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Abstract

The present experiment entitiled “Effect of growth regulators on air layering in Litchi (Litchi chinensis)
under agroclimatic conditions of Prayagraj”, was conducted at Department of Horticulture, Naini
Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences,
Prayagraj. Prayagraj during the session 2024-2025. The experiment was laid out in randomized block
design with three replications, and the study consists of 9 treatment combinations as follow control,
IBA (2000ppm), IBA (2500ppm), NAA (2000ppm), NAA (2500ppm), IBA (2000ppm) +NAA
(2000ppm), IBA (2000ppm) + NAA (2500ppm), IBA (2500ppm) +NAA (2000ppm), IBA (2500ppm)
+NAA (2500ppm). The parameters observed includes days to root initiation, root length, rooting
percentage, number of roots per layer, fresh and dry root weight, shoot length, number of leaves, and
survival percentage of layered plants. The results revealed that the treatment Ts combined application of
IBA @ 2500 ppm + NAA @ 2500 ppm significantly outperformed all other treatments across most
parameters. This treatment recorded the earliest root initiation (26.75 days), highest root length (10.70
cm), maximum rooting percentage (89.5%), and the highest number of roots (28.5), highest fresh
weight (8.67 g) and dry root weight (1.065 g). Furthermore, it also produced the tallest shoots (45.15
cm) and highest number of leaves (41), with a maximum survival percentage of 86.19%. The study
confirms that the synergistic effect of IBA and NAA at higher concentrations considerably enhances
rooting and overall success of air layering in litchi. The findings suggest that this method can be
effectively used by growers to improve propagation efficiency and productivity of litchi under the
agroclimatic conditions of Prayagraj.

Keywords: Air layering, growth regulators, Indole-3-Butyric Acid (IBA), Naphthalene Acetic Acid
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Introduction

Litchi (Litchi chinensis Sonn.), a subtropical evergreen fruit crop belonging to the family
Sapindaceae, is known for its juicy aril, attractive red pericarp, and high nutritional content.
India is the second-largest producer after China, with Bihar as the leading state contributing
over 70% of national production. Popular cultivars include Shahi, China, Bombai, Purbi, and
Bedana. Despite its demand and commercial value, litchi cultivation faces challenges such as
a short shelf life, fruit cracking, and propagation difficulties. Seed propagation is discouraged
due to heterozygosity and variability in fruit quality. Hence, vegetative methods like air
layering are preferred, with air layering being the most widely adopted due to its simplicity
and cost-effectiveness. However, success remains limited because litchi air layers often
produce thick and brittle roots that struggle to establish in the nursery and field.

The use of plant growth regulators (PGRs), particularly auxins like Indole-3-butyric acid
(IBA) and Naphthalene acetic acid (NAA), play a vital role in enhancing root initiation and
survival in air layering. Earlier studies have demonstrated the effectiveness of auxins in
improving rooting percentage, root number, and plant vigour. Research across crops has also
highlighted IBA’s superior role in rooting. Erturk reported 65% rooting success in kiwi stem
cuttings at 4000 ppm IBA, while Abbas showed that NAA (3000 ppm) and IBA (2500 ppm)
significantly improved rooting, sprouting, and survival in litchi. Similarly, found better
rooting and higher survival in litchi layers treated with IBA at 3000 ppm. Environmental
factors such as season, humidity, and media also influence success. Studies suggest that
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layering during May-July enhances rooting due to active
physiological processes (Rani and Ahmad, 2012) 61, Yadav
et al. (2020) 32 demonstrated that combining IBA with
sphagnum moss and polyethylene wrapping improved
results. Further emphasized the benefits of higher auxin
concentrations in increasing shoot length, leaf number, and
root quality. However, localized research under specific
agroclimatic conditions is essential to optimize their
application. Therefore, this study aimed to evaluate the
effect of IBA and NAA on air layering of litchi under
Prayagraj conditions.

Materials and Methods

The investigation entitled “Effect of growth regulators on air
layering in Litchi (Litchi chinensis) under agroclimatic
conditions of Prayagraj” was conducted during July—
September 2024 at the Horticulture Research Farm,
Department of Horticulture, Sam Higginbottom University
of Agriculture, Technology and Sciences (SHUATS),
Prayagraj, Uttar Pradesh. The site falls under the subtropical
climate zone of southeast Uttar Pradesh, characterized by
hot summers (up to 49°C), cool winters (as low as 2-5°C),
and annual rainfall ranging from 850-1100 mm,
predominantly received between July and September.
Meteorological data for the experimental period were
recorded and presented to assess their influence on rooting
performance. The trial was laid out in a randomized block
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design (RBD) with nine treatments replicated thrice.
Treatments included: Control, IBA @ 2000 ppm, IBA @
2500 ppm, NAA @ 2000 ppm, NAA @ 2500 ppm, and
combinations of IBA + NAA at both concentrations.

Air layers were prepared on healthy litchi trees by girdling
and treating with respective PGR solutions before wrapping
with moist sphagnum moss. Data were collected on days to
root initiation, root length, rooting percentage, number of
roots per layer, fresh and dry root weight, shoot length,
number of leaves, and survival percentage. Statistical
analysis was performed using ANOVA at a 5% significance
level.

The experimental field had sandy loam soil with good
drainage and uniform fertility status. Soil samples collected
at 0-30 cm depth were analyzed for mechanical and
chemical properties. The soil was slightly acidic (pH 6.5)
with 0.34% organic carbon, 0.016% available nitrogen,
0.022% phosphorus, and 0.018% potassium, indicating
moderate fertility. The texture comprised 48% sand, 22%
silt, and 30% clay. Healthy, uniform litchi trees of bearing
age were selected for air layering. Girdling was done on
semi-hardwood branches of 1-1.5 cm diameter by removing
a ring of bark (2.5 cm wide). Growth regulator solutions
were prepared by dissolving analytical grade Indole-3-
butyric acid (IBA) and Naphthalene acetic acid (NAA) in
95% ethanol and diluting with distilled water to the desired
concentrations.

Table 1: Treatment details

Symbols Treatment Combination

To Control

Ti IBA (2000ppm)

T IBA (2500ppm)

T3 NAA (2000ppm)

T4 NAA (2500ppm)

Ts IBA (2000ppm) +NAA (2000ppm)
Ts IBA (2000ppm) + NAA (2500ppm)
Ty IBA (2500ppm) +NAA (2000ppm)
Ts IBA (2500ppm) +NAA (2500ppm)

Management Practices

Healthy and uniform litchi trees of bearing age were
selected for the experiment, and semi-hardwood shoots of
1.0-1.5 cm diameter were chosen for layering. Prior to the
study, light pruning was carried out to remove dried,
diseased, and crossing branches, ensuring proper sunlight
penetration and sap flow. A 2.5 cm ring of bark was
carefully removed from each selected shoot, and the
exposed girdled portion was cleaned and treated with the
respective growth regulator solutions. Fresh sphagnum moss
was sterilized by boiling, moistened with distilled water, and
used as the rooting medium. It was wrapped around the
treated portion and enclosed with transparent polyethylene
film, which was tightly sealed at both ends with jute twine
to conserve moisture.

Standard cultural practices were followed during the
experiment. The orchard was irrigated at regular intervals to
maintain adequate soil moisture, while overhead irrigation
near the layers was avoided to prevent waterlogging and
fungal attack. Nutrient management included the application
of well-decomposed farmyard manure (FYM) @ 20 kg per
tree, while no chemical fertilizers were used to avoid
interaction effects with the applied growth regulators.
Weeding was done manually at regular intervals to
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minimize competition. Preventive plant protection measures
were undertaken, where neem-based bio-pesticides were
used against leaf-eating caterpillars and fruit borers, while
prophylactic sprays of copper oxychloride (0.2%) were
applied at 15-day intervals to check fungal infections.

After 90 days, the rooted layers were detached and
transplanted into polythene bags containing a mixture of
soil, sand, and FYM in the ratio of 1:1:1. The newly
transplanted layers were kept under partial shade for
acclimatization and watered regularly to ensure better
survival and establishment.

Results and Discussion

The experiment on “Effect of growth regulators on air
layering in litchi (Litchi chinensis) under agroclimatic
conditions of Prayagraj” revealed significant differences
among treatments for all parameters studied. The combined
application of IBA and NAA at higher concentrations
consistently produced superior results compared to
individual treatments and the control.

Root Initiation

Root initiation was significantly influenced by the
application of growth regulators. The earliest root initiation
(26.75 days) was recorded in Ts (IBA 2500 ppm + NAA
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2500 ppm), whereas the maximum number of days (36.50)
was taken in the control. The rapid root initiation in auxin-
treated layers could be attributed to enhanced cell division
and activation of root primordia by auxins. These findings
are supported by Chawla et al. (2012) [, who reported that
IBA application at 5000 ppm significantly reduced days to
root initiation in litchi. Similarly, Das and Prasad (2014) ]
found that IBA treatments (3000-5000 ppm) induced faster
root initiation in cv. Purbi compared to untreated controls.

Root Length

Root length was also markedly affected by treatments.
Maximum root length (10.70 c¢m) was recorded in Tk,
followed by T (9.61 cm), while the minimum (6.11 cm)
was recorded in the control. The synergistic effect of IBA
and NAA may have enhanced root elongation by stimulating
cambial activity and mobilization of carbohydrates. Sarkar
et al. (2016) observed similar effects in guava air layers,
reporting that combined auxins enhanced root elongation
significantly. Rani and Srivastava also confirmed that the
combined application of NAA and IBA promoted greater
root elongation in pomegranate compared to individual
treatments.

Number of Roots per Layer

The number of roots per layer was significantly higher in
treated plants compared to control. Ts recorded the highest
number of roots (28.50), while the control had the least
(6.50). Among individual treatments, IBA 2500 ppm (T2)
performed better (24.50) than NAA alone. This confirms the
superiority of IBA in promoting root proliferation. Similar
findings were reported by Abbas who observed that IBA @
2500 ppm produced a greater number of roots and leaves
compared to untreated layers in litchi. Bharali and
Bhagawati also found that IBA @ 2500 ppm significantly
increased root number in citrus air layers.

Rooting Percentage

Maximum rooting percentage (89.50%) was recorded in Ts,
whereas the minimum (40.50%) was observed in the
control. The improved rooting percentage under combined
auxin treatments may be due to their complementary roles in
root initiation and elongation. Das et al. (2014) ! reported
similar results in litchi cv. Shahi, where IBA at 5000 ppm
with sphagnum moss achieved 86.8% rooting. Likewise,
Rymbai demonstrated that IBA at 3000 ppm significantly
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Fresh root weight

Fresh root weight was found to be highest (8.67 g) in Ts,
followed by T-, while the lowest (3.12 g) was recorded in
the control. The higher fresh root biomass under auxin
treatments may be attributed to enhanced cell expansion and
greater water and nutrient uptake by roots. These findings
agree with Das et al. (2014), who reported that IBA and
NAA significantly increased fresh root weight in litchi
layers.

Dry Root Weight

The maximum dry root weight (1.065 g) was observed in Ts,
whereas the control recorded the minimum (0.62 g). The
increased dry matter accumulation under auxin treatments
may be due to better root system development and higher
carbohydrate partitioning. Similar results were reported by
in litchi and by Bharali and Bhagawati in citrus, where
auxin-treated layers produced higher dry root weights
compared to untreated ones.

Shoot Length

Shoot growth showed considerable variation among
treatments. The longest shoots (45.15 cm) were recorded in
Ts, while the shortest (25.12 cm) were observed in the
control. Vigorous shoot growth under auxin treatments may
be due to improved root development, which ensured
efficient uptake of water and nutrients. Abbas et al. (2016)
reported that NAA significantly enhanced shoot length in
litchi layers, while Yadav et al. (2020) 32 found that IBA
combined with sphagnum moss promoted stronger
vegetative growth in litchi.

Number of Leaves

The maximum number of leaves (41) was observed in Ts,
followed by T, while the minimum (18) was recorded in the
control. Better root development under auxin treatments
supported stronger shoot growth and leaf production. Abbas
and Rymbai reported similar findings, where auxin-treated
litchi layers produced significantly more leaves compared to
untreated layers.

Survival Percentage

Survival of transplanted layers was highest in Ts (86.19%)
and lowest in the control (42.30%). Enhanced survival can
be attributed to a well-developed root system, ensuring
better water nutrient uptake. Kanwar also reported that IBA-

improved rooting percentage compared to untreated treated litchi layers showed better survival and faster
controls. establishment compared to untreated layers.
Symbol Days to Root | Root length | No. of roots Rooting Fre_sh root Dry root Shoot No. of | Survival
Initiation (cm) per layering| Percentage weight(g) weight(g) length leaves (%)
To 36.50 6.11 6.50 46.5 3.58 0.665 11.31 6.5 60.10
T 34.00 6.92 155 59.5 5.49 0.765 12.21 20.5 71.27
T2 32.75 6.36 24.5 735 6.14 0.865 12.55 31.25 74.60
Ts 31.75 6.95 8.50 51.5 5.34 0.735 12.95 9.5 69.40
Ta 30.75 7.64 10.50 65.5 5.71 0.815 13.27 18 72.83
Ts 29.75 7.92 18.50 66.5 6.82 0.895 13.72 24.5 78.20
Ts 28.75 8.58 20.50 69.5 7.49 0.935 135 29 80.30
T, 27.75 9.61 22.50 76.5 7.94 0.975 13.95 33 82.73
Ts 26.75 10.7 28.50 89.5 8.67 1.065 14.46 41 87.43
F-Test S S S S S S S S S
S.E.M () 0.62 0.18 0.19 0.14 0.04 0.46 0.01 0.36 0.03
C.D.
at5% 1.8 0.54 0.56 0.4 0.11 0.01 0.03 1.06 0.09
CV 3.99 4.7 2.03 0.41 1.19 1.01 0.12 3.07 0.07
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Conclusion

Based on the results of the present study, it is evident that
the treatment Ts combined application of IBA and NAA at
2500 ppm each was the most effective treatment across all
parameters—root initiation, root length, root number, root
weight (fresh and dry), survival, shoot length, and number
of leaves. The synergistic effect of these growth regulators
played a significant role in promoting faster rooting and
improved plant development in litchi air layering under the
agroclimatic conditions of Prayagraj. Control treatments

consistently

showed the lowest values across all

observations, validating the necessity of using plant growth
regulators IBA &NAA in litchi air layering.
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