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ABSTRACT

The germination percentage, seedling respiration (PPM CO^ Min

/

100 seeds), mitochondrial efficiency (ADP:0) and respiratory control of
1Ladak 65’, 'Mesa-Sirsa', and ’Salton’ alfalfa cultivars (Medicago
sativa L.) were evaluated under laboratory conditions.

Sodium chloride

(NaCl) was used as the substrate to create salinity, with water poten
tials ranging from zero to -10 bars.
The three cultivars differed from each other in their ability to
germinate in various salinity levels.

Salton had the greatest tolerance

to NaCl compared with Mesa-Sirsa and Ladak 65.

As salt concentration

increased, germination percentage of the three cultivars decreased. NaCl
salinity exerted both osmotic and toxic effects on the germinating seed.
Dark respiration of the seedlings was measured in a closed CC^
system.

Mesa-Sirsa had the highest respiration rates averaged over all

salt concentrations.

Highest respiration rates, were obtained on day 3.

On day.7, respiration rates of Mesa-Sirsa and Salton were stimulated by
high salt concentrations.
Mitochondrial efficiency (ADP:0) and respiratory control were
polarographically measured from isolated mitochondria.

At high salt

concentrations both ADP:0 ratios and respiratory control were higher
than low salt concentrations. High concentrations of NaCl stimulated
ADP:0 ratios and respiratory control.

Ladak 65 exhibited the highest

ADP:0 ratio and respiratory control followed by Mesa-Sirsa and Salton
respectively.
ix

INTRODUCTION

)
\

Salinity is one of the major factors which causes yield reduc
tion of agricultural crops in arid and semi-arid regions throughout the
world.

Low rainfall and high temperatures prevent adequate leaching of

soluble salts.

The accumulation of salts in the root environment of the

plant adversely affects seed germination and plant growth.

An agricul

tural crop may be subjected to saline conditions as soon as the seed is
planted in the soil; therefore, the effect of salinity on crop produc
tion must be considered during germination, as well as the later stages
of plant growth and development.
saline soils.

Mature alfalfa is quite tolerant to

Alfalfa seedlings however, are sensitive to saline condi

tions, which makes this important forage crop difficult to establish in
saline soils throughout the world.

Despite the economic importance of

the problems, and the growing interest of plant breeders and physiolo
gists, the effects of salinity on seed germination and seedling develop
ment are not fully understood.

Ayers, Brown and Wadleigh (1952) have

shown that the problem with salinity levels can be quite involved and
complicated.

Some crops which are very salt tolerant during the later

stages of growth may be very sensitive to saline conditions during
germination, and crops which are tolerant during germination may be more
sensitive during later stages of growth.

Sugarbeets (Beta vulgare L.)

are extremely sensitive to salinity during germination but display ex
tremely high level of tolerance during the later stages of growth.

On

the other hand, barley (Hordeum vulgare L.) has very good salt tolerance

1

during all stages of growth.

Although it is more sensitive during ger

mination than during the later stages of growth.
Successful germination requires specific environmental condi
tions so that the physiological changes within the seed may progress
during early growth of the embryo.

When the seed is subjected to a

saline environment, the process of germination may be disturbed.

Lack

of a better understanding of physiological changes which occur in seed
subjected to different levels of salinity is a major obstacle to the
solution of finding germplasm that can tolerate moderate to high levels
of salinity in arid and semi-arid regions.

Future research should be

directed toward identification of physiological mechanisms that are in
volved in the phenomenon of salt tolerance.

A better knowledge of the

physiological changes in seed exposed to high salt concentrations during
the period of germination will provide a basis for selection of salt
tolerant germplasm.
The objectives of this study related to the salt tolerance of
alfalfa seedlings were:

(a) to determine the effect of salinity on the

germination percentage of Ladak 65, Mesa-Sirsa, and Salton alfalfa cultivars, (b) to measure the respiration rates of young alfalfa seedlings
germinated in several concentrations of saline solutions, and (c) to
investigate the effect of salinity on mitochondrial efficiency of alfal
fa seedlings germinated with varying saline solutions.

REVIEW OF LITERATURE

The Effects of Salinity on Seed Germination
The effects of salinity on a plant may vary depending on the
stage of its development when exposed to high-salt concentrations.

The

existence of a plant species in its habitat depends, among other things,
upon its seeds' ability to germinate and to develop into mature plants.
There is no doubt that germination is a critical stage during the
plant's life cycle, and inhibition of germination by various salinity
levels may affect directly the potential of the plant to grow.
germination is

affected by:

Seed

light, temperature, available moisture,

age of seeds, and presence of toxic substances such as salts.
and Wadleigh (1949) and the U.S.D.A.

Hayward

(1958) defined a saline soil as a

non-alkali soil containing soluble salts in such quantities that they
interfere with the growth and development of agricultural plants.

The

conductivity of the saturation extract is greater than 4 millimhos per
centimeter, the exchangeable sodium percentage is less than 15, and the
pH of the saturated soil is less than 8.5.
and inhibit germination in two ways:

This kind of soil can affect

(a) by preventing water uptake of

the embryo, due to high salt concentration in the soil, (b) by "poison
ing" the embryo, due to toxic effects of certain ions.
In order to study the effects of different levels of salt con
centrations on seed germination, many experiments were conducted under
laboratory and field conditions.

In general, the reported results

showed that as salinity increased, the percentage of germination

decreased.

Uhvits (1946) studied the effects of NaCl and mannitol on

the germination of alfalfa seeds that were placed in petri dishes con
taining filter paper moistened with solutions having different osmotic
pressures.

She found that the process of germination was virtually in

hibited when the concentrations of NaCl and mannitol increased from 3
to 9 atm, but reduction and retardation of germination were greater in
NaCl than in mannitol solutions.

The severe decrease of germination

percentage by NaCl can be attributed

to injury caused by toxic effect

of NaCl, most probably of the chloride ion.

Similar reduction in germi

nation of alfalfa seeds grown under various osmotic pressures was ob
tained by Dotzenko and Dean (1959).

They found that seeds of six

alfalfa cultivars showed differences in germination percentage.

The

seeds that were able to germinate at high osmotic pressure indicated
that it was a heritable characteristic.

In another study with alfalfa

seeds, Dotzenko and Haus (1960) obtained similar results.
As early as 1918, Harris and
of certain ions on seed germination.

Pittman studied the toxic effects
They found that chloride salts

were most toxic for germination, sulfate less, and carbonate the least.
Harris (1915) reported that the percentage of seed germination, quality
of dry matter, height of plant, and number of leaves per plant were all
affected by alkali salts.

He observed that when large quantities of

salt were present in the soil, the period of germination was longer, and
that Cl

was the most toxic of the acid radicles and Na+ was the most

toxic of the bases.
Chloride toxicity was also reported by Strogonov (1964).
demonstrated it by recovery experiments.

He

Seeds transferred from a

solution of low NaCl concentration to tap water showed a considerably
greater recovery than those transferred from high NaCl solution.
Wiggons and Gardner (1959) studied the effect of different
levels of NaCl solutions on the germination and seedling growth of rad
ish (Raphanus sativas L.), and sorghum (Sorghum vulgare Pers.).

They

found that a concentration of 5 atm of NaCl almost completely inhibited
germination and radicle growth, of both sorghum and radish.

Sodium

chloride solution of 10 atm or more completely inhibited germination.
Ayers (1953) reported the effect of salt concentration, on the germina
tion of barley seeds by adding NaCl in the amount of 0.05 to 0.4 percent
to nonsaline soil.

The osmotic pressure for the saturation extracts

ranged from 12 to more than 20 atm.
curred above 16 atm.

He found that no germination oc

Also, he concluded, that salinity caused by NaCl

increased the time required for emergence of barley and reduced the
percentage of plant emergence.
fa cultivars for three years.

Brown and Hayward (1956) grew six alfal
The plants were grown in plots that were

artificially salinized by irrigating with water containing 0, 3000,
6000, and 9000 ppm of a 1:1 mixture of NaCl and CaCl^.

They found dif

ferences in plant tolerance among the cultivars at low salt concentra
tions, but no differences were found at higher concentrations.
Most saline environments are characterized by high NaCl content,
which exerts both osmotic and specific ion effects on germination and
plant development.

According to Greenway (1973), plants can be affected

by environments with high contents of Cl
ways:

and Na

in at least three

(a) a decrease of water potential of plant cells must take place

in order to cope with the decrease in water potential of the

.

environment, or in other words, the higher osmotic pressure of the sub
strate brings about a higher water tension in plant cells; (b) salts in
contact with absorbing membranes of root cells and/or accumulated salts
within the plant may produce toxic effects directly on the protoplasm,
for example, electrolytes such as Cl

and Na

+

may directly stimulate,

or inhibit metabolic reactions; (c) the presence of certain ions might
inhibit or stimulate absorption of other ions by plants (Epstein 1962).
The overall effect of salts on germination is quite complicated due to
interactions between osmotic and. specific ion effects.

NaCl, Na^SO^,

and K^SC/j at the same osmotic concentration will reduce germination much
more than KC1, MgCl^, or MgSO^.

On the other hand, when recovery from

these salts at the same osmotic concentration occurs, it appears that
MgClg and Na^SO^ are most toxic salts, while NaCl and KC1 are the least
toxic (Redmann 1974).

Factors Involved in the Physiology
of Salt Tolerance
It is well known that plants differ greatly in their ability to
tolerate salinity; but on the other hand, physiological basis for the
mechanism of salt tolerance is still questionable and doubtful.

In

order to maintain successful agriculture, especially in arid and semiarid regions, there is a need for an extensive research that will eluci
date the mechanism of salt tolerance.
Hayward and Wadleigh (1949) described three.important properties
that will determine the salt tolerance ability of a certain plant.
Those are:

(a) when saline conditions prevail, it may be advantageous

for the plant to have the ability to increase the osmotic pressure of

its tissues in order to compensate for the increase in osmotic pressure
of the substrate; (b) plant protoplasm may have the ability to resist
toxic effects of accumulated salts; (c) a regulation mechanism can exist
within the plant for the intake of ions so as to bring about the in
crease of osmotic pressure and yet be able to prevent an excess accumu
lation of ions.
Bernstein and Hayward (1958) stated that the effects of exces
sive amounts of soluble salts in the root environment may be mediated
by three factors:

(a) osmotic inhibition of water absorption, (b)

specific ion effects, or (c) combination of the two.

At this point, in

order to understand better the mode of action of salts on plants, it
would be necessary to recognize two important terms, physiological
drought versus osmotic adjustment.

In 1898, Schimper introduced the

term "physiological drought," and for many years it was accepted by
many workers.

By physiological drought, he meant that salinity could

affect plant growth and development mainly because of the increase in
osmotic pressure of the root environment.

Thus, it is possible to de

fine physiological drought as the water status of a plant where water
deficits develop as the result of excess evaporative water loss, over
liquid water absorption by the roots.

Physiological drought can develop

in plants and young seedlings either due to climatic conditions leading
to high transpiration rates, or due to salinity which changes soil
water levels' and affects absorption.

Wadleigh and Ayers (1945),

Richards and Wadleigh (1952), and other co-workers showed that as os
motic pressure of the root environment increased plant growth was re
duced.

On the other hand; Strogonov (1964) questioned the term

physiological drought, and he thinks that it is not always responsible
for growth reduction and inhibition.

He cited in his book an experiment

that was done by Tulaikoy, who examined the effects of NaCl and Na^SO^
on the yield of wheat.

He found that there were differences at iso-

osmotic concentration.

All plants managed to survive under salinity

caused by the sulfate, and some yield was obtained.

In this case, the

osmotic pressure of the root environment was as high as 30 atm.

It was

not the same with wheat plants subjected to salinity caused by the chlo
ride.

No yield was obtained at osmotic pressure of 20 atm, and all

plants died at salinity level of 30 atm.

Strogonov concluded that the

type of salinity is of significance, due to differences of its mode of
action on plants, and he emphasizes the "toxic" effect of ions.

The

degree of salt toxicity, and the influence of type of salt on germinat
ing alfalfa seeds was studied by Khatib and Massengale (1966).

They

reported that magnesium chloride caused more reduction in germination
than sodium chloride or calcium chloride, and when these salts were com
bined they were the least toxic.
According to Bernstein (1961) and Slatyer (1961) when plants are
subjected to an increase in salinity levels osmotic adjustment occurs.
By this term, it is meant that as osmotic pressure of the solution in
the root environment increases, the osmotic pressure of the root cells
increases proportionally.

On this basis, physiological drought is no

longer considered the cause of growth inhibition in saline environments
(Slatyer 1962; Lundegardh 1966).

The interrelation between factors in

volved in the physiology of salt tolerance are shown in Figure 1.
Greenway (1973) stated that salt accumulation in the environment lowers
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Interrelations between factors involved in the physiology of
salt tolerance (after Greenway 1973).
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its water potential, which results in a decrease in water potential of
the plant tissues.

When there is no salt uptake by the plant (A^, Fig

ure 1), its turgor pressure is low, but on the other hand, accumulation
of salts by plant cells may restore turgor and hydration.

.In other

words, the process of osmotic adjustment takes place (A^, Figure 1).
Another way for developing osmotic adjustment is when salts enter the
plant cell (B^, Figure 1).

In this case, it will prevent a reduction in

available carbon and energy supply of the plant.

Toxic effects might be

introduced upon entrance of salts into the plant cells (Bg, Figure 1)
which as the result may affect certain pathways in plant metabolism
(B^b, Figure 1), and may change completely water relations of individual
cells (B^a, Figure 1) by causing dehydration.

Meiri, Mor, and

Palj okoff-Mayber (1970) have shown that osmotic adjustment can be less
than complete (Slatyer 1961) and in some cases osmotic pressure of the
plant can be higher than the root environment (Boyer 1965).

Eaton

(1942) found that osmotic adjustment can occur in plants growing in
solutions containing permeating solutes, and Ruf, Eckert, and Gifford
(1967) found that the same process can occur in non-permeating solutes,
but according to O'Leary (1971) osmotic adjustment in plants is a re
sponse of water potential decrease in the root environment and not sim
ply a response to increased concentration of permeating solutes.

In

addition, O'Leary (1971) found that the process of osmotic adjustment
can be reversed.

The osmotic pressure of red kidney bean (Phaseolus

vulgaris L.) increased when NaCl concentrations were added gradually
to their root environment, but when the same plants were transferred

11
back to regular nutrient solution their osmotic pressure reversed back
to the control level.
. From the above discussion it is understood that there are many
factors to consider in the physiology of salt tolerance, and that the
specific inhibitory effects of high salinity levels on plant growth and
development is still very doubtful.

It would be of significance to

mention again that deleterious effects of high salinity levels on
growth, from the early seedling stage to the mature stage can be attri
buted to two important factors:. (a) reduction in water absorption by
the plant due to high osmotic pressure in the root environment, and (b)
specific ion effects, or ion toxicity.

Strogonov (1964) stated that

one must take into consideration the antagonism of ions in order to
understand better the mode of action of salts on plants, especially when
salts are toxic to the plant.

In 1912, Osterhout was the first to study

the antagonism of ions in plants.

He reported that germination of wheat

(Triticum vulgare Vill), cotton (Gossypium hirsutum L.), and some other
plants was increased if another salt was added to the solution contain
ing the toxic salt.

Germination of wheat was by far improved in a solu

tion containing sodium and potassium chloride than in a solution
.
■
/
containing only sodium or only potassium; therefore, it is possible to
conclude that a solution containing both ions at high salinity levels
has a smaller inhibitory effect than a solution containing either of the
two separately.

In addition, ion antagonism provides us with a good

tool to overcome partial salinity problems, for example, adding another
salt to a saline environment in order to counteract the salt causing
toxicity.

Bernstein and Ayers (1953) showed that there is some evidence
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that the salt tolerance of certain plant species can be related to
their ability to absorb potassium.

They grew a few cultivars of car

rots (Daucus carota L.) and found that when saline conditions were
created by adding sodium chloride and calcium to the soil, the rate of
calcium absorption increased, and potassium decreased.

The cultivars

that absorbed more calcium and less potassium at the same level of sa
linity gave less yields than the others.

From these results, one may

conclude that by increasing the amounts of potassium in saline soils
containing calcium and sodium it would be possible to improve salt tol
erance of some plant species.
Today, research concerning the physiology of salt tolerance has
reached a stage where two different lines of thinking are recognized.
The first one considers the osmotic effects, while the other emphasizes
the toxic effects of salinity on germination and plant growth.
(cited in Strogonov 1964, p. 78) wrote:

Kursanov

"The modern physiologist

who

studies tolerance in plants sees as his main task the clarification of
the internal metabolic disturbances which take place in the organism as
a result of the damaging factor.

His problem is similar to that of the

physician who must diagnose the illness before he can begin treatment."
It seems necessary at this point to investigate the effect of salinity
on metabolic processes occurring in the plant cell.

It is well known

that high levels of salinity in the root environment may affect plant
metabolism.

Bernstein (1963) suggested that plant enzymes might be af

fected as the result of salinity.

In his book, Slatyer (1967) explained

this phenomenon because of the effect of the ions on the character of
the hydration shell surrounding the protein molecules. Walton (1966)

13
stated that initiation of embryo'-axis elongation in red kidney beans is
dependent on RNA and protein synthesis.

On the basis that low tempera

ture (Markus, Feeley, and Volcari 1966) and saline substrates (Uhvits
1946) decrease the rate of imbibition, O'Leary and Frisco (1970) hy
pothesize that salinity can inhibit germination through its adverse
effects on protein synthesis of the embryo-axis.

They tested this hy

pothesis and found that salinity caused by NaCl inhibited the protein
synthesis capacity of the embryo-axis.
is dependent on water absorption.

This suggests that the process

The same results were obtained by

Ben-Zioni, Itai, and Vaadia (1967), working with tobacco (Nicotiana
tabacum L.) leaves, and by Kahane and Poljakoff-Mayber (1968a) with pea
(Pisum sativum L.) root tips exposed to saline conditions.
Carbohydrate metabolism in plants is affected by a general in
crease in salinity levels, and it can be altered depending on the type
of salt.

Porath and Poljakoff-Mayber (1968) found that the C-6/C-1

ratio in pea tissues showed a clear pattern of changes either with in
crease in salt concentration or with changes in salt type.

They found

a general decrease in C-6/C-1 ratio as salinity increased.

Sodium chlo

ride and sodium sulfate decreased the rates of external glucose absorp
tion, as well as respiration rate; furthermore, they found that CO^
evolution was depressed from C-6 labeled glucose by chloride salinity.
On the other hand, the same type of salinity did not affect CO 2 evolu
tion from C-l labeled glucose.

Both C-6 and C-l labeled glucose were

depressed by sulfate salinity.

Activity of respiratory enzymes such as

glucose-phosphatate isomerase was not affected by sulfate salinity, but
its activity increased more than ten fold with chloride salinity.
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Under saline conditions, one can observe changes in plant metab
olism because certain enzymes are more sensitive to salinity than
others.

According to Strogonov (1964), amylase enzyme was activated in

the same way by NaCl and Na^SO^, but sodium and chloride are not always
the most effective ions.

Weinberg (1967) found that activity of iso

zymes of malic dehydrogenase was stimulated by adding NaCl up to a con
centration of 0.02 M, but above this concentration NaCl had an
inhibitory effect.

Weinberg (1970) found also that in spite of growth

retardation of pea plants exposed to salinity, the levels of specific
activity of eighteen different enzymes did not change in plants growing
under normal conditions, as well as plants growing under NaCl, KC1,
or Na^SO^.

Slatyer (1967) reported that alterations in plant

metabolism can be attributed to an increase or decrease in activity of
certain enzymes, and to the establishment of new enzymes (Porath and
Polj akoff-Mayber 1969; Weinberg 1970).

From the above review, one can

conclude that salinity undoubtedly affects metabolism, but it is not
well known and understood how it does so.

Prisco and O ’Leary (1971),

Kahane and Poljakoff-Mayber (1968a, 1968b) and other co-workers think
that cell metabolism is affected by salinity through its effect on pro
tein and nucleic acid metabolism.

According to Leathy and Greenway

(1970), it seems that the degree of cytoplasmic hydration is the chief
cause of the effects of salinity on metabolism.

Salinity Related to Seed Germination Respiration
and Mitochondrial Efficiency
The first process which takes place during germination is water
uptake by the seed (Mayer and Polj akoff-Mayber 1963).

Three factors

15
affect this process:

(a) the composition of the seed, (b) the perme

ability of the seed coat to water, and (c) the availability of moisture
in the soil, which is considered the most important factor to initiate
the process of germination. • Water availability in the seed environment
will be determined by osmotic factors, binding forces of the soil col
loids, and by the amount of salt.

Hillel (cited in Kozlowski 1972)

stated that at least two stages are involved in the process of water up
take by the seed during germination, the first one is a passive stage,
and the second is a growth stage which starts when the radicle appears.
While the latter stage occurs, the radicle responds to available moisture layers.

'

Between those two stages there is a time period during

which internal physiological processes (i.e., respiration) start to set
the stage for actual growth.

Mayer and Poljakoff-Mayber (1963) pointed

out that germination is a process requiring vast amounts of energy by
the seed cells.

The energy-requiring processes in living cells are

usually sustained by the process of oxidation in the presence or absence
of oxygen; therefore, seed germination is greatly affected by the compo
sition of the ambient air and its exchange with the external atmosphere.
Toole et al. (1956) and Yemm (1965) studied the respiration
process of germinating seeds under normal conditions.

They found that

when germination starts there is an increase in respiration rate.

As

soon as the process of water uptake occurs there is a steep increase in
the seeds' respiration rate, then, after a few hours, respiration rates
start to level off, until

it becomes constant.

Finally, there is a

third stage, which again is marked by an increase in respiration until
a maximum is reached.

16
Since there is very little information and data throughout the
literature concerning the relationship between salinity level and res
piration of plants during all stages of growth, it is very difficult to
propose a general rule and to say that as the salinity level increases,
respiration also increases, and vice versa.

In addition, our under

standing of the relationship between salinity and respiration becomes
more confused and involved when one can find conflicting information and
data in the literature.

Brix (1962) grew pine seedlings in water poten

tials ranging from 4 to 44 atm.

A rise in water deficit up to 12 atm

resulted in a decrease in respiration, then an increase, and above 28
atm another decrease was obtained.

Takaoki (1957) introduced some rela

tionships between osmotic potential and respiration in a few groups of
plants.

He pointed out that in the case of glycophytes, an increase in

salinity caused a decrease in respiration.

On the other hand, an in

crease in salinity caused an increase in respiration of halophytes.
Nieman (1962) studied the effect of NaCl on respiration of
twelve crop plants.

He reported that leaves, especially of salt sensi

tive species, showed increased respiration rates.

The response of roots

was incomplete, but pea roots grown in saline medium showed elevated
respiration.

On the other hand, conflicting results were obtained by

Porath and Polj akoff-Mayber (1964).
reduced respiration of pea root tips.

They found that NaCl increments
As the result of the conflicting

reports Livne and Levin (1967) reexamined the problem.

They reported

differences in response to salinity in glycophytes, not only between
species, but also between organs, which makes the problem much more com
plex.

They grew pea and found that when NaCl was. the cause for salinity
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in the growth medium, respiration of leaves increased by 30%, while
respiration of the stem and root increased only 10%.
Respiration during seed germination of barley (Hordern vulgare
L.), strawberry clover (Trifolium fragiferum L.), and Ladino clover
(Trifolium repens L.) was studied by George and Williams (1964) . Three
salt solutions were used, NaCl,

CaCl^

of 1, 2, 3, 4, 6, 8, 12, and 16 atm.

and Na^SO^ with osmotic pressure
Germination of all three species

decreased with increased salt concentrations.

As salinity levels in

creased, respiration of barley seeds decreased, a slight increase was
noticed in strawberry seeds, and a considerable increase in respiration
was obtained in Ladino clover seeds.

From these results it seems that

the higher tolerance of barley to salinity during germination is asso
ciated with lower respiration rates.

Barker et al. (1970) examined the

effects of salinity on some physiological processes associated with seed
germination.

Their results showed that seed germination was totally

inhibited by high concentrations of potassium or ammonium salts.

In low

concentrations of ammonium only partial inhibition of seed germination
occurred, while at the same concentration with potassium salt, germina
tion was not affected at all.

Both salts inhibited completely the res

piration of germinating seeds.
The discovery of mitochondria as the "power" source of living
cells drew the interest of biologists as well as many plant physiolo
gists to further investigate mitochondrial structure, function, and ef
ficiency.

Lundegardh (1940) was the first to find that cytochrome

oxidase system participates in salt accumulation.

On this basis,

Robertson (1951) found that the cytochrome system is associated with

18
mitochondria, and therefore suggested that mitochondria might partici
pate with the salt accumulation mechanism.

Many details are still

missing concerning how the energy released in respiration is ready to
perform cellular work while the young seedling is exposed to saline con
ditions.

Available information that will strongly correlate germina?

tion, mitochondrial efficiency, respiration and salinity cannot be found
in the literature.

But some reports by Nir, Poljakoff-Mayber and Klein

(1970) indicated that water-stressed roots showed an increase in cyto
chrome oxidase activity and ultrastructural changes in mitochondria.
Miller, Bell and Koeppe (1971) examined the effects of phosphatate and
calcium on mitochondria.

They found that while adding phosphate to the

reaction media, the rate of swelling of isolated c o m mitochondria was
greatly reduced.

They concluded that water stress had a significant

effect on the membranes of mitochondria isolated from c o m .
Howell (1961) found that total respiration of seed is determined
by number of mitochondria, and by the ratio ADP:0, which is referred to
as mitochondrial efficiency.

McDaniel (1972) thinks that the ratio be

tween conversion of ADP to ATP coupled with
small grain yield.

0^

release can be related to

On this basis, Schneiter et al. (n.d.) proposed that

under optimum conditions, the measurement of mitochondrial efficiency
can be used in the future as a physiological tool to select alfalfa for
high forage yields.

It seems that it will be significant to compare

mitochondrial ADP:0 ratios and yields of alfalfa growing under optimum
conditions with those yields obtained from alfalfa growing under saline
conditions.

MATERIALS AND METHODS

This study was conducted during the spring and. summer of 1974
under laboratory conditions.
ments.

The study was divided into three experi

Experiment 1 was designed to determine the effect of NaCl on

germination percentage of three alfalfa cultivars.

Experiment 2 was

conducted, to evaluate the effect of NaCl on respiration rates of young
germinating alfalfa seedlings, and Experiment 3 was done to determine
mitochondrial efficiency of young seedlings subjected to NaCl salinity.
Three alfalfa cultivars were selected for this study:
Sirsa, Ladak 65, and Salton.

Mesa-

The selection of alfalfa for this study

was based on the following criteria:

(a) alfalfa is one of the widely-

grown crops in western United States, (b) during seed germination, al
falfa is considered a sensitive crop to salinity, (c) alfalfa is grown
in areas where salinity is a major problem, and (d) there is a definite
need to increase world protein production, both for non-ruminant ani
mals, as well as for human consumption, which as the result, makes
alfalfa a valuable plant because of its high protein content.
Sodium chloride (NaCl) was chosen for this study to serve as a
source of salinity because it is the most common salt occurring in all
saline soils (Mulwani and Pollard 1939).

Preliminary tests were con

ducted in order to determine the range of NaCl concentrations to be
used.

From the results, it was concluded that the following water po

tentials of substrate should be used:

0 bars (control), -2 bars, -4

bars, -6 bars, -8 bars, and -10 bars.

All salt solutions were prepared
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by dissolving the appropriate -amount of NaCl in distilled water accord
ing to the formula used by Salisbury and Ross (1969).

Experiment 1--Germination Percentage
This experiment was initiated in order to determine the effect
of NaCl salinity on the germination percentage of Mesa-Sirsa, Ladak 65,
and Salton alfalfa cultivars, the experiment was replicated three times.
All three cultivars received the same treatments, and were germinated at
the same time inside a germinator that was kept 24 hours under dark con
ditions, at temperature of 21° ± 1°C.

One hundred seeds were placed in

each petri dish (100 x 22 mm) containing two layers of Whatman #42 fil
ter paper moistened with 10 ml of the appropriate solution.
After placing the seeds inside the germinator, counts of the
germinating seeds were made on 3-, 5-, and 7-day intervals.

According

to the U.S.D.A.'s "Manual for Testing Agricultural and Vegetable Seeds"
(1952), a seed was considered germinated when it had a long (5 cm) slen
der root with hairs and without any sign of abnormality.

All germinat

ing seeds were removed at the time of each counting.

Experiment 2--Respiration Rates
Respiration rates were measured when the young alfalfa seedlings
reached the age of 3, 5, and 7 days.

The same petri dishes, filter

paper, salt concentrations, and environmental conditions were utilized
as reported in Experiment 1.

The experiment was replicated three times.

A diagram of the closed CO^ exchange system used to measure res
piration is shown in Figure 2.

Each petri dish containing 100 seeds was

transferred from the germination to a special designed chamber connected

INFRARED GAS ANALYZER
X

DRYING
COLUMN

CHAMBER

PUMP
SCALE
EXPANDER

RECORDER

Figure 2.

A closed CO 2 exchange system used to measure respiration of 3-, 5-, and 7-day-old alfalfa
seedlings.
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with nylon tubing to the closed system.

During the CO^ measuring pro

cess the petri dish was covered with aluminum foil in order to prevent
light penetration.
of 5 minutes.

Carbon dioxide evolution was measured for a, period

Each time a petri dish was placed inside the chamber, it

was sealed tightly with clamps.
The sampled air was drawn through the system by a diaphragm
pump.

It was pumped out of the petri-dish chamber passed through a

drying column 6-16 mesh moisture-indicating silica gel.

The pump pushed

the sampled air through a Beckman 215 Infrared Gas Analyzer, but before
the air entered the CO^ analyzer, it passed through a 250 ml flask that
was connected to the system in order to provide constant pressure to the
sample cell.

The amount of COg (PPM) was determined by the extent of

infrared transmitted.

A Beckman Recorder monitored the change in CO^

concentration per unit time.

Experiment 3--Mitochondrial Efficiency
Seeds of Mesa-Sirsa, Ladak 65, and Salton were tested to deter
mine relative mitochondrial efficiency.

The seeds were germinated in

the dark at 21° ± 1°C for five days prior to laboratory analyses.
four salt concentrations were used in this experiment:
-4 bars, -6 bars, and -8 bars.

Only

0 bar (control),

The experiment was replicated three

times.
In order to analyze for mitochondrial efficiency of 5-day-old
alfalfa seedlings, all steps were carried out at 0° to 4°C.

Two grams

of fresh weight seedling material, tops and roots, were added to 20 ml
of chilled grinding buffer.

The buffer consisted of the following

materials:

171,15 g sucrose, 10.1 g K^PO^, and 1.5 g EDTA (ethylene-

dinitrilotetraacetate).

The sucrose, K^PO^, and K^HPO^ were stirred

together in distilled water for one hour, while EDTA was stirred in dis
tilled water separately, then both solutions were added to distilled
water to make up one solution of 1.0 liter grinding buffer.
the resultant solution was 7.2 (McDaniel 1973).

The pH of

Plant tissue was

ground gently in a prechilled mortar and pestle with the grinding buffer
and homogenized to a total of 20 ml.

The homogenate was poured through

a nylon cloth (4.624 aperatures per sq. cm) , and 250 BSA (bovin serum
albumin, Fraction V) was added to the filtrate.
The solution was centrifuged twice.
trifuged at 3000 rpm for 5 minutes.

The first time it was cen

Then the supernatant was decanted

into another centrifuge tube containing 10 mg BSA, and was centrifuged
for the second time at 18,000 rpm for another 5 minutes.

When the sec

ond centrifugation was completed the supernatant was decanted and the
remaining pellet was resuspended in 0.5 ml of wash buffer (McDaniel
1973).

The wash buffer consisted of the following materials:

sucrose, and 0.013 g K^HPO^.

8.50 g

Both the sucrose and the K^HPO^ were

stirred in distilled water to make up a solution of 50 ml wash buffer
(pH 7.2).

The solution containing both the resuspended pellet and the

wash buffer was added to reaction buffer (McDaniel 1969), which was made
up of the following materials:

0.31 g MgCl^, 0.005 g TPP (thioumine

pyrophosphate chloride), 0.041 g KH^PO^, 0.0363 g TRIS (base) (TRIZMA),
and 1.092 g mannitol.

All were mixed and stirred together in distilled

water to make up a solution of 20 ml reaction buffer (pH 7.2)..
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The resuspended pellet, the wash buffer, and the reaction buffer
were placed in a reaction vial (Figure 3) suspended inside a water bath
calibrated to 27°C.

The solution was stirred by a magnetic stirrer

located at the bottom of the reaction vial.

An oxygen probe was in

serted into the reaction vial, allowing all air bubbles to be removed,
then mitochondrial activity was measured polarographically.

Typical

polarographic traces of oxygen uptake by isolated mitochondria from
young barley seedlings are shown in Figure 4.

In order to allow the

solution to equilibrate, 12 mM (pH 7.2) of a-ketoglutarate were added
to the reaction chamber.

One hundred and fifty yM of ADP (pH 7.2) were

added with a micro-letter syringe to elicit acceptor stimulated mito
chondrial respiration.
of 27°C.

All measurements were recorded at temperatures

Mitochondrial efficiency ratios (ADP:0) were calculated from

the ratios of yM ADP (converted to ATP) to y atoms oxygen uptake during
acceptor stimulated respiration.

Respiration control (RG) ratios were

calculated as the ratio of rate of state 3 oxidation (acceptor present)
to state 4 oxidation (acceptor absent) (Chance and Williams 1955).
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Figure 4.

Typical polographic traces of oxygen uptake by isolated mitochondria from young seedlings
(after McDaniel 1972).

RESULTS AND DISCUSSION

Experiment 1--Gemination Percentage
Germination percentage for Ladak 65, Mesa-Sirsa, and Salton
evaluated at 3-, 5-, and 7-day intervals in six sodium chloride (NaCl)
concentrations differed significantly.
Germination of the three alfalfa cultivars tested were influ
enced by increasing the salt concentrations of the solution.

The higher

the salt concentration used, the lower the germination percentage ob
tained (Figure 5).

These results are in agreement with the work of

Uhvits (1946), Dotzenko and Dean (1959), Khatib (1965), and with Redmann
(1974).

Bernstein (1963) worked with a limited number of alfalfa cultf-

vars and did not find differences in their salt tolerance.
Salton displayed a higher germination percentage than Mesa-Sirsa
and Ladak 65 when all three cultivars were averaged over the six osmotic
concentrations and the 3-, 5-, and 7-day observation intervals (Figures 5 and 6).
and 7 were:

The average germination percentages of Salton on days 3, 5,
63.66, 82.00, and 85.03% respectively.

The ability of Sal

ton to tolerate high salt concentrations was probably due to the selec
tion pressure used in the development of this cultivar at The University
of California.

Mesa-Sirsa is a cultivar originated in the arid zones of

India, therefore, it has some ability to tolerate moderate levels of
salinity.

The average germination percentages of Mesa-Sirsa on days 3,

5, and 7 were:

54.27, 62.55, and 71.66% respectively.

Ladak 65 how

ever, is an alfalfa cultivar from the high elevations of India, grown in
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Percent germination of three alfalfa cultivars averaged over
six osmotic concentrations at 3-, 5-, and 7-day intervals.

30
northern United States, is cold resistant, and is not adapted to the
arid zones of Arizona.

Ladalc 65 had the lowest germination percentage

when subjected to saline conditions.

On day 3, the average germination

percentage for Ladak 65 was 22.49, on day 5, 60.10, and on day 7, 66.10%
(Table 1).

These results are similar to those reported by Brown and

Hayward (1956) who worked with six alfalfa cultivars in. different salt
concentrations and reported that Ladak had the lowest yield of all six
alfalfa cultivars tested when it was subjected to moderate and high
levels of salinity.
The decrease in germination percentage was much smaller when the
alfalfa seed were subjected to low (0, -4, -6 bars) sodium chloride con
centrations (Figure 5 and Table 1).

When the seed were treated with

higher salt concentrations (-8, -10 bars), the decrease in germination
percentage was much greater; furthermore, low salt concentrations ap
peared to stimulate germination.

This is partially in agreement with

Khatib (1965), who found that low salt concentration (2000 PPM) was
toxic to the berseem clover cultivar 'Muscawi' (Trifoium alexandrium L.),
but stimulated the germination of 'Lahonton'.

On day 3, when treated

with distilled water, the germination percentage of Mesa-Sirsa was
81.00, but at -2 bars its germination percentage was 83.00%.

At moder

ate concentrations, a decrease in germination was observed, when treated
with -4 bars its germination percentage was 69.66, and at -6 bars it was
68.00%.

A considerable decrease was noticed when the same, cultivar was

subjected to higher salt concentrations.

At -8 bars germination de

clined to 24.00%, and at -10 bars Mesa-Sirsa seed did not have the
ability to germinate.

On day 5, Ladak 65 had 89.66 germination at

Table 1.

Germination (%) of three alfalfa cultivars in 6 osmotic concentrations of N a d , evaluated
at 3-, 5-, and 7-day intervals.

Concentrat ions (Bars)
Cultivar*

Control

-2

-4

-6

-8

-10

Cultivar Mean

0.00
0.00
10.33
3.44

22.49
54.27
63.66

0.00
20.60
40,66
20.44

60.10
62.55
82.00

0,00
15.00
37,00
17.33

66.10
71.66
85.83

Germination % Day 3**
LADAK 65
Mesa-Sirsa
Salton
Concentration
Mean***

50.00
81.00
90.00
73.66

31.33
83.00
89.66
68.00

31.66
69.66
94.66
65.33

13.00
68.00
81.00
54,00

9.00
24.00
16.33
16.44

Germination % Day 5
LADAK 65
Mesa-Sirsa
Salton
Concentration
Mean

95.00
78.33
97.00
90.11

89.66
73.00
92.66
85.11

92.66
77.00
96.33
88.67

62,00
80.66
94.00
78.89

21.33
45.66
71.33
46.11

Germination % Day 7
LADAK 65
Mesa-Sirsa
Salton
Concentration
Mean
* LSD at
** LSD at
***LSD at

95.33
85.00
96.33
92.22

86.00
86.00
98.33
90.11

87.66
82.66
93.66
88.00

. 77.66
79.66
96.66
84.66

50.00
81.66
93.00
74.88

the .05 level for the comparison of means within cultivars is 2.33,
the .05 level for the comparison of means within sample day is 5,20.
the .05 level for the comparison of means within concentrations is 3.06;-
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-2 bars, 92.66 at -4 bars, 62.00 at -6 bars, 21.3% at -8 bars, and was
not able to germinate in -10 bars.

On day 7, the decrease in germina

tion percentage of Salton was not very drastic between -2 bars and -8
bars, but a sharp decrease was observed between -8 bars and -10 bars.
At -8 bars, Salton had 93.00 germination, while at -10 bars it dropped
to 37.00% germination.

The fact that Ladak 65 was not able to germinate

at -10 bars, and both Mesa-Sirsa.and Salton showed a sharp reduction in
germination percentages, suggests that at high concentrations, sodium
chloride was toxic to the young seedlings, which resulted in "poisoning"
the embryos.

This is in agreement with Strogonov (1964) who reported

about chloride toxicity to young seed germinated at high sodium chloride
concentrations.' Khatib (1965) and Redmann (1974) also found that high
concentrations of sodium chloride were much more toxic to alfalfa seed
lings than any combination of two or more salts.
Significant differences in germination percentage were found
among cultivars germinated in distilled water (Figure 5).

These results

could probably be explained by the difference in hard seed found among
the cultivars, or the difference in permeability of seed coats among the
various cultivars.
More alfalfa seed had germinated by the end of the 5th and the
7th day, than on day 3 when averaged over all six salt concentrations
(Figure 6).

On day 3, Ladak 65, Mesa-Sirsa,- and Salton had germinations

of 22.4, 54.22, and 63.66%, respectively.

An increase in germination

percentage occurred on day 5, but the greatest increase in germination
percentage occurred on day 7.

Ladak 65 had 66.10, Mesa-Sirsa had 71.66,

and Salton had 85.83% germination (Table 1).

The ability of the seed to
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germinate better on day 5 and 7 was probably due to the high protein
content of those seeds; therefore, more time was needed for protein
metabolism.

However, when salinity levels were high (-8 and -10 bars),

toxic effects could have been exerted on the seed.

Both Mesa-Sirsa and

Salton displayed the lowest germination percentages when subjected to
-10 bars of sodium chloride on day 7.

.

Germination percentages were much higher at low salt concentra
tions compared to high salt concentrations when averaged over all cultivars.

On day 5, average germination at -4 bars of all cultivars was

88.67, and at -8 bars it increased to 46.11%.

At low sodium chloride

concentrations, osmotic effects rather than toxic effects were probably
imposed on the seed.

Osmotic adjustment might also explain the ability

of the seed to germinate faster at low salt concentrations.

At -2 and

-4 bars, sodium chloride could act as a permeating solute, and thus at
low salt concentrations germination percentages were high due to a
greater amount of water absorption by the seedlings.

This process of

water absorption resulted in an increase of the seedling osmotic pres
sure, and the seedlings osmotically adjusted to the saline environment.
Therefore, osmotic adjustment can serve as a possible mechanism for
tolerating moderate levels of salinity.

These results are in agreement

with Eaton (1942) who found that the process of osmotic adjustment can
occur in plants grown in solutions containing permeating solutes.

How

ever, Ruf, Eckert, and Gifford (1967) found that the same process can
occur in non-permeating solutes.

34
Experiment 2--Respiration Rates
Dark respiration rates of Ladak 65, Mesa-Sirsa, and Salton ger
minated in three osmotic concentrations, and evaluated at 3-, 5-, and 7day intervals were higher in the distilled water (control) than in -6
and -10 bars of sodium chloride (Table 2).

Salton showed a smaller de

cline in respiration rates than Ladak 65 and Mesa-Sirsa, when all three
cultivars received the same treatments.
lowing respiration rates:
4.68 PPM COg Min

VlOO

On day 3, Salton had the fol

control 6.62, -6 bars 5.82, and -10 bars

seed.

While on the same day Mesa-Sirsa had:

8.74 for the control, -6 bars 5.91, and when treated with -10 bars of
sodium chloride its respiration rate was 3.70 PPM (X^ Min V l O O seed
(Table 2).
On day 3, as salt concentration increased, the respiration rates
of all the three cultivars tested decreased sharply (Figure 7).

Respi

ration rates of Ladak 65 continued to decrease on both days 5 and 7 as
salt concentration increased.

On day 5, however, Mesa-Sirsa had respi-'

ration rates of 8.00 when treated with distilled water, and then a
sharp decrease to 4.83 occurred, followed by a slight increase to 5.41
PPM CO2 Min V l 0 0 seed. On days 5 and 7, Salton displayed a decrease in
respiration rates between zero and -6 bars followed by an increase when
subjected to -10 bars of sodium chloride.
The general decrease in respiration rates from the control to
-10 bars of sodium chloride (Figure 8) is in agreement with George and
Williams (1964).

They found that as salinity level increased respira

tion rates of barley seed decreased.

They also reported that as salin

ity increased, respiration rates of Ladino clover, increased.

On the
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Table 2.

Dark respiration of 3 alfalfa cultivars germinated in 3 os
motic concentrations of NaCl, evaluated at 3-, 5-, and 7-day
intervals.*

Concentrations (Bars)
Cultivar

Control

-6

-10

Cultivar Mean

.Day 3
LADAK 65
Mesa-Sirsa
Salton
Concentration Mean

6.27**
8.74
6.62
7.21

4.94
5.91
5.82
5.56

2.56
3.70
4.68
3.64

4.60
6.11
5.70

Day 5
LADAK 65
Mesa-Sirsa
Salton
Concentration Mean

4.41
8.00
4.91
5.77

3.41
4.83
4.83
4.35

3.50
5.41
4.75
4.55

3.77
6.08
4.83

Day 7
LADAK 65
Mesa-Sirsa
Salton
Concentration Mean

3.82
7.30
4.67
5.26

3.14
4.67
4.50
4.10

2.46
5.60
5.44
4.50

3.14
5.86
4.87

* LSD at the .05 level for comparison of means within sample day, among
cultivars, and concentrations is 0.678.
**PPM C02 Min~Vl00 seeds.
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other hand, Barker et al.

(1970) found that both ammonium and potassium

salts inhibited completely the respiration of germinating seed.

From

these results, it is quite clear that the relationships between germina
tion, respiration and salinity are quite complex and involved; there
fore, it is possible to find throughout the literature conflicting
reports concerning respiration rates as affected by salinity.

Two other

factors may contribute to the complication of measuring respiration
rates.

The first one is the method employed to obtain those rates.

Different methods often provide different data.

The permeability of the

seed coat also complicates the measurements of respiration rates, be
cause exchange of gases is involved.
The small changes in respiration rates of Salton, especially on
days 3 and 7, may suggest another mechanism whereby young Sal ton seed
lings can tolerate salinity.

These seedlings maintained more or less

stable respiration rates, and the energy which is derived from respira
tion was directed to some other vital metabolic process such as protein
synthesis.

This mechanism could help to further explain the ability of

Salton to germinate better than Mesa-Sirsa and Ladak 65 at higher levels
of salinity.

The data presented in Table 2 show that respiration rates

of Mesa-Sirsa decreased on days 5 and 7 when treated with zero and -6
bars.

Then, when treated with -10 bars of sodium chloride its respira-

tion rates increased from 4.83 to 5.41 PPM CQ^ Min

/I00 seed.

The

increase in respiration rate probably occurred because more energy was
required to absorb the salt, and the required energy was supplied by an
increase in respiration.
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The respiration of Ladak 65, Mesa-Sirsa, and Salton averaged
over all three concentrations is summarized in Table 2.
piration rates were obtained for Ladak 65.

The lowest res

The respiration rates for

this cultivar were 4.60, 3.77, and 3.14 PPM CO^ Min V l O O seed for ob
servations on days 3, 5, and 7, respectively.

Ladak 65 had the lowest

respiration rates when treated with -10 bars during all days of evalua
tion (Table 2).

Low respiration rate is undoubtedly a reasonable ex

planation for the inability of Ladak 65 to germinate in -10 bars of
sodium chloride.

Toxic effects were exerted on the seedlings, which

resulted in "poisoning" the embryos.

Mesa-Sirsa, however, had the high

est average respiration rate over all three concentrations (Table 2).
This was undoubtedly due to an inherited ability of this cultivar to
tolerate moderate salinity because selection, production potential, and
cultivar development were made in areas of Arizona which have saline
soils.

Mesa-Sirsa was able to maintain high respiration rates and pro

vide energy for the sodium chloride absorption.

Salton, which is a salt

tolerant cultivar, germinated the best in all salt concentrations, and
displayed the most uniform respiration rates on days 3, 5, and 7 aver
aged over all three salt concentrations.

Respiration rates of Salton

were between those of Ladak 65 and Mesa-Sirsa.

Those results indicate

that by maintaining adequate but stable respiration rates, higher levels
of salinity can be tolerated.

Experiment 3--Mitochondrial Efficiency
The polarographic traces of oxygen uptake of isolated mitochondria from five-day-old seedlings grown under various salt concentrations

-

40
show that the rate of oxygen uptake was different among cultivars, and
that salt concentration influenced this physiological factor (Figures
9, 10, 11, 12, and 13).

Significant differences between cultivars and

concentrations were inconsistent (Table 3).
Ladak 65 had the highest ADP:0 ratio (1.99) and the highest
respiratory control (2.07), when these ratios were averaged over all
four salt concentrations.

Mesa-Sirsa ranked second, with an ADP:0 of

1.95, and respiratory control of 2.04, and Salton displayed the lowest
ADP:0 and RC values of 1.73 and 1.76, respectively (Figure 10).

Various

patterns of ADP:0 ratios and respiratory control of the isolated mito
chondria were observed (Figures 9, 11, 12, and 13).

Mitochondrial ef

ficiency (ADP:0) and respiratory, control of five-day-old alfalfa
seedlings germinated in four sodium chloride concentrations are shown
in Table 3.
tilled water.

Ladak 65 showed ADP:0 ratio of 1.81 when treated with dis
Then, a small decrease was observed when the same culti-

var was treated with -4 bars.

A significant increase of ADP:0 ratio was

observed when this same cultivar was germinated in solutions of -6 bars
and -8 bars of sodium chloride.
treated with distilled water.

Mesa-Sirsa had ADP:0 ratio of 2.02 when
Then, when the same cultivar was treated

with -4 bars a significant decrease in ADP:0 ratio occurred, however,
the highest ratio (2.44) in this study was obtained when Mesa-Sirsa was
treated with -6 bars.

Salton displayed the lowest ADP:0 ratios of the

cultivars treated with distilled water, -6 bars, and -8 bars (Table 3).
The respiratory control of Ladak 65 increased as the salt concentration
increased, but at a concentration of -8 bars of sodium chloride the res
piratory control for the cultivar stabilized and was the same as under
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Figure 9.

Mitochondrial efficiency (ADP:0) and respiratory control (RC)
of five-day-old alfalfa seedlings germinated in four osmotic
concentrations.
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MESA-SIRSA

SALTON

Mitochondrial efficiency (ADP:0 Ratio) and respiration con
trol (RC) of five-day-old alfalfa seedlings averaged over
four osmotic concentrations.
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Polarographic traces of oxygen uptake by isolated mitochondria of Ladak 65 seedlings at
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Polarographic traces of oxygen uptake by isolated mitochondria of Salton seedlings at
different osmotic concentrations.
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Table 3.

Mitochondrial efficiency (ADP:0 Ratio) and respiratory control
(RC) of five-day-old alfalfa seedlings germinated in four os
motic concentrations of NaCl.

Concentration (Bars)*
Cultivar**

Control

-4

-6

Concentration
Mean

-8

Mitochondrial Efficiency (ADP:0 Ratio)
LADAK 65

1.81

1.71

2.07

2.40

1.99

Mesa-Sirsa

2.02

1.58

2.44

1.71

1.95

Salton

1.60

1.81

1.84

1.67

1.73

Respiratory Control (RC)
LADAK 65

1.74

1.97

2.30

2.30

2.07

Mesa-Sirsa

1.80

1.93

2.33

2.10

2.04

Salton

1.55

1.82

1.79

1.91

1.76

* LSD at the .05 level for mitochondrial efficiency
respiratory control (RC) for the comparison among
0.247 and 0.167 respectively.
**LSD at the .05 level for mitochondrial efficiency
respiratory control (RC) for the comparison among
and 0.146 respectively.

(ADP:0 ratio) and
Concentrations is
(ADP:0 ratio) and
cultivars is 0.210
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-6 bars.

Ladak 65 displayed the highest respiratory control when

treated with -6 bars, but its respiratory control dropped when treated
with -8 bars.

The respiratory control of Salton when treated with dis

tilled water, -4 bars, -6 bars, and -8 bars was 1.55, 1.82, 1.79, and
1.91, respectively.
Sodium chloride had more or less stimulatory effects on both
ADP:0 ratios and respiratory control (Table 3).

Those stimulatory ef

fects were greater on respiratory control than on mitochondrial effi
ciency (ADP:0) (Figure 9).

The different values obtained in

mitochondrial efficiency and in respiratory control of the three cultivars tested were probably due to different stages of mitochondrial
development during the isolation process.

Ladak 65 showed the highest

ADP:0 ratios, and the highest respiratory control when averaged over all
salt concentrations (Figure 10).

The isolated mitochondria of Ladak 65

may have been in an advanced stage of development, and therefore pro
vided more suitable ion carriers for active absorption of sodium chlo
ride.

This salt absorption in turn, stimulated oxygen uptake by the

mitochondria.

These results are in agreement with Lundegardh (1940).

He reported that a well developed mitochondria could serve as carrier of
an absorbed layer of ions and transport them from one part of the cell
to another.

The inconsistent increase and decrease of both ADP:0 ratios

and respiratory control will further explain that the isolated mitochon
dria were under various stages of development.

Electron microscope

studies confirmed that on about the fifth day of germination there is an
increase in numbers of mitochondria, but their activity is directly re
lated to their stage of development.

The inconsistent values obtained for ADP:0 ratios and for res
piratory control could also be a result of microbial contamination.

It

could also be attributed to the fact that alfalfa mitochondria from dif
ferent cultivars reacted differently to the selected temperature (27°C).
From data presented in Table 3 and Figure 9, it is possible to
conclude that sodium chloride exerted a direct influence on the respira
tory chain by causing an immediate effect as ion-independent stimulation
of oxidative activity of the isolated mitochondria, therefore, the re
sults obtained here may suggest that salt-stimulation of mitochondrial
activity could occur due to changes in development or structure of the
mitochondria which could alter the effectiveness of a certain substrate
to the respiratory chain.

SUMMARY

The effect of sodium chloride on seed germination, respiration,
and mitochondrial efficiency of Ladak 65, Mesa-Sirsa, and Salton alfalfa
cultivars was studied under laboratory conditions.
tions used ranged from zero to -10 bars.

Osmotic concentra

The seeds of each cultivar

were germinated in petri dishes by placing them on two layers of filter
paper saturated with 10 ml of the appropriate solution.

The dishes were

placed in a controlled environmental chamber at 20° ± 1°C under com
pletely dark conditions.

Both germination percentage and respiration

rates were evaluated at 3-, 5-, and 7-day intervals, while ADP:0 ratios
were evaluated when the seed were five days old.
The three cultivars tested showed different reactions to the
different salt concentrations.

In general, Salton exhibited the highest

salt tolerance when compared with Mesa-Sirsa and Ladak 65.

The total

percentage of seed germination decreased as salt concentrations in- ;
creased.

At -10 bars of sodium chloride, a very low germination per

centage was obtained for Salton and Mesa-Sirsa.

Ladak 65 did not have

the ability to germinate at this concentration.

High salt concentra

tions caused toxic effects to the germinating seed.

At low salt con

centrations, however, more germination occurred compared with high
salt concentrations, probably because of the stimulatory effect of
sodium chloride.

Another possible explanation for this phenomenon could

be that the process of osmotic adjustment could take place at the low
salt concentrations and the seed were able to osmotically adjust to the
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growing conditions.

The rate of seed germination was higher between

days 5 and 7, than between days 3 and 5.

This was especially true when

the seed were treated with 0, -2,-4, and -6 bars of sodium chloride.
This can be explained by the fact that more time was needed for the seed
to adjust to the saline environment.
Dark respiration rates of the three cultivars were measured with
a closed CO^ system using an infrared gas analyzer.

The highest respi

ration rates were obtained when the seed were treated with distilled
water compared with -6 and -10 bars of sodium chloride.

Salton main

tained a smaller respiration decline than Ladak 65 and Mesa-Sirsa when
all three cultivars were subjected to the saline treatments.

The physi

ological ability of Salton to maintain stable respiration rates when
subjected to 0, -6, and -10 bars may strongly suggest another mechanism
whereby those seedlings could tolerate salinity.

The energy that was

derived from respiration could be directed to some other important
metabolic processes such as protein synthesis, and hence faster develop
ment of the seedlings.

Mesa-Sirsa showed an increase in respiration

rate when treated with -10 bars sodium chloride.

These data suggested

that energy was expanded in absorption of salts and the required energy
was supplied by an increase in respiration.

Ladak 65 did not germinate

when subjected to -10 bars, and the respiration rates of this cultivar
were the lowest at the same concentration.

Ladak 65 was undoubtedly

more susceptible to embryo toxicity caused by the high concentration
which was lethal to the developing seedlings.
Mitochondrial efficiency (ADP:0) and respiratory control were
determined from polarographic traces of oxygen uptake of isolated
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mitochondria from five-day-old seedlings grown in 0, -4, -6, and in -8
bars of sodium chloride.

Ladalc 65 had the highest ADP:0 ratio and res

piratory control compared with Mesa-Sirsa and Sal ton which had the. low
est ratios.

These results were obtained when all ratios were averaged

over all four salt concentrations.

Sodium chloride influenced the rate

of oxygen uptake by the isolated mitochondria of all three cultivars,
but the significant differences between cultivars and concentrations
were inconsistent.

Sodium chloride had more or less stimulatory effects

on both ADP:0 ratios and respiratory control.

It was observed that .

those stimulatory effects were greater on respiratory control than on
ADP:0 ratios.

High ADP:0 ratios and respiratory control were observed

probably when the isolated mitochondria were in an advanced stage of
development, and in a very active stage; therefore, more sites for
sodium chloride absorption were available, which resulted in the stimu
lation of those ratios.
From the results obtained in this study it is possible to con
clude that physiological research should be directed towards further
elucidation of the mechanism(s) involved in the physiology of salt tol
erance.

The physiology of salt tolerance is a very complex process

which certainly depends upon some physiological processes such as res
piration, ADP:0 ratios.

There is no doubt that further research is

needed in areas of photosynthesis and transpiration as affected by
salinity.
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