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ABSTRACT: This experiment was carried out at a private farm in Shoney Village, Tanta, El-
Gharbia Governorate, Egypt, during the two successive seasons of 2014/2015 and 2015/2016
to study the effect of runners' removal rates beside mothers full removal "no runners”, five
runners left, ten runners left and Without runners' removal and foliar spray of gibberellic acid O
ppm, 25 ppm and 50 ppm and their interactions on vegetative growth, chemical properties,
physiological traits, yield and quality of strawberry "Fortuna cv." planted under mixed planting
system which fixed many runners beside mother plant with different density. Gibberellic acid
(GA3) was sprayed three time in 30 days intervals. The experimental design was a split plot in a
randomized complete block design with three replications. The result indicated that foliar
application of 25 ppm of gibberellic acid (GAs) with removing all runners caused an increase in
plant height, size, weight and shape index of the fruits. gibberellic acid (GA3) at 25 ppm gave
also the highest number of early fruits and early yield during both seasons, GA; also gave the
highest value of TSS, vitamin C, number of leaves, number of fruits and the yield too. The study
shows that it's better to use gibberellic acid (GA3) with 25 ppm to spray the strawberry fruits with
removing all the runners that exist beside the mother plant and that's to increase the vegetative
growth and to improve the yield qualities.
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INTRODUCTION of different strawberry cultivars vary, the
Strawberry (Fragaria x ananassa Duch.) ratio of each specific sugar to total sugars is
is an interspecific hybrid between the two constant (Bood and Zabetakis, 2002).
species, Fragaria chiloensis and Fragaria Strawberry is a good source of phenolics,
virginiana (Darrow, 1965). Several cultivated which function as antioxidants and are
forms of strawberry can be grouped as June highly valued in the human diet for their role
bearing, overbearing and day-neutral in prevention of cardiovascular disease
(Hancock et al.,, 2005). It has traditionally (CVD) and cancer (Kris-Etherton et al.,
been a popular delicious fruit for its flavor, 2002). The production of strawberry in Egypt
taste, fresh use, freezing and processing. is 435506 kg/ha, according to (FAO, 2014).

They are rich in ascorbic acid, secondary
metabolites, simple sugars and acids
(Pe’'Rez et al, 1997). But are highly
worsening, with soft texture, high softening
rate and are highly susceptible to fungal
attack (Shin et al., 2008). Carbohydrates in
strawberry fruit are known to participate in
many pathways related to fruit ripening,
flavor development and color development
(Souleyre et al., 2004). Total sugar contents

Foliar application of gibberellic acid at 50,
200 mg/l had increased petiole length and
leaf area of the strawberry plants (Paroussi
et al., 2002 a). In another study Kumar et al.,
(2012) showed that strawberry plants which
is treated with 75 ppm of gibberellic acid
showed an increase in all vegetative growth
characteristics viz., plant height, petiole
length, number of leaves, plant spread and
leaf area Index. Foliar application of
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strawberry plants with GA; increased TSS
and Vitamin c in their fruits (Sharma and
singh, 2009, Kazemi et al. 2014, and Thakur
et al. 2015).

Regarding the effect of foliar application
of gibberellic acid on vyield and its
components and fruit quality, Rasheed
(2010) indicated that treating strawberry with
GA; at 150 mg/l gave the longest fruits,
while concentration of 300 mg/l gave the
highest yield. Similar results were found by
Uddin et al., (2012) who showed that GA; at
75 ppm gave the best growth and yield of
strawberry plants.

The negative effect of GA; at its higher
concentration (200 mg/l) on total yield may

be attributed to an increase in the
percentage of aborted flowers and
malformed  fruit  (nubbins), itself a

consequence of the negative effect GA; at
200 mg/l may have on pollen germination
(Voyiatzis and Paroussi, 2002 a).

Number and growth of tips were higher
on plants without defoliation, and decreased
44.7% on twice-defoliated mother plants.
The two-defoliation management did not
reduce runner tip and the dry matter mass
only on plants with rooted stolons, which
produced runner tips 50% heavier
Defoliation of mother plants bearing rooting
stolons can be used to reduce their growth,
without reducing the resurrection and growth
of runner tips (Picio et al., 2014).

(Klaas et al.,, 2009) demonstrated that
keeping the runners from plants has
negative effect on the total yield in the first

year. On the average over three years, there
is a decrease in berry weight and an
increase in the amount of grade two berries.
In order to obtain a high quality yield,
runners must be removed during harvest.

Therefore, this study was carried out to
investigate the effect of GA; concentrations
and number of runners left beside mother
plants on growth yield and quality of
strawberry.

MATERIALS AND METHODS

This study was conducted at a private
farm in Shoney Village, Tanta, El-Gharbia
Governorate, Egypt during the two
successive seasons of 2014/2015 and
2015/2016, to study the effect of foliar
application of GAs; and runners' removal
rates and their interaction on growth, yield
and fruit quality of strawberry " Fragaria x
ananassa " var. Fortuna. Soil was clay in
texture, physical and chemical properties of
experimental are presented in Table (1).

Strawberry plants were planted on
September 8" and 10" in the first and the
second  seasons, respectively.  The
experimental unit area was 12 m% It
contained 5 rows with 3 m? in length and 80
cm wide. The frigo transplants were planted
25 cm between each other. Seedlings were
transplanted in such a way that the crown
dos not go much under the soil or doesn’t
remain in shallow. All agricultural practices
for cultivation were performed as
recommended by Ministry of Agriculture and
land Reclamation.

Table (1): Some chemical and physical properties of the experiment soil according to

Ryan et al. (1996)

Chemical analysis
Physical
. 1 , 1 Macro . | analysis
Cations (meq™) Anions (meq™) nutrient (meq™)
- ppm
Na K" |Mg™ | ca™ | Hcog | Cos [ Cl'|So, | N | P K | Cacos pH E.C
26 [01] 01 |02 | 01 | -~ 15|14 |80]45|6a0| 17 |78 |03
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The experimental design was a split-plot
design with 3 replications. Runners' removal
rates were in the main plots 4 treatments;
full removal "no runners", five runners left,
ten runners left and without runners' removal
and the sub plot consisted of three different
concentrations of gibberellic acid (without
GA;, 25 and 50 ppm) was sprayed after one
month from transplant for three time in 30
days intervals.

Data recorded
The following data were recorder
Vegetative growth:

Six plants were taken from each
experiential plot to determine plant height
(cm) and number of leaves plant™ at 30 days
from transplant.

Yield and it's components

Fruits from six plants were harvested to
determine average of weight, length and
diameter of fruit at 130 days from transplant.
Total number of fruits. Fruits were harvested
at 130 days from transplant, when the fruit
reached at harvesting stage. In harvesting
period the fruits turn red in color with waxy
layer. Marketable fruits were harvested at 2-
3 day intervals during the growing season,
counted, and weighed to record average
fruit weight. The early vyield/plant was
determined as weights of all harvested fruit
during the first four harvests. Total yield/
plant was calculated for all fruits harvested
all one the season.

Chemical constituents

Six full mature fruits were collected
randomly from each treatments in the middle
of the growing season at 130 days from
transplant to determine the chemical fruits
quality i.e. Vitamin C (mg/100 g) that was
determined in  juice using 2, 6-
dichlorophenol indophenol and it was
expressed as mg/100 ml juice as described
by (A.O.A.C., 1990), and TSS (%) was
determined using a hand refractometer (abb
model) and the results were expressed as
brix (Cheour et al., 1991).
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Statistical analysis

Data were analyzed by MSTATC
computer software program adopted by
Bricker, (1991) using ANOVA with the least
significant difference (LSD) at the P < 0.05.

RESULTS AND DISCUSSION
Vegetative growth

Form data of Table (2) it could noticed
that, runner's removal rates had significant
increase on the plant height and number of
leaves. The highest plant and number of
leaves were obtained by full removal
"runners" for mother, in both seasons. And
the highest plant height was recorded with
five runner's left for runners, in both
seasons. While, the highest of leave number
was with ten runner's left or without runner’s,
in the season only. These trends of results
are similar with (Klaas et al., 2009).

Data presented in Table (2) showed that
the effects of gibberellic acid (GA3) on
vegetative growth characters, Application of
GA;z at 25 ppm had significant effect on plant
height and number of leaves. Plant height
for mother or runners was significantly
increased, in both seasons. While, number
of leaves was significantly increased in the
first season for runners and in the second
season for mother. The result were in
accordance with Kumar et al., (2012) and
Kazemi et al. (2014). Dale et al., (2008)
found that may be caused by GAj;, which
can induce stolons formulation by
activating dormant buds to grow or by
preventing the flower but initiation.
Waithika et al., (1978) also reported that leaf
number was also increased with increasing
the concentration of Gibberellic acid. This
might be attributed to the fact that GA;
supply induces cell elongation and cell
division Rademabher, (2000). The increase
may be due to the effect GA; promotes
shoot growth by stimulating rapid cell
division and elongation of plant stem and
shoots Turner, (1963).

Data tabulated in Table (2) show also
that, interactions between runners' removal
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rates and foliar application of GA; was found
to be significant effect for vegetative growth
for mother and runners, in both seasons.
The highest values of plant height and
number of leaves for mother were in
treatment full removal "no runners" + without
GA; with no significant difference in
treatment full removal "no runners" + GAz at
25 ppm in the first season. While the
maximum values of plant height for runners
was in treatment five runners left + with GAs
with no significant effect difference in
treatments five runners left + GA; at 25 + 50
ppm, in addition to number of leaves for
runners increased in treatment ten runners
left + without GAg, in the first season. On the
other hand the plant height and number of
leaves for mother increased in treatments
full removal "no runners" + GA; at 25 ppm
and full removal "no runners" + without GA3
in the second season, respectively. And
treatments five runners left + GA; at 25 + 50
ppm gave highest value on plant height for
runners, in the second season. As for
number of leaves for runners the maximum
value was in treatment five runners left +
GA; at + 50 ppm, in the second season.

Yield and it's components

It is clear from data tabulated in Table (3
and 4) reflect the effects of runners' removal
rates on yield and it's components for
mother and runners in both seasons. Fruit
volume for mother in the first season, fruit
weight for the runners, fruit shape index and
number of fruits in both seasons were no
significant effect. While treatment ten
runners left gave the highest values, fruit
volume for runners in the first season, fruit
volume for mother in the second season,
fruit weight for mother in both seasons and
fruit shape index for mother in the first

season  without significant difference
between treatments five runners left and
without runners' removal, were highly

significant effect. Conversely, the maximum
values were in treatment full removal' "no
runners" for number of fruits and early yield
for mother in both seasons, whatever total
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yield for mother in the first season. In
addition to early and total yield for runners
gave maximum value in treatment five
runners left in both seasons and total yield
for mother were highly significant effect in
the second season. The results are in
agreement Portz and Nonnecke, (2009) and
Picio et al.,, (2014). In general among all
cultivars, average berry size and total berry
yield were higher when runners and flowers
were removed until the end of July, mother
plant weights were generally highest for
Tribute. Due to smaller plants with
Seascape and Albion, producers may want
to plant the strawberry plants closer
together, such as 6 in. to 9 in. instead of 12
in. to increase overall production within an
area Portz and Nonnecke, (2009).

Data tabulated in Tables (3 and 4)
showed that, there was no significant effect,
fruit volume for runners in the first season
and shape index for mother in the first
season and the runners in the second
season. While the highest values for foliar
application GA; at 25 ppm were highly
significant effect on fruit volume without
significant difference between treatment
without GA3, in addition to number of fruits
and total yield for runners. Whatever the
foliar application without GA; were highly
significant effect on fruit weight and early
yield for the mother and runners in both
seasons, in addition to, number of fruits and
total yield for mother in both seasons. While
the highest values on fruit volume for mother
and runners, shape index for the mother in
the second season and the runners in the
first season. These results are similar with
Hossan et al., (2010). GA; stimulated rapid
cell division and elongation in plant stems
and shoots Turner, (1963). El-Shabasi et al.,
(2008) reported that GA;z; application
increased petiole length. Thompson and
Guttride, (1959) found an increase in length
and upright growth of petioles and
concluded that GAj; can substitute for
growth  promoting substances that are
produced normally under long days, the
increase in size and weight with the
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application of GA; may be due to increased
size of plant and leaf, and higher chlorophyll
content which in turn may have enhanced
the photosynthetic activities.

From the obtained data Table (3 and 4) it
could noticed that, the interactions between
runners' removal rates and foliar application
of GAz. The highest values on fruit volume
for mother in the first season and early yield
for mother in treatment full removal "no
runners" + GAz at 25 ppm in the second
season, moreover there found highly
significantly effect on fruit volume and
number of fruits for runners in the second
season. Number of fruits for mother in both
seasons and total yield for mother in the
second season in treatment full removal "no
runners" + without GAs. Early yield and total
yield was significant effect in treatment full
removal "no runners" + without GA3z without
significant difference between this treatment
full removal "no runners" + GA; at 25 ppm,
in the first season. In addition to the
treatment ten runners left + GA; at 25 ppm
gave the maximum values on fruit weight for
mother in both season. While fruit weight
and early yield for runners was highly
significant effect in treatment five runners
left + GAz at 50 ppm in both seasons. Finally
fruit weight, number of fruits and total yield
for runners, in both seasons and fruit shape
index for runners, in the second season was
highly significant effect in treatment five
runners left + GA; at 25 ppm. While fruit
shape index for mother was highly
significant effect in treatment ten runners left
+ without GA;, in both season. In addition to
fruit weight for runners was highly significant
in treatment without runners' removal +
without GAs, in both season. While fruit
shape index for runners gave highest value
in treatment without runners' removal + GA;
at 25 ppm, in the first season.
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Chemical constituents

Data presented in Table (5) clearly show
that the effects of runners' removal rates
chemical constituents. The highest values
on vitamin C and TSS for mother was
recorder with treatment full removal "no
runners" in both seasons, in addition to for
runners on vitamin C it's no significant effect
in both seasons. While TSS for runners was
highly significant in treatment, five runners
left in the first season, while the runners it's
no significant in the second season. The
result were accordance with Klaas et al.,
(2009).

It is quite clear from data in Table (5) that
vitamin C content of fruit for mother and
runners were significant effect with
application of water in both seasons. While
TSS was no significant for mother and
runners in both seasons. The result are
confirmed with Sharma and Singh, (2009),
Ouzounidou et al., (2010), Kazemi et al.,
(2014) and Thakur et al., (2015). Perkins-
Veazie, (1995) reported that SSC (soluble
solid content) of strawberry fruits varied
from 4-11% depending on cultivars and
environment. The combined application of
GA; with  plant  growth  promoting
rhizobacteria can produce effects on
ascorbic acid contents of strawberries and
that may be due to their synergetic effect.

As for interaction between runners'
removal rates and foliar application of GA;
on vitamin C and TSS. When treated the
mother by treatment full removal "no
runners" + without GA; on vitamin C and
TSS was highly significant effect, in both
seasons. While vitamin C for runners gave
highest value in treatment five runners left +
without GAg;, in the both seasons. In addition
to TSS for runners was height significant
effect in treatment five runners left + GA; at
25 ppm.
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