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ABSTRACT 

Three cotton (Gossypium hirsutum L.) germplasms 

(DP62, 84027, and 84033) were used to investigate the 

physiology of salt tolerance. Lines 84027 and 84033 were 

developed from the parental line DP62 and showed superior 

vigor under varying NaCl conditions (0.5 to 2.0 M) during 

germination and emergence. 

Proline levels increased in the leaves of all 

germplasms in response to increasing salinity. Varietal 

differences in proline levels did not reflect their variation 

in salt tolerance. Several physiological characteristics 

were a~so evaluated under non-saline condition in the 

greenhouse. There were no significant differences among 

germplasm sources for all parameters measured. However, 

salinity reduced transpiration rate, increased leaf diffusive 

resistance and leaf temperature for all lines. 

Ribosomal-RNA levels in all germplasms were evaluated 

after seeds were stressed for 24 hrs in various concentra

tions of NaCl and then germinated under normal conditions for 

72 hrs. Ribosomal-RNA levels were inversely related to salt 

concentrations. Line 84033 followed by line 84027 had high

est ribosomal-RNA content than the parental line DP62 when 

averaged over the four salt concentrations. Sodium content 



(ppm/g FW) and Cl - content (ppm /g 

12 

FW) were evaluated in 

microsomal'and cell walls fractions as well as a cytoplasmic 

fraction which consisted of vacuoles, mitochondr~.a, and 

plastids. The Cl- ion exhibi ted a greater consistency in a 

concentration shift from one fraction to another as a 

function of time than did the Na+ ion. As a result, there 

may be a correlation between the drop in ribosomal-RNA and 

the amount of CL- in the microsomal fraction. 

Other parameters measured in the germinating seed 

we,re sol uble protein (g 1 obul in), i nsol uble protei ns (prolami n 

and glutelin) and fiber percentage. Variations within the 

germplasms were shown to exist. 

This study shows that even among lines that have been 

selected for salt tolerance from a single variety, the possi

bility exists that each of these lines may have a different 

mechanism to cope with salt stress. 
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CHAPTER 1 

INTRODUCTION 

Soil and water salinity are caused by soluble salts 

originating from deteriorating and dissolving rock and 

concentrated by evaporation. Saline soils cover a substan

tial portion of our earth's surface. Estimates vary from 400 

to 950 million ha (Massoud, 1974). Areas with such problems 

are widely scattered throughout the world, especially in 

regions where farming is possible only through irrigation. 

In the Southwest USA, and in similar semi-arid regions 

throughout the world, concentrations of soluble salts in the 

soil and irrigation water are often so high that they 

interfere with the normal growth of most field crop plants 

(Day and Elmigri, 1986). 

Utilization of the large areas of saline soils and 

the abundant saline water sources of the world is a long

standing problem. Agricultural scientists must find ways to 

achieve high yields on productive lands as well as develop 

ways to recover acreage lost to salt accumulation to meet the 

increasing demand for agricultural products. An approach 

toward a solution may be the improvement of salt-tolerant 

cultivars. In certain species this may be achieved by 

exploiting their intraspecific variability (Dewey, 1962; 
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Greenway, 1962). New salt-tolerant crops or varieties of 

existing crops that are more tolerant of salts must be found 

and utilized to help fill the gap between supply and demand 

of agricultural goods. To be successful in selecting and 

developing salt-tolerant crops, scientists must have an 

understanding of the specific effects of soil salinity on 

plant metabolism and morphology. 

Salinity affects plants at all stages of development, 

but sensitivity sometimes varies from one growth stage to the 

next. A comparison of salt tolerance during germination and 

emergence with later growth stages is difficult because 

sensitivity may vary, and different criteria must be used to 

evaluate plant response. For instance, tolerance at emer

gence is based on survival, whereas tolerance after emergence 

is based on decrease in growth or yield. However, five 

reasonable explanations for the reduction in plant growth 

and development as a result of salinity can be put forth: 

(1) induction of water deficiency in the plants by the 

osmotic effect of salt; (2) physical properties of poor soil 

that affect water/air ratios in the soil; (3) the detrimental 

effect of specific salts at high concentrations; (4) nutrient 

deficiency as a result of unbalanced ion activities in the 

soil solution, and (5) drain of energy required to pump salts 

out of the plant. Donovan and Day (1969) reported that the 

growth of barley (Hordeum vulgare L.) may be restricted due 
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to reduction in moisture availability, toxic effects of a 

specific ion, or salt-induced nutritional deficiencies. 

Generally, the tolerance of a plant to salinity is a measure 

of its ability to withstand the effects of soluble salts con

centrated in its root zone. However, soil salinity includes 

a wide variety of ions in a range of various proportions. 

The soluble salt concentration is a dynamic function depen

dent upon soil composition and structure, and its equilibrium 

with the ever-fluctuating soil moisture content. Variation 

among these parameters within a plant's root zone may be 

extensive. Also, little is known about how the plant inte

grates the heterogeneity within its root zone with its shoot 

environment and its own genetic potential (Shannon, 1979). 

Short staple cotton (Gossypium hirsutum L.) is one of 

the most important crops in the world, especially in the 

southwestern United States. Such regions are highly affected 

by salinity, either due to irrigation water or soil salinity. 

Therefore, salt-tolerant cotton (Gossypium hirsutum L.) 

germplasms have been developed through a breeding program 

(Ledbetter, 1986). The objective of this present study is to 

investigate and compare the physiological responses elicited 

by salt stress during seed germination and seedling growth 

between salt-tolerant and parent lines of upland cotton 

(Gossypium hirsutum L.) that were derived from the breeding 

program. 
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CHAPTER 2 

LITERATURE REVIEW 

One problem for crop production in arid regions is 

the accumulation of salts in the soil. Large areas of land 

throughout the world have been rendered unproductive by the 

accumulation of salt, either deposited from irrigation water 

or from natural sources. A reduction in seed germination 

percentage, plant growth and plant development seems to be a 

universal response of crop plants to soil salinity. This 

reduction has been observed in many species, salinity levels, 

and types of salt (Kramer, 1983). 

Irrigation is the main means of man-created salinity. 

A few years after irrigation has been introduced in a given 

area, signs of salts begin to appear in areas where none was 

apparent before (Kelley, 1951). In other areas the existing 

salinity problems were found to be intensified by irrigation. 

In many of these cases, formerly productive soils have 

exhibited lowered productivity or have become completely 

unproductive on a economical basis. 

Generally, cotton is known to be fairly salt

tolerant. Instead of excluding salt, it translocates K+ and 

Na+ from the root to the shoot. It has been suggested, how

ever, that an electrical conductivity reading of 500 ds m- 1 
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in this plant is a warning level that is generally accompan

ied by slower root activity and growth (Kohel and Lewis, 

1984) . 

Salinity, Germination, and Stage of Growth 

Salt accumulates during the natural soil-forming pro

cess and with poor irrigation management. Seed germination 

in poorly managed soil is influenced by the total concentra

tion of dissolved salt or osmotic pressure, as well as by the 

t yp e 0 f sal t s (Ryan eta 1., 1975). 

Seed germination of various species respond differ

ently to saline environments. In fact, a definition of the 

term germination depends on an individual's perspective. A 

seed analyst may accept a morphological change, such as 

protrusion of the radical, but to a grower, germination means 

seedling emergence. Technically, germination is the resump

tion of active growth that results in rupture of the seed 

coat and emergence of the seedlings (Amen, 1963). 

The ability of seeds to germinate and establish a 

seedling is frequently the limiting factor in crop produc

tion. Often salt stress delays initial emergence and 

decreases the final germination of seeds (Francois and 

Bernstein, 1964). Many researchers have studied seed 

germination characteristics under salt environments and found 

that one of the critical stages for selecting salt-tolerant 

plants is germination (Abel and Mackenzie, 1964; Ayers, 
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Furthermore, arid land farmers know all too well the 

effects of salt on the seedling. Germination may be drasti

cally reduced by the toxic and/or osmotic effect of ions. 

Even if viable seeds are able to germinate, emergence might 

be hindered. 

To determine the ionic or osmotic effects of salts on 

seed germination, many experiments have been conducted under 

laboratory and field conditions. Uhvits (1946) studied the 

effects of NaCl and mannitol on the germination of alfalfa 

seeds to determine whether toxic or osmotic effects of 

salinity are the cause for reduction of germination. Uhvits 

observed that germination in alfalfa seeds decreased when the 

osmotic potential of NaCl and mannitol increased; but inhibi

tion of germination was greater in NaCl than in mannitol. 

Mayer and poljakoff-Mayber (1982) found that decreases in the 

soil water osmotic potential as a result of high salt 

concentration increased the amount of energy which the seed 

must expend to absorb water from the soil. With increasing 

concentrations of salt in the germination media, decreases in 

the germination percentages of many seeds was observed. 

Similarly, a reduction was noticed in germination of alfalfa 

seed grown under various osmotic pressures (Dotzenko and 

Dean, 1959). Wiggons and Gardner (1959) conducted an 

experiment to explain the effect of different levels of NaC1 

solutions on the germination and seedling growth of radish 
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(Raphanus sativas L.) and sorghum (Sorghum vulgare pers.). 

They observed an inhibition of germination and radical growth 

of both radish and sorghum at a concentration of 5 atm of 

NaCl. 

In general, during germination, water potential de

creases due to solubilization of reserves in the seed, which 

in turn may decrease osmotic potential and redistribution of 

water within the seed to sites of greater matric capacity. 

Germination may be inhibited at any stage of the germination 

process if the water potential of seed is higher than that of 

the germination media (McDonough, 1975). Ryan et a1. (1975) 

pointed out that by increasing external salt concentrations, 

germination was decreased. The extent of the decrease varied 

with the species and the type of salt. They also pointed out 

that at equal osmotic pressures the effect of specific ions 

varied. Since some of the effect of the salt solution is to 

slow down the absorption of water by the roots, one would 

expect that plants would be more affected by a given salt 

concentration under conditions of high transpiration rates in 

arid lands than of low rates in cooler regions. Doneen and 

MacGillivary (1943) stated that soil salinity affects seed 

germination. Since water content in the media of germination 

is one of the most important factors which affects germina

tion processes, reduction in water content as a result of 

salt will change the absorption of water by seeds and inhibit 
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germination. However, they suggested that germination may 

also be affected by toxic ions present in the germination 

media, or by a combination of both osmotic and toxic effects. 

An excess of ions will influence the absorption of 

other ions and may increase uptake of Na+, leading to Na+ 

toxicity. This toxicity tends to increase during germination 

due to accumulation of salts in the upper layer of the 

germination media (Arnon, 1972). Osterhout (1912) found that 

germination of wheat (Triticum vulgare Vill.) and cotton 

(Gossypium hirsutum L.) was affected by adding another salt 

to the solution containing the toxic salt. 

this to the antagonism of ions in the plants. 

He attributed 

Salinity of soils and water can affect plant growth 

in three main ways. First, plants must maintain favorable 

water relations. The presence of ions in the soil solution 

decreases the soil water potential. In order to obtain 

moisture from the soil, a plant's internal solute potential 

must be more negative than that of the soil water potential. 

Bernstein (1961) pointed out that as salinity increased, soil 

water potential decreased. Therefore, the plant water poten

tial must decrease to maintain a negative water potential 

between the plant and the environment. This can be done 

either by reducing the pressure potential, which affects 

plant growth, or by reducing the plant osmotic potential, 

which is called osmotic adjustment. O'Leary (1969) suggested 
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that the increase in resistance in the water flow pathway 

from external solution to leaves can result in reduction in 

relative water content of the leaves experiencing physiologi

cal drought, even if osmotic adjustment occurs. Therefore, 

with net photosynthetic rates decreased, less root growth and 

less water absorption by root occurs. 

Second, plants must be capable of dealing with an 

excess of potentially toxic ions. Sodium and chloride are 

two examples of ions found in salt-affected soils. These 

ions have been demonstrated to have deleterious effects on 

plant metabolism. Levitt (1972) reported that ions which are 

not toxic at low concentrations may become toxic to plants at 

high concentrations. 

Plant growth and yield may be affected by the Na+ 

status of soil as well as by other ions. The effect of Na+ 

can be direct or indirect. Direct effects are due to the 

accumulation of toxic levels of Na+ in plant tissues. 

Indirect effects include both nutritional imbalance and 

impairment of soil physical condition. The nutritional 

effects of Na+ are not simply related to the exchangeable Na+ 

percentage in soil but depend upon the concentration of Na+ 

and Ca++ in the soil solution. Since Na+ uptake by plants is 

strongly regulated by ca 2+, this ionic species is essential 

to prevent the accumulation of toxic levels of Na+ (Maas, 

1986). Strogonov (1964) suggested that one must take into 
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consideration the antagonism of ions to better understand the 

mode of action of salt on plants. 

Last, the predominance of salt ions in the soil solu

tion potentially decreases the concentration of nutrient ions 

(N03, K+, PO~-). Therefore, plants surviving in a saline 

environment must be capable of obtaining nutrient ions 

despite an excess of other ions (Stavarek and Rains, 1983). 

Thomas (1980) found that growth and yield of cotton in saline 

soil was affected by an osmotic reduction in water avai1abi1-

ity and a specific nutritional effect. In addition, the 

relative contribution of the osmotic and specific effects on 

growth and type of cations involved changed with plant 

maturity. 

In general, salinity affects plant growth of various 

species in different ways. Rosen and Tal (1981) found that a 

wild species of tomato (Lycopersicon peruvianum (L.) Mill.) 

was more salt-tolerant than the cultivated tomato (Lycoper-

sicon esculentum Mill.). The wild plants accumulated more 

Cl- and Na+ and fewer K+ ions although their relative water 

content and total dry weight decreased less as compared with 

the cultivated tomato subjected to salinity. It was sug-

gested that a better osmotic adjustment was responsible for 

the superior performance of the wild species under saline 

conditions (Tal, 1971; Tal and Gavish, 1973). Also, a de

crease in plant growth of two species of tomato (Lycopersicon 
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esculentum Mill. and Lycopersicon cheesmanii Riley) was 

observed as a result of salinity (Rush and Epstein, 1976). 

Tal (1971) found that total plant dry weight decreased by 50% 

in young ~ peruvianum (L.) Mill. plants growing in a solu-

tion containing 196 mol m- 3 NaCl. Rush and Epstein (1976) 

found that although obvious differences were present in the 

appearance of plants of the wild species ~ cheesmanii and 

the cultivated tomato, both species exhibited reduced growth 

rates even under mild salt conditions. Similarly West et al. 

(1979) reported that the weight of both roots and plant tops 

of tomato plants decreased with increasing salt. 

As the osmotic pressure of the root environment 

increased, plant growth was reduced (Wadleigh and Ayers, 

1945; Richards and wadleigh, 1952). Brown and Hayward (1956) 

reported that there were differences in plant tolerance among 

six alfalfa (Medicago sativa L.) cultivars at low salt 

concentrations but that no differences were found at higher 

concentrations when the six alfalfa cultivars were grown in 

plots and irrigated with salinized water containing 0, 3000, 

6000, and 9000 ppm of 1:1 mixture of NaCl and CaCl salts. 

As stated earlier, the effects of high salt concen

trations on plant growth centered on the influence of various 

ions and proportions of ions in terms of such indefinite con

ditions as antagonism, toxicity, physiological balance, and 

cell permeability. During the late 1930s and 1940s, workers 
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at the United States Department of Agriculture Salinity 

Laboratory in Riverside, California shifted their attention 

to the total osmotic effects of all ions and away from 

specific effects of particular ions. Eaton (1942) found no 

evidence of a critical concentration for a particular ion, 

but above an initial low concentration, each increase in salt 

concentration caused by addition of any ion produced a 

decrease in growth. Similarly, a reduction of vegetative 

growth of guayule (Parthenium argentatum) occurs when guayule 

plants are subjected to stress by drying the soil, by adding 

salt or nutrient solution to the soil, or by a combination of 

the two treatments (Wadleigh, 1946). 

Nukaya et al. (1979) found a decline in fresh weight 

of leaves and fruits of tomato as sea water concentrations 

increased. Seed germination percentage, dry matter, and 

number of leaves per plant are highly affected by salts 

(Harris, 1915). Also, Moskaleva and Sinel'nikova (1976) 

reported that salinity reduced seed vigor, germination 

percentage, and seedling growth of tomato when tomato seed

lings were raised in sand culture with NaCl added to the 

nutrient solution. However, another experiment was conducted 

by Guerrier (1983) to measure Ca 2+ and Na+ contents in three 

species: tomato (Lycopersicon esculentum Mill.) (sensitive 

to salinity), red cabbage (Brassica oleracea) (tolerant to 

salinity), and radish (Raphanus sativa L.) (intermediate). 
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He found that NaCl stimulated hydration of young plants more 

than did CaC12 and concluded that high external CaC12 concen

trations decreased seed vigor of tomato and its development. 

Salinity Effects on Leaf Anatomy 

Leaf anatomy and morphology are typically affected by 

saline culture. Generally salinity slows growth, increases 

leaf succulence, reduces leaf expansion, quantities of speci

fic enzymes, total protein and nucleic acids, while the 

specific activities and concentrations remain constant in 

accordance with the slower growth rate (Shannon, 1984). 

Curtis and Lauchli (1986) reported that the overall growth 

rate in kenaf under moderate salt stress is affected through 

a reduction in expansive growth and leaf area development 

rather than a decline in photosynthetic capacity. Rawsan and 

Munns (1984) found that reduction in leaf growth when the 

plants are subjected to salinity may be a major factor in 

lowering photosynthesis. 

Reduction in the relative leaf size is a frequently 

reported response to salt-treated plants. Reductions in leaf 

size due to the osmotic effects of salts have been reported 

for cotton (Gossypium hirsutum L.) (Lauchli et a1., 1982). 

Similarly, Nieman (1965) reported that affected leaves were 

smaller in area because of fewer cells. Salinity limited 

their growth potential by reducing the rate of cell division 

without increasing the duration of cell division. In 
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contrast, Brouwer (1963) concluded that salinity had no 

influence on cell division and that reduced leaf area was due 

to a reduction in cell enlargement. 

Meiri and Poljakoff-Mayber (1967) studied the effect 

of chlorine salinity on the growth of bean leaves (Phaseolus 

vulgaris) in thickness and area. They reported that NaCl 

salinity in the growth medium induces retardation of leaf 

growth in bean plants. They also found that leaves of salt

affected plants are thicker than the leaves of the non-saline 

control plants. Similar results were obtained from studying 

the effect of NaCl on bean leaves (Wignarajah et al., 1975). 

Salinity Effects on Plant Metabolism 

The relationship between soluble salt in the plant 

root zone and the effects on metabolism that slow growth and 

cause death is still fundamentally unknown (Nieman and 

Shannon, 1976). Mason and Matsuda (1985) suggested that 

long-term growth of osmotically stressed plants may be 

limited by a reduced capacity for protein synthesis in 

growing tissue. Hsiao (1970) found that stress reduces the 

polyribosome level within 30 minutes in corn coleoptilar 

nodes. Similarly, Rhodes and Matsuda (1976) proposed that 

polyribosome content may initially decrease in relation to 

fluctuation in relative water content. 

In all organisms thus far studied, ribosome levels 

have been found to be high in cells or tissues which 
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synthesize proteins at higher rates. In plants, r-RNA is 

about 65% of the total RNA in slow growing cells and about 75 

to 80% in rapidly developing cells (Matsuda, personal 

communication, 1988). Rhodes and Matsuda (1976) examined a 

number of plants and found polyribosomes were reduced in most 

plant tissues during stress. In studies with young pumpkin 

and pea seedlings, roots of intact plants were exposed to 

NaCI solutions of various concentrations. Measurements were 

made of polyribosome levels after 30 minutes of stress and 

after I day of growth. The results showed that in general, 

polyribosomes were reduced as solution water potentials 

dropped. When equal water potentials were utilized for 

comparative purposes, the polysome levels were reduced about 

two-fold, more for pea than for pumpkin. It was suggested 

that these changes in polysome levels may be greater in 

stress-sensitive than in stress-resistant plants. 

Aliza et al. (1967) reported that the capacity of 

protein synthesis and amino acid incorporation was reduced in 

salt-stress tissue. Also, Benzioni et ale (1967) stated that 

salinity causes a retardation of leaf protein synthesis. 

Similarly, Morozovskii and Kabanov (1968) suggested that the 

site most inhibited under chloride salinity would be protein 

and nucleic acid synthesis. They found that uptake and 

incorporation of amino acids into proteins was shown to be 

reduced in roots affected by either NaCl or Na2S04 and that 
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different proteins were synthesized in roots grown in both 

types of salinity. 

The hormone balance of plants is drastically modified 

by salination. Itai et ale (1968) reported that salination 

of tobacco plants markedly reduced cytokinin translocation 

from the roots. Itai and Vaadia (1969) found that the amount 

of cytokinins translocated in the root exudate of plants was 

drastically reduced after 48 hours of salination and water 

stress, and that this reduction was proportional to the 

concentration of NaCl or mannitol in the nutrient solution. 

Levine and Vaadia (1965) found that cytokinins increased 

stomatal opening and transpiration. It was inferred that 

root stresses such as that caused by drought and salination 

alter the hormonal balance of the stressed plants, and that 

at least one aspect of this modification would involve a 

decrease in the amounts of root-synthesized cytokinins that 

would reach the shoot. Meiri and Poljakoff-Mayber (1970) 

found that transpiration was reduced in proportion to 

salinity. Sanchez-Dias et ale (1982) and Plant and Hener 

(1985) reported that transpiration rates were reduced and 

leaf diffusive resistance increased when salinity increased. 

Similarly, Riley (1984) mentioned that as a result of water 

stress, transpiration was reduced but leaf diffusive 

resistance was increased. 
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Many researchers have reported that respiration is 

influenced by salinity. However, no one has been able to 

determine whether ionic or osmotic effects of salt are the 

main reason for the change in metabolic processes. Possibly 

both affect plant metabolism. Respiration rate has been 

reported both to increase and decrease in response to salin

ity (Allen, 1984). In saline environments, the cost of 

cellular maintenance in terms of energy utilization is higher 

to the plant than it is in non-saline environments. 

Levine and Levin (1967) grew peas and found that when 

NaCl was the salt in the growth medium, respiration of leaves 

increased by 30% while respiration of the stern and root 

increased by only 10%. The increase in leaf respiration with 

the salt-treated plant may be a result of an increase in 

energy requirement for cellular maintenance and active 

movement of ions against a concentration gradient. According 

to Neiman (1962) and Handley and Overstreet (1955), cell 

enlargement and respiration may be stimulated by salinity, 

particularly with Na+ and K+ ions. In millet, such increases 

in respiration may be only a temporary effect, which is then 

followed by a respirational decrease (Maksimova and Matukhin, 

1965). However, a decreased respiration rate as well as 

lower photosynthate utilization could also occur due to the 

reduction of leaf expansion. Many researchers found that Na 

salts decrease the respiration rate of many crop plants, such 
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Rao, 1960); and cotton (Boyer, 1965). 
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1958; and Bhardwaj and 

Allen (1984) concluded 

that seed respiration of alfalfa AZ ST 1982 and Mesa-Sira de

creased in response to increasing NaCl concentrations in 

germination media. Similarly, George and Williams (1964) 

studied the respiration rates during seed germination of 

barley (Hordeum vulgare L.), strawberry clover (Trifolium 

fragiferum L.), and ladino clover (Trifolium repens L.) under 

three different salt solutions (NaCl, CaC12' and Na2S04) with 

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

found that as the salinity level increased, respiration of 

barley seeds decreased, although a slight increase was 

obtained in strawberry clover and ladino clover seeds. From 

these results, it seems that the higher tolerance of barley 

to salinity during germination is associated with lower 

respiration rates. 

A typical response of plants to salt is a change in 

photosynthesis. Photosynthesis was measured in cotton, 

onion, and beans grown under saline conditions at a 5.4 atm 

osmotic potential of NaCl solution by Gale et al. (1967). 

They found that salinity reduced net photosynthesis of 

onions, but if the plants were returned to non-saline 

conditions, net photosynthesis increased to control levels. 

Similarly, salinity reduces net photosynthesis in cotton, but 

stomatal closure in the salinized plants produced v~ry little 
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effect on photosynthesis. However, in the same experiment 

C02 enrichment of the atmosphere did not increase net 

photosynthesis. Salinity was thought to reduce photosynthe

sis by interfering with the light reaction of photosynthesis. 

Similar results for the effect of NaCl on cotton photosynthe

sis were obtained by Boyer (1965). Cotton plants were grown 

in NaCl solution from -0.5 to -12.5 bars osmotic potential 

for 4 weeks. Stomatal resistance to C02 diffusion remained 

stable as salinity increased, but net photosynthesis 

decreased. Gauch and Eaton (1942) concluded that in the case 

of barley, salinity affected the utilization of photosynthate 

rather than photosynthesis itself. Rawsan and Munns (1984) 

reported that in sunflower subjected to mild salinity stress, 

level of stored assimilates increased while leaf growth 

decreased. This suggests that assimilate production such as 

photosynthesis was inhibited less than was assimilate utili

zation. Baker and Long (1986) believed that the reduction of 

net assimilation rate in both rice and A. trifolium may 

result either from a decrease in the rate of photosynthetic 

C02 assimilation per unit of leaf area or from an increase in 

total plant respiration. 

Salinity and Accumulation of Inorganic Ions 

Excess of potentially toxic ions such as sodium and 

chloride in plant growth media tend to affect" plant meta

bolism (Lagerwerff and Eagle, 1961). Smith et al. (1981) 
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studied the response of alfalfa (Medicago sativa L.) seed-

lings to increasing levels of chloride salts. Their data 

showed that as salinity increased, so did Cl- concentration 

in the leaves. Damage of the top growth was associated with 

increasing salinity level, which suggests that the plant may 

be subjected to Cl- toxicity. 

Aswathathappa and Bachelard (1986) investigated the 

distribution of some inorganic ions including Na+ and Cl- in 

individual organs of two highly tolerant and one moderately 

tolerant species of Casuarina. The highly tolerant species 

(C. equisetifolia and £. glauca) accumulated little Na+ and 

Cl- in their shoots. However, the concentrations of Na+ and 

Cl- were much higher in the shoots of the moderately tolerant 

species (£. cunninghamiana). The same distribution of Cl- in 

(C. equisetifolia) was found in seedlings exposed to both 

short-term (13 days at 100 mol m- 3 NaCl in solution culture), 

and a long-term (6 months at 250 mol m- 3 NaCl in sand 

culture) salinization. The three species showed little 

difference in their root ion concentration. A time sequence 

experiment of Cl- uptake indicated that the more efficient 

exclusion of Cl- from the shoot of (£. equisetifolia) than 

(£. cunninghamiana) was due to a lower rate of Cl- uptake and 

lower net transport into the shoot rather than to its reten

tion in the root, or to reabsorption at the proximal root or 

hypocotyl. 
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Mass (1986) determined the relative salt tolerance of 

two sorghum cultivars at vegetative, reproductive 

maturation stages of growth in a greenhouse experiment. 

and 

Both 

cultivars were most sensitive during the vegetative stage and 

least sensitive during maturation. Inorganic ion analysis of 

the first leaf below the flag leaf at harvest showed that 

both cultivars tend to exclude Na+ from the upper leaves. 

Ca++ and Cl- concentrations increased with increased salinity 

in plant salinized during the maturation stage, but 

salinization in earlier stages decreased Ca++ concentration 

of this upper leaf ~nd had no effect on the final Cl~ 

concentration. 

Greenway and Munns (1980) mentioned some general 

scheme that could explain the pattern of inorganic ion 

accumulation in the plant tissues. They stated that halo

phytes, which accumulate Na+ and CL- ions, store these ions 

in the vacuole of the leaf cells and this will tend to 

separate the high ion concentration from the salt-sensitive 

enzymes and organelles located in the cytoplasm; synthesis of 

compatible organic solutes in cytoplasm maintains a suffi

ciently low cytoplasmic osmotic potential from uptake of 

water even when the plants are grown in saline soil with a 

low water potential. On the other hand, glycophytes that 

accumulate ions and are salt sensitive do not have enough 

compartmentation of ions within the leaf cells. This leads 
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to accumulation of ions in the cytoplasm, which will inter

fere with the enzyme activities and metabolic process that 

take place in the cytoplasm. The more salt-tolerant glyco-

phytes, however, tend to be salt exuders, which may result in 

less synthesis of organic osmotica for osmotic adjustment. 

This leads to lower water absorption from a saline soil with 

low water potential. 

Mechanisms for Salt Tolerance 

Several mechanisms for drought and salt-tolerance 

have been identified and proposed. The term osmoregulation 

is frequently used by plant physiologists who are concerned 

with water relations in higher plants (Hellebust, 1976). It 

is known that if salt is restricted from entering the root, 

the plant must make an adjustment to maintain water balance. 

Plants synthesize and accumulate osmotic substances. Cellu

lar osmotic adjustment occurs in response to water stress via 

an active or passive accumulation of solutes and/or change in 

tissue elasticity (Ackerson, 1984). 

Accumulation of organic solutes has been found in 

both halophytes and glycophytes as a response to salt stress. 

There have been numerous studies during the last 10 to 15 

years to determine the relationship between environmental 

stress and the synthesis and accumulation of these solutes 

(Flowers et al. 1977). Hasegawa et al. (1986) reported that 

many organic solutes including sugars, free amino acid and 
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proline accumulated to significant levels in salt-adapted 

cells. Proline accumulation was correlated with osmotic 

potential, both in presence or absence of osmotic stress. 

Other osmotic components which represent the organic acids 

(malate and oxalate) and other compounds such as betaine have 

been investigated as possible osmotic agents in higher 

plants. Soluble carbohydrates may also be selectively accu

mulated in response to osmotic stress (Shannon, 1979; Handa 

et al. 1983; Stewart and Bogges, 1977). 

Proline seems to be osmotically active and highly 

soluble and apparently has no detrimental effect on enzyme 

activity (Shevyakova, 1984). Increased osmotic activity of 

proline in the cytoplasm of sorghum (Sorghum bicolor L.) has 

been found to be sufficient to balance the osmotic potential 

of vacuoles and allow the maintenance of a negative water 

potential gradient between the plant and the growing media 

(Weimberg et al., 1982). 

High concentrations of proline are found in halo

phytes and proline concentration increases as salinity 

increases (Stewart and Lee: 1974). Storey and Wyn Jones 

(1977) investigated the proline levels in 14 plant species 

that include salt-tolerant halophytes, semi-tolerant 

glycophytes, and salt-sensitive glycophytes in saline condi

tions. They found the proline level increased in all species 

after exposure to sodium chloride, with the most sa1t-
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tolerant species accumulating the greatest amount of proline. 

Singh and Gupta (1983) believed that proline accumulation 

could be used as an index for screening soybean (Glycine ~ 

Merrill) cultivars for drought tolerance. However, Hasegawa 

et a1. (1986) and Hanson et a1. (1979) reported that proline 

accumulation seemed to be an indication of severe stress 

rather than an adaptation response. Hanson et a1. (1979) 

found that proline accumulation rate during stress was slower 

in nonsusceptible cultivars than in the susceptible ones. 

Shevyakova (1984) summarized the involvement of pro

line metabolism activity in order to provide salt tolerance. 

He believed that the high solubility and ability of proline 

to form aggregates might protect cellular structure and 

enzymes by possessing an intact hydration sphere. He also 

reported that many enzymes of the proline synthetic pathway 

have increased activity in the presence of sodium chloride 

compared to most other plant enzymes. 

It is important to localize and determine the accumu

lated ions within the cells. For instance, halophytes and 

salt-tolerant nonhalophytes have the capability to sequester 

sodium and chloride in sites such as vacuoles (Greenway and 

Munns, 1980). Therefore, the potential toxicity of high 

cytoplasmic salt levels is avoided. In addition, it would 

then be necessary for the cell to accumulate some nontoxic 

compatible osmotic solutes to prevent the cytoplasm from 
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coming under severe water stress by equalizing the water 

potentials of the cytoplasm and the vacuole. 

Breedin~ for Salt Tolerance 

Several practical managements including proper field 

leveling, a well-planned irrigation system, good cropping 

practices, and the form of bed prepared are necessary to 

obtain improved stands for crop growth and development under 

saline conditions. Identification of a salt-tolerant crop, 

however, is another approach to the salinity problem. It is 

well known that specific capabilities of organisms depend 

upon the synthesis of appropriate enzymes under genetic con

trol (Bonner and Galston, 1952). The specific capabilities 

possessed by plants able to tolerate saline conditions fatal 

to other plants are no exception to this generalization (Rush 

and Epstein, 1976). In this connection, several workers have 

drawn attention to genotypic differences between salt

tolerant plants with respect to a number of biochemical and 

physiological parameters (Epstein, 1972; Caldwell, 1974). 

Breeding crop plants for salinity tolerance produced 

plants with satisfactory seedling growth at a high level of 

salinity (Day and Elmigri, 1986). Dewey (1960) reported that 

differences in salt tolerance between various strains of 

Agropyron indicated that selection would be successful in 

developing more salt-tolerant strains. Hunt (1965) noted 

that success in increasing salt tolerance in a given species 
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depends on the inheritable variation in the species and the 

effectiveness of the selection techniques. 

Breeding Pima cotton for germination salt tolerance 

has been significantly progressive. Germination percentage 

has increased 25 to 50% at 1.8 MPa NaCl on the third cycle 

compared to 10% at 1.5 MPa NaCl on the first cycle (Hofmann 

et a1., 1982). 
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CHAPTER 3 

MATERIALS AND METHODS 

Three cotton (Gossypium hirsutum L.) germplasms were 

used in this research. The first one is a parental cultivar 

Deltpine 62 (DP62) which is less salt-tolerant than the other 

two accessions (84033 and 84027) which were selected from the 

parental line and chosen for this study. These two acces-

sions represent the second selection cycle for germination 

salt-tolerance. The pertinent details of the selection 

procedure are described by Ledbetter (1986). 

Seed Germination 

Seeds of the three germplasms were planted on 

September 15, 1987 in 20 by 3.5 cm diameter plastic cones 

which were washed with 0.5% (v/v) sodium hypochlorite 

solution to avoid any algae or bacterial contamination, and 

filled with fine-grained vermiculite. Three seeds were 

planted in each cone and thinned to 1 plant per cone after 

1 week of growth. Adequate moisture for germination was 

provided by daily irrigation. 

Three black plexiglass boxes (55 by 43 by 20 cm) were 

used in this study. Each was divided into four equal parts 

by plastic barriers which prevent movement of solution from 
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one plant to the other. Each box contained 16 L of one-third 

strength Hoagland's solution (four L for each compartment). 

Seedling Transplant 

When the seedlings were 1 week old, the cones were 

placed into holes in top of the black plexiglass boxes. The 

bottom 2 to 4 cm of the cones were suspended in the treatment 

solutions. An air pump connected to air stones was used to 

provide oxygen to the roots in the nutrient solution. Eigh

teen seedlings (six from each germpl~sm) were put in each 

small compartment in the plexiglass boxes. The three plexi

glass boxes were arranged on a bench in a split block design 

with three replications. 

For the first week, all plants were grown in the 

nutrient solution to allow the plants to adapt to their new 

environment. After the first week, only control plants were 

allowed to continue growing in the original solution, which 

consisted of tap water and the nutrient solution, whereas the 

other subplots were the treated plants. Sodium chloride was 

added to end up with 0, -0.5, -1.0, and -1.5 MPa (0, 0.11, 

0.22, and 0.34 M, respectively) treatments. 

The osmotic potentials of the solutions were con

firmed by the use of Wescor Model 5100 C vapor pressure osmo

meter. The solutions in the boxes were kept at a constant 

level (4 L for each compartment) by adding tap water to make 
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up for transpiration losses. Salinity level was also 

monitored every 3 days, and salt was added as needed. 

Both the temperature and humidity were measured by a 

hygrometer. Temperature ranged from 20 to 26 0 C and humidity 

ranged from 20 to 80%. 

Proline Accumulation 

By use of Bates et al. 's (1973) method, proline 

content was measured in all germplasms under the various 

salinity treatments as well as in the control. Proline was 

measured in fully expanded true leaves after 2 weeks of 

salinity treatment. 

Physiological Studies 

Transpiration, leaf diffusive resistance, and leaf 

temperature were measured by means of a Licor Model LI 1600 

steady state porometer with a 0.6 cm 2 aperture. The 

uppermost fully expanded leaf was used for the measurement. 

The measurements were conducted when seedlings were 6 weeks 

old at noon at the upper leaf surface and after 2 weeks of 

salinity treatment. Three measurements were taken for each 

germplasm under each saline treatment. 

Field Studies 

Several physiological characteristics of DP62, 84027 

and 84033 were evaluated at the University of Arizona Campus 

Agricultural Center during 1987. The germplasms were planted 
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on April 7, 1987. The plant characteristics measured were 

apparent photosynthesis, leaf transpiration, leaf diffusive 

resistance, and the difference between leaf and air tempera-

ture. These characteristics were measured three times during 

the 1987 season (2 July, 2 August, and 2 September). 

Photosynthesis was measured at noon using the upper-

most fully expanded leaf. The leaf was sealed in an airtight 

clear plexiglass chamber that was equipped with a small fan 

to mix the air and two septums for extracting gas samples 

wi.th syringes. Two 5 ml gas samples were taken from the 

chamber, the first immediately after the chamber was sealed 

and the second 30 seconds later. The gas samples were taken 

to the laboratory and were analyzed for C02 concentration on 

the infrared gas analyzer (IRGA). The difference in C02 

concentration between the two gas samples was used to 

calculate the net C02 consumed during photosynthesis. Three 

measurements were taken each time. Results are reported as 

~mol C02 m- 2s-1 using the following formula. 

CO 2 x F x k 
x 0.6039 

A 
(Muramoto et al., 1967) 

where 

F = system flow rate 

K = constant 

A = leaf area (dm- 2 ) 
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C02 = the difference in C02 concentration of the air 

entering and leaving the chamber in ppm C02 

by air volume 

Transpiration, leaf diffusive resistance, leaf temp

erature, and air temperature were measured by means of a 

Licor model LI 1600 steady-state porometer with a 0.6 cm 2 

aperture. Measurements were made at noon on the uppermost 

fully expanded leaf surface. Three measurements were taken 

each time. 

Seed Germination Studies 

Several seed germination studies were conducted to 

determine the manner by which salts affect and/or inhibit 

germination. 

Seed Germination and Hypocotyl Length 

Seeds from each of the three germplasms were imbibed 

in various NaCl concentrations (0, 0.5, 1, and 2) for 24 hrs. 

These seeds were rinsed with tap water. Each individual 

experiment unit contained 50 seeds placed between two pieces 

of highly absorbent blotter paper which had been moistened by 

soaking them in tap water and placing them in a beaker that 

contained 100 ml tap water and covered with a larger glass 

vessel. The germination process was carried out in a 

darkened growth chamber at 32 to 340 C for 72 hrs. Seeds were 

considered successfully germinated if their radicle was at 



44 

least 3 mm in length. There were three simultaneous repli-

cations for each treatment. Germination results for each 

germplasm source were calculated as a percentage of its 

germination in the control medium of tap water. This was 

done to correct for any differences in germination potential 

as a result of inheritance among the three germplasms. 

Hypocotyl and radicle lengths were also measured for each 

germplasm at different NaCl levels at 72 hrs. 

Ribosomal RNA Determination 

To determine the ribosomal RNA (r-RNA) content of 

dormant seeds and seeds from various time intervals following 

germination, seeds from each germplasm were germinated with 

tap water for 16, 24, 48 and 72 hrs in a growth chamber at 

32 to 34oC. One hundred seeds from each germplasm were also 

imbibed in various NaCl levels, then rinsed with tap water 

and germinated in a growth chamber for 72 hrs, as mentioned 

above. 

Approximately 5 gm of fresh cotyledon tissues were 

ground with a mortar and pestle on ice at 50 C in 60 ml buffer 

(1.75 gm potassium phosphate dibasic, 1.75 gm potassium 

phosphate monobasic, 22.5 gm glucose, and 250 ml distilled 

water (D.W.) with a 0.15% diethylpyrocarbonate (DEP), pH 

6.7). The homogenate was centrifuged at 10,000 xg for 15 min 

with a SS4 rotor in an RC2-B Sorvall centrifuge. The 

supernatant, containing ribosomes was centrifuged at 36,000 
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xg for 90 min at SoC in a high-speed Ultracentrifuge model 

LS-55M with a Beckman model 40 rotor. The pellet was 

dissolved in 10 ml of SDS solution (0.1 m sodium chloride, 

0.1 m sodium acetate, 1% SDS, and 0.15% DEP). Then 10 ml of 

phenol (ISO ml phenol, 20 ml Cresol, 0.2 gm S-hydroxyquinol) 

was added for each tube. The tubes were shaken gently. The 

suspension was clarified by centrifugation at 6,000 xg for 5 

min at SoC. The top layer was pipetted into a flask. Potas

sium acetate (10% w/v) was added to enhance the formation of 

the rRNA precipitate after a 1:1 addition of 95% ethanol at 

SoC. After standing overnight in a refrigerator, the 

suspension was centrifuged at 6,000 xg for 5 min, and ~he 

pellet was dissolved in 10 ml CTAB #1 (5 gm hexadecyltrim 

ethyammoniumbromide, 1.85 gm Na EDTA, 25 ml 1 M Tris, 20.4 gm 

sodium chloride, 500 ml D.W., pH = 8.0). 10 ml of CTAB #2 (5 

gm hexadecyltrimethyammonium bromide, 1.85 gm Na EDTA, 25 ml 

1 M Tris, 500 ml D.W., pH = 8.0) was added for each tube and 

left overnight at room temperature. The suspension was then 

centrifuged at 6,000 xg for 5 min at SoC, and pellet washed 

with 10 ml of 70% ethanol with 0.1 N sodium acetate. The 

suspension was then centrifuged at 6,000 xg for 5 min, and 

the pellet was dissolved in 10 ml of 0.1 SSC (0.01 M sodium 

chloride + 0.001 M sodium citrate). The optical density was 

determined at 260 nm. Each treatment was replicated three 

times and the data were subjected to an analysis of variance. 
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Sodium and Chloride Ion Analysis 

Na+ ion and Cl- ion concentrations were measured in 

the cell wall, vacuole-enriched cytoplasmic, and microsomal 

fractions of germinating seeds after being soaked in I M NaCI 

for 24 hrs then washed with tap water and germinated for 

72 hrs in a growth chamber at 32 to 34 oC. 

Fractionation Procedures 

Approximately 5 gm of seedling cotyledons of each one 

of the three germplasms were ground with a mortar and pestle 

with 60 ml 0.5% (v/w) sorbitol at 50 C. The homogenate (pH = 

5.8) was centrifuged at 500 xg for 10 min. The pellet 

contained broken cell walls and nuclei. Most of the intact 

nuclei were separated from cell walls by means of miracloth. 

The supernatant was centrifuged at 20,000 xg for 15 min at 

OOC, which yielded a pellet that was enriched with vacuoles, 

mitochondria, and cytoplasmic particulates. The supernatant, 

which contained the microsomal fraction, was centrifuged at 

36,000 xg for 30 min at 50 C in a high-speed Ultracentrifuge 

model L8-55 M. 

For analysis of Na+ ion and Cl- ion, the fractionated 

organelles were wet-ashed in nitric perchloric acid by the 

method of Ganje and Page (1974). The digest was then ana-

lyzed for Na ion using atomic absorption spectrophotometry, 

and for Cl- ion by using a solid state chloride ion specific 
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electrode (Islam et al., 1983). Each treatment was repli-

cated three times and the data subjected to an analysis of 

variance. 

Protein Fractionation 

Seeds from each of the three germplasms were imbibed 

in tap water for 24 hrs and germinated for 0, 24, and 72 hrs 

in a darkened growth chamber at 32 to 34°C. Similarly, seeds 

were soaked in 1 M NaCl for 24 hrs then washed with tap water 

and germinated for 72 hrs in a darkened growth chamber at 

32 to 34oC. 

Approximately 5 gm of fresh cotyledon tissue were 

ground with a mortar and pestle with 50 ml isopropyl alcohol 

at SoC. The homogenate was centrifuged at 9,000 xg for 

5 min. After drying the pellet at room temperature, storage 

proteins were fractionated. A general scheme of the 

procedure for the isolation of globulin and "salt-soluble" 

prolamin and glutelin proteins is outlined schematically 

(Figure 1) (Draper, 1976). Three samples were taken for each 

treatment and data were subjected to an analysis of variance. 

Cellulose Fiber Determination 

One hundred seeds of each germplasm were germinated 

with tap water at 0, 24, 48 and 72 hrs in a darkened growth 

chamber at 32 to 34oC. Approximately 0.5 gm of cotyledons 

separated from the seedlings were used and added to 100 ml 
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hot 1.25% H2S04. The samples were placed on a preheated hot 

plate and connected to the condenser and reflux for 30 min. 

The suspension was filtered through a plastic screen 

(30 mesh) and washed back into the flask with 1.25% NaOH. 

Samples were then refluxed for 30 min. Samples were filtered 

through sintered crucibles, washing all fibers out of the 

flask with hot water. Samples were then washed with small 

amounts of 1.25% H2S04 then washed three times with hot water 

and followed with acetone until colorless. Finally, samples 

were placed in a 1000C oven for 2 hrs; weights of crucible 

and fiber were recorded. Seed fiber percentages were 

calculated as follows: 

% fiber= (wt. of crucible and fiber) - (wt. of crucible) xlOO 
sample wt. 

Three samples were taken for each treatment and data were 

subjected to an analysis of variance. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Proline Accumulation 

The proline level was measured when the plants were 

6 weeks old. The effect of salinity on the proline accumu

lation in the leaf blade can be seen in Figure 2. Proline 

level increased significantly for all germplasms as the 

salinity level in the treatment solution increased (Table 1). 

This proline accumulation as a response to salinity is 

consistent with earlier findings on sorghum (Weimberg et al., 

1982), tall grass (Shannon, 1978), and other plants (Palfi 

and Juhasz, 1970). 

If proline accumulation is to be considered an impor

tant physiological respons'e for salt tolerance, proline 

should accumulate in larger quantities in salt-tolerant 

germplasms (Singh and Gupta, 1983). The results of this 

study did not fully support this concept. Even though 84027 

germplasm had a higher proline level at the highest salinity 

level than the other germplasms, analysis of variance at each 

salinity level revealed no significant differences between 

the germplasms in proline production. Mean separations were 

performed using the least significant difference method 

(Table 2). The mean separation of the proline level for all 
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Table 1. Free proline level of DP62, 84033, and 84027 cotton 
seedlings grown at different NaCl levels. 

Germplasm NaCl Level Proline Level 
(MPa) lJmole/g FW 

DP62 0 15.48 AZ 

-0.5 21. 66 AB 

-1. 0 29.88 AB 

-1.5 33.00 B 

84033 0 17.43 A 

-0.5 20.81 AB 

-1. 0 26.13 B 

-1. 5 34.83 C 

84027 0 16.91 A 

-0.5 22.23 AB 

-1. 0 28.21 B 

-1. 5 36.99 C 

Z Means within a column for a given germplasm followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Table 2. Mean separation of the proline level of DP62, 
84033, and 84027 cotton seedlings given at 
different NaCl levels. 

Germplasm Proline Level 
~mole/g FW 

DP62 25.01 AZ 

84033 24.80 A 

84027 26.34 A 

Z Means within a column followed by different letter are 
significantly different at the 0.05 level by least signi
ficant differences (LSD). 
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germplasms, averaged over all osmotic levels, were not 

significantly different from one another. 

Thus it seems that proline accumulation is a charac

teristic of all the cotton germplasms tested in this experi

ment and was not unique to the salt-tolerant lines (84027 

and 84033). Therefore, differences in salt tolerance among 

cotton germplasms is not reflected in their proline 

accumulation. 

Physiological Responses 

Physiological characteristics (transpiration rate, 

leaf diffusive resistance and leaf temperature) were measured 

for all germplasms. Measurements on transpiration rates 

during the second week after treatment demonstrated that 

there were significant differences between the parental line 

DP62 and the two salt tolerant lines tested (Table 3). As 

salinity level increased, the transpiration rate decreased 

for all germplasms (Table 4). For DP62 there was a signifi

cant reduction between control and salt treatments taken as 

whole. For 84033 there was small difference between control 

and salt treatments compared to the parental line DP62. For 

84027, however, there was a significant reduction between the 

control and between each of the salt treatments (Table 4 and 

Figure 3). 

Leaf diffusive resistance increased as the salinity 

level increased, with 84027 having more significant 
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Table 3. Mean separation of transpiration, leaf diffusive 
resistance and leaf temperature of DP62, 84033, and 
84027 cotton seedlings grown at different NaCl 
levels in the greehouse. 

Germplasm Transpiration Leaf Diffusion Leaf Tempera-
(1l9 cm- 2s-1 ) Resistance ture (OC) 

(scm-I) 

DP62 17.12 BZ 1.98 A 29.79 A 

84033 15.01 A 1. 74 A 29.90 A 

84027 13.82 A 2.19 A 30.08 A 

Z Means within a column followed by different letter are 
significantly different at the 0.05 level by least signi
ficant differences (LSD). 
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Table 4. Transpiration, leaf diffusive resistance, and leaf 
temperature of DP62, 84033 and 84027 cotton seed
lings grown at different NaCl levels. 

Germplasm 

DP62 

84033 

84027 

NaCl 
(MPa) 

o 

-0.5 

-1. 0 

-1. 5 

o 

-0.5 

-1. 0 

-1. 5 

o 

-0.5 

-1. 0 

-1. 5 

Transpira
tion 

( II g cm - 2 s -1 ) 

32.79 BZ 

15.14 A 

12.53 A 

8.05 A 

19.37 B 

15.56 AB 

14.20 AB 

11.07 A 

22.77 D 

15. 24 C 

9.81 B 

7.46 A 

Leaf Diffu- Leaf Temp-
sion erature 

Resistance (OC) 
(scm-I) 

0.50 A 

1.80 B 

2.25 B 

3.39 C 

1.09 A 

l. 50 AB 

1.80 BAB 

2.50 B 

0.77 A 

1.56 B 

2.69 C 

3.72 D 

27.80 A 

29.60 B 

30.77 CB 

31. 00 C 

28.47 A 

29.50 AB 

30.57 BC 

31.07 C 

27.77 A 

29.67 B 

31. 40 C 

31. 50 C 

Z Means within a column for a given germplasm followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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differences between the treatments than the other germplasms 

(Table 4 and Figure 4). Mean separation for leaf diffusive 

resistance of all germplasms, averaged over all osmotic 

levels, were not significantly different (Table 3). 

Leaf temperature also increased as salinity level 

increased (Table 4 and Figure 5). For DP62 there was a 

significant increase between control and salt treatments as a 

whole. For 84033 and 84027 there was a significant increase 

between the control, -0.5 and -1.0 MPa. Mean separation for 

leaf temperature indicated that there was no significant 

difference between the three germplasms, averaged over all 

the osmotic levels (Table 3). 

Analysis of variance was done for the physiological 

trends listed in Table 4 for each germplasm. An increase in 

salinity level significantly affected all the physiological 

characteristics measured. 

The overall reduction in the transpiration rate as a 

function of salt treatment may be due to less water uptake. 

This observation is consistent with earlier work done by 

O'Leary (1969), who found that increasing the salinity of 

the growth solution by addition of sodium chloride reduced 

the permeability of kidney bean roots to flow of water. 

Therefore, very little water could be forced through the 

roots under pressure compared to roots from plants grown in 

nonsaline solution. Upon comparison of the germplasms in the 
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present study, 84033 seems to have the best transpiration 

rate and hence a more efficient water uptake than the other 

germplasms under salinity conditions. 

The higher leaf diffusive resistances that were found 

when the plants were subjected to salinity may be due to a 

decrease in stomatal aperture resulting from reduced turgor 

in the guard cells. Again, 84033 showed better response in 

terms of lower leaf diffusive resistance under salinity 

conditions than the other two germplasms. This may also be 

due to the same reason mentioned above of more efficient 

water uptake. 

Higher leaf temperature under high salinity level may 

be due to a transpiration reduction, which will cause a 

reduction in the evaporative cooling system of the plant and 

consequently will lead to higher leaf temperature. 

The differences that were found between the germ

plasms in transpiration rates, leaf diffusive resistance, and 

leaf temperature of each salinity level were nonsignificant 

when analysis of variance was performed (Table 3). 

Field Studies 

Data from the field studies showed there were no 

apparent differences among the three germplasm sources for 

any of the physiological characteristics measured when the 

plants were grown in the field under nonsaline environment 

(Table 5). It seems that the selection process for seed 



Table 5. Mean value for physiological traits of three cotton Jines grown aL the 
Campus Agricultural Center, Tucson, Arizona, measured on three sampling 
dates during 1987. 

Germplasm 
Source 

July 2, 1987 

Apparent 
Photosyn

thesis 
(llmol C02 
m- 2s-1 ) 

DP62 17.75 AB 

84027 15.98 A 

84033 21.86 B 

August 2, 1987 

DP62 29.63 A 

84027 26.13 A 

84033 25.49 A 

September 2, 1987 

DP62 10.95 A 

84027 9.92 A 

84033 7.36 A 

Leaf Trans
piration 
(1l9 H?_O 

cm- 2s --1 ) 

22.72 A 

22.91 A 

23.16 A 

19.54 A 

17.49 A 

16.12 A 

14.26 A 

15.37 A 

13.75 A 

Leaf Diffusive 
Resistance 

(S ern-I) 

1.367 A 

J.377 A 

1. 210 A 

1.053 A 

1.973 A 

2.003 A 

2.057 A 

1. 763 A 

2.043 A 

Temperature 
Differen

t.ial 
(air-leaf) 

°c 

3.50 

2.73 

2.97 

1.95 

1. 06 

0.95 

1. 28 

1. 52 

0.76 

Ambient 
Tempera

(OC) 

38.09 A 

37.93 A 

37.09 A 

33.85 A 

33.58 A 

32.92 A 

35.47 A 

35.40 A 

35.07 A 

Leaf 
Tempera

(OC) 

34.59 B 

35.20 C 

34.12 A 

31. 96 A 

32.52 A 

31. 97 A 

34.19 A 

33.88 A 

34.31 A 

z Means within a column for a given time followed by different letter are signifi
cantly different at the 0.05 level by least significanr differences (LSD). 

~ 
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germination salt tolerance did not cause any measurable 

genetic changes in any of the physiological characteristics 

under relatively nonsaline field environment. Similar 

results supporting our data were reported for eight germplasm 

sources of alfalfa (Allen, 1984). 

Seed Germination and Hypocotyl and Radicle 
Length as Affected by Salinity 

Germination percentage and hypocotyl and radicle 

length for DP62, 84027 and 84033 were evaluated after being 

soaked for 24 hrs in different NaCl levels and then washed 

and germinated for 72 hrs under normal conditions differed 

significantly. Germination (%) and hypocotyl and radicle 

length of the three cotton germplasms tested were influenced 

by increasing the salt concentrations of the solution. 

Percent germination, and hypocotyl and radicle length of the 

three cotton germplasms were reduced with increasing salt 

concentrations (Table 6, Figures 6 and 7). 

Germplasms 84033 and 84027 displayed a higher 

germination percentage and a greater hypocotyl and radicle 

length than DP62 when germination and hypocotyl and radicle 

length (each separately) were averaged over the four salt 

concentrations (Table 7). DP62, however, had the lowest 

germination percentage and hypocotyl and radicle length when 

subjected to saline conditions. 
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Table 6. Germination (%) and hypocotyl and radicle length 
(mm) of DP62, 84027, and 84033 cotton germplasms 
after being soaked for 24 hrs in different NaCl 
levels and then washed and germinated for 72 hrs 
under normal conditions. 

DP62 

84027 

84033 

Solution Conc. Hypocotyl and 
(M) Radicle Length 

o 

0.5 

1 

2 

o 

0.5 

1 

2 

o 

0.5 

1 

2 

(mm) 

226.90 AZ 

113.50 B 

69.30 C 

48.67 D 

217.20 A 

108.90 B 

84.60 C 

59.43 D 

232.80 A 

125.80 B 

87.30 C 

83.60 D 

Germination 
( % ) 

96.00 AZ 

72.00 B 

56.00 C 

27.00 D 

90.00 A 

92.50 A 

75.00 B 

56.00 C 

98.00 A 

90.00 B 

78.00 C 

57.00 D 

Z Means within a column for a given germplasm followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Table 7. Mean separations of germplasms and molarity of the 
salt solutions for germination (%) and hypocotyl 
and radicle length (mm) of DP62, 84027, and 84033 
cotton germplasms after being soaked for 24 hrs in 
different levels of salt solutions then washed and 
germinated for 72 hrs under normal conditions. 

Germplasms 

DP62 

84027 

84033 

Molarity 

o M 

0.5 M 

1 M 

2 M 

Mean of Germi
nation (%) 

62.75 AZ 

78.38 B 

80.75 C 

94.67 A 

84.83 B 

69.67 C 

46.67 D 

Hypocotyl and 
Radicle Length 

(mm) 

114.60 A 

117.50 A 

132.40 B 

225.60 A 

116.10 B 

80.40 C 

63.83 D 

Z Means within a column for each category followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Generally, germination percentages and hypocotyl and 

radicle lengths were much lower at high salt concentrations 

compared to low salt concentrations when averaged over all 

germplasms. Mean separations were performed using the least 

significant difference method (Table 7). The mean percent 

germination of all germplasms averaged over all osmotic 

levels were significantly different. 

Our results show that the effect of salinity on seed 

germination and hypocotyl and radicle length varied among 

cotton germplasms and differed with salinity levels. 

Apparently the selection process for seed germination salt 

tolerance did cause some genetic changes in regard to seed 

germination and growth rate of the hypocotyl under saline 

conditions. 

Possibly the effect of salinity on seed germination 

is due to osmotically controlled water uptake (Cooper and 

Dumbroff, 1973). water tension and the rate of water uptake 

are important during the period between imbibition and 

initiation of physiological activity in the germination of 

seeds. In short, salinity causes some physiological and 

biochemical disturbances in germinating seeds and results in 

growth reduction. 

Ribosomal RNA Content 

To determine the ribosomal RNA level in DP62, 84027, 

and 84033 germplasm sources under normal conditions, seeds 
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were germinated at 0, 16, 24, 48, and 72 hrs. The amount of 

isolated and purified ribosomal RNA present in the seedling 

cotyledons was determined by optical density at 260 nm. 

In all germplasms tested, there was a similar trend 

with time. Ribosomal RNA (rRNA) content as a whole of DP62, 

84027, and 84033 germplasms sharply decreased at 16, 24, and 

48 hrs before it again increased at 72 hrs (Table 8 and 

Figure 8). Mean separations were performed using the least 

significant difference method (Table 9). The means of 

ribosomal RNA content of all germplasms, averaged over all 

time intervals, were significantly different from on~ 

another. 

When seeds stressed with NaCl and relieved after 24 

hrs and then germinated for 72 hrs under normal conditions in 

the growth chamber at 32 to 340 C, the rRNA content reflected 

a reduction in the ribosome content with increasing salt 

stress (Table 10 and Figure 9). However, ribosome recovery 

was more pronounced in the salt-tolerant lines (in particular 

84033) compared to the less salt-tolerant parent DP62. Mean 

separations were performed using the least significant 

difference method (Table 11). The mean of ribosomal RNA 

content, averaged over all osmotic levels, were significantly 

different. 

In addition to adequate water status and wall 

loosening factors, growth also requires the synthesis of new 
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Table 8. Ribosomal RNA content (O.D260/gm FW) of the DP62, 
84027, and 84033 cotton seedlings grown at differ
ent time intervals (0, 16, 24, 48, and 72 hrs) 
under normal conditions. 

Germplasm 

DP62 

o hrs 

16hrs 

24 hrs 

48 hrs 

72 hrs 

84027 

o hrs 

16 hrs 

24 hrs 

48 hrs 

72 hrs 

84033 

o hrs 

16 hrs 

24 hrs 

48 hrs 

72 hrs 

Ribosomal RNA Content 
(O.D260/gm FW) 

10.250 BZ 

0.929 A 

1.708 A 

1.708 A 

12.480 C 

8.810 C 

1.846 A 

2.412 A 

5.340 B 

16.440 D 

7.900 B 

2.450 A 

1.416 A 

8.380 B 

18.140 C 

Z Means within a column for a given germplasm followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Table 9. Mean separation of ribosomal RNA content (O.D260/gm 
FW) of DP62, 84027, and 84033 cotton seedlings 
grown at different periods of time (0, 16, 24, 48, 
and 72 hrs) under normal conditions. 

Germplasm 

DP62 

84027 

84033 

Time Interval 

o hrs 

16 hrs 

24 hrs 

48 hrs 

72 hrs 

Ribosomal RNA Content 

5.415 AZ 

6.970 B 

7.657 C 

8.987 C 

1 .741 A 

1.845 A 

5.143 B 

15.690 D 

Z Means within a column for each category followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Table 10. Ribosomal RNA content (O.D260/9m FW) of DP62, 
84027, and 84033 cotton germplasms after being 
soaked for 24 hrs in different NaCl levels then 
washed and germinated for 72 hrs under normal 
conditions. 

Germplasm 

DP62 

o M 

O. 5 M 

1 M 

2 M 

84027 

o M 

0.5 M 

1 M 

2 M 

84033 

o M 

O. 5 M 

1 M 

2 M 

Ribosomal RNA (O.D260/9m FW) 

12.48 CZ 

5.48 B 

2.91 A 

1.26 A 

16.44 C 

7.52 B 

3.99 A 

3.61 A 

18.24 C 

12.93 B 

10.50 B 

6.28 A 

z Means within a column for a given germplasm followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Table 11. Mean separation of ribosomal RNA content (O.D260/ 
gm FW) of DP62, 84027, and 84033 cotton germplasms 
after being soaked for 24 hrs in different NaCl 
levels then washed and germinated for 72 hrs under 
normal conditions. 

Germplasm 

DP62 

84027 

'84033 

Salt levels 

2 M 

1 M 

0.5 M 

o M 

Ribosomal RNA 

5.31 AZ 

7.80 B 

11. 99 C 

3.72 A 

5.80 B 

8.64 C 

15.72 D 

Z Means within a column for each category followed by 
different letter are significantly different at the 0~05 
level by least significant differences (LSD). 
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protein (Key and Vanderhoef, 1973). There is ample evidence 

to indicate that the ability to synthesize proteins is 

correlated with the amount of ribosomes present in the cell. 

Results of this study show that in all three germplasms, the 

increased level of salt stress caused a reduction in the 

concentration of rRNA and hence the ribosome content (Table 

10) . These decreases might be correlated wi th the lowered 

growth rate (Figure 7). This finding was supported by Rhodes 

and Matsuda (1976) and Cocucci et al. (1976), who found a 

good correlation between ribosome content and growth in 

water-stressed plants. The results of the present study are 

also consistent with the data reported by Bewley and Larsen 

(1982) for corn mesocotyl. Thus it may be possible to use 

ribosomal content as a selection tool for salt tolerance. 

Overall, our results suggested the growth of osmoti

cally stressed seeds may be limited by a reduced capacity for 

new protein synthesis caused by a reduction in the amount of 

ribosomes. This result is consistent with earlier findings 

on other crops (Mason and Matsuda, 1985). 

Sodium and Chloride Ion Analysis 

Seedling cotyledons from DP62, 84027, and 84033 seeds 

that had been soaked for 24 hrs in 1 M NaCI then washed and 

germinated at 0, 24, and 72 hrs were macerated and separated 

by means of centrifugation into fractions enriched in 

microsomes, vacuole-enriched cytoplasmic, and cell walls 



(separated from nuclei). 
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It is assumed that the error 

involved in ion movement during the extraction procedure will 

be the same for all the samples. The significant differences 

in ion concentration would then be contrasted against this 

constant error background. These fractions were then separ

ately analyzed for Na+ and Cl- ion content (Tables 12 and 

13). The sodium ion content showed a similar downward trend 

in the fractions with time for all germplasm sources and was 

more concentrated in the cell walls (Table 12). A mean 

separation was performed by use of the least significant 

difference method (Table 14). The means of Na+ ion content 

for microsomal and vacuole-enriched cytoplasmic fractions, 

averaged over all time intervals, were not significantly 

different. 

In contrast to sodi.um, Cl- ion analysis in the 

microsomes of the salt-tolerant line 84033 showed a greater 

downward trend with time that ranged from 32.10 to 21.70 

(ppm/gm FW) than that of the less salt-tolerant parent line 

DP62, which ranged from 37.43 to 31.27 (ppm/gm FW). However, 

there was an increase of Cl- ion in the vacuoles with time 

for all germplasms but more pronounced in the salt-tolerant 

line 84033 after 72 hrs. With regard to cell wall, however, 

there was no noticeable trend in Cl- ion accumulation (Table 

13). Mean separation was performed using the least signi

ficant difference method (Table 15). The means of Cl- ion 



78 

Table 12. NA+ content (ppm/gm FW) in microsomal, vacuole
enriched cytoplasmic and cell wall fractions of 
DP62, 84027, and 84033 cotton cotyledons after 
being soaked for 24 hrs in 1 M NaCl then washed 
and germinated at different time intervals (0, 24, 
and 72 hrs) under normal conditions. 

Germplasm 

o hours 

DP62 

84027 

84033 

24 hours 

DP62 

84027 

84033 

72 hours 

DP62 

84027 

84033 

Microsomal 
Fraction 

6.53 BZ 

7.08 C 

5.65 A 

2.01 B 

1.21 A 

2.10 A 

1.46 A 

1.38 A 

2.30 B 

Vacuole-Enriched 
Cytoplasmic 

Fraction 

11. 96 B 

11. 08 A 

12.70 C 

5.56 A 

5.27 A 

5.02 A 

4.61 A 

4.87 B 

4.78 B 

Cell Wall 
Fraction 

23.20 B 

23.18 B 

21. 70 A 

11.98 B 

10.38 A 

10.45 A 

10.55 C 

7.30 A 

8.90 B 

Z Means within a column for a given time followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Table 13. Cl- content (ppm/gm FW) in microsomal, vacuole
enriched cytoplasmic, and cell wall fractions of 
DP62, 84027, and 84033 cotton cotyledons after 
being soaked for 24 hrs in 1 M NaCl then washed 
and germinated at different time intervals (0, 24, 
and 72 hrs) under normal conditions. 

Germplasm 

0 hours 

DP62 

84027 

84033 

24 hours 

DP62 

84027 

84033 

72 hours 

DP62 

84027 

84033 

Microsomal 
Fraction 

37.43 BZ 

37.43 B 

32.10 A 

48.00 B 

32.63 AB 

24.20 A 

31. 27 B 

30.10 B 

21.70 A 

Vacuole-Enriched 
Cytoplasmic 

Fraction 

5.300 B 

4.800 AB 

3.300 A 

23.80 B 

15.38 A 

17.70 AB 

33.03 B 

26.50 A 

35.33 B 

Z Means within a column for a given time 
different letter are significantly different 
level by least significant differences ( LSD) • 

Cell Wall 
Fraction 

3.400 B 

5.000 B 

0.400 A 

0.000 A 

2.600 B 

0.000 A 

0.000 A 

2.000 B 

0.000 A 

followed by 
at the 0.05 
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Table 14. Mean separation of Na+ ion content (ppm/gm FW) 
in microsomal, vacuole-enriched cytoplasmic and 
cell wall fractions of DP62, 84027, and 84033 
cotton cotyledons after being soaked for 24 hrs in 
1 M NaCl then washed and germinated at different 
time intervals (0, 24, and 72 hrs) under normal 
conditions. 

Microsomal 
Fraction 

Germplasm Source 

DP62 

84027 

84033 

Time Interval 

o hrs 

24 hrs 

72 hrs 

3.332 AZ 

3.222 A 

3.347 A 

6.419 B 

1.771 A 

1.711 A 

Vacuole-Enriched 
Cytoplasmic 

Fraction 

7.377 B 

7.071 A 

7.501 B 

11. 92 C 

5.28 B 

4.75 A 

Cell Wall 
Fraction 

15.24 B 

13.62 A 

13.68 A 

22.69 C 

10.94 B 

8.98 A 

Z Means within a column for each category followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Table 15. Mean separation of Cl- ion content (ppm/gm FW) in 
microsomal, vacuole-enriched cytoplasmic and cell 
wall fractions of DP62, 84027, and 84033 cotton 
cotyledons after being soaked for 24 hrs in 1 M 
NaCl then washed and germinated at different time 
intervals (0, 24, and 72 hrs) under normal 
conditions. 

Microsomal Vacuole-Enriched Cell Wall 
Fraction Cytoplasmic Fraction 

Fraction 

Germplasm Source 

DP62 38.90 CZ 20.71 B 1.133 B 

84027 33.39 B 15.56 A 3.200 C 

84033 26.00 A 18.78 B 0.133 A 

Time Interval 

o hrs 35.66 B 4.47 A 2.933 B 

24 hrs 34.94 B 18.20 B 0.867 A 

72 hrs 27.69 A 31.62 C 0.677 A 

Z Means within a column for each category followed by 
different letter are significantly different at the 0.05 
level by least significant differences ( LSD) . 
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content, averaged over all time intervals, were significantly 

different. 

It seems that the salt-tolerant line 84033 germplasm 

may have the ability to more efficiently shift Cl- ion away 

from the microsomes than both DP62 and 84027 in order to 

protect the microsomal apparatus that contains the ribosomes 

from being damaged. In addition, there was a concurrently 

greater increase of Cl- ion into the vacuoles with time than 

noted for the other salt-tolerant and non-tolerant lines. 

Further work is needed to investigate a possible correlation 

that might exist between Cl- ion decrease in the microsomes 

and Cl- ion increase in the vacuoles with time after salt 

stress and the membrane transport adaptations involved in the 

salt tolerance of 84033. Binzel et al. (1987) theorized that 

such adaptations likely involVe a proton motive force gener

ating processes along with specific ion transport systems. 

It appears that Cl- ion is more responsible for inhi

biting ribosomal synthesis of DP62 germplasm and consequently 

inhibition of specific protein synthesis involved in germina

tion than the Na+ ion. This result apparently is consistent 

with the work of Smith et al. (1981). They reported that Cl

ion was responsible for inhibiting growth of alfalfa seedling 

plants. 
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Protein Fractionation 

Globulin, prolamin, and glutelin contents (mg/gm FW) 

of DP62, 84027, and 84033 germplasms similarly decreased from 

o to 72 hrs of germination (Table 16). This reduction might 

be due to the utilization of the storage proteins in the 

process of normal seed germination. However, when the seeds 

were stressed with NaCl and relieved after 24 hrs then 

germinated for 72 hrs under normal conditions in the growth 

chamber at 32 to 34 oC, the storage protein content (prolamin 

and glutelin) increased significantly for all germplasms 

compared to the 72 hrs period under normal conditions of 

germination (Tables 16 and 17). Globulin (soluble protein) 

contents of 84033 and DP62, however, showed a significant 

increase of 26.2 and 26.9%, respectively at 72 hrs compared 

to the normal control conditions (Tables 16 and 17). The 

globulin content of 84027, on the other hand, remained the 

same as the control at 72 hrs. This line (84027) may have 

the ability to utilize the soluble storage proteins in some 

manner to enhance its resistance to salt stress. The insol

uble proteins (prolamin and glutelin) exhibited an increase 

in both types with stress compared to the control at 72 hrs 

(Tables 16 and 17). 

These results reflect the fact that salinity appar

ently slows down the physiology of seed germination in that 

storage proteins have not been used up at the same rate as in 
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Table 16. Globulin, prolamin, and glutelin storage proteins 
(mg/gm FW) of 84033, 84027, and DP62 cotton seed
ling cotyledons grown at different periods of time 
under normal conditions. 

Germp1asm 

o hours 

DP62 

84027 

·84033 

24 hours 

DP62 

84027 

84033 

72 hours 

DP62 

84027 

84033 

Globulin 
(mg/gm FW) 

260.4 CZ 

206.3 A 

212.7 B 

113.0 A 

118.4 B 

126.8 C 

83.10 B 

98.08 C 

80.82 A 

Prolamin 
(mg/gm FW) 

174.0 B 

162.6 A 

182.8 C 

12.98 A 

17.51 B 

33.06 C 

16.67 B 

16.32 B 

12.91 A 

Glutelin 
(mg/gm FW) 

21.10 B 

20.05 B 

17.24 A 

6.40 AB 

5.88 A 

8.08 B 

6.07 B 

7.76 C 

3.99 A 

Z Means within a column for a given time followed by 
different letter are significantly different at the 0.05 
level by least significant differences (LSD). 
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Ta bl e 17. Mea n s epa rat ion 0 f g lob u 1 in, proIa min, and 
glutelin storage proteins of DP62, 84027, and 
84033 cotton cotyledons after being soaked for 
24 hrs in 1 M NaCl then washed and germinated for 
72 hrs under normal conditions. 

Germplasm 

DP62 

84027 

84033 

Globulin 
(mg/gm FW) 

105.50 CZ 

99.50 A 

102.00 B 

Prolamin 
(mg/gm FW) 

24.27 A 

25.97 B 

28.29 C 

Glutelin 
(mg/gm FW) 

10.68 A 

10.69 A 

10.43 A 

Z Means within a column followed by different letter .are 
significantly different at the 0.05 level by least signi
ficant differences (LSD). 
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control cotyledons at 72 hrs. However, the higher utiliza

tion of globulin in the salt-tolerant line 84027 under salt 

stress for the same period of time indicates that this line 

might have a different salt-tolerant mechanism than that of 

the other salt-tolerant line 84033. More research will be 

required to further substantiate this hypothesis. 

Cellular Fiber Determination 

Data from this experiment showed that there were some 

significant differences among the three germplasm seedlings 

with the percent fiber when the seeds were germinated under 

nonsaline conditions for 0, 24, 48, and 72 hrs (Table 18). 

However, salt-tolerant line 84033 exhibited a higher fiber 

percentage, up to two and one-half, and two-fold at 48 and 

72 hrs, respectively, compared to DP62 and 84027. Apparently 

the selection process for seed germination salt tolerance 

resulted in a measurable genetic change of fiber percentage 

under a nonsaline environment. The significant difference 

in fiber content of line 84033 does not seem to affect a 

significant retention or exclusion of Na+ or Cl- ions with 

this line compared to the other two lines in the cell wall 

fraction (Tables 12 and 13). Perhaps the method of cell wall 

isolation is not precise enough to resolve any significant 

differences in these cell lines. Or perhaps Na+ or Cl- ion 

retention or exclusion in cell wall fibers is not a major 
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Table 18. Mean separation of fiber percentage of DP62, 84027 
and 84033 cotton seedling cotyledons grown at 
different time intervals under normal conditions. 

Germplasm 

DP62 

84027 

84033 

o hours 

15.56 AZ 

20.48 B 

18.50 B 

24 hours 

24.00 AB 

22.00 A 

26.47 B 

48 hours 

4.03 A 

4.03 A 

10.00 B 

72 hours 

2.03 A 

2.07 A 

4.00 B 

Z Means within a column followed by different letter are 
significantly different at the 0.05 level by least signi
ficant differences (LSD). 
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mechanistic factor in salt tolerance of lines 84033 and 

84027. 
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CHAPTER 5. 

SUMMARY AND CONCLUSION 

Salinity problems and their potential impact on 

plants could be solved by physically manipulating the envi

ronment in which plants grow or by biologically manipulating 

the plant to reduce the detrimental effects of excessive 

salts on plant metabolism (Epstein, 1980; Rains, 1979). This 

manipulation can be enhanced by exploring the genetic varia

bility which exists in all biological systems. Plants 

commonly vary in sensitivity to the presence of potentially 

damaging levels of salt in their environment (Epstein, 1980). 

In addition, the physiological basis for the mecha

nism of salt tolerance is still questionable. One mechanism 

of salt tolerance in plants is the use of organic solutes and 

nonorganic solutes as compatible osmotica. The accumulation 

of compatible solutes provides the means for maintaining 

favorable water balance and cell turgor during stress. 

Our results indicatec that proline accumulated in the 

leaves as a response of increasing salinity, suggesting that 

proline accumulation is a reflection of salt stress rather 

than a means of moderating stress since proline accumulated 

indiscriminately in all of the germplasms used in this study. 

The differences in proline accumulation among the germplasms 
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did not correlate with their differences in salt tolerance. 

Several workers (Stewart and Lee, 1974; Treichel, 1975), 

however, have suggested that stress-induced production of 

proline may be instrumental in osmotic adjustment. Rains 

(1981) has reported that membrane phenomena involved in 

osmoregulation appear to be significant contributors to salt 

tolerance in plants. It is therefore essential to evaluate 

transport mechanisms in plants and determine if these mecha

nisms are under genetic control. If so, these mechanisms can 

b~ manipulated genetically to improve plant performance under 

saline conditions. 

Several physiological characteristics (transpiration 

rate, leaf diffusive resistance,and leaf temperature) were 

evaluated under non-saline soil conditions at the Campus 

Agricultural Center, Tucson, Arizona to compare the three 

germplasms. There were no significant differences among the 

three germplasms. Similarly, DP62, 84027, and 84033 

seedlings were evaluated after being grown in varying levels 

of salt solutions. No significant differences were found 

among germplasm sources, which indicated that selection for 

germination salt tolerance did not reveal any measurable 

genetic changes that would be reflected in any of the 

physiological parameters measured. 

A reduction of ribosome content in seedling coty-

ledons was observed with increasing salt stress. However, 



91 

salt tolerant lines (84033 and '84027) showed less reduction 

of ribosomes compared to their less salt-tolerant parent 

line, DP62. These results may give some clue for future 

investigations as to how salt stress may affect growth in 

non-salt tolerant germplasms. 

Analysis of Na+ ion and Cl- ion distribution into 

the microsbmal and vacuole enriched cytoplasmic fractions 

after application and relaxation of salt stress showed that 

consistent differences in Cl- ion within these two fractions 

between germplasms were highly significant. Germplasm 

differences in Cl- ion distribution paralleled their relative 

variations in salt tolerance. Sodium distribution, on the 

other hand, did not follow a parallel pattern that would 

account for differences in the relative salt tolerance of 

these three germplasms. Thus the Cl- ion as opposed to the 

Na+ ion may be more responsible for inhibiting optimal 

ribosomal levels during salt stress, which in turn has an 

effect on seed germination and growth. These findings are 

consistent with those of Smith et ale (1981) for tolerant and 

non-salt tolerant alfalfa seedlings. Allen (1984), however, 

found that Na+ ion is more responsible for inhibiting seed 

germination than the Cl- ion. These inconsistent results 

show that NaCl might inhibit seed germination by affecting 

alternate metabolic pathways during germination. 
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A variation in the utilization of globulin (soluble 

storage protein) during salt stress among the three germ

plasms was also noted. The salt-tolerant line (84027) had 

lower soluble protein content than that of the other salt

tolerant line (84033) after salt stress and relaxation. This 

observation may be an indication that the line 84027 

possesses a different mechanism to cope with salinity. 

In conclusion, it can be noted that even among lines 

that have been selected for salt tolerance from a single 

variety, the possibility exists that each of these lines may 

have ,a different mechanism to deal with salt stress. 

I suggest that in future work both embryo and coty

ledon be tested for translation of the m-RNA of the parental 

line DP62 and the salt resistant lines (84033 and 84027) 

under control and salt treatment. If there are any differ-

ences in gene products between the parental line and salt 

resistant lines, then a cDNA library will then be constructed 

for gene probing and identification experiments. 
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