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Determination of Starch in Ovules of the Sour Cherry Cv. ‘Stevns-
baer’
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Summary

In the sour cherry cv. ‘Stevnsbaer’ the content of starch
in flower buds was investigated at 5 different flower
bud developmental stages. The investigation included
4 different rootstocks: Colt, Weiroot 10, F12/1 and
Gisela 5. The starch content of the flower buds was
studied in order to examine if it could be correlated to
the final fruit set and thereby contributes to the de-
scription of flower bud quality.

Samples of flower buds were sectioned and stained
with Lugols-solution for microscopic analysis of
starch. The content of starch in 3 precisely defined
parts of the flower buds: Right and left side of the in-
tegument and the nucellar tip, was quantified by a

computerised image analysing system at 5 different
developmental stages.

It was demonstrated that starch reserves in flower
buds of ‘Stevnsbaer’ was mobilised to integumentary
cells at the early balloon stage; before the early bal-
loon stage nearly no starch was observed at the integ-
umentary cells. In the nucellar tip the content of starch
was very limited. No difference in starch content at
early balloon was observed among the 4 different root-
stocks. In the present study, fruit set was generally sat-
isfactory (24 and 34 %). Our investigation did not
demonstrate a correlation between the starch content
in flower buds and the fruit set.
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Introduction

In woody plant species, starch is the most important
stored carbohydrate (CHAPIN et al. 1990). In Prunus, flow-
ering takes place before leaf emergence, consequently, in
the absence of new photo-assimilates, thus, fertilisation
must occur on the expense of pre-stored reserves; that
might be starch. FELKER et al. (1983) suggested that since
cut cherry shoots (leafless) held in water under low light
intensity have no external carbon source for accumula-
tion in buds, it is likely that food reserves in shoots, e.g.
starch in the stem tissue, are mobilised to the buds at
chilling temperatures. It is unknown what exactly decides
flower bud quality for sour cherry but obviously many as-
pects must be taken into account. A method to evaluate
flower bud quality is to register the fruit set. It has been
suggested that a smaller starch accumulation in the plum
variety ‘Valjevka’ compared to other cultivars contributes
to the explanation of the lower fruit set in this cultivar
(STÖSSER 2002). In the sour cherry cultivar ‘Stevnsbaer’,
differences in fruit set may be observed between root-
stocks (VESTERGAARD et al. 1997b). The difference in fruit
set ability among different rootstocks is often explained
by differences in flower bud quality (KÜHN and CALLESEN
2001). The rootstock Colt has been shown to be very sen-
sitive to frost in winter, exhibiting a high percentage of
dead flowers and flower buds and a poor fruit set (VEST-
ERGAARD et al. 1997a) Consequently, fruit set indeed re-
flects the conception: Flower bud quality.
In peach, it has been demonstrated that from anthesis
to fertilization, as the ovule matures, starch accumulates
mainly in the embryo sac, integuments and nucellar tip
(ARBELOA and HERRERO 1991). In Nicotina tabacum, as
well, many large starch grains have been found near the
time of fertilisation. It was demonstrated, that there is a
build-up of starch grains in the integument following fer-
tilisation (MOGENSEN and SUTHAR 1979). CEROVIC et al.
(1999) found that in sour cherry starch is present in the
integumentary cells, with the highest concentration in
the micropylar region. In addition, they found that starch
grains accumulated in the described parts of the ovule
from day 2 to day 4 of full bloom. The starch disappears
during early embryo sac elongation in Prunus persica and
Prunus armenica suggesting that starch may be associat-
ed with the provision of reserves required for the repro-
ductive process (ARBELOA and HERRERO 1991; RODRIGO et
al. 2000). In almond, the embryo contained no starch 16
weeks after flowering (HAWKER and BUTTROSE 1980).
These results indicate that the content of starch is a po-
tential key factor in the fruit set process in Prunus.

The present study was conducted to get a better un-
derstanding of when the starch grains are mobilised to
the integumentary cell of sour cherries. A specific objec-
tive was to look for differences in the ability of four root-
stocks to mobilise starch reserves. The chosen rootstocks
were known to show a varied fruit set ability.

Further, it was sought to determine if the content of
starch in flower buds of sour cherry cv. ‘Stevnsbaer’
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could be correlated with the fruit set ability and there-
by substantiate the delusive flower bud quality con-
cept.

Material and Methods

Plant material and fruit set

Sixteen sour cherry cv. ‘‘Stevnsbaer’’ trees at the experi-
mental orchard at the Danish Horticultural Research
Centre were grafted in 1988 on rootstocks Colt, Weiroot
10, F12/1 and Gisela 5.

Fig. 2. Lugol stained section of an ‘Stevnsbaer’ ovule (posi-
tion a) showing the distribution of starch in the integumen-
tary cells at 4. developmental stage. An arrow ( → )is
indicating a starch grain.
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The number of viable flowers in the blooming period
and number of respective berries in July (after
June-drop) were counted on 10 branches at four uniform
trees of each rootstock at about 1.5–2.0 m’s height per
tree, and final fruit set was calculated for each rootstock.

Flowers for microscopic examination

Two flowers/ovaries per tree were collected at five differ-
ent sampling dates/developmental stages in 2001 for mi-
croscopic examinations.
1. stage: Green tip (25. and 26. April),
2. stage: Tight cluster (2. and 3. May),
3. stage: Early balloon (10. May),
4. stage: Balloon (12. May),
5. stage: Full bloom (15. May).
Petals and sepals were removed, at the 1. stage the col-
lected buds were dissected to expose the ovary. One vital
flower per bud was fixed for later preparations. Rootstock
Colt: A total of 40 ovaries: 4 trees and 2 ovaries per tree
at each sampling date (5 sampling dates) were collected.
For rootstock Weiroot 10, F12/1 and Gisela 5 a total of 24
ovaries were collected (only samples for stage 4 were an-
alysed). Samples were fixed in formalin acetic acid alco-
hol (FAA) (90 % ethanol at 70 %, 5 % formaldehyde at
40 %, 5 % glacial acetic acid).

Microscope preparations

The flowers fixed in FAA were dehydrated in tertiary
butyl alcohol (TBA) series (10 %, 20 %, 35 %, 50 % and
100 %) and embedded in paraplast and sectioned at
10 µm in a Leica-Jung 2055/Autocut Rotary Microtome
(Reichard-Jung, Heidelberg, Germany). Ovaries were
oriented parallel to the longitudinal plane of the ovary
axis in order to obtain similar orientation of all the ova-
ries. The sections were then rehydrated (2 washes in Ul-

Fig. 1. Section of an
‘Stevnsbaer’ ovary. Specifi-
cations of area a, b and c.
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traclear (J.T. Baker, Holland) and one wash in Ultra-
clear:ethanol (1:1 v/v) and then through ethanol series
(96 %, 70 %, 50 %, 30 %, 0 %) and subsequently
stained for 8 minutes with I2KI (Lugols-solution) for
starch reserve. All preparations were observed under an
Olympus BH-2 microscope. Starch content was quanti-
fied by image analysing system (Leica Qwin, U.K.) The
genus Prunus is characterised by 2 anatrophe ovules in
the ovary, and normally the secondary degenerate be-
fore fertilisation. We analysed only the primary/vital
ovule.

Three sections of each ovary were analysed. The ovu-
lar structures and areas analysed were chosen in accord-
ance with earlier work (BADR and CRANE 1965; RODRIGO et
al. 1997; RODRIGO and HERRERO 1998). Regions measured
are shown in Fig. 1, indicated by boxes, a, b and c. Box a:
The “right” side of the integument. Box b: The “left” side
of the integument and box c: The nucellular tip. All the
measurements were performed on a fixed area: 7305 µm.
In the sections chosen for analyses the micropyle was
very clearly conspicuous and the ovules were identified
as primary/vital ovules. It was decided to analyse only
one section per ovule as a pilot experiment had shown a
low and not significant coefficient of variation between
consecutive sections.

Table 1. Starch in flower buds of sour cherry cv. ‘Stevnsbaer’
on rootstock Colt at different positions and flower bud devel-
opmental stages.

Positionx Develop-
mental-
stagey

Starch 
total area 

(µm2)

Size of starch 
area/grain 

(µm2)

a 1 107.9 b* 5.5 c

a 2 312.9 b 12.9 bc

a 3 1351.9 a 25.1 ab

a 4 1150.8 a 24.8 b

a 5 1350.2 a 42.4 a

a Average 854.7 22.1

b 1 23.5 b 4.0 b

b 2 137.4 b 6.0 b

b 3 1726.4 a 37.5 a

b 4 1423.0 a 37.3 a

b 5 1735.1 a 45.3 a

b Average 1009.1 26.0

c 1 21.7b 2.5 b

c 2 58.8 b 2.4 b

c 3 519.6 a 15.7 a

c 4 619.4 a 15.8 a

c 5 458.1 a 9.8 ab

c Average 335.6 9.2

xPosition a, b and c are different positions in the bud section, spec-
ifications/identifications see Fig. 1. 
y Developmental stage: 1. Stage: Green tip (25. And 26. April), 2.
Stage: Tight cluster (2. And 3. May), 3. Stage: Early balloon (10.
May), 4. Stage. Balloon (12. May) and 5. Stage: Full bloom (15. May). 
*Statistical difference is indicated by different letters.
Statistical analysis

Analysis of variance, GLM, was used to determine effects
of sampling date, position and rootstock on measured
starch content and effects of rootstock on fruit set data.
The relation between fruit set and starch content for the
different rootstocks were analysed by the Correlation
procedure resulting in Pearson Correlation Coefficients.
(SAS version 6.12, Cary, USA). Statistical significance
was defined at p<0.05.

Results and Discussion

We analysed 3 specific parts of the sour cherry cv. ‘Stevns-
baer’ ovules in accordance with studies in peaches
(Fig. 1)(BADR and CRANE 1965; ARBELOA and HERRERO
1991). The computerised image analysing system was
used to study quantitative differences in starch content in
the 3 specific parts of the ovary while the exact total
amount of starch in the tissue could not be quantified.
Starch was identified in the integumentary cells (position
a and b) (Fig. 2) while at the nucellar tip (position c) only
small amounts were detected at every developmental
stage as shown in Table 1. The analyses were done at 5
successive bud developmental stage: From green tip until
full bloom. In Prunus armenica the mobilisation of
prestored starch reserves in the ovary has been assumed
to occur between pollination and fertilisation (RODRIGO
and HERRERO 1998). It has been shown that ovule devel-
opment in apricot appears to depend on the starch re-
serves previously stored in the ovule (ARBELOA and HERRE-
RO 1991; LORENZ and STÖSSER 2000) and starch reserves
support ovule growth in the days following anthesis
(BADR and CRANE 1965). Our results clearly demonstrate
that starch is not present in the ‘Stevnsbaer’ flower buds
until needed. Starch was only present in small amounts in
the integuments at the beginning of flowering (Table 1).
At the first 2 sampling dates, there was no difference in
starch content between the 3 positions. However, it was
found that starch was primary mobilised just before an-
thesis at balloon stage and that starch accumulates from
stage 1 and 2 to stage 3, 4 and 5 (Table 1). The difference
between 3rd, 4th and 5th stage was generally found be-
tween position a, b and c (data not shown). In apricot, it
was found that twelve days after anthesis starch reserves
are mainly present in the nucellar tip, in the central areas
of the nucellus and inside the embryo sac (ARBELOA and
HERRERO 1991). We demonstrated that starch is only
present in small amounts in the inner integuments and in
the nucellar tip at green tip and tight cluster stages in
sour cherry cv. ‘Stevnsbaer’. In the nucellar tip only very
small amounts of starch were found, even at early bal-
loon, balloon and full bloom stages the content of starch
in the nucellar tip is significantly lower than the content
in the integumentary areas (Table 1) in accordance with
results obtained in Prunus armenica (RODRIGO et al.
1997). It has been found that, as the primary peach ovule
matures, starch accumulates mainly in the embryo sac,
integuments and at the nucellar tip (ARBELOA and HERRE-
RO 1991). The present study established that starch is mo-
bilised from the early balloon stage in sour cherry. It is
not clear what triggers the starch redistribution, but it is
obvious that starch is translocated to “areas” where it is
needed for the approaching fruit set processes. The larg-
Europ.J.Hort.Sci. 3/2006
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est area and the highest number of starch grains were
identified in the inner integuments (position a and b).
This trend could be found from early balloon to full
bloom stages . No significant difference was observed in
total starch area from early balloon until full bloom, sig-
nifying that in sour cherry the starch reserves are build up
early in the developmental stage of flowering and then
adopting a waiting position until utilisation. These
changes in starch reserves are probably related to chang-
es in the physiological activity of the ovary; when it ma-
tures and fertilisation is near, it is logic to assume that the
ovary becomes a strong sink.

For all rootstocks the same relation between starch
content in the three positions (a, b, c) were observed
(Table 2). The smallest area and size of starch grains
were found at the nucellar tip for all rootstocks. At bal-
loon stage; when maximal content of starch was identi-
fied, the content of starch in buds of the rootstocks did
not differ significantly (Table 3). It can be concluded that
the changes in starch content and distribution were relat-
ed to ovule development rather than to the specific root-
stock. In the present study we investigated the influence
of the rootstock on flower bud quality by quantifying the
starch content with the help of an image analysis system
and then correlating the obtained starch content to the
corresponding fruit set. Fruit set varied significantly be-
tween the different rootstocks (Table 3). Gisela 5 had the
highest fruit set: 36.1 % and F12/1 had the lowest fruit
set: 24.7 %. However, even a fruit set at 24.7 % can result
in a good fruit yield. Since no significant differences in
the overall starch content was found among rootstocks it
is obvious to consider that all rootstocks this specific year
had similar capacity for the reproductive processes. In the
present study, flower quality appeared to be at the same

Table 2. Starch in flower buds of sour cherry cv. ‘Stevnsbaer’
at different positions.

Rootstock Positionx Starch 
total area 

(µm2)

Size of starch 
area/grain 

(µm2)

Colt a 1150.8 ab* 24.8 ab

Colt b 1423.0 a 37.3 a

Colt c 619.4 b 15.8 b

F12/1 a 1514.7 a 29.7 a

F12/1 b 1078.4 a 23.2 a

F12/1 c 237.0 b 10.4 b

Gisela 5 a 1312.7 a 32.6 a

Gisela 5 b 1264.0 a 30.3 a

Gisela 5 c 368.2 b 13.0 a

Weiroot 10 a 1319.0 a 29.1 a

Weiroot 10 b 1327.0 a 23.7 a

Weiroot 10 c 308.4 b 12.7 b

xPosition a, b and c are different positions in the bud section, spec-
ifications/identifications see Fig. 1. 
*Statistical difference is indicated by different letters.
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level for all the rootstocks, although small differences in
the exact values existed (Table 3). Unfortunately, the in-
vestigation was conducted in a year where the fruit set was
not a problem for any of the investigated sour cherry root-
stocks. However; in other years, large differences in fruit
set between different rootstocks has occurred (from 14 to
34 % fruit set depending on rootstock in 1995) (VESTER-
GAARD et al. 1997b; KÜHN and CALLESEN 2001).

The correlation coefficients between fruit set and total
starch area was calculated to be 0.09 (not significant)
and between fruit set and average size of starch grain the
correlation coefficient was 0.26 (not significant). Due to
the small differences in fruit set ability, size of fruit set
could not be explained by differences in starch content. It
was not possible to demonstrate a relation between
starch content in the integumentary cells at early balloon
to full bloom stages and the size of fruit set in the investi-
gated year. Anticipating the existence of a relation be-
tween starch content in flower buds and size of fruit set,
a possible explanation for the lacking proof may be that
since all rootstocks had a sufficient fruit set in 2001 the
content of starch was likewise at a high/sufficient level
for all rootstocks. Therefore, this experiment should be
repeated in a year with a generally poor fruit set to decide
if there is a relation between the amount of starch mobi-
lised and actual fruit set.
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