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ABSTRACT

The development of olive cultivation needs detailed studies to achieve the maximum yield and product quality by applying
management plans including nutrition. In this research, the interactions of gas exchange and photosynthetic parameters were
investigated with leaf nutrients contents of olive trees (cv. ‘Arbequina’) in super high density (SHD) cultivation under saline
and calcareous soils condition in Tarom Sofla, Zanjan, Iran. The nutritional disorders and their effects on photosynthetic
indices were revealed using the compositional nutrient diagnosis (CND) index micronutrients and macronutrients status.
Finally, principal component analysis (PCA) was used to determine, the effects of all parameters on yield. The results
showed that photosynthetic parameters had a significant positive correlation with nutrients such as zinc, phosphorus, and
copper. Photosynthesis, transpiration, and stomatal conductance had highly correlated with yield of olive trees, which are
important factors in increasing yields. The final CNDr* index showed nutritional disorders in most orchards in the low
yielding group. The average order of nutrient requirement is Ca> Mg> N> P> K in macronutrients and Zn> B> Mn> Cu in
micronutrients in the group of low yielding orchards. The principal component analysis showed that highest yield of olive
trees had a higher positive correlation than other orchards with P and K in macronutrients and Zn, and Cu in micronutrients;
this increased the rate of photosynthesis and yield. PCA also showed the hidden effects of Ca and Mn deficiency on the
reduction of photosynthetic parameters and yield.
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Table 1. Statistical summary of leaf nutrient data and photosynthetic variables in olive trees.

Variable Symbol Unit Min Max Mean SD CvV
Nitrogen N % 1.52 2.29 1.91 0.18 0.09
Phosphorus P % 0.07 0.21 0.12 0.03 0.25
Potassium K % 0.48 0.94 0.65 0.12 0.19
Calcium Ca % 1.27 2.17 1.74 0.23 0.13
Magnesium Mg % 0.10 0.19 0.13 0.02 0.14
Manganese Mn mg.kg! 27.89 58.95 44.96 7.40 0.16
Zinc Zn mg.kg! 7.95 16.37 11.38 1.88 0.17
Copper Cu mgkg! 0.32 4.26 221 0.85 0.38
Boron B mgkg! 28.95 44.74 35.51 4.17 0.12
Sub-stomatal CO, CO, umol.mol'l 65.00 222.00 157.40 46.20 0.29
Transpiration Tr mmol.m?2s™ 0.60 322 1.83 0.81 0.44
Stomatal conductance gs mol.m?s 0.01 0.10 0.05 0.02 0.50
Photosynthetic rate A pmol.m? s 1.42 9.35 5.57 230 0.41
Yield Y ton.ha 6.74 26.08 16.06 421 0.26
Electrical conductivity EC dS.m™ 3.98 14.35 8.12 2.82 0.35
Total neutralizing value TNV % 7.63 14.46 9.93 1.70 0.17
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Table 2. Pearson linear correlation coefficients matrix and Coefficient of determination (R?) between leaf nutrients
and photosynthetic variables in olive trees.

Variable N P K Ca Mg Mn Zn Cu B CO, Tr gs A WUE
N [ 1 0.12" 053 0.7 006 002 021 008 003 005 00l 003 002 0.00
P 0.35 1 043 0.00 014 003 0.07 022 008 0.08 000 0.02 0.03 0.19
K 0.73>  0.66 1 003 0.14 0.0l 024 0.16 019 000 0.03 0.02 004 0.06
Ca -041 003 -0.18 1 016 0.19 0.12 0.00 001 0.08 002 0.00 0.03 0.12
Mg 025 037 038 040 1 0.00 028 027 0.03 0.00 017 008 021 0.00
Mn -0.15  0.19 -0.10 044 -0.01 1 0.00 000 004 0.02 0.06 007 006 0.07
Zn 046 026 049 035 053 0.05 1 0.11 003 0.00 0.12 007 0.16 0.02
Cu 029 046 040 001 052 0.06 034 1 0.00 0.1 0.03 0.01 006 0.05
B 0.18 027 043 -0.07 0.18 -0.19 0.19 0.06 1 0.00 003 0.03 002 0.02
CO, 022 -028 0.03 -028 -0.06 -0.14 0.04 -034 0.02 1 020 041 0.09 0.50
Tr 0.07 003 0.17 016 041 -025 034 0.19 0.18 045 1 0.86  0.81 0.13
gs 0.16 -0.13 0.14 -0.04 029 -027 027 0.11 0.17 0.64 093 1 0.75 0.31
A 0.15 003 020 016 046 -024 040 024 0.14 031 090 0.86 1 0.02
WUE -0.06 044 024 034 004 020 015 023 -0.13 -0.71 -0.37 -0.56 -0.15 1
gm -0.01 019 0.17 032 047 -021 035 044 0.13 -039 051 035 0.73 0.38

1. Bold number significant at 0.05 level

2. Numbers in colored cells Coefficient of determination (R?)
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Table 3. Linear Pearson Coefticient (PCC) and photosynthetic variables in olive trees, yield and soils EC and TNV
correlation graphs.
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Figure 1. Curve of cumulative function between yield and variance ratio of nutrient norms in olive trees and curve
turning point and equations.
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Table 4. Statistical summary of nutrients and nutrient elements in high yield orchards and nutrient characteristics
of CND method in low yield of olive orchards.

Nutrient Nutrient Vx Ix Toxic Deficient Sufficient
utrie Mean SD Mean SD Mean SD Count (%)

N (%) 1.85 0.12 3.16 0.09 0.07 1.36 42.86 57.14 0.00
P (%) 0.11 0.02 0.32 0.16 0.21 1.22 66.67 33.33 0.00
K (%) 0.61 0.07 2.06 0.10 0.31 1.46 57.14 42.86 0.00
Ca (%) 1.75 0.09 3.11 0.11 -0.54 1.46 42.86 57.14 0.00
Mg (%) 0.13 0.01 0.52 0.09 -0.12 1.22 42.86 52.38 4.76
Mn (mg.Kg™") 44.68 7.18 -2.87 0.19 -0.15 0.93 57.14 42.86 0.00
Zn (mg.Kg") 11.64 1.04 -4.21 0.09 -0.92 1.59 28.57 71.43 0.00
Cu (mg.K%'l) 2.02 0.93 -6.13 0.68 0.31 0.42 80.95 19.05 0.00
B (mg.Kg™") 36.14 2.95 -3.07 0.10 -0.68 1.35 28.57 71.43 0.00
Rd - - 7.11 0.08 -0.43 1.33 47.62 52.38 0.00
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Figure 2. Biplot diagrams between the two main components in the 4 selected groups in olive trees.
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