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Abstract

The current experiment was conducted to study the response of Ficus elas-
tica var. decora air-layers to seven treatments of IBA (control, 50 and 100 ppm
in rooting substrate, 1500 and 3000 ppm by painting girdled zone, and 1500 and
3000 ppm in talc paste) in the presence of root promoting microorganisms in-
cluding Bacillus subtilis and arbuscular mycorrhizal fungi (AMF). The obtained
results indicated that 3000 ppm IBA applied by painting girdled zone gave a sig-
nificant increase in rooting percentage and the best root and growth characteris-
tics (number of days for root appearance, number, length, fresh and dry weights
of roots per rooted air-layer, survival percentage, plant height and number of
leaves and shoots) as well as total content of carbohydrates and phenolics, and
showed the shortest period required for root appearance in comparison with the
other treatments. Air-layers treated with B. subtilis were superior to those treated
with AMF. The best results concerning rooting percentage, root characteristics,
total contents of carbohydrates and phenolics, survival percentage, increment in
growth of air-layers after six months from detachment were observed in air-
layers treated with 3000 ppm IBA by painting girdled zone in combination with
B. subtilis followed by the same IBA treatment combined with AMF.
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Introduction

F. elastica var. decora, belong-
ing family Moraceae, is one of the
best known figs cultivated throughout
the world. This species was formerly
important as a source of an inferior
natural rubber. Several cultivars are
grown including cv. 'Decora' (F.
decora Hort.) with leaves dark glossy
green, ivory midribs, and red beneath
(Baily, 1963).

Rubber fig is propagated
through sexual and asexual methods.
In sexual method, seed is employed
only to produce new varieties by hy-
bridization and for rootstock purpose.
In asexual method, it can be success-
fully propagated by cuttings, air lay-

ering, grafting and budding. Although
multiplication through cutting is the
common method, the problem lies in
the very low or undesirable percent-
age of success. On the other hand, air
layering is a well-known method for
vegetative propagation of economi-
cally important woody plants. Com-
paring to other vegetative propaga-
tion methods, air layering is reliable
and easy means of propagation, espe-
cially in species, which are difficult-
to-root on cuttings. The retention of
desirable characteristics, the creation
of uniform rootstock and the ability
to mass production of identical plants
quickly and efficiently are all advan-
tages of asexual propagation which
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all can be fulfilled through air layer-
ing (Paul and Aditi, 2009). The suc-
cess of air layering as a practice in
propagation is probably due, in part,
to the effect of endogenous auxins
accumulating at the base of the gir-
dled shoots (Cameron and Thompson,
1969). Propagation by air layering
has been reported for several orna-
mental Ficus species such as F. ben-
jamina, F. triangularis, F. micro-
carpa and F. carica as stated by
Gamlath et al. (2010) and Reddy et
al. (2014).

Transplanting rooted layers and
stem cuttings with good root system
may give better adaptation in the field
and thus ultimately resulting in good
performance, survival and growth.
The importance of long root system is
that it should allow the uptake of nu-
trients outside the initial exhaustion
zone (Clark et al., 2000). To promote
root formation and improved roots
and vegetative growth characteristics,
IBA is one of the most effective and
widely used for this purpose, exhibit-
ing low toxicity, low mobility, and
high chemical stability (Hartmann et
al., 2011).

There are many application
methods for auxins to ensure high
successful rate propagation through
air laying, including direct applica-
tion of auxin at the girdled zone, talc
paste or application of auxins into the
rooting substrate with dilute concen-
trations.

Singh et al., (2007) recorded the
best rooting and growth results due to
the treatment of air-layers with the
highest concentration of IBA (6000
ppm) directly at the girdled zone. In
an experiment conducted by Porlingis
et al. (1999) on air layering of olive,
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they evaluated several factors includ-
ing IBA incorporated in the paste.
They found that the lanolin-Tween 20
paste (3:1 w/w) compared with lano-
lin alone, in the presence of IBA, ac-
celerated rooting and finally in-
creased rooting percentage and root
number and weight. Another method
is by application of auxin in dilute
concentrations into the rooting sub-
strate (Wells, 1986 on Mahonia aqui-
folium and Gilani et al., 2018 on
guava).

In addition to using the syn-
thetic auxins, natural biostimulants
such as plant growth promoting
rhizobacteria (PGPR) and Arbuscular
Mycorrhizal Fungi (AMF) play an
essential role in improving rooting
performance particularly for the de-
velopment of lateral roots which are
the preferred infection sites for the
fungi (Ludwig-Muller and Guther,
2007, Abdel-Rahman and El-Dsouky,
2010 and Rajan and Radhakrishna,
2013). The mechanisms involved in
plant growth promotion by these
beneficial microorganisms involve
producing substances such as phyto-
hormones and polyphenolic com-
pounds (Barea and Azon-Aguilar,
1982, Mitchell et al., 1986, Goto,
1990 and Scagel et al., 2003).

Therefore, the current study
aimed to define the effect of auxin
application methods with or without
beneficial microorganisms (B. subtilis
or AMF) on rooting and survival per-
centage, as well as root and growth
characteristics of Ficus elastica var.
decora propagated by air layering.
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Materials and Methods

This study was carried out at the
Floriculture Farm, Faculty of Agri-
culture, Assiut University, Egypt,
during the 2016 and 2017 seasons to
clarify the effects of different applica-
tion methods of indole-3-butyric acid
(IBA) and/or B. subtilis and AMF on
rooting and survival percentages as
well as root and growth characters of
F. elastica var. decora propagating
by air layering.

Active strains of B. subtilis and
AMF (Glomus intraradices) were ob-
tained from the Unit of Biofertilizers,
Fac. Agric., Ain Shams Univ., Shobra
El-Kheima, Egypt. Bacterial suspen-
sion prepared of B. subtilis (10°
CFU/ml) and AMF inoculum (2500
spores/l ) were supplied to rooting
substrate at a rate of 10 ml/layer for
each of them after girdling process of
F. elastica var. decora shoots.

Air layering of F. elastica var.
decora was carried out by removing
2.0 cm ring of bark in the intermodal
region from mature shoots (ca. 120
cm long). The layering process was
done at the beginning of March for
both seasons. Air-layers were treated
with IBA alone or in combination
with B. subtilis or AMF. The rooting
substrate used was a mixture of per-
lite and peat moss (1:1 in volume).
The layers were covered with trans-
parent plastic bags and the both ends
were secured firmly and then covered
with aluminum foil. The un-treated
air-layers (control) were treated with
distilled water alone.

The experiment was arranged in
split-plot design, with three repli-
cates. Application methods of auxin
(control, 50 and 100 ppm IBA in
rooting substrate, 1500 and 3000 ppm
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IBA by painting girdled zone, 1500
and 3000 ppm IBA in talc paste) were
represented in the main plots,
whereas, the beneficial microorgan-
isms (control, B. subtilis and AMF)
were represented in the sub-plots.
Each experimental unit included 5
air-layers. The air-layers were kept
under constant observation to prevent
from any mechanical damage and
loss of moisture.

After 10 weeks from layering,
the air-layers were separated from
mother plants. The roots of the sepa-
rated air-layers were washed in water
to remove adhering rooting substrate.
Data were recorded on number of
days for appearance of roots, rooting
percentage, number of roots, root
length, fresh and dry weights of roots
per rooted air-layer. Plant height and
number of leaves and shoots as well
as survival percentage were recorded
after 6 months from transplanting the
layers in polyethylene bags filled
with clay soil and were kept under
plastic house conditions.

For determining total carbohy-
drates and phenols, as well as en-
dogenous phytohormones and anat-
omy structure, the basal 2.5-3.0 cm
portion of rooted shoots was used.
Some samples were oven-dried at
70°C for 48 hours and ground to a
fine powder and stored until used for
determination of total carbohydrates
and phenols. Total carbohydrates
content was colorimetrically deter-
mined using anthrone sulphuric acid
method described by Fales (1951).
The total phenolic content was esti-
mated colorimetrically by Folin-
ciocalteau reagent (FCR) method
(Maliauskas et al., 2004).
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Endogenous phytohormones in
tissues of layered shoots bases were
analyzed using GC-MS (7890A-
5975B) Gas Chromatograph Mass
equipped with a flame ionization de-
tector for separation of phytohor-
mones constituents. The chromato-
graph apparatus was fitted with capil-
lary colum DB-5ms. The oven tem-
perature was set at 40 ° ¢ for 2 min.,
then temperature program ramp in-
crease with a rate of 10° ¢/min to 150°
¢ for 3 min., then it was increased at
the rate of 10° ¢/min to 220° ¢ for 6
min and then at 15° ¢/min to 280° ¢
for 15 min and finally the a post run
was at 260° ¢ for 2 min. Flow rates of
gases was 0.5 mL/min for 10.9 min
then 1 mL/min for 30 min. Detector
and injector temperatures were 300°
C and 260° C, respectively. Hence,
the total run time was 48 min. The
obtained chromatogram and report of
GC Mass analysis for each sample
were analyzed to calculate the per-
centage of main components of phy-
tohormones (indole acetic acid and its
derivatives, zeatin and gibberellic
acid).

Data obtained during the two
seasons of the study were statistically
analyzed using Statistix 8.1 analytical
software and the means were com-
pared using a least significant differ-
ence (L.S.D.) test based on Gomez
and Gomez (1984).
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Results and Discussion
Rooting percentage

Data presented in Table 1 show
significant effects of different appli-
cation methods of IBA on rooting
percentage of F. elastica var. decora
air-layers during both seasons. The
best application method of IBA was
the direct application by painting gir-
dled zone which showed superiority
over the other methods. The effect of
IBA concentration was also obvious
on rooting percentage. Treating air-
layers with 3000 ppm IBA by paint-
ing girdled zone resulted in the high-
est rooting percentage (93.3 and
86.7%) in both seasons, respectively.
These results are in agreement with
the findings of Ray et al. (2001),
Chawla (2011), Reddy et al. (2014)
and Baghel et al. (2016). The stimu-
latory effect of IBA in increasing
rooting percentage may be due to the
important roles of auxin including
accumulation of metabolites at the
site of application of auxin, stimula-
tion of cell division, cell elongation,
root formation, enhanced hydrolysis
of carbohydrates, synthesis of RNA,
enzymes, new protein and cell-wall
components and stem elongation
(Lwin et al., 2012 and Kasem and
Abd El-Baset, 2014).
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Table 1. Percentage of rooted layers in Ficus elastica var. decora as affected by
IBA treatments and beneficial microorganisms during the 2016 and 2017 sea-

sons.
IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus| AMF | Mean | Cont. | Bacillus| AMF | Mean
Control (non-treated) | 15333 | 60.00 60.00 | 57.78 | 46.67 | 60.00 60.00 | 55.56
In the substrate 50 66.67 | 80.00 80.00 | 75.56 | 66.67 | 73.33 80.00 | 73.33
100 73.33 | 86.67 80.00 | 80.00 | 66.67 | 80.00 73.33 | 73.33
By painting 1500 73.33 | 100.00 | 93.33 | 88.89 | 66.67 | 80.00 80.00 | 75.56
3000 80.00 | 100.00 | 100.00 | 93.33 | 73.33 | 100.00 | 86.67 | 86.67
Talc paste 1500 73.33 | 86.67 80.00 | 80.00 | 66.67 | 80.00 73.33 | 73.33
3000 80.00 | 100.00 | 86.67 | 88.89 | 73.33 | 86.67 80.00 | 80.00
Mean 71.43 | 87.62 82.86 65.71 80.00 76.19
LSD at 0.05 | |
IBA Treatments 1.94 3.58
Microorganisms 1.05 2.2
Interaction 2.79 5.82

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis

The results also highlight the
importance of the treatment with
beneficial microorganisms to improve
rooting percentage. Air-layers treated
with B. subtilis had significantly
higher rooting percentage (83.8% as
average mean of both seasons) than
the layers treated with AMF and the
control. This is consistent with the
previously reported by Goto (1990),
Rinallo et al. (1999) and Rajan and
Radhakrishna (2013). Also, McAfee
et al. (1993) showed that rooting of
Pinus and Larix cuttings was higher
when they were inoculated with
Agrobacterium rhizogenes. Esitken et
al. (2003) and Ercisli et al. (2004)
tested plant growth promoting rhizo-
bacteria (PGPR) for rooting in rose
hip and sour cherry cuttings and
found that PGPR were effective to
obtain high rooting percentages. Root
induction by beneficial microorgan-
isms is the accepted result of phyto-
hormones, such as IAA production,
inhibition of ethylene synthesis and
mineralization of nutrients (Goto,
1990, Steenhoudt and Vanderleyden,
2000 and Erturk et al., 2010).

The interaction between IBA
application methods and beneficial
microorganisms exerted significant
differences in both seasons. The
combined treatment of IBA at 3000
ppm by painting girdled zone and B.
subtilis resulted in the highest rooting
percentage (100%) in both seasons,
followed by the same IBA treatment
+ AMF (Table 1). These results are in
accordance with Rinallo et al. (1999),
Scagel, et al. (2003), Yasser (2015)
and Zenginbal and Demir (2018).
They revealed that IBA-bacteria or
IBA-mycorrhizal fungi combined
treatments showed greater capacity
than IBA or beneficial microorgan-
isms alone treatments in enhancing
rooting percentage.

Root and vegetative growth charac-
teristics

It is evident from the data in
Tables 2-6 and Figs. 1 & 2 that the
treatment of F. elastica var. decora
air-layers with IBA alone or in com-
bination with beneficial microorgan-
isms significantly increased all root
and vegetative growth characteristics
compared to the control.
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Concerning IBA effect, treating
air-layers with IBA at 3000 ppm by
painting girdled zone induced signifi-
cantly faster root appearance and
gave higher number and length of
roots as well as heavier fresh and dry
weights of roots. Also, the same
treatment gave the same trend in in-
creasing vegetative growth character-
istics (plant height, number of shoots
and leaves per rooted layer) after 6
months from transplanting compared
to the control and the other treatments
in both seasons. These results are in
agreement with those obtained by
Singh and Singh (1996), Dharshan
(2008), Rymbai and Reddy (2010)
and Reddy et al. (2014). Gilani et al.
(2018) reported that application of
IBA at 150 ppm into the rooting sub-
strate increased root and shoot char-
acteristics of guava air-layers. Also,
Reddy et al. (2014) indicated that Fi-
cus carica air-layers treated with IBA
at 3000 ppm reduced number of days
required for root appearance, highest
number of roots, maximum root
length, maximum fresh and dry
weights of roots, maximum survival
percentage of air-layers and number
of new leaves planting. Better root
and shoot promoting activity of IBA
could be attributed to its property of
slow movement and its relatively
slow destruction by auxin degrading
enzyme system (Chovatia and Singh,
2000, Dharshan, 2008 and Kumar,
2011). This also may be due to the
fact that early root initiation might
have provided enough time for higher
rate of cell division and cell elonga-
tion which ultimately might have
promoted higher length of roots. Cu-
mulative root length had a positive
relation with the number of roots per
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rooted layer. Therefore, IBA affect
the root length either through increas-
ing the number of roots per rooted
layer or by increasing cell division
and enlargement at each root (Des-
salegn and Reddy, 2003). IBA most
probably enhanced the translocation
of carbohydrate and other endoge-
nous plant substances and nutrients to
the rooting zone for root initiation
and development of the layered
shoots (Yeboah et al., 2014).

As for the effect of beneficial
microorganisms, inoculation of air-
layers with B. subtilis or AMF re-
sulted in early root appearance and
better root and shoot characteristics
comparing to the control, where B.
subtilis was superior to AMF. These
results are in accordance with those
revealed by Rinallo et al. (1999), Ab-
del-Rahman and El-Naggar (2014)
and Yasser (2015). The increase in
root production observed with the
mycorrhizal treatments may be re-
lated to the IBA treatment, since this
phytoregulator can play a specific and
direct role in establishing symbioses
between fungi and plant roots, as well
as stimulating the fungus to lateral
root formation in the host (Etemadi et
al., 2014). Apart from the application
of synthetic auxin, natural plant auxin
play essential role as signals during
the establishment of AMF symbiosis
particularly for the development of
lateral roots which are the preferred
infection sites for the fungi (Ludwig-
Muller and Guther, 2007). On the
other hand, the addition of PGPR en-
hance the availability and uptake of
plant nutrients, the production of
growth promoting substances and the
suppression of deleterious bacteria
which might have encouraged the
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rooted layers to put on better root and
vegetative growth and hence an in-
crease in plant height (Chawla, 2011).

The interaction effects between
IBA and beneficial microorganism
showed that the earliest root appear-
ance and the best root and vegetative
growth characteristics were obtained
from combined IBA at 3000 ppm by
painting girdled zone with B. subtilis,
followed by the same IBA treatment

+ AMF. These results are consistent
with the findings of Rinallo et al.
(1999), Scagel et al. (2003), El-
Nashar (2008), Abdel-Rahman and
El-Naggar (2014). Yasser (2015) and
Abdul Hakim et al. (2018) showed
that combination of auxins with bene-
ficial microorganisms significantly
increased root and shoot characteris-
tics of Punica granatum cuttings
compared with the control.

Table 2. Number of days to emerge visual roots in Ficus elastica var. decora air-
layers as affected by IBA treatments and beneficial microorganisms during

the 2016 and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus| AMF | Mean | Cont. | Bacillus| AMF | Mean
Control (non-treated) 51.7 44.0 45.7 47.1 53.0 42.7 43.7 46.4
In the substrate 50 433 39.7 40.7 41.2 41.7 38.0 39.7 39.8
100 41.0 37.0 39.3 39.1 39.7 36.0 37.3 37.7
By painting 1500 38.3 35.0 36.3 36.6 36.3 34.7 34.3 35.1
3000 36.3 31.0 33.7 33.7 35.0 30.3 333 32.9
Talc paste 1500 38.7 36.0 37.3 37.3 37.3 34.7 35.7 35.9
3000 37.0 33.0 34.3 34.8 35.3 32.7 34.0 34.0
Mean 40.9 36.5 38.2 39.8 35.6 36.9
LSD at 0.05 | |
IBA Treatments 1.3 1.1
Microorganisms 0.6 0.5
Interaction 1.6 1.4

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis

Table 3. Root number per air-layer of Ficus elastica var. decora as affected by IBA
treatments and beneficial microorganisms during the 2016 and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus | AMF | Mean | Cont. | Bacillus | AMF | Mean
Control (non-treated) 7.68 13.67 11.50 | 10.95 | 10.67 12.33 12.00 11.67
In the substrate 50 9.73 19.44 18.33 15.84 | 12.50 15.50 14.67 14.22
100 9.89 20.77 19.44 | 16.70 | 14.00 19.50 19.33 17.61
By painting 1500 15.67 24.67 23.67 | 21.33 | 14.33 22.57 19.50 18.80
3000 23.13 26.17 27.67 | 25.65 | 17.50 26.67 24.67 22.94
Talc paste 1500 16.20 21.47 19.77 | 19.14 | 14.83 19.83 18.00 17.56
3000 16.00 24.43 23.33 | 21.26 | 15.17 22.00 19.00 18.72
Mean 14.04 21.52 20.53 14.14 19.77 18.17
LSD at 0.05 |
IBA Treatments 1.67 1.50
Microorganisms 0.82 0.71
Interaction 2.18 1.87

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis
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Table 4. Root length (cm) per air-layer of Ficus elastica var. decora as affected by IBA
treatments and beneficial microorganisms during the 2016 and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus| AMF | Mean | Cont. | Bacillus| AMF | Mean
Control (non-treated) 8.90 11.83 10.87 | 10.54 | 10.17 13.33 13.00 | 12.17
In the substrate 50 11.83 | 16.11 14.33 | 14.09 | 13.83 16.67 15.17 | 15.22
100 12.33 17.44 14.67 | 14.81 | 14.50 18.00 14.50 | 15.67
By painting 1500 14.78 | 18.33 17.33 | 16.81 | 15.67 19.50 17.33 | 17.50
3000 16.17 | 21.00 18.67 | 18.61 | 17.67 | 22.17 21.67 | 20.50
1500 12.62 | 16.50 15.87 | 15.00 | 14.83 16.50 17.17 | 16.17
Talc paste
3000 14.53 17.23 17.17 | 16.31 | 16.33 18.17 18.67 | 17.72
Mean 13.02 | 16.92 15.56 14.71 17.76 16.79
LSD at 0.05 | |
IBA Treatments 0.43 0.47
Microorganisms 0.33 0.36
Interaction 0.87 0.96

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis

Table 5. Root fresh weight (g/air-layer) of Ficus elastica var. decora as affected by IBA
treatments and beneficial microorganisms during the 2016 and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus| AMF | Mean | Cont. | Bacillus| AMF | Mean
Control (non-treated) 3.93 7.90 6.83 6.22 4.49 7.25 6.33 6.02
In the substrate 50 8.33 14.93 14.67 | 12.64 | 7.60 14.10 12.67 | 11.46
100 8.40 17.60 16.00 | 14.00 | 9.52 16.91 16.05 | 14.16
By painting 1500 9.30 22.00 19.00 | 16.77 | 10.66 19.42 17.63 15.90
3000 1593 | 23.00 22.33 | 20.42 | 13.50 | 23.81 19.67 | 18.99
Talc paste 1500 9.20 18.70 1690 | 1493 | 9.89 17.86 17.14 | 14.96
3000 11.17 | 21.10 20.00 | 17.42 | 12.30 19.74 18.07 | 16.70
Mean 9.47 17.89 16.53 9.71 17.01 15.36
LSD at 0.05 | |
IBA Treatments 0.77 1.27
Microorganisms 0.74 0.85
Interaction 1.95 2.26

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis

Table 6. Root dry weight (g/air-layer) of Ficus elastica var. decora as affected by IBA
treatments and beneficial microorganisms during the 2016 and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus| AMF | Mean | Cont. | Bacillus| AMF | Mean
Control (non-treated) 1.63 3.29 3.03 2.65 1.89 3.19 3.12 2.73
In the substrate 50 3.37 4.32 4.32 4.01 3.34 4.29 4.16 3.93
100 3.67 4.69 4.37 4.24 3.40 4.64 4.41 4.15
By painting 1500 3.70 5.58 4.90 4.73 3.89 5.17 4.46 4.51
3000 4.68 5.66 5.39 5.24 4.05 5.91 5.18 5.05
Talc paste 1500 3.58 4.63 4.03 4.08 3.55 4.90 4.41 4.29
3000 3.84 4.92 4.92 4.56 4.00 5.43 5.00 4.81
Mean 3.50 4.73 4.42 3.45 4.79 4.39
LSD at 0.05 | |
IBA Treatments 0.42 0.41
Microorganisms 0.31 0.26
Interaction N.S. N.S.

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis
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vegetative growth characteristics of F. elastica var. decora during both seasons. Vertical bars above
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mean denote LSD values (p<0.05).

Fig. 1. Effect of IBA at different concentrations and application methods and beneficial microorganisms on
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Fig. 2. Interaction effects between IBA at different concentrations and application methods and beneficial
microorganisms on vegetative growth characteristics of F. elastica var. decora during both seasons.
Vertical bars above mean denote LSD values (p<0.05).

Survival percentage

Data presented in Table 7 show
that the best treatments which im-
proved root and shoot characteristics,
also enhanced survival percentage of
successfully rooted air-layers. Gener-
ally, treating air-layers with IBA at
3000 ppm by painting girdled zone
combined with Bacillus or AMF pro-
duced the best survival percentage
(100%) in both seasons comparing to
ca. 50% in untreated layers (control)
as an average of both seasons (Table
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7). These results are in agreement
with the finding of Kumar (2011),
Chawla (2011) and Khalid et al.
(2004). Improvement in root and
vegetative growth characteristics by
the combined treatment of 3000 ppm
IBA with the beneficial microorgan-
isms could explain the percentage of
survival after transplanting derived
by the same treatment (Kumar, 2011
and Yasser, 2015). In addition, bene-
ficial microorganisms including bac-
teria and mycorrhizal fungi has a
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great role in promoting better uptake
of water and nutrients by the plant
and hence improving survival per-

centage (Kumar and Syamal, 2005
and Cakmakci et al, 2006).

Table 7. Survival percentage of new produced plants after 6 months from trans-
planting in Ficus elastica var. decora as affected by IBA treatments and bene-
ficial microorganisms during the 2016 and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus| AMF | Mean | Cont. | Bacillus| AMF | Mean
Control (non-treated) 50.03 | 50.00 50.00 | 50.01 | 50.03 | 50.00 50.00 | 50.01
In the substrate 50 61.10 | 77.77 72.23 | 70.37 | 61.10 | 77.77 72.23 | 70.37
100 66.67 | 88.90 88.90 | 81.49 | 77.77 | 88.90 88.90 | 85.19
. 1500 72.23 | 88.90 77.80 | 79.64 | 72.23 | 77.80 77.80 | 75.94
By painting
3000 77.80 | 100.00 | 92.00 | 89.93 | 77.80 | 100.00 | 91.67 | 89.82
Talc paste 1500 66.67 | 77.80 77.80 | 74.09 | 66.67 | 77.80 77.80 | 74.09
3000 77.80 | 91.67 88.90 | 86.12 | 77.80 | 91.67 88.90 | 86.12
Mean 67.47 | 82.15 78.23 69.06 | 80.56 78.19
LSD at 0.05 | |
IBA Treatments 1.13 4.46
Microorganisms 0.94 2.32
Interaction 2.48 6.13

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis

Total carbohydrates and phenols
content

The results presented in Tables
8 and 9 show that the combination of
IBA with beneficial microorganisms
significantly increased content of to-
tal carbohydrates and phenols in lay-
ered shoots tissues compared to un-
treated layers. The highest contents of
total carbohydrates and phenols were
obtained by treating air-layers with
3000 ppm IBA by painting girdled
zone + B. subtilis, followed by the
same IBA treatment + AMF. The in-
crement in polyphenolic compounds
produced by IBA plus B. subtilis or
AMF has a direct role in decreasing
auxin oxidation and accordingly im-
prove rootability as well as root and
shoot characteristics (Mitchell et al.,
1986 and Scagel and Linderman,
1998). Also, this might be due to that
the monophenol can increase root
growth as the enzyme polyphenol
oxidase can induce second "'OH group
in to the ring of a monophenol
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(Goodwin, 1976) and convert it into
diphenol, this in turn induces better
rooting (Kunal and Syamal, 2005).
Phenolic compounds are shown to
interact with proteins leading to al-
tered metabolism form roots in air-
layers (Kefeli and Kutacek, 1976).

As for carbohydrates, it has
been suggested  that auxin-
carbohydrates are important in regu-
lating root formation (Hansen et al.,
1978, Abdel-Rahman and  El-
Dosouky, 2010 and Chawla, 2011).
Arslonov (1979) reported that the ex-
ogenous application of auxins re-
sulted in the utilization of the stored
food substances for quicker root for-
mation. It is assumed that some sub-
stances in addition to auxins as car-
bohydrates are produced in leaves
and transported to the rooting zone
which enhance the rooting process
(Raviv and Reuveni, 1984). Carbo-
hydrates may function solely as a
source of metabolic fuel which is
necessary to provide the energy
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needed for root formation. Carbohy-
drates may also influence the auxin
status thereby influencing adventi-
tious root formation. In this regard, it
has been suggested that auxin synthe-
sis or transport is linked to the supply
of photosynthate since conditions
which reduced photosynthesis also
reduced endogenous auxin levels
(Vardar, 1968). In addition, the in-
crease in carbohydrates content in
bases of layered shoots in F. elastica
var. decora as a result of the inocula-
tion with B. subtilis or AMF may be
due to the production of IAA by
beneficial microorganisms, which

stimulated adventitious root forma-
tion, and resulted in better absorption
of water and nutrients from the soil as
well as increasing of vegetative
growth. Reuveni and Raviv (1981)
found a positive correlation among
carbohydrates content, growth pro-
moters and the rooting response. Ab-
del Rahman and EIl-Dsouky (2010)
indicated that application of IBA in
combination with B. subtilis was
more effective treatment in increasing
carbohydrates content in cutting
bases when compared to the control,
or IBA and/or B. subtilis alone.

Table 8. Total carbohydrates (%) in tissue of girdled zone in Ficus elastica var. decora
as affected by IBA treatments and beneficial microorganisms during the 2016

and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus | AMF | Mean | Cont. | Bacillus | AMF | Mean
Control (non-treated) | 15.93 19.17 18.14 17.75 18.13 19.33 18.51 18.66
In the substrate 50 19.01 22.06 20.79 20.62 18.97 20.86 19.57 19.80
100 19.86 23.03 20.00 20.96 19.34 22.40 20.70 20.81
- 1500 21.40 22.94 23.17 22.50 | 20.00 23.03 23.73 22.26
By painting
3000 19.86 23.85 25.21 22.97 | 2047 25.20 25.73 23.80
Talc paste 1500 19.43 21.92 21.14 20.83 19.33 21.79 21.33 20.82
3000 22.31 23.40 23.47 23.06 | 21.83 23.40 23.70 22.98
Mean 19.69 22.34 21.70 19.73 22.29 21.90
LSD at 0.05 | |
IBA Treatments 0.30 1.02
Microorganisms 0.36 0.65
Interaction 0.95 1.73

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis
Table 9. Total phenolics (mg GAE/ g DW) in tissue of girdled zone in Ficus elastica
var. decora as affected by IBA treatments and beneficial microorganisms during

the 2016 and 2017 seasons.

IBA Beneficial microorganisms
application methods First season (2016) Second season (2017)
“ppm” Cont. | Bacillus | AMF | Mean | Cont. | Bacillus | AMF Mean
Control (non-treated) | 12.70 15.73 10.80 13.08 13.47 17.00 10.80 13.76
in the substrate 50 13.10 16.83 16.60 15.51 14.70 18.13 17.00 16.61
100 15.70 19.10 14.78 16.53 16.90 20.83 15.55 17.76
by painting 1500 17.70 20.90 15.00 17.87 18.30 22.20 15.63 18.71
3000 20.30 20.97 23.17 21.48 19.40 21.57 24.17 21.71
Talc paste 1500 17.80 20.10 18.53 18.81 17.33 22.33 21.00 20.22
3000 19.97 23.53 17.20 20.23 17.73 25.07 17.80 20.20
Mean 16.75 19.60 16.58 16.83 21.02 17.42
LSD at 0.05 | |
IBA Treatments 0.59 0.87
Microorganisms 0.36 0.43
Interaction 0.94 1.13

Cont. = control, AMF = Arbuscular Mycorrhizal Fungi, Bacillus = Bacillus subtilis

151




Assiut J. Agric. Sci., (50) No. (2) 2019 (140-158)

ISSN: 1110-0486

Website: www.aun.edu.eg/faculty _agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

Promoters and inhibitors

GC MS analysis (Fig. 3) of two
samples extracted from rooting zone
of the air-layers for the control and
best treatment for improving rooting
and survival percentages, as well as
root and shoot characteristics (IBA at
3000 ppm by painting girdled zone +
B. subtilis) showed the presence of
only 2 constituents (indole acetic acid
and its derivatives at 20.9% and
zeatin at 0.28%) in control and 3 ones
(indole acetic acid and its derivatives
at 22.9%, zeatin at 0.06% and longi-
borneol as flavonol at 1.65% as a
percentage of total organic com-
pounds per sample). The present re-
sults showed that there was a positive
relationship between the best rooting
and survival percentages, as well as
root and vegetative growth character-
istics and the high concentration of

25

N

N

N

Indole acetic acid and

its derivatives
B Control 20.88
3000ppm IBA by painting+ B.

L 22.87
subtilis

indole acetic acid and its derivatives
obtained by the best treatment of
3000 ppm IBA by painting girdled
zone plus B. subtilis comparing to the
control. The promotive effects of
IBA + B. subtilis combined treatment
in adventitious root formation could
be attributed to the increase in IAA
production by B. subtilis (Goto,
1990). On the other hand, Maldiney
et al. (1986) found that increasing cy-
tokinins appear to have inhibitory ef-
fects on adventitious root formation
and they reported a change in their
levels during root initiation. As for
gibberellic acid, some investigators
reported inhibitory effects of GA; on
adventitious root formation and num-
ber of roots (Kato, 1958, Bostrack
and Struckmeyer, 1967 and Mauriat
etal.,2014).

. Flavonols
Zeatin ) .
(Longiborneol)
0.28 0
0.06 1.65

Fig. 3. GC-MS analysis of two samples extracted from root zone of Ficus eleastics var. decora layers
treated with IBA at 3000 ppm by painting girdled zone + B. subtilis and the control.

Conclusions

From the above mentioned re-
sults, it appears that all treatments
tested significantly increased rooting
and survival percentages, as well as
root and shoot characteristics com-
pared to the control. The best results
were obtained from treatment of air-

layers with 3000 ppm IBA by paint-
ing girdled zone combined with B.
subtilis, followed by the same IBA
treatment + AMF. Hence, this treat-
ment is recommended for improving
the propagation of F. elastica var.
decora through air layering.



Doi: 10.21608/ajas.2019.41428
Mousa, et al., 2019

http://ajas.journals.ekb.eg/

References

Abdel-Rahman, S.S.A. and A.I. El-
Naggar (2014). Promotion of root-
ing and growth of some types of
Bougainvilleas cutting by plant
growth promoting rhizobacteria
(PGPR) and arbuscular mycorrhi-
zal fungi (AMF) in combination
with indole-3-butyricacid (IBA).
International Journal of Science
and Research, 3(11): 97-108.

Abdel-Rahman, S.S.A. and M. ElI-
Dsouky (2010). Effect of indole-3-
butyric acid (IBA) and Bacillus
subtilis on rooting of Bougainvil-
lea glabra var. sanderiana cut-
tings. The 5™ Scientific Confer-
ence for Agricultural Sciences,
Fac. Agric. Assiut Univ. Oct. 16-
17, pp. 51-71.

Abdul Hakim, S.; M.K. Jaganath; S.M.
Honnabyraiah; S.A. Kumar and
K.J. Dayamani (2018). Influence
of biofertilizer and auxin on
growth and rooting of pomegranate
(Punica granatum L.) cuttings. Int.
J. Curr. Microbiol. App. Sci., 7(2):
1187-1193.

Amissah, J.N.; D.J. Paolillo Jr. and N.
Bssuk (2008). Advintitous root
formation in stem cuttings of
Quercus bicolor and Quercus ma-
rocarpa and its relationship to
stem anatomy. J. Amer. Soci. Hort.
Sci., 133(4): 479-486.

Arslonov, M.N. (1979). Physiological
changes occuring during root for-
mation in lemon cuttings. Uza-
bekskii Biologicheskii Zhurnal, 5:
24-26.

Baghel, M.; U.A. Raut and V. Ramteke
(2016). Effect of IBA concentra-
tions and time of air-layering in
guava cv. L-49. Research Journal
of Agricultural Sciences, 7(1):
117-120.

Baily, L.H. (1963). The Standard Cyclo-
pedia of Horticulture. 2™ Edn.

153

1229-1233.: The MacMillan Pub-
lishing Company, New York.
Balota, E.L.; O. Machineski and N.M.C.

Stenzel (2011). Resposta da acer-
ola a inoculagdo de fungos micor-
rizicos arbusculares em solo com
diferentes niveis de fosforo. Bra-

gantia, 70: 166-175.

Barea, JM. and C. Azcon-Aguilar
(1982). Production of plant growth
regulating substances by the ve-
sicular  arbuscular  mycorrhizal
fungus Glomus mosseae. Appl.
Envl. Micro., 43: 810-813.

Bostrack, J.M. and B.E. Struckmeyer
(1967). Effect of gibberellic acid
on the growth and anatomy of Co-
leus blumei, Antirrhinum majus
and Salvia splendens. New Phytol.,
66: 539-544.

Cakmakci, R.; F. Donmez; A. Aydin and
F. Sahin (2006). Growth promo-
tion of plants by plant growth-
promoting  rhizobacteria  under
greenhouse and two different field
soil condition. Soil Biology Bio-
chem., 38: 1482-1487.

Cameron, R.J. and G.L. Thompson
(1969). The vegetative propagation
of Pinus radiata :- root initiation in
cuttings. Hort. Gaz. 130(4):242-
251.

Chawla, W. (2011). Studies on air layer-
ing, survival and growth of rooted
layers in litchi (Lifchi chinensis
Sonn.). M.Sc. Thesis, College of
Horticulture Dr Yashwant Singh
Parmar University of Horticulture
and Forestry, Nauni, Solan, India.
http://krishikosh.egranth.ac.in/bitst
ream/1/5810001296/1/Wineet%20
Chawla.pdf

Chovatia, R.S. and S.P. Singh (2000).
Success of air-layering in custard
apple (Annona squamosa L.) as in-
fluenced by hinging of shoots and
growth regulators. The Orissa J.
Hort., 28 (2): 61-65.



Assiut J. Agric. Sci., (50) No. (2) 2019 (140-158)
Website: www.aun.edu.eg/faculty _agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

ISSN: 1110-0486

Clark, S.L.; S.E. Scblarbaum and P.P.
Kormanik (2000). Visual grading
and quality of 1-0 Northern red
oak seedlings. Southern J. Applied
For., 24: 93-97.

Dessalegn, Y. and Y.N. Reddy (2003).
Effects of different concentrations
of auxins on rooting and root char-
acters of air and ground layers of
jojoba  (Simmondsia  chinensis
(LINK.) C. K. Schneider). Ethiop.
J. Sci., 26(2):155-159.

Dharshan, B.V. (2008). Studies on
propagation through stem cuttings
and air layering in fig (Ficus
carica L.) cultivar Poona Fig.
M.Sc. Thesis, Division of Horti-
culture, University of Agricultural
Sciences, Bangalore.

http://krishikosh.egranth.ac.in/bitst
ream/1/5810025160/1/Th-9265.pdf

El-Nashar, M.F. (2008). Application of
auxin, vitamins and bacteria to
hard to root cuttings for commer-
cial production of two ornamental
shrubs. Ph.D. Thesis, Fac. Agric.,
Assiut Univ., Egypt.

Ercisli, S., A. Esitken and F. Sahin
(2004). Exogenous IBA and inocu-
lation with Agrobacterium rubi
stimulate adventitious root forma-
tion on hardwood stem cuttings of
two rose genotypes. HortScience.,
39(3): 533-534.

Erturk, Y.; S. Ercisli; A. Haznedar and
R. Cakmakci (2010). Effects of
plant growth promoting rhizobac-
teria (PGPR) on rooting and root
growth of kiwifruit (Actinidia deli-
ciosa) stem cuttings. Biol. Res.,
43: 91-98.

Esitken, A.; S. Ercisli; D. Sevik and F.
Sahin (2003). Effect of indole-3-
butyric acid and different strains of
Agrobacterium rubi on adventive
root formation from softwood and
semi-hardwood wild sour cherry

154

cuttings. Turkish Journal of Agri-
culture and Forestry, 27: 37-42.

Etemadi, M.; C. Gutjahr; J.M.
Couzigoou; M. Zouine; D. Laur-
essergues; A. Timmers; C. Audran;
M. Bouzayen; G. Bécard and J.P.
Combier (2014). Auxin perception
is required for arbuscule develop-
ment in arbuscular mycorrhizal
symbiosis. Plant Physiology, 166:
281-292.

Fales, F.W. (1951). The assimilation and
degradation of carbohydrates by
yeast cells. J. Bio. Chem., 193-

213.
Gamlath, M.; K. Abeywickrama and S.
Wickramarachchi  (2010). Root

growth promotion of Ficus species
during air-layering. Cey. J. Sci.
(Bio. Sci.), 39 (1): 45-51.

Ghosh, A.; K. Dey; A. Mani; F.K. Bauri
and D.K. Mishra (2017). Efficacy
of different levels of IBA and
NAA on rooting of phalsa (Grewia
asiatica L.) cuttings. International
Journal of Chemical Studies, 5(6):
567-571.

Gilani, S.A.Q.; K. Shah; 1. Ahmed; A.
Basit; M. Sajid; A.S. Bano; G. Ara
and U. Shahid (2019). Influence
of indole butyric acid (IBA) con-
centrations on air layerage in
guava (Psidium guajava L.) cv.
Sufeda. Pure Appl. Biol., 8(1):
355-362.

Gomez, K.A. and A.A. Gomez (1984).
Statistical Procedures for Agricul-
tural Research. 2" edn. John Wily,
NY, 680 pp

Goodwin, T.W. (1976). Chemistry and
bio-chemistry of plant pigments.
Vol. I, Academic Press, 736.

Goto, M. (1990). Fundamentals of Bac-
terial Plant Pathology. Academic
Press. Inc. San Diego, 339 pp.

Hansen, J.; L.H. Stromquist and A.
Ericsson (1978). Influnce of the ir-
radiance on carbohydrate content
and rooting of cuttings of pine



Doi: 10.21608/ajas.2019.41428
Mousa, et al., 2019

http://ajas.journals.ekb.eg/

seedlings (Pinus sylvestris L.).
Plant Physiol.., 61: 975-979.

Hartmann, H.T.; D.E. Kester; F.T. Da-
vies and R.L. Geneve (2011).
Hartmann and Kester’s Plant
Propagation: Principles and Prac-
tices, 8™ ed. Prentice Hall, New
Jersey (928 Pp.).

Kasem, M.M. and M.M. Abd El-Baset
(2014). A comparative study to
improve rooting of English laven-
der stems cuttings. Afri. J. of Ag-
ric. Res., 9(50): 3632-3637.

Kato, J. (1958). Studies on the physio-
logical effect of gibberellin II. On
the interaction of gibberellin with
auxins and growth inhibitors.
Physiologia PL, pp. 11-10.

Kefeli, V.I. and M. Kutacek (1976).
Phenolic substances and their pos-
sible role in plant growth regula-
tion (Ed.: P.E Pilet). Springer-
varlog, Berlin and New York, p.
181-182.

Khalid, A.; M. Arshad and Z.A. Zahir
(2004). Screening plant growth-
promoting rhizobacteria for im-
proving growth and yield of wheat.
Journal of Applied Microbiology,
96: 473-480.

Kumar, K. and M.M. Syamal (2005).
Effect of etiolation and plant
growth substances on rooting and
survival of air layering of guava.
Ind. J. Hort., 62: 290-292.

Kumar, S. (2011). Layering in guava as
influenced by growth regulators
and Azospirillum. M.Sc. Thesis,
Department of Horticulture Col-
lege of Agriculture, Dharward
University of Agricultural Science,
Dharwad (India).

http://krishikosh.egranth.ac.in/bitstream/
1/85229/1/th10316.pdf

Kunal, K. and M.M. Syamal (2005). Ef-
fect of etiolation and plant growth
substances on rooting and survival
of air layering of guava. Ind. J.
Hort., 62: 290-292.

155

Ludwig-Muller, J. and M. Guther
(2007). Auxins as signals in arbus-
cular mycorrhiza formation. Plant
Signal. Behav., 2: 194-196.

Lwin, K.M.; M.M. Myint; T. Tar and
W.Z.M. Aung (2012). Isolation of
plant hormones (IAA) producing
rhizobacteria and study on their ef-
fect on maize seedling. Engin. J.,
16(5): 137-144.

Maldiney, R.; F. Pelese; G. Pilate; B.
Sotta; L. Sossountzov and E.
Miginiac (1986). Endogenous lev-
els of abscisic acid, indole-3-acetic
acid, zeatin and zeatin-riboside
during the course of adventitious
root formation in cuttings of
Craigella and Craigella lateral sup-
pressor tomatoes. Physiol. Plant.,
68: 426-430.

Maliauskas, G.; P.R. Venskutonis and T.
A. Van Beek (2004). Screening of
Radical Scavenging Activity of
Some Medicinal and Aromatic
Plants Extracts. Food Chem., 85:
231-237.

Mauriat, M.; A. Petterle; C. Bellini and
T. Moritz (2014). Gibberellins in-
hibit adventitious rooting in hybrid
aspen and Arabidopsis by affecting
auxin transport. The Plant J., 78:
372-384.

McAfee, B.J.; E.E. White; L.E. Pelcher
and M.S. Lapp (1993). Root induc-
tion in pine (Pinus) and larch
(Larix) spp. using Agrobacterium
rhizogenes. Plant cell Tiss. Organ
culture, 34: 53-62.

Mitchell, R.J.; H.E. Garrett; G.S. Cox
and A. Atalay (1986). Boron and
ectomycorrhizal influences on in-
dole-3-acetic acid levels and in-
dole-3-acetic acid oxidase and per-
oxidase activities of Pinus echi-
nata roots. Tree Physiol., 1:1-8.

Paul, R. and Ch. Aditi (2009): IBA and
NAA of 1000 ppm induce more
improved rooting characters in air-
layers of waterapple (Syzygium



Assiut J. Agric. Sci., (50) No. (2) 2019 (140-158)
Website: www.aun.edu.eg/faculty _agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

ISSN: 1110-0486

javanica L.). Bulgarian Journal of
Agricultural Science, 15 (2): 123-
128.

Pirlak, L. (2009). Effect of IBA and bac-
teria (Agrobacterium rubi ve Ba-
cillus OSU 142) on the rooting of
M9 apple rootstock cuttings. 1* In-
ternational Symposium on Sus-
tainable Development, June 9-10
2009, Sarajevo129.

Porlingis, 1.C.; M. Petridou and D.G.
Voyiatzis (1999). An improved
method of propagating the olive by
mound-layering. Acta Hortcul-
turae, 474: 59-62.

Rajan, S.A. and D. Radhakrishna (2013).
Effect of entophytic bacteria on the
rooting and establishment of cut-
tings of Hibiscus rosa sinensis.
Journal of Agriculture and Veteri-
nary Science, 3(2): 17-21.

Raviv, M. and O. Reuveni (1984). En-
dogenous content of a leaf sub-
stances associated with rooting
ability of avocado cuttings. J.
Amer. Sco. Hort. Sci., 109(3): 284-
287.

Ray, R.N.; A.K. Dwivedi; P.S. Rao and
B.P. Jain (2001). Effect of indole
butyric acid and coloured wrap-
ping material on propagation of li-
tchi cv. Purbi. Haryana Journal of
Horticultural Sciences, 30(3/4):
170-172.

Reddy, P.P.N.; N.R. Ray; A.D. Patel and
J.S. Patel (2014). Effect of rooting
media and IBA (indole butyric
acid) levels on rooting and survival
of air layering in fig (Ficus carica
L.) cv. POONA under middle Gu-
jarat  agro-climatic  conditions.
Theasian Journal of Horticulture,
9(1): 1-5.

Rinallo, C.; L. Mittempergher; G. Frugis
and D. Marriott (1999). Clonal
propagation in the genus Ulmus:
Improvement of rooting ability by
Agrobacterium rhizogenes T-DNA

156

genes. Journal of Holt. Sci. and
BioTech., 74(4): 500-506.

Rymbai, H. and G.S. Reddy (2010). Ef-
fect of IBA, time of layering and
rooting media on air-layers and
plantlets survival under different
growing nursery condition in
guava. Indian Journal of Horticul-
ture, 67: 99-104.

Scagel, C.F. and R.G. Linderman.
(1998). Influence of ectomycorrhi-
zal fungi inoculation on growth
and root IAA concentrations of
transplanted conifers. Tree
Physiol., 18: 739-747.

Scagel, F.C.; K. Reddy and J.M. Arm-
strong (2003). Mycorrhizal fungi
in rooting substrate influences the
quantity and quality of roots on
stem cuttings of hik’s yew. Hort-
Tech., 13: 62-66.

Singh, D.B. and R.K. Singh (1996). Ef-
fect of IBA on rooting of stem cut-
ting and air layering of guava
(Psidium guajava L.) cv. Allaha-
bad surkha, Prog. Hort., 28(1-2):
51-53.

Singh, P.; J. Chandrakar; A.K. Singh; V.
Jain and S. Agrawal (2007). Effect
on rooting in guava cv. L-49
through PGR and organic media
under Chhattisgarh condition. Acta
Hort., (735): 197-200.

Steenhoudt, O. and J. Vanderleyden
(2000). Azospirillum, a free-living
nitrogen-fixing bacterium closely
associated with grasses: genetic,
biochemical and ecological aspect.
FEMS Microbiology Reviews 24:
487-506.

Suresh, K.; D. Thippesha and M. Gana-
pathi (2016). Effect of growth
regulators on rooting of air-layers
of rose apple (Syzigium jambos
L.). Res. Environ. Life Sci., 9(10):
1229-1231.

Vardar, Y. (1968). The Transport of
Plant Hormones. North-Holland



Doi: 10.21608/ajas.2019.41428
Mousa, et al., 2019

http://ajas.journals.ekb.eg/

Pub. Comp., Amsterdam, Holland,
pp. 407.

Wells, R. (1986). Air layering: An alter-
native method for the propagation
of Mahonia aquifolia 'Compacta'.
Comb. Proc. Intl. Plant Prop. Soc.,
36: 97-99.

Yang, Y.; M. Tang; R. Sulpice; H. Chen;
S. Tian and Y. Ban (2014). Arbus-
cular mycorrhizal fungi alter frac-
tal dimension characteristics of
Robinia pseudoacacia L. seedlings
through regulating plant growth,
leaf water status, photosynthesis,
and nutrient concentration under
drought stress. Journal of Plant
Growth Regulation, 33: 612-625.

Yasser, A.S. (2015). Effect of growth
regulators and bio-fertilizers on
rooting and growth of pomegranate

157

(Punica granatum L.) stem cut-
tings. M.Sc. (Hort) Thesis, Univ.
Hort. Sci., Bagalkot.

Yeboah, J.; B.K.B. Banful; P.Y.

Boateng; F.M. Amoah; B.K.
Maalekuu and S.T. Lowor (2014).
Rooting response of air-layered
shea (Vitellaria paradoxa) trees to
media and hormonal application
under two different climatic condi-
tions. American Journal of Plant
Sciences, 5: 1212-1219.

Zenginbal, H. and T. Demir (2018). Ef-

fects of some rhizobacteria and in-
dole-3-butyic acid on rooting of
black and white mulberry hard-
wood cuttings. The Journal of
Animal and Plant Sciences, 28(5):
1426-1431.



Assiut J. Agric. Sci., (50) No. (2) 2019 (140-158) ISSN: 1110-0486
Website: www.aun.edu.eg/faculty _agriculture/journals_issues_form.php E-mail: ajas@aun.edu.eg

oaan Jgal aladialy ) a8 (uSh il A o) a8 AN B pudadh cilbes Gl
| Jrosseall ol g (ulilan aladly Lo 3529 (8 ey gl
Olasler ey A 5 2] ) dana duia e (Gaallae (e Al s ¢ ga 4 Jlaa
byl s — o) 30 A — (0nl oty A ) and

ueilall

P bl daala = del 0 408 L3l Elad de ) e s 4l ey al
aea Jsa) <l 3 € g Al D Aaliad) (3l A5 e Caag YOOV oY VT e g
e Ve 0 S ) el A e b glaa e sl g ol gl
A tmayday Ta 5 (Ouadell Beda Yoor Vo 55 Galaill dilaie Glad ¢ (Ol
) Gl AKIL pdanl z\jg:c_\sﬁtasﬂs.lj(u#‘ SBerm Ve Ao ‘).45‘)3.1) St
A aa) ilalaa ) A8LaYL 138 ) s sSaall sl g Galila (a5 sadall A58
Cun () S DG re dndinal) adadl) allasy & ail) Creana A8 dal) GBS 5 S
A ial adadll bl Lty ol gl (rmea Jsad CDalre e A ) adadl) il
Jsaily Gdaill ddhaia las of Lade Jeasiall th_us\ i pelal 5 Adda) al ikl e
wﬁuwodb)u}hm@uw\ ;Pv~~~ J.\S).\Jd.u.u}d\um
Glalls z Sl 30 (Jsh care) Aty 4ok Gliia Juadl daill de ¢ il
& 5o 23e 5«3 s¥) aae () gl ) celad) duns Liad 3 )daa 4 58 38 5 JS1)50a00
e Jsanll U dlaleall s3a canl LS o(aY) clilal) e 40 sed) 28 51l Jumd amy il JS
e lEd ag b AN i ea Jaa ASH Y gl om0 KD (e e s sine
Ll el e alile Galialy U o€y Zaild) 399 el o) all ¢ o8 .5 AY) e lalaally
il Cliia ¢ bl Ay ddlaial) il Juall e Jseanll 23 LS L) ) Saall iy
Alalrall A 400 sel) 28 Al i 300 )5 oLl A (Y 1l 5 il jam 5 ST KN (5 gindl)
g Voow 58 dl bl (aes Jaily Galaill dilaie clasy 40 sell 28 pll 4< i)
e Jsa) A Lalra ity Alalrall Lealy calils ulanls L )i e ) 3V () silad)
DSl Hhad asay el sl

158



