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208 AGRICULTURAL SALINITY ASSESSMENT

analyze well water samples and soil extracts are used to store and ana-
lyze these samples.

When a monitoring well is hand-augured or made with a coring
machine, soil samples should be kept by depth increments, The sam-
ples’ texture, structure, and degree of cementation reveal the type and
amaunt of soil stratification above and below the water table. With the
methods used for the other soil samples, these samples can be analyzed
for various salts and physical properties, such as hydraylic conductivity
and texture,

Two alternatives to observation wells are piezometer tubes and
tensiometers. A piezometer js an obscrvation well with an open bottom
that measures the positive hydraulic hiead at a given paint. A tensiom-
eter is a piezometer closed al the bottorn with a porous cup that is used
to measure negative hydraulic head at a given point. They are installed
similarly to observation wells {Cassell and Klute 1986; Reeve 1986). They
can be used to measure the hydraulic head at a given depth and, in the
case of clay lens or cemented soil layers, the hydraulic head above,
below, and across the layers can be medsured, However, they also have
some disadvantages. Piezometers are mare difficult than observation
wells to sample for water. Tensiometers are not used to collect waler
samples, : .

The direction of ground-water flow and the hydraulic gradient can
be determined if at least four weils or piczomelers are inserled in a
rectangular pattern over the aren of interest to measure the abselute
water surface elevation or hydraulic head. These two paranwters are
useful for determining if an effective drainage systerm can be installed.
How often the water table is measured depends on the aquifer's respon-
siveness to such events as on-gitc or up-slope irrigation, precipitation,
and the absence or presence of water in irrigation conveyance systerus.
A log can be maintained during the growing scason to determine
whether a change in measurement frequency is needed,

CHEMICAL ANALYSES

The chemical species of interest iu salt-affecled soils include: the
soil solution ions, namely, cafcium {Ca), mapnesiim (Mg), sodium (Na),
potassium (K), ehloride (C1Y, sulfate {50,), bicarbonale {1 1CO),) and car-
bonate {CO4); the same ions in the irrigalion waler; the exchangeable
cations, namely, Ca, Mg, Na, and K; and the precipitated salts, namely,
calcium carbonate {lime) and calcium suliate {sypsum). These ions are
often referred to as the macroions in salt-afected soils and irrigation
waters. Other informative measurements include pH, EC,, and satura-
tion-paste water content. Other parameters that can be calculated from
these data include the sodium adsorption ratio (SAR), the adjusted SAR
of the irrigation water {5AR,g), the exchangeable sodium percentage
(ESP), and the salt mass per unit volume or area,

Boron (B} concentralions in irtigation waters and soil solutions
produce plant injury at much lower concentrations than olher jons.
Thus, B should be cansidered more a toxic element than a salt. Because

FIELD/LABORATORY MEASUREMENTS 207

B toxicity often is associaled wilh salt- and sodium-affecled soils, it will
be censidered here, as well as in Chapters 4 and 7.

The methods of analyzing soil paste, soil water extract, and bulk
irrigation and drain water discussed here will be restricted to those
appropriate to 50ils and waters with a pH of 6.5 to 10.0 and concentra-
tions of salt that adversely affect yields. Unless noted otherwise, the
same analytical procedure can be used for irrigation waters, drainage
waters, and soil extracts. For the reader’s convenience, procedures will
be referenced and restricted to those that are generally accepted and
standardized. Many other research-level procedures exist, but they are
inapplicable to data-gathering at the management level.

Saturated Sail Paste Electrical Conductivity. In the past, much of the
data on soil salinity was obtained by using a 50 mi cylindrical crindue-
tivity cell filled with a saturated soif paste to estimate soluble-sait con-
centrations. Because of the ease and speed of use, this “Bureau of Soils
Cup” was used to map and diagnose salt-affecled soils. When R
meier and Wilcox (1946} determined that plani responses to soit safinity
more neatly correlated wilh the electrical conductivily values of the
saturation paste extract, its use was discontinued. A Lheoretical retation-
ship between the electrical conductivity of the saturation soit paste and
the electrical conductivity of the saturation paste exiract has since boen
developed to overcome the cell’s shortcomings. This was done by de-
veloping a simple mothod of determining the volemetric water and
volumetric sulid conlents of the saluration paste, the conduclinee of the
sample surface, and the current pathway of the water in the cell, The
cell, an electrical conductivity bridge, a portable balance, and the appro-
priate graphs can now be used to accurately estimate the vlectricat con-
ductivity of the saturation paste in the ficld Ax?ﬁ&,..a et al. 989D,

Saturation Paste Extracts. To apply and interprel dota abowd salinity
uniformly from one soit or crop o another, a slandardi d extraction
proceduze is necded. Data from soil solution samples with 2 meisture
content that represents field conditions arc ideal, but ways to obtain
them are presently wnavailable. The use of saturation paste extracls is
the standard way to measure and interpret soil nity as a bulk mea-
surement and individual jon concentrations. s s the lowest s
lo-water ralio that can be easily extracted wilh vacuum, pressure, or
centrifugation, while providing a sample of sulficient size 10 analyse.
The water content of a saturation paste is about Lyice the fiekd capacity
for mast soils. The concentrations of salt and individual ions have been
diluted by about the same ratio between ficld condilions and the extract
for all samples. Exceptions include sandy soils, organic sails, and soils
containing gypsum. This standardized extraction procedure enabled the
developiment of crop tolerance tables that can be inlerpreted across soil-
texiure classes (U.5. Salinity Laboratory Staff 1953; Rhoades 1982b),
Most data on the salt tolerance of a crop are expressed in terms of the
electrical conductivity of the saturation paste extract (Bresler ot ab. 1982;
Maas 1986}, The relationship between eation solution concentrations
and exchangeable cation concentrations in soils, used to predict ox-
changeable sodium percentage (ESI") from sodium adsorplion ratin
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210 AGRICULTURAL SALINITY ASSESSMENT

These interferences are removed by adding 0.1% to 1.0% lanthanum or
strontium chloride to the samples. Calcium is usually measured at 422.7
nm and Mg at 285.2 nm by atomic absorption specirophotometry
{(Lanyon and Heald 1982). More recently, procedurea involving ion chro-
matography (IC) have been developed to analyze alkali and atkaline
earth metai ions (Nieto and Frankenberger 1985b). Gravimetric and col-
orimetric methods are available for these cations when instrumentation
for the previously mentioned methods are unavailable, These methods
are slower, involve more work, and are less sensitive to low concentra-
tions and small differences among samples than the more commonly
used methods (Knudsen et al. 1982; Lanyon and Heald 1982).

Anion Analysis, Gravimetric, volumetric, electromelric, and colormel-
tic methods have been used to determine concentrations of chloride in
sail extracts, drainage effluents, and well waters {Adriano and Doner
1982). Ton chromatography has also becn used to analyze Cl (Nieto and
Frankenberger 1985a). All of these methods, except the gravimetric
methods, are easily automated by reliable, available mstrumentation. A
variety of commercially available automated systems analyze chlorides
simply, accurately, and reproducibly, Chloride is usually the predomi-
nate anion in salt-affected soils and nonreactive with other components,
Due to its chemical inertness, Ci jon is often nsed as a conservative
tracer for calculating leaching fractions and the relative proportions of
water from different soutces that enter soil water and irrigation systems.

Gravimetric, turbidimetric, titrimetrie, and colorimetric methods
have been used to determine sulfate concentrations in soil extracts and
water samples {[ealon et al. 1968). Problems arise in choosing an ex-
tractant and defining what has been extracted and from interferences
from suspended: organic matter and clay particles in the sample soly-
tions. More recently, IC methods to analyze sulfate have beer devel-
oped that are free of the usual sullate inlerlesences, are faster, and will
accuralely detect sulfate at much lower lovels (Adriano and Doner 1982;
Nivto and Frankenberger 1985a}.

Carbonate and bicarbonate ions are usually determined by litrating
aqucous samples to pH B.4 (carbonste) and then 1o pH 4.7 {bicarbonate)
wilh a dilute solution of a strong acid, such as HCI or H,50),, to deter-
mine carbonate and bicarbonate ions. The end points can be determined
colorimetrically, using phenolphthalein for carbonate and methyl or-
ange fur bicarbonate, or potentiometrically, with a pH clectrode and pH
meter. These analyses can be readily performed manually or by aulo-
mated instrumentation (Rhoades 1982b).

Flow injection analysis procedures and instrumentation have been
developed to measure aqueous pH and electricat conductivity and ana-
fyze for the cations and anions of inlerest in saline and sadic soils and
waters. This is an automated system for injecting a liquid sample and
reagenl{s) into a transport fluid, The sample and reagents pass through
a reaction chamber and (hen through a deteclor, Available delectors
include pIk, electrical conductivity, ctlorimelric, turbidimetrie, atomic
adsorplion specteophotometry, and flame emission. The reagenls, reac-
tion chamsber, and delectors are interchangeable, and their selection is
delermined by the parameters to be measured (Ranper 19813,
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Exchangeable Catiens and Cation Exchange Capacily. To quantitatively
determine exchangeable plus soluble cations, the soil is extracted with a
saft selution that provides a cation to replace the cations of interest.
Neutral 1.0 M ammonium acetate -is the generally used solution for
sadium and potassium extraction A_A_._.ﬂ_umm: et al. 1982), and _,,_u M so-
dium acetate adjusted to a pH of 8.2 is generally used for calcium and
magnesium extractior. When lime and gypsum are absent, ».m_n_::.,..,::_
magnesium can be determined in the ammonium acetate extract. When
lime is present, extracting at the higher pH of 8.2 limils lime solubility
and overcomes most of the error in extracting calcium (Bower et al.
1952}, When gypsum is present, measuring exchangeable calcium is
impossible and meaningless. Once the exiractable cation values are de-
rived, the individual exchangeable cation values are nm_na_m__.“d.mm __:o
difference between the soluble and the extractable cations {U.5. Salinity
ratory Staff 19534). _
tabo qrmanmc_._ mxnrw_:mn capacity {(CEC) can be measured by washing
the sodinm-saturated samples from the calcium-magnesium analyses
with ethanol and then replacing the sodium in the samples wilh amme-
nium. The exchangeable sodium concentration in this second washing
equals the CEC (U.S. Salinity Laboratory. Stafl 1954}, An independent
procedure that uses a sodium acetate-sodium chloride saturating solu-
tion and a magnesium nitrate extracting solulion can alsa be wsed to
determine the CEC. This climinates the ethanol wash cyches. However,
the extractable concentrations of Ca and Mg cannol be ubtained from
this {Rhoades 1982a). The concentrations of calciam, magne 1, S0
dium, and potassium ion in Lhese exteacts are analyred by (he methads
used for the waler and agueous exlract samples, excepl e standord

. solutions are made up in the extracting solutions rather than in waler,

Lime and Gypsum, The presence or abseace of lime and pypsum i the
soit should be considered when making management decisions in salt-
affected soils, Soll carbonate content cm be estimated from The volume
of CO, pas evelved from a sample treated with oxeeas THL or by ___:.
weight loss caused by the CO; evolved from samples treated with
11,50, and Fe50,. Gypsum can be semi-quantitatively measored by
heating and weighing the water lost from the sample as lhe gypsum
changes to plaster of paris. Gypsum can also be titrated with BaCl, and
the Ba50, precipitate weighed (Nelson 1952},

Boron. Afler reviewing several analytical methods for B concentration
measurement in water, soil extracts, and plant materials, Bingham
{1982} indicated a preference for the azomethine-H method to determine
B. He also described a mannitol potentiometric method, a tetrafluoro-
korate selective electrode method, and a totad boran :.:.:4&. s :,-_:. as
hot waler, saturation paste, and mansilof-calcium chloride extraction
methuds.

PLANT SAMPLING AND TISSUE ANALYSIS

The effects of soluble salts and exchangeable sodium on the prowcth
and mineral composition of crops and oreamenta) piaals have been
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