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The present investigation was conducted during 2017-18 at Horticultural
Research Centre of Sardar Vallabhbhai Patel University of Agriculture and
Technology, Meerut (UP) — 250110. The experiment was laid out in
Factorial RBD with 4 replications in each treatment. Total eight treatments
including control i.e., Control (stem cuttings without wounding and without
bio-regulator treatments) T1, Stem cuttings with wounding (T2), Stem
cuttings + 2000 ppm IBA (T3), Stem cuttings + 4000 ppm IBA (T4), Stem
cuttings + 6000 ppm IBA (T5), Stem cuttings with wounding + 2000 ppm
IBA(T6), Stem cuttings with wounding + 4000 ppm IBA(T7) and Stem
cuttings with wounding + 6000 ppm IBA (T8). Out of these, the treatment
4000 ppm IBA + wounding significantly increased the maximum root
growth of stem cuttings in terms of number of root, root length, length of
longest root, root thickness and root dry weight of lemon (Citrus limon
Burm).

Introduction

Lemon (Citrus limon L.) is an important plant
of Citrus species belongs to the family
Rutaceae. It comes under the category of acid

fruits and used for culinary and nonculinary
purposes throughout the world. Lemon is an
important fruit crop of Tarai, and western
plain zone of Uttar Pradesh and valley areas of
hill region as well. Lemon has potential to
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bear in many flushes making it long lasting
crop having round the year availability of the
fruits and longer shelf-life. It has gained more
importance as kitchen garden fruit. Lemon is
used for the preparation of lemonade,
refreshing drinks and for a wide variety of
culinary preparations like pies, cakes, dishes
of vegetables, fish, meat and salad. It is
extensively used with tea in Russia. The
lemon oil is a stimulant and carminative when
given internally as medicine. Lemon juice
along with common salt is recommended as a
remedy for dysentery, dry bleach, putrid, sore
throat and for correcting foetid breath. Lemon
juice is widely used in the preparation of soft
drinks and possesses special dietic and
medicinal values, associated with its high
vitamin C content.

Lemon is usually propagated by seeds which
are commonly polyembryonic in nature,
resulting heterogeneous population and high
chance of viral disease contamination by this
method (Babu, 2001). Rooting of the cutting is
one of the possible techniques for vegetative
propagation and it was observed that cuttings
play important roles in the rooting of
important species of some fruit species and
colonal rootstocks. Cutting is considered an
alternative technique, providing genetic purity
and uniformity in planting material, especially
as plants with limited seed availability, such as
low seed producing cultivars, and recalcitrant
nature of seed. Furthermore, propagation
through stem cuttings is inexpensive, rapid
and simple technique as compared to other
vegetative methods. Use of plant growth
regulators and chemicals is a boon to
horticulture and is being used for various
purposes with an ultimate aim to increase
production. The auxin indole- butyric acid has
been identified as rooting hormones.
Exogenous application of IBA induces rooting
of stem cuttings. It promotes rooting as well as
number of roots. The stimulation of
adventitious root formation in stem cuttings

treated with auxin is well known (Blazich,
1988).

Materials and Methods

The present study was carried out at Sardar
Vallabhbhai Patel University of Agriculture
and Technology, Meerut, 250 110 (UP),
during 2017-18 to Study the Effect of bio-
regulator treatment, wounding and growing
media on root growth of stem cutting in lemon
(Citrus limon Burm.). The experiment was
laid out in Factorial RBD with 4 replications
in each treatment. There were 8 treatments
with 2 stem cuttings in each replication of all
16-treatment  combinations.  Total eight
treatments including control i.e., Control (stem
cuttings without wounding and without bio-
regulator treatments) T1, Stem cuttings with
wounding (T2), Stem cuttings + 2000 ppm
IBA (T3), Stem cuttings + 4000 ppm
IBA(T4), Stem cuttings + 6000 ppm IBA(T5),
Stem cuttings with wounding + 2000 ppm
IBA(T6), Stem cuttings with wounding +
4000 ppm IBA(T7) and Stem cuttings with
wounding + 6000 ppm IBA(T8). For obtaining
stem cuttings, 9-10month old shoots of Pant
Lemon-1 cultivar of lemon was selected for
conducting experiment. Two rooting media
were prepared and filled in polybags. About 1-
1.5 kg growing medium was filled in each
polybag. The details of growing media used
for the study are as follows: soil + sawdust +
vermi-compost @ 1:1:1 and soil + sawdust +
FYM @ 1:1:1. The propagation study was
carried out under net house in which there was
a provision of 50 percent shade. The stock
solution of 12000 ppm IBA (Indole Butyric
Acid) was prepared as per the procedure
described by Prakash (1984).The 18 cm long
and pencil thickness sized cuttings were made
and treated with prepared IBA solution
according to different doses of IBA.
Thereafter, cuttings were planted in poly-bags
and placed in shade net-house during third
week of July month. The various observations

2686



Int.J.Curr.Microbiol.App.Sci (2021) 10(02): 2685-2690

like Number of roots per cutting, Root length
of cutting, Length of longest root, Root
thickness of stem cutting and Dry weight of
root were recorded. The recorded data were
statistically analyzed by using Factorial RBD
as suggested by Panse and Sukhatme (1985).

Results and Discussion

The data presented in Table 1 indicated that
application of 4000 ppm IBA + wounding
significantly increased the maximum root
growth of stem cuttings in terms of number of
root, root length, length of longest root, root
thickness and root dry weight. When IBA and
wounding treated cuttings planted in
vermicompost containing rooting medium, the
root growth was found to be significantly
better than root growth of those treated
cuttings grown in FYM containing rooting
medium. Significant increase in root growth of
stem cutting in terms of number of root when
treated with moderate concentration of IBA
and planted in vermicompost containing
rooting medium as reported in the present
study has also been reported by Singh and
Singh., (2005), Kumar et al., (1995) and
Kato., (1958). Significantly longer root in
stem cuttings as recorded in the present study
when treated with IBA treatments was also
observed by Ghatnatti., (1997), Singh et al.,
(2002), and Abdullah and Al-khateeb., (2004).

The possible reason for significant increase in
root length of IBA and wounded treated
cuttings may be due to the action of auxins in
terms of hydrolysis and translocation of
carbohydrate and nitrogen substances at the
base of cutting which resulted in accelerating
cell elongation and cell division in suitable
environment (Singh et al., (2003). The length
of longest root in IBA + wounding treated
stem cutting was also found to be significantly
higher when grown in soil + sawdust +
vermicompost rooting medium in the present
study because of the fact that optimum dose of

IBA and vermicompost and sawdust
containing rooting medium significantly
favored elongation of root due to the
assimilation and translocation of auxins
compound in rooted cuttings (Sharma et al.,
(2009), Murkute et al., (2009) and Verma et
al., (2005). Well drained rooting medium is
also promoted the better development of roots
by penetration of roots in the sawdust and
vermicompost containing rooting medium.
The findings of propagation studies carried out
by Singh et al., (2002) also confirmed the
findings of present investigation. Significant
increase in root thickness of stem cuttings
treated with IBA + wounding may be due to
the fact that auxin plays an important role in
the metabolic activities and cell division
which resulted in increase of root growth (Deb
et al., (2009).

Thus it may be concluded that increased in the
size of roots judged in terms of length and
diameter of treated cuttings in the present
study was most probably due to early callus
formation following IBA, wounding and
vermicompost containing rooting medium
treatment. The results obtained on significant
improvement in root growth of IBA treated
cuttings are also in accordance with the
findings of Dhua and Sen, (1984), Sandhu and
Singh, (1986) and Kumar et al., (2004).The
better root growth of treated cuttings recorded
in the present study may also be because of
the fact that in early sprouted cutting due to
greater nutrient uptake, the subsequent growth
started early and therefore such cuttings grew
more vigorously. As a result, the root growth
of cutting might have increased. There was
also significant improvement in number of
roots, root length, length of longest root, root
thickness and root dry weight when grown in
vermicompost containing rooting medium.
Good container media management is the
basic for the production of quality container
grown  nursery  plants  (Kumar and
Ponnuswami, 2013).
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Table.1 Effect of different doses of IBA and rooting media on root parameters of stem cutting in Lemon

Number of roots Root length of stem Length of longest root (cm) Root thickness (mm) Dry weight of root
(gm)

Soil + Soil + Soil + Soil + Soil + Soil + Soil + Soil +

Treatments | cawdust+ | sawdust + sawdust | sawdust sawdust | sawdus sawdust | sawdus sawdust| sawd
vermi- FYM A + FYM + vermi- t+ + t+
compost vermi- compost | FYM vermi- FYM

compost

compost

1503 | 1424 | 1463 | 904 | 813 | 858 | 1396 | 1268 | 13.32
| | | | |
1788 | 1509 1648 = 992 | 896 | 944 | 1490 1367 1428 = 099 | 087 | 093 | 2.06 | 1.96 | 2.01

CD (P = 0.05 CD (P = 0.05) CD (P = 0.05) CD (P = 0.05) CD (P = 0.05)
| | | | |
~ Rootingmedia 040 | 083 | |03 | 006 | | 004
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Therefore, longest root of lemon cuttings in
the present study was observed in cuttings
grown in soil + sawdust + vermicompost. The
improved root formation and root growth in
this rooting medium could be due to better
aeration and drainage and water maintenance
capacity of the substrate which are critical for
the first phase of root initiation (Eleni et al.,
2001 and Noguera et al., 2000). Unlike other
growing media, vermicompost contains good
amount of ‘plant available nutrients’ and
appears to increase and retain more of them
for longer period of time. Therefore, lemon
cuttings grown in polybag mixture containing
vermicompost had better root growth. The
enhanced hydrolytic activity in presence of
applied IBA coupled with appropriate rooting
medium might be responsible for the increased
percentage of rooted cuttings in the present
study. The findings of present study are also
supported by the fact that IBA and wounding
treatments caused accumulation of high level
of carbohydrate and low level of nitrogen in
cuttings which favored root formation
(Snedecor and Cochran, 1968 and Baghel et
al., 1993).

In conclusion, the study showed that cuttings,
4000 ppm IBA + wounding was better to
induce more rooting parameters in lemon Cv.
Pant Lemon-1 while the performance of
vermi-compost containing rooting medium
(i.e. soil + sawdust + vermi-compost) was
observed to be significantly superior over
FYM containing rooting medium (i.e. soil +
sawdust + FYM) on root growth. The results
obtained from this study can be used to
develop a protocol for production of quality
planting material of lemon through cutting
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