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Abstract

Phalsa is a promising small fruit of Pakistan which is cherished in summer season. It is a hardy plant which can be propagated
by sexual and asexual methods. Current experimental trial was conducted to assess different concentrations of rooting hormone
(IBA) and various compositions of growing media on off-season hardwood phalsa cuttings under lathhouse. Eight different
composite growing mixtures consisting of bagasse, silt, compost, sand, peatmoss along with their combinations were evaluated
for phalsa cuttings that were dipped in four different concentrations of IBA i.e., control, 300 mg L™, 600 mg L™ and 900 mg L~
! The results suggested that phalsa cuttings dipped in 900 mg L™ IBA concentration and grown in media comprising of sand +
silt + peatmoss took minimum days to first sprouting (17.33). Cuttings treated with IBA at 900 mg L™ and planted in a mixture
of silt + compost + peatmoss showed maximum number of buds sprouted (4), sprouting percentage (88.88%), number of
sprouts (7), number of leaves (18), leaf area (15.45 cm?), length of longest sprout (12.4 cm), diameter of thickest sprout (10.67
mm), fresh weight of shoots (17.82 g), dry weight of shoots(8.92 g), number of roots (18), length of longest root (11.31 cm),
diameter of thickest root (20.81 mm), fresh weight of roots (6.67 g), dry weight of roots (3.19) and survival percentage
(100%). Conclusively, dipping of phalsa cuttings in 900 mg L™ IBA concentration followed by planting in rooting media
comprising of Silt + Compost + Peatmoss was the suitable treatment for propagation of hardwood phalsa.
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Introduction

Phalsa (Grewia asiatica L.) is a small berry fruit of tropical
regions of South Asia including Pakistan and belongs to
the Tiliaceae family (Wani et al., 2015; Dave et al., 2016).
It is one of the most cherished small fruits in Pakistan
cultivated on an area of 1241 hectares with 4209 tonnes
annual production (GOP, 2019). It is highly nutritious and
contains several bioactive compounds like tannins,
anthocyanins, phenols and flavonoids. It is sub acidic,
containing vitamin C, A and also a good source of iron and
phosphorus; whereas, ripened fruit contains 50-60% juice
content, 10-11% sugar and 2.0-2.5% acid (Wani et al.,
2015; Dave et al., 2016). Phalsa also contains amino acids
such as glutaric acid, lysine, proline and carbohydrates like
glucose, arabinose and xylose (Sharma & Sisodia, 2010).
Moisture content present in fruit is 80% and edible portion
is 69%; while, 100 g pulp contains 1.3 g protein, 0.9 g fat,
14.7 g carbohydrates, 1.2 g fiber and 1.1 g minerals. Phalsa
plant is usually propagated through seed; whereas,
asexually it is propagated through hardwood cutting and
layering (Ghosh et al., 2017). Unripe phalsa fruit is used to
cure respiratory problems, heart diseases, blood disorders,

fever reduction and effective for treatment of anemia while
ripe fruit is used as fresh, desserts or can be processed into
juice which is consumed during hot summers to overcome
thirst (Khemiss et al., 2006; Singh et al., 2015). Commercially,
phalsa is propagated through seeds but seeds lose their viability
within three months at room temperature so fresh seeds taken
from fully ripened fruit have to be sown earlier (Singh &
Bahadur, 2015). Plants raised from seeds show a great
variability in terms of plant vigor, precocity and fruit quality
(Hartmann & Kester, 1983).

Propagation of phalsa through stem cutting is a very easy
and less expensive technique to get true to type plant (Ghosh et
al., 2017). Stem is hard and woody, non-hairy and circular with
rough grey colored bark. Propagation through stem cutting is
particularly important to produce improved plant materials in a
large quantity within a short time period and to perpetuate the
features of the mother plant. Rooting ability of cuttings differ
from variety to variety, season to season, site to site and age of
limb; whereas, hardwood cuttings of phalsa produce a greater
number of primary roots as compared to semi-hardwood
cuttings (Hartmann & Kester, 1983; Kathortia & Singh, 1995).
Rooting of cuttings mostly depends on factors like growing
conditions, treatment applied and environmental elements
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which enhance the regeneration capability of cuttings
(Kumar & Jadhav, 2007). Growth regulators like auxin,
cytokinin, gibberellin, and ethylene influences root
development in cuttings. In woody plants, indole butyric
acid is mostly used for inducing root formation in cuttings
and those roots which are induced by IBA show increased
number of vascular strands in relation to its concentration
(Singh & Bahadur, 2015). Chrysanthemum cuttings treated
with combination of IBA and NAA resulted in early
rooting, increased root as well as shoot length, fresh weight
and dry weight and showed maximum rooting percentage
(Manjunath et al., 2022). IBA being a stable and non-toxic
compound to plants and effective for root promotion has
been used in a wide range of plant species (Mehra et al.,
2019). IBA enhances rooting potential by increasing
internal IBA level or by the modification of action of IAA,
or by starting internal synthesis of IAA (Kreiken et al.,
1993). Likewise, IBA increased the number of leaves, root
length, root thickness, average number of roots and buds in
treated “Thompson Seedless” grape cuttings (Beniwal et
al., 2022). While semi-hardwood cuttings of acid lime
treated with 2000 ppm gave encouraging results for mass
multiplication (Rajangam et al., 2022).

Likewise, growing media holds significant importance
for successful rooting of phalsa cuttings. Use of good
growing media along with rooting hormones increases root
induction. Growing media should be well drained, porous,
hold sufficient moisture and uniform in texture (Sardoei et
al., 2014; Leonardi et al., 2001). Suitability of growing
medium varies with species, type of cutting, propagation
technique used, season, price and accessibility (Sardoei,
2014). Combination of appropriate rooting components is
very necessary to provide proper ventilation and removal
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of extra water to get roots of better quality (Raviv, 2005). The
results showed that the application of treatment G3M3 (Khirni
seeds are sowed in Soil + FYM after soaking in GA3 300 ppm
for 24 hours) was found better for early germination, highest
germination percentage, maximum shoot length, number of
leaves, stem diameter, fresh and dry weight of seedling as well
as highest leaf area and survival percentage of Khirni seedling
(Sejal et al., 2022).

Keeping in view the importance of growth promoting
hormone and potting media, a study was conducted at UAF
Sub campus Burewala-Vehari during winter 2020-2021. An
experiment was conducted to assess the effect of different
media compositions and rooting hormone concentrations on
phalsa cuttings. Objective of this study was to evaluate
suitability of different growing media for root growth of phalsa
cutting. Evaluation of wvarious IBA concentrations on
successful rooting of phalsa cutting and evaluation of different
combinations of IBA and media on success of phalsa cuttings.

Materials and Methods

Current research experiment was carried out at Horticulture
nursery, UAF Sub-campus Burewala-Vehari during winter
2020 on phalsa cutting. Hardwood phalsa cuttings were
obtained from 8-9 months old plant of phalsa with the help of a
cutter. The size of each cutting was 30 cm long, having 3-4
buds. The hardwood phalsa cuttings treated with different
concentrations of Indole-butyric acid (IBA) were planted in
black-colored bags of 5x12° size that were filled with different
media compositions of peat moss, bagasse, compost, silt and
sand.

Table 1 Treatment detail of growing media and IBA concentrations

Treatments Growing media IBA concentration
GM1 + Undipped Sand Control
GM1 +IBA300mg L Sand 300mg L™
GM1 + IBA600 mg L Sand 600 mg L™
GM1 +IBA900 mg L Sand 900 mg L™
GM2 + Undipped Compost Control
GM2 + IBA300 mg L™ Compost 300mg L™
GM2 + IBA 600 mg L™ Compost 600 mg L™
GM2 + IBA900 mg L™ Compost 900 mg L™
GM3 + Undipped Silt Control
GM3 + IBA300mg L Silt 300mg L™
GM3 + IBA600 mg L* Silt 600 mg L™
GM3 +IBA900 mg L* Silt 900 mg L™
GM4 + Undipped Sand + Compost + Silt Control
GM4 + IBA300 mg L™ Sand + Compost + Silt 300mg L™
GM4 + IBA 600 mg L™ Sand + Compost + Silt 600 mg L™
GM4 + IBA900 mg L™ Sand + Compost + Silt 900 mg L™*
GM5 + Undipped Sand + Compost + Bagasse Control
GM5 + IBA 300 mg L™ Sand + Compost + Bagasse 300mg L™
GM5 + IBA 600 mg L™ Sand + Compost + Bagasse 600 mg L™*
GM5 + IBA 900 mg L™ Sand + Compost + Bagasse 900 mg L™
GM6 + Undipped Sand + Compost + Peat moss Control
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GM6 + IBA 300 mg L™ Sand + Compost + Peatmoss 300mg L™
GM6 + IBA 600 mg L™ Sand + Compost + Peatmoss 600 mg L™
GM6 + IBA 900 mg L™ Sand + Compost + Peatmoss 900 mg L™
GM7 + Undipped Silt + Compost + Peatmoss Control

GM7 + IBA300mg L™ Silt + Compost + Peatmoss 300mg L™
GM7 + IBA600 mg L™ Silt + Compost + Peatmoss 600 mg L™
GM7 + IBA900 mg L™ Silt + Compost + Peatmoss 900 mg L™
GM8 + Undipped Silt + Compost + Bagasse Control

GMS8 + IBA300 mg L™ Silt + Compost + Bagasse 300mg L™
GMS8 + IBA 600 mg L™ Silt + Compost + Bagasse 600 mg L™
GMS8 + IBA900 mg L™ Silt + Compost + Bagasse 900 mg L™

Eight different kinds of growing mixtures were prepared
i.e., Sand, Silt, Compost, Sand + Compost + Silt (1:1:1),
Sand + Compost + Bagasse (1:1:1), Sand + Compost +
Peat moss (1:1:1), Silt + Compost + Peat moss (1:1:1) and
Silt + Compost + Bagasse (1:1:1) were prepared as
experimental treatments. The basal part of hardwood
phalsa cuttings up to 10 cm was dipped in different

Analysis of growing media

Parameters like water holding capacity (WHC), pH,
electrical conductivity, organic matter, NPK were
determined from different growing media and presented in
Table 2. WHC was determined in g water/g dry material by
the method elaborated by Ahn et al., (2008); while organic
matter contents were estimated using the method of
Moodie et al. (1959). Electrical conductivity was
determined in dS m™ using a conductivity meter and pH

Table 2 Properties of growing media

concentrations (300, 600 and 900 mg L™) of rooting hormone
IBA for 30 mins and subsequently inserted up to two third of
its length in growing media already filled in polybags. After
planting bags were placed in the lath house carefully and
irrigation was applied as per requirement. Low height tunnel
was made with sticks and covered with a polythene sheet to
maintain internal temperature during the winter season.

was determined by using digital ion analyzer. Nitrogen was
determined by Kjeldhal’s method where H2SO4 was used for
digestion; whereas boric acid (H3BOs) and methylene blue
were used as indicators (Jackson 1962). Phosphorus from
different growing media compositions was determined by
adopting the method given by Olsen et al. (1954); potassium
was estimated using a flame photometer (Model M360
Sherwood Scientific Ltd, UK) by United States Salinity
Laboratory Staff method (1954).

OMC (%) EC ds/m pH N % P % K %
Sand 098+004  009+001 588+014  062+003  029+004  0.16+0.02
Compost 46 +2.26 502+007  75+0.14 202+003  069+004  0.98%0.09
Silt 078006  069+005 6.28+010 064+007 052+004  0.61%004
Sand + Compost + Silt 4731223 205005 7.05£0.14  222+013  1.01£003  1.01+0.09
Sand + Compost + Baggasse 56.18+1.904 247+008 553+017  299+006  082+005  1.34%004
Sand + Compost + Peatmoss 68.28+1.25 3.21+008 565+022 370022  162+005  1.93+0.04
Silt + Compost + Peatmoss 73.28+0.44  354+004 628+014  559+027  200+005  2.20%0.04
Silt + Compost + Baggasse 59.24+1.36 287+007 568+013  3.23+012  1.14+007  1.61+0.07

Sand, Compost, Silt, Sand + Compost+ Silt, Sand + Compost+ Bagasse, Sand + Compost+ Peat moss, Silt + Compost + Peatmoss, Silt +
Compost + Baggasse [n=3], OMC = Organic matter content, EC = Electrical conductivity

Pre-rooting attributes

No. of days taken for sprouting, no. of buds sprouted,
no. of sprouts, sprout percentage (%)

Phalsa cuttings dipped in different concentrations of IBA
and placed in different media compositions were noticed
daily for their sprouting and total days taken by cuttings for

first sprouting was counted. Treated cuttings were observed on
a daily basis and total buds sprouted was counted and average
was calculated. Total number of sprouts emerging from a
single bud in each treated cutting with different levels of IBA
and placed in different media was counted and the mean was
calculated. Sprouting percentage of phalsa cuttings was
calculated using given formula:

Sprouting percentage = No. of cuttings sprouted x 100/Total number of cuttings planted
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Number of leaves, leaf area (cm?), length of longest
sprout (cm) and diameter of thickest sprout (mm)

Total number of new leaves emerged per cutting was
recorded after removal of cuttings (190" day) in each
treatment and average was calculated. Three leaves from
each cutting were taken after removal of cuttings
(190" day) and leaf area was measured with the help of
scale, average was calculated and expressed in centimeter
square. Sprout length of each cutting which was soaked in
various IBA solutions was measured by using scale on
190" day after inserting in different growing media
compositions and the average was calculated. Diameter of
thickest sprout per cutting in each treatment was calculated
by using stainless hardened digital vernier caliper (Metr.
ISO, Part #5900601, Spain) after removal of cuttings on
190™ day and average was calculated.

Fresh weight of shoots (g) and dry weight of shoots (g)

Fresh weight of shoots per cutting was taken immediately
after removal of cutting (on 190" day) from polythene bags
in each treatment with the help of electronic balance,
average was calculated and expressed in grams. Shoots of
cuttings of each treatment were kept in an oven at 55°C for
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6 hours to dry them. After that, dry weight with the help of
electronic balance was weighted, mean was calculated and
expressed in grams on 190" day after planting.

Post-rooting attributes

Number of roots, root length (cm), diameter of thickest
root (mm), fresh weight (g), dry weight (g) and survival
percentage (%0)

Total roots formed in each treated cutting were counted on
190" day after planting and the average was calculated. The
root length of each cutting sunk in IBA solutions and inserted
in different growing mixtures was measured by using scale on
190™ day after planting and the mean was calculated. Diameter
of the thickest root was expressed in millimeters (mm) by
using a digital vernier caliper on 190" day after planting. For
fresh weight determinations cuttings removed from polythene
bags (190" day) were weighed using electronic balance and
expressed in grams. Dry weight of cuttings was determined by
oven drying at 55°C for 6 hours and dry weight was calculated
using electronic balance and expressed in grams. Survival
percentage of phalsa cuttings was calculated using following
formula:

Survival percentage = No. of plants survived x 100/Total no. of plants

Statistical analysis

The experiment was carried out in CRD design, two factor
factorial with three replicates. In the first factor rooting
hormone IBA was used with different concentrations. In
the second factor different types of media composition
were used as shown in Table 1. Data was subjected to
analysis of variance techniques to observe the difference
among all treatments and their interactions. Mean values of
significant results were further processed for difference
through Tukey’s (HSD) test at 0.05 probability by using
Statistics 8.1 (Abdi & Williams, 2010).

Results and Discussion

No. of days taken for sprouting, no. of buds sprouted,
no. of sprouts, sprout percentage (%), sprout length
(cm) and thickest sprout (mm)

Various media compositions and different IBA
concentrations significantly affected the success of phalsa
cuttings. Results revealed that 900 mg L™ IBA-treated
hardwood cuttings and planted in sand + compost + peat
moss took minimum days (17.33) for sprouting followed
by GM7. On the other hand, maximum days (58) were
taken in control with silt medium (Table 3). Our results for
number days taken for sprouting can be correlated with the
findings of Damar et al., 2014 where hardwood cuttings
immersed in IBA showed early sprouting. Early sprouting
could be related to better use of nitrogen and carbohydrates

due to increased internal auxin level that might have promoted
rapid cell division and fast callus formation (Chandramouli,
2001). Similarly, combination of different media compositions
and IBA concentrations significantly influenced significantly
affected number of buds sprouted per cutting as significantly
increased number of buds as 4 buds were sprouted in cuttings
that were treated with 900 mg L™ IBA and planted in GM7
followed by GM8 that exhibited 3 sprouted buds. Results also
revealed low bud sprouting percentage in cuttings treated with
lower concentrations of IBA (Table 3). Addition of compost
and peat moss in silt medium might have improved all physical
as well as biological properties of soil and provided sufficient
nutrients to the Dracaena deremensis cuttings as reported by
Wazir et al. (2003). Pomegranate cuttings dipped in higher
concentrations of IBA showed maximum bud sprouting as
compared to untreated cuttings Singh et al. (2011).

Number of sprouts emerged from single bud also
significantly in all treatments as maximum up to 7 sprouts
from single bud were obtained from 900 mg L™ IBA-treated
phalsa cuttings planted in silt + compost + peat moss; while
phalsa cuttings treated with 300 mg L™ of IBA and planted in
sand could not sprout at all. Similarly untreated hardwood
phalsa cuttings planted sand as well as in compost media did
not exhibit any sprouting (Table 3). Our results for number of
sprouts per cutting are in confirmation with the findings of
Singh and Tomar (2015), who recorded increased number of
sprouts of phalsa cuttings with higher dose of IBA and
decreased number of sprouts from untreated cuttings. Variation
in number of sprouts under different levels of IBA might be
due the variation of auxin mobility in cuttings and its effect on
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hydrolysis of stored food into reducing and non-reducing
sugars and metabolites (Patel et al., 2017).

Meanwhile, significant variations were observed
among different treatments for the sprouting percentage of
hardwood phalsa cuttings. Dipping hardwood phalsa
cutting in 900 mg L™ IBA followed by planting in silt +
compost + peat moss growing resulted in 88.88% sprouted
cuttings; while, absolutely zero sprouting percentage was
recorded in non-IBA treated phalsa cuttings planted in sand
and compost media. Sprouting percentage of phalsa
cuttings was decreased at lower concentrations of IBA as
300 mg L* IBA + compost showed zero sprouting
percentage (Table 3). The increase in sprouting percentage
might be due to the fact that when auxin level increased in
cuttings, the physiological process completed earlier. IBA
also improved the consumption of stored nitrogen and
carbohydrates present in hardwood cuttings (Sinha et al.,
2014). Previously, Yusnita et al. (2017) reported maximum
sprouting percentage when apple cuttings were treated with
IBA at higher concentration. In another study, the highest
sprouting percentage was observed from shoot cuttings of
peaches which were dipped in IBA (Gill et al., 2014).

Our results revealed that longest sprouts of 12.4 cm in
phalsa cuttings which were treated with IBA @ 900 mg L™
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and planted in GM7; while shortest sprout length (3.40 cm)
was recorded under 600 mg L™ IBA with sand (Table 3).
Previously increased sprout length has been recorded in phalsa
cuttings planted in compost media and guava cuttings planted
in peat moss media (Singh and Singh et al. 2018; Qadri et al.
2018). This increase in sprout length might be due to
nutritional mixture with good water retention and nutrients
holding capacity resulting in better root and shoot system.
Dipping in IBA might have further enhanced nutrients uptake
and provided energy for cell division and cell elongation
(Shahab et al., 2013).

Sprout thickness was also affected significantly due
different media compositions and IBA concentrations. Thickest
sprout diameter of phalsa cuttings (10.67 mm) was observed in
GM7 with 900 mg L™ of IBA; while minimum sprout
thickness (1.25 mm) was recorded from phalsa cuttings
inserted in sand treated with 600 mg L™ of IBA (Table 3).
These results are in line with Thota et al. (2012) where thickest
sprout diameter was recorded in IBA dipped fig cuttings.
Increase in sprout thickness could be due to auxins promote
cell division and cell elongation that resulted in better shoot
system with more shoot diameter as reported in fig cuttings as
reported by Kaur et al. (2018).

Table 3 Effect of different media compositions and IBA concentrations on day taken to sprouting, no. of buds, no. of sprouts

and cutting sprouting percentage

Treatment Days taken for No. of buds No. of Sprout Sprout length Thickest sprout
sprouting sprouted sprouts percentage (cm) (mm)
(%)

GM1 + Undipped 0.00p 0.00g 0.00j 0.00d 0.00m 0.00 q
GM1 + IBA300 mg L™ 0.00p 0.00g 0.00j 0.00d 0.00m 0.00 q
GM1 + IBA600 mg L 45.00 e-h 1.00 f 1.00 ij 33.33¢ 341 1.25p
GM1 + IBA900 mg L* 37.00i-k 1.00 f 2.00 hi 33.33¢ 450 -1 2.150p
GM2 + Undipped 0.00p 0.00g 0.00j 0.00d 0.00m 0.00 q
GM2 + IBA 300 mg L 47.00 d-g 1.00 f 1.00 ij 33.33¢ 3.43 kl 2.63 m-0
GM2 + IBA 600 mg L 42.33 f-i 1.00 f 2.00 hi 33.33¢ 4.40i-1 3.37 I-n
GM2 + IBA900 mg L* 37.67i-j 2.00 de 2.67 gh 66.66 b 5.50 hi 4.05 ki
GM3 + Undipped 58.00 a 1.00 f 2.00 hi 33.33d 3.43 kl 2.24 n-p
GM3 + IBA300 mg L 56.00 ab 1.00 f 2.00 hi 33.33¢ 4.40i-1 4.31 j-
GM3 + IBA600 mg L 53.00 a-d 2.00 de 2.33h 33.33¢ 5.43 h-j 4.95 h-k
GM3 + IBA900 mg L* 49.00 c-f 2.00 de 3.00 f-h 66.66 b 6.50 f-h 5.67 f-i
GM4 + Undipped 55.33 a-c 1.00 f 2.00 hi 33.33¢ 4.70 i-k 3.49 Im
GM4 + IBA 300 mg L* 51.00 b-e 2.67 b-d 2.67 gh 33.33¢ 6.30 gh 4.88 i-k
GM4 + IBA600 mg L 50.00 b-e 2.00 de 3.67 e-g 66.66 b 7.10 e-g 6.05 e-i
GM4 + IBA900 mg L* 47.67 d-g 1.00 f 4.67 c-e 66.66 b 8.40 c-d 7.09 de
GM5 + Undipped 50.67 b-e 1.67 ef 2.00 hi 33.33¢ 4.20 -1 2.83 m-0
GMS5 + IBA 300 mg L 48.00 d-g 1.67 ef 2.33h 44.44 ¢ 5.33 h-j 4.66 i-k
GMS5 + IBA 600 mg L 47.00 d-g 2.00 de 3.00 f-h 33.33¢ 6.47 f-h 5.46 g-j
GMS5 + IBA 900 mg L* 42.00 g-i 2.33 c-e 4.33 de 66.66 b 7.70 d-f 6.39 e-g
GM6 + Undipped 30.00 Im 2.00 de 3.00 f-h 33.33¢ 5.50 hi 4.52 i-l
GM6 + IBA 300 mg L 23.67 m-0 2.00 de 3.67 e-g 33.33¢ 7.37 d-g 6.11 e-h
GM6 + IBA 600 mg L 22.00 no 2.33 c-e 5.00 b-d 66.66 b 8.57 cd 7.71cd
GM6 + IBA900 mg L* 17.330 3.33ab 5.67 bc 77.77h 10.46 b 9.74 ab
GM?7 + Undipped 30.33 k-m 2.00 de 3.00 f-h 33.33¢ 6.57 f-h 5.35 g-j
GM7 + IBA300 mg L 28.33 I-n 3.00 bc 5.00 b-d 66.66 b 8.50 cd 6.82 d-f
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GM7 + IBA600 mg L™ 27.33 mn 3.00 bc 6.00 ab 66.66 b 10.00 b 8.84 bc
GM7 + IBA900 mg L™ 22.33 no 4.00 a 7.00 a 88.88 a 12.40 a 10.67 a
GM8 + Undipped 40.00 h-j 2.00 de 2.67 gh 33.33 ¢ 5.50 hi 4.35j-1
GM8 + IBA 300 mg L™ 34.00 j-I 2.00 de 3.00 f-h 33.33 ¢ 7.33d-g 5.19 h-k
GM8 + IBA 600 mg L 30.00 Im 2.00 de 4.00 d-f 33.33 ¢ 8.33 c-e 6.36 e-g
GM8 + IBA900 mg L™ 28.331-n 3.00 b 5.00 b-d 66.66 b 9.50 bc 7.57d

HSD (P < 0.05) for Days taken for sprouting = 6.8833, No. of buds sprouted = 0.8075, No. of sprouts = 1.0424, Sprouting percentage =
19.03, Sprout length = 1.2953, Thickest Sprout = 1.1591. * Means not sharing a same letter are significantly different at P < 0.05.

No. of leaves, leaf area (cm?), fresh weight of shoots (g),
dry weight of shoots (g) and no. of roots

Hardwood cuttings of phalsa immersed in a solution of 900
mg L™ of IBA and implanted in silt + compost + peat moss
produced maximum (18) number of leaves as compared to
those cuttings which were dipped in lower concentrations
of IBA or planted in sand, silt, or compost media. On the
other hand, non-IBA treated phalsa cuttings did not exhibit
any leaf (Table 4). Previously dipping guava and grape
cuttings in IBA solutions has been reported to exhibit
increased number of leaves (Wahab et al. 2001; Abebe
2017). This increase in leaf number might be due to the
external treatment of IBA which helped to produce healthy
and longer roots to absorb water and nutrients from
growing substrate inducing shoot growth and increased
number of new leaves (Babaie et al., 2014). Likewise, leaf
area was also increased in phalsa cuttings planted in
combined media of Silt + Compost + Peat Moss at higher
concentration of IBA i.e., 900 mg L™ that resulted highest
leaf area 15.45 cm?; while minimum leaf area 4.62 cm? was
recorded with 600 mg L™ of IBA in cuttings inserted sand
(Table 4). Our results for leaf area are in confirmation with
Mehta et al. (2016) who reported maximum leaf area in

stem cuttings of pear under IBA treatment. Similarly, Navjot
and Kahlon (2002) obtained maximum leaf area per cutting
when pomegranate cuttings were treated with IBA.

Growing media composition coupled with different IBA
concentration exhibited significant effects on fresh weight of
shoots, dry weight of shoots. Hardwood phalsa cuttings treated
with IBA @ 900 mg L™ and grown in GM7 (silt + compost +
peat moss) retained significantly higher fresh weight (17.82 g),
dry weight of shoots (8.92 g) and number of roots (18); while
lowest values for fresh weight/dry weight of shoots and
number of roots were from phalsa cuttings grown in sand
media (GM1) and soaked in 600 mg L™ IBA (Table 4). Similar
findings were reported by Hakim et al. (2018) where IBA
soaked pomegranate cuttings exhibited maximum fresh weight
of shoots. Increased dry weight of shoots recorded in peat moss
medium could be due to high concentration of potassium,
phosphorus and nitrogen that resulted in vigorous vegetative
growth (Mousa et al., 2015). Similar results were reported by
Dhatrika et al. (2018) where significant increase in dry weight
of shoots was obtained from hardwood guava cuttings soaked
in IBA. Our results for number of roots are in conformity with
Reddy et al. (2008) and Diwaker and Katiyar (2013) as they
reported maximum number of roots in IBA soaked fig and lime
cuttings, respectively.

Table 4 Effect of different media compositions and IBA concentrations on number of leaves, leaf area, fresh weight of shoots,

dry weight of shoots and number of roots

Treatment No. of leaves Leafarea  Fresh weight of  Dry weight No. of roots
(cm?) shoots (g) of shoots (g)

GM1 + Undipped 0.00m 0.000 0.00q 0.00p 0.00i
GM1 +IBA300mg L™ 0.00m 0.000 0.00q 0.00p 0.00i
GM1 + IBA600mg L™ 3.331 4.62 mn 2.00 p 1.00 0 1.67 kI
GM1 +IBA 900 mg L™ 5.00 i- 6.51 ki 5.00 mn 2.55 Im 3.33i-k
GM2 + Undipped 0.00m 0.000 0.00q 0.00p 0.00i
GM2 + IBA300mg L™ 4.67 j-I 5.51 I-n 2.66 op 1.20 no 2.33 jk
GM2 + IBA600 mg L™ 5.67 g-k 7.17 jk 5.00 mn 2.42 Im 3.67 h-k
GM2 + IBA900 mg L™ 7.33 e-h 9.25 g-i 8.00 j-I 457 h-j 5.33 g-i
GM3 + Undipped 4.33 ki 448n 4.17 no 2.00 mn 4.33 h-j
GM3 +IBA300mg L™ 5.33 h-| 7.19 jk 7.48 kl 3.60 i-k 5.33 g-i
GM3 + IBA600 mg L* 5.67 g-k 8.25 h-j 8.50 i-k 4.30 hi 7.33fg
GM3 +IBA900 mg L™ 7.67 d-g 10.14 fg 11.44 f-h 5.67 fg 8.67f
GM4 + Undipped 5.67 g-k 5.10 k-m 6.47 Im 3.17 j-l 5.33cd
GM4 + IBA 300 mg L™ 5.67 g-k 9.04 ghi 9.70 h-j 4.80 gh 9.33 ef
GM4 + IBA600 mg L 8.33 d-f 10.11 fg 11.58 e-g 5.75 e-g 11.33 de
GM4 + IBA900 mg L™ 9.67d 12.03 de 13.46 c-¢ 6.71 c-e 13.33cd
GMS5 + Undipped 5.33 h-l 5.14 I-n 5.50 mn 2.90 k-m 4.67 hi
GM5 + IBA 300 mg L? 5.33 h-I 8.22 h-j 8.52 ijk 4.16 h-j 7.33 fg
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GM5 + IBA 600 mg L™ 6.67 f-j 9.06 g-i 9.18 ijk 4.47 hi 8.33f

GM5 + IBA 900 mg L™ 8.33 d-f 11.17 ef 11.57 f-h 5.71 fg 11.67d
GM6 + Undipped 8.33 d-f 7.97 ij 8.84 i-k 4.43 hi 7.33 fg

GM6 + IBA 300 mg L™ 9.67d 11.30 ef 13.77 cd 6.87 cd 11.33 de
GM6 + IBA 600 mg L™ 12.33¢ 12.88 cd 14.66 b-d 7.32 b-d 13.33 cd
GM6 + IBA 900 mg L™ 14.33 bc 14.37 ab 15.99 ab 7.95 ab 16.67 ab
GM7 + Undipped 9.33 de 9.44 gh 9.95 g-i 4.95 gh 8.33 f

GM7 +IBA300mg L™ 14.33 bc 12.28 de 14.59 b-d 7.29 b-d 13.33 cd
GM7 + IBA600mg L™ 15.67b 13.75 bc 15.76 b 7.87b 14.68 bc
GM7 + IBA900 mg L™ 18.00 a 15.45a 17.82a 8.92a 18.00 a
GMS8 + Undipped 7.00 f-i 7.43 jk 7.52 kl 3.80 i-k 5.67 gh
GMS8 + IBA300mg L™ 8.00 d-f 9.72 g 12.86 d-f 6.64 d-f 9.33 ef

GMS8 + IBA 600 mg L™ 8.33 d-f 11.29 ef 13.72 cd 6.81 cd 11.67d
GMS8 + IBA900 mg L™ 13.00 ¢ 13.43 b-d 14.77 be 7.36 bc 15.00 be

HSD (P < 0.05) for No. of leaves =2.1364, Leaf area = 1.4522, Fresh weight of shoots = 1.879, Dry weight of shoots = 0.993, No. of roots =
2.0587. * Means not sharing a same letter are significantly different at P <0.05.

Root length (cm), root thickness (mm), fresh weight of
roots, dry weight of roots (mm) and survival percentage
(%)

Roots of phalsa cuttings planted in different media and
dipped in different concentrations of IBA showed
significant variation in root length, thickness, fresh weight,
dry weight and overall survival percentage. Maximum root
length (15.47 cm) was recorded in hardwood phalsa
cuttings dipped in 900 mg L™ solution of IBA and inserted
in GM7; while, phalsa cuttings planted in GM1 and dipped
in 600 mg L™ IBA result in shortest roots that with average
root length of 3.5 cm. While roots diameter was also
increased in phalsa cuttings that were soaked with 900 mg
L™ IBA and planted in GM7 (Table 5). These results are
correlated with the findings of Ismail and Hussain (2007)
who found lengthy and healthier roots in ficus cuttings
treated with IBA at a higher concentration. Similar
observation was recorded when tomato and ficus cuttings
were planted in peat moss and silt media (Waheed et al.
2015; Shah et al. 2006). Increased length and diameter of
hardwood phalsa cutting could be owed to IBA might
induce rapid cell division and cell elongation that might
have increased root growth. While absorbance of water and
nutrients facilitated by nutrient media might also have
increased root thickness (Geiss et al., 2009).

Meanwhile, growing media and rooting hormone
significantly increased fresh and dry weight of roots.
Hardwood phalsa cuttings soaked in 900 mg L*IBA
solution and planted in GM7 gave maximum fresh weight
and dry weight of roots i.e 6.67 g and 3.19 g, respectively.
While lowest fresh and dry weight was recorded in phalsa
cuttings dipped in 600 mg L™ and planted in GM1 (Table
5). Increase in fresh and dry weight of roots might be due
to

the higher number of roots induced by auxins and root length.
Absorbance of more water and nutrients might have resulted in
increased fresh weight of roots (Ingle and Venugopal, 2009;
Adugna et al. 2015). These results are similar with the findings
of Verma and Chauhan (2015) who recorded maximum fresh
weight of roots with IBA treated apple cuttings. Our results for
root dry weight are in confirmation with Deb et al. (2009) who
found maximum dry weight of roots in lemon cuttings treated
with IBA. Similar findings were also reported in olive cuttings
treated with IBA placed in sand peat medium (Porghorban et
al., 2014).

Likewise, survival percentage of hardwood phalsa cuttings
showed significant variation due IBA concentration and type
of growing media. Survival percentage was 100% in phalsa
hardwood cutting dipped in 900 mg L™ IBA and dipped in
GM7 while, 0% survival percentage was recorded in non-IBA
treated phalsa cuttings (Table 5). Cuttings treated with IBA
survived better might be due better root and shoot growth
because better roots absorbed water and nutrients more
efficiently from growing media (Ram et al., 2005). These
results are in agreement with Kishorbhai (2014) where fig
cuttings dipped in IBA solution survived for a longer period of
time.

Conclusion

Various concentrations of IBA and growing medium
compositions significantly improved growth and vigor of
phalsa cuttings. Hardwood cuttings of phalsa treated with 900
mg L™ of IBA and grown in GM7 (silt + compost + peat moss)
gave better results regarding root and shoot parameters.
Conclusively, GM7 was the most promising media
composition along with 900 mg L™ IBA dipping for successful
propagation of phalsa through hardwood cutting.
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Table 5 Effect of different media compositions and IBA concentrations on number of root length, root thickness, fresh weight

of roots, dry weight of roots and survival percentage

Treatment Root length Root Fresh weight of  Dry weight Survival (%)
cm thickness roots (g) of roots (g)
(cm’)

GM1 + Undipped 0.00 n 0.00p 0.00q 0.00 m 0.00c
GM1 +IBA300mg L™ 0.00 n 0.00 p 0.00q 0.00 m 0.00 c
GM1 + IBA600 mg L™ 3.50 Im 1.33p 0.54 pq 0.28 Im 33.33¢
GM1 + IBA900 mg L™ 4.50 k-m 3.580 1.12 n-p 0.56 j-I 0.00 c
GM2 + Undipped 0.00 n 0.00p 0.00q 0.00 m 0.00d
GM2 + IBA300mg L™ 3.57 Im 5.35 no 1.03 op 0.53 j-I 33.33¢
GM2 + IBA600 mg L™ 5.00 j-I 8.69 kI 1.63 m-o0 0.79 i-l 33.33c
GM2 + IBA900 mg L™ 7.00 g-i 12.14 ij 2.82 -k 1.37 f-h 0.00d
GM3 + Undipped 3.13m 4.78 no 0.84 0-q 0.45 k-m 33.33¢
GM3 + IBA300mg L™ 5.60 i-k 11.14 ] 1.35 m-p 0.64 j-I 33.33¢
GM3 + IBA600 mg L™ 7.67 gh 14.16 g-i 1.91 I-n 0.87 h-k 33.33¢
GM3 + IBA900 mg L™ 9.63 ef 16.35 d-g 3.33 g-j 1.68 e-g 66.66 b
GM4 + Undipped 7.77 k-m 6.04 mn 1.58 m-o 0.82i-k 33.33¢
GM4 + IBA300 mg L™ 7.53 gh 14.53 f-h 2.72 i 1.30 f-i 33.33¢
GM4 + IBA600 mg L™ 9.53 ef 16.21 d-g 3.30 g-j 1.64 e-g 66.66 b
GM4 + IBA900 mg L™ 12.50 cd 17.40 c-e 4.72 de 2.30 cd 66.66 b
GM5 + Undipped 3.60 Im 5.49 no 1.02 op 0.47 k-m 0.00d
GM5 + IBA 300 mg L™ 6.73 hi 13.45 hi 2.04 k-m 0.95 h-k 33.33¢
GMS5 + IBA 600 mg L™ 8.57 fg 14.90 f-h 2.58 j-I 1.21 ghi 33.33¢
GMS5 + IBA 900 mg L™ 11.17 de 16.34 d-g 3.92 eg 1.82 d-f 33.33¢
GM6 + Undipped 6.47 h-j 7.75 k-m 2.96 h-j 1.31 f-i 33.33¢
GM6 + IBA300mg L™ 9.50 ef 16.24 d-g 4.27 ef 2.02 de 66.66 b
GM6 + IBA600 mg L™ 12.43 cd 17.63 b-e 5.24 cd 2.21cd 88.88 a
GM6 + IBA900 mg L™ 14.50 ab 19.69 ab 6.30 ab 2.98 ab 100.00 a
GM7 + Undipped 7.07 g-i 8.82 k 3.79 f-h 1.78 d-f 66.66 b
GM7 + IBA300mg L™ 10.10 ef 16.70 c-f 4.72 de 2.25cd 66.66 b
GM7 + IBA600 mg L™ 12.60 cd 17.77 a-c 5.72 bc 2.67 a-C 88.88 a
GM7 + IBA900 mg L™ 15.47 a 20.81 a 6.67 a 3.19a 100.00 a
GMB8 + Undipped 6.03 h-k 6.56 I-n 2.07 k-m 1.01 h-j 0.00d
GM8 + IBA300mg L™ 8.67 fg 15.54 e-h 3.51 f-i 1.61 e-g 33.33¢
GM8 + IBA600 mg L™ 10.97 de 17.15 c-e 4.32 ef 2.02 de 33.33¢
GM8 + IBA900 mg L™ 13.50 bc 18.40 b-d 5.41 cd 2.55 bc 66.66 b

HSD (P < 0.05) for root length = 1.6809; Root thickness = 0.5678; Fresh weight of roots = 0.8702; Dry weight of roots = 0.1316; Survival
percentage = 15.54; * Means not sharing a same letter are significantly different at P < 0.05.
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