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Abstract
Article Info The amount of yield and adaptation of a cultivar to a new environment is strongly
] related to nutrient uptake ability. This study was carried out during 2019, 2020
Received : 21.05.2021 and 2021 seasons to investigate the effect of different forms of chemical compose
Accepted : 15.09.2021 20.20.20 fertilization alone or incombination with other fertilizers on
Available online : 17.09.2021 morphological plant parameters (number of leaves per shoot, stem length and
stem thickness) and leaf nutrient contents (N, P, K and Mg) of young Frantoio
Author(s) olive tree grown in Turkestan region, South Kazakhstan. The study was conducted

on 1 years old olive trees of Frantoio in sierozem, under surface drip irrigation,
system and uniform in shape and received the common horticultural practices. It
was determined that fertilizer treatments significantly influenced number of
morphological plant parameters and leaf plant nutrients compared to control
treatments at all seasons. Results revealed that all fertilizers as well as the
combination between 20.20.20 and Biohumus treatment and/or Nitroammophos
treatment significantly increased morphological plant parameters and nutrient
contents of young Frantoio olive trees. It can be concluded that the variation in
* Corresponding author the nutrient uptake ability may be used as a criterion for adaptation of a variety to
a new ecological environment.
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Introduction

The olive tree (Olea europaea L.) is an ancient, traditional crop in the Mediterranean Basin (Langgut et al,,
2019; Arenas-Castro et al., 2020). It is believed that the olive tree originated in the Mediterranean region and
has been cultivated since 4800 BC (Fraga et al., 2021). It originated in the eastern Mediterranean and was
spread widely around southern Europe, northern Africa, and the Iberian Peninsula. More recently, it has
been introduced to other continents including the Americas, South Africa, Australia and Asia (Connor, 2005).
The world area of olive is around 9 Mha, with major production (95% of 2.5 Mt oil) in 5 Mediterranean
countries, Greece, Italy, Spain, Tunisia, and Turkey. Other continents, South America, South Africa, and
Australia, are now becoming significant producers. The initial expansion around the Mediterranean moved
the crop into comparable, although drier (southern) and colder (northern) environments. The present ‘New
World’ expansion is taking olive into non-Mediterranean climates, e.g. subtropics in Australia and Argentina,
where the response of the crop is yet to be studied in detail (Connor, 2005).

Olive is a drought-resistant plant. In general, the traditional olive orchards in Mediterranean areas are under
rain-fed conditions without any form of irrigation (Sofo et al, 2008). However, in modern intensive
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orchards, more trees are planted per hectare than are in traditional orchards, which leads to decreased
water availability for individual olive trees at a specific area with a relatively stable amount of rainfall
(Fernandez and Moreno, 1999). As a consequence, olive growth, including vegetative growth (the basis for
flowering and cropping in the next year), flower-bud formation, and fruit development, could be limited by
water shortage (Masmoudi-Charfi and Mechlia, 2008; Gucci et al., 2009). Studies have shown that irrigation
during summer and autumn in a Mediterranean climate is an effective way to increase olive productivity
(Proietti and Antognozzi, 1996; Sanz-Cortes et al., 2015; Liu et al,, 2019).

South Kazakhstan is mostly an arid and semi-arid, strongly continental climate, with hot summers and cold
winters. Sierozems are brown desert soils that are located in Turkestan region of South Kazakhstan
(Shokparova and Issanova, 2013; Beketova et al,, 2017; Yertayeva et al., 2018). Sierozem soils are a valuable
resource because of their extent and because they are fertile, but, sierozems have low soil organic matter
content. Sierozems must be properly managed and protected for efficient and sustainable productivity. They
have been researched in the past but mainly as a soil-geographic resource. Further study is needed to
quantify and expand their value in production and assure environmental sustainability (Jalankuzov et al.,
2013; Saparov, 2014). Some fertilizers including humus and/or humic acids are a ready-to-use live
formulation of such beneficial microorganisms which on application to seed, root or soil, mobilize the
availability of nutrients by their biological activity. They help build up the soil micro-flora and there by the
soil health. Use of fertilizer including humus and/or humic acids are recommended for improving the soil
fertility in sustainable farming.

In the main growing area in the Turkestan region, South Kazakhstan, there is almost no rainfall during
summer. In recent years, most of the olive trees in Turkestan region have been planted, and drip irrigation
has been applied in the modern intensive olive orchards to replace traditional flood irrigation. However,
little is known about the effects on olive productivity of fertilization regimes with surface drip irrigation in
South Kazakhstan. Therefore, a 3-year field study was conducted to gain a better understanding the effect of
chemical fertilizers alone or in combination with other fertilizers including humus and/or humic acids on
vegetative growth, leaf mineral contents of Frantoio olive trees grown in sierozem with surface drip
irrigation in Turkestan region, South Kazakhstan.

Material and Methods
Study Area

The experiment was performed at Ordabasy district of the Turkestan region, South Kazakhstan (Figure 1).
The experimental fields had been in new olive growing area of Turkestan region at 3 years (2019-2021). In
this area, efforts are being made to create new olive plantations. This region is characterized by a semi-arid
climate. Most of the precipitation occurred in June to September. The annual mean precipitation and mean
temperature from the establishment of the experiment is shown in Figure 2.
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Figure 1. Study area

Soil

The main soil type, which is typical for the region, is sierozem soils. The sierozem soils are found in arid
regions which characterized by a brownish-gray surface on a lighter layer based on a carbonate or hard-pan
layer (USDA, 1999). Ordinary sierozems develop on loess-like loams and have fully developed profile with a
rather noticeable division into genetic horizons. Sierozems are marked by good water-physiological
properties, high biological activity, and adequate fertility; they produce high yields when irrigated. There are
various subtypes: light, conventional (standard), dark, and northern (Saparov, 2014). The soil belongs to the
general soil type of dark sierozem. The soil pH was 7,7 and organic matter content was 0.96%, NO3-N was
5.4 mg kg1, available phosphorus was 6.04 mg kg1 and exchangeable potassium was 380 mg kg-1.
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Figure 2. Monthly average temperature (°C) and distribution of precipitation (mm) of the experimental area.
Olive (Olea europaea)

Frantoio olive variety were sampled and which was introduced from Turkey as 1-year-old cuttings in 2019.
Some general informations and agronomic properties of Frantoio olive variety is given below and Table 1.

Table 1. Some agronomic properties of Frantoio olive tree

Origin [taly
Cold tolerance Low
Self sterile Productivity High
Start of bearing Early
Ripening Late
0il content High

Frantoio is a moderately vigorous tree with a spreading-drooping growth habit and medium-dense canopy.
[t is one of the main varieties in the classic Tuscan blend. Frantoio is highly and consistently productive, and
very adaptable. It is quite cold sensitive, however, and can suffer frost damage while other varieties in the
same orchard are unscathed. Frantoio is self fertile, but the yields increase with the presence of pollinizers.
Pendolino is the most popular choice for a pollinizer, but Leccino and Maurino are suitable as well. Frantoio
is popular world-wide, with significant acreage in Australia, Argentina and Chile.

Fertilizers

Five different fertilizer were used as treatments. Nutrient contents of fertilizers are given in Table 2 and all
fertilizers used were in the form of wholly soluble.

Table 2. Nutrient content of the fertilizers used in the experiment

Fertilizers Humus,%  Humic acid, % N,% P,0s5,% K20,% Ca,% Mg,%
Compose fertilizer - - 20 20 20 0,2 0,3
Nitroammophos - - 16 16 16 0,1 0,3
Biohumus 10 - 0.9 1.3 1.5 4.5 0.5
Calcium Humate - 80 0.8 0.9 0.7 0.2 0.1
Potassium humate - 80 0.5 0.8 0.6 0.2 0.5

Treatments and Experimental design

A long term experiment was established at Ordabasy district of the Turkestan region, South Kazakhstan in
April 2019 and the field trial was conducted during three consecutive seasons (2019, 2020 and 2021). The
trees were evenly planted at three different planting density. These are i) 4.0 m x 3.0 m, ii) 4.0 m x 2.0 m, and
iii) 4.0 m x 1.5 m. Two water-dripping lines were placed on the south and north sides along the trees, 30 cm
away from trees. The drip lines ran east west, with a pipe diameter of 14 mm and emitter spacing of 30 cm.
The drip rate was 2 L h-1. Photographs from the experiment are given in Figure 3.
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Figure 3. Photographs from the experiment

The experiment adopted a randomized block design with three different planting density and different
fertilizer type and was performed with the following 15 treatments.
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NA3

Control ; + 20.20.20 (3 kg/ton water in week) with Drip irrigation during April to September ;
Planting density is 4 m x 3 m

Control ; + 20.20.20 (3 kg/ton water in week) with Drip irrigation during April to September ;
Planting density is 4 m x 2 m

Control ; + 20.20.20 (3 kg/ton water in week) with Drip irrigation during April to September ;
Planting density is4 m x 1,5 m

Biohumus treatment (3kg /ton water in week) + 20.20.20 (3 kg/ton water in week) with Drip
irrigation during April to September ; Planting density is 4 m x 3 m

Biohumus treatment (3kg /ton water in week) + 20.20.20 (3 kg/ton water in week) with Drip
irrigation during April to September ; Planting density is 4 m x 2 m

Biohumus treatment (3kg /ton water in week) + 20.20.20 (3 kg/ton water in week) with Drip
irrigation during April to September ; Planting density is4 m x 1,5 m

Calcium humate treatment (0,5 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with
Drip irrigation during April to September ; Planting density is 4 mx3 m

Calcium humate treatment (0,5 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with
Drip irrigation during April to September ; Planting density is 4 mx2 m

Calcium humate treatment (0,5 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with
Drip irrigation during April to September ; Planting density is 4 mx 1,5 m

Potassium humate treatment (0,5 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with
Drip irrigation during April to September ; Planting density is 4 mx 3 m

Potassium humate treatment (0,5 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with
Drip irrigation during April to September ; Planting density is 4 mx 2 m

Potassium humate treatment (0,5 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with
Drip irrigation during April to September ; Planting densityis4 mx 1,5 m

Nitroammophos treatment (2 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with Drip
irrigation during April to September ; Planting densityis4 m x 3 m

Nitroammophos treatment (2 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with Drip
irrigation during April to September ; Planting densityis4 m x 2 m

Nitroammophos treatment (2 It /ton water in week) + 20.20.20 (3 kg/ton water in week) with Drip
irrigation during April to September ; Planting densityis4 mx 1.5 m

Observed parameters

Four branches with flower buds and new apical shoots from the four directions (east, south, west, and north)
in each sampling tree were labeled at the end of April for field survey, and counted in August. Observed
morphological parameters in plants were number of leaves, stem length, stem thickness and leaf plate size.
Nutrient concentration (N, P, K, Mg) in leaf. All parameters were measured according to Jones (2001).
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Results and Discussion
Morphological plant parameters

Morphological plant parameters such as the number of leaves per shoot, stem length and stem thickness of
young Frantoio olive tree differed significantly due to different fertilization all season (Table 3). At all
seasons, fertilizer treatments significantly influenced number of leaves per shoot, stem length and stem
thickness compared to control treatments. On the contrary, it was determined that planting density did not
affected morphological plant parameters of young Frantoio olive tree at all season and fertilization
compared to control treatments.

Table 3. Effect of different types of fertilizers on Morphological plant parameters of young Frantoio olive tree

Freatments Number of leaves per shoot Stem length, cm Stem thickness, cm Leaf plate size, cm
2019 2020 2021 mean 2019 2020 2021 mean 2019 2020 2021 mean 2019 2020 2021 mean
co1 2,5 38 320 128 30,2 45,0 514 422 0,5 1,25 21 13 0,5 1,2 24 14
Cco2 2,7 39 332 133 36,2 45,8 51,9 44,6 0,6 1,2 22 13 0,7 1,4 26 16
co3 2,6 38 341 135 36,0 45,5 51,7 444 0,7 1,0 24 14 0,8 1,3 25 15
BH1 4,7 8,4 368 16,6 36,4 48,2 54,6 46,4 0,9 1,6 2,7 17 1,8 1,7 42 26
BH2 6,2 9,2 372 17,5 358 48,7 548 46,4 1.2 1,7 32 20 1,9 1,9 52 30
BH3 6,1 9,0 37,0 17,4 35,6 48,5 54,7 46,3 155 15 30 20 1,6 1,6 50 27
CH1 4,2 8,0 41,0 17,7 35,0 48,3 54,2 458 0,6 1,4 26 15 1,4 1,4 49 26
CH2 4,8 8,4 423 185 35,6 48,6 53,7 46,0 0,7 1,6 28 17 1,6 1,6 51 28
CH3 4,5 8,2 42,1 183 354 48,4 53,5 458 0,6 1,5 27 16 1,5 1,4 50 26
PH1 4,0 10,2 392 178 34,4 48,0 52,3 449 0,5 L5 28 16 12 1,5 29 19
PH2 4,9 10,5 398 184 34,7 48,4 52,7 453 0,6 1,7 26 16 13 1,6 31 20
PH3 4,6 10,2 396 181 34,5 48,2 52,5 45,1 0,5 1,6 2,7 16 1,0 1,4 30 18
NA1 5,0 7,5 356 16,0 35,6 49,5 54,5 46,5 0,9 17 30 19 1,7 19 47 28
NA2 58 7,8 359 16,5 35,7 49,7 54,8 46,7 1,2 1,9 31 21 1,9 2,0 52 30
NA3 55 7,4 356 16,2 35,5 49,6 544 46,5 11 1,8 30 20 1,8 1,8 50 29
Mean 4,5 7,8 374 16,6 35.1 48,0 534 45,5 0,8 1,5 2.7 1,7 1,4 1,6 4,1 2,3

Data presented in Table 3 indicate that, number of leaves per shoot, leaf plate size, was affected by
conducted treatments in the three seasons. BH (Biohumus treatment) resulted in highest significantly
number of leaves per shoot in first, PH (Potassium humate treatment) was in second and CH (Calcium
humate treatment) was in third seasons respectivitly. On the other side, the lowest number of leaves per
shoot was obtained from CO (Control) treatment since it was in the first, second and third seasons. In
addition, leaf plate size was affected by different treatments in first, second and third seasons. BH and NA
treatments resulted in the largest leaf plate size in the first, second and third seasons. On the other contrary
the lowest leaf plate size was found in CO treatments all seasons. Research results showed that stem length
and stem thickness was significantly affected with different fertilizer treatments (Table 3). BH treatments
and NA treatments recorded the highest value in the all seasons. On the contrary, the lowest stem length and
stem thickness was recorded under the CO treatments in all season. Similar results were obtained by Bilalis
et al. (2015), Wang and Xing (2017) and Alimkhanov et al. (2021) on several vegetable crops. Osman et al.
(2010) found that bio-NPK fertilizer treatments soil applied significantly increased all leaf amino acid
content and mineral composition, shoot nitrogen and total carbohydrates of Manzanillo young olive trees
during the two seasons.

Leaf nutrient contents

Leaf nutrient contents such as N, P, K and Mg of young Frantoio olive tree differed significantly due to
different fertilization all season (Table 4). At all seasons, fertilizer treatments significantly influenced leaf
nitrogen, phosphorus, potassium and magnesium content of young Frantoio olive tree compared to control
treatments. In addition, it was determined that planting density affected leaf nutrient contents of olive tree
at all season and fertilization types compared to control treatments, and also plant density 2 (4 m x 2 m)
treatments resulted in the highest leaf nutrient contents in all seasons and fertilization types. Numerous
studies have reported that inorganic NPK fertilizer increased growth in some species by enhancing nitrogen,
phosphorus, potassium and magnesium uptake (Shehu, 2014; Giilser et al., 2019; Alimkhanov et al., 2021).

Leaf N concentration was significantly affected by fertilization. Maximum N concentration in the leaves was
observed for NA followed by BH at all season (Table 4). Only BH and NA treatments, The leaf N
concentration of the cultivars was well above the critical N level (1.5%) in all seasons. Studies in Greece and
Portugal showed that leaf N concentrations of various olive varieties were above the critical level (i.e., 1.84-
2.15 %) (Dimassi et al, 1999; Jordao et al., 1999). However, Loupassaki et al. (2002) have reported
comparatively higher values for leaf N concentration with a range of 1.68-2.89%. The phosphorus levels of
the leaves in second and third years were above the optimum level (1.0%), but in control treatment in first
season (2019) was close to the deficiency threshold level of leaf P concentration (Table 4). Leaf P
concentration of Greek olives was in the range of 1.3-1.6% (Dimassi et al., 1999) while it was 1.2-1.9% in
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Portugal (Jordao et al., 1999). In contrast, Loupassaki et al. (2002) have reported a much higher range of P
concentrations (1.7-2.7%) for mature leaves. The potassium concentration of the leaves significantly
changed as a fertilization and and years (Table 4). Maximum K content in the leaves was observed for NA
followed by BH at all season (Table 4). Leaf content of K was increased in the second and third seasons than
in the first season. 0.5-0.9 and 0.54-0.83% leaf K concentration were reported for Greece (Dimassi et al,,
1999) and Portugual (Jordao et al., 1999), respectively. In this study, the K concentrations measured were
comparatively higher due to the high exchangeable K content of the experimental soil (380 mg kg-1).
Magnesium concentration of the leaves was significantly influenced by fertilizer type and season (Table 4).
Minimum values were observed for control treatments (CO) at all seasons. Loupassaki et al. (2002), Dimassi
et al. (1999) and Jordao et al. (1999) have all reported that leaf Mg concentration of Greek and Portuguese
olives were above 0.1%, which are highly similar to our data. Seasonal change of Mg concentration of olive
leaves was reported to be in the range of 0.1-0.2% (Christos et al., 2005).

Table 4. Effect of different types of fertilizers on leaf nutrient contents of young Frantoio olive tree

Treatients N, % P, % K, % Mg, %
2019 2020 2021 mean 2019 2020 2021 mean 2019 2020 2021 mean 2019 2020 2021 mean
co1 0,7 0,8 1,2 0,9 0,5 1,4 2,0 1,3 0,7 0,9 1,6 11 0,4 0,6 0,9 0,6
Cco2 0,9 1,4 1,8 1,4 0,8 1,7 2,5 1,7 0,8 1,1 1,8 1,2 0,5 0,7 1,0 0,7
Cco3 0,8 1,2 1,7 1,2 0,6 1,5 2.1 1,4 0,6 1,0 1.7 1,1 0,4 0,5 1,0 0,6
BH1 1,4 1,8 3,0 2,1 1,6 2,4 3,2 2,4 2,2 2,6 3,0 2,6 2,3 2,6 3,1 2,7
BH2 1,8 2,4 33 25 19 2,8 3,6 2,8 2,3 2,8 3,2 2,8 2:5 2,9 3,5 3,0
BH3 1,6 2,2 3.2 23 L7 27 3,5 2,6 2,1 2,7 3,0 2,6 2,4 2,6 3,2 2:7
CH1 0,8 0,9 2,4 1,4 0,9 2,0 2.5 1,8 1.2 1,8 2,5 1,8 0,9 1,4 2,4 1,6
CH2 1.2 15 2,6 1,8 1,4 21 2,7 2,1 15 19 2,7 2,0 1,2 1,6 2,6 18
CH3 1,0 1,2 2,5 1,6 1,2 2,0 2,6 1,9 1,4 1,8 2,6 19 1.1 1,3 25 1,6
PH1 0,9 1,4 2,0 1,4 0,8 1,7 2,4 1,6 1,1 1.7 2,4 1,7 0,8 1,1 2,0 1,3
PH2 1,1 1,6 23 1,7 09 19 2,6 1,8 1,3 1,8 25 19 0,9 1,5 2,2 15
PH3 1,0 1,3 2,1 L5 0,7 1,8 2,5 1,7 1,2 1,7 2,3 1,7 0,8 1,2 2,1 1,4
NA1 1,5 19 32 2,2 1,5 2,3 3,0 2.3 2,4 2,8 33 2,8 1,9 2,0 2,3 2,1
NA2 1,6 2,5 3,6 2,6 1,8 2,4 3,2 2,5 2,8 2,9 3,5 31 2,3 22 25 2,3
NA3 1.7 2,7 3,5 2,6 1,7 2,2 31 23 2,6 2.7, 3,2 2,8 2,2 2,1 23 2,2
Mean 1,2 1,7 2,6 1,8 12 2.1 2,8 2,0 1,6 2,0 2,6 2.1 14 1,6 22 1,7

It can be concluded that nutrient uptake ability and usage efficiency of young Frantoio olive trees are
different fertilization. Better yield performance, along with the nutrient uptake, could be an indication of
adaptation of young Frantoio olive tree to a specific ecological environment and growing conditions. Leaf
nutrient contents of young Frantoio olive trees in “on” years is usually increased significantly. In conclusion,
the obtained data revealed that, all fertilizers as well as the combination between 20.20.20 (3 kg/ton water
in week) and BH treatment (3kg /ton water in week) or NA treatment (2 It /ton water in week) significantly
increased morphological plant parameters (the number of leaves per shoot, stem length and stem thickness)
and nutrient contents (N, P, K and Mg) of young Frantoio olive trees.
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