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Strawberry is a very popular, refreshing and nutritious fruit having powerful antioxidant and a safe,
delicious addition to any diet. An experiment was conducted at the Landscaping section of the
Department of Horticulture, Bangladesh Agricultural University, Mymensingh during the period
from October 2018 to April 2019 to develop a sustainable technology for optimum growth, yield and
quality of strawberry cv. RU-1 (Festival) through vertical farming. The experiment comprised three
vertical staking viz., 1.5, 3.0 and 4.5 feet (ft) above ground staking, and five organic manures viz.,
control (no manures), cowdung @ 500 g/plant, mustard oilcake (MOC) @ 100 g/plant, poultry
manure @ 500 g/plant and cowdung+MOC+poultry manure @ (500+100+500) g/plant. The two-
factor experiment was conducted in randomised complete block design with three replications.
Significant variations were observed due to vertical staking and organic manures on all the
parameters studied. Highest plant height (15.95 cm), number of leaves (27.62), number of flowers
(24.86), number of runner (4.73) and number of fruits per plant (22.90), fruit length (3.70 cm) and
diameter (3.04 c¢m), individual fruit weight (13.87 g), yield per plant (318.82 g) and TSS (8.23%)
were observed at 4.5 ft above ground staking and application of cowdung+MOC+poultry manure @
(500+100+500) g/plant, while the lowest plant height (9.61 cm), number of leaves (15.02), number of
flowers (12.40), number of runner (2.18) and number of fruits per plant (22.90), fruit length (3.70
cm) and diameter (3.04 cm), individual fruit weight (13.87 g), yield per plant (124.48 g) and TSS
(6.40%) were recorded at 1.5 ft above ground staking with control. Thus, combined treatment of 4.5
ft above ground staking with cowdung+MOC+poultry manure @ (500+100+500) g/plant was found
to be better in respect of optimum growth, yield and quality of strawberry.

Copyright ©2020 by authors and BAURES. This work is licensed under the Creative Commons Attribution International License (CC By 4.0).

Introduction

Strawberry (Fragaria x ananassa Duch.) is one of the
most delicious, delicate flavoured, refreshing, and
attractive red fruit of the world (Sharma, 2002). It is a
nutritious, quick growing and exotic fruit in Bangladesh
and suitable for adaptation in our cropping pattern.
Strawberry produces fruits during November to April
(Badiyala and Bhutani, 1990) when most of the fruits are
not available which may help to increase the availability
of fruits in the lean period of Bangladesh. However,
decreasing production area due to the change of farming
land use into settlements has become one of major
obstacles for sustainable production in agriculture
(Sitawati et al., 2016). Vertical farming or verticulture
could overcome this problem, and ensure sustainable
and nutritional food security in Bangladesh (Salam et
al., 2016). Vertical farming does not require wide area,
and it may utilize the land efficiently with beautiful
background (Pongarrang et al., 2013). Therefore,
vertical farming could be solution of sustainable and
nutritional food security and safety in Bangladesh. For
strawberry,

vertical farming could increase number of fruits per
plant on a given area for about 3-10 times than on
flatland of the same width and produce quality fruits
which depends on the applied model such as low cost
wood/bamboo framework (Noverita, 2005). For optimal
growth, sustainable production and harvest of
strawberry, irrigation management, aeration, fertilizer
application, appropriate planting medium (well-
decomposed cowdung, mustard oilcake, poultry manure,
compost) and the application of verticultural materials as
container for the strawberry plants should be used
(Kapur et al., 1991). These will ensure high resistance,
have micro-pores for drainage, good aeration and water
absorbability, and may not create any root rots or stem
rots (Gustia, 2013). Meanwhile, materials of the vertical
farming include gunnysack, carpet, and plastics.
Interaction between planting medium, framework and
verticulture’s container could increase yield and quality
of strawberry (Noverita, 2005). For optimum growth and
development of plants different nutrients such as
nitrogen (N), phosphor (P), potassium (K), etc. plays an
important role to stimulate photosynthetic process,
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extend the root growth, formation of flowers, fruits, and
seeds, as well as could accelerate fruit yield, quality and
ripening. Farmer shows tendency of more chemical
fertilization for strawberry production to improve yield.
However, organic manures are also required, which not
only supply nutrients for the plants but also plays an
important part in the process of enhancing soil fertility
by improving its structure and hydro-physical properties,
increasing organic matter concentration and reducing the
application of synthetic fertilizers (Grandy et al., 2002).
Unlike inorganic fertilizers, organic manures have a
longer lasting impact on chemical properties of the soil
and consequently on the yield of grown crops, even
several years after application (Gutser et al., 2005). It is
excellent source of nutrients and it could maintain high
microbial population’s activities. In Bangladesh the
interest for organic farming has been increased recently.
Fruit quality of strawberry is also influenced by agro-
technical treatments i.e., mulching, irrigation,
fertilization, crop rotation, intercropping, proper field
preparation, planting time, health status and type of
seedlings (LaMondia et al., 2002).

Sweetness of strawberry is a major problem in
Bangladesh. Organically grown strawberry increase total
soluble solids (TSS) content, hence produce high quality
fruit with sweeter in taste, longer shelf life (by
thickening fruit peel) and better flavour (Reganold et al.,
2010). Various organic manures such as cowdung,
compost, vermin compost, mustard oilcake (MOC),
green manure and poultry manure are excellent source of
organic matters commonly used for crop production
(Hasan, 2013; Rahman, et al., 2018). Moreover, use of
poly-tunnel has forcing and prolonging the harvesting
season of strawberry by protecting the plants from
vagaries of adverse weather conditions (wind and rain
damage) (Sharma, 2001). It could reduce fungal diseases
and gives early and very high returns per unit area
compared to other fruits because its crop is ready for
harvesting within six months after planting (Mitra,
1991). The flowering in plastic covered strawberries
may be advanced by 20-25 days and fruiting by 15-20
days. Therefore, fruit yield and quality increases
substantially and the availability of strawberry can be
staggered at least a month or so, which is otherwise not
possible under open fields. More researches related to
ecological functions of vertical farming for strawberry
have been conducted, but less research was conducted
on other aspects, such as sustainable growth,
development and nutritional quality production, which
concerning with materials, framework and planting
media. Therefore, extensive research is required to
obtain a verticultural model/framework along with some
combinations of planting media; efficient fertilizer
application and verticultural materials for strawberry
production that can be applied extensively with
widespread popularity to Bangladeshi farmers. The
present study was, therefore, been undertaken to develop
a sustainable technology for optimum growth, yield and
quality of strawberry through vertical farming.

Materials and Methods
Experimental site and materials

The experiment was conducted to develop a sustainable
technology for optimum growth, yield and quality of
strawberry cv. RU-1 (Festival) through vertical farming
at the Landscaping section of the Department of
Horticulture, Bangladesh Agricultural University,
Mymensingh during the period from October 2018 to
April 2019. The experimental area is situated in the sub-
tropical climate zone and characterized by the winter or
dry season (November to February) and pre-monsoon or
hot season (March to April). The experimental site was
medium high land belonging to the Old Brahmaputra
Floodplain under the Agro-Ecological Zone 9 having
non-calcareous dark gray floodplain soil (UNDP and
FAO 1988). The soil of the experimental plot was silty
loam in texture and about neutral (pH 6.5-7.0) in
reaction. Healthy and uniform size seedlings of
strawberry cultivar RU-1 (Festival) were collected from
the nursery of Professor Dr. Monzur Hossain, University
of Rajshahi, Rajshahi, Bangladesh.

Experimental design and treatments

The two-factor experiment was laid out in a randomised
complete block design (RCBD) with three replications.
First factor of the experiment consisted of three vertical
staking viz., V; = 1.5 feet (ft) above ground, V, = 3.0 ft
above ground and V= 4.5 ft above ground staking, and
second factor of the experiment comprised five organic
manures viz., To= Control (no manures), T, = Cowdung
@ 500 g/plant, T, = Mustard oilcake (MOC) @ 100
g/plant, T3 = Poultry manure @ 500 g/plant and T, =
Cowdung+MOC+poultry manure @ (500+100+500)
g/plant.

Construction of vertical framework

The vertical structure was made using bamboo, wood
and high-density polyethylene tube of 10-inch diameter.
Then the manures treatments were applied randomly in
the experimental polyethylene tube. Finally, the
polyethylene tubes were placed in such as a way that
they were staked at 1.5, 3.0 and 4.5 ft above the ground.
The space between vertical staking was 30 cm so that
the plants can get sufficient sunlight and air. The
seedlings were transplanted in the evening of 7
November 2018 at the respective area of the
polyethylene tube by making a hole and keeping a
distance of 30 cm (Fig. 1). Therefore, the spacing was
considered as 30 cm x 30 cm. The spacing between
blocks was 50 cm Nine plants were planted under each
treatment under each replication. Hence, altogether for
15 treatment combinations 405 plants (9x15x3) were
used for this experiment. Different small sizes holes
were made on the polyethylene tube, which were used
for the application of irrigation water and drainage
channel for the plants.
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Data collection

The observations were recorded at 15 days intervals
starting from one week after transplanting of seedlings
up to the harvesting of fruits from all nine plants under
each treatment and replications on growth and yield
contributing characters like plant height (cm), number of
leaves, flowers, runner and fruit per plant, individual
fruit weight (g) and fruit yield per plant (g) and quality
characters like fruit length (cm) and diameter (cm) and
TSS (sweetness). Plant height of each plant was
measured in cm by using meter scale and mean was
calculated. Number of leaves and runner per plant were
recorded by counting all leaves and runners from each
plant and mean was calculated. After 60 days of
transplanting number of runners was not counted and all
of runners including newly emerged were removed for
better yield and quality of strawberry fruits. Fruit length
and diameter were measured using Slide Caliper in
millimeter (mm) and converted into centimeter. Mean
was calculated each treatment (Fig. 2). Fruit weight was
measured by a Table Top Electric Balance (BP 2100,
Sartorius, Germany) and expressed in gram (g). Total
fruit weight (yield/plant) of each pot was obtained by
addition of weight of the total fruit number and
individual fruit weight was obtained from division of the
total fruit weight by total number of fruit. Total soluble
solids (TSS) content of strawberry was determined from
fruit juice by using a hand refractometer (Model N-1 a,
Atago, Japan). Before measurement, the refractometer
was calibrated with distilled water to give a zero
reading. One or two drops of the filtrate were placed on
the prism glass of the refractometer to obtain the %TSS
reading. The reading was multiplied by dilution factor to
obtain an original %TSS of the pulp tissues. Since
differences in sample temperature could affect the TSS
measurement, temperature corrections were made by
using the methods described by Ranganna (1994).

Statistical analysis

The collected data on various parameters were analysed
statistically using MSTAT computer programme. The
means for all the treatments were calculated and analysis
of variance (ANOVA) was performed by F-test. The
mean difference between a pair of treatments was
evaluated by least significant difference (LSD) at 5 %
level of probability.

Results and Discussion

Effect of vertical staking on growth, yield and quality
characters of strawberry

Vertical staking had significant effects on all the
parameters under study such as plant height, number of
leaves, runners, flowers and fruits per plant, fruit length,
fruit diameter, individual fruit weight, fruit yield per
plant and TSS content of strawberry fruits (Table 1 and
Fig. 3). The highest plant height (14.12 cm) and number
of leaves per plant (23.22) were obtained from 4.5 feet
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(ft) above ground staking, whereas the lowest plant
height (13.39 cm) and number of leaves per plant
(20.82) were recorded from 1.5 ft above ground staking
(Table 1). This might be due to the more above ground
staking plants get more light integral, hence cause more
photosynthesis and increased vegetative growth of
strawberry plants (Noverita, 2005).

The maximum number of flowers (21.49) and fruits per
plant (19.75) were recorded from 4.5 feet (ft) above
ground staking, while the minimum number of flowers
(17.71) and fruits per plant (16.04) were found from 1.5
ft above ground staking, respectively (Table 1). This
might be due to the higher rate of photosynthesis and air
movement in the above ground plants cause higher rate
of pollination and fertilization and therefore produce
more number of flowers and fruits per plants of
strawberry (Pongarrang et al., 2013). Maximum number
of runners per plant (4.05) was found from 4.5 feet (ft)
above ground staking, while minimum number of runner
per plant (3.12) were observed from 1.5 ft above ground
staking, respectively (Table 1). This might be due to the
maximum number of leaves per plant, flowering and
fruit setting at the mature stage that enables the plants
enhanced carbohydrates concentration in crown and
increased runner at the fruiting (Salam et al., 2016).

The longest fruit length (3.12 cm) and diameter (2.52
cm) were found from 4.5 feet (ft) above ground staking,
whereas the shortest fruit length (2.68 cm) and diameter
(2.07 cm) were observed in 1.5 ft above ground staking,
respectively (Table 1). This might be due to the higher
rate of photosynthesis in the more above ground staking
plants produce more stored food materials and
consequently increased fruit length and diameter of
strawberry. Morgan (2006) found that final size of berry
depends on number of achene’s formed, which was
determined by pollination and fertilization at the time of
blooming. The highest individual fruit weight (12.18 g)
was recorded from 4.5 feet (ft) above ground staking,
while the lowest individual fruit weight (10.11 g) was
found from 1.5 ft above ground staking (Table 1). Large
size fruit closely correlates with the average fruit weight
which is controlled by dimension of receptacle, number
of achene’s position of fruits on the inflorescence
(Hortynski et al., 1991). The maximum fruit yield per
plant (258.73 g) was obtained from 4.5 feet (ft) above
ground staking, while the minimum fruit yield per plant
(172.08 g) was observed inl.5 ft above ground staking
(Fig. 3). This might be due to the increased fruit length
and diameter cause larger sized fruits and hence greater
yield per plant of strawberry. The maximum TSS
content (8.92%) was found from 4.5 feet (ft) above
ground staking, while the minimum TSS content
(5.87%) was recorded in 1.5 ft above ground staking
(Table 1). Total soluble solids (TSS) content of
strawberry fruits varies from 4-11% depending on
cultivars and surrounding environmental conditions
(Perkins-Veazie, 1995).

309



Sustainable production of strawberry through vertical farming

R

\
:

E
||
‘

F|i
=

Fig. 1. Planting of strawberry seedlings on the vertical framework
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Fig. 2.
strawberry fruit

Effects of organic manures on growth, yield and quality
characters of strawberry

The data presented in Table 1 and figure 4-5 revealed
that organic manures significantly affected the growth,
yield and quality characters of strawberry plants. The
tallest plant (15.56 cm) was recorded from T,
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Methods of measuring length and diameter of
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Fig. 3. Main effect of vertical staking on fruit yield

(g/plant) of strawberry. The vertical bar represents
LSD at 5% level of probability. V| = 1.5 feet (ft)
above ground, V; = 3.0 ft above ground and V; =
4.5 ft above ground staking

(Cowdung+MOC+poultry manure @ 500+100+500
g/plant), followed by 14.82 cm in T, (MOC @ 100
g/plant), while the shortest plant (10.16 cm) was
obtained from T, (control) (Table 1). The treatment T,
(Cowdung+MOC+poultry manure @ 500+100+500
g/plant) produced maximum number of leaves per plant
(26.31) followed by 24.33 in the treatment T, (MOC @
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100 g/plant), whereas the minimum numbers of leaves
per plant (15.57) was noticed with T (control) (Table 1).
This might be due to the supply of by nitrogen especially
through organic manures, which accelerates the
synthesis of amino acids, which might have indirectly
exhibited increase in plant height of strawberry (Kumar
et al., 2015). Organic manures are also helpful in cell
elongation and cell division in meristematic region of
plant; this was due to the production of plant growth

Rashid et al.

substances (IAA and GA) (Kumar et al., 2015). Presence
of higher nitrogen (Gopalreddy, 1997; Sims, 1987;
Willrich et al, 1974) and phosphorous on MOC
compared to other organic manures (Malone et al.,
1992) and more water retention capacity may lead to the
more plant vegetative growth especially on plant height
and number of leaves per plant.

Table 1. Main effect of vertical staking and organic manures on growth, yield and quality characters of strawberry

Treatments Plant height No. of No. of No. of fruits No. of Fruit Fruit Individual TSS

(cm) leaves/plant flowers/plant /plant runner length diameter  fruit wt. (g) (%brix)
/plant (cm) (cm)

Factor A: Vertical staking

Vi 13.39 20.82 17.71 16.04 3.12 2.68 2.07 10.11 5.87

V, 13.74 22.03 19.76 17.86 3.56 292 231 11.27 7.54

V; 14.12 23.22 21.49 19.75 4.05 3.12 252 12.18 8.92

LSDy0s 0.071 0.162 0.336 0.146 0.033 0.024 0.041 0.085 0.049

LSDo.o1 0.096 0.219 0.453 0.197 0.045 0.032 0.055 0.115 0.075

Level of

significance

Factor B: Organic manures

To 10.16 15.57 13.41 12.29 2.63 2.19 1.65 8.97 5.53

T, 13.81 21.04 19.36 17.49 3.40 2.75 2.16 10.68 6.21

T, 14.80 24.33 21.65 19.57 391 3.17 2.54 12.03 8.69

Ts 14.42 22.89 20.76 19.03 3.71 2.99 2.38 11.47 7.80

T, 15.56 26.31 23.08 21.03 4.22 3.44 2.77 12.80 9.74

LSDy0s 0.092 0.209 0.434 0.188 0.043 0.031 0.053 0.110 0.11

LSDo.o1 0.124 0.282 0.585 0.254 0.058 0.041 0.071 0.149 0.16

*, **=5 and 1% levels of probability, respectively, V= 1.5 feet (ft) above ground, V= 3.0 ft above ground and V, = 4.5 ft above ground staking,
To= Control (no manures), T, = Cowdung @ 500 g/plant, T, = Mustard oilcake (MOC) @ 100 g/plant, T3 = Poultry manure @ 500 g/plant and T,

= Cowdung+MOC+poultry manure @ (500+100+500) g/plant.

The maximum number of flowers (23.08) and fruits per
plant (21.03) were obtained from the treatment T,
(Cowdung+MOC+poultry manure @ 500+100+500
g/plant), followed by 21.65 and 19.57, respectively, in
T, MOC @ 100 g/plant), while the minimum number of
flowers (13.41) and fruits per plant (12.29) were
recorded from T, (control) (Table 1). Makinde and
Ayoola (2012) found that poultry manure supports more
of vegetative growth and number of flower and fruit
setting of a plant and for this strawberry plants respond
well to poultry manures in terms of plant height and
reproductivity. The treatment T, (Cowdung+MOC+
poultry manure @ 500+100+500 g/plant) provided the
maximum number of runner per plant (4.22) followed by
391 in T, MOC @ 100 g/plant), while the treatment T,
(control) gave the minimum number of runner per plant
(2.63) (Table 1). The number of runner can be increased
due the presence of plant-growth regulating substances
in organic matters and soil biological function
improvement through the application of MOC and
poultry manure in soil (Cristina and Jorge, 2011).

Results revealed that the longest fruit length (3.44 cm)
and diameter (2.77 cm) were found from the treatment
T, (Cowdung+MOC+poultry manure @ 500+100+500
g/plant) followed by 3.17 cm and 2.54 cm, respectively,
in T, (MOC @ 100 g/plant), while the shortest fruit
length (2.19 cm) and diameter (1.61 cm) were observed

in control (Ty) (Table 1 and Fig. 4). This might be due to
the effects of different organic manures on germination,
growth, flowering, fruiting and yields of strawberry
plants (Mamta et al., 2012). It was found that mixture of
different organic manure application increases the length
and breadth in strawberry fruit (Atefe et al., 2012). The
treatment T, (Cowdung+ MOC+poultry manure @
500+100+500 g/plant) gave the highest individual fruit
weight (12.80 g) (Fig. 5) and fruit yield per plant
(27197 g), followed by 12.03 g and 237.68 g,
respectively, in T, (MOC @ 100 g/plant), while the
lowest individual fruit weight (8.97 g) and fruit yield per
plant (163.02 g) were obtained from control (T,). This
might be due to the higher nutrient content of mixed
manure especially and leading to increase uptake of
NPK which help the plant to get adequate food and
nutrients thus may help to enhance the number and fruit
weight (Mamta er al., 2012; Subbaiah et al., 1985).
Pringle et al. (2002) and Schopplein et al. (2002)
reported that a significant difference was observed on
fruit yield between mixture of manures and single
application of other organic matter source treatments.
The highest TSS content (9.74) was recorded from T,
(Cowdung+MOC+poultry manure @ 500+100+500
g/plant), 8.68% in T, (MOC @ 100 g/plant), while the
lowest TSS content (5.53%) was observed in T,
(control) as shown in Table 1.
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T T, T,

Fig. 4. Photograph showing the differences in single effect of organic manures on fruit length and diameter of
strawberry. Ty = control (no manures), T; = cowdung @ 500 g/plant, T, = mustard oilcake (MOC) @ 100
g/plant, T; = poultry manure @ 500 g/plant and T4 = cowdung+MOC+poultry manure @ (500+100+500)

g/plant
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Organic manures

Fig.5. Main effect of organic manures on fruit yield

(g/plant) of strawberry. The vertical bar represents LSD
at 5% level of probability. TO = Control (no manures),
T1 = Cowdung @ 500 g/plant, T2 = Mustard oilcake
(MOC) @ 100 g/plant, T3 = Poultry manure @ 500
g/plant and T4 = Cowdung+MOC+poultry manure @
(500+100+500) g/plant.

Such an increase in TSS percentage have arisen due to
synergistic effect of nitrogen due to cowdung, MOC and
poultry manure on the effect of these nutrients as well as
other in the sugar metabolism of strawberry fruits
reported by El-Hamid et al. (2006). All the nutrients
significantly reduced the acid content of strawberry
fruits over control and increased sweetness

Combined effect of vertical staking and organic
manures on growth, yield and quality of strawberry

The combined effect of vertical staking and organic
manures had significant influence on all the parameters
under study viz. plant height, number of leaves, runners,
flowers and fruits per plant, fruit length, fruit diameter,
individual fruit weight, fruit yield per plant and TSS
content of strawberry fruits (Table 3 and Fig. 6). The
tallest plant (15.95 cm) was recorded from the combined
treatment of 4.5 ft above ground staking and
Cowdung+MOC+poultry manure @ 500+100+500
g/plant (V5T,), followed by 15.19 cm in V Ty (4.5 ft

above ground staking with Cowdung+MOC+poultry
manure @ 500+100+500 g/plant), whereas the shortest
plant (9.61 cm) was obtained from VT, (1.5 ft above
ground staking with control) (Table 3). The maximum
number of leaves per plant (27.62) was obtained from
the combined treatment of 4.5 ft above ground staking
and Cowdung+MOC+poultry manure @ 500+100+500
g/plant (V;T,), followed by 26.23 in V,T, (3 ft above
ground staking with Cowdung+MOC+poultry manure @
500+100+500 g/plant), while the minimum number of
leaves per plant (15.02) was observed in VT, (1.5 ft
above ground staking with control) (Table 3). From the
experiment it was also observed that plant growth had
started to stop which may be due to cease of cell division
after flowering (Morgan, 2006). Similar result was also
found by Beer et al. (2017) who reported that plant
height, number of leaves per plant, runners per plant and
number of crown per plant was found maximum in the
mixed manures treatment.

The maximum number of flowers (24.86) and fruits per
plant (22.90) were found from the combined treatment
of 45 ft above ground staking and Cowdung+
MOC+poultry manure @ 500+100+500 g/plant (V;Ty),
followed by 23.44 and 21.59, respectively, in V5T, (4.5
ft above ground staking with MOC @ 100 g/plant),
while the minimum number of flowers (12.40) and fruits
per plant (11.25) were recorded from VT, (1.5 ft above
ground staking with control) (Table 3). The maximum
number of runner per plant (4.73) was obtained from the
combined treatment of 4.5 ft above ground staking and
Cowdung+ MOC+poultry manure @ 500+100+500
g/plant (V;T,), followed by 4.34 in V3T, (4.5 ft above
ground staking with MOC @ 100 g/plant), while the
minimum number of runner per plant (2.18) was found
from VT, (1.5 ft above ground staking with control)
(Table 3). This might be due to the genetic characters of
the cultivar and above ground staking effects along with
mixed manures (Turkben et al., 1997).
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Table 2. Combined effects of vertical staking and organic manures on growth, yield and quality characters of

strawberry
Treatment Plant height No. of No. of No. of No. of Fruit Fruit Indivi dual TSS
combination (cm) leaves/ plant flowers/ fruits/ runner/ length diameter fruit wt. (g) (% brix)
plant plant plant (cm) (cm)

VT, 9.61 15.02 12.40 11.25 2.18 2.05 1.48 7.85 6.40
VT, 13.49 19.48 16.77 15.06 2.95 2.53 1.95 9.67 7.03
VT, 14.55 23.23 19.75 17.71 3.48 293 2.32 11.03 7.30
ViTs 14.10 21.31 18.25 17.02 3.24 2.73 2.12 10.35 7.67
VT, 15.19 25.08 21.38 19.14 3.75 3.18 2.50 11.67 7.87
V,T, 10.15 15.50 13.50 12.35 2.67 2.17 1.65 8.97 6.68
V.T, 13.79 21.13 19.85 17.76 3.37 2.78 2.17 10.80 7.20
V,T, 14.82 24.41 21.76 19.41 3.92 3.23 2.58 12.24 7.40
V,T3 14.41 22.89 20.66 18.77 3.65 2.98 2.36 11.49 7.70
V,T, 15.54 26.23 23.01 21.04 4.19 3.44 2.78 12.87 8.13
V5T, 10.71 16.18 14.33 13.27 3.03 2.34 1.82 10.10 6.81
ViT, 14.16 22.50 21.45 19.67 3.89 295 2.37 11.57 7.30
V5T, 15.04 25.35 23.44 21.59 4.34 3.35 2.73 12.82 747
VsT; 14.76 24.46 23.35 21.30 4.26 3.25 2.67 12.57 7.73
V5T, 15.95 27.62 24.86 22.90 4.73 3.70 3.04 13.87 8.23
LSDg s 0.159 0.363 0.752 0.326 0.075 0.053 0.092 0.191 0.321
LSDy 0.214 0.489 1.010 0.440 0.101 0.071 0.124 0.257 0.591
LeVel Of kok kk kok kk kk kok ES sk *
significance

* **=5 and 1% levels of probability, respectively, V, = 1.5 feet (ft) above ground, V,;= 3.0 ft above ground and V= 4.5 ft above ground staking,
Ty = Control (no manures), T; = Cowdung @ 500 g/plant, T, = Mustard oilcake (MOC) @ 100 g/plant, T; = Poultry manure @ 500 g/plant and T,

= Cowdung+MOC+poultry manure @ (500+100+500) g/plant.
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Fig. 6. Combined effects of vertical staking and organic

manures on fruit yield (g/plant) of strawberry. The
vertical bar represents LSD at 5% level of probability.
V1 = 1.5 feet (ft) above ground, V1 = 3.0 ft above
ground and V1 = 4.5 ft above ground staking, TO =
control (no manures), T1 = cowdung @ 500 g/plant, T2
= mustard oilcake (MOC) @ 100 g/plant, T3 = poultry
manure @ 500 g/plant and T4 = cowdung+MOC+
poultry manure @ (500+100+500) g/plant.

The longest fruit length (3.70 cm) and diameter (3.04
cm) were recorded from the combined treatment of 4.5 ft
above ground staking and Cowdung+MOC+poultry
manure @ 500+100+500 g/plant (V5T,4), followed by
4.34 cm and 2.78 cm, respectively, in V,T, (3 ft above
ground staking with Cowdung+MOC+poultry manure @
500+100+500 g/plant), whereas the shortest fruit length
(2.05 cm) and diameter (1.48 cm) were observed in VT,
(1.5 ft above ground staking with control) (Table 3).
This might be due to the effects of different organic
manures on germination, growth, flowering, fruiting and
yields of strawberry plants. It was found that mixture of
different organic manure application increases the length

and breadth in strawberry fruit (Atefe et al., 2012).
Similar result was also found by Uddin et al. (2013) who
showed that fruit length and diameter was significantly
influenced by the mixture of cocodust, cowdung and
inorganic nutrients. Results showed that the maximum
individual fruit weight (13.87 g) and yield per plant
(318.82 g) were recorded from the combined treatment
of 45 ft above ground staking and Cowdung+
MOCH+poultry manure @ 500+100+500 g/plant (V5Ty),
followed by 12.87 g and 278.07 g in V,T4 (3 ft above
ground staking with Cowdung+MOC+poultry manure @
500+100+500 g/plant), while the lowest individual fruit
weight (7.85 g) and yield per plant (124.48 g) were
found in VT, (1.5 ft above ground staking with control)
(Table 3 and Fig. 6). This might be due to the effects of
mixed manures which reduces the C:N ratio
(Nagavallemma et al., 2004). Abu-Zahra and Tahboub
(2008) also reported the similar findings where mixed
organic manures (Sheep and Cattle) provided higher
fruit weight and yield which were significantly different
from that of the single application of poultry manure.

The highest TSS content (8.23%) was observed in V;T,
(combined treatment of 4.5 ft above ground staking and
Cowdung+MOC+poultry manure @ 500+100+500
g/plant), followed by 8.13% in V,T; (combined
treatment of 3 ft above ground staking and Cowdung+
MOCH+poultry manure @ 500+100+500 g/plant), while
the lowest TSS content (6.40%) was recorded in VT
(combined treatment of 3 ft above ground staking and
control) (Table 3). Use of organic manures significantly
increased levels of organic acids (malic and citric acid),
sugars (fructose, glucose and total sugars) (Shiow and
Shin-Shan, 2002), soluble solids and insoluble solids
(Federico et al., 2007).
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Conclusion

The combination of 4.5 ft above ground staking and
application of cowdung + MOC + poultry manure @
500, 100 and 500 g/plant, respectively, was found to be
better in respect of optimum growth, yield and quality of
strawberry.

Acknowledgements

The authors are pleased to thank the Ministry of Science
and Technology (MOST), Government of the People’s
Republic of Bangladesh (Project No. 2018/BS-
40/MOST) for funding this work.

References

Abu-Zahra, T.R. and Tahboub, A.B. 2008. Effect of organic matter
sources on chemical properties of the soil and yield of
strawberry under organic farming conditions. World
Applied Sciences Journal, 5(3): 383-388.

Atefe, A., Tehranifar, A., Shoor, M. and Davarynejad, G. H. 2012.
Study of the effect of vermicompost as one of the substrate
constituents on yield indexes of strawberry. Journal of
Horticultural Science and Ornamental Plants, 4(3): 241-
246.

Badiyala, R.P. and Bhutani, V.P. 1990. Effect of planting dates and
spacing on yield and quality of strawberry cv. Tioga. South
Indian Horticulture, 38(6): 295-296.

Beer, K., Kumar, S., Gupta, A.K. and Syamal, M.M. 2017. Effect of
organic, inorganic and biofertilizer on growth, flowering,
yield and quality of strawberry (Fragaria X ananassa
Duch.) cv. Chandler. International journal of current
microbiology and applied sciences, 6(5): 2932-2939.
https://doi.org/10.20546/ijcmas.2017.605.332

Cristina, L. and Jorge, D. 2011. The use of vermicompost in
sustainable agriculture: Impact on plant growth and soil
fertility. In: Soil Nutrients, Nova Science Publishers,
Chapter 10, pp. 2-16.

El-Hamid, Aza, A.S., Abbou, A.A., Mansour, S.A.A., El-Sayed,
A.A.A. 2006. Effect of some biofertilizers on yield and
fruit quality of strawberry. Annals of Agricultural Sciences,
44(10): 251-64.

Federico, A., Gutierrea, M., Borraz, J.S., Molina, J.A.M., Nafate, C.C.,
Archila, M.A., Llaven, M.A.O., Rosales, R.R. and
Dendooven, L. 2007. Vermicompost as a soil supplement to
improve growth, yield and fruit quality of tomato
(Lycopersicum esculentum). Bioresource Technology, 98:
2781-2786. https://doi.org/10.1016/j.biortech.2006.02.032

Gopalreddy, B. 1997. Soil health under integrated nutrient
management in maize soybean cropping system. A PhD
Thesis, Acharya N. G. Ranga Agricultural University,
Rajendranagar, Hyderabad, Andhra Pradesh, India. pp. 125-
173.

Grandy, A.S., Porter, G.A. and Erich, M.S. 2002. Organic amendment
and rotation crop effects on the recovery of soil organic
matter and aggregation in potato cropping systems. Soil
Science Society of America Journal, 66: 1311-1319.
https://doi.org/10.2136/sssaj2002.1311

Gustia, H. 2013. Pengaruh Penambahan Sekam Bakar Pada Media
Tanam Terhadap Pertumbuhan Dan Produksi Tanaman
Sawi. E-Journal WIDYA Kesehatan Dan Lingkungan, 1(1):

1-7.
Gutser, R., Ebertseder, T.H., Weber, A., Schraml, M.
andSchmidhalter, U. 2005. Short-term and residual

availability of nitrogen after long-term application of
organic fertilizers on arable land. Journal of Plant Nutrition
and Soil Science, 168: 439-446.
https://doi.org/10.1002/jpIn.200520510

Hasan, M. 2013. Response of strawberry germplasm to organic
fertilizers. MS thesis, Department of Horticulture, Sher-e-
bangla Agricultural University, Dhaka-1207. p. 130.

Hortynski, J. A., Zebrowska, J., Gawronski, J. and Hulewicz, T. 1991.
Factors influencing fruit size in the strawberry
(Fragariaxananassa Duch.). Euphytica, 56: 67-74.

Kapur, O.C., Sharma, S.K., Masand, S.S. and Chakor, LS. 1991.
Effects of phosphorus and irrigation management on water
use and yield of strawberry in H. P. Himachal Journal of
Agricultural Research, 17(1-2): 154-157.

Kumar, N., Singh, H.K. and Mishra, P.K. 2015. Impact of Organic
Manures and Biofertilizers on Growth, and Quality
Parameters of Strawberry cv. Chandler. Indian Journal of
Science and Technology, 8(15).
https://doi.org/10.17485/ijst/2015/v8i15/51107

LaMondia, J.A., Elmer, W.H., Mervosh, T.L. and Cowles, R.S. 2002.
Integrated management of strawberry pests by rotation and
intercropping. Crop Protection, 21: 837-846.
https://doi.org/10.1016/S0261-2194(02)00050-9

Makinde, E.A. and Ayoola, O.T. 2012. Comparative growth and yield
of okra with cowdung and poultry manure. American-
Eurasian Journal of Sustainable Agriculture, 6(1): 18-23.

Malone, G.W., Sims, J.T. and Geama, N. 1992. Quality and quantity of
poultry manure produced under current management
programme. Technical Report for the Delaware Department
Natural Resources Environmental Control, Dover. pp. 11-
50.

Mamta, K., Wani, A. and Rao, R.J. 2012. Effect of vermicompost on
growth of brinjal plant (Solanum melongena) under field
conditions. Journal on New Biological Reports, 1(1): 25-
28.

Mitra, S.K. 1991. Strawberry In: Temperate fruits. Naya Prokash
Publishers, Calcutta, India.

Morgan, L. 2006. Hydroponic strawberry production. A technical
guide to the hydroponic production of strawberries. Suntec
(NZ) Ltd., Tokomaru, New Zealand. pp. 43-69.

Nagavallemma, K.P., Wani, S.P., Stephane, L., Padmaja, V.V,
Vineela, C., Babu, R.M. and Sahrawat, K.L. 2004.
Vermicomposting: Recycling wastes into valuable organic
fertilizer. Global theme on agrecosystems Report no. 8.
Patancheru 502324, Andhra Pradesh, India. International
Crops Research Institute for the Semi-Arid Tropics, 2(1): 1-
20.

Noverita, S. 2005. Pengaruh Konsentrasi Pupuk Pelengkap Cair
Nipkaplus dan JarakTanam Terhadap Pertumbuhan dan
Produksi Tanaman Baby Kaylan (Brassica oleraceae L.)
Secara  Vertikultur. Jurnal Penelitian Bidang Ilmu
Pertanian, 3(1): 21-29.

Perkins-Veazie, P. 1995. Growth and ripening of strawberry fruit.
Horticultural Reviews, 17: 267-297.
https://doi.org/10.1002/9780470650585.ch8

Pongarrang, D., Rahman, A. and dan W Iba. 2013. Pengaruh Jarak
Tanam dan Bobot Bibit Terhadap Pertumbuhan Rumput
Laut (Kappaphycus alvarezii) Menggunakan Metode
Vertikultur. Jurnal Mina Laut, 03(12): 94-112.

Pringle, G.J., Bussell, W.T and Perry, F. 2002. Strawberry growth and
yield in response to the environment: inducing new
production systems. Acta Horticulturae, 567: 423-426.
https://doi.org/10.17660/ActaHortic.2002.567.87

Rahman, M.M., Islam, M.N., Roni, M.Z.K., Gani, O., Jamal, Uddin,
A.FM. 2018. Vermicompost and Mustard Oil Cake as an
Alternative  Fertilizer ~for  Strawberry = Production.
International Journal of Business, Social and Scientific
Research, 6(3): 78-84.

Ranganna, S. 1994. Manual of Analysis of Fruit and Vegetable
Products. Tata McGraw-Hill Pub. Co. Ltd., New Delhi,
p.634.

Reganold, J.P., Andrews, P.K., Reeve, J.R., Carpenter-Boggs, L. and
Schadt, C.W. 2010. Fruit and soil quality of organic and
conventional strawberry agroecosystems. PLoS ONE, 5(9):
e12346. https://doi.org/10.1371/journal.pone.0012346

Salam, M. A., Ashsnuzzaman Nur and Farhana Nur Suravi. 2016.
Strawberry and lettuce production in vertical aquaponic
system for food security and environmental sustainability in
the country. 3" National Conference on Natural Science
and Technology, NCNST 2016, Asian University for
Women, Chittagong, Bangladesh.

314



Schopplein, E., Kruger, E., Rechner, A. and Hoberg, E. 2002.
Analytical and sensory qualities of strawberry cultivars.
Acta Horticulturae, 567: 805-808.
https://doi.org/10.17660/ActaHortic.2002.567.177

Sharma, R.R. 2001. Strawberry. Improved production technology.
Ministry of Agriculture, Govt. of India, New Delhi.

Sharma, R.R. 2002. Growing Strawberries. International Book
Distributing Co. Chaman Studio Building, 2 Floor,
Charbagh, Lucknow 226004 U.P. (India). p 164.

Shiow, Y.W. and Shin-Shan, L. 2002. Composts as soil supplement
enhanced plant growth and fruit quality of strawberry.
Journal of Plant Nutrition, 25(10): 2243- 2259.
https://doi.org/10.1081/PLN-120014073

Sims, J.T. 1987. Agronomic evaluation of poultry manure as nitrogen
source for conventional and no tillage corn. Agronomy
Journal, 79: 563-582.

https://doi.org/10.2134/agronj1987.00021962007900030033x

Sitawati, Suryanto, A and Nurlaelih. 2016. Optimization of plant
growth and yield through innovation of vermiculture

Rashid et al.

materials and media. Research Journal of Life Sciences,
3(1): 55-64. https://doi.org/10.21776/ub.rjls.2016.003.01.8

Subbaiah, K., Sundararajan, S. and Raniperumal. 1985. Response of
tomato and brinjal to varying levels of FYM and
micronutrients under fertility status of soil. South Indian
Horticulture, 33: 198-205.

Turkben, C., Seniz, V. and Ozer, E. 1997. An investigation on
strawberry production in Bursa. Uludag University Faculty
of Agriculture Journal, 11: 19.

Uddin, M.R., Hossain, M.F., Zaman, S.M. and Ara, N. 2013. Effect of
organic manure on growth and yield of strawberry.
Wudpecker Journal of Agricultural Research, 3(1): 035-
038.

UNDP and FAO. 1988. Land Resources Appraised of Bangladesh for
Agricultural Development. Agro-Ecological Regions of
Bangladesh, Report 2. FAO, Rome, 63: 105-229.

Willrich, T., Jurmer, D.O. and Volk, V.V. 1974. Manure application
guidelines for pacific northwest, ASAE paper No. 74-4601.
American Society of Agricultural Engineers, St. Joseph, MI.

315



