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Quality  
Electrical 

Conductivity 

(millimhos/cm)  

Total Salts 

(ppm)  

Sodium 

(% of 

total 

salts)  

SAR  pH 

Excellent  0.25  175  20  3  6.5 

Good  0.25-0.75  175-525  20-40  3-5  6.5-6.8 

Permissible  0.74-2.0  525-1400  40-60  5-10  6.8-7.0 

Doubtful  2.0-3.0  1400-2100  60-80  10-15  7.0-8.0 

Unsuitable  >3.0  >2100  >80  >15  >8.0 

 

 

Suitability of Water for Irrigation 
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4 Acre Feet: 

612 - 968 kg NaCl 

 

2464 kg total dissolved salt 

 

How Much Salt is in Your Water? 
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Salt Burn:  Chloride Toxicity Salt Burn:  Chloride Toxicity 
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Combined Effects of Chloride and Sodium 

Toxicity on Avocado Trees 

Chloride 0.58%         Chloride 0.61% 

Sodium  0.35% 
Kadman (Avocadosource.com) 
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Avocado Yield Function for 

Irrigation Water Salinity 

Oster and Arpaia, J. Am Soc. Hort Sci. 2007 
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The Problem with Total Dissolved Salt:  

 High Salt Inhibits Plant Water Uptake 

For avocado, 

this occurs at 

EC = 4 dS/m 
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Grower Survey 2014 

Fertilization and Irrigation 



TDS/Conductivity/Salinity Pen  

Collect Soil Cores 

 0-6”, 6-12”, 12-18” 
 

Prepare 2:1 Water:Soil Extracts 

 Distilled Water 

 

Measure EC 

 Multiply x 4 (to estimate soil ECsat) 

 

If EC > 0.5 dS m-1 for 2:1 water extract then 

it is time to leach (equivalent to an ECsat of 

2.0 at field capacity) 
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Danger Zone 

 Waterlogging / Hypoxia 



Soil Water Potential vs Volumetric Water Content 
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Measurement of Soil Water Potential 

Tensionmeter 
Absorbent Blocks 

Time Domain  

Reflectometery (TDR) 

24 
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Research Focus: Soil Water Management 

Salinity 

Volumetric water content 

Temperature 

Soil water potential Data logger 
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15% 
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California Irrigation Management Information System (CIMIS) 

54 
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Use CIMIS to Determine Water Requirements 
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Irrigation and Water Use Efficiency 
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Salt Accumulation in Tree Crop Orchards  

Using Drip Irrigation 
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Salt Accumulation in Tree Crop Orchards  

Using Micro-Spray Irrigation 

CDWR 2003  
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Know Your Soils 

http://websoilsurvey.sc.egov.usda.gov/ 
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4.0 

Water Infiltration Rates (inches / hour)   

Fertilization and Irrigation 



Apparent chloride toxicity symptoms in an over-

irrigated avocado tree. 
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California Avocado Society 1949 Yearbook 34: 139-143  
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http://personal.psu.edu/asm4/water/drain.html 

Water perching caused by a sandy (coarse) soil layer 

over a clay or silt layer (fine particle size). 
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Effects of Waterlogging on Leaf Chloride Uptake 
 

 

Plant Species 

 

Days 

               Leaf Cl % 

Drained  

 

Waterlogged 

 

% Cl Increase  

Atriplex   14       4.12            8.53       210 

Casuarina   84       0.27             0.72       270 

Eucalyptus   77       0.49            1.37       280 

Lycopersicum   15       0.92            2.68       290 

 Nicotiana   10         0.93            1.87       200 

Triticum     7       0.59            0.91       160 

Vitis vinifera     7       0.19            0.68       306 

  

Review Paper: Barrett-Lennard. 2003. The interaction between 

waterlogging and salinity in higher plants: causes, consequences and 

implications. Plant and Soil 253:35-54 
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Year to Year Variation in Chloride Toxicity for 

Same Tree, Same Soil, Same Irrigation Water 

and Same Management 
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Tissue Analysis Results – Avocado 

 (98% sand soil) 

Nutrient Unit 
Optimu

m 

Range Jul-13 Aug-13 Sep-13 Dec-13 May-14 Jul-14 

 
Nitrogen 

 
% N 2.2 - 2.4 2.38 2.17 2.11 2.53 2.4 2.9 

Phosphorus % P 
.08 - 
0.44 0.24 0.29 0.29 0.21 0.21 0.35 

Potassium  % K 1.0 - 3.0 1.26 1.49 1.68 1.32 1.45 1.53 

Calcium % Ca 1.0 - 4.5 0.29 0.61 0.53 1.02 0.76 0.5 

Chloride Cl % <0.25 0.37 0.47 0.94 1.32 0.62 0.27 

Manganese ppm 50-300 32 66 89 111 66 45 

2 X Week  

Irrigation / Leaching 

Fertilization and Irrigation 



Decision Support Tools for Avocado Production and 

Fruit Quality 

David Crowley, Mary Lu Arpaia, and Ariel Dinar  

Objectives: Develop an internet based set of decision support tools that can be used to predict 
fruit yields, fruit quality, alternate bearing patterns, and profit. 

Research Plan: Construct artificial neural network and economic models that are trained and 
validated using data collected from a transect of avocado orchards across S. California having 
different rootstocks, irrigation water quality, fertilization practices, soil types, and climate. 

Soil clay (%) 

Leaf N  

Leaf Cl 

Water EC 

Water cost 

Yield kg/tree 

Alt. Bearing 

Fruit shelf life 

Fruit quality 

Profit 

Rootstock 
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Avocado Production Transect 

Rootstocks: Duke 7, Toro Canyon, Dusa, Thomas, Mexican 

12 Locations 

450 Total trees 
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http://www.answers.com/topic/artificial-neural-network 

Statistical Analysis and Pattern Recognition  

Using Artificial Neural Networks 

EC 

 

Chloride 

 

% Clay 

 

Rootstock 

 

Fertilization 

 

…… 

 

 

 

Root Growth 

 

Fruit Yields 
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When there are many interacting factors that affect plant yields, it is often 

difficult or impossible to separate out the effects of individual variables 

using traditional statistical procedures. 
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Due to nutrient interactions that affect yield, scatter plots show no 

apparent relationship.  Between chloride toxicity and fruit yields. 

Fertilization and Irrigation 



Neural Net Software and Programs 

http://www.peltarion.com/WebDoc/index.html 
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http://www.peltarion.com/WebDoc/index.html


Experimental Variables for Production Function Model 
Soil 

 Texture (clay, silt, sand) 

 pH, salinity (EC), chloride 

 ave soil water content (Watermark data)  

 organic matter, mulch 

  

Water Quality 

  

 EC, chloride 

  

Plant 

 rootstock (5 types) 

 leaf nutrient contents 

 leaf chloride 

   

Output 

 Root health (root mass, PGPR bacterial densities) 

 Fruit yields 

 Alternate bearing index 

 Water use efficiency (fruit yield/ unit of water) 
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Yield values predicted from an artificial neural network model using fixed values for all 
nutrients except chloride (values fixed at average levels for entire orchard: N 2.4%, P 
0.18%, K 1.2%, Ca 1.5%, Mg 0.4%, Na 0.015%, Zn 30 ppm, Fe 84 ppm, B 40 ppm. 

ANN predicted fruit yields as affected by leaf chloride content for Hass avocado 
grafted on to different rootstocks under “average” nutrient conditions.  
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Due to nutrient interactions that affect yield, scatter plots show no apparent 

relationship. Between chloride toxicity and fruit yields. 

Fertilization and Irrigation 



Fruit yield as affected by leaf chloride content for Hass avocado grafted on 

to different rootstocks under “optimal” nutrient conditions.  

Predicted fruit yield for trees with foliar nutrient values optimized for maximum yields, while 
varying leaf tissue chloride content for each rootstock. Optimized nutrient levels were N 1.7%, 
P  0.26%,  K 1.3%,  Ca 1.14%, Mg 0.28%, Na 0.015%, Zn 31ppm, Fe 100 ppm, B 40 ppm. 
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Combined Effects of Increasing Chloride and Excess 

Nitrogen On Avocado Yields Predicted by ANN Modeling 

Fertilization and Irrigation 
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Positive assocations between leaf calcium (Ca) and phosphorus (P) 

concentrations with fruit yields. The ANN models suggest that yield 

losses associated with increasing leaf Cl and nitrogen 

concentrations can be partially offset by fertilization with phosphorus 

and calcium fertilizers.  
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ANN Model Prediction: Fertilization with gypsum (Ca) 

and phosphorus improves avocado yields in saline 

soils. 
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“Nutrient additions, on the other hand, have been more successful in 

improving crop quality such as the correction of Na-induced Ca 

deficiencies by supplemental calcium.” 

 

“Champagnol (1979) reviewed 17 publications and found that P, 

added to saline soils, increased crop growth and yield in 34 of the 37 

crops studied…. In most cases, salinity decreases the concentration 

of P in plant tissue (Sharpley et al., 1992)…research indicates that 

salinity stress may increase the P requirement.” 



“As the salt concentration in the root zone increases, plant requirement for 

calcium also increases (Gerard, 1971; Bernstein, 1975).” 

 

“Maintaining an adequate supply of calcium in saline soil solutions is an 

important factor in controlling the severity of specific ion toxicities, 

particularly in crops which are susceptible to sodium and chloride injury 

(Maas, 1993).” 

 

In citrus grown under saline conditions, calcium was found to be effective at 

reducing the transport of both sodium and chloride from roots to leaves, 

thereby alleviating foliar injury and/or defoliation (BanÄuls et al., 1991; Zekri, 

1993a, b; Zekri and Parsons, 1990; BanÄuls et al., 1997; Zid and Grignon, 

1985; Zekri and Parsons, 1992).  
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Analysis of the model predictions based on the 2012 harvest data 

confirmed the observation that chloride uptake is greater for trees 

in high pH soil. Trees in soil at pH 6.5 accumulated 0.25% Cl, 

whereas trees in soil at pH 7.5 had 0.35% Cl. These data suggest 

that further experiments should be done to lower soil pH and 

determine whether this is a cause and effect relationship  

ANN Predicted Effects of Soil pH and SAR on Leaf Cl 
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Interactions of Leaf Chloride and Calcium Contents on  

Fruit Time to Ripening for Hass Avocado  
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Current Status 

Artificial neural network models correctly identify well 

established nutrient relationships associated with 

plant salinity tolerance. 

 

ANN models quantify the beneficial effects of 

maintaining a low soil pH, calcium additions via use of 

gypsum, and increased requirements for phosphorus. 

 

Artificial intelligence works! 
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Recommendations 
• Know your soils and their water holding capacity 

 

• Use CIMIS to determine Et and water 

requirement 

 

• Maintain a water budget, avoid stress at bloom, 

fruit set and early fruit development. 

 

• Use soil water monitoring equipment to measure 

the soil water potential (plant available water) 

and a capacitance probe (EC and volumetric 

water content VWC) to monitor the movement of 

the water front to the desired soil depth that 

encompasses the root zone.  
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Recommendations 

Avoid hypoxia and waterlogging. This can occur 

in all soils, but is most likely in heavy clay, rocky, 

or very sandy soils. 

 

Leach soils but consider pulse irrigation to avoid 

hypoxia in heavy soils, also provides water 

savings. 

 

Lower pH using practical methods, element sulfur 

additions or use a sulfur burners that produce 

sulfurous acid. Avoid sulfuric acid - dangerous. 

 

N-furic should be used to supply nitrogen, but not 

as a primary tool to lower soil pH. 
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Future Directions 
• Computer automated scheduling of irrigation.  

 

 Pulsed irrigation leaching methods 

 Automated calculation of water volumes 

 Leak detection 

 

• Optimization of nutrient management via 

precision fertilization 

 

• Use of aerial photography combined with ANN 

programs to detect and monitor irrigation 

uniformity, trees suffering from hypoxia, 

nutrient levels, salinity damage, and insect 

damage. 
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http://icaci.org/files/documents/ICC_proceedings/ICC2009/html/nonref/11_24.pdf 

Agricultural stress measurement tool for avocado based 

on multispectral image analysis.  
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Benefits to the Industry 

• Cost-benefit analysis of water quality effects on fruit 

yields for trees grown on different rootstocks and in 

different soil types. 

 

• Data driven recommendations for ways to improve 

water use   efficiency, sustainability, and profitability 

through good irrigation practices. 

 

• Basic information on mechanisms of salinity stress and 

tolerance in avocado rootstocks. Improved guidance to 

growers for appropriate rootstock selection. 

 

•  Optimization of fertilization and irrigation programs for 

maximum  yields under specific soil, water, and 

management conditions 
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ANN model output illustrating the inverse relationship between 

irrigation water salinity and chloride concentrations on 

accumulation of chloride in leaves of Hass on Toro Canyon 

rootstock. Fixed model values were pH 7, 35% Clay, soil ECe 2.0, 

and soil Cl at 4 mg/kg 
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Decision support tools are being developed to predict tree fruit 

crop yields under different salinity, soil fertility, and management 

practices.  

 

The use of an artificial neural network model allows the 

separation of nonlinear interactions between variables to 

examine the relationships between specific individual variables 

and fruit yield. 

 

The production function model further allows optimization of 

fertilization programs to maximize production – and suggest that 

proper fertilization can offset much of the yield loss under mild to 

intermediate salinity conditions. 

 

Good irrigation and leaching practices are central to managing 

soil salinity. Chloride toxicity, leaf burn, and yield reductions are 

linked to root hypoxia in wet soils or that are slow to drain. 

 

 

Summery  
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