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Abstract

The present study was undertaken to find the effect of plastic mulch colors
and foliar application of potassium on growth, yield and quality of strawberry in
protected conditions. The combined effect of black polythene mulch and 1000
ppm potassium sulfate (K,SO,) enhanced the nutrient availability, efficient water
use, moisture retention and temperature regulation which helps in strawberry
growth, enhanced fruit quality and boost output. The study design of experiment
was factorial randomized block design with 15 treatments and 3 replications with
interaction of different plastic color mulch (Black, Blue, Red and Silver) with
foliar application of K SO, (500, 1000, and 0 ppm) as treatments was used and
analyzed the data using analysis of variance. Black mulch + 1000 ppm K SO,
treatment gave the best results in term of increasing growth parameters i.e., plant
height (16.13 cm?), no. of leaves (25.7), no. of branches (8.08), no. of crown (4.31),
fruit weight (12.32 g), no. of flowers (26.30), no. of fruits (15.8), fruit yield/ plant
(189.6 g), and also increases quality parameters like total soluble solids (TSS)
(7.6 °Brix), ascorbic acid (48.7 mg/100 g), reducing sugar (5.34%), non-reducing
sugar (2.47%), total sugar (7.95%) by decreasing acidity (0.55%) of strawberry
fruits. It is concluded that interaction P, N, (black mulch + 1000 ppm K SO,) had
a significant effect on enhancing the plant growth, yield and quality parameters of
strawberry cultivar “Camarosa”.
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Introduction

Strawberry is a hybrid fruit (Fragaria virginiana*Fragaria chiloensis) that be-
longs to family Rosaceae and Fragaria genus. It is the most perishable and del-
icate fruit crop grown around the world for its sweetness, juicy content, aroma,
and crimson color. It is an “etaerio” fruit with a fleshy receptacle and having about
200 seeds on its external surface. This fruit is mainly propagated by runners and
having shallow root system. Top strawberry producing countries are China, Unit-
ed States, Turkey, Mexico, Egypt, and Spain. In India, total production of straw-
berryis 13.52 (000) T where top three strawberry producing states are Haryana is
leading with production of 4.26 (000) T' (31.50% share) followed by Maharashtra
has 3.28 (000) T (24.25%) and Jammu & Kashmir has 2.83 (000) T (20.93%)
production. (NHB, 2021-22). Strawberry is cultivated in Haryana, Maharashtra,
Sub-tropical areas in Jammu, Mizoram, Meghalaya, Madhya Pradesh, Himachal
Pradesh, Tamil Nadu, Jharkhand, and Kerala also have the potential to grow the
crop under irrigated condition (NHB).

Strawberry has high nutritional value and contains 7.68 g carbohydrates, 0.67
g protein, 59.6 mg/100 g vitamin C, Ca, Fe, P, K, organic acids (citric acid, malic
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acid, oxalic, pyruvic, quinic acid and 91% water. Its regular in-
clusion in meals boosts consumption of antioxidant properties
and other nutrients crucial for enhancing human health. The
cultivars Ofra, Chandler, Festival, and Camarosa, show ho-
mogeneity (80%) for ascorbic acid and carotenoid contents as
well as a favorable association between phenol concentration
and vitamin C, carotenoid, and anthocyanin levels as well as
yield [1]. It is now widely grown, particularly in Europe, and is
available for consumption both fresh and processed into mar-
malade, jam, fruit juice, and beverages. For humans, strawberry
fruits are a significant source of chemicals that are good for

health [2].

In strawberry, adverse weather conditions such as frost,
severe rains, hail and temperature variations during flowering
and fruiting are limiting factors. Protected cultivation in a
polyhouse is a preferable choice for protecting the strawberry
crop from harsh weather conditions. Hoop houses, commonly
referred to as high tunnels, and are made of metal or wooden
ribs that are covered in polyethylene film [3]. In high tun-
nels, strawberries (£ ananassa Duch.) can be picked two to
four weeks early than in open fields [4]. Strawberry requires
moisture and temperature for it growth and fruiting. So, use of
polythene mulching plays important role in conserving mois-
ture, controlling weeds, protecting the fruit from direct soil
contact. Growth, yield and productivity of strawberry plants
are influenced by different mulch colors and foliar application
of potassium. Potassium is mineral nutrient required by plants
in large amount because it is important in different enzymat-
ic reactions, photosynthesis and in phloem transport [5]. The
heat and radiation properties of colored plastic, which vary
based on geographic location and genotype, can be used to in-
fluence strawberry fruit yield and quality due to microclimatic
fluctuations [6].

Different color plastic mulches like red, black, blue, silver,
transparent, yellow and green used as covering over raised bed
to grow strawberries. Different color plastic mulches has dif-
ferent role in strawberry plant growth. Colorful plastic films
may have an impact on the anthocyanin content, associated
enzyme activities, and flavonoid gene transcripts in strawber-
ry fruit [7]. The mulch made of black polyethylene may have
kept the soil at a greater temperature and moisture content
while also decreasing nutrient losses by reducing weed growth.
Black mulch may be responsible for the benefit that resulted
in less water evaporation, warmer soil, less soil erosion, and less
weed growth, all of which improved flowering characteristics
[8]. Fruits grown beneath red plastic films were found to be
less acidic than fruits grown under the control, whereas fruits
grown under blue plastic films were found to be somewhat
more acidic [9].

Black is mostly used as mulching material and it absorbs
all light. Red mulch reflects more red and far-red light. The
use of fertilizers in conjunction with mulching and watering
led to the production of high-quality fruits and increased fruit
yield-related characteristics [10]. So, the objective of this pres-
ent investigation to see the effect of different mulch colors
with foliar application of potassium sulfate on growth, yield
and quality of strawberry cultivar.

Materials and Methods

The experiment was conducted at the Horticulture farm,
School of Agriculture, Lovely Professional University during
the year 2022-23 to see the effect of plastic mulch colors and
foliar application of potassium on growth, yield and quality
of "strawberry cv. Camarosa” in polytunnel. The location's cli-
mate can be described as sub-tropical, with hot, dry summers
and freezing winters. The fresh runners for transplanting were
obtained from Himachal Pradesh. Runners were kept under
shade net for one day before transplanting. Raised bed was
prepared inside the polytunnel half month before transplant-
ing. Runners were transplanted into raised bed in double row
with spacing of 30 x 45 cm on 1 December 2022. Raised bed
was covered with four different mulch colors i.e., black, blue,
red and silver before transplanting. Raised bed has two drip
lines placed down on it, 45 cm apart, with 30 cm emitter spac-
ing buried beneath the plastic mulch. This experiment used a
factorial randomized block design with 15 treatments and 3
replications.

Different treatments are: T1; PN, (Black mulch + 500
ppm K SO, ), T2; PN, (Black mulch + 1000 ppm K ,SO,), T3;
PN, (Black mulch + 0 ppm K,SO,), T4; PN, (Blue mulch +
500 ppm K,SO,), T5; P,N, (Blue mulch + 1000 ppm K,SO,),
Té6; PN, (Blue mulch + 0 ppm K,SO,), T7; PN, (Red mulch
+500 ppm K,SO,), T8; P.N, (Red mulch +1000 ppm K,SO),
T9; PN, (Red mulch + 0 ppm KZSO4)’ T10; PN, (Silver
mulch + 500 ppm K,SO,), T11; PN, (Silver mulch + 1000
ppm K SO,), T12; PN, (Silver mulch + 0 ppm K,So,), T13;
P N, (No mulch + 500 ppm K 5O,), T14; P N, (No mulch +
1000 ppm K,SO,), T15; PN, (Control). Micronutrients like
K,SO, i.e., 500 ppm and 1000 ppm were applied in two split
doses first given 40 days after transplanting and after that sec-
ond at the time of fruit setting.

Parameters analysis

Different vegetative growth, yield and quality parameters
were observed during the experimental period. Plant height is
measured with the help of meter scale (cm). No. of branches,
no. of leaves, plant height were observed in different days in-
terval. No. of crown, no. of flowers, no. of fruits were observed
during growth period after transplanting. For lab analysis 10
fully ripened strawberry fruits were randomly selected from
each treatments and used after harvesting for chemical analy-
sis of strawberry i.e., T'SS, acidity, ascorbic acid, reducing sugar,
non-reducing sugar and total sugar. TSS was measured with
the help of digital refractometer. Acidity is done with the help
of titration method (AOAC). Reducing sugar and total sugars
were estimated with help of Lane and Eynon method.

Statistical analysis

Data was analyzed where Critical Difference (C.D) at 5%
level was used for finding the significance differences if any,
among the treatment means. For each parameter under inves-
tigation, a two-factor analysis of variance was conducted to
evaluate treatment differences that were significant at the 5%
level and their interactions for all parameters.
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Results and Discussion

Plant growth parameters like plant height, no. of branch-
es, no. of leaves and no. of crown were significantly influenced
by color plastic mulch and foliar application of K,SO, (Table
1). Compare to control, other interaction of treatments sig-
nificantly increased the plant growth but overall black mulch
+ 1000 ppm K,SO, significantly enhanced the plant growth
compared to other mulches in polytunnel. This may be due to
mulch affect the microclimate around the plant and conserve
the moisture for plant growth [11]. The potassium foliar appli-
cation at 1000 ppm produced the greatest values for all exam-
ined vegetative growth parameters. Potassium is important for
maintaining plant turgor pressure, regulating stomatal func-
tion, and promoting root growth, while sulfur is important for
protein synthesis, enzyme activation, and stress tolerance [12].
Therefore, K,SO, can have positive effects on the growth and
development of strawberry plants [13].

No. of leaves was maximum recorded in (25.7) under
the combined interaction of P,N, (black mulch + 1000 ppm
K,SO,) treatment followed by PN, (Red mulch + 1000 ppm
K,SO,) compared to control (Table 1). Maximum no. of
crowns was recorded in (4.31) from the interaction effect of
P N, (black polythene mulch + 1000 ppm K,SO,) followed
by red mulch + 1000 ppm K SO, and minimum no. of crowns
was recorded in control i.e., (1.21) (Table 1). The increased soil
temperature can lead to faster plant growth, while the reduced

weed growth allows plants to access more nutrients and water.
In addition, the mulch can help prevent soil erosion and soil
compaction, which can also benefit plant growth. These fac-
tors can contribute to an increase in the number of leaves and
number of crowns in plants. These results are in Zhang et al.
[14] and Semwal et al. [15] noted greater vegetative growth
in mulched plots, particularly under black polythene mulch.
Potassium plays a role in many plant processes, including pho-
tosynthesis, water uptake, and nutrient transport. Adequate
potassium levels can lead to increased plant growth, improved
stress tolerance, and higher yield. K,SO, is particularly effec-
tive in increasing the number of leaves and number of crowns
in plants, as it promotes the growth of strong and healthy
shoots and roots, which can lead to the development of more
leaves and crowns these results as same as [16].

The no. of branches significantly differed by the inter-
action effect of mulch and foliar application. Maximum no.
of branches recorded in (8.08) from the interaction of PN,
(black polythene mulch + 1000 ppm K,SO,) followed by red
mulch + 1000 ppm K, SO, and minimum was recorded un-
der control. Plant height was maximum recorded (16.13 cm?)
from P N, (black polythene mulch + 1000 ppm K,SO,) and
minimum was recorded (11.3 ¢cm?) from control which was
significantly differed by interaction effect of mulch and foliar
application (Table 1). This might be as a result of the weeds
being controlled by the black polythene mulch, which may

Table 1: Effect of different plastic mulch color and foliar application of potassium on vegetative growth parameters.
Treatments Interaction Plant height No. of branches No. of leaves No. of crowns/plant

T1 PN, 14.65 6.73 202 3.35

T2 PN, 16.13 8.08 25.7 431

T3 PIN, 14.13 6.66 24.2 2.71

T4 PN, 12.66 7.41 2 271

TS PN, 12.33 7.58 222 2.38

T6 PN, 11.42 7.01 22 232

T7 PN, 14.17 7.22 22.3 3.45

T8 PN, 15.06 7.93 246 3.68

T9 PN, 14.95 7.28 2.1 2.34

T10 PN, 13.72 7.55 23 2.4

T11 PN, 14.73 6.5 218 2,05

T12 PN, 13.73 6.23 19.4 231

T13 PN, 11.58 6.97 20.2 241

T14 P, N, 13.77 7.08 19.8 215

T15 PN, 11.03 5.76 18.8 1.21

S.Em= 0.48 0.31 0.81 0.28

CD at 5% 1.4 0.92 2.37 0.83

Note: Treatmentdetails are given in materials and methods.
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have affected plant performance improved by the plants' high-
er nutrition absorption [17] and due to the role of potassium
in maintaining plant turgor pressure and regulating cell elon-
gation. This is likely due to the role of potassium in promoting
root growth and nutrient uptake, which can lead to increased
branching and shoot growth effect of potassium as same as
[18] on no. of branches and plant height. K, SO, can promote
the growth of strong and healthy shoots and roots, which can
result in taller plants and more branches.

The no. of flowers per plant significantly differed by the
interaction effect of mulch and foliar application. Maximum
no. of flowers was recorded in 26.30 from the treatment PN,
(black polythene mulch + 1000 ppm K,SO,) followed by red
mulch + 1000 ppm K SO, and minimum found under control.
The benefit that resulted in decreased soil temperature and
water loss, decreased soil erosion, and suppressed weeds which
in turn promoted vegetative growth which positively reflect-
ed on flowering traits may be responsible for the prudent im-
provement effect of black polythene mulching on flowering
parameters. The findings from Semwal et al. [15] in relation
to several strawberry cultivars and those from in relation to
strawberry cv. Chandler are likewise comparable to the current

findings.

The interaction impact of mulch and foliar treatment sig-
nificantly influenced the number of fruits produced per plant
(Table 2). The combined effect of PN, (black mulch + 1000

ppm K SO,) produced the most fruits per plant (15.8), whereas
the treatment combination P N (control) produced the few-
est fruits per plant (7.36). Larger fruits result from improved
plant growth because of the soil's favorable hydrothermal re-
gime and completely weed-free environment. Semwal et al.
[15], made a similar observation regarding an increase in yield
with larger fruits after mulching with black polythene. High
potassium levels encourage strawberry plant development that
supports more fruits per plant. This is explained by the in-
creased chlorophyll content of the leaves, which raises the rate
of photosynthesis and carbohydrate synthesis, increasing the
amount of fruit produced per plant and the number of fruits
produced overall these results as same as [19]. Fruit weight
was also maximum under this same treatment i.e., (12.32 g).
The interaction impact of mulch and foliar application sig-
nificantly influenced the fruit yield per plant and fruit weight.
The robust growth of the plants under the black polythene
mulches is the cause of the greater weight of fruit. The black
mulch enhanced the fruit weight in cucumber. Maximum
yield found in (189.6 g) from PN, (black mulch + 1000 ppm
K,SO,) and minimum recorded (38.4 g) under control (Table
2). Improved yield due to increased fertilizer availability and
severely reduced weeds in black mulch. This may be result of
increased fruit yield. These results are the same as Tuzen et al.
[20] discovered black mulch enhanced yield in tomato.

'The interaction effect of mulch and foliar application in-
fluenced the quality parameters viz, TSS, acidity and ascorbic

Table 2: Effect of different plastic mulch color and foliar application of potassium on flowering and fruit yield parameters of strawberry.
Treatments Interactions No. of flowers No. of fruits Fruit weight Fruityield/plant (g)

T1 PN, 22.06 12.8 10.9 130.8

T2 PN, 26.3 15.8 12.32 189.6

T3 PIN, 20.3 10.5 8.86 92.4

T4 PN, 19.46 11.8 8.72 102.6

T5 PN, 17.46 11.6 10.85 125.2

Te PN, 15.76 10.16 9.31 94.4

T7 P.N, 20.1 11.16 10.32 114.3

T8 PN, 24.46 13.3 11.94 158.8

T9 PN, 20.4 12.16 6.84 82.7

T10 PN, 17.36 9.5 9.22 87.5

T11 PN, 18.1 8.53 10.36 88.3

T12 PN, 16.33 8.83 11.04 97.4

T13 PN, 16.16 8.16 8.74 71.3

T14 P, N, 16.3 9.76 10.41 101.6

T15 PN, 12,5 7.36 5.22 38.4

S.Em+ 0.67 0.47 0.364 0.16

CD at 5% 1.97 1.36 1.059 1.44
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acid under different treatments (Table 3). This may be due to
potassium is regarded as a factor in determining strawberry
quality indicators such fruit acidity, sugar content, and vitamin
C content. With a potassium dose, these values often rise. In
fact, the strawberry fruit quality was increased by a higher po-
tassium concentration in the nutritional solution. It has crucial
roles in the plant's production and transportation of proteins
and carbohydrates, as well as in controlling water flow [21].
The maximum TSS was recorded in (7.6) from PN, (black
mulch + 1000 ppm K SO,) which was statistically par to
(7.16) from red mulch + 1000 ppm K,SO and minimum TSS
found under control. Increased T'SS may have been caused by
the accumulation of CO, caused by plastic mulches around the
plant canopy.

'The minimum acidity was recorded in (0.55) from PN,
(black mulch + 1000 ppm K SO,) which was statistically par
to (0.61) from red mulch + 1000 ppm K,SO, and minimum
acidity was found under control. The acidity of fruit was de-
ceasing with increase in sugar accumulation in strawberry
fruits. This may be rapid conversion of organic acid into sug-
ars. Fruiting zone with plastic mulch increased conversion of
carbohydrates and decreased acidity. These results also found

in aonla by Johnson et al. [21].

The maximum ascorbic acid was recorded (48.7) from
PN, (black mulch + 1000 ppm K,SO,) followed by (red
much + 1000 ppm K,SO,) i.e., 46.8 and minimum ascorbic

Table 3: Effect of different plastic mulch color and foliar application of
potassium on TSS, acidity and ascorbic acid.
Treatments | Interactions | TSS (*Brix) | Acidity (%) A(;cl(;r/l;iocoa;d
T1 PN, 6.5 0.72 3
T2 PN, 76 0.5 48.7
T3 PN, 6.3 128 35.4
T4 PN, 55 15 3222
TS PN, 6.03 1.99 34
Té PN, 5.7 1 35.2
T7 PN, 5.13 1.01 28.6
T8 PN, 7.16 0.61 46.8
T9 PN, 6.6 0.94 26.4
T10 PN, 5.9 114 27
T11 PN, 6 0.71 433
T12 PN, 5.96 113 29.8
T13 PN, 5.93 1.02 282
T14 PN, 5.76 1.24 25.9
T15 PN, 46 1 245
S.Em= 0.28 0.22 0.77
CD at 5% 0.83 0.66 2.24

acid was recorded under control (Table 3). Wider spacing
and increased light exposure could both contribute to higher
ascorbic acid levels. Ascorbic acid content was dramatically al-
tered by mulch treatments. Improvements in ascorbic acid in
polythene treatments may be due to promotion influence of
plant development and metabolic activities which lead to rise
in chemical composition. Reflection of light from polythene
mulches might have played a role in influencing microclimat-
ic conditions [23]. Also found the same result as increase in
ascorbic acid in tomato.

'The interaction effect of plastic mulch and foliar applica-
tion of K,SO, significantly influenced the quality parameters
like reducing, non-reducing and total sugar (Table 4). These
results are the same as Singh et al. [24]. Neither mulch nor
K,SO, is likely to have a direct effect on reducing the total
sugar content of strawberries. In fact, mulching can actually
increase the sugar content of strawberries by regulating soil
moisture and temperature, which can lead to better fruit de-
velopment. Maximum reducing sugars was recorded in (5.34)
from PN, (black mulch + 1000 ppm K SO,) which was statis-
tically similar (5.31) to P,N, (red mulch + 1000 ppm K,SO,)
and minimum found under control. Maximum non-reducing
sugars was recorded in (2.47) from PN, (red mulch + 1000
ppm K ,SO,) which was statistically similar (2.41) to PN,
(black mulch + 1000 ppm K,SO,) and minimum found under

Table 4: Effect of different plastic mulch color and foliar application of
potassium on quality parameters like reducing, non-reducing and total
sugars.
Treatments | Tnteractions | oo 06| Nomredoin | 1o Sugne
T1 PN, 47 191 6.72
T2 PN, 5.34 2.47 7.95
T3 PN, 4.87 1.19 6.12
T4 PN, 4.82 1.027 5.85
TS PN, 41 0.98 5.13
T6 PN, 3.34 0.91 43
T7 PN, 5.15 1.84 7.15
T8 PN, 5.31 241 7.85
T9 PN, 4.74 131 6.06
T10 PN, 3.44 23 5.75
T11 PN, 5.84 1.04 6.95
T12 PN, 3.18 0.95 418
T13 PN, 415 0.95 5.15
T14 P N, 4.64 0.96 5.65
T15 PN, 3.14 0.46 3.62
S.Em= 0.01 0.01 0.03
CD at 5% 0.03 0.05 0.09
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control. With the increase in total sugar and reducing sugar,
non-reducing sugars were decreasing. Maximum total sugars
were recorded in (7.95) from PN, (black mulch + 1000 ppm
K,SO,) which was statistically similar (7.85) to P,N, (red
mulch + 1000 ppm K,SO,) and minimum found under con-
troli.e., (3.62) (Table 4). Sugar content was found to be higher
in fruits, possibly as a result of increased photosynthesis and
the availability of metabolites due to increased photon absorp-
tion by individual plants and improved nutrient translocation
and accumulation. The increased sugar content may have been
caused by the high soil temperature and higher nutrient avail-
ability, which created a conducive microclimate [25].

Conclusion

'The overall results found from this present investigation
clearly revealed that the application of PN, (black mulch +
1000 ppm K,SO,) significantly increased the growth parame-
ters like plant height, no. of branches, no. of leaves and no. of
crown and flowering and fruit yield (g) and quality parameters
like T'SS, acidity, reducing, non-reducing and total sugar as
compared to other treatments. In order to encourage straw-
berry plants' root development and nutritional uptake, plastic
mulch serves to retain moisture in the ground, reduce weeds,
and raise the temperature of the soil. On the other hand,
K,SO, is an instance of potassium that is vital for the develop-

Oy
ment of fruit and plant growth.

Overall, the usage of plastic mulch and K,SO, in straw-
berry farming appears to have a promising future. Farmers can
achieve these objectives by using K,SO, and plastic mulch, es-
pecially in regions with scarce water supplies and unfavorable
soil conditions.
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