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ABSTRACT 
Effective nutrition of fruit trees with the least input can significantly help in the optimal use of chemical fertilizers and 
reduce costs. On the other hand, the type of soil management also plays an undeniable role in the ability of plant roots to 
access nutrients. Therefore, three-year study (2017, 2018 and 2019) was carried out to evaluate the effect of soil 
management type (conventional tillage and no-tillage) and fertilizer type (control, hydrogel, complete fertilizer, complete 
fertilizer + hydrogel and humic acid) on photosynthetic indices and leaf nutrients in apple Delbar Estivale grafted on the 
base of MM106 located in Kamalshahr, Karaj county. The results showed that the highest percentage of leaf nitrogen 
(2.74%) was observed in conventional tillage ×hydrogel treatment and the lowest percentage of leaf nitrogen (2.14%) was 
observed in conventional tillage ×hydrogel treatment. The highest percentage of leaf phosphorus (0.22%) belonged to 
conventional till treatment in 1398, while the lowest percentage of leaf phosphorus (0.18%) belonged to conventional tillage 
treatment in 2019. The highest leaf copper (40.4 mg.kg-1 dry) belonged to the triple interaction of hydrogel and no- tillage in 
2019. Also, the lowest leaf copper (9.9 mg.kg-1 dry) belonged to the triple interaction of humic acid and conventional till in 
2018. In general, it seems that the positive effects of no-tillage in orchard are not achievable in the short term and the 
transition stage from conventional tillage to no-tillage must be completed. 
 
Keywords: Fruit trees, plant nutrition, tillage system. 
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Figure 1. Average monthly temperature and precipitation from long-term (1985-2017) at Karaj synoptic station. 
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Table 1. Soil nutrients analysis results before conducting experiment. 
Element  N (tot.) P K Ca Mg  Fe Zn Cu Mn B 

Unit  %  mg . kg-1 
Optimum  1.9-2.6 0.14-0.4 1.5-2 1.2-1.6 0.25-0.4  50-300 20-100 6-50 25-100 25-50 
Result  1.70 0.15 1.21 1.87 0.38  367.17 31.31 24.44 83.80 40.97 
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Table 2. Results of analysis of irrigation water before the experiment. 
Experiment CO3 HCO3 Cl SO4 Anions Ca Mg Na Cations  TDS  SSP  SAR  EC  pH Class 

Unit mEq.L-1  mg.L-1  %  -  μS/m  - - 
Optimum 0 < 5  6≤ 4-8 - 4-10 4-12.5 13-40 -  500-1000  -  6.5-12  < 2000  6.5-7.5 C1S1 
Results 0 3.55 1.63 3.86 9.04 2.8 2 4.242 9.04  544.6  46.92  2.75  778  7.75 C3S1 

CO3: Carbonate; HCO3: Bicarbonate; Cl: Chlorine; SO4: Sulfate; Ca: Calcium; Mg: Magnesium; Na: Sodium; TDS: Total Dissolved Solids; SSP: 
Soluble Sodium Percent; SAR: Sodium Adsorption Ratio; EC: Electrical Conductivity; pH: Acidity or Basicity; Class: Suitability Class.  
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Table 3. Results of soil nutrient measurements after tillage and fertilization treatments in apple orchard. 
Experiment  TNV OC Clay Silt Sand  Texture pH  EC  Total N P (ava.) K Fe Zn Cu Mn B 

Unit  %  -  dS . m-1  mg . kg-1 
Optimum  7-15 2-2.5 25 25 50  Loam 6-7  < 2  2000 16 300 7 2 1 5 0.5 

D
ep

th
 0-30  9.36 2.32 11 25 64  Sandy loam 7.47  3.42  1929.01 30.26 372.63 5.237 5.626 1.363 16.294 1 

30-60  10.27 1.27 15 17 68  Sandy loam 7.51  1.61  1162.94 22.64 273.07 3.546 2.046 0.870 8.480 0.52 
60-90  9.73 0.38 13 9 78  Sandy loam 7.69  2.59  799.76 10.18 201.38 2.539 0.698 0.600 3.687 0.40 

TNV: Total Neutralizing Value of the limestone; OC: Organic Carbon.   
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Table 4. Characteristics and compositions of complete chemical, humic and hydrogel fertilizer used in the experiment. 

Chemical 
Fert. 

Element Total N NO3
- NH3 Urea P2O5 K2O  Fe Mn Zn Cu B Mo 

Unit %  ppm 
Amount 20 7 2 11 20 20  1000 500 200 200 50 20 

Hydrogel 
Ingredient H2O Toxic. PS MS EADW NaCl EA Pressure EA 60% EA pH Color Form 

Unit % g.kg-1 μm year g.g-1 minute - - - 
Amount < 5 8.0 500-800 5-7 380 170 140 25-30 6-7 Light brown Powder 

Humic 
Fert. 

Ingredient  Humic acid Fulvic acid K2O H2O  CEC  pH Form 
Unit  %  mEq.100gr-1  - - 

Amount  70 5 10 12  300  6-7 Powder 
PS: Particle Size; MS: Maximum Stability in soil environment; EADW: Equilibrium Absorption of Distilled Water; NaCl EA: Practical capacity for 
adsorption of sodium chloride solution at a concentration of 1000 ppm; Pressure EA: Equilibrium Adsorption in Soil Environment and under Pressure 
of 2200 Pa: Time to Reach 60% of Maximum Equilibrium Absorption.  
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Table 5. Instrument (model and country of manufacture) for measuring nutrients in apple tree leaves. 

Nutrient Analyzing method Measuring instrument Made in 
N Kjeldahl digestion Foss Kjeltec 2300 Analyzer Sweden 
P & B Colorimetric determination Spectrophotometer Novaspec II Belgium 
K & Ca Photoelectric circuitry Flame Photometer Kornic 410 England 
Micronutrients Atomic absorption spectroscopy Atomic Absorption Spectrophotometer AA  10 Australia 
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Table 6. Results of variance analysis effect of time, tillage and fertilizer on some nutrients content in apple leaf. 

Source of variation df 
Mean of squares 

N P K Ca Fe Zn Cu Mn 
Year 1 0.11 ns 0.01 ns 2.12* 2.37 ns 415316.8** 2009.73** 8574.76** 2465.12 ns 
Error a 8 0.502 0.007 0.253 0.681 5494.783 52.583 66.579 1215.216 
Tillage 1 0.321 ns 0.011* 0.08 ns 0.02 ns 208.803 ns 1.061 ns 3.24 ns 764.52 ns 
Fertilizer 4 0.045 ns 0.01** 0.68 ns 0.23 ns 3125.769 ns 1.904 ns 44.716 ns 689.19 ns 
Tillage × fertilizer 4 0.690* 0.001 ns 0.07 ns 0.06 ns 895.509 ns 4.728 ns 209.946* 493.62 ns 
Year × tillage 1 0.181 ns 0.013* 0.46 ns 0.18 ns 267.323 ns 32.149 ns 0.001 ns 607.623 ns 
Year × fertilizer 4 0.191 ns 0.007* 0.13 ns 0.21 ns 2353.589 ns 8.584 ns 229.565 ns 222.866 ns 
Year × tillage × fertilizer 4 0.479 ns 0.003 ns 0.146 ns 0.1 ns 3307.329 ns 8.981 ns 796.725* 329.22 ns 
Error b 72 0.245 0.003 0.345 0.114 2218.189 18.06 70.854 351.43 
C.V. (%) - 20.63 24.2 29.36 25.91 57/26  30.39 30.01 26.94 

ns�  * � :** @��([+ ]��f� �1_9 54�&� �([+ ]��f� � ���  T�	�a� HI0 �� ���5  �1 ٪.  
ns, *, **: Non-significantly difference, significantly difference at 5% and 1% of probability level, respectively.  
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Figure 2. Mean comparison interaction of tillage and fertilizer on nitrogen percentage in apple leaf. 
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Figure 3. Mean comparison interaction of year and tillage on phosphorus percentage in apple leaf. 
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Figure 4. Mean comparison interaction of year and fertilizer on phosphorus percentage in apple leaf. 
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Figure 5. Mean comparison of interaction of year, tillage and fertilizer on copper concentration in apple leaf. 
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 T�J?7i�. ��+! &c� |9�"��� @"/Q� R"��9 . .540 3&� �� ,/�(01�2 ,� &�+���S !� �.&� &� �1< � ,!��  
Table 7. Results of variance analysis effect of time, tillage and fertilizer effect on some photosynthetic parameters in apple 

leaf. 

Source of variation df Mean of squares 
Substomatal CO2 Stomatal Conductance CO2 Transpiration Rate Photosynthesis Rate 

Year 2 51.144 ns 0.088** 11.494** 315.303** 
Error a 6 400.978 0.002 0.563 4.917 
Tillage 1 2351.111* 0.014** 1.974 ns 29.699* 
Fertilizer 4 644.794 ns 0.001 ns 3.006** 4.306 ns 
Tillage × fertilizer 4 1975.639** 0.002 ns 3.404** 10.645 ns 
Year × tillage 2 378.211 ns 0.004 ns 1.815* 11.829 ns 
Year × fertilizer 8 498.478 ns 0.006** 1.586* 7.309 ns 
Year × tillage × fertilizer 8 442.822 ns 0.003 ns 0.881 ns 4.783 ns 
Error b 54 675.595 0.002 0.560 4.545 
C.V. (%) - 8.98 30.08 18.26 22.82 

ns�  * � :** @��([+ ]��f� �1_9 54�&� �([+ ]��f� � ���  T�	�a� HI0 �� ���5  �1 .J'��  
ns, *, **: Non-significantly difference, significantly difference at 5% and 1% of probability level, respectively. 
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Figure 6. Mean comparison interaction of tillage and fertilizer on substomatal CO2 concentration in apple leaf. 
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Figure 7. Mean comparison of interaction of time and fertilizer on stomatal conductance of CO2 in apple leaf. 
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Figure 8. Mean comparison of interaction of tillage and fertilizer on transpiration intensity in apple leaf. 
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Figure 9. Mean comparison of interaction of year and tillage on transpiration intensity in apple leaf. 
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Figure 10. Mean comparison of interaction of year and fertilizer on transpiration intensity in apple leaf. 
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Figure 11. Mean comparison effect of year on photosynthesis rate in apple leaf. 
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Figure 12. Mean comparison effect of tillage on photosynthesis rate in apple leaf. 
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