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Abstract

The present study was conducted during kharif (June to September, 2022) at the Centre of Excellence for Vegetables, KVK, Malegaon, Bara-
mati, Maharashtra, India to evaluate the interaction effects of three training techniques (two shoots, four shoots and unpruned control)
and two capsicum hybrids commercial capsicum hybrid-1 (yellow) and commercial capsicum hybrid-2 (red) on growth, yield and quality
under a polyhouse. Among the training techniques, two shoot system significantly influenced plant growth and flowering characteristics.
Although unpruned plants produced a higher number of fruits per plant, the four shoot training technique recorded the highest fruit yield
per plant, per plot and per hectare. Between the two hybrids, Commercial capsicum hybrid-1 outperformed Commercial capsicum hybrid-2
across all growth, yield and quality parameters. In terms of interaction effects, the two shoot + Commercial capsicum hybrid-1 combination
resulted in the tallest plants (179.01 cm), earliest flowering (19.79 days) and earliest 50% flowering (31.07 days). The maximum number
of fruits plant? (23.71) was observed in unpruned+Commercial capsicum hybrid-1. However, two shoot+Commercial capsicum hybrid-1
recorded highest average fruit weight (198.74 g), polar diameter (10.03 cm), equatorial diameter (9.39 cm) and pericarp thickness (0.90
cm). The four shoot+Commercial capsicum hybrid-1 treatment recorded highest yield plant™ (2.85 kg), m? (17.10 kg), plot* (30.51 kg) and
(115.98 t) ha with excellent quality fruits. In contrast, the lowest yield was recorded in unpruned +Commercial capsicum hybrid-2. The four
shoot training system combined with the Commercial capsicum hybrid-1 proved most effective for maximizing growth, yield and quality of
colored capsicum under protected cultivation conditions.
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1. Introduction and other antioxidants, contribute to various health benefits

I . dgt) i including antioxidant activity, anti-inflammatory effects,
B? pepper (Capsicum annuum var. grossum Sendt.) 1S'@ " anticancer potential, and mood regulation (Carrizo et al.,
widely cultivated crop belonging to the Solanaceae family, 2016)

known for its high nutritional, therapeutic, and commercial
value. It is commonly referred to as sweet pepper, capsicum,
or Shimla Mirch in different parts of the world. The genus
Capsicum consists of species with a diploid chromosome
number of 2n=2x=24, while its wild progenitor, C. annuum var.
glabriusculum, is a tetraploid with 2n=4x=48 chromosomes.
This genetic diversity offers a valuable resource for breeding
and geneticimprovement. Bell peppers are not only integral to
culinary practices worldwide but also valued for their health-
promoting properties. They are rich sources of essential field cultivation of bell pepper is constrained by climatic
vitamins, particularly vitamin A (8493 1U) and vitamin C limitations, especially in terms of temperature, humidity,
(283 mg), as well as key minerals and phytonutrients. These and seasonal variability. These challenges have necessitated
nutritional compounds, especially carotenoids, flavonoids, the adoption of protected cultivation methods, such as
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Globally, bell pepper is extensively cultivated in countries
such as China, Mexico, and Indonesia, which are among
the top producers. In India, bell pepper cultivation spans
approximately 46,000 ha with an annual production of
around 288,000 mt (Anonymous, 2021). It is grown in both
open-field conditions and protected cultivation environments
across several Indian states, including Maharashtra, Himachal
Pradesh and Karnataka (Sood et al., 2009). However, open-
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polyhouses and shade net houses, which provide controlled
environmental conditions that support year-round cultivation.

Protected cultivation plays a pivotal role in enhancing the
productivity, fruit quality, and resource use efficiency of
bell pepper crops. It enables growers to regulate critical
growth parameters such as temperature, humidity and light,
thereby extending the growing season and allowing for off
season production. Moreover, it facilitates the cultivation
of high value vegetables with better input use efficiency and
marketable quality (Chaudhary, 2016).

Under protected cultivation systems, training and pruning
techniques have emerged as crucial agronomic interventions
that significantly influence the growth habit, canopy structure
and overall performance of capsicum plants. Bell pepper
exhibits a dichotomous branching habit and responds well
to systematic training and pruning practices Singh and Kaur
(2018). Training typically involves supporting the plant on
vertical twines or strings tied to overhead structures, which
enhances aeration and light penetration. Pruning involves
the removal or regulation of vegetative shoots to encourage
balanced growth and higher reproductive output. Specifically,
pruning the plant to two or four main shoots has been found
to regulate canopy density, reduce pest and disease incidence,
and improve fruit size, uniformity, and yield (Maniutiu et al.,
2010).

Several studies have demonstrated the benefits of shoot
training under protected conditions, including improved
fruit development, reduced intra-plant competition, lower
relative humidity within the canopy, and minimized incidence
of pests and diseases (Dasgan and Kazim, 2003; Norris and
Kogan, 2005). Therefore, the current study was undertaken to
evaluate the interaction effects of three training techniques
two-shoot, four-shoot and unpruned control on the
performance of two commercial capsicum hybrids (yellow
hybrid-1 and red hybrid-2) under polyhouse conditions. The
goal was to assess theirimpact on plant growth, fruit yield, and
quality attributes, providing insights for optimizing cultivation
practices in protected environments Waiba et al. (2021).

2. Materials and Methods

The present study was conducted during kharif (June to
September, 2022) at Centre of Excellence for Vegetables,
Krishi Vigyan Kendra (KVK), Baramati. The study involved
two indeterminate capsicum hybrids, Commercial capsicum
hybrid-2 (Red) and Commercial capsicum hybrid-1 (Yellow)
evaluated under protected conditions. The seedlings
were raised in pro trays using sterilized soilless media
(cocopeat:vermiculite:perlite in 3:1:1 ratio). Carbendazim
(1 g I'Y) was applied at a weekly interval to prevent fungal
infections. Healthy seedlings were transplanted in the month
of May in a ventilated net house (27x9x3 m?) on raised beds
(1 mwide) at a spacing of 45x45 cm?. Pinching was performed
post transplanting, prior to flowering, to encourage branching.
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The experiment followed a factorial completely randomized
design (FCRD) with six treatments and four replications.
Treatments included two hybrids (Commercial capsicum
hybrid-1, Commercial capsicum hybrid-2) and three training
levels two shoots, four shoots and unpruned (control). The
plants were pruned 25-30 days after transplanting to retain
either two or four stems, depending on the treatment.
Capsicum was a natural dichotomous branching, occurring
around 15-30 DAT, guided pruning. Pruning continued at
8-10day intervals to improve fruit size and fruit quality. Plants
were trained using plastic twines (two or four per plant) tied
to overhead Gl wire grids for vertical support and canopy
management.

3. Results and Discussion

3.1. Plant height (cm)

Plant height was significantly influenced by training intensities
(Table 1). The tallest plants were recorded under the two-
shoot training system (P, ) at height of 173.96 cm, significantly
higher than four shoot (P,) at 161.13 cm and unpruned control
(P,) recorded height of 149.91 cm Singh et al. (2004). Among
capsicum hybrids, the hybrid Commercial capsicum hybrid-1
(C,) recorded significantly greater plant height (163.81 cm)
compared to Commercial capsicum hybrid-2 (C,) at a height of
159.52 cm. Interaction effect showed the interaction between
training levels and hybrids significantly affected plant height.
The highest plant height was observed in treatment T, two
Shoots+Commercial capsicum hybrid-1(179.01 cm), followed
by treatment T, two shoots+commercial capsicum hybrid-2
(168.92 cm). The four shoots+Commercial capsicum hybrid-1
(T,) recorded moderate height (161.42 cm), while the lowest
height was recorded in treatment T, unpruned+commercial
capsicum hybrid-2 (148.81 cm). The increased height in
pruned treatments might be attributed to the redirection
of nutrients toward apical growth due to removal of lateral
branches Singh and Kaur (2018).

3.2. Number of days to first flowering

Days to first flowering (Table 1) showed significant variation
in days to first flowering across training levels. Plants trained
to two shoots (P, ) flowered earliest (20.99 days), significantly
earliest than those trained to four shoots (P,) (24.39 days) and
unpruned plants (P, control™) (28.98 days). Unpruned plants
taken the longest to initiate flowering. The capsicum hybrid
Commercial capsicum hybrid-1 (C,) recorded early flowering
(23.77 days) compared to hybrid Commercial capsicum
hybrid-2 (C,) (25.80 days), indicating a quicker transition
to flowering in hybrid Commercial capsicum hybrid-1 (C)).
The interaction effect of training and hybrid combinations
significantly affected flowering time. The earliest flowering
occurred in treatment T, Two shoots+Commercial capsicum
hybrid-1 (19.79 days), followed by treatment T, Two
shoots+Commercial capsicum hybrid-2 (22.18 days) and
treatment T, Four shoots+Commercial capsicum hybrid-1
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Tablel: Effect of different training techniques on plant height, number of days to first flowering, days to 50% flowering
number of fruits plant?, average fruit weight, Diameter, pericarp thickness, yield and yield related attribute of capsicum

under protected cultivation in different training levels

Treatment PH NF DF NFP AFW PD ED PT YPT Yield Yield Yield
(cm) (8) (cm) (ecm) (ecm)  (kg) m?  plot* ha*(t)
(kg)  (kg)
A. Training level (Factor 1)
P, 173.96 20.99 33.99 14.75 196.99 9.64 9.24 0.87 157 9.44 23.67 90.01
P, 161.13 24.39 40.42 19.34 180.52 9.08 8.11 0.82 247 1481 2885 109.70
P, 149.91 28.98 45.17 21.70 14991 6.43 6.34 0.74 147 8.82 20.31 77.26
SEmt 1.38 0.83 141 0.78 5.44 036 035 0.01 0.09 0.55 0.48 1.83
CD (p=0.05) 4.11 2.46 4.18 2.32 16.16 1.06 1.04 0.04 0.27 1.64 1.43 5.43
B. Capsicum hybrids (Factor 2)
C, 163.81 23.77 37.86 2139 180.25 882 833 082 199 1198 2535 96.40
C, 159.52 25.80 41.85 15.80 17137 794 7.46 0.79 168 10.06 23.20 88.25
SEmt 1.10 0.67 1.15 0.64 4.44 0.29 0.29 0.01 o0.07 0.45 0.39 1.49
CD (p=0.05) 3.27 2.01 341 1.90 NS 0.86 0.85 0.03 0.22 1.34 1.17 4.43
C. Interaction effect
T 179.01 19.79 31.07 19.27 198.86 10.03 9.39 090 1.61 9.65 25.22 95.87
T, 168.92 22.18 36.90 10.24 195.12 9.25 9.08 0.84 154 9.24 2213 84.16
T, 161.42 23.24 39.30 21.19 187.74 9.83 9.05 0.82 285 17.10 30.51 115.98
T, 160.83 25.53 41.53 17.49 173.30 833 7.18 081 2.09 1253 27.20 103.42
T, 151.01 28.27 43.20 23.71 154.15 6.60 6.56 0.75 1.53 9.21 20.34 77.35
T, 148.81 29.69 47.13 19.69 14568 6.25 6.12 0.72 141 8.43 20.29 77.17
SEmt 1.90 1.17 1.99 1.11 7.69 0.50 0.50 0.02 0.13 0.78 0.68 2.59
CD (p=0.05) 5.66 NS NS 3.29 NS NS NS NS 0.39 2.31 2.01 7.68

PH (cm): Plant height (cm); NF: Number of days to first flowering (DAT); DF: Days to 50% flowering (DAT); NFP: Number of
fruits plant?; AFW (g): Average fruit weight (g); PD: Polar diameter (cm), ED: Equatorial diameter (cm); PT.: Pericarp thickness
(cm); YPt: Yield plant™ (kg); P,: Two shoots; P,: Four shoots; P_: Un-pruned (Control); C.: Commercial capsicum hybrid-1;
C,: Commercial capsicum hybrid-2; T.: Two shoots+Commercial capsicum hybrid-1; T,: Two shoots+Commercial capsicum
hybrid-2; T.: Four shoots+Commercial capsicum hybrid-1; T,: Four shoots+Commercial capsicum hybrid-2; T,:Un-pruned
(control)}+Commercial capsicum hybrid-1; T : Un-pruned (control)+Commercial capsicum hybrid-2

(23.24 days). The unpruned treatments (T, Commercial
capsicum hybrid-1and T, Commercial capsicum hybrid-2) had
the longest times to flowering 28.27 and 29.69 days. Earlier
flowering in two shoot treatments was likely due to better
resource allocation and enhanced photosynthesis activity
Kurubetta and Patil (2009).

3.3. Days to 50% flowering

Days required to 50% flowering varied significantly with
training levels. The plants trained to two shoots (P, ) recorded
less number of days (33.99 days), followed by four shoots
(P,) (40.42 days), while unpruned plants (P,) took the longest
(45.17 days). The capsicum hybrid Commercial capsicum
hybrid-1 (C,) reached 50% flowering earlier (37.86 days) than
Commercial capsicum hybrid-2 (C,) (41.85 days), likely due
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to genetic differences. Among the interaction effect training
hybrid combinations significantly influenced flowering.
The earliest 50% flowering occurred in treatment T, Two
shoots+Commercial capsicum hybrid-1(31.07 days), followed
by treatment T, two shoots+Commercial capsicum hybrid-2
(36.90 days). T, and T, (Four shoots+Commercial capsicum
hybrid-1 Commercial capsicum hybrid-2?) took 39.30 and
41.53 days. Unpruned treatments T, and T, showed the
highest number of days (43.20 and 47.13 days). Early flowering
might be linked to higher pigment content and photosynthesis
Maitra et al., (2024) and Alam et al. (2016).

3.4. Number of fruit plant™

For Number of fruits plant™ the unpruned plants (P.) recorded
the highest fruit plant? (21.70), followed by four shoots
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(P,) (19.34) and two shoots (P,) (14.75). The higher yield in
unpruned plants was due to more fruit bearing shoots Singh
and Kaur, (2018). The capsicum hybrid Commercial capsicum
hybrid-1 (C,) produced a greater number of fruit (21.39)
than Commercial capsicum hybrid-2 (C)) (15.80), likely due
to genetic factors Maboko et al. (2012). Interaction effect of
hybrid combinations significantly affected number of fruit
plant?(Table 1). The highest yield was recorded in treatment
T, unpruned+commercial capsicum hybrid-1 (23.71) and
treatment T, Four shoots+commercial capsicum hybrid-1
(21.19) performed similarly to treatment T, and outperformed
two shoot treatments. The lowest number of fruit plant™ were
in treatment T, Two shoots+commercial capsicum hybrid-1
(19.27) and treatment T, Two shoots+commercial capsicum
hybrid-2 (10.24) Singh et al. (2004), Prasanth et al. (2024).

3.5. Average fruit weight (g)

The average fruit weight (g) showed significant differences
across the training levels (Table 1). The highest weight
was recorded in two shoot plants (P,) (196.99 g), followed
by four shoots (P,) (180.52 g), while unpruned plants (P,)
recorded lowest weight (149.91 g). The capsicum hybrids
Commercial capsicum hybrid-1 (C,) produced heavier
fruits (180.25 g) than Commercial capsicum hybrid-2 (C,)
(171.37 g), likely due to genetic differences (Kurubetta and
Patil, 2008; Manoj and Venugopal, 2018). The interaction
effect also recorded the highest average fruit weight was
in treatment T, Two shoots+Commercial capsicum hybrid-1
(198.86 g), followed by treatment T,: Two shoots+Commerecial
capsicum hybrid-2 (195.12 g). The lowest was in treatment
T.: Unpruned+Commercial capsicum hybrid-2 (145.68 g). The
fourshoot treatments showed 187.74 g (Commercial capsicum
hybrid-1) and 173.30 g (Commercial capsicum hybrid-2). While
interaction effects were statistically insignificant for higher
fruit counts plant® tended to reduce individual fruit weight
due to limited metabolite supply Shukla et al. (2019), Maitra
et al. (2024).

3.6. Polar diameter (cm)

Significant differences were (Table 1) recorded in polar
diameter across training levels. The highest Polar diameter
was in two shoots (P) (9.64 cm), closely followed by four
shoots (P,) (9.08 cm). The lowest polar diameter was recorded
in unpruned plants (P,) (6.43 cm). The capsicum hybrid
Commercial capsicum hybrid-1 (C ) recorded a larger polar
diameter (8.82 cm) than Commercial capsicum hybrid-2
(C,) (7.94 cm) Manoj and Venugopal (2018). The interaction
effect showed maximum polar diameter in treatment T :
Two shoots+Commercial capsicum hybrid-1 (10.03 cm),
followed by treatment T_: Four shoots+Commercial capsicum
hybrid-1(9.83 cm). The lowest was recorded in treatment T
Unpruned+Commercial capsicum hybrid-2 (6.25 cm). Fewer
shoots allowed better nutrient distribution, leading to larger
fruits Shukla et al. (2019).

3.7. Equatorial diameter (cm)
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For equatorial diameter training level showed significant
variation, the highest wasin two shoots (P ) (9.24 cm), followed
by four shoots (P,) (8.11 cm), while unpruned plants (P,) had
the lowest (6.34 cm) Alsadon et al. (2013). The capsicum
hybrid Commercial capsicum hybrid-1 (C,) showed a larger
equatorial diameter (8.33 cm) than Commercial capsicum
hybrid-2 (C,) (7.46 cm), with yellow fruits outperforming
red. The interaction effects were recorded statistically non-
significant. The highest equatorial diameter was in treatment
T,: Two shoots+Commercial capsicum hybrid-1 (9.39 cm)
followed by treatment T,: (9.08 cm) and treatment T,:
Four shoots+Commercial capsicum hybrid-1 (9.05 cm). The
lowest was in treatment T_: Unpruned+commercial capsicum
hybrid-2 (6.12 cm). Fewer shoots likely improved nutrient
distribution, enhancing fruit size. Two shoot training led to
the largest fruits, closely followed by four shoots Maitra et
al. (2024).

3.8. Pericarp thickness (mm)

The pericarp thickness was a key to quality trait in capsicum,
directly linked to shelf life and fruit firmness. The pericarp
thickness recorded significant variation. Two shoots (P )
recorded the highest (0.87 cm), followed by four shoots
(P,) (0.82 cm) and unpruned plants (P,) had the lowest
(0.74 cm). The capsicum hybrid Commercial capsicum
hybrid-1 (C,) showed higher pericarp thickness (0.82 cm) than
Commercial capsicum hybrid-2 (C,) (0.79 cm). The thicker
pericarp in commercial capsicum hybrid-1 contributed to
better shelf life by reducing moisture loss. In interaction
effect (Table 1) the maximum thickness was recorded in
treatment T : Two shoots+commercial capsicum hybrid-1
(0.90 cm), followed by treatment T, (0.84 cm) and treatment
T,: Four shootstcommercial capsicum hybrid-1 (0.82 cm).
The lowest thickness was recorded in treatment T_:
Unpruned+commercial capsicum hybrid-2 (0.72 cm). Less
number of shoots improved nutrient distribution, enhancing
pericarp development and fruit quality Pathare et al. (2025).

3.9. Yield plant? (kg)

Yield was a key indicator of crop productivity, influenced
by multiple factors. In present study, the yield attributes
were central to evaluating capsicum performance under
protected conditions. The training level factor (Table 1)
showed significant yield differences. The highest yield
plant™ was recorded in four shoot training (P,) (2.47 kg),
followed by two shoots (P,) (1.57 kg) and unpruned plants
(P,) (1.47 kg) Singh and Kaur (2018). The factor 2 capsicum
hybrid Commercial capsicum hybrid-1 (C ) outperformed
Commercial capsicum hybrid-2 (C)), recorded yield 1.99 kg
vs. 1.68 kg plant™. The hybrid commercial capsicum hybrid-1
recorded superior performance to maximum number of fruits,
fruit size and weight of fruit (Manoj and Venugopal, 2018).
The significant variation was observed across combinations in
interaction effect. The treatment T_: four shoots+commercial
capsicum hybrid-1 gave the highest yield (2.85 kg), followed
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by treatment T, (2.09 kg). Two shoot combinations (T,, T,)
recorded yield 1.61 kg and 1.54 kg, respectively. The lowest
yield was recorded in unpruned treatments: T, (1.53 kg)
followed by T, (1.41 kg), due to smaller fruits, lower fruit
weight. Overall, pruning improved yield potential by
optimizing fruit set and plant microclimate Jon et al. (2022)
Pramanik et al. (2020).

3.10. Yield m? (kg)

Significantly variation was recorded in factor training level
showed that fruit yield m . The highest yield was recorded
in four shoot trained plants (P,) (14.81 kg), followed by two
shoot (P,) (9.44 kg), and unpruned (P,) (8.82 kg). (Table 1)
The capsicum Hybrid the yellow hybrid Commercial capsicum
hybrid-1 (C,) recorded significantly more (11.98 kg m?) than
the red hybrid Commercial capsicum hybrid-2 (C,) (10.06 kg),
due to superior traits like fruit number, size, and weight
Manoj and Venugopal (2018); Singh and Kaur (2018). In
interaction effect significant yield differences were observed
across treatments. The treatment T,: Four shoots+commercial
capsicum hybrid-1 recorded the highest yield (17.10 kg m*?),
followed by T, (12.53 kg). The two shoot trained Commercial
capsicum hybrid-1 and Commercial capsicum hybrid-2
produced 9.65 kg and 9.24 kg m?, respectively Maniutiu et al.
(2010). Lowest yield was recorded in unpruned treatments: T,
(9.21 kg) followed by T, (8.43 kg), likely due to smaller fruits,
lower weight and dense foliage that hindered microclimate
and increased disease incidence. Overall, pruning (especially
four-shoot training) improved yield by enhancing plant
architecture and excellent fruit quality Waiba et al. (2021).

3.11. Yield plot? (kg)

In factor training level, the fruit yield plot?! differed
significantly, the four shoot training system (P,) produced
the highest yield (28.85 kg), followed by two shoot (P,)
(23.67 kg) and unpruned control (P,) (20.31 kg) (Table 1).
The capsicum hybrid Commercial capsicum hybrid-1 (C,)
outperformed Commercial capsicum hybrid-2 (C,) with
yield 25.35 kg vs. 23.20 kg plot™. The hybrid Commercial
capsicum hybrid-1 superiority was due to better yield traits
like maximum number of fruits, better size and higher
weight Manoj and Venugopal (2018). The interaction effect
significant differed across the treatments. The treatments
T, (Four shoots+commercial capsicum hybrid-1) recorded
highest yield (30.51 kg), followed by T, (27.20 kg). In two
shoot trained system hybrid Commercial capsicum hybrid-1
and Commercial capsicum hybrid-2 recorded 25.22 kg and
22.13 kg yield Ahirwar and Hedau (2015). Lowest yield was
recorded in unpruned treatments T, (20.29 kg) followed by T,
(20.34 kg), possibly due to unfavorable microclimate. Overall,
trained plants, especially under four shoot training system,
performed better Manoj and Venugopal (2018), Prasanth et
al. (2024).

3.12. Yield ha (t)
TheYield ha (t) demonstrated statistically significant variations
in yield associated with different training methods. The four-
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shoot trained plants (P,) had the highest yield (109.70 t
ha), followed by two shoot (P_) (90.01 t ha), and unpruned
control (P,) (77.26 t ha™). The hybrid Commercial capsicum
hybrid-1 (C,) recorded significantly more yield (96.40 t ha)
than Commerecial capsicum hybrid-2 (C,) (88.25 t ha™), due to
superior yield traits like maximum number of fruits, size, and
weight (Manoj and Venugopal, 2018). In interaction effect the
yield varied significantly across combinations. The treatment
T, (Four shoots+commercial capsicum hybrid-1) recorded the
highest yield (115.98 t ha), followed by treatment T, (103.42 t
ha?). The two shoot training system in Commercial capsicum
hybrid-1 and Commercial capsicum hybrid-2 recorded 95.87 t
ha?and 84.16 t ha’. The lowest yield was found in unpruned
treatments T, (77.35 tha") and T (77.17 t ha), likely due to
dense foliage and poor microclimate. Overall, pruned plants,
especially with four shoots treatment showed better yield
potential Wani et al. (2011).

3.13. Benefit-cost ratio (B:C ratio)

The highest benefit-cost ratio (2.51) was observed in
treatment T, (Four shoots+ Commercial capsicum hybrid-1),
followed by treatment T, (Four shoots+Commercial capsicum
hybrid-2) at 2.16.

4. Conclusion

The four shoot system of training performed better overall in
both growth, yield and quality. Among hybrids, Commercial
capsicum hybrid-1 outperformed Commercial capsicum
hybrid-2 in plant height, fruit size, pericarp thickness and early
flowering. The highest yield was recorded in T, (Four shoots+
Commercial capsicum hybrid-1). Thus, four-shoot training was
recommended for higher yield and better quality in colored
capsicum hybrids to get more monetary returns.
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