F l o w e r s w i t h i n a p a r t i c u l a r raceme a t t a i n e d a n t h e s i s 

a l m o s t s y n c h r o n o u s l y . 

F l o w e r a b s c i s s i o n on p l a n t s o f l i n e 56/130/1 was 

s i m i l a r on most raceme p o s i t i o n s , v a r y i n g from 62% of the 

f l o w e r s s i t u a t e d on the p r o x i m a l raceme p o s i t i o n t o 82% o f 

f l o w e r s s i t u a t e d on the d i s t a l raceme p o s i t i o n . F l o w e r 

a b s c i s s i o n on p l a n t s of l i n e 56/118/20 was low a t most 

f l o w e r p o s i t i o n s . T h i s v a r i e d from 6% of f l o w e r s a t the 

p r o x i m a l raceme p o s i t i o n to a peak o f 41% a t p o s i t i o n 5 

g o i n g down to 25% a t p o s i t i o n 7. 

F l o w e r a b s c i s s i o n c o n s i d e r a b l y f l u c t u a t e d o v e r racemes 

on p l a n t s of l i n e 56/130/1. High f l o w e r a b s c i s s i o n o c c u r r e d 

on p r o x i m a l racemes, t h i s d e c l i n e d on racemes s i t u a t e d i n the 

mid d l e f l o w e r i n g p o r t i o n o f the p l a n t but i n c r e a s e d on sub-
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sequent racemes, and declined again on the most d i s t a l 
i n f l o r e s c e n c e s . Plants of l i n e 56/118/20 e x h i b i t e d , on 
average, s i m i l a r f l o w e r abscission on each of the f i r s t f i v e 
racemes, above these inflorescences a gradual increase i n 
flowe r abscission was observed (Figure 7.2.3). 

Ov e r a l l f l o w e r abscission on p l a n t s of l i n e 56/118/20 
was 23%; whereas on l i n e 56/130/1 i t was 71%. The t e r m i n a l 
i n f l o r e s c e n c e l i n e s 56/107/1 and 56/107/4 e x h i b i t e d less 
o v e r a l l f l o w e r abscission than p l a n t s of l i n e 56/118/20 
(Table 7.1). On the former l i n e s , however, less flowers are 
produced on each raceme and f l o w e r i n g i s confined to an average 
of f i v e i n f l o r e s c e n c e s . 
V i s u a l observations of f i e l d grown p l a n t s w i t h 
d i f f e r e n t f l o r a l and p l a n t a r c h i t e c t u r e s 

Plants of inbred l i n e 56/62/F segregated f o r f l o w e r 
colour between those possessing wing p e t a l s w i t h black 
spots and those w i t h completely white f l o w e r s . Both types 
e x h i b i t e d a p a t t e r n o f flow e r abscission w i t h i n each raceme, 
s i m i l a r to t h a t described p r e v i o u s l y , t h a t i s proximal flowers 
experienced less abscission than the d i s t a l ones. Less 
fl o w e r abscission was observed on p l a n t s possessing white 
f l o w e r s . Plants of l i n e 56/14/F also e x h i b i t e d a s i m i l a r 
p a t t e r n of f l o w e r abscission w i t h i n each raceme. Plants of 
l i n e 56/107/1-4 segregated f o r f l o w e r colour and f o r the 
t e r m i n a l i n f l o r e s c e n c e character. The indeterminate p l a n t s , 
w i t h d i f f e r e n t f l o w e r colours, e x h i b i t e d greater f l o w e r 
abscission, e s p e c i a l l y at d i s t a l raceme p o s i t i o n s , than 
p l a n t s of the same l i n e possessing a t e r m i n a l i n f l o r e s c e n c e . 
Plants possessing flowers w i t h yellow spotted wing p e t a l s , 
e x h i b i t e d less abscission over a l l raceme p o s i t i o n s , than 
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Table 7.1 Summary of average percentage 
abscission and pods set of p l a n t s 
w i t h d i f f e r i n g f l o r a l and p l a n t 
a r c h i t e c t u r e s and commercial v a r i e t i e s 

Inbred l i n e 
or v a r i e t y 

Flower 
abscission 

Pods 
set 

56/143/13 74 .3 25 .7 
56/134/14 64.4 35.6 
56/143/1 74.6 25.4 
56/134/7 59.3 40.7 
56/118/20 23.0 77 .0 
56/117/1 32 . 2 67.7 
56/143/18 68 .4 31 .6 
56/134/12 42 .3 57.7 
56/109/7 38.2 61 .8 
56/107/1 16.2 83 .8 
56/130/1 71 .0 29 .0 
56/143/7 53 .6 46 .4 
56/143/13 33.1 66 .9 
56/109/15 59.2 40. 8 
56/107/4 13.1 86 .9 
56/98/10 47 .4 52 .6 
Co c k f i e l d 82 .0 18.0 
D e i n i o l 80 .3 19 . 7 



201 

p l a n t s possessing other f l o w e r c o l o u r s . I n c o n t r a s t , f o r 
the t e r m i n a l i n f l o r e s c e n c e p l a n t s of l i n e 56/107/1-4 flow e r 
drop was s i m i l a r at most raceme p o s i t i o n s . This was 
e s p e c i a l l y so f o r p l a n t s w i t h black spotted wing p e t a l s . 

Plants of l i n e 56/134/12 & 14, which a l l possessed a 
te r m i n a l i n f l o r e s c e n c e experienced low flow e r abscission at 
proximal raceme p o s i t i o n s , and gre a t e r abscission at d i s t a l 
p o s i t i o n s . 

The t e r m i n a l i n f l o r e s c e n c e l i n e 56/143/13-18, e x h i b i t e d 
s i m i l a r f l o w e r drop at most in f l o r e s c e n c e p o s i t i o n s except 
f o r the most d i s t a l l y s i t u a t e d f l o w e r on each raceme, which 
e x h i b i t e d greater drop. 

The two l i n e s 56/118/20 and 56/143/9 were semi-determinate 
i n growth h a b i t and had almost synchronous flowers w i t h i n a 
p a r t i c u l a r raceme. Both l i n e s of p l a n t s e x h i b i t e d low 
flo w e r drop w i t h i n each raceme. The abscission experienced 
by flowers of p l a n t s of l i n e 56/118/20 v a r i e d , on average, 
from 5% on the proximal f l o w e r p o s i t i o n t o 44% on the most 
d i s t a l p o s i t i o n . The proximal f l o w e r on racemes of p l a n t s of 
l i n e 56/143/9 had an abscission r a t e of 12%, i n co n t r a s t to 
38% f o r flowers s i t u a t e d on the d i s t a l raceme p o s i t i o n 
(Figures 7.3.1, 7.3.2, 7.3.3). 

Plants of l i n e 56/118/20 e x h i b i t e d , on average, a 
s i m i l a r , low l e v e l of flow e r abscission over most racemes. 
Plants of l i n e 56/143/9, on average, e x h i b i t e d low flower 
abscission on most i n f l o r e s c e n c e s , except those s i t u a t e d on 
the upper f l o w e r i n g p o s i t i o n of the p l a n t s (Figures 7.4.1, 
7.4.2, 7.4.3). 

Ove r a l l f l o w e r abscission was lowest i n both semi-
determinnte l i n e s . Plants of l i n e 56/62/F w i t h white flowers 
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e x h i b i t e d a s i g n i f i c a n t r e d u c t i o n i n f l o w e r drop, compared 
to p l a n t s of the same l i n e possessing fl o w e r s w i t h black 
spotted wing p e t a l s . Comparison between p l a n t s of l i n e 
56/107/1-4 d i s p l a y i n g indeterminate growth, but w i t h d i f f e r i n g 
f l o w e r colour and those possessing flowers w i t h black spotted 
wing p e t a l s , showed t h a t o v e r a l l f l o w e r abscission was higher 
i n the p l a n t s w i t h white f l o w e r s . Plants possessing flowers w i t h 
yellow spotted wing p e t a l s e x h i b i t e d s i g n i f i c a n t l y less 
o v e r a l l f l o w e r abscission than p l a n t s possessing flowers w i t h 
black spotted wing p e t a l s . No d i f f e r e n c e i n o v e r a l l flower 
abscission was observed between flowers of d i f f e r e n t colours, 
possessing the t e r m i n a l i n f l o r e s c e n c e character i n p l a n t s 
o f l i n e 56/107/1-4 (Table 7.2). 

Analysis of y i e l d components revealed t h a t p l a n t s of 
l i n e 56/118/20 produced the highest number of mature pods, 
but the seeds were smaller (and l i g h t e r ) than those of other 
l i n e s . The highest y i e l d , i n terms of the mean weight of 
seed produced per p l a n t , was e x h i b i t e d by p l a n t s of l i n e 
56/107/1-4 w i t h an indeterminate growth h a b i t possessing 
wing p e t a l s w i t h a black spot. Plants of the sernideterminate 
l i n e 56/143/9, produced q u i t e a high number of mature pods, 
but t h i s was exceeded by indeterminate p l a n t s of l i n e 56/107/1-4 
possessing flowers w i t h black or yellow spotted wing p e t a l s 
(Table 7.3). 

Results of observations comparing the t r a n s p o r t of the dye 
eosin w i t h i n the vascular t i s s u e of p l a n t l i n e s e x h i b i t i n g 
low f l o w e r drop io commercial v a r i e t i e s 

The proximal f l o w e r on racemes of D e i n i o l p l a n t s was 
removed at the pedicel/peduncle j u n c t i o n and eosin was fed 
i n t o the vascular t i s s u e v i a the cut surface. 11, was observed 
t h a t eosin r a p i d l y appeared i n flowers d l s t a l l y s i t u a t e d on 
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t h e r a c e m e s . However, i n some c a s e s , no e o s i n was d e t e c t e d 

i n f l o w e r s a t p o s i t i o n s 2 and 3, o r 3 and 4 w i t h i n a raceme. 

When t h e same t r e a t m e n t was a p p l i e d t o t h e c u t t i s s u e 

a t t h e s e c o n d f l o w e r p o s i t i o n w i t h i n a raceme, i n no case was 

e o s i n d e t e c t e d i n t h e f l o w e r s i t u a t e d a t t h e f i r s t raceme 

p o s i t i o n . I n most c a s e s , t h e dye r a p i d l y a p p e a r e d i n f l o w e r s 

s i t u a t e d on more d i s t a l raceme p o s i t i o n s . I n some c a s e s , 

h o w e v e r , t h e r e was no t r a n s p o r t o f dye t o f l o w e r s s i t u a t e d 

on t h e t h i r d p o s i t i o n . I n one c a s e , no dye was o b s e r v e d i n 

t h e f i f t h p o s i t i o n w i t h i n t h e raceme ( T a b l e 7 . 4 . 1 ) . 

When t h i s e x p e r i m e n t was r e p e a t e d w i t h p l a n t s o f l i n e 

56/143/9 i r r e s p e c t i v e o f w h i c h f l o w e r p o s i t i o n was f e d w i t h 

e o s i n and w i t h few e x c e p t i o n s no dye a p p e a r e d a t a l l i n any 

o f t h e o t h e r f l o w e r s on t h e raceme ( T a b l e 7 . 4 . 2 ) . 

T r a n s p o r t o f 1 4 C 0 ^ w i t h i n racemes o f p l a n t s o f l i n e 56/143/9, 
compared t o t h a t i n r acemes o f i n b r e d l i n e T51 

The p r o x i m a l f l o w e r o n a raceme o f i n b r e d l i n e T51 and 

l i n e 56/143/9 was f e d w i t h "^ 4C0 2, and f l o w e r s s i t u a t e d on 

o t h e r raceme p o s i t i o n s w e r e s u b s e q u e n t l y a s s a y e d f o r t h e 
14 14 p r e s e n c e o f i n c o r p o r a t e d C. T h i s r e v e a l e d t h a t most C 

was i n c o r p o r a t e d i n t h e f e d f l o w e r o f l i n e T 5 1 , b u t s u b s t a n t i a l 
14 

C was a l s o d e t e c t e d i n t h e s e c o n d and t h i r d f l o w e r s on 

t h e raceme. I n a d d i t i o n some r a d i o a c t i v i t y was d e t e c t e d i n 

f l o w e r s s i t u a t e d a t p o s i t i o n s 5, 6 and 7 ( F i g u r e 7 . 5 . 1 ) . 
The f e d f l o w e r o f l i n e 56/143/9 c o n t a i n e d most o f t h e i n c o r -

14 

p o r a t e d C. V e r y l i t t l e r a d i o a c t i v i t y a p p e a r e d i n f l o w e r s 

s i t u a t e d a t o t h e r p o s i t i o n s on t h e raceme ( F i g u r e 7 . 5 . 2 ) . 
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T a b l e 7.4.1 P r e s e n c e o r absence o f t r a n s p o r t e d E o s i n 
I n t o f l o w e r s f o l l o w i n g p r o x i m a l f l o w e r 
r e m o v a l f o r c u l t i v a r D e i n i o l 

T r e a t m e n t Raceme r e p l i c a t e 
& f l o w e r 
p o s i t i o n 
& f l o w e r 
p o s i t i o n 1 2 3 4 5 

( a ) 

1 Removed Removed Removed Removed Removed 

2 X / X X / 

3 / / X X X 

4 / X / / X 

5 / / / / / 

6 - / / / / 

( b ) 

1 X X X X X 

2 Removed Removed Removed Removed Removed 

3 / / X / X 

4 / / / / / 

5 / X / / / 

6 - / - - / 

( a ) f i r s t f l o w e r o r ( b ) s e c o n d f l o w e r on a raceme was removed 

/ = p r e s e n c e o f t r a n s p o r t e d E o s i n 

X = absence o f t r a n s p o r t e d E o s i n 
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T a b l e 7.4.2 P r e s e n c e o r absence o f t r a n s p o r t e d E o s l n 
i n t o f l o w e r s f o l l o w i n g p r o x i m a l f l o w e r 
r e m o v a l f o r l i n e 56/143/9 

T r e a t m e n t 
and f l o w e r 
p o s i t i o n 

Raceme r e p l i c a t e T r e a t m e n t 
and f l o w e r 
p o s i t i o n 1 2 3 4 5 

( a ) 

1 Removed Removed Removed Removed Removed 

2 X X / X X 

3 X X X X X 

4 X X X X X 

5 X X X X X 

6 X - - X / 
( b ) 

1 X X X X V 
j\ 

2 Removed Removed Removed Removed Removed 

3 X X X X X 

4 X X X / X 

5 X X X X X 

6 X / X X X 

( a ) f i r s t f l o w e r o r ( b ) s e c o n d f l o w e r on a raceme was removed 

/ = p r e s e n c e o f E o s i n X = absence o f t r a n s p o r t e d E o s i n 
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R e s u l t s o f e x p e r i m e n t s t o compare the development 
o f the p e d i c e l / p e d u n c l e j u n c t i o n s o f v a r i e t y M a r i s 
Bead and l i n e 56/118/20 

The d i f f e r e n t i a t i o n o f v a s c u l a r t i s s u e w i t h i n the p e d i c e l / 

p e d u n c l e j u n c t i o n o f f l o w e r s s i t u a t e d on d i f f e r e n t p o s i t i o n s 

w i t h i n a raceme was measured, by a s s a y i n g the c o n c e n t r a t i o n o f 

p e r o x i d a s e w i t h i n t h e s e j u n c t i o n s , u s i n g a g e l d i f f u s i o n 

enzyme a s s a y ( F i g u r e 7 . 6 ) . 

P r o x i m a l M a r i s Bead j u n c t i o n s , o f f l o w e r s a t d e v e l o p ­

m e n t a l s t a g e 10 had g r e a t e r p e r o x i d a s e c o n c e n t r a t i o n s t h a n 

j u n c t i o n s o f f l o w e r s , a t the same d e v e l o p m e n t a l s t a g e , s i t u a t e d 

a t d i s t a l raceme p o s i t i o n s . J u n c t i o n s o f f l o w e r s , o f p l a n t s 

o f l i n e 56/118/20, a t d e v e l o p m e n t a l s t a g e 10 a t a l l raceme 

p o s i t i o n s a l l e x h i b i t e d a s i m i l a r , low c o n c e n t r a t i o n o f 

p e r o x i d a s e . 

Comparison o f D e i n i o l p e d i c e l / p e d u n c l e j u n c t i o n s a t 

a l l raceme p o s i t i o n s showed t h a t i t was t h e p r o x i m a l two 

j u n c t i o n s t h a t had a h i g h e r p e r o x i d a s e c o n c e n t r a t i o n , w h i c h 

i n c r e a s e d from d e v e l o p m e n t a l s t a g e 10 to pod s e t . No s u c h 

i n c r e a s e i n p e r o x i d a s e c o n c e n t r a t i o n was o b s e r v e d i n p e d i c e l / 

p e d u n c l e j u n c t i o n s o f f l o w e r s a t more d i s t a l raceme p o s i t i o n s . 

I n d e e d many f l o w e r s a t the more d i s t a l raceme p o s i t i o n s v/ere 

b e g i n n i n g to a b s c i s e . Comparison o f the above c o n c e n t r a t i o n s 

w i t h t h o s e found a t j u n c t i o n s o f l i n e 56/143/9 showed t h a t 

t h e r e was l e s s p e r o x i d a s e a t the p r o x i m a l f l o w e r p o s i t i o n s c f 

l i n e 56/143/9, but the enzyme c o n c e n t r a t i o n i n c r e a s e d a t a l l 

raceme p o s i t i o n s between d e v e l o p m e n t a l s t a g e 10 t o pod s e t 

( F i g u r e 7 . 7 ) . 

These r e s u l t s show t h a t p e d i c e l / p e d u n c l e j u n c t i o n s of 

p r o x i m a l l y s i t u a t e d f l o w e r s o f v a r i e t i e s M a r i s Bead and 

D o i n i o l have a d e v e l o p m e n t a l advantage o v e r f l o w e r s , a t the 



2 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 
mm Diameter 

F i g u r e 7.6 S t a n d a r d c u r v e f o r p e r o x i d a s e a s s a y , 
S t a n d a r d e r r o r s denoted a s a b a r . 
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F i g u r e 7.7: E s t i m a t i o n o f p e r o x i d a s e c o n c e n t r a t i o n i n 
p e d i c e l p e d u n c l e j u n c t i o n s a t e a c h f l o w e r 
p o s i t i o n and a t d i f f e r e n t d e v e l o p m e n t a l 
s t a g e s . Each v a l u e i s an a v e r a g e o f 10 
p e p l i c a t e s . 
( a ) C o m p a r i s o n o f M a r i s Bead (•) o f j u n c t i o n s 

f r o m f l o w e r s a t s t a g e 10 a t t h e p r o x i m a l 
p o s i t i o n and a t s t a g e 9 a t t h e d i s t a l p o s i t i o n 
and 56/118/20 a l l f l o w e r s a t s t a g e 10. 

.(b) C o m p a r i s o n o f D e i n i o l j u n c t i o n s a t S t a g e 10 ( o ) 
and a t pod s e t ( • ) . 

( c ) C o m p a r i s o n o f 56/143/9 j u n c t i o n s a t s t a g e 10 ( o ) 
and a t pod s e t (®). 



219 

same d e v e l o p m e n t a l s t a g e , s i t u a t e d a t more d i s t a l raceme 

p o s i t i o n s . However, p e d i c e l / p e d u n c l e j u n c t i o n s o f f l o w e r s 

o f l i n e s 56/118/20 and 56/143/9 d i f f e r e n t i a t e e v e n l y , b u t 

more s l o w l y , o v e r a l l raceme p o s i t i o n s . 

E x a m i n a t i o n o f t h e v a s c u l a r anatomy w i t h i n racemes 
o f c o m m e r c i a l v a r i e t i e s and t h o s e l i n e s e x h i b i t i n g 
l o w f l o w e r a b s c i s s i o n 

Racemes o b t a i n e d f r o m p l a n t s o f M a r i s Bead, D e i n i o l , 

C o c k f i e l d and t h e t e r m i n a l g e n o t y p e T I C o l . and i n b r e d l i n e s 

56/118/20 and 56/143/9 were s e c t i o n e d and e x a m i n e d u n d e r 

f l u o r e s c e n t and l i g h t m i c r o s c o p y . I n a d d i t i o n s q u a s h e s o f 

w h o l e racemes f r o m t h e s e l i n e s w e r e a l s o e x a m i n e d . I n a l l 

c o m m e r c i a l v a r i e t i e s and t h e d e t e r m i n a t e g e n o t y p e T I C o l , 

i n most c a s e s , i t was o b s e r v e d t h a t t h e v a s c u l a r t r a c e o f 

t h e p r o x i m a l f l o w e r p o s i t i o n was i n d e p e n d e n t o f t h e o t h e r 

f l o w e r s . I n some c a s e s t h e v a s c u l a r t r a c e s u p p l y i n g t h e 

s e c o n d f l o w e r v/as a l s o i n d e p e n d e n t o f t h e o t h e r f l o w e r s . 

I n many c a s e s t h e v a s c u l a r s t r a n d s l e a d i n g t o t h e s e c o n d 

and t h i r d f l o w e r p o s i t i o n s were c o n n e c t e d t o t h o s e t r a c e s 

s u p p l y i n g t h e f l o w e r s s i t u a t e d on more d i s t a l p o s i t i o n s . I t 

was a l s o c l e a r t h a t much v a r i a t i o n o f t h i s g e n e r a l v a s c u l a r 

a r c h i t e c t u r e o c c u r r e d i n c o m m e r c i a l v a r i e t i e s . 

E x a m i n a t i o n o f t h e v a s c u l a t u r e o f racemes f r o m p l a n t s 

o f l i n e s 56/143/9 and 56/118/20, r e v e a l e d t h a t t h e v a s c u l a r 

t i s s u e s u p p l y i n g p r o x i m a l f l o w e r s was, i n t h e m a j o r i t y o f 

c a s e s , i n d e p e n d e n t o f t h a t s u p p l y i n g f l o w e r s s i t u a t e d a t 

o t h e r raceme p o s i t i o n s . A g a i n , h o w e v e r , some v a r i a t i o n f r o m 

t h i s v a s c u l a r a r c h i t e c t u r e v/as a l s o o b s e r v e d ( F i g u r e 7 . 8 ) . 

The above e v i d e n c e s u g g e s t s t h a t t h e o b s e r v e d r e d u c t i o n 

i n f l o w e r d r o p i n l i n e s 56/143/9 and 56/118/20, i s due t o t h e 



F i g u r e 7.8: A. D i a g r a m o f p e d u n c l e , s h o w i n g i n d e p e n d e n t 
v a s c u l a r s u p p l y t o e a c h f l o w e r . 

B. T y p i c a l b r a n c h e d p a t t e r n o f v a s c u l a r s u p p l y 



a 



221 

p a r t i c u l a r v a s c u l a r a r c h i t e c t u r e w i t h i n t h e raceme o f t h e s e 

p l a n t s ( s e e F i g u r e 7 . 9 ) . 
14 

The i n c o r p o r a t i o n o f CÔ , i n t o racemes 
f r o m f e d l e a v e s 
L e a v e s o f M a r i s Bead and l i n e 22 p l a n t s w e r e f e d w i t h 

1 4 C 0 2 ( F i g u r e s 7 . 1 0 . 1 , 7 . 1 0 . 2 ) . The r e s u l t s show t h a t most 
14 

C was i n c o r p o r a t e d i n t o t h e raceme on t h e same node as 
14 

t h e f e d l e a f . V e r y l i t t l e C was i n c o r p o r a t e d i n l e a v e s 
and racemes e l s e w h e r e . 

14 
D i s t r i b u t i o n o f C i n pods and l e a v e s o f l i n e 56/143/9 
and c o m m e r c i a l v a r i e t y D e i n i o l 

14 
I n a p l a n t o f v a r i e t y D e i n i o l much C was i n c o r p o r a t e d 

14 

i n t o t h e raceme on t h e same node as t h e f e d l e a f . C was, 

h o w e v e r , a l s o i n c o r p o r a t e d i n pods d e v e l o p i n g on t h e l o w e r 

p o r t i o n o f t h e p l a n t . T h i s i n c o r p o r a t i o n was s e l e c t i v e , i n 
14 

t h a t most o f t h e C o n l y a p p e a r e d i n t h e pods and p e d u n c l e s 
s i t u a t e d 2, 4, 6 and 8 nodes b e l o w t h e f e d l e a f . I n a d d i t i o n , 
14 

C o n l y a p p e a r e d i n t h e pods and p e d u n c l e s , n o t i n t h e 
14 

l e a v e s . L i t t l e o r no C was i n c o r p o r a t e d i n t o p ods and 

p e d u n c l e s 1 , 3, and 7 nodes b e l o w t h e f e d l e a f . (No raceme 

was f o r m e d a t t h e 5 t h node b e l o w t h e f e d l e a f i n t h e s p e c i m e n 

u s e d ) . ( T a b l e 7.5; F i g u r e 7 . 1 1 ) . 
14 

A s i m i l a r p a t t e r n o f C i n c o r p o r a t i o n was o b s e r v e d i n 
p l a n t s o f l i n e 56/143/9 ( T a b l e 7.6, F i g u r e 7 . 1 2 ) . I n b o t h 

] 4 
c a s e s t h e r e was v e r y l i t t l e i n c o r p o r a t i o n o f C i n o r g a n s 

14 

above t h e f e d l e a f . However, a s m a l l amount o f C was 

i n c o r p o r a t e d i n t o t h e apex o f b o t h p l a n t s . T h i s i n c o r p o r a t i o n 

was g r e a t e r i n D e i n i o l p l a n t s . 

F e e d i n g a l e a f c f a p l a n t o f l i n e 56/143/9 when i n f l o w e r , 
14 14 b u t w i t h no pods s e t on t h e p l a n t w i t h CO2» r e s u l t e d m C 

b e i n g i n c o r p o r a t e d i n t o a l t e r n a t e and f l o w e r s above t h e f e d l e a f . 

Much more r a d i o a c t i v i t y a p p e a r e d i n t h e apex o f t h e p l a n t ( F i g . 7 .13 ) 



F i g u r e 7.9: ( a ) E a r l y pod s e t i n independent v a s c u l a r s u p p l y 
l i n e 56/143/9. 

( b ) Pods m a t u r i n g on a raceme o f i n b r e d l i n e 
56/143/9. 

( c ) E a r l y pod s e t on a raceme o f c o m m e r c i a l 
v a r i e t y C o c k f i e l d . 

( d ) M a t u r i n g pod on a raceme o f c o m m e r c i a l 
v a r i e t y C o c k f i e l d . 
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Table 7.5 Explanation of samples f o r C 
feeding experiment with D e i n i o l 
(see Figure 7.11) 

Sample 
number 

1 
Explanation 

1 1 cm s e c t i o n of stem above fed l e a f . 

2 1 cm s e c t i o n of stem below fed l e a f . 

3 Pods, flowers and raceme subtending fed l e a f . 

4 Leaf below fed l e a f . 

5 Flowers, pod and node (Pod 2 cm) 

6 2nd le a d below fed l e a f . 
n 
i 

Pods and raceme (Pod 3 cm). 

8 3 rd l e a f below fed l e a f . 

9 Pod and raceme (Pod 3.5 cm). 

10 4th l e a f below fed l e a f . 

11 Pod and raceme (Pod 5 cm). 

12 5 th l e a f below - no raceme. 

13 6th l e a f below fed l e a f . 

14 Pod and raceme (Pod 5.5 cm) 

15 7th l e a f below fed l e a f . 

16 Pod and raceme (Pod 6 cm) 

17 8th l e a f below fed l e a f . 

18 Pod and raceme (Pod 6 cm) 

19 T o t a l % r a d i o a c t i v i t y of l e a v e s , flowers 
and racemes and apex above fed l e a f . 

i 
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Table 7. 6 Ex p l a n a t i o n of samples •p 14 n or C 
feeding experiment with 56/143/9 
(see Figure 7.12.) 

Sample 
number Ex p l a n a t i on 

1 1 cm s e c t i o n of stem above fed l e a f . 

2 1 cm s e c t i o n of stem below f ed l e a f . 

3 Pods, flowers and raceme subtending fed l e a f . 

4 Leaf below fed l e a f . 

5 Flowers, pods and raceme (Pods 1 cm) 

6 2nd l e a f below fed l e a f . 

7 Pods and raceme (Pods: 2 
1 

x 
X 

3 
2 
cm, 
cm below) 

3 3rd l e a f below fed l e a f . 

9 Pods and raceme (Pods: 1 
1 

X 
X 

3 
T - i . 

cm 
cm) 

10 4th l e a f below fed l e a f . 

11 Pods and raceme (Pods: 2 
1 
1 
1 

X 
X 
X 
X 

A 
2 
3 
1 

cm 
cm 
cm 
cm) 

12 5th l e a f below fed l e a f . 

13 Pods and raceme (Pods 1 x 
1 X 
2 x 

5 
2 
1 

cm, 
cm 
cm) 

14 Tot a l % r a d i o a c t i v i t y of l e a v e s , f l o w e r s , 
racemes and apex above fed l e a f . 
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into pods and l e a v e s of l i n e 56/143/9 • 
For explanation of samples see accompanying t a b l e 
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V a s c u l a r supply of the stem feeding l e a v e s 
and racemes of V i c i a faba 

E c s i n and f l u o r e s c e i n were allowed to t r a n s p o r t from the 

cut t i s s u e r e s u l t i n g from removal of a raceme, on p l a n t s of 

Maris Bead, D e i n i o l , C o c k f i e l d , 56/143/9, and 56/118/20. 

The dyes appeared i n racemes, not the l e a v e s , s i t u a t e d on 

a l t e r n a t e nodes, above t h a t of the fed raceme. There was no 

t r a n s p o r t of dye i n t o peduncles s i t u a t e d below the fed t i s s u e . 

Feeding the cut t i s s u e of e x c i s e d l e a v e s with e o s i n , or 

the abraded s u r f a c e of l e a v e s with f l u o r e s c e i n , r e s u l t e d i n the 

appearance of e i t h e r dye i n a l t e r n a t e l e a v e s and p e t i o l e s 

above and below the fed l e a f . No dye, however, appeared i n 

any of the a x i l l a r y racemes of fed p l a n t s . 

S e r i a l s e c t i o n s of the stem of V i c i a faba p l a n t s 

S e r i a l s e c t i o n s of the v a r i e t i e s and inbred l i n e s l i s t e d 

above were taken and examined a f t e r feeding with e o s i n and 

f l u o r e s c e i n . 

The l e a v e s of V i c i a faba are arranged i n two ortho-

s t i c h e s ; l e a f 3 p o s i t i o n e d over l e a f 1. Each l e a f i s 

s u p p l i e d by only three v a s c u l a r bundles, 2 l a t e r a l and 1 

median bundle. Leaf 1 i s supplied by the median bundle, 

t h i s branches at the node, and t h i s branch t r a v e r s e s two 

internodes to feed i n t o l e a f 3. There i s no connection 

between t h i s bundle and the v a s c u l a r t r a c e s supplying l e a f 2. • 

The course of the two l a t e r a l bundles supplying a l e a f i s 

e s s e n t i a l l y s i m i l a r to that of the median t r a c e , except that 

the f i r s t two internodes are t r a v e r s e d i n i s o l a t i o n , i n s i d e 

the wings of the stem. 

More importantly, i t appears that the v a s c u l a r strands 

sHip^iyiftg leav§§ &ep,ar4ate to those supplying the faeeme* 

Two l a t e r a l and two median strands supply a peduncle. J u s t 
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before e n t e r i n g the peduncle, at a node, these v a s c u l a r bundles 

branch e x t e n s i v e l y . Branches from these strands a l s o supply 

a l t e r n a t e racemes-, s i t u a t e d f u r t h e r up a p l a n t . V a s c u l a r 

strands on the opposite o r t h o s t i c h e , supply the other racemes 

( F i g u r e s 7.13 7.14, '7.15). 



lot. 

rned 

med 
iQt: 

Figure 7.13: Outline of major 
V i c i a faba: l a t 

med 

l e a f t r a c e s i n 
= l a t e r a l t r a c e s 
= median t r a c e s . 
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b 

of major peduncle t r a c e s Outline Figure 7.14 i n V i c i a faba L 
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CHAPTER 8 

RESULTS OF INITIAL EXPERIMENTS TO ASSESS THE EFFECTS 
OF ENVIRONMENTAL AND PHYSIOLOGICAL" STRESSES AND THE 
APPLICATION OF A GROWTH REGULATOR TO PLANTS EXHIBITING 

THE INDEPENDENT VASCULAR SUPPLY CHARACTERISTIC 

E f f e c t of supplementary l i g h t i n g and of temperature 
on flower drop 

P l a n t s were e i t h e r grown i n a warm or cool glasshouse, 

with or without supplementary l i g h t i n g . 

Flower a b s c i s s i o n at most raceme p o s i t i o n s of D e i n i o l 

p l a n t s was g r e a t e r when they were grown i n warm c o n d i t i o n s , 

than when they were grown i n a cool glasshouse ( F i g u r e 8.1). 

Flower drop i n both ca s e s was g r e a t e r on p l a n t s grown with 

supplementary l i g h t i n g than those grown without a d d i t i o n a l 

l i g h t i n g . I n a l l cases flowers s i t u a t e d at more proximal 

raceme p o s i t i o n s s e t most pods, while those s i t u a t e d more 

d i s t a l l y f r e q u e n t l y a b s c i s e d ( F i g u r e 8.1). 

P l a n t s of (inbred) l i n e 56/143/9 experienced low flower 

a b s c i s s i o n at a l l raceme p o s i t i o n s , when they were grown i n 

the cool glasshouse, with or without any supplementary l i g h t i n g 

( F i g u r e 8.2). Higher flower a b s c i s s i o n occurred on p l a n t s 

grown under warm co n d i t i o n s although t h i s was much lower 

than that experienced by p l a n t s of v a r i e t y D e i n i o l . When 

56/143/9 p l a n t s were subjected to both warmth and a d d i t i o n a l 

l i g h t i n g they experienced a s i m i l a r flower drop to D e i n i o l 

p l a n t s ; but l e s s i n percentage terms (Fi g u r e 8.2). 

Flower a b s c i s s i o n was i n c r e a s e d at most i n f l o r e s c e n c e s 

of D e i n i o l p l a n t s when subjected to a d d i t i o n a l l i g h t i n g 

r e g a r d l e s s of the ambient growth temperature ( F i g u r e 8.3). 

Here, flower a b s c i s s i o n at a l l racemes was higher i n p l a n t s 

grown i n warm co n d i t i o n s than i n cool c o n d i t i o n s . 
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Flower a b s c i s s i o n on most racemes of 56/143/9 p l a n t s 

grown i n warm conditions was g r e a t e r than those grown i n 

cool c o n d i t i o n s (Figure 8.4). Growing these p l a n t s i n warm 

co n d i t i o n s , with supplementary l i g h t i n g , r e s u l t e d i n a f u r t h e r 

i n c r e a s e i n a b s c i s s i o n on racemes s i t u a t e d above the f o u r t h 

f l o w e r i n g node, Supplementary l i g h t i n g had very l i t t l e e f f e c t 

on a b s c i s s i o n of flowers of 56/143/9 p l a n t s grown under cool 

c o n d i t i o n s . I n a l l c o n d i t i o n s the flower a b s c i s s i o n experienced 

on a l l racemes of p l a n t s of l i n e 56/143/9 was l e s s than that 

experienced by D e i n i o l p l a n t s . 

O v e r a l l flower a b s c i s s i o n , i n c r e a s e d when both p l a n t types 

were grown under supplementary l i g h t i n g , whether i n warm or 

cool c o n d i t i o n s . O v e r a l l a b s c i s s i o n of flowers a l s o i n c r e a s e d 

f o r both types of p l a n t s , when grown i n warm r a t h e r than cool 

c o n d i t i o n s . The highest flower a b s c i s s i o n , however, 

experienced by p l a n t s of l i n e 56/143/9 grown i n warm co n d i t i o n s 

and with supplementary l i g h t i n g , i . e . most s t r e s s , was 20% 

l e s s than that observed i n D e i n i o l p l a n t s grown under the 

l e a s t s t r e s s , i . e . cool c o n d i t i o n s and no supplementary 

l i g h t i n g (Table 8.1). 

The e f f e c t of t r i p p i n g on flower drop 

A l l t r i p p i n g treatments had r e l a t i v e l y l i t t l e e f f e c t on 

flower a b s c i s s i o n at most flower p o s i t i o n s of p l a n t s of 

l i n e 22 (Figure 8.5). The p a t t e r n of flower a b s c i s s i o n 

d i f f e r e d from that observed i n commercial v a r i e t i e s . Flowers 

a b s c i s e d most f r e q u e n t l y at raceme p o s i t i o n s 3 and 4 with 

l i t t l e or no flower a b s c i s s i o n o c c u r r i n g at other raceme 

p o s i t i o n s ( F i g u r e 8.5). Flowering was confined to an average 

of s i x nodes and flower a b s c i s s i o n appeared to be independent 

of the p o s i t i o n of the t r i p p e d flowers (Figure 8.6). O v e r a l l 
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Table 8.1 Summary o f r e s u l t s f o r t e m p e r a t u r e and 
l i g h t i n g e xperiment 

C u l t i v a r and t r e a t m e n t 
1 

Flowers 
dropped 

{%) 

Pods s e t 
(%) 

D e i n i o l 

Warm glasshouse 

supplementary l i g h t i n g 551 (86.1) 89 (13 • 9) 

no supplementary l i g h t i n g 390 (75.3) 128 ( 24 • 7) 

Cool glasshouse 

Supplementary l i g h t i n g 436 (68.3) 202 (31 .7) 

No supplementary l i g h t i n g 412 (56.5) 317 (43 .5) 

56/143/7 

Warm glasshouse 

Supplementary l i g h t i n g 165 (36.0) 283 (63 .2) 

No supplementary l i g h t i n g 88 (20.8) 335 (79 .2) 

Cool glasshouse 

Supplementary l i g h t i n g 77 (13.1) 510 (86 .9) 

No supplementary l i g h t i n g 55 (9.4) 527 (90 .6) 

Percentage f i g u r e s are i n pa r e n t h e s e s . 



242 

a.none tripped 

8 0 

6 0 

l/l 
4 0 

0 
2 8 

Flower posiri 
-/o flovvars Tripped 

on 
b. proximal' two 

1 0 0 

8 0 

" 6 0 

< 4 0 

20-

0 
2 4 6 8 

Flower position 
c. distal two flowers tripped 

8 0 ' 

6 0 
in 

4 0 

2 0 

o 
2 4 6 8 2 4 6 8 

Flower position 
© 

F i g u r e 8.5: E f f e c t o f t r i p p i n g on f l o w e r 
a b s c i s s i o n on l i n e 22 (STW). 
Each v a l u e i s an o v e r a l l p e r c e n t a g e , 
o - c o n t r o l p l a n t s , a l l t r i p p e d , 
© t r e a t e d p l a n t s . 



243 

1 Q 0 a. none tripoed 

80 

I 60 

4 0 < 
^ 2 0 

0 
2 4 6 

Raceme number 
„ b. proximal fv*) flowers tripped 

8 0 -
a OlS 6 0 » 

u 
_ o 4 0 ' 
<C 

2 0 -
• 

2 4 
Raceme number 

1qq c. distal two flowers tripped 

6 

Raceme number 

F i g u r e 8.6: E f f e c t o f t r i p p i n g on f l o w e r a b s c i s s i o n 
on l i n e 22. Each -value i s an average 
p e r c e n t a g e . Standard e r r o r s are 
r e p r e s e n t e d as a b a r . 
o = c o n t r o l p l a n t s , a l l t r i p p e d , 
© = t r e a t m e n t p l a n t s . 



244 

f l o w e r drop was g r e a t e s t f o r p l a n t s whose f l o w e r s were n o t 

t r i p p e d . However, t he d i f f e r e n c e between the o v e r a l l f l o w e r 

drop i n t r i p p e d and u n t r i p p e d p l a n t s was i n s i g n i f i c a n t 

( T a b l e 8.2). 

I n p l a n t s o f l i n e 56/143/9 ( F i g u r e 8.7), t h e r e was no 

d i s c e r n i b l e d i f f e r e n c e i n f l o w e r a b s c i s s i o n a t a l l raceme 

p o s i t i o n s , between p l a n t s , a l l o f whose f l o w e r s had been 

t r i p p e d ( C o n t r o l s ) and those w i t h no f l o w e r s t r i p p e d . 

S i m i l a r l y , t r i p p i n g j u s t t h e two most d i s t a l l y s i t u a t e d 

f l o w e r s on each raceme made no d i f f e r e n c e t o t h e f l o w e r 

drop p a t t e r n , r e l a t i v e t o t h e c o n t r o l s ( F i g u r e 8.7). G r e a t e r 

a b s c i s s i o n a t most raceme p o s i t i o n s o c c u r r e d when the p r o x i m a l 

two f l o w e r s on each raceme were t r i p p e d , t h a n i n the c o n t r o l 

p l a n t s ( F i g u r e 8.7). 

T r i p p i n g made no d i f f e r e n c e t o f l o w e r a b s c i s s i o n over 

a l l racemes f o r p l a n t s o f l i n e 56/149/9, except t h a t g r e a t e r 

a b s c i s s i o n a t every raceme, when the p r o x i m a l two f l o w e r s 

on each raceme were t r i p p e d ( F i g u r e 8.8). 

O v e r a l l f l o w e r a b s c i s s i o n was g r e a t e r when f l o w e r s 

were n o t t r i p p e d , a l t h o u g h t h i s i n c r e a s e was i n s i g n i f i c a n t 

( T able 8.2). 

A p p l i c a t i o n o f the a n t i - a u x i n 2,3,5 T r i i o d o b e n z o i c a c i d (TIBA) 
t o p l a n t s o f M a r i s Bead and the i n b r e d l i n e 56/118/20 

A p p l i c a t i o n o f 2,3,5 t r i i o d o b e n z i o c a c i d (TIBA) t o p l a n t s 

t h a t were i n f l o w e r , r e s u l t e d i n a marked t w i s t i n g o f stems, 

p e t i o l e s and young l e a v e s s i t u a t e d near t o the apex o f the 

p l a n t s . These symptoms were more e v i d e n t i n M a r i s Bead p l a n t s . 

I n a d d i t i o n , e l o n g a t i o n o f the peduncle and p e d i c e l / p e d u n c l e 

j u n c t i o n was observed i n b o t h p l a n t t y p e s . 
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Table 8.2 Summary of r e s u l t s f o r t r i p p i n g experiment 

V a r i e t y 
and 

treatment 

Flowers 
dropped 

(#) 

Pods 
set 
(%) 

x 2 , v = i 

L ine 22 

none t r i p p e d 36 (36.4) 63 (63 .6) 1 .37 (P< o .1) 

a l l flowers t r i p p e d 43 (29.2) 104 (70 • 8) 

proximal two flowers 
t r i p p e d 34 (25.9) 97 (74 .1) 

d i s t a l two flowers 
t r i p p e d 24 (17.6) 112 (82 .4) 

Line 56/143/7 

none t r i p p e d 154 (38.0) 251 (62 • 0) 0.48 (P< 0 .1) 
a l l flowers t r i p p e d 122 (35.6) 221 (64 .4) 

proximal two flowers 
t r i p p e d 184 (48.5) 195 (51 .5) 

d i s t a l two flowers 
t r i p p e d 132 (37.5) 220 (62 .5) 

Percentage f i g u r e s are i n parentheses. Chi-squared a n a l y s i s 
compares t r i p p i n g with no t r i p p i n g . 
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F i g u r e 8.7 E f f e c t o f t r i p p i n g on f l o w e r 
a b s c i s s i o n o f l i n e 56/143/9. 
Each v a l u e i s an - o v e r a l l p e rcentage < 
o - c o n t r o l p l a n t s , a l l f l o w e r s t r i p p e d , 
o •- t r e a t m e n t p l a n t s . 
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F i g u r e 8.8: . E f f e c t o f t r i p p i n g on f l o w e r a b s c i s s i o n 
on l i n e 56/143/7. Each v a l u e i s an average 
p e r c e n t a g e . 
o = c o n t r o l p l a n t s , a l l t r i p p e d , 
o = t r e a t m e n t p l a n t s . 



248 

There was a marked reduction i n a p i c a l dominance 

observed i n Maris Bead, although t h i s was not apparent i n 

p l a n t s of l i n e 56/118/20. 

When TIBA was ap p l i e d to Maris Bead p l a n t s , fewer 

flowers dropped, on average, at a l l raceme p o s i t i o n s above 

the f i r s t two (F i g u r e 8.9). I n c o n t r a s t TIBA had no e f f e c t 

on the observed flower drop at a l l raceme p o s i t i o n s i n p l a n t s 

of l i n e 56/118/20 (Fi g u r e 8.9). 

Flower a b s c i s s i o n a t a l l racemes experienced by TIBA 

sprayed Maris Bead p l a n t s was g e n e r a l l y l e s s than i n c o n t r o l 

p l a n t s . There was l i t t l e d i f f e r e n c e to flower a b s c i s s i o n 

at a l l racemes between p l a n t s of l i n e 56/118/20 sprayed with 

TIBA and those which were not (F i g u r e 8.10). 

O v e r a l l flower a b s c i s s i o n i n l i n e 56/118/20 was not 

s i g n i f i c a n t l y a f f e c t e d by a p p l i c a t i o n of TIBA. I n c o n t r a s t 

there was a s i g n i f i c a n t reduction i n o v e r a l l a b s c i s s i o n i n 

Maris Bead p l a n t s when sprayed with TIBA (Table 8.3). 

Here again, p l a n t s of l i n e 56/118/20 (sprayed or 

unsprayed with TIBA) experienced much l e s s flower a b s c i s s i o n 

than p l a n t s of v a r i e t y Maris Bead. 
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F i g u r e 8.10: E f f e c t o f T.I.B.A. a p p l i c a t i o n on 
f l o w e r a b s c i s s i o n , 
o = c o n t r o l p l a n t s , 
® = T.I.B.A. t r e a t e d p l a n t s . 
Each f i g u r e i s an average p e r c e n t a g e . 
Standard e r r o r s r e p r e s e n t e d by a ba r . 
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Table 8.3 Summary o f r e s u l t s f o r a p p l i c a t i o n o f TIBA t o 
p l a n t s 

V a r i e t y 
and 

Treatment 

T o t a l 
f l o w e r 

drop (%) 

T o t a l 
pods 

s e t (%) 
2 

X , v = 1 

56/118/20 

C o n t r o l 

TIBA c r e a t e d 

86 (21.3) 

91 (22.1) 

318 (78.7) 

321 (77.9) 
0.07 (P< 0.1) 

M a r i s Bead 

C o n t r o l 

TIBA t r e a t e d 

212 (55.6) 

217 (46.5) 

169 (44.4) 

250 (53.5) 
7.07 ( P > 0.01<0.005) 
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CHAPTER 9 

DISCUSSION 

Flowers that l e a s t f r e q u e n t l y abscind on a faba bean 

a x i l l a r y i n f l o r e s c e n c e are those at proximal p o s i t i o n s and 

the degree of shedding i n c r e a s e s r e g u l a r l y at each s u c c e s s i v e 

d i s t a l p o s i t i o n . A s i m i l a r s i t u a t i o n has been shown to 

e x i s t i n yellow l u p i n , Lupinus l u t e u s L. (Van S t e v e n i n i c k , 

1957, 1958, 1959), cowpea, Vigna u n g u i c u l a t a L. walp. 

(Ojehomon, 1972), pigeon peas, Cajanus c a j a n (Sheldrake, 

Narayanam and Venkataratnam,1979) arid soybean, Glycine max L. 

(Huff and Dybing, 1980). 

Most pods s e t on nodes on the lower-middle flowering 

p o s i t i o n of a branch, and the m a j o r i t y of flowers produced 

on the more d i s t a l racemes abscind. T h i s i s s i m i l a r to the 

s i t u a t i o n reported f o r pigeon peas, CaJanus c a j a n (Sheldrake 

Narayanam and Venkataratnam, 1979). 

C u l t i v a r d i f f e r e n c e s f o r flower a b s c i s s i o n have a l s o 

been shown to e x i s t between s p r i n g faba bean v a r i e t i e s 

(Table 3.1). S i m i l a r d i f f e r e n c e s between inbred l i n e s of 

faba beans have been reported by S e k u r a l i , Frauen and Paul 

(1978), who proposed that t h i s was due i n p a r t to d i f f e r e n c e s 

i n a u t o f e r t i l i t y and a l s o to d i f f e r e n c e s i n the hormonal 

s t a t u s between l i n e s , as i t had p r e v i o u s l y been found that 

i n t e r n a l ethylene l e v e l s d i f f e r e d between the a u t o s t e r i l e 

l i n e (CH4) and the a u t o f e r t i l e line(CH182) used i n the above 

study ( E l - B e l t a g y and H a l l , 1975). C u l t i v a r d i f f e r e n c e s i n 

flower a b s c i s s i o n bave a l s o been shown to e x i s t between 

v a r i e t i e s of Soybean (Van Shaik and Probst, 1958a and b; 

Weibold, Ashley and Boerma, 1981). 
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Considerable v a r i a t i o n i n flower a b s c i s s i o n a l s o 

occurs over d i f f e r e n t seasons between the same c u l t i v a r s 

of faba beans, g i v i n g an i n d i c a t i o n of the i n f l u e n c e of the 

environment on flower drop, and the c o n t r i b u t i o n t h i s 

phenomenon p l a y s i n the o v e r a l l y i e l d i n s t a b i l i t y of the 

crop. 

The a p p l i c a t i o n of a v a r i e t y of environmental s t r e s s e s , 

i n g e n e r a l , i n c r e a s e d flower a b s c i s s i o n on t r e a t e d p l a n t s . 

I r r i g a t i o n i n c r e a s e d flower a b s c i s s i o n and depressed the 

f i n a l y i e l d of p l a n t s . Such an e f f e c t on flower shedding 

has a l s o been reported by El-Rahman, e t a l (1980). I t i s 

important here to recognize that i t i s the r a t e and timing 

of i r r i g a t i o n that a f f e c t s the response of the p l a n t and i t 

i s a high i r r i g a t i o n frequency t h a t r e s u l t s i n i n c r e a s e d 

flower a b s c i s s i o n . I r r i g a t i o n i n measured q u a n t i t i e s , when 

necessary, has a b e n e f i c i a l e f f e c t on y i e l d ( S t o l p , 1955; 

McEwen e t a l , 1981). The purpose of t h i s experiment was, 

however, to demonstrate the adverse e f f e c t of wet c o n d i t i o n s 

flower drop. I n a l l genotypes subjected to t h i s s t r e s s , 

i n c l u d i n g a determinate genotype, TI C o l . , more flower 

a b s c i s s i o n occurred by most flo w e r s , s i t u a t e d on a l l flower 

p o s i t i o n s of a raceme. Most pods s e t , however, on proximal 

p o s i t i o n s w i t h i n an i n f l o r e s c e n c e . I t was a l s o evident that 

i r r i g a t i o n favoured v e g e t a t i v e growth at the expense of 

reproductive growth. 

A p o s s i b l e explanation f o r i n c r e a s e d flower a b s c i s s i o n 

due to i r r i g a t i o n has been proposed by Rowland, Bond and 

Parker ( 1 9 8 2 ) , i n that such treatment decreases the propor­

t i o n of flowers f e r t i l i z e d , even though both i r r i g a t e d and 

u n i r r i g a t e d p l o t s had equal a c c e s s to bee v i s i t a t i o n , because 
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most w a t e r was a p p l i e d d u r i n g the e v e n i n g . The proposed 

i n h i b i t i o n o f f e r t i l i z a t i o n a c t e d e i t h e r t h r o u g h an i n h i b i t i o n 

o f p o l l e n g e r m i n a t i o n o r by a chemical s i g n a l a c t i n g e i t h e r 

t h r o u g h the s t i g m a t i c exudate found by P a u l , e t a l (1978) 

o r by chemical i n h i b i t o r s i n the s t y l e o r m i c r o p y l e . 

An a l t e r n a t i v e e x p l a n a t i o n i s o f f e r e d h e r e , however, 

i n t h a t i r r i g a t i o n a l t e r s the c o m p e t i t i v e balance between 

apex, v e g e t a t i v e p a r t s and the r e p r o d u c t i v e p a r t s o f the p l a n t 

so l i m i t i n g t he amount o f a s s i m i l a t e s r e a c h i n g f e r t i l i z e d 

f l o w e r s , t h u s a l l o w i n g a b s c i s s i o n p r o m o t i n g substances t o 

cause changes i n the p e d i c e l / p e d u n c l e j u n c t i o n s o f f l o w e r s 

l e a d i n g u l t i m a t e l y t o t h e i r a b s c i s s i o n . The a s s e r t i o n 

t h a t a s s i m i l a t e s are l i m i t i n g t o r e p r o d u c t i v e s t r u c t u r e s 

when s u b j e c t t o i r r i g a t i o n i s s u p p o r t e d by the o b s e r v a t i o n t h a t 

pod development was d e l a y e d compared t o those on n o n - i r r i g a t e d 

p l a n t s . I n a d d i t i o n , as the p r o x i m a l p o s i t i o n e d f l o w e r s are 

those t h a t are most l i k e l y t o s e t pods, such a s s i m i l a t e t h a t 

i s a v a i l a b l e must be c h a n n e l l e d p r e f e r e n t i a l l y t o these 

f l o w e r s , e n a b l i n g a pod t o be s e t . Hormones may a l s o i n f l u e n c e 

i n c r e a s e d a b s c i s s i o n and t h i s i s s u p p o r t e d by E l - B e l t a g y and 

H a l l ( 1 9 7 5 ) , who showed t h a t e i t h e r a l a c k o r excess o f w a t e r 

caused a s u b s t a n t i a l i n c r e a s e i n i n t e r n a l e t h y l e n e c o n c e n t r a t i o n s 

w h i c h c o r r e l a t e d w e l l w i t h the a b s c i s s i o n o f f l o w e r s o r pods. 

Chapman, Fagg and Peat (1979) a l s o concluded t h a t any t r e a t m e n t 

t h a t i n c r e a s e d w i t h i n p l a n t c o m p e t i t i o n i n V. f a b a p r e d i s p o s e d 

t h a t p l a n t t o f l o w e r drop and premature pod d r o p , whereas 

decreased c o m p e t i t i o n had the o p p o s i t e e f f e c t . 

O v e r w a t e r i n g o f p o t bound p l a n t s had l i t t l e e f f e c t on 

f l o w e r a b s c i s s i o n , a l t h o u g h t h i s was c o n s i d e r a b l e i n b o t h 

t r e a t m e n t and c o n t r o l p l a n t s . T h i s e x p e r i m e n t , however, 
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i l l u s t r a t e s the d i f f e r e n c e i n response t o a d d i t i o n a l water o f 

p o t bound compared w i t h f i e l d grown p l a n t s . Jones ( 1 9 6 3 ) , 

concluded t h a t V. f a b a p l a n t s were q u i t e t o l e r a n t t o p e r i o d s o f 

w a t e r l o g g i n g . However, Taha and Drennan (1979) have r e p o r t e d 

t h a t p e r i o d s o f severe w a t e r l o g g i n g o f p l a n t s reduced l e a f 

e x p a n s i o n , promoted the e a r l y senescence o f o l d e r l e a v e s , 

suppressed r o o t g r o w t h and i n c r e a s e d pod d r o p . A l l these 

e f f e c t s i t was concluded were e n t i r e l y due t o oxygen 

d e f i c i e n c y i n the s o i l i n duced by w a t e r l o g g i n g . 

I m p o s i t i o n o f w a t er d e f i c i t a t d i f f e r e n t t i m es d u r i n g 

f l o w e r i n g i n c r e a s e d f l o w e r shedding, e s p e c i a l l y when a p p l i e d 

a t the e a r l i e r stages o f f l o w e r development ( F i g u r e 3.8). 

I t appeared t h a t f i e l d beans were more t o l e r a n t t o a d r o u g h t 

s t r e s s a p p l i e d d u r i n g f u l l f l o w e r i n g , r a t h e r than a t the 

i n i t i a t i o n o f f l o w e r i n g . These r e s u l t s complement those 

o f E l - N a d i (1969, 1970) who r e p o r t e d t h a t a l t h o u g h w a t er 

s t r e s s a t f l o w e r i n g i n c r e a s e d f l o w e r drop, the e f f e c t on o v e r a l l 

y i e l d was most severe i f w a t e r was w i t h h e l d a t the time o f 

e a r l y pod s e t . I n a d d i t i o n those r e s u l t s agree w i t h E l - B e l t a g y 

and H a l l (1974, 1975) and Farah (1981) who showed t h a t h i g h 

m o i s t u r e s t r e s s a t e a r l y phases o f r e p r o d u c t i v e development 

s e v e r e l y reduced y i e l d s . While r e c o g n i z i n g t h a t the d u r a t i o n 

o f w a t e r s t r e s s a f f e c t s subsequent f l o w e r a b s c i s s i o n and t h a t 

i t i s e s s e n t i a l t h a t adequate water be a v a i l a b l e f o r the 

g r owth and development o f young pods, a t o l e r a n c e t o a d r o u g h t 

p e r i o d d u r i n g f u l l f l o w e r i n g , c o u l d c o n f e r advantages i n the 

f i e l d . One advantage i s t h a t such a drought p e r i o d would a l s o 

c o i n c i d e w i t h the appearance o f abundant i n s e c t p o l l i n a t o r s . 

I n a d d i t i o n a p e r i o d f r e e f r o m r a i n , but not so severe as t o 

cause undue s t r e s s on the p l a n t s d u r i n g f l o w e r i n g and e a r l y 



256 

pod s e t , would have the e f f e c t o f i n d u c i n g a more d e t e r m i n a t e 

g r o w t h h a b i t , so a v o i d i n g the d e t r i m e n t a l e f f e c t s e x p e r i e n c e d 

by p l a n t s s u b j e c t t o i r r i g a t i o n . W i t h w a t e r s t r e s s e d p l a n t s , 

i n a l l cases i t was a g a i n the f l o w e r s s i t u a t e d on p r o x i m a l 

f l o w e r p o s i t i o n s t h a t s e t most pods, d i s t a l f l o w e r s on c o n t r o l 

and s t r e s s e d p l a n t s ' racemes f r e q u e n t l y a l l a b s c i n d . The 

above suggested e n v i r o n m e n t a l c o n d i t i o n s d u r i n g the f l o w e r i n g 

p e r i o d m i g h t a m e l i o r a t e f l o w e r a b s c i s s i o n , b u t such f a c t o r s 

are n o t , however, the r o o t cause o f f l o w e r shedding. 

The a p p l i c a t i o n o f a s h o r t low temperate shock ( F i g u r e 3.11) 

i n g e n e r a l had l i t t l e o r indeed a b e n e f i c i a l e f f e c t on f l o w e r 

d r o p . The d e t e r m i n a t e genotype T I C o l . , w i t h f l o w e r s a t e a r l y 

d e v elopmental s t a g e s , e x p e r i e n c e s d r a m a t i c a l l y reduced flower-

drop i n response t o a c o l d shock. G e h r i g e r (1980) showed 

t h a t f l o w e r s s u b j e c t t o c o l d s t r e s s s t a y e d on l o n g e r b u t 

f e l l i n a p a t t e r n s i m i l a r t o the c o n t r o l p l a n t s . T h i s appeared 

t o be t r u e f o r the i n d e t e r m i n a t e v a r i e t i e s examined, b u t f o r the 

d e t e r m i n a t e genotype, more pods s e t . A s h o r t c o l d shock may have 

the e f f e c t o f s l o w i n g down the m e t a b o l i c processes l e a d i n g t o 

f l o w e r drop. As i n d i c a t e d i n Chapter 1, u n f a v o u r a b l e compe­

t i t i o n o c c urs between the apex, v e g e t a t i v e p a r t s and r e p r o ­

d u c t i v e p a r t s o f the p l a n t . Cold shock might have the e f f e c t 

o f d e c r e a s i n g t h i s c o m p e t i t i o n , and once the i n d e t e r m i n a t e 

p l a n t s were removed t o normal t e m p e r a t u r e c o n d i t i o n s , the 

c o m p e t i t i o n between apex and racemes resumed. Such c o m p e t i t i o n 

i n d e t e r m i n a t e p l a n t s can o n l y o c c ur between l e a v e s , r o o t s and 

t h e racemes, so r e d u c i n g c o m p e t i t i o n f u r t h e r by a c o l d shock 

may a l l o w f o r i n c r e a s e d pod s e t on racemes o f t r e a t e d p l a n t s . 

F r o s t damage rendered p l a n t s t o p l e s s , because the 

s e n s i t i v e apex d i e d back. Flower drop i n c r e a s e d i n two o f the 
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v a r i e t i e s so a f f e c t e d ( F i g u r e 3.12). One v a r i e t y ( S t r u b e s ) , 

however, e x p e r i e n c e d reduced f l o w e r drop. T h i s c o u l d i n d i c a t e 

t h a t t h e r e may be some g e n o t y p i c v a r i a t i o n f o r c o l d t o l e r a n c e 

i n s p r i n g f a b a beans. Flower a b s c i s s i o n , however, i n such 

p l a n t s was s t i l l h i g h , e s p e c i a l l y by f l o w e r s s i t u a t e d a t 

d i s t a l raceme p o s i t i o n s . The work o f Herzog (1978a, b: 1979) 

has g i v e n some i n s i g h t i n t o t h e d i f f e r e n c e s i n c o l d h a r d i n e s s 

o f s p r i n g and w i n t e r t y p e f a b a beans and a l s o i n t o the 

mechanism o f c o l d h a r d i n e s s . Cold h a r d i n e s s i s a p p a r e n t l y 

n o t a permanent c h a r a c t e r o f a genotype and i t s appearance 

depends upon the p h o t o p e r i o d i c and t e m p e r a t u r e c o n d i t i o n s i n 

w h i c h the p l a n t i s made t o grow. Genotypes, however, do 

d i f f e r i n t h e i r a b i l i t y t o a c q u i r e w i n t e r h a r d i n e s s . I t 

appears t h a t f r o s t s u s c e p t i b i l i t y and i n d u c t i o n o f f r o s t 

t o l e r a n c e are r e l a t i v e t o t h e r a t e o f gr o w t h and m e t a b o l i c 

a c t i v i t y and s t a t e o f t i s s u e d i f f e r e n t i a t i o n . S p r i n g t y p e s 

seem t o have a f a s t e r r a t e o f gr o w t h and a s s i m i l a t i o n t h a n 

w i n t e r t y p e s and t h u s t h e y show more f r o s t s u c e p t i b i l i t y . 

These s t u d i e s i n d i c a t e t h a t f r o s t t o l e r a n c e i s r e l a t e d t o 

d r y m a t t e r c o n t e n t o f t h e t i s s u e and the r a t e o f o n t o g e n i c 

d i f f e r e n t i a t i o n . The p o s s i b i l i t y e x i s t s f o r u s i n g these 

parameters i n s e l e c t i n g genotypes f o r i n c r e a s e d p o t e n t i a l 

f o r f r o s t t o l e r a n c e (Saxena, 1981). I n the p r e s e n t s t u d y , 

however, f r o s t damage seems t o e f f e c t i n c r e a s e d f l o w e r 

a b s c i s s i o n , b u t a g a i n i t appears t h a t the cause o f f l o w e r 

drop i s n o t e n t i r e l y due t o such a f a c t o r . 

Growing p l a n t s o f V. f a b a a t i n c r e a s e d d e n s i t y a l s o 

i n c r e a s e d f l o w e r a b s c i s s i o n , e s p e c i a l l y on m i d d l e and d i s t a l 

f l o w e r p o s i t i o n s , on each and every raceme. Consequently l e s s 

mature pods were produced on each p l a n t grown a t h i g h d e n s i t y . 
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Seed y i e l d , however, i n c r e a s e d w i t h i n c r e a s i n g d e n s i t y . 

These r e s u l t s agree w i t h those o f Hodgeson and Blackman 

( 1 9 5 6 ) , who showed t h a t as p l a n t i n g d e n s i t y i n c r e a s e d , 

b r a n c h i n g , number o f nodes per stem, number o f f l o w e r b e a r i n g 

nodes and the number o f pods r e a c h i n g m a t u r i t y a l l decreased. 

I s h a g (1973) found t h a t t h e r e were 40% more pods per 

p l a n t and seed y i e l d p er p l a n t i n c r e a s e d by 50% when p l a n t s 

were grown a t low d e n s i t y as opposed t o those grown a t h i g h 

d e n s i t y . However, the dense p o p u l a t i o n had one t h i r d h i g h e r 

y i e l d . Hodgeson and Blackman (1956) found t h a t y i e l d i n c r e a s e d 
2 

w i t h d e n s i t y over a range 11-67 p l a n t s / m . S i m i l a r r e s u l t s 

have a l s o been r e p o r t e d by S e i t z e r and Evans ( 1 9 7 3 ) , Soper 

( 1 9 5 2 ) , S p r e n t , B r a d f o r d and N o r t o n ( 1 9 7 7 ) , B a r r y and 

S t o r e y (1979) and K e l l e r and Burk h a r d ( 1 9 8 1 ) . The g e n e r a l 

view i s t h a t w i t h c u r r e n t commercial v a r i e t i e s , seed y i e l d i s 

a d i r e c t f u n c t i o n o f the number o f mature pods per u n i t a r e a , 

and n o t the number o f mature pods per p l a n t . 

The r e s u l t s p r e s e n t e d i n Chapter 3 show t h a t the p r o x i m a l 

f l o w e r s o f racemes o f p l a n t s grown a t h i g h d e n s i t y are most 

l i k e l y t o s e t a pod, whereas i f p l a n t s are grown a t lower 

d e n s i t y more pods w i l l s e t a t h i g h e r raceme p o s i t i o n s . However 

f l o w e r s a t the most d i s t a l p o s i t i o n s s t i l l f r e q u e n t l y a b s c i n d . 

T h i s experiment i s f u r t h e r evidence t h a t by i n c r e a s i n g w i t h i n 

and between p l a n t c o m p e t i t i o n , w i l l e f f e c t an i n c r e a s e i n 

f l o w e r shedding. One o f the consequences o f i n c r e a s e d d e n s i t y , 

i s i n c r e a s e d mutual shading o f l e a v e s , e s p e c i a l l y on the 

lo w e r p o r t i o n o f p l a n t s . T h i s may c o n t r i b u t e t o the l i m i t a t i o n 

o f carbon s u b s t r a t e s and hence l e a d t o i n c r e a s e d a b s c i s s i o n . 

Hodgeson and Blackman ( 1 9 5 7 ) , however, showed t h a t shading 

b a s a l node::, l e d t.o more pody a t the \.O\J o f the :;l<orn, whi l o 

file:///.o/j
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d e f o l i a t i o n o f the l o w e r h a l f o f the p l a n t depressed pod 

development i n the upper p a r t . They concluded t h a t the 

e f f e c t s due t o p l a n t d e n s i t y were more l i k e l y t o be caused 

by an a l t e r e d balance o f hormones and a s s i m i l a t e s w i t h i n 

p l a n t s , r a t h e r t h a n by mutual shading between p l a n t s . T h i s 

p r o p o s i t i o n has s i n c e been s u p p o r t e d by S p r e n t , B r a d f o r d and 

N o r t o n (1977) and El-Zahab, Al-Barbawy and Nidawy ( 1 9 8 1 ) . 

Flower a b s c i s s i o n , due t o shading o f p l a n t s a t an 

e a r l y stage i n f l o w e r i n g , was reduced i n racemes p o s i t i o n e d 

h i g h e r up the p l a n t . T h i s was compensated f o r , however, by 

i n c r e a s e d bud a b o r t i o n on h i g h e r racemes o f i n d e t e r m i n a t e 

v a r i e t i e s . The a b o r t i o n o f buds b e f o r e a n t h e s i s i s a 

commonly observed phenomenon i n the c r o p , b u t i s g e n e r a l l y 

o f l e s s importance t h a n f l o w e r shedding. I t o c c u r s as 

e v idenced by t h i s e x p e r i m e n t , when p h o t o s y n t h e t i c a s s i m i l a t e s 

are l i m i t i n g . I n p l a n t s grown under normal f i e l d c o n d i t i o n s , 

i t o c c u r s p r e d o m i n a n t l y a t l o w e r f l o w e r i n g nodes, when 

a s s i m i l a t e s u p p l y i s c o n s t r a i n e d by i n s u f f i c i e n t p h o t o s y n t h e t i c 

l e a f area e a r l y i n the l i f e o f the crop and a t a p i c a l nodes 

when c o m p e t i t i o n w i t h pods f o r a s s i m i l a t e s occurs i n the 

l a t t e r stages o f crop g r o w t h . Shading the d e t e r m i n a t e 

genotype, T I C o l . , from e a r l y f l o w e r i n g , r e s u l t e d i n 

i n c r e a s e d f l o w e r shedding, b u t l i t t l e bud a b o r t i o n , because 

o f the l i m i t e d number o f i n f l o r e s c e n c e s formed i n t h i s 

genotype. Shading o f p l a n t s d u r i n g m i d - f l o w e r i n g r e s u l t e d i n 

i n c r e a s e d f l o w e r a b s c i s s i o n , and a l s o i n the r e s t r i c t i o n o f the 

number o f f l o w e r i n g nodes produced (Table 3.12). There was 

t h e r e f o r e no compensation f o r t h e observed i n c r e a s e i n f l o w e r 

drop, c o n f i r m i n g r e s u l t s o b t a i n e d by Hodgeson and Blackman (1957) 

Shading p l a n t s from f u l l f l o w e r i n g r e s u l t e d i n g r e a t l y i n c r e a s e d 
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f l o w e r a b s c i s s i o n . P l a n t s so shaded were n o t s p i n d l y , b u t 

grew t a l l e r , w i t h i n c r e a s e d amounts o f v e g e t a t i v e g r o w t h 

r e l a t i v e t o c o n t r o l p l a n t s . P l a n t s appeared t o compensate 

f o r t h e decreased a v a i l a b i l i t y o f l i g h t by i n c r e a s i n g the 

amount o f l e a f area a v a i l a b l e f o r p h o t o s y n t h e s i s . I t 

t h e r e f o r e appears t h a t s h a d i n g a t t h i s s t a g e , a l t e r s the 

c o m p e t i t i v e balance w i t h i n p l a n t s , f a v o u r i n g v e g e t a t i v e g r o w t h , 

w h i c h was s i m i l a r t o t h a t observed t o occur by p l a n t s s u b j e c t 

t o i r r i g a t i o n . A g a i n , i f a s s i m i l a t e s are l i m i t e d t o r e p r o ­

d u c t i v e s t r u c t u r e s , t h i s w i l l have a d e t r i m e n t a l e f f e c t on 

f l o w e r r e t e n t i o n , by e n a b l i n g , e s p e c i a l l y on m i d d l e and 

d i s t a l racemes, the processes l e a d i n g t o f l o w e r drop t o 

o c c u r . Shading a t e a r l i e r p e r i o d s d u r i n g f l o w e r i n g a l s o has 

an adverse e f f e c t on pod s e t , and i t i s concluded t h a t i f 

carbon s u b s t r a t e s are l i m i t e d , f l o w e r a b s c i s s i o n w i l l i n c r e a s e . 

Flower a b s c i s s i o n , however, by c o n t r o l p l a n t s , n o t s u b j e c t t o 

undue s t r e s s , i s s t i l l q u i t e a c u t e . T h e r e f o r e o t h e r f a c t o r s 

t h a n carbon s u b s t r a t e s a l o n e , must be r e s p o n s i b l e f o r the 

observed a b s c i s s i o n o f f l o w e r s . 

One o f these f a c t o r s e s p e c i a l l y f o r p l a n t s grown 

a t h i g h d e n s i t y o r i n l a r g e f i e l d s i s t h a t n o t a l l f l o w e r s 

are t r i p p e d by p o l l i n a t i n g i n s e c t s . T r i p p i n g o f a l l f l o w e r s 

o f an a u t o f e r t i l e and an a u t o s t e r i l e l i n e t o g e t h e r w i t h a 

commercial v a r i e t y , M a r i s Bead ( F i g u r e s 4.1.1, 4.1.2, 4.1.3) 

d i d i n d e e d improve pod s e t , e s p e c i a l l y i n the a u t o s t e r i l e l i n e . 

These r e s u l t s agree w i t h those o f Free and W i l l i a m s , 1976. 

Much f l o w e r a b s c i s s i o n s t i l l o c c u r r e d on p l a n t s whose f l o w e r s 

had been t r i p p e d . I t t h e r e f o r e appears t h a t f l o w e r shedding 

i s n o t p r e v e n t e d by e n s u r i n g t h a t a l l f l o w e r s are t r i p p e d , 

s i m i l a r c o n c l u d i o n s were made by Kambal (1969) and Kambal, 
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Bond and Toynbee-Clarke ( ] 9 7 6 ) . A f u r t h e r f a c t o r t h a t c o u l d 

a f f e c t f l o w e r d r o p , i s t h a t n o t a l l t r i p p e d f l o w e r s are 

f e r t i l i z e d . A r e c e n t s t u d y (Rowland, Bond and P a r k e r , 1982), 

i n d i c a t e d t h a t o n l y 48% o f f l o w e r s sampled had a t l e a s t one 

f e r t i l i z e d o v u l e . A f u r t h e r s t u d y s t i l l i n p r o g r e s s a t the 

PBI, however, has c a s t doubt on t h i s r e s u l t and i n i t i a l 

f i n d i n g s have i n d i c a t e d t h a t between 80-90% o f f a b a bean 

f l o w e r s are i n f a c t f e r t i l i z e d ( S t o d d a r d , Lockwood and Bond, 

p e r s . comm.). F a i l u r e o f f e r t i l i z a t i o n has been e l i m i n a t e d 

as a major c o n t r i b u t o r y f a c t o r l e a d i n g t o h i g h l e v e l s o f 

f l o w e r shedding i n G l y c i n e max (Abernathy e t a l , 1977). The 

r e s u l t s o f Kambal ( 1 9 6 9 ) , Chapman, Fagg and Peat ( 1 9 7 9 ) . 

Gates e t a l (1981) as w e l l as those p r e s e n t e d i n Table 4.2 

have demonstrated t h a t many a b s c i s e d V. f a b a f l o w e r s are 

f e r t i l i z e d . T h i s i s evidence t o s u p p o r t the p r o p o s i t i o n t h a t 

f e r t i l i z a t i o n f a i l u r e i s n o t the s o l e cause o f f l o w e r shedding 

i n V. f a b a . 

S i l v e r n i t r a t e i s r e p o r t e d t o be an e t h y l e n e i n h i b i t o r 

(Veen, 1969; Beyer, 1979) and i t s a p p l i c a t i o n d i d reduce 

f l o w e r a b s c i s s i o n i n t r e a t e d p l a n t s , a l t h o u g h f l o w e r drop i n 

these p l a n t s was s t i l l q u i t e a c u t e . I n a d d i t i o n the a n t i -

a u x i n TIBA i s r e p o r t e d t o enhance the c o m p e t i t i v e a b i l i t y o f 

the i n f l o r e s c e n c e s , d i m i n i s h t h a t o f t h e apex and a l s o lower 

endogenous e t h y l e n e c o n c e n t r a t i o n , w h i c h i s b e l i e v e d t o be 

r e s p o n s i b l e f o r the i n i t i a t i o n o f a b s c i s s i o n l a y e r s (Newaz 

and Lawes, 1980; Chapman and S a d j a d i , 1981). T h i s compound 

s i g n i f i c a n t l y decreased f l o w e r a b s c i s s i o n i n M a r i s Bead p l a n t s 

( F i g u r e 8.9). These r e s u l t s may i n d i c a t e t h a t t h e r e i s some 

for m o f hormonal c o n t r o l over f l o w e r a b s c i s s i o n , a l t h o u g h when 

such c h e m i c a l s are a p p l i e d exogenously, a t o t a l e l i m i n a t i o n o f 

f l o w e r shedding does not o c c u r . 
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The a c r o p e t a l development o f s u c c e s s i v e racemes appears 

t o be an i m p o r t a n t f a c t o r i n f l u e n c i n g f l o w e r a b s c i s s i o n . 

Removal o f the f i r s t formed a x i l l a r y racemes r e s u l t e d i n a 

decrease i n f l o w e r drop w i t h i n racemes s i t u a t e d h i g h e r up 

the stem ( F i g u r e 4 . 8 ) . Removing such racemes, thus removed a 

p o t e n t i a l source o f m a t u r i n g pods, whi c h c o u l d monopolise 

n u t r i e n t s and may, i n a d d i t i o n , t r a n s p o r t a b s c i s s i o n a c c e l e r a t i n g 

substances t o more d i s t a l l y s i t u a t e d racemes, w i t h f l o w e r s 

t h a t are a t , o r have s t i l l t o reach a n t h e s i s . The removal 

o f p r o x i m a l racemes, a l s o a l l o w s more l e a f area t o become 

a v a i l a b l e f o r r e m a i n i n g racemes, which may be an a d d i t i o n a l 

f a c t o r t h a t ensures t h a t more pods s e t . 

The apex o f i n d e t e r m i n a t e p l a n t s i s a l s o i m p o r t a n t i n 

p r o m o t i n g c o m p e t i t i o n between i t and the d e v e l o p i n g f r u i t s . 

I f t h e apex o r the t o p o f the p l a n t i s removed th e n many more 

pods w i l l s e t on r e m a i n i n g racemes ( F i g u r e s 4.10, 4.11.1, 

4.11.2). T h i s e f f e c t has been shown t o be most e f f e c t i v e 

when f i v e raceme i n i t i a l s o r i n f l o r e s c e n c e s are l e f t t o 

develop (Chapman, Guest and Peat, 1978). A l t h o u g h more pods 

s e t , these s u b s e q u e n t l y drop i n a p a t t e r n s i m i l a r t o t h a t o f 

f l o w e r drop i n c o n t r o l p l a n t s ( F i g u r e s 4.12.1, 4.12.2). Such 

a t r e a t m e n t m i g h t be envisaged as m i m i c k i n g t h e e f f e c t o f the 

t i gene. T I C o l . p l a n t s , however, e x p e r i e n c e d f l o w e r drop 

i n a s i m i l a r p a t t e r n and r e a c t t o e n v i r o n m e n t a l s t r e s s i n a 

s i m i l a r way t o t h a t o f i n d e t e r m i n a t e v a r i e t i e s . T h e r e f o r e 

an a l t e r a t i o n o f the p l a n t t o a d e t e r m i n a t e g r o w t h h a b i t w i l l 

n o t i n i t s e l f ensure t h a t f l o w e r a b s c i s s i o n i s e l i m i n a t e d . 

D ecreasing w i t h i n p l a n t c o m p e t i t i o n by d e c a p i t a t i o n , 

apex removal and removal o f p r o x i m a l racemes, p r e d i s p o s e s the 

p l a n t t o decreased f l o w e r drop and i n c r e a s e d pod s e t . S i m i l a r 
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c o n c l u s i o n s have been reached by Crompton, Lloyd-Jones and 
H i l l - C o t t i n g h a m ( 1 9 8 1 ) , who showed t h a t as V. f a b a i s an 
i n d e t e r m i n a t e s p e c i e s , t he f i r s t s e t pods w i l l compete f o r 
a s s i m i l a t e s w i t h g r owing r o o t s and the stem apex, as w e l l 
as w i t h d e v e l o p i n g pods f u r t h e r up the stem. I t has been 
shown t h a t t he apex i m p o r t s a s s i m i l a t e s from t he l e a v e s u n t i l 
the end o f the f l o w e r i n g p e r i o d and i t appears t h a t c o m p e t i t i o n 
between apex and f r u i t s i s r e s p o n s i b l e f o r premature pod 
drop ( J a c q u i e r y and K e l l e r , 1978a, b, 1980; G e h r i g e r and 
K e l l e r , 1980). However, a d i s t i n c t i o n must be made here 
between pod drop and f l o w e r d r o p . V i c i a f aba pods do n o t become 
a c t i v e s i n k s u n t i l t h e y reach the l e n g t h o f about 4 cm 
( J a c q u i e r y and K e l l e r , 1980 and r e f e r e n c e s t h e r e i n ) . Most 
f l o w e r a b s c i s s i o n has a l r e a d y o c c u r r e d on a raceme, b e f o r e 
pods have reached t h i s l e n g t h . A l t h o u g h s m a l l , d e v e l o p i n g 
pods w i l l be p r e s e n t t o g e t h e r w i t h f l o w e r s on a c r o p e t a l l y d e v e l o j 
i n g racemes. I t t h e r e f o r e appears t h a t much f l o w e r a b s c i s s i o n 
i s i n i t i a t e d by f a c t o r s o t h e r t h a n c o m p e t i t i o n f o r a s s i m i l a t e s . 
However, the u n f a v o u r a b l e c o m p e t i t i o n f o r a s s i m i l a t e s between 
the apex and f e r t i l i z e d f l o w e r s and i n a d d i t i o n , the proposed 
p r e f e r e n t i a l t r a n s p o r t o f such a s s i m i l a t e s t o p r o x i m a l l y 
s i t u a t e d f l o w e r s augments the u n d e r l y i n g processes l e a d i n g 
t o a b s c i s s i o n . 

F u r t h e r , i n i n v e s t i g a t i n g t he r o l e o f carbon a s s i m i l a t e s 

i n f l o w e r a b s c i s s i o n , removing o r c o m p l e t e l y s h ading l e a v e s from 

the v e g e t a t i v e p o r t i o n o f t h e p l a n t r e s u l t e d i n i n c r e a s e d 

f l o w e r a b s c i s s i o n ( F i g u r e s 4.13.1, 4.13.2, 4.14.1, 4.14.2, 

4.15, 4.16) i n d i c a t i n g t h e c o n t r i b u t i o n o f these l e a v e s t o 

the development o f pods on the p l a n t , s i m i l a r r e s u l t s were 

o b t a i n e d by Hodgeson and Blackman ( 1 9 5 7 ) . A l t e r n a t e l e a f 
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removal from the r e p r o d u c t i v e area o f the p l a n t a l s o i n c r e a s e d 

f l o w e r d r o p , b u t t h i s e f f e c t was d i s t r i b u t e d o v e r a l l racemes 

o f a p l a n t , and not c o n c e n t r a t e d on racemes s u b t e n d i n g t he 

removed l e a v e s . A s i m i l a r c o n c l u s i o n was drawn by Crompton, 

Lloyd-Jones and H i l l - C o t t i n g h a m (1981) who showed t h a t t h e r e 

was no e x c l u s i v e r e l a t i o n s h i p between a l e a f and su p p l y o f 

a s s i m i l a t e s o f beans d e v e l o p i n g on the same node. McEwen 

(1972) showed t h a t d e f o l i a t i o n o f a l l l e a v e s f r o n nodes a t 

whi c h pods were d e v e l o p i n g reduced y i e l d by o n l y 20%. I t 
14 

was s u b s e q u e n t l y shown t h a t t h e amount o f C f i x e d 

by p a r t i a l l y d e f o l i a t e d p l a n t s was s i m i l a r t o t h a t o f i n t a c t 

p l a n t s , a l t h o u g h the amounts o f f i x e d carbon e x p o r t e d from 

source l e a v e s t o o t h e r p l a n t p a r t s decreased i n p a r t i a l l y 

d e f o l i a t e d p l a n t s . T h i s shows t h a t l e a v e s can compensate 

t o a c e r t a i n e x t e n t f o r reduced l e a f a r e a , a l t h o u g h n o t by 

i n c r e a s i n g the percentage o f f i x e d carbon t o o t h e r p l a n t p a r t s 

( I s m a i l and Sagar, 1981b). Carbon a s s i m i l a t e s were e x p o r t e d 

f r o m t he f e d l e a f p r i m a r i l y t o the s u b t e n d i n g i n f l o r e s c e n c e 

( F i g u r e s 7.10, 7.11), however, beans d e v e l o p i n g on t h i s 

i n f l o r e s c e n c e d i d n o t have e x c l u s i v e access t o these a s s i m i ­

l a t e s , they are a l s o e x p o r t e d t o a l t e r n a t e p eduncles, w i t h 

d e v e l o p i n g pods below the f e d l e a f . There i s , however, no d i r e c t 

c o n n e c t i o n between t h e v a s c u l a r t r a c e s s u p p l y i n g racemes and 

le a v e s ( F i g u r e 7.10). The r e s u l t s o f shading and l e a f removal 

e x p e r i m e n t s , however, i n d i c a t e t h a t i n c r e a s e d f l o w e r a b s c i s s i o n 

due t o l e a f removal was spread e v e n l y over a l l a x i l l a r y 

racemes o f the p l a n t . I t c o u l d be envisaged t h a t i n t e r a c t i o n 

between racemes a c t on two l e v e l s : i n the s h o r t term t h e r e 

i s o n l y communication o f a s s i m i l a t e s between a l t e r n a t e racemes 

on p l a n t s , b u t i n a d d i t i o n t h e r e i s a s l o w e r e x p o r t o f carbon 
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f r o m t h e l e a v e s i n t o the stem and t h e n t o a l l racemes o f a 

p l a n t . I t has been shown t h a t l a b e l l e d sugars were p r o b a b l y 

s t o r e d elsewhere o t h e r t h a n t h e f e d l e a f and were r e m o b i l i z e d 

d u r i n g the n i g h t t o s u p p l y the f r u i t ( K i p p s and B o u l t e r , 1973). 

T h i s view i s u p h e l d by subsequent i n v e s t i g a t i o n , w h i c h showed 

t h a t a f t e r 24 h l e s s t h a n 40% o f t h e 1 4C i n i t i a l l y f i x e d 

had been e x p o r t e d from the l e a v e s . I t was the stem wh i c h was 

the p r i m a r y s i n k f o r the e x p o r t e d carbon ( I s m a i l and Sager ; 

1980) The presence o f pods reduced the r e t e n t i o n o f t h e 
14 

e x p o r t e d C by t h e stem. I t t h e r e f o r e appears t h a t t h e 

stem a c t s as a temporary s i n k f o r a s s i m i l a t e s e s p e c i a l l y 

when t h e r e i s no demand f o r them elsewhere ( I s m a i l and Sager, 

1981b). The s t r o n g c o m p e t i t i o n between young g r a i n s o r pods 

and v e g e t a t i v e p a r t s , w h i c h i s e v i d e n t d u r i n g the e n t i r e 

f l o w e r i n g p e r i o d may be e x p l a i n e d by t h i s temporary s t o r a g e 

o f a s s i m i l a t e s i n t h e stem and l e a v e s , w h i c h i s o n l y r e l i e v e d 

a t t he end o f f l o w e r i n g when d e v e l o p i n g g r a i n s r e c e i v e more 

t h a n 10% o f the 1 4C f i x e d by the stem ( J a c q u i e r y and K e l l e r , 

1980). The changing p a t t e r n s o f s t o r e d carbon i n V. f a b a 

has been s t u d i e d by B e r t h o l d s s o n ( 1 9 8 0 ) , who showed t h a t 
14 

d u r i n g the v e g e t a t i v e g r o w t h most C was f o u n d i n the 

expanding l e a v e s o f the p r e p r o d u c t i v e area and the stem w i t h i n 

t he f i r s t f i v e t o s i x nodes. As the p l a n t grew o l d e r t h e r e 

was l e s s f i x e d carbon i n l e a v e s , a l t h o u g h t h e r e was no change 
14 

o f t h a t i n the stem. D u r i n g e a r l y pod s e t most C was i n 
t h e stem and apex, the d e v e l o p i n g pods a l s o becoming s i n k s . 
When seed development commenced t h e r e was r e t r a n s l o c a t i o n o f 
14 

C t o t h e seeds, l e a v e s , stem and pods. D u r i n g l a t e pod 

development the l o w e r stem, t h e temporary s i n k , was used t o 

f i l l t h e seeds, The arrangement o f t h e v a s c u l a r s t r a n d s , 
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however, needs a l s o t o be t a k e n i n t o account when a s s e s s i n g 

pod s e t on subsequent racemes. 

From the r e s u l t s so f a r d i s c u s s e d t h e r e i s a s t a n d a r d 

p a t t e r n o f f l o w e r drop w i t h i n a raceme o f many p r e s e n t day 

v a r i e t i e s o f f a b a beans, i n t h a t p r o x i m a l f l o w e r s s e t pods 

and d i s t a l f l o w e r s i n v a r i a b l y a b s c i n d . Flower a b s c i s s i o n i s 

a f f e c t e d by v a r i o u s e n v i r o n m e n t a l s t r e s s e s , which p r i m a r i l y 

r e s u l t s i n i n c r e a s e d shedding, e s p e c i a l l y o f the more d i s t a l l y 

s i t u a t e d f l o w e r s . Flower drop i s decreased by a p p l i c a t i o n o f 

s i l v e r n i t r a t e , TIBA and t o a l i m i t e d e x t e n t , by e n s u r i n g 

t h a t a l l f l o w e r s are t r i p p e d on each s u c c e s s i v e raceme, 

p a r t i c u l a r l y i f the l i n e d i s p l a y s a u t o s t e r i l i t y . However, 

i n a l l cases, much f l o w e r drop s t i l l o c c u r s . I n a d d i t i o n 

many a b s c i s e d f l o w e r s have p o l l e n tubes p r e s e n t , so f e r t i ­

l i z a t i o n f a i l u r e i s n o t the s o l e reason f o r f l o w e r d r o p . 

Apex removal and d e c a p i t a t i o n d r a m a t i c a l l y reduced f l o w e r d r o p , 

on r e m a i n i n g racemes i n d i c a t i n g t h e u n f a v o u r a b l e c o m p e t i t i o n 

between the apex and t h e r e p r o d u c t i v e organs. However, s m a l l 

pods s u b s e q u e n t l y drop on p l a n t s s u b j e c t e d t o these t r e a t m e n t s 

i n a p a t t e r n s i m i l a r t o t h a t o f f l o w e r drop. I n f l o r e s c e n c e 

removal o f p r o x i m a l l y s i t u a t e d a x i l l a r y racemes a l s o reduced 

f l o w e r a b s c i s s i o n i n d i c a t i n g the c o m p e t i t i o n between these 

racemes and those s i t u a t e d more d i s t a l l y on the stem. Removal 

o r c o m p l e t e l y s h ading l e a v e s , a l s o a c c e n t u a t e d f l o w e r a b s c i s s i o n 

o v er a l l racemes o f the p l a n t . R e s u l t s o f r a d i o c a r b o n f e e d i n g 

e x p e r i m e n t s , showed t h a t d e v e l o p i n g pods became s t r o n g s i n k s 

f o r a s s i m i l a t e s . Communication o f such a s s i m i l a t e s between 

podded racemes o n l y o c c u r r e d , however, between a l t e r n a t e 

racemes on a p l a n t , a t l e a s t i n t h e s h o r t t e r m . So, i t i s 

apparent t h a t any a l t e r a t i o n o f a s s i m i l a t e balance w i t h i n a 
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p l a n t w i l l p r e d i s p o s e t h a t p l a n t t o i n c r e a s e d f l o w e r drop. 

However, as s m a l l po &. s are n o t s t r o n g s i n k s and most 

a s s i m i l a t e s a t t h i s stage are s t o r e d i n a temporary s i n k , 

the stem, t h e n i t i s apparent t h a t o t h e r f a c t o r s , r a t h e r 

t h a n j u s t carbon a s s i m i l a t e s are r e s p o n s i b l e f o r much f l o w e r 

a b s c i s s i o n . For t h i s reason, i n o r d e r t o b e t t e r u n d e r s t a n d the 

c e l l u l a r and enzymatic changes l e a d i n g t o a b s c i s s i o n , an 

a n a t o m i c a l s t u d y was u n d e r t a k e n . 

R e s u l t s o f a n a t o m i c a l s t u d i e s (Chapter 5) showed t h a t 

t h e e a r l i e s t c e l l u l a r change d e t e c t e d i n the p e d i c e l t i s s u e s 

a f t e r f e r t i l i z a t i o n was an enlargement o f c o r t i c a l c e l l s , 

w h ich c o i n c i d e d v / i t h the disappearance o f s t a r c h s t o r e d i n 

these c e l l s a t the time o f a n t h e s i s . The d e t e c t e d r i s e i n 

- amylase a c t i v i t y i n p e d i c e l s i m m e d i a t e l y a f t e r p o l l i n a ­

t i o n may m o b i l i z e t h e c o n v e r s i o n o f s t a r c h t o s o l u b l e sugars. 

T h i s can be used by the c e l l s o f the p e d i c e l / p e d u n c l e c o r t e x 

f o r one o f two f u n c t i o n s : i f a pod i s s e t the s t a r c h 

r e s e r v e s are used f o r d i f f e r e n t i a t i o n o f the v a s c u l a r t i s s u e 

a t t h i s j u n c t i o n , i f pod s e t i s u n s u c c e s s f u l , however, th e n 

c e l l u l a r e v ents l e a d i n g t o a b s c i s s i o n p roceed, m o b i l i z e d 

s t a r c h would i n c r e a s e the osmotic p o t e n t i a l o f the sap i n 

c e l l s s u r r o u n d i n g the a b s c i s s i o n zone. T h i s would cause a 

c o n c e n t r a t i o n g r a d i e n t t o be s e t up, l e a d i n g t o an i n f l u x o f 

f l u i d from c e l l s a d j a c e n t t o the c o r t i c a l c e i l s o f the 

a b s c i s s i o n zone. I n a d d i t i o n the d e t e c t i o n o f i n c r e a s e d 

a c t i v i t y o f p e c t i n a s e and p e c t i n m e t h y l e s t e r a s e i n the 

p e d i c e l / p e d u n c l e c o r t e x a t f l o w e r stages 9 and 10, would 

a l s o perhaps l e a d t o a weakening and u l t i m a t e d i s s o l u t i o n o f 

the m i d d l e l a m e l l a . T h i s , combined w i t h c e l l e xpansion, 

strands u l t i m a t e l y push t h e f l o w e r o f f r u p t u r i n g the v a s c u l a r 
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Sacher (1957) observed t h a t d u r i n g a b s c i s s i o n i n Coleus 

l e a v e s movement o f c e l l u l a r f l u i d s i n t o the w a l l s o f t h e 

s e p a r a t i o n l a y e r caused the i n t e r c e l l u l a r spaces t o f i l l 

w i t h l i q u i d . Sexton (1976) measured the osmotic p o t e n t i a l 

o f a b s c i s s i o n c e l l s o f I m p a t i e n s s u l t a n i which i n d i c a t e d 

t h a t the c o n c e n t r a t i o n o f the sap had i n c r e a s e d . Moreover, 

Sexton, Jamieson and A l l a n (1977) observed t h a t c e l l u l a r 

c o l l a p s e sometimes o c c u r r e d i n e x p l a n t s i f t h e y are induced 

t o a b s c i s e i n c o n t a c t w i t h w a t e r . I n f l a t e d c o r t i c a l c e l l s 

have been r e p o r t e d i n l e a f a b s c i s s i o n zones o f I m p a t i e n s 

s u l t a n i ( S e x t o n , 1976), Malus sp. (MacDaniels, 1937), 

C i t r u s f r u i t s ( S c o t t , Shroeder and T u r r e l l , 1948), and 

d u p e l e t s o f Rubus idaeas (Mackenzie, 1979). Such c e l l s are 

e x t r e m e l y f r a g i l e , and i t was f o u n d t o be i m p o r t a n t t h a t an 

i s o t o n i c f i x a t i v e s h o u l d be employed d u r i n g specimen 

p r e p a r a t i o n . H y potonic o r h y p e r t o n i c s o l u t i o n s caused t h e 

c o r t i c a l c e l l s t o b u r s t o r s h r i n k r e s p e c t i v e l y , i n b o t h 

cases g i v i n g the appearance o f c e l l f r a c t u r e under SEM 

e x a m i n a t i o n , a l t h o u g h f l o r a l a b s c i s s i o n o f V. faba and o t h e r 

legumes i s c l e a r l y the r e s u l t o f c e l l s e p a r a t i o n a l o n g c o r t i c a l 

c e l l m i d d l e l a m e l l a e . Sexton and Redshaw (1981) concluded 

t h a t t h i s mechanism o f a b s c i s s i o n a l s o o p e r a t e s i n many 

o t h e r s p e c i e s . 

As mentioned p r e v i o u s l y , J a c q u i e r y and K e l l e r (1980 and 

r e f e r e n c e s t h e r e i n ) have shown t h a t V. f a b a pods do not become 

a c t i v e s i n k s and compete s u c c e s s f u l l y f o r a s s i m i l a t e s w i t h 

t he g r o w i n g stem apex, u n t i l they reach the l e n g t h o f 4 cm. 

T h i s l a g may be dependent on the d i f f e r e n t i a t i o n o f v a s c u l a r 

t i s s u e b e f o r e d e v e l o p i n g pods can become f u n c t i o n a l s i n k s . 
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Pod development i n V. f a b a i s n o t dependent on f e r t i ­

l i z a t i o n (Chapman, Fagg and Peat, 1979) and the developmental 

changes i n the p e d i c e l a s s o c i a t e d w i t h pod s e t can be 

induced m e r e l y by growth o f p o l l e n tubes i n the s t y l e 

(Gates, u n p u b l i s h e d r e s u l t s ) . Stead and Moore ( 1 9 7 9 ) , 

demonstrated t h a t c o r o l l a a b s c i s s i o n i n D i g i t a l i s p u r p u r e a 

was s t i m u l a t e d by p o l l e n tube growth i n the s t y l e , a l s o 

Deurenburg (1976) and G i l l i s s e n (1976) have i n d i c a t e d t h a t 

t h e r e i s communication o f a hormonal s t i m u l u s from the s t y l e 

t o o t h e r f l o w e r organs. I t seems l i k e l y t h a t changes i n 

the w a l l s o f the p e d i c e l c o r t e x may be i n i t i a t e d v i a a 

hormonal s t i m u l u s from p o l l e n tube growth i n the s t y l e . 

The r e s u l t s o f t h i s u l t r a s t r u c t u r a l s t u d y suggest 

t h a t f l o w e r s are a c t i v e l y shed a f t e r a s e r i e s o f c l e a r l y 

d e f i n e d c e l l u l a r and enzymatic changes a t t h e j u n c t i o n 

o f t h e p e d i c e l and p e d u n c l e . 

Removal o f f l o w e r s s i t u a t e d on p r o x i m a l p o s i t i o n s 

(Chapter 6) r e s u l t e d i n t h e development o f pods s i t u a t e d a t 

more d i s t a l p o s i t i o n s . T h i s s i t u a t i o n was most apparent 

when the p r o x i m a l two o r t h r e e f l o w e r s had been removed. 

These r e s u l t s show t h a t d i s t a l f l o w e r s are capable o f 

s e t t i n g pods, and t h a t t h e y are not d e s t i n e d t o a b s c i s e , 

as l o n g as the f i r s t formed f l o w e r s are removed. I t i s 

apparent t h a t the f i r s t formed pods communicate a chemical 

s i g n a l t o f l o w e r s on the same raceme, which promotes these 

f l o w e r s t o a b s c i n d . A s i m i l a r s i t u a t i o n has been r e p o r t e d 

t o o ccur i n Lupinus l u t e u s (Van S t e v e n i n i c k , 1957, 1958, 1959), 

Lupinus a n g u s t i f o l i u m ( F a r r i n g t o n and Pate, 1981), Vigna 

u n g u i c u l a t a (Ojehomon, 1972), Cajanus c a j a n ( S h e l d r a k e , 

Narayanan and Venkataratnam, 1977), G l y c i n e max (Tayo, 1977), 
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Phaseolus v u l g a r i s (Tamas e t a l , 1979) and B r a s s i c a napus L. 

(Tayo and Morgan, 1979). 

The n a t u r e o f t h i s c h e m ical s i g n a l i s u n c l e a r . Van 

S t e v e n i n i c k (1957, 1958, 1959) proposed t h a t i t was some form 

o f i n h i b i t o r , H u f f and Dybing (1980) e x t r a c t e d substances 

from immature soybean pods t h a t r e p l a c e d the pods i n 

p r o m o t i n g shedding a t more d i s t a l f l o r a l p o s i t i o n s . One 

p o s s i b l e contender f o r t h i s chemical s i g n a l i s b e l i e v e d t o 

be a b s c i s i c a c i d (ABA), ( P o r t e r and Van S t e v e n i n i c k , 1966, 

C o r n f o r t h , e t a l , 1966). However, ABA d i d n o t s i g n i f i c a n t l y 

promote shedding o f soybean f l o w e r s when a p p l i e d i n l a n o l i n 

i n p l a c e o f the lowermost f l o w e r s on a raceme. Endogenous 

ABA were a t peak l e v e l s j u s t p r e c e d i n g a b s c i s s i o n i n y e l l o w 

l u p i n , Lupinus l u t e u s ( P o r t e r , 1977) b u t i t was found t h a t 

t h e c o n c e n t r a t i o n o f ABA was n o t r e l a t e d t o the degree o f 

shedding, and a p p l i c a t i o n o f ABA by i n j e c t i n g i t i n t o 

racemes i n s i t u f a i l e d t o i n c r e a s e shedding. H u f f and 

Dybing (1980) showed t h a t i n d o l e a c e t i c a c i d (IAA) was the 

o n l y p l a n t hormone t h a t promoted shedding, b u t s i d e e f f e c t s 

o f bending o f racemes, s u p p r e s s i o n o f p e t a l opening and 

h a s t e n i n g o f a b s c i s s i o n c a s t doubt on a r o l e o f endogenous 

IAA i n i n i t i a t i n g shedding. E l - B e l t a g y and H a l l (1975) 

found t h a t h i g h endogenous l e v e l s o f e t h y l e n e c o r r e l a t e d 

w e l l w i t h a b s c i s s i o n o f f l o w e r s o r pods i n V. f a b a b u t t h e y 

c o u l d f i n d no c l e a r c o n n e c t i o n between any p a r t i c u l a r d evelop­

mental process and endogenous l e v e l s o f a u x i n o r i n h i b i t o r s . 

S p r a y i n g p l a n t s w i t h s i l v e r n i t r a t e o r TIBA, however, reduced 

f l o w e r .shedding, i m p l y i n g t h a t b o t h a u x i n and e t h y l e n e do 

have a r o l e t o p l a y i n the p r o m o t i o n o f a b s c i s s i o n , b u t the 

exac t n a t u r e o f the s i g n a l t h a t i n i t i a t e s a b s c i s s i o n remains 

u n r e s o l v e d . 
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O b s e r v a t i o n s on d e t e r m i n a t e i n b r e d l i n e s from the 

c r o s s i n g programme (Chapter 7 ) , i n d i c a t e d t h a t some o f these 

l i n e s d i s p l a y e d decreased f l o w e r d r o p , o t h e r s d i d n o t . T h i s 

i s i n l i n e w i t h o b s e r v a t i o n s a l r e a d y made o f the genotype 

T I C o l . under v a r i o u s e n v i r o n m e n t a l s t r e s s e s , which r e s u l t e d 

i n a p a t t e r n o f f l o w e r drop s i m i l a r t o t h a t a l r e a d y d e s c r i b e d 

and t h a t the d e t e r m i n a t e growth h a b i t , i n i t s e l f , w i l l n o t 

reduce f l o w e r drop. 

Two l i n e s from o b s e r v a t i o n s made i n the glasshouse 

(56/130/1 and 56/118/20) d i s p l a y e d a s e m i - d e t e r m i n a t e growth 

h a b i t . One o f these l i n e s (56/130/1) d i s p l a y e d a h i g h l e v e l 

o f f l o w e r d r o p , w h i l e t h e o t h e r l i n e (56/118/20) e x h i b i t e d 

l i t t l e f l o w e r drop on a l l racemes. I t i s apparent from 

these o b s e r v a t i o n s t h a t because b o t h l i n e s d i s p l a y e d s i m i l a r 

p l a n t a r c h i t e c t u r e , a p o s s i b l e reason f o r t h e d i f f e r e n c e i n 

f l o w e r drop b e h a v i o u r o f t h e two l i n e s i s t h a t an a l t e r a t i o n 

i n v a s c u l a r a r c h i t e c t u r e e i t h e r w i t h i n each raceme o r between 

nodes had o c c u r r e d . 

A f u r t h e r l i n e d i s p l a y i n g reduced f l o w e r drop (56/143/9) 

was s u b s e q u e n t l y found and t h i s was grown i n f i e l d t r i a l s , 

t o g e t h e r w i t h 56/118/20 and p l a n t l i n e s d i s p l a y i n g d i f f e r e n t 

p l a n t a r c h i t e c t u r e s . These two l i n e s d i s p l a y e d m i n i m a l 

f l o w e r drop when grown i n the f i e l d . 

E x a m i n a t i o n o f the v a s c u l a r a r c h i t e c t u r e o f the two 

l i n e s t h a t e x h i b i t e d low f l o w e r drop w i t h those o f commercial 

v a r i e t i e s , i n d i c a t e d t h a t the l i n e s w i t h low f l o w e r drop had 

a m o d i f i e d i n f l o r e s c e n c e v a s c u l a r a r c h i t e c t u r e compared t o 
14 

t h a t o f commercial v a r i e t i e s . R e s u l t s o f C f e e d i n g s t u d i e s , 

comparing the communication between racemes showed t h a t a 

s i m i l a r p a t t e r n o f communication between a l t e r n a t e peduncles 
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o c c u r r e d i n l i n e s w i t h l o w e r f l o w e r drop and commercial 

v a r i e t i e s ( F i g u r e 7.10, 7.11). I t c o u l d be concluded, t h a t 

as t h e r e has been no change i n the gross v a s c u l a t u r e o f the 

stem, then i n t e r a c t i o n between a l t e r n a t e racemes has a s m a l l 

e f f e c t on f l o w e r d r o p , compared t o the i n t e r a c t i o n s w i t h i n 

i n d i v i d u a l racemes. However, t h i s might n o t be the case 

i f a c o n s i d e r a t i o n o f the f a c t o r s i n f l u e n c i n g pod drop were 

t o be made. 

The v a s c u l a t u r e o f l i n e s e x h i b i t i n g low f l o w e r d r o p , 

was such t h a t t h e v a s c u l a r s t r a n d s s u p p l y i n g each f l o w e r 

were independent o f each o t h e r f l o w e r on a raceme. I n 

c o n t r a s t , t h e v a s c u l a r s u p p l y t o f l o w e r s w i t h i n a raceme o f 

commercial v a r i e t i e s examined was i n t e r c o n n e c t e d . I n the 

m a j o r i t y o f cases the f i r s t formed f l o w e r was independent 

o f o t h e r f l o w e r s , w h i l e t he second and t h i r d f l o w e r s were 

connected t o o t h e r f l o w e r s v i a the v a s c u l a r s t r a n d s . 

The independent v a s c u l a r s u p p l y c h a r a c t e r i s t i c p r e v e n t e d 

any communication between b a s a l f l o w e r s and a p i c a l f l o w e r s , 

as evidenced by e o s i n and r a d i o c a r b o n f e e d i n g s t u d i e s . There 

was, on the o t h e r hand, ready communication between f l o w e r s 

on the same raceme o f commercial v a r i e t i e s n o t possessing 

t h i s c h a r a c t e r i s t i c . 

The e l u c i d a t i o n o f the arrangement o f the v a s c u l a r 

s u p p l y i n racemes o f commercial v a r i e t i e s c o r r e l a t e s w e l l 

w i t h t h e observed p a t t e r n o f f l o w e r drop i n such genotypes. 

The p r o x i m a l f l o w e r o f such racemes, i s the one t h a t most 

o f t e n possesses an independent v a s c u l a r s u p p l y , and i t i s 

t h i s f l o w e r t h a t most o f t e n s e t s a pod, even under e n v i r o n ­

mental s t r e s s . I n a d d i t i o n removal o f the p r o x i m a l f l o w e r 

on each raceme o f commercial c u l t i v a r s r e s u l t e d i n o n l y a 



273 

s l i g h t o r no r e d u c t i o n i n a b s c i s s i o n (Table 6.1). When 
the p r o x i m a l two o r t h r e e f l o w e r s were removed fr o m racemes 
th e n a h i g h l y s i g n i f i c a n t r e d u c t i o n i n a b s c i s s i o n o c c u r r e d . 
I t i s apparent t h a t i t i s the second and t h i r d formed pods, 
i n many cases t h a t communicates a chemical s i g n a l t o more 
d i s t a l l y s i t u a t e d f l o w e r s , which i n i t i a t e s t he e vents l e a d i n g 
t o f l o w e r a b s c i s s i o n . I t must be emphasised t h a t much 
v a r i a t i o n i n v a s c u l a r a r c h i t e c t u r e o c c u r r e d i n commercial 
v a r i e t i e s and i n some cases t h e p r o x i m a l f l o w e r was a l s o 
connected t o o t h e r f l o w e r s on a raceme. The v a s c u l a r 
arrangement o f commercial v a r i e t i e s i s a l s o c o m p a t i b l e w i t h 
t h e a s s e r t i o n t h a t l i m i t i n g carbon a s s i m i l a t e s a c c e n t u a t e s 
f l o w e r a b s c i s s i o n . Such an arrangement o f the v a s c u l a r 
s t r a n d s l e a d s t o an uneven d i s t r i b u t i o n o f a s s i m i l a t e s , as 
f l o w e r s on more d i s t a l p o s i t i o n s would have t o share a s s i m i ­
l a t e s w i t h more p r o x i m a l l y s i t u a t e d f l o w e r s . Whereas the 
p r o x i m a l f l o w e r w i l l r e c e i v e p r o p o r t i o n a l l y more a s s i m i l a t e 
t h a n o t h e r f l o w e r s . An adequate s u p p l y o f a s s i m i l a t e s i s 
r e q u i r e d f o r the d i f f e r e n t i a t i o n o f v a s c u l a r t i s s u e a t the 
p e d i c e l / p e d u n c l e c o r t e x , w h i c h i s an e s s e n t i a l p r e r e q u i s i t e 
f o r s u c c e s s f u l pod s e t . I f d i s t a l p o l l i n a t e d f l o w e r s r e c e i v e 
a s m a l l e r p r o p o r t i o n o f a s s i m i l a t e t h a n more p r o x i m a l l y 
s i t u a t e d f l o w e r s , t h e n v a s c u l a r d i f f e r e n t i a t i o n o f the p e d i c e l / 
peduncle c o r t e x would be slowed down, and t h i s combined w i t h 
t h e communication o f an a b s c i s s i o n p r o m o t i n g s i g n a l from s m a l l 
p r o x i m a l l y s e t pods would l e a d t o the c e l l u l a r and enzymatic 
changes l e a d i n g u l t i m a t e l y t o f l o w e r drop. The c i r c u m v e n t i o n 
o f the aoove p h y s i o l o g i c a l i n t e r a c t i o n s , by independent 
v a s c u l a r s u p p l y not o n l y p r e v e n t s the communication o f an 
a b s c i s s i o n p r o m o t i n g s i g n a l t o d i s t a l f l o w e r s , but s h o u l d 
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a l s o l e a d t o an i n c r e a s e d l a g phase between f e r t i l i z a t i o n and 

expansion o f the o v a r y , w h i l e the v a s c u l a r t i s s u e o f the 

p e d i c e l / p e d u n c l e j u n c t i o n s o f a l l f l o w e r s are d i f f e r e n t i a t i n g . 

T h i s would be expected because a s s i m i l a t e s are now b e i n g 

shared e q u a l l y between 6 o r 7 f l o w e r s r a t h e r than j u s t 1 o r 

2 f l o w e r s , w h i c h has h i t h e r t o been the case. Evidence f o r 

t h i s comes fr o m i n v e s t i g a t i o n s i n t o p e r o x i d a s e l e v e l s i n 

p e d i c e l / p e d u n c l e j u n c t i o n s ( F i g u r e 7 .7). Peroxidase was 

chosen as an enzymatic marker f o r f l o w e r development because 

the enzyme has been a s s o c i a t e d w i t h g rowth and d i f f e r e n t i a t i o n 

( G a l s t o n and Davies, 1969; Van F l e e t , 1959; H u f f and Dybing, 

1980). These e x p e r i m e n t s i n d i c a t e d t h a t f o r commercial 

v a r i e t i e s t he a c t i v i t y o f p e r o x i d a s e was g r e a t e r i n j u n c t i o n s 

d e r i v e d from f l o w e r s a t the p r o x i m a l raceme p o s i t i o n s , and 

i n c r e a s e d a t these p o s i t i o n s as development c o n t i n u e d . No 

such i n c r e a s e i n p e r o x i d a s e a c t i v i t y o c c u r r e d i n j u n c t i o n s 

o b t a i n e d from f l o w e r s s i t u a t e d a t d i s t a l raceme p o s i t i o n s . 

T h i s i s evidence o f the developmental advantage t h a t t he 

f i r s t s e t pods have over f l o w e r s on more d i s t a l p o s i t i o n s . 

S i m i l a r o b s e r v a t i o n s have been made between soybean o v a r i e s , 

most l i k e l y t o s e t pods compared t o those most l i k e l y t o 

a b s c i n d ( H u f f and Dybing, 1980). I n l i n e s p o s s e s s i n g the 

independent v a s c u l a r s u p p l y c h a r a c t e r i s t i c , p e r o x i d a s e 

a c t i v i t y i s l o w e r a t the same developmental stage i n 

j u n c t i o n s from f l o w e r s a t a l l p o s i t i o n s , compared t o t h a t 

observed i n j u n c t i o n s d e r i v e d from commercial v a r i e t i e s . 

P eroxidase a c t i v i t y , however, i n c r e a s e s i n j u n c t i o n s d e r i v e d 

from a l l f l o w e r p o s i t i o n s from stage 10 t o pod s e t . T h i s 

c o u l d be t a k e n as evidence t h a t t he p e d i c e l / p e d u n c l e j u n c t i o n s 

are d i f f e r e n t i a t i n g more s l o w l y , b u t e v e n l y , a t a l l f l o w e r 
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p o s i t i o n s i n these l i n e s . One f l o w e r does not have a 
developmental advantage over o t h e r s on the same raceme. 

I n a d d i t i o n t o the c i r c u m v e n t i o n o f the p h y s i o l o g i c a l 

i n t e r a c t i o n between young pods and f l o w e r s w i t h i n the same 

raceme by independent v a s c u l a r s u p p l y , such i n b r e d l i n e s 

a l s o possess a " s e m i - d e t e r m i n a t e " c h a r a c t e r . T h i s r e s u l t s 

i n f l o w e r i n g on 10-14 racemes, which th e n a b r u p t l y ceases 

w i t h the p r o d u c t i o n o f a few v e g e t a t i v e nodes. T h i s i s i n 

c o n t r a s t t o commercial v a r i e t i e s w h i c h , e s p e c i a l l y when 

s u b j e c t t o warm and m o i s t c o n d i t i o n s , can f l o w e r almost 

c o n t i n u o u s l y up u n t i l h a r v e s t . The maintenance o f a s t r o n g l y 

c o m p e t i t i v e apex has a d e t r i m e n t a l e f f e c t on f l o w e r d r o p , 

as p r e v i o u s l y d i s c u s s e d . The s e m i - d e t e r m i n a t e c h a r a c t e r would 

h e l p t o reduce t h i s i n t e r a c t i o n w i t h o u t r e s o r t t o the more 

extreme t e r m i n a l i n f l o r e s c e n c e m u t a n t s . 

I n i t i a l s t r e s s e x p e r i m e n t s comparing l i n e s p o s s e s s i n g 

the independent v a s c u l a r s u p p l y c h a r a c t e r i s t i c w i t h those 

o f commercial v a r i e t i e s (Chapter 8) i n d i c a t e t h a t many pods 

w i l l s e t i n independent v a s c u l a r s u p p l y l i n e s even under a 

h i g h l e v e l o f s t r e s s . Flower a b s c i s s i o n , however, d i d 

i n c r e a s e i n l i n e 56/143/9, p a r t i c u l a r l y when s u b j e c t t o 

warm c o n d i t i o n s and supplementary l i g h t i n g . I t has been 

found i n tomato f l o w e r s (Levy, R a b i n o v i t c h and Kedar, 1978) 

t h a t h i g h t e m p e r a t u r e s induce the drop o f buds and f l o w e r s , 

and t h i s i s the r e s u l t o f a l a c k o f f e r t i l i z a t i o n . T h i s 

i t s e l f was a f f e c t e d by a number o f f a c t o r s . Under h i g h 

t e m p e r a t u r e , gametogenesis was d i s t u r b e d and gamete v i a b i l i t y 

reduced, so l e s s p o l l e n was produced i n the f l o w e r . High 

t e m p e r a t u r e a l s o a f f e c t e d the g e r m i n a t i o n and e l o n g a t i o n o f 

the p o l l e n tube i n t o the s t y l e and t h i s a l s o i n h i b i t s 
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f e r t i l i z a t i o n . As tomato f l o w e r s are s e l f - p o l l i n a t e d a n y t h i n g 

r e d u c i n g o r p r e v e n t i n g s e l f - p o l l i n a t i o n w i l l r e s u l t i n 

l o w e r f r u i t s e t . As a l l f l o w e r s were t r i p p e d i n V. f a b a 

i n t h i s e x p e r i m e n t (as i n every o t h e r e x p e r i m e n t ) , i t i s 

p o s s i b l e t h a t a s i m i l a r i n h i b i t o r y response t o f e r t i l i z a t i o n 

o c c u r r e d i n f a b a beans. I f f e r t i l i z a t i o n i s n o t s u c c e s s f u l 

i n V. f a b a t h e n f l o w e r drop w i l l proceed, i r r e s p e c t i v e o f t h e 

v a s c u l a r a r c h i t e c t u r e o f the p l a n t . 

The e f f e c t o f d i f f e r e n t t r i p p i n g t r e a t m e n t s ( F i g u r e s 8.6, 

8.7) on i n b r e d l i n e 22 and 56/143/9 had v e r y l i t t l e e f f e c t on 

pod s e t , such d i f f e r e n c e s t h a t were apparent seemed t o be 

due t o d i f f e r e n c e s i n a b s c i s s i o n b e h a v i o u r between p l a n t s , 

p o s s i b l y due t o v a r i a t i o n s i n raceme v a s c u l a r a r c h i t e c t u r e , 

w h i c h as a l r e a d y s t a t e d can occur between i n d i v i d u a l p l a n t s . 

The l a c k o f response t o t r i p p i n g c o u l d be an i n d i c a t i o n o f 

a u t o f e r t i l i t y i n these l i n e s . I n b r e d l i n e 22 a l s o d i s p l a y s 

a u t o f e r t i l i t y , a l t h o u g h i t was a f f e c t e d t o some e x t e n t by 

the t r i p p i n g t r e a t m e n t s ( F i g u r e 8.6). 

S p r a y i n g p l a n t s w i t h the a n t i a u x i n TIBA had no e f f e c t 

on p l a n t s p o s s e s s i n g the independent v a s c u l a r s u p p l y 

c h a r a c t e r , a l t h o u g h i t s i g n i f i c a n t l y decreased a b s c i s s i o n i n 

commercial v a r i e t y M a r i s Bead. T h i s i s a s t r o n g i n d i c a t i o n o f 

the i n f l u e n c e o f a hormonal s i g n a l i n p r o m o t i n g f l o w e r shedding 

i n v a r i e t i e s n o t p o s s e s s i n g independent v a s c u l a r s u p p l y . 

The l a c k o f communication o f such a s i g n a l between f l o w e r s on 

p l a n t s w i t h an independent v a s c u l a r s u p p l y , enables a h i g h 

degree o f pod s e t . 

I n c o n c l u s i o n , the c u r r e n t v a r i e t i e s o f V. f a b a may 

be r e g a r d e d as o n l y s e m i - d o m e s t i c a t e d ( H a w t i n , 1981) and 
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have many o f the r e p r o d u c t i v e c h a r a c t e r i s t i c s o f s u c c e s s f u l 

weeds. I n d e t e r m i n a t e g r o w t h , coupled w i t h a c r o p e t a l a n t h e s i s 

w i t h i n racemes and the shedding o f f l o w e r s induced by pod 

s e t are common growth c h a r a c t e r i s t i c s o f w i l d V i c i a s p e c i e s 

and many o t h e r t a x o n o m i c a l l y and e c o l o g i c a l l y d i v e r s e s p e c i e s 

(Stephenson, 1981 and r e f e r e n c e s t h e r e i n ) . Such a s t r a t e g y ' 

l e a d s t o a c o n t i n u o u s s u p p l y o f f l o w e r s and l i m i t e d pod s e t . 

T h i s might be expected t o maximise the p o s s i b i l i t y o f 

p r o d u c t i o n o f recombinants i n allogamous s p e c i e s , e s p e c i a l l y 

i n e nvironments where r e s o u r c e s are l i m i t i n g . 

I n c o n t r a s t , the a g r i c u l t u r a l r e q u i r e m e n t f o r h i g h 

l e v e l s o f pod s e t t i n g and u n i f o r m pod m a t u r a t i o n induces 

whole p l a n t " s e l f - d e s t r u c t i v e " senescence a c c o r d i n g t o the 

concept o f S i n c l a i r and De Wit ( 1 9 7 5 ) . I d e o t y p e s w i t h h i g h 

pod s e t achieved by the s e l e c t i o n o f independent v a s c u l a r 

s u p p l y t o f l o w e r s and synchronous pod development induce a 

more d e t e r m i n a t e growth h a b i t , w i t h o u t r e s o r t t o the more 

extreme t e r m i n a l i n f l o r e s c e n c e mutants. They w i l l r e s u l t 

i n crop y i e l d b e i n g l i m i t e d by the a b i l i t y to s u p p l y a s s i m i ­

l a t e t o the d e v e l o p i n g s i n k s , r a t h e r t h a n by s i n k c a p a c i t y 

as has h i t h e r t o been the case (McEwen. 1972). U n l i k e 

d e t e r m i n a t e mutants the i d e o t y p e d e s c r i b e d above w i l l 

r e t a i n some c a p a c i t y t o d i f f e r e n t i a t e l e a v e s i n response t o 

s i n k demand o r t o r e p l a c e p h o t o s y n t h e t i c c a p a c i t y l o s t due 

t o l e a f damage. 

The narrow g e n e t i c base and l i m i t e d g e n e t i c v a r i a b i l i t y 

i n the faba bean crop have been c i t e d as a l i m i t i n g f a c t o r 

i n the improvement o f the crop (Hond, 197G). While t h i s i s 

t r u e o f cur r e n t , .".election c r i t e r i a , t h ere i . " . a c o n s i d e r a b l e 

untapped r e s e r v o i r o f a n a t o m i c a l and p h y s i o l o g i c a l v a r i a t i o n 
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w i t h i n the r e p r o d u c t i v e t i s s u e s o f V. f a b a , as evidenced by 

r e s u l t s p r e s e n t e d i n Chapter 7. Such v a r i a t i o n i s now 

b e g i n n i n g t o be r e c o g n i s e d (Hobbs and B u r n e t t , 1982). 

D i f f e r e n t b r e e d i n g t e c h n i q u e s can be used t o e x p l o i t 

d i f f e r e n t components o f g e n e t i c v a r i a b i l i t y , so t h a t 

d i f f e r e n c e s i n g e n e t i c a r c h i t e c t u r e between p o p u l a t i o n s o f 

f a b a beans c o u l d be t a k e n i n t o account when p l a n n i n g p l a n t 

b r e e d i n g programmes. Advantage c o u l d t h e n be t a k e n o f 

i n t e r a c t i o n s between b r e e d i n g methods and p o p u l a t i o n s t h a t 

are p h e n o t y p i c a l l y b u t n o t g e n e t i c a l l y s i m i l a r . 

I t i s p o s s i b l e t o r a p i d l y screen f o r v a s c u l a r anatomy and 

t i s s u e d i s t r i b u t i o n by u t i l i z i n g e p i - i l l u m i n a t i o n f l u o r e s c e n c e 

microscopy (Gates and Oparka, 1982) and l i g h t m i c r o s c o p y , 

a l l o w i n g the s e l e c t i o n o f v a s c u l a r c h a r a c t e r i s t i c s f o r the 

improvement o f r e p r o d u c t i v e performance i n t h e c r o p . 
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