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ABSTRACT

An experiment was conducted to explore the effect of shoot bending at different angles on the performance of the Hybrid Tea Rose
cultivar 'Minu Pearle' for two consecutive years. From the study, a significant effect was observed in terms of vegetative traits as well
as flowering characteristics. The cultivar performance was recorded to be superior with shoot bending at 30°and 45 angle in terms
ofvegetative traits and flower quality parameters such as shoot length, stalk length, flower diameter, self-life and vase life of flowers.
Similarly, in terms of flowering traits (days to flower bud emergence, sepal reflex, and days to attain cup shape from the date of
bending) earliest was recorded with shoot bending at a 30°followed by45°angle, and the slowest flower development was obtained at
90° angle. A similar trend was also followed in terms of the number of flowers per plant in bent shoots. This is the first-ever report on
the effect of shoot bending angles on roses and this practice can help in enhancing the production of a higher number of quality roses
atthe commercial level.
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List of abbreviations

CD - Critical difference; FBE - Flower bud emergence; RHS - Royal Horticulture Society; S.Em. - Standard error mean

INTRODUCTION

Rose is a popular commercial flower crop grown as pot plants,
garden plants and as cut flowers. Among all other cut flowers,
the rose which has been grown since ancient times, has
maintained its place as the "Queen of Flowers" and is a potential
cut flower crop. In India, it is grown for both domestic and
exportpurposes.

Cutroses are in high demand throughout the year with red roses
in demand on Valentine's Day. High-quality criteria are
implemented during cut rose commerce, and even a minute
defect concerning the size of flowers, marks of plant protection
chemicals, blackening of petals (especially in red roses) or any
disorder greater than 5%, might classify them as of lower
quality [17], resulting in a lower profit to the growers. To
address the issue, there is a need to improve the growing
practices that can improve the quality of the flower and increase
the total number of cut roses produced, as well as assist farmers
inscheduling harvestin order to maintain and even boost profit.
Shoot bending, a typical cultural strategy has been reported to
be successfully used in both fruit tree and cut-flower cultivation,
which produces a canopy with both horizontally bent and
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upright shoots [11]. Shoot bending has been found to produce
disparities in nutrition availability and hormone synthesis in
plants due to differential shoot development. Shoot bending in
roses has been reported to promote budding and increase the
total number and quality of blooms [11, 12]. Shoot bending has
also been shown to break apical dominance by altering the
plant's hormonal balance and encouraging the production of
axillary shoots [9, 7].

In greenhouse production, the shoot bending technique is
gradually replacing the classic upright growth technique. Both
cultivation and research faced additional hurdles as a result of
this new technique [13]. Bending has become a regular cultural
method in the production of cut roses, and it is usually practiced
repeatedly during the growing season. The basic principle
behind shoot-bending is that instead of pinching or pruning
undesired or marginal stems, they are left in the canopy to
preserve leaf area and as a result, produce assimilates. This
study was performed to explore overall growth, production of
flowering shoots, and bloom quality in Hybrid Tea rose cv. Minu
Pearle in response to different bending angles in open field
conditions, with limited study in rose grown in open field
conditions and on the response of the rose to different bending
angles.

MATERIAL AND METHODS

Site description

The investigation was performed at Horticulture Research
Station, Mandouri, Faculty of Horticulture, Bidhan Chandra
Krishi Viswavidyalaya, Nadia, West Bengal. The site of study is
located at 23N latitude and 89E longitude atan elevation 0f 9.75
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meters from the mean sea level. The texture of the soil of the
proposed investigation site is sandy loam, well-drained with a
pH level of 6.7 containing 0.74% of organic matter, 0.07% of
total nitrogen, 28.50 kg/hectare phosphorous and 78
kg/hectare potassium oxide (K,0).

Testing material

The cultivar selected for the study was Minu Pearle, belonging to
the class Hybrid Tea, bearing red flowers (RHS 53C). The
experiment was taken up in three years old plants, planted in
September 2017. The budded plants were purchased from
Pusphanjali Rose Nursery, Jakpur, West Bengal.

Treatment details

The experiment was performed with 5 treatments, (T1- Bending
at30°, T2- Bending at 45°, T3- Bending at 60°, T4-Bending at 75°
and T5- Bending at 90° angle).The treatments were applied in
the third week (22nd) of November for two consecutive years
(2020 & 2021). All the experimental shoots (having 4 mm
flower bud) were bent above 3 nodes and at angles as per
treatments using a protractor keeping the shoots to be bent as
base zero with the midpoint of the internode (above the 3rd
node) as the vertex of the angle and thus bending from this point
wasdone (Fig.-1,2, 3,4 &5).

Experimental design and crop management

The experiment was arranged in a Randomized Block Design
with 5 treatments and 4 replications. The plants were planted in
araised bed (1.5x1.0 m2) at a spacing of 50x30 cm 9 plants per
bed. The crop was raised following the standard cultural
practices and recommended dose of fertilizer for the rose was
applied.

Statistical analysis

The collected data for all traits were statistically analyzed
according to the Fishers analysis of variance technique. The
level of significance used for the field experiment was P = 0.05,
where a tsignificant difference was observed between all the
treatments, and the standard error mean (S.Em) was also
calculated with a critical difference (CD at 5%).

RESULT

Vegetative parameters

As evident from Table-1 &Figure-1, the vegetative parameters
(plant height, leaf area, and days to first bud sprout after
bending) were significantly influenced by the different
treatments (bending angles of shoots). In terms of plant height
and leaf area, the plants receiving the treatment T1 (bending at
30° angle) recorded the highest value (68.97 cm & 27.12
cm?2)followed by T2 (bending at 45° angle). The shortest plants
with the smallest leaves were registered in the plants bent at a
90° angle. A similar trend was also observed in the case of days to
vegetative bud sprouts after the shoots were bent at a different
angle. Early bud sprout (6.65 days) was recorded in shoots bent
ata 30° angle, while delayed bud sprout was observed in shoots
bentat90".

Flowering parameters

As evident from Table-1 &Figure-1, the vegetative parameters
(plant height, leaf area, and days to first bud sprout after
bending) were significantly influenced by the different
treatments (bending angles of shoots). In terms of plantheight

and leaf area, the plants receiving the treatment T1 (bending at
30° angle) recorded the highest value (68.97 cm & 27.12
cm2)followed by T2 (bending at 45° angle). The shortest plants
with the smallest leaves were registered in the plants bent at a
90° angle. A similar trend was also observed in the case of days to
vegetative bud sprouts after the shoots were bent at a different
angle. Early bud sprout (6.65 days) was recorded in shoots bent
ata 30° angle, while delayed bud sprout was observed in shoots
bentat90°.

Flower quality parameters

Data recorded for the quality parameters of flowers as
influenced by the bending angles is presented in Table-2 and 3.
The parameters such as length and diameter of flower bud,
flower diameter, flowering shoot length, flower stalk length, and
diameter, and individual flower weight attained a level of
significance in response to the treatments. As evident from the
table - 2 and 3 flower quality parameters (length of flower bud,
the diameter of flower bud, diameter of flower at cup shape
stage, flower stalk length, and weight of flower) T1 produced
significant variation with T3, T4, and T5. Where maximum value
for above-discussed flower quality parameters was recorded in
plants bent at a 30° angle (2.77cm, 2.02cm, 4.7cm, 40.97cm,
30.12cm, and 19.07g) followed by those bend at 45°(2.57cm,
1.85cm, 4.50cm, 39.05cm, 29.75cm, and 17.70g). Shoot bending
ata90° angle (T5) resulted in smaller bud size, flower diameter
at harvest (cup shape), and least values in the flower shoot
length (2.05cm, 1.57cm, 3.65cm, and 33.57cm). A similar trend
was also recorded in the case of flower stalk length, stalk
diameter, and pedicel length where bending at a 30° angle
proved superior to other treatments with minimum readings for
the trait being recorded in T5. Data recorded for pedicel length
produced nonsignificantresults asaresult of the treatments.

Self-life and vase life of flowers

In terms of self-life and vase life of flowers significant difference
was observed, but in the case of the vase life of the flower
variation between T1 and T2 was recorded at par values (Table
4). The lowest bending angles recorded the maximum self-life
and vase life of the flowers.

Number of flowers per plant in bent shoots

Similarly, in terms of the number of flowers per plant in bent
shoots, the maximum (10.84 flowers per plant in bent shoots)
was recorded in T1(30°angle)followed by T2 (45°) (9.87) and
lowestin shootsbentat90° (Fig.2).

Dry matter accumulation

Itis evident from Fig.3, the highest dry matter in stem and leaves
was recorded in T; (41.5 g/100 g) and T, (37.8 g/100 g)
followed by T, (37.35 & 36.6 g/100 g), while minimum value
was obtained from T, (31.15 g/100 g) and Ts (35.15 g/100 g).
Whereas Fig.4 indicates that in the case of dry matter
accumulation from stem and leaf from above the bend, the
highest was recorded in T (17.24 & 14.00 g/100 g) followed by
T,(15.15&14.00g/100g).

Chlorophyll content

Although the angle of shoot bending significantly influenced the
chlorophyll content in leaves with the treatments, the highest
chlorophyll content was recorded in treatment T3 (2.96 mg/g)
andlowestin T, (2.27 mg/g) (Table4).

Itwas visible that the shoots arising above the bend exhibited
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poor shoot elongation rate, and shorter shoot lengths with
smaller flower buds. The petal count per flower was also
significantly low. The visible difference in the overall growth
characteristics and the flower quality parameters were more
prominentinshoots bentat30°,45° and 60°.

DISCUSSION

The study was taken up to compare the performance of Hybrid
Tea rose cultivar '"Minu Pearle' in response to different bending
angles. The results obtained revealed that bending of shoots at
different angles significantly influenced the vegetative,
flowering, and majority of the flower quality parameters.
Bending ata 30° angle proved superior as compared to bending
at 45° 60°, 75° & 90° angles for the vegetative bud sprout after
bending. Early (6.65 days) axillary bud sprout in shoots bent at
30° may be attributed to open center and better light
penetration due to sharp shoot bending as compared to that of
90°, which may have caused obstruction to light penetration.
This can also be supported by the calculated values obtained for
the trait when bending angles were maintained below 90°.
Bending of branches to increase light interception in rose
bushes has also been proposed by earlier researchers [4, 6, 14].
[8] opined that the uppermost leaves of flowering rose shoots
showed higher net photosynthesis with higher N content than
the lower ones, and this pattern also appeared to correspond
with the light profile inside the canopy. Also, from the
experimental evidence obtained, it may be debated that the first
leaf below the bend might have performed as the first leaf of a
naturally growing vertical shoot with greater photosynthetic
capacity. While these findings by researchers can support the
supremacy of bending at 30° angle for the vegetative
parameters like plant height and leaf area, an increase in leaf
size with descending order of bending angles is also supported
by [18] in strawberries, where they also reported shorter
runners when strawberry shoots were trained at higher angles.
Discussing the flowering attributes i.e., days to flower bud
emergence, days to sepal reflex, and days to attain cup shape
stage after bending, 30° and 45° angle bending proved its
dominance over greater bending angles. A similar trend was
also evident from the empirical results for flower quality
characters relating to the effect of bending which results in
compression of xylem vessels on one side and tension on the
other side whereas, acute bending angles might have resulted in
extreme xXylem pathway constriction making them
non-functional in water conductance. [12] communicated that
hydraulic conductivity is reduced as a result of the bending of
shoots due to disturbed xylem tissues and that the reduced
photosynthetic rate of bent shoots is a function of water status.
Leaves retained above bending failed to photosynthesize due to
non-functional xylem as a consequence of bending treatments,
impeding the translocation from source to sink.

Graphical presentation of flower number per plant on bent
shoots (Fig.2) revealed a significant influence of bending angles,
with 30° bending angles followed by 45° being promising in
positively influencing the trait. [10] obtained a maximum
number of fruits in the wax apple when bentat a 45° angle, while
the lowest in 85° thus the investigation findings may be
credited to sharp bending angles aiding to reduction in source-
sinkrelationship. [5] reported the stimulating effect of bending

with regards to flowering and fruiting in mandarin citrus as
compared to control trees. Removing apical dominance
chemically or manually was effective in stimulating flushing in
citrus species [1, 15]. In bending treatment, the bending process
probably caused micro-damage along the shoot that reduced
the apical dominance effect.

The predominance of bending at 30° angle in terms of growth
and flowering in Hybrid Tea rose cv. Minu Pearle can thus be
discussed in the light of bending techniques aiding to the
removal of apical dominance, as the basipetal flow of auxin is
restricted and cytokinin levels are enhanced [2, 3]. Further as
reported by [12] bending leads to constriction in xylem
conductors thus facilitating the movement of water and
nutrients through xylem pathways to the buds present below
the bend only on the other hand restriction of the phloem
pathway checked auxin flow to downwards removing apical
dominance, these conditions promoted more number of
laterals, better growth and also quality blooms.
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Table 1: Effect of shoot bending angles on vegetative and
flowering parameters

Treatment Vegetative parameters Flowering parameters
Plz?nt Individual | Daysto Days to Daysto | Daysto
height [ leafarea bud FBE sepal cup
(cm) (cm?) sprout reflexs | shape

T1 68.97 [27.12 6.65 35.15 57.97 64.27

T2 66.87 [25.27 7.62 3610 | 58.77 64.82

LE] 63.72 22.87 7.97 37.02 60.07 68.00

Ta 62.57 19.27 7.00 38.72 60.67 69.05

Ts 60.70 15.67 10.12 4150 | 62.62 70.85

S.Em. 0.81 3.32 0.24 0.55 0.6 0.64

C.D.at5 % 2.36 4.50 0.72 1.61 1.77 1.88

T, (Bendingat 30° angle), T, (Bending at 45° angle), T3 (Bending
at60°angle), T, (Bendingat 75° angle), Ts (Bending at 90° angle)

Table 2: Effect of shoot bending angles on flower quality
parameters like (length and diameter of flower bud, flower
diameter atharvestand shootlength of flower)
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Treatments Length of flower | Diameter of Flower diameter | Shoot length of
bud (cm) flower bud (cm) | atharvest (cm) | Hower (cm)

T: 2.77 2.02 470 40.97

Tz 2.57 1.85 4.50 39.05

Ts 2.30 1.70 440 36.22

Ta 2.22 1.62 3.82 34.82

Ts 2.05 1.57 3.65 33.57

S.Em. t 0.10 0.05 0.08 0.57
CD.at5% 0.30 0.17 0.24 1.68

T, (Bendingat 30°angle), T, (Bending at 45° angle), T3 (Bending
at60°angle), T, (Bendingat 75° angle), Ts (Bending at 90° angle)

Table 3: Effect of shoot bending angles on flower quality
parameters like (flower stalk length and diameter and
weight of individual flower)

Weight of
Treatments Stalk length (cm) | SPIdlameter | idual flower
(cm) @®

T 30.12 0.62 19.07

T2 29.75 057 17.70

Ts 26.62 0.55 16.62

Ts 24.52 042 14.05

Ts 2335 042 1192

SEm. + 05 0.04 0.54

CD.at5% 147 0.13 159

T, (Bendingat 30°angle), T, (Bending at 45° angle), T3 (Bending
at60°angle), T, (Bendingat 75° angle), Ts (Bending at 90° angle)

Table 4: Effect of shoot bending angles on flower quality
parameters like (self-life and vase life) and chlorophyll
contentinleaves.

Chlorophyll
Treatments Self-life (days) Vase life (days) content in leaf
(mg/g)
T1 6.51 6.42 227
T2 5.86 5.90 2.84
T3 3.84 494 2.96
T4 3.69 4.89 2.82
TS 3.66 4.55 2.52
S.Em. 0.22 0.28 0.10
CD.at5% 0.64 0.83 031

T, (Bendingat 30° angle), T, (Bending at 45° angle), T3 (Bending
at60°angle), T, (Bendingat 75° angle), Ts (Bending at 90° angle)
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