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Fertilization, either in the form of organic or inorganic, always affects plant growth, yield, and nutritional quality of fruit crops.
Further, the efficacy of fertilizers depends on various factors, including the area, climatic conditions, and cultivars. Rawalakot has
ideal climatic conditions for growing strawberries. However, no studies related to the impact of different soil amendments on the
growth habit and fruit quality of strawberries have been conducted so far. *erefore, in this study, different combinations of
organic (farmyard manure (FYM) and poultry manure (PM)) and inorganic (urea) (N 150 kg/ha) fertilizers were used for
comparison of growth pattern and postharvest quality of strawberry cv. Chandler. *e organic and inorganic fertilizer regimes
showed comparatively better results in terms of all the parameters studied. However, plants grown on soils amended with FYM
equivalent to 75 kg N per ha + PM equivalent to 75 kg N per ha and FYM equivalent to 50 kg N per ha + PM equivalent to 50 kg N
per ha + urea 50 kg N per ha showed 41% and 28% more survival percentage compared to control. Furthermore, the number of
leaves, number of flowers, number of fruits, and yield were significantly high in plants grown on amended soil. Moreover, a
significantly high amount of total soluble solids (10.0°Brix), titratable acidity (1.18%), ash (0.84%), fiber (3.03%), total phenols
(7.61 μg gallic acid/g fresh weight), total flavonoids (7.93mmol quercetin/100 g fresh weight), and total antioxidants (0.60 activity
of FeSO4 mg/g fresh weight) was noted in comparison with control. Similarly, a combined treatment of FYM, PM, and urea also
showed good results in terms of all the growth and fruit quality parameters as compared with other fertilizer regimes as well as
control. However, the overall results of this study revealed that strawberries grown on soil amended with a combined dose of FYM
equivalent to 75 kg N per ha + PM equivalent to 75 kg N per ha could be a potential dose for maximum yield and better quality
fruits of strawberry.
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1. Introduction

Strawberry (Fragaria× ananassa Duch.) is a France native
berry and legendary fruit of temperate regions. It is con-
sumed all over the world due to its striking red colour, high
antioxidant activity, and low caloric values [1]. *e fruit is
rich in vitamin C, phosphorus, potassium, calcium, and iron
[2]. Due to its high nutritious value, it is cultivated
throughout the world, with China being the main producer
(3.7 million tons), followed by the United States of America
andMexico [3]. In comparison to other countries, Pakistan’s
strawberries production (average of 609 tons/year) and yield
(1055 tons from 395 hectares) are very low [4, 5]. *is low
yield in strawberry production is mainly caused by insuf-
ficient availability of nutrients, which are necessary for plant
health [6].

Strawberry yield and quality are mainly dependent on soil
fertility, mineral fertilization, and the minerals’ ratio as well as
on climatic factors [7].*erefore, high yield with good quality
fruits is highly correlated with sufficient nutrients for proper
plant nourishment [8]. *is nutrient supply could be pro-
vided through different fertilization strategies, methods, and
technologies [9, 10]. Strawberries have a large harvest window
with intensive nutrient uptake, which results in depletion of
soil fertility [11]. Availability of nitrogen is the most im-
portant factor for its production and fruit quality [12]. In
effect, vegetables and fruit produced with sufficient avail-
ability of nutrients contain a high level of total phenols,
flavonoids, organic acids, sugars, and L-ascorbic acid [13].

Inorganic nitrogen sources are commonly used to
manage depletion in soil fertility and sustainable crop
production, but their cost and additional constraints dis-
courage small growers from using them [14].*e availability
of nitrogen from inorganic sources during early crop growth
is higher than the plant demand and leads to potential ni-
trogen losses. In addition, excessive use of inorganic fer-
tilizer (IF) on fruits which are eaten with peel could be
harmful to human health [15]. Consequently, organic fer-
tilizer (OF) inputs are necessary to preserve soil organic
matter and increase crop productivity. Organic supplements
increase available nitrates, soil enzymes activity, metabolic
quotients, and the ratio of carbon to total organic carbon
ensuing in improved soil fertility [16]. *e use of OF is also
helpful in increasing plant resistance against nutrient defi-
ciency which results in regulation of different physiological
processes such as decreased lipid peroxidation, increased
osmotic regulation, and high antioxidant enzymes activity
[6]. *us, the combined effect of IF and OF not only is
helpful in overcoming the nutrients deficiency in soils but
also has very significant effects on food production world-
wide [17].

Among OF, poultry manure (PM) and farmyard manure
(FYM) serve as excellent soil amendments which provide
nutrients for crop growth and improve soil quality when
applied sensibly. PM is helpful in improving soil structure
such as aeration, water holding capacity, nutrition retention,
and water infiltration [18]. Since FYM and PM have high
organic matter content collectively, excessive nutrients could
be provided to the plants for their better growth [19]. A

range of IF and OF has been studied on strawberry in
Turkey, and the results suggested that OF improved
strawberry colour and antioxidant properties, but still IF was
required for high yield [20]. Furthermore, it has also been
observed that the efficacy of OF and IF is changed with area,
climatic conditions, and cultivars [20]. However, still very
little is known about the impact of soil amendments on
growth habit and fruit quality using OF and IF before
transplanting strawberry plants.

*erefore, this experiment aimed to assess the man-
agement of IF and OF regimes through FYM, PM, and urea
on the growth habit of strawberry cv. Chandler. Further-
more, fruit quality parameters (total soluble solids, titratable
acidity, and pH) and health-promoting metabolites (an-
thocyanins, phenolics, flavonoids, and antioxidants) were
also studied.

2. Materials and Methods

2.1. Experimental Details and Plant Material. *e current
study was completed in two seasons (March–July 2019 and
March–July 2020) in the experimental field of the Depart-
ment of Horticulture, Faculty of Agriculture, University of
Poonch, Rawalakot, Azad Jammu and Kashmir (latitude
33–36°N and longitude 73–75°E). During the study, different
organic and inorganic fertilizers were used for growing
strawberry cv. Chandler. Strawberry runners of commer-
cially grown cv. Chandler were bought from the National
Agriculture Research Center (NARC), Islamabad, and
shifted to 12-inch plastic pots. Based on previous reports,
different OF and IF were used as N source (150 kg N per ha).
Eight different OF and IF doses either alone or in combi-
nation (urea 150 kg N per ha; FYM equivalent to 150 kg N
per ha; PM equivalent to 150 kg N per ha; FYM equivalent to
75 kg N per ha + PM equivalent to 75 kg N per ha; FYM
equivalent to 75 kg N per ha + urea equivalent to 75 kgN per
ha; PM equivalent to 75 kg N per ha + urea equivalent to
75 kg N per ha; FYM equivalent to 50 kgN per ha + PM
equivalent to 50 kg N per ha + urea 50 kg N per ha) were
used. No fertilizer treatment was applied in the control pots.
Five pots per replicate were filled in with sand and clay in a
1 :1 ratio. *e respective treatments were applied one day
before transplanting runners. One runner per pot was
planted on 15th March of each year.

Table 1: Physical and chemical properties of different organic and
inorganic fertilizers and soil before planting strawberry runners.

Parameters Decomposed
FYM

Decomposed
PM Urea Soil

Organic carbon
(%) 41.39 31.32 — 0.32

Nitrogen (%) 1.21 2.60 46.0 0.018
C/N ratio 34.00 12.00 — 17.70
P2O5 (%) 0.24 1.70 — 5.87
K2O (%) 2.10 1.20 — 95.97
Ca (%) 0.81 1.46 — 0.82
Mg (%) 0.34 0.61 — 0.067
pH 7.20 5.70 — 7.40

2 Journal of Food Quality



2.2. Field Site Description. Plastic pots (12 inches) were used
to transplant strawberry runners. �ese pots were placed at
the experimental �eld at Rawalakot. Polyethylene sheet
having 200 μm PE was used to provide shade to these potted
plants. To get healthy plants and good quality fruits, all
essential agronomic practices such as manual weeding and
irrigation (200ml per pot) were done twice a week. Soil and
manure analyses were done before commencing the ex-
periment, and the results are presented in Table 1. After the
application of various organic fertilizer (OF) and inorganic
fertilizer (IF) treatments, data regarding vegetative and re-
productive growth and postharvest quality parameters of
strawberry were noted as stated in the following.

2.3. Vegetative and Reproductive Growth Parameters.
Data collection for vegetative and reproductive growth
parameters was done by selecting 15 plants from each
treatment. Vegetative and reproductive growth was deter-
mined by several parameters. Survival percentage was cal-
culated onemonth after transplanting of runners by dividing
the number of plants survived by the total number of plants
transplanted. Number of leaves and number of runners from
each plant were counted at the end of the experiment. Days
to �rst �ower, number of �owers, number of fruits, days to
harvest, and yield (g) were counted according to the
methods given by Zahid et al. [1]. Destructive sampling of
leaves was done for computation of chlorophyll a and b and
total chlorophyll [21]. Fruit weight (g) was measured by
using a digital weighing balance (Model: Shimadzu A ×20),
whereas fruit diameter (cm) was measured by using a
Vernier caliper (Model: Insize SR44).

2.4. Postharvest Fruit Quality Parameters. Strawberry fruits
(300 g) were taken from each treatment, placed in poly-
ethylene zip lock bags, and brought to the postgraduate
laboratory. Total soluble solids (TSS) were determined
according to the Association of O�cial Analytical Chemists
[22] using a digital refractometer (Kyoto Company, Japan)
at room temperature. Results were expressed as °Brix. Ti-
tratable acidity (TA) was measured by using 5 g of fruit pulp,
homogenized with 20ml of puri�ed water, and �ltered to
obtain a pure extract. Each extract (5ml) was titrated against
sodium hydroxide solution (0.1N) using a phenolphthalein
indicator. Results obtained were expressed in the percentage
of ascorbic acid. Fruit juice was used to measure pH with a
pH meter (Model: WTW 82362, Inolab, Germany)
according to AOAC [23]. Strawberry fruits (5 g) were dried
for 3 hours in a mu£e furnace (Model: SX-2-5-10) at 600°C.
Di¥erence in fresh weight and dried weight was considered
as ash contents [24]. Fiber (%) was measured by the standard
method of AOAC [25]. Fruit sample (5 g) was dried in a hot
oven until constant weight followed by digestion with sul-
phuric acid (1.25%) and sodium hydroxide (1.25%), re-
spectively. �e digested sample was washed with puri�ed
water and again put in a furnace at 500 or 550°C until white
ash was obtained. A gallic acid standard curve (0–1.5mg per
ml) was used to measure total phenols in strawberry fruit as
given by Maqbool et al. [26]. Fruit extract (0.1ml) plus

Folin–Ciocalteu’s phenol reagent (0.5ml) plus sodium
carbonate (1.5ml) was mixed and incubated in the dark for
two hours. Absorbance of the mixture was then measured at
750 nm using a spectrophotometer (Model: UV 4000, ORI,
Reinbeker, Hamburg, Germany). �e results obtained were
presented as equivalents μg gallic acid per g of fruit weight.
Methanolic AlCl3.6H2O was used to measure total �avo-
noids according to the method given by Ali et al. [27].
Strawberry pulp (0.5mg) was mixed with methanolic
AlCl3.6H2O in sealed tubes. �e mixture was allowed to
react for 15min in the dark. Absorbance of the mixture was
then measured at 430 nm using the spectrophotometer
described above. Results obtained were presented as mmol
of quercetin per 100 g fresh weight of fruit. Vitamin C was
measured by using 2,6-dichlorophenol indophenol dye
according to AOAC [28]. Sample extract (100ml) was mixed
with 5ml of metaphosphoric acid solution (4%) and titrated
with 2,6-dichlorophenol indophenol dye until a light pink
colour appeared as an endpoint. Total anthocyanins were
measured by using two pH dilutions [29]. Sodium acetate
bu¥er (pH 4.5) and potassium chloride bu¥er (pH 1.0) were
prepared. Absorbance of all samples was measured at 700
and 510 nm, using a spectrophotometer. Results obtained
were presented as mg of cyanidin-3-glucoside per 100 g fresh
weight of fruit. Total antioxidants were calculated by using
ferric reducing antioxidant power (FRAP) assay. �e fruit
juice (40 μl) was added to 3ml of FRAP reagent and in-
cubated in the dark (37°C) for 4min. Absorbance of all
samples was measured at 593 nm, and the results were
presented as the activity of FeSO4 mg per g fresh weight of
fruit.

2.5. Statistical Analyses. A randomized complete block de-
sign (RCBD) was used for this experiment. �e experiment
was laid out with three replicates and repeated twice. Data
were combined for analysis as no signi�cant di¥erences were
observed between trails. Statistix 8.1 [30] software was used
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Figure 1: In�uence of di¥erent organic and inorganic fertilizer
regimes on survival percentage (%) of strawberry cv. Chandler. T1:
control; T2: urea 150 kg N per ha; T3: FYM equivalent to 150 kg N
per ha; T4: PM equivalent to 150 kg N per ha; T5: FYM equivalent to
75 kg N per ha + PM equivalent to 75 kg N per ha; T6: FYM
equivalent to 75 kg N per ha + urea equivalent to 75 kg N per ha; T7:
PM equivalent to 75 kgN per ha + urea equivalent to 75 kg N per ha;
T8: FYM equivalent to 50 kg N per ha + PM equivalent to 50 kg N
per ha + urea 50 kg N per ha.± SEM.
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for analysis of variance (ANOVA), and means were sepa-
rated by using Tukey’s test (α� 0.05).

3. Results

3.1. Plant Growth Patterns. Di¥erent OF and IF showed
signi�cant (P< 0.05) e¥ects on the growth patterns of
strawberry cv. Chandler. Survival percentage is shown in
Figure 1. �e highest survival percentage was observed in
those plants grown on soil amended with FYM equivalent to
75 kg N per ha + PM equivalent to 75 kg N per ha (98.6%)
followed by the plants grown on soil amended with FYM
equivalent to 50 kg N per ha + PM equivalent to 50 kg N per
ha + urea 50 kg N per ha (85.36%). On the other hand, the
lowest survival percentage (57.6%) was recorded for the
control plants. Similarly, the maximum number of leaves per
plant (16.46) was observed in the plants grown on soils
amended with FYM equivalent to 75 kg N per ha + PM
equivalent to 75 kg N per ha, which was signi�cantly
(P< 0.05) di¥erent from the control plants (7.46) (Table 2).

Signi�cant (P< 0.05) di¥erences were also recorded for
the number of runners per plant, with the maximum (25.16)
recorded in the plants grown on soils amended with FYM
equivalent to 75 kg N per ha + PM equivalent to 75 kg N per
ha and the lowest number of runners per plant (14.33) found
in the control plants (Table 2).

Table 2 also shows the number of days to �rst �ower (42
to 50), which was similar for all the treatments (P> 0.05). On
the contrary, signi�cant di¥erences (P< 0.05) were recorded
for the number of �owers and the number of fruits per plant.
�e maximum number of �owers (20.0) and fruits (17.10)
per plant were recorded in plants grown on soils amended
with FYM equivalent to 75 kg N per ha + PM equivalent to
75 kg N per ha, while the minimum number of �owers
(13.26) and fruits (12.36) per plant were recorded in control
plants (Table 2).

Signi�cant di¥erences (P< 0.05) were recorded for days
to harvest and yield of strawberries cv. Chandler (Table 2).
Strawberry plants grown on soils amended with FYM
equivalent to 75 kg N per ha + PM equivalent to 75 kg N per
ha took the minimum number of days to fruit harvest

(100.07), while the maximum number of days to fruit harvest
(117.83) were noted in control plants. Similarly, the highest
yield per plant (313.44 g) was noted in plants grown on soils
amended with FYM equivalent to 75 kg N per ha + PM
equivalent to 75 kg N per ha, while the lowest yield was noted
in control plants (167.60 g) (Table 2).

�e chlorophyll content of the strawberries is shown in
Figure 2. Maximum chlorophyll a and b and total chlo-
rophyll content were found in the plants grown on soils
amended with FYM equivalent to 75 kg N per ha + PM
equivalent to 75 kg N per ha, followed by plants treated
with FYM equivalent to 50 kg N per ha + PM equivalent to
50 kg N per ha + urea 50 kg N per ha.�e lowest chlorophyll
a and b and total chlorophyll were recorded in control
plants.

Table 2: In�uence of di¥erent organic and inorganic fertilizer regimes on vegetative and reproductive growth of strawberry cv. Chandler.

Treatment No. of leaves per
plant

No. of runners per
plant

Days to �rst
�ower No. of �owers No. of fruits Days to harvest Yield (g)

T1 7.46± 0.75 c 14.33± 0.48 c 49.87± 0.46 a 13.26± 0.90 d 12.36± 0.32 d 117.83± 0.56 a 167.60± 0.93 f
T2 10.53± 0.90 bc 15.50± 0.76 bc 47.06± 0.73 a 15.63± 0.75 c 12.96± 0.71 d 114.06± 0.73 b 183.51± 0.89 e
T3 11.40± 0.53 bc 16.43± 0.81 bc 44.32± 0.32 a 18.20± 0.70 b 14.06± 0.52 c 110.32± 0.32 c 214.13± 1.72 d
T4 10.76± 1.53 bc 17.33± 0.66 bc 48.99± 0.57 a 16.13± 1.15 c 14.06± 0.60 c 111.99± 0.67 c 213.71± 1.86d
T5 16.46± 0.35 a 25.16± 1.20 a 43.65± 0.23 a 20.00± 0.58 a 17.10± 0.52 a 100.07± 0.44 f 313.44± 4.14 a

T6 12.00± 1.15b 18.76± 1.02 bc 42.07± 0.40 a 17.96± 1.44b 15.06± 0.49
ab 107.11± 0.61d 254.51± 4.05 c

T7 11.66± 0.88b 17.46± 1.24 bc 45.66± 0.38 a 17.80± 1.10b 16.16± 0.41 ab 105.66± 0.38d 286.51± 2.05b

T8 12.93± 0.69b 20.46± 1.11b 46.87± 0.26 a 18.33± 1.13b 15.86± 0.46
ab 102.81± 0.26 e 277.55± 3.65b

T1: control; T2: urea 150 kg N per ha; T3: FYM equivalent to 150 kg N per ha; T4: PM equivalent to 150 kg N per ha; T5: FYM equivalent to 75 kg N per ha + PM
equivalent to 75 kgN per ha; T6: FYM equivalent to 75 kg N per ha + urea equivalent to 75 kgN per ha; T7: PM equivalent to 75 kg N per ha + urea equivalent to
75 kg N per ha; T8: FYM equivalent to 50 kg N per ha + PM equivalent to 50 kg N per ha + urea 50 kg N per ha. Di¥erent letters show signi�cant (P< 0.05)
di¥erences in treatments using Tukey’s test, ± SEM.
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Figure 2: In�uence of di¥erent organic and inorganic fertilizer
regimes on chlorophyll contents (g/ml) of strawberry cv. Chandler.
T1: control; T2: urea 150 kg N per ha; T3: FYM equivalent to 150 kg
N per ha; T4: PM equivalent to 150 kg N per ha; T5: FYM
equivalent to 75 kg N per ha + PM equivalent to 75 kg N per ha; T6:
FYM equivalent to 75 kg N per ha + urea equivalent to 75 kg N per
ha; T7: PM equivalent to 75 kg N per ha + urea equivalent to 75 kg
N per ha; T8: FYM equivalent to 50 kg N per ha + PM equivalent to
50 kg N per ha + urea 50 kg N per ha.± SEM.
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3.2. Fruit Postharvest Quality. �e di¥erent fertilizers used
provoked signi�cant di¥erences (P< 0.05) in the fruit weight
and fruit diameter of the strawberries (Figures 3(a) and
3(b)). Maximum fruit weight (18.33 g) was recorded in
plants grown on soils amended with FYM equivalent to
75 kg N per ha + PM equivalent to 75 kg N per ha, while
minimum fruit weight was noted in control plants (13.56 g)
(Figure 3(a)). Results regarding fruit diameter showed that
plants grown on soil amended with FYM equivalent to 75 kg
N per ha + PM equivalent to 75 kg N per ha had the biggest
fruits in comparison with all the other treatments
(Figure 3(b)). Results of fruit weight and fruit diameter were
correlated with total chlorophyll content (Figures 4(a) and
4(b)). In e¥ect, 1 unit rise in total chlorophyll content led to a
0.219-fold rise in fruit weight (Figure 4(a)) and a 0.0308-fold
rise in fruit diameter (Figure 4(b)).

Quality parameters of the strawberries are presented in
Table 3. �e plants grown on soils amended with FYM
equivalent to 75 kg N per ha+PM equivalent to 75 kg N per ha
had the maximum total soluble solids (TSS) (10.0°Brix), ti-
tratable acidity (TA) (1.18%), ash content (0.84%), and crude

�ber content (3.03%), together with the lowest pH (3.43), while
the opposite was observed in the fruit from the control plants.

Signi�cant di¥erences (P< 0.05) were noticed among the
fruits of all treated plants in terms of secondary metabolites
(Figures 5(a)–5(e)). Fruits obtained from plants grown on
soils amended with FYM equivalent to 75 kg N per ha + PM
equivalent to 75 kg N per ha showed the highest amount of
total phenolics (7.61 μg gallic acid/g fruit weight)
(Figure 5(a)), total �avonoids (7.93mmol quercetin/100 g
fruit weight) (Figure 5(b)), vitamin C (38.42mg/100 g fruit
weight) (Figure 5(c)), total anthocyanins (3.89mg cyanid-
ing-3-glucoside/100 g fruit weight) (Figure 5(d)), and total
antioxidants (0.60mg activity of FeSO4/g fresh weight)
(Figure 5(e)), while the minimum amount of secondary
metabolites was noted in fruits collected from control plants.

4. Discussion

4.1. Plant Growth Patterns. Generally, plant growth in-
creases with the application of fertilizers. Both OF and IF
serve as a source of mineral nutrition for plants [31].
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Figure 3: In�uence of di¥erent organic and inorganic fertilizer regimes on (a) fruit weight (g) and (b) fruit diameter (cm) of strawberry cv.
Chandler. T1: control; T2: urea 150 kg N per ha; T3: FYM equivalent to 150 kg N per ha; T4: PM equivalent to 150 kg N per ha; T5: FYM
equivalent to 75 kg N per ha + PM equivalent to 75 kg N per ha; T6: FYM equivalent to 75 kg N per ha + urea equivalent to 75 kg N per ha; T7:
PM equivalent to 75 kg N per ha + urea equivalent to 75 kg N per ha; T8: FYM equivalent to 50 kg N per ha + PM equivalent to 50 kg N per
ha + urea 50 kg N per ha.± SEM.
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Figure 4: Correlation between chlorophyll contents (g/ml) (a) fruit weight (g) and (b) fruit diameter (cm) of strawberry cv. Chandler at P< 0.05.
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However, the optimum amount of nitrogen is helpful in the
growth of plants; nevertheless, the required amounts of
mineral nutrients to plants differ with plant species, cultivar,
and expected yield [32]. In our results, the highest rate of
survival was observed in plants grown on soil amended with
FYM equivalent to 75 kg N per ha + PM equivalent to 75 kg
N per ha, which might be due to the optimum amount of
nitrogen that is required for stable crop production. *is
high survival rate could be due to the availability of micro-
and macronutrients such as nitrogen, potassium, phos-
phorus, calcium, and magnesium in FYM and PM [18].
Surplus supply of nitrogen to the plants showed adverse
effects on plant health and led to plant death [33]. OF are
responsible for increased soil porosity by reducing bulk
density which results in increased water retention [34]. *is
increased water retention is helpful for better uptake of
nutrients which results in an increased survival rate [35].

Soil physical properties are improved with the appli-
cation of OF, which in turn plays a positive role in nutrients
uptake from soil and improves the growth patterns of plants
[11]. In our results, the increased number of leaves and
runner production in plants matured on soils amended with
FYM equivalent to 75 kg N per ha + PM equivalent to 75 kg
N per ha could be due to the fact that those soils contained a
handsome amount of soil organic carbon and micro- and
macronutrients which were essential for the sustainable
vegetative growth [36]. In an earlier study, it was stated that
the integrated application of nutrient sources in soil resulted
in increased flowers and fruits [37]. *erefore, the highest
number of flowers and fruits on plants grown on soil
amended with FYM equivalent to 75 kg N per ha + PM
equivalent to 75 kg N per ha was due to the quantum of N, P,
K, and other hormones present in OF. *ey played a vital
role in the production of gibberellic acid in roots which
helped in breaking bud dormancy, which resulted in en-
hanced bud production and increased flowering sites [36]. It
has also been reported that reduced amounts of phosphorus
in the soil at the time of flower production led to reduced
flower size and aborted female flower parts, which resulted
in less fruit setting [38]. It has been reported that IF is
leached down from the soil and unavailable to the plants,
whereas the nutrient availability of OF is slow, which helps
in increased yield [36]. Nitrogen from urea undergoes
chemical transformation, either NO3− or NH4+, and this

NO3− is extremely mobile and tends to leach down within 3
to 15 days of application [39]. Whereas the soil nitrogen
contents increased with the use of FYM and other OF, this
might be due to slow decomposition of organic matter which
results in slow release of nitrogen [40]. Overall, the yield of
strawberry depends on the growth medium [1]. In our re-
sults, the maximum yield was obtained from the plants
grown on soil amended with FYM equivalent to 75 kg N per
ha + PM equivalent to 75 kg N per ha, which helped in not
only increasing the fruiting site but also early onset of re-
productive stage [41].

Increased chlorophyll contents may result in more
photosynthesis, thus increasing crop growth and yield [42].
Nitrogen is the constituent of chlorophyll, slow availability
of nitrogen to plants helps in more chlorophyll production
[31], and the organic forms of nitrogen are more effective in
this regard [43]. More chlorophyll contents result in more
fruit weight and fruit diameter due to more photosynthesis
[1]. During fruit ripening, fruits possess a sink for nitrogen
and potassium, and our results showed that FYM and PM
were rich in these essential nutrients (Table 1). *is rela-
tionship of increased nitrogen and potassium resulted in
increased fruit weight and fruit diameter [1].

4.2. Fruit Postharvest Quality. Nutrient quality of straw-
berries varies with different genotypes and nutritional
composition of soil [44]. High acidity and more soluble
solids are liable for good taste [44]. *e amount of total
soluble solids and acidity varies in different strawberry
genotypes [46]. High foliage of plants with the use of organic
manure helps in keeping berry temperature low, thus
resulting in less acid loss during respiration [47]. In our
results, plants grown on soils amended with FYM equivalent
to 75 kg N per ha + PM equivalent to 75 kg N per ha showed
the most promising results, which might be due to the slow
release of nutrients from OF.

*e variation in nutrient composition of strawberries
depends on the availability of nutrients to the plants
during fruit production [35]. It was reported that the
application of FYM in soils resulted in an increased
chlorophyll production which helped in increased as-
similates production and was responsible for increased
soluble solid contents [47].

Table 3: Influence of different organic and inorganic fertilizer regimes on postharvest quality of strawberry cv. Chandler.

Treatments TSS (°Brix) TA (%) pH Ash (%) Fiber (%)
T1 4.93± 0.76 c 0.84± 0.04b 4.09± 0.14 a 0.49± 0.01 f 1.71± 0.06 e
T2 5.46± 0.87 c 1.03± 0.02 ab 3.87± 0.11b 0.57± 0.07 e 1.94± 0.07d
T3 6.00± 0.78 bc 0.87± 0.03b 3.77± 0.06 c 0.69± 0.01d 2.19± 0.07 c
T4 6.76± 0.43 abc 0.92± 0.04b 3.69± 0.17d 0.71± 0.02d 2.06± 0.09cd
T5 10.00± 0.58 a 1.18± 0.06 a 3.43± 0.04 f 0.84± 0.04 a 3.03± 0.10 a
T6 7.60± 0.31 abc 0.94± 0.04b 3.76± 0.09 c 0.76± 0.02 c 2.38± 0.08b
T7 7.73± 0.88 abc 0.95± 0.06 ab 3.66± 0.10d 0.77± 0.02 c 2.59± 0.09b
T8 9.26± 0.19 ab 1.05± 0.05 ab 3.58± 0.06 e 0.81± 0.03b 2.78± 0.08 ab
TSS: total soluble solids; TA: titratable acidity; T1: control; T2: urea 150 kg N per ha; T3: FYM equivalent to 150 kg N per ha; T4: PM equivalent to 150 kg N per
ha; T5: FYM equivalent to 75 kg N per ha + PM equivalent to 75 kg N per ha; T6: FYM equivalent to 75 kg N per ha + urea equivalent to 75 kg N per ha; T7: PM
equivalent to 75 kg N per ha + urea equivalent to 75 kg N per ha; T8: FYM equivalent to 50 kg N per ha + PM equivalent to 50 kgN per ha + urea 50 kg N per ha.
Different letters show significant (P< 0.05) differences in treatments using Tukey’s test, ± SEM.
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Results regarding moisture, ash, and �ber contents are
connected to the sugar contents, which are liable for
ascorbate synthesis. Ascorbate acts as a precursor for the
assimilation of these nutrients [35]. A recent study by our

group reported that phosphorus played a signi�cant role in
the gathering of sugars and transferred energy to maintain
this biochemical phase [1]. Current results showed that fruits
selected from plants grown on soils amended with FYM
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Figure 5: In�uence of di¥erent organic and inorganic fertilizer regimes on (a) total phenols (μg gallic acid/g fruit weight), (b) total
�avonoids (mmol quercetin/100 g fruit weight), (c) vitamin C (mg/100 g fresh weight), (d) total anthocyanins (mg cyanidin-3-glucoside/
100 g fresh weight), and (e) total antioxidants (activity of FeSO4 mg/g fresh weight) of strawberry cv. Chandler. T1: control; T2: urea 150 kg
N per ha; T3: FYM equivalent to 150 kg N per ha; T4: PM equivalent to 150 kg N per ha; T5: FYM equivalent to 75 kg N per ha + PM
equivalent to 75 kg N per ha; T6: FYM equivalent to 75 kg N per ha + urea equivalent to 75 kg N per ha; T7: PM equivalent to 75 kg N per
ha + urea equivalent to 75 kg N per ha; T8: FYM equivalent to 50 kg N per ha + PM equivalent to 50 kg N per ha + urea 50 kg N per ha.± SEM.
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equivalent to 75 kg N per ha + PM equivalent to 75 kg N per
ha revealed the most promising results in terms of fiber and
ash contents which might be due to the presence of phos-
phorus in FYM and PM.

Total phenols, flavonoids, vitamin C, anthocyanin, and
total antioxidants are mostly considered as health-related
compounds [47]. Strawberries are rich in polyphenols, and
these phenolic compounds are highly dependent on soil
fertility and the amount of fertilizer used [49]. Differences in
total phenolic contents of strawberry could be due to the fact
that diverse bacteria present in organic manures help plants
in fixing nitrogen from air and produce different phyto-
hormones such as phenolics [50]. Supplementary phos-
phorus and potassium present in FYM and PM helped in
more nitrogen-fixing activity of different bacteria, which
resulted in increased total phenolic contents in fruits [49]. In
a previous study, the amount of total phenols increased 30-
fold with the use of FYM [51].

Total flavonoids are important secondary metabolites
which not only act as antioxidants for the human body but also
lessen over ripening in fruits [1]. Moreover, the accumulation
of flavones and flavanols defends plants against different biotic
and abiotic stresses [52].*e use of organicmanure induces the
acetate shikimate pathway, which results in higher production
of flavonoids [53]. Several studies showed that the amount of
flavonoids depends on light intensity and the rate of photo-
synthesis [53–57].*us, the increase in chlorophyll contents in
plants grown on soils amendedwith FYMequivalent to 75 kgN
per ha+PM equivalent to 75 kg N per ha resulted in an in-
creased photosynthetic rate which influenced the amount of
total flavonoids in fruits.

Vitamin C and total anthocyanins are the most signif-
icant health-promoting compounds. Generally, it is stated
that vitamin C is a tissue-specific and genetic factor [57].
However, the synthesis of these compounds is anabolic and
follows L-galactose pathway, which is photosynthesis de-
pendent [35]. Maximum chlorophyll contents were observed
in plants grown on soils amended with FYM equivalent to
75 kg N per ha + PM equivalent to 75 kg N per ha and
resulted in a high amount of vitamin C content in fruits
which might be due to the high photosynthesis rate [46].
Moreover, potassium present in the soil also helps in in-
creased vitamin C content in fruits [58].

Total antioxidants are highly correlated with phenols,
flavonoids, and anthocyanins present in fruits [53]. *e high
amount of phenols, flavonoids, and anthocyanins results in
high antioxidant activity, which sanctions the theory that the
growing media of any crop is highly beneficial for antiox-
idant activity [60]. However, in this study, the highest nu-
tritional content in strawberries grown on soils amended
with FYM equivalent to 75 kg N per ha + PM equivalent to
75 kg N per ha confirms that organic manures provide better
nutrition to the plants’ development and assimilation of
nutritional compounds.

5. Conclusions

*is study concludes that strawberry plants grown on soils
amended with FYM equivalent to 75 kg N per ha + PM

equivalent to 75 kg N per ha had shown significant im-
provement in the growth of strawberry cv. Chandler as
compared with control. Further, a combined treatment of
FYM, PM, and urea also showed good results in terms of all
the growth and fruit quality parameters as compared with
other fertilizer regimes as well as control. However, in case of
IF, the lesser efficacy could be due to the fast leaching of
nitrogen, which resulted in lower uptake of nitrogen to the
plants. Based on the results of this study, it is recommended
that combined treatment of FYM and PM should be used for
growing strawberries in future. However, further studies are
required to test different varieties of strawberries using
various combinations of organic and inorganic fertilizers
under open field conditions.
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