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Throughout the past several years, the Western Plant Health Association’s (WPHA) Western Fertilizer 
Handbook Committee, a sub-committee of the WPHA Soil Improvement Committee, has been working 
to develop accurate text for its third edition of the turf and ornamental version of the Western Fertilizer 
Handbook. To date, the Western Fertilizer Handbook Committee has created drafts of each of the 
chapters, compiled appropriate photographs and is in the process of obtaining peer reviews and 
finalizing the text and figures and tables. The manuscript is currently undergoing final technical edits 
and proof-edited and proof editing has begun. The final document should be available for purchase in 
the fall of 2010.  
 
The Western Fertilizer Handbook Committee now meets four times a month in the WPHA office and 
works as a team throughout each week, via phone call and e-mail to review and work on the text for the 
chapters, the components which are written and revised throughout that particular month. Additionally, 
the key editors of the book Jerome Pier of Crop Production Services and Dave Barlow of JR Simplot 
Company, Pam Emery, and WPHA’s student intern Joanne Hyunh have an established FTP site which 
allows them to upload and share files through a user-friendly site, box.net. 
 
An electronic system has been set up to help organize the writing team. This system is easy to maintain 
and keep organized. It is available and utilized by the writing team during the in-office writing meetings. 
Separate folders are maintained for each chapter. Within each chapter folder there are sections for tables, 
figures, photographs, formulas and peer comments. The most current document is easy to access. All 
writers use a standardized file labeling system that helps identify the author/reviewer and the date it was 
worked on. This system has allowed the writing team to focus on writing rather than organizing the 
document. 
  



Joanne created a style- guideline sheet for the book which is updated regularly as “rule” for the book are 
determined. This document has been proved valuable so that the book is standardized to a common 
format. Additionally, Joanne has created files for photos that are needed, has sent “permissions” letters 
for content that the authors wish to include in the book, and has worked closely with the design team, 
providing necessary information and proofing content. WPHA’s communications director is also editing 
the chapters for grammar, spelling, and consistency in format. 
 
 
Joanne provided monthly updates to WPHA’s Director of Programs as to her progress and her internship 
is just about complete. Joanne may continue to work with the writing team this spring, if her schedule 
permits. 
 
WPHA’s Western Fertilizer Handbook writing team has sent you a copy of Chapter 5, a draft chapter 
from the composition team at Bookmasters.  



Chapter 5

Water and Plant Growth

Irrigation water is a crucial input growers control in plant pro-
duction. Many plant functions rely on the unique characteristics 

of water. A major portion of the total plant fresh weight is water. 
Water keeps the plant turgid so it may better capture sunlight for 
photosynthesis, which combines water and carbon dioxide to form 
glucose. Water transports dissolved nutrients from the soil solution 
into the root, through the vascular system, and to all portions of the 
plant. The value of turf and ornamental plants is often based on 
appearance. The quality of water used in plant growth can have a 
major impact on the visual quality of the final product.

All water used for irrigation contains some dissolved salts. 
Water suitability depends on the kinds and amounts of salts pres-
ent and the plants that are irrigated with that water. All dissolved 
salts have an effect on the properties of soils, growing media and, 
consequently, plant growth. The physical properties and behavior 
of soils and growing media are quite different. For more informa-
tion on soils and soilless media, see Chapters 3 and 4, respectively.

A user of irrigation water should know the effects the follow-
ing may have on soil or growing media:

•	 Salt content (salinity)

•	 Sodium status (sodicity)

•	 Alkalinity and pH

•	 Rate of water infiltration
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Water and Plant Growth	 87

•	 Toxic elements in plants, soil, and drainage water

•	 Plant nutrients in the water

•	 Soil nutrient status and groundwater quality

•	 Fouling or plugging of microirrigation systems

IRRIGATION
Irrigation is the replacement or supplementation of rainfall with 
water from another source in order to grow plants. Irrigation water 
is applied to soil or media in a number of ways to replenish water 
removed by evaporation, transpiration, and drainage from the root 
zone. The method of application depends on many factors such as 
the plants to be grown, depth and texture of the soil or media, con-
tainer type, topography of the land, and the cost of both irrigation 
equipment and water. The amount of water used and how often 
it is applied are determined by water availability, the method of 
irrigation, plant needs, leaching requirements, the soil or growing 
medium water-holding capacity, and climatic considerations of the 
growing environment (i.e. greenhouse, lathhouse, nursery, or field 

FIGURE 5-1.  Irrigation water is applied to replace water 
removed from the soil.
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88	 Western Fertilizer Handbook—3rd Horticulture Edition

conditions). Therefore, successful irrigation requires careful man-
agement of plants, soils or growing media, and water.

SOIL WATER BEHAVIOR
Pores between soil or media particles contain either air or water. In 
the turf and ornamental industry, the goal is to correctly balance 
air-filled pores with sufficient water to meet plant demand. Imme-
diately following irrigation, the film of water is thick and not tightly 
held. Most of the air in voids between particles has been displaced by 
water. The amount of water held is called the saturation percentage. 

Weakly held water in larger pores drains freely due to grav-
ity. In turf and ornamental landscapes, the soil water content is at 
field capacity when free drainage ceases. Likewise, potted media has 
reached container capacity when the pot no longer freely drains fol-
lowing saturation. At field or container capacity, the film of water is 
thinner and more tightly held. Between 10 and 50 percent of the pores 
should be filled with air immediately after drainage has stopped.  

Gravity is no longer a significant force in moving water 
through the soil profile when soil water contents reach field or con-
tainer capacity. Roots of growing plants will remove most of the 
water by transpiration. But there comes a point when the remain-
ing water is held so tightly by the soil or media that plants cannot 
extract it causing them to irreversibly wilt. This water content level 
is called the permanent wilting point. Plant available water is the 
amount stored between field or container capacity and permanent 
wilting point. 

The water content of a saturated soil (i.e. its saturation 
percentage) is about twice the field capacity and about four times 
the permanent wilting point. This relationship among the satura-
tion percentage, the field capacity, and the permanent wilting point 
generally holds consistent for all soils, from clay loams to sandy 
soils. Figure 5-2 schematically presents these relationships for soil. 
In well-drained soil or media, most water is held as a film around 
each particle. The thinner the film, the tighter water is held by the 
particle. As a result, increased energy is needed to remove water 
from the particles. The energy required to remove water from the 
surface of a particle is known as suction or negative pressure. Note 
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Water and Plant Growth	 89

that soil suction values in Figure 5-2 represent a loam soil. Suction 
values for coarse textured soils are less than fine textured soils. For 
media, water content relationships depend on the ratio of materials 
used and their water retention properties.

Very moist soil has thick films of water surrounding par-
ticles and low suction. A drier soil has a thin film of water and high 
suction. For this reason, water will move from a wet soil with low 
suction to a drier soil with high suction, but the rate of such move-
ment is slow. 

Table 5-1 shows the water-holding capacity of different soils. 
Plants consume, on average, from 0.1 to 0.3 inches of water per day. 

For media, the relationship between water content, con-
tainer capacity, and permanent wilting point is harder to predict. 
Since most media are composed of a high percentage of organic 
material, it has a very low bulk density. How media is packed in a 
container, the components of the media, container geometry, and 
settling of the media over time have a large impact on the final 
bulk density (Table 5-2). Bulk density, in turn, has a large effect on 
the container capacity. Organic materials bind water films tighter 

FIGURE 5-2.  Illustration of suction at and relationships 
between soil saturation percentage, field capacity, and permanent 
wilting point of a loam soil.
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TABLE 5-1
Approximate Amounts of Available Water Held by Different Soils

Soil Texture in Water/ft Soil
Max. Intake Rate  
(Bare Soil) in/hr 

Sand 0.5–0.7 0.75

Fine sand 0.7–0.9 0.60

Loamy sand 0.7–1.1 0.50

Loamy fine sand 0.8–1.2 0.45

Sandy loam 0.8–1.4 0.40

Loam 1.0–1.8 0.35

Silt loam 1.2–1.8 0.30

Clay loam 1.3–2.1 0.25

Silty clay 1.4–2.5 0.20

Clay 1.4–2.4 0.15

TABLE 5-2
Effects of Container Filling and Packing Method on Media, Water, and Air Space

Container

Peat:Vermiculite (1:1) 6 in Standard 4 in Standard 48 Cell Flat

Filled and brushed

Available water 43% 51% 58%

Unavailable water 21% 21% 21%

Air space 23% 15%   9%

Filled, tapped twice on bench

Available water 44% 52% 52%

Unavailable water 26% 26% 26%

Air space 15%   9%   4%

Filled, pressed and refilled

Available water 45% 49% 52%

Unavailable water 30% 30% 30%

Air space   9%   4%   2%

Reed, D. W. 1996. Water, Media, and Nutrition for Greenhouse Crops. Ball Publishing, Batavia, IL. 
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Water and Plant Growth	 91

than mineral soils. This means media will typically reach per-
manent wilting point at higher water content than mineral soils 
(Figure 5-3). 

WHEN TO IRRIGATE
Plant appearance is often used as a guide in determining when to 
irrigate. Symptoms such as slow growth, “bluish” color of leaves, 
and temporary afternoon wilting are signs of moisture stress. 
Plants should be irrigated before moisture stress symptoms are 
observed. 

A soil tube or an auger can show depth of wetting and deple-
tion of soil moisture. Experienced growers can determine the avail-
able moisture fairly accurately by feeling soil samples (Table 5-3). 
However, this technique is quite subjective and although it may 
work for plants grown under field or nursery bed conditions, it is 
not practical for container-grown plants. The most accurate mois-
ture determination can be made by drying weighed samples of 

FIGURE 5-3.  Moisture retention curves for soilless media 
components.
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moist soil in an oven to determine the percentage of moisture loss. 
A more practical method involves daily weighing of pots to deter-
mine losses or gains in container moisture. This method becomes 
less accurate as containers become root-bound. 

SOIL OR MEDIA WATER MEASUREMENTS
Most moisture sensors indirectly measure soil moisture content by 
determining a correlated physical property. Tensiometers directly 
measure the amount of soil suction. Both direct and indirect methods 
have strengths and weaknesses. Properly placed and calibrated, soil 
moisture sensors can estimate the moisture content of soil and can 
help to schedule irrigations. A drawback, however, is that they are 
limited to moisture readings in predetermined locations and depths 
only. Moisture readings must be made at regular intervals, which 
can be done manually or with remote data loggers. Figure 5-4 illus-
trates the use of a tensiometer to determine soil moisture.

Examples of four commonly used soil moisture sensors are 
illustrated in Figure 5-5 (page 96). 

A tensiometer consists of a porous ceramic cup that is 
placed in the soil or root zone. A rigid tube is connected to the cup 
and to a vacuum gauge above the surface. The whole system is 
filled with water and tightly sealed. As roots remove water from the 
soil, the soil draws water from the porous cup, creating a vacuum 
that is measured by the gauge. Drier soil or media has a greater 
suction. Tensiometers are effective for suctions of 0 (saturation) to 
0.8 atmospheres, about 80 centibars. Suction values greater than 
80 centibars allow air to enter through the fine pores of the ceramic 
cup, breaking the vacuum, so the tensiometer no longer functions. 
Tensiometers are well-suited for shallow-rooted, frequently irri-
gated crops and nursery applications. Their utility is limited in dry 
and coarse-textured soils.

Electrical resistance blocks consist of one or more pairs of elec-
trodes embedded in a porous material, usually gypsum, ceramic, or 
fiberglass. The blocks are buried in the root zone with wires leading 
to the soil surface. The water content of the block is in equilibrium 
with the surrounding soil moisture content. When the soil is wet, the 
electrical resistance is low. As the soil and blocks become dry, the 
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Water and Plant Growth	 95

resistance increases. The resistance is read by specially-designed 
meters attached to the two lead wires leading from the block. These 
meters are portable and low in cost. Resistance blocks operate 
more effectively in the drier range of soil water content; however, 
they have limited accuracy in very saline or sandy soils. Gypsum 
blocks must be individually calibrated. Electrical characteristics of 
gypsum blocks vary from block to block and must be replaced peri-
odically as the gypsum dissolves. Advanced resistance blocks with 
gypsum embedded in an insoluble, granular matrix and a porous 
metal sleeve do not have the limitations of gypsum blocks. 

FIGURE 5-4.  Using a tensiometer to determine 
soil moisture.
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Neutron probes can be used in field situations to determine 
soil moisture content. A neutron probe contains a radioactive 
source, a detector tube, and an electronic indicator unit. The source 
and the detector form a single unit that is lowered into the soil 
through an access tube. Neutrons emitted by the source slow down 
as they collide with hydrogen atoms in the soil and return to the 
detector. The detector counts slow neutrons and the data is displayed 

FIGURE 5-5.  Examples of four soil moisture measurement 
devices.
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Water and Plant Growth	 97

or stored. Water is the greatest source of hydrogen in the soil—the 
wetter the soil, the higher the slow neutron count. Neutron counts 
are compared with a range of oven-dried soil moisture samples to 
develop a calibration curve. A calibrated neutron probe gives accu-
rate soil water content data over a wide range of soil moisture 
contents. The spherical pattern of emitted neutrons reduces 
the accuracy of soil moisture readings in the top one-half foot of the 
soil profile. Disadvantages of neutron probes include high cost, need 
for a trained and licensed operator, disposal fees for the radioactive 
source, and initial calibration. Neutron probes are not suitable for 
container-grown plants. 

Thermal dissipation sensors indirectly measure soil water 
content by measuring the dissipation of heat from a porous ceramic 
block or disk in contact with soil or media. Thermal dissipation sen-
sors are well suited for high-frequency irrigation. The advantage 
of thermal dissipation sensors is they produce accurate readings 
of soil moisture independent of soil or media texture, temperature, 
and salinity. Once the sensor is calibrated, it is useful in any soil. It 
is also relatively maintenance-free. Their weaknesses include high 
cost and the need to calibrate each sensor.

There are two types of capacitance sensors—sensors that 
use either time domain reflectometry (TDR) or frequency domain 
response (FDR) to detect soil moisture by measuring the appar-
ent dielectric constant of the soil-water-air matrix. The dielectric 
constant is a measure of the ability of any material to transmit an 
electrical field. The dielectric constant of water is about 80 com-
pared to air that has a dielectric of one and soil minerals that have 
a dielectric between two and five. 

Time domain reflectometer devices (TDR) generate a high-
speed, microwave pulse that travels down a set of rigid wires buried 
in the soil. The velocity of the pulse in the soil is determined primar-
ily by water content. The returning pulse is detected via a micro-
processor, and the travel time of the wave is used to calculate the 
water content of the soil. 

Frequency domain response devices (FDR) emit high fre-
quency radio waves into soil surrounding the sensor. Soil moisture 
changes the frequency of the emitted signal. The ratio of initial to 
final frequency is correlated to soil water content. 
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The advantage of both FDR and TDR sensors is the abil-
ity to continuously record soil moisture data. Both TDR and FDR 
devices measure a small volume of soil around the probe. Careful 
installation is critical to ensure good soil contact with the probe. 
TDR sensors require no calibration (except where the soil has 
greater than 10 percent organic matter) and are not sensitive to 
normal salinity. FDR sensors are more sensitive to changes in soil 
temperature and salinity than TDR sensors and should be cali-
brated for greatest accuracy. 

The number of instruments needed and the interpretation of 
the readings depend upon a host of variables including cost of the sen-
sors, soil variability, media components, the placement and installation 
of sensors, the plants being grown, and the types of irrigation systems 
used. Measurements of soil moisture do not directly indicate potential 
plant moisture stress, but are useful for irrigation scheduling.

PLANT MOISTURE MEASUREMENTS
Plants consist mainly of water. Water under pressure keeps plant 
stems and leaves erect so sunlight can be captured for photosyn-
thesis. Water moves from the soil to the roots, stems, leaves, and 
stomata, carrying essential nutrients for growth and development. 
The energy status of water within a plant is called total plant water 
potential. Water moves from high water potential to low water 
potential. Healthy plants typically have less negative water poten-
tials than plants that are under water stress. 

The total plant water potential is a sum of three interacting 
pressure potential components. Pressure potential, or turgor, occurs 
when water enters a cell with a rigid wall causing the pressure to 
increase. Pressure potential is usually positive. Osmotic potential is 
caused by the effect sugars, ions, and other dissolved solutes have 
on water pressure. Osmotic potential is always negative. Finally, 
matric potential is caused by adhesive forces due to the surface 
tension of water. Plant matric potential is almost always negative. 

Pressure bombs are devices used to measure plant water 
potential. A pressure bomb consists of a pressure chamber, a pres-
sure gauge, a control valve, and compressed nitrogen as a pressure 
source. The petiole from a freshly cut leaf is extended through a 
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rubber-sealing stopper with the leaf inside the pressure chamber. 
When the petiole is cut, plant fluids withdraw into the xylem vessels 
because the pressure outside the plant is greater than inside the 
conducting tissue. Once the chamber is sealed, pressure is slowly 
increased until water in the xylem is forced back out to the cut sur-
face. At this point, the positive chamber pressure matches the nega-
tive potential of the xylem fluid. A higher gauge reading means a 
more negative leaf water potential, indicating increasing plant water 
stress. Disadvantages of the pressure bomb include measurement 
sensitivity to time of day, time required to take readings, and the lack 
of leaf water potential guidelines for specific ornamental plants.

Sap flow sensors measure the thermal dissipation of an 
amount of heat transferred to and carried by plant sap. Sap flow 
sensors consist of cuffs that are wrapped about the stem of a plant. 
Advantages of sap flow sensors are the ability to give real-time 
readings of moisture movement up the stem of the plant that can be 
recorded or logged electronically. Sap flow sensors also require no 
calibration to determine sap flow and are available in a wide range 
of diameters to accommodate many species of plants. The disadvan-
tage is that it can be difficult to extrapolate single stem sap flow 
measurements to overall plant canopy transpiration. In addition, 
sap flow sensors may not function well in very hot environments. 

Trunk or stem diameter sensors use sensitive pressure trans-
ducers to detect minute changes in the diameter of a plant stem, 
which in turn can be related to the plant water content. Trunk 
diameter sensors are non-invasive and have been shown to give 
relative indications of changes in plant water status. A disadvan-
tage of this method lies in the difficulty of correlating changes in 
trunk diameter with the amount of irrigation water necessary to 
restore the plant to optimum moisture status. 

Infrared thermometry techniques indirectly measure plant 
moisture stress by comparing plant canopy temperatures with 
ambient temperatures, relative humidity, and sunlight intensity. 
Since plants warm as they undergo moisture stress due to reduc-
tions in transpiration, infrared thermometry measures canopy 
temperature and presents this information as stress indices. 
Changes in plant stress indices can help with irrigation schedul-
ing. Infrared thermometers are portable, operate independent of 
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soil conditions, and require little preparation, calibration, or main-
tenance. Leaf temperatures can be identified over large areas or 
a single plant. Infrared thermometry is limited by its sensitivity 
to user technique. Each plant type requires the development of a 
specific stress index.

Although plant moisture sensing devices are useful tools, they 
all have inherent limitations that must be thoroughly understood by 
the user. Further research is needed to refine the techniques and 
guidelines that will make these tools even more useful.

WATER ANALYSIS TERMINOLOGY
Various terms are used in reporting chemical analyses of water. An 
understanding of the commonly used reporting methods is needed 
to interpret the data properly.

Dissolved salts dissociate into electrically charged particles 
called ions. Positively charged ions are called cations; negatively 
charged ions are called anions. 

Table 5-4 lists the common ions reported in water analyses 
by laboratories. The common cations are calcium (Ca21), magnesium 

TABLE 5-4
Major Constituents in Irrigation Water

Symbol Equivalent Weight

-----------(g)----------

Calcium Ca21 20

Magnesium Mg21 12

Sodium Na1 23

Potassium K1 39

Bicarbonate HCO3
– 61

Carbonate CO3
2– 30

Chloride Cl– 35.5

Sulfate SO4
2– 48

Cationf
Anionsf
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(Mg21), sodium (Na1), and potassium (K1). Other cations that may be 
reported are iron (Fe21 or Fe31) and manganese (Mn21). The anions 
usually reported are bicarbonate (HCO3

–), carbonate (CO2-
3 ), chloride 

(Cl–), and sulfate (SO2-
4 ). Other anions that may be present in water 

are borate (H2BO3
–) and nitrate (NO-

3), which is sometimes reported 
as nitrate-nitrogen (NO3–N). 

Three principal units are used to express the concentration 
of constituents in water: parts per million, milligrams per liter, and 
milliequivalents per liter.

Milliequivalents per liter (meq/L) is the most useful method 
of reporting the major chemical components of water and is a mea-
surement of charge concentration per liter. Salts are combinations 
of cations (sodium, potassium, calcium, magnesium, etc.) and anions 
(chloride, sulfate, bicarbonate, etc.) in definite weight ratios. These 
weight ratios are based upon the atomic weight of each constituent 
and upon the valence (electrical charge). An equivalent weight of 
an ion is the atomic weight divided by its valence. See Table 5-4 for 
equivalent weights of the common ions. A simple method of check-
ing the accuracy of a water analysis report is to compare the sum of 
the cations with the sum of the anions. The sum of cations should 
roughly equal the sum of the anions. Either sum should roughly 
equal the electrical conductivity of the water sample (ECw) 3 10.

Parts per million (ppm) is defined as one part of a substance 
to one million parts of water—or one milligram of a substance per 
one kilogram of solution. Since one kilogram of water equals one 
liter, ppm is interchangeable with milligrams per liter (mg/L). The 
term “parts per million” is used to report constituents found in low 
concentrations in irrigation water such as iron, manganese, boron, 
nitrates, and nitrate-nitrogen.

Due to the differences among reports from various laborato-
ries, it is useful to know how to convert from one unit of measurement 
to another. Parts per million, milligrams per liter, and milligrams per 
kilogram can be used interchangeably. To convert ppm to meq/L or 
vice versa, first determine the equivalent weight of the ion in ques-
tion from the information in Table 5-4, then follow these calculations:

      ppm = equivalent weight 3 meq/L
meq/L = ppm 4 equivalent weight
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Table 5-5 is useful in determining the amounts of dissolved 
salts applied to land with each acre-foot of irrigation water. This 
calculation is particularly useful for estimating the plant nutri-
ent inputs derived from irrigation water. For example, if water 
contains 7 ppm NO3–N then the amount of N applied per acre-foot = 
7 × 2.72 = 19.0 lb N. If 3 acre-feet of water is applied during the 
season, then a total of 19.0 × 3 = 57 lb N is applied per season from 
the irrigation water. If nitrate alone is reported (not nitrate-N), 
multiply the ppm of NO3 by 0.61 to determine pounds of nitrogen 
per acre-foot of water.

TABLE 5-5
Water Analysis Conversions from meq/L or mg/L (ppm) 

Pounds per Acre-Foot of Water

Ions
Equivalent 
Weight (A)

Analysis 
Result (B)

Conversion 
Factor  

(C)

Lb of Material /
Acre-Foot of  

Water (D)1 Material

Ca 20.04 1 meq/L 2.72 54.5 Calcium

Mg 12.15 1 meq/L 2.72 33.0 Magnesium

Na 23.00 1 meq/L 2.72 62.6 Sodium

CO3 30.00 1 meq/L 2.72 81.6 Carbonate

HCO3 61.02 1 meq/L 2.72 166.0 Bicarbonate

Cl 35.46 1 meq/L 2.72 96.5 Chloride

K 1 ppm 3.26 3.26 Potash (K2O)

P 1 ppm 6.22 6.22 Phosphate 
(P2O5)

NO3 1 ppm 0.61 0.61 Nitrate

NO3–N 1 ppm 2.72 2.72 Nitrate-N

SO4 1 ppm 0.90 0.90 Sulfur

1 If ion is reported as meq/L, then A 3 B 3 C 5 D; 
Example: 2 meq/L of Ca results in 20.04 3 2 3 2.72 5 109 lbs of calcium per acre-foot 

of water. 
If ion is in ppm, then B 3 C 5 D;
Example: 7 ppm of K results in 7 3 3.26 5 23 lbs of potash (K2O) per acre-foot of water.
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Acidity or alkalinity of water is expressed as pH. A pH reading 
of less than 7.0 is acidic, 7.0 is neutral, and above 7.0 is alkaline or basic. 
Most western well waters range from pH 7.0 to pH 8.5. Most Western 
surface waters have a pH that varies from 6.0 to 8.0 and above. 

Total salt content in water is usually reported as electrical 
conductivity (ECw). Chemically-pure water does not conduct electricity. 
Most irrigation water contains dissolved salts. Increasing amounts 
of salt in the water will increase the water conductivity. Electrical 
conductivity of a water sample is used to estimate its salt content. 
Electrical conductivity is usually reported as decisiemens per meter 
(dS/m) or millimhos per centimeter (mmhos/cm). Both are numeri-
cally equivalent units of measurement.

Total dissolved solids (TDS) is another measure of the total 
salt content of water and is usually reported as parts per million 
(ppm). Evaporating all the water from a water sample of known 
weight and then weighing the remaining salt can be used to deter-
mine TDS. However, for speed and convenience TDS is typically 
estimated by measuring the ECw in dS/m (or mmhos/cm) and 
multiplying it by 640. The multiplier actually varies depending on 
the chemicals in the water, so it is best to regard total salt content 
in terms of electrical conductivity.

Electrical conductivity is commonly used to check the salt 
content of soils. The conductivity is measured from a soil satura-
tion paste extract and is designated ECe. This measurement is used 
to monitor changes in salt concentration of the soil resulting from 
irrigation. It is also useful in evaluating the relative tolerance of 
plants to salt and the suitability of a soil for certain plants. One can 
estimate the ECe by multiplying ECw by 1.5.

SOIL PROPERTIES AND WATER QUALITY
Over time, the quality of irrigation water and irrigation practices 
affects the characteristics of soil. These potential changes in soil 
properties may influence plant growth and performance.

The Cations
The major base cations present in most irrigation waters—calcium, 
magnesium, potassium, and sodium—can have a profound impact on 
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the physical and chemical properties of soils. These cations are called 
base cations since as their presence increases, so does the soil pH. 
Calcium, magnesium, and potassium are all essential plant nutrients.

Calcium (Ca21) is found in virtually all natural waters. Most 
soils and soilless media well-supplied with exchangeable calcium 
usually permit water to penetrate easily. For these reasons, calcium 
in the form of gypsum or calcium-based fertilizers may be applied to 
“tight” soils to improve their physical properties. Calcium replaces 
sodium on the soil or media particles allowing sodium to be leached 
below the root zone. Thus, irrigation water containing predomi-
nantly calcium is most desirable. However, adding additional cal-
cium to soils already well-supplied with exchangeable calcium will 
not further improve its physical properties. Adding gypsum to a 
heavy-textured soil will not markedly improve the porosity unless 
the soil, which contains calcium, previously contained considerable 
amounts of sodium.

Magnesium (Mg21) is also found in measurable amounts in 
most natural waters. Magnesium behaves most similarly to calcium 
in the soil, but without the benefits to soil structure. When mag-
nesium concentrations become equivalent or greater than calcium, 
soil may have poor water infiltration and tilth. 

Sodium (Na1) salts are very soluble and are found in most 
natural waters. A soil with a large amount of sodium has poor prop-
erties for plant growth due to the lack of structure and aggregation 
caused by clay dispersion. When soil dominated by sodium cations 
is wet, it runs together, becomes sticky, and is nearly impervious 
to water. When it dries, hard massive clods form making it difficult 
to till. Continued use of water with a high proportion of sodium 
may result in these negative effects in an otherwise productive 
soil. Soilless media permeability is not affected by excess sodium 
like mineral soils. However, high sodium can lead to toxicity that 
can burn foliage and interfere with the uptake of other cations. 
High sodium concentrations are often associated with elevated pH, 
leading to potential problems with metal micronutrient deficiencies. 

Potassium (K1) is usually found in small amounts in natural 
waters. It is strongly adsorbed by the soil. However, like sodium, it 
can cause the destruction of soil structure by clay dispersion if it 
becomes the dominant cation.
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THE ANIONS
Anions influence soil properties indirectly by affecting exchangeable 
calcium and sodium ratios and directly by increasing salinity. The 
most important anions for water quality are bicarbonate, carbonate, 
chloride, and sulfate.

Bicarbonate (HCO3
– ) is common in natural waters. Sodium 

and potassium bicarbonates can exist as solid salts (e.g. baking 
soda or sodium bicarbonate) or dissolved in water. Calcium and 
magnesium bicarbonates exist only in solution. As moisture in 
the soil is reduced, either through transpiration or evaporation, 
calcium bicarbonate decomposes forming carbon dioxide (CO2) gas 
and water (H2O), which leaves insoluble calcium carbonate behind 
(CaCO3 or lime).

       upon drying
Ca (HCO3)2 999999999: CaCO3 1 CO2 (g) 1 H2O

Bicarbonate ions in soil solution precipitate calcium as 
the soil dries. This process removes calcium from the clay, leaving 
sodium and other cations on the exchange sites. A calcium-dominant 
soil can become a sodium-dominant (sodic) soil over time if irriga-
tion water high in bicarbonate and sodium is used. Container grow-
ers must control excess alkalinity if bicarbonate and carbonates are 
present in irrigation waters. Alkalinity can raise media pH over 
time to the point where nutrient deficiencies occur. Excess alkalin-
ity can be controlled by acidifying irrigation water to a pH of 6.5 or 
below with sulfuric, phosphoric, or other acids.

Carbonate (CO3
2–) is found in some water having a pH greater 

than 8.0. Since calcium and magnesium carbonates are relatively 
insoluble, the cations associated with high-carbonate waters are 
likely to be sodium and, in some cases, potassium. When soil dries, 
carbonate ions will react with calcium and magnesium from the 
clay in a similar manner to bicarbonate and a sodic soil will develop. 
Carbonate and bicarbonate are the major contributors to water 
alkalinity and largely determine the buffering capacity of water. 
This will affect how much acid is required to lower the pH. It is 
difficult to predict how water pH will change when injecting acids. 
It is always best to titrate irrigation water with a desired acid to 
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determine the correct acid injection rate. Many analytical labs per-
form water titration as a service. 

Chloride (Cl–) is found in all natural waters. In high concen-
trations, it becomes toxic to most plants. All common chloride salts 
are soluble and contribute to the total salt content (salinity) of soils. 
The chloride concentration must be determined to properly evalu-
ate irrigation water. Chloride can be harmful to all plants when 
present in concentrations that exceed tolerance levels (Table 5-6). 
Chlorine is very different than chloride. Even very low concentra-
tions of chlorine can damage plants. Low concentrations of chlorine 
are often added to municipal water supplies as a disinfectant. How-
ever, the level of chlorine in municipal waters is mandated by the 
EPA to be no more than 0.2 part per million at the tap and is rarely 
toxic to plants. Chlorine rapidly converts to chloride in the pres-
ence of organic matter. The presence of chlorine may be of special 
concern in hydroponic growing systems.

Sulfate (SO4
2–) is abundant in nature. Sodium, magnesium, 

and potassium sulfates are readily soluble in water. Calcium sulfate 
dihydrate (gypsum) has limited solubility (2.4 g/L). Sulfate has no 
specific characteristic action on soil except it contributes to the total 
salt content. The presence of soluble calcium will limit the solubility 
of sulfate since calcium sulfate will precipitate in soil. For example, 
adding a soluble calcium fertilizer to a soil in the presence of sulfate 
will result in formation of soil gypsum, which has limited solubility.

TABLE 5-6
Tolerance Thresholds of Several Ornamentals to Chloride

Plant Chloride 

--------ppm--------

Begonia 650

Impatiens 700

Pelargonium 880

Petunia 1,000

Primula 450

Saintpaulia 450
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Nitrate (NO3
–) is rarely found in large amounts in natural 

water. However, even small amounts of nitrate in irrigation water 
can supply plants with nitrogen. Large amounts of nitrate in water 
may indicate contamination from natural deposits, animal wastes, 
sewage, or the misapplication of nitrogen fertilizers and organic 
residues. The federal drinking water standards require nitrate-
nitrogen concentrations to be below 10 ppm. Nitrate has no signifi-
cant effect on the physical properties of soil. 

Boron (B) occurs in water in various anion and molecular 
forms. The usual range in natural water is from 0.01 to 1.0 ppm. 
Concentrations greater than this are known, but are usually associ-
ated with hot springs or brines. Boron has no measurable effect on 
the physical properties of soil or on soil salinity in amounts that can 
be tolerated by plants. Boron is not as readily leached from the soil as 
chloride or nitrate, but most of it can be removed by repeated leach-
ing irrigations with adequate drainage. A small amount of boron is 
essential for plant growth, but concentrations above the optimum 
may be phytotoxic. Some plants are more sensitive to excess boron 
than others. Plants grown on sandy soils irrigated by water low in 
boron (less than 0.02 ppm) may develop boron deficiencies.

EVALUATING IRRIGATION WATER
A useful evaluation of irrigation water describes its effect on soils 
and plant growth. This effect is primarily related to the dissolved 
salts in the water. Depending upon the amount and kind of salts, 
different soil problems may develop. See Table 5-7 for guidelines to 
water quality interpretation. An in-depth discussion of the sodium 
adsorption ratio (SAR) and its effects on water infiltration can be 
found in Chapter 6. 

A saline soil contains soluble salts in such quantities that 
they interfere with most plant growth. The total salt content of 
soil, or soil salinity, is measured in terms of electrical conductiv-
ity of a saturated paste extract (ECe). The threshold for a saline 
soil is an ECe greater than 4.0 dS/m. One of the hazards of irri-
gated horticulture is the possible accumulation of soluble salts in 
the root zone. Some plants tolerate more soil salinity than oth-
ers, but all plants have an upper limit of tolerance. Most plants 
are more sensitive to salts during early seedling growth and then 
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TABLE 5-7
Guidelines for Interpretation of Water Quality for Irrigation

 
 
Potential Problem

 
 

Units

Degrees of Restriction on Use

None
Slight to  

Moderate Severe

pH Normal range 6.5-8.4

Salinity
  ECw (or)
  TDS

dS/m
mg/L

<0.7
<450

0.7-3.0
450-2,000

>3.0
>2,000

Infiltration1

  SAR = 0-3     and ECw 

  SAR = 3-6     and ECw 

  SAR = 6-12   and ECw 

  SAR =12-20  and ECw 

  SAR = 20-40 and ECw 

>0.7
>1.2
>1.9
>2.9
>5.0

0.7-0.2
1.2-0.3
1.9-0.5
2.9-1.3
5.0-2.9

<0.2
<0.3
<0.5
<1.3
<2.9

Specific ion effects
  Sodium2

    Surface irrigation
    Sprinkler irrigation
  Chloride2

    Surface irrigation
    Sprinkler irrigation

SAR
meq/L

meq/L
meq/L

<3
<3

<4
<3

3-9
>3

4-10
>3

>9

>10

Boron mg/L <0.7 0.7-3.0 >3.0

Bicarbonate3 meq/L <1.5 1.5-8.5 >8.5

1At a given sodium adsorption ratio (SAR), infiltration rate increases as ECw increases. 
Evaluate the potential infiltration hazard for a given  SAR by cross-referencing with the given 
ECw. Infiltration restrictions are not an issue in soilless media.

2For surface irrigation, most woody plants are sensitive to sodium and chloride; use the 
values shown. Most annual crops are not sensitive; use salinity tolerance tables. For chloride 
tolerance of selected crops, see Table 5-6 (page 106). With overhead sprinkler irrigation and 
low humidity (<30%), sodium and chloride may be absorbed through the leaves of sensitive 
crops.

3Applies to overhead sprinkling only.  
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become increasingly salt tolerant during later stages of growth 
and development. Where ample water is used to remove excess 
salt from the root zone, the measured salt level of the soil satura-
tion extract is about 1.5 times that of the irrigation water. Where 
water is used more sparingly, there may be three times as much 
salt in the saturation extract. Refer to Tables 5-8 through 5-16 
(pages 110–130) for information on salinity tolerance of turf grass 
and ornamental plants. 

A sodic (alkali) soil contains enough sodium adsorbed on the 
clay particles to interfere with plant growth and water infiltration. 
The threshold for a sodic soil is an exchangeable sodium percentage 
(ESP) of greater than 15 percent. If a sodic soil is relatively free of 
soluble salts, it is called a nonsaline-sodic soil or just a sodic soil. If, in 
addition to being sodic, it has sufficient soluble salts to restrict plant 
growth, it is called a saline-sodic soil. Excess sodium rarely presents 
an infiltration problem in soilless media, but can result in elevated 
media pH and specific ion toxicity. A more complete explanation of 
sodic soils and their management can be found in Chapter 6.

SALINITY MANAGEMENT
Soluble salts move with soil water. In areas of flooding or sprinkling, 
salt movement is generally downward. Upward and horizontal 
movement and concentration of salts commonly occurs as salts are 
left behind when water evaporates from the soil or media. 

Ordinary irrigation methods result in some leaching so 
that the accumulation of salts in soil is reduced but not elimi-
nated. Before a critical assessment of the salinity hazard of any 
irrigation water is made, it is necessary to know how much salt a 
plant can tolerate and how much leaching is needed to reduce the 
salt in the soil or growing medium to an acceptable level. The only 
way to remove salts from the root zone is to leach them out with 
excess water. There are no amendments that can be added to soil 
that will remove salt. However, improving the soil or media prop-
erties to facilitate water movement will speed the reclamation of 
saline soils.

 Tables 5-8 through 5-16 (pages 110–130) show the estimated 
tolerance to soil salinity and salt spray for numerous ornamentals 
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and turfgrasses. Though extensive, the nine tables are by no means 
exhaustive. Refer to the supplementary reading at the end of this 
chapter for more information. 

TABLE 5-8
Salinity Tolerance of Cool and Warm Season Turfgrasses

Cool-season turfgrasses

Botanical Name Common Name

Tolerant (ECe > 10 dS/m)

Puccinellia spp. alkaligrass

Moderately Tolerant (6 < ECe < 10 dS/m)

Agropyron cristatum (L.) Gaertn. fairway wheatgrass

Agropyron smithii Rydb. western wheatgrass

Agrostis palustris Seaside creeping bentgrass cv. Seaside

Festuca arundinacea Schreb. tall fescue

Festuca rubra L. spp. trichophylla slender creeping red fescue cv. Dawson

Lolium perenne L. perennial ryegrass

Moderately Sensitive (3 < ECe < 6 dS/m)

Agrostis palustris Huds. creeping bentgrass

Festuca longifolia Thuill. hard fescue

Festuca rubra L. Spp. commutata Gaud. chewings fescue

Festuca rubra L. spp. rubra creeping red fescue

Lolium multiflorum Lam. annual ryegrass

Sensitive  ECe < 3 dS/m

Agrostis tenuis Sibth. colonial bentgrass

Poa annua L. annual bluegrass

Poa pratensis L. Kentucky bluegrass

Poa trivialis L. rough bluegrass
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TABLE 5-8 (Continued)
Warm-season turfgrasses

Botanical Name Common Name

Tolerant ECe > 10 dS/m

Cynodon spp. Bermudagrass

Papsalum vaginatum Swartz. seashore paspalum

Stenotaphrum secundatum (Walter) 
Kuntze St. Augustinegrass

Moderately Tolerant (6 < ECe < 10 dS/m)

Bouteloua gracilis (H.B.K.) Lag. ex steud. blue grama

Buchloë dactyloides (Nutt.) Engelm. buffalograss

Zoysia spp. Zoysiagrass

Moderately Sensitive (3 < ECe < 6 dS/m)

Paspalum notatum Fluegge bahiagrass

Sensitive  (ECe < 3 dS/m)

Eremochloa ophiuroides (Munro) Hackel centipedegrass

Tanji, K.K. et al. 2007. Salinity Management Guide. WateReuse Foundation, Alexandria, 
VA. www.salinitymanagement.org/Salinity%20Management%Guide/cp/cp_7html.

TABLE 5-9
Salinity Tolerance of Vines, Ground Covers, and Bedding Plants

Botanical Name Common Name

Highly Tolerant (Ece > 6 dS/m)

Delosperma ‘Alba’ N. E. white iceplant

Drosanthemum hispidum Schwantes. rosea iceplant

Lampranthus productus N. E. Br. purple iceplant

Malephora crocea Schwantes. iceplant

Tolerant (4 dS/m < Ece < 6 dS/m)

Allamanda cathartica L. allamanda
(continued)
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TABLE 5-9 (Continued)

Aloe vera Burm. f. aloe

Aptenia cordifolia N. E. Br. red apple iceplant

Bougainvillea glabra Choisy bougainvillea

Carissa macrocarpa A. DC. natal plum

Carpobrotus edulis L. Bolus. Hottentot fig

Cuphea hyssopifolia Kunth. false heather

Ficus pumila L. creeping fig

Hedera canariensis Willd. Algerian ivy

Ipomoea pescaprae R. Br. railroad vine

Ipomoea stolonifera Gmel. seafoam morning glory

Juniperus conferta Parl. shore juniper

Juniperus horizontalis Moench. creeping juniper

Nephrolepis exaltata Schott. sword fern

Tecomaria capensis Spach. Cape honeysuckle

Trachelospermum jasminoides Lem. star jasmine

Tradescantia pallida Hunt. purple queen

Zamia integrifolia L. f. coontie

Moderate (2 dS/m < ECe < 4 dS/m)

Adiantum sp. L. maidenhair fern

Allamanda blanchetii A. DC. purple allamanda

Alternanthera ficoidea R. Br. joyweed

Antigonon leptopus Hookery coral vine

Arctostaphylos densiflora ‘Lynne’ 
M.S.Back. Lynne’s Vine Hill manzanita

Bromeliaceae sp. L. bromeliads

Catharanthus roseus G. Donf. periwinkle

Chlorophytum comosum Jacq. spider plant

Cyperus altenifolius L. umbrella sedge
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TABLE 5-9 (Continued)

Dietes spp. Salisb. ex Klatt. African iris

Epipremnum sp. Schott. pothos

Hedera helix L. English ivy

Hemerocallis sp. L. daylily

Hylocereus undatus Britton & Rose night blooming cereus

Iris hexagona Walter Iris

Juniperus chinensis L. Chinese juniper

Juniperus procumbens Siebild ex Endl. Japanese garden juniper

Kalanchoe sp. Adans. kalanchoe

Liriope muscari L. H. Bail. lilyturf (liriope)

Philodendron williamsii Hook. philodendron

Rosmarinus officinalis L. rosemary

Tigridia pavonia Ker Gawler tiger flower

Tulbaghia violacea Harvey society garlic

Sensitive  (ECe < 2 dS/m)

Ajuga repens carpet bugle

Athyrium filix-femina Rith. lady fern

Caladium sp. Vent. caladium

Campsis radicans Seem. trumpet creeper

Clerodendrum thomsoniae Balf. f. bleeding heart vine

Clytostoma callistegioides Miers ex Bur. violet trumpet vine

Passiflora incarnata L. passion flower

Peperomia obtusifolia Dietr. peperomia

Portulaca grandiflora Hook. purslane (rose moss)

Salvia farinacea Benth. mealycup sage

Verbena sp. L. verbena

Tanji, K.K. et al. 2007. Salinity Management Guide. WateReuse Foundation, Alexandria, 
VA. www.salinitymanagement.org/Salinity%20Management%Guide/cp/cp_7html.
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TABLE 5-10
Salinity Tolerance of Shrubs

Botanical Name Common Name

Highly Tolerant (ECe > 6 dS/m)

Euphorbia milii Ch. Des Moulins crown of thorns

Parthenium argentatum Gray. guayule

Yucca aloifolia L. Spanish bayonet

Tolerant (4 dS/m < ECe < 6 dS/m)

Acacia redolens Maslin. prostrate acacia

Agave americana L. century plant

Arctostaphylos densiflora M.S.Bac Vine Hill manzanita

Carissa macrocarpa A. DC. natal plum

Elaeagnus pungens Thunb. silverthorn, silverberry

Gamolepis chrysanthemoides DC. African bush daisy

Ilex vomitoria Ait. yaupon holly

Ilex vomitoria Nana dwarf yaupon holly

Lantana camara L. lantana

Myrica cerifera L. wax myrtle

Myrtus communis L. true myrtle

Nerium oleander L. oleander

Opuntia sp. Miller opuntia cactus

Pittosporum tobira Aiton mock orange

Plumbago auriculata am. Cape plumbago

Raphiolepis indica Lindl. Indian hawthorn

Moderate (2 dS/m < ECe < 4 dS/m)

Bambusa sp. Schreb. bamboo

Buxus microphylla Mull. Arg. Japanese boxwood

Callistemon rigidus R. Br. bottle brush
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TABLE 5-10 (Continued)

Canna generalis Bailey. canna lily

Carica papaya L. papaya

Ceanothus thyrsiflorus Esch. blue blossom

Cestrum aurantiacum Lindl. orange cestrum

Dracaena deremensis Engler. dracaena

Escallonia rubra Pers. escallonia

Euryops pectinatus L. golden shrub daisy

Forsythia x intermedia Zabel hybrid forsythia

Gardenia augusta Merrill Cape jasmine, gardenia

Heliconia sp. heliconia

Hibiscus rosa-sinensis L. rose of China, garden hibiscus

Hydrangea macrophylla Ser. hydrangea

Ilex cornuta Burford Chinese Holly

Jasminum polyanthum Franch. jasmine

Jatropha multifida L. coral plant

Pyracantha coccinea Roem. red firethorn

Russelia equisetiformis Schlecht & Cham. firecracker plant

Sambucus callicarpa Greene coast red elderberry

Schefflera arboricola L. dwarf shefflera

Strelitzia reginae Bankses Dryander bird of paradise

Viburnum odoratissimum Ker. sweet viburnum

Viburnum suspensum Lindl. Sandankwa viburnum

Sensitive (ECe < 2 dS/m)

Abelia grandiflora Rehd. abelia ‘Edward Goucher’

Acalypha wilkesiana Muell. copper leaf

Buddleja davidii Franch. butterfly bush

Calliandra haematocephala Hassk. powder puff tree

Camellia japonica L. camellia

(continued)
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TABLE 5-10 (Continued)

Codiaeum variegatum Blume. croton

Cornus mas L. Cornelian cherry

Cotoneaster congestus Baker Pyrenees cotoneaster

Cotoneaster microphylla Lindl. Rockspray cotoneaster

Eugenia unifora L. Surinam cherry

Euphorbia pulcherrima Willd. poinsettia

Ixora coccinea L. ixora

Justicia brandegeana Wassh. shrimp plant

Mahonia aquifolium Nutt. Oregon grape

Mahonia pinnata Fedde California holly grape

Murraya paniculata L. orange jessamine

Nandina domestica Thunb. heavenly bamboo

Pentas lanceolata Deflers pentas, Egyptian star-cluster

Photinia fraseri Dress photinia

Photinia glabra Maxim. Japanese photinia

Podocarpus macrophyllus D. Don yew pine

Rosa sp. L. rose

Tanji, K.K. et al. 2007. Salinity Management Guide. WateReuse Foundation, Alexandria, VA. 
www.salinitymanagement.org/Salinity%20Management%Guide/cp/cp_7html.

TABLE 5-11
Salinity Tolerance of Trees

Botanical Name Common Name

Highly Tolerant (ECe > 6 dS/m)

Parthenium argentatum Gray. guayule

Tolerant (4 dS/m < ECe < 6 dS/m)

Araucaria heterophylla (Salisb.) Norfolk Island pine
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TABLE 5-11 (Continued)

Coccoloba uvifera L. sea grape

Ficus carica L. edible fig

Forsythia intermedia Zabel forsythia

Grevillea robusta Cunn. silk oak

Juniperus silicicola Bail. southern red cedar

Juniperus virginiana L. eastern red cedar, skyrocket juniper

Manilkara zapota sapodilla

Pinus cembroides Zucc. Mexican piñon pine

Pinus clausa Vasey sand pine

Plumaria spp. L. frangipani

Quercus agrifolia Nee Coast live oak

Quercus virginiana Mill. live oak

Sapium sebiferum Roxb. Chinese tallow tree

Moderately Tolerant (2 dS/m < ECe < 4 dS/m)

Averrhoa carambola L. carambola, starfruit

Bauhinia purpurea L. orchid tree

Callistemon citrinus Curtis. lemon bottlebrush

Carya illinoiensis Koch. pecan

Cedrus deodara D. Don deodar cedar

Cotoneaster microphyllus Lindl. rockspray or little-leaf cotoneaster

Cupressus sempervirens L. Italian cypress

Diospyros digyna L. black sapote

Eriobotrya japonica Lindl. loquat

Fraxinus oxycarpa Bieb. Ex Willd. Raywood ash

Koelreuteria paniculata Laxm. goldenrain tree

Ligustrum japonicum Thunb. Japanese privet

Persea americana Mill. avocado
(continued)
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TABLE 5-11 (Continued)

Pinus elliottii Engelm. Florida slash pine

Pinus halepensis Mill. aleppo pine

Pinus thunbergii Japanese black pine

Platycladus orientalis Franco Oriental arborvitae

Plumbago auriculata Lam. Cape plumbago

Prunus spinosa L. blackthorn

Punica granatum L. pomegranate

Pyrus spinosa Forssk. almond-leaved pear

Quercus suber L. cork oak

Schefflera actinophylla Harms schefflera, umbrella tree

Sequoia sempervirens Endl. coast redwood var. Los Altos

Ulmus parvifolia ‘Drake’ Chinese elm cv. Drake

Ulmus parvifolia Jacq. Chinese elm

Sensitive (ECe < 2 dS/m)

Acer pseudoplatanus L. sycamore maple

Acer rubrum L. red maple

Albizia julibrissin Durazz. mimosa silk tree

Celtis sinensis Pers. Chinese hackberry

Citrus limon L. lemon

Citrus paradisi Macf. grapefruit

Citrus reticulata Blanco. tangerine

Citrus sinensis Osbeck. orange

Cornus mas L. Cornelian cherry

Diospyros virginiana persimmon

Euryops pectinatus golden marguerite

Ginkgo biloba L. ginkgo

Jacaranda mimosifolia D. Don. jacaranda

CH05_Emery.indd   118 1/20/12   2:48 PM



Water and Plant Growth	 119

TABLE 5-11 (Continued)

Lagerstoemia indica crape myrtle

Liquidambar styraciflua sweetgum

Litchi chinensis Sonn. lychee

Magnolia grandiflora southern magnolia

Malus sylvestris Mill. crab apple

Mangifera indica L. mango

Musa acuminata Colla. banana

Olea europaea L. European olive, olive

Pistacia chinensis Bunge. Chinese pistache

Prunus armeniaca L. apricot

Prunus caroliniana Ait. Carolina laurel cherry

Prunus duclis D.A.Webb. almond

Prunus persica Batsch peach

Psidium guajava L. guava

Quercus laurifolia Michux laurel Oak

Sequoia sempervirens Endl. coast redwood var. Aptos Blue

Syzgium jambos Alston rose apple

Tanji, K.K. et al. 2007. Salinity Management Guide. WateReuse Foundation, Alexandria, 
VA. www.salinitymanagement.org/Salinity%20Management%Guide/cp/cp_7html.

TABLE 5-12
Salinity Tolerance of Palms

Botanical Name Common Name

Tolerant (ECe 4 - 6 dS/m)

Butia capitata Becc. pindo palm

Chamaerops humilis L. Mediterranean fan palm

Phoenix dactylifera L. date palm

Sabal palmetto Lodd. cabbage palmetto

(continued)
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TABLE 5-12 (Continued)

Serenoa repens Small saw palmetto

Washingtonia robusta Wendl. Mexican fan palm

Moderate (ECe 2 - 4 dS/m)

Acoelorrhaphe wrightii Becc. paurotis palm

Caryota mitis Lour. fishtail palm

Chrysalidocarpus lutescens Wendl. areca palm

Nolina recurvata Hemsle ponytail palm (not a true palm)

Phoenix canariensis Chabaud. Canary Island date

Phoenix reclinata Jacq. Senegal date palm

Phoenix roebelinii O’Brien. pygmy date palm

Rhapis excelsa Henry lady palm

Syagrus romanzoffiana L. queen palm

Tanji, K.K. et al. 2007. Salinity Management Guide. WateReuse Foundation, Alexandria, 
VA. www.salinitymanagement.org/Salinity%20Management%Guide/cp/cp_7html.

TABLE 5-13
Salt Spray Tolerance of Vines, Ground Covers, and Bedding Plants

Botanical Name Common Name

Highly Tolerant  (No injury with 600 ppm Na and 900 ppm Cl)

Aloe vera Burm. f. aloe

Bougainvillea glabra Choisy bougainvillea

Carissa macrocarpa A. DC. natal plum

Carpobrotus edulis L. Bolus. Hottentot fig

Delosperma ‘Alba’ N. E. white iceplant

Drosanthemum hispidum Schwantes. rosea iceplant

Ficus pumila L. creeping fig

Hedera canariensis Willd. Algerian ivy

Ipomoea pescaprae R. Br. railroad vine
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TABLE 5-13 (Continued)

Ipomoea stolonifera Gmel. seafoam morning glory

Juniperus horizontalis Moench. creeping juniper

Lampranthus productus N. E. Br. purple iceplant

Malephora crocea Schwantes. iceplant

Nephrolepis exaltata Schott. sword fern

Tecomaria capensis Spach. Cape honeysuckle

Tradescantia pallida Hunt. purple queen

Zamia integrifolia L. f. coontie

Tolerant  (No injury with 200 ppm Na and 400 ppm Cl)

Allamanda cathartica L. allamanda

Aptenia cordifolia N. E. Br. red apple iceplant

Catharanthus roseus G. Donf. periwinkle

Juniperus conferta Parl. shore juniper

Tigridia pavonia Ker Gawler tiger flower

Trachelospermum jasminoides Lem. star jasmine

Moderate (< 10% injury with 200 ppm Na and 400 ppm Cl)

Adiantum sp. L. maidenhair fern

Allamanda blanchetii A. DC. purple allamanda

Alternanthera ficoidea R. Br. joyweed

Arctostaphylos densiflora ‘Lynne’ 
M. S. Back. Lynne’s Vine Hill manzanita

Bromeliaceae sp. L. bromeliads

Chlorophytum comosum Jacq. spider plant

Cuphea hyssopifolia Kunth. false heather

Cyperus altenifolius L. umbrella sedge

Dietes spp. Salisb. ex Klatt. African iris

Epipremnum sp. Schott. pothos

(continued)
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TABLE 5-13 (Continued)

Hedera helix L. English ivy

Hemerocallis sp. L. daylily

Hylocereus undatus Britton & Rose night blooming cereus

Iris hexagona Walter iris

Juniperus chinensis L. Chinese juniper

Juniperus procumbens Siebild 
ex Endl. Japanese garden juniper

Kalanchoe sp. Adans. kalanchoe

Liriope muscari L. H. Bail. lilyturf (liriope)

Philodendron williamsii Hook. philodendron

Portulaca grandiflora Hook. purslane (rose moss)

Rosmarinus officinalis L. rosemary

Tulbaghia violacea Harvey society garlic

Sensitive (> 20% injury with 200 ppm Na and 400 ppm Cl)

Ajuga repens carpet bugle

Antigonon leptopus Hookery coral vine

Athyrium filix-femina Rith. lady fern

Caladium sp. Vent. caladium

Campsis radicans Seem. trumpet creeper

Clerodendrum thomsoniae Balf. f. bleeding heart vine

Clytostoma callistegioides Miers 
ex Bur. violet trumpet vine

Passiflora incarnata L. passion flower

Peperomia obtusifolia Dietr. peperomia

Salvia farinacea Benth. mealycup sage

Verbena sp. L. verbena
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TABLE 5-14
Salt Spray Tolerance of Shrubs

Botanical Name Common Name

Highly Tolerant (No injury with 600 ppm Na and 900 ppm Cl)

Agave americana L. century plant

Carissa macrocarpa A. DC. natal plum

Elaeagnus pungens Thunb. silverthorn, silverberry

Euphorbia milii Ch. Des Moulins crown of thorns

Gamolepis chrysanthemoides DC. African bush daisy

Ilex vomitoria Nana dwarf yaupon holly

Lantana camara L. lantana

Myrica cerifera L. wax myrtle

Nerium oleander L. oleander

Parthenium argentatum Gray. guayule

Pittosporum tobira Aiton mock orange

Raphiolepis indica Lindl. Indian hawthorn

Yucca aloifolia L. Spanish bayonet

Tolerant (No injury with 200 ppm Na and 400 ppm Cl)

Acacia redolens Maslin. prostrate acacia

Arctostaphylos densiflora M.S.Bac Vine Hill manzanita

Buxus microphylla Mull. Arg. Japanese boxwood

Ceanothus thyrsiflorus Esch. blue blossom

Escallonia rubra Pers. escallonia

Euryops pectinatus L. golden shrub daisy

Hydrangea macrophylla Ser. hydrangea

Ilex vomitoria Ait. yaupon Holly

Myrtus communis L. true myrtle
(continued)
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TABLE 5-14 (Continued)

Plumbago auriculata am. Cape plumbago

Sambucus callicarpa Greene coast red elderberry

Moderate (10% injury with 200 ppm Na and 400 ppm Cl) 

Bambusa sp. Schreb. bamboo

Callistemon rigidus R. Br. bottle brush

Canna generalis Bailey. canna lily

Carica papaya L. papaya

Cestrum aurantiacum Lindl. orange cestrum

Cotoneaster microphylla Lindl. Rockspray cotoneaster

Dracaena deremensis Engler. dracaena

Forsythia x intermedia Zabel hybrid forsythia

Gardenia augusta Merrill Cape jasmine, gardenia

Heliconia sp. heliconia

Hibiscus rosa-sinensis L. rose of China, garden hibiscus

Ilex cornuta Burford Chinese Holly

Jasminum polyanthum Franch. jasmine

Opuntia sp. Miller opuntia cactus

Pyracantha coccinea Roem. red firethorn

Russelia equisetiformis Schlecht & 
Cham. firecracker plant

Schefflera arboricola L. dwarf shefflera

Strelitzia reginae Bankses Dryander bird of paradise

Viburnum odoratissimum Ker. sweet viburnum

Viburnum suspensum Lindl. Sandankwa viburnum

Sensitive (> 20%  injury with 200 ppm Na and 400 ppm Cl)

Abelia grandiflora Rehd. abelia ‘Edward Goucher’

Acacia redolens spreading acacia

Acalypha wilkesiana Muell. copper leaf
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TABLE 5-14 (Continued)

Atriplex canescens four-wing saltbush

Baccharis pilularis coyotebush

Bougainvillea spectabilis bougainvillea

Buddleja davidii Franch. butterfly bush

Buxus microphylla Japanese boxwood

Calliandra haematocephala Hassk. powder puff tree

Callistemon viminalis bottle brush

Camellia japonica L. camellia

Ceanothus thyrsiflorus wild lilac

Codiaeum variegatum Blume. croton

Cornus mas L. Cornelian cherry

Cotoneaster buxifolius cotoneaster

Cotoneaster congestus Pyrenees cotoneaster

Cotoneaster congestus Baker Pyrenees cotoneaster

Elaeagnus pungens silverberry

Eugenia unifora L. Surinam cherry

Euonymus japonica Japanese euonymus

Euphorbia pulcherrima Willd. poinsettia

Ilex cornuta Chinese holly

Ilex cornuta ‘Burfordii’ Burford holly

Ilex vomitoria yaupon holly

Ixora coccinea L. ixora

Jatropha multifida L. coral plant

Juniperus chinensis blue point juniper

Juniperus chinensis Hollywood juniper, spreading juniper

Juniperus sabina ‘Buffalo’ buffalo juniper

Justicia brandegeana Wassh. shrimp plant

Leucophyllum frutescens Texas sage

(continued)
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TABLE 5-14 (Continued)

Ligustrum lucidum glossy privet

Mahonia aquifolium Nutt. Oregon grape

Mahonia pinnata Fedde California holly grape

Murraya paniculata L. orange jessamine

Nandina domestica nandina

Nandina domestica Thunb. heavenly bamboo

Olea europaea European olive

Pentas lanceolata Deflers pentas, Egyptian star-cluster

Photinia fraseri red tip photinia

Photinia fraseri Dress photinia

Photinia glabra Maxim. Japanese photinia

Pittosporum tobira dwarf pittosporum

Podocarpus macrophyllus D. Don yew pine

Pyracantha fortuneana pyracantha

Raphiolepis indica Indian hawthorn

Rosa sp. L. rose

Rosmarinus officinalis rosemary

Sophora secundiflora Texas mountain laurel

Thuja orientalis oriental arborvitae

Tanji, K.K. et al. 2007. Salinity Management Guide. WateReuse Foundation, Alexandria, 
VA. www.salinitymanagement.org/Salinity%20Management%Guide/cp/cp_7html.

TABLE 5-15
Salt Spray Tolerance of Trees

Botanical Name Common Name

Highly Tolerant (No injury with 600 ppm Na and 900 ppm Cl)

Araucaria heterophylla (Salisb.) Norfolk Island pine

Coccoloba uvifera L. sea grape

Grevillea robusta Cunn. silk oak
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TABLE 5-15 (Continued)

Juniperus silicicola Bail. southern red cedar

Juniperus virginiana L. eastern red cedar, skyrocket juniper

Parthenium argentatum Gray. guayule

Pinus cembroides Zucc. Mexican piñon pine

Pinus clausa Vasey sand pine

Quercus virginiana Mill. live oak

Sapium sebiferum Roxb. Chinese tallow tree

Tolerant (No injury with 200 ppm Na and 400 ppm Cl)

Callistemon citrinus Curtis. lemon bottlebrush

Ficus carica L. edible fig

Forsythia intermedia Zabel forsythia

Manilkara zapota sapodilla

Plumaria spp. L. frangipani

Plumbago auriculata Lam. Cape plumbago

Prunus spinosa L. blackthorn

Quercus agrifolia Nee Coast live oak

Moderately Tolerant (10% injury with 200 ppm Na and 400 ppm Cl)

Averrhoa carambola L. carambola, starfruit

Carya illinoiensis Koch. pecan

Cedrus deodara D. Don deodar cedar

Cotoneaster microphyllus Lindl. rockspray or little-leaf cotoneaster

Cupressus sempervirens L. Italian cypress

Diospyros digyna L. black sapote

Eriobotrya japonica Lindl. loquat

Fraxinus oxycarpa Bieb. Ex Willd. Raywood ash

Koelreuteria paniculata Laxm. goldenrain tree
(continued)
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TABLE 5-15 (Continued)

Ligustrum japonicum Thunb. Japanese privet

Persea americana Mill. avocado

Pinus elliottii Engelm. Florida slash pine

Pinus halepensis Mill. aleppo pine

Pinus thunbergii Japanese black pine

Platycladus orientalis Franco oriental arborvitae

Prunus caroliniana Ait. Carolina laurel cherry

Punica granatum L. pomegrenate

Pyrus spinosa Forssk. almond-leaved pear

Quercus suber L. cork oak

Schefflera actinophylla Harms schefflera, umbrella tree

Sequoia sempervirens Endl. coast redwood var. Los Altos

Ulmus parvifolia ‘Drake’ Chinese elm cv. Drake

Ulmus parvifolia Jacq. Chinese elm

Sensitive (> 20% injury with 200 ppm Na and 400 ppm Cl)

Acer pseudoplatanus L. sycamore maple

Acer rubrum L. red maple

Albizia julibrissin Durazz. mimosa silk tree

Bauhinia purpurea L. orchid tree

Celtis sinensis Pers. Chinese hackberry

Citrus limon L. lemon

Citrus paradisi Macf. grapefruit

Citrus reticulata Blanco. tangerine

Citrus sinensis Osbeck. orange

Cornus mas L. Cornelian cherry

Diospyros virginiana persimmon

Euryops pectinatus golden marguerite

Ginkgo biloba L. ginkgo
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TABLE 5-15 (Continued)

Jacaranda mimosifolia D. Don. jacaranda

Lagerstoemia indica crape myrtle

Liquidambar styraciflua sweetgum

Litchi chinensis Sonn. lychee

Magnolia grandiflora southern magnolia

Malus sylvestris Mill. crab apple

Mangifera indica L. mango

Musa acuminata Colla. banana

Olea europaea L. European olive, olive

Pistacia chinensis Bunge. Chinese pistache

Prunus armeniaca L. apricot

Prunus duclis D.A.Webb. almond

Prunus persica Batsch peach

Psidium guajava L. guava

Quercus laurifolia Michux laurel Oak

Sequoia sempervirens Endl. coast redwood var. Aptos Blue

Syzgium jambos Alston rose apple

Tanji, K.K. et al. 2007. Salinity Management Guide. WateReuse Foundation, Alexandria, 
VA. www.salinitymanagement.org/Salinity%20Management%Guide/cp/cp_7html.

TABLE 5-16
Salt Spray1 Tolerance of Palms

Botanical Name Common Name

Tolerant (No injury with 200 ppm Na & 400 ppm Cl)

Butia capitata Becc. pindo palm

Chamaerops humilis L. Mediterranean fan palm

Phoenix dactylifera L. date palm

Sabal palmetto Lodd. cabbage palmetto

(continued)
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TABLE 5-16 (Continued)

Serenoa repens Small saw palmetto

Washingtonia robusta Wendl. Mexican fan palm

Moderate (10% injury with 200 ppm Na & 400 ppm Cl)

Acoelorrhaphe wrightii Becc. paurotis palm

Caryota mitis Lour. fishtail palm

Chrysalidocarpus lutescens Wendl. areca palm

Nolina recurvata Hemsle ponytail palm (not a true palm)

Phoenix canariensis Chabaud. Canary Island date

Phoenix reclinata Jacq. Senegal date palm

Phoenix roebelinii O’Brien. pygmy date palm

Rhapis excelsa Henry lady palm

Syagrus romanzoffiana L. queen palm

1Salt spray refers to fine aerial droplets of saline sea or irrigation water.

Wu, L., and L. Dodge. 2005. Lanscape Plant Salt Tolerance Selection Guide for 
Recycled Water Irrigation. A Special Report for the Elvenia J. Slosson Endowment 
Fund. Dept. of Plant Sci. UC Davis, Davis, CA.

Reasonable irrigation practices should not cause salinity 
problems if the irrigation water has an ECw of less than 0.75 dS/m. 
More salinity problems can be expected with water conductivities 
between ECw 0.75 and 3.0 dS/m. Irrigation water with an ECw 
greater than 3.0 is likely to impede the growth and development of 
most plants except for a few salt-tolerant varieties. 

The leaching requirement is that fraction of water in excess of 
plant water use necessary to leach salts below the root zone, thereby 
maintaining average root zone salinity below the plant tolerance 
level. The leaching requirement must be calculated when irrigating 
soils with saline water. To determine the leaching requirement, you 
must know the salinity of the applied irrigation water (ECw) and 
the salinity tolerance of the plant (ECe) as determined from Tables 
5-8 to 5-12 (pages 110–120). Note that even when irrigating with 
water that has salinity below the threshold of a plant, a leaching 
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requirement is necessary to prevent salt buildup. The leaching 
requirement is calculated as such:

LR =
ECw

5(ECe) - ECw

The following is an example of a leaching requirement 
calculation: a rose with a salinity tolerance of 3.5dS/m is irrigated 
with water whose salinity is 2.9 dS/m. Its leaching requirement is 
(LR 5 2.9 / (5 3 3.5 2 2.9) 5 0.2.

The following equation is used to calculate the total irriga-
tion amount when including a leaching requirement:

AW =
ET

1 - LR

Where AW is the total depth of water (in inches) to apply, ET is the depth 
of water needed to meet evapotranspiration, and LR is the leaching 
requirement as calculated above. Evapotranspiration is a measure of 
the combined depth of water transferred to the atmosphere from the 
soil or media surface (evaporation) and from the plant (transpiration). 
Evapotranspiration data can be obtained from county extension ser-
vices, university publications, and other references on irrigation man-
agement. For the rose example above, if the evapotranspiration (ET) 
is 0.2 inches and the leaching requirement (LR) is 0.2, then the total 
applied water is 0.25 inches. 

Salinity is usually not a problem in modern container nurser-
ies. But where irrigation practices and water quality are poor, salt 
accumulation may be a problem. Under these conditions, accumula-
tion would occur as pictured in Figure 5-6b. Salt accumulation may 
also occur where single low-volume emitters do not deliver enough 
water to wet the entire soil or growing-medium (Figure 5-6c). 
Nurseries and greenhouses that capture and recycle excess irriga-
tion water to prevent off-site water runoff can develop saline 
conditions without careful monitoring and management.

Containerized nursery and greenhouse production poses 
many challenges when dealing with salinity management. Current 
water quality regulations demand that container nursery and 
greenhouse operations prevent salt and nutrient-laden irrigation 
water run-off from exiting the production property. However, most 
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ornamental plants benefit from an over-application of irrigation 
water to leach excess salts from soilless media. The current sug-
gested leaching requirement that is recommended for containerized 
nursery and greenhouse production is 15 percent (LR 5 0.15) or 
less. Irrigation water should be free of all fertilizer when leaching. 
It is beyond the scope of this handbook to recommend a comprehen-
sive strategy for nursery and greenhouse operations. Consult with 
qualified irrigation management experts for strategies to limit run-
off while maintaining quality plant production.

There are some situations where very pure snowmelt waters 
are used for irrigation. These waters are very low in total salts, 
especially calcium. Snowmelt water will leach calcium and other 
cations from soils. Low soil calcium levels may result in dispersed 
clay and silt particles leading to water penetration problems. 
Addition of calcium-containing fertilizers, amendments, wetting 
agents, or surfactants can help overcome infiltration problems 
when irrigating with snowmelt water. Snowmelt water does not 
affect drainage in containers containing soilless media. However, 
low salt water, including distilled and de-ionized water, lacks a buff-
ering system that can counteract acidification of media by ammoni-
acal fertilizers. Addition of limestone in the media pre-mix, as well 
as adding potassium carbonate to the irrigation water, prevents a 
rapid pH drop when irrigating media with low salt water. 

FIGURE 5-6.  Water management changes the pattern of salt 
distribution in containers with a) proper leaching, b) no leaching,  
and c) drip irrigation.
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Various devices are sold that claim to reduce salinity. There 
is often no independent research data for many of these devices. 
One should proceed cautiously when considering investing in a 
device that does not have the support of credible, independent data.

TOXIC CONSTITUENTS
Several inorganic constituents, such as boron, chloride, and sodium may 
be found in natural water at levels that can be toxic to plants. Addition-
ally, high levels of bicarbonate in water have been shown to induce iron 
deficiencies in some plants. This problem is minor when compared to 
the role of bicarbonates in creating permeability problems.

Boron Hazard
A small amount of boron is necessary for plant growth. To provide 
an adequate supply of this plant nutrient, 0.02 ppm boron or more 
in the irrigation water may be required. Some water contains an 
adequate supply of boron, but water from many rivers may be defi-
cient. Some well water and a few surface streams contain an excess 
of boron, thus creating a hazard. Plants grown in soils high in lime 
may tolerate more boron than those grown in non-calcareous soils. 
Table 5-17 presents the relative tolerance of plants to boron.

TABLE 5 – 17
 Boron Tolerance Limits for Ornamentals

VERY SENSITIVE

Common Name Botanical Name Threshold mg/L

Oregon grape Mahonia aquifolium <0.5

Photinia Photinia x fraseri <0.5

Xylosma Xylosma congestum <0.5

Thorny elaeagnus Elaeagnus pungens <0.5

Laurustinus Viburnum tinus <0.5

Wax-leaf privet Ligustrum japonicum <0.5

Pineapple guava Feijoa sellowiana <0.5

(continued)
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TABLE 5-17 (Continued)

Spindle tree Euonymus japonica <0.5

Japanese pittosporum Pittosporum tobira <0.5

Chinese holly Ilex cornuta <0.5

Juniper Juniperus chinensis <0.5

Yellow sage Lantana camara <0.5

American elm Ulmus Americana <0.5

 SENSITIVE 
Common Name Botanical Name Threshold mg/L

Zinnia Zinnia eleganus 0.5-1.0

Pansy Viola tricolor 0.5-1.0

Violet V. odorata 0.5-1.0

Larkspur Delphinum sp. 0.5-1.0

Glossy abelia Abelia 3 grandiflora 0.5-1.0

Rosemary Rosmarinus officinalis 0.5-1.0

Oriental arborvitae Platycladus orientalis 0.5-1.0

Geranium Pelargoium 3 hortorum 0.5-1.0

 MODERATELY SENSITIVE 

Common Name Botanical Name Threshold mg/L

Gladiolus Gladiolus sp. 1.0-2.0

Marigold Calendula officinalis 1.0-2.0

Poinsettia Euphorbia pulcherrima 1.0-2.0

China aster Callistephus chinensis 1.0-2.0

Gardenia Gardenia sp. 1.0-2.0

Southern yew Podocarpus marcophyllus 1.0-2.0
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TABLE 5-17 (Continued)

Brush cherry Syzygium paniculatum 1.0-2.0

Blue dracaena Cordyline indivisa 1.0-2.0

Ceniza Leucophyllus frutescens 1.0-2.0

 MODERATELY TOLERANT 
Common Name Botanical Name Threshold mg/L

Bottlebrush Callistemon citrinus 2.0-4.0

California poppy Eschscholzia californica 2.0-4.0

Japanese boxwood Buxus microphylla 2.0-4.0

Oleander Nerium oleander 2.0-4.0

Chinese hibiscus Hibiscus rosa-senensis 2.0-4.0

Sweet pea Lathyrus odoratus 2.0-4.0

Carnation Dianthus caryophyllus 2.0-4.0

 TOLERANT 

Common Name Botanical Name Threshold mg/L

Indian hawthorn Raphiolepis indica 6.0-8.0

Natal plum Carissa grandiflora 6.0-8.0

Oxalis Oxalis bowiei 6.0-8.0

Maas. 1990. Boron Tolerance Limits for Ornamentals. U.S. Salinity Laboratory Agricultural 
Research Service. www.ussl.ars.usda.gov/pls/caliche/BORT47.

Chloride Hazard
Chloride ions are found in virtually all natural waters. The chlo-
ride anion is soluble and moves freely through soil. Relatively small 
amounts of chloride are necessary for plant growth. However, high 
concentrations of chloride are toxic to plants, particularly woody 
species. Most annuals and short-lived perennials are moderately 
tolerant of chloride, whereas trees, vines, and woody ornamentals 
tend to be more sensitive (see Table 5-6, page 106). When present in 
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excessive concentrations, chloride is often the first anion to produce 
recognizable symptoms such as yellow leaf margins and tips.

Sodium Toxicity
Trees, vines, and woody ornamentals tend to be especially sensitive 
to excessive sodium. Annual plants are usually not affected directly 
by high sodium. However, water that has sodium concentrations 
of greater than 3 meq/L is likely to cause foliar injury symptoms 
when applied by sprinkler irrigation. The ratio of sodium compared 
to calcium and magnesium (instead of the absolute concentration) 
is most critical for plant growth. More information on the effects of 
high sodium on soil properties can be found in Chapter 6. 

WATER FOR SPRINKLER IRRIGATION
Most water suitable for surface irrigation may be safely used for 
overhead sprinkler irrigation. There are, however, some exceptions. 
Leaf burn caused by sodium and chloride absorption may occur dur-
ing periods of high evaporation. Low humidity, high temperature, 
and wind can increase the concentration of these ions on the leaves 
as the water dries. Sometimes this can be corrected by increasing 
the frequency of irrigation, but if this is impractical, it may be neces-
sary to irrigate only at night. Usually there is no problem when irri-
gation water contains 3 meq/L or less of either sodium or chloride. 

Certain plants are sensitive to foliar-applied salts because 
they absorb sodium and chloride very readily through their foliage.  
Other plants that are very sensitive to soil salinity absorb salts 
very slowly through their foliage and are tolerant of salts applied to 
the foliage. Water used for misting systems should have low salinity 
to prevent injury from salt spray. 

Bicarbonate ions in water can also be a problem with over-
head sprinkler irrigation.  A white deposit of calcium carbonate may 
form on the leaves and fruit. This layer of calcium carbonate can 
render ornamentals unmarketable because they are unattractive; 
however, this coat of “whitewash” is not known to have an adverse 
effect on plant growth. Bicarbonate levels below 1.5 meq/L should 
not cause a problem. Water with bicarbonate concentrations greater 
than 1.5 meq/L can be acidified to a pH of between 5.0 and 6.5 result-
ing in the elimination of more than half of the bicarbonate ions. 
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LOW-VOLUME IRRIGATION  
Low-volume irrigation is the frequent, slow application of water 
through various types of emitters. The most common forms of 
low-volume irrigation are drip and microsprinkler. System design, 
components, and flow rate requirements vary according to plant, 
soil, water, and environmental conditions. For example, a mature 
tree may require from two to six emitters, with each emitter apply-
ing ½ to 2 gallons per hour. Small to medium containers may require 
only one drip emitter or micro-sprinkler per container (Figure 5-7). 

Low rates of water application involve small orifices and 
need filtered water free of particles. Dissolved salts in the water 
may crystallize around and in the orifices, and reduce their flow 
rates or plug them completely. The most common cause of chemi-
cal plugging in low-volume irrigation systems is the formation of 
insoluble calcium carbonate, also known as scale. Other causes of 
plugging include chemical or microbial oxidation of iron or man-
ganese, bacterial or algal growth, suspended solids, and the reac-
tion of injected fertilizers with ions present in the irrigation water. 
One should never leave chemicals in low-volume irrigation lines 
after irrigation has occurred. Fertilizers left in lines will stimulate 
the growth of bacteria and algae that can plug emitters. Regular 
flushing of irrigation lines will remove sediment and contaminants 

FIGURE 5-7.  Nursery container plant with an irrigation stake.
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that accumulate and could plug emitters. Careful attention to water 
quality tests is required in order to evaluate the plugging potential 
of irrigation water. Table 5-18 presents the plugging potential of 
water used for low-volume irrigation. 

Low-volume irrigation is widely used on container-grown 
plants. Since it may save water, it is also well adapted to areas 
where water is costly or scarce. The total amount of water used in 
low-volume irrigation is usually less than in conventional irriga-
tion systems because:

•	 Runoff is reduced

•	 Evaporation is reduced

•	 The total volume of soil or media wetted is usually less

•	 Deep percolation of water may be reduced

•	 The time period of water application can be carefully controlled

DRAINAGE
Improving soil drainage may be necessary in conditions with high 
water tables or where salinity is a hazard. Most crops grow best 
where the water table is more than 6 feet below the soil surface. 

TABLE 5-18
Plugging Potential of Irrigation Water Used in Drip Irrigation Systems

Potential Restrictions on Use

Little Moderate Severe

Suspended solids (ppm) <50 50–100 >100

pH < 7 7–8 >8

Dissolved solids (ppm) <500 500–2,000 >2,000

Manganese (ppm) <0.1 0.1–1.5 >1.5

Iron (ppm) <0.1 0.1–1.5 >1.5

Hydrogen sulfide (ppm) <0.5 0.5–2.0 >2.0

Bacterial populations (no./mL) <104 104–5 3 104 >5 3 104

CH05_Emery.indd   138 1/20/12   2:48 PM



Water and Plant Growth	 139

A drainage system (Figure 5-8) should be installed in fields where 
water stands within 6 feet of the surface. Drains remove water if 
properly placed below the water table or in the saturation zone.

Proper drainage is also essential for plants grown in con-
tainers in a soilless media. It is important to apply more water 
than the substrate can hold; generally 10 to 15 percent of the water 
applied to the pots should run out the bottom. Without adequate 
drainage, water will accumulate in the pot and damage the root 
system.
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FIGURE 5-8.  Tile drainage is used to lower the water table.
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