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ABSTRACT 

Artificially aged and non-aged seeds of 22 grain 

sorghum (Sorghum bicolor L.) F, hybrids and their F2 and F3 

generations were evaluated for germination salt tolerance. 

six of the hybrids, along with their F2 and F3 generations, 

were tested for emergence salt tolerance. Effects of seed 

production environments on germination salt tolerance were 

also studied using F2 generations of 12 sorghum hybrids 

produced under full-season irrigation, limited irrigation, and 

double-cropping conditions. Germination tests were conducted 

in a growth chamber, on trays, while the emergence test was 

conducted in a greenhouse in flats filled with sand. The 

experiments were conducted under non-saline and saline 

conditions in randomized complete block designs. 

Artificial seed aging resulted in significant 

reductions in germination percentages und~r both non-saline 

and saline environments. The overall mean reduction in 

germination caused by seed aging was more than twice as much 

under salinity stress as under the non-stress conditions (48 

vs. 17%), indicating differential effects of salinity on 

different quality seeds. Entries that appeared to be resistant 

to seed aging also had higher germination percentages under 

salinity stress. 
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Seed production environment influenced germination 

performance in both non-saline and saline environments. The 

overall mean germination percentages of sorghum seeds produced 

under three different field environments were significantly 

different from one another. 

significant differences were observed in 

germination and emergence percentages within F" F21 and F3 

generations. Except for the F, entries I however I emergence 

index differences within the F2 and F3 generations were not 

significant. 

Correlations between germination and emergence 

percentages in the non-saline and saline treatments were 

generally nonsignificant. This suggests that germination and 

emergence responses of sorghum may vary under different 

salinity levels and different environments. 
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INTRODUCTION 

Soil and climate conditions in many parts of the 

world are marginal or totally unsuitable for crop production. 

Even in areas normally used for crop production, abiotic 

factors are the major cause of crop failure. Boyer (1982) 

estimated that nearly 70% of yield loss in the united States 

is caused by abiotic stresses. 

One of the approaches to meeting the food demands 

of the increasing world population is cultivation of crops in 

areas with adverse environments presently not efficiently used 

for crop production. This may require application of improved 

cultural practices and growing of better adapted genotypes . 

. Improved cultural practices include utilization of 

proper inputs of which quality planting seed is very 

important. The quality and performance of seeds are influenced 

by their genotype and all environmental factors during seed 

production and storage. These environmental factors have been 

grouped into three different categories (Harman and Stasz, 

1986): (1) the production field where the seeds form, develop, 

and mature; (2) the storage environment wh~re seed~ are kept 

during the time between harvest and planting; and (3) the soil 

environment where seeds are planted. 
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Salinity is one of the components of adverse soil 

environments that affects seed germination and the subsequent 

growth of plants. In saline soils, especially with high rates 

of evapotranspiration, soluble salts accumulate in the upper 

soil layer where seeds are located at germination (Hendericks, 

1985; Pasternak, et al., 1979). Inadequate germination and 

unsatisfactory stand establishment are common in salt affected 

soils. The effect may be exacerbated when aged or poor quality 

seeds are used for planting. Since responses of plants to 

salinity or any other stress depend on genotype x environment 

interactions, the effects of seed aging on germination salt 

tolerance needs to be investigated. A poor understanding of 

the interactions of salinity, environment, and the plant has 

been one of the problems associated with breeding of salt 

tolerant crops (Shannon, 1984). 

This study involved evaluation of salt tolerance of 

different generations of grain sorghum (Sorghum bicolor L.) 

at germination and emergence using seeds produced in different 

environments and with different aging regimes. Sorghum is 

categorized as a moderately salt tolerant crop species (Maas 

and Hoffman, 1977) and is widely grown in arid and semiarid 

regions of the world t'lhere problems of salinity are common 

(Patel et al., 1975~ Maas and Hoffman, 1977). The primary 

objectives of this study were to: (1) investigate the effects 

of seed aging and seed production environments on salt 

-~-~ .. ---------



tolerance of sorghum at germination, 

tolerance of different sorghum hybrids 
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(2) compare salt 

and their F2 and F3 

generations at germination and emergence, and (3) evaluate 

associations between non-saline and saline treatments and 

between germination and emergence percentages. 
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REVIEW OF LITERATURE 

The growth and development of any plant may be 

restricted under adverse environmental conditions. Plants 

are considered "stressed" when prevented from expressing their 

full genetic potential (Boyer, 1982). Stressful plant 

environments include both biotic (diseases, insects, and 

weeds) and abiotic (unfavorable soil and climate) conditions. 

Through selection and conventional plant breeding, more 

improved crop cultivars have been developed to cope with 

biotic rather than abiotic factors. Many areas in the world 

have not been used for crop production because of the abiotic 

stress factors. Even in areas currently under production, 

most crop failures are caused by abiotic stress factors. In 

the united States, for example, Boyer (1982) estimated that 

nearly 70% yield loss is attributed to the abiotic stresses. 

Production of crops under the stressful environments 

has received increased attention in order to meet the food 

demands of the increasing world population. with improved 

cultural practices and improved genetic adaptations, it may 

be possible to grow crops under adverse environments currently 

not well utilized. Application of proper inputs is part of 

the improved cultural practices. Quality planting seed is one 

of the most important inputs for most crop production. 
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Seed Quality 

Different seed lots frequently differ in quality and 

germination perfoemances. Even within a seed lot, some seeds 

do not germinate and some produce abnormal or weak seedlings 

which do not develop into normal plants. The concept "seed 

quality" is explained differently by different authors. 

Cardwell (1984) describes seed quality as the reflection of 

all seed properties such as germination performance, genetic 

purity, freedom from foreign materials including pathogens, 

inert matter, other crop seeds, and weeds. Abdul-Saki (1980) 

looked at seed quality in terms of the following biochemical 

aspects: (1) the existence of a highly organized membrane in 

the seed during seed development; (2) disorganization of the 

membrane system during seed maturation and dehydration; and 

(3) a rapid reorganization of membranes upon imbibition before 

the cells become fully rehydrated. Seed quality is also 

evaluated in terms of seed vigor. Vigor is defined as " 

. those seed properties which determine the potential for 

rapid, uniform emergence over a range of environmental 

conditions" (McDonald, 1980). Maximum vigor is attained at 

physiological maturity (Harman and Stasz, 1986) and is 

influenced by (1) genetic constitution of the seed; (2) 

environment and nutrition of the mother plant; (3) stage of 

maturity at harvest; (4) seed size, weight, and density; and 
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(5) seed aging and physical integrity of the seeds (Perry, 

1981; Copeland and McDonald, 1985). 

Environmental Factors Acting on Seeds 

According to Harman and Stasz (1986), environmental 

factors that influence performance of seeds are grouped into 

three categories: (1) the seed production field, where seeds 

form, develop, and mature; (2) the storage environment, where 

seeds are kept during the time between harvest and planting; 

and (3) the soil environment, where seeds are sown to produce 

the next generation of plants. Knowledge of these 

environments is very important to understand how seeds can 

best be produced, preserved, and used for planting purposes 

especially under adverse soil environments such as salinity. 

Seed Production Field 

Very often, plants in the field are exposed to sub

optimal conditions of nutrients, temperature, and moisture. 

Characteristics such as seed weight, seed size, and number of 

seeds per plant can be affected by plant nutrition (Austin, 

1972). Cardwell (1984) indicated that deficiencies of macro

nutrients directly affect maturation of the mother plant and 

mineral composition of seeds. Delouche (1980), however, 

reported that plants exposed to low soil fertility and low 

soil moisture adjust to the environment by reducing the number 
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of seeds produced per plant. He suggested that the quality 

of the few seeds produced under marginal environments was 

nearly equal to those produced under optimal conditions. On 

the other hand, Copeland and McDonald (1985) reviewed cases 

where nitrogen fertilization of crops resulted in seeds with 

high protein levels, increased germination, seed vigor, and 

yield. 

Developing and maturing seeds are injured at high 

temperatures (Green et al., 1965) and low temperatures (Judd 

et al., 1982). The physical strains of both temperature 

extremes induce biochemical changes that lead to irreversible 

cell damage. Levitt (1980) indicated that organelles 

(mitochondria and chloroplasts) are indirectly damaged at high 

temperatures. Similarly, Cardwell (1984) reported lower field 

emergence and greater disease problems when cotton and soybean 

seeds mature at field temperatures above 30°C. He suggested 

that best quality planting seed is obtained from seeds matured 

and harvested during the cooler part of the growing season. 

Reduced seed sizes and altered seed coat characteristics such 

as hard seededness in legumes is attributed to high 

temperatures (Cardwell, 1984). Moderately high temperature 

effects are tolerated by some species. For example, floral 

development and seed set are normal up to 43°C in sorghum as 

long as soil moisture is available (House, 1985). Low soil 

moisture and frost before physiological maturity impair the 
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seed filling process resulting in light and shrivelled seeds 

(Cardwell, 1984; Copeland and McDonald, 1985). Under freezing 

conditions, ice particles form in intercellular spaces and 

cause removal of moisture and dehydration of cells (McGee, 

1986). The extent of seed injury caused by low temperature 

is directly proportional to the moisture content of the seed 

and the duration of the temperature (Judd et al., 1982; 

Cardwell, 1984). 

Conditions of too much moisture and high air 

humidity after physiological maturity are damaging to seed 

quality. This effect is known as field weathering and gets 

worse with a delay in harvest and alternate periods of wetting 

and drying (Glueck et al., 1978). Delays in harvest are 

usually caused by adverse climatic conditions, such as 

prolonged rainfall, and therefore are unavoidable (McGee, 

1986). Because of this problem, commercial seed production 

of crops such as legumes (mostly, garden peas and snap 

beans), cotton, vegetables, and forages has shifted to the 

western arid-irrigated regions of the united states (Delouche, 

1980; Harman and stasz, 1986). 

During field weathering, seed may be invaded by 

microorganisms. Interactions of the microorganisms and the 

environment, and enzymatic activities of the microorganisms 

and the seeds themselves cause seed deterioration (Glueck et 

al., 1978). In field weathered sorghum, Castor and 

---------------- -_. ----- ---_. 
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Frederiksen (1981) reported that in addition to para.sitic 

fungi such as Fusarium moniliforme and Curvilaria lunata t.hat 

infect developing kernels starting from anthesis up to seed 

maturity, fungi such as Alternia, Cladosporium and Phoma 

species invade mature kernels as saprophytes. These pathogens 

are known as "grain weathering fungi" (Castor and Frederiksen, 

1981). The authors also reported pericarp discoloration due 

to pigments produced by seed cells in response to fungi 

attack, reduction in kernel weight and germination, increased 

sprouting, degradation and molding of kernels, and production 

of mycotoxins. 

(Copeland and 

The toxic products destroy 

McDonald, 1985). Decreased 

living cells 

hardness and 

density, soft and floury appearance in seed cross sections, 

partially hydrolysed, and generally weak kernels are observed 

in field weathered sorghum (Glueck et al., 1978). 

Seed quality may be affected by seed harvesting 

machines and the subsequent handling practices. Cardwell 

(1984) indicates that physical damages such as broken seeds, 

microscopic cracks to the seed coat, or injury to the 

embryonic tissues can occur during the processes of threshing, 

conditioning, and sowing. In storage, physically damaged 

seeds deteriorate more rapidly than undamaged seeds (Copeland 

and McDonald, 1985). Similarly, Gelmond et al. (1978) 

reported that combine harvested sorghum seed were less 

resistant to artificial seed aging than hand threshed seeds. 
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storage Environment and Seed Aging 

After completion of harvest and final processing, 

most plant seeds are stored for several weeks or months before 

being used for planting. At this time, seeds undergo aging 

processes. Rate of aging is influenced by temperature, 

relative humidity, species, variety, and physical integrity 

of the seeds (Cardwell, 1984). Length of storage and presence 

of storage insects and fungi also influence rate of seed 

aging. The most common storage fungi are Aspergillus and 

Penicillium species (Copeland and McDonald, 1985). The 

authors indicated that as the population of storage fungi 

increases, respiration increases that leads to heating and 

sometimes combustion of the stored grains. 

During storage, physiological, 

genetic changes take place in seeds. 

biochemical, and 

Loss of viability, 

production of abnormal seedlings (seedlings with no shoots or 

roots), delayed germination, and production of very weak 

seedlings that do not contribute to yield are the most 

prevalent physiological changes observed in aged seeds (Roos, 

1980). Loss-of membrane integrity and selective permeability, 

evidenced by leakage of nutrients during imbibition of aged 

seeds, have been reported (Powell and Mathews, 1977; Shoettle 

and Leopold, 1984; Copeland and McDonald, 1985). Some studies 

indicate that protein synthesizing systems deteriorate during 
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seed aging. Working with soybeans, Abdul-Baki and Chandra 

(1977) and with rice, Mitra et ale (1974) have reported that 

the ability of aged seeds to synthesize nucleic acids and 

enzymes is decreased. This was attributed to a reduced ATP 

level. Copeland and McDonald (1985) suggest that as seeds 

age, a progressive decline in respiration takes place. Perl 

et al. (1978) investigated biochemical changes of sorghum 

seeds affected by accelerated aging and reported an increasing 

decline of most enzyme activities with the increasing time of 

aging. Some authors have looked at membrane bound organelles 

of aged seed cells. Harman and Drury (1973) showed that 

mitochondria are activated more slowly in aged seeds than in 

non-aged seeds. Working with aged wheat seeds, Anderson et 

ale (1970) and with aged pea seeds, Harman and Granett (1972) 

found out that spherosomes (lipid bodies) had coalesced in the 

embryos. 

Genetic changes due to chromosomal aberration and 

point mutations are reported in aged seeds (Roos, 1980). For 

this reason, Roberts (1978) recommended that viability tests 

should not be allowed to drop more than,S to 10% before seeds 

are renewed. A study conducted in Egypt (Abou-Hassein and EI

Beltagy, 1977) showed that squash (Cucurbita ~ L.) plants 

stored for one or two years produced significantly fewer male 

flowers than female flowers. In a study of genetic shift in 

mixed populations of beans (Phaseolus vulgaris) under 
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artificial aging conditions, Roos (1984a,b) demonstrated that 

black seeded cultivars increased in proportion with increased 

cycles of aging and seed production. After the fifth cycle, 

all the white colored varieties were eliminated suggesting 

that there is a difference among lines in aging resistance. 

A recent idea about aged seeds includes failure of 

repair mechanisms. Murata et al. (1982) suggested that other 

than genetic changes, breakdown of the cells' repair mechanism 

is associated with seed aging. Some of the age-induced 

damages to the cellular organization are repaired during the 

early stages of germination under normal conditions (Berjak 

and Villers, 1972). Whether such repair mechanisms could be 

effective under stressful soil environments such as salinity 

is not known. The difference between different quality 

seedlots is usually much more evident under stressful planting 

conditions than under non-stress conditions (Priestly, 1986). 

Soil Environment 

Under normal soil environment, rapid germination and 

uniform emergence of seedlings are expected a few days after 

seed sowing. Normal soil environment constitutes optimal 

levels of moisture, temperature, aeration, 

and soil chemical composition. Light is 

germination of seeds of lettuce, tobacco, 

several other wild species (Pollock, 1972). 

soil structure, 

necessary for 

tomatoes, and 

Soil microflora 
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also determine the fate of planted seeds. Soil factors are 

usually not at optimal or constant levels. Diurnal, seasonal, 

or location variations exist. Pollock (1972), for example, 

indicated that soil moisture is often too high, interfering 

with oxygen uptake or too low, causing osmotic stress during 

germination. Studies showing retardation of seed germination 

of several species due to high moisture levels and thus lack 

of oxygen are reviewed by Copeland and McDonald (1985). 

Failure of stand establishment, slow growth, and morphological 

abnormalities of seedlings have been associated with low 

temperature or chilling injuries (Pollock, 1972). 

The effects of soil microflora on germinating 

seedlings is influenced by the quality of the planting seed 

and the kind and density of microorganisms present in the soil 

(Harman and Stasz, 1986; Pollock, 1972). Although leakage of 

nutrients is generally observed during imbibition of seeds, 

poor quality seeds are known to exude a greater quantity of 

solutes than high quality seeds. The exuding nutrients 

provide nutritional stimuli for soil-inhabiting microorganisms 

(Harman and Stasz, 1986). Harman and Stasz (1986) stated 

that, as seeds lose quality through field weathering, genetic 

factors, physiological aging, mechanical damage, or other 

factors, eXUdation increases and the germinating seedlings 

become infected by pathogens such as Rhizoctonia sol ani that 

cause damping-off. Effects of microorganisms could be 
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exasperated when germination is delayed due not only to seed 

deterioration, but also to additional stresses such as low 

soil temperature and high soil salinity conditions. 

Salt Stress 

Salt stress is one of the components of an 

unfavorable soil environment affecting the establishment and 

growth of plants. In the world, about 400 million hectares 

of salt affected soils exist excluding the major desert lands 

that are also saline in nature (Staverek and Rains, 1983). 

In desert and semi-desert regions, annual precipitation does 

not exceed evapotranspiration and this often leads to salt 

buildup in the soils (Bohn et al., 1979; Epstein, 1980). In 

these areas, crop production is mainly dependent on irrigation 

but, irrigation water also often carries dissolved salts to 

the fields. Each year, tens of thousands of hectares of 

irrigated land are being lost to salinity (Flowers et al., 

1977; Toenniessen, 1984). Such losses are greater in 

developing countries than in developed countries, and this is 

mainly attributed to poor drainage systems (Toenniessen, 

1984). 

Salinity affects plants in many different ways: (1) 

it decreases osmotic potential of plant tissues, (2) causes 

nutritional deficiencies, especially of cation elements such 

as Ca, Mg, and K, (3) decreases enzyme activities, (4) alters 
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hormonal balances, (5) causes abnormal permeability of cell 

membranes and increased accumulation of toxic ions, and (6) 

causes physical stress through deterioration of soil structure 

and impermeability to water (Bernstein, 1975). Salt stress 

resembles water stress in lowering plant tissue water 

potential and this is commonly observed at high 

concentrations. At low salt concentrations, osmotic 

adjustment readily occurs and osmotic stress may not last long 

(Redmann, 1974; Shannon, 1984). 

The characteristic leaf burn of salt susceptible 

species has been associated to the direct toxic effects of 

sodium and chloride elements (Bernstein, 1965; Shannon, 1984; 

Leopold and Willings, 1984). After observing the increased 

leakiness of leaf tissues under increasing concentration of 

NaCI, Leopold and Willings (1984) concluded that monovalent 

ions directly damage membrane structures. The toxic effects 

were not observed at low salt concentrations (Redmann, 1974). 

Salt-induced toxicity may also rise from the accumulation of 

nitrogenous intermediate products resulting from altered 

metabolic activities such as protein synthesis and hydrolysis 

(FOA/UNESCO, 1973). For example, increased accumulation of 

proline has been reported in plants under increased saline 

growing conditions (Chu et al., 1976; Cavalieri and Huang, 

1979; Buhl and Stewart, 1983). 
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In a study of salt effects on growth, 

photosynthesis, and respiration of plants, Nieman (1962) did 

not observe a correlation between salt tolerance and 

photosynthetic activity per unit area of leaf sample, nor 

between the latter and NaCI levels. He reported, however, 

that respiration of leaves increased under salt culture in 

both tolerant and susceptible species. Greater effect was 

observed at low cCJncentrations in the sensitive species. 

Similarly, Schwarz and Gale (1981) reported that salinity 

caused an increase in maintenance respiration. 

Salinity and Seed Germination 

According to Maas (1986), effects of salt stress on 

plants are often evaluated in one of the following three 

phenotypic expressions: (1) the ability of plants to survive 

on saline soils: (2) the absolute plant growth or yield; and 

(3) the relative growth or yield on salina soil as compared 

with that on non-saline soil. Germination under saline 

conditions is regarded as the measure of the survival ability 

of plants (Maas, 1986). Although germination is the first 

essential step for plant growth and development, getting 

adequate germination and a satisfactory crop stand 

establishment has been one of the serious agronomic problems 

in salt affected soils. In saline soilS, evapotranspiration 

leads to the accumulation of soluble salts in the upper soil 
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layer (Pasternak et al., 1979; Hendericks, 1985) where seed 

germination takes place. Slower rates of germination, low 

germination percentage, or total failure of germination are 

commonly observed under saline conditions. 

Durrant et al. (1974) reported increasing 

For example, 

inhibition of 

germination of sugar beet seeds under increasing concentration 

of NaCl solutions. Similarly, Rathore et al. (1977) studied 

effects of different levels of salinity on germination of 22 

varieties of barley. He reported that germination was delayed 

and the total germination percentage was decreased with 

increases in salinity levels. Reduction in germination 

processes under reduced external water potential is attributed 

to a decrease in water uptake during imbibition (Delaney et 

al. (1986). 

Both the osmotic and ionic effects of salt influence 

seed germination (Uhvits, 1946). Redmann (1974) determined 

ion toxicity by germinating alfalfa seeds under both salt (Na+ 

and K+ salts) and osmotic (mannitol and PEG) solutions, and 

then transferring the treatments to distilled water. The 

recovery of seedlings removed from the osmotica was much 

better than the one from the salt solutions. 

Some authors have provided biochemical explanations 

for the effects of salinity on germination. For example, 

Prisco and Viera (1976) investigated hydrolysis of proteins, 

proteolytic activities, and soluble amino nitrogen levels in 
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cotyledons of germinating cowpea (Vigina sinensis) seeds under 

both saline and non-saline conditions. They reported a 

delayed hydrolysis of proteins and accumulation of larger 

amounts of soluble amino nitrogen in seeds germinated under 

the saline than the non-saline condition. The total 

proteolytic activity was not affected, although specific 

activity was decreased. Therefore, the authors suggested that 

the inhibitory effects of salinity on germination may be due 

to inhibition of translocation of hydrolysis products. Anter 

et al. (1978) investigated effects of different concentrations 

of chloride and sulphate salts along with an osmoticum, 

mannitol, on respiration of germinating broad bean (Vicia 

faba) seeds. The authors reported that respiration declined 

with increasing concentration of all the treatments, with no 

significant difference between the effects of both salt 

groups. At low concentrations, respiration of all the 

treatments were comparable with the respiration of seeds 

germinated under distilled water. 

All the above investigations of germination under 

salt stress were made presumably by using high or acceptable 

quality seeds. There are no reports available indicating the 

relationships between poor seed quality and salt tolerance at 

germination, excepting for a recent work on alfalfa (smith and 

Dobrenz, 1987). The authors reported that aged seed had 

significantly lower salt tolerance than non-aged seed within 

~----~---- -- ---
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cul ti vars even though corrections were made for the age 

difference. 

Salt Tolerance of Plants 

Plants may have naturally evolved several 

physiological and biochemical mechanisms of coping with 

salinity stress. Although neither of the above mechanisms 

are fully understood, better explanations are available 

relevant to the physiological mechanisms. The most reported 

ones include: (1) passive exclusion that involves low 

permeability of roots to salts; (2) active extrusion that may 

involve excretion of salts reaching the shoots through salt 

glands and bladders located on leaves or extrusion of salts 

entering the roots back into the external environment; (3) 

dilution of the entering salts that leads to increase in fresh 

weight and succulence of plants; and (4) salt inclusion and 

osmoregulation, also known as "true tolerance" (Flowers et 

al., 1977; Greenway and Munns, 1980; Levitt, 1980; staverek 

and Rains, 1983). Osmoregulation is accomplished by 

increasing intercellular concentrations of organic and 

inorganic solutes in response to the external salt stress. 

Extensive reviews of salt tolerance through osmoregulation are 

made by Flowers et al. (1977) and Greenway and Munns (1980) 

for halophytes and glycophytes, respectively. Most halophytes 

are generally known as salt includers while most glycophytes 
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arQ known as salt excluders. Nevertheless, there is no 

absolute exclusion of salt out of plants grown in saline 

soils. Staverek and Rains (1983) indicated that only the 

level of salt in plants varies from small amounts for 

glycophytes to large amounts in halophytes. Among the 

glycophytic crop plants, all monocotyledon species are grouped 

next to halophytes in salt tolerance, followed by beans and 

fruit trees (Greenway and Munns, 1980). 

Salt tolerance is described by Toenniessen (1984) 

as II a complex of whole plant characteristics with 

physiological and biochemical functions controlled by several 

genes." Environmental factors play a major role in 

influencing such plant characters. It has been known that 

plants of the same species grown at different geographical 

locations show differences in salt tolerance (FAO/UNESCO, 

1973) . This is an ecological adaptation resulting from 

differences in climate and soil conditions. Chemical 

composition of salts or soils are variable from place to place 

so that plants adapted to one location may not do as well in 

another location. For instance, Redmann (1974) observed 

different inhibitions of germination of alfalfa seeds under 

iso-osmotic concentrations of different kinds of salt 

solutions. Maas (1986) reported that crop plants grown under 

hot dry conditions were more sensitive to salinity than those 

grown under cool humid environments. He also found that 
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plants grown on infertile soil appeared more salt tolerant 

than those grown on fertile soil. All these phenomena 

contribute to the complexities of improving salt tolerance of 

crop plants. Shannon (1984) indicated that a lack of 

understanding of the interactions of salinity, environment, 

and the plant growth is one of several problems associated 

with breeding of salt tolerant crops. Therefore, it may not 

be surprising that little progress has been made in the 

development of improved crop plants; despite several reports 

(Ayers, 1953; Taylor et al., 1975; Guar and Tomar, 1975: 

Rathore et al., 1977; Ratanadilok, 1978; Norlyn, 1980: 

Schaller et al., 1981) indicating the availability of genetic 

variations in salt tolerance among and within species of crop 

plants. 

Sorghum Salt Tolerance 

Within field crops, sorghum has been categorized as 

a moderately salt tolerant species (Maas and Hoffman, 1977). 

It is widely grown in the arid and semi-arid regions of the 

world under rainfed or irrigated agriculture where salinity 

problems are often encountered (Patel ct al., 1975 and Maas 

and Hoffman, 1977). Partial accumulation of ions may be the 

mechanism of salt tolerance of sorghum. Francois et ale (1984) 

and Maas (1986) reported that levels of CI- and Ca+2 ions 

increased in leaves of sorghum plants grown in NaCI and CaCl2 
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solutions. They reported that Na+ was essentially excluded 

from the upper leaves. In an earlier similar investigation, 

Patel et al. (1975) observed increases of all three elements 

(ca+2 , CI-, and Na+) in the leaf tissue of sorghum plants. This 

observation, however, was associated with high phosphorous 

nutrition of the plants. Aggravation of salt-induced leaf 

injuries have been reported under high supply of phosphorous 

nutrition (Bernstein et al., 1974). 

Sorghum is more highly salt tolerant at germination 

than at the later growth stages (Francois et al., 1984; Maas 

et al., 1986) with the vegetative stage being the most 

sensitive. Germination salt tolerance is a very desirable 

character to overcome the problem of stand establishment, 

especially in areas where salt buildup at the soil surface is 

very high. Differences in salt tolerance at different growth 

stages (ontogeny) also exist in other crops and may' be 

influenced by few genes (Shannon, 1984). Abel (1969) reported 

that CI transport to the shoots of soybean was heritable and 

controlled by a single gene. If the few genes involved in 

salt tolerance of plants at specific growth stages could be 

identified, it may be possible to develop crop plants with 

improved salt tolerance throughout their life cycle. To better 

understand the genetics of salt tolerance at different growth 

stages, environmental effects on the parameters investigated 

need to be well understood and controlled. This present study 
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mainly deals with the effects of seed aging and seed 

production environment on germination salt tolerance of grain 

sorghum. 
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MATERIALS AND METHODS 

Seed Source 

The main group of sorghum genotypes evaluated in 

this study consisted of 22 grain sorghum F1 hybrids and their 

F2 and F3 segregating generations (Table 1). The F1 seeds were 

obtained from different commercial seed companies having been 

produced at unknown and presumably different locations. Their 

F2 and F3 generations were produced in different fields at the 

University of Arizona, Marana Agricultural Center, in 1984 and 

1985, respectively. 

A second group of sorghum genotypes evaluated for 

germination salt tolerance were 12 F2 populations (Table 2) 

produced (in 1984) by growing their F1 hybrids at the 

University of Arizona, Marana Agricultural Center, under three 

different field environments. The three environments were: 

(1) full-season growth with optimum irrigation, (2) full

season growth with limited irrigation, and (3) late-planted 

(short-season growth) with only one initial irrigation and 

additional moisture from rainfall. The short-season growth 

has been utilized for double cropping by local growers, and 

is referred to as a double-crop environment. Some differences 

among these three environments and related observations are 

presented in Table 3. 



Table 1. Weights of 100 seeds for grain sorghtnn F1 hybrids 
arxi their F2 arxi F3 generations tested for gennination salt 
tolerance. 

100 seed weight (g) 

Entry F1 F2 F3 
------

Asgraw Colt 3.2 2.7 2.7 
Asgraw Double TX 3.5 2.7 2.6 
Cn:gill 55 3.6 2.6 2.1 
Cn:gill PAG 4462 3.4 2.8 2.4 
Cn:gill PAG 5665 2.7 2.7 2.4 
Paymaster DR 1125 3.8 2.8 2.7 
Paymaster 1099 3.7 2.8 2.9 
DeKalb 59E 3.0 3.2 2.7 
FUnk seeds G-1711 2.8 2.8 2.4 
Northrup King 2788 2.8 2.9 2.8 
Pioneer 8300 3.1 2.9 2.6 
Seedtec WAC 692 3.8 2.7 2.6 
seedtec WAC 715 DR 3.6 3.5 2.5 
seedtec WAC 2003 3.3 2.5 2.2 
stauffer seed 89750 3.3 3.0 2.2 
Taylor-Evans Dinero 3.9 2.9 2.9 
Taylor-Evans Y77 3.4 3.0 2.6 
Triunph Two 50yG 3.4 2.9 3.1 
Triunph Two 54yG 3.3 2.6 2.7 
Triunph Two 700 4.0 3.1 3.0 
Triunph Two 800 3.3 2.8 2.3 
R. C. Yatmg Oro xtra 3.0 2.8 2.5 

-------
Mean 3.4 2.8 2.6 

-------------
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Table 2. Weights of 100 seeds for F2 generations of sorghum 
produced (in 1984) at the University of Arizona, Marana 
Agricultural Center, under three different field environments and 
tested for germination salt tolerance. 

================================================================= 

Entry 

Asgrow Chaparral 
Asgrow Colt 
Asgrow Opal 
Asgrow Topaz 
Pioneer 8300 
Triumph Two 50yG 
Triumph Two 54yG 
Triumph Two 70D 
Triumph Two 80D 
Triumph Two 60D 
Triumph Two 62yG 
Groagri GSA 1290 

Mean 

100 seed weight (g) 

Full
season 
irriga
tion 

2.7 
2.7 
3.1 
2.8 
2.9 
3.0 
2.5 
3.0 
2.8 
2.6 
2.9 
2.7 

2.8 

Limited 
irriga
tion 

2.6 
2.4 
3.1 
2.8 
2.8 
2.6 
2.7 
3.3 
3.0 
2.3 
3.0 
2.9 

2.8 

Double 
crop 

2.3 
2.5 
2.7 
2.2 
2.4 
1.8 
2.0 
2.6 
2.4 
2.2 
2.3 
2.6 

2.3 

.p
o 
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Table 3. Seed production environment and related observations 
for the F2 generations of sorghum produced (in 1984) at the 
University of Arizona, Marana Agricultural Center. 

============================================================== 

Observation 

Total moisture+ 
supply (ha-cm) ••.•• 

Planting date++ .... 

50% bloom 
a) date •••••..•.. 
b) days after 

planting .•.•.. 

Approximate date 
of physiological 
maturity •••••.•••. 

Harvesting date •... 

Days between phy
siological matu
rity and harvest ••. 

E n vir 0 n men t 

Full-season 
irrigation 

43 

5/22 

7/27 

66 

8/27 

11/20 

85 

Limited 
irrigation 

31 

5/16 

7/23 

68 

8/23 

10/30 

69 

Double 
crop 

29 

7/11 

9/05 

55 

10/05 

11/15 

41 

+ Total moisture = irrigation plus rainfall (10.2 ha-cm) 
received during the season. 

++ date = month / day. 
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The parent plants of all of the F2 and F3 generations 

grown at the University of Arizona, Marana Agricultural 

Center, received preplant nitrogen and phosphorous fertilizers 

at rates of 71.7 and 89.6 kg ha-1 , respectively, as recommended 

for the location. A post-emergence application of Atrazine (6-

chloro-N-ethyl-1,3, 5-triazine-2,4-dioxide) at a rate of 1.7 

kg ha- 1 active ingredient was made for weed control. 

The laboratory and greenhouse tests were conducted 

at the University of Arizona, Campus Agricultural Center. The 

F2 and F3 field-produced seeds were treated with 50% W/P capt an 

(N-«trichloromethyl) thio)-4-cyclohexene-1,2-dicarboximide) 

at the rate of 3.3 g kg-' prior to use in this study (Khalif, 

1985) . F, seeds had been previously treated with different 

fungicides by their respective producing companies. 

Seed Aging 

Sorghum seeds were. artificially aged using an 

accelerated aging chamber (Model AA, Stults Scientific 

Engineering Corporation). The chamber was set at 45°C and 100% 

relative humidity. One hundred seeds without visual damage or 

glumes were hand counted, placed in a labeled 6 x 10 cm paper 

packet, and weighed. The seeds were then placed in labeled 

open 9-cm petri dishes. The petri dishes were arranged 

ingroups on 20 x 25 cm plastic trays. The trays were stacked 

in the aging chamber in such a way that there was enough space 
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between adjacent trays to allow air circulation over the seed 

samples. 

In a preliminary experiment, condensation and 

dripping of water from the lid of the aging chamber was 

observed and it wetted some of the seeds being incubated. To 

avoid this problem in the main experiment, a roof was 

constructed out of two 35 x 45 cm fiberglass trays joined in 

an angle under the lid of the aging chamber. In this way, 

the seed treatments underneath were protected from physical 

contact of water drops from the lid of the chamber. 

After being artificially aged for 72 h (Delouche and 

Baskin 1973), the seeds were removed from the chamber, placed 

in the labeled paper packets, and air dried at room 

temperature (20°C). The seeds were kept at this temperature 

until their weights after aging matched weights before aging 

and then stored at 5°C until they were used for germination. 

Laboratory Germination Test 

Laboratory germination studies were conducted for 

two experiments. The first experiment involved germination 

of artificially aged and non-aged seeds of 22 F, hybrids and 

their F2 and F3 generations (Table 1). The second experiment 

involved germination of 12 F2 families produced under three 

different field environments (Table 2). 

In both experiments, seeds were germinated in a 
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growth chamber under saline and non-saline conditions. The 

growth chamber was set at a constant temperature of 25 ± 1°C. 

According to AOSA (1981), a temperature range of 20 to 30°C 

for a period of 10 d is recommended for a standard germination 

test of non-dormant sorghum seeds. In this study, seed aging 

and salinity stresses were involved, both of which are 

expected to delay germination. Therefore, the germination 

period was extended to 15 and 20 d in the first and second 

experiments, respectively. 

For the saline and non-saline tests, NaCl solution 

and distilled water were utilized, respectively. Although 

• - 2 - - + +2 +2 • lons such as S04 , HC03, Cl, Na, Ca , Mg , and sometlmes 

N03- and K+ are generally observed in saline soils (Bernstein, 

1975), NaCl is commonly utilized in salt stress research. Na 

salts, particularly NaCl, are commonly encountered in saline 

soils (Richards, 1969; Levitt, 1980). 

The level of NaCl solution used for the germination 

tests was -1.40 MPa. Ratanadilok (1978) observed more 

variation in germination salt tolerance of sorghum cultivars 

screened at -1. 40 MPa than at -1. 20 or -1. 60 MPa NaCl 

solutions. The salt solution was prepared using Van't Hoff's 

equation. That is: 

Y = Mi RT/10 

where: Y = osmotic potential (MPa); M = molality of the 

solution; i = salt ionization constant (NaCl = 2); R = gas 
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constant (0.083); T = temperature (degrees Kelvin). 

The germination tests were conducted on plastic 

trays (20 x 25 cm, A&E Plastics) lined with two folded 25 x 

38 cm germination towels (Anchor paper). Two towels were used 

in order to provide enough moisture for the extended duration 

of germination. The towels were initially saturated with 45 

ml of the appropriate solution. The seeds were placed on the 

trays with uniform spacing between folds of the towels. Then 

the trays were covered with plastic bags to reduce 

evaporation and placed in the growth chamber. Germination 

counts were made every day until the end of the test. 

Seedlings with both plumule and radicle lengths of 1 cm or 

more were counted as germinated and removed from trays. Rate 

of germination was calculated as Germination Index (days) 

using the equation of Smith and Millet (1964). That is: 

Index = ~ (days x no. seed germinated)/total 

germination count. 

Where: Index days to 50% of total germination; 

days number of days counted from the 

beginning of the germination test. 

The laboratory germination tests were conducted 

differently for the non-saline and saline treatments. The 

tests were run in factorial treatment arrangements of 

randomized complete block design (ReBD) with two and three 

replications under non-saline and saline conditions, 
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respectively. The two experiments were, run simultaneously one 

replication at a time, but with separate randomizations. 

Greenhouse Emergence Test 

The emergence test was conducted in the greenhouse 

from December 1986 to March 1987. The temperature of the 

greenhouse during this study was recorded using model 594 

hygro-thermograph (Bendix Corporation). The average maximum 

(day) and minimum (night) temperatures recorded were 29.0 and 

18.0oC, respectively. 

A preliminary greenhouse emergence study was 

conducted in order to choose appropriate emergence medium and 

solution concentrations. Two sorghum genotypes, PI34911 and 

RS 610 (a public grain sorghum hybrid) previously determined 

to be germination salt tolerant and salt susceptible 

cultivars, respectively (C. Schmalzel and R. L. Voigt, 1986, 

personal communication), were evaluated under two emergence 

media and three salinity levels. The media were: (1) 100% 

sand, and (2) 50% sand and 50% field soil. Neither media was 

sterilized. The three salinity levels included -1.40 and 

0.80 MPa of NaCl solutions and tap water (0.00 MPa). Based on 

the results of the preliminary study (Table AI), the emergence 

test was conducted using the 100% sand medium and the salinity 

levels of 0.00 and -0.80 MPa. 
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six of the 22 hybrids evaluated in the laboratory 

germination test along with their F2 and F3 generations were 

selected to be tested for emergence salt tolerance. The six 

hybrids were selected based on their performance in the 

germination salt tolerance study conducted in the growth 

chamber. These entries were Oekalb 59E, Taylor E. Dinero, 

Triumph Two 700, Taylor E. Y77, Asgrow Colt, and Paymaster 

1099. In terms of germination salt tolerance rankings, the 

first two were from the top, the second two from the middle, 

and the last two from the bottom in previous evaluations. The 

emergence tests were conducted in three replications using 

separate RCBD for both the non-saline and saline treatments. 

The seed treatments were planted in rows at a depth of 2.5 cm 

in 10 x 68 x 68 cm wooden flats filled with sand. The 

treatments were irrigated daily with measured amounts of 

appropriate solutions. Initially, 13 L was applied to each 

flat to moisten the sand thoroughly. Then,_ a range of three 

to five L was applied each day, depending on drying until 

about a liter of leachate was collected from each flat. A 

piece of plastic sheeting was loosely attached to the bottom 

of each flat to facilitate leachate collection. Sa~ples of 

the leachate were collected to determine the extent of salt 

buildup during the emergence period of the seedlings. This 

was done three times, at weekly intervals, starting the first 

day and ending the last day of irrigation. Salt 
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concentrations of the leachate samples were determined using 

a corning Model 150 electric conductivity meter. 

Emergence counts were made every day for 15 d. Any 

seedling with a coleoptile protruding through the sand surface 

was counted as emerged. Other researchers have used similar 

techniques in evaluation of emergence of sorghum under 

salinity stress (Taylor et al., 1975; Amthor, 1983). 

Emergence index values were calculated using the same formula 

used to calculate germination index values. 

Analyses of variance were conducted on the 

germination and emergence percentages and the germination and 

emergence index values. Before the analyses of variance, the 

arcsine transformation was made on the germination and 

emergence percentages (Steel and Torrie, 1960). Results 

presented in tables and graphs and their interpretations are 

based on retransformed percentage values. Significant 

interactions were interpreted by one way analysis within the 

interacting factors. Main effect means were compared when 

their F ratios appeared greater than the interaction F ratios. 

Mean comparisons were made using either the Student Newman

Keul's test or the Least significant Difference test where 

appropriate. 
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RESULTS AND DISCUSSION 

Laboratory Germination Tests 

Experiment I. Effects of aging on sorghum seed germination 

under saline and non-saline environments: 

A summary of the analysis of variance for the test 

conducted to evaluate germination performances of 22 grain 

sorghum hybrids and their F2 and F3 generations under two seed 

aging and two salinity levels is presented in Table 4. Effects 

of age, generations, and varieties (entries) and their first 

and second order interactions were highly significant in both 

germination percentage and germination index values. The 

implication of the significance of the interactions is that 

germination performances of the entries differed with 

different seed ages and generations. Differences among 

replications were not significant and values of the 

coefficients of variation were less than 20%. 

Mean germination percentages under non-stress and 

salinity stress are presented in Tables 5 and 6, respectively. 

In all three generations, significant differences were 

observed among the entries. But it was difficult to say the 

differences observed among the entries (especially among the 

hybrids) were genotypic because of their differences in seed 

production environments. Initially to avoid this problem, it 

.-----------.----... - --------



Table 4. Mean squares of germination percentage (GP) am germination .imex (GI) 
of FIr F2' am F3 generations of sorghum seeds produced in variable envi1::orments 
am tested under two seed agirq am two levels of NaCl trea'bnents. 

NaCl level 

0.00 MFa -1.40 MFa 

Source D.F. G P G I (d) D.F. G P G I (d) 

Replication 1 0.003 ns 0.017 ns 2 0.005 ns 1.268 ns 

Age 1 2.298 *** 28.063 *** 1 2.954 *** 8.534 ns 

GenerationjErw. 2 2.966 *** 7.408 *** 2 2.649 *** 263.235 *** 

Variety 21 0.082 *** 0.727 *** 21 0.167 *** 6.614 *** 

Age x Gen. 2 0.145 *** 21.031 *** 2 0.078 *** 13.083 ** 

Age x Var. 21 0.002 *** 0.267 *** 21 0.019 *** 4.768 ** 

Gen x Var. 42 0.044 *** 0.257 *** 42 0.073 *** 5.819 *** 

AxGxV 42 0.013 *** 0.221 *** 42 0.023 *** 4.399 ** 

Error 131 0.004 0.089 262 0.008 2.405 

c.V. (%) 5.9 7.4 18.8 13.4 

*, **, and *** = significant F values at the 0.05, 0.01 and 0.001 probability 
levels, respectively; and ns = not significant. 

U1 
o 



Table 5. Mean gemination percentages of F1' F?, am F3 generations of sprghtnn in distilled water 
urx:ier artificially aged ani non-aged seed corrlit1ons. 

F1 F2 F3 
Entty Non-aged Aged Non-aged Aged Non-aged Aged 

% 
Asgl:cM a:>lt 84.0 t+ 22.9 k 71.0 e 45.5 j 93.4 b-e 81.2 cx:l 
Asgl:cM Double TX 88.6 de 43.5 i 60.6 f 30.0 1 92.5 cx:le 71.0 f 
cargill 55 93.0 a-d 83.0 cx:le 75.5 a:ie 53.5 g 89.5 e 84.0 be 
cargill PAG 4462 91.0 cx:l 76.0 g 75.5 a:ie 56.5 efg 94.5 a-e 86.5 ab 
Cargill PAG 5665 82.6 f 34.9 j 79.5 be 65.0 b 97.0 abc 84.5 be 
Paymaster m 1125 97.4 ab 87.0 be 76.5 cx:l 67.5 b 95.5 a-e 84.4 be 
Paymaster 1099 71.5 g 20.9 K 76.5 a:i 35.5 k 99.7 a 82.0 cx:l 
DeKal.b 59E 97.1 ab 90.1 ab -82.5 a 75.1 a 97.0 abc 86.0 ab 
Funk seed G-1711 90.0 de 76.0 g 73.0 de 62.0 c 96.1 a-d 84.6 be 
Northrup King 2788 92.0 cx:l 92.3 a 87.2 a 61.0 cx:le 95.7 a-e 78.0 de 
Pioneer 8300 92.7 bcx:l 68.0 h 73.6 de 44.5 j 96.7 abc 85.8 be 
Seedtec WAC 692 92.5 bcx:l 78.1 fg 63.8 f 35.5 k 96.5 abc 85.0 be 
Seedtec WAC 715 m 98.1 a 85.6 bcx:l 63.0 f 44.0 j 96.5 abc 69.1 f 
Seedtec WAC 2003 93.0 a-d 74.3 g 75.0 cx:le 60.0 def 85.8 e 62.6 g 
Stauffer Seed S9750 95.0 abc 81.7 def 74.8 a:ie 50.0 hi 91.7 de 90.9 a 
Taylor Evans Dinero 89.1 de 68.1 h 77.1 bcx:l 77.0 a 93.5 b-e 83.8 be 
Taylor Evans Y77 95.5 abc 86.4 bcx:l 77.6 bcxi 64.7 be 97.4 abc 83.7 be 
TriU!Iph 'l\.'o 50yG 86.1 ef 81.5 def 61.5 f 56.5 efg 92.8 b-e 76.7 e 
TriUilPl 'I\oIo 54yG 88.5 de 79.0 efg 86.5 a 61.0 a:ie 94.2 b-e 84.3 be 
TriUilPl 'lWo 700 95.5 abc 86.8 be 73.6 de 51.0 h 96.7 abc 81.0 cx:l 
Trilmph 'lWo 800 91.5 cx:l 77.0 fg 71.0 e 56.0 efg 94.0 b-e 83.5 be 
R.C.Y. Oro Xtra 88.5 de 70.8 h 79.5 be 50.0 hi 96.0 a-e 86.5 ab 

Mean 91.7 72.9 76.9 56.5 95.3 78.7 
%germ. reduction 20.5 26.6 17.4 

ISO = 6.5 am 8.6% for the Fl.' 4.0 ani 5.3% for the F2' am 3.3 ani 4.2% for the F3 entries at 
P = 0.05 am 0.01, respectively, for canparisons between aged ani non-aged means. 

+ Mean values within the same column followed by the same letter are not significantly different 
accordin:J to the Student Newnan-Keul's test at the 0.05 probability level. This comparison may 
not be valid for the F1 entries because of their differences in seed production environment. lJ1 

...... 



Table 6. Mean germination percentages of F1' F2' ani F3 generations of sorghmn subjected to -1.40 
MFa NaCl solution urrler artificially aged ani non-aged seed corrlitions. 

F1 F2 F3 
Entty Non-aged Aged Non-aged Aged Non-aged Aged 

% 
AsgrcM Ollt 10.0 k+ 5.3 m 14.9 fg 1.1g 15.2 fg 14.6 lx:xl 
AsgrcM Double TX 31.0 hi ~2.8 i-I 25.0 be 9.2 exl 28.6 a 12.3 exle 
cargill 55 41.7 9 18.9 gh 24.2 be 7.9 exle 21.2 be 3.7 gh1 
cargill PAG 4462 46.2 fg 21.1 9 22.7 c 2.7 efg 29.6 a 17.5 be 
cargill PAG 5665 46.0 fg 8.8 1 29.9 b 3.3 efg 29.9 a 14.0 lx:xl 
Payrraster DR 1125 55.3 exl 47.0 be 25.6 be 5.2 c-f 24.3 b 25.5 a 
Payrraster 1099 19.0 j 4.1 m 18.8idef 9.5 exl 13.5 9 12.1 exle 
DeKalb 59E 81.5 a 77.8 a 40.7 a 28.6 a 26.6 ab 17.4 be 
F\mk seed G-1711 68.9 b 45.3 be 21.4 exle 6.7 exle 27.7 ab 8.3 def 
Northrup King 2788 42.5 9 36.5 de 17.6 ef 7.8 exle 4.3 i 4.4 fgh 
Pioneer 8300 51.1 def 17.7 ghi 11.1 i 6.0 c-f 9.3 h 4.1 fgh 
Seedtec WAC 692 61.4 c 14.4 h-k 21.0 exle 7.2 exle 20.6 lx:xl 22.0 a 
Seedtec WAC 715 DR 57.4 exl 49.3 b 21.0 exle 6.0 c-f 19.3 lx:xl 8.0 efg 
Seedtec WAC 2003 33.8 h 29.3 f 12.5 h 2.2 fg 2.2 i 2.3 hi 
stauffer Seed S9750 60.8 c 31.7 ef 16.6 ef 10.3 c 24.3 b 9.6 def 
Taylor Evans Dinero 70.0 b 31.1 ef 22.3 exl 22.3 a 17.5 def 8.6 def 
Taylor Evans'i77 47.7 f 30.7 ef 18.0 ef 9.1 exl 15.8 efg 10.4 de 
Tri\.tlllil 'l\oIo 5O}'G 27.8 i 15.1 hij 12.8 gh 8.2 exl 21.1 exl 13.5 b-e 
Tri\.tlllil 'l\oIo 54 yG 30.6 hi 11.1 jkl 30.6 b 8.9 exl 7.9 h 7.5 efg 
Tri\.tlllil 'l\oIo 700 47.3 fg 37.1 de 29.8 b 3.9 d-g 30.8 a 19.9 ab 
Tr l\.tlllil 'l\oIo 800 34.8 h 18.3 gh 26.3 b 19.7 b 22.9 be 0.5 i 
R.C.Y. Oro Xtra 49.3 ef 41.9 exl 30.4 b 18.0 b 28.0 a 12.0 exle 

Mean 44.9 26.4 24.5 9.8 20.9 11.9 
% germ. reduction 41.3 60.0 43.1 

ISO = 3.7 ani 4.9% for the Ft, 2.6 ani 3.4% for the F2' ani 3.2 ani 4.2% for the F3 generations at 
P = 0.05 ani 0.01, respect vely, for comparisons between aged ani non-aged means. 

+ Mean values within the same coltnnn followed by the same letter are not significantly different 
according to the Student Newman-Keul's test at the 0.05 probability level. '!his comparison may 
not be valid for the F1 entries because of their differences in seed production environment. \JI 

N 
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was intended to express germination under salt stress as 

percentage of germination under non-stress conditions. This 

correction procedure was practiced by other researchers 

(Clarke and West, 1969; Sands, 1981; Allen et al., 1985 and 

Vandermozel and Bell, 1987) with the assumption that 

germination values under stress conditions are proportional. 

to germination values under non-stress conditions. 

Nevertheless, such relationships did not appear to hold true 

in this particular study, where different quality seeds were 

invoved. For example mean germination percentage of 

artificially aged F2 seed (produced in 1984) was reduced by 

60%, under salt stress, whereas, those of the F1 and F3 

generations (produced in 1985) were reduced by 41 and 43%, 

respectively (Table 6), when compared with mean germination 

percentages of their non-aged seeds. Such reductions under the 

non-saline medium, were 21, 27, and 17%, for the F1, F2' and 

F3 generations, respectively (Table 5). Under both stress 

levels, although the F2 generation was more affected by 

artificial aging than the F, and F3 generations, the difference 

in percent germination reduction between the F2 and the other 

two generations was greater under the salinity stress than 

under the non-stress conditions. similarly, percent 

germination reduction due to artificial seed aging was larger 

under salinity stress than under non-stress conditions (48 vs. 

17%) (Table 7). This result is in agreement with smith and 
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Dobrenz (1987) who reported significant differences among the 

corrected germination values within alfalfa populations 

subjected to different aging regimes and concluded that the 

correction procedure may not be valid. The results indicate 

that germinations of different quality seeds are differently 

affected by salinity stress. 

Moreover, artificially aged seeds with poor 

germination salt tolerance exhibited rather exaggerated 

corrected values. For example, corrected germination values 

of aged F, seeds of Asgrow Colt, Asgrow Double TX, Paymaster 

DR 1125, Paymaster 1099, and Seedtec WAC 715 DR were larger 

than their corrected germination values under non-aged seed 

conditions (Table A2). Similar observations were made for aged 

seeds of F2 Asgrow Double TX, F3 Paymaster 1099, and Seedtec 

WAC 2003. Conversely, uncorrected germination values revealed 

that aged seeds in most cases had significantly lower 

germination percentages than non-aged seeds; in a few entries, 

germination of aged seed were not significantly different from 

non-aged seeds (Table 5 and 6). Smi th and Dobrenz ( 1987) 

reported similar observations. Clarke and West (1969) reached 

different conclusions in reporting corrected and uncorrected 

germination values of a forage species (Kochia americana) 

tested for salt tolerance. 

Since data reported on the corrected germination 

values appeared misleading, interpretations were made using 



Table 7. Mean germination percentage (GP) and germination index 
(GI) calculated over FIt F2t and F3 generations of artificially 
aged and non-aged sorghum seeds subjected to 0.00 MPa and -1.40 
MPa NaCl solutions. 

================================================================= 

NaCl level 

0.00 MPa - 1.40 MPa 

Seed quality GP GI GP GI 

Non-aged 89.1 a+ 3.7 a 29.7 a 11.4 a 

Aged 73.8 b 4.3 a 15.4 b 11.8 a 

% reduction 17.0 48.0 

+ Means within the same column followed by the letter are not 
significantly different according to the Student Newman-Keul's 
test at the 0.05 probability level. 

V1 
V1 
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the uncorrected values, keeping in perspective the potential 

confounding effects of differences in seed production 

environments. 

Of all the entries, germination salt tolerance of 

DeKalb 59E was outstanding not only among the F, hybrids, but 

also among the F2 entries. Germination percentage of the same 

cultivar within the F3 entries was also among the highest 

under both non-aged and aged seed conditions (Table 6). This 

may suggest that the germination salt tolerance of DeKalb 59E 

was influenced largely by genetic factors. similarly, since 

seed production and storage environments of entries within the 

F2 and F3 generations were the same, the significant 

differences observed among them could be due to inherent 

genetic factors. For example, under salinity stress and non

aged seed conditions, F2 and F3 entries of Asgrow Double TX, 

Cargill PAG 5665, Paymaster DR 1125, Triumph Two 700, and R. 

C. Oro xtra had significantly higher germination percentages 

than most of the others. Seedtec Wac 2003 consistently showed 

poor performance within the: three generations (Table 6). 

Germination percentage of Taylo Evans Dinero was the second 

best among the hybrids and less than the average among the F2 

and F3 generations. This suggests that the high germination 

performance of the hybrid may have been due to either hybrid 

vigor or environmental factors. 
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Cumulative germination percentages averaged overtime 

across F1, F2, and F3 generations of the 22 sorghum entries are 

presented in Fig. 1. For both artificially aged and non-aged 

seeds, onset of germination was sooner and total germination 

percentage was higher under the non-saline than under the 

saline environments. Cumulative germination percentages of 

aged seeds was lower than non-aged seeds under both salt 

stress and no-stress conditions. Under the non-saline 

conditions, maximum germination was reached on day 6 and day 

7 following imbibition for non-aged and aged seeds, 

respectively. Afterwards, germination leveled off for both 

aged and non-aged seeds. Under salinity stress, no significant 

difference appeared to exist in cumulative germination 

percentages after 13 d of imbibition. Germination of seedlings 

was continuously observed through the last day of the 

experiment (15 d from the beginning of imbibition) and no 

maximum value was reached in either seed aging treatments. 

Final germination percentage of aged seeds was significantly 

lower than that of non-aged seeds under both non-saline and 

saline treatments (Table 7). 

Entries with high germination salt tolerance also 

had high seed aging resistance. For example, g~rmination 

performance of DeKalb 59E in the -1.40 MPa NaCI solution was 

superior to the other hybrids under both aged and non-aged 

seed conditions (Tables 5 and 6). This may be expected, 
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because seed aging is often associated with disintegration of 

cell membranes (plasmalemma and tonoplast), as evidenced by 

leakage of nutrients during imbibition of aged seeds (Powell 

and Mathews, 1977; Schoettle and Leopold, 1984; Copeland and 

McDonald, 1985). It is commonly assumed that the plasmalemma 

and tonoplast control the movement of salts and other solutes 

into and out of the cell. Therefore, it is likely that the 

influx of salt across the membranes and the subsequent toxic 

or osmotic effect is higher in aged seeds than in non-aged 

seeds. 

Germination percentages under salinity stress 

appeared to be correlated with germination percentages under 

the non-stress conditions for the F, entries. Nevertheless, 

the correlation coefficient values were low (r2 < .50) under 

both saline and non-saline conditions (Table 8). Similar 

correlations for the F2 and F3 entries were not significant, 

indicating that germination performance under salt stress and 

non-stress environments were different. similarly, one hundred 

seed weight generally did not correlate significantly with 

germination percentages under both the seed aging and the 

salinity treatments (Table A3). 

Germination index values of most of the entries were 

not significantly different under the two seed aging and the 

two salinity treatments (Tables A4 and A5). Germination rates 

were either slightly reduced or unaffected by artificial 
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Fig. 1. Mean cumulative germination 
percentages of sorghum under non-saline and 
non-aged (NSNA), non-saline and aged (NSA), 
saline and non-aged (SNA), and saline and 
aged (SA) seed conditions. Mean values are 
calculated across F1' F2, and F3 generations 
of 22 entries, and replications. vertical 
bars at data points represent ± the standard 
error of the mean. NaCl levels of 0.00 and 
-1. 40 MPa were used for the non-saline and 
saline tests, respectively • 
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aging. In a few cases, however, rates of germination appeared 

to have increased. For example, under salinity stress (Table 

A5), germination index values of aged seeds of F, Paymaster 

1099, F2 Asgrow Colt and Cargill PAG 4462, and F3 Seedtec WAC 

2003 and Triumph Two 800 were significantly lower than 

germination index values of their non-aged seeds. It was noted 

that the reduced germination index values of the above 

entries were associated with very low germination percentages 

corresponding to the entries under salinity stress (Table 6) . 

In these entries, most of the seedlings were germinated and 

counted during the first few counting days of germination 

suggesting that the germination index values represented both 

the onset and days to 50% germination. Similar observations 

were made for the F2 generations of Cargill seeds under the 

non-saline medium. Germination index values of aged F2 seeds 

(with low germination percentages) generally appeared to be 

lower than their germination index values under non-aged seed. 

conditions (with relatively higher germination percentages). 

The associations of low germination index values with low 

germination percentages were also reported in other studies 

(Smith and Millet, 1964; Vandermozel and Bell, 1987). In 

another study, Phaneendranath (1977), reported that artificial 

seed aging and dry heat treatment increased the rate of 

germination of Kentucky bluegrass cultivars. These 

observations, however, are in disagreement with natural seed 



Table 8. Rank correlation between gemination percentages at 0.00 MPa ani -1.40 
MPa NaCl solutions for FV F?, ani F3 generations of soIghtm\ urrler artificially 
aged ani nan-aged seed con:titions. 

0.00 MPa vs. -1.40 MPa 

Non 
Generation aged Aged 

F1 .559 ** .661 ** 
F2 .357 ns .101 ns 

F3 .002 ns .246 ns 

* ani ** are significant at the 0.05 ani 0.01 probability levels, respectively: 
ani ns = not significant en = 22). 

0\ 
...... 
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aging where successive losses of both vigor and viability are 

reported (Copeland and McDonald, 1985). This may be one of the 

cases where artificial seed aging differs from natural seed 

aging. 

Experiment II. Effects of seed production environment on 

germination salt tolerance of sorghum: 

A summary of the analysis of variance for the second 

laboratory germination test designed to investigate the effect 

of seed production environment on germination salt tolerance 

of sorghum is presented in Table 9. Both entries and seed 

production environments were significantly different in 

germination percentages under the non-salina conditions. 

Germination percentages of environment x variety interactions 

were significant under the saline conditions. significant 

differences in germination index values were observed among 

seed production environments under the non-saline and among 

entries under the saline conditions. Germination index values 

of environments and environment x variety interactions were 

not significantly different. Coefficients of variation among 

experimental units were reasonably low «16%). 

In Table 10, it is apparent that the overall mean 

germination percentage of entries was significantly higher 

and the germination index value was lower under the rainfed 

double-cropping condition than under the other two 



Table 9. Mean squares of germination percentage (GP) and germination index (GI) 
of F2 generations of sorghum produced under three different field environments 
and germinated in two levels of NaCl solutions. 

================================================================================ 

NaCl level 

0.00 MPa -1. 40 MPa 
--------------------------- -------------------------------

Sou r c e D.F. G P G I D.F. G P G I 

Replication 1 0.033 ns 0.015 ns 2 0.001 ns 0.301 ns 

Environment 2 0.256 *** 2.330 *** 2 0.611 *** 2.175 ns 

Variety 11 0.024 ** 0.360 ns 11 0.076 ** 7.388 *** 

Env.x Var. 22 0.010 ns 0.042 ns 22 0.010 * 1.072 ns 

Error 35 0.010 0.155 36 0.005 1.111 

C.V. (%) 7.5 8.6 15.6 7.3 

*, **, and *** = significant F values at the 0.05, 0.01 and 0.001 probability 
levels, respectively; and ns = not significant. 

0\ 
W 



Table 10. Overall mean germination percentage (GP) and germination 
index (GI) calculated across 12 F2 families of sorghum produced under 
full-season irrigation, limited irrigation, and double-crop 
environments, and subjected to 0.00 MPa and -1.40 MPa NaCl solutions. 

====================================================================== 

NaCl level 

0.00 MPa -1.40 MPa 

Environment G P G I G P G I 

Full-season 
irrigation 76.1 c+ 4.8 b 13.3 c 14.5++ 

Limited 
irrigation 85.7 b 4.7 b 16.6 b 14.7 

Double crop 91.0 a 4.2 a 33.6 a 14.2 

+ Means in the same column followed by the same letter are not 
significantly different according to the student Newman-Keul's test 
at the 0.05 probability level. 

++ Germination index values under the salt stress are not significantly 
different according to the F test. 

0\ 
.j::'-
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environments. Mean germination percentage under limited 

irrigation was higher than that of full season irrigation at 

both salinity levels. The mean germination percentage results 

were inversely related to the time difference between 

approximate date of physiological maturity and harvest which 

were 85, 69, and 41 d for seeds produced under full-season 

irrigation, limited irrigation, and double-cropping 

conditions, respectively (Table 3). Means of 100 seed weight 

obtained in the above order of environments were 2.8, 2.8, and 

2.3 g, respectively (Table 2). The low seed weight obtained 

under the double crop environment was associated with a short 

growing season. The results suggest that germination salt 

tolerance of sorghum may have been affected greatly by field 

weathering and not by seed size. 

Averaged across the three environments, significant 

differences among entries were observed in germination 

percentages under both 0.00 MPa and -1.40 MPa NaCl solutions 

(Table 11). Germination percentages of Triumph Two 50yG and 

70D were significantly lower than germination percentages of 

the other entries under the non-saline medium. These two 

entries were also among those with the lowest germination 

percentages under the saline medium. Germination percentage 

ranges were 74.8 to 91.7% and 11.7 to 36.9% under 0.00 MPa 

and -1.40 MPa NaCl solutions, respectively. Asgrow Chaparral 

had the best germination percentage under both non-saline and 
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Table 11. Mean gennination percentage (GP) am genn.i.nation index (GI) 
calculated across three seed production erwiromnents for 12 F2 
families of sorghum subjected to 0.00 MPa am -1.40 MPa NaCl solutions. 

NaCl level 
---------------

0.00 MPa -1.40 MPa 
-----------------

Ent:r:y GP GI (d) GP G I (d) 
--------------

AsgrcM Cllaparral 91. 7 a+ 4.5++ 36.9 a 15.3 cd 

AsgrcM COlt 86.0 abc: 4.7 20.9 cd 14.7 bed 

AsgrcM Opal 85.5 abc: 4.3 20.3 cd 14.4 ab 

AsgrcM Topaz 89.0 ab 4.4 18.3 de 14.3 abc: 

Pioneer 8300 82.8 abc: 4.8 31.3 ab 13.1 a 

Triumph Two 5DyG 74.8 c 5.1 12.3 e 13.4 ab 

Triumph Two 54yG 86.1 abc: 4.5 27.3 ab 15.0 cd 

Triumph Two 700 77.0 be 4.9 16.8 de 15.1 cd 

Triumph Two 800 84.0 abc: 4.8 21.5 cd 15.9 d 

Triumph Two 600 84.5 abc: 4.5 20.1 cd 15.2 cd 

Tritmph Two 62yG 85.2 abc: 4.5 14.1 de 13.1 a 

Groagri GSA 1290 87.4 abc: 4.3 11. 7 e 14.4 abc: 

------------
+ Means in the same column followed by the same letter are not 

significantly different according to the student Newman-Keul's 
test at the 0.05 probability level. 

++ Gemination Wex values under non-saline conditions are not 
significantly different according to the F test. 

------_. - ------. 
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saline conditions. Rates of germination of all the entries 

were not significantly different in the non-saline medium, but 

were different in the saline medium. Under salinity stress, 

rate of germination of six entries (Asgrow opal, Asgrow Topaz, 

Pioneer 8300, Triumph Two 50yG, and Triumph Two 62yG) were not 

significantly different and were greater than rate of 

germination of the remaining six entries (Table 11). Although 

entries with high germination percentages appear to have 

faster rates of germination under both non-saline and saline 

conditions, such associations did not hold true in all cases. 

For example, germination percentages of Triumph Two 50yG were 

among the lowest at both 0.00 MPa and -1. 40 MPa NaCl 

solutions, but rate of germination of the same genotype was 

among the highest in the saline medium. Such associations of 

low germination percentages with high rates of germination 

were also observed in the preceding germination test involving 

22 sorghum entries. This relationship was attributed to the 

representation of both the onset and days to 50% germination, 

by the germination index values. 

Germination percentages of entries under -1.40 MPa 

NaCI solution were evaluated within environments (Table 12) 

because of the significance of environment x variety 

interactions observed (Table 9). Germination performances of 

Asgrow Chaparral and Pioneer 8300 were consistently among the 

highest, and that of Triumph Two 50yG was consistently among 

----------~- - ----



Table 12. Mean gennination percentages of 12 F2 families 
of so:rghmn produced tmder three different field environments 
am subjected to -1.40 MPa NaC1 solution. 

AsgrcM Cllaparral 

AsgrcM Colt 

AsgrcM Opal 

Asgr:aw Topaz 

Pioneer 8300 

Tritnnph 'Two 5QyG 

Tritnnph'IWo 54yG 

Tritnnph 'IWo 700 

Tritnnph'IWo 800 

Tritnnph 'IWo 600 

Tritnnph Two 62yG 

Groagri GSA 1290 

Mean 

Ful1-
season 
irrigation 

35.0 a+ 

12.5 c 

13.4 c 

14.2 c 

23.6 b 

7.7 e 

24.6 b 

7.1 e 

10.2 cxl 

8.9 de 

8.9 de 

4.3 f 
-----
13.3 

Erwironment --------

Limited Double 
irrigation crop 

---------
% 

29.3 a 47.0 a 

16.9 cxi 35.7 b 

14.3 de 35.7 b 

10.0 e 33.7 c 

26.0 ab 45.6 a 

10.0 e 20.6 e 

24.0 b 33.6 c 

11 6 e 36.6 b 

19.0 c 38.7 b 

17.9 c 37.0 be 

10.0 e 25.6 d 

15.9 cxi 17.2 f 
--------------_ .... _----

16.6 33.6 
------------------------------

+ Means in the same column followed by the same letter are not 
signficantly different according to the Student Newman-Keul' s 
test at the o. 05 probability level. 

68 
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the poorest under the three environments. The germination 

percentage of Groagari GSA 1290 was lowest under both full 

season irrigation and double crop environments but not under 

the limited irrigation condition. The germination percentage 

of Triumph Two 54yG was second best under full season 

irrigation, third best under limited irrigation and near the 

average under the double crop environment. such variation in 

germination performance of entries within environments most 

probably have caused the environment x variety interactions. 

cumulative germination percentages of seeds produced 

under the three field environments are pre~ented in Fig. 2. 

Germination appeared to have begun sometime between day 2 and 

day 3, and between day 5 and day 6 following imbibition for 

the non-saline and saline tests, respectively. At both 

salinity levels, seeds produced under the double-crop 

environment had a higher germination rate and a higher total 

germination percentage than those produced under full-season 

irrigation and limited irrigation conditions. Maximum 

germination percentage was reached after about 6 d from the 

start of imbibition in the non-saline environment. Conversely, 

germination did not appear to have reached its maximum in the 

saline environment even after 20 d of germination. 

Under salinity stress, rank correlation of entry 

means in one environment were statistically significant with 

entry means in another environment (Table 13). The correlation 
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Fig. 2. Mean cumulative germination 
percentages in 0.00 MPa and -1.40 MPa NaCl 
solutions for sorghum seeds produced under 
full season irrigation (A), limited 
irrigation (B), and double crop (C) 
environments. Mean values are calculated 
across 12 entries and replications. Vertical 
bars at data points represent ± the standard 
error of the mean. 
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Table 13. Rank correlation between germination percentages 
at 0.00 MPa and -1.40 MPa NaCl solutions for sorghum seeds 
produced under full-season irrigation, limited irrigation, 
and double-crop conditions; and among the three 
environments under the salt solution. 

==========================~=============================== 

Carr. coefficient values 

I. within environments 
Environment (0.00 MPa vs. -1.40 MPa NaCl) 

Full-season 
irrigation (A) 0.657 ** 
Limited 
irrigation (B) 0.181 ns 

Double 
crop (C) 0.413 ns 

A vs. B 

B vs. C 

A vs. C 

II. Among environments 
(-1.40 MPa NaCl) 

0.636 * 
0.692 ** 
0.511 * 

* and ** are significant at the 0.05 and 0.01 probability 
levels, respectively; ns = not significant (n = 12). 
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coefficient values were, however, not large enough to account 

for the greater proportion of the variation involved. This 

also demonstrates the significance of environment x genotype 

interactions, suggesting that germination salt tolerance of 

sorghum was influenced by seed production environment. 

Associations between germination percentages at 0.00 MPa and -

1.40 MPa NaCl solutions were generally not significant for the 

three seed production environments (Table 13). Similarly, one 

hundred seed weights obtained from the three seed production 

environments did not correlate with germination percentages 

under both 0.00 MPa and -1.40 MPa NaCl solutions (Table A6) . 

Greenhouse Emergence Test 

The analysis of variance for the greenhouse 

emergence test conducted under 0.00 MPa and -0.80 MPa NaCl 

solutions is summarized in Table 14. Under both salt levels, 

highly significant differences were observed in emergence 

percentage and emergence index among generations and in 

emergence percentage among entries. Generation x variety 

interactions were highly significant in emergence percentage 

at 0.00 MPa and -0.80 MPa NaCl levels; and in emergence 

percentage at the latter salinity level. Coefficient of 

variations for emergence percentage and emergence index at 

both salinity levels were less than 15%. 
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Except for Dekalb 59E, emergence performances of the 

F, entries tested under -0.80 MPa NaCI solution were not 

similar to their germination performances observed under -1.40 

MPa NaCI solution. Dekalb 59E and Taylor E. Dinero, Triumph 

Two 70D and Taylor E. Y77, and Asgrow Colt and Paymaster 1099 

were among the top, the middle, and the bottom rankings, 

respectively, in the laboratory germination test (Table 6). 

In the emergence test at the initial salt concentration of 

-0.80 MPa NaCI solution, however, no significant difference 

was observed among Dekalb 59E, Triumph Two 70D, and Paymaster 

1099, each representing the three germination ranking 

categories (Table A7). Rank correlations between germination 

and emergence percentages of the F, hybrids and their Fz and 

F3 generations were not significant under both non-saline and 

saline environments (Table 15). Nevertheless, performance of 

DeKalb 59E was higher than all the other entries under 

salinity stresses in both the germination and emergence tests. 

This indicates that the cultivar has better genotypic 

plasticity (performs better than the othe entries under 

different salinity levels). 

significant generation x variety interaction was 

observed for emergence index in the -0.80 MPa NaCI solution 

(Table 14). In further analysis of this interaction (Table 

AS), significant differences were observed only among the F, 

entries which were initially different in seed production and 



Table 14. Mean squares of emergence percentage (EP) and emergence 
index (EI) of grain sorghum F1 hybrids and their F2 and F3 
generations subjected to 0.00 MPa and -0.80 MPa NaCl solutions. 

======================================================================= 

NaCl level 

0.00 MPa - 0.80 MPa 
--------------------- ---------------------

Sou r c e D.F. E P E I (d) E P E I (d) 

Replication 2 0 .. 002 ns 0.047 * 0.429 *** 10.148 *** 

Generation/Env. 2 0.149 *** 1. 016 ** 0.228 *** 3.504 *** 

Variety 5 0.033 *** 0.109 ns 0.072 *** 0.570 ns 

Gen x Var 10 0.009 ** 0.192 ns 0.058 ns 0.978 ** 

Error 34 0.002 0.110 0.012 0.270 

C.V. (%) 3.9 7.0 14.8 5.3 

*, **, and *** = significant F values at the 0.05, 0.01, and 0.001 
probability levels, respectively; and ns = not significant. 
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storage environments. Emergence index values within the F2 and 

F3 entries were not significantly different. 

Presented in Fig. 3 are cumulative emergence 

percentages averaged across entries and generations for both 

the non-saline and saline tests. onset of emergence was 

delayed and total emergence percentage was reduced under the 

salt stress when compared with emergence performance of the 

non-stress environment. Maximum emergence percentage was 

reached 7 and 13 d after planting in the non-saline and saline 

tests, respectively. 

Rank correlations between emergence percentages 

under non-saline and saline conditions were not significant 

(Table 16). This indicates that the relative rankings of the 

entries tested for emergence were different under saline and 

n~n-saline conditions. This result conforms with those 

obtained in the germination studies (Tables 8 and 13). The 

results suggest that selection. for high stress tolerance may 

be incompatible under non-stress conditions. 

Unlike the germination responses, emergence was not 

observed under -1.40 MPa NaCI solution (Table AI). This may 

be due to the difference in incubation temperatures. The 

germination tests were conducted under continuous 25°e, 

whereas the emergence test was conducted under 29 and 1aoe 

mean maximum day and mean minimum night temperatures, 

respectively. In addition to the osmotic, ionic, and other 
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Table 15. Rank correlation between germination and 
emergence percentages of F l' F 2' and F 3 generations of 
sorghum under non-stress and sal~ stress conditions. 

==========================================~=============== 

Correlation coefficient values 

Generation Non-stress Salt stress 

0.143 ns 0.543 ns 

0.771 ns 0.086 ns 

0.315 ns 0.143 ns 

ns = not significant (n = 6). 
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salt stress effects described by Bernstein (1975), sprouting 

seedlings may be exposed to extended invasion of soil 

microflora under field conditions, especially when soil 

temperature is low. This effect may be exacerbated when poor 

quality planting seed is utilized. Poor quality seeds may 

exhibit decreased resistance to environmental stress during 

germination and early seedling development (Woodstock and 

Pollock, 1965). 

Although sand was used to facilitate leaching, 

analysis of sample leachates collected during the greenhouse 

emergence test indicated that irrigation with -0.80 MPa NaCI 

solution resulted in salt accumulation (Table A9). 

Significant differences in leachate concentration were 

observed among three sampling dates (1, 8, and 15 dafter 

planting). Differences were not observed among sampling dates 

in the non-saline treatment. The average daily salt build up 

in the sand medium was higher during the first 7 d than during 

the period from 7 to 14 d (0.27 vs. 0.07 S m"1 d"1). 

During the greenhouse emergence test, death of some 

seedlings was observed in the saline treatment. This was 

probably caused by: (1) the increased concentration of salt 

in the sand seed bed, (2) the greater susceptibility of 

seedlings at the post emergence stage than at the early 

sprouting stage (Francois et al. 1984; and Maas, et ale 1986) 

or (3) a combination of both of these factors. 



Table 16. Rank correlation between emergence percentages 
at 0.00 MPa and -1.40 MPa NaCl solutions for F11 F21 and 
F3 generations of sorghum. 

======================================================== 

Generation 

ns = not significant (n = 6). 

Correlation 
coefficient 
values 

0.086 ns 

0.371 ns 

0.429 ns 
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CONCLUSIONS 

The results of this study indicate that artificial 

seed aging resulted in significant reduction in germination 

percentage, but not in rate of germination (germination 

index). The overall mean germination reduction incurred by 

seed aging was larger under salinity stress than under non

stress conditions (48 vs. 17%). This indicates that 

germination performances of different quality seeds are 

different under salt stress and non-stress conditions. 

Expression of germination under salt stress as percentage of 

germinations under non-stress conditions has been commonly 

practiced to validate comparisons among different quality 

seeds. Based on this present study, however, the above 

correction procedure may not be valid for sorghum. Also, in 

a study made on alfalfa: .Smith and Dobrenz (1987) reached a 

similar conclusion. 

significant differences were observed among entries 

in both germination percentage and germination index values. 

Germination percentage of Dekalb 59E was superior to all the 

other entries under saline conditions. Entries with high 

germinat.ion percentages under salinity stress also showed high 

levels of resistance to seed aging. This may be expected 

because seed aging is usually associated with disintegration 
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of cell membranes. It is commonly assumed that cell membranes 

(tonoplast and plasmalemma) regulate movement of salt and 

other solutes in active cells. Therefore, it is most likely 

that the influx of salt across the membranes and the 

subsequent toxic or osmotic effects would be greater in aged 

seeds than in non-aged seeds. 

Mean germination percentages of 12 F2 populations 

of sorghum produced under double-cropping conditions were 

significantly higher than means of the same entries produced 

under full-season irrigation and limited irrigation 

conditions. This may have been caused by the time difference 

between the approximate date of physiological maturity and 

harvest. Seeds produced under full-season irrigation and 

limited irrigation may have been affected more by field 

weathering than those produced under the double-cropping 

environment. Highly significant correlations (P < 0.01) were 

observed among entry means of the three environments 

especially under the saline medium. The coefficient of 

determination values were, however, less than 0.50, suggesting 

that germination salt tolerance of the entries was influenced 

by seed production environments and comparison of genotypes 

not produced under similar environments may not be valid. 

In the greenhouse test, significant differences were 

observed in emergence percentages of the selected sorghum 

entries evaluated for salt tolerance. The emergence 
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percentages were, however, not correlated with germination 

percentages of the entries indicating differential responses 

of cultivars under different salinity and different 

environments. Similar .to its germination performance, 

emergence salt tolerance of DeKalb 59E was superior to the 

other entries. 

In both the germination and emergence tests, 

correlations between the non-saline and saline treatments were 

not significant. This suggests that selection for germination 

or emergence salt tolerance of sorghum may not be successful 

under non-stress environments. 



83 

A P PEN 0 I X 



Table A1. Emergence percentages of two sorghum genotypes subjected 
to 0.00 MPa, -0.80 MPa, and -1.40 MPa NaCl solutions in two different 
media (100% sand, and 50% sand and 50% field soil). 

================================================================== 

Medium 

100% sand 50% sand & 50% soil 

salinity (MPa) 0.00 -0.80 -1.40 0.00 -0.80 -1.40 

Genotype: --------------------- % ---------------------

PI34911 92.8+ 59.3 21.1 94.1 00.0 0.00 

RS 610 90.0 31.9 0.00 89.0 00.0 0.00 

+ Emergence percentages are mean values of three replications. 
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Table A2. Corrected gennination values (gennination in -1.40 MFa NaCl solution x 100/ gennination 
in distilled water) for the F1' F2, ani F3 generations of sorghum urrler artificially aged ani non-
aged seed con::litions. 

F1 F2 F3 
EntJ:y Non-aged Aged Non-aged Aged Non-aged Aged 

AsqrcM COlt 24.5 50.3 41.7 21.4 30.5 32.7 
AsqrcM OJuble TX 47.2 59.3 56.9 65.8 46.2 33.7 
CmJill55 54.9 41.0 52.4 33.6 38.4 15.2 
CmJill PAG 4462 51.7 44.7 44.6 11.9 42.3 25.3 
CmJill PAG 5665 68.8 42.5 53.9 21.6 34.0 31.7 
Paymaster DR 1125 47.5 71.7 48.1 20.9 32.5 42.3 
Paymaster 1099 44.5 55.0 44.6 46.0 28.9 31.9 
DeKal.b 59E 81.0 84.4 61.9 50.0 36.9 32.9 
FUnk seed G-1711 81.6 69.0 43.3 28.4 41.5 27.5 
Northrup King 2788 60.0 48.5 36.3 37.1 16.3 12.9 
Pioneer 8300 55.0 50.1 28.7 28.8 23.3 10.0 
Seedtec WAC 692 70.2 41.2 52.8 41.6 33.9 31.2 
Seedtec WAC 715 DR 60.0 69.9 50.6 36.7 40.3 30.0 
seedtec WAC 2003 51.7 46.0 40.0 11.3 13.4 22.5 
stauffer Seed S9750 65.5 50.2 40.3 42.2 43.7 23.9 
Taylor Evans Dinero 79.4 55.6 45.2 45.2 31.8 22.4 
Taylor Evans 77 54.9 56.1 40.7 39.4 29.7 31.1 
Triumph Two 50yG 40.1 34.2 31.1 31.5 42.0 30.6 
Triumph Two 54yG 46.9 32.3 49.4 34.7 20.5 26.3 
Triumph Two 700 56.1 49.6 61.4 21.5 42.7 35.4 
Triumph Two 800 50.2 34.3 54.4 54.1 38.1 15.0 
R. C. Y. Oro xtra 61.7 64.2 51.3 54.1 39.9 25.5 
PI34911 69.6 68.2 69.6 68.2 69.6 68.2 
RS 610 42.9 51.7 42.9 51. 7 42.9 51.7 

Mean 56.9 50.3 47.6 36.9 35.7 24.8 

00 
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Table A3. Correlation of 100 seed weight with germination percentages 
of F1' F2, and F3 generations of sorghum subjected to 0.00 MPa and 
-1. 40 MPa NaCl solutions under artificially aged and non-aged seed 
conditions. 

====================================================================== 

variable 

F1 

F2 

F3 

NaCl level 

0.00 MPa -1. 40 MPa 

Non-aged Aged Non-aged Aged 

.096 ns .044 ns -.091 ns -.124 ns 

.037 ns -.009 ns .208 ns -.224 ns 

.167 ns -.330 ns .332 ns .432 * 

* = significant at the 0.05 probability level; and ns = not significant 
(n = 22). 
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Table M. Mean gennination Wex of Flt F~, an:l F3 generations of sorghum in distilled water umer 
artificially aged an:l non-aged seed condibons. 

F1 F2 F3 
Enb:y Non-aged Aged Non-aged Aged Non-aged Aged 

d 
Asgrr::M Colt 3.7 ab 3.9 abc 3.B bcxl 3.4 a 3.5 ab 5.0 be 
Asgrr::M OJuble TX 3.6 ab 3.B abc 2.B a 3.4 a 2.3 a 4.9 be 
cargill 55 3.7 ab 3.7 ab 4.2 cxi 3.5 a 3.7 ab 5.2 be 
cargill PAG 4462 3.7 ab 3.4 a 4.2 cxi 3.2 a 3.5 ab 4.9 be 
cargill PAG 5665 4.4 b 4.9 cxi 4.5 d 3.5 a 4.1 ab 5.3 cxi 
Paymaster DR 1125 3.2 ab 3.B abc 3.B bcxl 4.1 a 3.5 ab 5.0 be 
Paymaster 1099 4.0 ab 5.3 d 4.2 cxi 4.0 a 3.6 ab 5.3 cxi 
DeKalb 59E 3.B ab 4.B cxi 3.9 bcxl 3.6 a 3.9 ab 5.1 be 
E\lnk seed G-1711 4.0 ab 3.B abc 4.2 cxi 3.7 a 3.4 ab 6.0 d 
Northrup Kirg 27BB 4.0 ab 5.1 d 4.2 cxi 3.6 a 3.5 ab 5.4 cxi 
Pioneer B300 3.1 ab 4.1 abc 4.1 bcxl 3.9 a 3.5 ab 4.3 b 
Seedtec WAC 692 3.3 ab 4.6 be 4.1 bcxl 3.7 a 3.6 ab 5.7 cxi 
Seedtec Wac 715 DR 3.6 ab 4.7 b-f 3.9 bcxl 3.7 a 3.7 ab 5.6 cxi 
Seedtec WAC 2003 3.3 ab 3.B abc 4.3 cxi 3.9 a 3.4 ab 5.2 be 
stauffer Seed S9750 3.4 ab 5.2 d 4.2 cxi 4.2 a 3.6 ab 5.1 be 
Taylor Evans Dinero 3.2 cili 3.6 ab 4.1 bcxl 3.B a 3.6 ab 5.1 be 
Taylor Evans Y77 3.3 ab 3.6 ab 4.3 cxi 3.6 a 3.7 ab 4.B be 
TrillIrph 'I\io 50yG 3.3 ab 4.6 be 4.4 d 4.1 a 4.3 b 5.600 
TrillIrph 'I\io 54yG 3.2 ab 4.7 be 4.2 cxi 3.9 a 3.4 ab 4.B be 
TrillIrph 'I\io 700 3.0 a 4.2 abc 4.1 bcxl 3.3 a 3.8 ab 5.2 be 
TriUllPl 'I\io 800 3.1 a 4.4 be 3.9 bcxl 3.5 a 3.3 ab 5.2 be 
R.C.Y. Oro xtra 3.0 a 3.5 a 3.0 ab 3.5 a 3.0 a 3.5 a 

Mean 3.5 4.2 4.0 3.6 3.5 5.1 

ISO = 1.2 am 1.6 d for the Fl1 0.7 an:l 1.2 d for the F2, an:l 2.0 an:l 2.6 d for the F3 entries 
at P = 0.05 arrl 0.01, respectively, for conparisons between aged arrl non-aged means. 

+ Mean values within the sarre column followed by the sarre letter are not significantly different 
accordirg to the Student Na>/l'l1aIl-Keul's test at the 0.05 probability level. '!his conparison may 
not be valid for the Fl entries because of their differences in seed production envirornnent. 
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Table AS. Mean germination Wax of F1' F2' ani F3 generations of sorghum subjected to -1.40 
MFa NaCl solution under artificially aged ani non-aged seed conditions. 

F1 F2 ,F3 
Entry Non-aged Aged Non-aged Aged Non-aged Aged 

d 
AsqrcM Colt 10.2 b+ 11.9 b 13.2 a 7.8 a 12.0 ab 13.4 lx:: 
AsqrcM ~le TX 10.3 b 10.6 ab 12.7 a 11.2 ab 12.4 ab 14.3 c 
cargill 55 10.8 b 12.2 b 12.7 a 11.8 b 12.3 ab 13.6 be 
cargill PAG 4462 8.9 ab 10.6 ab 12.4 a 7.6 a 12.5 ab 13.7 c 
cargill PAG 5665 10.5 b 11.8 b 12.3 a 13.9 b 12.8 ab 14.2 c 
Paynaster DR 1125 10.5 b 10.5 ab 11.2 a 11.8 b 12.2 ab 13.4 lx:: 
Paynaster 1099 11.3 b 7.3 a 12.3 a 11.4 b 13.1 ab 12.9 lx:: 
Oel(alb 59E 8.5 ab 9.0 ab 11.3 a 10.7 ab 11.7 ab 13.7 lx:: 
F\lnk seed G-1711 8.1 ab 8.5 ab 12.1 a 11.9 b 12.4 ab 13.3 lx:: 
NorthnIp King 2788 10.0 ab 11.6 b 12.1 a 12.5 b 13.5 b 14.4 c 
Pioneer 8300 9.7 ab 12.2 b 12.9 a 11.8 b 13.0 ab 14.1 c 
Seedtec WAC 692 8.5 ab 9.2 ab 12.3 a 12.7 b 12.5 ab 13.5 lx:: 
Seedtec WAC 715 DR 10.0 ab 9.5 ab 12.4 a 12.9 b 12.0 ab 14.0 c 
Seedtec WAC 2003 9.7 ab 10.9 ab 13.0 a 12.6 b 12.8 ab 9.5 b 
stauffer Seed 59750 8.3 ab 10.4 ab 12.2 a 12.1 b 12.8 ab 14.1 c 
Taylor Evans Dinero 6.0 a 8.0 ab 11.7 a 11.7 b 12.5 ab 13.6 lx:: 
Taylor Evans 77 9.9 ab 10.5 ab 12.5 a 12.6 b 13.4 b 13.9 c 
Triumph 'lWo 50yG 11.7 b 11.9 b 12.0 a 12.2 b 12.3 ab 13.1 be 
TriUiIph Two 54yG 10.5 b 11.2 ab 11.4 a 11.7 b 13.3 ab 14.2 c 
Tril.Illih Two 700 9.9 ab 10.2 ab 11.3 a 12.2 b 11.8 ab 13.6 be 
Triumph'lWo 800 11.0 b 10.6 ab 11.6 a 11.0 ab 12.4 ab 7.0 a 
R.C.Y. Oro xtra 9.8 ab 10.8 ab 10.8 a 12.3 b 12.6 ab 14.1 c 

Mean 9.7 10.5 12.1 11.6 12.5 13.2 

ISD = 2.1 ani 2.8 d for the F1' 2.8 ani 3.7 d for the Fi, ani 2.8 ard 3.7 d for the F3 entries 
at P = 0.05 ani 0.01, respectiv~y, for comparisons between aged am non-aged l1'eans. 

+ Mean values within the same column followed by the same letter are not significantly different 
according to the Student Newman-Reul's test at the 0.05 probability level. '!his cc::at1parison may 
not be valid for the Fl entries because of their differences in seed production erwiromrent. co 
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Table A6. Correl~tion of 100 seed weight with germination percentages 
under 0.00 and -1.40 MPa NaCl solutions for 12 F2 families of sorghum 
produced under full-season irrigation, limited irrigation, and 
double-crop conditions. 

===================================================================== 

NaCl level 

Variable 0.00 MPa -1.40 MPa 

Full-season 
irrigation -.132 ns -.268 ns 

Limited 
irrigation -.100 ns -.328 ns 

Double crop -.095 ns -.134 ns 

ns not significant (n 12). 
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Table A7. Mean emergence percentages of F1' F2' and F3 generations of sorghum 
subjected to 0.00 MPa and -0.80 MPa NaCl solutions. 

==================================================================================== 

NaCl level 

0.00 MPa -0.80 MPa 

Entry F1 F2 F3 Mean F1 F2 F3 Mean 

----------------------------- % -------------------------------
Dekalb 59E 95.7 a+ 83.8 a 88.7 a 90.0 a 73.7 a 61.6 a 45.8 b 60.4 a 

Taylor E. Dinero 96.0 a 82.4 a 93.5 a 91.4 a 58.8 b 32.2 b 58.8 a 49.8 b 

Triumph Two 70D 82.0 c 75.7 a 91.5 a 83.6 b 67.3 a 27.4 b 44.0 b 46.1 b 

Taylor E. Y77 93.1 a 77.8 a 93.9 a 89.2 a 48.8 c 35.9 b 57.1 a 47.2 b 

Asgrow Colt 83.1 c 76.5 a 83.0 b 81.0 b 32.4 d 33.3 b 45.6 b 37.0 c 

Paymaster 1099 87.2 b 77.8 a 89.1 a 85.0 b 65.7 a 26.2 b 20.3 c 36.6 c 

Mean 91.1 79.1 90.2 87.7 61.5 35.7 44.9 47.4 

+ Means within the same column followed by the same letter are not significantly 
different according to the student Newman-Keul's test at the 0.05 probability 
level. This comparison may not be valid for the F1 entries because of their 
differences in production environment. 

\0 
o 



Table A8. Mean emergence index of Fl' F2' and F3 generations of sorghum subjected 
to 0.00 MPa and -0.80 MPa NaCl solut1ons. 

==================================================================================== 

NaCl level 

0.00 MPa -0.80 MPa 
----------------------------- --------------------------------

Entry Fl F2 F3 Mean Fl F2 F3 Mean 

------------------------------ d -------------------------------

Dekalb 59E 4.2+ 4.6 4.7 4.5 8.9 ab++ 9.3 a 10.1 a 9.4 

Taylor E. Dinero 4.4 5.0 4.4 4.6 9.4 ab 9.9 a 9.3 a 9.5 

Triumph Two 70D 4.8 4.9 4.6 4.8 8.2 b 10.0 a 10.5 a 9.6 

Taylor E. Y77 4.5 5.0 4.6 4.7 10.0 a 10.3 a 9.7 a 10.0 

Asgrow Colt 5.1 5.0 4.3 4.8 10.1 a 10.3 a 10.1 a 10.2 

Paymaster 1099 4.3 5.1 4.5 4.6 8.8 a 10.3 a 10.4 a 9.9 

Mean 4.6 4.9 4.5 4.7 9.2 10.0 10.0 9.8 

+ Mean values under 0.00 MPa NaCl level and across generations are not significantly 
different according to the F test. 

++ Means within the same column followed by the same letter are not significantly 
different according to the Student Newman-Keul's test at the 0.05 probability level. 
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Table A9. Electric conductivity (EC) of sample leachate collected 
after 1, 8, and 15 d of planting from flats used in the greenhouse 
emergence test that were irrigated every day with 0.00 MPa and -0.80 
MPa NaCI solutions. 

====================================================================== 

Days after 
planting 

1 

8 

15 

Mean 

0.00 MPa 

0.06 + 

0.07 

0.07 

0.07 

NaCI level 

-0.80 MPa. 

S m-1 

1.80 a++ 

2.85 b 

3.35 c 

2.67 

+ Mean values under the non-saline treatment are not significantly 
different according to the F test. 

++ Mean values under the saline treatment followed by different letters 
are significantly different according to the Least Significant 
Different test at the 0.05 probability level. 
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