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Ovulos de botones florales con alto potencial de abscision mostraron alto por-
centaje [96% ) de anormalidades anatomicas e irregularidades en el desarrolio del saco
embrionario. En contraste pocos (315 ) ovudos de flores con bajo potencial de absci-
sidn fueron anormales. Se observaron las siguientes anormalidades anatomicas. necrosis
del saco embrionario v de la nucela, ausencia o desarrollp retardado del saco enbriona-
rio. Estas y otras observaciones sugteren que la abscision de botones florales se relacio-
na con las anormalidades previamente desarrolladas en los dvidos

Introduction

ductive organs. buds, and young pods, accounts
for the loss of up to 80% of potential seeds (2.
3.4.17)

I 1 beans, Phaseolus wdlgaris, abscission of repro-

Published studies on aborted ovules generally treat
fruits or flowers at anthesis; the flower-bud stage has
passed unnoticed. Different authors have related
abortion to irregularities in the development of the
embryo sac or its absence (7, 12, 16). to embryo-sac
degeneration {10, 13) and to collapse of the nucellus
and chalaza (10, 15). These studies examine princi-
pally woody plants. Williams (18) mentions that
Nowers of Phaseolus vudgaris usually contain normal
ovules Ormrod er @/ {9) find that high temperatures
(up to 35°C) stimulate the degeneration ol the
embryo sac ol Phaseolus vulgaris.
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In the present study. the ovules [rom flower buds
of bean with high potential {more prone) for abscis-
sion, with those of buds with low potential (less
prone) were anatomically compared.

Material and methods

Flower buds were coltected from plants (Phaseoius
vulgaris 1. Cv. Cacahuate-72} grown in a greenhouse.
This is a determinate variety with terminal, sub-
terminal and axillary inflorescences.

It was noticed that under these greenhouse condi-
tions, the subterminal inflorescence {two flowers in
the axil of a trifoliolate leal) of the main stem almost
always produces two pods with seeds. On the other
hand, flowers from the second and third nodes of the
terminal inflorescence of the branch at the fourth
or fifth nodes, almost never produce pods These are
the chosen sites of low and high potentials for abscis-
sion. The buds were collected at the stage when the
corolla was just protruding from the enveloping
bracteoles. Those with high potential for abscission
(12 buds) were pale green and abscised when tapped
lightly with the finger. Buds with low potential for
abscission (12 buds from subterminal inflorescences
of the main stem) were deep green and did not
abscise when tapped iightly with the finger.
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The dissected ovaries were {ixed in Craf I {11)
and embedded in paraffin Ten-micron sections were
prepured by standard histological techniques, stained
with sufranin and fast green (6) und mounted in
synthetic resin,

Results

The normal bean ovule is campylotropous
bitegmic and crassinuceizie The embryo sac is of the
Polygonum type {Figure §) As the embryo sac
matures, the nucellar tissue desintegrates partially
The mature megagametophyte is adpressed to the
inner epidermis of the inner integument

Ovules from [lower buds with high potentiat for
abscission were characterized by higher frequencies
of  abnormalities  The abnormalities commonly
observed were the following (Table 1) a) Necrosis
of the embryo sae and the nucellus, which could
cccur in the sume ovule (Figure 2), although in some
cases necrosis of the embryo suc was not accont-
panied by the that of the nucetlus Necrosis could
oceur throughout the embryo sac or be localized
{(Figures 2, 3. 4), und generally was accompanied

Fig 1 Ovule trom a flower bud with low abscission poten-
tial m, micropyle; ol, outer integument; i, inner
integument; n, nucellus: ¢ chalaza; es, embryo sac
X285 All figures are of longitudinal seetions

Table 1. Percentages of necrosis and developmental irregular-
ities in ovules of flower buds with high and low
potentials for abscission.

High Low
Potential, Potentiat
Yo %%

Necrosts in the whole embryo sac 271 78
Necrosis in antipodal cells 104 R
Necrosis in egg apparatus 83 9.4
Necrosis in chaluza 42 0
Negrosis in nucellus 438 6.2
Total ovuies with secrosis g3 3% 25 0%
Total ovules without necrosis 16 7 759
Lmbryo sizc absent 14 6 15
Ditterentistion arcested at 2-4

nucly 14 6 63
Drifterentiation arrested st 4-8

BTG 83 0
Mature embryo sacs, with or

without neorosis 623 922
Total ovales with mature

eambryo sacs and without

necrosis 41 48 8

¥ The pereentage ot avules with necrosis in smaller than
the sum of the percentages ol necresis in different parts,
because some ovules bud aecrosis in more than one part

by separation between the integuments or between
the inner integument and the nucellar tissue (Figures
2. 3). Necrosis in the nucelius could occur close to
the micropyle. around the base of the embryo sac,
or afongside the whole embryo sac. A total of 83% of
ovules had necrosis in one or more parts. b) Some
ovules (14 6% ) lacked embryo sac c¢) Mega-
gamnetophyte development i 23% of the ovules
showed 4 delayed development. These abnormalities
were so common that only 4% of the ovules were
normal.

In contrast, in ovules from flower buds with low
potential of abscission, 69% of the embryo sacs
developed normally to matusity (Tsbie 1). This is
because, in ovules with low shscission potential,
25% displayed necrosis, 1.5% lacked the embryo
sac and 6% had delayed pametophyte development
(Table 1)

Discussion

The anatomical abnormalities detected mainly
in flower buds with high abscission potential are
similar to those reported in studies of ovule abortion
in bean (9, 18) and other species (7, 10, 12, 13, (5,
16} Ditierent types of abnormalities frequently exist,
and they occur at several stages in development.
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Fig 2 Ovule trom a thower bud, with bigh abscission poten-
thl showing nevrosis of the embryo sae {se} and ol
the nuceflus (n) X373

The physiological mechanism for the control of
flower bud abscission is not fully understood (i4)
Our observations suggest that this mechanism adlects
the development of the embryo sac and induces
senescenice of both the embryo sac and nucellar
tissue.

Adato and Gazit (1) reported that young fruits
of avocado produce ethylene mainly in the seed
coat, and expressed the opinion that this may induce
abscission in young fruits Sedgley (i3} attributes
the rise in ethylene to arrested development of the
fruits. In the case of Phaseolus buds with high poten-
tial for abscission. the possibility exists that senescent
embrye-sac and nucellar tissue might be a source of
synthesis of ethylene, which is well known {o stimu-
late the processes leading to abscission by inhibiting
polar auxin Lransport (5). Observations by one of us
(PY]} have shown that anatomical abnormalities
precede the formation of the abscission zone This
suggests  that anatomical abnormalities play an
important role in abscission of flower buds. How-
ever, Sedpley {12} indicates that degeneration of the
embryo sac does not cause abscission, but that these
two phenomena possibly are due to inefficient distri-

Pig 3 Ovule lrom a flower bud with high zbscission poten-
tiaf, showing necrosis of the egg apparatus (oa)
X403

bution of water and nutrients, cessalion of growth,
and production of ethylene

Such g mechanism may be related to correlative
seneseence. by which the abscission of one organ is
controlled by another organ (8) If this were the
tase. it might be possible that flower buds with low
abscission potential stimulate the abscission of those
with high abscission potential, giving rise first to
developmental abnormalities. The normal embryo
sac might attract more photosynthates into {he
develeping ovules. Failure or alteration of the normal
devetopment of the embryo sac thus would reduce
that altraction, triggering abscission.

Summary

Ovules trom flower buds with high potential for
abscission showed a high percentage (96% ) of ana-
tomical abnormalities and irregularities in the devel-
opment of the embryo sac In contrast, few (319 )
ovuies from flowers with low potential for abscission
were abnormal. The following anatomical abnormal-
ities were identified: necrosis of embryo sac and
nucellus, absence or delayed development of embryo
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Fig 4 Ovule trom a flower bud with high abscission poten-
izl showing necrosis of the embryoe sac in an eraly
ontogenetic stage, collapse of the nucelluy (arrows),
hyperplasia (h} of the nucellus. 737X

sa¢ These and other observations suggest that abscis-
sion of the flower buds is related to previously devel-
oped anatomical abnormalities in the ovules

Literature cited

1. ADATO, 1, and GAZIT, 8 Role of ethylene in
avocado fruit development and ripening.
{I. Ethylene production and respiration by
harvested fruits. Journal of Experimental
Botany 28:644-649. 1977

-

DIAZ M, F, and KOHASHI §, I Distribucion
de materia seca en el frijol (Phaseolus vul-
garis L) bajo condiciones de campo. Turrial-
ba 32:19-27. 1982

3. ESCALANTE E.J. A S, KOHASHI-S, 1, and
GOMEZ R, O. B. Efecto del sombreado arti-
ficial en tres épocas a partir de la floracion
sobre el rendimientc en semillas y sus com-
ponentes del frijol (Phaseolus wulgaris 1)
Agrociencia 42:5-16. 1980,

4.

10.

i1

13.

FANJUL, L, KOHASHI- -SHIBATA, }. and
HERNANDEZ -XOLOCOTZI, E  Yield
potential and stratified growth analysis of an
indeterminate climbing pole bean {Phaseolus
vulgarisy in México. Experimental Agri-
culture 18:167-175. 1982

- GOLDSMITH, M. H M. The polar transport of

suxin. Annual Review of Plant Physiclogy
28:43G-478 1977,

JOHANSEN, D. A. Plant microtechnique.
McGraw-Hill, New York 1940 323 p.

MOGENSEN, H L Ovule abortion in Quercius
(Fagaeeae) American Journal of Botany
02:160-165. 1975,

NOODEN, L. D., and LEOPOLD, A. C. Phyto-
hormones and related compounds A com-
preliensive treatise. Vol [I Elsevier, North.
Holland biomedical Press. 1978 pp. 329-
369

ORMROD, D. P, WOOLLEY, C. J.. EATON, G.
W., and STOBBE, E H. Effect of tempera-
ture on embryo sac development in Phaseo-
fus velgaris 1. Canadian Journal of Botany
45:948-9350 1967,

PIMIENTA, E |, and POLITO, V. 8. Ovuie abor-
tion in ‘Nompareil’ almond (Prunus dulcis
(Mill} D. A Webb). American Journal of
Botany 69:913.920. 1982,

SASS. I E Botanical Microtechnique. loawa
State Coilege Press, Ames 1938 228 p

SEDGLEY, M. Anatomical investigation of
abscissed avocado flowers and fruitiets,
Annals of Botany 46:771-777. 1980,

SREE RANGASAMY, S. R, and VIIENDRA
DAS, L D. Seedlessness in triploid guava
(Psicivm guajava L). Embryological studies
Canadian Journal of Genetics and Cytotogy
15:331.334 1973,

. STEPHENSON, A. G Flower and fruit abortion:

proximate causes and ultimate functions.
Annual Review of Ecology and Systematics
12:253-279. 1981,

. THOMPSON, M. M., and LIU, L J. Temperature,

fruit set, and embryc sac development in
‘Ttalian” prune Journal of the American
Society for Horticultural Sciences 98:193-
197. 1973,



YANEZ £T AL COMPARATIVE ANATOMY OF FLOWER BUDS IN 7 VULGARIS 435

16 TOMER, E., and GOTTREICH, M Defective
ovules in avocado cultivars. Journal of the
American Society for Horticultural Sciences
101:620-623 1976

17. WEBSTER, B. D, CRAIG. M. E.. and TUCKER,
C. L Effects of ethephon on abscission of
vegetative and reproductive structures of

Notas y comentarios

Hacia la fotosintesis artificial

La conversion artificial de la encrgin solar a ener-
g1a quimica potencial, fuera del reino vegetal y en el
laboratorio, estd acercdndose & la realidad. Hemos
dado cuents hace algan tempo de los avances v difi-
cultades de los equipos dirigidos por Mervin Calvin,
en California, v por Sir George Porter, en Londres
(Turrialba Vol 29, p 137, 1979) Los trzbajos de
estos dos premios Nobel (1961 y 1907, respectiva-
menie) desatacaban la importancia de las porfirinas
y quinonas en el intercambio rdpido de electrones,
necesario para la fotosintesis. Ahora, una nucva
molécula, que simula los procesos {undumentales
que dan lugar a la fotosintesis, ha sido claborada
y podria abrir el camino a sistemas fotosintétivos
artificisles mds eficientes El trabaje ha involucrado
a 12 cientifivos de Estados Unidos, Francia y Gran
Bretadia, todos coordinados por Thomas Moore, de la
Universidad del kstado de Arizons {Nature, Vol 307,
p. 630, 1983)

Bl paso clave en Ja folosintesis es fo que se ha lla-
mado “separacién de carga fotoimpelida™  La luz
alrapada por las “antenas” de la clorofita se cree que
excita clectrones, los que son sacados ripidamente 2
través de uns membrana. Son usados para gencrar
ciertas moléculas de alta energia que posteriormente
ayudan en la conversién del dioxido de carbono a
carbohidestos

Phaseolus vulgaris 1. Horticullurai Science
10:154-156. 1975

18. WILLIAMS, D B F Influence ol soil moisture
level on flower abscission, ovule abortion
and seed development in the snap bean (Pha-
seolus vilgaris 1) Ph B Thesis. University
of Wisconsin 1902, 74 p (Dissertation
Abstracts 22:29-33 1962)

Mientras tanlo, la carga positiva, o “hueco™. que
queda en la clorofila ¢s relienado con clectrones pro-
cedentes de moldeulas cercanss de ugua Estas son
oxidadas, produciendo oxigeno en el praceso Pero, al
conducir ripidamente los clectrones excitados lejos
de fus antenas clorofflicas (mediante moléculas atra-
padozas de electrones. Hamadas quinonas), la natura-
leza asegura que las cargas positivas y negativas, indu-
cidas por lu luz, permanecen separadas Esto reduce
pérdida de energra por recombinacion de cargas (o
retroreaceion)

Ahora bien. si los convertidores biomiméticas se
espera que funcionen por tiempos largos y eficiente-
mente, deben atacar los dos problemas, de separacion
de vurgas y de prevencion de retroreaceidn El prime-
ro de estos es relativamente [dcil; los quimicos han
hecho meléeulas con grupos especiales que pueden o
aceptar electrones excitados o donar electrones para
fos “huecos” dejados por los primeros La dificultad
estid en que fas moléeulas de curga separada son de
unsa vida demasiado corta para ser de algun usc prdc-
tico Aqui entra la esposa de Moore, uno de los arqui-
tectos principales de ta nueva moiécula

La retroaecidn es prevenida mediante la incorpora-
¢ién en ki misma motéeula, tanto de los grupos acep-
tadores de clectrones como de los donadores de clee-
trones Bl corazdn de este sistema capturador de luz
es una porlirina, un pariente cercano de la clorofila
n un costado de la porfirina se encaja un grupo qui-
nonmt Este agarrard cualquier electron que levante su
cabecita exeitada per la luz par eacima del parapeto
de energsa potencial de la porfiring En el otro {ado
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de ko poelivinag estd un grupo betacarotenu fargo v
erritico que rdpidamente completa cualquier déficit
clectrénico en la porfiting Entre ellos, tos dos grupos

10 Q00 millones de veces nuls ridpido gque un servicio
de John McEnroe. Funcions de s muners siguiente

Un electrdn fotoescitado deja la porfiving y pasy
a la quinena, pero wntes de que pueda saltar de segre-
s, ¢f betacaroteno dona un electron a la porfirina Bl
resultudo final ¢s una molécula de carga separada que
es de relativa longevidad (unas 3 millonésimas de sc-
gundo comparado con 3 billonésimas para una porfi-
ring  quinona simple es decir 37% contya 3713
en la notacion en espafol) La carga negative estd
sitnada en la quinana, mientras que la carga positiva
estd segura, puardadu en el betacaroteno

El purecido del comportamiento de esta molécuila
con lus antenas de la clorofila en la fotosintesis natu-
ral es fantastico. Por una parte, ¢l desacoplamiento de
las cargas en la mokéeula se deriva de lo que los foto-
guimicos llaman estado excitado simple (“singlet
excited state”™) Cuande una moléculs es fotoexcita-
da, cl electron salta tan rapido a un estade mis aito
de energix gue no tienc iiempo de cambisr su mo-
mento angular de rotacidn (Uspin™)  Esto significa
que todos los electrones en fa moléeula estin todavia
aparcados cn su spin una condicion Hamada el
estado simple Sin embargo. muy ripidamente. el

electrén excitado puede cambizr su spin al modulo
opuesto Lsto quiere decir que hay ahora dos clectro-
nes en fa moléeula con spins ne apareados Esto se
Hama ef estado triplete y tiene menos energia que el
estado simple.

En ba nueva moléculy, la separacion de cargas es
tan apida que el electron no tiene ticmpo de cambiar
su spin anies de ser arrebatado por la quinona, al ipual
gue cn la fotosintesis No hay liempo para que se
pierda energia en formar el estado triplete

Pero hay algo mds. El betacaroteno también pro-
tege u 1z molécuia del daio por la luz Ef betacaro-
teno electiin esta proteccion de dos maneras Primero,
enjuga cualquier oxigeno en cstado simple que pueda
producir k1 porfirina Segundo. aveptard os electrones
excitudos en estado triplete que provengan de la pos-
firiny Ahora bien las porfirinas en estudo triplete son
particularmente susceptibles al ataque def oxigeno en
estado simple. Bl caroteno rompe la relacidn destruc-
tiva entre porlirinas y oxigeno

Lu otrs luncidon del betacaroteno es extender el
d#mbito de longitudes de onda que las antenas de la
clorofila pueden recoger bEn la nueva moléeula. el
carotene ejerce la misma funcion pero sdlo con una
eficiencia de 10 por ciento, comparade con el sistema
nutural . Adalberto Gorbitz





