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[NTRODUCTION

The task of obtaining and selecting plants which may not only
survive under salty conditions, but grow and produce satisfactory
yields is varied and complex. It is becoming necessary to select and
breed crops for salt tolerance. Plants can be grown in artificially
constructed salt basins to test their individual salt tolerance, but
this takes time, at least one year. It would be desirable to develop
a rapid test to determine the salt tolerance of a given plant. The
use of a dye in conjunction with a series of salt solutions has been
suggested for determining the salt tolerance of plants.

The objective of this study was to see if a tetrazolium dye could
be used to determine the relative salt tolerance of 37 alfalfa vari-
eties. The compound 2,3, 5-triphenyltetrazolium chloride was used in
this and similar studies. Most of the literature refers to this com-

pound as TTC, which reference will also be used in this manuscript.




REVIEW OF LITERATURE

Evaluating salt tolerance of crop plants

Hayward and Bernstein (1958) reported that salt tolerance can be
appraised in at least three ways:

1. The ability of a plant to survive on saline soils. This
criterion of survival has limited application in irrigation agricul-
ture but has been widely used by plant ecologists.

2. The absolute yield of a plant on saline soils. This cri-
terion has the greatest agronomic significance.

3. The relative yield on saline soil compared to yield on simi-
lar nonsaline soil. This criterion is useful for comparing dissimilar
crops whose absolute yields cannot be compared directly. The U. S.
Salinity Laboratory (1954), in compiling its plant lists according to
salt tolerance, used the third criterion.

Repp, McAllister, and Wiebe (1959) found that protoplasmic salt
resistance can be used as a test for predicting the salt tolerance of
agricultural plants. This test consists of placing freehand tangential
sections containing the epidermis and several subjacent cell layers of
the lower portions of the stem in sodium chloride solutions of various
molal concentrations. After 24 hours these sections were transferred
to a slightly hypertonic solution of glucose for from 3 to 4 hours and
then examined under the microscope for plasmolysis. Plasmolyzed cells

were considered uninjured while cells which failed to plasmolyze were

considered injured or dead. Good correlation was found between the




salt resistance of the protoplasm and salt tolerance of a number of

plants.

Monk (1960) developed the technique further in studying the salt
tolerance of ornamental plants. His study consisted of two parts:
f 1. Plasmolytic method of determining salt tolerance.

2. Tetrazolium method of determining salt tolerance.

The plasmolytic method consisted of immersion of plant tissue
sections in a graded series of sodium chloride solutions for 24 hours,
followed by immersion of the sections in a hypertonic sucrose solution
for 4 hours. The tissue sections were then examined microscopically
for plasmolysis.

The tetrazolium method consisted of immersing the tissue sections
into a graded series of sodium chloride solutions for 24 hours, fol-
lowed by immersion in a 0.1 percent or 0.05 percent solution of
2,3, 5~triphenyltetrazolium chloride for 24 hours. The sections were
then examined for pink or red formazan color which appeared in living
or slightly injured cells.

Monk (1960) found good correlation between salt tolerance in
field or solution cultures and in the plasmolytic and tetrazolium

tests for salt hardiness.

Chemical and physical properties of T

TTC belongs to a group of chemical compounds known as the
tetrazoles. Benson (1947) reviewed the chemistry of the monosubsti-

tuted and disubstituted derivatives but did not discuss the tri-

substituted members.



TTC occurs as a white to pale yellow crystalline powder that

It has a high solubility in water, and

darkens on exposure to light.

is colorless in solution forming carmine red formazans upon reduction,

making it one of the comparatively few organic compounds which is

@ colored in the reduced state. Tetrazolium differs from the majority

formazan and the reaction is therefore, irreversible (Roberts, 1950).

H
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Formazan is easily visible in mimute quantities and, consequently,
the reaction is very sensitive. The formazan is insoluble and neither
diffuses from the cell in which it is formed, nor oxidizes back to a
colorless state on standing. The sensitivity of tetrazolium to reduc-
ing agents, in general, is indicated by the observation that a water
solution of TTC will color a stainless steel spatula an intense red,

due to the slight reaction of the metal with water which liberates

hydrogen (Roberts, 1950). He also found that in some cases a faint
reaction appeared over the entire cut surface of tissues. Such re-

| sults were found to be due to the presence of microorganisms and were
easily detected since the TIC solution itself was stained red. To
eliminate the external effect of the microorganisms on his results,

he stained and recorded his results in 24 hours.
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Jambor (1954) stated that conditions must be carefully controlled
when TTC is used for quantitative experiments. Polarographic study
has shoun that, in media of pH lower than 6, the reduction of TIC
yields chiefly a colorless product. In more alkaline solutions the
reduction product was mainly the red formazan. This behavior was due
to the change of redox-potentials in the reduction of nitrogen atoms
1 and 2, and atoms 2 and 3, respectively. This explains why reddening
can be achieved only in solutions of pH 11 to 14. The redox-potential
of formazan formation cannot serve as a basis for predicting whether
some reducing agent of known redox-potential will produce formazan or
not. This is due to the insolubility of the reduced form of TTC. No
redox~-equilibrium can be established, and the actual potential of the
substance will therefore be more positive than its normal potential.
This shows why TTC can be reduced by succino-dehydrogenase which has a
more positive normal redox-potential.

Jorchel and Mohle (Smith, 1951) reported the apparent redox-
potential of the TTC-formazan equilibrium to be approximately -0.08
volts. Since triphenylformazan is an insoluble compound it interferes
with the determination of the redox-potential of a TTC-triphenyl-
formazan system and makes a determination difficult to obtain.

Light brings about the reduction of TIC, so most investigations
must be carried out in reduced light. The photoreducibility of TTC
was found to be optimal at a wave-length of approximately 4500°

(Atkinson, et al., 1950).




The use of TTC in biological research

The use of TIC as a measure of living tissues or cells began in
Germany around 1940. The topographical selenite method of determining
the viability of seeds developed by Lakon (Grabe and Delouche, 1959)
stressed the examination of individual parts of the embryo and gave
accurate germination percentages. This method, however, had the seri-
ous disadvantage that a poisonous gas was slowly liberated which en-
dangered the technicians. As a means of overcoming this obstacle, the
Heidelberg chemist, Kuhn, pointed out to Lakon that the tetrazolium
salts were equally well adapted to his topographic method as well as
having the highly desirable characteristic of being non-poisonous.
Lakon then began developing the tetrazolium method for testing agri-
cultural, horticultural, and forest seeds. The use of tetrazolium
salts in plant science research thus had its beginning.

Lakon's early tetrazolium work was done during the war years and
was not known in this country until 1945. A team of investigators of
the Joint Intelligence Objectives Agency, interrogating German sci-
entists concerning their research activities, discovered the work of
Lakon and reported it in this country (Grabe and Delouche, 1959).

TTC was introduced into the United States by Dutcher (1945) and
by Mattson, et al. (1947). Porter, Durrell, and Romm (1947) used the
TIC method and found a close agreement between the percentage of
stained embryos and the percentage of normal sprouts obtained in
standard germination tests with corn, wheat, rice, buckwheat, popcorn,
soybeans, and Bahia grass. Cottrell (1947) also found good agreement

between results obtained with the tetrazolium salt test and those




7

Bennett and Loomis (1949)

obtained by the standard germination tests.

found that freezing injury in seed corn could be determined with fair

accuracy by staining with a 0.05 percent TIC solution, provided
‘ viability was fairly high and the corn had been stored for a period
after freezing,.
| Small seeds were found to be difficult to examine and interpret
Cottrell, 1947). Flemion and Poole (Smith, 1951) found great dif-
’ ficulty in interpreting the staining in testing the seed viability of
many species, but their trials did not include cereals.

Grabe and Delouche (1959) observed in preliminary experiments
that very dilute solutions of TTC did not kill cottonseed, yet stained
the seeds satisfactorily for interpretation. Their experiments in~
dicated a method for accurately developing criteria for the inter-
pretation of tetrazolium tests. The seeds could be stained, the
various staining patterns observed, and these observations directly
compared with subsequent seedling development.

Waugh (1948) observed that sections of living trees and shrubs

became stained in the cambium layer, whereas dead sections were un-
affected. He concluded that TTC could serve as a valuable aid in

‘ studies of living tissue. Gall (1948) used tetrazolium salt to
estimate the reducing activity of bean tissue cultured in 2,4-di-
chlorophenoxyacetic acid. Pratt, Dufrenoy, and Pickering (1948) in
studies of cellular physiology found TTC a valuable reagent, which
could also be used in penicillin assays with Staphylococcus. In
another paper, Dufrenoy and Pratt (1948) discussed its use in testing

the reducing activity of sugar-cane stalks.

PLANT SCIENCE DEPARTMENT
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