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Abstract | Litchi (Litchi chinensis) is mostly propagated through air layering which is cumbersome because
of low survival rate of layered plants, more requirement of mother stock and labor intensive method. To
address these issues an alternative technique has been employed for quick multiplication of litchi. In the
present study we have investigated the influence of various levels of Indole Butyric Acid (IBA) on four Litchi
cultivars (Gola, Surahi, China and Bedana) for root induction, its development and success rate of survival
in hardwood cuttings. Six treatments of IBA (1000, 2000, 3000, 4000, 5000, 6000ppm) and one with control
(without IBA) were applied at base of hardwood cuttings (6mm) of different litchi cultivars. Statistically
analyzed data showed that root induction, root growth and survival of rooted cuttings was significantly
influenced by IBA concentrations, litchi cultivars and their interaction at p<0.01. The interaction of 5000ppm
IBA with “Gola” was found appropriate for development of heavier (10.2+0.57gm), longer (27cm) and more
number of roots (6.4+0.81) compared to all other cultivars. Moreover, considerable difference was observed
for root ability among all litchi cultivars tested as “Gola” produced maximum, longer and heavier roots with
less mortality rate compared to all other cultivars.
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Introduction

Litchi from the family of sapindaceae, moderately
vigorous, evergreen sub-tropical tree. It is highly
nutritive, delicious, juicy fruit which is mostly taken
as a fresh fruit, can be utilized in pickles, squashes and
also as litchi nuts (Ali ez /., 20165 Arora et al., 2017).
'The fresh fruit of litchi is commercially important and

known as a crop having high export potential globally.
Owing to its popularity as an exotic fruit, the demand
for its planting material is increasing tremendously
which require expansion of its area under cultivation

(Chawla and Mehta, 2015).

Clonal propagation of litchi is mostly carried out
through air layering or marcotting (Verma ez al,
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2015). However, the main obstruction is associated
with this propagation method which is varying degree
of success of air layering, which results in the extreme
mortality rate of the air layers when they are separated
from the mother plant and develop their own root
system in nursery. Moreover, air layering is laborious,
expensive and wounded area of mother plant may
provide a way to pathogens for causing infections
(Zaccaro et al.,2011). Thus, it limits the availability of
propagules of elite genotypes of litchi (Sharma ez a/.,
1990). Propagation by taking small cuttings of stem is
economical and productive technique which provides
most satisfactory means of quickly multiplying new
and true to type cultivars (Henrique ez o/, 2006).
The root formulation is one of the critical factors in
clonal propagation wia stem cuttings (Muhamed and
Dawod, 2017) and the rooting ability of cuttings of
stems are different depends on the plant species and
cutting types (Hartmann ez a/., 2002a).

Exogenous application of synthetic and natural
auxins aid in adventitious root development from
stem cuttings in many tree species (Henrique ez a/,
2006).Indole Butyric Acid (IBA) is a root stimulating
hormone which is harmless to plant cells due to its
extensive range than IAA and NAA (Hartmann ez a/.,
2002b).The role of IBA in root initiation of hardwood
cuttings is well reported in Olive (Khajehpour ez a/.,
2014), Pear (Jana ez al., 2015; Negi and Upadhyay,
2016) and Cherry (Hassanpour and Shiri, 2014).
However, propagation of litchi by air layering have
been reported (Das and Prasad, 2014; Chawla and
Mehta, 2015; Verma ez al., 2015) but not through
hardwood cuttings at the moment.

Earlier investigators have correlated the survival
percentage of some species with the accumulation of
starchin the hardwood cuttings.More starch quantityin
cuttings will produce high energy for developing roots
and therefore better survival percentage (Muhamed
and Dawod, 2017). Hartmann ez 2/. (2002) mentioned
the vital elements required for the initiation of roots
in stem cuttings are the diameter of cutting and its
response to auxin. Keeping in view the importance of
hardwood cuttings as a propagating mean, role of auxin
and cutting diameter in root formulation of woody
crops; present study was intended to examine the
impact of exogenous implication of IBA on different
litchi cultivars and their interaction on rooting ability
and success percentage of rooted cuttings in litchi a
difficult to root crop.

Materials and Methods

The experiment was conducted at Horticultural
Research Institute (HRI), National Agricultural
research Centre (NARC), Islamabad (Longitude
73.08° and latitude 33.42°) Pakistan. Healthy
hardwood stem cuttings of four different litchi
cultivars i.e., Gola, Surahi, China and Bedana, 17
cm long and 6mm in diameter, with 4-5 nodes and
2-3 green mature leaves were selected in the month
of October. To induce rooting, stem cuttings were
wounded by partial removal of bark slit at the base
of cuttings to expose the cambium to IBA (Ali ¢z a/,
2016). Six different concentrations of IBA (1000,
2000, 3000, 4000, 5000, 6000 ppm) including control
were prepared by mixing the IBA with talc powder and
base of the hardwood cuttings were inserted in raised
benches under lath house conditions containing sand
after dipping in this mixture. Stem cuttings with 6cm
space and 11cm within rows were planted in rooting
medium of 18cm in depth under mist condition and
the temperature was maintained at about 25+1°C.
After root induction, rooted cuttings were shifted in
media containing equal ratio of soil, sand and Farm

Yard Manure.

Rooting competence for each treatmentincluding IBA
application and cutting diameter were considered for
measurements after 90 days of growth and standard
procedure was followed for data recording on root
characteristics (Hartmann e7 a/., 2002). Stem cuttings
were visually observed for data collection and rooting
percentage (Number of cuttings produced roots/
total number of cuttings planted x 100), root length
(cm), number of roots/cutting, root weight (gm), root
diameter (mm) and establishment of rooted cuttings
(Number of rooted cuttings survived/total number of
rooted cuttings plantedx100) were considered under
studied parameters. The experiment was conducted
in Complete Randomized Design (CRD) and each
treatment consisted of four replications and ten
hardwood cuttings were accounted for each replicate.
Data was analyzed through two-way Analysis of
Variance (ANOVA) and treatment means were
differentiated using Least Significance Difference

(LSD) Test (p=1%) level (Steel ez al., 1997).

Results and Discussion

Hardwood stem cuttings of litchi were significantly
influenced by different concentrations of IBA,
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litchi cultivars and their interaction with regard to
percentage of rooting (%), root length (¢cm), number
of roots per cutting, root weight (gm), root diameter
(mm)and establishment (%) at p<0.01 (Figure 1).
Litchi is difficult to root crop, callus formation was
observed after 8-10 weeks of plantation followed
by root initiation within 6-8 weeks and buds
started to grow 3-4 weeks after root initiation.
Significant interaction between 5000 ppm IBA and
‘Gola’ cultivar was observed for rooting percentage
(60£0.81%), number of roots/cutting (6.4+0.81)
and root weight (10.2+0.57gm) (Figure 2). IBA at
4000 and 5000 ppm was at par with each other for
‘Gola’ cultivar with mean root length giving 27.07cm
and 27cm. On the other hand, 6000 ppm produced
roots of 2.5+0.12 mm diameter on same cultivar. In
addition, maximum rooted cuttings were established
(89.2+1.2) at 5000ppm of IBA of 6mm stem cuttings.
However, short (2.25+0.64cm), lighter (0.8+0.97gm),
and less number of roots (1.1+0.81) was observed in
‘China’ cultivar at control, among all tested cultivars.
'The rooting percentage was at par with each other for
all cultivars i.e., China, Bedana, Surahi and Gola at
control.
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Figure 1: Interaction of different concentrations of IBA and litchi
cultivars on (a) rooting percentage, (b) root length (cm), (c) number
of roots/cutting, (d) root weight (gm), (e) root diameter (mm) and (f)
survival (%) of litchi cuttings. Bars denotes the SE.

Applications of IBA on ‘Gola” stem cuttings gave
significantly higher percentage of rooting from
15+0.81to 60+0.81% with the increase of IBA conc.

(from 1000-5000 ppm), compared to ‘China’ at the
same concentrations (10+0.4 to 35+0.81%).1In general,
rooting percentage, survival rate, root number, length
and weight were considerably improved by increasing
the concentration of IBA up to 5000 ppm and then
decreased by additional IBA concentration. All roots
observed were of cream color.

Figure 2: Remarkable interaction of 5000 ppm IBA with ‘Gola’
hardwood stem cutting for maximum, len gthy and heavier roots.

Clonal propagation of fruit crops through stem
cutting is an easy, cost effective and reliable method
of multiplication of progenies which truly resembles
to their parent plant maintaining all characters and
qualities (Villa e @/, 2016). The root formation/
growth procedure in stem cuttings of hardy crops
is complicated which is regulated by various central
aspects such as, rooting cofactors, endogenous auxin
amount, carbohydrate and nitrates stored in cuttings;
these elements interact with each other to promote
rooting capacity in woody crops (Owais, 2010).
Hence, it is imperative to study the impact of varied
auxin levels for initiation and formation of roots in
woody crops.

IBA as a root stimulating hormone is being used for
induction of adventitious roots in hardwood cuttings
of many fruit crops globally (Khajehpour ez a/.,2014).
In our study, exogenous supplication of IBA on
cuttings of stem considerably improved the rooting
traits (rooting percentage, root number/cutting,
root length, weight and establishment percentage of
rooted cuttings) as compared to control. Application
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of IBA may have an indirect impact by accelerating
the translocation rate and carbohydrate mechanism
to the rooting portion of cuttings and consequently
resulting in root formation (Aminah ez a/, 1995).
This could also be attributed to peroxidase activity
and total phenolic contents which are more in IBA-
treated cuttings, principally during the expression and
initiation phases of rooting (Ouyang ¢ 4/.,2015).It has
been confirmed by previous researchers that auxin is
not only necessary for adventitious root development
on hardwood cuttings (Owais, 2010) but also been
found to proliferate roots in stem cuttings of different
species (Tchoundjeu ez a/., 2004). Similar results were
demonstrated by earlier investigators who recorded
maximum rooting percentage in woody plants such
as, pomegranate (Melgarejo ez al., 2008), Warburgia
ugandensis pepper bark tree (Akwatulira ez a/., 2011),
Shorea parvifolia and Shorea macroptera endemic tree
spp. (Aminah ez a/., 2006) with application of IBA on

stem cuttings.

A linear relationship between rooting response
(rooting percentage, root number/cutting, root
length, weight and establishment percentage of
rooted cuttings) and litchi cultivars was observed
for rooted cuttings up to 5000 ppm and after that it
started to decline. Application of optimum hormonal
concentration is vital for successful rooting of stem
cuttings as demonstrated by Leakey (1983). Our
findings are concordant with the results of Bhatt and
Tomar (2010) who testified that root development is
affected by dose of IBA and will formulate profusely
at optimal dose in Kaghzi lime cuttings. The drop in
rooting percentage with increased IBA concentrations
is a positive signal that certain hormonal levels
are preventing root initiation, as documented in
many species of trees (Leakey ez a/, 1990). Earlier
investigators also reported the sensitivity of growth
hormones towards root formulation as increased level
of auxin above optimum inhibits root development in
Centaurea tchibatcheffii Knapweeds (Ozel ez a/., 2006)
and in Pongamia pinnata Pongam (Kesari ez a/.,2009).

Genotype variation in rooting success was observed
among all tested cultivars of litchi. In our experiment,
IBA stimulated root development in all cultivars;
however, ‘Gola’ stem cuttings produced well profuse,
lengthy and heavy roots with maximum survival than
the ‘China’ cultivar. Our results are in consistent with
the Collins e a/. (2000) consequences who found
discrepancy in rooting percentage (from 25 to 88.9%)

among 15 genotypes of S. austro caledonicum stem
cuttings. Similarly, genotype differences in semi hard
wood cuttings performance were reported across a
wide range of hard to root species including Camellia
sinensis (Lima ez al.,2013), Corylus avellana (Contessa
et al., 2012), Colutea istria (de Andres ez al., 2005),
Leucaena species (Shi and Brewbaker, 2006), hybrid
Populus (Stenvall ez al., 2004), Tectona grandis (Husen,
2013), Pinus species (Shepherd ez a/., 2005), and
different species of Eucalyptus (Brondani ez a/., 2014).

Conclusions and Recommendations

The propagation of litchi through stem cuttings is
advantageous over air layering because it provides
easy, cost effective, less laborious and quick way of
multiplication of elite genotypes, maintaining the
characters and qualities of parental material. Our
results clearly reveal that application of IBA to the
base of cuttings is imperative to trigger roots in
hardwood cuttings of “difficult to root fruit crops”
with maximum survival rate. The interaction of litchi
cultivars and IBA level was interesting to observe that
‘Gola produced maximum, heavier and multiple roots
in combination with 5000 ppm IBA. Additionally,
‘Gola’ cultivar responded better for development of
healthy, prolonged and well profuse roots than that of
‘China’'where mortality rate of cutting was more when
compared. The outcomes of this investigation are
expected to pave the way for mass scale propagation
of litchi through stem cuttings with least mortality
rate of rooted cuttings.
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