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Abstract | Olive (Olea europaea L.) fertilization considered as one of the important factor for production
of olive fruit and oil. Keeping in view the modern fruit production physiology, nutrients serve as stimulants
for cell development and fruit production. In Pakistan, Olive cultivation and production started from a
previous one decade. Farmers have a lack of trend for fertilizer application to Olive orchards in a proper dose.
Olive intensification for new orchard enhanced fertilizer use especially Nitrogen (N), Phosphorus (P) and
Potassium (K) and in micronutrients especially Boron (B) to control alternate bearing of olive. In Pakistan,
olive plantation is an initiative to minimize the Olive import, and to maximize olive plantation in Pothwar
area as well as control climate change. There is no trend for fertilizer application among the Pakistani farmers.
The increasing demand of olive oil and value added products like pickles jams and squash enforcing the
farmer to produce more and more. The increasing demand creates the competition among the farmers. To
produce more it is important to apply fertilizer at a right time, right source and right method. In case of soil
application, apply first dose of nitrogen, all phosphorus and all potassium fertilizers during the December.
Apply second dose during May-June and third dose during September in Pothwar. Foliar application is
suitable during end February and March. Drip irrigation is suitable during December and May.
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Introduction Europe, Africa has 19.7%contribution and Asia
is 13.4% olive production share (Erel ez al., 2017).
Turkey, Italy, Spain, and Greece are the considered
as main oil producing countries (Haberman ez al.,

2019). Olive can play its essential role in our country’s

live (Olea europacal.) reputed as most prominent
fruit tree in worldwide as of its economic
importance regarding valuable fruit and oil (Arquero

et al., 2006; Erel et al., 2016; Fernandez-Escobar and
Mundi-prensa, 2010). In the world, Olives (Olea
europaea L.) cultivated an area of 10513320 hectares
and having a production 0f21066062 tonnes (Centeno
et al., 2020). Production share of olive in world is i-e.
Europe has covered the 63% olives of world, after

economy. Pakistan’s aggregate household edible oil
use is around 2.9 million tons. Approximately, 67%
of this consumption met by imports. Annually 38
billion rupees were for this purpose. Thus, giving
careful consideration to increase the olive cultivation
in Pakistan can help saving foreign reserve. In
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Pakistan, domesticated olive grown commercially on
large scale. About 45 million olive trees are present in
these areas, which showed the huge potential of this
crop in Pakistan (Azmat ez al., 2020).

Pakistan Agriculture Research Center (PARC)
introduce olive in Pakistan under an Italian project
“Fruit, Vegetable and olive Project” which was
conducted to identify wild olive through a survey.
Eighty million wild olive plants observed in different
district of Pakistan. Currently, Barani Agricultural
Research Institute (BARI), Pakistan registered eleven
olive varieties. In BARI, according to Olive valley and
Pakistan Seed Development Program (PSDP) projects
olive plantation in Punjab Pakistan was 1,77,4019
and 75,250 respectively (Table 1). Total plantation in
Pakistan is now 4039768 by PARC and BARI source
(Khaliq e a/., 2020). The area under olive cultivation
in Punjab provinces is 13,324 acre and number of
plants are 1798741. Olive is being cultivated in
Pothwar region of Punjab provinces of Pakistan but
Chakwal district’s contribution is highest. Chakwal
3285.00 acres area is under olives cultivation. Overall
in Pothwar, Olive is cultivated an area of 8615 acres
(Figures 1and 2). Pakistan have abright future for Olive
production especially in the belt of Koh-e-Suleman
area. BARI Chakwal initiated Olive adaptability trials
under Center of Excellence for Olive Research and
Training (CEFORT) Project in the Southern Punjab
Districts after its successive in Pothwar area. After a
decade, those planted trials will be a great contribution
for oil production (Source: BARI, Chakwal). The
area under olive crop may increase in future due to
crop diversification and rapid recovery of investment
(https://www.technologytimes.pk/2020/10/12/olive-
cultivation-to-boost-green-economy-of-pakistan/;

Masood et al., 2021).

'The increasing demand of Olive oil and its value added
products like Olive pickles, jam, squash, muraba,
candies and other sweet products enforcing farmers to

produce more and more fruit. To fulfill this demand,
it is important to produce through a balance fertilizer
application. Best management practices can play an
important role in improving quality and yield of olive.
Balanced use of nutrients can enhance the flowering,
fruit size, fruit set and fruit’s biochemical quality
(Zipori et al., 2020). Olive growers cannot ignore the
effects of macro and micronutrients on plant’s health.
‘They must give due importance to balanced use of
nutrients (Zaragoza et al., 2020). Nutrients, which
are essential for growth, are required at different
physiological stages. Macronutrients are required in
larger amount as compared to micronutrients but
both of these are essential for plant growth, good
quality fruit and higher yield. With balanced use of
fertilizer, farmers can get better crop with more yields
(Jimenez-Moreno and Fernandez-Escobar, 2017;
Haberman ez al., 2019).

Figure 1: Map of pothobar region of Pakistan.

Figure 2: Existing Olive Plantation in Pakistan (2012-19).

Table 1: Projects wise detail for olive plantation in Pakistan (2012-2020).

Provinces/ Region PISDA (2012- PSDP (2014-20) Olive Valley (2015- 5 million olive (2013- Private planta- Total

14) 20) 19) tion
Punjab 116,772 461,558 1250616 10,000 1,798,741
Khyber Pakhtunkhwa 265,273 352,580 - 590,000 25,000 1.229,653
Balochistan 159,379 744,462 - - 2,500 898,341
AJK 421 13,360 - - - 13,781
ICT 35,768 44,079 - - - 76,280
Gilgit 2545 5660 - - - 8,205
Total 580158 1621699 1,21,411 590,000 37,500 4,039,768

Source: BARI Chakwal.
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Currently, olive growers focused on increasing
productivity by increasing tree density, improving oil
yield and enhancing the olive oil quality. Both irrigation
and fertilization are two common horticultural prac-
tices that growers use to achieve these purposes and
should be adapted to the orchard density and cultivar
requirements. In most of the olive growing areas in
Spain, fertilization carried out annually by applying
the same fertilization program every year, without
prior knowledge of the annual needs of the crop.
However, many works confirm that when olive leaves
are atadequate level of nutrients, N, P or K fertilization
does not always produce increases in productivity,
growth or oil quality (Valamoti ez a/., 2018; Jimenez-
Moreno and Fernandez-Escobar, 2017). However,
these studies focused Olive importance and fertilizer
application in the Mediterranean climate but none of
them reviewed about nutritional requirement of Olive
in Pothwar climate. This study therefore planned to
study the nutritional requirement of Olive in Pothwar
region of Pakistan.

Materials and Methods

The review based

described Olive

on the given literature, which
cultivation and its fertilizer
management in Pothwar climate of Punjab,
Pakistan. Another source of information was the
internet source and online open access journals like
Research ate, Scopus, Academia edu, Elsevier and
other associations. The Literature included through
judgement of related research articles, considering
the climate of region and English language articles.
Finally, to ensure related research articles, 50 used for
the review.

Results and Discussion

Olive cultivation in Pakistan

There is sufficient potential for Olea europaea
cultivation in Pakistan. Pothwar area is an arid
region of Pakistan, which is enriched with natural
vegetation (Azmat e al., 2020; Khaliq ez al., 2020).
Pothwar region (Salt range) is a sub mountainous
area with arid subtropical climate. Its annual average
temperature is 22.3°C while annual average rainfall
is 519 mm (Masood ef al., 2021). A minimum and
maximum temperature of 2°C and 43°C recorded in
the winters and summer respectively in Pothwar area.
The olive cultivars growing in Pothwar region vary
both physiologically, morphologically and variation

exists among tree, endocarp, fruit, leaf, oil content, oil
attributes, self-fertilizing ability, yield, vulnerability to
specific diseases and so forth. Currently, in Pakistan
Olive is cultivating in the areas of Chakwal, Jhelum,
Attock, Khushab, Mianwali, Rawalpindi, Zhob,
Musakhail and Azad Kashmir (Azmat ez al., 2020).

Importance of olive oil

'The production of olive oil considered as an important
asset not only in term of health and culture as well
as wealth of the farmer from a marginal land. In the
previous few decades as olive production increased as
it is a source of essential fatty acids and antioxidants
in diet of human being (Cicerale ez al., 2012; Preedy
and Watson, 2020). The presence of functional
bioactive compounds, fatty acids and antioxidants
gave an importance to olive oil hence it considered as
a famous diet of Mediterranean areas people (Souilem
et al.,2017; Zouari et al., 2020).

Importance of olive fruit

Olive cultivars have a variety of variation regarding
fruit size shape, size and composition. Olive fruit
have composition of water (50%), oil (22%) and
remaining 28 % consist of pectin, cellulose and
hemicellulose (6%), protein (1.62%) and 1.5%
minerals, lignin, and volatile compounds (Khaliq ez
al., 2020). It also contained bioactive compounds
like PB-sitosterol, squalene, pigments, o-tocopherol
and a portion of hydrophilic bioactive compounds
(Cicerale ef al., 2012). In olive fruit, oil and water are
two main phases, which distributed in skin, pulp and
seed. Maximum oil accumulated in the pulp of fruit.
Bioactive compounds distributed between water
and oil phases during processing process depending
upon mass transfer behavior and their solubility. The
contents of tocopherols and sterols are 224 fold more
in seed as compared to pulp while squalene detected

only in pulp oil (Khanum ez a/., 2020).

Nutritional status of Pakistani soils

Pakistani soils are alkaline and deficient in
micronutrients. Olive cultivation in hilly areas facing
the nutrient deficiency of P and K both. Competition
to produce more among the farmers is need to keep a
proper dose of nutrients for good fruit yield and best
oil quality. A diagnostic field survey of Pothwar region
demonstrated that only 30% farmers are aware with
tertilizer application in olive orchard and remaining
70% never use any fertilizer. There are different factors
that are responsible for low yield in Pothwar region
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like alkaline pH, low organic matter, sandy and stony
soils, P and K deficiency. In developing countries,
more attention being paid towards the deficiency of
micronutrients (Zia ez a/.,2006; Khattak and Hussain,
2007; Jamal and Jamal, 2018).

Nutritional requirement of olive

Fruit trees differs among the other annual plants
because of lower nutrient requirements, having the
storage organs to reuse and to support new growth
including the olive. In case of fruit trees, actually a
nutrient applied to promote plant growth and yield
as well as its economic response is expected. It is a
perception among the farmers that application of
more fertilizer increase yield in the same rate while
excess dose ultimately leads to environmental hazards
and having adverse effect for both the tree and crop
(Zaragoza et al., 2020). The objective of the current
review was to discuss the nutritional requirement of
olive for the sustainable management of olive orchards
in pothwar region of Pakistan.

Nitrogen (N)

Nitrogen is one of the most important nutrient,
which need in large quantity as compare to the other
nutrients. Nitrate (NO,") form of N is preferable as
compare to ammonical form (NH"). It is important
to apply N in three split doses. Its application after
pruning and before flowering can produce a profitable
yield. Nitrogen application in optimum dose results
into more shoot growth having a potential of yield in
the coming season (Haberman ez a/., 2019). Nitrogen
can be apply in soil, foliar, and fertigation. Soil and
foliar N application is common in extensive, non-
irrigated olive orchards and these both methods
are helpful to minimize soil N dynamics in soil
(Ferndndez-Escobar ez al., 2009) while fertigation
is common in irrigated orchards. Fertigation is the
common practice, allowing maintenance of high levels
of available soil N. Excessive dose of N in both cases
will lead to disturbance of flower initiation and fruit
set which ultimately lead to lower fruit production
(Chatzissavvidis and Therios, 2010). Furthermore,
higher dose of N will result into poor oil quality,
especially through reduction in polyphenol levels and
free fatty acid content of oil. For Pothwar region its
better apply N into three split doses. Apply first doses
with farmyard manure (FYM) during December in
case of soil application, foliar application during end

Feb and March.

Nitrogen application during dormancy will lower
nitrogen use efficiency. Nitrogen use efficiency is
also dependent on nitrogen status of plant. Nitrogen
deficient plant take up N rapidly as compared to N
sufficient plant (Ferniandez-Escobar ez al., 2009).
Annual application of N to a sufficient N plant will
reduce NUE and results into over fertilization. N is a
basic macronutrient that is require in large quantity.
Its application is mostly common in olive orchards.
Deficiency symptoms of N become obvious in the
older leaves and characterized by yellowish-green
leaves (Ferniandez-Escobar ez al., 2008; Hawkesford
et al.,2012; Erel ez al., 2017).

Alternate bearing is mostly common in olive plant,
which influence N dynamic. New leaves store N
during the off-season that mobilized in the leaves
during on season that support the new growth (Erel ez
al.,2013; Zaragoza et al.,2020). Olive fruit considered
as one of the major N sink, which is dependent on
the adjacent leaf, and are helpful for olive fertilization.
Nitrogen application during ON season through
foliar application mobilized to the fruit. This rapid
translocation give a way for explanation of excess N
determination, which results into over fertilization

(Haberman ez al., 2019; Zipori ez al., 2020).

Phosphorus (P)

Pakistani soils are phosphorus deficient because of
alkaline pH, low organic matter content, no trend of
fertilizer application among fertilizers. Phosphorus
mobility is very low and the plant mostly up takes it
by root interception. It is mostly uptake by the plant
in the anionic (HPO, or H ,PO,) form (Khattak
and Hussain, 2007). Phosphorus have a direct impact
on reproductive cycle that ultimately contributes to
yield. Apical chlorosis turned leaf color from red and
purple progressively which results into leaf collapse
and leaves fall. Reproductive development of olive
also affected due to P deficiency. Olive plants reused
P and in fruit about 0.5 g Kg* P removed by olive
fruits (Jimenez-Moreno e al., 2017; Erel ef al., 2016;
Souilem ez al., 2017).

Potassium (K)

Potassium deficiency is mostly common in Pothwar
areas because of calcareousness, and no canal
water availability. Potassium actually increased the
starch contents and considered one of the most
important mineral due its higher concentration
in fruit flesh (Restrepo-Diaz ez al., 2008; Zipori ez
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al., 2020). Potassium absorbed by the plant only in
the cationic (K*) form but its availability increased
through fertigation compared to broadcasting and
foliar. Potassium have a role in stomatal regulation,
stomatal regulation, carbohydrates assimilation and
starch synthesis in olive (Morales-Sillero ez a/., 2007,
Zaragoza et al., 2020).

It is important to apply potassium fertilizers because
large concentration removed by the crop, and and it is
involved more than 50% of fruit mineral composition.
Deficiency of K frequently reported in olive orchards
having calcareous soil under rain fed conditions
(Restrepo-Diaz ez al., 2008). Shoot defoliation, leaf
tip necrosis and wrinkled fruit are the prominent K
deficiency symptoms. These symptoms are mostly
common in clayey soil because of potassium fixation
in clayey soil. In such cases, K deficiency considered
as a nutritional disorder in olive orchards (Restrepo-

Diaz et al., 2009; Zia et al., 2006).

Potassium deficiency symptoms cannot have corrected
easily because of less absorption (Arquero ez al.,2006).
Itisuseful only in the condition if deficiency symptoms
can have diagnosed by leaf analysis, Potassium have a
low mobility in soil and it exist in the root system
proximity. Foliar spray of 1-2% recommended under
rainfed conditions while fertigation is suitable under
irrigated conditions (Restrepo-Diaz ez al.,2009; Zia et
al., 2006). In case of Pothwar, it is important to apply
potassium fertilizer with FYM during December.

Boron (B)

Among the micronutrients, Boron (B) is one of the
most nutrient for olive growth. Boron availability to
plants decreased under low moisture content, high pH
and calcareous soil. Boron leaf deficiency symptoms
appears on the younger leaves having characteristics of
apical chlorosis, witches and broom shoot growth and
fruits having deformed shape (Stellacci ez a/., 2008).
In case of severe B deficiency, fruit shape will be like
Monkey mouth. Boron deficiency confused with K
deficiency so it is important to analyze leaf samples
and then apply specific nutrient otherwise B toxicity
will be toxic for the plants (Vishekaii ez a/., 2019).
In case of Olive it was observed that remobilization
from phloem to flowers and fruit during flowering to
supply B. Boron deficiency removed mostly through
B foliar application in Olive orchards. This method
is preferable in the conditions of calcareous soil and
drylands, foliar spray of 0.1% B are preferable. In case

of soil application, the application of 25-40 g boron
tree! for bearing orchard is suitable to control B

deficiency (Haberman ez a/., 2019; Erel ez al., 2017).
Conclusions and Recommendations

Nutritional requirement of olive is a basic
consideration because an olive plant cannot complete
its life cycle without applying adequate nutrition.
In this review, it is concluded that nutrition is a
prerequisite for olive vegetative, reproductive growth
and development as well as for oil quality because
to compete the current olive oil and its products
it is needful to supply a proper dose of mentioned
nutrients. On the other hand, fertilizer extensive use
in an intensive olive orchard will follow the pollution
risk as well as impair fruit production and oil quality.
Sustainable management of fertilizer use will improve
economic and control pollution in olive orchards. In
Pakistan, olive plantation is an initiative to minimize
the olive import, and to maximize olive plantation
in Pothwar area as well as control climate change.
There is no trend for fertilizer application among
the Pakistani farmers. The increasing demand creates
the competition among the farmers. Future research
is need to asses to find the best fertilizer application
stage for olive and to find out alternate bearing control
through proper use of fertilizer.
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