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ABSTRACT 

Soil salinity is a serious problem for farmers in 

irrigated agriculture. Soil salts cause reduced stands and 

yields because of toxic ion and osmotic problems for 

surviving seedlings. The tolerance to sodium chloride 

during germination and emergence was studied in three 

commercial cultivars of short staple cotton (Gossypium 

hirsutum L.). It is this stage of the life cycle that 

cotton is most sensitive to salts in the soil solution. The 

objectives of this study were to increase the tolerance to 

sodium chloride during germination and emergence and to 

determine the narrow sense heritability of this factor. 

Parental cultivars initially demonstrated 15 % 

emergence at -1.2 MPa NaCl. Surviving salt tolerant plants 

were planted in the field and seeds from these plants were 

used as the germplasm for the next cycle of salt tolerance 

selection. Experiments were conducted to determine the 

relative salt tolerance of all plants at -1.2, -1.4, -1.6, 

and -1.8 MPa NaCl. Emergence of salt tolerant accessions 

from the first cycle of selection ranged from 3.1 to 25.8 % 

in the first relative salt tolerance experiment. The 

average emergence of all accessions taken over all four 

salinity levels was 8.9 % for first cycle plants. After a 

ix 



x 

second cycle of selection for salt tolerance, the average 

emergence percentage increased to 13.~ % over the four 

salinity levels. Emergence ranged from ~.7 to 32.6 % in the 

second relative salt tolerance experiment. Narrow sense 

heritability of sodium chloride tolerance during germination 

and emergence was estimated at ~.38 using data from the 

first and second relative salt tolerance experiments. 



INTRODUCTION 

Soil salinity is a major problem that limits crop 

production throughout the world. It will become an ever 

increasing problem in the future of irrigated agriculture. 

As supplies of potable water are earmarked for municipal 

uses, agriculture will be forced to depend more heavily on 

lower quality water. 

It has been estimated that between 400 to 950 million 

hectares of land are adversely affected by salts (Shannon, 

1980). The application of saline irrigation water to 

productive agricultural lands will undoubtedly increase the 

amount of salt affected land in the future. Marginally 

productive lands will need to be utilized in order to meet 

the demands of an expanding worldwide population. 

Proper management may keep saline soils producti ve. 

Light, frequent irrigations aid drainage and help prevent 

soil dispersion. Installation of drainage tile to salt 

affected fields provides an exit for water used in leaching 

salts away from the field. Soil amendments may precipitate 

toxic ions from the soil solution. 

These management techniques may help to reduce the 

buildup of toxic ions in the soil solution. However, 

further application of marginal quality water will reduce 

the effectiveness of the proceedures. Identifying crop 

1 
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plants that are more tolerant of salts may be a better 

solution to the salinity problem. Salt tolerant crops could 

be utilized on lands that have become nonproductive for salt 

sensitive crops and where the capital input to reclaim 

saline soils is too great. 

Breeding crop plants for salinity tolerance is not a 

new idea. Over 3~ different agronomic and horticultural 

species have been bred since the 195~'s in an effort to 

improve the salt tolerance of the crop (Shannon, 198~). 

Abel (1969) investigated the possibility of developing 

soybean (Glycine ~ax L.) cultivars that were tolerant to 

chloride. Most of the cultivars that Dewey (1962) studied 

accumulated chloride from saline soil. It was observed, 

however, that salt tolerant cultivars effectively excluded 

chloride from the above ground parts. Crosses between 

chloride excluders and chloride includers indicated that 

salt tolerance was controlled by a single gene pair. 

Fifteen cultivars of crested wheat grass (Agropyron 

desertorum Fisch.) were evaluated for yield performance 

under saline conditions (Dewey, 1962). Salt tolerance was 

expressed as the performance of a plant subjected to salts 

as compared to the same plant in the absense of salinity. 

Dewey's breeding procedure initially subjected mature plants 

in the field to a salinity stress. Survivors were allowed 

to seed, and this seed was used as parents of the next 

generation. Salinized germination tests were found to be 
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ineffective as a way to increase the salt tolerance at 

later growth stages. 

Heritability of salt tolerance during germination was 

est i mat e d at' e. 5 e for a 1 f a 1 f a ( M e d i .£ a g.£ ~.!! i ~ L • ) • 

Parental seed sources yielded 3 % germination at -1.3 MPa 

NaCl. After five cycles of selection, germination had 

increased to 86 % at the same salinity level (Allen et al., 

1985). Selection of salt tolerant germplasm occurred in the 

growth chamber. The authors indicated that salinity 

tolerance during germination mayor may not be directly 

related to salt tolerance at other growth stages. 

Selection strategies have been put forward to aid in 

the identification of plants that are more tolerant of salts 

(Dewey, 1962; Dobrenz et al., 1983). This current study 

utilizes the greenhouse for salt tolerance selection during 

germination and emergence. Plants surviving the salinity 

st res s will be used as a sou rce of seed for the ne xt cyc Ie, 

of salt tolerance selection. The objectives of this study 

are (1) to increase the tolerance to sodium chloride during 

germination and emergence, and (2) estimate the heritability 

of salt tolerance during germination and emergence of short 

staple cotton (Gossypium hirsutum L.). 



LITERATURE REVIEW 

Management of salts in the seedbed 

Farmers of arid lands know all too well the effects 

of salts in the seedbed. Germination may be drastically 

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

Even if viable seeds are able to germinate, emergence might 

be hindered (Epstein, et ale 1980). High concentrations of 

salt may form a crust on the soil surface that many crops 

can not penetrate. Reduced emergence has been associated 

with hypocotyl mortality at the soil surface (Miyamoto, 

Piela, and petticrew, 1985). Overseeding may help to 

achieve a stand, but salinity will undoubtedly reduce the 

potential yield. 

Accumulation of salts in the soil profile is a direct 

consequence of irrigated agriculture in arid and semi-arid 

lands. It is estimated that on a worldwide basis, tens of 

thousands of hectares are lost annually to salt 

accumulation. At least 2.2 million hectares of agricultural 

land are affected by salts in the United states alone 

(Stavarek and Rains, 1983). 

Approximately 12 % of the irrigated land in the Nile 

Valley of Egypt is affected by salt (Zikri, and EI-Sawaby, 

1979). Although the Nile River is the undisputed 
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source of the salts, overirrigation and seepage from unlined 

canals contribute to the salinity problem. 

Over 7~~,~~~ acres of ceramic drainage tile were 

installed on salt affected land in the Nile Valley during 

1973 to 1978. The Tile Drainage Project of the Delta 

concluded that with the use of drainage tile, 5,6~~ kg of 

NaCl could be removed per acre per year. Irrigation 

requirements could be reduced 17% while boosting yields by 

4~%. The average investment cost for the installation of 

drains was $27.~(lJ per acre. By leaching salt affected 

fields, electrical conductivity could be reduced from 91.6 

mmhos/cm (before leaching) to 4.4 mmhos/cm (3 leachings) in 

the top 3~ cm of soil. 

Removal of salts from the seedbed can be effectively 

accomplished through drainage technology and leaching. This 

process does, however, lead to a large supply of brackish 

water. There have been proposals to use drainage water from 

salt sensitive crops such as beans (Phaseolus vulgaris L.), 

and carrots (Daucus carota L.) as primary irrigation water 

for more salt tolerant crops (Rhoades, 1977). Barley 

(Hordeum vulgaris L.), cotton (Gossypium hirsutum L.), and 

sugar beets (Beta vulgaris L.) can tolerate irrigation water 

with electrical conductivity as high as l~ mmhos/cm without 

a reduction in yield (Maas and Hoffman, 1977). Beck (1977) 

suggested that although drainage water may be unsuitable for 

irrigation purposes, it may represent a valuable resource. 
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The water might be used in place of fresh water in cases 

where dissolved salts have no detrimental effects. Possible 

uses might include power plant .cooling, development of salt 

marshes and waterfowl refuges, and marine aquaculture. 

The uniformity of land surface was determined to hav~ 

a significant effect of the potential crop yield of 

irrigated sodic soils (Tyagi, 1984). with flood irrigation, 

plots having a high degree of uniformity resulted in water 

application efficiency of 85%. Level plots required lower 

water application depths to cover the entire field surface. 

Poorly leveled fields resulted in higher application depths 

and lower water application efficiency (45%). The net 

effect was waterlogging in one portion of the field and 

insufficient moisture supplied to another portion. Both 

factors contribute to a reduction in plant growth and yield. 

Light, frequent irrigations were found conducive to 

increased wheat (Triticum aestivum L.) yields on sodic 

soils. Tyagi (1984) recommended that sodic fields should be 

brought to a near level condition (within 3 cm deviation 

from the level). Irrigations should be scheduled 

frequently and the application depth should be shallow. 

These management practices keep infiltration rates high and 

allow adequate aeration of the root zone. 

Saline irrigation water has been applied to cotton 

through drip irrigation in conjunction with soil and water 

amendments (Mantell, Frenkel, and Meiri, 1985). 
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Significantly higher seed cotton yields were obtained with 

moderately saline water (EC iw = 3.2 mmhos/cm) than with 

waters of higher (EC i w = 1.0 mmhos/cm) or lower (ECi w = 5.4, 

7.3 mmhos/cm) quality. Neither gypsum spread along the drip 

laterals, nor sulfuric acid injected into the drip lines had 

a significant effect on seed cotton yields. These soil 

amendments did decrease the accumulation of sodium near the 

emitters. However, the displaced salts may migrate down to 

the root zones of adjacent rows. 

detrimental effect on the next crop. 

This might have a 

The effect of salinity on plant metabolism 

Plants face three basic problems in dealing with a 

saline environment. First, plants must maintain favorable 

water relations. The presence of ions in the soil solution 

decreases the soil matrix potential. In order to obtain 

moisture from the soil, the internal solute potential must 

be more negative than that of the soil matrix potential. 

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. Last, the predominance of salt ions in the soil 

solution potentially decreases the concentration of nutrient 

ion~ (N0 3-, K+, P0 4 - 3 ). Plants surviving in a saline 
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environment must be capable of accumulating nutrient ions 

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

Nutrient and toxic ion accumulation from saline soils 

may alter metabolism. Some effects of soil salinity on 

plant metabolism include reduced germination and seedling 

emergence, increased succulence of vegetation, reduced dry 

matter production, altered partitioning of photosynthate, 

and altered enzyme activities. 

Ion accumulation may greatly increase the osmotic 

potential of plant cells. This can be beneficial in 

allowing the plant to draw water from soils having a low 

water potential. Ions accumulate in the vacuoles of plant 

cells. In halophytes, these ions may be exuded in 

specialized organs called salt glands. In any case, the 

high concentration of ions accumulated from saline soils 

must be compartmented away from the cell's delicate 

metabolic processes. Compartmentation of ions in the 

vacuole, however, leads to an imbalance of charges between 

the vacuole and cell cytoplasm. Plants can cope with this 

imbalance by synthesizing compatible organic solutes. These 

solutes reduce the osmotic gradient between vacuole and 

cytoplasm while allowing the metabolic machinery to 

function. 

Chlorosis is often associated with an accumulation of 

chloride in plant leaves and sterns. The degree of 

chlorosis, and in severe cases, necrosis, has been observed 
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to increase with increasing levels of soil salini ty (Gauch 

and Wadleigh, 1944). The degree of ion accumulation has 

been reported to be influenced by the degree of salt 

tolerance of particular varieties. Abel and Mackenzie 

(1964) reported that in soybean, salt sensitive varieties 

accumulated a great deal of chloride in the stems and leaves 

when compared to salt tolerant cultivars. 

It has been suggested that salt tolerance depends on 

a resistance to high internal concentrations of salt. While 

ion accumulation is frequently reported in terms of ions 

accumulated per unit dry matter, Greenway (1965) suggested 

that data might be more relevent if ion accumulation is 

expressed in terms of ions accumulated per liter of plant 

water. Comparisons were made between a low salt tolerant 

species (Citrus sPp.) and a high salt tolerant species 

(Atriplex hastata L.)$ Very little difference in ion 

accumulation was noted when expressed on a plant water 

basis. This suggests that A. hastata L. has a more adequate 

compartmentation of ions in the plant cells. Greenway 

suggests that further study of salt tolerance in halophytes 

and glycophytes should focus on the distribution of ions in 

various compartments of plant cells. 

Moisture is one of the key influences in seed 

germination. The major effect of salt on the moisture 

balance of a germinating seed is that the embryo must lower 

its osmotic potential below that of the soil matrix 
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potential in order to imbibe moisture. Without imbibition, 

seeds do not germinate. 

Ions usually associated with salt accumulation such 

as Na+,ca+ 2 , and Cl- mayor may not be taken up by the 

germinating seed. Accumulation of these ions within the 

seed complicates the effects of salinity on seed 

germination. Indeed, research has been conducted to 

separate the true osmotic effects from the toxic effects of 

specific ions (Lagerwerff and Eagle, 1961; Redman, 1974). 

Keeping ions from crossing root membranes requires an 

expenditure of metabolic energy. This reduces the stored 

energy available to a seed before the commencement of 

photosynthesis. 

Reduction in germination and/or seedling emergence 

due to osmotic effects and toxic ion effects of salts has 

been observed in a number of crops. These include barley 

and wheat (Ayers, Brown, and Wadleigh, 1952),Carthamus 

tinctorius L. (Francois and Bernstein, 1964), Pisum sativum 

L. (Manohar, 1966), Glycine!!!..!!. L. (Abel and Mackenzie, 

1964), and Gossypium barbadense L. (Hofmann, Feaster, and 

Dobrenz, 1982). 

Germination is influenced not only by the water 

potential of the soil solution but also by the temperature 

of germination. Hofmann and Cain (1982) observed that the 

optimum germination temperature in a salt free solution for 

Deltapine 62 cottonseed was 25 to 35 0 C. Salt added to the 
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germination solution sharply decreased the percentage of 

germination at temperature extremes. At a salt level of -

0.9 MPa, germination was 71% of the control (salt free) at 

30 oC. Germination was only 3% of the control at -0.9 MPa 

when seeds were germinated at 15 or 4S oC. 

A typical response of plants to salt is changes in 

leaf anatomy. Upon examining a dozen different crop plants, 

Nieman (1962) observed that increases in leaf succulence are 

most pronounced in the salt tolerant species. Generally, 

leaf succulence increases in a given species with increasing 

levels of salt in the soil solution. Increased succulence 

has been attributed to increased lengths of palisade cells 

as well as increased numbers of spongy mesophyll cell layers 

(Longstreth and Nobel, 1979). 

Although leaves of salt treated plants are typically 

thicker, there is generally a reduction in leaf size in 

response to salt. This reduction has been reported in 

numerous crops including soybean (Abel and Mackenzie, 1964), 

Phaseolus L. (Gauch and Wadleigh, 1944), 

Lycopersicum esculentum Mill., and Cucurbita ~axi~~ Duch. 

(Mass, Ogata, and Garber, 1972), and Gossypium hirsutum L. 

(Kies and Fowler, 1982; Lauchli et al., 1982). 

Reductions in fresh and dry weights as well as 

changes in leaf color are also associated with the effects 

of salt on plants. Sometimes, observed leaf darkening is 

associated with plants subjected to salt (Ayers, et al. 
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1952; Brown and Hayward, 1956; Gauch and Wadleigh, 1944). 

However, researchers have sometimes observed a lighter green 

coloration in response to salt treatments (Abel and 

Mackenzie, 1964; Greenway, 1965). Dry weight reduction in 

response to salt treatment appears somewhat universal. 

Linear decreases in dry matter production have been observed 

with decreasing osmotic potential of the test solution 

(Gauch and Wadleigh, 1944). Others have reported a 

differential reduction in dry matter produced with respect 

to the particular salt used (George and Williams, 1964; 

Redmann, 1974), or the salt tolerance of the plant or 

variety in question (Abel and Mackenzie, 1964). 

Photosynthesis is also affected by saline conditions. 

Boyer (1964) reported a 25% reduction in photosynthesis in 

Gossypium hirsutum L. plants subjected to a soil solution 

containing -8.5 bars NaCl. Transpiration was not reduced in 

the salt treated plants. Therefore, stomatal resistances to 

cO 2 diffusion into the leaves were not reduced in response 

to the salinity treatments. Boyer (1964) assumed that the 

concentration of CO 2 at the mesophyll cell surface was 

essentially the same for the control and salt treated 

plants. The noted reduction in photosynthesis was 

attributed to cytoplasmic resistances of the mesophyll cells 

and the possible effect of solutes on photosynthetic 

enzymes. Longstreth and Nobel (1979) observed that cellular 

and mesophyll resistances of Phaseolus vulgaris L. and G. 
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hirsutum L. did indeed increase with increasing levels of 

salinity. 

It appears that there are many viewpoints regarding 

the effect of salts on enzyme activity. Porath and 

Poljakoff-Mayber (1964) observed increased activity of 

pentose phosphate pathway enzymes in Pisum sativum L. roots 

subjected to NaCI treatment. 

The activities of malate dehydrogenase, glucose-6-

phosphate dehydrogenase, peroxidase, and acid phosphatase 

were compared in Pisum sativum L. and Suaeda maritima L. at 

various NaCl levels (Flowers, 1972). Both species 

accumulated Na+ and Cl- in plant tops when grown in saline 

media. The levels of Na+ and Cl- were 4 and 5 times higher 

respectively in the ~ maritima L. than in the P. sativum L. 

Despite this, the levels of activity of the enzymes were 

essentially the same in both species. These data suggest 

that since Na+ and CI- were many times higher in ~ maritima 

L., these ions must be excluded from areas of cells where 

enzymes are functioning. 

Greenway and Osmund (1972) also compared enzyme 

activities from plants differing in salt tolerance. 

Phaseolus vulgaris L. and Atriplex spongiosa L. were the 

experimental species. They found that enzymes from crude 

extracts of both plants responded similarly to NaCl in the 

assay solution. The response of the plant enzymes 

paralleled the NaCl response of crystalline enzymes from 
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non-plant tissues. Low concentrations of NaC1 generally 

stimulated enzyme activity. Higher concentrations decreased 

activities far below the control. NaC1 shifted the pH 

optimum of malate dehydrogenase from ~ vulgaris L. leaves. 

The pH optimum of aspartate transaminase was unaffected by 

NaC1 treatment. Greenway and Osmund (1972) observed that 

KC1 had essentially the same effect on enzyme activity as 

NaCl. However, enzyme activity was different in the 

presence of Na2So4' In A. spongiosa L. leaves, Na2So4 

stimulated the activity of glucose-6-phosphate dehydrogenase 

significantly less at 150 meq/L than NaC1 or KC1. Sodium 

sulfate inhibited this same enzyme significantly more at 500 

meq/L than either NaC1 or KC1. This demonstrates some 

specificity for ion-enzyme antagonism. Growing ~ spongiosa 

L. and ~ vulgaris L. in sand cultures containing NaC1 from 

5 days to 3 months did not appreciably change enzyme 

activities. 

optimums. 

This treatment also had no effect on pH 

Enzyme activity in response to salt treatment has 

been compared between C3 and C4 species. Extracts from the 

leaves of Zea mays L. and Atrip1ex spongiosa L. (C 4 species) 

exhibited a much greater inhibition of phosphoenolpyruvate 

carboxylase (PEP Case) by NaC1 than from extracts of 

Atrip1ex hastata L. or Phaseo1us vulgaris L. (C 3 species). 

Increasing the PEP concentration decreased the inhibition of 

PEP Case. Ribulose bis-phosphate carboxylase (RUBP case) 
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was observed to be much less sensitive to NaCl than PEP Case 

in the C4 species studied. However, RUBP Case was inhibited 

more in the C4 species than in the C3 species (Osmund and 

Greenway 1972). 

Glycolytic enzymes of Pisum sativum L. were observed 

to be inhibited by NaCl and KCl (Greenway and Setter, 1977). 

In some cases the inhibition could be removed by increasing 

substrate concentrations. Double reciprocal plots of 

reaction rate versus substrate concentration suggested a 

competitive type of inhibition for some enzymes. In other 

cases, however, high levels of KCl and NaCl inhibited enzyme 

activity even after high concentrations of their substrate 

were added. 

In another study with Pisu~ sati~um L. plants were 

germinated in sand cultures containing 5 atm NaCl, KC1, 

Na2so4' or K2 So4 • Eleven day old plants were harvested and 

assayed for the activities 9f 18 enzymes. Although salt 

treated plants were stunted with respect to the controls, 

specific activities of the studied enzymes were essentially 

the same in all tissues studied (Weimberg, 1970). 

Breeding for tolerance of specific chemi~Rl species 

Through dilution of saline water, leaching, and 

associated management practices, ·soil scientists have 

developed methods to keep salt affected soils in production 

(Sinai, Jury, and Stolzy, 1985). This, however, is more of 
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a therapy than a prevention. Identifying crop plants with 

genotypes more tolerant to salts may be another solution to 

the problem. To be successful in a breeding program for 

developing salt tolerant crops, scientists must have an 

understanding of the specific effects of soil salinity on 

plant metabolism. 

Relatively little research concerning breeding for 

salt tolerance or tolerance to specific chemical species 

have been published. Reid et al. (1969) observed in 

greenhouse and field tests that aluminum tolerance in barley 

was under genetic control. Tolerance of phosphorus in 

soybean appears to be controlled by a single gene pair. 

Bernard and Howell (1964) observed a 1 : 2 : 1 (tolerant: 

segregating :sensitive) segregation for phosphorus 

tolerance of F2 plants from a sensitive X tolerant soybean 

cross. 

Demonstrating that chloride tolerance is under 

genetic control would be extremely important. Chloride 

accumulation in leaves and stems generally leads to 

chlorosis. Necrotic patches of leaf tissue develop when 

high concentrations of chloride are accumulated. Abel 

(1969) observed that most varieties of soybean accumulate 

chloride from the soil. Whereas both salt tolerant and salt 

sensitive varieties accumulate the same concentration in the 

roots, salt sensitive varieties also accumulate chloride in 

the stems and leaves. Salt tolerant varieties of soybeans 
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effectively excluded chloride from the sterns and leaves. 

The inclusion/exclusion was observed to be controlled by a 

single gene pair. Crosses were made between includer X 

includer, includer X excluder, and excluder X excluder. The 

inheritance of chloride inclusion / exclusion was studied. 

Abel proposed gene symbols Ncl- dominant CI excluder, and 

ncl- recessive CI includer. 

Significant progress has been made in breeding for 

germination salt (NaCI) tolerance of Gossypium barbadense L. 

After three cycles of selection, germination percentages 

have increased from less than 10% at 15,000ppm NaCI (first 

cycle) to between 25 and 50% at 18,000ppm NaCl (third 

cycle). One particular variety, E14, was observed to have 

39% germination at approximately 22,000ppm NaCI (Hofmann, 

Feaster, and Dobrenz, 1982). 

Breeding plants for salt tolerance does appear quite 

feasible. Proposed ideas for conducting a breeding program 

have been put forward (Greenway, 1973). The localization of 

accumulated ions should be determined within the cell. Salt 

tolerance during germination and emergence should be 

studied. Photosynthesis and transpiration should be 

measured after longterm exposure to NaCI. The mechanisms 

for absorption of high quantities of Na+ and/or CI- should 

be determined. Firmly establishing these factors would help 

in the understanding of salt tolerance and the causes of 

injury due to salt uptake. 



MATERIALS AND METHODS 

This salt tolerance project was started in March 

1983. The original populations used for this study were 

short staple cotton (Gossypium hirsutum L.) cultivars 

Deltapine 41, 62, and 90. Within this study, these 

cultivars may be referred to as DP41, DP62, and DP90. Unless 

otherwise specified, salt solutions referred to in this 

study were NaCl solutions of known osmolarity at a given 

temperature. Salt solutions were prepared in accordance with 

Van Hoff's law. The criterion for "salt tolerance" was 

defined as the ability to germinate, emerge and survive 

until the first true leaf demonstrated active growth in a 

NaCl solution of known osmolarity. When this stage of 

growth was realized, the salinity stress was relieved by 

flushing the soil with large quantities of tap water. 

Salt tolerant and salt sensitive accessions are 

listed in this text by a four or five digit number. The 

first two digits of the accession number refer to the season 

in which it was grown. The remaining digits are simply an 

identity number to keep all accessions separate. Figures 1, 

2, and 3 reveal the pedigree of 1983, 1984, and 1985 

accessions from parental cultivars DP41, DP62, and DP90, 

respectively. 
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Figure 1. Pedigree of accessions derived from De1tapine 41. 
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Figure 2. Pedigree of accessions derived from Deltapine 62. 
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Figure 3. Pedigree of accessions derived from Deltapine 9~. 
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In the first half of this study, an attempt was made 

to produce "salt sensitive" individuals. Salt sensitive 

individuals were to be defined as those unable to germinate 

and emerge in soil irrigated with -0.3 MPa NaCl, but emerge 

readily in soil irrigated with tap water. Allegedly salt 

sensitive individuals were produced by this method in the 

1983 and 1984 seasons. Further efforts to produce salt 

sensitive individuals ceased in the 1985 season. 

All statistical calculations in this study were 

performed on the Cyber computer utilizing the Statistical 

Package for the Social Sciences (Nie, et al., 1975). A 5 % 

confidence level was used on all mean separations. In all 

cases, mean separations were performed using a Student

Newman-Kuehl test. 

Due to availability, a long staple roller gin was 

used to gin all seed cotton except those samples from 

Safford Agricultural Center. Samples from Safford were 

ginned on a 30 cm saw gin at the University of Arizona 

Cotton Research Center in Phoenix, Arizona. 

1983 Season 

First generation salt tolerant and salt sensitive 

plants were produced in a growth chamber. Metal planting 

flats were filled with approximately 7 cm of soil (2 field 

soil: 1 peat moss: 1 sand). One hundred seeds of each 
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variety were planted in rows and covered with 2 cm of 20 

grit silica sand. Flats used to produce salt tolerant 

plants were irrigated with either -0.9, -1.2, or -1.4 MPa 

solutions of NaCl. Flats producing salt sensitive plants 

were irrigated with a -0.3 MPa NaCI solution. The flats 

were then placed in a lighted (16:8) growth chamber at 25 0 C. 

A humidifier was used inside the growth chamber to keep 

evaporation to a minimum. Flats were irrigated as needed 

with appropriate NaCl solutions. 

When salt tolerant plants had emerged and achieved 

active growth of the first true leaf, salt stress was 

relieved. Surviving plants were transplanted to small pots. 

Seedlings emerging from f la ts i r r igated with -0.3 MPa NaCl 

were snipped off below the cotyledonary node. The flats 

were then flushed with tap water and placed back in the 

growth chamber. After a few days, more seedlings emerged. 

These seedlings were then transplanted to small pots and 

further irrigated with tap water. Plants produced by this 

method were termed "salt sensitive." 

Surviving salt tolerant amd salt sensitive plants 

were transplanted to the University of Arizona Casa Grande 

Overpass Farm, Field L, on 25 June 1983. Plants were 

spaced approximately 1.5 M apart within the row, and planted 

every other row. Furrow irrigation was begun immediately 

after transplanting. Crossing between vigorous plants began 

at first bloom (first week of August), and continued for 3 
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weeks. Relative to commercially planted cotton, the salt 

tolerant and salt sensitive plants were small. This was 

most certainly due to the late planting date. 

Sequential harvesting of individual plants began 13 

October 1983 and continued every 14 days for 10 weeks. At 

each harvest, open bolls were counted and collected. After 

drying at room temperature, seed cotton was weighed. Lint 

percentage was calculated after ginning the seed cotton. 

Cottonseed from individual plants was then acid delinted. 

Delinted seed were cleaned to remove damaged seed with a 

South Dakota Seed Blower. Seed index and total number of 

good seed were then calculated for each plant. The 

calculated total number of good seed was used as an index to 

determine the size of an experimental unit for the 1984 

season. 

1984 Season 

There were two objectives for the 1984 season. 

First, individuals were to be produced that were more 

tolerant to NaCl than the original population. Second, the 

relative salt tolerance of 1983 plants had to be determined. 

Since only three varieties were used as the original 

populations in 1983, the experiment could easily be run in a 

growth chamber. 

79 plants (60 

The 1983 growth chamber experiment produced 

salt tolerant plants, 19 salt sensitive 

plants) • Much more area was required to screen the 79 



individuals for 1984 field plants. 
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Two benches of 

greenhouse space at the Campbell Avenue Farm were provided 

for this purpose. The experimental setup of the Campbell 

Avenue Farm greenhouse may be seen in Figure 4. There was 

sufficient room for 32 metal planting flats on these 

benches. 

Flats were filled 7 cm deep with a clay loam soil 

from the Casa Grande Overpass Farm. The soil surface was 

leveled to promote a high water application efficiency. The 

soil was irrigated, and left to dry repeatedly in an attempt 

to build soil structure. After a final drying, the soil was 

ready for planting. 

Seed was planted in these flats for the production of 

1984 field plants on 15 March 1984. Samples of 100 seed 

were drawn from each 1983 individual for this purpose. Four 

samples of 100 seed were planted in each flat. Seed was 

covered with 2 cm of the same clay loam soil. The average 

greenhouse temperature was assumed to be 32 0 C throughout the 

experiment. 

Seed from 1983 salt tolerant plants was irrigated 

with a -1.5 MPa NaCl solution. Flats were irrigated daily 

to keep the soil near field capacity. Salt stress was 

relieved on 7 April after the appearance of active growth of 

the first true leaves. 

Salt sensitive selections, from 1983 salt sensitive 

plants, were produced in a manner similar to the 1983 



Figure 4. Greenhouse setup of salt tolerance experiments. 
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season. 
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The major difference was that 1984 plants, were 

produced in the greenhouse rather than the growth chamber. 

Transplanting of surviving salt tolerant and salt 

sensitive plants from the flats occurred 8 and 9 April 1984. 

The seedlings were kept in the greenhouse and irrigated with 

tap water after transplanting. Transplanting these 

seedlings to Casa Grande Overpass Farm Field K occurred on 4 

May. Seedlings were planted approximately 1 meter apart on 

alternate rows. Ten rows of a hexaploid cotton 2(~ 

hirsutum L. X G. sturtianum J. H. Willis) developed by 

Muramoto (1975) separated the salt tolarant and salt 

sensitive plants from other short staple cotton. Irrigation 

water was run down the furrows immediately after 

transplanting. 

An experiment was conducted in the summer of 1984 to 

determine the relative salt tolerance of all 1983 plants. 

Thirty seed was the experimental unit. Experimental units 

were randomized within each of the four NaCl levels; -1.2, -

1.4, -1.6, and -1.8 MPa. Eight metal planting flats were 

used for each level of salt. Typically, 10 rows of 30 seed 

were planted in each flat. Planting proceeded in the same 

manner as for production of field plants. The experiment 

consisted of four replications. Replications occurred over 

time due to space limitations in the greenhouse. Planting 

of the metal flats and appearance of the flats 20 days after 

planting may be seen in Figures 5 and 6, respectively. Salt 

solutions were prepared as per 32 0 C and were applied as 



Figure 5. Planting for relative salt tolerance experiment. 

Figure 6. Appearance of relative salt tolerance experiment 
20 days after planting. 
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needed to keep the soil near field capacity. Replications 

were terminated after 20 days and surviving seedlings were 

scored for each 1983 selection. 

There were three harvests for the 1984 field plants. 

These occurred on 21 August, 4 September, and 20 October. 

Seed cotton and fiber data were handled in the same manner 

as the 1983 season. 

Safford Field Study 

A field test was conducted at the University of 

Arizona Safford Agricultural Center (SAC) during the 1985 

season. Seventeen salt tolerant plant selections from 

1984 were used, as well as DP4l, DP62, and DP90. A 

randomized complete block design was used for the test. 

There were seven replications. Plots consisted of a single 

7.92 M row with a 0.67 M alley on each end. DP90 was 

planted around the periphery of the field to serve as a 

buffer. One hundred seed were planted in each plot on 6 May 

1985. Seed was planted dry at the very top of the bed, and 

irrigation water was run down the furrows the next morning. 

Because of the presence of higher amounts of soluble salts, 

SAC well water was used in this test instead of Gila River 

water. Emergence counts were conducted 8, 11, 13, 16, and 

30 days after planting. Emergence counts were analyzed at 
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each date to determine if significant differences existed 

between salt tolerant accessions and parental cultivars. 

Three soil samples were taken from the field 13 

days after planting. The plot having the highest emergence 

percentage and the plot having the lowest emergence 

percentage were sampled. Ten subsamples along the top of 

the bed were thoroughly mixed to make the soil sample. The 

third sample, a field composite, consisted of 20 subsamples 

taken at random from the tops of the beds in the field. All 

samples consisted of the top 7 cm of soil. The soil was 

analyzed by the Soil Analysis Laboratory at the University 

of Arizona. Analysis included pH, electrical conductivity, 

total soluble salts, ppm of Na+, 

exchangeable sodium percentage. 

ca+ 2 , Cl-, and 

Management practices conducive "to good cotton 

production were practiced throughout the season. The field 

was managed by the SAC farm crew from planting through 

harvest. Seed cotton was harvested from the Safford test 14 

November 1985. An International Harvester two row ~icker 

was modified to pick each row individually. Plots were 

bagged individually and weighed to the nearest 45 grams. 

Samples were collected from each plant selection for 

analysis of seed cotton. 



31 

1985 Season 

The objectives of the 1985 season were similar to 

those in 1984. First, individuals surviving selection for 

salt tolerance in 1984 were used as parents for a third 

cycle of selection. Second, the relative salt tolerance of 

all 1984 individuals had to be determined. 

Samples of 100 seed were taken from each 1984 

individual and planted in the greenhouse on 21 April 1985. 

Planting procedure was similar to that used in 1984. 

Greenhouse temperature averaged 32 oC. Seed was planted dry 

and irrigated up with -1.7 MPa NaCl. Salt stress was 

relieved 19 May 1985 and the flats were flushed with tap 

water. Survivors were counted and transplanted to small 

pots. Seedlings remained in the greenhouse until 

transplanting to Field K of Casa Grande Overpass Farm on 11 

June. Plants were spaced, as in previous years, to avoid 

competition and allow for the maximum growth potential of 

each plant. 

There were four harvests of the 1985 crop. 

Sequential harvests occurred 12 and 24 October, 16 November, 

and 1 December. The handling of seed cotton and fiber data 

was the same as for the 1983 and 1984 season. 

An experiment was conducted during the summer and 

fall of 1985 to determine the relative salt tolerance of 

1984 individuals. Twenty-five seed were used as the 

experimental unit. Experimental units were randomized 



32 

within each of four NaCl levels; -1.2, -1.4, -1.6, and -1.8 

MPa. Plastic planting flats were used in this experiment. 

Twenty rows of 25 seed each could be accommodated in these 

flats. The experiment consisted of four replications that 

were replicated over time due to space limitations in the 

greenhouse. Salt solutions were prepared for the average 

greenhouse temperature (32 0 C) and applied as needed to keep 

the soil near field capacity. Replications were terminated 

after 20 days and surviving seedlings were scored for each 

1984 accession. 

1986 Season 

There were two objectives for the 1986 season. 

First, an experiment was conducted to determine the relative 

salt tolerance of all 1985 individuals. Second, the 

heritability of sodium chloride tolerance was to be 

calculated from experimental data. 

The relative salt tolerance experiment was conducted 

during April and May 1986. Experimental" design was nearly 

the same as in 1985. Due to a very limited number ot: seed 

from 1985 plants, all replications took place during the 

same period. Salt solutions were prepared for the average 

greenhouse temperature (32 0 C) and applied as needed to keep 

the soil near field capacity. The experiment was terminated 

after 20 days and survivors were scored for each 1985 

individual. 
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Narrow sense heritability estimates of sodium 

chloride tolerance, boll weight, lint percent and seed index 

were calculated using a parent-offspring regression approach 

(Falconer, 1981). Salt tolerant accessions from 1983 and 

1984 seasons were used to calculate heritability of sodium 

chloride tolerance. Data for this study came from the 

relative salt tolerance experiments. Values used from each 

accession were the average emergence percentages across all 

levels of salt (-1.2, -1.4, -1.6, -1.8 MPa). When an 

offspring was produced from a known cross pollination, the 

mid-parent value of average emergence percentage was used. 

Heritability estimates of boll weight, lint percent, and 

seed index were calculated using data from salt tolerant and 

salt sensitive accessions. 



RESULTS AND DISCUSSION 

Results and discussion are arranged by season in 

chronological order. Tables presented in the text are 

usually summaries of parental cu1tivars or salinity classes. 

Data from individual salt tolerant and salt sensitive 

accessions are presented in the Appendicies. 

1983 Season 

Initial production of field plants 

One hundred eighty salt tolerant seedlings were 

produced in the growth chamber during the first cycle of 

selection. At -0.9 MPa NaC1, emergence averaged 36 % for 

DP41, DP62, and DP90. The three parental cu1tivars averaged 

17.3, and 6.6 % emergence at -1.2 and -1.4 MPa, respectively 

(Table 1). At the two higher levels, all seedlings were 

transplanted to small pots from the saline flats. Two 

seedlings were also potted from each pare~ta1 cu1tivar at 

the -0.9 MPa level. 

Salt sensitive plants were initially stressed at -0.3 

MPa NaC1. Emergence percentages of DP41, DP62, and DP90 

stressed at -0.3 MPa were 80, 82, and 66%, respectively. 
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Seven seedlings from each parental cultivar were randomly 

chosen and transplanted to small pots. 

Table 1. 

Parental 
Cultivar 

DP4l 

DP62 

DP90 

Percent emergence of parental cultivars at 16 
days after planting under three levels of NaCl 
stress at 25 0 C. 

NaCl level 
-0.9 

33 

41 

34 

in irrigation 
-1.2 

18 

17 

17 

water (MPa) 
-1.4 

10 

6 

4 

Twenty seedlings did not survive transplanting after 

removal from the saline flats. Ninty-nine potted seedlings, 

both salt tolerant and salt sensitive, were irrigated with 

tap water for 8 days until transplanting to Field L of the 

West Campus Agricultural Center on 25 June, 1983 (Table 2). 

Salt sensitive plants had a higher survival rate than any 

salt tolerant plants. This might be due to differences in 

the energy balance of the seedlings. Salt tolerant plants 

expended a great deal of energy to maintain favorable water 

relations in the saline soil. Salt sensitive seedlings were 

not subjected to high levels of NaCl. The salt sensitive 

plants would have more energy available for recovering from 

the shock of transplanting. Only 10 % of the salt sensitive 

plants did not survive. In contrast, there was 88 % 

survival observed for salt tolerant plants stressed at -1.2 
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MPa. The survival decreased to 55 % for those plants 

stressed at -1.4 MPa NaCl. 

Table 2. Surviving plants at west Campus Agricultural 
Center, Field L, 1983. 

Parental Initial NaCl Stress (MPa) 
Cultivar Salt Sensitive -0.9 -1.2 -1.4 

DP4l 7 0 15 7 

DP62 6 2 15 2 

DP90 6 1 16 2 

Harvest data 

Plants at Field L began blooming in the first week 

of August. It was generally observed that salt sensitive 

plants were the first to bloom. Those plants initially 

stressed at -0.9, or -1.2 MPa began to bloom later, and 

plants stressed at -1.4 MPa bloomed the latest. This may 

be attributed to the level of salinity stress to which the 

seedlings were sUbjected. At the higher levels of NaCl, 

seedlings had to spend more energy to obtain water from the 

saline soil. This left less energy available for growth. 

General observations indicated that vigor of plants 

declined as the initial level of salinity stress increased. 

Field survival was also inversely related to the initial 

level of salinity stress. 
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Cross pollinations between vigorous plants began 

after the first full week of flowering. Crosses were 

typically made both within a parental cultivar and a given 

level of salinity. All crossing was accomplished in the 

late afternoon. Since the transplanting was facilitated 

rather late in the growing season, crosses were preformed 

until the middle of September. This gave approximately 1 

month of time for cross pollinations. 

The 1983 plants were catagorized by parental cultivar 

and the initial level of salinity stress. Each parental 

cultivar was represented at a -1.2, and -1.4 MPa class as 

well as a salt sensitive class. DP62 and DP90 were also 

represented at the -0.9 MPa class. 

An average of 195.3 g seed cotton was produced by 

each 1983 accession. Yield of seed cotton ranged from 39.5 

to 368.6 g (Appendix 1). Boll weights averaged 3.9 g across 

all 11 classes. Seed indicies ranged from a low of 7.2 

(8375) to 10.5 (8376). Accessions derived from DP62 had the 

largest average seed index (9.7). Seed indicies for 

accessions derived from DP90 and DP4l were 8.4 and 7.9, 

respectively. 

Significant differences were noted in seed cotton 

yields within each parental cultivar. Salt sensitive 

classes produced significantly higher amounts of seed cotton 

during the early picking dates (Table 3). After the 10 

November harvest, seed cotton yields of DP41 salt tolerant 



Table 3. Average seed cotton yield (g) by picking date of 1983 salt tolerant and salt sensitive 
classes. West Campus Agricultural Center, Field L. 

Parental 10 October 27 October 10 November 24 November 8 December 
Cultivar Class Yield Class Yield Class Yield Class Yield Class Yield 

* ** DP41 SS 82.2 a SS 125.7 a SS 171.4 a SS 184.5 a -1.4 197.2 a 

-1.2 21.3 b -1.4 60.9 b -1.4 147.5 a -1.4 172.6 a SS 193.5 a 

-1.4 16.1 b -1.2 55.6 b -1.2 110.8 a -1.2 132.2 a -1.2 151.8 a 

DP62 SS 117.4 a .SS 178.8 a SS 233.8 a SS 250.2 a -0.9 292.0 a 

-0.9 49.2 b -0.9 113.5 b -0.9 203.1 ab -0.9 247.1 a SS 262.6 a 

-1.2 23.9 b -1.2 72.9 b -1.2 141.2 b -1.2 170.3 a -1.2 197.3 a 

-1.4 4.9 b -1.4 10.4 c -1.4 36.8 c -1.4 51.6 b -1.4 72.8 b 

DP90 SS 91.7 a SS 147.2 a SS 207.7 a SS 232.6 a -1.4 262.3 a 

-0.9 42.8 b -0·9 90.2 b -1.4 145.7 b -1.4 206.7 a SS 256.7 a 

-1.2 40.2 b -1.2 79.5 b -0.9 130.7 b -1.2 152.3 b -0.9 209.4 b 

-1.4 8.8 c -1.4 33.0 c -1.2 127.5 b -0.9 148.3 b -1.2 180.1 b 

* Sal t Sensitive 
** Means followed by the same letter are not statistically different at the 0.05 level according to 
the Student-Newman-Kuehl test. 

w 
CD 
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classes were no different than salt sensitive DP4l. Seed 

cotton yields of salt tolerant DP62 and DP90 classes did not 

equal that of respective salt sensitive classes until 24 

November. The fact that salt sensitive classes produced 

significantly more seed cotton during the early harvest 

dates was to be expected since these plants were not 

subjected to a severe salinity stress at an early 

developmental stage. There were no significant differences 

between parental cultivars for seed cotton yield at each of 

the five picking dates (Table 4). Average seed cotton yield 

was 43.9 grams per plant at the first harvest date. This 

represented 22 % of the total harvested seed cotton. By the 

third harvest, 10 November, an average of 147.5 grams of 

seed cotton had been harvested from each plant. Seventy

four percent of the total seed cotton had been harvested by 

this date. At the final harvest, an average of 196.5 grams 

of seed cotton had been collected from each plant. 

Relative salt tolerance study 

After harvest and data analysis of seed cotton, the 

salt tolerance of all 1983 accessions was determined. 

Emergence percentages for each 1983 accession averaged over 

four salinity levels (-1.2, -1.4, -1.6, and -1.8 MPa) are 

presented in Appendix 2. At these salinity levels, 

emergence ranged from 3.11 % (accession 8369) to 25.82 % 

(accession ij3l2). A summary of emergence data from each 



Table 4. Seed cotton yield (g) of 1983 plants by parental cultivar. West Campus Agricultural 
Center, Field L. 

Parental Sequential Harvest Date 
Cultivar 10 October 27 October 10 November 24 November 8 December 

DP41 * 34.7 a 73.8 a 134.3 a 154.5 a 172.7 a 

DP62 46.9 a 96.6 a 160.0 a 186.1 a 210.6 a 

DP90 50.2 a 92.4 a 148.3 a 175.8 a 206.2 a 

* Means followed by the same letter are not statistically different at the 0.05 level according 
to the Student-Newman-Kuehl test. 

~ 

lSI 
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salinity class and level of salinity stress is presented in 

Table 5. Emergence for all 1983 plants averaged over all 

salini ty levels was 8.9 %. 

Some of the "salt sensitive" plants were not really 

sensitive to sodium chloride (Table 5). The selection for 

salt sensitivity was not really progressing in the right 

direction. However, the same selection technique (for sal t 

sensitivity) had already been used for the production of 

salt sensitive field plants (1984 field plants were produced 

prior to the relative salt tolerance study). After the 1983 

relative salt tolerance study, it was decided to discontinue 

the production of "salt sensitive" plants. 
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Table 5. Greenhouse emergence (%) of 1983 salinity classes 
from flats irrigated with 4 NaCl solutions at 
32 oC. 

Parental Salinity 
Cultivar Class 

DP41 -1.2 MPa 

Salt Sensitive 

-1.4 MPa 

DP62 -~.9 MPa 

-1.2 MPa 

Salt Sensitive 

-1.4 MPa 

DP9~ -~.9 MPa 

-1.2 MPa 

Salt Sensitive 

-1.4 MPa 

Level 
-1.2 

25.4 

24.8 

15.6 

37.9 

25.7 

29.9 

2~ .~ 

12.5 

14.9 

18.6 

16.2 

of salinity 
-1.4 

11.5 

1(3.1 

8.2 

12.1 

9.3 

11.4 

28.9 

3.3 

5.3 

7.4 

6.7 

stress 
-1.6 

5.~ 

3.2 

3.7 

7.1 

2.8 

6.1 

8.4 

~.8 

1.4 

~.9 

~.4 

(MPa) 
-1.8 

1.4 

1.6 

1.8 

1.2 

1.4 

2.8 

~.9 

~.4 

~.4 
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1984 Season 

Field plant production 

A sam pIe 0 f 1 0 0 see d 'was t a ken fro mea chI 9 8 3 P 1 ant 

for the purpose of producing a second cycle of salt tolerant 

and salt sensitive plants. All 1983 seed from cross 

pollinations was used for the production of field plants. 

Samples obtained from salt tolerant plants were irrigated 

with a -1.5 MPa NaCl solution after planting. Seed from 

salt sensitive individuals were irrigated with a -0.3 MPa 

solution. The study began 15 March 1984 and selection 

pressure was relieved 8 April 1984 when true leaves of salt 

tolerant selections were actively growing. 

A total of 6,000 seed were planted from the 60 salt 

tolerant accessions. From these seed, 149 seedlings were 

produced in flats irrigated with -1.5 MPa NaCl solutions. 

The overall emergence percentage was approximately 2.5 % at 

this salinity level. Emergence of individual 1983 

accessions ranged from 0 to 23 % (Appendix 3). In flats 

used to select plants sensitive to salt, emergence ranged 

from 57 to 94 %. Average emergence percentages of 

accessions derived from DP4l, DP62, and DP90 stressed at -

0.3 MPa were 81, 82, and 66 %, respectively. Only those 

cross pollinations that had sucessful emergence are listed 

in Appendix 3. Many more crosses did not produce any 

seedlings. Emergence in the cross pollinations ranged from 

o to 41.4 % (8323 X 8330) at the -1.5 MPa level of stress. 
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Only actively growing salt tolerant seedlings were 

transplanted from the saline flats. Two plants from each 

salt sensitive selection were randomly chosen and saved for 

the field. All other plant material was discarded at this 

time. Seedlings were allowed to establish in small pots for 

25 days before transplanting to the west Campus Agricultural 

Center, Field K on 4 May 1984. 

Of the 156 plants transplanted to the field, 116 

survived to maturity. First bloom was 3 June 1984. 

crossing between vigorous plants began 10 June and continued 

through the end of August. A light irrigation was applied 

to the field immediately after transplanting. The only 

other irrigation applied to the field was on 14 May 1984. 

Rains at frequent intervals throughout the summer months 

kept soil moisture adequate for good cotton. production. 

Harvest Data 

There were two classes of 1984 plants for each 

parental cu1tivar: salt tolerant and salt sensitive. 

Sequential harvests of each individual plant occurred .on 21 

August, 4 September, and 20 October 1984. Significant 

differences existed between parental cultivars for end of 

season seed cotton weights and average boll weight (Table 

6). Seed cotton yields of DP4l and DP62 accessions were 

significantly higher than accessions derived from DP90. 

Bolls from DP62 were 0.54 g larger than bolls from either 
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DP4l or DP90. No significant differences existed in the 

total number of bolls per plant. From individual 1984 

accessions, seed cotton yields ranged from 49.1 g (84060) to 

851.1 g (84033). Only four of the 1984 accessions yielded 

less than 100 g seed cotton (Appendix 4). Lint percent 

averaged 41.87 % across all accessions. This indicated that 

approximately 117 g of lint was produced by each 1984 

accession. Boll weight averaged 4.35 g in 1984. Seed 

indicies averaged 8.17, 9.13, and 8.05 for accessions 

derived from DP41, DP62, and DP90, respectively. 

Table 6. Average seed cotton weights and boll weights of 
1984 plants broken down by parental cultivars. 
west Campus Agricultural Center, Field K, 1984. 

Parental 
Cultivar 

DP4l 

DP62 

DP90 

Average seed 
cotton weight (g) 

288.9 a * 

293.8 a 

232.4 b 

Average boll 
weight (g) 

4.15 b 

4.66 a 

4.09 b 

Means followed by the same letter are not statistically 
different at the 0.05 level according to the Student-Newman
Kuehl test~ 

Salt sensitive accessions yielded significantly more 

than salt tolerant accessions for each parental cultivar at 

the early picking dates (Table 7). This same phenemenon was 

observed in the 1983 season. However, final seed cotton 

yields after the 20 October picking were non significant 
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between salt tolerant and salt sensitive accessions. The 

1984 seed cotton yields were approximately 84 g higher per 

plant. This may be attributed to the earlier planting date 

(4 May vs 25 June) and therefore a longer growing season. 

Table 7. Average seed cotton yield (g) by picking date of 
1984 salt tolerant (ST) and salt sensitive (SS) 
classes. west Campus Agricultural Center, Field 
K, 1984. 

Parental 
Cultivar 

DP41 

DP62 

DP90 

21 August 
Class Yield 

SS 38.7 * a 

ST 8.6 b 

SS 44.9 a 

ST 22.9 b 

SS 31. 3 a 

ST 5.7 b 

4 September 20 October 
Class Yield Class Yield 

SS 139.4 a SS 303.5 a 

ST 80.8 b ST 283.3 a 

SS 169.3 a SS 301.7 a 

ST 115.7 b ST 291. 3 a 

SS 114.8 a SS 236.6 a 

ST 49.2 b ST 228.7 a 

* Means followed by the same letter are not statistically 
different at the 0.05 level according to the Student-Newman
Kuehl test. 

1985 Season 

Safford field trial 

Seed from seventeen 1984 salt tolerant accessions was 

used in an emergence test at the safford Agricultural 

Center. Saline land was available to evaluate the emergence 

potential of salt tolerant accessions under actual field 
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conditions at this site. The study would a.lso allow for a 

comparison of seed cotton yields between parental cultivars 

and salt tolerant accessions. 

Field South B of the Safford Agricultural Center was 

chosen as the test site due to the saline history of the 

field. Well water from the Safford farm was used instead of 

Gila River water because of the presence of larger amounts 

of soluable salts. Well water delivered 2~67 ppm total 

soluable salts compared with 777 ppm from Gila River water. 

The relatively high soil pH and sodium absorption ratio 

indicated that Field South B could be a good location to 

test salt tolerant germplasm (Table 8). 

Table 8. Soil and water samples from Safford Agricultural 
Center, Field South B, June, 1985. 

Sample 
EC X 1~3 

(mmhos cm- l ) Salts(ppm) pH 

well water 

Soil 

2.~9 

4.38 

2~67 7.75 535.7 13.~3 

3~66 8.~5 3~.63 14.27 

1. Na in mg L- l for water sample, meq L- l for soil sample 
2. Exchangable Sodium Percentage 
3. Sodium Absorption Ratio 

Emergence of selected salt tolerant accessions ranged 

from 51 to 7~ % at 3~ days after planting. At this same 

date, emergence of DP4l, DP62, and DP9~ was 32.3, 54.4, and 

48.4 %, respectively (Table 9). Significant differences in 



Table 9. 

Parental 

Emergence (%) of salt tolerant accessions and 
parental cultivars in Field South B, safford 
Agricultural Center, 1985. 

Days After Planting 
Cultivar Accession 8 11 13 16 39 

* 
DP41 84996 9.4 a 43.3 a 53.6 a 61.7 a 62.9 a 

84961 9.1 a 45~3 a 56.9 a 63.6 a 63.4 a 

DP41 9.1 a 18.4 b 24.7 b 39.8 b 32.3 b 

DP62 84927 9.6 a 59.6 a 72.1 a 72.8 a 79.8 a 

84933 1.7 a 45.7 a 57.3 ab 62.7 a 62.4 a 

84935 9.1 a 45.7 a 56.8 ab 61.3 a 61.8 a 

84938 9.6 a 57.1 a 64.6 ab 71.3 a 79.3 a 

84949 1.1 a 44.6 a 55.3 ab 61.1 a 69.0 a 

84985 9.1 a 53.7 a 63.1 ab 69.4 a 66.1 a 

84989 9.8 a 48.3 a 58.9 ab 64.4 a 64.9 a 

84999 9.9 a 37.1 a 51.1 b 56:9 a 55.8 a 

84991 9.1 a 46.1 a 57.7 ab 65.7 a 65.3 a 

84093 0.6 a 44.4 a 55.3 ab 61.6 a 61.0 a 

DP62 0.6 a 49.3 a 49.6 b 55.9 a 54.4 a 

DP99 84947 1.6 a 31.3 a 49.1 a 55.6 a 56.9 a 

84954 9.6 a 39.6 a 51.7 a 61.4 a 69.7 a 

84194 9.9 a 34.3 a 45.0 a 52.7 a 51.0 a 

84107 0.3 a 35.8 a 48.1 a 54.7 a 53.8 a 

84111 1.8 a 36.4 a 49.3 a 55.7 a 55.6 a 

DP90 9.0 a 29.8 a 43.4 a 49.1 a 48.4 a 

* Means followed by the same letter ar~ not statistically 
diff~rent at the 0.05 level according to the Student-Newman-
Kuehl test. 

48 
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emergence percentage between salt tolerant accessions and 

parental cultivars were noted particularily in those 

accessions derived from DP4l. The coefficient of variation 

decreased with each emergence count to a final value of 

19.8% at 3~ days after planting. 

Although Field South B is saline (having electrical 

conductivity greater than 4.~ mmhos cm- l , pH greater than 

8.~, and exchangable sodium percentage less than l5.~), the 

test could have been greatly improved by a more severe 

salinity stress. It appears that the selection pressure was 

not sufficient to demonstrate differences in emergence 

percentages between salt tolerant accessions and parental 

controls. Salt tolerant plants were selected in the 

greenhouse after emerging in flats irrigated with -1.2 MPa 

and -1.5 MPa NaCI solutions. Irrigation water for Field 

South B supplied the field with approximately -~.2 MPa total 

soluable salts. This level of salinity is below the level 

used for selection of "salt sensitive" individuals during 

1983 and 1984. Therefore the salinity level in Field South 

B is probably far below the level needed for salt tolerant 

accessions to demonstrate their full potential. 

Seed cotton and lint yields from Field South B 

compared favorably with other fields planted the same date 

at Safford Agricultural Center. Deltapine 9~, and 

accessions derived from it, yielded 354 kg more lint per 

hectare than DP4l (Table l~). 
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Lint yields in part of the test were undoubtedly 

affected by Phymatotrichum root rot (Phy~~!o!£i£h~~ 

omnivorum Shear.). This problem became apparent in late 

July and was therefore not a factor in the emergence data. 

The root rot did produce problems with yield analysis of 

plots in Field South B. Fifteen plots in replications 3, 4, 

and 5 were nearly eliminated by the disease. Yields of 

Table 10. Lint yields (expressed as an average of 
parental cultivars and accessions derived from 
them) from Field South B, Safford Agricultural 
center, 1985. 

Cultivar 

DP90's 1722 a* 

DP62's 1596 ab 

DP41's 1368 b 

• Means followed by the same letter are not statistically 
different at the 0.05 level according to the Student-Newman
Kuehl test. 

these plots were reduced by as much as 75 % of the a~erage 

unaffected plots for each affected accession. The problem 

was alleviated by not including affected plots in the yield 

analysis and treating the test as a randomized incomplete 

block design. Accessions 84027, 84054, 84061, 84098, and 

84091 were not included in replication 3. Accessions 

deleted from replications 4 and 5 were 84006, 84035, 84054, 
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84085, 84090, and 84006, 84027, 84038, 84061, 84111, 

respectively. Yield data, using this randomized incomplete 

block design, for the 17 salt tolerant accessions and 3 

parental cultivars is presented in Table 11. Mean 

seperations were preformed only on accessions within each 

parental cultivar. Both of the two accessions derived from 

DP4l yielded significantly more than the parental cultivar. 

Yields of these two accessions were 32 % higher than the 

control. Lint yields for the other 15 salt tolerant 

accessions ranged from 75 to 112 % of the parental 

cultivars. No significant differences in lint yield were 

noted between DP62, DP90, and salt tolerant accessions 

derived from them. 



Table 11. Seed cotton and lint yields from salt tolerant 
accessions and parental cultivars using a 
randomized incomplete block design. Safford 
Agricultural Center, Field South B, 1985. 

Mean seed cotton Mean lint % of 
Accession yield (kg ha-l) lint' yield (kg ha-l) control 

DP41 

841iJ1.l6 

841iJ61 

DP62 

84027 

84033 

84035 

84938 

84941iJ 

84085 

84989 

841iJ91iJ 

84091 

841iJ93 

DP90 

84947 

84954 

8411iJ4 

84197 

84111 

2389 b 

3250 a 

3217 a 

3829 a 

3628 a 

3766 a 

3765 a 

3919 a 

3772 a 

31iJ65 a 

4361 a 

3131iJ a 

32liJl a 

4046 a 

4152 a 

4297 a 

3516 a 

3765 a 

4955 a 

3644 a 

* 
43.1 

41.9 

42.3 

42.2 

41.4 

40.2 

41.4 

41.2 

41.7 

39.7 

41.5 

41.4 

41iJ.l 

41iJ.6 

42.1 

42.3 

42.4 

42.3 

41.6 

43.3 

11iJ31iJ b 

1362 a 

1-361 a 

1616 a 

1502 a 

1514 a 

1559 a 

1611 a 

1573 a 

1217 a 

1811iJ a 

1296 a 

1284 a 

1643 a 

1748 a 

1818 a 

1491 a 

1593 a 

1687 a 

1578 a 

11iJ1iJ.1iJ 

132.2 

132.1 

100.0 

92.9 

93.6 

96.4 

99.7 

97.3 

75.3 

111.9 

81iJ.2 

79.4 

lliJ1. 6 

l1iJ0.1iJ 

193.9 

85.3 

91.1 

96.5 

99.3 

* Means followed by the same letter are not significantly 
different at the 1iJ.95 level according to the Student-Newman
Kuehl test. 
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Linear regressions for each salt tolerant accession 

and parental cultivar were preformed to obtain estimates of 

the relationship between percent emergence and lint yield. 

Slopes of these regression lines were all essentially zero 

(Table 12). A significant relationship between these two 

variables was not observed in any salt tolerant accession or 

parental cultivar. Plots having a low emergence percentage 

were capable of compensating yield by producing larger 

plants. A lower stand density would provide surviving 

plants with more potential light interception and per plant 

yields could be higher. This is essentially a border effect 

occurring within each of the low emergence plots. 



Table 12. 

Accession 

DP41 

841U6 

84061 

DP62 

84027 

84933 

84935 

84038 

84940 

84085 

84989 

84899 

84891 

84993 

DP98 

84047 

84854 

84104 

84187 

84111 

Regression equations and coefficients of 
determination for emergence percentage versus 
lint yield for salt tolerant accessions and 
parental cu1tivars. Safford Agricultural 
center, Field South B, 1985.' 

2 
Regression equation R 

0.0250 

Y .. 55.6 + 0.0059X 0.0570 

Y .. 49.5 + 0.8032X 0.8120 

y .. 67.8 + 0.8021X 0.IH20 

y .. 63.4 - 0.8006X 0.0003 

y .. 67.9 - 8.9937X 9.8720 

y .. 85.5 - 0.0998X 9.3130 

y .. 43.8 + 0.0110X 9.3610 

y .. 75.7 - 0.8082X 0.1400 

y .. 71.2 - 8.0041X 8.8538 

y .. 50.5 + 8.8043X 8.8660 

y .. 68.2 - 8.8024X 8.8260 

y .. 26.3 + 0.0291X 8.3530 

y .. 19.2 + 0.0174X 0.3210 

Y .. 54.2 + 9.0010X 9.0919 

Y .. 55.2 + 8.9038X 9.9249 

Y .. 34.1 + 0.0111X 9.1799 

y .. 43.2 + 9.9065X 9.9559 

Y .. 23.9 + 9.8298X 9.4450 

54 
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Field Plant Production 

Flats of soil were prepared during early April 1985 

for the production of a third cycle of salt tolerant plants. 

Samples of 100 seed were taken from each 1984 salt tolerant 

plant. All seed from 1984 cross pollinations were used for 

the third salt tolerant cycle. Seed was planted 21 April 

1985 and irrigated with a -1.7 MPa NaCl solution. The 

selection pressure continued for 30 days until actively 

growing salt tolerant plants were transplanted 22 May 1985. 

Two hundred ninty five seedlings emerged from 11,500 seed at 

this salinity level. Emergence ranged from 0 to 19 % for 

1984 salt tolerant accessions with an average of 2.56 %. 

Seed from 123 cross pollinations was also planted. 

Emergence averaged 2.72 % with a range of 0 to 42.8 % 

(Appendix 5). 

It was noted that a longer period of time was 

necessary for the production of actively growing plants in 

1985. Twenty-four days were required to produce actively 

growing plants in 1984. In 1983, only 16 days were required 

for this purpose. This was undoubtedly due to the increased 

level of selection pressure. Emergence did not really 

proceed at a slower rate but the time required for active 

growth nearly doubled between 1983 and 1985. 

One hundred ninty five plants were transplanted from 

the saline flats to small peat pots. These plants were 

allowed to recover from transplanting and establish a good 
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root system before going to the field. After 19 days in the 

greenhouse, 154 plants were transplanted to field K at the 

West Campus Agricultural Center on 11 June 1985. 

Relative salt tolerance study 

After the safford field trial and field plant 

production, remaining 1984 seed was used in a relative salt 

tolerance study. Only those plant accessions having 

sufficient seed for four full replications were included in 

the study. Accessions from 1984 were arranged by parental 

cultivar. 

Emergence for the entire test averaged 34.5, 13.3, 

3.4, and 1.9 % at -1.2, -1.4, -1.6, and -1.8 MPa, 

respectively (Table 13). There were no significant 

differences in emergence percentage between the three 

classes of 1984 accessions at any of the four salinity 

levels. The average emergence percentage for the entire 

test taken over all salinity levels was 13.1 %. This 

represents a 47 % increase over the same test run in 1984. 

Thirteen of the 105 tested accessions had above 20 % 

emergence averaged over the four salinity levels (Appendix 

6). Emergence ranged from 0.7 (84045) to 32.6 % (84001). 
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Table 13. Greenhouse emergence (% ) of 1984 accessions 
(ar ranged by parental cuI ti var) irrigated with 
4 NaCl solutions at 32 oC. 

Parental Number of Level of salinity stress (MPa) 
Cultivar accessions -1.2 -1.4 -1.6 -1.8 

DP41 36 35.6 16.0 3.1 1.4 

DP62 46 34.8 11.0 3.1 1.7 

DP90 24 33.1 12.8 4.1 2.7 

Harvest data 

Several cultural problems occurred at the West Campus 

Agricultural center during the 1985 growing season. These 

problems led to high mortality among the plants in Field K. 

Salt tolerant plants that did survive to maturity typically 

had a much reduced yield. 

The first problem was discovered 20 June 1985. A 

cultivation of Field K the previous day had buried plants 10 

to 15 cm deep with dry soil. Although every effort was made 

to find and uncover the buried plants, some could not be 

found. Other plants were mortally damaged in an attempt to 

find them. Some plants, although sucessfully uncovered, 

were severely desiccated and did not survive. In all, 

approximately 40% of the transplants in Field K were lost. 

The other major problem occurred during the middle of 

July. A layby application of Caparol was applied by West 

Campus Agricultural Center personnel. Although hexaploid 
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cotton in adjacent rows was at the proper stage of growth 

for the layby treatment, salt tolerant transplants were 

still too small. The late planting date (11 June) and 

burial of the small plants had not allowed the salt tolerant 

plants to catch up with the rest of the field. The Caparol 

treatment directly killed many plants and severely stunted 

all but the most vigorous. 

Of the original 154 salt tolerant plants transplanted 

to Field K, only 64 remained alive at picking time. Eight 

of these surviving plants had no yield at all. The 

remaining 56 plants had an average seed cotton yield of 78.0 

grams. Yields ranged between 7.6 and 221.6 grams per plant 

(Appendix 7). 

Due to the problems encountered during the growing 

season, an unbiased statistical analysis of harvest data 

seemed unlikely. An analysis of variance was therefore not 

performed on the 1985 harvest data. 

Relative salt tolerance study 

Yield of good planting seed from 1985 accessions was 

very low compared with the two previous seasons. Of the 54 

salt tolerant accessions producing any yield, only 11 

produced the required 400 planting seed for four full 

replications. Eleven other accessions producing between 200 

to 400 seed were included in the study. Therefore, the 

study was to be treated as a randomized incomplete block. 
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All four repliQations could be planted at the same 

date due to the limited size of the experiment. Planting 

was accomplished 26 April 1986 after the greenhouse had 

warmed to produce an average temperature of 32 0 C. All 

cultural conditions during this study were the same as in 

the 1983 and 1984 seasons. On 16 May 1986, emergence 

percentages were taken from the test. 

This study was characterized by very low emergence 

percentages in all 1985 salt tolerant accessions. Only 69 

seedlings sucessfully emerged from 22~~ seed planted in the 

-1.2 MPa treatment. 

percentage of 3.14 %. 

This translates to an emergence 

Emergence for the entire -1.4 MPa 

treatment averaged 0.18 %. Average emergence of parental 

cultivars in this test were 15.3 % at -1.2 MPa and 5.0 % at 

-1.4 MPa. No seedlings emerged from the -1.6 or -1.8 MPa 

NaCl treatments. 

From the results of this test, suspicions developed 

about the quality of 1985 seed. It seemed possible that 

cultural conditions during the 1985 growing season had 

adversely affected the seed quality. Fiber data from 

selected 1985 accessions further supported this hypothesis. 

Legnth and strength data for 1985 accessions appeared 

to be quite normal (Table 14). Fiber fineness averaged 3.12 

which was well below the expected 4.2 - 4.8 reading expected 

for short staple cotton samples. Five of the samples were 

so fine that readings were unobtainable. water deficits 

during the growing season could have been the cause of 
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redticed secondary thickening of fibers. A possibility also 

exists that the Caparol damage early in the growing season 

had a lasting effect on f~ber development and seed quality. 

Whatever the specific cause, it appeared that environmental 

conditions throughout the 1985 growing season had produced a 

lasting effect on the next generation of seed. 

Since 1985 seed did not do well in the relative salt 

tolerance study, a study was conducted to compare the 

preformance of 1985 seed with seed from 1983 and 1984. This 

was simply an emergence study using tap water. One would 

expect that undamaged 1985 seed would have a higher 

emergence percentage than seed from previous years when 

grown under similar conditions. Differences should not be 

very large however, because the difference in seed age was 

only 3 years. At worst, there might be no significant 

differences between the 3 years assuming that all seed was 

undamaged to begin with. 

Four samples of 25 seed were taken from each of six 

1985 accessions. Six accessions from both 1983 and 1984 

were also sampled and included in the study. Seed was 

planted in the same manner as for the relative salt 

tolerance studies. 

after planting. 

Emergence counts were taken 14 days 
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Table 14. Fiber data from 1985 salt tolerant accessions. 
west Campus Agricultural Center, Field K, 1985. 

Legnth ( in) 
Accession Upper Half Mean Mean Stregnth (lb) Fineness 

8507 1.17 0.49 3.30 3.25 

8510 1.16 0.47 3.49 2.73 

8511 1.17 0.56 3.03 4.13 

8513 1.19 0.53 3.38 * 
8514 1.19 0.55 3.06 * 
8517 1.18 0.54 3.33 2.60 

8518 1.17 0.50 3.48 2.73 

8520 1.14 0.49 3.48 * 
8525 1.15 0.54 3.88 2.78 

8526 1.20 0.52 3.32 3.95 

8534 1.11 0.41 3.16 * 
8535 1.21 0.50 3.50 * 
8537 1.13 0.48 3.46 2.73 

8543 1.10 0.52 3.11 3.85 

8546 1.12 0.45 3.31 3.18 

8550 1.11 0.50 3.25 2.78 

8554 1.14 0.48 3.18 2.83 

* No reading obtainable 
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Highly significant differences in emergence 

percentage were noted between 1983, 1984, and 1985 seed 

(Table 15). Emergence percentages of 1985 seed were 29, and 

23 % lower than seed produced in 1984 and 1983, 

respectively. If 1985 seed was of the same quality as seed 

from the previous years, one could expect the same 

performance in emergence from at least 1985 and 1984 seed. 

Since this was not observed to be the case, it further 

supports the hypothesis that seed from 1985 salt tolerant 

accessions was of poor quality. 

Comparing accessions individually from these 3 years, 

the poor quality of 1985 seed becomes further apparent 

(Table 16). All six 1985 accessions had significantly lower 

emergence percentages than any of the 1984 accessions and 

all but two of the 1983 accessions. 

Table 15. Average greenhouse emergence (%) of 1983, 1984, 
and 1985 accessions irrigated with tap water at 
(32 oC) • 

Seed Source 

1984 

1983 

1985 

Emergence 

* 93.~ a 

87.1 b 

66.5 c 

• Means followed by the same letter are not statistically 
different at the ~.~5 level according to the Student-Newman
Kuehl test. 
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Table 16. Average emergence (%) of individual 1983, 1984, 
and 1985 accessions irrigated with tap water in 
the greenhouse (32 oC). 

Accession 

84038 

84090 

84031 

8320 

84033 

8358 

8402~ 

8370 

84075 

8355 

8364 

8379 

8507 

8543 

8514 

8542 

8501 

8526 

Emergence 

* 97.5 a 

95.8 a 

93.9 a 

93.3 a 

91.6 a 

90.8 a 

90.8 a 

90.0 a 

89.1 a 

87.5 ab 

80.8 bc 

80.0 bc 

78.3 c 

75.8 cd 

72.5 cd 

68.3 d 

59.1 

45.0 

e 

f 

• Means followed by the same letter are not statistically 
different at the 0.05 level according to the Student-Newman
Kuehl test. 
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Because of the cultural problems encountered in the 

field at West Campus Agricultural Center during 1985 and the 

poor q~a1ity of planting seed produced from salt tolerant 

plants grown there, no statistical analysis of harvest data 

or relative salt tolerance were performed. Heritability 

studies do not include data from 1985 salt tolerant 

accessions. Data from 1983 and 1984 salt tolerant and salt 

sensitive accessions were used in this study. 

Heritability study 

Parent offspring regressions were calculated on four 

characteristics of plants grown in 1983 and 1984 to estimate 

narrow sense heritability. All combinations of parents with 

offspring were included in regressions for seed index, boll 

weight, and lint percentage. Since only harvest data is 

used in these studies, both salt tolerant and salt sensitive 

accessions were included. 

Emergence data from the relative salt tolerance 

studies on 1983 and 1984 accessions was used for a parent 

offspring regression on emergence salt tolerance. Data 

points used were the average emergence of each accession 

taken over the four salinity levels (Appendicies 2 and 4). 

Accessions selected for salt sensitivity were not included 

in this study. 

Heritability values of 22, 67, 31, and 38 % were 

obtained for lint percent, seed index, boll weight, and NaCl 
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tolerance, respecti vely (Table 17). Lint percent and boll 

weight are more influenced by environment than sodium 

chloride tolerance. 

Heritability estimates of these agronomic traits have 

been previously reported. Al-Jibouri, Miller, and Robinson, 

(1958) determined the heritability of seed index to be ~.87 

in an interspecific cross between ~ ~!E~~!~m and a 

trispecies hybrid. Heritability of lint percentage has 

ranged between ~.90 (AI-Jibouri et al., 1958) and ~.28 

(Baker and Vehalen, 1973). Values obtained for weight of 

individual bolls has ranged between ~.77 (AI-Jibouri et al., 

1958) and ~.5~ (Al-Rawi and Kohel, 1969). More recently, 

Allen et ale (1985) determined the heritability of NaCl 

tolerance in germinating alfalfa seed to be ~.50 (Table 18). 

Table 17. Regression equations and coefficients of 
deter mina tion f or four character ist ics from 
1983 and 1984 accessions. 

Characteristic Regression equation R2 

Lint percent Y = ~.221X + 33.14 ~.033 

Seed index Y = 0.667X + 2.74 0.210 

Boll weight Y = ~.312X + 3.09 0.113 

NaCl tolerance Y = ~.379X + 11.90 0.026 
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Table 18. Heritability estimates of four agronomic 
characteristics from various sources. 

Seed Boll NaCl 
index Lint % weight tolerance Reference 

~.67 ~.22 ~.3l ~.38 Current study 

~.87 ~.9~ ~.77 Al-Jibouri et al., 1958 

~.5~ Al-Rawi and Kohel, 1969 

~.28 Baker and Verhalen, 1973 

0.5~* Allen et al., 1985 

* Heritability of germination salt tolerance in alfalfa. 

Estimates of heritability in this study were 

calculated with field and greenhouse data from both 1983 and 

1984 experiments. Although the same greenhouse space was 

used in both years, differences in environment could not be 

considered constant in the study. Saline solutions were 

prepared for the average greenhouse temperature (32 0 C). 

However, fluctuations in temperature lead to differences in 

matrix potential of the soil solution. These differences 

undoubtedly increased the environmental variance in the 

relative salt tolerance studies. 

Different fields were used for the 1983 and 1984 

seasons. These fields were adjacent to one another and are 

classified as having the same soil type. Differences in 

managerial practices in 1983 and 1984 could lead to annual 
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variations in factors associated with harvest data. The 

1983 season was characterized as having irrigations at 

approximately 2 week intervals throughout the growing 

season. In 1984, the field received only two irrigations. 

Although precipitation throughout the growing season kept 

soil moisture adequate most of the time, periods of moisture 

stress were more likely during the 1984 season. This factor 

would definitely influence seed cotton yield. Seed and 

fiber properties would also be affected. 

Low coefficients of determination for the parent 

offspring regressions demonstrate the environmental 

variability associated with these tests. Although every 

effort was made to produce a similar response environment, 

year to year differences in field and greenhouse 

environments did exist. A higher R2 could be obtained by 

growing parents and offspring side by side in the same test. 

By doing so, a large portion of the environmental variation 

would be eliminated. 

Suggestions for further research 

Several ideas should be discussed to aid researchers 

interested in salinity research in relation to emergence. 

Various problems were encountered in this work that were not 

anticipated at the beginning. Methods were employed, as 

needed, to try to alleviate these problems. 



68 

Irrigating with saline water presents a problem. It 

is well documented that when .saline water is applied to a 

field, the soil becomes dispersed. Dispersed soils have low 

infiltration rates and poor drainage. The seedbed where 

selection for salt tolerance takes place must have adequate 

and uniform drainage. Light, frequent irrigations have been 

suggested as a means of coping with saline soils. A drip 

irrigation system within the greenhouse facility would seem 

to solve the problem. The system would need to be capable 

of manipulating the salinity level of irrigation water. 

Drainage could first be established with pure water. After 

planting the seedbed for salt tolerance selection, salinized 

water could be applied in measured doses to uniformly wet 

the seedbed. Some preliminary tests would have to be 

performed in establishing the proper flow rates to maintain 

the soil salinity at the desired level. 

A uniform test soil should be obtained and utilized 

for all testing. The test media should be readily 

obtainable from local sources and secured in large 

quanities. Preferably, it should be light in texture since 

heavy soils tend to be more dispersed after applications of 

saline water. The use of different soils leads to sources 

of variation since soils having a different cation exchange 

capacity will have a different matrix potential when 

salinized. Only with the same soil can test results be 

compared. 
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Finally, it would be extremely helpful to have a 

saline-sodic field available for field emergence testing. 

The field should be large enough to handle research needs. 

After selection for salt tolerance in the greenhouse, a 

field is necessary to see if in fact any progress has been 

made. Optimally, the test field should be sufficiently 

saline as to be capable of demonstrating true differences in 

emergence potential. 



SUMMARY 

Three cycles of selection for sodium chloride 

tolerance during emergence were performed during the course 

of this study. Parental cultivars were selected at sodium 

chloride levels between -0.9 to -1.4 MPa. Nine hundred seed 

produced 60 salt tolerant plants from DP4l, DP62, and DP90. 

The second cycle of selection produced 154 plants from 6,000 

selected seed. Sodium chloride levels during this second 

cycle of selection were -1.5 MPa. In 1985, during the third 

cycle of selection, 195 salt tolerant plants were produced 

from 11,5130 seed. successful emergence was 1.7 % at a -1.7 

MPa level of sodium chloride. 

Progress has been made toward increasing the 

tolerance to sodium chloride during emergence. A 47 % 

increase in salt tolerance was achieved after two cycles of 

selection. The 1984 relative salt tolerance study 

demonstrates that salt tolerance was increased in all three 

parental cultivars (Table 13). Emergence of parental 

cultivars averaged 17 % at -1.2 MPa in 1983. The emergence 

percentage increased to approximately 35 % (at -1.2 MPa) 

after two cycles of selection for sodium chloride tolerance. 

Heritability of salt tolerance was estimated at 38 % 

using a parent offspring regression on 1983 and 1984 salt 

tolerant accessions. Other estimates of heritability in 

713 
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this study were 22, 67, and 31 % for lint percent, seed 

index, and boll weight, respectively. From these data, it 

appears that lint percent and boll weight are more 

influenced by environment than sodium chloride tolerance. 

It was noted that various accessions consistently 

preformed better than others. The same individuals that 

produced more seedlings during selection for field plants 

also had higher overall emergence in the relative salt 

tolerance studies. These accessions should be grown out for 

a seed increase in order to avoid having a shortage of 

available seed. During the 1983 season, accessions showing 

the best prospects were: 8310, 8314, 8316, 8322, 8323, and 

8361. Valuable germplasm from the 1984 season that should 

be grown for seed increase were: 84023, 84027, 84033, 84038, 

84054, and 84061. Since managerial problems existed during 

the 1985 season that severely reduced seed cotton yield, all 

remaining undamaged seed should be planted out for 

production of a good yield of third cycle salt tolerant 

seed. 



Appendix 1. Harvest data for salt tolerant and salt 
sensitive plants. West Campus Agricultural 
Center, Field L, 1983. 

Cultivar, seed 
Salinity cotton boll lint seed 

Class Accession total (g) weight (g) percent index 

DP4l, 
-1. 2 MPa 8301 234.9 3.43 40.26 7.57 

8302 66.2 3.31 44.10 7.83 

8303 145.6 3.23 40.24 7.61 

8304 112.6 4.33 40.31 8.88 

8305 194.7 3.47 43.55 7.56 

8306 53.4 3.81 44.19 7.69 

8307 201. 9 4.20 41. 95 8.15 

8308 54.5 3.20 48.44 8.55 

8309 140.0 3.18 45.35 8.07 

8310 192.3 3.92 45.76 8.72 

8311 71.8 2.87 38.71 8.20 

8312 247.5 4.05 44.88 8.19 

8313 181. 6 4.22 49.11 8.31 

8314 225.3 3.69 46.82 7.96 

8315 143.9 3.78 41.48 8.32 

DP62, 
-1. 2 MPa 8316 142.9 4.46 41. 63 9.72 

8317 312.2 5.29 39.59 9.90 

8318 246.4 4.73 41. 27 9.76 

8319 123.9 4.95 40.83 9.97 

8320 343.8 4.77 39.87 9.59 

8321 149.9 4.40 41. 29 9.27 

8322 150.8 4.56 40.05 9.88 

72 
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Appendi x 1. (Continued) 

Cu1tivar, seed 
Salinity cotton boll lint seed 

Class Accession total (g) weight (g) percent index 

DP62, 
-1. 2 MPa 8323 209.1 4.26 41.70 9.75 

8324 119.5 3.85 38.53 9.62 

8325 127.3 4.89 36.84 9.96 

8326 116.0 4.29 38.44 9.53 

8327 225.1 4.24 43.09 9.88 

8328 211.3 4.31 43.16 9.15 

8329 216.9 3.87 49.88 9.66 

8330 263.7 4.39 42.73 9.72 

DP62, 
-0.9 MPa 8331 240.1 3.81 40.64 9.14 

8332 344.0 4.64 40.72 10.14 

DP90, 
-0.9 MPa 8333 209.4 4.18 40.73 8.87 

DP90, 
-1.2 MPa 8334 212.5 4.00 34.63 8.64 

8335 160.9 3.65 41.26 7.79 

8336 200.3 3.23 41.23 7.79 

8337 183.4 4.26 44.22 8.03 

8338 207.6 4.07 42.87 8.90 

8339 148.3 3.08 48.95 8.65 

8340 207.9 3.92 44.39 8.36 

8341 237.2 3.00 45.40 7.65 

8342 167.4 3.34 41. 21 7.70 

8343 171.9 3.73 45.43 8.36 
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Appendix 1. (Continued) 

Cultivar, seed 
Salinity cotton boll lint seed 

Class Accession total (g) weight (g) percent index 

DP90, 
-1.2 MPa 8344 197.0 3.28 40.76 7.71 

8345 166.8 4.17 42.32 9.11 

8346 154.4 4.06 40.22 8.04 

8347 88.7 3.16 41.26 8.05 

8348 163.9 2.98 45.08 7.52 

8349 213.3 4.10 41. 72 8.80 

DP41, 
Salt Sensitive 8350 77.4 4.55 44.44 8.37 

8351 264.1 4.06 43.24 7.95 

8352 123.6 4.57 44.36 7.54 

8353 189.6 4.12 42.08 7.54 

8354 167.8 4.19 43.62 7.65 

8355 281. 3 4.68 41.87 8.10 

8356 250.7 3.91 42.84 7.85 

DP62, 
Salt Sensitive 8357 103.3 3.82 42.98 8.69 

8358 368.6 4.91 38.57 9.45 

8359 333.5 4.06 37.87 9.04 

8360 211.8 4.50 45.18 9.35 

8361 308.5 4.89 39.90 9.50 

8362 250.0 4.80 39.16 9.06 

DP90, 
Salt Sensitive 8363 148.4 4.12 42.58 8.10 

8364 345.8 4.11 40.39 8.47 
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Appendix 1. (Continued) 

Cu1tivar, seed 
Salinity cotton boll lint seed 

Class Accession total ( g) weight (g) percent index 

DP90, 
Salt Sensitive 8365 266.8 4.52 41. 07 8.54 

8366 271.8 4.45 41.02 8.52 

8367 259.3 3.45 39.99 8.33 

8368 247.9 3.87 41.22 7.79 

DP4l, 
-1.4 MPa 8369 248.7 3.76 42.30 7.50 

8370 337.0 4.68 43.94 8.11 

8371 174 .6 3.81 41. 25 8.01 

8372 174.6 2.91 38.37 7.45 

8373 135.3 3.97 39.68 8.37 

8374 59.2 3.11 39.18 8.42 

8375 227.3 3.85 43.15 7.21 

DP62, 
-1.4 MPa 8376 106.1 4.82 36.85 lfIl.54 

8377 39.5 3.29 34.93 10.19 

DP90, 
-1. 4 MPa 8378 274.3 3.38 39.95 8.20 

8379 250.3 3.47 37.71 8.62 



Appendix 2. Emergence of 1983 accessions averaged over four 
salinity levels (-1.2, -1.4, -1.6, and -1.8 MPa 
NaC1) at 32 oC. 

Accession Emergence U;) Accession Emergence (% ) 

831U 8.95 8324 5.83 

8302 7.02 8325 7.50 

8303 8.74 8326 12.1/15 

831/14 12.1/19 8327 11/1.83 

831/15 11.87 8328 8.33 

8306 9.45 8329 4.58 

831/17 8.75 8330 11.66 

831/18 7.50 8331 15.21 

8309 6.66 8332 13.95 

8310 9.58 8333 4.16 

8311 7.91 8334 4.78 

8312 25.82 8335 3.95 

8313 12.90 8336 3.12 

8314 12.90 8337 10.21 

8315 6.25 8338 4.78 

8316 11/1.41 8339 4.99 

8317 12.22 8341/1 9.16 

8318 15.00 8341 6.45 

8319 8.94 8342 4.37 

83211J 6.24 8343 6.25 

8321 14.58 8344 6.66 

8322 7.49 8345 3.95 

8323 11.87 8346 4.78 

76 
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Appendix 2. (Continued) 

Accession Emergence (' ) Accession Emergence (' ) 

8347 9.67 8364 6.25 

8348 3.95 8365 4.57 

8349 5.62 8366 6.25 

8350 10."0 8367 9.36 

8351 11.88 8368 3.11 

8352 9.58 8369 9.58 

8354 9.16 8370 4.57 

8355 14.58 8371 7.49 

8356 6.45 8372 10.0" 

8357 9.73 8373 7.71 

8358 11.25 8374 3·.33 

8359 8.96 8375 5.83 

8360 16.25 8376 15.10 

8361 20.00 8377 10.25 

8362 9.58 8378 6.87 

8363 11.45 8379 5.0" 



Appendix 3. Emergence (%) of 1983 accessions at -1.5 MPa 
(32 oC) for production of 1984 field plants. 

Accession Emergence Accession Emergence 

831U 2 8323 2 

8302 III 8324 0 

8303 0 8325 0 

8394 0 8326 0 

8395 1 8327 9 

8396 1 8328 9 

8397 5 8329 1 

8398 9 8339 1 

8399 3 8331 1 

8319 23 8332 0 

8311 1111 8333 0 

8312 21 8334 0 

8313 9 8335 9 

8314 3 8336 0 

8315 3 8337 III 

8316 11 8338 9 

8317 9 8339 1 

8318 9 8349 III 

8319 2 8341 III 

8329 3 8342 0 

8321 23 8343 0 

8322 19 8344 III 

78 
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Appendix 3. (Continued) 

Accession Emergence Accession Emergence 

8345 " 8369 0 

8346 " 8370 " 
8347 6 8371 1 

8348 2 8372 2 

8349 " 8373 0 
• 

8350 70 8374 0 

8351 83 8375 " 
8352 76 8376 2 

8353 77 8377 0 

8354 88 8378 0 

8355 89 8379 0 

8356 87 
Cross Seed planted Emergence 

8357 70 

8358 84 8301 X 8350 26 3.85 

8359 94 8302 X 8310 25 8.00 

836" 83 8303 X 8310 14 14.29 

8361 86 8305 X 8302 24 4.17 

8362 77 8305 X 8314 15 13.33 

8363 75 8309 X 8301 34 5.88 

8364 57 8309 X 8302 12 25."0 

8365 59 8309 X 8313 2S 4.0fc1J 

8366 64 8310 X 83fc1J1 27 3.70 

8367 67 8313 X 8314 9fc1J 1.11 

8368 75 8314 X 8310 28 3.57 



80 

Appendix 3. (Continued) 

Cross Seed planted Emergence 

8321 X 8317 16 12.5I?J 

8323 X 833I?J 29 41.38 

8327 X 8358 34 2.94 

8327 X 8321 23 8.7I?J 

8327 X 8339 16 6.25 

8328 X 8317 55 1.82 

8338 X 8323 29 6.98 

8338 X 8328 26 3.85 

8338 X 8339 9 11.11 

8338 X 8348 19 10.53 

8340 X 8342 57 1.75 

8340 X 8348 37 2.70 

8341 X 8342 31 6.45 

8342 X 8341 31 10.71 

8343 X 8337 51 5.88 

8343 X 8349 18 5.56 

8347 X 8349 29 6.90 

8348 X 8340 31 6.45 

8348 X 8349 28 10.71 

8352 X 8318 34 8.82 

8363 X 8342 24 4.17 

8370 X 8371 37 5.41 

8371 X 8378 32 3.13 

* Accessions 8350-8368 were selected at -0.3 MPa NaCl 



Appendix 4. Harvest data for salt tolerant and salt 
sensi ti ve plants. West Campus Agr icultural 
center, Field K, 1984. 

Seed 
Parental cotton Boll Lint Seed 
Culti var Accession total (g) weight (g) percent index 

DP41 84001 154.3 3.95 41. 28 9.02 

84002 343.4 4.29 42.39 7.69 

84003 185.4 2.99 37.59 8.18 

84004 377.2 3.97 44.27 7.45 

84005 309.3 3.77 42.22 7.51 

84006 328.9 4.01 39.03 8.69 

84007 488.5 4.07 42.66 7.59 

84008 177.8 5.38 41. 67 9.34 

84009 206.0 3.88 39.22 8.21 

84010 208.6 2.57 36.85 7.05 

84011 85.4 5.02 38.65 12.32 

84012 123.8 4.42 34.81 12.21 

84013 342.1 4.22 43.99 7.87 

84014 339.4 4.24 43.34 7.44 

84015 289.2 4.13 45.02 8.11 

84016 333.2 4.62 44.14 7.15 

84017 258.0 3.18 40.27 7.00 

84018 390.3 4.33 43.76 8.11 

84019 395.0 4.29 41.26 7.78 

84020 402.1 4.02 43.91 6.93 

84021 121.6 3.92 44.65 8.07 

84022 294.0 3.76 44.72 7.81 

81 
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Appendix 4. (Continued) 

Seed 
Parental cotton Boll Lint Seed 
Cultivar Accession total (g) weight (g) percent index 

DP41 84058 430.7 4.18 44.25 7.38 

84059 268.0 4.32 45.52 7.02 

84060 49.1 4.91 35.03 12.09 

84061 335.4 4.72 39.92 9.05 

84062 372.3 4.27 45.17 8.07 

84063 376.4 4.95 41.87 9.17 

84064 371.3 3.95 44.73 7.58 

84065 240.8 4.54 44.55 7.26 

84066 379.5 3.72 46.58 7.56 

84067 323.4 4.75 43.01 8.28 

84068 61.4 4.38 36.64 12.59 

84069 310.5 3.98 44.12 6.93 

84070 347.3 4.23 43.91 7.61 

84071 331.8 3.72 43.64 7.71 

84072 225.4 3.75 45.25 7.70 

84073 320.9 4.51 44.56 7.66 

84074 267.3 3.87 45.90 7.71 

84075 359.5 4.13 47.28 7~20 

84076 325.9 4.23 43.51 7.40 

84077 309.5 4.07 47.88 7.37 

84078 264.2 4.19 44.05 6.62 

DP62 84023 222.6 4.45 41. 68 9.43 

84024 303.5 4.89 41.54 8.49 
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Appendix 4. (Continued) 

Seed 
Parental cotton Boll Lint Seed 
Cultivar Accession total (g) weight ( g) percent index 

DP62 84~25 371.4 4.76 39.22 9.12 

84026 281.1 4.32 40.91 8.88 

84027 348.0 4.40 39.85 9.24 

84028 305.1 4.48 41. 56 8.84 

84029 321.7 5.54 41.40 10.33 

84030 114.2 4.75 38.35 13.80 

84031 435.1 4.53 41.89 8.94 

84032 254.6 4.24 46.07 8.62 

84033 851.1 5.09 39.52 8.52 

84034 256.0 4.49 41. 48 8.60 

84035 352.8 4.30 42.54 8.88 

84036 248.2 4.68 43.86 8.70 

84037 202.2 4.49 44.16 9.57 

84038 364.7 4.99 43.04 9.00 

84039 139.0 3.97 40.28 9.30 

8404~ 332.3 5.03 41. 01 9.46 

84041 17~.2 5.15 35.54 8.94 

84"'42 267.7 4.53 40.45 8.77 

84043 297.3 4.64 41. 97 8.96 

84044 246.2 4.64 39.39 11.18 

84045 246.5 4.83 42.39 8.77 

84046 358.8 3.62 39.68 7.59 

84079 436.7 5.19 43.64 9.35 
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Appendix 4. <Continued) 

Seed 
Parental cotton Boll Lint Seed 
Cultivar Accession total (g) weight (g) percent index 

DP62 84~80 337.4 4.16 40.87 8.44 

84081 424.0 4.71 36.22 9.12 

84082 249.4 4. UJ 41.37 9.06 

84083 184.5 4.61 37.50 8.96 

84084 156.5 5.04 40.19 9.33 

84085 467.3 5.13 40.16 9.82 

84086 97.5 4.23 38.97 9.00 

84087 193.8 4.40 41.64 8.70 

84~88 295.4 5.27 43.77 9.34 

84089 416.1 5.26 46.02 8.75 

84090 424.9 4.99 43.51 9.16 

84091 458.0 4.92 42.66 9.15 

84092 250.8 4.32 43.54 8.66 

84093 315.7 4.78 43.61 9.2l 

84094 324.7 4.50 42.56 9.28 

84095 244.5 4.98 41.55 9.32 

84096 266.7 4.44 39.82 8.60 

84097 286.9 4.48 42.34 8.61 

84098 285.0 5.00 43.19 8.50 

84099 285.1 4.83 44.54 8.86 

84100 204.9 4.87 41.53 9.47 

84101 176.8 4.65 44.68 8.61 

84102 108.3 3.73 43.02 9.05 
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Appendix 4. (Continued) 

Seed 
Parental cotton Boll Lint Seed 
Cultivar Accession total (g) weight (g) percent index 

DP62 84103 215.8 4.49 41.05 9.17 

DP90 84047 272.9 4.19 41. 51 7.80 

84048 154.2 4.16 40.07 8.06 

84049 178.3 4.05 40.38 8.18 

84050 170.8 4.37 36.70 8.46 

84051 316.9 4.16 42.53 8.26 

84052 270.7 4.04 42.74 7.55 

84053 215.1 4.05 40.63 8.08 

84054 344.8 3.87 44.17 8.32 

84055 192.7 4.18 44.31 7.86 

84056 319.5 4.09 47.19 7.81 

84057 135.3 4.36 43.97 7.99 

84104 276.0 4.11 42.13 7.90 

84105 210.9 3.9QJ 45.23 8.17 

84106 172.3 3.74 37.02 8.02 

84107 361.7 4.01 43.26 8.16 

84108 218.3 4.54 41.22 8.05 

84109 212.4 4.24 41. 57 8.08 

841HJ 233.1 4.48 44.44 8.66 

84111 334.5 3.93 41. 94 7.74 

84112 201.4 3.72 45.68 8.13 

84113 210.7 3.51 42.61 8.53 

84114 215.2 3.84 43.91 7.51 



Appendix 4. (Continued) 

Parental 
Cultivar 

DP91!J 

Seed 
cotton Boll 

Accession total (g) weight (g) 

84115 241!J .1 4.1!J6 

84116 118.7 4.39 

86 

Lint Seed 
percent index 

42.64 7.85 

41.95 8.24 



Appendix 5. Emergence (%) at 30 days after planting of 1984 
accessions and cross pollinations at -1.7 MPa 
NaCl (32 oC) for production of field plants. 

Accession Emergence Accession Emergence 

84001 0 84025 3 

84002 0 84026 0 

84003 0 84027 19 

84004 5 84028 12 

84006 0 84029 0 

84007 0 84030 0 

840fcJ8 13 84031 2 

84009 0 84032 7 

84010 0 84033 9 

84011 9 84034 0 

84012 2 84035 0 

84013 13 84036 8 

84014 0 84037 " 
84015 0 84038 0 

84016 0 84039 8 

84017 0 84040 0 

84018 8 84041 0 

84019 8 84042 0 

84020 0 84043 0 

84021 2 84044 0 

84022 0 84045 7 

84023 8 84046 3 

84024 0 84047 4 
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Appendix 5. (Continued) 

Accession Emergence Accession Emergence 

84048 0 84072 0 

84949 9 84073 0 

84950 0 84974 0 

84051 4 84975 5 

84952 2 84076 9 

84053 3 84977 5 

84954 5 84078 9 

84055 0 84979 9 

84956 9 84980 1 

84057 6 84981 7 

84958 9 84082. 0 

84059 2 84083 7 

84060 6 84084 9 

84961 3 84085 9 

84962 0 84086 9 

84063 6 84087 19 

84064 6 84088 19 

84965 0 84089 9 

84966 7 84090 " 
84067 0 84091 0 

84068 not planted 84992 1 

84969 4 84993 0 

84070 5 84094 0 

84971 4 84095 11 
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Appendix 5. <Continued) 

Accession Emergence Accession Emergence 

84996 9 84107 0 

84997 9 84198 2 

84998 6 84199 0 

84099 9 84119 9 

84199 9 84111 9 

84191 9 84112 0 

841"J2 2 84113 2 

84103 4 84114 2 

84194 I!J 84115 3 

84105 1 84116 9 

84106 3 

Cross Seed Planted Emergence 

84913 X 84999 29 5.99 

84014 X 84916 11 18.18 

84014 X 84978 33 6.06 

84915 X 84970 28 3.57 

84915 X 84978 22 4.54 

84029 X 84939 18 16.66 

84929 X 849.,3 28 7.14 

84023 X 84929 24 20.38 

84932 X 84986 39 29.99 

84037 X 84923 29 6.90 
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Appendix 5. (continued) 

Cross Seed Planted Emergence 

84039 X 84023 7 42.85 

84040 X 84079 19 5.26 

84054 X 84057 28 14.28 

84056 X 84110 26 3.84 

84065 X 84015 27 7.40 

84076 X 84069 7 28.57 

84079 X 84040 29 3.45 

84085 X 84040 36 22.22 

84088 X 84086 32 9.37 

84089 X 84033 32 21.87 

84091 X 84036 38 2.63 

84093 X 84040 12 8.33 

84093 X 84102 22 22.73 

84095 X 84040 41 4.88 

84096 X 84~40 13 15.38 

84102 X 84045 16 6.25 

84110 X 84057 34 2.94 

84113 X 84057 25 4.00 



Appendix 6. Emergence of 1984 accessions averaged over four 
levels of salinity (-1.2, -1.4, -1.6, and -1.8 
MPa NaC1) at 32oC. 

A'l:cession Emergence (% ) Accession Emergence (% ) 

84/rHH 32.6 84028 18.5 

84002 18.9 84929 17.2 

84993 2.7 84930 23.2 

84904 17." 84931 11.0 

84905 22.5 84932 14.2 

84907 14.6 84033 11.7 

84998 24.7 84934 18.2 

84009 25.7 84935 14.5 

84919 12.2 84936 10.9 

84913 17.2 84937 13.7 

84914 13.5 84938 11.9 

84015 12.9 84939 7.0 

84916 1.0 84949 21.2 

84917 15.5 84941 3.7 . 

84918 17.7 84042 14.9 

84919 7.2 84943 8.2 

84029 4.9 84944 8.2 

84922 7.7 84945 0.7 

84023 20.9 84946 13.2 

84924 22.9 84947 9.9 

84925 5.7 84948 7.9 

84026 7.7 84949 6.0 

84927 15.5 84950 7.0 
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Appendix 6. (Continued) 

Accession Emergence (% ) Accession Emergence (% ) 

84051 8.7 84078 16.2 

8411152 11.7 8411179 7.2 

84,,53 14.2 84"8" 13.0 

84054 18." 84"81 8.0 

84055 7.5 84082 17.5 

84056 6.5 84"83 8.7 

84"57 25.2 84"84 13.5 

84"58 17.5 84"85 19.5 

84059 2.7 84087 10.2 

84"62 17.2 84088 16.0 

84"63 24.7 84"89 18.7 

84"64 8.7 84"90 6.5 

84065 5.2 84"91 2." 

84066 11.5 84"92 10.5 

84067 19.5 84094 17.2 

84069 18.0 84096 9.7 

8407" 12.2 84097 8.5 

84071 5.2 84098 19.0 

84072 16.5 84099 15.0 

84073 12.7 841"9 19.0 

84074 22.5 84101 12.2 

84075 4.2 84103 3.7 

84076 16.5 84104 9.0 

84"77 7.2 841"5 25.2 



93 

Appendix 6. (continued) 

Accession Emergence (% ) Accession Emergence (% ) 

84196 3.7 84112 7.7 

84197 17.5 84113 7.0 

84198 16.2 84114 22.9 

84199 29.7 84115 19.5 

84119 19.9 84116 12.5 

84111 15.2 



Appendix 7. Harvest data for 1985 salt tolerant accessions. 
West campus Agricultural Center, Field K, 1985. 

Seed 
Parental cotton Boll Lint Seed 
Cultivar Accession total (9) weight ( 9) percent index 

DP41 8501 48.2 4.01 42.32 

8502 53.2 4.43 37.78 

8503 36.9 3.69 38.75 

8504 111.9 5.32 41i).30 9.71 

8505 31.2 3.12 33.01 

8506 65.1 3.82 30.10 

8527 46.0 5.11 36.95 

8528 45.1 3.75 36.36 

8529 12.4 4.13 37.09 

8531i) 72.3 6.1i)2 38.72 

8531 16.1 3.22 33.54 

8542 103.2 2. 4 Ii) 40.01 

8548 63.8 3.75 37.61 

8549 27.1 4.51 39.11 

8550 143.7 3.34 38.21i) 7.1i)3 

8551 56.7 4.72 38.44 10.00 

DP62 851i)7 221.6 4.92 35.51 lli).96 

8508 l1i)3.1i) 5.72 36.69 10.34 

851i)9 24.6 2.73 37.07 

8510 202.0 4.20 36.68 9.84 

8511 92.7 5.45 32.68 11.20 

8512 49.4 3.08 32.59 8.98 

8513 185.5 4.21 34.98 10.15 
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Appendix 7. (Continued) 

Seed 
Parental cotton Boll Lint Seed 
Cultivar Accession total (g) weight (g) percent index 

DP62 8514 216.3 5.54 36.33 10.10 

8515 21. 5 4.30 33.48 

8516 43.2 4.32 35.87 

8517 122.9 3.51 38.56 10.03 

8518 119.3 3.40 38.64 9.29 

8519 75.4 3.59 28.91 9.24 

8520 92.3 3.41 35.42 

8521 35.3 2.52 34.82 

8532 26.3 3.28 35.74 

8533 75.7 2.91 35.93 

8534 76.8 2.84 34.89 

8535 111.0 3.46 34.98 

8536 7.6 3.80 31.57 

8537 77.9 3.89 33.37 9.18 

8538 51.2 5.12 35.74 

8539 44.8 4.97 39.01 

8540 26.0 5.20 46.15 

8543 195.3 4.15 37.07 9.54 

8544 44.8 3.44 37.05 

8545 54.4 4.94 31.80 

8546 168.6 3.92 37.54 9.89 

8547 9.1 1. 82 34.06 

8552 111.1 3.47 35.91 11. 55 



96 

Appendix 7. (continued) 

Seed 
Parental cotton Boll Lint Seed 
Cu1tivar Accession total (g) weight (g) percent index 

DP62 8553 37.8 6.30 30.42 

8554 86.3 3.45 36.50 9.68 

8555 63.2 5.74 30.72 

8556 13.3 4.43 36.84 11.51 

DP90 8522 87.3 3.23 37.57 

8523 133.0 4.59 37.80 8.71 

8524 16.9 4.22 33.60 

8525 113.5 3.66 36.12 9.45 

8526 180.9 5.16 36.15 9.72 

8541 18.2 3.03 34."6 
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