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Abstract. Aim of this research is to determine effect of spatial variability of soil texture, pH, salt, 
and plant nutrient contents of soil and leaves on fertiliser requirement of an oil olive orchard which 
has 102 olive trees. Soil and leaf samples were taken from 29 locations to determine spatial vari-
ability. Soil texture, pH, salt, lime, organic matter, nitrogen (N), phosphorous (P), potassium (K), 
calcium (Ca), magnesium (Mg), iron (Fe), copper (Cu), zinc (Zn) and manganese (Mn) amounts 
were determined from soil samples that were taken from 0–30 cm and 30–60 cm soil depths. N, P, 
K, Ca, Mg, Fe, Cu and Mn were determined from leaf samples. When results were evaluated, N, 
P, K, Ca and Cu contents had optimum values, but Fe, Mn and Zn were found in deficiency levels. 
Fertiliser requirements for variable rate fertilisation were between 0–0.76 kg/tree for N, 0–0.192 
kg/tree for P, and 0–5.22 kg/tree for K. Fertiliser requirement for fixed rate was determined 0.75 kg/
tree for nitrogen, 0.275 kg/tree for phosphorous and 1.5 kg/tree for potassium. Required N, P and K 
values converted to commercial fertiliser forms as urea, ammonium nitrate, and potassium sulphate 
and triple super phosphate. 

Keywords: olive, precision farming, spatial variability, variable rate fertilisation.

AIMS AND BACKROUND

Precision farming applications is a new subject for olive growers. Spatial vari-
ability is key point to start precision farming. Variable rate applications based on 
spatial variability has been used for decreasing cost and environmental effect of 
agricultural inputs. Fertilisation of olive trees is important for high yield and good 
quality. Fertilisation of olive trees are carried out between January and March in 
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temperate climate conditions. In more severe winter conditions, fertilisation can be 
completed in March or April. Phosphorous, potassium and half of the nitrogenous 
fertiliser are applied at first fertilisation. The remaining half of the nitrogenous 
fertiliser should be mixed to the soil once or twice depending on the irrigation 
situation during March or May. Phosphorous and nitrogenous fertiliser should be 
applied to the root depth. Applications made to the surface which are not buried 
in the soil are not effective and plants can not benefit from phosphorous fertilis-
ers applied to surface1. A study to measure tree canopy size via ultrasonic sensors 
with position data recorded via GPS. Afterwards, a fertiliser application map was 
prepared depending on the canopy dimensions. A saving of about 38.48% was made 
in fertiliser cost via variable rate fertilisation2. A system that can make variable 
rate lime application was designed and manufactured. Coordinates are obtained 
via GPS in that system. Coordinates, machine forward speed and amount of lime 
to be applied for each point are sent to the computer in that system. The software 
automatically adjusts the lime amount to be applied depending on the position of 
the machine3.

In the research, yield and soil mapping were carried out in 2007 and 2008 
in a 9.1 ha commercial olive tree plantation for olive oil production. The field is 
planted in rows with about 1650 trees in total. The location of the sacks or group 
of closely placed sacks were identified using a commercial GPS (5 m resolution). 
In addition, 91 soil samples were taken at depth of 0–30 cm on a 30 m systematic 
sampling grid corresponding to a density of 10 soil samples per ha. The follow-
ing soil parameters were measured: soil texture, organic matter, pH, P, NO3–N, K, 
Mg, Zn, Mn, Fe, B and Ca contents4. Another study assessed the ability of thermal 
imaging to provide the spatial distribution and variability of tree water status in a 
commercial irrigated olive orchard, and described strategies and a procedure for 
choosing which individual trees best represent the orchard5.

In this research, spatial variability of soil texture, pH, salt and some plant 
nutrients of soil (N, P, K, CaCO3, Mg) were determined. Fertiliser requirements 
were calculated according to the leaf nutrient (N, P, K) contents in order to com-
pare variable and fixed rate fertilisation scenarios. Olive has been widely growing 
for oil production in Turkey. Turkey is also one of the important producers for 
olive oil in the world. It is an important industry for Turkey. This study may help 
stakeholders of the olive oil industry.

EXPERIMENTAL

This research was carried out with an olive (Oleaeuropae cv. Ayvalik) orchard 
which has 102 trees (Fig. 1). There were no rows for trees because it was estab-
lished by grafting of wild olive trees. Ayvalik cultivar is a common olive cultivar 
for oil production in Turkey.
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Fig. 1. GPS positions of olive trees and soil/leaf sampling points

Soil samples were taken from 0–30 cm and 30–60 cm soil depths from 29 loca-
tions to determine spatial variability of soil texture, pH, salt, lime, organic matter, 
nitrogen (N), phosphorous (P), potassium (K), and calcium (Ca) amounts. N, P, 
K were determined from leaf samples. Spatial variability maps of plant nutrient 
elements and some soil characteristics such as texture, pH, salt, etc. were created. 

The texture classes of the soil samples were determined according to the 
Bouyoucos Hydrometer method6. Soil pH (1:2.5 soil: pure water) were measured 
by glass electrode pH-meter7. Total nitrogen was determined by steam distillation 
(Kjeldahl) method. Useful phosphorous was determined according to the Olsen 
method. Organic content was determined according to the Walkley-Black method8. 
Cations (Ca2+, Mg2+, K+) exchange capacity was determined by flame photometer. 
Salinity was measured by electrical conductivity device (1:2.5 soil:water)9 and 
active lime analyses were carried out by Scheiblercalcimeter (CaCO3) (Ref. 10). 
The B, Fe, Mn, Zn and Cu contents of the soil samples were determined via an 
ICP-OES device11.

Olive leaf samples were collected from fully expanded mature leaves in pairs 
which were at the centre of each shoot. Shoots which were at a height of 1.5 and 
2 m were selected for this purpose. Shoots were chosen from the north, south, 
east and west sides of each tree and 4 to 8 leaves were collected from each side12.

Total nitrogen for the dry and wet burned leaf samples were determined by 
steam distillation (Kjeldahl) method whereas useful phosphor was determined 
by yellow colour method with spectrophotometer and other plant nutrient (Ca2+, 
Mg2, K+, B, Fe, Mn, Zn, Cu) contents were determined by an ICP-OES device13.

Each tree was harvested manually and yield was measured by weighing on a 
scale. After that yield map was created via Golden Surfer software. 

Determination of nutrient requirement. Suggested pure N, P and K rates were 
determined from the literature. Fixed amounts of N, P and K were determined 
as the conventional fertilisers applications. Suggested rates were 0.75 kg/tree for 
N, 0.275 kg/tree for P (in form of P2O5) and 1.5 kg/tree for K (in form of K2O). 
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Reference potassium amounts were given double the amount of nitrogen applied 
to the orchards as suggested according to the literature14. For the variable fertiliser 
applications, rates were calculated by the leaf analysis. A regression formula for 
each macro element (N, P and K) was formed by using minimum and maximum 
values from leaf analysis (Table 1).

Table 1. Regression equation for determining nutrient requirement
Nutrients Equation R2

Nitrogen y = –0.7463x + 1.9925 1
Phosphorus y = –1.5x + 0.65 1
Potassium y = –0.6061x + 2.4424 1

Optimum rates for N, P and K were obtained for fertilisers application rates 
by using a regression equation. K values in that region were high in soil and leaf 
analysis also indicated those results. So only, 10% of the required amount of K 
were applied for each tree, assuming maximum 10% of K could be uptake from the 
soil. Application rates for N, P and K were calculated from the commercial forms 
of the fertilisers. Half of required nitrogen was assumed that will be applied in 
form of urea (46% N) and other half will be applied in form of ammonium nitrate 
(33% N). Phosphorus was applied in form of triple super phosphate (42% P2O5) 
and potassium was applied in form of K2SO4 (51% K2O). Fertiliser prescription 
maps for N, P and K were created by using developed agricultural inputs applica-
tion software. 

RESULTS AND DISCUSSION

Soil analysis. Soil textures of two sampling depths are given in Fig. 2. Orchard 
soil texture was mainly clay and clay loam. Soil analysis results which were taken 
from 0–0.3 and 0.3–0.6 m are given in Table 2. 

 

0–30 cm 30–60 cm 

Fig. 2. Soil texture for two different sampling depths
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Table 2. Soil analysis 
Parameter Depth (m) Mean Min. Max. SD CV (%)

pH (1/2.5) 0.0–0.3  7.59  7.11  8.31 0.34  4.46
0.3–0.6  7.59  6.95  8.25 0.36  4.73

Lime (CaCO3) (%) 0.0–0.3  5.65  0.00 16.56 4.11 72.72
0.3–0.6  5.81  0.00 18.78 5.20 89.54

Organic matter (%) 0.0–0.3  2.08  1.03  3.39 0.72 34.64
0.3–0.6  1.22  0.43  2.19 0.48 39.26

N (%) 0.0–0.3  0.09  0.02  0.20 0.04 48.36
0.3–0.6  0.06  0.01  0.14 0.03 48.31

P (ppm) 0.0–0.3  1.20  0.62  3.10 0.51 42.73
0.3–0.6  1.20  0.62  3.10 0.51 42.73

K (ppm) 0.0–0.3 45.17 33.60 69.90 8.82 19.52
0.3–0.6 33.31 22.50 48.60 6.06 18.20

Spatial variability of N, P, K, organic matter, pH, salt, Ca, lime and Mg of the 
soil samples for 0–0.3 m sampling depth are given in Fig. 3.
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Fig. 3. Spatial variability of N, P, K, organic matter, pH, lime for 0–30 cm 

Spatial variability of N, P, K, organic matter, pH, salt, Ca, lime and Mg of the 
soil samples for 0.3–0.6 m sampling depth are given in Fig. 4.
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Fig. 4. Spatial variability of N, P, K, organic matter, pH, lime and Mg for 30–60 cm 

Measured parameters from soil samples and their classification are given in 
Table 3.

Table 3. Distribution of parameters from orchard soil and their classification
Parameter Classification Soil sampling depth (cm)

0–30 30–60 0–30 30–60 
number of  
samples

range of measured values

pH 7.5–8.5 (light alkaline) 15 18 7.11–8.31 6.95–8.25
6.5–7.5 (neutral) 14 11

Active lime (%) 15–25 (very high)  1  2     0–16.56     0–18.78
5–15 (high) 14 13
1–5 (moderate)  8  8
0–1 (low)  6  6

Organic matter (%) 3–4 (good)  4  0 1.03–3.39 0.43–2.19
2–3 (moderate) 10  3
1–2 (low) 15 15
0–1 (very low)  0 11

N (%) 0.17–0.32 (high)  1  0 0.02–0.20 0.01–0.14
0.09–0.17 (moderate) 12  6
0.045–0.09 (low) 12 14
<0.045 (very low)  4  9

P (ppm) 2.5–8.0 (low)  1  1 0.62–3.10 0.62–3.10
<2.5 (very low) 28 28

K (ppm) 50–140 (low)  7  0 33.60–69.90 22.50–48.60
<50 very low 22 29
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Leaf analyses. The analysis results for the leaf samples are given in Table 4, whereas 
those for N, P and K – in Fig. 5.

Table 4. Leaf analysis for variable rate part of the olive orchard
Nutrient Mean Min. Max. Standard deviation CV (%)
N (%) 1.64 1.33 2.88 0.26 15.91
P (%) 0.25 0.20 0.34 0.03 11.83
K (%) 1.26 0.73 2.38 0.36 28.68
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Fig. 5. Spatial variation of N, P and K for leaf samples

Table 5. Distribution of parameters from orchard soil and their classification
Plant nutrient 
content

Classification Number of 
samples

Range of measured 
values (%)

N (%) >2.55 (toxic)  1 1.32–2.88
1.5–2 (optimum) 22
<1.4 (deficient)  6

P (%) >0.34 (toxic)  1 0.203–0.338
0.1–0.3 (optimum) 28
<0.05 (deficient)  0

K (%) >1.65 (toxic)  4 0.73–2.38
1.01–1.65 (higher than optimum) 18
0.8–1.0 (optimum)  5
0.4–0.8 (lower than optimum)  2
<0.4 (deficient)  0

Yield. Ayvalik cultivar oil olives were harvested by hand when they reached harvest 
maturity and harvested olives from each tree were weighed (Table 6). Yield values 
are given in Table 6 for the year 2012, whereas the yield map is given in Fig. 6.
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Table 6. Olive yield data
Year 2012

Number of tree 101
Total production (kg) 2498.00
Mean (kg/tree) 24.73
Minimum (kg/tree) 0.00
Maximum(kg/tree) 104.00
Standard deviation (kg/tree) 18.29
Coefficient of variation (%) 73.95
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Fig. 6. Yield map of the orchard for 2012

When the values obtained for the 2012 year Ayvalik cultivar olive orchard 
were examined, it was determined that total production was 2498.0 kg for the 102 
trees. Average yield per tree was 24.63 kg. There was a big variability for yield. It 
can be seen from table that coefficient of variation (CV) was 73.95 %.

Variable rate and fixed rate fertilisation scenarios. According to the leaf analyses 
N, P and K requirements were calculated for fixed rate and variable rate fertilisa-
tion scenarios by using the methodology in experimental.

Nitrogen was applied in form urea (46% N) for the first nitrogen application 
and ammonium nitrate (33% N) for the second nitrogen application. Phosphorus 
was applied triple super phosphate (42 % P2O5) form. Potassium was given K2SO4 
(51% K2O) form. For the fixed rate fertilisation scenario, 0.75 kg (N), 0.275 kg 
(P2O5) and 1.5 kg (K2O) per tree were applied. Total fertiliser requirements for 
fixed rate applications were determined for the whole orchard in commercial form. 
They were calculated 82.34 kg for urea, 114.77 kg for ammonium nitrate, 66.13 
kg triple super phosphate and 29.71 kg K2SO4.
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Amount of nutrient requirements for variable rate application are given in 
Table 7.

Total fertiliser requirements for variable rate fertilisation scenario were de-
termined for the whole orchard in commercial form. They were calculated 85.07 
kg for urea, 118.69 kg for ammonium nitrate, 67.75 kg triple super phosphate and 
33.28 kg K2SO4. 

Table 7. Nutrient requirements for variable rate application in olive orchard (kg/tree)
Number of trees N P2O5 K2O 1st ni-

trogen as 
urea 

2nd nitrogen as 
(NH4)(NO3)

P2O5
as TSP 

K2O
as K2SO4 

1–2–3 0.79 0.23 1.70 0.86 1.20 0.54 1.00
4–5–6–7 0.00 0.29 1.72 0.00 0.00 0.70 1.35
11–12 0.78 0.29 1.85 0.85 1.18 0.70 0.72
13–14–8–9 0.73 0.32 1.92 0.79 1.11 0.75 1.50
15–16–17–18 1.00 0.14 1.64 1.09 1.52 0.34 1.28
19–20–21 0.83 0.27 1.85 0.90 1.26 0.64 1.09
22–23–24 0.91 0.24 1.70 0.99 1.37 0.58 1.00
25–26–27–28 0.71 0.33 1.82 0.77 1.08 0.78 1.43
29–30–31–32 0.89 0.28 1.75 0.97 1.36 0.68 1.37
33–34–35 0.77 0.28 1.65 0.84 1.17 0.66 0.97
36–37–38–39 0.78 0.33 1.84 0.85 1.19 0.79 1.44
40–41–42 0.76 0.32 1.36 0.82 1.15 0.77 0.80
43–44–45–46 0.73 0.29 1.60 0.79 1.11 0.70 1.25
47–48–49–50 0.91 0.25 1.56 0.99 1.38 0.60 1.22
51–52–53 0.90 0.28 1.79 0.98 1.36 0.65 1.05
54–55–56 0.76 0.21 1.99 0.83 1.15 0.50 1.17
57–58–59–60 0.87 0.28 1.68 0.94 1.31 0.65 1.32
61–62–63 0.59 0.28 1.00 0.64 0.89 0.67 0.59
64–65–66–67 0.75 0.27 1.70 0.81 1.13 0.64 1.34
68–69–70 0.65 0.34 2.00 0.71 0.99 0.80 1.18
71–72–73–74 0.80 0.30 1.73 0.87 1.22 0.71 1.35
75–76–77 0.91 0.22 1.79 0.98 1.37 0.53 1.06
78–79–80–81 0.83 0.27 1.86 0.91 1.26 0.64 1.46
82–83–84 0.81 0.31 1.81 0.88 1.23 0.73 1.06
85–86–87–88 0.90 0.31 1.71 0.98 1.37 0.75 1.34
89–90–91–92–93–94 0.82 0.34 1.48 0.90 1.25 0.82 1.74
95–96–97–98–99 0.78 0.27 1.22 0.85 1.18 0.64 1.20
100–101 0.76 0.31 1.67 0.82 1.15 0.75 0.66
102 0.71 0.26 1.69 0.77 1.08 0.62 0.33
Total (kg) 78.26 28.43 169.73 85.15 118.69 67.75 33.28
CV (%) 25.20 18.61 16.11
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CONCLUSIONS

Turkey is among the first 5 countries in terms of olive plantation, and olive cul-
tivation occurs in regions with Mediterranean climate in Turkey. The average 
rainfall is annually 700 mm and approximately 85% of annual rain falls between 
November-March in a period of five months15. In this research, fixed rate and 
variable rate scenarios were compared by using soil and leaf analyses. Difference 
between variable rate and fixed rate fertiliser application was not so much but 
there is variability due to trees positions. According to the literature, amount of 
the fertiliser affects shape, quality and yield of the olives and consequently olive 
oil16,17. If farmers want to get more money from their production they should con-
sider spatial variability of nutrients, yield determined in this research for an olive 
orchard cultivated for olive oil production. 
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