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Abstract

Strawberry (Fragaria x ananassa Duch.) is a valuable fruit crop whose development is heavily controlled by cultivar selection and crop
management strategies. The current study assessed the interactive impacts of biostimulants and mulching on the vegetative growth and
biomass production of two cultivars of strawberry grown in the field. The experiment included a split-split-plot experiment involving two
cultivars (Vi-Winter Dawn and V,- Camarosa), two mulches (M;- paddy straw and M,- black polythene sheet) and seven biostimulants
treatments (T:- humic acid 0.1 %, T»- humic acid 0.2 %, Ts- salicylic acid 0.5 mM, T- salicylic acid 1.0 mM, Ts- salicylic acid 1.5 mM, T¢- salicylic
acid 2.0 mM and T+-control) and was carried out at the Fruit Research Farm, Guru Kashi University, Talwandi Sabo, Punjab from 2024-25 and
2025-26. The plant height, plant spread, leaf area, number of leaves and fresh and dry weights of shoots and roots were determined.
Significant differences among cultivars, mulches, biostimulants and interactions thereof were noted for all the recorded traits. The V;
significantly larger plant height (19.03 cm), number of leaves (29.50) and fresh shoot weight (54.05 g), fresh root weight (19.74 g), dry weights of
shoots (15.63 g) and roots (3.55 g), while V, showed significantly larger plant spread (27.26 cm) and leaf area (62.10 cm?). In terms of mulch, M,
was superior for Vi, while V, was superior for M,. The T, alone was the best biostimulant for all the recorded parameters and its combination
with M, mulch gave the best results regarding growth characteristics. Thus, it can be concluded that cultivar-specific mulch along with T, is an
effective means of enhancing vegetative growth and biomass in strawberries grown in Punjab agro-climatic conditions.
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Introduction spectrum of biostimulants, which are recognised as promising

agents due to their diverse roles in plant growth control and stress
alleviation (4, 1).

Humic acid is a naturally occurring organic biostimulant
produced by the breakdown of plant and animal wastes. It boosts
soil fertility by improving nutrient availability, root development and
nutrient uptake, which promotes plant growth and biomass
accumulation (5). Humic acid's chelating characteristics allow for
better absorption of critical macro- and micronutrients, resulting in
increased plant vigour and productivity. Humic acid has been shown
in strawberry to improve vegetative growth, biomass output and
fruit quality while also increasing plant tolerance to environmental
challenges such as drought and salt through improved root
formation and water consumption (6, 7). These qualities make
humic acid a suitable biostimulant for longterm strawberry
production.

Strawberry (Fragaria x ananassa Duch.) is one of the most
commercially significant and extensively cultivated berry cropsinthe
world due to its distinctive taste, appealing colour, nutritional value
and substantial market demand (1). It is a high value, short-duration
crop, which responds swiftly to improved agronomic methods and
input management. Strawberry output in India and other
subtropical and tropical countries has expanded considerably in
recent years (2). Growers prefer cultivars such as Winter Dawn and
Camarosa because of their adaptability, productivity and fruit
quality. Strawberry production is of economic significance, but they
are especially susceptible to environmental conditions, soil fertility
and management practices that directly influence plant growth,
productivity and fruit quality (3). Sustaining optimal plant
development and fruit quality under fluctuating environmental and
edaphic conditions is a primary challenge in strawberry farming.
Strawberry roots are shallow and the plants are highly sensitive to
the amount of moisture and nutrition in the soil and to conditions in
the rhizosphere. In this regard, the use of biostimulants and

Salicylic acid is one of the major phenolic plant growth
regulators that serve as signaling molecules in the growth and stress
response of plants. It helps regulate the physiology related to growth

mulching to enhance plant performance, soil health and sustainable
production is increasingly gaining prominence in current
horticulture methods. Humic acid and salicylic acid are a broad-

and improves the performance of the plant under both favourable
and stress conditions. The use of exogenous salicylic acid has been
known to improve the growth, chlorophyll content, yield and quality
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of fruits of strawberries along with their tolerance to abiotic stresses.
Due to its many positive effects, salicylic acid has attracted a lot of
attention as an excellent biostimulant for strawberries (8,9).

The independent effects of humic acid and salicylic acid on
plant growth and productivity are well known. However,
combination of these substances provides synergistic strategy to
enhance crop performance. The association of these biostimulants
may improve absorption of nutrients, physiological efficiency and
stress tolerance, leading in increased output and quality of fruits.
However, the efficacy of these treatments may be dependent on
environmental circumstances, crop type and farming techniques
(10).

The application of mulching is another critical aspect in
contemporary strawberry production. An essential role in optimising
microclimate and crop performance is the use of mulch. Mulching is
the application of organic or in-organic materials to the surface of
soil to conserve moisture, moderate temperature, reduce weed
development and improve soil fertility. Mulching is especially
essential in strawberry production, since this crop is very sensitive to
variation of soil moisture and to competition by weeds (11). The
availability, biodegradability and probable enhancement in soil
organic matter content of organic mulches such as paddy straw
sometimes led to its usage in strawberry growing. Mulching with
paddy straw enhances conservation of soil moisture reduction of
evaporation losses as well as improves soil structure over time. It also
promotes good microbial activity for nitrogen cycling and soil health.
Organic mulches also help insulate against temperature extremes,
therefore preserving plant roots and encouraging development (12).

In commercial strawberry cultivation, inorganic mulches
such as polyethylene sheets are widely utilised. Plastic mulching is
an excellent way to conserve soil moisture, reduce weeds and keep
soil temperature optimal. It reduces fluctuation of soil moisture and
avoids soil direct contact with fruits, therefore creating a suitable
microenvironment for plant development and avoiding fruit rot,
improving cleanliness and quality (13). Plastic mulches have proven
effective in improving early output and fruit size and uniformity in
strawberry. The type of mulching material used has a very essential
role on plant development, productivity and fruit quality. Organic
mulches are helpful for the long-term health of the soil. Plastic
mulches are useful for moisture retention and weed control. Hence,
there is a need to evaluate the comparative efficiency of various
mulching materials for the advancement of strawberry farming
practices (14).

Crop performance is ultimately very reliant on specific
varieties and agronomic techniques. The strawberry varieties Winter
Dawn and Camarosa vary in growing habit, potential output, fruit
quality and adaptation to the environment. Camarosa has great
yields, extremely big fruit size and firmness and is suited for long
distance transport and for processing. Winter Dawn is adapted to
subtropical environment. It has early bearing, ideal for off-season
production (15, 16).

Although the individual effects of humic acid, salicylic acid
and mulching on strawberry growth have reported, limited
information is available regarding their interactive effects on
vegetative growth and biomass accumulation in contrasting
strawberry cultivars under subtropical field conditions. Therefore,
the present study was conducted to evaluate the influence of humic
acid and salicylic acid treatment with various mulching materials i.e.
paddy straw and polythene mulch on growth, yield and quality of
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strawberry cultivars Winter Dawn and Camarosa. It was
hypothesised that combining humic acid with suitable mulching
practices would enhance vegetative growth and biomass more
effectively than individual treatments. The present study aimed to
evaluate the interactive effects of humic acid, salicyclic acid, paddy
straw mulch and black polythene mulch on the vegetative growth
and biomass accumulation of strawberry cultivars Winter Dawn and
Camarosa. The present research is intended to assist in the
development of better strawberry growing methods for farmers
especially in places with comparable agro-climatic conditions.

Materials and Methods
Site selection and climate conditions

The present study was conducted at the Fruit Research Farm,
Department of Horticulture, Guru Kashi University, Talwandi Sabo,
Punjab, during the October-March growing seasons of 2024-25 and
2025-26.The experimental site was located at Talwandi Sabo,
Bathinda-District, Punjab, India, situated in the plains away from the
Shivalik hills. It lay at 29.96° N latitude and 75.12° E longitude, with an
altitude of 213 m above mean sea level. The Bathinda regjon received
about 408 mm annual rainfall across approximately 20 rainy days
with an erratic distribution. The average temperature reached
4 1o 32 °C in October-March. The experimental soil was sandy loam
having the pH of 7.63, EC 0.32 dSm, organic carbon 0.47 %, available
nitrogen 266 kg ha?, available phosphorus 15.2 kg ha?, available
potassium 285 kg ha and water-holding capacity of 44.5%.

Planting material

Strawberry cultivars Winter Dawn (V1) and Camarosa (V-) runners
were procured from Subash Nursery, Maharashtra. Healthy, uniform
and disease-free runner’s plants, approximately 4-6 weeks old with
3-4 fully expanded leaves were selected for the experiment. The
runners were planted at spacing 30x30cm on prepared 15-20 cm
raised beds of width 80cm. The planting of crops was done during
the last week of October and harvest was taken place from January
to March every year. Standard practices were followed, including
fertilisation, irrigation, plant protection and mulching with paddy
straw (M) and black polythene sheet (M), to more accurately
evaluate the impacts of different treatments. Strawberries were also
planted with the initial recommended fertiliser dosage for increased
productivity and quality (package of practices, PAU). Humic and
salicylic acids were applied as foliar sprays at various concentrations-
using a hand-operated knapsack sprayer. Black polyethylene mulch
(25 pm thickness) was applied on raised beds prior to transplanting
and planting pits were created with desired distance. After
transplanting, paddy straw mulch was spread around the planttoan
average thickness of 5-7cm (Table 1and 2).

Observations recorded

In the experiment, two years data obtained, analysed and pooled.
The following parameters were monitored: plant height, plant
spread, leaf area, number of leaves, fresh weight (Shoot and root
weight) and dry weight (Shoot and root weight). These parameters
were estimated from five tagged plants. The plant height was
recorded in centimetre from the soil level to the tip of the plant. The
plant spread was measured the north-south (NS) and east-west
(EW) directions at right angles to each other and average (5 tagged
plants) were work out. The leaf area was measured using the Li-COR
3100 leaf area meter and represented in square centimetres
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Table 1. Experimental treatments
Treatment Level
Main treatment

Details
Cultivars
V;-Winter Dawn
V,-Camarosa
Mulching
M:-Paddy straw
M.-Black polythene sheet(25 micron)
Biostimulants
Ti-Humic acid 0.1 %
T.-Humic acid 0.2 %
Ts-Salicylic acid 0.5 mM
Ts-Salicylic acid 1.0 mM
Ts-Salicylic acid 1.5 mM
Te-Salicylic acid 2.0 mM

Sub treatment

Sub-sub treatment

T+-Control
Table 2. Details of layout
Particulars Details
Experimental design Split-split-plot design
Main treatments 2
Sub treatments 2
Sub-sub treatments 7
Number of replications 3

Total number of plots
Cultivar of strawberry

28 x3=84plots
2 (Winter Dawn and Camarosa)

Number of leaves per plant was counted for each treatment.
Fresh and dry weight (root and shoot weight) was measured from
tagged plants for each treatment after completion of harvesting,
plants were uprooted and cleaned properly. The cleaned roots and
shoots were wiped with tissue paper and weighed with the use of a
digital balance to get the fresh (root and shoot weight) weight. They
were then dried in oven at 65-70 °C and the weight was recorded as
dried (root and shoot weight) weight and it represented in grams (g).

Statistical analysis

Appropriate variance analysis was done on the outcomes of each
experiment and data received from field surveys was pooled before
being analysed using OPSTAT program (Statistical Software
Package for Agricultural Researchers) Developed by Prof. O.P.
Sheoran (CCS Haryana Agricultural University, Hisar, India) (17).The

crucial difference at the 5 % level of significance was determined to
equalise the mean of the various treatments.

Results and Discussion
Plant height (cm)

Thefindings in the Table 3 (pooled data) and Fig. 1,indicated that the
Plant height was significantly influenced (p < 0.05) by cultivar,
mulching treatment, biostimulant application and their interactions
during study years, 2024-25 and 2025-26. In main treatments,
Vicultivar showed maximum value with 19.03 cm and minimum
value represented by Vhcultivar 17.77 cm. Vi had the tallest plants
when compared to V; cultivar, indicating that it is better adapted to
the environmental conditions. The slight superiority in the growth of
V; to Vamight be explained by certain differences between the two
cultivars in vegetative vigour and efficiency in the use of resources
(15). In sub treatments,M, mulch (18.78) increased the plant height
as compared to M; (18.01 cm). The Momulch was associated with
taller plants than M; mulch. The M, most probably provided
favourable soil moisture and temperature conditions for the growth
of the plants (13, 14). In case of, Biostimulants treatments, humic
acid 0.2 % (T2) had the highest value with 22.79 cm followed by
humic acid 0.1 % (T:) (21.05 cm), salicylic acid 2.0 mM (T) (20.37 cm).
Amongst salicylic acid treatments, Tswas superior to other
concentrations demonstrating favourable response at higher
dosages. In all development phases, the least plant height was seen
in the control (T). Increased growth can be linked to better roots and
nutrients absorption due to humic acid treatments which probably
provided favourable conditions for proper growth. These findings
corroborate previous reports highlighting the synergistic benefits of
humic acid and black polythene mulch in promoting strawberry
growth (18, 19, 20).

Plant spread (cm)

There were significant differences in the plant spread (Table 3 and
Fig. 1) due to cultivar, mulches, biostimulants and interactions
among them (p< 0.05) in pooled data of both years study. In main
treatments, \»(27.26 cm) showed significantly higher plant spread
than V1(25.38 cm). This indicated that V.had better canopy
development and vegetative vigour. With respect to the different

Table 3. Effect of cultivars, mulching and biostimulants on vegetative growth and biomass parameters

Plant height Plant spread Leafarea No. of

Treatment

Fresh weight Fresh weight Dry weight Dry weight

(cm) (cm) (cm?  leaves (No.) (shootweight) (rootweight) (shootweight) (rootweight)
Varieties
Vi 19.03° 25.38° 58.53° 29.50° 54.052 19.742 15.632 3.552
Vs 17.77° 27.262 62.10° 27.08° 51.47° 17.86° 13.79° 2.83°
SE(d) 0.0332 0.1032 0.0315 0.0559 0.0367 0.0379 0.0133 0.0186
CD (5%) 0.1428 0.4439 0.1355 0.2404 0.1578 0.1629 0.057 0.0798
Mulching
M, 18.01° 26.93? 61.63° 27.37° 51.67° 18.17° 14.02° 2.94°
M, 18.78° 25.71° 58.99° 29.22° 53.84 19.432 15.41° 3.44°
SE(d) 0.0119 0.0779 0.0593 0.0471 0.0338 0.0375 0.0299 0.0116
CD (5%) 0.0331 0.2164 0.1647 0.1308 0.094 0.1042 0.0831 0.0322
Treatment
T, 21.05° 28.04° 63.63° 31.17° 53.94¢ 17.20¢ 14.53¢ 2.95¢
T, 22.79° 29.152 64.52° 32.56° 58.942 23.74° 18.26° 4,032
Ts 16.43f 24.74¢ 56.97f 26.23f 53.06f 16.76 13.28f 2.73f
T4 17.58¢ 25.86¢ 59.53¢ 27.36° 55.16¢ 18.77¢ 15.15¢ 3.19¢
Ts 18.98¢ 27.10¢ 60.83¢ 29.22¢ 56.89¢ 19.98¢ 16.32¢ 3.49¢
Te 20.37¢ 28.942 61.83¢ 30.12¢ 57.85° 21.19° 17.06° 3.80°
Ts 11.578 20.41f 54.88¢ 21.388 33.478 13.978 8.418 2.138
SE(d) 0.1518 0.1262 0.1585 0.0918 0.0873 0.054 0.0526 0.0419
CD (5%) 0.3051 0.3386 0.3186 0.1845 0.1756 0.1085 0.1058 0.0843

Vi: Winter dawn variety; V,: Camarosa variety; Mi: paddy straw mulching; Ma: black polythene sheet mulching; Ti: humic acid 0.1%; T2: humic
acid 0.2%; Ts: salicylic acid 0.5 mM; Ta4: salicylic acid 1.0 mM; Ts: salicylic acid 1.5 mM; Te: salicylic acid 2.0 mM; T+: control.
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mulches, the M; mulched (26.93 cm) plants had significantly wider
plant spread than M, mulch (25.71 cm). This might have been due to
moisture  conservation and provision of a conducive
microenvironment for continuous vegetative growth, which has
been observed earlier (21, 22). As far as the different biostimulants
are concerned, the highest plant spread was observed in foliar
spraying of T, with values (29.15 cm), followed by Ts with values
(28.94 cm), while the T7 gave the lowest values with 20.41 cm. The
higher response of humic acid might have been because of the
increased root proliferation, nutrient absorption and metabolic
activities resulting in greater lateral spread of canopies. This is
supported by the findings of (9, 23).

Leafarea (cm?)

The leaf area was significantly influenced by cultivar, mulching,
biostimulants and their interactions in two years of the experiment
(p< 0.05) (Table 3 and Fig. 1). In terms of cultivars, V»( 62.10 cn?)
showed significantly high leaf area as compared to V; with 58.53 cm?,
thus, depicting better vegetative vigour and canopy development. In
the mulching treatments, the M; mulch (61.63 cm?caused the
highest leaf area as compared to M (58.99 cm?), implying that due to
moisture conservation and moderation in soil temperature,
favourable conditions were created for continuous leaf area
expansion, in agreement with the observations (21,24). Foliar spray
of T, caused the maximum leaf area with 64.52 cm?, while the T;
caused second-highest leaf area with 63.63 cm?, whereas the lowest
leaf areas were recorded under T7 (54.88 cm?) condition. This could
be due to better biostimulant effect of humic acid, enhancing
nutrient uptake, root development and cell division, resulting in leaf
initiation and expansion (25, 26). The above results are also in
conformity with the observations of previous findings (9).

Number of leaves

Number of leaves was highly influenced by cultivar, mulch,
biostimulant treatments and their interaction during the experiment
period (p<0.05) (Table 3 and Fig. 1). Regarding the cultivar effect, the
highest number of leaves was recorded with V; cultivar (29.50) while
V,showed (27.08), which indicates superior vegetative vigour and
higher leaves production capacity compared to V-. For the mulch
treatment, M2(29.22) showed the highest number of leaves and least

represented by M, (27.37), which can be associated with better soil
moisture conservation and a favourable growth environment for
continuous vegetative development, as reported by previous
researchers (22, 27). Regarding the biostimulant treatments, foliar
spray of T, (32.56) recorded the highest number of leaves, followed
by T:(31.17) and T, (21.38) had the lowest. Higher number of leaves
in humic acid could be due to the capability of the substance to
improve nutrient uptake, root growth and cellular metabolism and,
thus, the formation and development of leaves (25, 28). The results
also conform to previous reports showing humic acid as an effective
biostimulant for vegetative development and canopy formation in
strawberry (9,26).

Fresh weight (Shoot weight/g)

Table 3 (pooled data) and Fig, 1, indicate that the shoot fresh weight
of strawberry plants was significantly influenced by various plant
biostimulants, mulching treatments and cultivars (p < 0.05)
throughout both the years of study (2024-25 and 2025-26).Among
the main treatments, Virecorded a significantly higher shoot fresh
weight (54.05 g) than V»(51.47 g). Strawberry cultivars may differ in
terms of genetic vigour, canopy growth and assimilate production
capability. In mulching treatments, M, mulch always had the highest
shoot fresh weight above M, mulch in both years study. The mean
mulch values of 53.84 g were obtained by M, mulch and lowest
showed by M; mulch with 51.67 g. Higher fresh shoot weight was
seen with M, mulch, which might be related to enhance nutrient
availability and reduced weed competition, allowing for more
resources to be allocated shooting growth. Furthermore,
biostimulants, maximum shoot fresh weight was reported with T.
with administration in both years among the various biostimulants.
The T2 had a mean fresh shoot weight of 58.94 g. The Ts was closely
followed with 57.85 g in the corresponding years. The lowest fresh
shoot weight was recorded under T; treatment with mean values of
33.47 g, respectively. The effect of humic acid could have something
to do with better utilisation of nutrients, physiological activity
improvement and vegetative mass accumulation. Humic
substances have biostimulating impact on plants due to their ability
to stimulate nutrient uptake and growth processes regulation,
leading to biomass formation. The same positive impacts of cultivar
selection, humic acid, black polytehene, on the growth and biomass
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Fig. 1. Effect of cultivars, mulching and biostimulants on vegetative growth and biomass parameters of strawberry plants.
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formation of strawberries have been described by previous
researchers (23,25, 26).

Fresh weight (Root weight/g)

There were also significant differences in fresh root weight due to
cultivars, mulching, biostimulants and interactions among them
(p=<0.05) (Table 3 and Fig. 1). The V1 (19.74 g) had greater fresh root
weight than V, (17.86 g), implying better root development and
greater capacity for underground growth. Greater root biomass in
V: might be attributed to specific features of cultivar root system and
resource acquisition capability. As for mulches, the greatest fresh
root weight was observed under M, mulch (19.43 g) and lowest in
M; (18.17g), which can be explained by lower weed competition and
better accessibility of soil nutrients, contributing to better root
formation. In biostimulant treatments, T,(23.74 g) produced the
greatest fresh root weight, followed by T (21.19 g), while T7 (13.97 g)
treatment gave the lowest results. The positive impact of humic acid
on root biomass might be related to stimulating root initiation,
branching and elongation, increasing the ability of plants to explore
soil and increase nutrient uptake. Humic substances are known to
enhance root system development via auxin-like action and
increased nutrient mobilisation (26, 28). Similar positive effects of
humic acid treatment on growth of strawberries have been reported
by previous researchers (9).

Dry weight (Shoot weight/g)

Dry shoot weight was significantly affected by cultivar, mulch,
biostimulant application and their interactions (p<0.05) (Table 3and
Fig. 1). Among the cultivars, Vi(15.63 g) accumulated drier shoot
biomass than V,(13.79 g), indicating that it has higher efficiency in dry
matter production and biomass partitioning to aerial organs. The
better performance of V; could be related to genetic potential of
canopy formation and use of available resources. The use of M,
mulch (15.41 g) improved the dry shoot weight against M; (14.02 g)
mulching practices possibly by reducing fluctuations in the
environment and improving resource availability during the growth
period of the crop. In biostimulants, maximum dry shoot weight was
recorded by T, (1826 g) among biostimulants, followed by Ts
(17.06 g) while minimum biomass was recorded by T:(841 g) plants.
The increased accumulation of dry shoots under humic acid
application could be due to better assimilation of nutrients and
increased formation of structural carbohydrates and hence a higher
deposition of dry matter. The role of humic substances in improving
the plant biomass accumulation and nutrient-use efficiency has
been widely reported (26,29).

Dry weight (Root weight/g)

The results reported in Table 3 and Fig. 1, revealed that there was a
substantial difference in the root dry weight of strawberry plants
owing to various cultivars, mulching, plant biostimulants treatments
(p=<0.05) over the two years of study. In Cultivars, Vicultivar (3.55 g)
recorded greatest mean root dry weight than V,(2.83 g). This
indicates greater root system growth and effective biomass
allocation to below-ground organs. In mulching treatments, M,
mulch showed increased root dry weight as compared to M; mulch
in pooled data of both years. With M, mulch, mean values of 3.44 g
and M; recorded lowest value with 2.94 g respectively. Paddy straw
mulch had somewhat lower values in both the years. The increased
dry root weight under black polythene mulch might be attributed to
better root-zone stability, reduced weed competition and increased
availability of vital nutrients, all of which encouraged ongoing root

development. Furthermore, in biostimulants, T> (4.03 g) produced
highest dry root weight, followed by T(3.80 g) and lowest showed by
T7(213 g). The increased dry root biomass under humic acid
conditions might be related to increased root branching and
structural dry matter deposition in root tissues. Humic substances
promote root growth by altering cellular processes and increasing
nutrient accessibility, resulting in greater root development (25, 28).
These findings back with prior research showing that humic acid
administration promotes plant biomass and root growth in
strawberry (9).

Interaction of varieties, mulching and growth regulator on
strawberry plants

The Table 4 and Fig. 2, 3 and 4 shows interaction impact of cultivars,
mulching and various biostimulants treatments on vegetative
growth parameters of strawberry plants. Two strawberry cultivars \i
and Vwvariety were taken under two mulching treatments My mulch
and M, mulch. The treatments were different concentrations of
humic acid and salicylic acid i.e., Ty, T--humic acid 0.2 %, salicylic acid
0.5 mM ( T3), salicylic acid 1.0 mM (T4), salicylic acid 1.5 mM (Ts) and Te
andT-.

The greatest plant height (25.70 cm) was seen in Vix Myx T,
with Vi variety under Momulch with T over all the treatment
combinations. This treatment was much better than all other
combinations suggesting that the greater concentration of humic
acid together with M, mulch dramatically improved vegetative
growth. The minimal plant height (11.40 cm) was recorded in
Vax Mix T7 and Vox Mpx T; (control treatments), suggesting
inadequate development in absence of growth boosting chemicals.
Maximum plant spread (30.15cm) was observed in \ox Mix T,
showing favourable response of \Lvariety to Mimulching with Ta.
The lowest plant spread (19.67 ¢cm) was found in the control
treatment of Vi, at both the levels of mulching (Vix Mix T; and
Vix M T;) greater spread was seen with humic acid treatment
which may be attributed to greater root growth and nutrient intake.
Leaf area also differed considerably across treatments. The
maximum leaf area (66.28 cn?) was seen in Vo x Mix T, followed by
Vox Mpx T, and Vox Mix Ti. This suggests that the V,cultivar had
wider leaves in the application of humic acid. The lowest leaf area
(53.43 cm? was seen in control treatment combinations. The
increase in leaf area with the humic acid treatments may be ascribed
to increased chlorophyll production and cell elongation. Maximum
number of leaves per plant (34.08) was recorded in Vix M,x T, which
again revealed the advantage of T, under Mumulching for Vi variety.
The lowest number of leaves (20.58) was found in control treatments
of V. The increase in leaf output in treated plants may be related to
better physiological activity and nutrient availability. Maximum fresh
shoot weight (6028 g) was recorded in Vix M,x T,, followed by
Vix Mix T, and Vix Myx Te. Similarly, the fresh root weight was
similarty maximum (24.97 g) under Vi x M, x T,. The findings showed
that 0.2 % humic acid considerably improved the buildup of
biomass, particularly when paired with M, mulch. The untreated
control plants had the lowest fresh shoot and root weights,
indicating low plant vigour.

The buildup of dry materials showed a similar tendency. The
maximum dry shoot weight (19.27 g) and dry root weight (4.40 g)
was reported in Vix Myx To. The increase in dry matter production
implies effective photosynthetic activity, nitrogen uptake and
general plant growth and health under humic acid administration.
Minimum dry shoot and root weights were recorded in the control
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Table 4.Interaction of cultivars, mulches and biostimulants on vegetative growth and biomass parameters of strawberry plants

Fresh Fresh

: N Dry weight .
i . Plant Plant Leafarea Number of weight weight Dry weight
Varietles x Mulching x Treatment height (cm) spread (cm)  (cm? leaves (No.)  (shoot (root (shoot (root weight)
weight) weight) weight)

V,xM, xT, 21.25¢ 27.85¢ 64.33¢ 31.07¢ 53.40M 17.80™ 15.15 3.25M
Vi XM, xT, 21.60¢° 26.05 59.90" 33.15° 57.67¢ 18.33' 15.85! 3.428"
V,xM; xT, 20.45¢f 29.60°¢ 65.38° 29.72f 50.62° 15.109 12.15° 2.17™
V,xM, xT, 20.90% 28.67¢ 64.88°° 30.73¢ 54.07 17.58™" 14.97% 2.97k
Vi xM; xT, 22.45° 29.15¢e 64.52¢ 32.85° 59.52° 24.33b 18.83° 4,18
V; XM, x T, 25.70% 27.738 61.98¢ 34.082 60.282 24.972 19.27° 4.40°
V,xM; xT, 21.35¢« 30.152 66.282 30.90¢ 57.17° 21.55f 16.43" 3.50%
V,xM, xT, 21.67¢ 29.55b¢ 65.30° 32.42¢ 58.78¢ 24.10¢° 18.50¢ 4,03
Vi xM;xT, 17.154 24.50! 55.80™ 26.27™ 52.77" 17.25° 14.12m 2.87k
Vi XM, xTy 17.52iK 22.52" 53.55" 29.27¢8" 56.778 17.75™ 15.53 3.33¢"
V,xM; xTy 15.07" 26.90M 61.92¢ 23.33° 49,954 15.229 10.30° 2.07°°
VXM, xTy 16.00™ 25.05% 56.62% 26.05™ 52.75" 16.83° 13.15" 2.65!
Vi xM;xT, 17.62) 25.90’ 59.13 27.28% 54.80% 19.40! 15.40) 3.35¢"
Vi XM, xT, 18.40" 23.70m 55.50™ 30.28¢ 58.32¢ 20.13" 16.808 4,030
V,xM; xT, 16.92' 27.438" 63.37¢ 24.90" 52.27° 16.98°P 13.02" 2.32mn
VXM, xT, 17.40H 26.401 60.10" 26.98K 55.27 18.57% 15.40) 3.08i
VixM; xTg 19.158 27.438" 60.988 29.02M 57.60¢° 20.688 16.58" 3.73¢
VixMyxTg 20.00f 24.804 56.80% 32.27¢ 59.45P 22.08¢° 17.55¢ 4,13bcd
VXM xTg 17.95ij 28.40f 64.25¢ 26.85' 54,27 17.45M 14.67' 2.45™
VXM, xTg 18.828h 27.778 61.28% 28.73 56.23" 19.72/ 16.48" 3.63¢f
VixM; xTg 20.45° 28.95% 62.20° 30.27¢ 58.30¢ 22.03¢ 17.45¢ 4,02
Vi XM, xTg 21.60¢ 27.408" 57.80 32.85° 59.932 22.52¢ 18.27¢ 4.,22°
V, XMy xTg 19.23# 29.97% 64.83% 27.88 55.83 18.68% 15.42 3.02%
Vo XMy xTg 20.20f 29.48b<d 62.50¢° 29.48'¢ 57.35¢ 21.53f 17.1f 3.97¢
Vi xM; xT, 11.73° 19.67° 53.43" 22.18° 33.93" 14.55" 9.03¢ 2.35™
Vi XM, xT, 11.73° 19.67° 53.43" 22.18° 33.93" 14.55" 9.03¢ 2.35™
V,xM; xT, 11.40° 21.15° 56.334 20.584 33.00¢ 13.38° 7.78" 1.92¢
V,xM, xT, 11.40° 21.15° 56.334 20.584 33.00¢ 13.38° 7.78" 1.92°
Elggétgzj)x Mulching x Treatments 0.6103 0.5076 0.6372 0.3691 0.3512 0.217 0.2116 0.1685

V1: Winter Dawn variety; Vo: Camarosa variety; My paddy straw mulching; Ma: black polythene sheet mulching; Ti: humic acid 0.1%; T»: humic
acid 0.2%; Ts: salicylic acid 0.5 mM; T4: salicylic acid 1.0 mM; Ts: salicylic acid 1.5 mM; Te: salicylic acid 2.0 mM; T+: control.
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Fig. 2. Interaction of cultivars, mulching and biostimulants on vegetative growth and biomass of strawberry plants.
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Fig. 3. Principal component analysis (PCA) of vegetative growth and biomass of strawberry plants.
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Fig. 4. Correlation heat map of vegetative growth and Biomass of strawberry plants.

treatments indicating the positive function of growth regulators and
mulch. Overall, the findings clearly indicated that the
Toconcentration was the most effective treatment for increasing
vegetative development properties of strawberry plants. In average,
M, mulch performed better than M; mulch probably owing to
greater moisture retention, weed control and soil temperature
regulation. Between the cultivars, V1 was better in most of the growth
indices especially when paired with M;mulch and T..

The crucial difference (CD) values at 5 % level revealed that
the differences across treatment combinations were statistically
significant for all the parameters assessed. It can be concluded that

the interaction of variety, mulching and growth regulator treatments
had a strong effect on strawberry vegetative development. The
combination Vix M,x T, emerged as optimal treatment combination
for obtaining.

Conclusion

The present research clearly showed that the combined impact of
biostimulants and mulching techniques are highly significant for
enhancement of growth and biomass features of strawberry in field
situations. Among all the treatments, humic acid 0.2 % (T>) was the
most effective treatment for boosting all vegetative growth
parameters. This shows the great impact of humic acid in improving
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soil properties, nutrient availability and plant health, resulting in
improved plant performance. Black polythene (M,) mulch was more
effective in enhancing across most growth parameters than paddy
straw mulch (My). This demonstrates its beneficial influence in
improving the soil structure and microbial activity over time.
Therefore, each kind of mulching material has its merits based on
individual production goals and environmental circumstances.
Winter Dawn (Vi) was better than Camarosa (V) for most of the
growth and biomass traits of the cultivars. This suggests that V; is
better adapted to the current agro-climatic conditions of the
experiment location, with enhanced vegetative vigour and resource
use efficiency. However, Voshowed acceptable results notably in
plant spread and leaf area in various treatments indicating its
probable suitability under enhanced management techniques. The
study indicated that coupled application of T.and optimised
mulching techniques, particularly M, mulch, greatly improved the
strawberry plant growth and biomass yield. The combined effect of
biostimulants and mulching not only improves plant performance
but also boosts more efficient resource use and sustainable crop
output. Further studies should evaluate the long-term effects of
these treatments on fruit yield, quality, soil health and economic
returns under different agro-climatic conditions.
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