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An experiment has been set up with Tudla, Muir, Douglas,
Rupella, Moraline, Evita, Aiko, Northeastern, Tioga, Elvira and
Delmarvel cultivars for mineral accumulations of nitrogen,
phosphorus, potassium, calcium, magnesium, manganese, zinc,
copper, iron and boron on plants' leaves were analyzed in three
different periods which are fruit formation (May 26th), stolon
formation (July 13th) and beginning of resting period (September
27th).  It was determined that generally mineral elements accumu-
lation change in relation to development periods. In addition, the
periodic change in nitrogen, potassium, manganese, zinc, copper
and boron minerals were more evident. No clear change was seen
in phosphorus and calcium. Despite that changes were seen in iron
mineral at the cultivar level, this situation did not present itself in
general averages. When every cultivar is analyzed by itself, there
were clear differences among cultivars. Every cultivar's mineral
element accumulation level has shown variation. Differences among
cultivars' averages have been found statistically significant.

Key Words: Strawberry, Development period, Mineral element,
Cultivars, Leaves.

INTRODUCTION

Presence of nutritional elements in soil has an important effect on plant
development. One of the most important requirements for obtaining
sufficient amount of strawberry crops on a regular basis is the presence of
nutritional elements and their regular intake. It needs regular irrigation and
fertilization because of being a shallow-rooted, herbaceous and multi-year
plant1. In strawberry cultivation done either for fruit or runner production,
whether the plant develops healthy or not is understood by analysis of
nutritional elements in leaves2. Yield and fruit quality's relation to nutrition
and nutritional elements in leaves is known3-5. Therefore, synchronization
can be formed among fruit or runner production and fertilization6.



In different development phases, important physiological and biochemi-
cal changes occur in plant's various parts. Leaves are the most important
organs for these changes. It was determined that during the development
season, nutrition levels in leaves follow a fluctuating course7. Levels of
most of the nutritional elements go through a fast change during periods
such as flowering and fruit formation when the metabolic activity is high.
However it was determined that phosphorus did not change during the
season. Nitrogen has not changed after the harvest period despite that it
decreased appreciably before that. However it was observed that the plant
which prepares for winter increases the nitrogen level in leaves beginning
in the early fall period, before winter. It was seen that magnesium and
calcium are at high levels in the beginning and end of harvest period and
decrease after the harvest period. It was reported that generally, the amounts
of nutritional elements do not change much during the six weeks after the
harvest period but start to change in the fall period7-10.

The purpose of this study is to determine the changes of some mineral
elements (N, P, K, Ca, Mg, Mn, Zn, Cu, Fe, B) in 11 different strawberry
cultivars (Tudla, Muir, Douglas, Rupella, Moraline, Evita, Aiko, North-
eastern, Tioga, Elvira and Delmarvel) by leaf analysis in three different
periods which are fruit formation (May 26th), stolon formation (July 13th)
and beginning of resting period (September 27th). Changes in mineral
elements in relation to physiological developments will reveal plants'
periodic mineral element requirements.

EXPERIMENTAL

The experiment has been conducted in Yüzüncü Yil University
Agriculture Faculty Horticulture Department's Research and Practice
areas with frigo plants that belong to Tudla, Muir, Douglas, Rupella,
Moraline, Evita, Aiko, Northeastern, Tioga, Elvira and Delmarvel culti-
vars. Planting has occurred on July 10th, 2003. Planting has been arranged
with 3 replications, 20 plants being in every replication and completely in
a randomized design. After the planting, watering operation was been done
by dripping method. Other maintenance works have been conducted regu-
larly. First year, fruit and stolon formation were not allowed for ensuring
healthy development. Flower cluster and stolon that formed were broken
off. The next year, normal development of plants was allowed. Flower,
fruit and stolon formations were not prevented.

Some soil and climate characteristics of the experiment site: The
structural characteristics of the soil belonging to experiment site has been
given in Table-1. The experiment region is slightly basic and poor in loamy
and organic matter. The climate data belonging to experiment site has been
given in Table-2. The Experiment area is located in a region where winters
are snowy and cold, summers are dry and hot.
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TABLE-1 
STRUCTURAL CHARACTERISTICS OF THE EXPERIMENT SOIL 

Texture pH Salt 
(%) 

Lime 
(%) 

Organic 
matter 

(%) 

P 
(µg g-1) 

K 
(µg g-1) 

Saturation 
(%) 

Clay loam 7.9 0.02 12.2 0.12 4.82 4.12 54 

 
TABLE-2 

AVERAGE CLIMATE DATA OF THE EXPERIMENT SITE FOR THE 
YEAR OF 2003-2004 
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2003        
July 23.1 31.0 13.7 - 53.4 - - 
Agust 22.8 27.8 13.5 15.7 56.2 - - 
Sept. 17.0 28.6 7.8 16.4 64.5 - - 
Oct. 13.0 22.6 -1.0 23.6 71.0 - 1 
Nov. 4.5 16.4 -4.4 59.6 74.4 2 12 
Dec. 0.2 11.6 -9.8 14.9 76.7 8 24 
2004        
Jan. -0.9 7.3 -10.3 25.0 78.8 16 30 
Feb -0.6 10.2 -10.9 39.6 76.1 13 27 
March 3.7 19.8 -6.4 69.9 72.3 3 19 
April 6.9 20.3 -9.8 26.9 66.4 - 7 
May. 12.4 22.0 2.6 68.7 67.8 - - 
June 18.5 28.7 8.5 3.1 57.8 - - 
July 21.4 30.3 9.8 2.0 52.7 - - 
Agust 22.2 29.8 10.2 - 46.5 - - 
Sept. 18.0 32.1 8.6 - 48.7 - - 
Oct. 12.0 26.8 1.2 48.1 64.1 - - 
Nov. 4.6 15.2 -8.2 102.4 75.1 8 8 
Dec. -3.7 2.4 -8.2 41.0 73.8 30 31 
 

Analyses:  The year after the plantation, leaf samples have been taken
from plants in three different periods which are the fruit formation (May
26th 2004), stolon formation (July 13th 2004) and the beginning of resting
periods (September 27th 2004); in order to analyze change of nitrogen,
phosphorus, potassium, calcium, magnesium, manganese, zinc, copper, iron,
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boron minerals. Leaf samples were collected11, among those which had
completed their development recently and 40 pieces from each plot. After
the leaf samples have been collected, they were dried at 65ºC for 48 h and
then grinded. In these samples, analysis was done using nitrogen by Kjeldahl
method, phosphorus by spectrophotometer, potassium, calcium, magne-
sium flame photometer and iron, manganese, zinc, copper and boron by
atomic absorption spectrophotometer12.

RESULTS AND DISCUSSION

The amount of nitrogen has rise in measurements in the beginning of
the resting period in all cultivars (Table-3). This value has surprisingly
reached 4.97 % in Muir cultivar. While a regular increase is observed in
Tudla, Muir and Delmarvel cultivars, there was some decrease in Douglas,
Rupella, Moraline, Evita, Aiko, Northeastern, Tioga and Elvira cultivars in
July 13. However nitrogen accumulation has increased in September 27
and a clear rise has appeared. In these cultivars, the decreases in averages
of July 13 were not much compared the averages of May 26. The averages
of May 26 and July 13 were in the same group statistically according to the
average values given with respect to sampling times in Table-5. The
general average of May 26 was 1.89 % and July 13 was 1.90 %. In addition
to this, the nitrogen average has increased to 2.39 % in September 27 with
a clear rise. According to Table-4, nitrogen accumulation averages in plants
have shown variation with respect to cultivars. The differences among the
cultivar averages have been found statistically significant.

The averages of phosphorus amounts show variation with respect to
the sampling time in all cultivars (Table-3). Despite that the differences
among the averages are considered statistically significant, it should be
noted that these differences are small. In Tudla, Muir, Douglas, Rupella,
Evita, Aiko, Tioga and Delmarvel cultivars, there is a slight decrease in
July 13 values compared to May 26 values, however there is a slight
increase again in September 27 values. In Moraline, Northeastern and Elvira
cultivars, a rise in July 13 and a fall in September 27 has appeared. Despite
that the differences among the general cultivar averages (Table-4) are small,
they have been found statistically significant. When the general averages
given with respect to sampling times are analyzed (Table-5), it is seen that
the phosphorus amount does not show a serious amount of variation in
relation to the periods. However, despite the small differences, July 13
averages are placed in a different statistical group from the general aver-
ages obtained on dates of May 26th and September 27th.

Potassium amount shows variation with respect to the sampling times
in all cultivars (Table-3). The differences among average values have been
found statistically significant. In Tudla, Douglas, Rupella, Moraline and
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Aiko cultivars, a decrease in July 13 values and then increase in September
27 values have been observed compared to May 26 values. In Muir, Evita,
Northeastern, Tioga and Elvira cultivars, a continuous decrease has been
observed with respect to sampling times. In Delmarvel cultivar, compared
to the May 26 average, potassium amount has increased in the July 13
average and then decreased in the September 27 average. Cultivar
averages of potassium amount (Table-4) have been found different and the
differences among the cultivars have been considered statistically signifi-
cant. When Table-5 is analyzed, it has been observed that the potassium
contents generally decreases depending on time. However it should be
remembered that general average values vary with respect to cultivars.

Calcium amount vary with respect to the cultivars and its accumula-
tion increased in the resting period (Table-3). In Tudla, Douglas and Tioga
cultivars, average calcium amount has increased regularly at sampling times.
However in Rupella, Moraline, Aiko and Delmarvel cultivars, July 13
averages were lower than May 26 averages and then in September 27 the
average values increased again. In Evita, Northeastern and Elvira
cultivars, just the opposite is true. July 13 averages are higher than the May
26 and September 27 values. The most surprising cultivar is the Muir
cultivar. May 26 average of the Muir cultivar was 1.03 %. When the
general averages of all cultivars are considered (Table-4), it will be seen
that the differences among cultivars are not much. However the differ-
ences among cultivar averages have been found statistically significant.
When the general averages of sampling times are analyzed (Table-5), it
was determined that the differences among the averages are small. The
differences among averages have not been found statistically significant.

Despite of the differences among magnesium averages remained at
low levels, differences among the averages of sampling times within the
cultivar (Table-4) and among cultivars (Table-5) have been found statisti-
cally significant. However in general evaluations done by sampling times
(Table-5), the differences among the averages were found statistically
insignificant. May 26 average was 0.13 % and July 13 and September 27
averages were 0.12 %. In average values obtained with respect to sampling
times within a cultivar (Table-3), generally July 13 averages have decreased
compared to May 26 averages and increased again in September 27. It can
be said that before plants enter the fall resting period, they accumulate
magnesium. However this situation has not happened at the same level in
all cultivars. Tioga cultivar, as opposed to the general situation, has a higher
July 13 average (0.29 %) than May 26 (0.14 %) and September 27 (0.08
%) averages. In Elvira and Tioga cultivars, there was a general decrease in
September 27. Although the results vary in relation to the cultivar, the straw-
berry plant makes magnesium accumulation in the fall period.
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The differences among manganese averages with respect to applica-
tion times within cultivars (Table-3) are found statistically significant. In
Tudla, Douglas, Aiko, Northeastern and Delmarvel cultivars, it was deter-
mined that manganese accumulation decreased as the development period
progressed. However in Muir, Rupella, Moraline, Evita, Tioga and Elvira
cultivars, manganese accumulation on leaves decreased in stolon forma-
tion period (July 13), but increased again when entering the fall period
(September 27). The amount of this increase varies depending on the
cultivar. When periodic manganese accumulations with respect to
sampling times (Table-5) are analyzed, it is observed that plants enter the
fall period start to accumulate manganese. Also, the differences among the
averages are found statistically significant. When the cultivar averages in
Table-4 were analyzed, it was determined that manganese accumulation in
leaves varied with respect to the cultivar and the difference among the
averages were statistically significant. Cultivar averages varied between
8.27 and 21.50 µg g-1.

When the zinc accumulation averages on leaves given in Table-3 with
respect to sampling times within a cultivar are analyzed, it is seen that
Tudla, Muir, Douglas, Rupella, Moraline, Aiko and Delmarvel cultivars'
values decrease in the middle of the growth season (July 13) and increase
at the end of the growth season (September 27). In Evita, Northeastern,
Tioga and Elvira cultivars, no increase was determined on September 27th.
The reason of this may be that plants had not made any preparations for the
resting period yet. However it can also be concluded that these cultivars do
not make zinc accumulations as a result of their own characteristics. An
accurate result can be reached by doing analyses on the subjects after
September 27 for a few more periods with certain intervals. When general
averages related to zinc's accumulation values on leaves (Table-5) are
analyzed, the average falls from 16.98 µg g-1 in May 26 to 13.37 µg g-1 and
in September 27 it rises again to 14.55 µg g-1. It was determined that zinc
accumulation amounts vary with respect to cultivars and the obtained
general averages are statistically significant (Table-4).

Like other mineral elements, copper accumulations on leaves also
showed periodic variation. When the averages in Table-3 with respect to
sampling times within a cultivar are analyzed, copper accumulations of
Muir, Douglas, Rupella, Northeastern cultivars have decreased in July 13
and then started increasing. It has been observed that copper accumulation
is still at a low level in the beginning of the resting period. This situation
holds for Tudla, Moraline, Evita, Aiko, Tioga, Elvira and Delmarvel
cultivars. Moreover, the decrease is continuous in Evita and Elvira
cultivars. When general averages of sampling times are analyzed (Table-
5), the periodic fall in averages is seen well. Despite that the September 27
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average (8,43 µg g-1) has a tendency to rise, it still has not reached May 26
average value (10.19 µg g-1). When copper accumulation averages of culti-
vars (Table-4) are analyzed, the differences among cultivar averages were
determined statistically significant.

Variations in cultivars' periodic iron accumulations are given in Table-
3. Periodic changes of iron accumulations in plants vary with respect to
cultivars. In Douglas, Northeastern and Elvira cultivars, July 13 averages
are higher than May 26 and September 27 averages. This means that the
low value in the beginning of the growth season has increased in the middle
and then decreased again at the end. The highest average value is reached
at the fall period. In Tudla, Muir and Evita cultivars, stolon formation
period (July 13) value has dropped compared to the fruit formation period
(May 26) and then rise again in the fall period (September 17). In Moraline
and Aiko cultivars, iron content in leaves drop continuously throughout the
growth season. Obviously, the periodic change of iron content of straw-
berry cultivars varies. When the cultivar averages in Table-4 are analyzed,
the differences among the cultivars have been found statistically signifi-
cant. Cultivar averages have a distribution from 142.39 to 202.97 µg g-1. In
general evaluation done with respect to sampling times (Table-5), it is seen
that iron accumulation on leaves increase some amount in stolon forming
period but then decrease again. The small differences among the averages
were not found statistically significant.

Accumulation of boron element on leaves have dropped in July 13
samples compared to May 26 samples and increased again in the begin-
ning of the resting period (September 27) in all cultivars except for Tioga.
In Tioga cultivar, accumulation value of boron element on leaves which
was 34.13 µg g-1 on May 26th has reached 34.42 µg g-1 on July 13th and
then by continuing to increase reached 39.04 µg g-1 on September 27th.
The fluctuating course of boron mineral will be seen well with general
averages of sampling times. The value has decreased from 33.89 µg g-1 in
May 26 to 25.92 µg g-1 in July 13. However this value has increased again
and reached 38.18 µg g-1 in September 27. When cultivar averages (Table-
4) are analyzed, the big differences among the averages will be seen. The
differences among the averages were found statistically significant.

Like other species, mineral element requirements of strawberry plants
will also increase in physiological periods such as flower bud formation,
flowering, fruit formation and stolon formation. However, significance level
of mineral elements can change in different periods. Results obtained by
leaf analysis are helpful in this matter13,14.

Average values obtained from nitrogen mineral are in agreement with
previous studies7,8,11. In Monard and Lacroix-Raynal's study9, nitrogen lev-
els were high. In results of these researchers, there were no serious changes
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in nitrogen averages in the beginning of flowering (3.7 %), beginning of
fruit maturity (3.5 %) and full crop periods (3.5 %). When analyzed at the
cultivar level, it was seen that some cultivars' (Douglas, Rupella, Moraline,
Aiko and Elvira) nitrogen levels had dropped in July 13 period. According
to Tworkoski et al.2, the reason of this can be explained by plants' need for
nitrogen in stolon formation period. Other cultivars might have prevented
the change of nitrogen level in leaves by taking nitrogen from soil
inten sively. The reason of this may be sourced in richness of soil's nutri-
tional content as well as cultivar differences.

In present study, general phosphorus accumulation averages (Table-5)
were obtained as 0.42 % in May 26, 0.40 % in July 13 and 0.43 % in
September 27. Bould8 obtained phosphorus accumulation in leaves as 0.37
% in flowering period, 0.28 % in fruit formation period and 0.19 % in the
period after harvest. The values obtained by Bould8 seems to be lower than
the values in present studies. However, when compare the present values
with Monard and Lacroix-Raynall's9 0.83 % in the beginning of the flow-
ering period, 0.73 % in early fruit maturity period and 0.43 % in full crop
period, present values are lower. The reason of this must have stemmed
from the cultivar differences. Bould8 has used the Climax cultivar and
Lacroix-Raynal9  has used the Gariuetta cultivar. The present values
include 11 different cultivars. Choi et al.15 has determined that humidity
which is one of the environmental factors also increases mineral element
absorption. Low humidity (Table-2) in the experiment area can be an
important factor.

Potassium amount changes in relation to the cultivar and periods and
varied between 0.32 and 0.83 %. Although these values are close to
Stonisavlijevic et al.10 report, who have conducted and the periodic varia-
tions (0.93 % lowest, 1.26 % highest) were determined, present values are
still lower. In present study, potassium amount continuously dropped dur-
ing the development period. In the study Bould8 had conducted with the
Climax cultivar, a continuous decrease has been observed. Results of John
et al.7  and Stonisauljevic et al.10 also quite similar. As the development
period progressed, potassium amount continuously dropped. In all the stud-
ies mentioned above, potassium amounts were higher than the values of
present studies.

The similarity of the periodic changes of calcium and magnesium
accumulations is in line with other studies7,10,11. There were not remarkable
changes in calcium and magnesium amounts during the development
period. However, in some studies8,9, presence of calcium accumulation was
observed when entering the resting period in fall. However, this level of
increase was low. No appreciable changes were observed.
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TABLE-5 
GENERAL AVERAGES OF MINERAL ELEMENT ACCUMULATION ON 

MAY 26th, July 13th AND SEPTEMBER 27th  

S
am

pl
in

g 
 

tim
e 

N
 (

%
) 

P
 (

%
) 

K
 (

%
) 

C
a 

(%
) 

M
g 

(%
) 

M
n 

(µ
g 

g-1
) 

Z
n 

(µ
g 

g-1
) 

C
u 

(µ
g 

g-1
) 

F
e 

(µ
g 

g-1
) 

B
 (

µg
 g

-1
) 

26 May 1.89b* 0.42a 0.52a 0.46a 0.13a 14.30a 16.98a 10.19a 165.62a 33.89b 

13 July 1.90b 0.40b 0.37b 0.41a 0.12a 12.16c 13.37c 8.03c 169.14a 25.92c 

27 Sept 2.39a 0.43a 0.35b 0.42a 0.12a 13.50b 14.55b 8.43b 165.17a 38.18a 

*Means followed by the same letter within cultivars and column are not significantly 
different at (p < 0.05). Duncan’s multiple range test. 

The periodic changes of manganese, zinc, copper and boron minerals
can be explained by increase and decrease of requirements in relation to
physiological development periods4. Despite of the determination of iron
mineral's periodic variation on cultivar basis (Table-3), in general periodic
averages (Table-5), there seems to be no periodic changes. It is assumed
that the evaluation done in cultivar level is more significant. The statement
of Erdal et al.16 which point out that iron accumulation shows variation in
the beginning, middle and end of flowering period, shows that not only
physiological periods but development process within a period can also
effect the accumulation on leaves.

Conclusion

Accumulation of mineral elements can increase and decrease in
relation to requirements that occur. Periodic fluctuation appears clearly
particularly in nitrogen, potassium, manganese, zinc, copper and boron
minerals. While there were no fluctuations observed in phosphorus amount
in general, slight change was observed in some cultivars. However, when
every cultivar is considered one by one periodically, different responses
can be elicited. Periodic change of a mineral element in one cultivar can
occur at different levels in another cultivar.
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