Effect of indole-3-butyric acid (IBA) on Performance of
Mulberry (Morus alba L.) Saplings: A Review

ABSTRACT

The Mulberry (Morus sp.), is the food for silkworm and is of great importance to sericulture industry. It
can be propagated by seeds, cuttings, budding and grafting. Propagation by cuttings has distinct
advantages over the other methods due to high survival rate and quick establishment. By considering the
importance of indole-3-butyric acid (IBA) in mulberry establishment, a review article has been
formulated consisting of effect of IBA application on mulberry shoot and root parameters. The review of
literature found that, the amount of use of IBA is considered as important by most of the researchers
considering its role in root formation, increasing the root number and helps in mobilization of
carbohydrates for root growth. Being an important crop for sericulture, the IBA application has significant
economic impacts. This can be seen from increase in survival rate, number of leaves, length of shoot and
rooting percentage of mulberry saplings.
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1. INTRODUCTION

Sericulture has been practiced in India from very ancient time. It is labour oriented commercial activity,
which provides high employment and good returns. According to International Sericultural Commission
(ISC), India ranks second in.silk production and the production of silk in 2021 is 34,903 MT. As a
dynamic small-scale industry the employment potentiality of the sericulture industry is extensive. It helps
to provide not only periodic return within a short period of time, but also guarantees potential
employment opportunities to.the sericulture family around the year. It is one of the stable enterprises
which provide: a continuous flow of returns in the southern states of India like Karnataka, Andhra
Pradesh, Tamil Nadu, Kerala and Maharashtra throughout the year. Mulberry nursery management has
gained ‘the position of a .commercial venture with its short gestation period and low investment. Few
entrepreneurs have made it as a year-round activity with established supply chain across the Southern
states [37].

“Mulberry (Morus alba L.), cultivated as a fast growing shrub or moderate-sized tree which belongs to
Moraceae family. It is considered as the main food for silkworm (Bombyx mori). Mulberry is a multi-
purpose plant, used in preparation of various products in pharmaceutical, food, cosmetic and health care
industries. As it can thrive well under diversified environmental conditions, most suitable for sustainable
development. Versatile role of mulberry has made it possible to disseminate all over the world as an
economic commercial plant” [38].



“Propagation is a common practice employed in all plants in order to obtain healthy and resistant plants.
Different modes of propagation of mulberry are important to cultivate in large scale. Usually seeds,
cutting, budding and grafting propagation methods are used in mulberry (Morus sp.). Rooting of the
cutting is one of the possible techniques for vegetative propagation and it is observed that cuttings play a
crucial role in the rooting of important species of some fruit species and clonal rootstocks. Propagation of
mulberry from semi hard wood cuttings has distinct advantages over the direct plantation of cuttings,
majorly higher survival rate due to already developed root system. Saplings enable quick establishment
and vigorous growth. Realizing the importance of the initial establishment of garden by_using saplings,
farmers are preferring saplings for the establishment of the mulberry garden” [39].

“Endogenous and exogenous factors such as genotype, timing, cutting types, rooting environment and the
age of the parent material from which cuttings were obtained influence the growth. of the saplings.
Application of exogenous plant growth promoting substances recommended for promoting adventitious
roots in stem-cutting propagation for overcoming these problems is an alternative™ [1]. “Generally, auxin
and auxin like compounds are used to induce root formation, increase the root number and root length.
Auxins are synthesized by Indole-3pyruvic acid (IPA) pathway by using the precursor tryptophan. Plants
largely produce auxin in shoot tips and translocate to roots. Auxins, mainly:used to induce the apical
dominance, fruit development and lateral root formation. Generally, auxin and auxin like compounds are
used to induce root formation, increase the root number and. root. length™ [2]. Treatment of auxins to
cuttings causes physiological changes during the adventitious root formation which helps in mobilization
of carbohydrates from leaves and upper stem, and accelerates their transport to the rooting zone. Among
auxin compounds, indole-3-butyric acid (IBA) is the most widely used root promoting chemical in the
nursery trade, because it is non toxic over.a wide range of concentrations. By considering the importance
of IBA on growth of mulberry saplings, the present review has been formulated with the objective to
study the impact of IBA application on mulberry shoot and root growth.

2. REVIEW OF SOME KEY RESULTS OF EARLIER REPORTED RESEARCH WORKS
2.1. Impact of IBA application on Mulberry

Rooting of cuttings_is influenced by a number of external and internal factors and the rooting response
also varies with variety, planting season and the nature and concentration of harmones present in cuttings
[3]. Application of growth regulators on cuttings was superior to the grafting process and was most
economical for large scale multiplication of mulberry plant [4]. Leopold [5] stated that “auxins and their
compounds are used for rooting of cuttings but the most commonly used is IBA. The success of this
compound is due to its low auxin activity and its slow degradation by auxin destroying enzymes”.
“Auxins regulate various aspects of plant growth and development by affecting numerous processes
including cell division, cell enlargement and differentiation” [6]. According to Mitra and Bose [7],
“application of auxin has been found to enhance the histological features like formation of callus and
tissue and differentiation of vascular tissue in Boerhavia diffusa L”. Skoog [8] found that “auxin moves
upward in the xylem with the transpiration stream, then moves laterally into the surrounding tissues, and
then is re- exported by normal polar basipetal transport. The downward movement appeared to consist of
cell-to-cell movement in non-vascular tissues (at a faster rate) and in the phloem”. Nanda et al. [9] have
reported that high rooting success of IBA treated cuttings might be attributed to the fact that auxin
induces hydrolysis and mobilization of nutritional factors to the site of application thereby promoting root



initiation in stem cuttings. Auxin results in the breakdown of starch into soluble sugars bulk of which was
used in rooting process. “Auxins helps in mobilization of carbohydrates in leaves and upper stem, and
accelerates their transport to the rooting zone. The oxidative enzymes, widely distributed in higher plants,
have special significance during the rooting. Changes in the pattern of IAA oxidase and peroxidase (POX)
activities have been proposed as being the biochemical markers for the successive rooting phases” [10].
Husen [11] identified that “application of auxin to cuttings of Grewia optiva causes metabolic changes
during the adventitious root formation, which consists of three successive but independent phases, namely
induction, initiation and expression. The induction phase comprises of molecular and biochemical events
without visible changes, the initiation phase is characterized by cell division and root primordia
organization and the expression phase denotes the intra-stem growth of root primordia and the emergence
of roots. Since rooting is a high-energy-demanding process, rooting ability of cuttings has been frequently
discussed in relation to soluble and storage carbohydrate contents”. Torrey [12] found that the hormone
present in rooting part stimulates root initiation and translocates these harmones via the xylem sap and
probably on occasions via the phloem to other part.

According to Aminah et al. [13] “application of auxin (IBA) significantly increased the rate of root
emergence in single node leafy stem cuttings of Shorea leprosula: The IBA can break down and
decompose quickly to a low concentration which is appropriate to change the root meristem to root”.
Ahkami et al. [14] have proposed that “auxin may enhance auxin concentration in the rooting zone to
much higher levels so that the balance between responses at sink-establishment level (modifying the
carbohydrate influx) versus root-development level (modifying the carbohydrate utilization) differs.
However, enhanced sugar level in the rooting zone of cuttings caused by auxin treatment may be
attributed to increase in starch hydrolysis or increased sugar transport towards the rooting zone”. Johnson
and Bonner [15] described “the uptake of auxins by plant tissue consisting of three separable processes.
The first, completed in 20 to 30 minutes, resembles diffusion into the tissue in the sense that auxins taken
up by this process are readily leached to the outside solution. The second, also a rapid process, resembles
a binding, since the bound auxin can be removed by exchange for unlabeled auxin. The third is a
continuous absorption, maintained at a steady rate for several hours. They also determined auxins could
be accumulated by the tissue to a concentration higher than the external concentration and the rate of
continuous uptake was inhibited by low temperature and metabolic inhibitors”. According to Das et al.
[16] “auxins promote starch hydrolysis and mobilize sugars and nutrients to the cutting base for the
regeneration of roots. This root primordia act as a metabolic sink, drawing on the nutritional reserves of
the cutting for their growth and development”. Gyana [17] stated that “adventitious roots of Camellia
sinensis.were. obtained in three distinct phases i.e., induction (0-12 days), initiation (12-14 days) and
expression (14-18 days). IAA-oxidase activity of IBA treated cuttings increased slightly as compared to
control.. The activity was found to decrease during induction and initiation phases and increase during
expression phase. The peroxidase activity in IBA-treated cuttings increased up to initiation phase and
declined at the expression phase. Polyphenoloxidase activity was found to increase both in IBA-treated
and control cuttings during induction and initiation phase but declined slowly during expression phase.
Total phenolic content was higher in IBA-treated cuttings, particularly in initiation and expression phases
and it also correlated with peroxidase activity. Phenolics might be playing key role for induction of
adventitious rooting and phenolic compounds can be used as rooting enhancers in tea”. Thimann and
Koepfli [18] summarized that, “the polar transport of auxin occurs primarily in a basipetal direction, with
the shoot apices serving as the primary source of endogenous auxin for the entire plant. Polar transport



contributes to the creation of an auxin gradient from the shoot to the root, with the auxin gradient
affecting various physiological processes”.

2.2 Effect of IBA on shoot outgrowth

Singh et al. [19] treated “stem cuttings of Morus alba with 1000, 1500 and 2000 ppm of IBA and NAA
solutions by quick dip method. Among all the treatments, number of sprouted cuttings, length of the
roots/cutting, percentage of rooted cutting, length of longest sprout of roots were higher in cuttings treated
with IBA (2000 mg/l)”. Boschini and Rodriguez [20] examined that the use of IBA (4000 ppm) caused an
11 to 15% increase in total sprouting of mulberry cuttings because of early completion.of physiological
process involved in rooting and sprouting of cuttings. Ismail and Asghar [21] conducted “an
experiment to study the effect of different concentrations of IBA on cuttings.of Ficus hawaii that were
treated with 1000, 2000, 3000, 4000, 5000 ppm and O ppm (control).“The results showed that the
treatment of IBA produced significant variation. Maximum sprouting (43.7%) leaves per plant (63), plant
height (37.46cm), shoots per plant (13), leaf area (19.33 cm?) and. shoot. thickness (0.57 cm), were
recorded in cuttings treated with 4000 ppm IBA”. Barde et al. [22] treated “cuttings of pomegranate with
IBA at 2000 ppm which resulted in maximum number of shoots per cutting (2.80), number of leaves per
cutting (38), dry matter percentage of leaves (46.7 %) and number of.roots per cutting (10.83)”.
According to Pallavi et al. [23] higher level of survival percentage.of mulberry saplings is due to better
development of root and shoot system of mulberry saplings in IBA (2000 ppm) treated cuttings. Singh
and Singh [24] stated that “appropriate planting time, application of IBA as well as genetic makeup of
genotype might have played some role in augmenting the number of leaves per sapling in mulberry”.
Neelima et al. [25] conducted “an experiment consisting of four different concentrations of IBA (500,
1000, 1500 and 2000 ppm) each along with. control (Distilled water treatment) were treated for root
initiation in cuttings of jasmine. The results revealed that growth regulator IBA had significant effect on
survival and rooting performance of jasmine. The maximum survival percentage (88.33%) of rooted
cuttings, less days to sprouting per cuttings (8.25), maximum number of buds per cutting (2.75), number
of leaves per rooted cutting (10.58) and length of shoot per rooted cutting (3.30 cm) were recorded
maximum with treatment of IBA at 1500 ppm. While the maximum number of main roots per rooted
cutting (9.33) and.length of root per rooted cutting (5.10 cm) was also recorded in cuttings treated with
1500 ppm of IBA”,

2.3 Effect of IBAon root growth

Auxins and.its components gave better results for rooting, among which IBA was highly effective for
rooting.of the cuttings and this exogenously applied IBA is slowly destroyed by auxin destroying enzyme
system thereby available to plant for a longer period of time [26]. Chadwick and Kiplinger [27]
demonstrated that “depending upon species, auxin treatment could enhance rooting percentage and
quality of the root system. Plants normally propagated by softwood cuttings rooted in less time compared
to non treated cuttings”. Chaithanya et al. [28] conducted “an experiment to find out the effect of IBA
(auxin) concentration and size of cuttings on rooting and per cent establishment of Jasminum sambac
stem cuttings. Three node cuttings treated with IBA at 2000 ppm exhibited significant increase in rooting
percentage, root length, root number, root fresh weight, maximum sprout diameter, fresh and dry weight
of rooted cuttings. Whereas four node cuttings treated with 2000 ppm of IBA and three node cuttings
treated with 3000 ppm of IBA have obtained more number of sprouts and maximum number of leaves per



cutting. Among all the treatment combinations, three node cuttings treated with IBA @ 2000 ppm has
shown best results”. Singh et al. [29] reported that “cuttings treated with 5000 ppm of IBA planted in
August, performed the best in all aspects, rooting percentage, number of primary roots, secondary roots,
length of longest root, fresh and dry weight of root of mulberry saplings”. Fotader et al. [30] screened
“six promising mulberry varieties for rooting and induction of rooting in hardwood cuttings using three
growth regulators, viz. indole butyric acid (IBA), indole acetic acid (IAA) and naphthalene acetic acid
(NAA), in two concentrations (50 and 100 ppm)”. Among them, Chinese white showed the highest
rooting percentage due to its good rootability and short gestation period. It was also found to be the most
suited variety for temperate conditions. IBA at 100 ppm proved to be an effective treatment for inducing
rooting in mulberry varieties which otherwise were having pre-potency for rooting. The varieties which
have less pre-potency showed less expression on rooting even with the use of any of the growth
regulators. Singh and Singh [24] examined that “IBA at 4000 ppm showed highest percentage of rooting,
number of primary roots, length of longest primary root in bougainvillea cuttings. IBA translocates poorly
and remains near the site of application, and so it was found to be one of the best rooting stimulator”.
Hartmann et al. [31] stated that “IBA induces basipetal transport of assimilates, with sink strength
successively enhanced by increased IBA concentration. This process may. account for the increase in
number of roots per rooted cutting with increasing IBA concentration”.

“The difference among various concentrations of IBA could be related to such factors as higher stability
and slow rate of conjugation, so that higher IBA congcentration is required to induce more rooting and this
will be available over a longer period of time™ [32]. According to Husen and Pal [33] “higher
concentration of IBA (3000 ppm) resulting in maximum rooting percentage (87 %) in Tectona grandis.
He also observed that in IBA treated cuttings, enzyme IAA-oxidase and peroxidase (POX) help in auxin
catabolism and in triggering the root initiation processes. The former is basically having a role in
triggering and initiating the root primordium, while the latter in both the initiation and elongation
processes”. Polat [34] evaluated indole butyric acid (IBA) effect on rooting of four local cultivars of
mulberry Morus spp. cvs. Beyrudi, Hatuni, Sami and Yabani. Cuttings of 20-25 cm in length during the
dormant period from one-year-old shoots. Basal sections (1-2 cm) of the cuttings were treated with various
concentrations of IBA solution for 10 seconds before planting. After three months of planting, rooting
percentage, root number per- cutting, average root length (cm) were determined. Most favorable rooting
results were obtained from cuttings treated with 5000 ppm IBA. Highest rooting, 31.7%, was obtained with
5000 mgL™ IBA in ‘Beyrudi’. Kalyoncu et al. [35] studied the effect of Indol-3-butyric acid (IBA) on
softwood<top_cuttings.of two black mulberry and one white mulberry types. The highest rooting
percentage was determined in (black mulberry) with 2000 and 3000 ppm IBA doses application (100%).
Chumpookam et al. [36] observed the effect of IBA and NAA on rooting and axillary shoot outgrowth of
‘Chiangmai 60’ mulberry (Morus alba L.) stem cutting. They found that the stem cutting which was
treated with IBA and NAA did not show significant increase in rooting percentage but 1000 ppm of IBA
was optimum for the growth of ‘Chiangmai 60’ mulberry propagated by stem cutting.

3. CONCLUSION

To overcome the shortage of propagation material of mulberry cuttings due to climate change and
outbreak of pest and diseases, it is necessary to treat the mulberry cuttings with optimum concentration of
indole-3-butyric acid (IBA). As treated saplings showed highest rooting percentage, survival rate, number
of leaves and they also induce the biochemical changes in cuttings which is required for root formation.



Hence, by using IBA on mulberry cuttings the production of saplings on a large scale can be more
economical and taken up as one of the income generating activities.
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