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Cytohistological and cytochemical features of the seeds of Malus
domestica Borkh exposed to spring frosts
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Abstract — Malus domestica Borkh cv. Golden Delicious trees, exposed to spring frost, showed the occurrence of
seeds with white (W), spotted (S) and black (B) integuments, with a different distribution, amount and damage in
shedding and non-shedding fruits at several times after anthesis. While B seeds were completely degenerated, the S
seeds showed hystological and cytochemical features that included a precocious embryo development stage, an em-
bryonal cells shrinkage, an absence of reserves in the suspensor, endosperm and integuments, and a probable block
of the routing of reserves, as a consequence of spring frost damages. All these features are the same occurring in seeds
undergoing to natural abscission phenomenon and in the W seeds of shedding fruits observed in previous years. The
S seeds damage is certainly attributable to meteorological events, because the S seeds were never found until the oc-
currence of the spring frosts. On the contrary, the damage in the W seeds, which do not show external symptoms in
shedding fruits, may be due on the one hand to meteorological stress, and on the other hand to endogenous stress
caused by natural abscission process. At 60 days post anthesis, at the end of fruit-set, the ripening fruits show a mean
number of five well developed W seeds in normal cytohistological conditions.
The data are discussed in relation to the general problem of natural abscission of immature fruits.
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INTRODUCTION

Perception of changes in the natural environ-
ment is of great importance for all living organ-
isms. This is especially valid in the case of plants,
which are sessile organisms showing a great ca-
pacity to adapte to changes in the surrounding en-
vironment (Kevei and Nagy 2003). Potentially
adverse environmental conditions (stressors) af-
fect plant growth and development and trigger a
wide range of responses, from altered gene ex-
pression and modifications in cellular metabolism
to changes in growth rate and crop yield (Kacper-

ska 2004). Signalling pathways operate in stress-
affected cells and different models of stress-re-
sponsive transduction pathways have been pro-
posed to link the perception of a stress signal with
the stress-induced modifications (Xiong and Zhu

2002). Climate changes can directly affect crops,
as well as their interaction with microbial pests
(Rosenzweig et al. 2000). Extreme local seasonal

changes too (as altered precipitation pattern,
great variations of temperature in few hours, fall
in relative humidity and chiefly frosts) can reason-
ably change crop productivity, affecting the fruit-
set. The effects of spring frosts on reproductive
organs of decidous fruit trees are highly variable
and depend on the characteristics of both the
freezing stress and the plant material; their ana-
tomical consequences result in internal and exter-
nal morphological abnormalities that influence
the normal development of the fruit or even cause
its abscission (Rodrigo 2000). The information
available on the influence of late spring frosts on
reproductive organs of deciduous fruit trees, in
temperate climate, has been reviewed by Rodrigo

(2000). In this review frost damage has been ex-
amined at cellular level as well as for its anatomi-
cal and morphological consequences in flowers
and fruits. Very few are the data on the influence
of the frost at the cytohistological level on the
seeds during the different developmental stages of
the fruits. The number, the structural, physiologi-
cal and morphological features and the develop-
mental stage of the seeds in every fruit are the
principal parameters controlling the fruit set
(Marro 1982, Ragazzini and Sansavini 1982;
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Rascio 1985; Avanzi et al. 1988; Vernieri et al.
1992; Forino et al. 2000). In this context we have
programmed a research to evaluate the number
and the cytohistological characters of Malus do-
mestica fruit seeds, picked in different develop-
mental fruit stages with the aim to relate these pa-
rameters either to immature fruit abscission or to
spring frosts happened in the 2000 year at experi-
mental farm of San Piero a Grado where apple
trees were grown.

Meteorologic data of the 1999 and 2000 years
were accomplished by Avanzi Center.

MATERIALS AND METHODS

Plant materials - Fruits of Malus domestica Borkh
cv. Golden Delicious were sampled from trees
grown at the experimental farm of San Piero a
Grado (University of Pisa). Two sample of 10
fruits were picked at 30, 40, 50 and 60 days post-
anthesis (d.p.a.): 1) fruits, which were non-shed-
ding and tightly attached to the trees, and 2) shed-
ding fruits, which were not yet shed from the tree
but were easily detached by slightly shaking the
branch.

Cytohistological analysis - Isolated seeds were
numbered, morphologically characterized, fixed
in FAA (10% formaldehyde, 5% acetic acid, 45%
ethanol), dehydrated through a graded ethanol se-
ries (50, 75, 95%, 5 h each step), incubated over-
night in 100% ethanol and embedded in LR
White resin (Sigma). The material was polymer-
ized at 60°C for 24 h. Sections 3-µm thick were cut
with a LKB Ultratome Nova. For detection of in-
soluble polysaccharides the sections were stained
with periodic acid-Schiff’s reagent (PAS) (O'Brien

and McCully 1981) and with 0.05% toluidine
blue O (TBO) (BDH) in 0.1 M acetate buffer pH
4.4 (Feder and O'Brien 1968) for the localization
of polyphenolics and as generic dye for DNA, cy-
toplasm and some cell wall components, then air
dried and mounted in DPX (BDH).

Observations were made with LEITZ DIAP-
LAN ligth microscope. Photomicrographs were
made with a LEICA DC 300F. Images were
mounted using an ADOBE PHOTOSHOP 7.0
software package.

Meteorological data - Fig. 1 evidences daily mini-
mum and maximum temperature in March and in
the 1th ten days of April in the 1999 and 2000
years (A) and daily minimum and maximum rela-
tive humidity in the same time intervals (B). By

comparison of A and B it is possible to note that in
the 1th ten days, in the 3th ten days of March and
in the 1th ten days of April the minimum tempera-
ture is near to 0°C, (indicated by an arrow), maxi-
mum temperature is near 15°C and a fall in rela-
tive humidity from 40% to 23% occurs in the
same periods. It is worth of note that the Avanzi
center, where temperatures were recorded, is not
localized near enough to experimental orchad to
reflect the real condition. Minimum temperatures
may vary across a zone, even an orchad, depend-
ing on several factors such as air drainage or tree
row orientation. Therefore, as experimental or-
chad was esposed, repeatedly, to high “Libeccio”
wind, it is reasonable that the minimum tempera-
ture (Fig. 1) dropped below freezing and thus the
necessary conditions happened in order to cause
the frost, without ice formation, named black
frost. Although ice cristal may not be formed on
solid surfaces in these conditions, ice can form in
plant tissue. In the 1999 year the above mentioned
conditions did not occur.

RESULTS

The number and the external characteristics
of the seeds belonging to every sample of shed-
ding and non-shedding fruits of Malus domestica,
during the collection times, are reported in Fig. 2
(A, B).

The figure shows the occurrence of W, S and
B seeds in every sample of shedding and non-
shedding fruits, in all the stages of development.
From the comparison of the Figures 2A and 2B it
is evident:

1) the number of W seeds is higher at every
stage of development in non-shedding than in
shedding fruits;

2) a decrease of W seeds in both samples and
in the various developmental stages;

3) an increase of S and B seeds in shedding
fruits in all developmental stages in regard to non-
shedding fruits;

4) the distribution of S and B seeds is rather
heterogeneous in both shedding and non-shed-
ding fruits and in the various developmental
stages.

The spots of S seeds consist in a localized ex-
ternal brown accumulation of phenolic com-
pounds together with dead cells. In the integu-
ments of S seeds, phenolic compounds are present
as inclusions of spherical shape, variable in size
and in considerable amount; they progressively
decreased from S, W seeds of shedding to non-
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shedding fruits (Figs. 3A, 3B and 3C). The B seeds
result not analysable. At 30 d. p.a., at early devel-
opmental stage, the seeds of shedding and non-
shedding fruits are undistinguishable: however,
the S and W seeds are present, and the differences
between them are showed in Fig. 4. While the W
seeds evidence an initial globular embryo stage
with nuclear endosperm (Fig. 4A), the S seeds
show either absence of embryo and endosperm
together with degenerated and wrinkled synergids
with a deeply stained filiform apparatus (Fig. 4B)
or the presence of embryo at globular stage with
large cells and wrinkled cell walls (Fig. 4C). Starch
grains are lacking in all the sections. A compari-
son between W and S seeds in non-shedding
fruits, at 40 d.p.a., is shown in Fig. 5. The W seeds
evidence classical cytological features; they ex-
hibit only a light hetereogeneity of developmental
embryo stages, being the embryo in Fig. 5B (late
globular stage surrounded by cellular endosperm)
more developed than in Fig. 5A (globular stage

surrounded by nuclear endosperm). Both the
Figs. 5A and 5B show starch reserves in the sus-
pensor and in the cellular endosperm at the late
globular embryo stage (Fig. 5B).

The S seeds of non-shedding fruits show:
1) an heterogeneity of developmental stage

of precocious globular embryo (Figs. 5C, 5D
and 5E)

2) a shrinkage of embryonal cells more empha-
sized in Fig. 5D. The Fig. 5E shows a globular em-
bryo stage with large cells that evidence abnor-
malites in cytoplasm, chromatin and wall, and dis-
organized nuclear endosperm.

The W seeds of shedding fruits evidence a pre-
cocious and disorganized developmental stages of
embryo structure like (Fig. 5F), while the S seeds
exhibit either the same disorganized embryo
structure like W seeds (Fig. 5G) or its absence
(Fig. 5H) together with heavy damage at level of
gametophyte. In both the above samples (W and S
seeds) the endosperm is lacking.

Fig. 1 — Time development of minimum and maximum daily temperature (A) and of minimum and maximum daily
relative humidity (B) during March and April (1th ten days) in the1999 and 2000 years.
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At 50 d.p.a. the embryos in W seeds of non-
shedding fruits show an heterogeneity of develop-
ment with initial heart-shaped stage together with
a well organized cellular endosperm surrounding
the embryo (Fig. 6A) or cotiledonary stage with

almost completely digested cellular endosperm
(Fig. 6B). While low amounts of little starch
grains are present only in the suspensor cells of
micropilar region, when the embryo is at preco-
cious developmental stage (Fig. 6A1), consider-

Fig. 2 — Mean number (± standard error) of seeds per non-shedding fruit (A) and of seeds per shedding fruit (B).
White integuments seeds (W): empty columns. Spotted integuments seeds (S): dotted columns. Black integuments
seeds (B): solid columns.
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able amounts of large starch grains are present in
cells of the whole suspensor (Fig. 6B1), when the
embryo is at late developmental stage. The S seeds
of non-shedding fruits evidence the same hetero-
geneity in regard to the developmental embryo
stage of W seeds of non-shedding fruits. Moreo-
ver, they exhibit a cellular wall shrinkage, a dis-
connection of protoplast from the wall more ac-
centuated at the embryonal boundary (Figs. 7A1

and 7B1) both in the embryo and suspensor (Figs.
7A, 7B, 7A1 and 7B1), and the absence of starch
grains in both the suspensors (Figs. 7A1 and 7B1).
It is observable a suspensor region (Figs. 7A1,
7B1) stained intensively by TBO, where some cel-
lular components are modified to constitute a
block of the routing of reserves. The W and S
seeds of shedding fruits evidence a disconnection
of protoplast from the wall in micropilar embryo

region (Figs. 8A, 8B and 8C), and chiefly in the
suspensors which are lacking of starch grains (Fig.
8C1). The S seeds evidence, moreover, an hetero-
geneity of developmental stage being the embryo
globular (Fig. 8A) or initial heart-shaped (Fig. 8B)
in regard to W seeds which exhibit only a cotyle-
donary embryo stage.

At 60 d.p.a. non-shedding fruits W seeds show
a late cotyledonary stage embryo with normal cy-
tohystological features (Fig. 9).

DISCUSSION

Many factors play a role in the vulnerability or
resistance of flowers to spring frosts, namely re-
lated to the genotype, the developmental stage
and the nutritive status of the pistil (Rodrigo

Fig. 3 — Integuments sections. Integument cells in W seeds of non shedding fruits (A), in W seeds of shedding fruits
(B) and in S seeds (C) at 40 d.p.a.. Staining with toluidine blue for polyphenolics. Note the presence of scarce
polyphenolics in A and their abundance in B and chiefly in C. Scale bar = 9 µm.

Fig. 4 — Sections of fruit seeds at 30 d.p.a. stained by TBO + PAS. W. - Embryo at initial globular stage with a nu-
clear endosperm (A). S. - Degenerated and wrinkled synergids with deeply stained filiform apparatus. Absence of
embryo and endosperm (B). Globular embryo with large cells and wrinkled cell walls (C). Note the absence of starch
grains in all the sections. Scale bar = 16 µm.
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Fig. 5 — Sections of non-shedding (A, B, C, D, E) and shedding (F, G, H) fruits seeds at 40 d.p.a. stained by PAS +
TBO. W. - Embryo at globular stage with nuclear endosperm and with starch grains, near to micropilar region of the
suspensor (A) and at late globular stage with cellular endosperm. Note the presence of starch grains in the en-
dosperm and chiefly in the suspensor (B). S. - Embryo at globular stage with nuclear endosperm (C, D, E). Embryo-
nal cells evidence a shrinkage of cell walls, more emphasized in D and traces of chromatin, wall degeneration, in-
creasing of cellular size and a little development of disorganized nuclear endosperm (E). Absence of starch grains in
suspensor, embryo and endosperm. W. - Note a precocious and disorganized developmental stage of embryo struc-
ture like. Absence of endosperm (F). S. - Note the same disorganized structure (G) as in F and its absence in H, the
lacking of endosperm and presence of heavy damage at level of gametophyte (H). Scale bar = 16 µm.
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2000). These factors are the same involved in the
control of the fruit set (Forino et al. I987; Ver-

nieri et al. 1992; Forino et al. 2000). From dor-
mancy to fruit set, the flower bud undergoes a
number of developmental events that are associ-
ated with a progressive increasing vulnerability of
the pistil to low temperature (Proebesting and
Mills 1961; Proebesting 1963). Thus, the early

developmental fruit phase is the most vulnerable
stage (Proebesting and Mills 1978). Apparently,
similar flowers in the same developmental stage
and in similar position, often present differences
in cold resistance and while some of them are
killed under a spring frost, others can continue
their development, indicating internal attributes
that would make flowers more sensitive than oth-

Fig. 6 — Sections of non-shedding fruit seeds at 50 d.p.a. stained by PAS + TBO. W. - Developing embryo at initial
heart-shaped stage with a well organized cellular endosperm surrounding the embryo (A) and at cotiledonary stage
with, almost completely digested, cellular endosperm (B). A1 and B1 suspensor details of A and B respectively. While
low amounts of little starch grains are present only in the suspensor cells of micropilar region (A1), considerable
amounts of large starch grains are present in cells of the whole suspensor (B1). Scale bar = 16 µm (A), 60 µm (B), 9
µm (A1, B1).
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ers (Rodrigo 2000). In this context Forino et al.
(1987) evidenced in Malus domestica that the King
Flower (K.F.) was generally better conformed,
and considering the flowers of each single co-
rymb, was the earliest to be completely struc-
tured, therefore had the highest probability to be
fertilized. It, moreover, showed the high number
of gametophytes among the flowers of an inflores-
cence. These features would make the K.F. proof
against the spring frost in regard to the flowers of
the same corymb.

Among the large number of morpho-physi-
ological events that must be spatially and tempo-
rally expressed in order to control the fruit set,
there is the number and histo-physiological condi-
tions of the seeds in every fruit (Sansavini unpub-
lished data, Vernieri 1992; Forino 2000). If these
mentioned conditions do not happen, the fruits
are subjected to the phenomenon of abscission
which is a naturally occurring process that enables
plants to shed their organs (Kostenyuk and
Burns 2004). A number of molecular and physi-

Fig. 7 — Sections of non-shedding fruit seeds at 50 d.p.a. stained by PAS + TBO. S. - Developing heart-shaped (A)
and cotiledonary embryo stage (B). A1 and B1 suspensor details of A and B. It is evidenced a cellular wall shrinkage
and a disconnection of protoplast from the wall, more accentuated at embryonal boundary (A1, B1) in the embryo
and suspensor (A, B, A1, B1) and the absence of starch grains in both the suspensors. Note in A1 and B1 (arrows) a
suspensor region, where cellular components, chiefly the wall, are probably modified to constitute a block for the
routing of the reserves. Scale bar = 16 (A), 60 (B), 9 µm (A1, B1).
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ological events occur during abscission that begin
with the perception and propagation of an appro-
priate signal and culminate in organ separation
(Roberts et al. 2002). Abscission can be triggered
by a range of conditions, including excessive wa-
ter loss, various forms of wounding (Cheong et al.
2002) and mechanical injury (Blundell and
Peart 2000; Klingeman et al. 2001). We use “ab-
scission” in broad sense: this term could be ap-
plied to the shedding of any plant organ, regarde-
less of the process involved (Sexton et al. 1982).
It is reasonable to think that the severe climatic
events happened in March 2000 have negatively
influenced flowering and anthesis, and the next

stress in April made worse both the fertilization of
ovules and the delovepment of seeds; all these
conditions have negatively influenced the fruit set.
At least the S and B seeds damage is attribuitable
to metereologic events because this kind of seeds
was never found in previous years in the samples
of seeds in both non-shedding and shedding
fruits, before the happening of spring frosts (Ver-

nieri 1992; Forino 2000). Our data evidence the
appearance of S seeds early at 30 d.p.a., when
shedding and non-shedding fruits are undistin-
guishable, and their persistence together with dif-
ferently damaged S and W seeds, until the end of
fruit set in non-shedding and in shedding fruits.

Fig. 8 — Sections of shedding fruit seeds at 50 d.p.a. stained by PAS + TBO. S. - Developing embryo at globular (A),
initial heart-shaped stage (B). Note the disconnection of protoplast from the wall in the embryos. Both the suspen-
sors are lacking of starch grains and both the endosperms are disorganized and lacking of starch grains. W. - Devel-
oping embryo at cotiledonary stage (C); C1 suspensor detail of C. Note the cellular endosperm partially digested in
the calazal region (C) and the disconnection of protoplast from the wall chiefly in the suspensor (C1) which is lacking
of starch grains. Scale bar = 16 (A, B), 60 µm (C), 9 µm (C1).
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The absence of well conformed embryo in S
seeds, states the precocious damage at level of
gametophyte before the fertilization. At 40 d.p.a.,
the embryo, when present, is at globular develop-
mental stage and exhibits a precocious cytological
differentiation as an increase of cellular size and
symptoms of cellular degeneration as the turgor
loss, the attaining shrinkage of the cellular walls
and chiefly the absence of starch reserves in the
suspensor and integuments. All these features, to-
gether with a disconnection of protoplast from
the wall, the incipient degeneration of chromatin
and, probably, the block in the routing of the re-
serves, are found at the late development, when
the embryo is at heart shaped or cotiledonary
stage in S seeds of non-shedding fruits or at het-
erogeneous and more precocious stage (globular,
initial-heart shape) in S seeds of shedding fruits.
The cytological and developmental features of S
seeds are the same occurring in W seeds of shed-
ding fruits in the 2000 year and in shedding fruit
seeds undergoing natural abscission phenomenon
in previous year, as reported by Forino et al.
(2000). It is impossible, therefore, to state if W
seeds damage in shedding fruit is attributable to
natural abscission phenomenon or to meteoro-
logical stress, not showing external symptoms. In

this connection the apple flower buds, without ex-
ternal symptoms, can also present internal dam-
age in the style, ovary and/or stamens during
spring frosts (Modlibowska 1957). The uncertain
attribution of W seeds damage in shedding fruits
to meteorological stress or to natural abscission is
not surprising just recalling that this latter phe-
nomenon is fundamentally caused by endogene-
ous stress. If both the frost and the abscission
might be share the same involvement, it is worth
mentioning that the pathway of natural abscission
may be performed even though there are a few
fruits under unfavourable environment. The W
seeds of non-shedding fruits, evidencing only a
lightly heterogeneity in developmental stage not
found by Forino (2000) in the previous year, ap-
pear cytologically “healthy”, but decreased in
number, since the S and B seeds appearance. It is
probable that this heterogeneity may be the first
physiological symptom of the damage due to me-
teorological events. In conclusion, the differential
damage among W, S and B seeds may be caused,
on the one hand, by the peculiar feature of freez-
ing stress of the successive frosts, by the differen-
tial developmental stage of the ovule/seed, by
their different position inside the tree (Rodrigo

2000), by the previous damage due to the natural
abscission, and, on the other hand, to actual pro-
ceeding natural abscission pathway. The S seeds
are characterized on outer integuments by wrin-
kled brown areas where there is probably a local-
ized accumulation of phenolic compounds. The
general browning is reported by Rodrigo (2000)
to be an immediate external symptom, occurring
in the de-acclimated apple flower buds killed by
spring frost. The S seeds contain, chiefly in the in-
teguments, an high level of phenolic substances
which, in B seeds, are likely polymerized into
other secondary metabolites as tannins. In Malus
domestica leaves and fruits, indeed, phenolic com-
pounds may be changed in biosynthesis and accu-
mulation, under various types of stresses caused
by pathogenes or adverse environmental condi-
tions (Treutter 2001). Phenolic compounds
comprise a large and varied group of secondary
metabolites commonly found in plants and having
various functions (Stefanowska and Zobel

2003). Their protective role is well known under
stress conditions (Dixon and Paiva 1995;
Solecka 1997; Zobel and Brown 1993). High
level of phenolic substances are linked, on the one
hand, to unfavourable conditions of mineral nu-
trition (Chapin 1980) and, on the other hand, to-
gether with early differentiation, to the process of
tissue degeneration (Michaux-Ferriere et al.

Fig. 9 — Section of a W seed of non-shedding fruit at
60 d. p.a. stained by PAS + TBO. Embryo at cotiledon-
ary stage showing not altered cytohistological features
and partially digested cellular endosperm. Scale bar =
60 µm.
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1992; Nour et al. 1993). The poor condition in S
seeds could be related, as in seeds of shedding ap-
ples (Forino et al. 2000) to such a phenomenon,
considering the unfavorable stress environment
caused by a spring frost. This stress, probably, in-
fluences the hormone level that, in turn, influ-
ences the availability of mineral nutrients. The
lacking of starch reserve in the integuments and
suspensor, in every developmental stage of S
seeds, may be a consequence of an altered supply
of nutrients from maternal tissue and/or an inter-
ruption in the nutrient routing and/or inability of
seed storage tissue to synthetize some storage
compounds. The probable barrier to nutrients
supply, observed in suspensor region of the S
seeds, seems of the same kind, even if it is differ-
ently localized, in comparison to the findings of
Forino et al. (2000), who found this barrier at
level of the “window” at chalazal region of the
natural shedding apple fruit seeds. It may be pos-
sible, also in this case, an involvement of some
polyphenols, since a close relation exists beetween
them and cell wall suberification (Kolattukudy

1977; Scott and Peterson 1979), even if the
above mentioned modification of the wall has not
been investigated in the suspensor region. The
change in accumulation and routing of reserve
compounds seems to be interrelated with a com-
plex hormonal control. In plants subjected to a
mild stress, increased synthesis and accumulation
of ABA take place, the hormone being engaged in
cell signalling during cold, drought and salt
stresses (Xiong et al. 2002). Hetherington and
Quatrano (1991) have reported that ABA levels
trigger the transition of tissue from a state of ac-
tive growth to one prepared to survive a develop-
mentally or environmentally induced stress. High
level of ABA, together with a loss of synthetic ac-
tivity and precocious cell differentiation is re-
ported by Vernieri et al. (1992) in seeds of Malus
domestica shedding fruits; they considered ABA
to be one of the factors involved in fruit abscission
in the early period of the fruit development. Very
little is known about the role of ABA in our inves-
tigated processes. However, it has been demon-
strated that ABA lowers the capacity of cell for
water uptake, probably through a reduction in
plasmalemma permeability (Parasassi et al.
1990), and/or through the inhibition of extensi-
bility of the cell wall (Schopfer and Pachy;
1985). These phenomena might explain the cellu-
lar shrinkage and the disconnection of protoplast
from the wall, observed in S and in W seeds of
shedding fruits. At 60 d.p.a., at the end of fruit set,
five is the mean number of non-shedding fruit

seeds, at late cotyledonary stages, with white in-
teguments and with normal cytological features.
According to Sansavini (unpublished data), rip-
ening fruits evidence generally at least five or six
developed seeds in Malus domestica. In the 2000
year it was valued that the fruit-set of Malus do-
mestica, grown in the experimental farm of S.
Piero a Grado, were lower than in the previous
year. The successive frosts causing a decreasing of
the number of the flowers, ovules, gametophyte
per ovule, and finally, of the seeds quantity per
fruit, have lowered the fruit set. In regard to the
number of the seeds per fruit there is a loss of
“healthy” W seeds, due, probably, as above men-
tioned, to the one hand, to meteorological events
and on the other hand, to natural abscission phe-
nomenon. Such a loss would not allow to reach
the number and the normal development of W
seeds for a correct comparison of the fruit set to
those of the previous year. Among the “healthy”
W seeds of non- shedding fruits is to count of the
K. F. seeds which, on the basis of above reported
considerations, may show the highest fruit set de-
tectable in every corymb. In conclusion, our data
are in agreement to Sansavini (unpublished data)
in regard to the presence of the number of seeds
in ripening fruits; moreover our cytohistological
analyses make clear the seed condition in order to
occurre the fruit-set: a Malus domestica fruit, at 50
d.p.a., containing more than 30% of damaged
seeds is destined to drop. Concerning the damage
of the W seeds in shedding fruits, attributable ei-
ther to natural abscission or to the frost, our data
point out some questions about the general as-
pects of abscission. If there is a little number of
flowers and fruits, the drop of immature fruits oc-
curs; then, the natural fruit abscission may be,
mainly, related to genetic causes; the immature
fruits may be able to self-destruct in response to
environmental changes and cell signalling, in or-
der to allow the survival only of the fruits in the
best genetic condition.
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