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2- Deviation from Optimum Percentage
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Table 1- Results of statistical analysis for leaf elements of hazelnut trees in high yield orchards

i b Sl ool
. - _ . _ . Slas las .
o Coefficient of S S N ol slre I\;Ijxim Mhil;:imu oSl
Variable variation Kurtosis Skewness  Variance Stan(]';iard um m Mean
0
deviation
(oNA,) 9.4 0.10 0.41 0.08 0.29 3.60 2.62 3.08
((I;O) 8.9 1.66 0.20 0.00 0.01 0.19 0.14 0.16
(OK/O) 334 3.39 1.75 0.07 0.27 1.44 0.53 0.80
(mgFIfg'l) 175 0.16 -0.28 9991.13 99.96 727.35 387.12 570.38
(mg';vII?g'l) 914 0.42 1.22 25670.57 160.22 481.90 26.81 175.26
(ngEg_l) 19.2 1.96 1.25 68.08 8.25 61.56 34.85 42.93
(mgg:ll:g'l) 28.1 -0.59 -1.00 22.99 4.79 21.84 8.72 17.09
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Table 2- Results of statistical analysis for leaf elements of hazelnut trees in low-yield orchards
Lo Byl ) .
. o . e e o
B u‘mf.%ﬂ S el Nz owWly  standard ,.SI._» J.el.» oo
. Coefficient of . . Maxim Minimu
Variable S Kurtosis Skewness Variance of Mean
variation S um m
deviation
(()’;i) 7.03 -0.47 0.40 0.04 0.21 3.30 2.58 2.93
(O/FL) 19.07 0.17 0.89 0.00 0.03 0.23 0.13 0.16
(:/(o) 29.3 2.17 0.94 0.06 0.25 1.51 0.44 0.86
(mgFIfg'l) 16.8 -0.86 -0.17 7950.52 89.17 657.47 355.84 529.39
(mgl;v'kng'l) 73.9 -1.14 0.48 4104.64 64.07 197.47 9.10 86.68
(mgrllg'l) 20.2 -0.99 0.29 67.33 8.21 56.47 29.97 40.59
Cu 29.8 -1.73 -0.25 24.07 4,91 22.30 8.93 16.45
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Figure 1 -Macro element (N, P, K) concentrations of hazelnut leaf in high and low yield orchards (p-value>0.05)
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Figure 2- Micro elements (Fe, Mn, Zn, Cu) concentrations of hazelnut leaf in high and low yield orchards (p-
value>0.05)
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Table 3— Some selected soil physical and chemical characteristics of the studied orchards

O
Orchard ocC T.N.V Clay Silt Sand
ds.m-! % % % % %
1 0.83 7.72 1.35 15.96 24.84 37.26 37.90
2 0.91 7.76 1.45 11.17 20.70 33.12 46.18
3 0.51 7.82 0.74 16.49 16.56 28.98 54.46
4 0.76 7.72 1.07 17.02 33.12 31.74 35.14
5 0.63 7.90 0.58 46.82 26.22 38.64 35.14
6 0.49 7.96 0.54 47.35 35.88 42.78 21.34
7 0.59 7.85 1.85 19.68 38.64 37.26 24.10
8 0.84 7.63 1.67 44.69 28.15 47.75 24.10
9 0.85 7.78 0.78 35.11 31.74 35.88 32.38
10 0.91 7.33 2.23 2.66 28.98 33.12 37.90
11 0.49 7.77 0.86 2.13 30.36 34.50 35.14
12 0.49 7.78 0.93 2.13 22.08 26.22 51.70
13 0.51 7.78 0.91 5.32 24.84 30.36 44.80
14 0.91 7.71 1.39 17.56 11.04 35.88 53.08
15 0.56 7.73 211 27.13 27.60 55.20 17.20
16 0.77 7.39 0.78 1.60 27.60 33.12 39.28
17 0.60 7.80 1.29 28.20 27.60 33.12 39.28
18 1.00 7.44 3.18 3.19 19.32 35.88 44.80
19 0.49 7.80 111 15.43 35.88 33.12 31.00
20 0.60 7.13 121 1.60 19.32 41.40 39.28
21 0.55 7.1 3.88 47.88 23 38.8 38.20
22 0.54 7.74 0.70 20.75 24.84 38.64 36.52
23 0.63 7.75 0.86 11.70 22.08 35.88 42.04
24 0.76 7.57 1.93 5.32 22.08 33.12 44.80
25 0.48 7.40 0.56 3.72 17.94 34.50 47.56
26 0.54 7.48 0.32 4.79 5.52 27.60 66.88
27 0.57 7.92 0.18 10.64 13.80 30.36 55.84
28 0.49 7.83 0.80 26.60 44.16 31.74 24.10
29 0.72 7.86 0.91 38.84 30.36 42.78 26.86
30 0.48 7.75 0.48 45.75 35.88 41.40 22.72
31 0.61 7.84 1.09 45.75 33.12 4416 22.72
32 0.43 7.86 1.03 10.64 30.36 35.88 33.76
oSl 0.66 7.67 1.25 18.33 25.32 35.82 38.86

Mean
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Table 4- DOPand nutritional balance indices in hazelnut orchards

L DOP _glayas L
g, adw Jols DOP indices
Orchard o/ N P K Fe Mn Zn Cu
(NBI)

1 279.74 851 313 4484 9.72 5151  -151.51 1053
2 301.67 16.10 0.00 -4.19 2.41 8471  -184.71 9.56
3 353.25 5.04 -14.06 -12.90 -9.49 9481  -19481 2213
4 320.76 -4.44 6.25 -15.80 15.35 7631 -176.31  26.29
5 371.47 1272 2031 -4.19 17.13 9462  -194.62  27.87
6 344.77 3.76 18.75 1.62 -20.79 8473  -18473  30.38
7 299.58 -8.51 7.81 -4.19 27.61 6750  -167.50  16.46
8 315.46 -7.23 -3.13 10.33 -11.70 -80.80  -180.80  21.49
9 142.15 -0.45 17.19 -15.80 6.86 14.97 -85.03 1.84
10 301.85 2.41 6.25 -18.71 4.10 174.90 74.90 2058
11 201.00 11.89 -3.13 -33.22 3.99 1052 -11052  27.72
12 347.95 1272 14.06 16.13 8.97 8543  -18543 2520
13 304.32 5.87 -18.75 -33.22 -1.30 6548  -165.48  14.21
14 290.38 0.67 -15.63 2161 1.82 66.80  -166.80  17.05
15 231.07 -16.71 23.44 24.84 -6.87 2038  -120.38  18.45
16 331.46 1934 -1563 27.75 -14.80 7225 17225 944
17 331.82 -1.66 -18.75 -18.71 37.72 6037  -160.37  -34.24
18 123.30 0.98 -1.56 1.62 11.69 8.71 -91.29 7.46
19 374.79 -4.37 -20.31 16.13 3757 8072  -180.72  -34.97
20 331.40 -9.86 -18.75 39.36 6.35 6738  -167.38  -22.31
21 247.90 6.39 42.19 36.46 2269 1452 -11452 1114
22 217.28 -15.36 18.75 27.75 -32.09 11106 -111.06 1.23
23 225.05 11.06 -4.69 30.65 5.25 3094  -130.94 1152
24 237.70 -1.66 53.13 80.01 2.24 26.01 -73.99 -0.67
25 275.02 -3.09 0.00 2451 6.82 145.78 45.78 -49.04
26 265.60 7.23 -4.69 -7.09 23.89 4177 14177 -39.15
27 257.74 5.87 -20.31 452 -0.82 4499  -14499  -36.23
28 210.10 -3.09 -3.13 -12.90 20.60 1363 -113.63  -43.13
29 201.49 -9.86 -14.06 1.62 12.98 758 10758  -47.81
30 204.58 0.98 3.13 80.01 -18.07 14.09 8591  -22.40
31 258.65 5.87 7.81 88.72 -19.09 12.64 8736 -37.16
32 258.37 11.89 -18.75 -18.71 23.02 1619  -116.19  -53.63
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Table 5- Coordinates of orchards geographical locations, yield and priority order of nutrient deficiency in hazelnut orchards

fb D)M u‘nl'iﬁ‘)” Olaise 1 2 3 4 5 6 7 b).SJ;::
Orchard No. Geographical coordinates (kygleh a)
1 0421601/4082861 Mn K Fe N P Zn Cu 750
2 0422285/4082156 Mn Zn K Fe P Cu N 2000
3 0423657/4081623 Mn Zn P K Fe N Cu 1000
4 0423416/4081532 Mn K Zn N P Fe Cu 800
5 0419253/4081237 Mn P Zn Fe N K Cu 800
6 0419031/4081322 Mn Fe K N Zn P Cu 800
7 0422455/4075640 Mn N K P Zn Cu Fe 2000
8 0422324/4075555 Mn Fe N P Zn K Cu 1700
9 0434724/4073543 K N Zn Cu Fe Mn P 1400
10 0437016/4068303 K Zn N Fe P Cu Mn 2000
11 0437089/4068308 K Mn P Zn Fe N Cu 2200
12 0439086/4067673 Mn N Fe Zn P K Cu 1000
13 0437916/4068552 Mn K P Zn N Fe Cu 900
14 0453771/4068649 Mn K P Zn N Fe Cu 2200
15 0432519/4083591 Mn N Fe Zn Cu P K 1100
16 0430810/4081238 Mn N Zn P Fe Cu K 1200
17 0430764/4081238 Mn Fe Cu P K Zn N 1200
18 0429721/4081819 Cu P N K Mn Fe Zn 700
19 0430549/4082217 Mn Fe Cu P N K Zn 1000
20 0430746/4082211 Mn Cu P N Fe Zn K 1500
21 0430646/4081640 Fe Mn  Cu N Zn K P 1200
22 0430649/4081612 Fe N Mn Cu K P Zn 1800
23 0430743/4081478 Mn Fe P N Cu Zn K 900
24 0430561/4081596 N Cu Fe Zn Mn P K 1900
25 04075856/404071 Cu K N P Zn Fe Mn 1500
26 04075942/403621 Mn Cu Zn Fe N K P 1000
27 04077311/404338 Mn Cu Zn P N Fe K 1000
28 04082170/411212 Cu Mn K P N Zn Fe 1700
29 04082290/410858 Cu Zn P Mn N K Fe 900
30 04082385/410320 Cu Zn Fe N P Mn K 1800
31 04082320/410054 Cu Zn Fe N P Mn K 800
32 04076237/412974 Cu Zn Fe P K Mn N 1500
2500 -
3 = 2000 -
1
v, =
2 = 1500 1 y = -6.8372x+3399.8
3‘: é R2=0.6344
v = 1000 -
a2
g‘ »+ 500 -
2,
0 T T T 1
0 100 200 300 400
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Figure 3- Relationship between yield and nutritional balance index (NBI) in hazelnut
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Introduction: The study of the nutritional status of orchards is one of the primary priorities for the nutrition
of crops and orchards, which is done in different methods. One of these methods is the deviation from the
optimum percentage (DOP). Hazelnut is one of the species of the family (Betulaceae) which is the fifth most
produced nut in the world after cashews, almonds, walnuts, and oaks. Turkey is the world's largest producer with
about 70.3% of the total world production of hazelnuts and Italy with 11.9%, the United States with 4.5%, and
Azerbaijan with 4.2%, Georgia with 3.8%, Spain with 2.5% of world production, respectively. Other hazelnut
producing countries account for 2.8% of the world production and the world hazelnut production in 2018 was
about 888,000 tons. In 2018, Iran was the eighth largest producer in the world with a production of 16,000 tons.
Guilan province has 18,000 hectares of hazelnut orchards, which constitute 85% of the cultivated area of
hazelnut orchards in the country. Since the leaf is the most important part of plant metabolism and the
concentration of nutrients in the leaf at certain stages of plant growth and development has a great relationship
with yield. Therefore, leaf analysis and interpretation of the results, provided that according to standard methods,
can provide good information about the nutritional status of the plant and be used to recommend the appropriate
fertilizer.

Materials and Methods: The optimal Deviation (DOP) method was used to investigate and identify
nutritional deficiency and determine the optimal concentration of nutrients. For this purpose, the number of
nutrients such as nitrogen, phosphorus, potassium, manganese, copper, iron, and zinc were determined in 32
hazelnut orchards with growth of the following year branches in the three major hazelnut production cities
(Rudsar, Siahkal, and Amlash), in July. To implement this project, 32 orchards over 10 years old were sampled
from the dominant cultivars of the region (Gerd cultivar), so that they are different in terms of management and
yield. Seventeen orchards in Eshkavrat region of Rudsar, seven orchards in Hazelnut areas of Siahkal, and eight
orchards in the Eshkvarat region of Amlash city were selected for sampling. The orchards that had the best yield
due to the great management were randomly selected to determine the standard concentration (Cref) and other
low-yield and medium-sized orchards were randomly selected to determine the nutritional status. The orchards
were divided into low and high-yield groups in August. When the concentration of nutrients in the leaves was
relatively constant, about 50 healthy young leaves were sampling in different directions and 10 trees in each
orchard. Pest-free samples were transferred to the laboratory and leaf samples were first washed in water and
then washed with distilled water. The samples were placed into the oven at 65 °C for drying. The dried samples
were completely powdered and passed through a sieve with half a millimeter holes. In leaf analysis, nitrogen
nutrients was measured in a more digestible manner by Kjeltec device, phosphorus by spectrophotometry,
potassium by flame photometric, manganese, copper, iron, and zinc by dry ash method and atomic absorption
spectrometry.

Results and Discussion: The results showed that the average concentrations of N, P, Fe, Mn, Zn, Cu in high-
yield orchards were higher than the concentration of nutrients in low-yield orchards. The deviation index was
calculated from the optimal percentage and the priority of the nutritional needs of hazelnut trees in each garden
was determined. Indicators are positive, negative or zero numbers, zero indicates the optimal statue of
concentration, a positive value indicates excess nutrient and a negative number indicates nutrient deficiency.
According to the indexes of deviation from the optimal percentage, among the elements manganese, nitrogen and
iron had the highest negative index, respectively, so that manganese had negative indexes in 78% of orchards
and nitrogen had negative indexes in 65% of orchards, and then Iron had negative indexes in 60% of the
orchards and phosphorus in 56% of the orchards, zinc in 53% of the orchards and potassium in 50% of the
orchards and finally copper in 46% of the orchards had negative indexes, respectively.
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Conclusion: Optimal concentrations were determined for nitrogen, phosphorus, potassium, iron, manganese,
zinc, copper, 3.08%, 0.16%, 0.80%, 570.38 ppm, 175.26 ppm, 42.93 ppm, ppm 17.09 in the leaves. Based on the
calculations of the DOP method, the following results were obtained for the priority of feeding the orchards.

Mn>N>Fe>P>Zn> K>Cu

Keywords: Hazelnuts, Nutrients, Nutritional status assessment, Optimal deviation index



