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Citrus NutritionCitrus Nutrition
andand

Fertigation applications in the fieldFertigation applications in the field
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�� Current statusCurrent status

�� Factors affecting Nutrient ManagementFactors affecting Nutrient Management
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Optimal Plant EnvironmentOptimal Plant Environment
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Optimum ProductionOptimum Production
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Factors affecting Nutrition ManagementFactors affecting Nutrition Management

�� ClimateClimate

�� HumidityHumidity

�� Soil DepthSoil Depth

�� DrainageDrainage

�� PorosityPorosity

�� Sand : Clay : Silt  Sand : Clay : Silt  -- RatioRatio
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Factors affecting Nutrition ManagementFactors affecting Nutrition Management

�� WaterWater--holding Capacityholding Capacity

�� Hydraulic ConductivityHydraulic Conductivity
�� Lateral and downward water movement in soilLateral and downward water movement in soil

�� SlopeSlope

�� AspectAspect

�� Organic Material %Organic Material %
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Factors affecting Nutrition ManagementFactors affecting Nutrition Management

�� MicroMicro--organism Activity and organism Activity and 
CompositionComposition

�� DiseasesDiseases

�� NematodesNematodes

�� Chemical compositionChemical composition
�� BiBi-- and Carbonatesand Carbonates
�� Heavy Metals Heavy Metals 
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Factors affecting Nutrition ManagementFactors affecting Nutrition Management

�� Nutrient statusNutrient status

�� YieldYield

�� Tree sizeTree size

�� RootstockRootstock

�� Growth PropertiesGrowth Properties

% of C.E.C% of C.E.C

< 5< 511 11 -- 161665 65 -- 75753 3 -- 5530 30 -- 50505.5 5.5 –– 6.26.2

NaNaMgMgCaCaK K PP(Bray I)(Bray I)pH pH (KCl)(KCl)
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Soil Analysis interpretation

pH KCl 5,5-6,0

E.C (Vol extr : 1:2)
mS.cm

-1
-

25°C 0,5-1,0

Base Saturation % 50-80

S- Value (Ca +Mg+ Na+ K) cmol/kg

T-Value (Na, Ca, Mg, K,  and H) cmol/kg

Mat.org. % > 3,0

C/N (Ratio) - 10 - 12

Ca/Mg - 3,0-5,0

Ca/K - 6,0-9,0

Mg/K - 2,8-4,0

K - Base saturation % 3 - 8

Ca – Base saturation % 65 - 75

Mg – Base saturation % 12 - 16

H - Base saturation % < 5

N (Nitrogen) % 0,5-1,5

P (Phosphorus) mg/kg 35-100

K (Potassium) mg/kg 195-274

Ca (Calcium) cmol/kg 1,8-4,5

Mg (Magnesium) cmol/kg 0,6-1,5

Al (Aluminium) cmol/kg <0,09

H+Al cmol/kg

S (Sulphur ) SO4 mg/kg 20-150

Fe (Ir on) mg/kg 30-200

B (Boron) mg/kg 1,0-1,5

Mn (Manganese) mg/kg 10-130

Cu (Copper ) mg/kg 1,5-20

Zn (Zinc) mg/kg 6,0-40

Descr iption Unit Optimum range
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Vegetative ReproductiveReproductiveVegetativeVegetative

Quality

K

P

Nutrient Balances Nutrient Balances 
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General formula for General formula for ……..
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The Effect of N Source on Concentration of Ca and Mg 
in the Shoots of Tomato Plants *

Ikeda and Yamada (1983)
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The effect  of nitrate level on accumulation of 
cations, anions and organic anions IN PLANTS *

* Kirkby and Knight (1977)
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*  Kafkafi, Valoras and Letey
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PhotosynthesisPhotosynthesis
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Management of environmental factorsManagement of environmental factors

�� Orchard layout/designOrchard layout/design
�� row directionrow direction

�� ridgesridges

�� plant spacingplant spacing

�� trellis systemtrellis system

�� cultivar / rootstock selectioncultivar / rootstock selection
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Rootstock effect on Nutrient uptakeRootstock effect on Nutrient uptake

SwingleCarrizo
Carrizo

Swingle

Winter Summer
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Rootstock effect Rootstock effect -- Phytophtera resistancePhytophtera resistance
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Environmental factors

� Ridges
� Temp
� Leaching
� Stress
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RidgesRidges
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RidgesRidges
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Environmental factors

� Water quality
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Description

Unit Low M edium High
PH < 7,0 7,0 – 8,0 > 8,0

Electric Conductivity (E.C) uS/cm < 0,5 0,5 – 1,0 1,0 – 1,5

CO3 mg/l
OP* (kPa)

SAR
Adj. NAV

NO3 mg/l

NO2 mg/l
Calcium – Ca meq/l < .75 0.75 -4.25 > 4,25 
Calcium – Ca mg/l < 15,2 15,2 – 85,4 > 85,4 
Calcium – Ca mmol/l < 0,38 0,38 –2,13  > 2,13 
Magnesium – Mg meq/l < 0,75 0,75 – 4,25 > 4,25 
Magnesium – Mg mg/l < 9,1 9,1 – 51,8 > 51,8 
Magnesium – Mg mmol/l < 0,38 0,38 –2,13  > 2,13 

Bi-carbonate–HCO3
- meq/l < 1,5 1,5 – 8,5 > 8,5 

Bi-carbonate–HCO3
- mg/l < 91,5 91,5 – 518,5 > 518,5 

Bi-carbonate–HCO3
- mmol/l < 1,5 1,5 – 8,5 > 8,5 

Potassium –K (39,1) mg/l

Sulphate–SO4
2-

 (96,1) mg/l < 100 > 100 

Sulphur – S (32,1) mg/l < 33 > 33 
Iron – Fe (55,8) mg/l < 0,56 1,4 – 2,8 > 2,8 
Boron – B (10,8) mg/l < 0,5 
Zinc – Zn (65,4) mg/l < 1,64 
Manganese–Mn (54,9) mg/l < 0,1 0,1 – 1,5 > 1,5 
Copper – Cu (63,5) mg/l < 0,19 
Chloor – Cl (35,5) mg/l < 53,3 53,3 – 106,5 >106,5
Sodium – Na (23,0) mg/l <  34,5 34,5 – 69,0 69,0 – 104,0 

Toxicity / contamination potential

Dependent on Cultivar and crop

Norms for water analysis
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Nutrient Management

� Fertilizer programmes are based on:
� Estimated yield

� Tree size and area covered
� Growth characteristics ( Vigour)

� Nutrient program cannot be based on 
Fertigation or nutrition via the root zone alone

� Certain phenological processes needs to be 
activated and enhanced by foliar 
manipulation
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Nutrient Management

� Choice of foliar nutrition products are 
important for optimum efficacy
� Amino acid, Fructose / Sucrose, Fulvic or Amino-

gluconate based 

� Manage the Carbohydrate status of the plant.
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Nutrient ManagementNutrient Management

� Removal figures
� % Distribution per phenological stage

� Calibrate against water requirement
� Work out solution and product compatibility

� Water-soluble crystalline products
� Liquids

� Blends or single element products
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Element RatioElement Ratio’’s for nons for non--bearing citrus treesbearing citrus trees

�� N   : P : K : Ca : MgN   : P : K : Ca : Mg

�� 10 : 1  : 6  : 8   : 1.510 : 1  : 6  : 8   : 1.5



� � � � � � � � � 	� � � � � � � � � 	� � � � � � � � � 	� � � � � � � � � 	 





Tree Management

� Row spacing

� Tree Spacing

� Pruning techniques

� Training techniques
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Training techniquesTraining techniques
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Training techniquesTraining techniques
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Limited rooting systemLimited rooting system

� Roots as growth regulator producers - cytokines, 
gibberellins and abscisic acid

� Restricted root system - dwarfing, precocious and 
rapid root turnover rate

� More root tips , larger root surface area, better water 
and mineral uptake (Ca)

� Water stress manipulation of shoot growth and fruit 
quality
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Root Physiology and mineral uptakeRoot Physiology and mineral uptake

� Calcium uptake only in a small area behind root tip 
before suberization occur and Ca uptake is restricted
� few hrs to three weeks

� When root volume is restricted, higher proliferation of 
roots with smaller diameter
� more nutrient and Ca uptake positions

� Soil properties will determine the amount of roots in 
contact with soil - Sanders (1971) found that 40 % of 
apple roots were not in contact with soil
� nutrient uptake affected
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Root proliferationRoot proliferation
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Soil EnhancersSoil Enhancers

�� Increased use of soil enhancers to optimize Increased use of soil enhancers to optimize 
the roots zone for increased nutrient, oxygen the roots zone for increased nutrient, oxygen 
and water use.and water use.

�� BacteriaBacteria
�� FungiFungi
�� MychorizaMychoriza
�� Fulvic acidFulvic acid
�� Humic acidHumic acid
�� Compost Compost teatea
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ControlControl
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Management Problems in fertigationManagement Problems in fertigation

� Irrigated depth not the same as root depth

� Losses of nutrients when irrigated deeper than root 
depth

� Adapt the irrigation cycle according to the true root 
depths

� Wrong nutrient selection at certain phenological 
stages
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Problems / Obstacles with fertigationProblems / Obstacles with fertigation

� Fertilizer solubility 

� Fertilizer compatibility

� System failures – Controller
� pH 
� EC

� Best  : Flow on Flow
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Injection systemsInjection systems
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Multiple Tank SystemMultiple Tank System
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From Micro to DripFrom Micro to Drip
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Micro to DripMicro to Drip

One year laterOne year later
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Micro to DripMicro to Drip

One year laterOne year later
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