
 

 

 

INTRODUCTION 

 
The olive (Olea europaea L.) is an important species and 
evergreen fruit tree with premium quality oil in the 
Mediterranean region (Estruch et al., 2013; Loumou and 
Giourga, 2003). Olive oil is characterized with high level of 
polyphenol, oleuropein, antioxidants and unsaturated fatty 
acids that reduces, coronary artery, cardiovascular disease and 
cancer with antimicrobial and antiviral effect. (Fabiani, 2016; 
Kalogeropoulos and Tsimidou, 2014; Malik and Bradford, 
2006).  The main olive oil production comes from Spain 
(more than 1.3 million tons per annum) and all European 
countries contribute about 78% of olive oil in the world. 
(FAOSTAT, 2016).  
Pakistan is importing the edible oil and ranked fourth from 
edible oil importing country by importing 75% of edible oil 
(Syed, 2014). The import bill of Pakistan is increasing every 
year at alarming rate and last year (2016-17) the bill was Rs. 
284.546 billion (Anonymous., 2017). The demand is 
increasing due to increase in population, per capita 
consumption and less oil seed crop production (Abdul Rashid, 
2018). Pakistan is characterized with diverse environmental 
conditions, almost all type of horticultural crops are 
successfully cultivated. Olive has longer history in 
Mediterranean climatic region since 3000BC (Connor, 2005). 
In last 5-10 years olive cultivation has spread on extensive 

area including Pothwar and up till now cultivation of olive has 
been completed on more than 3,166 acres by the funded 
projects of provincial government, government of Punjab, 
Pakistan. Under the project of olive promotion (federal 
government) olive has been cultivated on approximately 
2,800 acres on all districts of KP, Pothwar, FATA and 
Baluchistan (PARC, 2018). 
Olive fruit yield, oil production and quality is dependent on 
genotype but specific environmental conditions and transfer 
of genotype from one area to another area contributes a large 
towards successful commercial activity (Chunjiang et al., 
2018; Michelakis, 2002; Bignami et al., 1994). 
Morphological, phenological and fruit trait study has vital role 
in screening of suitable cultivars at specific location (Youssef 
et al., 2011). In Pakistan, very less number of studies has been 
made on different aspects for investigation of exotic olive 
germplasm with diverse origin. Hence, major aim of the study 
was to gather the information on the behavior of genotype and 
to find out the most suitable olive cultivars for Pothwar agro-
climatic condition of Pakistan regarding fruit productivity, oil 
quality and quantity.  

 

MATERIALS AND METHODS 

 

The experiment was performed in Pothwar agro-climatic 

condition of Pakistan in district Chakwal at Izhar Olive Farm 
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The present study was carried out to characterize the exotic olive cultivars on morphological as well as phenological basis and 

to assess their adaptability in Pothwar (Chakwal area) climatic condition of Pakistan. Majority of the parameters indicated 

significant variability between the cultivars and positive significant correlation were obtained between the parameters. 

Cultivars Ottobratica and Arbequina could be used for pollination purpose against maximum cultivars due to the longest 

flowering duration. Maximum fruit set percentage was recorded in cultivar Arbequina (5.49%) while poor fruit set was 

observed in cultivar Koroneiki (1.15%) with the mean of 2.66 for all cultivars. Maximum yield per plant was obtained from 

the cultivar Coratina (22kg) while minimum was recorded from the cultivar Leccino (2.5kg) with mean of 10.54kg. It is 

concluded from the correlation that bold size cultivars like Coratina, Gemlik, Jerboui and Nabali could be recommended for 

projection of olive industry in Pakistan under the climatic condition of Chakwal as fruit set percentage has positive correlation 

with fruit weight.  The grouping of above mentioned cultivars in bi-plot on the basis of oil percentage, fruit set percentage and 

yield per tree also confirmed the recommendation of cultivars. Overall the trait of final fruit set percentage showed the greatest 

variability among all the traits among all the cultivars. Five cultivars included Coratina, Gemlik, Nabali, Picholine and Jerboui 

were most suitable for oil and yield production under the climatic condition of Pothwar, Pakistan.  
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located at (32° 46’33 N and 72° 42 03 E) 460 m above the sea 

level. The climate of the study site was arid to semi-arid with 

average precipitation during the last six years (2012-17) was 

902 mm with the maximum average temperature during 

summer (June) was 37.66°C and average minimum 

temperature during January was 3.47°C. Maximum rainfall 

(444 mm) was observed in monsoon season (July to 

September). The driest periods with average rainfall were 

April to May (126 mm) and October to January (109 mm) as 

mentioned in Table 1. The metrological data was recorded 

through local weather station (Sensovant, Spain) installed at 

site.   

 

Table 1. Average maximum temperature (°C), average 

minimum temperature (°C) and rainfall (mm) 

during 2012-17 at Izhar Olive Farm, Chakwal.  
Minimum 

Temperature 
(°C) 

Maximum 
Temperature 

(°C) 

Rainfall 
(mm) 

January 3.47 17.24 16.58 
February 6.53 19.72 69.58 
March 10.69 23.95 84.55 
April 15.69 30.33 75.02 
May 20.46 35.94 51.95 
June 23.70 37.66 105.33 
July 24.28 34.56 205.03 
August 24.00 34.04 134.78 
September 21.87 33.64 65.33 
October 17.18 30.65 29.17 
November 10.14 24.02 19.50 
December 5.67 20.09 45.50 

 

The study was conducted during 2017 so the detailed 

metrological data has been recorded for each month of the 

years (Fig. 1) specialy the most important phenological stage 

(December 2016 to April 2017,  Fig. 2). The metrological data 

was recorded with weather station installed at site. 

 

 
Figure 1. Month wise average maximum temperature 

(°C), minimum temperature (°C) and Rainfall 

(mm) for the year 2017 at Izhar Olive Farm, 

Chakwal, Pakistan.  

 
Figure 2. Month wise minimum and maximum 

temperatures (°C), and average relative humidty 

(%) during December 2016 to April 2017 at 

Izhar Olive Farm, Chakwal.  

 

All the cultural practices from pruning to harvest were same 

for the plants of selected nineteen olive cultivars (Table 2) 

having uniform shape and canopy with open centre. The plant 

to plant and line to line distance was 6m x 6m. The soil was 

characterized sandy loam in texture with 8.1 pH and poor 

organic matter (0.55%).  Plants were irrigated through drip 

irrigation system.  

 

Table 2. Selected olive cultivars under study planted at 

Izhar Olive Farm Chakwal, Pakistan. 

Cultivar name  Origin Use 

Coratina Italy Oil 

Chemlali Tunisia Oil 

Picholine France Dual 

Jerboui Tunisia Dual 

Ascolana Italy Table 

Chetoui Tunisia Oil 

Frantoio Spain Oil 

Ottobratica Italy Oil 

Earlik Unknown Table 

Leccino Italy Oil 

Moraiolo Italy Oil 

Manzanilla Spain Table 

Pendolino Italy Oil 

FS-17 Unknown Table 

Nabali Palestine Table 

Gemlik Turkey Dual 

Souri Palestine Table 

Arbequina Spain Oil 

Koroneiki Greece Oil 
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The morphological data was collected for various parameters 

(Table 3) including plant height (meter rod), tree canopy, stem 

girth (measuring tape) and leaf size (LI-3000, LI-COR, 

Lincoln, NE, USA). The tree canopy was calculated by using 

the formula. 

V(m3) = 
𝜋

4
 . 𝑑2. ℎ 

where CV= Canopy volume, π= 3.14 h = Canopy height and 

d = Canopy diameter (Agostino et al., 2007).  

 

Table 3. Codes for fruit traits, phenological and 

morphological parameters used under 

multivariate analysis for nineteen olive cultivars 

planted at Izhar Olive Farm Chakwal, Pakistan. 

Parameters Code 

Plant height (m) PH 

Tree canopy (m³) TC 

Stem girth (cm) SG 

Leaf size (cm) LS 

Number of panicles NP 

Number of flower NF 

Staminate flower (%) SF 

Pistillate flower (%) PF 

Final fruit set (%) FFS 

Fruit size (cm) FS 

Fruit weight (g) FW 

Stone weight (g) SW 

Flesh weight (g) FLW 

Yield per tree (kg) YPT 

Oil (%) OP 

 

Ten fully matured expanded leaves were selected for the 

measurement of leaf area with the help of leaf area meter (LI-

COR, LI-3100 C). Total duration of flowering was calculated 

from opening up to full bloom. The phenological data 

(staminate flowers, pistillate flowers and fruit set percentage) 

were calculated from four randomly selected uniform 

branches from each side of canopy. Total yield (kg/tree) was 

determined at the time when fruit reached at maturity 

(Ferreira, 1979) with the help of electric olive harvester 

(Fig. 3). Fresh fruit weight (g), stone weight (g) with the help 

of electric balance (range 0.1 g to 1 kg) and fruit size (cm) 

with the help of digital vernier caliper were measured. Oil 

percentage was examined by using Soxhlet oil extraction 

apparatus on fresh weight basis (AFNOR, 1981).   

Statistical analysis: The experiment was performed 

according to randomized complete block design (RCBD) with 

three replications. Minimum, maximum, means, standard 

deviations, standard error and cumulative variance were 

determined for fifteen parameters of nineteen olive cultivars 

at the 5% significance level (SAS, 2005).  Further, data was 

analyzed by cluster analysis (UPGMA), PCA and 

dendrogram through XLSTAT, 2014 (v.5.03) statistical 

software.  

 
Figure 3. Electric olive harvester. 

 

RESULTS AND DISCUSSION 

 

Morphology, reproductive and fruit traits: All the nineteen 

exotic olive cultivars were studied for total duration of 

flowering (from opening up to full bloom). The results 

depicted in Table 4 showed that cultivars Picholine, Chetoui, 

Ottobratica, Nabali and Arbequina produced the earliest 

flowering on 2nd of April, closely followed by Jerboui, Earlik, 

Moraiolo, and Koroneiki with the longest flowering duration 

in Ottobratica and  Arbequina while shortest duration was 

observed for Ascolana. It was concluded that two cultivars 

Ottobratica and Arbequina can be used for pollination 

purpose against maximum cultivars. Our findings are in 

accordance with the results of Kartas et al. (2015) and Lavee 

(1985) who reported that inflorescence development and full 

anthesis take time. Total perfect flower per inflorescence, 

anthesis period, total perfect flower per shoot differ with the 

variation of genotype. They found that inflorescence grow in 

slow speed and it may take 4 to 6 weeks from bud opening to 

initial anthesis similar to our finding. Our results are also in 

harmony with Fabbri et al. (2004) who reported that duration 

of anthesis may be extended (2-3 days) in single 

inflorescence, (5-6 days) on single tree and may vary up to 

(10-15 days) in an area. The duration of flowering and 

anthesis is highly dependent upon genotype and warmer or 

cooler climatic conditions.  

The results for means, standard error, standard deviation, 

coefficient of variance, maximum and minimum values 

showed in table 5. All the parameters showed the significant 

variability specially, SF, TC, NF, NP and YPT parameters.  

However, FS, FW, FLW and OP parameters depicted very 

low variability. In general, the greatest variability found in SF 

percentage (25.28%).  

The Table 5 showed that maximum number of panicle per 

branch (35) was recorded in cultivar Chemlali and minimum 

(9.13) in Moraiolo with mean of 16.37 for all cultivars. Data 

regarding FFS, maximum fruit set was recorded in cultivar 

Arbequina (5.49 %) while poor fruit set was observed in 
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Koroneiki (1.15%) with the mean of 2.66 for all cultivars 

under study. Maximum yield per plant was obtained from the 

cultivar Coratina (22kg) while minimum was recorded from 

the cultivar Leccino (2.5kg) with mean of 10.54 kg for all the 

cultivars. About 31% cultivars yielded 13-18 kg fruit per plant 

while 36% cultivars concentrated in between 2.5-7 kg yield 

per plant. The mean values for plant characteristic like PH, 

TC, SG and were recorded as 2.62m, 13.53m3, 36.16cm, and 

2.66cm, respectively. The mean values for flower 

characteristics like NF, SF and PF were 156.12, 24.63% and 

75.36%, respectively. As well as the fruit trait were concerned 

the mean values for FS, FW, SW and FLW were recorded as 

1.74cm, 2.80g, 0.57g and 2.23g respectively. Cultivar 

Coratina showed maximum oil content (21%) while minimum 

was recorded from the Cultivar Leccino 10.3%. The mean oil 

content (17.09 %) was recorded for all the cultivars. However, 

79% cultivars were ranged with 17-20% oil content.  
The variability which was observed in various parameters 

such as SF, NF, TC, FFS and YPT in olive cultivars under 

study has a special importance (Mnasri et al., 2017; Sorkheh 

Table 4. Anthesis and duration of flowering for nineteen exotic olive cultivars during the month of April, 2017 at 

Izhar Olive Farm Chakwal, Pakistan. 

Cultivar Anthesis Period, April-2017 Duration of 

flowering (days) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Coratina                                 13 

Chemlali                                 12 

Picholine                                 13 

Jerboui                                 11 

Ascolana                                 10 

Chetoui                                 13 

Frantoio                                 11 

Ottobratica                                 16 

Earlik                                 12 

Leccino                                 11 

Moraiolo                                 12 

Manzanilla                                 12 

Pendolino                                 11 

FS-17                                 11 

Nabali                                 12 

Gemlik                                 12 

Souri                                 11 

Arbequina                                 14 

Koroneiki                                 12 

 

Table 5. Statistical descriptive analysis of fruit traits, phenological and morphological parameters of 19 olive 

cultivars planted at Izhar Olive Farm Chakwal, Pakistan. 

Sr.  Parameters Minimum Maximum Mean SD SE CV % 

1 PH (m) 1.71 3.34 2.62 0.40 0.05 8.42 

2 TC (m³) 5.52 32.88 13.53 5.36 0.71 21.70 

3 SG (cm) 25.00 45.50 36.16 5.08 0.67 7.85 

4 LS (cm) 1.13 5.02 2.66 0.79 0.62 10.51 

5 NP 9.13 35.00 16.37 5.05 0.67 18.28 

6 NF 51.50 300.30 156.12 55.75 7.38 23.25 

7 SF (%) 8.30 58.40 24.63 9.73 1.29 25.28 

8 PF (%) 41.60 91.70 75.36 9.73 1.29 8.27 

9 FFS (%) 1.15 5.49 2.66 1.02 0.14 19.34 

10 FS (cm) 1.05 2.57 1.74 0.41 0.06 2.93 

11 FW (g) 0.66 7.65 2.80 1.80 0.24 5.17 

12 SW (g) 0.26 1.01 0.57 0.23 0.03 7.44 

13 FLW (g) 0.33 6.64 2.23 1.60 0.21 5.53 

14 YPT (kg) 2.50 22.00 10.54 4.75 0.21 17.53 

15 OP (%) 10.30 20.85 17.09 2.43 0.32 5.94 
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and Khaleghi, 2016). Similar studies on vegetative and 

reproductive parameters of olive germplasm in Tunisia 

(Mnasri et al., 2014; Hannachi et al., 2008) were conducted 

and same results were found in our study. Both studies 

reported that morphological and fruit traits has important role 

for distinguishing the olive cultivars.  

Principal component analysis (PCA): In our experiment we 

analyzed the variables through principal component analysis 

(PCA) that is mostly used before the cluster analysis for the 

purpose of relative significance of the classification of the 

variables (Berdahl et al., 1999). The results from Table 6 

depicted that the first five principal components has 

significant contribution and eigen values of first, second; 

third, fourth and fifth axis have the values 29.52, 48.45, 64.69, 

75.36 and 82.15% and accounted 29.52, 18.93, 16.24, 10.67 

and 6.79%, respectively.  

Through judgment of relative magnitude of the first PC 

factors, it is concluded that FW, FLW, FS, SW, and YPT 

parameters were important traits for the selection of cultivar 

in cluster. (Sorkheh and Khaleghi, 2016). In the 2nd principal 

component PH, SG and TC have better role for classification 

of olive cultivars. In the 3rd PC traits of SF and LS contributed 

well, while NP and NF in 4th PC had comparatively high 

Eigen values. In fifth principal component OP and PF 

depicted the satisfactory contribution.  

 

Table 6. Estimates of accumulative variance, eigen values 

and first five PC factors for 15 parameters 

studied on 19 olive cultivars planted at Izhar 

Olive Farm Chakwal, Pakistan. 
Principal 

Component 

PC1 PC2 PC3 PC4 PC5 

Eigen values 4.428 2.840 2.436 1.600 1.019 

Accumulated 

variance (%) 

29.520 48.453 64.691 75.361 82.156 

Traits Factor 

PH 0.120 0.504 -0.077 0.199 -0.047 

TC 0.193 0.478 -0.102 0.130 -0.011 

SG 0.120 0.502 -0.061 0.217 -0.019 

LS 0.102 0.351 0.232 -0.168 0.197 

NP -0.016 -0.159 -0.283 0.610 -0.018 

NF -0.201 -0.126 -0.240 0.505 -0.126 

SF -0.266 0.085 0.430 0.124 -0.279 

PF 0.266 -0.085 -0.430 -0.124 0.279 

FSP 0.196 -0.023 -0.314 -0.328 -0.526 

FW 0.410 -0.153 0.206 0.174 -0.079 

FS 0.393 -0.100 0.255 0.104 0.019 

SW 0.363 -0.156 0.232 0.087 -0.127 

FLW 0.405 -0.148 0.196 0.182 -0.069 

OP 0.154 -0.079 -0.099 0.014 0.620 

YPT 0.248 0.013 -0.332 -0.145 -0.313 

 

The PCA showed significant degree of variability about 82.15 

% for first five principal components (Mnasri et al., 2017; 

Yilmaz et al., 2017) which assured that principal component 

analysis were highly descriptive of the main parameters of the 

data. 

Correlation matrix: Correlation matrix of fifteen parameters 

analyzed through principal component analyses (Table 7) 

showed that YPT highly positive correlation with FFS and 

positive significant correlation with PF while it had 

significant negative correlation with SF. NF has highly 

positive correlation with NP and negative correlation with LS. 

The most important parameter for potential adaptability of 

olive genotype in Pakistan might be FFS which has highly 

significant correlation with FW and negative correlation with 

NF. From the data it could be concluded that bold size fruit 

cultivars had better opportunity for adaptation as FFS had 

highly significant positive correlation with fruit weight. These 

correlations are in accordance with previous reported results 

(Hannachi et al., 2008; Cantini et al., 1999). From the Table 

7 of correlation, it had resulted that plant vegetative 

parameters like PH, TC, SG and LS had positive correlation 

with each other. 

Cluster analysis: The cluster analysis was obtained for 19 

olive cultivars having 15 different parameters in the form of 

dendrogram (UPGAMA analysis) presented in Figure 4.   

 
Figure 4. Dendrogram of the 19 olive cultivars derived 

from UPGMA analysis planted at Izhar Olive 

Farm Chakwal, Pakistan. 

 

The results showed that there were two groups having three 

sub groups in each main group on the basis of all variables. 
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Main Group-I included Gemlik, Nabali, FS-17, Coratina, 

Koroneiki, Arbequina, Manzanilla, Moraiolo, Souri, Earlik 

and Frantoio. Main group-II contained Ottobratica, Chemlali, 

Picholine, Jerboui, Chetoui, Leccino, Ascolana and 

Pendolino. The largest sub group included six cultivars like 

Frantoio, Earlik, Souri, Moraiolo, Manzanilla, and Arbequina 

which had come under main group-I. While in main group-II 

the largest subgroup consisted of seven cultivars including 

Chemlali, Picholine, Jerboui, Chetoui, Leccino, Ascolana and 

Pendolino. However, Ottobratica has shown the distinguish 

feature in main group-II in comparison with other cultivars. 

Our results were similar as reported in some previous studies 

(Mnasri et al., 2014; Trentacoste and Puertas, 2011). It is 

concluded that dendrogram of 19 cultivars split into two main 

groups and sub groups based on vegetative, reproductive and 

fruit parameters proved that the traits under study had 

significant role in differentiation of olive.  

Table 7. Variable correlation matrix analyzed through PCA for 15 traits studied on 19 olive cultivars planted at 
Izhar Olive farm Chakwal, Pakistan.  

PH TC SG LS NP NF SF PF FFS FW FS SW FLW OP 

TC 0.793** 
             

  <0.0001 
             

SG 0.827** 0.798** 
            

  <0.0001 <0.0001 
            

LS 0.367* 0.430* 0.364* 
           

  0.005 0.001 0.005 
           

NP -0.008 -0.018 -0.033 -0.402* 
          

  0.952 0.897 0.810 0.002 
          

NF -0.115 -0.207 -0.082 -0.347* 0.647** 
         

  0.394 0.123 0.543 0.008 
          

SF -0.049 -0.202 -0.029 0.124 -0.177 0.109 
        

  0.715 0.132 0.828 0.359 0.187 0.421 
        

PF 0.049 0.202 0.029 -0.124 0.177 -0.109 -1.000* 
       

  0.715 0.132 0.828 0.359 0.187 0.421 <0.0001 
       

FFS 0.035 0.161 0.026 -0.100 -0.076 -0.154 -0.417* 0.417* 
      

  0.796 0.233 0.850 0.461 0.575 0.253 0.001 0.001 
      

FW 0.024 0.130 0.044 0.057 0.054 -0.293* -0.265* 0.264* 0.164 
     

  0.860 0.334 0.743 0.673 0.688 0.027 0.047 0.047 0.224 
     

FS 0.036 0.157 0.053 0.221 -0.056 -0.362* -0.214 0.214 0.054 0.882** 
    

  0.788 0.244 0.698 0.099 0.677 0.006 0.109 0.109 0.690 <0.0001 
    

SW -0.026 0.056 -0.040 0.123 -0.039 -0.267* -0.152 0.152 0.179 0.831** 0.777** 
   

  0.845 0.678 0.767 0.362 0.773 0.045 0.260 0.260 0.184 <0.0001 <0.0001 
   

FLW 0.031 0.138 0.056 0.046 0.067 -0.289* -0.274* 0.273* 0.157 0.996** 0.873** 0.782** 
  

  0.820 0.307 0.681 0.736 0.622 0.029 0.039 0.039 0.244 <0.0001 <0.0001 <0.0001 
  

OP -0.029 0.011 0.009 0.043 0.080 -0.050 -0.258 0.258 0.026 0.190 0.201 0.211 0.182 
 

  0.832 0.936 0.945 0.751 0.553 0.709 0.052 0.052 0.845 0.156 0.133 0.114 0.176 
 

YPT 0.174 0.221 0.135 0.027 0.079 -0.028 -0.449* 0.449* 0.676** 0.214 0.232 0.252 0.202 0.263* 
  0.196 0.099 0.316 0.843 0.557 0.838 0.000 0.000 <0.0001 0.110 0.083 0.059 0.132 0.048 

Upper values indicated Pearson’s correlation coefficient; Lower values indicated level of significance at 5% probability.* = Significant 
(P < 0.05); ** = Highly significant (P < 0.01) 

 

 
Figure 5.  Bi-plot showing projection and relationship between 19 olive cultivars on the basis of fruit set (%), oil (%) 

and yield per plant (kg). 
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The cultivar vector view of the bi-plot: The bi-plot based on 

yield, oil percentage and fruit set percentage showed that 

95.15% of total variation of the olive cultivars (Fig. 5). The 

maximum projection was detected by olive cultivar Frantoio 

and the lowest for Manzanilla. Earlik, Ottobratica, Pendolino, 

Chemlali, Chetoui and Ascolana were correlated positively 

while FS-17, Koroneiki, Leccino and Moraiolo were 

correlated negatively. From the Figure 4 it was also concluded 

that the greatest diversity was found in Frantoio, Arbequina, 

Leccino and Souri cultivars.  Rests of other cultivars were 

moderately correlated to each other containing positive and 

negative values. On the basis of mentioned three parameters, 

Coratina, Gemlik, Jerboui, Picholine and Nabali could be 

recommended for projection of olive industry in Pakistan 

under the climatic condition of Chakwal. 

Conclusion: Climatic conditions of Pothwar are suitable for 

olive production but unfortunately there is lack of local olive 

germplasm. It was a dire need to find out the suitable olive 

cultivars in existing agro-climatic condition of Pothwar to 

established successful olive industry in Pakistan on sound 

footage. A detailed research study was carried out on 

morphology, phenology and fruit traits on large number of 

cultivars. It is concluded that bold size fruit cultivars like 

Coratina, Nabali, Gemlik, Picholine and Jerboui have better 

adaptation ability then small size fruit cultivars having strong 

correlation between fruit set percentage and fruit size. The oil 

percentage and fruit yield were also found better in these 

cultivars. The plantation of these cultivars on large scale will 

be helpful for farming community which will improve the 

socio-economic status of public at large. Consequently, 

intervention in olive business will be able to reduce the huge 

bill of Pakistan incurred on import of edible oil. However 

detailed studies are required for selection of olive cultivars in 

whole region of Pothwar and other areas of Pakistan. 

 

Acknowledgment: This study was financially supported by 

Izhar Group, Izhar Farms, Chakwal, Pakistan.  

 

REFERENCES 

 
Abdul-Rashid, J. 2018. 3rd Pakistan edible oil conference, 

Karachi, Pakistan. Availabale online at      
http://www.peoc.com.pk 

AFNOR. 1981. Collection of French standards body fat and 
oil seeds product, 2nd Ed., Paris, France (French). 

Agostino, T., T. Sergio, A. Riccardo, L. Antonella, S.S. 
Milagros, J. Taieb and F.E. Ricardo. 2007. Production 
techniques in olive growing. International Olive Council, 
Spain, p.21. 

Anonymous. 2017. Pakistan Economic Survey: Oil seeds. 
Finance Division, Government of Pakistan; p.25. 

Barranco, D. and L. Rallo. 1985. Las variedades de olivo 
cultivadas en España. Olivae 9:16-22. 

Barranco, D., I. Trujillo and P. Rallo. 2000. Areoblonga and 
Frantoio'olives the same cultivar. HortScience 35:1323-
1325. 

Berdahl, JD., H.F. Mayland, K.H. Asay and P.G. Jefferson. 
1999. Variation in agronomic and morphological traits 
among Russian wildrye accessions. Crop. Sci. 39:1890-
1895. 

Bignami, C., S. Natali, C. Menna and G. Peruzzi. 1994. 
Growth and phenology of some olive cultivars in central 
Italy. Acta Hort. 356:106-109. 

Chun Jiang, Su, S. Junfeng, Z. Wanze and L. Peng. 2018. 
History, Distribution, and potential of the olive industry 
in China: A Review. Sustainability 5:1426. 

Cantini, C., A. Cimato and G. Sani. 1999. Morphological 
evaluation of olive germplasm present in Tuscany region. 
Euphytica 109:173-181. 

Cimato, A., C. Cantini and G. Sani. 1990. Climate-phenology 
relationships on olive cv. Frantoio. Acta Hort. 286:171-
174. 

Conde, C., S. Delrot and H. Gerós. 2008. Physiological, 
biochemical and molecular changes occurring during 
olive development and ripening. J. Plant Physiol. 
165:1545-1562. 

Connor, D.J. 2005. Adaptation of olive (Olea europaea L.) to 
water-limited environments. Aust. J. Agric. Res. 
56:1181-1189. 

Damigella, P. 1960. Variabilità dei caratteri biometrici 
dell'olivo e impiego delle funzioni discriminanti. La Riv. 
Scientifica 4:522-530. 

El-Kholy, M., D. Avanzato., J.M. Caballero., K. 
Chartzoulakis., S. Vita and E.  Perry. 2012. Following 
olive footprints (Olea europaea L.) cultivation and 
culture, folklore and history, tradition and uses. 
International Society for Horticultural Science (ISHS). 

Estruch, R., E. Ros, J. Salas-Salvadó, M.I. Covas, D. Corella, 
F. Arós and R.M. Lamuela-Raventos. 2013. Primary 
prevention of cardiovascular disease with a 
Mediterranean diet. New England J. Med. 14:1279-1290. 

Fabiani, R. 2016. Anti-cancer properties of olive oil 
secoiridoid phenols: A systematic review of in vivo 
studies. Food and function, 7:4145-4159. 

Fabbri, A., G. Bartolini, M. Lambardi and S. Kailis. 2004. 
Olive propagation manual. Landlinks Press, 
Collingwood, Australia. 

FAOSTAT. 2016. 
http://faostat.fao.org/site/567/DesktopDefault.aspx?Pag
eID=567#ancor 

Ferreira, J. 1979. Explotaciones olivareras colaboradoras, n. 
5. Ministerio de Agricultura, Madrid, Spain. 

García-Donas, D.M. 2001. Caracterización morfológica, 
agronómica y elaiotécnica de los acebuches de la 
provincia de Cádiz. Trabajo profesional de fin de carrera. 
Cordoba, Spain: University of Cordoba (in Spanish). 

Grati, K.N., F.L. Mahmoud, A. Rebaï, A. Gargouri, O. 
Panaud and A. Saar. 2006. Genetic diversity of Tunisian 



Iqbal, Hafiz, Abbasi & Shah 

 594 

olive tree (Olea europaea L.) cultivars assessed by AFLP 
markers. Gene. Resour. Crop Evol. 53:265-275. 

Grati, K.N., N. Ouazzani and A. Trigui. 2002. Characterizing 
isozymes of some Tunisian olive (Olea europaea L.) 
cultivars. Acta Hort. 586:137-140. 

Hanachi, P., P. Nazarali and R. Ciyabi. 2012. Investigation of 
beta endorphin changes after bruce test in active and 
sedentary individuals. Adv. Phy. Edu. 2:99. 

Hannachi, H., C. Breton, M. Msallem, E.L. Hadj, M. El-
Gazzah and A. Bervillé. 2008. Differences between 
native and introduced olive cultivars as revealed by 
morphology of drupes, oil composition and SSR 
polymorphisms: A case study in Tunisia. Sci. Hortic. 
116:280-290. 

Kalogeropoulos, N. and M.Z. Tsimidou. 2014. Antioxidants 
in Greek virgin olive oils. Antioxidants 3:387-413. 

Kartas, A., M. Chliyeh, J. Touati, A.O. Touhami, F. Gaboun, 
R. Benkirane and A. Douira. 2015. Performances and 
potentialities of introduced varieties and local types of 
olive trees (Olea europaea L.) grown in the Ouazzane 
areas (North of Morocco). Int. J. Recent Sci. Res. 2:2571-
2586. 

Lavee, S., H. Harshemesh and N. Avidan. 1985. Phenolic 
acids-possible involvement in regulating growth and 
alternate fruiting in olive trees. Acta Hort. 179:317-328. 

Lipworth, L., M.E. Martı́nez, J. Angell, C.C. Hsieh and D. 
Trichopoulos. 1997. Olive oil and human cancer: An 
assessment of the evidence. Prev. Med. 26:181-190. 

Loumou, A. and C. Giourga. 2003. Olive groves: The life and 
identity of the Mediterranean'. Agric.  Human Values 
20:87-95. 

Malik, N.S. and J.M. Bradford. 2006. Changes in oleuropein 
levels during differentiation and development of floral 
buds in ‘Arbequina’ olives. Sci. Hortic. 110:274-278. 

Mercedes, F.A. 2004. Les produits oléicoles et les régimes 
méditerranéens. Forum sur la qualité des produits de 
l’olivier et l’environnement. Salon International de 
l’olivier d’Olea, 20-23 Mai. Marrakech (Maroc). 

Michelakis, N. 2002. Olive orchard management: advances 
and problems. Acta Hort. 586:239-245. 

Mnasri, R.S., S.O. Dabbebi and A. Ferchichi. 2013. AFLP 
markerbased identification and genetic relationships of 
olive cultivars in the region of Hbebsa “North West of 
Tunisia”. JBES 3:36–41. 

Mnasri, R.S., D.O. Saddoud, M. Ben-Saleh and A. Ferchichi. 
2014. DNA fingerprinting of millennium olive varieties 
in Tunisia by AFLP markers. JBES 4:310-317. 

Mnasri, S.R., O.D. Saddoud, S. Rouz, S. Ben and A. 
Ferchichi. 2017. Morphological analysis of the 
autochthon olive varieties cultivated in the North West of 
Tunisia. J. New Sci. 37:2042-2048. 

Mulas, A. and A. Porceddu.  2006. Genetic structure of wild 
and cultivated olives in the central Mediterranean basin.  
Ann. Bot. 98:935-942.   

Ouazzani, N. 2014. AOP, huile d’olive Meknès: Un projet de 
promotion de l’huile d’olive de qualité du Maroc. 7ème 
Edition des Journées méditerranéennes de l’olivier. 

PARC. 2018. http://parc.gov.pk/index.php/en/olive-
achievements 

Paula, B.M., P.B.M. Pinheiro, C.G. Joaquim, D.A. Esteves, 
J.C.G. Silva. 2005. Chemometric classification of olives 
from three Portuguese cultivars of Olea europaea L. 
Anal. Chim. Acta 544:229-235. 

Rashid, A. 1995. Country report to the FAO international 
technical conference on plant genetic resources, 
Islamabad, Pakistan; p.5. 

SAS. 2005. SAS Online Doc, Version 8. Cary, NC, United 
States, SAS Institute.  

SAWCRI. 2017. Soil and Water Conservation Research 
Institute, Chakwal. Annual Report; pp.16-18.  

Sorkheh, K. and E. Khaleghi. 2016. Molecular 
characterization of genetic variability and structure of 
olive (Olea europaea L.) germplasm collection analyzed 
by agro-morphological traits and microsatellite markers. 
Turk. J. Agric.  For. 40:583-596. 

Syed, M.H.Z. 2014. Edible oil imports in Pakistan. S. Asia. J. 
Manag. Sci. 8:1-8. 

Trentacoste, E.R. and C.M. Puertas. 2011. Preliminary 
characterization and morpho-agronomic evaluation of 
the olive germplasm collection of the Mendoza province 
(Argentina). Euphytica 177:99-109. 

Therios, I.N. 2009. Olives: Crop Production Science in 
Horticulture 18. CABI, Wallingford, UK. 

Trigui, A., M. Msallem, A. Yengui, H. Belguith, J. 
Khecherem, A. Meliène and E.B. Tra-Belsi. 2002. 
Oliviers de Tunisie: catalogue des variétés autochtones et 
types locaux. Ministère de l’Agriculture, Sfax, Tunisia. 

Velitzelos, E. and D. Velitzelos. 2005. Geohistorical evidence 
on the evolution of plants in the Aegean Sea. In: A.J. 
Karamanos and C.A. Thanos (eds.), Biodiversity and 
natural heritage in the Aegean. The Agricultural 
University of Athens 133148. 

Visioli, F. and C. Galli. 1998. Olive oil phenols and their 
potential effects on human health. J. Agric. Food Chem. 
46:4292-4296. 

Yilmaz, B., A. Genc, B. Cimen, M. Incesu and T. Yesiloglu. 
2017. Characterization of morphological traits of local 
and global persimmon varieties and genotypes collected 
from Turkey. Turk. J. Agric. For. 41:93-102. 

Youssef, O., F. Guido, D. Daoud and Z. Mokhtar. 2011. 
Effect of cultivar on minor components in Tunisia olive 
fruits cultivated in microclimate. J. Hort. For. 3:13-20. 

Zaher, H., B. Boulouha, M. Baaziz, L. Sikaoui, F. Gaboun and 
S.M. Udupa. 2011. Morphological and genetic diversity 
in olive (Olea europaea subsp. europaea L.) clones and 
varieties. Plant Omics J. 4:370-376. 

 


