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ABSTRACl' 

Tissue culture and radicle excision techniques were employed to 

evaluate salt tolerance in alfalfa (Medicago sativa L.). Plant suspen

sion cultures of ei ther seedling root or shoot origin were studied in 

media with or without supplemental NaCl (3.54 g liter-I). In most 

cases, the growth rates of root-derived cultures were stimulated by this 

low level of supplemental NaCl while most shoot-derived cultures were 

not stimulated by NaCl. 

Excised radicles of three populations of alfalfa which possessed 

widely differing ranges of germination salt tolerance were screened in 

four salts CNaCl, KCl, Na2S04' and K2S04) at six varying concentrations. 

As was observed in the tissue culture experiments, low levels of NaCl 

(7.09 g liter-I) stimulated radicle elongation of all populations as 

compared to the elongation levels of the control solutions (no supple

mental salts). 

In general, for NaCl, the population that posessed the highest 

degree of germination salt tolerance (Az-ST 1982) also displayed the 

greatest rates of radicle elongation especially in the highest salt 

concentrations. Additionally, this population along with the moderately 

germination salt tolerant population (Az-ST 1979) maintained higher 

rates of elongation in KCl, K2S04 and Na2S04 than did the control 

xii 
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germplasm which has little germination salt tolerance (Mesa Sirsa 

Control). 

Examinations of each individual population in all four salts simul

taneously, indicated that the sulfate salts reduced radicle elongation 

to a greater extent than did the chloride salts. Evaluation of both os

motic effects and specific ion effects showed that the specific ion 

effects attributed to the anions were more detrimental to radicle elon

gation than were the osmotic effects. 



INl'RODUCl'ION 

Increasing salinity is a major problem confronting worldwide agri

culture. Especially serious in arid and semi-arid regions, soil salin

ity along with increasingly saline waters has resulted from extensive 

irrigation programs (Epstein et al., 1980; Greenvlay, 1973). The problem 

is twofold; high soil osmotic pressures are produced with excess salt, 

reducing the amount of water available to the plant along with increa

sing the concentrations of potentially toxic ions (Epstein et al., 

1980). Estimates indicate that there exists approximately 80 x 106 

hectares of irrigated land currently under cultivation worldwide which 

have excess salinity (Eckholm, 1975; Maas and Hoffman, 1977; Kelley, 

Nor1yn and Epstein, 1979). Internationally, the extent of saline soils 

has been calculated to be between 400 x 106 hectares and 950 x 106 

hectares (Massoud, 1974; Ponnamperuma, 1977). Obviously there remains a 

large amount of potentially usable land, agronomically, once the 

salinity problem is overcome. 

Solutions to the problems of excessive soil salinity vary. One 

approach would be to alter the environment to prevent or minimize saline 

effects. SUch methods as rigorous reclamation schemes, improved drain

age designs, and utilization of high quality water supplies (low in 

dissolved minerals and salts) would be advantageous (Epstein et al., 

1980). 

1 
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As the price of implementing such technological solutions keeps 

radically increasing due to diminishing water supplies, the lack of 

suitable land and the high cost of energy, the development of salt 

tolerant crops appears more and more feasible. Not only would salt 

tolerant plants overcome the current problem in some agricultural re

gions, their use would open up previously uncultivated areas. The use 

of lower quality water along with effluents would reduce the demand 

for high quality water required by residential, industrial and recre

ational concerns. Ultimately, irrigation of salt tolerant crops with 

sea water could virtually eliminate water apportionment issues and limit 

groundwater reductions commonly found in arid and semi-arid cultivated 

regions. 

In Arizona, alfalfa (Medjcago sativa L.) is the most important 

forage crop grown under irrigation (University of Arizona College of 

Agriculture Bulletin Al6, 1977). As the problems of increasingly saline 

soil and irrigation water continue to escalate, the need to develop salt 

tolerant varieties of alfalfa becomes more severe. As researchers begin 

the task of producing alfalfa germplasm that can tolerate higher levels 

of salt other considerations should also be investigated. The types of 

salts, their interactions and their respective concentrations in soils 

should be noted. The growth stage of the plant (i.e. germination, 

seedling growth, vegetative growth, flowering, fruit formation, fruit 

filling and senescence) as related to the degree of salt stress actually 

experienced by the plant should be investigated. Other environmental 
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conditions such as temperature and rainfall may interact with soil 

salinity to alter the degree of stress placed on the plant. Lastly, 

with the development of salt tolerant alfalfa, sufficient yie~d poten

tials must be retained to make planting this type of alfalfa ecqnomicbal

ly feasible. 

The objectives of the following study were: l)utilizin9 tissue 

culture procedures for evaluation of alfalfa seedlings that w~re salt 

stressed dur ing germination; 2) examination of root and shoot der ived 

suspension cultures for growth responses to media supplemented with 

NaCl; and 3)evaluation of elongation of excised radicles from E/eedlings 

of three germplasms of Mesa Sirsa alfalfa (which varied widely i.n germi

nation salt tolerance) placed in four different salts at variou~ con~en

trations. 



LITERA'IURE REVIEW 

Salt Tolerance jn Plants 

Investigators agree that the two major effects of salts on plant 

growth are osmotic pressure changes and specific ion toxicity (Greenway, 

1973). Initially, salt stress produces a low soil water potential. The 

lowered soil water potential in turn reduces the availability of free 

water to the plant which then responds via a number of alternate mechan-

isms. 

Either the plant excludes salt or there is a rapid uptake of salt 

ions. Assuming the plant is an excluder of ions, two pathways are 

possible. The excluder can now respond to the low soil water potential 

by osmotic adjustment which involves the production of internal organic 

solutes (Greenway, 1973). Alternately, the plant which does not respond 

to the low soil water potential exhibits a decrease in plant turgor and 

low internal water potentials and ultimately dehydration and death ensue 

(Greenway, 1973). 

In plants which cope with low soil water potentials by absorbing 

ions, osmotic adjustment can occur with salt ions stored internally in 

vacuoles of cells or in specialized morphological structures such as 

salt glands and bladders (Bidwell, 1979; Greenway and Munns, 1980). 

These plants are generally termed halophytic. Salt uptake by plants can 

4 



5 

also lead to toxic effects especially when osmotic adjustment does not 

occur. 

Both mechanisms of osmotic adjustment require high energy expendi

tures in the form of usable photosynthates (Greenway, 1973; Greenway and 

Munns, 1980). For long term ion accumulation, energy is necessary for 

promoting an ion balance between stored ions in the vacuoles and organic 

solutes in the cytoplasm. Flalophytes which have anatomical modifica

tions (salt glands, bladders, etc.) require energy to transport ions to 

the structures and to extrude these ions or to confine them to that 

location (Bidwell, 1979). Organic solute accumulation requires basic 

carbon sources and highly developed enzyme systems for synthesis of 

organic solutes such as proline and betaine (Greenway and Munns, 1980). 

It is difficult to definitively separate the effects of specific 

ions and the effects of changing internal osmotic pressures on plant 

growth. While many comparative studies using salts and neutral osmotica 

(such as polyethylene glycol and mannitol) attempt to clarify this 

issue, many investigators fail to make this distinction and generally 

classify their results as salt effects (Greenway and Munns, 1980). 

While growth retardation is the obvious physical manifestation of 

salt stress, a multitude of biochemical processes may also be affected. 

The following processes are just a sarnple of those that have been shown 

to be salt sensitive: cell wall synthesis, protein synthesis, proto

chlorophyll development, nitrate reductase activity, abscisic acid syn

thesis, stomatal opening, CO2 assimilation, photosynthesis, respiration, 



6 

xylem conductance, proline accumulation f and sugar level (Hsiao et al., 

1976). 

Some of the information concerning the physiological effects of 

salts in the available literature appears contradictory in nature. For 

example, in corn roots NaCl treatment increases polyribosome concentra

tions but does not effect protein or RNA content (Onal and Hecht

Buchholz, 1978). Salt stress in pumpkin (Cucurbita ~ cotyledons and 

shoot tissues of peas ~ sativum), barley (Hordeum vulgare), wheat 

(Triticum aestivum), and safflower (Carthamll§. tinctorius) results in 

reductions of polyribosome percentages while root extracts of seedling 

pumpkin and cotton (Gossypium hirsutum) remain unaffected CRhooes and 

Matsuda, 1976). 

The contoversy regarding proline accumulation is even greater. Not 

only is the role of proline in stress metabolism questionable, the 

question of proline accumulation as a positive osmoregulatory response 

in salt resistant species or as a neutral accumulation effect in salt 

sensitive plants still remains to be clarified (Greenway and Munns, 

1980). 

Proline (along with other organic solutes in the cytoplasm) is 

hypothesized to have a protective effect on enzymes when the concentra

tion of cellular ions is high due to stress (Pollard and Wyn-Jones, 

1979). Specifically, proline has been shown to increase the solubility 

of proteins (Schobert and Tschesche, 1978). Again the problem of con

founding osmotic effects arises. The high concentration of organic 
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solutes needed for producing a protective effect may have an osmotic 

effect as well (Greenway and Munns, 1980). 

Various plant species at differing stages of growth (along with 

assorted plant organ systems) display proline accumulation under stress. 

Proline content both in free amino acid pools and incorporatE!d into 

proteins increases in roots of peas and tamarisk (Tamarix ~agyna) 

under NaCl stress (Bar-Nun and Poljakoff-Mayber, 1977). Drought stimu

lates proline accumulation in root tips of seedling corn ~ m.m.> with 

resultant cultivar variations totally unrelated to differences in the 

reduction of growth (Carceller and Fraschina, 1980); This seems to 

indicate that accumulation of proline is not just a result of biochemi

cal modifications that occur with growth rate reductions due to stress. 

Proline accumulation occurs in moderately salt stressed corn seedlings 

in both the roots and shoots along with a decrease in total protein 

content (Goring and Thien, 1978). This suggests that proline accumula

tion may serve as an anaplerotic sequence for carbon and nitrogen when 

stress restricts basic metabolic pathways necessary for growth. 

Osmoregulation can also be theorized to play a role in this process. 

Currently there is no unequivocal evidence supporting the theory 

that proline accumulates more in salt tolerant species than in salt 

sensitive species. In fact, in certain species of tomato (Lycopersicon 

species) the leaves of the salt tolerant species contained only one-half 

the proline concentration but double the Cl- concentration than did the 

salt sensitive species (Tal et al., 1979). 
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Several other organic compounds have been implicated in stress 

reactions of plants. Glycinebetaine (N,N,N-trimethylglycine) accumula

tion has been noted in some halophytes (Storey and Wyn-Jones, 1977). 

Early investigators found that sucrose concentration in the cytoplasm 

is affected by extreme osmotic stress (Bernstein and Ayers, 1953). 

Changes also occur in the concentrations of various polyamines in 

resJ;Onse to stress~ putrescine levels increase in cereal leaf segments 

exposed to sorbitol while concomitantly spermidine and spermine concen

trations decline (Flores and Galston, 1982). 

Moisture stress also affects the endogenous concentrations of both 

abscisic acid (ABA) and cytokinins (LeoJ;Old and Kriedemann, 1975). One 

function of these hormones is to act on the stomates, causing closure 

and reopening respectively. Results with corn and sorghum (Sorghum 

bicolor Moench) indicate that water stress elevates ABA levels after 

stomatal closure (Beardsell and Cohen, 1975). These authors suggest 

that endogenous ABA may be redistributed thus promoting initial stomatal 

closure rather than a mechanism involving Qe llQYQ synthesis of ABA. 

Along with stomatal regulation, ABA was found to increase the permeabil

ity of water in excised plant tissues (Glinka and Reinhold, 1971). 

This, too, may be related to stomatal regulation via guard cell regula

tion of accumulated K+. Recently, ABA has been shown to stimulate 

proline accumulation in excised barley leaves in the presence of sucrose 

and glutamate (ABA synthesis substrates) (Stewart, 1980). 
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There are apparent differences between halophytic and nonhalophytic 

plants in regard to ion accumulation and exclusion during salt stress. 

Salt sensitive bushbeans (Phaseolus vulgaris L.) react to salt stress 

with Na+ exclusion from leaves resulting in an extremely high internal 

K:Na ratio. Chlorine accumulates at a rate closely paralleling K+ 

uptake. Sal t tolerant sugarbeets ~.YY.l...~ L.), on the other hand, 

exhibi t a much lower K:Na ratio which is approximately equal to the 

external values along with concomitantly low Cl- accumulation. The 

marked difference between plant species demonstrates the highly attuned 

response mechanism of halophytes to salt stress compared to the dis

orderly ionic imbalance of the salt sensitive plants (Rathert, Doering 

and Witt, 1981a). 

Additional investigations on the effect of specific ions in salt 

tolerant responses show that the combination of ions used to induce 

stress effects metabolic processes differently. In bushbeans, ~ with 

Cl- increased the levels of sucrose and starch in the leaves while Na+ 

with 804- decreased the starch content. However, in sugarbeet only Na+ 

with S04- had any observable effect on starch content, causing a similar 

decrease as in bushbeans (Rathert, Doering and Witt, 1981b). 

Extreme variability in mineral regulation extends even to varieties 

within certain glycophytic species. In soybeans (Glycine lIlillV, the salt 

sensitive variety Jackson displayed high levels of CI- translocation 

from the roots to the leaves, while the salt tolerant variety Lee did 

not (Wieneke and Lauchli, 1979). Both varieties were identical in Na+ 
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translocation at low salinity levels (Wieneke and Lauchli, 1980) and 

both exhibited high levels of Cl- in the roots (Rathert and Doering, 

1981). 

Likewise, cotton varieties also show variations in ion uptake and 

transport. The salt tolerant variety Dandara absorbed greater amounts 

of Na+ in the roots but translocated less Na+ to the leaves as compared 

to the salt sensitive variety Giza 45. Both varieties showed similar 

rates of CI- uptake but again the salt tolerant variety Dandara 

translocated less Cl- to the leaves (Rathert, 1982). This suggests that 

salt tolerance or susceptibility mechanisms may not be simply due to ion 

exclusion or accumulation, but rather a complex system of ion regulation 

to maintain proper balances of various elements necessary for normal 

plant metabolic events. 

Salinity and osmotic stress undeniably suppresses growth in most 

agronomic plant species. Many physiological processes directly or indi

rectly affecting growth and yield must also be affected. Photosyn

thesis, respiration, transpiration, and photosynthate partitioning are 

among the large scale metabolic processes that are influenced b¥ stress. 

The extent of adverse effects varies with both plant species and the 

salt type used to induce stress (Rasoolzadegan, 1978). Plant age and 

growth stage may also playa role in the results of water and saline 

stress. 

In alfalfa, both polyethylene glycol (pa:;) and NaCl have been shown 

to incr.-ease diffusive resistance and decrease transpiration rate; with 
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PEG causing a more pronounced effect than NaCl at the same water poten

tial value (Sanchez-Diaz et al., 1982). Nitrogen fixation, on the other 

hand, is decreased with low levels of PEG (0.05MPa) but showed stimula

tion with the same level of NaCl (Sanchez-Diaz et al., 1982). 

In cotton, a decrease in relative leaf water content elicited by 

varying the root temperature of the plant resulted in a concurrent 

increase in leaf diffusive resistance and a decrease in CO2 exchange 

(Troughton, 1969). Similarly, spring wheat is also sensitive to water 

stress. Declines in photosynthesis and leaf water potential along with 

increases in stomatal diffusion resistance occurred when plants were 

allowed to wilt. Recovery from these stress conditions varied with the 

stage of growth; with a quicker, more complete recovery occurring in the 

earlier growth stages of tillering and heading as compared with the 

grain filling period (Frank, Power and Willisr 1973). 

Equally important in growth responses to stress is photosynthate 

par'citioning and utilization. In sorghum, water deficiences did not 

effect the efficiency of substrate conversion into new plant material 

but overall growth was reduced presumably due to a decrease in available 

substrates from photosynthesis (Wilson, van Bavel and 

McCree, 1980). 

However, in soybeans the distribution of labelled carbon (14C) was 

altered in water stressed plants. A greater percent of labelled sub

strate was translocated to the roots at the expense of the leaves (Finn 

and Brun, 1980). It is apparent from the above data that many facets 

contributing to growth (such as photosynthesis, partitioning and 
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translocation) must be examined, with different species exhibiting 

differing responses to water stress. To further complicate the issue, 

it \'las found that in plantago (Plantago coronopus) low levels of NaCl 

(50 mM) did not affect dry matter accumulation in shoots and roots, 

photosynthesis, root respiration nor shoot respiration because normal 

energy expenditures by the plant greatly outweighed any stress effect 

(Blaa;Juiere and Larnbers, 1981). 

Breeding programs designed to develop salt tolerant germplasm must 

consider the precise developmental stage at which the salt stress is 

most likely to occur in any given plant species. In Arizona, highly 

saline soils along with saline irrigation water create a situation where 

the uppermost three inches of the soil constitute a highly saline 

environment which is quite detrimental to germinating seed and early 

radicle elongation. Salinity levels of up to 30,000 ppm have been 

reported for some areas of this state; this high level of salt being 

equivalent to the concentration of salt in sea water (Dobrenz, personal 

conmunication) • 

Many investigators have suggested that the mechanism involved in 

salt tolerance and moisture stress at germination are somewhat 

different than those controlling seedling radicle growth. An extensive 

survey utilizing thirteen different vegetable species representing seven 

different genera indicated that for eleven of the thirteen species 

radicle growth is more tolerant to stress than is germination (Ross and 

Hegarty, 1979). This evidence may support an earlier hypothesis that 
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the elongation of cells during radicle growth is controlled by a 

different metabolic process compared to the metabolic control of 

initiation of elongation that occurs during germination (Hegarty, 1978). 

Early studies on the effect of water stress on germination of 

alfalfa indicated that germination salt tolerance is heritable ODotzenko 

and Dean, 1959) with winter-hardy alfalfa cUltivars more sensitive to 

salt stress than the non-hardy types (Rodger, Williams, and Davis, 

1957). Varietal differences were also noted between six different 

varieties of alfalfa (Dotzenko and Haus, 1960). 

While the investigation and development of salt tolerance is highly 

desirable, the final yield capability of a given germplasm should not be 

neglected. Fryxell (1954) reported in a summary of various European 

investigations of various unnamed plant species that seed selected for 

germination at high osmotic pressures also were characterized by yield 

increases over controls. Current research with alfalfa demonstrated 

that af.ter one cycle of selection for germination salt tolerance, the 

germplasm maintained the same level of forage production as controls 

ODobrenz, stone and Schonhorst, 1981). 

Various salt tolerance studies have attempted to isolate specific 

ion effects from an overall osmotic effect by the use of several osmotic 

agents and salts such as NaCl, KCl, sulfates, PEG, mannitol and sucrose. 

Chloride salts exert a different effect upon cells than do the sulfate 

salts. Chloride salts generally inhibited cell division but stimulated 

cell elongation while sulfate salts had the reverse effect (Gollek, 
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1973). When K2S04, Na2S04 or Na2HP04 were compared to KCl or NaCl in 

alfalfa, the plants exposed to chloride salts had lower survival rates 

when compared to plants treated with sulfate or phosphate salts (Smith, 

Dobrenz, and Schonhorst, 1981). Certain ionically neutral osmotica 

such as PEG reduced the internal seed water potentials to a greater 

extent than osmotically equal amounts of NaCl or mannitol in smooth 

brome (Bromus inermis) (McDonough, 1976). Similar results using NaCl 

and PEG to promote water stress on young alfalfa plants were also 

reported (Sanchez-Diaz et al., 1982). While comparison studies between 

the effects of NaCl versus PEG were initially suggested to eliminate the 

ion effect of Na+ and Cl-, it appears that the above unexpected results 

can be explained by the absorption and storage of Na+ and Cl- by the 

roots which allows for better internal osmotic adjustment than with PEG 

(Sanchez-Diaz et al., 1982). 

Contrasting results have been obtained for comparison studies using 

NaCl and mannitol on isolated alfalfa roots. There was a reduction of 

42.9% in the growth rate in the presence of the neutral osmoticum 

mannitol compared to a growth rate reduction of 89.3% with NaCl (Gollek, 

1973). While this appears to be contradictory to the previously 

described PEG studies, it may be that PEG and mannitol are not 100% 

neutral in specific ion effects. Also, experiments with isolated roots 

may not be directly comparable to whole plant studies. Along this line, 

it has been suggested that whole plants are more resistant to high salt 

concentrations than are isolated roots (Gollek, 1973). 
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Another slightly different example of a positive ionic effect has 

been reported. Combinations of NaCl, CaC12, and MgC12 resulted in 

increased germination of alfalfa compared to osmotically equal concen

trations of the individual salts (Khatib, 1965). Comparisons within 

chloride salts indicated that there is no dif:f.e!:~nce between KCl and 

NaCl for plant survival (Smith, et al., 1981>. 

Seed germination in saline environments is also variably effected 

by temperature. In a comparison survey of halophytes and nonbalophytes 

grown at low levels of salinity (0.5% NaCl), alfalfa displayed reduced 

germination at the high temperature (32 0 C) while the halophyte 

Salicornia europaea was stimulated by the high temperature and 

germination of another halophyte Spergularia marine was totally 

inhibited at 320 C (Ungar, 1967), Similar results were obtained for 

alfalfa seedling survival (Smith et al., 1981). Varietal differences 

also exist; in alfalfa one report indicated that the variety U.c. Salton 

has a higher optimal temperature and salt concentration combination for 

germination than the variety Ladak 65 (Stone, roiarx and Dobrenz, 1979). 

Salt Tolerance and Tissue Culture 

Plant cell and tissue culture technology is currently developing 

into a highly useful tool for plant selection. These techniques have 

the potential of providing Inillions of genetically identical plants all 

arising from the same original cell. Along with the mass production 

capability, tissue culture is enabling scientists to create new 

genotypic combinations via mutant selection and cell fusion techniques 
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without the requirement of large qua~tities of time and space necessary 

for more conventional means of plant breeding (Conger, 1981). 

Another area in which plant cell and tissue culture methods can aid 

orthodox breeding programs is with the production of haploid plants via 

anther, pollen or haploid culture. These techniques are especially 

helpful in tetraploid sp~cies; allowing development of haplodiploid 

individuals which in turn can be implemented with increased efficiency 

into regular breeding programs (Thorpe, 1981>. 

Prior to utilizing tissue culture methodology, plant cells must be 

able to dedifferentiate and be maintained in such a state on artificial 

media. Next, differentiation of selected cells with ultimate regenera

tion into a complete, viable plant is tantamount. Many agronomic crops 

have been Cultured successfully resulting in the production of culture

derived plants. These crops include oats, barley, rice, rye, sorghum, 

wheat, tobacco, corn, assorted millets, beans, peas, soybeans, alfalfa, 

and various clovers and grasses (Conger, 1981). 

With the advent of more sophisticated cell culture techniques, 

researchers are now directing their energies toward solving various 

problems by the use of artificial selection in tissue culture. Investi

gations into salt and water stress situations, insect and disease resis

tances and temperature acclimation are increasingly conducted on tissue 

culture samples. Along with development of desired plant types, tissue 

culture provides a means to study the biochemical processes underlying 

resistances to disease and tolerances to environmental conditions. 
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The development of salt tolerant cell lines via plant cell culture 

methods is based on in~ selection techniques pioneered in microbial 

and fungal systems (Rains, 1982). These techniques involve growing 

plants cells in media supplemented with inhibitory amounts of salt. The 

few cells that survive this treatment can then be incorporated into 

regeneration experiments or further salt tolerance selection regimes. 

Ideally, regenerated salt tolerant plants can be further tested for 

maintenance and heritability of their salt tolerance characteristics. 

More commonly, salt tolerant cell lines are maintained and tested for 

retention of salt tolerance .in ~ (Nabors et al., 1975). 

r.1uch of the early work on salt tolerance in tissue culture was 

conducted with tobacco (Nicotiana tabacum). Salt tolerant cultures were 

obtained by selection of either induced or spontaneous mutants (Nabors 

et al., 1975). These salt tolerant variants were capable of transmit

ting this trait to two subsequent generations (Nabors et al., 1980). 

The stability of the salt tolerance characteristic has been inves

tigated quite extensively. Cell lines of tobacco acclimated to ten g 

liter-l of NaCl retain a very stable salt tolerance but in the absence 

of salt for several generations these cells do not show any salt toler

ance beyond that of control cells not acclimated to salt (Hasegawa, 

Bressan and Handa, 1980). This is the antithesis of the results found 

in Nicotiana sylyestris and Capsicum annuum. Both species retain their 

salt resistance when subcultured for seven passages in decreasing 
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concentrations of salt with the last three passages being totally free 

of NaCl (Dix and street, 1975). 

Conflicting opinions on the genetics of salt tolerance in tobacco 

has been proposea Regeneration studies suggest that resistance results 

from a dominant or co-dominant allele in the variants (Nabors et al., 

1980) although this was not statistically proven. Gradual cellular 

adaptation with continued selection pressure and without the selection 

of a specific variant population has been proposed by others (Hasegawa 

et a1., 1980). 

Evidence from other plant species shows similar salt tolerant 

mechanisms. In tomatoes (Lycqpersicon esculentum), pm resistance and 

increased NaCl tolerance were -lost when resistant cell lines were grown 

without stress indicating a gradual adaptation for salt tolerance 

(Bressan, Hasegawa and Handa, 1981). Retention of salt tolerance after 

four transfers to NaCl-free media has been reported in citrus (Ben

Hayyim and Kochba, 1982). This study also suggests that selection for a 

true genetic variant with a stable salt tolerance character has 

occurred. 

In alfalfa, a salt tolerant cell line was established which re

quired low levels of NaCl (0.50%) for maximum growth and whose growth 

rate excelled that of non-selected lines at 1.00% NaCl (Croughan, 

Staverek and Rains, 1978). Several halophytes were examined for salt 

tolerance in tissue culture. Maximal growth occurred with 0.50% and 

0.75% NaCl in 8uaeda maritima and with 0.75% and 1.00% NaCl in 
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Salicornia europaea (von Hedenstrom and Breckle, 1974). Bean cell 

suspensions were produced that could grow in NaCl supplemented media pf 

-7.5 bar osmotic pressure but only at 60% of the growth rate of the 

controls (Gale and Boll, 1979). Furthermore, after six passages in 

salt, no increase in salt tolerance was acquired and the actual sensi

tivity to NaCl increase~ 

Osmotic adjustment appears to be one mechanism by which drought 

tolerant cells maintain growth. It has been suggested that in tomato 

cells, resistance to stress may occur due to osmotic adjustment through

out the cell cycle perpetuated by the lack of cell enlargement and the 

maintenance of turgor (Bressan et al., 1982). However, in tobacco, 

comparisons of NaCl adapted tissue culture growth on saline media and 

non-penetrating osmotica (pm) have indicated that salt resistance may 

involve differing responses to specific ion toxicities. The pm effect 

is primarily concerned with osmotic stress and is of much greater magni

tude than specific ion tmcicities (Heyser and Nabors, 1981). 

Ion accumulation has been thoroughly investigated by several re

searchers. As external NaCl concentrations are increased the internal 

concentrations of Na+ and Cl- also increase but the internal concentra

tion of K+ decreases in carrot (Paucus carota), tobacco (Gollek, 1973), 

and alfalfa (Croughan et al., 1978). The latter results suggest a 

difference between the ion transport systems in salt selected cells and 

unselected cells. 
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Many other metabolic processes appear to be affected by salt and/or 

osmotic stress in tissue culture procedures. A special group of pro

teins called nosmotic shock proteinsn were discovered in hypertonic 

cells and protoplasts of tobacco in response to media of high osmotic 

strengths (Fleck et al., 1982). However, further work is necessary to 

explain their role in osmotic adjustment." Osmotic stress has also been 

shown to reduce thymidine incorporation in the DNA of soybean proto

plasts (Cress, 1982). The mechanism of osmotic stress induced inhibi

tion of DNA production is not known at this time but the author suggests 

that the nuclear membrane or nuclear matrix alterations may be involved. 

Comparative investigations of salt tolerance in tissue culture and 

whole plants have been conducted on several plant species. A study 

utilizing salt sensitive barley (Hordeum vulgare) and its salt tolerant 

wild relative (Hordeum jubaturo) indicated that tissue culture findings 

parallel those of whole plants (Orton, 1980). Hordeum vulgare tissue 

cultures were unable to osmotically adjust to NaCI stress while Hordeum 

jubatum could adjust to concentrations of NaCI up to 0.86 M. This 

supports the widely held belief that the mechanism of tolerance is 

located at the cellular or subcellular level. 

Further evidence comparing a salt sensitive glycophyte (Phaseolus 

yYlgaris L.), a salt tolerant glycophyte (lle.t.9. vulgaris L.), and two 

halophytes (Atriplex undulata D. Dietr. and Suaeda australis R. Br. 

Moq.) in both whole plant and tissue culture systems have had somewhat 

varying results. For only ~ yulga,is did the tissue culture salt 
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tolerance and whole plant salt tolerance correspond (Smith and McComb, 

1981). The authors hypothesize different salt tolerant systems for 

halophytes and glycophytes. The halophytic model is based on morpho

logical and physiological mechanisms while the glycophytic model of salt 

tolerance is operating on a cellular level. Also supporting a cellular 

mechanism in glycophytic plants is the research results on tomato 

(MYcqpersicon esculentum)and its wild relatives CHYGopersicon peruyianum 

and Solanum pennellii). Again tissue culture results paralleled whole 

plant eValuations (Tal, Heikin and Dehan, 1978). The following quote is 

an adequate summation statement of the current level of understanding of 

salt tolerance in whole plants and tissue culture: 

" ••• the adaptability of plants to salinity is a property of 
the entire plant, whereas salt tolerance of tissue cultures 
undoubtedly depends on species characteristics of cell metabo
lism and is not necesssarily correlated to the relative salt 
tolerance of the entire plant" (Gollek, 1973). 



MATERIALS AND METHODS 

Salt Tolerance and Tissue Culture 

Seed Sterilization and 
Germination Techniques 

Scarified seed of foundation Mesa Sirsa alfalfa were surface ster-

ilized with either a 0.525% hypochlorite solution or Wavicide-Ol (Wave 

Energy Systems Inc.), a hospital disinfectant with fungicidal and bacte-

riocidal activity, for four hours. After two rinses with double-

distilled (dd) sterile H20, seed were allowed to germinate on sterile 

petri plates in either pure dd sterile H20 or a sterile -13 bar NaCl 

solution; the former germination treatment producing control population 

seedling, the latter giving rise to Cycle 1 seed, or the first salt 

stressed selection (Dobrenz et al., 1981). Germinated seed from both 

groups were then tested for microbial contamination on nutrient agar 

plates. Only uncontaminated seedlings were further utilized, and 

aseptic techniques were used in subsequent steps. 

Callus Initiation and SuspenSion 
Culture Establishment 

Seedlings were transferred to solid B5-2+A media (Table 1); with 

the radicles separated from the hypocotyl and epicotyl portions of the 

same seedling. Tissue was allowed to proliferate for approximately 

three weeks at 28 C with a twelve hour day cycle. After sufficient 
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Table 1. B5-2+A formulation. 

Compound 

NaH2P04'H20 

KN0
3 

(NH4)2 S04 

HgS0
4

'7H20 

CaC12 '2H20 

Iron (Chelate) FeS04'7H20 
(Na

2 
EDTA) 

Nicotinic Acid 

Thiamine HCl 

Pyridoxine HCl 

i-Inositol 

MnS0
4

'H
2

0 

H3 B03 

ZnS0
4

'7H20 

Na
2

Mo0
4

'2H
2

0 

CUS04 

CoC1 2 '6H20 

KI 

Sucrose 

2,4D 

6 Benzyladenine 

Agar (for solid 
media only) 

23 

liter -1 mg 

150 

2500 

134 

250 

150 

28 
37.2 

1 

10 

1 

100 

10 

3 

2 

0.25 

0.049 

0.025 

0.75 

20,000 

3 

0.02 

10,000 



24 

callus formation of both the root and the shoot portions of the 

seedling, these tissues were transferred to liquid BS-2+A media in 10 ml 

tubes. Tubes were rotated on roller drums for the same environmental 

conditions as above. After two weeks, tube suspension cultures were 

transferred to 50 ml liquid B5-2+A in 125 ml flasks. These cultures 

were maintained at room temperature (27oC) on orbital shakers. Flask 

cultures were split two additional times producing four 50 ml cultures 

for each root and each shoot of a given seedling. 

Experimental Protocol 

The four replicates of each root and each shoot culture were pooled 

and passed through hand-designed lSOu or 210u mesh (Tetko Inc.) screens 

to promote uniform ceIl and aggregate size. Each pooled culture was 

divided equally into six parts, each aliquot utilized to initiate a new 

culture. Ultimately six new suspension cultures were set up; three in 

B5-2+A, three in B5-2+A supplemented with NaCl (3.54 g liter-I) which 

resulted in a water potential of approximately -6 bars for the media. 

water potential values of normal BS-2+A were determined to be 113 mrnOs 

(or approximately -3 bars) using a freezing point depression osmometer. 

Cultures were allowed to grow for seven to eight weeks with periodic 

sampling for packed cell volumes which are a measurement of growth. 

Packed Cell Volume Determinations 

One ml samples were aseptically removed from each culture flask at 

periodic intervals. With constant agitation, 0.10 ml of suspension were 



25 

withdrawn using a hemacrit tube. These tubes were then centrifuged for 

five minutes at 2000 rpm. Percentage values for packed cell volumes. 

(PCVs) were read and recorded (%PCV = cell volume/cell volume + solution 

volume) X 100). 

Radicle Elongation 

Seed Selection and Preparation 

Alfalfa seed cultivar Mesa Sirsa was obtained form Dr. A. K. 

Dobrenz. Three seed lots, representing different levels of germination 

salt tolerance, were previously develop:!d using a recurrent selection, 

op:!n pollination scheme (Dobrenz et al., 1981). Foundation seed of Mesa 

Sirsa represents a control population unselected for germination salt 

tolerance. Seed collected in 1979 represents a medium level of salt 

tolerance; with the parent plants surviving a germination stress of -14 

bars NaCl. Seed harvested in 1982 represent a high level of germination 

salt tolerance; Witil the parent plants surviving a a germination stress 

of -22 bars NaCL These now will be designated as Control, Az-ST 1979, 

and Az-ST 1982 resp:!ctively. 

All three seed populations were surface sterilized with 0.525% 

hypochlorite solutions for 30 minutes and germinated on sterile dd H20. 

Germination conditions were constant 280 C in total darkness. After two 

to three days, when radicle lengths ranged from one to 2.5 cm, radicles 

were selected for further procedures. 
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Solution Preparations 

Modified Hoagland's solutions (Table 2) supplemented with either 

NaCl, KCl, Na2S04 or K2S04 at varying concentrations were prepared. 

Initial kill experiments with NaCl solutions were performed to establish 

the range of concentrations of salts to be tested (Appendix A). For 

NaCl the series was established to be appro~imately 0, -6, -8, -9~, -11 

and -13 bars NaCl (this solution series now designated as number one 

through number six respectively). The appropriate g liter-l of NaCl is 

indicated on Table 3. Subsequent salt solutions were theoretically 

determined on an ion equivalent basis such that the Cl- concentration of 

the KCl solutions were identical to the Cl- concentration of the NaCl 

solutions, and the Na+ concentration of Nd2S04 solutions were identical 

to the Na+ concentration of the NaCl solutions (Table 3). Total 

concentrations of K2S04 solutions were based on total grams of Na2S04 (g 

Na2S04 = g K2S04). Actual water potential values of all salt solutions 

were determined on a Wescor 5100 C Vapor Pressure Osmometer (Table 4). 

Experimental Techniques 

Radicles were selected after two to three days when most radicle 

lengths ranged from one to 2.5 cm. A one em segment measured from the 

root tip was excised. Ten segments were placed into a tube with 20 ml 

of a given salt solution. Two tubes of each concentration of a given 

salt solution for each population were wrapped in aluminum foil to 

simulate complete darkness and placed on roller drums at maximum 
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Table 2. Hoagland's solutions for radicle elongation. 

Compound mg liter -1 

KHl04 68.00 

Ca(N03)2 590.50 

MgS04 246.75 

KN0
3 

252.75 

Sequestrene 138 7.50 

ZnS04 0.11 

H3 B03 1.43 

MnC1
2 

0.90 

CUS04 0.04 

H2Mo0
4 

0.01 



Ta11e 3. Salt solution formulations. (On a g liter-l basis) 

Solution Number 1 2 

Sodium Chloride Solutions 

NaCl liter -1 0 7.09 g 

Na+ liter -1 
0 2.78 g 

Cl - -1 g liter 0 4.30 

Potassium Chloride Solutions 

g KCl liter-l 

g Cl- liter-l 

o 

o 

Sodium Sulfate Solutions 

-1 gNa
2

S0
4 

liter 

+ -1 g Na liter 

o 

o 

9.04 

4.30 

8.58 

2.78 

Potassium Sulfate Solutions 

o 8.58 

3 4 5 

9.45 11.22 13.00 

3.72 4.41 5.11 

5.73 6.81 7.89 

12.04 14.31 16.58 

5.73 6.81 7.89 

11.48 13.61 15.77 

3.72 4.41 5.11 

11.48 13.61 15.77 

28 

6 

15.36 

6.03 

9.32 

19.59 

9.32 

18.61 

6.03 

18.61 
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Table 4. Osmometer readings for radicle elongation salt solutions. 

Solution til tl2 113 114 tl5 tl6 

mi11iosmols/kg 

NaCl 32 278 327 382 475 575 

KCl 32 251 329 385 445 500 

Na2S04 34 181 239 271 308 363 

K
2

S0
4 38 144 196 225 254 288 

bars 

NaCl -0.80 -6.95 -8.18 -9.56 -11. 88 -14.38 

KCl -0.80 -6.28 -8.23 -9.63 -11.13 -12.51 

Na2S04 -0.85 -4.53 -5.98 -6.78 -7.70 -9.08 

K2S0
4 -0.95 -3.60 -4.90 -5.63 -6.35 -7.20 

Conversion formula 

-bars = (osmol) (0.0831) (oK) 
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rotational speed for continuous agitation for four days at 2SoC. Only 

one salt type was run in a given week, with a one day lag between the 

Control population and the other two seed lots. After four days, rad

icles were removed and their length measured for growth. Each experi

ment was conducted three to four times in sucessive weeks. 

Interral Osmotic Potential (~~) Determinations 

Four experiments (one form each salt type) were utilized for inter

nal osmotic potential ('10'11") determinations. After length measurements 

were obtained, tubes containing only radicles were sealed and frozen at 

-70 C for a minimum of two days. After thawing, the groups of ten 

radicles were macerated using a glass rod. The exudate was then 

evaluated for osmotic potential (~~) using a Wescor 5100 C Vapor 

Pressure Osmometer. 



RESULTS 

Tissue Culture Eyaluation 

Packed cell volumes on a percent basis were initially ascertained 

twice weekly for the first three weeks. This interval was extended to 

once every week and later to once every fourteen days since growth rates 

were extremely slow. Fifty-four individual cultures representing 

eighteen different seedling-organ combinations (three replicates of 

eachl were evaluated with the replicates pooled to provide a mean value. 

Additionally, each seedling-organ combination along with the type 

of media in which it was grown is designated as either shoot (epicotyl 

and hypocotyl> or root (radicle). In almost all cases the lag I*lase of 

growth extended to three or four weeks with some cultures remaining in 

the lag phase after the conclusion of this experiment (Figures 1, 2, 3, 

4 and 5). Chan~es in percent packed cell volumes at this stage were 

approximately in the range of 0.50 to 0.75 packed cell volume percentage 

units. In some cases packed cell volumes actually decreased from the 

initial readings at the onset of the experiment and remained lower than 

the original values for as long as three weeks (Figure 2). This is 

probably due to initial low cell concentrations during culture estab

lishment and not due to low viability. 

Unfortunately due to culture contamination and death, only three 

seedlings produced the full complement of cultures (six cultures of root 
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Figure 1. Growth curves for alfalfa suspensi.on cultures of 
the Control number 5 seedling in B5-2+A media 
containing no salt or 3.54 g NaCl liter-l at 25 0 C 
with constant agitation. 
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Figure 2. Gro~~h curves for alfalfa suspension cultures of the 
Control number 12 seedting in

l
B5-2+A media containing 

no salt or 3.54 g NaCl liter- at 25 0 C with constant 
agitation. 
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Figure 3. Growth curves for alfalfa suspension cultures of the 
Cycle 1 number 5 seedling in B5-2+A media containing no 
salt or 3.54 g NaCl liter-1 at 25 0 C with constant 
agitation. 
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Figure 4. Growth curves for alfalfa suspension cultures of the Control 
number 13 seeyling in B5-2+A media containing no salt or 3.54 
g NaCl liter- at 25 0 C with constant agitation. 
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Figure 5. Growth curves for alfalfa suspension cultures of the Control 
number 6 serdling .in B5-2+A media containing no salt or 3.54g 
NaCl liter- at 25 0 C with constant agitation. 
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tissue and six of shoot tissue) initially desired (Figures 1, 2, and 

3), 

Figure 1 depicts the growth curves for twelve cultures (with the 

three replicates pooled) of the Control seedling number 5, a 

representative of the population germinated in pure distilled water. 

Please note that the numbering system used here is an artificial system 

established to differentiate between different seedlings within each 

population at the time of callus initiation. For this seedling (Control 

number 5), shoot cultures begin the lug stage of growth much earlier 

than do root-derived cultures; with the root cultures grown in media 

without supplemental salt never really getting out of the lag stage of 

growth. Figure 1 also suggests that for both root and shoot cultures, 

media with salt stimulate these cultures to begin the log phase earlier 

than do normal unsupplemented media. This is especially apparent in 

root cultures. 

The same trend is apparent for cultures of Control seedling number 

12, a seedling also from the control population (Figure 2). While 

growth is very slo\>.' for a,ll cultures, salt seems to slightly enhance 

growth of both the root and the shoot cultures, especially toward the 

end of the experiment (7/16) • This is indicated by the increase in the 

slope of the lines representing shoot cultures grown in salt (Shoot 

Salt) and root cultures grown in salt (Root Salt) especially when 

compared to their nonsalt counterparts. 
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For cultures of Cycle 1 seedling number 5 (Cycle 1 resulting from 

seed germinated in -13 bars NaCl solutions), the lag phase of growth has 

been maintained, therefore little can be deduced from these curves 

(Figure 3). The slight increase in the slope of the line for the root 

cultures grown in salt supplemented media over the last period of 

sampling may indicate that salt is beginning to have an effect in 

bringing these cultures out of lag and into the log phase of growth or 

that the low cell populations from the onset of experimentation are 

building up. Root cultures of both Control seedling number 13 and 

Control seedling number 6 display similar curves, again with a continu

ance of the lag phase and a very slight salt effect noticed in Control 

seedling number 6 toward the end of the experiment (Figures 4 and 5). 

Contrary results have been found in shoot cultures of Cycle 1 

seedling number 4 (Figure 6). In this case, cultures grown in normal 

BS-2+A media without salt grow at a faster rate than do those grown in 

salt containing media and attain the log phase which the cultures in 

salt do not. This, along with the preceding results, may suggest that 

the shoot cultures are less tolerant to salt than are the root cultures 

but due the very small numbers of different seedlings analyzed, this can 

only remain conjecture. 

In summary, there appears to be much variation between culture 

lines in their responses to sodium chloride. Generally, low levels of 

salt seem to stimulate growth in most but not all lines, especially 

root-derived cultures. No obvious difference between Cycle 1 tissue 
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Figure 6. Growth curves for alfalfa suspension cultures of the Cycle I 
number 4 seedling in BS-2-:"A media containing no salt or 3.S4g 
NaCI liter-l at 2S oC with constant agitation. 
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lines (those seedlings germinated in 15.36 g liter-lor -13 bars NaCl 

solutions) and Control cultures (those seedlings germinated in distilled 

water) exists but this could be due t.he small number of seedlings 

tested. 

Excised Radicle Elongation Studies 

Preliminary observations of the excised radicle elongation studies 

of alfalfa point out a discrepancy between germination times of the 

three germplasms, with the Az-ST 1982 seed consistently germinating in 

distilled water one day ahead of the Mesa Sirsa Control and Az-ST 1979 

seed. Therefore, chronologically, the radicles from the Az-ST 1982 

germplasm were always excised one day ahead of both the Mesa Sirsa 

Control and Az-ST 1979 seedlings. It is possible that this disparity in 

germination may be the result of continual s~lection over several years 

for seed that not only germinates in high levels of NaCl but is general

ly more vigorous. 

An initial kill experiment was conducted to determine the appro

priate NaCl solution concentrations to be utilized in further experi

ments. This initial experiment consisted of solutions of approximately 

0, -6, -13, -18 and -22 bars NaCl (salt levels used in initial germina

tion experiments by Dobrenz et al., 1981). Experimental data indicated 

that concentrations of -13 bars and greater resulted in little or no 

growth (Appendix A). Future experiments were set up to include NaCl 

solutions of approximately 0, -6, -8, -9.5, -11 and -13 bars NaCl. 

Henceforth these solutions will be numbered one through six 
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respectively. During actual execution of NaCl experiments, the decision 

was made to also survey other salts such as KCl, Na2S04 and K2S04 in an 

attempt to determine specific ion effects. The concentrations of these 

salts were established according to Table 3. 

For all three populations, 10'.'1 levels of NaCl (7.09 g liter-lor 

278 milliosmols kg-I) stimulate elongation of radicles (Figure 7). With 

increasing concentrations of NaCl, the Az-ST 1982 germp1asm invariably 

exhibits a higher growth response than the other two populations al

though this is not statistically significant (see next section). The 

KCl experiments do not display a stimUlation at low concentrations with 

the exception of a very slight increase in radicle elongation in the Az

ST 1982 population (Figure 8). There appears to be no clear cut super

lative germplasm in the KCl experiments although the Mesa Sirsa Control 

germplasm in most solutions is less vigorous than the Az-ST 1982 and Az

ST 1979 populations. 

The lack of a superior germplasm is even more apparent in Na2S04 

(Figure 9). All three populations generally respond to increasing 

concentrations of Na2S04 with decreasing radicle elongation. In the 

K2S04 experiments, the Az-ST 1979 germplasm appears to less affected by 

the increasing concentrations of salt (Figure 10). In general, for all 

four salts, the Mesa Sirsa Control population of radicles displays less 

elongation than the germination salt tolerance selected germplasms. 

This may reflect a less vigorous seed lot since the Mesa Sirsa Control 
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seedling radicles elongated less in unsupplemented Hoagland's solution 

(solution number 1 for all salts) than the selected populations although 

this difference was not statistically significant (Appendix B). 

Additional conclusions can be drawn when each population is 

individually analyzed over the entire range of salts. All three 

germplasms display similar salt responses. In general, for moderate to 

low water potential values of the solutions, (i.e., 278 to 363 milli

osmols kg-I) radicles elongate greatest in either of the chloride salts 

and much less in the sulfate salts (Figures 11, 12 and 13). The 

dichotomy between these salt pairs becomes even more distinct as the 

level of original selection between germplasms increases (i.e., Mesa 

Sirsa Control> Az-ST 1979 > Az-ST 1982). Cursory inspection of these 

graphs would lead one to believe that sulfate salts are more detrimental 

than chloride salts at a given moderate solution water potential. 

Further investigation of the effects of specific cations and anions 

on radicle elongation concurs with .the above statement. The results 

when viewed on molal concentrations of the specific ions are presented 

in Figures 14 through 19. Derivations of the molal concentrations of 

each cation and each anion for the indivdual salt types is provided in 

Table 5. 

Figures 14 through 16 display the differences between the four 

salts for each population based on the molal concentrations of the 

cations (Na+ or K+) in each solution. For the Mesa Sirsa Control pop

ulation there is a small difference between the cations K+ and Na+ with 
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Table 5. Salt solution formulations. (On a Molal Basis) 

Solution Number 1 

Sodium Chloride Solutions 

+ m Na o 

o 

2 

0.12 

0.12 

Potassium Chloride Solutions 

o 0.12 

o 0.12 

Sodium Sulfate Solutions 

m Na 
+ 

0 0.12 

= 
m S04 0 0.06 

Potassium Sulfate Solutions 

m K+ 0 0.10 

m S04 0 0.050 

3 4 

0.16 0.19 

0.16 0.19 

0.16 0.19 

0.16 0.19 

0.16 0.19 

0.08 0.095 

0.13 0.16 

0.065 0.08 

56 

5 6 

0.22 0.26 

0.22 0.26 

0.22 0.26 

0.22 0.26 

0.22 0.26 

0.11 0.l3 

0.18 0.21 

0.09 0.105 
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greater elongation occurring with Na+ than with K+ (Figure 14). This is 

especially apparent at the higher concentrations of salts. For 

example, when comparing pairwise, solution numbers 3, 4 and 5 for both 

KCl and NaCl, there are differences in radicle elongation of 0.25 cm, 

0.22 cm and 0.30 cm respectively with the NaCl solutions having the 

higher elongation values. At the same time however, the cation concen

tration of each solution pair is equal and the water potentials of each 

pair are very similar. Therefore, the differences in the responses of 

radicle growth could only be attributed to the different cations. The 

same trend occurs when comparing the two sulfate salts, Na2S04 and 

K2S04 • 

For the Az-ST 1979 population (Figure 15), the effect of the 

different cations is the same as in the Mesa Sirsa Control but only for 

the highest concentrations (solution numbers 4, 5 and 6) for NaCl and 

KCl. For Na2S04 and K2S04 the Na+ cation allows for higher radicle 

elongation for all concentrations than the K+ cation. 

In the Az-ST 1982 population this trend is not apparent (Figure 

16). For all four salts, the elongation rates are very similar for most 

concentrations excepting the two highest concentrations of NaCl and KCl. 

The Na2S04 and K2S04 comparison suggestR that there is a slightly 

greater growth response with Na+ but it is not as extreme as in the two 

previously discussed populations. For NaCl and KCl, it is only at the 

highest concentration that there exists a slight increase in elongation 

( cm = 0.08) that could be attributed to Na+. 
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Figures 17 through 19 represent the effects of the four salts on 

radicle elongation for each population based on the molal concentrations 

of the anions (Cl- and S04=). For all populations, it is apparent that 

the sulfate anions are more deleterious to radicle elongation than are 

the chloride anions. For example, in the Mesa Sirsa Control population 

(Figure 17) a comparison of solution number 4 of K2804 (K+ concentration 

of 0.18m, water potential values of 225 milliosmols kg-I, radicle elon

gation to 1.70 cm and an anion concentration of O.Oam) with solution 

number 3 of KCl (K+ concentration of D.18m, water potential value of 329 

milliosmols kg-I, radicle elongation to 1.68 em and an anion concentra

tion of D.16m), clearly illustrates radical differences between the 

effects of the two different anions. since the cation concentrations 

are equal (as are the radicle elongation rates) the effect of the anions 

must be different since only one-half the concentration of 804 is neces

sary to produce the same elongation response as in the chloride salts. 

Even though the osmotic effects are different, it is the K2804 solution 

which has the higher water potential and therefore it is unlikely that 

it is an osmotic effect which causes this difference between chloride 

and sulfate salts. Similar pairwise comparisons can be made for the Az-

ST 1979 population (Figure 18) and the Az-ST 1982 population (Figure 

19) • 

Investigation of the internal osmotic potential (~rr) status of 

radicles exposed to each of the four salts was the next logical exten-



59 

sion of these evaluations. For NaCl solutions, the Az-ST 1982 seedling 

radicles consistently displayed internallJo'rr values lower than the Az-ST 

1979 and the Mesa Sirsa Control populations (Figure 20). At the highest 

solution concentration (~ = 575 milliosmols) only the Az-ST 1982 

population maintained an internal ~tf lower than the external solution. 

This indicates that only the Az-ST 1982 radicles are adequately 

osmoregulating which, in turn, would allow for a better growth and 

elongation rate (Figure 7). 

In the KCl solutions, the Az-ST 1979 population initially displayed 

the lowest internal lJo''TT , this trend dropped off radically with only the 

Az-ST 1982 germplasm maintaining an internal 't'rr significantly lower than 

the solution f (Figure 21). As the NaCl experiment indicated, only the 

Az-ST 1982 population appears to be adequately osmoregulating. 

For the sulfate salts, Na2S04 and K2S04, there is little apparent 

differences between the three germplasms (Figures 22 and 23). In 

Na2S04' all populations maintain an internal ~rr significantly lower than 

the If of the solutions (Figure 22). This indicates that a decrease in 

radicle elongation with decreasing solution ~ may not be due to a 

negative osmotic effect since these radicles are osmotically adjusting 

but may be due to an inhibitory ionic effect caused by either the amount 

or type of ions present (see previous discussion). This hypothesis is 

inconclusive since the solution s remain relatively high for both 

Na2S04 and K2S04 as compared to NaCl and KCl. 
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In K2S04 ,as in Na2s04' internal 4Irr s remain lower than solution 'Ps 

(Figure 23). While there is a sharp increase in internal %- for the Az

ST 1982 group at low solution ~ (288 milliosmols kg-I) this value 

remains lower than 288 milliosmols kg-l so little can be interpreted 

from this increase. For future experimentation, one may want to 

investigate higher concentrations of both sulfate salts to determine if 

and when seedling radicles lose osmoregulatory control. 

statistical AnalysiS of the Radicle Elongation Experiments 

Tubes containing ten radicles each for any given salt and concen

tration were averaged and the resulting means were utilized for analysis 

of variance. The experimental design necessitated elimination of one 

NaCl experiment in order that all four salt groups would have equivalent 

numbers of experiments. The first NaCl experiment was selected for 

elimination since, in all probability, this experiment may have more 

variability than subsequent ones due to gradual refinement of experi

mental techniques. Main effects due to salt type (NaCl, KCl, Na2S04 and 

K2S04), experimental number (replicates of each salt type), population 

and concentration along with their 2-way and 3-way interactions were 

determined utilizing the statistical Package for the Social Sciences 

(SPSS) programs. Experimental design was initially a complex nested

factorial design. This was ultimately simplified to a factorial experi

ment for analysis using SPSS-ANOVA programs since the original design 

was beyond the processing capability of the SPSS-ANOVA programs. 
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Initial analysis of all four salt types concurrently revealed 

significance for the main effects of salt, population and concentration 

with a level of significance of F equal to 0.001, 0.007 and 0.001 

respectively (Table 6). This suggested that different salts have 

differing effects on radicle elongatio~ Also, it can be inferred that 

the Az-ST 1982 radicles are more tolerant to salt effects than the Az-ST 

1979 population which in turn shows higher salt tolerance than the Mesa 

Sirsa Control. Additionally these results support the conclusion that 

increasing salt concentrations beyond the first concentration containing 

sal ts (solution number 2) adversely affects radicle elongatio~ Signif

icance was also noted for the two interactions of salt by experiment 

(level of significance of F = 0.010) and salt by concentration (level of 

significance of F = 0.008). The salt by experiment interaction 

indicates that there was some experimental procedure variability between 

weekly experiments probably due to gradual refinement of technique as 

previously mentioned. The salt by concentration interaction is expected 

when one realizes that all four salts at each solution number do not 

reflect any common treatment level (Table 3). 

Further consideration of the above analysiS resulted in subsequent 

pairwise analysis of salts (NaCl with KCl and NaCl with Na2S04)' NaCl 

can be compared to KCl directly since the Cl- concentrations (molality) 

are the same for each concentration or specific solution number (Table 

5). Likewise, NaCl can be paired with Na2S04 since the Na+ levels 

(molality) are identical for any given concentration value. The results 
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Table 6. Analysis of variance of alfalfa elongation experiments in all 
salt types. 

Sum of Mean Signif . 
Source of Variation Squares DF Square F of F 

Main Effects 28.701 12 2.392 29.798 .001* 
Salt 5.251 3 1.750 21.806 .001* 
Ept .198 2 .099 1.233 .301 
Pop .875 2 .438 5.452 .007* 
Cone 22.469 5 4.494 55.986 .001* 

2-way Interactions 5.973 51 .117 1.459 .095 
Salt Ept 1.546 6 .258 3.210 .010* 
Salt Pop .461 6 .077 .957 .464 
Salt Cone 3.030 15 .202 2.516 .008* 
Ept Pop .095 4 .024 .295 .880 
Ept Cone .529 10 .053 .659 .756 
Pop Cone .345 10 .035 .430 .925 

3-way Interactions 4.354 92 .047 .590 .985 
Salt Ept Pop .760 12 .063 .789 .659 
Salt Ept Cone 1.552 30 .052 .645 .898 
Salt Pop Cone 1.265 30 .042 .525 .968 
Ept Pop Cone .641 20 .032 .399 .986 

Explained 39.029 155 .252 3.137 .001 

Residual 3~853 48 .080 

Total 42.881 203 .211 

*Signifieant at the 0.01 level 
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for these two pairwise evaluations are presented in Tables 7 and 8. In 

the NaCl and KCI comparison, the only significant main effect is ex)ncen

tration (Table 7). This indicates that as the concentrations of CI

increase beyond the second solution, radicle elongation is significantly 

decreased. Since the main effect of salt is nonsignificant, it is 

suggested that there is no apparent difference between either Na+ or K+ 

as the cation of chloride salts in their effect on radicle elongation. 

In the NaCI and Na2S04 comparison, there exists significant main 

effects for both salt and concentration in addition to a 2-way inter

action between salt and experiment. Apparently, the different anions 

(CI- and S04=) affect radicle elongation in different ways (as discussed 

previously). The concentration effect is similar to that previously 

described for the NaCI and KCI pairwise comparison, along with the 2-way 

interaction. 

Mean separation based on the Student-Newman-Keuls (SNK) test was 

con.ducted. Results are varied and are presented in Table 9. In almost 

all C?ses (except for K2S04 experiments) there were four separate groups 

of means (indicated as a through d) with some overlapping of specific 

solution numbers into two separate groups (Table 9). 
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Table 7. Pairwise analysis of variance of alfalfa radicle elongation 
experiments of NaC1 and kC1 salt types. 

Sum of Mean Signif . 
Source of Variation Squares DF Square F of F 

Main Effects 15.678 10 1.568 8.330 .001* 
Salt .210 1 .210 1.117 .306 
Ept .523 2 .261 1. 389 .278 
Pop .747 2 .374 1. 986 .170 
Conc 13.767 5 2.753 14.629 .001* 

2-way Interactions 3.026 33 .092 .487 .960 
Salt Ept .810 2 .405 2.151 .149 
Salt Pop .121 2 .061 .322 .729 
Salt Conc .785 5 .157 .835 .544 
Ept Pop .071 4 .018 .095 .983 
Ept Conc .957 10 .096 .508 .860 
Pop Conc .420 10 .042 .223 .990 

3-way Interactions 2.659 41 .065 .345 .997 
Salt Ept Pop .237 4 .059 .314 .864 
Salt Ept Conc .545 10 .055 .290 .974 
Salt Pop Conc .796 10 .080 .423 .915 
Ept Pop Conc .877 17 .052 .274 .994 

Explained 21. 363 84 .254 1.351 .254 

Residual 3.011 16 .188 

Total 24.375 100 .244 

*Significant at the 0.01 level 
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Table 8. Pairwise analysis of variance of alfalfa radicle elongation 
experiments of NaCl and Na

2
S0

4 
salt types. 

Sum of Mean Signif . 
Source of Variation Squares DF Square F of F 

Main Effects 16.261 10 1. 626 27.630 .001* 
Salt 1.995 1 1.995 33.893 .001* 
Ept .023 2 .012 .200 .822 
Pop .255 2 .127 2.163 .161 
Conc 14.261 5 2.852 48.464 .001* 

2-way Interactions 2.968 33 .090 1.528 .231 
Salt Ept 1.290 2 .645 10.960 .002* 
Salt Pop .410 2 .205 3.480 .067 
Salt Conc .328 5 .066 1.115 .407 
Ept Pop .087 4 .022 .368 .827 
Ept Cone .596 10 .060 1.013 .488 
Pop Conc .444 10 .044 .754 .668 

3-way Interactions 2.157 44 .049 .833 .685 
Salt Ept Pop .541 4 .135 2.297 .124 
Salt Ept Conc .518 10 .052 .880 .576 
Salt Pop Conc .453 10 .045 .769 .657 
Ept Pop Conc .638 20 .032 .542 .887 

Explained 21. 386 87 .246 4.177 .006 

Residual .647 11 .059 

Total 22.033 98 .225 

*Significant at the 0.01 level. 
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Table 9. Mean separation test. (BaBed on Student-Newman-Keuls (SNK) 
Test). 

For All Salts and All POEulations 

Solution Number 1 2 3 4 5 6 

Mean Radicle Length (cm) 2.24 2.20 1. 90 1.62 1.39 1.44 

a a b c d d 
For NaCl 

Solution Number 1 2 3 4 5 6 

Mean Radicle Length (cm) 2.02 2.11 1. 74 1.48 1.23 1.28 

ab a bc cd d d 
For KCl 

Solution Number 1 2 3 4 5 6 

Mean Radicle Length 2.26 2.21 1.90 1.51 1.10 1.12 

a a b c d d 
For Na2~ 

Solution Number 1 2 3 4 5 6 

Mean Radicle Length 2.45 2.28 2.03 1. 70 1.47 1. 73 

a ab be cd d cd 
For K2~ 

Solution Number 1 2 3 4 5 6 

Mean Radicle Length (cm) 2.29 2.23 1.98 1. 79 1.60 1. 68 

a a b c c c 



DISCUSSION 

Tissue CUlture Exp€:rirnents 

It is not surprising that low levels of salt (3.54 g liter-lor 

0.35% NaCl) added to normal BS-2+A media stimulated growth in suspension 

cultures of both Cycle 1 and Control populations (Figures 1 through 5). 

In a comparison between salt selected and unselected alfalfa, the un

selected cell line grew as well as the salt selected line (a line 

selected for growth in tissue culture media with 1.0% NaCl) in 0.50% 

NaCl and better than the salt selected cultures in 0.25% NaCl (Croughan 

et al., 1978). Therefore, the fact that germination salt stressed 

tissue culture lines did not out-perform the controls does not really 

demonstrate that these Cycle 1 cultures are not more salt tolerant in 

tissue culture. Croughan et ale (1978) found that their salt selected 

cultures displayed good growth in 1.0% NaCl while the unselected lines 

essentially showed little or no growth. Unfortunately, higher salt 

levels were not feasible in the studies described here for two reasons: 

1) a preliminary experiment utilizing media in which the salt level was 

14.16 g liter-lor 1.4% NaCl resulted in no growth or cell clumping and 

aggregation, and 2) any level of NaCl may be expected to have a more 

pronounced effect on suspension cultures because each individual cell is· 

in direct contact with the surrounding media while callus culture cells 
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may not be in direct contact with the solid media due to the arrangGment 

of the callus mass. 

Another potential cause of indistinguishability between Cycle 1 and 

the Control lines in tissue culture media supplemented with salt is that 

germination salt tolerance may be due to a different mechanism than 

tissue culture salt tolerance. Gollek (1973) reported that the salt 

tolerance of callus tissues for NaCl and Na2S04 was unrelated to natural 

salt tolerances in a study of glycophytes (cabbage, tobacco, sweet

clover, and sorghum) and a halophyte (glasswort). Similar findings were 

reported for other plants (Smith and McComb, 1981). 

It is very encouraging to find that root derived-cultures grow as 

well if not better in salt supplemented media as in unsupplemented media 

and out--perform the shoot derived cultures in salt supplemented media. 

During germination salt stress it is the radicles which probably are 

most affected by the stress since they are one of the earliest 

structures to elongate in a,lfalfa. Therefore, it is apparent that 

radicles probably have some inherent salt tolerant mechanisms on a 

cellular level which are not present in shoot tissues. In fact, taking 

this concept one step further, it is most likely that radicles are 

actually stimulated to elongate by low levels of salts in the natural 

environment while these salts have no affect on the shoots. 

Excised Radicle Elongation Studies 

For all three germplasm sources of alfalfa; Mesa Sirsa Control, 

Az-ST 1979 and Az-ST 1982, low levels of NaCl (7.09 g NaCl liter-lor 
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0.71% NaCl) stimulate elongation of excised radicles. This observation 

concurred with the tissue culture results previously reported although 

the levels of NaCl are not equivalent. This is not unexpected as many 

other physiological parameters along with growth have been reported to 

be stimulated by low levels of salts. For example, nitrogen fixation in 

alfalfa has been reported to be stimulated by 0.05 MPa NaCl (Sanchez

Diaz et al., 1982). What is unpredicted however, is that a slight 

increase in NaCl concentration (to 9.45 g NaCl liter-lor 0.95% NaCl) 

causes a decline in elongation to a level even below that of the control 

solution (no supplemental NaCl in nutrient solution). Another survey on 

isolated rootlets of alfalfa (strain 08Pll Prelouc) indicated that 

rootlets previously adapted to low levels of NaCl (osmotic potentials 

of 1.8 to 2.0 atm or approximately -1.82 to -2.02 bars) could not 

survive in solutions of 1.1% NaCl (Gollek, 1973). This value is 

equivalent to solution number 4 (11.22 g NaCl liter-lor 1.12% NaCl) in 

the present study. While it is true that radicle elongation at this 

concentration is not as extensive as in lower NaCl concentrations, the 

level of NaCl is far from being considered toxic (Figure 7). Elongation 

rates of 50% to 70% are common at this NaCl concentration. Obviously, 

there exists a wide range of inherent salt tolerance within a 

heterogeneous species such as alfalfa. 

The most significant finding of these studies has been the differ

ences between the three populations in their response to increasing 

concentrations of NaCl. Since the radicle growth rates of the three 
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populations (in response to salt stress) correspond to their original 

germination salt tolerances (Az-ST 1982 > Az-ST 1979 > Mesa Sirsa 

ControD, there may be some biochemical connection or carryover between 

germination salt tolerance and seedling or radicle growth salt toler

ance. In other words, selection techniques employed for germination 

salt tolerance may also confer some degree of salt tolerance during 

later stages of development. In support of this hypothesis, greenhouse 

studies utilizing alfalfa variety UC 124 (developed from one cycle of 

germination salt tolerance) demonstrated that this variety could toler

ate slightly higher levels of salinity than other varieties although' 

this difference was smaller than in germination surveys (Lehman and 

Robinson, 1979). 

The use of several different salts in the investigation of radicle 

elongation has also provided several interesting results. It is of 

utmost importance when reviewing these results and others present in the 

recent literature that the parameters of salt comparisons be kept in 

mind. Some experiments compare salt treatments on a concentration 

basis, either on total amounts of salts (g liter-I, molarity, molality, 

equivalent weight, etc.) ,the ion concentrati.on (g liter-l of a specific 

cation or anion), or on the osmotic or water potential of the salt 
I 

solution (milliosmols kg-I, megapascals, atmospheres, bars, or parts per 

millioru. The conclusions based on results that are expressed on these 

differing parameters of salt treatments can be entirely contradictory. 

For example, the results previously presented show that radicle elonga-
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tion is greater in the chloride salts (NaCl and KCl) than in the sulfate 

salts when based on the osmotic or water potential of the salt solutions 

(Figures 11, 12, and 13). However, when the cation concentrations of 

NaCl and Na2S04 are utilized as the basis for comparison of treatment 

levels, radicle elongation appears equal to or greater in Na2S04 than in 

NaCl (Figures 14, 15, and 16). The problem with interpreting the 

results this way is that for any given cation concentration both the 

anion concentration and the osmolality differ widely therefore making it 

difficult to decisively state that the radicle elongation rates are 

dependent on the Na+ concentration exclusively. It is obvious that 

consideration of the results on an anion concentration basis (keeping in 

mind both the cation concentration and the osmolality of the variolls 

solutions), illustrates that the detrimental ionic effect of sulfate 

ions is greater than the negative effect of the chloride ions (Figures 

17, 18, and 19). As previously described, a comparison of NaCl and 

Na2S04 or KCl and K2S04 (whereby pairwise solutions produce nearly the 

same radicle elongation rates and have similar cation concentrations and 

osmolalities), there exists significant differences in anion 

concentrations (usually a two-fold difference). In cases where these 

contrasts are made in which the osmolalities are different (Figure 19, 

Na2s04 solution 1~3 and NaCl solution #3), it is the solutions that have 

the higher anion concentration that also have the lower osmolality; 

suggesting that the osmotic effect is less effective in reducing the 
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radicle elongation than is the specific ion effect of the differing 

anion species. 

Similar experiments with alfalfa germination were conducted on 

both an osmotic potential and a concentration basis. When milli

equivalent weights of various salts were utilized, Na2S04 appeared among 

the most to~ic salts while NaCl and KCl were the least toxic (Redmann, 

1974). However, when the same salts were compared on the basis of the 

water potential (~), NaCl, Na2S04 and K2S04 reduce germination much more 

than KCI (Redmann, 1974). This author also suggests that the con

flicting results also reflect complicated interactions between osmotic 

effects and specific ion effects. 

A lack of significant differences between NaCI and KCl when these 

salts were evaluated on a molal concentration basis was expected since 

the water potentials of these salts are fairly similar. The obvious 

conclusion of these results is that there is essentially no difference 

between the effects of their respective cations on radicle elongation. 

These findings are supported b¥ previous work conducted by Smith et al. 

(1981). Young established alfalfa plants (variety Lew) were watered 

with solutions of either KCl or NaCl (with Cl- concentrations remaining 

the same for both salts). There was no significant difference in sur

vival rates. As was found with radicle elongation, there was a signif

icant difference in survival of plants watered with NaCl and Na2s04 

solution that had equivalent Na+ concentrations (Smith et al., 1981). 

Again, the latter result is probably due to the marked differences 
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between the NaCl and Na2S04 solutions in specific ion effects caused by 

the anions. 

One of the most promising areas of this investigation is the pre

liminary data on the internal water potentials of radicles after four 

days in varying concentrations of the four salts. While these results 

are based on the mean values of two readings on the internal contents of 

ten pooled radicles for each reading, a trend can be readily seen. The 

superiority of the Az-ST 1982 population is apparent for both NaCl and 

RCI. In fact at the highest concentration for both of these salts 

(solution #6), the Az-ST 1982 material alone maintains an internal water 

potential that is lower than that of the surrounding solutions. There

fore, the Az-ST 1982 population is osmoregulating at these high salt 

levels which may well explain the significant difference between popula

tions for radicle elongation seen in the previous radicle studies. 

Future work in this area should prove more conclusive. 

Other possible suggestions for future evaluation of the effects of 

various salts on radicle elongation and internal water potentials are to 

evaluate different salts on the basis of equivalent ionic concentrations 

of both cations and anions. For example, NaCl and Na2S04 should also be 

compared so that the Cl- concentrations equal the S04 = concentrations. 

Also, the use of solution series of all four salts which are identical 

in solution water potentials may be another valid approac~ 

In conclusion, radicle elongation studies directly support work 

done on the survival of established alfalfa plants exposed to various 
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salts (Smith et al., 1981>. This procedure may provide a faster, less 

expensive preliminary screening technique to evaluate seedling salt 

tolerance in a variety of genotypes of alfalfa and may possibly be 

expanded for use in other plant species as well. Internal water poten

tial evaluations also show promise as a new procedure to identify 

superior salt tolerant germplasm and may well provide clues to the 

actual physiological mechanisms involved in salt tolerance. 



APPENDIX A 

EXCISED RADICLE ELONGATION (CM) 

OF THE NaCl PRELIMINARY KILL EXPERIMENT 

NaC1 Solution POEu1ation 
Concentration Control Az-ST 1982 

0 bars 2.11 ±. 0.23 ern 1.77+0.33 ern 

-6 bars 2.13 ±. 0.32 ern 1.59 + 0.06 ern 

-13 bars 1.06 + 0.01 ern 1.01 + 0.00 ern 

-18 bars 1.01 + 0.00 ern 1.01.± 0.00 ern 

-22 bars 1.01 + 0.00 ern 1.01.± 0.00 ern 
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APPENDIX B 

ANALYSIS OF VARIANCE OF ALFALFA ELONGATION EXPERIMENTS IN 

ALL SALT TYPES FOR THE ZERO CONCENTRATION OF SALT 

Sum of Mean Signif • 
Source of Variation Squares DF Square F of F 

Main Effects .933 7 .133 1.439 .299 
Salt .287 3 .096 1.033 .423 
Ept .103 2 .051 .554 .593 
Pop .500 2 .250 2.701 .121 

2-way Interactions 1.186 16 .074 .800 .666 
Salt Ept .772 6 .129 1.389 .315 
Salt Pop .361 6 .060 .650 .691 
Ept Pop .072 4 .018 .195 .935 

Explained 2.119 23 .092 .995 .536 

Residual .834 9 .093 

Total 2.953 32 .092 
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