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PREFACE

Probably few people associated with Jordanian agriculture would
argue against the need for a soll and water management guide for the

Jordan Valley. Some would say it is urgent.

Where there is a shortage of experimental data on which to make
sound recommendations and to build a technology, there is a tendency
toward confusion. The vacuum thus created becomes a potential
breeding ground for unproven products and practices. This has been
demonstrated repeatedly in other areas of the world including the

United States.

Although experimental data obtained in Jordan on soil and water
management appear to be somewhat meager, there should be ample data
from here and other areas of the Mid-East and Western U,S., to permit
the development of guidelines for Jordan. The ideas can then be field
tested and the resulting data used to confirm or modify the guide-
lines. As data are accumulated, guidelines can be revised and made

more precise.

Meanwhile, we hope this general Guide will prove useful, 1In
areas where precise data are lacking, we have tried to point this out,
Those who use the Guide should be cautioned that some of the guide-~
lines are based on principles originating outside of Jordan. We

believe this is much better than having no guidelines at all.



The Guide covers three main areas: soil fertility, salinity, and
irrigation., The scope of each area is indicated in the tahle of
contents. The anticipated clientele consists, primarily, of those
with a B.SC. in agriculture- extension agents, technicians, industry
dealers, fieldmen, and some farmers. The main purpose of the Guide is
to provide general guidelines for those working with farmers so that
there will be a reasonable degree of uniformity relative to advice and

recommendations.

We have tried to strike a balance between being too elementary
and too technical. We recognize that a drift toward either extreme

could seriously impair the effectiveness of the material.

The Guide is a cooperative effort of various soil and water
specialists in Jordan.* Naturally, we hope it will gain acceptance by
those who work with the Valley farmers, but it is the farmer himself
vho must ultimately decide whether or not the application of the

guidelines 1is beneficial,

The author is A. Irving Dow, Soil and Water Specialist, Jordan
Valley Agricultural Services Project, during September 1982 to
September 1983, The manuscript was reviewed by personnel of the
University of Jordan, Washington State Yniversity, and JVASP,.
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SOIL AND WATER MANAGEMENT GUIDE
FOR THE
JORDAN VALLEY

Soil fertility, Salinity, Irrigation
I AGRICULTURE AND SOILS OF THE JORDAN VALLEY

AGRICULTURE

The Jordan Valley has an intensive irrigated agriculture that is
unique in many respects. The crops are mostly horticultural, with a
majority of the area in winter vegetables, primarily tomatoes and
cucumbers, but also eggplants, squash, peppers, beans and others., The
fruits are mostly citrus and bananas with some recently planted

grapes.

The Valley is below sea level - approximately 200 meters below at
the north end near the Sea of Galilee and 400 meters below at the
south end near the Dead Sea. Becuuse of its low elevation, the
environment creates what has been called a "greenhouse effect."
Temperatures, either summer or winter, are significantly higher in the
Valley than on the surrounding uplands - an eleQation difference of

1300 meters.
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Climate of the Valley is Mediterranean, characterized by hot, dry
summers and moderately cool, wet winters. Rainfall occurs mostly
during November to March. The average rainfall varies from about 300

mm in the north to about 100 mm in the south.

Average temperatures at Deir Alla range from 15°C in January to
31°C in August. Temperatures may range from 0°C in January to 43°C in

August.

The amount of summer cropping 1s very limited, mostly because of

insufficient water supply.

For many centuries the Valley has been surface-irrigated - mostly
by furrow. Since 1975 there has been a shift from furrow irrigation

to drip irrigation with little or no interest in sprinkler irrigation.

The shift to drip irrigation has been concurrent with the develop-
ment of a "plastic agriculture" - growing of vegetables in plastic
houses, plastic tunnels, and under plastic mulches. Mulches are used
in houses, tunnels, and in the open field. The plastic culture

creates an environment that is unique in at least three ways:
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1. Solar heat energy, by radiation, is "captured" beneath the
plastic. Whether the plastic is used as a mulch, tunnel or

house, soil and air temperatures beneath the plastic are nearly
always higher, sometimes much higher, than they would otherwise

be, especially on sunny days.

2. Humidity is higher under plastic tunnels and houses, thus
reducing water loss by evapotranspiration. Plastic mulches
obviously have no effect on transpiration from the crop, but

reduce evaporation from the soil surface.

It is obvious that evapotranspiration data will be different
under plastic from that of the open field and will require

different methods of measurement or interpretation.

3. Plastic mulches are an effective method of weed control. To
the extent that weeds are controlled, transpiration is reduced,
but the actual difference usually is not great. Plastic tunnels

and houses have little effect on weed control.

SOILS

Over a period of many thousands of years, a number of factors

have contributed to the development of Jordan Valley soils. At one
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time the Valley was covered with a giant fresh water lake from which
were deposited calcium salts resulting in the present extensive
limestone, calcareous sandstone and marl underlying some of the soils
of the Valley floor. Later the area was covered with a salt water
sea. The salinity that exists in many of the Valley scils is inherent
and was not caused by irrigation farming, although poor irrigation
practices can increase the salinity problem. The salts were made up

largely of sodium chloride (NaCl).

Lacustrine (lake-deposited) materials underly much of the Valley

floor.

Fluvial -~ Colluvial materials - deposited from the eroding

surrounding hillsides make up most of the agricultural soils in the
Valley. These are generally medium to fine-~textured soils consisting

of clay loams and loams.

Alluvial (stream depnsited) materials deposited by the Jordan
River and its tributaries occur in areas near the rivers and streams.

These are generally medium to coarse in texture.

In many cases, early lacustrine deposits have been partially

eroded or are covered with more recent colluvial or alluvial deposits.
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Thus the Valley floor is subdivided into three natural zones,

- the flood plain of the Jordan River known as the Zor.

- a terrace, 30-60 meters above the present level of the Jordan
River sloping toward the River from the foothills known as the
Ghor.

- a zone separating the Ghor and Zor caused by erosion in the
course of time known as the Katar. The severely eroded Katar has

a "bad- lands" appearance.

From the standpoint of agricultural land use, the following

peneral properties of Jordan Valley soils are important:

Texture — Many of the solls are fine-textured, especially in the
north part of the Valley. There is a tendency for the soils of fine
texture-- clay loams and silty clay loams--to predominate in the north
and soils of medium to course texture--silt loam and sandy loam--to
predominate in the south Ghor, both north and south of the Dead Sea.
For example, the soil of the experiment station at Abu Habil is a clay
loam, at Deir Alla, a silty clay loam, at Kerameh a silt loam and the
soils at South Shuna and at Ghor Safi are largely sandy loams,
However, there are many exceptions to this general observation since
soil textures in the Valley often vary considerably within short
distances. Many soils in the JV are either very shallow or very

stony, or both,
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Structure - Soils are generally in good condition, physically.
Water infiltration and permeabilityv are generally not serious prob-

lems, even in the fine-textured soils.

However, many Jordan Valley soils are sufficiently high in clay
to require careful management. These soils are sticky and plastic
when wet and may be hard and cloddy when dry. One should avoid using

heavy equipment and avoid all tillage operations when they are wet.

The frequent use of animal manure no doubt contributcs to the
maintenance otf organic matter activity and the aggregation of soil

particles, thus helping alleviate or prevent physical problems.

pH - The soils are, probably without exception, alkaline (above
pH 7.0) and are frequently 8.0 or above indicating that most are
calcareous. A calcareous soil is ome which éontains free lime and
effervesces ("fizzes") on the addition of a dilute acid. The pH is
generally between 7.5 and 8.3, Chlorosis (yellowing) of foliage of
sensitive crops such as citrus trees is frequently associated with

irrigated calcareous soils.

Many soils are also gypsiferous (high in gypsum or calcium
sulfate) which tends to preclude any sodic* problems and the need to

add gypsum,
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Salinity - JV soils tend to be inherently saline* with salinity
levels increasing from north to south. At Kerameh, South Shuna and
Ghor Safi, salinity levels are frequently high enough to impair crop

growth and yield.

The salt-affected soils are saline (salty) but generally not
sodic (high in exchangeable sodium). Thus there is a need to leach
salts downward via excess irrigation water, but little or no need for
application of soluble calcium amendments such as gypsum. A layer of
marl - a hard mix of lime and clay - underlies the soils of some
areas, especially in the Kerameh-South Shuna area, sometimes very
close to the soil surface. Where this is present, drainage and

leaching become very difficult.

Soil Water/Soil Fertility - Available water capacity (AWC) and cation

exchange capacity (CEC - capacity for holding nutrient ions) are
closely associated with texture. Soils high in clay can be expected
to be high in CEC and soils high in silt can be expected to be high in
AWC, Thus the Jordan Valley soils tend to be high in both AWC and CEC

except for those that are sandy.

*The terms saline and sodic will be further explained in a later

section.
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The native soils are generally low in N, frequently low in
available P and Fe, high in Ca and probably in Mg. The status of K
and micronutrients is not clear at present, but it appears, generally,

that these elements are not needed in a fertilizer program.

The soils are inherently low in organic matter - generally less
than 1 percent and frequently less than 0.5 percent. The long, hot
summers provide conditions for rapid decomposition of organic matter.
This means that, even with rather large applications of manure or

other organic materials, builld-up of organic matter is slow.

Actually, high levels of soil organic matter are less important
than the continual cycling of periodic additions of organic materials
to the soil., The benefits come from the by-products of the decomposi-
tion process, not from the mere presence of high levels of organic

matter,

No doubt in the general practice of applying animal manure is
beneficial in terms of maintaining desirable soil structure and

providing supplemental fertilizer materials.
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IT SOIL FERTILITY MANAGEMENT

BASIC CONCEPTS

Productivity - A productive soil is one in which all production

factors, i.e. fertility, moisture, temperature, etc., are optimum,
Thus high yields can be expected on "productive'" soils under reason-

ably good management,

Fertility - A fertile soil is one in which all essential nutrient
elements are present in adequate amounts and are chemically and
positionally available to the plant. A fertile soil is not nccessarily
a productive soil because a number of factors other than fertility are

involved in productivity.

Availability - Available nutrients are those which can be absorbed by

plant roots, assuming other factors are not limiting. If uptake of
nutrients is limited by other factors (e.g., low temperature) the

nutrients are still said to be available.

Solubility - Plant nutrients are generally soluble. However, some
nutrients may have a very low solubility in water and still are
available to plants. Salts, including nutrient salts, vary greatly in

water solubility. The relative solubilities of various chemicals
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greatly affect what happens in the chemistry of the soil. Although
nutrients may be in solution in the soill water, nutrients do not
simply enter the roots in solution. The mechanisms by which water and

nutrients enter the roots are different from one another.

Ionization - A common phenomenon in chemistry is the splitting of a
compound, when in solution, into ions. An ion is ar element or group
of elements that is electrically unbalanced and, therefore, has a
negative or positive charge. Using common table salt as an example,

we can illustrate ionization as follows:
+ -
NaCl -<» Na + Cl
Thus we end up with a cation which carries a positive charge, and
an anion which carries a negative charge. Opposite charges, (+) and

(=), have a strong attraction for each other.

Most inorganic salts, including fertilizers, fonize very readily

in solution, although ionization is never 100 percent.

Cation Exchange Capacity - During the weathering of parent material

into soils, the resulting clay particles end up with negative charges
vhich have an attraction for the positively charged ions - the ca-
tions. The attraction is strong enough, for example, to hold the

cations against the movement of water. The capacity to hold cations
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is called the cation exchange capacity (CEC). The word exchange

refers to the fact that the cations on the clay particles are

exchangeable i,e., they can be replaced by other cations.

The CEC of a soil, expressed in milliequivalents per 100 grams of
dry soil (meq./100g.), depends on the amount and type of clay and the
organic matter level. CEC values for inorganic soils may range from 5
to 40 meq./100g. The CEC of most Jordan Valley soils is in the upper

kalf of this range.

Mobility ~ Mobility of nutrient elements refers here to their movement
in soil with the movement of water. Some elements are much more
mobile than others. Nutrients can be listed as follows according to

their mobility:

Mobile Slightly Mobile Essentially Inmobile
Nitrate-Nitrogen (N03-N) B Ammonion-Nitrogen (NHA-N)
Sulfur (SCA—S) Mo P Fe
Urea - N Zn K

Mn Ca

Cu Mg

Mobility of nutrients has some very important practical implica-

tions. Mobile nutrients, such as NO3-N, can be leached below the root
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zone of plants with excess water, especially in sandy soils. Also,
under furrow irrigation, they tend to move laterally and then upward

and become surface-isolated and positionally unavailable.

For best results with most crops non~mobile nutrients must be
incorporated and mixed thoroughly into the tillage layer of soil. 1In
some cases it may be more efficient to band or sidedress immobile
nutrients such as P than to broadcast and incorporate. However,
research has shown that surface-applied P is available to some crops
where the surface soil is kept moist and, thus, where there is root
development near the surface. Water application of non-mobile nutri-
ents through drip systems is generally considered to be effective, but

further research is needed in this area.

pH - pH refers to the acidity or alkalinity of a solution. A pH of

7.0 is neutral, below 7.0 is acid and above 7.0 2s alkaline.

1t should be remembered that:

1. pH refers to the concentration of H ic .

2. The term is reciprocal, i.e., the decreasing values refer to

greater acidity and higher concentration of H ions.

3. Changss are logarithmic, i.e., a change in one pH unit is equiva-

lent to a 10-fold change in H ion concentration. This means, for
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example, that pH 6 is 10 times more acid than pH 7, or that pH 9 is 10

times more alkaline than pH 8.

The normal range of pH values for crop production is considered
to be approximately 6 to 7.5, but many soils are very prcductive with
pH values below or above this range. Problems that arise outside this
range are not due primarily to high conientration of either H ions or
OH ions, but to chemical reactions occurring at either extreme. At
low pH levels the solubility of some metal cations, such as Al or Mn
increases. In high concentrations these ions are toxic to plants.

Low pH is not a problem in the Jordan Valley. At high pH values (7.5
- 8.3) the solubility of some elements such as Fe is extremely low
resulting in low availability to plants, At pH values above 8.3 to 9
or more - sodium (Na) modifies the physical properties of soils
resulting in poor infiltration and poor tilth. These are called sodic
soils and are related to the salt problem. Although Jordan Valley
s0oils contain some sodium, sodicity 1s not at present considered a

serious problem,

THE NUTRIENT ELEMENTS

The essential nutrient elements are listed in Table IT - 1 along

with the ior(s) most commonly absorbed by plant roots,



Table II - 1 List of Essential Nutrient Elements

Element

From Air and Water

Hydrogen
Carbon

Oxygen

Nutrient Elements from

Water, Soll or Fertilizer

Nitrogen
Phosphorus
Potassium
Calcium
Sulfur

Magnesium

Element

Boron
Iron

Zinc
Manganese

Copper

IT -

Ionic of Molecular form

6

H+,0H~

HC

see H,B,C,N,S,P

+
NH4 s

04

-, C

03=

NO,-

3

HZPOQ-' HPO

K+

Ca

Ionic of Molecular form

++

H

BO

373

Fe

Zn

Mn*t, Mn 0

Cu

++

++

++

» Fe

+++
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Element Ionic of Molecular form
Sod ium* Na'

Chlorine* c1

Molybdenum Mooa=

Nitrogen (N). N is the nutrient element most commonly needed and is
frequently, but not always, the one needed in the largest amounts.
Fertilizer N is nearly always needed in the Jordan Valley., N defi-
ciency in most crops is indicated by a light green or yellowish
coloring of older leaves. On some crops, however, the yellowing

appears to be rather general on all the foliage.

The chemistry of soil N is rather complex, partially because it
can be present in a number of different forms, and because transfor-
mations from one form to another are commonly taking place. Soil N
has its origin from the biological and electrical fixation of atmos-
pheric N, Native soil N occurs primarily as a part of the soil
organic matter and becomes available to plants from organic matter
decomposition., Soil N also occurs as N gas or as inorganic N i.e. as
ammonium (NHa) or nitrate (N03) nitrogen., While gaseous nitrogen (NZ)
*Sodium and Chlorine, commonly found in water, soils and plants are
sometimes considered to be essential nutrients but seldom occur at

deficiency levels.
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is present in the soil atmosphere, it is not available to plants until

fixed by bacteria or other soil microorganisms,

Figure II - 1 is a diagram of the nitrogen cycle showing the

various N tansformations.

Atmospheric N,  [—————
2
4
s £
E Plant-animal tissue 3
4 =
= =
9o %
g 2 S
= o)
a 1=
=]
g NHj, gas to air
* a
i Ammonifi- 7 Nitrifi-
Soil organic N | Soil NH, ———pp»  Soil NO,
2 cation cation
3,
‘ v
S
leaching
Fertilization

Figure IT = 1, The nitrogen cycle, (R—NH2 refers to amide and

amino - N),

Definitions or explanations of the various transformation pro-

cesses some of which are shown in Figure II - 1 are as follows:
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N fixation - refers primarily to the fixation of atmospheric N2 via
microorganisms to forms of N available for use by plants. This is
accomplished by various kinds of microorganisms, but principally by N
fixing Rhizobium spp. bacteria found in nodules on the roots of

leguminous plants,

Mineralization - the process by which organic N is transformed to

inorganic N during organic matter decomposition. A simplified version

of the process is:
Organic matter (protein) > amides, amino acids -» NH!; - N “

Nitrification - the oxidation of NH3-N or NHA-N to N03-N by nitrifying

bacteria.

+ -
NH3 + HZO =D NH4 +OH

+ - -
NH4 > NO2 - NO3
NH3, either from urea or NH6+ fertilizer or from the decomposition of
organic matter, is volatile, especially if applied on the surface of
alkaline or calcareous soils and where temperatures are high. The

Jordan Valley frequently fits these conditionms.

N03-N is quite mobile in the soil, i.e. it moves more or less freely
with the movement of water. NH4+ and N03- are both useable by plants,

but N03- 1s generally preferred.
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Denitrification - The reduction of NO3 - N by certain soil organisms,
under conditions of limited O2 supply (usually under conditions of
excess water) to forms that are subject to volatilization to the

atmosphere, as follows:

No,» N0, N1
Immobilization -~ The process by which N is temporarily made unavail-
able to plants by microorganisms during decomposition of organic
materials that are relatively high in carbon and low in N. For
example, a large application of straw can result in temporary N

deficiency, even in a soil with an ample supply.

Phosphorus (P). P has low solubility, especially in calcareous soils
such as those of much of the Jordan Valley. However, contrary to the
opinion of many, P fixation* does not occur, or at least is not a
problem under these conditions. There are considerable data which
indicate that an application of P in alkaline or calcareous soils will
be effective for at least five years. Applied P is nearly immobile
and has low solubility but is nonetheless available., The efficiency,
i.e. the percent of uptake by the crop in one year, is usually low

regardless of the soil pH, generally in the range of 15-25 percent.

*Fixation in this context refers to chemical reversion to forms
unavailable to plants, The term as applied to P has no relationship

to fixation of N.
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The most consistent indication of P deficiency on any crop is stunting
of the plants; otherwise the plants appear to be normal. Without a
direct comparison it is often difficult to distinguish a P deficient
plant from a normal one. Occasionally there is abnormal coloration,
as the purple coloring of P deficient corn, but abnormal coloration is

not a reliable symptom.
P deficiency is common in the Jordan Valley.

Potassium (K). Because of its high solubility, K frequently does not
remain as a part of either applied fertilizer or of soil organic
matter except for a short time. Soil K occurs in three forms (Fig.
II-2): solution K (Ks) dissolved in soil water; exchangeable K (Kx)
attached to clay particles; and mineral K (Km), the non-exchangeable
or slowly available K associated with the clay minerals. An equilib-

rium is established among the three forms of soil K as shown in Figure

AN

Km

II-Z .
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Figure II-2, Relationships of three forms of soil K.

The equilibrium can shift in any direction depending on whether K
is added or removed. For example, 1f fertilizer K is added, solution
K will immediately increase and the equilibrium will shift so that
both exchangeable K and mineral K will increase. But if solution K is
decreased by crop removal, then the solution K is quickly replenished

from exchangeable K and also (but more slowly) from mineral K.

K is needed by plants in large amounts, sometimes in amounts
larger than N. K deficiency is not common in Jordan Valley but has
been suspected, especially on sandy soils., K deficiency is generally
characterized by a marginal chlorosis followed by necrosis. Sometimes
the necrosis is also interveinal (between veins). K symptoms vary

somewhat depending on the crop involved.

Calcium (Ca). Calcium deficiency is not known to occur in the Jordan

Valley. Ca deficiency on calcareous soils would be extremely unusual.

Magnesium (Mg). Mg deficiency is characterized by an interveinal
chlorosis that later becomes necrotic. Mg deficiency has been ob-
served in areas outside Jordan on fruit trees and vineyards growing in
non-calcareous soils with pH around 7.0 Mg deficiency on calcareous

solls would be unusual,
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Sulfur (S§). Soil S occurs primarily as part of the soil organic

matter. S deficiency causes a general pale green or yellow coloring
on foliage of plants - not just on older leaves as in the case of N
deficiency. The occurrence of S deficiency, while not uncommon in the
irrigated areas of the world, depends greatly on the S content of the
irrigation water. While most of the Jordan Valley waters are low in
S, many of the soils contain gypsum (calcium sulfate) in which case S

deficiency is unlikely.

Micronutrients: Deficiency symptoms for B, Fe, Zn, Mn, Cu and Mo are

described below. The only micronutrient known to be deficient in the
Jordan Valley is Fe. Some other deficiencies have been suspected but

their occurrence has not been documented.

Boron (B). B deficiency results in a variety of symptoms depending on

the crop. In general there are three types of symptoms:

1. Severe stunting of terminal growth as in alfalfa or clover where
the terminal bud is affected. Buds may be aborted and blossoms fail
to develop; lateral buds continue to grow, resulting in rosetting at
the tops of stems with highly colored leaves -- yellow, red, orange

and/or bronze.

2. Deterioration of storage tissue, giving a "watery" appearance, as

in garden beets, sugar beets, cauliflower and celery,
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3. Black or dark grey scarred tissue on the stems of some crops such

as celery and beets.

The occurrence of B deficiency is closely associated with soil mois~
ture conditions, i.e., symptoms are much more prominent during mois-

ture stress and may not be present when moisture is adequate.

The margin of safety between deficiency and toxicity is narrow. For'
example, where an application of 0.4 kg/du of B may correct a defi-

ciency, 0.8 kg/du may be sufficient to be toxic to some crops.

Iron (Fe). Fe deficiency is characterized by pale green or yellow
coloring between veins, especially in young leaves. There is a
striking contrast between the dark green veins and the pale green to
yellow interveinal areas. In advanced stages the chlorosis may also

affect the veins, and then the leaves turn brown or bronze and die.

Fe nutrition in plants is complex and not very well understood. In

calcareous soils Fe is oxidized and essentially insoluble. The

problem commonly occurs: 1) in calcareous soils, 2) where excess soil

moisture is present, and/or 3) where bicarbonates are present in
appreciable amounts in the irrigation water. The problem is most
prevalent where some combination of these factors exist. The problem
can occur in noncalcareous soils, but in this case it is usually not

serious.

)

)

)

()

(}

)



)

)

)

)

)

)

(W

)

IT - 15

Crops that are especially sensitive to Fe chlorosis are tree fruits,
both deciduous and citrus, grape vineyards, ornamentals, sorghum,
sudan grass and certain types of beans. Fe chlorosis appears to be
prevalent in the JV citrus groves, and possibly in some vegetable

crops.

Zinc (Zn). 2Zn deficiency causes stunting, primarily because of
shortened internodes. Also, the leaves are much smaller than normal
in severe cases. In some crops such as grapes, there is some inter-
veinal chlornsis. In others, such as beans, while there is some
interveinal chlorosis, from a distance the foliage has a general
yellowish appearance. In corn a broad chlorotic band develops in the
leaves midway between the midrib and the margins. In alfalfa there is

little or no chlorosis - only severe stunting.

Zn deficiency is very common in the alkaline and calcareous soils of

the U,S. and other parts of the world.

Manganese (Mn). Mn deficiency symptoms have been observed in crops
growing in alkaline and calcareous soils in many areas of the world.
Sometimes symptoms occur even though economic decreases in yield
cannot be measured. The frequency of Mn deficiency is much lower than
for Fe or Zn. It is seen in citrus crops and grapes more than in

vegetable or field crops.
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An interveinal chlorosis occurs, but the symptoms are different from

those of Fe deficiency in that the color boundary between the vein and

interveinal areas is diffuse.

Copper (Cu) and Molybdenum (Mo). Deficiencies of these two elements
have not been observed in the Jordan Valley. Cu deficlency is nearly
always limited to organic soils and Mo deficiency generally occurs
only in acid soils, Organic soils and low pH soils are not charac-

teristic of the Jordan Valley,
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PREDICTION AND DIAGNOSTIS

Experimental Data and Observation

Conclusions regarding the need for nutrients not based on some
kind of experimental evidence are usually not reliabie. One should
avoid using practices or products that are unproven, i.e., have not
been tested and found to be beneficial in properly conducted field
tests., However, reliable observations in the field can be of great
value and should not be disregarded, provided further experimental
data are forthcoming that will confirm or modify the observations

made.

Deficiency symptoms for various nutrient elements were described
briefly in the previous section., Certain precautions must be observed

before drawing conclusions from symptoms, such as:

1. Symptoms cccurring in one crop may have little or no relationship
with symptoms in another crop. For example, Zn deficiency causes some

interveinal chlorosis in grapes but not in alfalfa.

2. The symptoms described are not always specific to the problem and,
therefore, are not consistently reliable. For example, purple colora-
tion is often observed in P deficlent corn, but purple coloring does

not always occur, Furthermore, factors other than P deficiency can

N
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cause purple coloring. Stunting is a reliable indication of P defi-
ciency. However, one should be reminded that a number of other

factors can cause stunting in plants.

Soil Testing

Soil testing is a means of bringing the science of soil fertility

to each farm.

A soil test has no value unless it provides a reliable estimate
of the amount of available nutrients in the soil, Therefore, consider-
able research is required to develop and evaluate a soil testing

method for a given geographical area. One must determine:

1) Whether the soil test works, i.e., whether a relationship can be

established between the soil test for a nutrient and a crop response

to that nutrient, and

2) What the soil test values mean, 1.e., at what soil test levels

can we expect a Crop response Or no Crop response,

At this point, it should be emphasized that, except for some
preliminary data, the basic research for soil testing for the Jordan

Valley has not been done at the time of this writing (May 1984).
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Soil fertility field trials are the basis for a soil testing
program. In each case, soll samples are taken before fertilizers are
applied. Relationships are then established between soil test values
for certain nutrient elements and crop yield responses to those
elements from applied fertilizers. It is necessary to have data from
a number of trials before any relationships can be established. An
example is shown below where phosphorus was the nutrient under test in
four trials in the Jordan Valley in 1983, Tomatoes were grown in the

open field; cucumbers in a plastic house.

Yield
Crop Location Soil Test P* Increase
before fertilization from applied P
ppm %
Tomatoes Abu Hubil 15 45
Tomatoes Deir Alla 12 55
Tomatoes Ghor Safi 28 3
Cucumbers Keramah 53 -2

It can readily be seen that crop responses were obtained at soil

test P (STP) values of 15 and 12, but not at 28 or 53 indicating that

*
NaHCO, - extractable (Olsen test)

w
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responses could be expected at soil test values below an index of
approximately 20 ppm but not above 30 ppm. This range is known as the

critical range.

This does not mean that responses will always be obtained at values
below 20. However, the probability of crop response is much higher at
very low soil test values than at moderately low values. In the
example given, the probability of crop response at STP above 30 is
low. One must bear in mind that, because of very limited data, the
proposed conclusions are very tentative. Only after having conducted
a number of trials over several years, can one narrow the range down

to one critical value,

Note that the soil test data are index values only. For most
tests the numbers cannot be used to directly calculate the number of

Kg/du of nutrient, such as P, available to the crop.

From the same trials as shown for P, preliminary data were

obtained for K as shown in the following table:
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Yield
Crop Location Soil Test K* Increase
from

before fertilization applied K

ppm %
Tomatoes Abu Habil 490 -12
Tomatoes Deir Alla 200 +7
Tomatoes Ghor Safi 150 -7
Cucumbers Keramah 850 -9

Although the data indicate some differences, in no case was there
a significant increase (or decrease) in yield from the application of
K at the 5 percent level of probability. Since the yields were quite
low at Ghor Safi, one cannot be sure that, with a relatively low soil
test K level (150 ppm), a yield response would not have been obtained
if yields had been higher. The data suggest a tentative critical

range of 100 to 200 ppm K.

An additional method of arriving at or confirming the critical

level is as follows (this was not actually done):

*
Ammonium acetate extractable
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After conducting the above trials where strong responses to P
were obtained, allow the trials to go into the second year without
additional P. Soil test each individual plot and measure the yield
from each plot. Then relate directly the soil test values (resulting
largely fucm tue previous year's application of P) with crop yield, as

shown in the following table:

Soil Test P Yield of Tomatoes
ppm T/du
9 1.1
12 2.9
16 3.5
24 4.0
29 4.4
35 4.6

The data show a clear increase in yield with increasing soil test

P values up to approximately 20 to 30 ppm.

The second year data tend to confirm the conclusion from the

first year data.

In areas with alkaline and calcareous soils, such as in the
irrigated areas of the western U.S., considerable soil test corre-

lation work has been done. Useful tests for NO.,-N, P, K, B and Zn

3!

) ()

)

() () )
I D T S S B B EE——




(

()

IT - 23

have been developed fo:r these areas. Tests for S, Fe, Mn and Cu are
available but are less reliable simply because of a lack of soil test
correlation data. Soil tests for Ca and Mg are also available, but
are of little value in alkaline or calcareous soils for obvious

reasons.

Methods developed for areas outside of Jordan may or may not be
applicable in the Jordan Valley. Even if the same methods prove
useful in predicting crop response, it is likely that the critical
values will be different.

Special mention should be made of the NO, test. This test has

3
proven useful in irrigated soils where the organic matter levels are
less than 2 percent., An estimated amount of N that will become

available from organic matter decomposition is included in the inter-

pretation.

Since the test is for the nitrate form of N only, time should be
allowed for nitrification of any ammonium N (NHA-N) previously ap-

plied. Generally this will mean a complete growing season.

Special sampling methods required for the nitrate test will be

described in the next section.

Vdl
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Soil Sampling Sampling studies have shown that:

1. Soils are variable - usually much more variable than most people
realize. The chemical variability as measured by soil tests is nearly
always much greater than the apparent variability as one views the

landscape.

2. Routine soil sampling generally does not adequately represent the
field or area sampled. Fields should be divided into areas that are
visually different from one another. At least one composite sample
should be taken for each situation. Large areas that appear uniform
should be subdivided. One should not attempt to represent more than
20 dunums with one composite sample. It would be desirable to limit

the sample area to 10 dunums if possible.

3. Each composite sample should consist of 5 or 6 large cores (5-6
cm diameter) or 10 or 12 small cores (2-4 cm diameter). For most
situations, the best sampling tool is a "tube" or "probe" 90 cm long

with an inside diameter of 2 to 3 cm.

However, in fine-textured soils in the Jordan Valley, some difficulty

has been encountered in obtaining samples with a soil tube, especially
at higher moisture levels. The sampler should try the soil tube first
but also have available a bucket auger and an ordinary irrigation

shovel in case the soil tube is not satisfactory.
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4, For most soil testing situations, the 0-30 cm depth should be
used. Occasionally one may choose to sample the 30-60 cm depth for
supplemental information. Since 0-30 cm is the depth used in soil
test correlation research (except for the nitrate test), one should

avoid using a different depth for routine soil sampling.

5. The nitrate test requires special sampling procedures.

Since NO,-N is very mobile, samples should be taken to the depth of

3
the root zone. For most vegetable crops in the Jordan Valley, 0 - 30

and 30 to 60 cm increments will be adequate.

Under furrow irrigation, the N03-N, because of its mobility,
tends to become banded between furrows. In this case a special
technique is needed where both the banded and non-banded areas are
included in the sample. Research has shown that a sample consisting
of one probe in the band, one midway between bands, and a third probe

midway between the other two provides a good sample.

6. Where fertilizers are banded beside the furrow, or under the drip
line under drip irrigation, sampling techniques have not been develop-

ed, but probably the method described in item #5 will work.
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Plant Analysis

Plant analysis has become a valuable and important tool in
programs involving soil fertility and plant nutrition. Its use as an
on-farm tool for improving plant nutrition has greatly increased in
recent years throughout the Western United States. For annual crops,
the primary function of plant analysis is to diagnose problems or to
monitor the nutrient status during the growing season. In some cases,
diagnosis can be made early enough to permit correction of defi-
ciencies during the current season. Plant analysis can be useful for
the prediction of nutrient needs in perennial crops, usually for the

year following that of sampling and analysis.

The Critical Nutrient Range

It has become well established that there is generally a good
relationship between the concentration of a nutrient in a crop and its
growth and yield up to the nutrient level at which the crop is ade-

quately supplied.

As the nutrient supply (and the nutrient concentration) increases only
slightly the yileld increases very sharply, resulting in a nearly
vertical line (Fig. 1). With further increases the line bends to the
right and then straightens to a horizontal line where further increases
in nutrient concentration have no effect on yield. The nearly verti-
cal line is the zone of deficiency; the horizontal line, the zone of
adequacy. Beyond the zone of adequacy is the zone of excess or of

toxicity.
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The critical nutrient range (CNR) is that range of concentrations
below which we are reasonably sure the crop is deficient and above

which we are reasonably sure the crop is amply supplied.

See the illustration on page _28 .
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Plant Sampling

Sampling is the most critical part of a tissue testing program.
Important factors are time of sampling, choice of tissue, and handling

of samples.

Time of Sampling Since nutrient levels change with time - in some

cases rapidly - the growth stage for sampling is critical. If inter-
pretation is to be accurate and meaningful, the stage of growth at the
time of sampling must be accurately noted. Equally important, the
growth stage for sampling must coincide with the stage designated from

research as the oné for which the CNR has been established.

Times of sampling are normally designated as early season, mid season,
or late season. It is important to sample during a precisely desig-
nated stage of growth rather than a generalized period with reference
to the growing season. If possible, one should avoid the use of

calendar dates or even a certain number of days after planting.

Seasonal Monitoring In many cases, the purpose of a plant sampling-

testing program is predictive; chat is, at a given time during the
season, a certain nutrient level should predict whether or not that
level will result in a reduced yield at harvest. The accuracy of

prediction is enhanced by monitoring; that is, by taking samples
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periodically during the season., Ideally, samples should be taken at
least three times during the season so that nutrient level curves can

be developed and trends noted.

The objective is to prevent the concentration of nutrient from reaching
critical or deficiency levels. Seasonal monitoring then considers the
changes (usually downward) in nutrient level during the season. (see

Fig. 2)
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Choice of Tissue

The choice of tissue is very important because of differences in
nutrient levels among various plant parts. More importantly, some
plant parts are more sensitive to treatment or nutrient changes than
others. The more sensitive tissue is the one to use, This is deter-
mined by research. In general, petioles are best for macronutrients

and leaf blades for micronutrients, but there are exceptions.

As a rule, qhe youngest fully expanded leaves are selected for samp-
ling and divided into blades and petioles, Sometimes both parts are
analyzed for nutrients, but usually one or the other is discarded.

For‘most crops a specific leaf can be designated; e.g., the fourth or

fifth from the top.

The number of leaves required varies with size of the leaves, but

usually leaves éhould be taken from 20 to 50 plants.

Leaves are dried in a forced draft oven at 60 to 70 °C and ground

through a 20 - mesh screen.

Tentative CNR values for Jordan Valley crops are shown in Table II-2.

)

()

()

(!

)

)

)

()



)

)

(|

Table II - 2

IT - 33

Tcntative Critical Nutrient Ranges (CNR). for Some Crops
Grown in the Jordan Valley
Time or Growth

Cxop Nutrient Stage Plant Part CNR
Beans,bush NOSN Midgrowth Petiole, 4th leaf 0.2 -~ 0.42

from tip
" PO,‘-P " " 0.1 - 0.32
" K " " 300 - 500!
" NO,-N Early bloom " 0.1 - 0.27
" POA-P " " 0.08 - 0.2%
" K " " 2.0 - 4.0%
" Zn Midgrowth Youngest mature

leaf 20 - 25%
Beans, Snap P Early bloom Recently mature

trifoliate leaf 0.2 - 0.3%
" K " " 1.0 - 1.5%
Corn, Sweet N Early silk leaf opposite ear 2.0 - 2.5%
" P " " 0.25 - 0,352
" K " " 1.5 - 2.0%
" Zn " " 10 - 20 ppm
Cabbage NO,-N Heading . Mid rib of wrapper

leaf 0.5 - 0.9%
" Poa~P " " 0.25 - 0,352
" K | " " 2.0 - 4,02

* The data, developed in the western U.S., and may or may not be accurate for the
Jordan Valley, but they should be useful as preliminary estimates.
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Time or Growth

Crop Nutrient Stage Plant Part CNR

Cantaloupe N03-N Early growth Petiole, 6th leaf from

(Yellow Melon) (short runners) growing tip 0.8 ~ 1,22

" PO, ~P " " 0.2 - 0.4%

" K " " 4.0 -~ 6.0%

" NO,-N Early fruit " 0.5 - 0.9

" PO, -P " " 0.15 - 0.252

" K " " 3.0 - 5.02

" NOB-N Mature fruit " 0.2 - 0.42

" PO, -P " 0.1 - 0.2%

" K " " 2,0 - 4,02

Cauliflower N03-N Midrib of young mature 0.5 - 0.9%
leaf

" PO, -P " 0.25 - 0,352

Corn, Swret K 2,0 ~ 4,02

Cucumber Nos-N Early fruit set lt’i:;iole, 6th leaf from 0.5 - 0,52

" PO, -P " " 0.15 - 0.252

" K v " 3,0 - 5.02

Lettuce Nos-N at heading Mid rib of wrapper 0.4 - 0.8%
leaf

" Poa-P " " 0.2 - 0,42

" K " " 2,0 -~ 4.0%

" NO,-N at harvest " 0.3 - 0.62

" PO, -P " " 0.15 - 0.25%

Pepper, chili NOS—N Early growth !{:i:ole.young mature 0.5 - 0,8%

" PO, -P " " 0.2 - 0.32

" K " " 4.0 - 6,0%
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Time or Growth

()

()
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()

Crop Nutrient Stage Plant Part CNR "

Pepper, chili NOS-N Early fruit set :::éole. young mature 0.1~ 0.2%

" PO, -P " " 0.15 0 0,25%

Pepper, sweet K Early growth " 3.0 - 5.0%

" N03-N " " 0.8 - 1,2%

" Po,-P " " 0.2 - 0.4%

" K " " 4,0 - 6.0%

" Noa-N Early fruit set " 0.3 - 0.52

" PO, ~P " " 0.15 = 0.252

" K " " 3.0 - 5,02

Potatoes

(California

data) N03-N Early season Peiiole, 4th leaf 0.8 - 1,2%

from tip

" PO, -P " " 0.12 - 0.2%

" K " v 9.0 - 11,02

" NO,-N Mid season " 0.6 - 0,9%

" POI‘-P " " 0.08 - 0.16%

" K " " 7.0 - 9.02

" NO,-N Late season " 0.3 - 0.6%

" Po,-P " " 0.05 - 0.1%

" K " " 4,0 - 6,02

Potatoes

(Washington N03-N tubes 2 cm diam. 4th or 5th petiole 1.6 - 2,12

data) from top .
P (total) 0.3 - 0,42
K 9.5 - 11.02
NOS-N 30 days after 2 em 1.2 - 1.6%
P 0.2 - 0,252

W\
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Time or Growth

%rog Nutrient Stage Plant Part CNR

Potatoes

(Washington K 9.0 - 10.52

data)
NO3-N 60 days after 2 cm 0.9 - 1,2%
P 0.1 - 0.15%
K 8.0 - 9,02
Zn 2 cm tuber 20 - 25 ppm

Tomato N03-N Early bloom Petiole 4th leaf 0.8 - 1,2%

from top

P04-P 0.2 - 0,3%
K 3.0 - 6.0%
N03-N Fruit 2.5 cm " 0.6 - 1,02
POI‘-P 0.2 - 0.32
.4 2,0 - 4,0%
No3-r'.' 1st color 0.2 - 0,4%
POA-P 0.2 - 0.3
K 2.0 - 4.0%

Oranges 5 = 7 months old

(California spring cycle leaves

except for N, from non fruiting

these data can be usnd terminals

for all citrus

fruits)
N 2.0 - 2,5%
P .10 - ,15%
K 0.4 - 0.7%
Ca 1.5 - 3.0%
Mg 0.15 - 0.25%
S 0.15 - 0,25%
B 20 - 30 ppm
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Time or Growth

Crop Nutrient Stage Plant Part CNR

Oranges 5-7 months old

(California data gpring cycle leaves

except for N, from non fruiting

these data can be used terminals

for all citrus

fruits)
Fe 35 - 60 ppm
Mn 15 - 25 ppm
Zu 15 - 25 ppm
Cu 3.5 - 5.0ppm

Grapes

(California Petiole opposite :luster

data, Thompson at full bloom

seedless)
N03-N .04 - ,06%
P 0.15 - 0,32
K 1.0 - 1,5%
Mg 0.3 - 0,52
Zu 15 - 25 ppm
B 25 - 40 ppm

Grapes

(Washington data) August Recently mature petiole
N03-N .015 - ,045%
P 0.1 - 0.2%
K 0.6 - 1,22
Mg 0.1 - ,15%
B 25 - 40 ppm
2u 25 - 50 ppm
Mn 50 - 75 ppm
Fe 15 - 25 ppm
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USE OF ANIMAL MANURE

Animal manure is an excellent source of fertilizer, if the supply is
nearby and the cost 1s not excessive, Manure is generally beneficial

because:

1. Of the nutrient supply for crops supplemental to that provided by

commercial fertilizer, and

2., During the process of the break-down of organic material certain
decomposition by-products act as cementing agents in the development
of aggregation of the soil particles. The usual result is an improve-
ment in physical properties providing for a desirable environment for
root growth, including water infiltration and permeability of the

surface layer of soil.

The nutrient content of manure depends on (1) the animal source and
(2) the treatment and age of the material, Manure that has been
exposed to the atmosphere for several weeks loses N from volatil-
ization. Thus fresh manure is usually much higher in N than that
which has been exposed for some time. The status of other nutrients
may also change somewhat., N and K are subject to loss from leaching

during storage.
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The data in Table II - 3 shows the N, P and K content of manure from

various animal sources.

An important consideration in the use of manure is the percent of each
nutrient that becomes available the first year and the residual value.
Guides are avallable that provide estimates based on considerable
experimental data. A useful rule-of-thumb is that 60 percent of the
total N applied in manure becomes available the first year, and 60
percent of that remaining becomes available. the second year, etc. For

P and K, a figure of 80 percent can be used as a rough estimate.

Table II-3 Approximate Nutrient Content of Various Fresh Animal

Manures (dry weight basis)*

Type of animal N 2305, sz Dry Matier
% % % %

Beef 3.8 1.8 2.8 12

Dairy 3.2 1.2 2,0 13

Sheep 4,0 1.8 4,2 .25

Goat 4.5 2.5 4.5 25

Horse 2.9 1.1 2.3 21

Poultry 5.0 2.2 1.0 25

*From various official sources.
Data from original sources are extremely variable, but relative

values are fairly consistent.
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Manure samples should be taken just prior to application and
analyzed for the N, P and K content and for moisture. The manure
should be incorporated into the soil to prevent further loss of N by
volatilization. The amount of manure applied per dunum should be
carefully estimated so that the actual N, P and K applied can be
calculated. This provides a basis for deciding the amounts of addi-

tional fertilizer to apply.

While the use of animal manure is generally a good practice,

certain precautions should be observed:

1. Don't apply too much. Manure probably should not be the
only fertilizer. A suggested range is 2,0 to 5.0 tons per dunum

of fresh manure, or 0.5 to 1.25 tons of dry material per dunum.

2. Repeated applications of high rates can result in high salt

levels. These can cause salinity problems, especially where the

soils are saline to begin with.

3. Manure is sometimes a source of weed seed. One should be

aware of this possible hazard, although the problem cannot always

be avoided.
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4, If the manure contains a considerable amount of straw or
other carbonaceous material, commercial N should be added with
the manure to prevent immobilization of N. A rough
rule-of-thumb is to apply 10 kg of N per ton (dry weight) of

manure.
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FERTILITY MANAGEMENT

Although optimum rates, methods and timing of fertilizer applica-
tions for Jordan Valley crops have not been determined, some general
guidelines can be given.

As previously stated, recent research indicates that N and P are
frequently needed, but that K, Ca, Mg, S and the micronutrients,
except Fe, are seldom if ever needed. Fe deficiency is apparent on
citrus and possibly on some vegetable crops.

Rates — Amounts of fertilizer to apply will depend on:

1. Potential yield and nutrient removal by the crop
2. Fertilizer nutrient efficiency and
3. Amount of nutrient supplied by the soil.

Nutriecnt Removal

It is obvious that nutrient requirement depends on the antici-

pated yield and nutrient removal by the crop.
Average nutrient removal figures for tomatoes are as follows:*

* Adapted from: Von Vexkill, H. R. 1979, First Int. Symp. on Tropi-

cal Tomaotes. AVROC Taiwan Oct. 23 - 27.
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N - 3.0 kg/ton of fruit
P - 0.4 "

K— 4.0 "

Nutrient removal for high yields of tomatoes is rather high,

especially for N and K.

Nutrient removal figures are useful in long-term fertility
management. However, nutrient removal alone is not a safe or adequate
guide in which to predict fertilizer needs, especially for the current
season. Much depends on the other two factors: nutrient efficiency

and the amount supplied by the soil.

Nutrient Efficiency

Nutrient efficiency refers to the percent of the nutrient applied
that is removed by the crop during the first season. Nutrient effi-
ciency varies greatly from one nutrient element to aﬁother. For
example, an average efficiency value for N may be in the range of 60
to 80 percent, whereas for P it may be only 15 to 25 percent. The
efficiency of K is generally somewhat higher than that of P but lower
than N, It is obvious that these efficiency values must be considered

when predicting fertilizer needs.
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Amount Supplied by the Soil

Jordan Valley soils are inherently low in N and, in many cases,
in available P. The soils appear to be supplying adequate K and most
of the micronutrients for crop needs. Soil testing is an important
and commonly used method of predicting fertilizer needs based on an
estimate of what the soil will supply. Soil testing research is
currently under wc in the Jordan Valley. In the absence of soil test
research data, one must depend on any experimental yield response data

which may have application under Jordan Valley conditions.

The amount of N required for vegetable crops may range from 5 to
25 kg/du, but will usually be in the 10 to 20 kg range. N rates
needed will depend greatly on recent cropping and fertilizer history
<ad on expected yield. Soil tests for N03-N (STN), when fully devel-
oped, will serve as a guide to estimate low, high, or intermediate N

levels in the soil.

The amount of PZOS to apply for vegetable crops may range from 0
to 30 kg/du but will frequently be in the 10 - 25 kg range. As in the
case of N, needed PZOS rates will depend on cropping and fertilizer
history and, to some degree, on expected yield. Based on research
currently under way, a soil test (STP) value below 20 ppm in the O -
30 cm depth may indicate a need for added fertilizer P, and above 30
ppm may indicate no need for additional P. Obviously as the STP value

decreases, the required rate of fertilizer P increases.
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As 801l testing research progresses and data become available,
critical levels for N, P, K and some micronutrients will become more

evident and fertilizer guides based on soill tests can be devcloped.

Methods and Timing

Tomatoes and other vegetables, open field, furrow irrigated.

Tomatoes are by far the most important vegetable crop in the

Jordan Valley, especially for the open field.

With reference to timing and method of application of fertil-

izers, one must consider the mobility, in soil, of N03-N and the

immobility of P,

Under furrow irrigation, there may be some advantage, especially
on sandy soils, of applying N in three equal applications because of
the possibility of being leached below the root zone, and to lessen
the hazard of temporarily high salinity levels, On the other hand, P
should be applied before planting and incorporated to at least a depth

of 15 cm.

Fertilizers should be applied in a broad band approximately 30 cm.

wide, below or beside the row.

NN
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A band is used to maximize efficiency since most vegetable rows
are more than one meter apart, but also the 30-cm band is used to
decrease danger of toxicity from a high concentration of salts in
soils that may already tend to be saline. Also, planting near the
edge of the water supply area in the furrow will allow for moisture to

move salts beyond the plants for maximum safety.

One must be aware of the hazard from salinity. Salinity should
be monitored before and during the early growth of the plants.
Contrary to common belief, tomatoes and many other vegetables are not

tolerant to high levels of salinity (see Table II-3).

Vegetable crops under drip irrigation (in open field, plastic tunnels

or plastic houses).

Most of the tomatoes in the Jordan Valley are grown in the open
field; frequently, but not always, under drip irrigation. Most of the
cucumbers are grown in plastic houses, nearly always under drip

irrigation.

It is doubtful that the nutrient requirement is related to the
irrigation method or whether or not the crop is grown under plastic,

except where higher yields are expected.
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Most nutrients are sufficiently soluble to be applied through the
drip system. Recognized advantages of using this method of appli-
cation are improved efficiency, labor saving, energy saving and

flexibility of timing according to crop demand.

N can be applied through drip systems as ammonium sulfate,
ammonium phosphate, urea, ammonium nitrate, calcium nitrate, or any
mixture of these. However, caution should be used in the use of
ammonium phosphate since the phosphate in these salts tends to precipi-
tate as Ca and Mg phosphates. A mixture of urea and ammonium nitrate
is very commonly used.

Urea and NO_-N will move essentially with the movement of water

3

into the soil beneath the emitter. NH3-N will move only a short

distance until nitrification to the NO3 form takes place, generally
after 2 to 4 weeks.

N as NH, can be lost by volatilization from soil or water that

3
has a ﬁH above 7.0. N as NOB-N can be lost by leaching under condi-
tions of heavy irrigation where the water moves below the root zone.
N can also be lost by volatilization under conditions of excess
wetness where N03-N is reduced to Nz and N20 and then lost to the

atmosphere.
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Research, especially on tomatoes, has shown that N is used more
efficiently when applied frequently through the drip system especially

early in the season and during the period of maximum growth,

Normally P and K and the micronutrient cations, Zn, Fe, Mn and
Cu, are relatively immobile, i.e. they will move with the movement of
water for only short distances except in very sandy soils, For this
reason growers have been urged to incorporate these elements into and

beneath the soil surface.

There have been serious problems, for example, in getting such ele-
ments as K and Zn down into the soil so that they are available to

perennial crops like tree fruits and grapes.

However, research has shown that P and K applied in drip systems
move to a much greater depth than when applied conventionally, thus

correcting some difficult nutritional problems.

P can be appliad as orthophosphoric acid, as in treble super
phosphate. All commonly used forms of K are very soluble., Most

micronutrients can be applied as chelates.

In short, drip systems provide an excellent means of applying

soluble fertilizers more efficiently than methods previously used.

)

()

()

)

)

)



)

)

)

()

)

)

o)

IT - 49

Since N and P are the only elements known to be deficient (aside
from Fe) in the Jordan Valley, it is advisable to avoid the use of
expensive soluble fertilizers that contain many different elements,

unless theilr need has been demonstrated.

Citrus and Grapes - Most of the principles described for vegetable

crops apply to citrus and grapes. The main nutrient element needed
for citrus and grape crops 1s N, probably at slightly lower rates than
for vegetables. The requirement range for these crops is 5 to 20
kg/du, but 10 to 15 kg may be adequate in most cases. It may be
advantageous to apply about ehe same rates of PZOS' but responses to P
are rare in tree fruits and grapes. It is unlikely that soil applica-
tion of micronutrients will be of value. It may be desirable to apply
on a trial basis, some foliar applications of Fe and/or other micronu-

trients. Rates and types can be provided by extension agents.,
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III MANAGEMENT OF SALT-AFFECTED SOILS
THE SALT PROBLEM

Salt has its origin in the minerals of the earth's crust. During
soil formation the weathering process decomposes the minerals and
salts are released. All soils and all natural waters contain salts.
Salts are essential; without them there would be no source of mineral
nutrition for crops. It is only when salts are present in excessive
amounts or when there is an excess of certain kinds of salts that

their presence becomes a problem.

The low rainfall-high evaporation conditions of arid regions
favor the accumulation of salts. However, salt buildup from these
conditions alone is usually not sufficient to cause problems., Harmful
buildup occurs when a field continually receives salt from surrounding
areas by surface or ground water, Irrigation without adequate drain-
age speeds up the process, Salinity is a problem frequently associated

with irrigation agriculture.

The Jordan Valley is unique in that the soils were originally
developed under very saline conditions. The native soils were gener-
ally moderately to highly saline before they were farmed under irriga-
tion. Salt levels are dangerously high in some areas, especially in
the south part of the Valley and at Ghor Safi. Native soils tend to
be somewhat higher in salts than those which have been farmed for

several years, indicating that probably some inadvertent leaching of
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salts has been occurring from the use of more water than is required

by the crop.

Soil, Water, and Management Factors

The current status of the salinity problem within a given field
depends not only on the salt level at the beginning of irrigation
farming, but also on the soil, water and management factors since that
time. The major factors which have an effect on the salt problem are

as follows:

1. The soil profile, soil physical properties and drainage condi-
tions. Slowly permeable soils and poorly drained soils tend to
accumulate salts. The marl formation underlying many of the Jordan
Valley soils is a good example of this type of problem, especially
where the layer is within 1.5 meters of the surface.

2. The quality of irrigation water. Most waters of the Jordan
Valley are of good quality (low in salts)., But even good quality
water contains a considerable quantity of salts that are deposited
with the water each year.

3. Water management; i.e., the amount and frequency of water appli-
cation., Basically, two questions are appropriate here: (1) Is enough
water applied so that periodically some excess water moves downward
through the soil carrying salts with it so that salts do not accumulate?

and (2) Is the amount of water applied substantially in excess of crop
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needs plus leaching needs so that salts are carried to and deposited

in low lying areas, thus adding to the salt problem?

4. Fertility management. Fertilizers are salts. In the Jordan
Valley, high rates of fertilizer are frequently used. If these are
not removed by the crop or by leaching, they add to the salinity

problem,

Each of the above factors, as they relate to the salt problem, will be

discussed later in greater detail,

Preliminary Definitions

To understand the salt problem, certain terms require definition
and explanation. For some terms, an empirical definition is offered.
Later, a more precise definition is given.

Saline. A saline soill is one which contains sufficient soluble salts

to impair its productivity. The negative effect is directly on the

crop, not on the soil. The pH is generally in the range of 7.0 to
8.3. Saline soils are characterized by uneven plant growth and bare
areas with loose, fluffy soils that are easily tillable and usually
have good infiltration and permeability properties.

Sodic. A sodic soil is one which contains sufficient exchangeable

sodium to impair its productivity. 1Its effect on the crop is indirect

through its effect on the soil. The pH 1is generally above 8.3 and may

be as high as 9 or 10. Sodic soils are also characterized by uneven

i
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growth and bare areas, but in contrast to saline soils, the soil is
slick, sticky and black when wet and very hard when dry. Water does

not readily move through the soil surface.

Saline~Sodic. A saline-sodic soill 1s both saline and sodic. Its

general appearance is more nearly that of a saline than a sodic soil,

Alkali. With reference to the salt problem, alkali is an obsolete
term which referred at one time to any salt affected soil. White

alkali had reference to what is now called salinity; black alkali

referred to what 18 now sodicity. The black color results from the
dissolution of organic matter under conditions of high pH. More
recently the term alkali has had reference to what is now sodic and
has been replaced by the latter term. Because of the confusion in
terminology, it is preferable to eliminate the term alkali in this
context,

Alkaline. An alkaline soil is simply one with a pH above 7.0. A
normal alkaline soil is usually productive and is not necessarily
related to the salt problem.

Calcareous. A calcareous soil is one that contains lime (CaCO3) and
effervesces ("fizzes") on the addition of a dilute acid. Since lime
has a very low solubility, a calcareous soil is not necessarily

saline.

Effect of Salinity on Plants
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Energy is required for plants to extract water from soils. The
lower the soil moisture level, the higher the energy requirement. The
amount of salt in the soill solution also has a direct affect on the

amount of energy required for extraction of water.

The problem of salinity can best be understood via reference to
Figure III - 1 which shows a contalner with a seﬁi-permeable membrane
separating the contents. In one half is water with 2 low salt concen-
tration, and in the other half is water with a high salt concen-
tration. The membrane allows water, but not salt, to pass through.
Since the presence of a large number of salt lons reduces the opportun-
ity for water molecules to strike the membrane, more water molecules
will pass from the solution of low concentration to the solution of
high concentration than in the reverse direction. The net result is a

passage of water toward the solution of high concentration.

Under normal growing conditions, the solution inside the root has
a much higher salt concentration than the soil solution outside the
root. This permits passage of water into the roots. An increase in,
salt concentration in the soil solutilon increases the amount of energy
required to extract water and generally results in reduced growth,

especially in the case of plants with low salt tolerance.

The passage of water through a semi-permeable membrane is called

osmosis.
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The pressure differential that occurs because of the difference

in salt concentration (Figure III - 1) is called the osmotic pres.ure.
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Semi Permeable
Membrane

-

Low Salt High Salt
Concentration Concentration

Osmosis

Figure III - 1 Solutions of salt with different concentrations

separated by a semi-~-permeable membrane.
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Contrary to common belief, the effect on the plant is not one of
drouth, The plant is able to continue extracting water, but only with
great difficulty and the plant undergoes a stress that results in
stunting. Drouth symptoms are normally quite different from symptoms
resulting from excess salt., Salt injury symptoms in addition to
stunting are: a dsrker than normal green color, sometimes a purplish
color, and various leaf symptoms such as chlorosis, downward cupping
of leaves and marginal necrosis. The roots are usually more severely

affected than the tops.

The physiological adjustment of the plant to saline conditions is

called osmotic adjustment.

The effect of salinity on plants as we have described it is

called the osmotic effect.

Measuring Salinity

It 18 generally believed that water conducts electricity. Pure
water 1s actually a very poor conductor; it is the 1onized salts in
water that conduct electricity. Thus water conducts an electric

current only because it normally contains salts,

Since: (1) electrical conductivity (EC) of a salt solution is
directly related to the salt concentration in that solution and (2)
there is a direct relationship between salt concentration in the soil

solution and its effect on plants, it follows that there should be a
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direct, positive relationship between the EC of the soil solution and
the salinity effect on plants. The truth of this has been well estab

lished.

An electric current is usually measured in terms of resistance
and the usual unit is ohm. Since conductivity is the reverse (recip-
rocal) of resistance, the term mho (the reverse of ohm) has been
coined for use with reference to conductivity. Since mhos are relativ-
ely large units, the commonly used unit is a millimho, abbreviated

mmho. Thus, one mho = 1000 mmhos.

Since the electrodes in an instrument measuring conductivity are
one cm. apart, the units are expressed in mmhos/cm. Since the measure-
ment is made on an extract from a saturated soil sample, the unit is
expressed as the electrical conductivity of a saturation extract (ECe)

at 25°C.

The Meaning of ECe Data

The ECe levels for different soil samples vary a great deal -
from less than 1,0 to as much as 50 or 100 or more. ECe of 4.0 was
chosen, somewhat arbitrarily, as the critical level between what is

considered a saline vs a non-saline soil.
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On this basis we can now offer a more meaningful definition of a

saline soil:

A saline soill is one which has an Ece value of 4.0 or more,

This definition, although convenient and useful for making a
distinction between saline and non-saline soils, has some troublesome
limitations. The most important is that crops vary widely in their
tolerance to salinity. When salt tolerance 1is classiflad on the basis
of a ten percent yield decrease, some crops are tolerant up to ECe of

only 1.5.*% On the other hand, some crops are tolerant to ECe levels

of 15 or 20.

Sampling problem: and the effects of various management practices
are alsc factors that make it difficult to arrive at a precise crit-
ical level., These will be discussed in greater detail in the section

under salt tolerance.

*For tiiis reason some have advocated that the definition be based on

2.0 mmhos/cm rather than 4.0.
]
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Effect of Sodium on Soils

Unlike salinity, the effect of sodium is not directly on the plant but
on the physical properties of the soil which, in turn, affect plant

growth¥*,

In a normal productive soil, the predominant exchangeable cation is
calcium which has a beneficial effect on the soil physical properties.
Calcium tends to enhance the aggregation of clay particles which
results in desirable properties in terms of water infiltration,

permeability, aeration and ease of tillage.

The effect of sodium on the clay particles is different from that of
calcium, The effect is two-fold -- dispersion and swelling -- so that
the soil becomes puddled, resulting in reduced infiltration and
permeability. A sodic soil 1is sticky when wet and very hard, smootk
and crusted when dry. It has problems relative to aeration and ease
of tillage, but the main growth-limiting factor usually has to do with

water movement.

**This statement 1s true in the present context of sodic soils, but
needs qualification. There is a direct toxic effect of sodium on some

plants which is explained later in the text.
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The percentage of exchange sites on the clay particles occupiled by

sodium (Na+) ions 1is called the exchangeable sodium percentage (ESP).

We can now offer a more precise definition for a sodic soil than the

one previously offered. A sodic soil is one in which the ESP is 15

OY more.

The détermination of ESP 1s somewhat involved; consequentiy, another

measurement is normally used which is easier to determine and correl-
ates very well with ESP, This value 1s called the sodium abscuption

ratio (SAR). The SAR of 13 is approximately equivalent to the ESP

value of 15.
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SAR is calculated from Ca, Mg and Na determined on a saturation
extract, similar to that used for the salinity test, and 1s expressed
as follows: where the catilons are expressed in milliequivalents per

liter (meq/l).

SAR = Na

Ca+Mg

As will be seen when we come to the section on water quality, the
ratio of Na to Ca+Mg is very important in evaluation the sodium effect

on soils.

It must be emphasized that the critical value of 15 for ESP or 13 for
SAR 1s useful for a general definition but is not very precise in
terms of predicting whether or not there will be a problem. In some
cases, except where SAR values are very high, other factors may
actually override the sodium effect. Factors that tend to increase
infiltration help to minimize the sodium effect, for example, where
soils are sandy or where organic materials are incorporated into, but

not beneath, the soil surface.

Toxicity of Specific ions
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As we have seen, the main effect of salinity on crop growth is the
osmotic effect., This means that any combination of soluble salts can
contribute to this effect and that, under most conditions, this effect

overrides any effect from individual ions.

However, toxic effects from specific ions that are distinct from the
osmotic effect do occur in some crops and can be serious. The princi-
pal ions involved are sodium (Na), chloride (Cl), and boron (B). A
toxic effect occurs when a given ion is present in the soil solution
above certain levels resulting in above normal concentrations of that

ion in the plant,

Presumably the main effect of salinity in the Jordan Valley is the
osmotlic effect. However, since two of the specific ions involved are
Na® and C1”, and since the principal salt in the Jordan Valley is
NaCl, it may be doubly important to consider under what conditions or
to what extent the problems are actually due to the osmotic effect or

to a specific toxic effect of Na+ or C1™.

Chloride (Cl7). Most tree crops and other woody perennials are
sensitive to low concentrations of Cl while most annuals are not.
Sensitive crops are citrus, grapes, avocado, cane berries, straw-
berries and some ornamentals. Evidently most agronomic crops are not

easily affected. Vegetable crops such as tomatoes and cucumbers are
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not known to be Cl -sensitive, but the general status relative to

vegetable crops in the Jordan Valley needs further evaluation,

The toxicity symptom for Cl™ is leaf-burn at the tips and margins of
older leaves. In severe cases, the leaf burning is accompanied by

defoliation.

C1™ content of leaves of sensitive crops of more than 0.3 to 0.5
percent may indicate toxicity. Most agronomic crops can tolerate 5 to

10 percent.

Sodium (Na+). Much of what we have said about Cl  also applies to Na.
Most tree crops and other woody perennials are sensitive. Marginal
leaf scorch occurs with a Na content of .25 percent or more in sensi-

tive crops. Later the burning progresses toward the mid-leaf area.

Probably only through tissue analysis can one determine whether or not
a problem from Na~ 1s one of direct toxicity or is indirect through
its effect on the soil physical properties. Jordan Valley crops
sensitive to Na toxicity at low ESP levels (ESP = 2 to 10) are: all
citrus crops, avocado and beans. In other crops, according to our
present knowledge, probably the sodicity effect would override the
direct toxicity effects, although both factors may exist in a given

situation.
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Boron (B). Boron is a nutrient element that 1s required in very small
amounts, but is toxic to crops in larger amounts. The margin of
safety becween enough and too much is rather narrow as toxicity may

occur at rates only two to three times the normal rate.

Normal foliage, depending on the crop, contains 25-100 ppm B, whereas
B levels greater than 200 ppm are frequently associated with B Toxi-
city. Evidently B from excessive amounts in the soil 1s absorbed and
translocated rather quickly to plant extremities such as the tips of
leaflets. Thus, leaf tips and margins show symptoms of scorch in much

the same way as those resulting from Cl™ or Na toxicity.

Boron has been known to occur at levels of 400 to 500 ppm in alfalfa

leaflets under conditions of toxicity.

Normal soil test levels of B are below 1.0 ppm. Where levels are

above 2.0 ppm, the B may be at toxic levels for some crops.

IRRIGATION WATER QUALITY

All natural waters contain some dissolved salts. In the absence of
leaching, salts accumulate in direct proportion to the salt content of
the water and the depth of water applied. Thus even "good" quality
water (low in salts) can contribute to the salt problem under certain

soil conditions and management systems.
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The chemical quality of irrigation water is a major factor relating to
the salt problem. Certain criteria have been established in the
evaluation of irrigation water quality with special reference to its
chemical composition. But it must be emphasized that the composition
does not, by itself, determine whether or not water from a certain
source can be successfully used. Factors other than the composition
of the water are the soil physical properties, the crop to be grown

and soll and water management.

More specifically, the quality of an irrigation water should be
evaluated In terms of the:
1. Amount and types of salts in the water
2. Tolerance of crops to various amounts and types of salts
present
3. Frequency, rate and method of irrigation
4, Physical properties of the soil profile
5. Soil management--fertilization, tillage, establishment of
drainage and the application of amendments, organic materials,

etc.

Fortunately, major sources of irrigation water for the Jordan Valley
are generally suitable for i?rigation. although some irrigation waters
are of lower quality, especially if drainage waters and water from
wells are used. In any case, it is very important to test water

samples and to understand the meaning of the analytical data.
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Chemical Composition of Water

Chemical constituents normally determined on water samples and the

units in which they are expressed are as follows:

pH
Electrical conductivity at 25°C (ECw) ....... mmhos/cm

BOI'OII (B) ® 9 9 00 P CPI IO IS SIIOEOIRIOEUEDPNBSOIEBSOIEPRPOIOE RSOOSR ppm

Cations, meq/l Anions, meq/l
Calcium (Ca) Carbonate (CO3)
Magnesium (Mg) : Bicarbonate (HCO3)
Sodium (Na) Sulfate (804)
Potassium (k) Chloride (C1)

Nitrate (N03)

The sum of the catilons should be approximately equal to the sum of
anions., Classification of irrigation water depends not only on the
magnitude of each of the above, but to a great extent on the levels of
some values relative to the level(s) of some others. Certain combina-
tions of Ca, Mg, Na, 003 and HCO3 have a considerable effect on
quality. These combinations will be explained later.

Some individuql ions such as B, Ca, Mg, K, 804 and NO3 obviously have
fertilizer value. When calculated on the basis of amounts applied per
dunum in the water, the fertilizer value is often considerable. In
addition, the individual ions, B, Na and Cl, may have a direct toxic

effect on plants as previously explained.
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Classification of Water

An 1deal classification system would accurately predict the
effect of irrigation water on soils and plant growth., A number of
systems have been developed and .i0st of them are useful, but it is
doubtful that any scheme can be devised that will accurately predict
effecfs on soils and crops because of the extraneous factors already
mentioned. Nevertheless, classification systems currently in use do

have considerable value.
The quality of irrigation water is evaluated in terms of:
The salinity hazard
The sodium hazard, and

The specific toxic ion effects,

Salinity Hazard As the term implies, salinity hazard refers to the

potential accumulation of soluble salts in the root zone from the
continued use of water of certain salinity levels. As previously
indicated, one cannot accurately predict the degree of hazard from the
salinity level alone, since other important soil and management

factors are involved.
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Even good quality water contains some salt and, under conditions
of poor drainage and poor management, salinity problems can develop

over time.

With reasonable soll permeability and reasonably good water

management, there should be no salinity problems with irrigation water

with ECw less than 0,75 mmhos/cm. The hazard increases between 0,75

and 3.0 mmhos/cm. This means that, as the conductivity increases, one

must increasingly depend on (1) permeable soil with no drainage

problems and (2) good management.

There comes a point, however, where even under the best soil and
management conditions, water with high salt content will cause a
problem., Eventually even salt tolerant crops will be affected. This
point is considered to be 3.0 mmhos/cm. For crop production to be
maintained, some water with low salt content must be mixed with or

used alternately with waters of ECw of 3.0 or more.

Sodium Hazard As with salinity, the sodium hazard values alone may

not accurately predict whether or not there will be a sodic problem
from the use of a given source of water because of other important

factors.
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The potential sodium hazard depends on the relationship between
the concentration of Na and concentrations of 003, HCOB, Ca and Mg.
If Ca and Mg are high relative to Na, the negative effect of Na is
reduced. If considerable Na 1s present and there is an excess of CO3
and HCOB, then most of the Ca and Mg will be precipitated, leaving the

Na free to have its negative effect on the soil.

For example:
Na© 4 HCO,™ + ca”t > CaCo,\ + it o+ Nat
The sodium hazard is estimated from the calculation of SAR of the

water based on the Na, Ca and Mg content.

This SAR value is then used to obtain the adjusted SAR (SARa)
value which also considers the CO3 and HCO3 content.

Calculation of SARa is done from tables and is somewhat more
complex than the calculation of. SAR itself. SARa will usually be

calculated in the laboratory by the analyst.

A simple guide for interpretation of water quality is shown in
Table III-1. The table is somewhat self-explanatory. The section on
salinity refers to the direct effect on the crop. The section on
permeability considers in combination the effects of salinity and SARa

on the soil properties and includes three types of clay minerals.



IIT - 22

It will be noted that higher levels of ECw have a beneficial
effect in terms of permeability. The section on specific ion toxicity
evaluates toxic effects of levels of Na (as SARa), Cl and B on the

crop. These effects have been described previously.

It should be noted that pH is always measured but seldom used in
the interpretation simply because it will not, by itself, indicate
whether or not there will be a problem. Normal pH values range

between 6.5 and 8.4,
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*
TABLE III-1 - Guidelines for Interpretation of Water Quality for Irrigation

IRRIGATION PROBLEM DEGREE OF PROBLEM

Increasigg Severe
No Problem Probl-m Problem

SALINITY (affects crop water availability

ECw (mmhos/cm) 0.75 0.75-3.0 3.0

PERMEABILITY (affects infiltration rate into soil)

ECw (mmhos/cm) 0.5 0.5-0.2 0.2
sara 2/ X/
17
Montmorillonite (2:1 crystal lattice) 6 6~9 9
*k
Illite-Vermiculite (2:1 crystal lattice) 8 8-16 / 16

Kaolinite-sesquioxides (l:1 crystal oy
lattice) A 16 16-24 24

SPECIFIC ION TOXICITY (affects sensitive crops)

Sodium 2/ 22/ (saRa) 3 3-9 9
chloride X/ X2/ (neq/1) 4 4-10 10
Boron (mg/1) 0.75 0.75~2.0 2.0

*/  SAta means adjusted Sodium Absorption Ratio and can be calculated using the

procedure given in Table

Adapted .vom: Ayers, R. S, and D, W, Westcott, 1976

Water Quality for Agriculture, Irrig. and
Drain. Paper 29, FAO, Rome.

gV
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+/ Values presented are for the dominant type of clay mineral in the

- soll since structural stability varies among the various clay
types (Rallings, 1966, and Rhoades, 1975). Problems are less
likely to develop if water salinity is high; more likely to
develop if water salinity is low.

*%/ Use the lower range if ECw .4 mmhos/cm;
Use the intermediate range if ECw = 0.4 - 1.6 mmhos/cm;
Use upper limit if ECw 1.6 mmhos/cm

++/ Most tree crops and woody ornamentals are sensitive to sodium and
chloride (use values shown). Most annual crops are not sensi-
tive (use the salinity tolerance table No. III-3),.

k%%/ With sprinkler irrigation on sensitive crops, sodium or chloride
in excess of 3 meq/l under certain conditions has resulted in
excessive leaf absorption and crop damage.

Water Quality in the Jordan Valley

In Table III~2 are examples of irrigation water quality in the
Jordan Valley. While water quality varies considerably among well
sources, most of them are high in both salinity and sodium hazard.
According to the guidelines in Table III-1l, the well water example
glven constitutes a severe problem in terms of salinity and an
increasing problem in terms of the sodium hazard, especially when

applied to soils with 2:1 expanding clays.

The data from the Eact Ghor canal sample are typical and indicate that

those waters are of vry good quality.

Growers should be strongly encouraged to submit water samples for

analysis and evaluation, especially for water from wells.
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*
TABLE III-2 ~ Anslyses of Two Water Sources in the Jordan Valley

SOURCE FCW Ca Mg Na Cl soa CO3 HCO3 SAR SARa pH
Well at umhos/cm meq/1

Karamah 3.6 10.4 15.0 20.0 34.8 6.1 0.0 4,5 5.6 14,6 7.8
East Ghor Canal .

Deir Alla 0.77 2.4 2.5 3.0 3.0 0.7 0.2 4.1 1.9 4.8 8.0
*From: Subni, Abdulla, of October survey, 1976. Dept. of Agric,

Ext. and Res. MOA,

SALT TOLERANCE

The osmotic effect of saline water on plants was explained
earlier. It was emphasized that a plant undergoes what is called an
osmotic adjustment where soil salinity is high. The plant undergoes a
stress that is not a water stress and thus does not wilt or die from
drouth. The degree of osmotic adjustment by plants is genetically
related as indicated by the wide variation in salt tolerances shown
by various plants., For example, the 10 percent yield decrement for

barley occurs at approximately ECe = 10, while for corn the value is

2.5'

In evaluating salt tolerances of crops certain precautions should
be remembered. For example, observations in the field may not always
support the data in the tables. There could be several explanations,

such as:
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a) If part of a root system is in nonsaline soil, the plant
will often tolerate fairly high salt levels in the salinc part of

the soil.

b) Sampling is a problem, Sampling should be done where most
of the roots are. For shallow-ivooted crops such as cucumbers,
sampling the upper 6 inches of soil is a good practice. Time of
sampling is also very important because salts are mobile.
Sampling should be done when the injury first appears, if

possible.

c) Tolerance depends on the stage of growth. Work at WSU
(Prosser) has shown that mint was much more tolerant when 10
inches tall then when it was 4 inches tall. Many, but not all,
crops are more salt sensitive during germination than later.

In addition, one cannot predict the tolerance of a crop during
germination from its tolerance during the grand period of growth,

as shown in the following table:

Tolerance, mmhos/cm

Rapid

Crop Germination Growth Stage
Beans 2.0 2.0
Sugarbeets 3.0 9.0
Barley 9.0 11.0
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1) Although the tolerances of beans and beets are
similar at germination, they are greatly different
during later growth.

2) Although the tolerance of beets and barley are
similar during later growth, they are greatly
different at germination.

3) Data from various sources are not always in

agreement.,

We have used our best judgment in
adapting available information.

Remember that established tolerance levels are not absolute, because
of the many interactions among plant, soil, water and environmental
factors that influence the plant's ability to tolerate salt.

Yield levels of 100% (threshold), 90% and 75% for various crops

are shown in Table III-3.

probably adapted to Jordan Valley.

The table includes crops not grown in but

TABLE III-3 - Major Crops Adapted to the Jordan Valley with ECe
Threshold Level and EC at 907 and 757% Yield for Each

Crop
Alfalfa

Barley
Beans
Broccoli
Cabbage
Cantaloupe
Carrots
Cauliflower
Citrus
Corn, sweet

Cucumber

Crog
ECe

Threshold

2.0
8.0
1.0
3.0
2.0
2.5
1.0
2.5
2.0
2.0

2.0

ECe at
90% Yield

ECe at

75% Yield

3.5
10.0°
2.0
4.0
3.0
3.5
2.0
4.0
3.0
3.0

3.0

5.0
12.0
3.0
5.5
4.5
5.0
3.0
5.5
4.0
4.0
4.5




(Table III-3 cont'd)

Crog

Grapes
Lettuce
Onions
Pepper
Potatoes
Squash
Sudan grass
Sugar beets
Tomatoes
Wheat

Fruit crops
Date palm
Fig

Olive
Pomegranate

Grapefruit

Citrus crops

Avacado

ECe at

Threshold

1.5
1.5
1.5
1.5
2,0
1.5
3.0
7.0
2.5

6.0

5.0
2.5
2.5
2.5
1.5
1.5

1.0
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ECe at

3.0
2.0
2.0
2.5
3.0
3.0
5.0
9.0
3.5

7.5

7.0
4.0
4.0
4,0
2.5
2.5

2.0

4.0
3.0
3.0
3.5
4.5
4.5
8.0
11.0
5.0

9.0

9.0
6.0
6.0
6.0
4.0
4.0

3.5

~
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RECLAMATION

Methods of reclaiming salt—affected soils depend on the nature of
the problem. Saline soils are reclaimed by leaching salts downward
below the root zone with excess water, Sodic soils must also be
leached, but must first be treated with an amendment such as gypsum.
In either case, adequate drainage should be provided so that the water
table is at a depth of at least 1.5 meters, and water may move freely
by saturated flow to that depth, If adequate drainage is not provid-
ed, any attempts at reclamation are nearly useless and the grower is

forced to managing a soil that probably will remain saline or sodic.

Saline soils - Leaching 1s a process in which water applied to
the fields is allowed to soak through the soil and drain away under-
ground, carrying salts with it, Leaching can be done with water of
nearly any quality, but more water is required where the salt content
is high than if it is low. Obviously, leaching should be done with
the best guality of water available, preferably with ECw less than 1.0
mmhos/cm. Most surface waters in the Jordan Valley are acceptable but
the water should be tested for quality to evaluate its use, Some well
waters in the Jordan Valley are relatively high in salts and thus not

as suitable for leaching.
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*
Recent research has shown that the amount of water required for
salt removal is much less for soils of course texture than for those

of fine texture, as shown in Table III-4.

TABLE III-4 - Amount of Water Required for Salt Removal from
Soils of Different Textures

Water Required

% Salt Removal Soil Type cm per 30 cm Soil
50 sandy loam 5
50 silt loam 10
50 clay loam 15
80 sandy loam 15
80 ' silt loam 30
80 clay loam 45

Example:
Given -~ Root zone = 90 cm

Present ECe 10 mmhos/cm
Desired ECe = 2 mmhos/cm

Soil type = silt loam

Leaching of 807% of the salts from each 30 cm of silt loam requir-
ed 30 cm of water X 3 (90 cm root zone) = 90 cm of water depth requir-

ed.

*Mallory, Rich. 1981, "Leaching Requirements for Salinity Manage-
ment Vary According to Crop." Irrigation
Age, September. The work was done by Dr.
Glenn Hofmann, USDA Salinity Lab, Riverside,

Ca.
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The desired ECe will depend on (1) the salt tolerance level of
the crop and (2) how much yield reduction, if any, the grower is
willing to accept. These values can be determined by reference to
Table III-3, It is neither desirable nor necessary to reduce the salt
level below the threshold or below the desired ECe. The water requir-

ed for the extra leaching is uneconomical,

Intermittent ponding of water is nearly three times more effi-
cient than steady ponding in soils of fine texture, but there is
little difference in sandy soils. On soils of medium texture, the

effect 1s intermediate.

Leaching can be accomplished by rainfall, ponding water on the
surface, or by sprinkling. Furrow and drip irrigation are not very
effective unless the furrows or drip lines are closely spaced, pre-
ferably not more than 60 cm apart. Surface flushing removes only
small quantities of salts, Regardless of the method used the applica-

tion rate should not exceed the soil's infiltration rate.

The best time to leach is during the off-season, which, in the
Jordan Valley is during the summer. It 1is nearly impossible to leach

with excess water while the crop is growing without damaging the crop.

After leaching, the soil should be tested for salts to determine

whether leaching has been effective. At the same time, soils should
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be tested for nutrient elements., Mobile nutrients such as N will

probably need to be replaced.

Sodic Soils - Before leaching, sodium must be removed from the
soil's exchange complex so that it will move out with the leaching
water. This 1is best accomplished with soluble Ca, and the most common
source of Ca for this purpose is gypsum (CaSOa). The action is simply
a replacement of Na with Ca on the clay particles as follows:

Na

CaS0, + Na Ca |c1.-~,'| + Na,S0,

After Incorporating the gypsum into the soil, leaching water can
be applied according to methods described for saline soils. The Na
will be leached downward as soluble Na2804. The clay will become
nearly Ca-saturated, dispersion and puddling are reduced and floccula-

tion of clay particles increased, thus increasing water infiltration

and permeability.

Saline-Sodic Soils - Essentially the same procedure is used for
saline-sodic soils as for sodic soils. However, one should be aware
that saline-sodic soils frequently have good infiltration and perme-
ability properties because of the salt effect on flocculation. Thus
one could be misled into leaching salts prematurely; i.e., before

adding any gypsum.
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With the Na present, the soil is likely to "tighten up" -- become low
in the infiltration rate. Gypsum should be incorporated prior to

leaching.

The amount of gypsum required can easily be calculated from the
soll test. These computations are usually done by the analyst in the

lab.

Gypsum is unlikely to be needed in the Jordan Valley because (1)
there are few if any sodic soils, and (2) many of the soils contain
gypsum,

Soil Sampling - Guidelines for soil sampling for salt affected
solls - for either salinity or sodicity - are similar to those for the
fertility soil test as described on page 1I-24, However, two addi-

tional comments are appropriate:

1. Sampling areas can frequently be determined visually,
especially if the problem causes bare areas in the field.
Obviously, samples from affected areas should be kept

separate from samples from non-affected areas.

2. Samples should be taken at depts of: 0-15, 15-30, 30-60 and

60-90 cm.
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MANAGEMENT

*
Management of saline solls 1s accomplished during the growing of

a crop and refers to the following situations:

1. Where reclamation has been accomplished or on any non-saline

or slightly saline soil with adequate drainage.

2, Where a water table is within 1.5 M of the surface, where
adequate drainage is not possible, and/or where one may have
to "live with" a soil with at least a moderate salinity

level,

In any case, management involves the periodic application of more
water than is required by the crop. The amount of extra water needed
to maintain a certain soil salinity level expressed as a percent of

crop requirement is called the leaching requirement (LR).

Salts shculd be kept at levels not damaging to crops, but not at
levels lower than necessary. To remove all or most of the salts
requires relatively large amounts of water and i1s unnecessary and

wasteful.

Sodic soils are not included in this discussion because sodicity does not
appear to be an important problem in the Jordan Valley.

Zz!
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Instructions for determining leaching requirement are given

below.

FCw
LR =

5 ECe - ECw

Where LR is the minimum leaching requirement needed to
control salts

ECw is the electrical conductivity of the water

ECe 1s the desired electrical conductivity of the soill

(from Table III-3).

Example: ECw = 1,0

ECe = 4,0
1 1

LR = = = ,053 or 5.3%
5x4~-1 19

If East Ghor water, or water of equal quality, is used, it is
doubtful that the leaching requirement will be high - probably usually

less than 107 and possibly less than 5%, Where well waters or other
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waters with higher conductivity are used, e.g., ECW >2.,0, then the LR

will increase accordingly.

Timing of the application of extra water is not critical provided
crop tolerances are not exceeded for extended perlods. The extra
water can be applied at each irrigation, monthly, or, probably in most

cases, annually.

Surprisingly, the management principles described above are
essentially the same in soils with a high water table or where ade-
quate drainage 1is not possible. Water must move into and down through
the soil, however slowly, and out through a drainage system., Even
though drainage is slow and the soils tend to stay wet, it 1s essen-
tial that more water be applied than is required by the crop, and that
an amount of water equal to the extra water applied be moved down and

out - by lateral movement in the soll, if necessary.

One of the main deterrents to using this management practice is
psychological, It is very difficult to convince a grower he should
apply extra water when the soil may already be wet. Crops having

tolerance to wet solls should be recommended under such conditions.

In situations involving salinity management and leaching require-
ment, water requirement can be estimated from evaporation from Class A
pan data. Procedures for estimating water requirement are described

in Section 1V,
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IV WATER MANAGEMENT

Sound irrigation and soil water management decisions are based,
to a great extent, on soil physical properties and some principles
that relate to those properties. In this section on water management

we will discuss, briefly, the relevant aspects of:

1. The soil as a three-phase system

2, Certain soil physical properties that affect soil water
relationships

3. Soil water retention

4., Evaporation and water use
From this point we will move into management practices under
the general heading of:

5. Irrigation scheduling

THE SOIL, A THREE-PHASE SYSTEM

Soils are made up of three physical components: solid, liquid
(soil solution) and gas (air). These are shown diagramatically in

Figure IV-1 for a Jordan Valley soil of medium texture.
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Pore | Space

Soil ! Sail
Water |  Air
< Organic
~
Mineral
Solid

Figure IV-1, The approximate proportions of solid, liquid and

gaseous components of a soil of medium texture a few days after a

thorough irrigation.

The solid phase, shown as if it were compressed to exclude all
air and water, makes up approximately 50 percent »f the soil volume.
The pore space is then approximately 50 percent with half of that
being liquid and half gaseous. This would be the situation a few days
after irrigation or a heavy rainfall, The proportions of solid,
liquid and gas are different in soils that contain more sand or more

clay. These differences will be discussed in a later section.

)

)

()

)



)

()

()

()

)

()

IV -3

SOIL PHYSICAL PROPERTIES

Soil texture
Soil particles are placed into three very general categories
according to size. The smallest are clay particles, the largest are

sand and those of intermediate size are silt.

The proportion of sand, silt and clay in soils refers to the soil
texture. The way in which the soil particles are arranged refers to

the soil structure., Other topics discussed in this section are the

density and porosity of soils.

The U.S. Department of Agriculture classification system for
soils separates is shown in Table IV-1 along with the approximate

number of particles per gram and the approximate total area per gram.
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Table IV~1 - Size Ranges of Various Soil Separates (USDA system) and

Other Characteristics

Diameter* No. particles Surface area

Separate mm per gram sq. cm/gram
Very course sand 2.0C¢ - 1.00 . 90 11
Course sand 1.00 - 0.50 720 23
Medium sand 0.50 - 0.25 5,700 45
Fine sand 0.25 - 0,10 46,000 91
Very fine sand 0.10 - 0.05 722,000 227
silt 0.05 - 0,002 5,776,000 454
Clay Below 0,002 90,260,853,000 8,000,000

The two items of special interest are the wide range in particle
size and the wide range in surface area. For example, a particle of
fine clay (not shown) can be 0,0002 mm in diameter. Thus a particle
of very course sand of 2 mm is 10,000 times greater than a particle of

fine clay.

Also noteworthy is the wide range in total surface area of a gram
of clay compared to a gram of any of the other separates, especially
of the sands. A handful o soil of mediuvm texture has an estimated 20
to 40 dunums of surface area, much of which can be attributed to the

clay fraction.

*

Particles are not spheres but are assumed to be spheres and calculations

are based on the largest possible size,
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Thus the wide variation in particle size and in surface area
show, in part, why soils vary so much in physical properties. These
variations are greatly reflected in oil moisture relationships as

will be seen.

The soil textural classification is based on the relative pro-
portions of the various soill separates. The USDA system is shown as

triangle in Figure IV-2,
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Figure IV-2, The textural triangle
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A soil never consists of only one separate. Each of the 12 units
shown in Figure IV-2 is a combination of soil separates and is known
as a textural class. In the figure, the intersection of the percent
sand and percent clay falls within a textural class. The percent silt
is determined by difference. For example, a soil with 30% sand and

10% clay (and, thus, 60% silt) is a silt loam.

Many soils in the north half of the Jordan Valley are in the
clay, clay loam, silty clay or silty clay loam classes. In the
southern part of the Valley and at Ghor Safi, many, but by no means

all, soils are in the silt loam, sandy loam and loamy sand clauvses.

It will be noted that there are classes called sand, silt and
clay. These soils are not 100% sand, silt or clay and should not be

confused with soll separates by the same names.

Many soils in the Jordan Valley are cobbly, stony or gravelly.
These components, although screened and weighed separately, are
included in the general nomenclature of soils. According to the
amount gravel or stones present, the term "gravelly" or "stony" may
appear in the name of the soil, e.g., gravelly fine sandy loam or

stony silt loam, etc.
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Soils high in clay are smooth. The soil shines when wet, on the
soil auger curls. They are compact and hard when dry, tough when
moist and plastic and sticky when wet. Medium size clods are commonly
found. Large cracks may appear in dry fields due to shrinking and

swelling.

Soils high in silt may appear cloddy when dry, but when pulver-
ized the soils has a soft floury feel. When moist, it coheres readily
forming balls which can be handled freely without breaking. When wet
the soil is moderately plastic and sticky and will form clods under
improper tillage. Silt loams will not "ribbon" as easily as clay
soils when rubbed between thumb and finger when moist. High silt
soils often have low aggregate stability, and thus are subject to

erosion.

Soils high in sand feel gritty when rubbed between thumb and
finger when either moist or dry. They may have sufficient body to

produce a ball when moist, but.clods crumble readily when dry.

Soil structure
As previously indicated, soil texture has reference to the size
of goil particles but soil structure has reference to the arrangement

of the particles.
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Certain processes occur in soils whereby cementing agents are
formed which cause soil particles to cling together in groups or
clusters called aggregates. The cementing agents may be organic
substances derived from the decomposition of organic materials such as
farmyard manure, or green manure that has been incorporated into the
soil surface or from microorganisms. The agents may be inorganic such

as calcium carbonate or iron oxides.

Usually the process begins with an initial step called floccul~

ation whereby the particles become clustered because of an attraction

for each other. The floccules may be unstable and temporary unless
acted on by cementing agents over time so that the clusters become
stable agzregates. A stable aggregate is one which does not disinte-

grate easily with the action of water or tillage.

A soil with good structure is one where the particles are well-
aggregated. It is one thai is well-aerated, easily tilled and has
good water infiltration and permeability properties. Unlike texture,
soil structure has little effect on water holding properties, but is

very important in terms of soil water movement,
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Bulk density and porosity

While bulk density and porosity are properties distinct from one
another, they can conveniently be treated together since an increase
in density is concurrent with a decrease in total porosity and vice

versa.

Density - The density of a substance is its weight per unit
volume, usually expressed in grams per cubic centimeter. The
reference point is the density of water at 4°C, which is 1.0. The
density of the soil minerals themselves (as if there were no pores) is
approximately 2.65 g/cc. In practice we are mainly interested in the
density of the soil as is, pores and all. This is called the bulk
densitx*, and the average value for a soil of medium texture is
approximately 1.45. The bulk density of a sandy soil is usually
higher than 1.45 because of less total pore space. The bulk density
of a clayey soil is usually somewhat less than 1.45. Bulk densities

of most mineral soils range from 1.2 to 1.7.

*
Bulk density is defined as the weight ratio of water-free soil to its
bulk volume and is sometimes referred to as volume weight.
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Porosity - There are two aspects of porosity that are important:

(1) Total porosity or the total pore space as a percent of the
volume of soil. Sandy soils contain less total pore space than clayey

soils.

(2) Pore size distribution, or the percent "large" pores (macro-
pores) vs. "small" pores (micropores). Large pores can be roughly
defined as those from which water is drained out by gravity. For
example, a few days after an irrigation, large pores are filled with
air and small pores are filled with water. Small pores are sometimes

known as capillary pores, and large pores are noncapillary pores.

Sandy soils contain a high percent of "large" pores vs. "small"
pores. The porosity characteristics of soils relate to the fact that,
under saturated conditions, water usually moves more freely and drains
more rapidly in a sandy than in a clayey soil, but a sandy soil holds

less water than a silty or clayey soil.

Compaction - It is obvious that a compacted soil, has a higher

bulk density and a lower total porosity, than a non-compacted soil.

Compaction reduces the size of the large pores bdut, evidently,

has little effect on thke small pores. But the reduction in large pore
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size is usually not sufficient to increase the percent of small pores
to where water holding capacity is affected. The major effect, then,
is not that of increasing water holding capacity but of reducing water

infiltration and permeability.

It is a common error to conclude that a hard or compacted soil
has a low available water holding capacity when the usual problem is

simply that it was difficult to get water into the soil.

In addition to its effect on soil water relationships, compaction

may also reduce aeration and reduce root growth because of physical

impedence.

Compaction problems can frequently be alleviated by the use of
proper tillage practices, the application of manure or other organic
materials and via crop rotation and green manuring. Low infiltration
can often be alleviated by the application of organic materials and

lightly incorporating them into, but not beneath, the soil surface.

Compacted layers can be loosened by a chisel plow prior to
planting of of the crop. In cultivation of a row crop where com-
paction may be a problem, one must strike a medium between cultivating
deep enough to loosen the compacted layer, but not so deep and close

to the plant as to do damage from root pruning.
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The Soil Profile

The soil profile is a vertical section cut into the soil %o a
depth of approximately 1.5 meters except where the soil is shallower
than this. The profile can be evaluated by digging a pit to that
depth and examing the face of the pit. As shown in Figure IV-3, a
profile consists of somewhat horizontal layers called horizons, which
are usually divided in a very general sense, into A, B agd C horizonms.
Horizons are developed over time and, in a very young soil, some or
all of the horizons may not be present. Many soils in the Jordan

Valley are young and not highly developed into distinct horizons.

The A horizon, the surface layer, is generally darker in color
and higher in organic matter than the rest of the profile. The A

horizon may or may not correspond to the plow or tillage layer.
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Figure IV - 3. A soil profile with A, B, and C horizonms.

The B horizon is lighter in color, lower in organic matter,
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the A horizon. The C horizon 1is the parent material from which the A

and B horizons werc developed.

The A and B horizons are frequently further divided into sub

horizons, especially in well-developed soils.

The profile should be examined by sight and by feel. A knife or
screwdriver is essential for evaluating the density of various layers.
One can evaluate, based on careful examination, the various layers
relative to texture, structure, density and porosity and can, then,
make a general evaluation relative to soil water relationships, both

in terms of water holding capacity and water movement.

At the time of examination of a soil profile, surface and subsoil
samples can be taken for various tests. For example, an especially

important test in the Jordan Valley would be for salinity.

Much more could be written about the soil profile and about soil
development, classification and survey. This information, while very
important, is considered beyond the scope or purpose of this Guide.
However, users of the Guide are strongly encouraged to become familiar
with and make use of soil survey information for the Jordan Valley

developed by the Jordan Valley Authority.

WM
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SOIL WATER RETENTION

The concept that soils hold water in somewhat the same way that a
sponge holds water is a generally accepted idea. But just what is
meant by hold, and the forces against which water is held are not

always clear.

Immediately after a heavy rainfall or irrigation, the soil is
sald to be saturated, which means all the pores are filled with water.
But the water very quickly begins to drain or move downward by gravity
and to move into any dry soil beside or beneath the wetting front.
After a day or two in soils of course to medium texture, or after
geveral days in soil of fine texture, water movement slows to a rate
at which near-equilibrium is reached. At this point roughly half the
pores (the larger or macropores) are filled with air and the other
half (smaller pores or micropores) are filled with water, in a soil of
medium texture. This water is held against gravity and other forces
by capillarity, i.e., by adhesive forces of attraction between soil
water and soil particles. The flow rate is 10 W. At this point the

s0il water content is said to be at field capacity.

An estimate of field capacity can be obtained rather easily in
the field, Samples should be taken to the desired (depth(s) 12, 24,

48 and 72 hours after a heavy irrigation. Additional 24-hour samples
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can be taken in the case of a soil high in clay. The samples must be
weighed, oven-dried at 105°C for at least 24 hours in a forced draft
oven, re-weighed, and the water loss calculated. From these data, a
curve can be drawn similar to that in Figure IV - 4 and the field

capacity estimated from the curve.

Because of natural soil variability, the above procedure

should be followed in different areas of the field.

As water is used by plants (by transpiration) and lost by evapor-
ation, the soil water content is reduced and an increasing amount of
energy is required by plants to extract water from the soil. A point
is reached where plants can no longer extract water and the plants

die from drouth.
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Figure IV-4. Soil water retention studies, 0-30 cu depth,
Sagenill LFS. Field capacity estimated at 13%.
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The water content at this point is called the wilting point.

At the wilting point, soils appear to be quite dry but there is
still a surprising amount of water remaining. Some of the remaining
water can be removed by air drying in the open under conditions of
warm temperatures and low humidity. Obviously air dry is not a very
precise term. Most of the water below the wilting point can be
removed only by oven drying. For this purpose soil is dried in an
oven, usually with a forced draft, for at least 24 hours at 105°C. In
general, all soil-moisture gravimetric (weight basis) values are

computed on an oven-dry basis.

The range of moisture contents between field capacity and wi.lting
point is considered to be the range of available water (AW). But it
should be emphasized, as previously indicated, that the degree of
availability between these two points is not constant, i.e., as
moisture is depleted, an increasing amount of energv is required to
extract moisture. Therefore, for most crops, growth and yield are
negatively affected before the wilting point is reached. The point at
which yields are affected varies considerably with types of crop, but
for many crops, e.g. vegetable crops. it is considered a good practice
to irrigate before 50 percent depletion is reached. The term readily

available water (RAW) is sometimes used to designate the upper half of

the available water range.
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The term field capacity is not very precise for two reasons:

1. At least some of the water that is draining between satur-
ation and field capacity is available for plant use, but is

not included in the concept of AW. This is a gain.

2, Water that drains below the root zone after field capacity
has been reached is lost for plant use even though it was
included in the calculation for available water. This is

a loss.

Since the gain and loss, above, tend to compensate, it is believ-
ed they do not constitute a large error and can be largely ignored.

Thus, although the concepts of field capacity and available water are

not precise, they are very useful concepts in terms of irrigation

management.

The data in Table IV ~ 2 show the relationships among soil

texture, bulk density and pore space for several soil textural classes.

Table IV - 2, Relation Among Soil Texture, Bulk Density and Pore

Space in Some Uncompacted Surface Soils
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Soil Textural Bulk Pore Space Occupied by Alr
Class Densit Porosity at Fleld Capacit
Sfec— by volume 1oy volure
Sand 1.55 42 67
Sandy loam 1.40 48 59
Pine sandy loam 1.30 51 54
Loam 1.20 55 50
S{lt loam 1.15 56 45
Clay loam 1.10 359 4l
Clay 1.05 60 . ”

In much of the discussion thus far we have indicated that soil
moisture holding or retention capacity is greatly dependent on soil
texture. This is true but contrary to common belief, or to what has
generally been agreed upon in the past, the amount of available water
(AWC) is not inversely proportional to particle size. This is illus-

trated in Table IV-3 below.

*
Table IV=-3. Relationship Between Textural Class and AWC

Class AWC
cm/cm soil cm/m soil

Sand .08 8.0
Clay ) .10 10.0
Clay loam .12 12.0
Loam .14 14.0
Silty clay A4 14.0
Silty clay loam .17 17.0
Silt loam .19 19.0
Sile .24 24,0

*
Adapted from: H. Schulback, 1971, Soil and Water newsletter,
Univ. of Calif. Extension Service
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While it is true that saturation percent (total WHC) and wilting
point are higher in clayey soils, AWC is highest in soils high in

silt, AWC is therefore fairly well correlated with silt content.

Soil Water Tension

We have referred to the fact that soils hold water againmst
gravity and against other forces and to the fact that energy is
required to remove that water. It is apparent then, that terms such

as potential, tension, negative pressure and suction are appropriate

with reference to water availability. The terms are somewhat
interchangeable, so

we will use the word tension.

One atmosphere is the atmospheric pressure at sea level. Another

term is that of bar which is numerically very close to one atmosphere:

1 atm = ,987 bar = 98,7 centibars.

For practical purposes, one bar can be considered to be equal to

one atmosphere.

Although field capacity and wilting point are usually determined
in the field or greenhouse, the values have been correlated to bars so

that:

) {) () ) )
I A R B B E——

)




<)

)

)

0

)

)

()

)

v - 21

Field capacity = 1/3 bar or atm

Wilting point = 15 bars or atm

Laboratory methods (pressure membrane) are used to measure soil
water at various tensions so that tension can be related to moisture
content in a given soil(s) as shown in Figure IV-5. The resulting

curve is called a desorption curve.
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Determination of AWC,

Example:
Soil: Sagehill loamy fine sand
Field capacity 0-30 cm" = 13% by weight
Wilting point 47 by weight (from 15 atm test)
Bulk density: 1.43
Available water 13 = 4 = 9%
% by weight X bulk density X depth

9.0 x 1.43 x 30 cm

100 = 3,86 cm/30 cm

Field capacity, although it may approximate 1/3 atm, cannot be
accurately determined or even roughly estimated in the lab. The
reason arises from principles derived from (1) soil water movement (2)

soil water retention and (3) the nature of the soil profile.

This is best illustrated by comparing two soil profiles with
similar surface texture to 50 cm depth but overlying different materials,

as in Figure IV-6.
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Figure IV - 6 - Two soil profiles with similar surface textures but

different subsoil textures.

depth
cm
0

30

60

90

Soil A is a silt loam in the upper 45 cm with a rapid transition to
clean gravel and cobbles below. Clean refers to the fact that there are
very few fine particles. Soil B is a profile with silt loam uniformly
distributed throughout. Soil A will have a considerably higher field
capacity in the upper 45 cm than will Soil B. In Soil A water will
accumulate above the textural interface and in soil B the silt loam in the

lower profile will tend to pull water downward.
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EVAPORATION AND WATER USE

Most of the water used by plants is lost in the process known as

transpiration. Water is absorbed by roots and drawn up through the

plant to the leaves and through the stomata, or openings in the leaf
surfaces to the atmosphere. The environmental factors involved in
water "loss" from foliage are similar to those involved in evaporation
from the free water surface, such as a pond or lake. There 1is,
therefore, a reasonably good relationship between the amount of water
use by crops and the amount of evaporation from a free water surface,
especially if there is complete ground cover by the foliage. Thus,

for a general understanding of crop water use, it is useful to consider

the factors involved in evaporation.

Briefly, the four primary factors are: solar radiatiomn, air
temperature, air movement and humidity. Length of daylight hours is
obviously important as it governs the four primary factors. Length of
growing season for a crop is obviously important as it affects the

total water use for the.season.

Irrigation farmers know that a hot dry wind greatly increases
water use by a crop, especially if the sun is shining. In this
example, all four factors contribute to the increase in water use. On
the other hand, if the day is cool and cloudy with no wind, and the

humidity is nearly 100 percent, water use may drop to nearly zero.

f'L‘['




IV - 25

Evaporation is from the soil surface and affects the surface
layer, setting up a moisture gradient so that water moves by capillar-
ity to the surface and evaporates. The depth affected will usually
not be greater than 15 cm, but there may be some effect to 30 cm or
more. By contrast, plants extract moisture to the depth of rooting.
Normally, total water loss 1s considerably greater from transpiration

than from evaporation.

Since the direct use of water by plants and evaporation from the
soil are occurring simultaneously, and since the two processes are not

easily distinguishable, the term evapotranspiration (ET) is used to

include both., Loss of water by deep percolation in the soil (from the
application of more water than the soil will hold) and loss by surface

runoff are not included in the consideration of ET.

Computerized methods are available to estimate water use from
data of the four primary factors. A simple, more direct method is by
use of a standard evaporation pan, 121 cm in diameter and with certain
other specifications, commonly called the '"Class A" pan. In effect,
the evaporation pan integrates the four primary factors, plus any
others that may exist, involved in ET, making it unnecessary to
measure or evaluate those factors in order to arrive at a reasonably

accurate method of estimating water use,
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Daily and Seasonal Evaporation

Evaporation depends greatly on weather conditions and these are
extremely variable from day to day, seasonally, and from location to
location. For example, workers in the Jordan Valley are aware of the
(1) seasonal variation at é given location and (2) location variability
among the Abu Habil, Deir Alla, Keramah, and Ghor Safi stations (data

not shown).

Seasonal evaporation data for the Jordan Valley (Deir Alla) are

shown in Figure IV-7,

—

Evaporation, mm/day
O = NWH U DN ® O
I
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Based on the assumptions, which have now been fairly well establ-

ished, that (1) evaporation 1s variable and somewhat unpredictable and

(2) evaporation is closely related to water use by plants, the importance

of finding a method of irrigating according to crop use should be

obvious,

IRRIGATION SCHEDULING

Every farmer schedules irrigation and most farmers use some kind
of systematic approach to scheduling. This is not to say that the
scheduling is done properly or according to crop use. In fact, it may
be failr to say there is a great gap between what is known and what is
practiced in irrigation management. Methods of irrigation scheduling
fall naturally into four general categories (1) Empirical methods (2)
methods involving soil moisture tension (3) methods involving ET data,

and {(4) the gravimetric method.

Empirical Methods

Many farmers irrigate by the calendar. By this is meant they
irrigate at regular time intervals, such as three times per week.
Although this is probably the most common method of scheduling irriga-
tion, it is probably the most erroneous., Figure IV-7 shows the

seasonal fluctuations in evaporation and makes it obvious that the
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calendar method results in far too much water part of the time and far
too little at other times. The main reason for the calendar approach
is its convenience and the fact that, usually, water is inexpensive.
If growers irrigate according to peak use~-~i.e., they apply water the
entire season as if the crop were at its greatest demand--they will
greatly over-irrigate at times., If the soil is deep and friable and
there is plenty of inexpensive water, the damage may not be great.
But this approach is, at the very least, wasteful in terms of both
water and of nutrients lost by leaching.

Some farmers use the feel method of determining what the soil
moisture status is under a crop and of predicting when to irrigate., A

guide for use of the feel method is shown in Table IV-4.



Table V-4 Guide for Judging How Much Moisture Has Been Removed from the Soil

Soil Water

7% of AW

Course Texture

Moderately
Course Texture

Medium Texture
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Fine and Very
Fine Texture

100
(field
capacity)

75

50

25

0

(permanent
wilting)

) )

Upon squeezing,
no free water
appears on soil
but wet outline
of ball if left
on hand.

Tends to stick
together slightly,
sometimes forms

a very weak ball
under pressure.

Appears to be
dry, will not
form a ball with
pressure

Appears to be dry
will not form a
ball with
pressure.

Dry, loose
single-grained,
flows through
fingers.

Upon squeezing,
no free water
appears on soil
but wet outline
of ball is left
on hand.

Forms weak ball,
breaks easily,
will not stick.

Tends to ball
under pressure but
seldom holds
together

Appears to be
dry, will not
form a ball.

Dry, loose, flows
through fingers.

) )

Upon squeezing,
no free water
appears on soil
but wet outline
of ball is left
on hand.

Forms a ball, is
very pliable
sticks readily if
relatively high
in clay.

Forms a ball, some-
what plastic, will
sometimes slick
slightly with
pressure.

Somewhat crumbly
but holds together
from pressure,

Powdery, dry,
sometimes slightly
crusted but easily
broken down into
powdery conditicn.

Upon squeezing,
no free water
appears on soil
but wet outline
of ball is left
on hand.

Easily ribbons
out between fingers
has slick feeling.

Forms a ball,
ribbons out between
thumb and fore-
finger.

Somewhat- pliable,
will ball under
pressure.

Hard, baked, cracked,
sometimes has loose
crumbs on surface.

() ()
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Obviously, the feel method cannot be expected to be quantitative
or to be very accurate. However, with experience, a farmer can make
surprisingly good estimates of the so0il moisture status and can, with
repeated tests every few days, make a reasonable prediction as to when
to irrigate. To obtain soil samples for the feel method, an ordinary
irrigation shovel works very well for samples up to 30 or 40 cm deep.
However, the best sampling tool is a regular 90-cm soil sampling tube

or probe.

A third empirical method of scheduling is by the appearance of
the crop. This also comes with a good power of observation and with
considerable experience. Crops under moisture stress exhibit certain
symptoms., For some crops the symptoms are more distinét than for
others. The general symptom is a dark green color - sometimes approach—
ing a grayish-green. Dry beans show such symptoms and research has
shown that, when stress symptoms first appear, one must irrigate
within 3 or 4 days to insure that yields are not depressed by moisture
stress. However, in the case of potatoes, it is likely that when such
symptoms appear it is already too late, or, at best, they should be
irrigated immediately. In corn, the leaves begin to roll inward from
the margins when under stress, but again, the corn should be irrigated

at the first indication and, it may be already too late.
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A fourth method is to follow the calendar method in general, but
to increase or decrease irrigation frequency according to current
weather conditions. A good farmer knows intuitively that a few days
of hot, dry weather will require an earlier irrigation than a few days

of cool, cloudy, humid weather.

The calendar method, i.e., using the same schedule throughout the
season regardless of weather conditions, is obviously the method of
poorest efficiency. Excess water will be applied at times, and at
other times crops will probably undergo stress because intervals
between irrigations are too long. While farmers commonly use the
calendar method, they have frequently adjusted the irrigation frequency
according to weather conditions, and to some extent, according to the
apparent moisture status of the soil and the appearance of the crop.
Actually a good farmer can do a surprisingly efficient job of irrigation

bv attending to all four of the empirical methods.

One should be aware that irrigating at the correct frequency does
not insure that the proper amount of water is applied. The frequency
can be accurate but the amount applied may be too great or too small,
This problem, which cannot be adequately dealt with by any of the
empirical methods, will be discussed in the next few sections along

with more accurate methods of irrigation scheduling.
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Soil Water Tension

As previously indicated, water movement into the plant depends,
not on water content, but on the energy with which the soil holds the
vater, or the soil water tension. Soil water tension methods are
fairly easy to use and generally accurate in telling when to irrigate,

but provide no guidance as to how much water to apply.

As indicated in a previous section, plants vary considerably in
their ability to extract water against tension. In Table IV-5 are

some soil water tension data at which water should be applied.



Iv - 33

Table IV-5 - Soil Water Tension at Which Water Should
Be Applied for Maximum Yields

Crop Tensilon,. Bars

)

)

Vegetable Crops

Alfalfa 1.50
Beans .75 - 1,00
Cabbage 0.6 - 0.7
Lettuce 0.4 - 0.6
Tomatoes 0.8 - 1.5
Sweet corn 0.5 - 1,0
Fruit Crops
Tree fruits 0.5 -0.8
Grapes 0.5 - 1.0
Bananas 0.3 - 1.5
Root Crops
Onions 0.45 - 0.55
Potatoes 0.3 - 0.5
Carrots 0.55 - 0.65
Cauliflower 0.6 - 0.7
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Several types of instruments are available to measure soill water
tension. The one most commonly used in irrigated agriculture is the
tensiometer. It consists of a water-filled tube connected to a porous
ceramic cup which allows water but not air to pass in and out. The
tube is connected to a hydraulic gauge that measures the tension. The
cup is placed in the soil at the desired depth. As the soil dries,
water is withdrawn from the tube through the cup creating a vacuum
inside the tube. Upon re~irrigation the vacuum pulls the water away
from the wetter soll back into the tube. If the soil becomes too dry,

the cup will leak air and readings are not reliable,

The gauge on most commercial tensiometers is irarked in centibars
(cb) with a scale of 0 to 100. If the tension is greater than about
85 cb the tube fills with air instead of water. Thus tensiometers are
quite accurate in the high moisture range but are not reliable above
80 cb., They are ideal for crops requiring high moisture levels, which

is probably the case for most Jordan Valley vegetable crops.

Fig. V is a chart showing one example of tensionmeter readings
for one season.

Figure VI is a diagram of a tensiometer.

The number of instruments needed in a field depends on the number
of depth readings and on soil variability. Usually it is desirable to
at least measure tension at two depths and at several sites in the

field.

P,
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12"
24"

April
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After the soil has been irrigated and allowed to drain for about
24 hours, the tensiometer will show a reading of between 5 and 30 cb,
the lower reading for sandy soils and the higher reading clayey soils,

This moisture level will be approximately at field capacity.

}—Cap, removable
for servicing

ﬁ

-
Vacuum Gauge

e - - - - Soil Level

Water-filled
tube

Porous
J °  Ceramic Cup
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Pan Evaporation Data

As previously indicated, there is a good relationship between ET
and evaporation from a free water surface, as from a Class A pan. The
relationship can be expressed as

ET = Ke X Ep

where ET 1s evapotranspiration
Ep 1s evaporation from a Class A pan
Ke is the crop coefficient

Ke, the crop coefficient, has not been established for Jordan
Valley crops. Where there is complete ground cover of foliage, the
range of Kc values is 0.7 - 1.1. For many crops Kc = 1.0 can be used
providing there 1s a means of periodically adjusting the data from
other measurements such as from gravimetric data.

One must determine the AWC of the soil in the root zone and the
percent of AWC equivalent to "useable" water for the crop. This value
converted to cm of water is the amount to be evaporated between

irrigations.

Example:
Given: crop-potatoes
soil - silt loam
Ke-1.0
Depth of rooting-60 cm
AWC~,.2cm/cm or 12 cm in 60 cm

Use only upper 25% AWC or 3 cm
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Evaporation data:

Date of Evaporation (Ep) Accumulated Ep
the Month cm cm
1 irrigate
2 .6 .6
3 b 1.0
4 .5 1.5
5 .8 2.3
6 .8 3.1
7 irrigate
8 .3 .3
9 .2 .5
10 .2 .7
11 A 1.1
12 .5 1.6
13 .5 2.1
14 .6 2.7
15 5 3.2
16 . irrigate

Where the first period between irrigations was 5 days, the second
period, when days were cooler and evaporation reduced, was 8 days. If
the grower had irrigated on a 5-day schedule there would have been
ogver-irrigation for the second period, whereas if the grower had
irrigated on an 8-day schedule, crops would have been stressed before
being irrigated after the first period. The importance of developing
an irrigation schedule according to crop use rather than according to

the calendar 1is. obvious.
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Gravimetric data

The gravimetric method of irrigation scheduling involves
measuring directly the amount of water in the soil. A soll sample is
taken, weighed, dried in an oven for at least 24 hours at 105°C and
then re-weighed. The percent moisture is calculated on the oven-dry
basis. From this point, the calculations are based on previously
determined wilting point, field capacity, and thus the AWC. Then one
can easily calculate the percent of available water used.

The surest way to know the moisture content of the soll is to
measure it directly from soil samples. Once the FC, WP and thus the
AWC have been established, it is a simple matter to determine gravi-
metrically, the amount of AW present at any -given time. Thus it is
possible to monitor the soil moisture daily (for example) until the
declining moisture level reaches a predetermined point at which the
crop needs irrigation. The gravimetric method 1s the only one used by
some consulting firms. This method 1is, by itself, adequate for
scheduling because from it one can not only determine the soil moisture
content with relation to the AW range, but the volume of water used
(which needs to be replaced) can easily be calculated.

Example: Table VI

Soil-silt loam

Crop-potatoes

Depth cf rooting=-60 cm

FC - 18%

WP - 67

FC-WP = 12%
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Since FC is 18 percent and assuming the percent water at sampling
time is 15 percent, water needed to bring the soil water level to FC
is 3 percent. The remainder of the table should be self explanatory.

The gravimetric method is direct and can be reasonably accurate,
providing sufficient samples have been taken to represent the area or
field. But because of the large number of samples required it is also
the most expensive and time-consuming 1f the scheduling is based
entirely on this method.

Combinations of Methods:

Because each method of scheduling has certain advantages, it

seems advisable to use combinations of two or more methods, Of the

six possible combinations, we suggest the following three:

Empirical and evaporaticn - while the evaporation method can be used
alone, it does not indicate, except by inference, the soil water
status at any given time. Empirical methods, especially the "feel"
method, while not qﬁanitative or precise, can be used as a check on
soil moisture status. As previpusly indicated, this can be done only
after considerable experience. For example, just prior to an irriga-
tion, an experienced irrigator can estimate by feel of the soil,
whether the moisture content at this point is signifcantly different

from what is indicated by evaporation data.
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Gravimetric and Evaporation - In certaln respects this appears to be
an ideal combination. The gravimetric method is precise and quantita-

tive but, by itself, 18 far too xpensive and labor intensive.
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Table VI

Soil Wet
Depth Soil
cm g
0-30 172.5
30-60 195.5

)

Dry
Soil

150
170

)

Water Lost
from
Drying

)

PW

15
15

Water
Needed
PW

w W
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Water

Needed

cm/cm

044
044

Total

Water
Needed
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:7 using this combination, full use is made of the evaporation
method. Use of the gravimetric method is limited primarily to monitor-
ing the accuracy of the evaporation method. At first, one can use the
gravimetric method to:

1, Confirm or adjust the FC level by taking repeated samples 24

to 48 hours after irrigations,

2. Observe the progress of water depletion with a few samplings

between irrigations, and

3. Just before irrigation, check the accuracy of evaporation

data to determine when to irrigate.

After a few irrigations, one should have established confidence
in the evaporation method so that only occasional gravimetric sampling
before irrigation is needed to be sure there is no error in the
schedule.

Thus full use can be made of the simplicity of the evaporation
method and at the same time, the accuracy of the gravimetric method

without the need for taking a large number of samples.

Tension and Evaporation - The tensiometer can be used as a check
against the accuracy of the evaporation method in much the same way
that the use of the gravimetric method was suggested above., Relatively
few tensionmeters would need to be placed throughout the field.
Occasional tensiometer readings could be made along with recording of
evaporation data. In this case, the two methods could be used as a

check against each other.
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