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Abstract

Many researchers have attributed the occurrence of blossom-end rot (BER) in tomato to a
deficiency of Ca®" in the fruit or parts of the fruit in connection with the uptake of nutrients by the
roots, the transport of Ca”" to and within the fruit or a varying demand for Ca*" depending on the
growth rate of fruits. However, a critical concentration of Ca*" in the fruit has not yet been found,
and the influence of favourable or unfavourable growing conditions on the development of BER is
still poorly understood. The symptoms of BER are caused by a disintegration of the cell membranes
and an increased ion permeability. It is proposed that not a single factor but the sequence of two
equally important factors are involved: (1) a higher susceptibility to various stresses due to an
increase in physiologically active gibberellins (GAs) and a resulting decrease in Ca®", causing the
enhanced permeability of cell membranes, (2) some kind of stress, e.g. by soil water deficit, high
salinity, or high NH, " activity, causing the deterioration of cell membranes with subsequent loss of
turgor and leakage of cell liquids. BER seems to occur when stress exceeds stress tolerance, most
frequently in young fruit at the beginning of cell enlargement. At this stage, usually the highest
amount of physiologically active GAs and the lowest amount of Ca>* are found, i.e. stress tolerance
is lowest. Ca”" per se is considered neither a primary nor an independent factor in the development
of BER. This hypothesis is advanced with the objective of stimulating further research into the
causes of a physiological disorder that, as yet, remains stubbornly obscure. © 2001 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Blossom-end rot (BER) of tomato was first identified as a physiological
disorder more than 100 years ago (Selby, 1896). In susceptible cultivars, it may
cause severe economic losses in some seasons and under certain environmental
conditions. Since Lyon et al. (1942) and Raleigh and Chucka (1944) found a
correlation between the occurrence of BER and Ca®" nutrition, BER is now
generally attributed to an inadequacy of Ca®" in the fruits and it is therefore
called a ‘calcium-related disorder’ (Shear, 1975). Indeed, most modern textbooks
and technical papers hold that Ca®" deficiency is the primary cause of BER.
Adams and Ho (1993) specified that BER is a local deficiency of Ca*" in tomato
fruit, or in the distal end of tomato fruit, respectively (Adams and Ho, 1995).
However, it is not possible to predict the occurrence of BER on this basis (Ho,
1989; Vielemeyer and Weissert, 1990). Adams and Ho (1995) pointed out that the
causes of BER are still not fully understood, despite over 100 years of research.
Neither the mechanism by which the external factors affect the Ca** content of
the fruits and the development of BER nor the kind of relationship between Ca*"
deficiency and BER are unequivocally identified. Kinet and Peet (1997)
confirmed that for many physiological disorders of tomato the causes are poorly
understood both in terms of why cultivars differ in susceptibility and why certain
environments or cultural practices predispose plants to the disorder. They
observed that in BER, despite some progress in understanding at the
physiological level, causes and control measures are not always apparent at the
practical level. Therefore, it was considered necessary to rethink and to integrate
the wealth of already available but inconsistent information in order to find a new
approach for prospective research.

2. Characteristics of BER

BER becomes visible first as one or more tiny lesions slightly depressed below
the surface at or near the blossom-end of the fruit, close to the base of the style.
Later, the affected tissue appears watery and darker green. It reaches its full size
in about 1 week from inception. Finally it shrinks or collapses, forming a
depressed, leathery necrosis of the distal part of the placenta and the adjacent
pericarp that gradually turns from brown to nearly black (Robbins, 1937; Evans
and Troxler, 1953; Maynard et al., 1957; Spurr, 1959; van Goor, 1968). Tomatoes
with BER ripen earlier and are generally smaller than healthy fruit (DeKock et al.,
1979). Additional to the described ‘external’ BER an ‘internal’ BER may occur,
affecting only tissues inside the outer wall of the fruit including some seeds
(Spurr, 1959; Adams and Ho, 1992; Petersen and Willumsen, 1992; Willumsen
et al., 1996).
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The incipient stages of BER have been observed by Spurr (1959) only in fruit
ranging from 12 to 15 days after anthesis. This period is characterised by
maximal relative growth rate of fruit volume and the beginning of cell
enlargement (Monselise et al., 1978; Manishi et al., 1996). In fruit older than
15 days, Spurr (1959) found only the more advanced stages of BER. Many other
authors agree that the incidence of BER mostly occurs at about the second week
after anthesis (Westerhout, 1962; Barke, 1968; Guttridge and Bradfield, 1983;
Banuelos et al., 1985; El-Gizawy and Adams, 1986; Adams and El-Gizawy, 1988;
Sonneveld and Voogt, 1991; Wui and Takano, 1995b; Wada et al., 1996; Cho
et al., 1998). Occasionally occurring pygmy fruits have no phase of rapid growth
and do not develop BER (Robbins, 1937). However, there are several reports that
BER can be induced experimentally at any stage of fruit development (Maynard
et al., 1957; Chiu and Bould, 1976; Cerne, 1990; Barker and Ready, 1994).

The incidence of BER was mainly confined to the first truss in experiments of
Westerhout (1962). Others observed that it may increase for successive trusses
(van Goor, 1974; Chiu and Bould, 1976; Nukaya et al., 1995; Cho et al., 1998; Paiva
et al., 1998b) or decrease (Pill and Lambeth, 1980; El-Gizawy and Adams, 1986;
Adams and Ho, 1993). In the same cultivars both an increase or decrease of the
incidence from the first to the upper trusses may occur, depending on the season
(Adams and Ho, 1992; Ho et al., 1993). Banuelos et al. (1985) reported that within a
truss, the fruit from the basal part were affected most severely with BER.

3. Relations between Ca®" deficiency and BER

Evidence for Ca>" deficiency as the primary cause of BER has been derived
from observations that the blossom end has always the lowest content of Ca**
within tomato fruits (Ward, 1973; Ehret and Ho, 1986; Adams and Ho, 1993;
Franco et al., 1994; Nonami et al., 1995) and that the Ca’" content in fruit
affected by BER is lower than in healthy fruit. Since the early work of Lyon et al.
(1942) and Raleigh and Chucka (1944), most of these observations are based on
experiments with insufficient Ca*" nutrition. Tomatoes grown in soilless media
containing no or extremely low amounts of Ca®" frequently produce various
proportions of fruit showing symptoms of BER, sometimes together with or after
the appearance of other symptoms of Ca’' deficiency such as chlorosis or
necrosis at the margins of expanding leaves, inhibition of root and shoot
elongation, necrosis of the root and shoot tips, etc. (e.g. Geraldson, 1957,
Maynard et al., 1957; Ward, 1973; Bangerth, 1973; Chiu and Bould, 1976;
Bradfield and Guttridge, 1984; Drews and Frank, 1987; Adams and El-Gizawy,
1988; Sonneveld and Voogt, 1991; Mu et al., 1992; Cardoso et al., 1995; de Kreij,
1996; Hadi et al., 1996; Paiva et al., 1998a). Accordingly, spray applications of
Ca-salts to fruiting plants, especially if grown in Ca”"-deficient substrates, may
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reduce BER (Evans and Troxler, 1953; Geraldson, 1957; Bangerth, 1973; Al-
Dolimy and Al-Ani, 1987; Vielemeyer and Weissert, 1990; Wada et al., 1996;
Franco et al., 1998; Plese et al., 1998; Ho, 1999). Several authors, such as Raleigh
and Chucka (1944), Wiersum (1966) and Bradfield and Guttridge (1984),
established threshold values below which BER is likely to occur, but they all differ.

The occurrence of BER at insufficient supply of Ca*" has formerly been
attributed to lacking rigidity of cell walls (Evans and Troxler, 1953), but Spurr
(1959) observed the earliest changes in tissues affected by BER before any
collapse of the cells. van Goor (1968), Bangerth (1973) and Simon (1978) stated
that BER is associated with the disintegration and increased ion permeability of
cell membranes due to Ca®" deficiency, resulting in loss of turgor and cell fluids
invading the intercellular air space, thus causing the watery appearance in the
early stages of BER. It is well known that an adequate supply of Ca*" maintains
membrane integrity and selectivity (Grattan and Grieve, 1999).

However, several authors could not find significant differences in Ca*" content
of tissues from healthy and affected fruit or of healthy fruit from affected and
non-affected plants, respectively (Spurr, 1959; Millikan et al., 1971; Murray et al.,
1972; Ward, 1973; Pill and Lambeth, 1980; Petersen and Willumsen, 1992;
Barker and Ready, 1994; Nonami et al., 1995; Pulupol et al., 1996; Franco et al.,
1999). Because of the discrepancies in the published values for Ca** in fruit with
and without BER, Ward (1973) and Nonami et al. (1995) had some doubts
regarding Ca®" deficiency being the (only) cause of BER. Franco et al. (1999)
observed serious BER incidence despite fairly high levels of Ca*" in the distal
part of the fruit, and at reduced Ca®" supply, Chiu and Bould (1976) found no
BER when plants were growing slowly. Regarding the susceptibility of cultivars,
some authors observed a lower Ca content in BER-susceptible than in less
susceptible cultivars (Sanchez Conde and Felipe, 1983; Cardoso et al., 1995) but
others found no such relationship (Greenleaf and Adams, 1969; Adams and Ho,
1992; Brown and Ho, 1993; Ho et al., 1995).

According to DeKock et al. (1982b), the K/Ca ratio is a better indicator for
BER than Ca alone, but Wada et al. (1996) and Bar-Tal and Pressman (1996)
found no clear relationship between the K/Ca ratio and the incidence of BER.
Gerard and Hipp (1968) noted that tomatoes with a low Ca content and a high
K/Ca ratio can have a very low incidence of BER.

4. Influence of external factors on BER

4.1. Growth inhibiting factors

Increased incidence of BER may be associated with reduced plant and fruit
growth due to stresses induced in the root zone such as salinity, soil water stress,
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and NH4"-toxicity. The inhibiting effect of salinity on fruit growth, especially
during the cell expansion phase, and on plant growth has been summarised by
Cuartero and Fernandez-Mufioz (1999). Since Robbins (1937) established a
relation between increased nutrient salt concentration, less fruit and plant growth
and a high percentage of BER, an increased occurrence of BER at high salinity
has frequently been confirmed (e.g. Cerda et al., 1979; Cho et al., 1997; van
Ieperen, 1996), but even in susceptible cultivars, the percentage of BER may be
quite low at high salinity (e.g. Adams and El-Gizawy, 1986; Adams and Ho,
1992; Willumsen et al., 1996), especially when NaCl was used instead of the
major nutrients to increase salinity (Adams and Ho, 1993). Recently, Chrétien
et al. (2000) stated that increasing salinity by NaCl resulted neither in an increase
of BER incidence nor in a decrease of fruit Ca®" concentration of rockwool-
grown tomatoes. Certainly, there is no linear relationship between salinity and
BER, and the responses of susceptible cultivars to the same environmental stress
differ (Adams and Ho, 1992).

The role of soil water stress has been widely investigated and controversially
discussed, since Selby (1896) suggested that BER was associated with
insufficient soil moisture. Evans and Troxler (1953) concluded from the literature
that BER is most serious during the initial phase of the harvest season and in
periods of limited soil moisture supply. Others stated that BER 1s not due entirely
to soil water stress but can be aggravated by it (Shaykewich et al., 1971; van
Goor, 1974; Pill and Lambeth, 1980). BER increased only occasionally as water
stress increased in the experiments of Obreza et al. (1996) and little or no
influence of reduced irrigation on incidence of BER was observed by Sperry et al.
(1996) and Pulupol et al. (1996). Differences in BER incidence during the course
of the season were not related to moisture level treatment in the experiments of
Gerard and Hipp (1968) and DeKock et al. (1982a), and the incidence of BER
was increased by higher irrigation levels in experiments of Westerhout (1962),
Caliandro (1971) and Mohamed et al. (1989). Adams and Ho (1992), who stated
that water stress was the most common cause of BER, also noticed that BER
frequently occurred when the moisture content of the substrate was fully adequate
(Adams and Ho, 1993). Robbins (1937) claimed that not only a restricted
absorption of water by the plant but also a greatly increased rate of transpiration
of water will increase the probability that BER occurs. This has been confirmed
by Gerard and Hipp (1968) and, as a tendency, by Bradfield and Guttridge (1984),
de Kreij (1996), and Paiva et al. (1998a) but does not fit the promotion of BER
by high relative humidity (RH) as reported by Banuelos et al. (1985) and Cho
et al. (1998).

It is well documented that NH,"-N nutrition under certain conditions such as
high temperature may cause reduced plant and fruit growth and increased
ethylene evolution, leaf epinasty, etc. (e.g. Puritch and Barker, 1967; Hartman
et al., 1986; Kafkaki, 1990; Barker and Ready, 1994). Therefore, applications



198 M.C. Saure/Scientia Horticulturae 90 (2001) 193-208

of NH4"-N fertilisers or higher NH4;7/NO3~ ratios in the nutrient solution
are often associated with increased incidence and severity of BER (DeKock
et al., 1979, 1982a; Pill et al., 1978; Pill and Lambeth, 1980; Ikeda and
Osawa, 1988; Terabayasi et al., 1988; Vielemeyer and Weissert, 1990; Lee
et al.,, 1991; Albahou, 1999). NH,"-N application during fruiting of tomato
plants in sand cultures may cause symptoms of BER within 7 days (Wilcox
et al., 1973). However, the effects of increasing NH;"-N may vary. Adams
(1986) summarised that NH;*-N usually does not have an adverse effect in
summer weather due to its rapid transformation into nitrate and to vigorous
plant growth.

The influence of these factors on the incidence of BER has been frequently
considered as indirect by interfering with the supply of Ca®" to the fruit, causing
a localised inadequacy of Ca®" (Shear, 1975), for which various mechanisms
have been proposed:

e Restricted uptake of Ca®" by the roots, e.g. due to either restricted water
supply, increased salinity or interactions with other nutrients such as NH;™-N
in the feeding solution, or poor aeration in the root zone (Adams and Ho,
1995). Adams and Ho (1992) summarised that water stress, which reduces
Ca" uptake, is the most common cause of BER. The role of transpiration, as
affected by RH, in the uptake of Ca*" and incidence of BER is disputed (Ehret
and Ho, 1986; Ho and Adams, 1989).

e Restricted transport of Ca®", e.g. due to substantially retarded xylem tissue
development in the pedicel and within the fruit at high salinity (Ehret and Ho,
1986; Belda and Ho, 1993), but the restriction of Ca** transport inside the fruit
cannot be the sole cause of BER (Belda et al., 1996).

e Competition for Ca®" between leaves and fruit, distracting Ca®" flux from
the fruit to the leaves at high transpiration (Gerard and Hipp, 1968; Ho,
1989).

On the other hand, there are several indications that stress factors and BER are
more directly related. Differences in Ca** uptake, in the percentage of Ca®>" and
in total Ca®" content of the fruit caused by differences in salinity are not always
related to the incidence of BER (Adams and Ho, 1993). Shaykewich et al. (1971)
observed that the incidence of BER increased at increasing soil water stress, but
the concentration of Ca®" was not significantly affected. Ward (1973) noticed that
BER was produced by subjecting plants to water stress in the presence of
adequate supplies of Ca®" and argued that there may be two physiological
conditions resulting in identical symptoms, and that there may be a different
sequence of physiological events in plants that have suffered water stress rather
than Ca”" deficiency. Similarly, Franco et al. (1999) stated that at a higher level
of irrigation fewer fruit were affected by BER although the Ca>" concentration in
the stylar portion of mature fruit remained virtually the same, and that BER might
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be a serious problem even in the presence of fairly high levels of Ca®" at the
blossom end.

Regarding the effects of NH;"-N, Hartman et al. (1986) observed that the
incidence of BER increased and fruit size was severely reduced by increasing
NH,"/NO; ™~ ratios in the nutrient solution, but the percentage of Ca’" in the fruit
was unaffected by increments of NH;". In experiments by Vielemeyer and
Weissert (1990), the application of N-fertilisers containing NH4"-N coincided
with the highest incidence of BER, but the Ca®" uptake of fruits was not
inhibited. Pill et al. (1978) and Barker and Ready (1994) found a lower content of
Ca®" in the fruit of NH4* grown plants as compared to NO;~ grown plants, but
no difference in percentage of Ca*" at different NH,* levels, and no difference
in the Ca®" concentration between fruit with and without BER, respectively.

4.2. Growth promoting factors

Quite in contrast, an increased incidence of BER may also be associated with
conditions favouring vigorous growth and fruit development. Spurr (1959)
concluded from his extensive review of the literature that vigorously growing
tomato plants under a high level of available nitrogen were especially
susceptible to BER, and Westerhout (1962) stated that vigorous growth before
anthesis of the first flower was responsible for the incidence of BER. Moreover,
he suggested that the prevalence and severity of BER depended on the growth
rate of tomato fruit being closely related to the vigour of the plant; slowly
growing fruit were not affected. This has been confirmed, e.g. by Wiersum
(1966), Chiu and Bould (1976) and DeKock et al. (1982b). Various cultural
practices and environmental factors have been reported to increase the incidence
of BER by promoting the rate of fruit growth, such as fruit thinning (DeKock
et al., 1982b), increased daily radiation (Sonneveld and Voogt, 1991); increased
temperature or a combination of warm weather and high irradiance, especially
during the period of rapid fruit growth (Ho et al., 1993; Wui and Takano,
1995a,b). In this context, it appears reasonable that a reduction of plant and fruit
growth, e.g. by foliar applications of high levels of the growth inhibitor
daminozide during flowering (Kheshem et al., 1988), by repeated foliar
applications of the GA biosynthesis inhibitor uniconazole (Wui and Takano,
1995b), or by reducing N uptake through application of compost (Manishi et al.,
1996) may reduce the incidence of BER.

Some authors have attributed the increase of BER in vigorously growing plants
to a higher requirement for Ca>" for cell membrane biosynthesis. At an increased
rate of fruit enlargement and accelerated cell growth, it may exceed the supply
of Ca?* (Chiu and Bould, 1976; Adams and Ho, 1992; Paiva et al., 1998a), but
this does not explain why BER does not occur regularly in rapidly growing plants
and fruit of susceptible cultivars.
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4.3. Interaction of various external factors

From the preceding overview it becomes obvious that the incidence of BER
cannot be reliably attributed to a single growth inhibiting or growth promoting
factor. Few authors have doubted a role for Ca®", but many conceded that various
other factors are additionally involved. BER may be aggravated by the interaction
of stress factors causing reduced fruit growth, such as soil water stress together
with high transpiration (Obreza et al., 1996), with high temperature (Gerard and
Hipp, 1968), with high NH;" (Pill and Lambeth, 1980), or with high salinity
(Nonami et al., 1995); high NH;" together with high temperature (Ikeda and
Osawa, 1988), and high salinity together with high transpiration (Robbins, 1937;
Bradfield and Guttridge, 1984; Stanghellini et al., 1998). However, Albahou
(1999) reported that high NaCl salinity reduced the incidence of BER in NH, -
fed tomatoes.

BER may also result from an interaction between stress factors and factors
causing rapid fruit growth. According to Adams and Ho (1993), the cause of BER
is usually the result of an interaction between the effects of irradiance and
ambient temperature on fruit growth and the effects of environmental stress on
Ca" uptake and distribution within the whole plant. Ho et al. (1993) suggested
that temperature may be the major environmental factor which induces BER,
regardless of cultivars and salinity treatment. An increased incidence of BER
associated with high temperature and rapid growth rate in plants grown at high
nutrient supply and high salinity has been confirmed by Wui and Takano (1995a).

Additionally, there are some indications that the effects of environmental
factors are time-dependent, i.e. the sequence of growth promotion and inhibition
and their relation to plant development may be important. Large losses from BER
were observed when initially well irrigated, luxuriantly grown plants were subject
to drought, or when vigorous plants with well-developed fruit were moved from a
shaded to an unshaded glasshouse (Chamberlain, 1933). Robbins (1937) observed
that the initial symptoms of BER appeared most often shortly after a sudden
change from cool, dark weather with low evaporation rates to light, warm weather
and high evaporation rates. Ho et al. (1993) suggested that more sunshine and
higher temperatures were required to induce BER after a period of predominantly
sunny weather than after a less sunny period.

5. Discussion and conclusions

This review has provided very little evidence that certain environmental factors
reliably produce BER every time they occur. Moreover, most of the available
information on the effects of environment on the incidence of BER and on the
role of Ca®" deficiency is based on correlative relationships. Taylor and Smith
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(1957) warned that correlations between Ca®" content and incidence of BER do
not show a cause and effect relationship between nutrient element composition
and plant performance, and Pill et al. (1978) pointed out that BER is a qualitative
phenomenon which implies that quantitative plant parameters are merely
associative and not causal. Additionally, many experiments have been carried
out by withholding or strictly limiting Ca** in the growing media, thus creating
an overall deficiency rather than localised Ca®" deficiency in rapidly growing
tissue at the distal end of tomato fruit, for which BER is said to be a symptom (Ho
and Adams, 1989). These experiments may induce symptoms of BER, but they do
not reflect the situation in commercial tomato production where insufficient Ca*"
supply is hardly ever a problem (Kirkby, 1979).

The reduced Ca®" concentration in rapidly growing tissues as well as an
increased K™/Ca®" ratio is an essential physiological parameter reflecting growth
rate, not only in tomato (DeKock et al., 1982b), but also in other crops (e.g.
Goring and Mardanov, 1976; Richards, 1978). Further, rapid growth is associated
with an increase of physiologically active gibberellins (GAs) (e.g. Suge, 1978;
Rood et al., 1990; Grindal and Moe, 1997; Griinzweig et al., 2000). Externally
applied GAs have been shown to increase the incidence of BER substantially
(Bangerth, 1973). They interfere with Ca®*' uptake and transport, and
consequently the application of GA biosynthesis inhibitors frequently results in
increased Ca®" levels (for references cf. Saure, 1998, p.140). Whereas Ca’" is
known to protect the integrity of cell membranes, i.e. to reduce their permeability
and to prevent ion leakage caused by stress (for references cf. Marschner, 1983;
Saure, 1998; Grattan and Grieve, 1999), GAs have the opposite effect (for
references cf. Saure, 1998, p.139). Therefore the susceptibility to stress 1is
increased by low concentrations of Ca*", but also by increased levels of GA
(Vettakkorumakanav et al., 1999; Fletcher et al., 2000). Low Ca®" concentrations
may yet be physiologically reasonable: Marschner (1983) pointed out that in
rapidly growing tissue high membrane permeability is required for solute flux.
This means that the frequently postulated demand for higher Ca** supply at rapid
growth may not exist. High Ca*" supply may even reduce shoot and fruit growth
and yield (Raleigh and Chucka, 1944; Barke and Menary, 1971; Hall, 1977; Hadi
et al., 1996). The highest amount of physiologically active GA (El-Beltagy et al.,
1976) and the lowest concentration of Ca®™" (Wada et al., 1996), i.e. the lowest
stress tolerance, have been found in young tomato fruit at the beginning of cell
enlargement, when BER is most likely to occur (cf. Section 2).

However, vigorous growth with low Ca”" concentration in the tissues does not
necessarily imply increased incidence of BER, because the loss of turgor, and the
leakage of solutes observed in connection with the development of BER (cf.
Section 3), may occur only if followed by a disintegration of membranes as a
response to various stressors, such as soil water deficit, high salinity, or high
NH,4 ™ activity. Only stress above a certain threshold relative to the actual
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stress tolerance — causes damage by affecting the fluidity and permeability of the
membranes, thus enhancing ion leakage by an inhibition of membrane pumps and
degradation of membrane lipids (Palta, 1990). Considering the indications in
Section 4.3, it is tempting to speculate that it is the sequence of stress-free growth
conditions, resulting in luxuriant growth but high susceptibility to BER, and the
subsequent occurrence of severe stress that causes large losses from BER. This
may also explain the differing observations regarding the position of the most
severely affected trusses, or fruits within a truss (cf. Section 2). Investigations of
El-Gizawy and Adams (1986), Adams and El-Gizawy (1988) and Sonneveld and
Voogt (1991) indicate that the incidence of BER depends on where susceptible
young fruits are situated when a triggering event occurs.

In contrast, mild stress may increase stress tolerance — and thus avoid
incidence of BER — by temporarily promoting the formation of abscisic acid
(ABA), known as a ‘stress hormone’, which reduces GA activity and thus
promotes Ca”>" import (for references cf. Saure, 1998, p.140). Various stresses
may substitute for each other, establishing some kind of ‘cross-adaptability’ to
different stresses, a phenomenon widely recognised in plants (Wright, 1978).
Unfortunately, most reports dealing with BER do not reveal the course of growing
conditions during the experiment.

High temperature may act both by reducing stress tolerance because of a
promotion of GA activity and, together with high irradiance and low RH, by
increasing stress (Nilsen and Orcutt, 1966), especially when occurring during
rapid fruit development (Sonneveld and Voogt, 1991; Ho et al., 1993).

As a result, the role of Ca®" in the development of BER must be reassessed.
Although being instrumental, it can no longer be considered a primary or an
independent factor. This may explain why several authors found differing
concentrations of Ca®" associated with the incidence of BER, as noticed by Ward
(1973) and Nonami et al. (1995), and supports the suggestion of Nonami et al.
(1995) that Ca*" deficiency in fruits may not be the direct cause of the occurrence
of BER in tomato plants. Consequently, control of BER should not further focus
mainly on attempts to keep the Ca®" level in the fruit as high as possible, but
should explore other avenues such as trying to maintain moderate shoot growth
and to avoid or counteract sudden environmental stresses.
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