Effect of Different Level of Nano Urea on Yield, Quality and Shelf life of Strawberry

(Fragaria X ananassa) cv. Winter Dawn, under Prayagraj Agro Climatic Condition

Abstract

A research study was conducted at the Horticulture Research Farm, Department of Horticulture, NAI,
SHUATS, in Prayagraj, Uttar Pradesh, during the academic years 2022-23 and 2023-2024. The
experiment consisted of 11 treatments utilising various combinations of conventional urea and nano
urea, administered at varied doses and concentrations, with each treatment replicated three times in a
Randomised Block Design. The main objective of the experiment was to assess the impact of varying
concentrations of nano urea on the yield and quality characteristics along with shelf life of Strawberry
(Fragaria X ananassa) cv. Winter Dawn. Treatment T7 [100% PK + 60% RDN + 0.8% Nano urea (8
ml/l)] was found best with [15.69 (2022-23), 16.23 (2023-24) and 15.96 (Pooled)] number of fruits
per plant, [168.57 (2022-23), 177.28 (2023-24) and 172.92 (Pooled)] g yield per plant, [55.07 (2022-
23), 57.92 (2023-24) and 56.49 (Pooled)] g/ha yield per hectare, ) [11.21 (2022-23), 11.54 (2023-24)
and 11.38 (Pooled)] °Brix TSS, [0.60 (2022-23), 0.49 (2023-24) and 0.55 (Pooled)] % titrable acidity,
[55.14 (2022-23), 56.86 (2023-24) and 56.00 (Pooled)] mg/100g ascorbic acid, [5.80 (2022-23), 6.00
(2023-24) and 5.90 (Pooled)] % total sugar, [4.17 (2022-23), 4.26 (2023-24) and 4.22 (Pooled)] %
reducing sugar, [1.54 (2022-23), 1.65 (2023-24) and 1.60 (Pooled)] % non-reducing sugar and [4.34
(2022-23), 4.38 (2023-24) and 4.36 (Pooled)] days shelf life.
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1. INTRODUCTION

The strawberry is classified under the
scientific name Fragaria x ananassa and is
a member of the Rosaceae family, known
for its notable medicinal properties. The
inclusion of the letter “X” in the botanical
nomenclature indicates that the strawberry
is a hybrid derived from two species,
namely Fragaria virginiana and Fragaria
chiloensis (Panico et al., 2009). Fragaria
virginiana is native to North America,
whereas Fragaria chiloensis originates
from Chile (Rapuru et al., 2022).

According to FAOSTAT (2021), the
top five producing countries worldwide are
as follows: The People’s Republic of China,
with a production volume of 2,964,263
tonnes; the United States of America, at
1,296,272 tonnes; Mexico, with 653,639
tonnes; Turkey, producing 440,968 tonnes;
and Egypt, at 362,639 tonnes. The
cultivation in India spans an area of 3,000
hectares, resulting in an annual production
of 14,000 metric tonnes (NHB 2021).
Haryana is the largest producer, generating
1,650 metric tonnes. Mizoram follows with
a production of 1,080 metric tonnes.
Additional contributors to production
include Meghalaya, Maharashtra, and
Himachal Pradesh (Anonymous, 2019).
The agro climatic conditions in Uttar
Pradesh support the cultivation of

strawberries, offering a viable opportunity

for profitable crop production.

This herbaceous perennial plant
exhibits white flowers and is pollinated by
wind or bees. It is characterized by its short
stature, rapid growth rate, and brief
reproductive cycle (Andres et al., 2022).
The fruits, categorized as false fruits,
contain multiple small, hard seeds referred
to as achenes, which are situated on their
outer surface (Michel et al., 1981). The
fruits display various shapes, such as ovoid
and oblong forms, which are appreciated for
their unique aroma and distinct flavour
(Schieberle and Hofmann, 1997).

The cultivated strawberry is utilized as
fresh fruit, as well as in value-added
applications and processed products,
including jam, jelly, preserves, pies, ice
cream, milkshakes, wine, and various soft
beverages (Joshi et al., 2005). Their
composition includes fat-soluble vitamins
such as A, E, and K, with particularly high
levels of vitamin C at 60 mg-100g* of fresh
fruit, vitamin By (folate) at 24 pg-100g~* of
fresh fruit, and vitamin E (Considine,
1982). Newerli-Guz et al. (2023) and Basu
et al. (2014) report the presence of
ellagitannins (ellagic acid), flavonoids
(quercetin), catechin, anthocyanins, and
kaempferol,  which  contribute  to
antioxidant, antidiabetic, antihypertensive,



antihyperglycemic, and potential

carcinogenic properties.

Fertilizers constitute a significant
portion of agricultural expenditures
(Shukla et al., 2022). Nitrogen is
recognized as the most critical fertilizer
element among the major nutrients,
considering the energy required for its
synthesis, the volume wused, and its
economic significance (Mandapaka et al.,
2017). The nitrogen use efficiency (NUE)
in crops is significantly lower when
compared to the amounts of nitrogen
applied to the soil (Govindasamy et al.,
2023). Conventional fertilizers, particularly
those containing plant nutrient formulations
with particle sizes greater than 100 nm, lead
to nitrogen losses between 50 and 70% due
to leaching and the release of gaseous
ammonia (Duhan et al., 2017). Thus,
advancements in nanoparticle fabrication
have led to the production of nanoparticles
exhibiting a range of sizes and shapes
(Albrecht et al., 2006).

Norio Taniguichi, a professor at Tokyo
University of Science, introduced the term
'nanotechnology’ in 1974 (Khan and Rizvi,
2014). Encapsulation of fertilizer within
nanoparticles has the potential to enhance
the efficiency of nutrient uptake (Subraya
et al, 2015).
specifically designed to provide nutrients in

Nano-fertilizers are

a controlled manner, customized to satisfy

the exact needs of the crop (Derosa et al.,
2010).

The incorporation of nanotechnology
in agriculture, particularly via the
formulation of nano urea, represents a
significant advancement. Nano-urea has
been developed and patented by the Indian
Farmers Fertilizer Cooperative (IFFCO).
The physical particle size of nano-urea is
between 20 and 50 nm, while its
hydrodynamic size ranges from 20 to 80
nm. It contains 4% nitrogen (N) and
exhibits a zeta potential exceeding 30
(Kumar et al., 2021). The functional
nutrients are derived from urea, which is
treated with non-ionic surfactants and
stabilized within  polymer  matrices,
resulting in the formation of nanoclusters
measuring less than 100 nm (Raliya et al.,
2017). The implementation of nano-urea
presents potential benefits for sustainable
agricultural practices by decreasing the
reliance on agro-chemicals, mitigating
environmental pollution, and improving
soil health (Mahapatra et al., 2022).

Considering this, the present study
titled “Effect of Different Level of Nano
Urea on Yield, Quality and Shelf life of
Strawberry (Fragaria X ananassa) cv.
Winter Dawn, under Prayagraj Agro
Climatic Condition” was structured and

carried out.



2. MATERIALS AND METHODS

The field study was carried out over the
academic years 2022-23 and 2023-24,
specifically from October to March. The
strawberry cultivar Winter Dawn (runners)
was obtained from Joshi Plants Enterprise,
located in Solan, Himachal Pradesh. The
plot was cultivated to achieve a fine tilth
through a systematic series of repeated
ploughing and planking procedures. Weeds,
grasses, and plant residues were removed,
and raised beds were created for planting
purposes. The beds were then covered with
silver-black polythene sheets to effectively
control weed growth. Tissue-cultured plants
underwent fungicide treatment before being
planted in the field, with a spacing
configuration of 60 cm by 30 cm. FYM was
applied at a rate of 25 tonnes per hectare two
weeks prior to the planting of the strawberry
plantlets. The specified fertiliser dosage,
consisting of NPK in a ratio of 100:60:40,
was administered following the established
treatment combinations. The total dosage of
phosphorus (P) and potassium (K) was
applied through single super phosphate
(SSP) and muriate of potash (MOP) as a
basal application during the field
preparation phase. A basal dose of nitrogen
was applied at half the recommended rate
using Urea, with the remaining half applied
based on treatment combinations at 45 days

after transplanting. The application of

water-soluble IFFCO Nano Urea (Liquid)
was performed three times following the
treatment combination, specifically during
the transplanting phase, and subsequently at

20 and 40 days after transplanting.

The experiment was conducted at the
Horticulture Research Farm, Department of
Horticulture at  Sam  Higginbottom
University of Agriculture, Technology, and
Sciences in Allahabad. The experimental
site is located on the left side of the
Allahabad-Rewa Road, near the Yamuna
River, approximately 8 kilometres from the
city of Allahabad. The coordinates are

25.57°N latitude and 81.51°E longitude.

The experimental field exhibited a
sandy loam texture in its soil composition,
with pH levels recorded at 6.3 for the year
2022-23 and 6.0 for 2023-24, which
indicates a neutral acidity level. The
analysis  revealed

concentrations of 0.20% and 0.21%.

organic  carbon

Additionally, available nitrogen was
measured at 173.18 kg N/ha and 175.14 kg
N/ha. The analysis indicated low levels of
available phosphorus, measured at 13.80
and 14.38 kg P/ha, in conjunction with high
levels of available potassium, recorded at
216.40 and 219.34 kg K/ha. The experiment
recorded a cumulative rainfall of 13.86 mm
and 10.02 mm for the crop across both years
of the study.



The experiment consisted eleven
treatments viz. T1: 100% RDF (NPK @
100-60-140 kg/ha), T2: 100% PK + 10%
RDN + 1.8% Nano urea (18 ml/l), T3: 100%
PK + 20% RDN + 1.6% Nano urea (16
ml/l), T4: 100% PK + 30% RDN + 1.4%
Nano urea (14 mi/l), Ts: 100% PK + 40%
RDN + 1.2% Nano urea (12 ml/l), Te: 100%
PK + 50% RDN + 1.0% Nano urea (10
ml/l), T7: 100% PK + 60% RDN + 0.8%
Nano urea (8 ml/l), Tg: 100% PK + 70%
RDN + 0.6% Nano urea (6 ml/l), To: 100%
PK + 80% RDN + 0.4% Nano urea (4 ml/l),
T10: 100% PK + 90% RDN + 0.2% Nano
urea (2 mi/l) and T11: 100% PK + 2% Nano
urea (20 ml/l) which was analyzed in
randomized block design with three

replications.

The experiment utilized a Randomized
Block Design (Panse and Sukhatme,
1985), incorporating three replications for
each of the eleven treatment combinations.
Yield attributes like Number of fruits per
plant, Yield per plant (kg) and Yield per
hectare; Quality attributes like Total soluble
solids (°Brix), Titrable acidity (%),
Ascorbic acid (mg/100g), Total Sugar (%),
Reducing sugar (%) and Non reducing sugar
(%) along with Shelf life (days) were

successfully measured.
RESULTS AND DISCUSSION

The statistical analysis concentrated on

the yield, quality attributes, and shelf life of

the strawberry (Fragaria x ananassa) cv.
Winter Dawn. The results demonstrate that
the integration of multiple treatments
significantly affected all characteristics.
Since F Cal is greater than F Tab, the data
indicates that the variances are statistically

significant.

YIELD ATTRIBUTES

Number of fruits per plant: Data
pertaining to Table 1, observed that the
treatment T7 [100% PK + 60% RDN + 0.8%
Nano urea (8 ml/l)] recorded the maximum
number of fruits per plant [15.69 (2022-23),
16.23 (2023-24) and 15.96 (Pooled)]
whereas minimum number of fruit per plant
i.e., [10.69 (2022-23), 10.92 (2023-24) and
10.81 (Pooled)] was found to be under the
effect of treatment T [100% PK + 2%
Nano urea (20 ml/l)] during 2022-23, 2023-
24 and pooled basis.

Yield per plant (g): The data pertaining to
yield per plant (g) (Table 1) shows that
significant variances were found due to
application of  different
Treatment T7 [100% PK + 60% RDN +
0.8% Nano urea (8 ml/l)] recorded the
maximum yield per plant (g) [168.57 (2022-
23), 177.28 (2023-24) and 172.92 (Pooled)]
g whereas lowest yield per plant (g) i.e.,
[68.74 (2022-23), 70.01 (2023-24) and
69.37 (Pooled)] g was found to be under the
effect of treatment Ti1 [100% PK + 2%

treatments.



Nano urea (20 ml/I)] during 2022-23, 2023-
24 and pooled basis.

Yield per hectare (g/ha): The variances in
yield per hectare (g/ha) (Table 2) due to
effect of different treatments was found to
be significant during both the years of study
as well as pooled basis. The maximum yield
per hectare i.e., [55.07 (2022-23), 57.92
(2023-24) and 56.49 (Pooled)] g/ha was
found under the effect of treatment T
[100% PK + 60% RDN + 0.8% Nano urea
(8 mi/l)]. However, minimum vyield per
hectare i.e., [22.46 (2022-23), 22.87 (2023-
24) and 22.66 (Pooled)] g/ha was found to
be under the effect of treatment T11 [100%
PK + 2% Nano urea (20 ml/l)].

QUALITY ATTRIBUTES

TSS (°Brix): Data pertaining to Table 2,
observed that the treatment T7 [100% PK +
60% RDN + 0.8% Nano urea (8 ml/l)]
recorded the maximum TSS i.e., [11.21
(2022-23), 11.54 (2023-24) and 11.38
(Pooled)] °Brix whereas minimum TSS i.e.,
[7.50 (2022-23), 7.72 (2023-24) and 7.61
(Pooled)] °Brix was found to be under the
effect of treatment T11 [100% PK + 2%
Nano urea (20 mi/)] during 2022-23, 2023-
24 and pooled basis.

Titrable acidity (%): According to the
results (Table 3) the differences in titrable
acidity (%) were found significant.
According to the findings, treatment T
[100% PK + 60% RDN + 0.8% Nano urea

(8 mi/1)] was found with minimum titrable
acidity (%) [0.60 (2022-23), 0.49 (2023-24)
and 0.55 (Pooled)] % whereas maximum
titrable acidity (%) i.e., [0.94 (2022-23),
0.98 (2023-24) and 0.96 (Pooled)] % was
found to be under the effect of treatment T11
[100% PK + 2% Nano urea (20 ml/l)]
during both the years of study as well as

pooled data.

Ascorbic acid (mg/100g): The data
pertaining to ascorbic acid (mg/100g)
(Table 3) shows that significant variances
were found due to application of different
treatments. Treatment T [100% PK + 60%
RDN + 0.8% Nano urea (8 ml/l)] recorded
the maximum ascorbic acid i.e., [55.14
(2022-23), 56.86 (2023-24) and 56.00
(Pooled)] mg/100g whereas minimum
ascorbic acid i.e., [46.00 (2022-23), 47.22
(2023-24) and 46.61 (Pooled)] mg/100g
was found to be under the effect of
treatment T11 [100% PK + 2% Nano urea
(20 ml/)] during 2022-23, 2023-24 and

pooled basis.

Total sugar (%): The variances in total
sugar (%) (Table 4) due to effect of different
treatments was found to be significant
during both the years of study as well as
pooled basis. The maximum total sugar (%)
[5.80 (2022-23), 6.00 (2023-24) and 5.90
(Pooled)] % was found under the effect of
treatment T7 [100% PK + 60% RDN + 0.8%

Nano urea (8 ml/l)]. However, minimum



total sugar (%) i.e., [4.67 (2022-23), 4.70
(2023-24) and 4.68 (Pooled)] % was found
to be under the effect of treatment T
[100% PK + 2% Nano urea (20 ml/l)].

Reducing sugar (%): According to data
pertaining to Table 4, it was observed that
the treatment T7 [100% PK + 60% RDN +
0.8% Nano urea (8 ml/l)] recorded the
maximum reducing sugar (%) [4.17 (2022-
23), 4.26 (2023-24) and 4.22 (Pooled)] %
whereas minimum reducing sugar (%) i.e.,
[3.21 (2022-23), 3.26 (2023-24) and 3.23
(Pooled)] % was found to be under the
effect of treatment T [100% PK + 2%
Nano urea (20 ml/l)] during 2022-23, 2023-
24 and pooled basis.

Non-reducing sugar (%0): According to the
above results (Table 5) the variances were
found to be significantly different.
Treatments Ts [100% PK + 40% RDN +
1.2% Nano urea (12 mi/l)], Te [100% PK +
50% RDN + 1.0% Nano urea (10 ml/I)] and
T7 [100% PK + 60% RDN + 0.8% Nano
urea (8 ml/l)] recorded maximum non-
reducing sugar (%) [1.54 (2022-23), 1.65
(2023-24) and 1.60 (Pooled)] % whereas
minimum non-reducing sugar (%) i.e., [1.38
(2022-23), 1.37 (2023-24) and 1.38
(Pooled)] % was found to be under the
effect of treatment T11 [100% PK + 2%
Nano urea (20 ml/l)] during both the years
of study as well as pooled data.

Shelf life (days): Data pertaining to Table
5, observed that the treatment T7 [100% PK
+ 60% RDN + 0.8% Nano urea (8 mi/l)]
recorded the maximum shelf life (days)
[4.34 (2022-23), 4.38 (2023-24) and 4.36
(Pooled)] days whereas minimum shelf life
(days) i.e., 2.00 (2022-23), 2.05 (2023-24)
and 2.02 (Pooled)] days was found to be
under the effect of treatment T11 [100% PK
+ 2% Nano urea (20 ml/1)] during 2022-23,
2023-24 and pooled basis.

DISCUSSION: All treatments exhibited
significant impacts on the yield, quality
characteristics, and shelf life of
strawberries. However, treatment T7 [100%
PK +60% RDN + 0.8% Nano urea (8 ml/l)]

was determined to be the most effective.

The small particle size of nano urea,
along with its controlled nutrient release,
offers a notable advantage by reducing
nutrient fluctuations that could disrupt
flowering and fruiting stages (Toksha et
al., 2021). The stability enhances the plant's
inherent growth patterns and promotes
efficient resource allocation for the
development of flowers and the setting of
fruit. Studies indicate that effective
management of nitrogen availability
improves fruit set and reduces fruit drop,
leading to a higher fruit count per plant
(Upadhyay et al., 2023). Similar results
have been documented by Gupta and



Tripathi (2012) as well as Tripathi et al.
(2014) concerning Strawberry.

Nano urea, due to its nano-sized

particles, improves absorption and
utilization by plants when compared to
traditional fertilizers (Kumar et al., 2023).
The rise in the number of fruits per plant,
attributed to elevated chlorophyll levels that
are essential for photosynthesis (Sharma et
al., 2022), directly facilitates increased
carbohydrate synthesis, which is critical for
fruit development and yield (Nazari et al.,
2024). Besides its involvement in nitrogen
dynamics, nano urea influences the
hormonal environment of the plant,
particularly auxins and gibberellins, which
are essential for fruit development (ljaz et
al., 2023). Auxins are essential in the
processes of cell elongation and division. In
contrast, gibberellins are responsible for
promoting stem elongation and facilitating
fruit growth, which enhances the transition
from flowering to fruiting (Sosnowski et
al., 2023). Bhatti et al. (2023) observed
similar results in guava, and Davarpanah
et al. (2017) documented analogous

outcomes in pomegranate.

The optimal administration of nitrogen
is also essential for enhancing fruit quality,
especially for total soluble solids (TSS).
The incorporation of nano urea improves
nitrogen utilisation efficiency, which is

essential for the production of amino acids

and proteins that serve as precursors to
sugars in fruits (Dubey, 2023). Research
indicates that nano urea enhances
vegetative development and increases
chlorophyll content, hence improving
photosynthetic efficiency (Suthar, 2023).
The increased photosynthetic activity leads
to enhanced carbohydrate synthesis
(Thakre et al, 2024), which is stored as
sugars, hence increasing TSS levels, Total
sugars as well as reducing and non-reducing
sugars in strawberries. Karma et al. (2017)
and Beniwal et al. (2024) in strawberry and
Davarpanah et al. (2017) in pomegranate

reported similar results.

Research has shown that the use of
nitrogen, especially when combined in nano
fertilizers, can result in increased levels of
primary metabolites such as sugars and
organic acids. These metabolites are
essential for the production of ascorbic acid
in fruits, which in turn contributes to a
reduction in the titrable acidity of the fruits
(Madlalaetal., 2024). Karma et al. (2017)
and Weber et al. (2021) reported
comparable findings in their research on

strawberries.

Strawberries treated with nano urea
have demonstrated increased titratable
acidity and firmness relative to untreated
controls, indicating superior postharvest
quality. Studies have also shown that the

use of nutritional solutions, particularly



those fortified with nano urea, enhances reported by Merghany et al. (2019) in
fruit firmness and decreases respiration cucumber and Deepa et al. (2022) in
rates, both essential for prolonging shelf life Banana.

(Kessler et al., 2023). Similar results were

Table 1: Effect of different level of Nano urea on number of fruits per plant and yield per

plant (g) of strawberry (Fragaria x ananassa) cv. Winter Dawn

Number of fruits per plant Yield per plant (g)
Treatments 2022-23 2023-24 Pooled 2022-23 2023-24 Pooled
T 1311 13.54 13.32 113.64 119.66 116.65
T 11.52 11.89 1.7 82.26 86.61 84.43
T 12.13 12.50 12.33 95.59 100.64 98.11
T4 12.47 12.88 12.67 100.16 105.47 102.81
Ts 14.96 15.46 15.21 151.13 159.05 155.09
To 15.05 15.77 15.51 159.84 167.91 163.87
T 15.69 16.23 15.96 168.57 177.28 172.92
Ts 14.3 14.78 14.54 136.37 143.46 139.92
To 14.06 14.53 14.29 131.8 138.77 135.29
T1o 13.77 14.23 14 126.25 132.87 129.56
Tu 10.69 10.92 10.81 48.11 49.86 48.99
F-Test S S S S S S
SE.(m @ 0.29 0.33 0.22 524 53 3.01
CD (5%) 0.87 0.98 0.63 15.45 7.1 11.17
CD (1%) 118 1.34 0.85 21.08 23.33 14.94

T1: 100% RDF (NPK @ 100-60-140 kg/ha , T2:100% PK + 10% RDN + 1.8% Nano urea (18
ml/l), T3: 100% PK + 20% RDN + 1.6% Nano urea (16 ml/l), T4: 100% PK + 30% RDN +
1.4% Nano urea (14 ml/l), Ts: 100% PK + 40% RDN + 1.2% Nano urea (12 ml/I), Te: 100%
PK + 50% RDN + 1.0% Nano urea (10 ml/l), T7: 100% PK + 60% RDN + 0.8% Nano urea 88
ml/l), Ts: 100% PK + 70% RDN + 0.6% Nano urea (6 ml/l), To: 100% PK + 80% RDN + 0.4%
Nano urea (4 ml/l), T1o: 100% PK + 90% RDN + 0.2% Nano urea (2 ml/l) & T11: 100% PK +
2% Nano urea (20 mi/l).

Table 2: Effect of different level of Nano urea on yield per hectare (g/ha) and TSS (°Brix)
of strawberry (Fragaria x ananassa) cv. Winter Dawn

Yield per hectare (g/ha) TSS (°Brix)

Treatments ——55557 2023-24 Pooled 200073 202324 Pooled
T, 3712 39.09 38.11 9.01 9.48 9.35

T, 26.87 28.09 27.58 7.95 8.19 8.07

TS 31.03 32.88 32.05 8.53 8.78 8.65
T, 3272 34.46 33.50 8.72 8.98 8.85

T, 49.38 51.96 50.67 10.67 10.99 10.83

Ty 50.07 54.86 53.54 10.97 11.05 11.08

T 55.07 57.92 56.49 1101 11.54 11.38

Ts 4455 76.87 4571 10.18 10.49 10.33

To 73.06 7534 442 9.9 1001 10.07
T 41.05 73.41 7233 9.7 9.99 9.85
o 27.46 22.87 27.66 75 772 761

FTest S S S S S S

SE (M) (@) T71 17.89 108 0.11 0.13 0.08
CD (5%) 5.05 559 3.65 0.32 0.38 0.24
CD (1%) 6.89 7.62 4.88 0.44 0.5 0.32

T1: 100% RDF (NPK @ 100-60-140 k /ha&,I T2: 100% PK + 10% RDN + 1.8% Nano urea (18
ml/l), T3: 100% PK + 20% RDN + 1.6% Nano urea (16 ml/l), T4: 100% PK + 30% RDN +
1.4% Nano urea (14 ml/l), Ts: 100% PK + 40% RDN + 1.2% Nano urea (12 ml/l), Ts: 100%
PK +50% RDN + 1.0% Nano urea (10 ml/l), T7: 100% PK + 60% RDN + 0.8% Nano urea 88
ml/l), Ts: 100% PK + 70% RDN + 0.6% Nano urea (6 ml/l), To: 100% PK + 80% RDN + 0.4%
Nano urea (4 ml/l), T1o: 100% PK + 90% RDN + 0.2% Nano urea (2 ml/l) & Ti1: 100% PK +
2% Nano urea (20 ml/l).



Table 3: Effect of different level of Nano urea on titrable acidity (%) and ascorbic acid

(mg/100g) of strawberry (Fragaria x ananassa) cv. Winter Dawn

Treatments Titrable acidity (%) Ascorbic acid (mg/100g)

2022-23 2023-24 Pooled 2022-23 2023-24 Pooled

T1 0.79 0.73 0.76 49.99 51.55 50.77

T2 0.88 0.88 0.88 46.83 48.29 47.56

Ts 0.86 0.83 0.85 48.11 49.61 48.86

Ts 0.82 0.77 0.79 48.71 50.23 49.47

Ts 0.64 0.54 0.6 53.85 55.53 54.69

Ts 0.63 0.52 0.58 54.5 56.2 55.35
T7 0.6 0.49 0.55 55.14 56.86 56

Ts 0.68 0.6 0.64 52.57 54.21 53.39

To 0.72 0.64 0.68 51.88 53.5 52.69

T1o 0.73 0.66 0.7 51.27 52.87 52.07

Tu 0.94 0.98 0.96 46 47.22 46.61

F-Test S S S S S S

S.E.(m) (3) 0.01 0.01 0.02 0.64 0.7 0.47
CD (5%) 0.02 0.02 0.07 1.88 2.06 1.35
CD (1%) 0.02 0.03 0.09 2.56 2.81 1.81

T1: 100% RDF (NPK @ 100-60-140 kg/ha&,I T2: 100% PK + 10% RDN + 1.8% Nano urea (18
ml/l), T3: 100% PK + 20% RDN + 1.6% Nano urea (16 mi/l), T4: 100% PK + 30% RDN +
1.4% Nano urea (14 ml/l), Ts: 100% PK + 40% RDN + 1.2% Nano urea (12 ml/I), Te: 100%
PK + 50% RDN + 1.0% Nano urea (10 ml/l), T7: 100% PK + 60% RDN + 0.8% Nano urea 88
ml/l), Ts: 100% PK + 70% RDN + 0.6% Nano urea (6 ml/l), To: 100% PK + 80% RDN + 0.4%
Nano urea (4 ml/l), T1: 100% PK + 90% RDN + 0.2% Nano urea (2 ml/l) & T11: 100% PK +
2% Nano urea (20 mi/l).

Table 4: Effect of different level of Nano urea on total sugar (%) and reducing sugar (%)

of strawberry (Fragaria x ananassa) cv. Winter Dawn

Total sugar (%) Reducing sugar (%)
Treatments

2022-23 2023-24 Pooled 2022-23 2023-24 Pooled

T1 5.22 54 5.31 3.66 3.74 3.7

T2 4.85 5.02 4.93 3.35 3.42 3.38

Ts 5 5.17 5.09 3.48 3.55 351

T4 5.09 5.27 5.18 3.55 3.62 3.58

Ts 57 5.9 5.8 4.08 4.16 4.12

Te 5.75 5.95 5.85 4.12 4.21 4.17

Tz 5.8 6 5.9 4.17 4.26 4.22

Ts 5.53 5.72 5.62 3.93 4.01 3.97

To 5.47 5.66 5.56 3.87 3.96 3.92

T 5.38 5.57 5.47 3.8 3.88 3.84

Tu 4.67 4.7 4.68 3.21 3.26 3.23

F-Test S S S S S S
S.E. (M) (¢) 0.06 0.07 0.05 0.05 0.06 0.04
CD (5%) 0.18 0.2 0.13 0.15 0.16 0.11
CD (1%) 0.25 0.27 0.17 0.2 0.22 0.14

T1: 100% RDF (NPK @ 100-60-140 kg/ha), T2: 100% PK + 10% RDN + 1.8% Nano urea (18
ml/l), T3: 100% PK + 20% RDN + 1.6% Nano urea (16 ml/l), T4: 100% PK + 30% RDN +
1.4% Nano urea (14 ml/l), Ts: 100% PK + 40% RDN + 1.2% Nano urea (12 ml/l), Ts: 100%
PK +50% RDN + 1.0% Nano urea (10 ml/l), T7: 100% PK + 60% RDN + 0.8% Nano urea 58
ml/l), Ts: 100% PK + 70% RDN + 0.6% Nano urea (6 ml/l), To: 100% PK + 80% RDN + 0.4%
Nano urea (4 ml/l), T1o: 100% PK + 90% RDN + 0.2% Nano urea (2 ml/l) & Ti1: 100% PK +
2% Nano urea (20 ml/l).



Table 5: Effect of different level of Nano urea on non-reducing sugar (%) and shelf life

(days) of strawberry (Fragaria x ananassa) cv. Winter Dawn

Non-reducing sugar (%) Shelf life (days)
Treatments
2022-23 2023-24 Pooled 2022-23 2023-24 Pooled
T1 1.48 1.58 1.53 3.09 3.12 3.11
T2 1.42 1.52 1.47 2.29 231 2.3
Ts 1.45 1.54 1.49 2.61 2.64 2.62
Ta 1.46 1.56 151 2.76 2.79 2.77
Ts 1.54 1.65 1.6 4.07 411 4.09
Te 1.54 1.65 1.6 4.19 4.23 4.21
T7 1.54 1.65 1.6 4.34 4.38 4.36
Ts 1.52 1.63 1.57 3.72 3.76 3.74
To 151 1.62 1.57 3.58 3.62 3.6
To 15 1.61 1.55 3.42 3.45 3.44
Tu 1.38 1.37 1.38 2 2.05 2.02
F-Test S S S S S S
S.E. (m) (¥) 0.01 0.01 0.02 0.12 0.11 0.08
CD (5%) 0.04 0.03 0.06 0.36 0.34 0.24
CD (1%) 0.05 0.05 0.08 0.49 0.46 0.32

T1: 100% RDF (NPK @ 100-60-140 kg/ha), T2: 100% PK + 10% RDN + 1.8% Nano urea 18
ml/l), T3: 100% PK + 20% RDN + 1.6% Nano urea (16 ml/l), T4: 100% PK + 30% RD
1.4% Nano urea (14 ml/l), Ts: 100% PK + 40% RDN + 1.2% Nano urea (12 ml/l), Te: 100%
PK +50% RDN + 1.0% Nano urea (10 ml/l), T7: 100% PK + 60% RDN + 0.8% Nano urea 88
mi/l), Ts: 100% PK + 70% RDN + 0.6% Nano urea (6 ml/I), To: 100% PK + 80% RDN + 0.4%
Nano urea (4 ml/l), T1o: 100% PK + 90% RDN + 0.2% Nano urea (2 ml/l) & T11: 100% PK +
2% Nano urea (20 ml/l).

CONCLUSION

From the present investigation it may be concluded that effect of Treatment T [100%
PK + 60% RDN + 0.8% Nano urea (8 ml/l)] was found to be best. It is best in terms of Yield
attributes like Number of fruits per plant, Yield per plant (kg) and Yield per hectare; Quality
attributes like Total soluble solids (°Brix), Titrable acidity (%), Ascorbic acid (mg/100g), Total
Sugar (%), Reducing sugar (%) and Non reducing sugar (%) along with Shelf life (days).
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