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Introduction

Olive is successfully grown in areas having mean 
annual temperature 15-20 °C, with a minimum 

of 4 °C and maximum of 40 °C but temperature be-
low 4 °C can damage the olive trees (Loannis, 2009). 
Therefore, areas having long warm summer and mild 
winter are suitable for the production of quality fruit 

of olive. Pakistan is located in the same region have 
varied climatic and soil factors, due to which all sort 
of temperate, subtropical and tropical zone fruit trees 
can be grown. Olive being a sub-tropical plant is 
grown successfully in the subtropical mountainous 
region of Khyber Pakhtunkhwa and Balochistan (Ba-
loch, 1994). The existence of wild olive (Oleo cuspi-
date), locally known as Zytoon in Urdu, Showan in 
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Pushto, kow in Punjabi, Sindhi and Saraiki and Khat 
in Brahavi, indicates it’s adaptation in sub-continent 
of South Asia, including Pakistan.

Propagation of olive through sexual mean is usually 
not recommended, because seedlings are not true to 
type and take lot of time to bear fruits. Asexual means 
of propagation are mostly used to propagate olives 
commercially and the propagation methods include: 
cutting, air-layering, budding and grafting. Air-lay-
ering is usually done in the months of July and Au-
gust as better rooting in olives induced when layered 
during humid conditions in monsoon (Rehman et al., 
2013). Branches of 5-10 mm in diameter are selected 
from well developed trees, free from pests and dis-
eases for air-layering and bark of 2-3 cm is removed, 
covered with soil or any other rooting medium and 
then wrapped with polythene film. When a good ball 
of roots develops, the branch is then cut off below the 
wrapped position after which it is generally placed in 
media to become firmly established before being set 
out permanently (Wilson, 1920). 

Adventitious root formation has many practical im-
plications in horticulture and there is a lot of com-
mercial interest because of many plant species, those 
are difficult to root (Davies et al., 1994; Kovar and 
Kuchenbuch, 1994). The auxin, Indole-3-Acetic Acid 
(IAA) was the first plant hormone to be used to stim-
ulate rooting of cuttings (Cooper, 1935) but synthetic 
auxin Indole-3-Butyric Acid (IBA) was even more ef-
fective than IAA (Zimmerman and Wilcoxon, 1935) 
and is now used commercially worldwide for rooting 
in many plant species (Hartmann et al., 1990). In-
dole-3-butyric acid was long regarded as a synthetic 
auxin, but recently has been shown to occur naturally 
in several plant species (Ludwig-Muller et al., 1993), 
and often more effective in root initiation, making it 
important in commercial propagation (De Klerk et 
al., 1999). In Arabidopsis, IBA induced adventitious 
roots and was widely used to generate roots on shoot 
explants (Marton and Browse, 1991). 

Keeping in view the importance of IBA in rooting, 
the present study was undertaken to find out the ap-
propriate concentration of IBA for rooting of olive 
cultivars through air-layering.

Materials and Methods

Influence of IBA concentrations on the rooting re-

sponse of olive cultivar in air-layering was evaluat-
ed during 2015 at Olive Model Farm Sangbhatti, 
situated in Mardan, Khyber Pakhtunkhwa-Pakistan 
(Altitude: 375 m; Latitude: 34°16ʹ21.32ʺN; Longi-
tude: 72°18ʹ06.33ʺ). The region has an average annual 
rainfall of around 600 mm, mainly occurs in July-Au-
gust and the dry season lasts from May-June. Annu-
al rainfall during 2015 was 630 mm. Mean minimal 
temperature ranged from 2° C in the coldest month 
(December-January) to 25 °C in the hottest month 
( June-July), while the mean maximum temperatures 
for the same months varied from 18 to 38 °C.
 
Air layering was practiced in one year old healthy 
shoots at all the aspects of the canopy in healthy and 
productive mother plants of olive cultivars: Frontoio, 
Manzanilla, Pendolino, Ottobratica and Picual dur-
ing monsoon season. The layerings were treated with  
0 (control), 1000, 2000, 3000 and 4000 ppm IBA 
solutions with the help of dropper. Fifty layering 
were practiced for each 25 treatments replicated three 
times with total of 3750 layerings in the trial. 

The moist medium of silt, saw dust and garden soil 
(1:1:1 by volume) was placed around the 2-3 cm de-
barked area of the branch for rooting and wrapped 
with poly-ethylene film to conserve the moisture at 
the root zone. After the roots grown outside the ball 
of medium, the daughter saplings of each treatment 
were detached from the mother plants and planted 
on its own roots for growth and development, in pol-
ythene bags containing media of silt, garden soil and 
compost in equal proportion by volume. 

Attributes studied
To investigate the “Influence of IBA concentrations 
on the rooting response of olive cultivars in air-lay-
ering” data on following attributes were recorded and 
analyzed accordingly:

Days to root appearance
Days between air-layering and root appearance in the 
layered portion were counted for each treatment and 
average value for days to root appearance was worked 
out. 

Rooting percentage (%)
Rooting percentage was computed by the formula;
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Number of roots layering-1

Five layering for each treatment were detached ran-
domly from the mother plants, roots were exposed by 
washing with water, counted the number of roots in 
each layering and computed their averages.

Root length (cm)
Five rooted layers were detached randomly in each 
treatment, roots were exposed by washing with water 
and root length from the point of induction to the tip 
of the longer root was measured and calculated their 
average values.

Root thickness (mm)
Root thickness of the exposed roots were measured 
with the help of vernier caliper and averaged for five 
samples taken randomly for each treatment.
 
Root weight (g)
Root weight for five randomly taken air-layering were 
determined with the help of electronic balance and 
computed their average values.

Number of re-sprouts plant-1

The number of re-sprouted shoots in five randomly 
taken saplings for each treatment were counted and 
averaged.

Shoot length (cm)
The length of the re-sprouted shoots was measured 
and averaged for randomly taken five saplings in each 
treatment.

Statistical Procedure 
The experiment was laid out in Randomized Com-
plete Block Design (RCBD) with two factors factori-
al arrangements replicated three times. The data were 
analyzed according to factorial analysis using Statis-
tix-8.1 software. If the data were found significant, 
these were subjected to Least Significant Difference 
Test (LSD, P ≤ 0.05), for mean comparison (Steel et 
al., 1997). 

Results and Discussion

Days to root appearance
Olive cultivars responded variously for number of 
days taken for root appearance in air-layering when 
treated with different concentrations of IBA. The 
Statistical analysis of data (P ≤ 0.05) revealed that 
number of days to root appearance of olive cultivars 

through air-layering was significantly influenced by 
cultivars, IBA concentrations and their interaction. 

Maximum number of days to root appearance (48.40) 
was taken by the layers of cultivar Pendolino for roots 
development and appearance, followed by 42.93 
numbers of days to root appearance, recorded in lay-
ered branches of cultivar Picual. The layers of Manza-
nilla produced early rooting and took minimum days 
(36.00) for root development and appearance. The 
untreated layerings took more days to root appear-
ance (50.40) in comparison with the layerings treated 
with 2000 ppm IBA solution, which took 35.13 days 
and statistically at par with the treatment of 3000 
ppm that produced and developed roots within 35.93 
days (Table 1).

Table 1: Days to root appearance, rooting percentage (%), 
number of roots and root length (cm) of olive cultivars as 
affected by different concentration of IBA in air-layering.
Cultivars (Cv) Parameters

Days to 
root ap-
pearance

Rooting 
percentage 
(%)

Number 
of roots

Root 
length 
(cm)

Frontoio 38.80c 65.73b 5.69b 6.14b
Manzanilla 36.00d 77.47a 6.38a 7.03a
Ottobratica 41.00bc 55.33c 4.81c 4.83c
Pendolino 48.40a 48.27d 3.38d 3.83d
Picual 42.93b 57.73c 4.99c 4.33cd
LSD (α = 0.05) 2.4536 3.7840 0.3210 0.5883
IBA concentrations (IBA)
0 (Control) 50.40a 47.07d 5.04c 4.62c
1000 ppm 40.60c 63.87b 5.56ab 5.65b
2000 ppm 35.13d 72.00a 5.85a 6.65a
3000 ppm 35.93d 66.00b 5.29bc 5.31b
4000 ppm 45.07b 55.60c 3.50d 3.93d
LSD (α = 0.05) 2.4536 3.7840 0.3210 0.5883
Interaction of olive cultivars and IBA concentrations (Cv×IBA)
Significance 
levels 

*(Figure 1) *(Figure 2) *(Figure 3) *(Figure 
4)

Mean followed by similar letter(s) in column do not differ signifi-
cantly from one another.  
* = Significant at P ≤ 0.05

A significant variation was recorded for the inter-
action of olive cultivars and IBA concentrations re-
garding number of days to root appearance through 
air-layerage. The data revealed that untreated layer-
ings of cultivar Pendolino took more number of days 
to root appearance. On other side the layering of 
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Manzanilla, treated with 2000 ppm IBA required less 
number of days to root appearance (Figure 1).

Figure 1: Days to root appearance of olive cultivars as affected by 
IBA levels in air layering.

The cultivars greatly affect the days to rooting in ol-
ives (Rehman et al., 2013), early rooting in Manza-
nilla might be linked with the genetic potential and 
response of the cultivar to rooting through air-lay-
ering, also the activity of cambium tissues, synthesis, 
accumulation and utilization of photosynthate and 
growth promoters influenced rooting (Sharma and 
Srivastav, 2004). Furthermore, the days to rooting 
were different in olive cultivars (Kareem et al., 2013) 
and optimum concentration of IBA stimulated root-
ing in olive (Gautum and Chauhan, 1990) also it 
played a vital role in numerous aspects of growth and 
development, including vascular development and 
root initiation (Davies, 1995). 

Rooting percentage (%)
Statistical analysis of the data revealed that cultivars, 
IBA concentration and their interaction had signifi-
cantly affected (P ≤ 0.05) the rooting percentage in 
air-layering of olive cultivars.

The mean data showed that high rooting percentage 
(77.47%) was obtained in the IBA treated air-layer-
ings of cultivar Manzanilla, followed by rooting per-
centage (65.73%) noted in layerings of cultivar Fron-
toio, the means of both were significantly varied from 
each other and rest of the cultivars, while less rooting 
percentage (48.27%) was achieved by the layerings of 
Pendolino. 

Rooting percentage was increased from control to 
2000 ppm IBA treatment and then started decline 
as the concentration further enhanced till 4000 ppm. 
The highest rooting percentage (72.00%) was record-
ed in saplings produced through air-layering, treated 

with 2000 ppm IBA solution followed by the 66.00% 
rooting attained by the saplings, treated with 3000 
ppm and their means were statistically dissimilar 
from each. The lowest rooting percentage (47.07%) 
was achieved in saplings of the control treatment (Ta-
ble 1).

The interaction between cultivars and IBA concentra-
tion in the air-layering indicated that high percentage 
of rooting was attained by the layerings of Manzanil-
la, treated with 2000 ppm IBA solution, while low 
percentage of rooting was recorded in the untreated 
saplings of Pendolino (Figure 2).

Figure 2: Rooting percentage (%) of olive cultivars as affected IBA 
levels in air layering.

Root development and survival in air-layering largely 
depend on operation time and optimal use of growth 
regulators (Vyas, 1938), many endogenous and exog-
enous factors like genetic makeup, physiological in-
fluences, environment and status of the mother plant 
(Nemeth, 1986). Olive cultivars differ widely in their 
ability to root; some produce roots easily, whereas 
others are very difficult to root (Sutter, 2005). 

The rooting compounds promoted the root growth 
( John, 2004) and air-layering at appropriate time 
supported by the optimal concentration of IBA en-
hanced rooting. Similarly, the rooting attributes of 
litchi were improved by the application of 2500 ppm 
of IBA through air-layering (Rahman et al., 2000). 

Number of roots layering-1

The number of roots produced by the saplings of olive 
cultivars through air-layering was significantly affect-
ed by cultivars, IBA concentrations and their interac-
tion at P ≤ 0.05.

Olive cultivars vary in rooting potential, more roots 
(6.38) were generated in the IBA treated layerings of 
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Manzanilla, followed by the number of roots layer-
ing-1 (5.69) produced by the saplings of cultivar Fron-
toio and were statistically different from each other 
and rest of the cultivars, while less number of roots 
layering-1 (3.38) was noted in the plants, developed 
through air-layering in Pendolino.

Application of IBA at optimal dose triggered the 
intensity of adventitious rooting, more number of 
roots layering-1 (5.85) was recorded in the air-layer-
ing, treated with 2000 ppm IBA solution, followed by 
5.56 number of roots layering-1 induced by the appli-
cation of 1000 ppm IBA solution, while less number 
of roots (3.50) were generated in the layering treated 
with 4000 ppm IBA (Table 1).

Response of olive cultivars to IBA concentrations 
as interaction was not similar; Manzanilla, Frontoio 
and Picual produced more roots, when layerings were 
treated with 2000 ppm IBA solution, while more 
roots were generated in the layerings of Ottobratica 
and Pendolino, treated with 1000 and 3000 ppm IBA 
solution respectively. The highest number of roots was 
observed in the layering of Manzanilla treated with 
2000 ppm IBA solution, while few roots were pro-
duced by sapling in control treatment of Pendolino 
(Figure 3). 

Figure 3: Number of toots of olive cultivars as affected by IBA levels 
in air layering.

More roots in Manzanilla and Frontoio might be due 
the genetic potential of these cultivars, supported by 
the application of optimal dose of IBA, also early and 
high rooting percentage was observed in these cul-
tivars which provided additional opportunity to the 
layerings for the production of more roots. Adventi-
tious root induction is influenced by number of exter-
nal and internal factors (Gyana, 2006) and application 
of exogenous auxins play a vital role in the rooting 
capacity, whereas most of the commercial propaga-

tion is practiced with the application of IBA (Kotis et 
al., 2009). Rooting in ‘Domat’ olive was significant-
ly stimulated by the application of 1000 mg L-1 IBA 
(Murat and Elmas, 2008), also the rooting response 
and number of roots in olive cultivars were signifi-
cantly different (Ahmad et al., 2014). Furthermore, 
the results of Awan et al. (2003) are in partial support 
of the present results, who reported maximum root-
ing in Frontoio, compared with other cultivars under 
trial. IBA increased both the percentage and num-
ber of roots by enhancing the cell wall elasticity that 
accelerated cell division and stimulated percentage 
and number of roots upto certain level (Rahman et 
al., 2000). The IBA significantly increased the pro-
duction of roots and application of IBA at 2000 ppm 
might have triggered the cell division and root pri-
mordia formation. The differentiation of phloem ray 
parenchyma cells into root primordia depends upon 
the concentration of auxin (Sabatini et al., 1999). Fur-
ther, the differentiating cells required the most appro-
priate auxin to become competent to respond to the 
organogenic signal (Blakesley and Chaldecott, 1997). 
The IBA enhanced the cell division of first root ini-
tials in Avocado (Wynne and McDonald, 2002). 

Root length (cm)
Significant variations (P ≤ 0.05) among olive cultivars, 
IBA concentrations and their interaction, regarding 
root length were observed in the daughter saplings 
produced through air-layering. 

Olive cultivars respond variously to root related at-
tributes. The lengthy roots (7.03 cm) were produced 
in the IBA treated layering of cultivar Manzanilla, 
followed by root length (6.14 cm) noted in saplings 
of cultivar Frontoio. The minimum root length (3.83 
cm) was produced by plants of Pendolino.

Indole butyric acid has great influence on adventi-
tious root production in olive. The lengthy roots (6.65 
cm) were produced in the layering treated with 2000 
ppm IBA solution, followed by 5.65 and 5.31 cm long 
roots generated by the application of 1000 and 3000 
ppm IBA solution respectively. The minimum root 
length (3.93 cm) was noted in the layering treated 
with 4000 ppm solution (Table 1).

The interaction effect in terms of root length was sig-
nificantly different for various olive cultivars and IBA 
concentrations. The longest roots were observed in 
the layerings of Manzanilla treated with 2000 ppm 
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IBA solution and short were produced in the layering 
of Pendolino, treated with 4000 ppm IBA solution 
(Figure 4). 

Figure 4: Root length (cm) of olive cultivars as affected by IBA levels 
in air layering.

Production of lengthy root by saplings of cultivar 
Manzanilla and Frontoio might be due to the fact that 
both cultivars generated more and early rooting hence 
got enough time for root growth and development, 
lead to increased root length as compared to other 
cultivars under trail. The increase in root length by 
optimal IBA levels might be due to fact that rooting 
hormone significantly increased the roots related at-
tributes of olive and also can be linked with the effect 
of growth regulator (IBA) on the metabolites trans-
location and carbohydrates metabolism (Siddiqui and 
Hussain, 2007). Application of IBA fastens the callus 
formation in the air-layered portion and makes way 
to callus portion to initiate roots and increase the oth-
er rooting attributes (Cerveny and Gibson, 2005). 

Root thickness (mm)
The cultivars, IBA concentrations, and interaction of 
cultivars and IBA concentrations significantly influ-
enced the root thickness of air-layered saplings pro-
duced by olive cultivars.

Root thickness is cultivar dependent attribute, the 
air-layered saplings of cultivar Pendolino developed 
thicker roots (3.69 mm), followed by the root thick-
ness (2.84 mm) noted in the saplings of cultivar Man-
zanilla, while minimum root thickness (2.34 mm) 
was recorded in the plants of Ottobratica, produced 
through air-layering. 

The root related attributes are directly associated 
with proper application of Indole-3 butyric acid. 
The air-layerings treated with 2000 ppm IBA solu-

tion developed maximum root thickness (3.34 mm), 
followed by root thickness (3.12 mm) in daugh-
ter saplings of olive cultivars when treated with 
1000 ppm IBA solution. Minimum root thickness  
(2.28 mm) was recorded in layerings, treated with 
4000 ppm IBA solution (Table 2).

Table 2: Root thickness (mm), root weight (g), number 
of re-sprouts and shoots length (cm) of olive cultivars as 
affected by different concentration of IBA in layering.
Cultivars (Cv) Parameters

Root 
thickness 
(mm)

Root 
weight (g)

Number 
of re- 
sprouts

Shoot 
height 
(cm)

Frontoio 2.50c 1.84bc 4.44b 7.55a
Manzanilla 2.84b 2.62a 5.57a 6.49b
Ottobratica 2.34d 1.88b 2.61d 5.91c
Pendolino 3.69a 1.70c 4.01c 5.43d
Picual 2.52c 1.98b 4.61b 5.33d
LSD (α = 0.05) 0.0961 0.1407 0.3241 0.3608
IBA concentration (IBA)
O (Control) 2.47d 1.76d 3.99c 6.17c
1000 ppm 3.12b 2.25b 4.73ab 6.55b
2000 ppm 3.34a 2.47a 4.89a 7.00a
3000 ppm 2.69c 1.94c 4.41b 6.18bc
4000 ppm 2.28e 1.46e 3.21d 4.81d
LSD (α = 0.05) 0.0961 0.1407 0.3241 0.3608
Interaction of olive cultivars and IBA concentration (Cv × IBA)
Significance 
levels 

*(Figure 5) *(Figure 6) *(Figure 7) *(Figure 8)

Mean followed by similar letter(s) in column do not differ signifi-
cantly from one another.  
* = Significant at P ≤ 0.05

The interaction effect of cultivars and IBA concen-
trations in terms of root thickness varied for stud-
ied cultivars; the plants of Manzanilla, Frontoio and 
Picual produced thicker roots in air-layerings, treated 
with 2000 ppm IBA solution, while more root thick-
ness was observed in saplings of Ottobratica and Pen-
dolino when treated with 1000 and 3000 ppm IBA 
solution respectively. The plants of cultivar Pendolino 
produced more root thickness when treated with 
3000 ppm IBA solution, while on other side less root 
thickness was noted in plants of Ottobratica, treated 
with 4000 ppm IBA solution (Figure 5). 

The root thickness significantly varied in different ol-
ive cultivars; Pendolino categorized as hard to root 
produced few, short but thicker roots and might be 
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associated with the genetic potential of the variety. 
The plant species those are difficult to root have many 
practical implications in propagation which is of 
commercial interest (Kovar and Kuchenbuch, 1994) 
but the use of IBA can stimulate rooting of mother 
stock (Cooper, 1935). Moreover, one of the key prop-
erties of IBA is the increased rate of cell division and 
enlargement; it also increases the activity of nutrient 
uptake which lead to the increase in root thickness 
(Siddiqui and Hussain, 2007), more root growth 
and development was recorded in the layers of litchi 
plants, treated with 2500 ppm IBA solution (Rahman 
et al., 2000).

Figure 5: Root thickness (mm) of olive cultivars as affected by IBA 
levels in air layering. 

Root weight (g)
Significant variations were observed at P ≤ 0.05 
among cultivars, IBA concentrations and their inter-
action regarding root weight in the daughter saplings 
of olive cultivars produced through air-layering. 

The mean data of Table 2 showed that heavy root 
weight (2.62 g) was produced by layerings of Man-
zanilla which is significantly different from rest of 
the cultivars followed by the root weight (1.98 g) de-
veloped by the daughter saplings of cultivar Picual, 
while less root weight (1.70 g) was generated by the 
saplings of Pendolino. 

An increasing trend in root weight of the layerings 
was observed from 0 (control) to 2000 ppm treatment 
and then declined with the increase in IBA concen-
tration. Heavy root weight (2.47 g) was recorded in 
the layerings, treated with 2000 ppm IBA solution, 
followed by root weight (2.25 g) induced by the 
daughter saplings, treated with 1000 ppm IBA solu-
tion, while less root weight (1.46 g) was produced by 
the layerings treated with 4000 ppm IBA solution. 

The interaction between olive cultivars and IBA con-
centrations in air-layering indicated that heavy root 
weight was produced by daughter saplings of Man-
zanilla, treated with 2000 ppm while less root weight 
was recorded for the layerings of cultivar Picual when 
treated with 4000 ppm IBA solution (Figure 6). 

Figure 6: Root weight (g) of olive cultivars as affected by IBA levels 
in air layering.

The reason for increased root weight in daughter sap-
lings of cultivar Manzanilla might be due the fact that 
response of this cultivar to rooting percentage, num-
ber of roots and root length was significantly better 
as compared to other cultivars under trail that might 
have led to the incremental biomass of the root and 
ultimately increased the root weight. The IBA signif-
icantly affected root weight as it triggers root initia-
tion and growth, by increasing the rate of cell division, 
elongation and cell enlargement (Muller et al., 2005). 
The studies on the hydrolytic enzymes found during 
root formation, after IBA treatment in the mother 
stock revealed that the genes for endo-b-1, 4-glu-
canase were expressed in the area of adventitious root 
primordia formation and in the cortex, where soften-
ing of the cell walls was in progress in order to enable 
root emergence (Shoseyov et al., 1989), once the root 
emergence occur the growth and development pro-
gressed. Moreover, acid-induced cell wall loosening 
are thought to be responsible for expansions and are 
expressed in rapidly growing tissues (McQueen-Ma-
son, 1995) that lead to add bio-mass in roots. The IBA 
is more effective in root growth and development 
(Tomar, 2016) and during anabolism; the cambium 
constantly produces cells that differentiate into the 
phloem towards the outside, and the xylem towards 
the inside of the organ. At wounding, an undiffer-
entiated cell mass, or callus, is produced, primarily to 
seal and heal the wound, when particular hormone 
concentrations are present; these cells can differenti-
ate into functioning root and adds mass to it.
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Number of re-sprouts plant-1

Statistical analysis of the data showed that number of 
re-sprouts after detachment and transplantation was 
significantly affected by cultivars, IBA concentration 
as well as their interaction at P ≤ 0.05.

The number of re-sprouts is directly linked with culti-
vars and indirectly associated with the concentration 
of IBA, more number of re-sprouts (5.57) was noted in 
the daughter saplings of cultivar Manzanilla, followed 
by number of re-sprouts (4.61 and 4.44) developed 
by plants of cultivars Picual and Frontoio respectively, 
with statistically similar means, while less number of 
re-sprouts (2.61) was noted in the detached saplings 
of Ottobratica. 

The number of re-sprouts increased in the daughter 
saplings from control treatment till 2000 ppm IBA con-
centration and then started decline. Maximum num-
ber of re-sprouts (4.89) was noted in saplings, treat-
ed with 2000 ppm IBA, followed by 4.73 number of  
re-sprouts produced by the saplings treated with 1000 
ppm IBA, while few (3.21) were produced in 4000 
ppm IBA treatment (Table 2). 

In the interaction more re-sprouts were produced by 
the detached daughter sapling of Manzanilla, treated 
with 2000 ppm IBA, while few were developed in the 
sapling of Ottobratica, treated with 4000 ppm IBA 
solution (Figure 7). 

Figure 7: Number of resprouts of olive cultivars as affected by IBA 
levels in air layering.

The number of re-sprouts in the detached saplings 
is associated with the activation of vegetative buds 
and is cultivar dependent attribute. The emergence 
of sprouts (shoots) also depends on the rooting suc-
cess of cultivar that provides nutrients for shoot de-
velopment. More re-sprouts produced by Manzanilla 
might be due to the development of vigorous root 

system through air-layering due to the continuous 
supply of nutrients through xylem intact that led to 
the increased number of shoots (Sharma and Srivas-
tav, 2004). 

Shoot length (cm)
Significant differences were noted (P ≤ 0.05) among 
cultivars, IBA concentrations and their interaction 
regarding shoot length developed by the detached 
daughter saplings produced through air-layering.

The mean data in Table 2 indicated that shoot length 
of the re-sprouts was significantly affected by olive 
cultivars. The maximum shoots length (7.55 cm) was 
produced by saplings of cultivar Frontoio, followed 
by (6.49 cm) shoot length recorded in the plants of 
Manzanilla, while less shoot length (5.33 cm) was 
noted in the daughter saplings of cultivar Picual. 

Indole butyric acid promotes advantatious rooting 
that leads to enhance aerial vegetative growth. An in-
creasing trend in shoot length of the re-sprouts was 
observed from control treatment till 2000 ppm IBA 
application and then started decline. The highest val-
ue of shoot length (7.00 cm) was noted in the daugh-
ter saplings obtained from the layerings, treated with 
2000 ppm IBA solution, followed by shoot length 
(6.55 cm) developed by the saplings produced from 
layerings, treated with 1000 ppm IBA solution, while 
short shoots (4.81 cm) were produced in the daugh-
ter saplings generated from the layerings, treated with 
4000 ppm IBA solution (Table 2).

Regarding the interaction, lengthy shoots were re-
corded in the saplings of Frontoio produced from the 
layers treated with 2000 ppm IBA, while the short 
shoot length was recorded in daughter saplings of 
Pendolino, produced from layers when treated with  
4000 ppm IBA solution (Figure 8).

Shoot length is a triat linked directly with cultivars 
and indirectly associated with the application of IBA. 
Frontoio might have utilized the available resources 
efficiently for the development of long shoots, fa-
voured by the conducive environmental conditions. 
Furthermore, auxin have augmenting role in roots de-
velopment in air-layering, the exogenous application 
of IBA enhanced the root initiation and induction 
in short duration (Bhojvaid and Negi, 2003). Once 
roots developed it absorbed nutrients efficiently and 
ultimately triggered the vegetative growth including 
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shoot height. The number and length of shoots were 
significantly influenced by the application of IBA in 
daughter plants of litchi produced through air-lay-
erings (Sharma et al., 1990) and application of 2500 
ppm IBA solution increased shoot length in saplings 
of litchi, developed in air-layering (Rahman et al., 
2000).

Figure 8: Shoot height (cm) of olive cultivars as affected by IBA lev-
els in air layering.

Conclusions and Recommendations

It is concluded that the daughter saplings of cultivars 
Frontoio, Manzanilla and Picual propagated through 
air-layering produced early rooting, high survival per-
centage and vigorous root system, when treated with 
2000 ppm IBA solution while the layers of Ottobrat-
ica and Pendolino responded effectively to all the 
studied attributes when treated with 1000 and 3000 
ppm IBA solution respectively. 
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