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The research study was conducted at Pakistan Oilseed Development Board Tarnab Research Center Peshawar to 
evaluate the effect of different concentrations of indole butyric acid (IBA) at 0, 100, 200 and 300 ppm on hardwood 
and semi-hardwood cuttings of olive. Cuttings were taken in the month of October from an eight-year-old mother 
plant and dipped in the required IBA solutions for five seconds. The highest survival percentage, shoot length, shoot 
diameter, number of leaves per shoot, number of branches per shoot, number of roots per plant, root length and root 
diameter were recorded in both types of cuttings treated with IBA 300 ppm. The maximum number of branches per 
shoot was observed in hardwood cuttings as compared to semi-hardwood cuttings. Also hardwood cuttings treated 
with IBA (100 ppm) gave the highest number of branches per shoot. On the basis of overall performance either type 
of olive cuttings treated with IBA solution (300 ppm) showed the best results to propagate olive.
Keywords: olive, Olea europea, IBA concentrations, plant survival, root initiation, cuttings

Einfluss verschiedener Konzentrationen von Indolbuttersäure (IBA) auf Olivenstecklinge. Die Studie wurde am 
Pakistan Oilseed Development Board Tarnab Research Center Peshawar durchgeführt, um die Wirkung verschie-
dener Konzentrationen von Indolbuttersäure (IBA) bei 0, 100, 200 und 300 ppm auf verholzte und halbverholzte 
Stecklinge bei Olive zu untersuchen. Stecklinge wurden im Monat Oktober von einer acht Jahre alten Mutterpflan-
ze genommen und fünf Sekunden lang in die entsprechenden IBA-Lösungen getaucht. Maximale Überlebensrate, 
Trieblänge, Triebdurchmesser, Anzahl der Blätter pro Trieb, Anzahl der Austriebe pro Trieb, Anzahl der Wurzeln pro 
Pflanze, Wurzellänge und Wurzeldurchmesser wurden bei beiden Arten von mit 300 ppm IBA behandelten Steck-
lingen aufgezeichnet. Die maximale Anzahl der Austriebe pro Trieb bei verholzten Stecklingen wurde mit der bei 
halbverholzten Stecklingen verglichen. Verholzte Stecklinge, die mit IBA (100 ppm) behandelt wurden, ergaben die 
höchste Anzahl an Austrieben pro Trieb. Hinsichtlich der Gesamtleistung zeigten beide Arten von Stecklingen die 
besten Ergebnisse für die Vermehrung von Olive bei einer IBA-Behandlung mit 300 ppm.
Schlagwörter: Olive, Olea europea, IBA-Konzentration, Überlebensrate, Wurzelbildung, Stecklinge
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Olive (Olea europea), locally called Zaitoon or Khuna, 
belongs to the Oleaceae family. The olive can be consu-
med as a fruit, or oil extracted from it can be used for 
various purposes. Olive oil accounts for 20 to 30 percent 
of the fresh weight of the fruit and is well known throug-
hout the world for its nutritive and medicinal properties. 
The oil is nutritious because of the higher contents of 
oleic acid with therapeutic effect (Ashrafi et al., 2008). 
In human history, the domestication of olives started 
approximately 6500 years ago (Loukas and Krimbas, 
1983). Olives  originated from Palestine, Lebanon, Sy-
ria and Cyprus and later cultivation was spread to Italy, 
Spain and North Africa (Simmonds, 1976).
Olive can be grown from seed with high success rate of 
germination; however, growing from seed is a very slow 
process and it takes time to become a plant that is fit for 
budding, grafting or fruiting. Therefore Baloch (1994) 
suggested that other methods of propagation are to be 
tried to get fruits as quickly as possible. Cuttings is one 
of the simplest and most rapid ways of propagation, 
using hardwood and semi-hardwood cuttings (Siddi-
qui and Hussain, 2007). Plants can synthesize 3-types 
of endogenous auxins for root initiation at early stages of 
development (Aini et al., 2009; Rashotte et al., 2003; 
Simon and Petrasek, 2011). For the last few decades 
many researchers have been involved in determining the 
role of IAA and IBA in root initiation and development. 
While the development of primary root received a lot of 
attention, the formation of lateral and adventitious roots 
is not well understood (Casson and Lindsey, 2003). 
However, it is known that IBA effectively induces lateral 
rooting, adventitious rooting and acrobasal type of the 
rooting system in other species (Chhun et al., 2003; 
Chhun et al., 2004; Ludwig-Muller et al., 2005; Ste-
fancic et al., 2005; Wang et al., 2003).
In Pakistan, millions of wild olive trees (Olea cuspidata 
and Olea ferrugenea) are found in Federally Administ-
rated Tribal Area, Khyber Pakhtunkhwa, Potohar region 
and Northern Baluchistan. The presence of such large 
numbers of wild olive trees indicates that the agro-cli-
matic conditions of these areas are favourable for olive 
cultivation. Additionally, a small number of different oli-
ve varieties belonging to Olea europea that yields a high 
number of fruits were introduced into various parts of 

the country. Currently, there is a demand for the esta-
blishment of a large number of olive varieties in these 
regions in the shortest possible time. The present study 
is therefore planned to evaluate the performance of dif-
ferent types of olive cuttings treated with different con-
centrations of indole butyric acid (IBA).

MATERIALS AND METHODS

All the experiments were conducted at Pakistan Oilseed 
Development Board Tarnab, Peshawar. A Randomized 
Complete Block Design (RCBD) with the split plot ar-
rangement was used for experimentation, having three 
replications. Types of cuttings were allotted to main 
plots while IBA concentration to subplots. Two types of 
cuttings were used; hardwood cuttings were taken from 
dormant, mature stems which were fully dormant with 
no obvious signs of active growth while semi-hardwo-
od cuttings were prepared from partially mature wood 
of the current season’s growth. The cuttings were taken 
from an eight year old olive tree of the 'Leccino' cultivar. 
The experiment was performed in the month of October 
and twenty cuttings of uniform length (5 to 6 inches) 
and leaf number were used for each treatment. Cuttings 
were dipped in different IBA concentrations of 0 ppm = 
control, 100, 200 and 300 ppm for 5 seconds and then 
planted in polyethylene bags with media of sand, silt and 
farmyard manure in combination of 1:1:1 for callus for-
mation up to the end of April. The cuttings were planted 
in nursery beds in the first week of May. A distance of 
5 cm between cuttings was maintained while rows were 
kept 45 cm apart with a two-third portion buried in soil. 
For partial shade, cuttings were planted in plastic tunnels 
with the help of dipper and covered with nylon shade 
cloth. All the cultural practices, irrigation, fertilizers, 
weed control and intercultural practices were applied 
uniformly during the experiment. The data regarding 
plant survival percentage (%), number of days to bud 
sprout, number of shoots per plant, shoot length (cm), 
shoot diameter (cm), number of leaves per shoot, num-
ber of branches per shoot, number of roots per plant, 
root length (cm) and root diameter (cm) were recorded 
at the end of November.
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The data were analyzed by using Randomized Complete 
Block Design (RCBD) with eight treatment combina-
tions, replicated three times and means were further as-
sessed for differences through Least Significant Differen-
ce (LSD) test. Statistical computer software, MSTATC 
(Michigan State University, East Lansing/Michigan, 
USA), was applied for computing both the ANOVA and 
LSD (Steel et al., 1997).

RESULTS AND DISCUSSION

PLANT SURVIVAL PERCENTAGE (%)

The data (Table 1) regarding plant survival percentage 
showed that there is a significant effect of different IBA 
concentrations on the plant survival percentage, whereas 
the effect of cutting type and the interaction between 
IBA concentration and cutting type did not significantly 
differ. The highest plant survival (69.17 %) was found in 
plots having cuttings treated with 300 ppm of IBA, fol-
lowed by cuttings treated with 200 ppm of IBA, whereas 
the minimum number of plants survived in control. The-
se results are in accordance with those of Marshall and 
Warring (1985) and Siddiqui and Hussain (2007). 

 
Table 1: Effect of IBA concentrations and type of cuttings on plant survival percentage, number of days to bud sprout, number of

shoots per plant, shoot length (cm) and shoot diameter (cm) of olive 

Type of cutting Plant survival  
percentage 

Number of days  
to bud sprout 

Number of  
shoots per plant 

Shoot length 
(cm) 

Shoot diameter 
(cm) 

Hardwood1 46.67 31.33 2.67 16.28 0.26 
Semi-hardwood1 36.25 31.17 1.92 13.10 0.23 
Significance level n.s. n.s. n.s. n.s. n.s. 

IBA conc. (ppm)2    
0 5.00 c 30.33 1.83 4.96 d 0.14 b 
100  42.50 b 31.33 2.17 13.42 c 0.26 a 
200  49.17 b 32.00 2.50 18.84 b 0.29 a 
300  69.17 a 31.33 2.67 21.55 a 0.29 a 
LSD (α = 0.05) 5.40  n.s. n.s. 1.74  0.04  

Level of significance 
Interaction (C × I) n.s. n.s. n.s. n.s. n.s. 
1The results were obtained after treating hardwood and semi-hardwood with 100 ppm IBA 
2The data represent a mixture of both hardwood and semi-hardwood treated with various concentrations of IBA 
Mean with identical letters in column do not differ significantly from each another; n.s. = non significant at 5 % level of probability 
C × I = interaction of types of cutting and IBA 

 
 
  

The survival of the cuttings treated with high concentra-
tions of IBA may be directly linked with the capacity of 
the growth regulator to stimulate the generation of ad-
ventitious roots. The adventitious roots absorb mineral 
nutrients from the soil, which helps in the survival of the 
cuttings. Evidence for the involvement of IBA, but not 
IAA, in lateral root or adventitious root development 
was reported in rice by Wang et al. (2003). Chhun 
et al. (2003 and 2004) observed that IBA was also able 
to induce adventitious roots or lateral roots, while IAA 
gave the same response at 20-fold higher concentrations.

NUMBER OF DAYS TO BUD SPROUT

It is indicated from the results that IBA concentration 
applied to different type of olive cuttings did not affect 
the number of days to bud sprout significantly (Table 1). 
The reason for this phenomenon is that the IBA or auxin 
application does not have a direct effect on bud sprout 
and shoot development, but is mainly responsible for in-
ducing lateral roots or adventitious roots. Wahab et al. 
(2001) and Mitra and Bose (1990) also reported that 
there is no effect of IBA application on number of days 
to bud sprout. Bud sprouting may be due to the stored 
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food materials (carbohydrates) in the cuttings.

NUMBER OF SHOOTS PER CUT-
TING

The statistical analysis of the data showed that there is no 
significant effect of IBA concentration, cutting type and 
the interaction between IBA concentration and cutting 
type on number of shoots per cutting (Table 1). Siddi-
qui and Hussain (2007) observed the same effect of 
IBA on the number of shoots per cutting in Ficus hawaii. 
The reason for this may be that there was an equal length 
of the cutting above the soil surface and hence equal 
number of nodes.

SHOOT LENGTH (CM)

The data regarding shoot length showed that there is a 
significant effect of IBA concentration on shoot length, 
whereas the effect of cutting type and the interaction bet-
ween IBA concentration and cutting type did not signi-
ficantly differ. The highest shoot length (21.55 cm) was 
recorded in plots treated with 300 ppm of IBA while mi-
nimum shoot length (4.96 cm) was recorded in control 
(Table 1). This significant effect of IBA concentration on 
shoot length is in accordance with that of Naghmouchi 
et al. (2008). As a growth promoter IBA promotes cell 
division, which results in early rooting leading towards 
efficient absorption of mineral nutrient and hence maxi-
mizes shoot length.

SHOOT DIAMETER (CM)

The data showed that there is a significant effect of IBA 
concentration on shoot diameter, whereas the effect of 
cutting type and the interaction between IBA concentra-
tion and cutting type did not significantly differ. The ma-
ximum shoot diameter (0.29 cm) was recorded in plots 
treated with 300 ppm of IBA concentration, followed 
by 0.26 cm where 200 ppm of IBA was used, whereas 
the minimum shoot diameter (0.14 cm) was recorded in 
control (Table 1). The significant effect of IBA on shoot 
diameter might be due to high number of roots and lea-

ves. These results are in accordance with those of Siddi-
qui and Hussain (2007).

NUMBER OF LEAVES PER SHOOT

There was a significant effect of IBA concentration on 
number of leaves per shoot, whereas the effect of cutting 
type and the interaction between IBA concentration and 
cutting type did not significantly differ. The maximum 
leaves per shoot (49.17) were recorded in cuttings where 
IBA concentration was used at the rate of 300 ppm, whe-
reas the minimum leaves per shoot (9.33) were recorded 
in control (Table 2). IBA plays a direct role in enhancing 
root development, which, in turn increases shoot length 
and hence number of leaves, the result is similar to that 
of Wahab et al. (2001). An increase in number of roots 
due to IBA application may necessitate the increased ac-
tivity of photosynthesis, transpiration and respiration in 
leaves and thus may result in the increase in number of 
leaves per cutting (Muhammad, 1987).

NUMBER OF BRANCHES PER 
SHOOT

The statistical analysis of the data showed that there is a 
significant effect of IBA concentrations, cutting type and 
the interaction between IBA concentration and cutting 
type on the number of branches per shoot (Table 2). The 
highest number of branches per shoot (5.33) was obser-
ved in response to 300 ppm of IBA, followed by 5.17 in 
response to 100 ppm of IBA, while the minimum num-
ber of branches per shoot (1.00) was recorded in con-
trol. The highest number of branches per shoot (4.58) 
was recorded in hardwood cuttings, while the minimum 
number of branches per shoot (3.58) was recorded in se-
mi-hardwood cuttings. Stefancic et al. (2005) repor-
ted that IBA has significantly influenced the number of 
branches per shoot. It is a fact that IBA directly affects 
the number of roots and root growth and indirectly af-
fects shoot length, which may result in a high number of 
branches per shoot. The type of cutting has also shown 
a significant effect on number of branches per shoot. It 
may be because the hardwood cuttings of olive contains 
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a significant effect of IBA concentration on root length, 
whereas the effect of cutting type and the interaction 
between IBA concentration and cutting type did not sig-
nificantly differ. The highest root length (11.09 cm) was 
recorded in plots where IBA concentration was used at 
the rate of 300 ppm, followed by 9.80 cm where IBA con-
centration was used at the rate of 200 ppm, whereas the 
minimum root length (3.09 cm) was recorded in con-
trol (Table 2). The increase in root length may be due 
to the maximum number of branches per shoot whose 
tips produces more auxin which results in root elonga-
tion, and the effect of metabolites translocation and car-
bohydrates metabolism. Bhatt and Tomar (2010) also 
found increase in root length in Citrus auriantifolia with 
increasing IBA concentration.

ROOT DIAMETER (CM)

IBA concentration has significantly affected the root 
diameter, whereas the effect of cutting type and the in-
teraction between IBA concentration and cutting type 
did not significantly differ (Table 2). The maximum root 
diameter (0.16 cm) was recorded in plots treated with 
300 ppm of IBA, followed by plots treated with 200 ppm 
of IBA, whereas the minimum root diameter (0.07 cm) 

more food material than the semi-hardwood cuttings.

NUMBER OF ROOTS PER PLANT

Significant variation in number of roots per plant was 
observed in relation to different IBA concentrations, 
whereas the effect of cutting type and the interaction 
between IBA concentration and cutting type did not si-
gnificantly differ. The maximum roots per plant (20.50) 
were recorded in cuttings where IBA concentration was 
used at the rate of 300 ppm, followed by 17.17 where 
IBA concentration was used at the rate of 200 ppm, whe-
reas the fewest roots per plant (3.33) were recorded in 
control (Table 2). The induction of maximum number 
of roots per plant in the cuttings treated with high con-
centration of IBA was also reported by Qaddoury and 
Amssa (2004) and Aini et al. (2009). This effect of IBA 
may be due to the fact that cambial activities involved in 
root induction are stimulated by increasing IBA concen-
tration Daoud et al. (1989).

ROOT LENGTH (CM)

The statistical analysis of the data showed that there is 

Table 2: Effect of IBA concentrations and type of cuttings on number of leaves per shoot, number of branches per shoot, number 
of roots per plant, root length (cm) and root diameter (cm) of olive 

Type of cutting Number of leaves 
per shoot 

Number of branches
per shoot 

Number of roots 
per plant 

Root length 
(cm) 

Root diameter 
(cm) 

Hardwood1 36.58 4.58 a 14.42 8.15 0.12 
Semi-hardwood1 31.17 3.58 b 10.17 7.36 0.11 
Significance level n.s. * n.s. n.s. n.s. 

IBA conc. (ppm)2    
0 9.33 c 1.00 b 3.33 d 3.09 d 0.07 d 
100  32.00 b 5.17 a 8.17 c 7.04 c 0.10 c 
200  45.00 a 4.83 a 17.17 b 9.80 b 0.13 b 
300  49.17 a 5.33 a 20.50 a 11.09 a 0.16 a 
LSD (α = 0.05) 4.59  0.51  1.43  0.79  0.02  

Level of significance 
Interaction (C × I) n.s. * n.s. n.s. n.s. 
1The results were obtained after treating hardwood and semi-hardwood with 100 ppm IBA 
2The data represent a mixture of both hardwood and semi-hardwood treated with various concentrations of IBA 
Mean with identical letters in column do not differ significantly from each another; n.s. = non significant and * = significant at at 5 % level of probability 
C × I = interaction of types of cutting and IBA 
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was recorded in control. Olive cuttings showed a posi-
tive response towards the increasing concentration of 
IBA regarding root diameter. The present findings can 
be confirmed by Singh and Singh (2005), who also 
reported that IBA has a significant effect on the root dia-
meter compared to all other growth regulators like indo-
le acetic acid and naphthalene acetic acid.

CONCLUSION AND RECOMMENDA-
TIONS

Based upon the findings of this study, it is recommended 
that the cuttings of olives should be treated with IBA at 
300 ppm or higher till maximum plant survival percen-
tage, shoot length, shoot diameter, number of leaves per 
shoot, number of branches per shoot, number of roots 
per plant, root length and root diameter are achieved. 
There was no significant difference between using hard-
wood cuttings and semi-hardwood cuttings except num-
ber of branches per shoot.
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