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ABSTRAcr 

A 2-year study (1976-1977) was conducted at the Safford Exper

iment Station, Safford, Arizona to investigate the response of barley 

(Hordeum vulgare L.) genotypes to both non-saline and saline environ

ments. The soil type was a Grabe Clay Loam. One environment had 

received only river irrigation water for the previous ten years and 

throughout the experiment (non-saline environment) and the other en

vironment had been irrigated with only well water for the previous ten 

years and throughout the experiment (saline environment). Fifteen 

barley genotypes were grown in each environment each year. The fol

lowing data were recorded for each genotype each year: (1) plant 

height, (2) lodging, (3) number of heads per hill, (4) number of seeds 

per head, (5) seed weight, (6) grain yield, (7) straw yield, (8) 

grain-to-straw ratio, (9) days from planting to flowering, and (-10) 

days from flowering to maturity. 

The exchange capacity, soluble ions, and ESP of the soil irri

gated with well water were all much higher than the exchange capacity, 

soluble ions, and ESP of the soil irrigated with river water. The 

soluble salts, calcium, magnesium, sodium, chloride, sulfate, bicar

bonate, and sodium adsorption ratio were all much higher in well 

irrigation water than were the same chemical properties in river irri

gation water. The foregoing soil and water chemical properties 

vii 
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indicate that the non-saline environment should be much more conducive 

to optimum plant growth than the saline environment. 

Most of the barley genotypes germinated more uniformally, grew 

better, and produced more forage and grain in the non-saline environ

ment than they did in the saline environment. It required a longer 

period for barley to reach maturity in the saline environment than it 

did in the non-saline environment. When the data from the two years 

were combined, there were positive correlations between grain yield 

and plant height, number of heads per unit area, and straw yield in 

both non-saline and saline environments. Since there were significant 

differences between barley genotypes in a number of growth and yield 

characteristics in both environments, it should be possible to develop 

improved barley cultivars for both non-saline and saline environments 

using plant breeding techniques. 



INTRODUCTION 

The loose material covering the continents of the earth is 

called soil. Soil, which was formed through the ages by meterological, 

geological, and biological actions on rock, is a living entity that is 

continually changing as a result of the forces of climate. The soil 

not only lives but it continually renews life. Animal and plant 

residues decay into simpler constituents and nutrient elements are 

made available for new life in a perpetual cycle. 

Soils differ, just as plants and animals differ. They have 

easily recognizable characteristics which classify them into distinct 

bodies of nature. Soils acquire their individual properties from the 

forces which act upon them. For example, desert soils in the south

western United States are usually alkaline in nature and contain large 

quantities of soluble salts, while the soils in the humid Northeast 

are normally acidic and have had many of the soluble salts leached 

down below the plant root zone. The accumulation of soluble salts in 

desert soils may become so intense that it actually interferes with 

normal plant growth. The danger from soluble salt accumulation in the 

root zone of plants in semiarid regions requires that a certain amount 

of irrigation water be used for leaching the salts down below the root 

zone. In humid climates, leaching is accomplished naturally by the 

high rainfall. 

1 



2 

The accumulation of soluble salts in soils in semiarid regions 

is frequently further complicated by the presence of high concentra

tions of soluble salts in the normal irrigation wateI, especially if it 

is pumped from wells in the local areas. Well irrigation water usually 

contains higher concentrations of soluble salts than does river irriga

tion water from the accumulation of surface rainfall. 

In the southwestern United States and in similar semiarid 

regions throughout the world the concentrations of soluble salts in the 

soil and in the irrigation water are usually so high that they inter

fere with the normal growth of most field crop plants. 



LITERATURE REVIEW 

Agronomic and horticultural crops vary in their tolerance to 

salts. However, yields of the most salt tolerant species and cultivars 

are reduced when the exchangeable sodium percentage (ESP) exceeds 40-60 

(Richards, 1954). Soils of irrigated deserts frequently contain salts 

in excess of 3000 ppm and with ESP values sufficiently high to reduce 

yields (Fuller, 1965). Dennis et al. (1978) suggest the use of the 

most salt-tolerant cultivars of barley (Hordeum vulgare L.), where salt 

is expected to be a problem. Although salinity can usually be con-

trolled, there is an urgent need to develop more salt-tolerant culti-

vars for use in the irrigated deserts of the world. 

Temperature as a Factor in Salt Tolerance 

Magistard et ale (1943) found that salt-tolerance varied with 

temperature and that with increasing temperature and salinity, de-

creases in crop yields occurred. Seed germination of soybean (Glycine 

~ L. Merrill) was inhibited by 0.2% NaCl solution at 300C but not by 

0.3% NaCl solution at l50C. The interaction of temperature and salin-

ity on germination of sugarbeets (Beta vulgaris L.) was highly 

significant. Salinity had little effect on germination of sugarbeet 

seed at 100C and l50C but the inhibition on germination increased as 

temperature increased to 400C. Francois and Goodin (1972) found that 

salinity was increasingly damaging to sugarbeets as temperature in-

o 0 creased from 25 C to 40 C. In their experiments using several 

3 
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different varieties, they determined that the germination of the sugar

beet cultivar 'U.S.H2' was most adversely affected by salinity. 

Ahi and Powers (1938) conducted experiments using alfalfa 

(Medicago sativa L.) in which salinity and temperature were variables. 

They found that alfalfa germination and seedling emergence were greatly 

reduced by the combination of high salinity and high temperature. 

Brown and Hayward (1956) continued these studies with alfalfa and noted 

that the average yield for all cultivars was reduced to 79% of the 

control by their low salt treatment and 60% by the intermediate salt 

treatment. High relative humidity increased the salt-tolerance of 

barley and corn (Zea mays L.) but did not affect the tolerance of wheat 

(Triticum vulgare ViII aestivum L.) to salt (Hoffman and Jobes, 1978). 

Specific Salinity Effects 

Photosynthesis and Growth 

Boyers (1965) reported that high levels of NaCl reduced the 

rate of photosynthesis. He theorized that this was the result of 

solute effects of enzymes and that it did not result from stomatal 

closure. Nieman (1962) in similar studies, however, found that photo

synthesis rates were not affected when he increased osmotic stress with 

NaCl. This was true for all of the 12 different crop plants studied. 

Results obtained by Ackerson and Youngner (1975) agreed with those of 

Nieman. 

Abel and Mackenzie (1964) stated that high salinity in the soil 

resulted in increased plant mortality, increased leaf necrosis, reduced 
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green leaf color, decreased stem production, decreased seed yield, and 

decreased seed quality. The negative effects of salinity on the growth 

of cotton (Gossypium hirsutum L.) plants were studied by Thomas (1980). 

Regression coefficients developed from his data suggested that an in

crease of 1 bar in total soil water suction decreased growth of cotton 

stems by 3.Scm during the 70 to 8S-day growth period an.d 0.9cm during 

the 8S to lIS-day growth period. 

Sepaskhah and Boersma (1979) found that the rates of elongation 

of wheat leaves decreased at an accelerated rate as the osmotic poten

tial of the water used for irrigation increased. Bernstein (1961) 

determined that the fresh weights of tops and roots of cotton were de

creased by increasing the percentage of NaCl in the solution culture. 

Hassan et al. (1970) obtained results that differ from those of most 

researchers. Their experiments indicated that moderate soil salinity 

may enhance metabolism and increase dry matter production. 

Water Availabilit~ 

Langdale and Thomas (1971) related the growth responses of 

several plants to salt concentrations in the soil. They found a strong 

negative correlation between growth and salinity, and that the decrease 

in growth rates resulted largely from the physiological unavailability 

of water and/or from specific ion tmticities. In similar studies, 

Donovan and Day (1969) found that restricted crop growth in saline 

soils may be due to either reduction in moisture availability, toxic 

effects of specific ions, or salt-induced nutritional deficiencies. 

The first reaction of plants to high salt was reduced water entry which 
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caused decreased growth because of the inability of subcellular organ

elles, s'uch as mitochondria, to withstand the intemal drought 

conditions (Bemstein, 1961). 

Bower and Tamimi (1979) studied the effects of salinity on the 

moisture content of plants. They found that shoots of cultivars grown 

in saline solutions had a lower water content than shoots grown in 

non-saline solutions, indicating that salt injury involved water 

stress. Narale, Subramanyan, and Mukherjee (1969) found that growth 

depression attributed to salinity was caused by the kind as well as 

the quantity of the salt present in the r09t environment. Negative 

effects of specific ions resulted primarily from imbalances in the 

concentration of various ion species. The nonspecific deleterious 

effects resulting from high salinity were caused by the total concen

tration of salt, regardless of the species present. 

Hopkins (1939) concluded that the effects of salinity on plant 

growth were similar to those resulting from drought stress. Plants 

grown in a saline environment were shorter as a result of a shortening 

of the internodes •. Examination of the shortened intemodes suggested 

that this reduced growth resulted from smaller cells. 

Root Growth 

Gerard (1978) measured root growth of sugarcane (Saccharum 

officinarum L.) in mm/cm2 of soil. He found that root growth increas

ed with increases in salinity of irrigation water from 1.1 to 8 mmhos/ 

cm. In spite of the fact that there were increases in root growth. top 



growth of plants was reduced by 50% at the highest salt concentration 

used in these studies. 
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In bermudagrass (Cynodon dactylon (L.) Pers) , Ackerson and 

Youngner (1975) found that dry weight of tops decreased, while dry 

weight of roots and total non-structural carbohydrate concentration of 

crowns increased, with increased salinity of the culture solution. 

These researchers also noted that the root/shoot ratio of several halo

phytes was relatively hig~, compared with that of glucophytes grown 

under saline conditions. This suggested that root growth of halophytes 

may be less affected by salinity than root growth of glucophytes. The 

response of. plants to different levels of salinity may be conditioned 

by a small area in the root that contains more or less salt than the 

soil (Black, 1957). 

Nutrient Uptake 

There is a significant negative correlation between soil salin

ity, and the uptake of P, K, Ca, Fe, and Cu by all parts of barley 

plants but a significant positive corre~ation between soil salinity and 

the uptake of Mn, and Na (Hassan et al., 1970). For most irrigated 

desert soils, nitrogen is the principal fertilizer element applied 

(Dennis et al., 1978). Water-stress induced by a high salt content of 

the soil resulted in the inhibition of nitrogen metabolism (Wadleigh 

and Ayers, 1945). 



General Effects of Salinity on 
Growth and Development of Cereal Grains 

All agronomic and horticultural crops are affected by salinity 
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levels in the soil. However, they differ greatly in their tolerance to 

salt (Richards, 1954). In general, plants are more tolerant of salt as 

they approach maturity (Lunin, Gallatin, and Batchelder, 1963). Plants 

are most susceptible to salt during the germination and seedling stages 

although other stages are affected (Maliwal and Paliwal, 1967). This 

effect of salinity on plant growth was studied by Pearson and Bernstein 

(1959) and Ehler (1958). These researchers found that salinity inhibi-

ted growth more severely at early stages of plant development than at 

later stages. They also found that vegetative stages of growth were 

less, affected by salinity than were reproductive stages. Harlan and 

Martini (1936) found that barley was particularly susceptible to salt 

in the soil and water during germination. Ayers, Brown, and Wadleigh 

(195i2) concluded that high levels of salinity in the soil and irriga-

tionL water had a greater negative effect on the reproductive stages of 

gro~rth of wheat plants than it did on the vegetative stages. 

Barley is one of the most salt-tolerant agronomic crops (Ayers, 

Bro~m, and Wadleigh, 1952). Because of this characteristic, it is 

adapted to wide areas throughout the world (Donovan and Day, 1969). 



Although barley is salt-tolerant, it is affected by the level of dis

solved salts in the environment at germination and at other stages of 

growth (Ayers and Hayward, 1948). 

9 

In Arizona, most barley is of the spring type but it is grown 

as a winter-annual (Dennis et a1., 1978). Barley at the lower eleva

tions of Arizona is usually planted in December or January and it 

matures in Mayor June of the following year. Since most of the growth 

of barley plants occurs during the cooler time of the year, they are 

able to withstand relatively high levels of salt in the soil and irri

gation water (Dennis et a1., 1978). 

The date of planting for barley, as for other crops, greatly 

affects yield potential. Beard (1961) found that highest yields were 

obtained from early planting. Woodward (1956) found that early planted 

barley plants had stiffer straw, larger heads, and a higher test 

weight, since the plants had a longer period for each of the several 

stages of growth. In similar experiments, Day and Thompson (1970) ob

tained the highest yields for barley when plantings in central Arizona 

were made in mid-November and with a seeding rate of 25 kg/ha. The 

lower seeding rate they used for barley decreased the number of fertile 

heads per unit of area but increased the number of seeds per head and 

the weight of individual seeds. 

Wagenet et ale (1980) studied the effect of irrigation frequen

cy and its interaction with salinity on the yield of barley. They 

found that grain yields were reduced with decreasing irrigation fre

quency (2 to 8 days) and that increasing the salinity of irrigation 
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water from 0.5 to 13.5 mmhos/cm also decreased grain yield. Increasing 

the seeding rate helped to compensate for the decreased germination 

and the in~reased seedling mortality that occurred in saline-sodic 

soils (Dargan, Abrol and Bhumla, 1974). 

The method of planting also has an impact on the growth and 

development of barley plants. Day, Turner, and Kirkpatrick (1971) 

found that drilling on beds resulted in higher grain yields than plant

ing with two rows per bed. They also determined that planting 54 kg/ha 

of seed resulted in higher grain yields than planting 28 kg/ha. In re

lated experiments, they also determined that when barley was grown in 

saline soil and irrigated with high-salt water, highest yields were 

obtained when stands were obtained by planting on beds at a low rate of 

seeding. 

Lodging of barley plants is also an important factor related to 

yield loss when plantings are made in the irrigated deserts of the 

Southwest. When plants were artificially lodged to 900 (Day, 1957) the 

yield of grain, test weight, and weight per 1000 seeds were decreased. 

Rice 

Salinity of soil and water is most damaging to rice (Oryza 

sativa L.) plants when it is imposed early in the life cycle (Pearson 

~d Bernstein, 1959). In addition, high salts appear to affect pollen 

germination, and therefore, fertilization of rice florets. Kapp (1947) 

also studied the interaction of stage of growth of rice plants and 

salinity levels. He found that high soil salinity at planting time 

was a more severe treatment for rice than high salinity when seedings 
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were six weeks old. Kaddah, Lehman, and Robinson (1973) obtained simi-

1ar results. They also found that relatively high salinity after the 

boot stage did not significantly affect the yield of rice plants. 

Nara1e,Subramanyan, and Mukherjee (1969) concluded that grain yield, 

and- vegetative growth were markedly hampered at an EC of 7.2 and 9.8 
e 

mmhos/cm, and that rice could germinate normally in a medium having an 

EC up to 4.5 mmhos/cm. 
e 

Corn and Sorghum 

Kaddah and Ghowai1 (1964) conducted experiments using corn. 

They found that the tolerance of corn to salt lvas moderate and that it 

increased as plants grew older. Lyles and Fanning (1964) used sorghum 

(Sorghum vulgare L.) plants in similar research. They found that in-

creases in soil salinity delayed and decreased seedling emergence. 

Cu1tivar Differences in Response to Salinity 

Ayers (1953) determined that barley cu1tivars differ in their 

tolerance to salinity. These early studies have been repeated in 

greater detail by other researchers. Shourbagy and Wallace (1965) 

found that high levels of sodium in the soil and water decreased yields 

for four of five cu1tivars of barley. In their studies, 'Arivat' was 

most severely affected by high salinity while 'Fir1becks III' was least 

affected. Donovan and Day (1969) found that the cu1tivar 'California 

Mariout' was exceptionally tolerant of high levels of salinity, while 

Arivat had a very low level of salt-tolerance. These researchers also 

concluded that at moderate salinity levels most barley varieties had 
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uniform seedling emergence but that at high levels of salinity only the 

most salt-tolerant cultivars produced satisfactory seedling growth. 

Taylor, Young, and Rivera (1975) found that cultivars of sor

ghum also differ significantly in their tolerance to salt. They 

concluded that plant breeders have an opportunity to develop new cul

tivars with extraordinary salt-tolerance. Abel and Mackenzie (1964) 

found that salinity decreased the percent and rate of seedling emer

gence and that there was a difference between varieties of soybeans in 

the decrease in the rate of emergence. 

Dewey (1960) studied the relative salt tolerance of twenty-five 

different strains of Agropyron (sp.). He reported that differences in 

salt tolerance among strains indicated that selection would prove suc

cessful in developing more salt-tolerant strains. Dewey (1960) also 

stated that salt-tolerance is not absolute and depends on environmental 

factors, such as relative humidity and management of irrigation and 

fertility. 

Hunt (1965) noted that success in increasing salt-tolerance in 

a given species depends on heritable variation ·in the species and the 

effectiveness of selection techniques. Little or no relationship was 

found between salt-tolerance of seedlings and salt-tolerance of mature 

plants. 

Dobrenz et al. (1980) were very successful in increasing salt

tolerance in alfalfa. They selected plants that appeared to be 

unusually salt-tolerant. Three years of yield data with these 
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salt-tolerant alfalfas have demonstrated that their yields are higher 

than 'Mesa-Sirsa', the check variety. 

Mineral analysis may be a way to evaluate tolerance to salin

ity. Shannon (1978) found that tolerance to salinity was associated 

with restricted accumulation of Na, Ca, and Cl. Francois (1976) deter

mined that Na uptake increased proportionally in the shoots of tall 

wheatgrass (Agropyron elongatum Beauv.) with increases in salinity, 

whereas Cl uptake seemed to remain relatively constant. and was not 

dependent on salt concentration in the soil and water. 

Yield and Yield Components 

Stickler and Pauli (1961) stated that the yield components for 

barley and wheat w'ere: (1) number of heads per unit area, (2) number 

of seeds per head,and (3) weight of individual seeds. Knott and 

Talukdar (1971) fOlund that individual seed weight of wheat was posi

tively correlated with yield and negatively correlated with the number 

of kernels per plolt. On the average, wheat lines with high seed 

weight produced the higher yields of grain. 

Results obtained by McNeal (1960) differed from those of Knott 

and Talukdar (1971.). McNeal stated that of the three yield components, 

kernel weight was the least important in determining yield. McNeal, 

Smith, and Berg (1.974) found that yield increases for wheat could be 

obtained by increalsing one or more of the three components of yield. 

Grafius (1956) stated that for oats yield components were: 

(1) panicles per tmit area, (2) number of kernels per panicle, and 
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(3) kernel weight. Fonseca and Patterson (1965) also conducted exper~ 

iments with oats and found that the three yield components above were 

highly correlated with grain yield. Frey (1959) working with spring 

oats, found that the yield variables enumerated by Grafius were inf1u~ 

enced by cu1tivar, location, date of planting, and fertility. 

The objectives of this research experiment were as follows: 

(1) to compare the chemical characteristics of the soil and irrigatio~l 

water in both non-saline and saline environments, (2) to study the 

general growth and response of barley genotypes to both non-saline an~ 

saline environments,. (3) to determine the correlations between grain 

yield and plant growth characteristics of barley genotypes grown in 

non-saline and saline environments, and (4) to evaluate the feasibil

ity of using plant breeding techniques to develop improved barley cu1~ 

tivars for both non-saline and saline environments. 



MATERIALS AND METHODS 

A two-year experiment (1976 thru 1977) was conducted at the 

Safford Experiment Station, Safford, Arilzona to study the response of 

barley genotypes to both non-saline and Isaline environments. The re

search site was located at about 1,0100 m above sea level. The soil 

type was a Grabe Clay Loam, which is! a member of the coarse-loamy, 

mixed thermic family of Cumulic Haplustoills. The soil was plowed, 

floated, disked, dragged, and bedded to produce a good seedbed. Nitro

gen fertilizer, in the form of auunoIllium Initrate, was applied prior to 

planting each year at the rate of 168 kg/ha of element·alN. The exper

iment was conducted in two research env~ronments each year. One area 

had received only river irrigation "tirate1:j for the previous ten years 

(non-saline environment) and the other area had been irrigated with 

only well water for the previous ten years (saline environment). The 

typical chemical characteristics of Gra~e Clay Loam Soil irrigated with 

river water compared with that irrigatecli with well water for ten years 

are presented in Tables 1 and 2, respect:ively. The following 15 barley 

genotypes were grown in each environmentf each year: (1) 'Mesa 273', 

(2) 'Mesa 269', (3) 'Yuma 32', (4) IIYumal 6', (5) 'Mesa 322', (6) 'Yuma 

52', (7) 'Yuma 166', (8) 'Mesa 300':, (9) 'Mesa 383', (10) 'Yuma 122', 

(11) 'Arimar', (12) 'Arivat', (13) II MesaL 497', (14) 'Arizona 1970-1', 

and (15) 'California Mariout'. AriInar" Ari vat, and California Mariout 

were commercial cultivars. Arizona 1970-1 was an early, short-strawed 
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Table 1. Typical chemical characteristics of Grabe Clay Loam Soil irrigated with river water at 
the Safford Experiment'Station, Safford, Arizona in 1976. 

Soil Soluble' ionsl 
depth EC x 103 Ca Mg Na Cl ESP pH 

(m) (nnnhos / cm) (meq/l) (meq/l) (meq/l) (meq/l) (%) (pH) 

0.3 2.2 0.8 0.4 17.4 17.3 15.6 8.6 

0.6 3.5 3.1 0.6 20.3 20.0 15.8 8.6 

1.0 5.0 2.7 1.1 24.5 24.2 15.9 8.3 

1.3 4.5 2.1 1.1 25.0 24.9 16.9 8.3 

1.6 3.9 1.3 1.0 25.8 24.2 20.0 8.4 

2.0 2.9 0.8 0.5 20.9 19.2 19.7 8.3 

lDetermined in the saturation extract. 

f-I 
0' 



Table 2. Typical chemical characteristics of Grabe Clay Loam Soil irrigated with well water at 
the Safford Experiment Station, Safford, Arizona in 1976. 

Soil 
EC x 103 

Soluble ions l 
depth Ca Mg Na Cl ESP pH 

(m) (mmhos/cm) (meq/l) (meq/l) (meq/l) (meq/l) (%) (pH) 

0.3 3.5 1.6 0.8 34.1 30.2 18.4 8.6 

0.6 3.7 3.7 1.7 52.2 51.2 31.4 8.5 

1.0 7.7 4.7 2.9 68.6 67.9 32.7 8.4 

1.3 7.9 5.8 2.4 70.4 70.3 31.0 8.4 

1.6 4.8 4.6 1.3 47.5 53.0 29.9 8.3 

2.0 4.2 4.0 1.1 44.2 41.2 27.5 8.3 

lDetermined in the saturation extract. 

I-' ...... 
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natural mutation from I Arimar. All Mesa genotypes were thermal neutron 

induced mutations from Arivat and all Yuma genotypes were thermal neu

tron induced muta~:ions from Arimar. The experimental design was a 

Split Plot Experi~ent lwith environments as main plots and genotypes as 

sub-plots with fO\lr re~plications. Each individual plot consisted of 

one hill which covered an area of 0.25m2 on a standard vegetable bed. 

Torrie (1962) repprted that the hill method of planting was used suc

cessfully in eval~ating strains (genotypes) of soybeans when land was 

limited, the numb~r of entries was large, or the seed supply was 

limited. The bar~ley ~.as planted in November at the rate of 12 seeds 

per hill and the ~raiIl and straw were harvested ~rlth a hand sickle the 

following May eacp year. After planting, the barley was irrigated-up 

to saturate the spil to a depth of 1 m and irrigated as needed through-

out the growing s~ason to insure that the plants were never stressed 

for moisture. A '/:otal of 1 m of irrigation water was required to 

grow the barley gem)types to maturity. The following data were re

corded for each genotype each year: (1) plant height, (2) lodging, 

(3) number of heaps pIer hill, (4) number of seeds per head, (5) seed 

weight, (6) grain yield, (7) straw yield, (8) grain-to-straw ratio, 

(9) days from planting to flowering, and (10) days from flowering to 

maturity. All da.ta wlere analyzed using the standard analysis of vari

ance. Means were. compared using the Least Significant Diffe'rences 

(LSD) Test. Simp.le c,orrelations were calculated between grain yield 

and the remainin~ nine characteristics observed for each genotype. 



RESULTS AND DISCUSSION 

It is important to point out at the beginning of the results 

and discussion that the growth of each of the 15 barley genotypes was 

evaluated in both a non-saline environment and in a saline-environment 

on Grabe Clay Loam Soil at Safford, Arizona. The non-saline environ

ment was created by irrigating the soil with river water for 10 years 

prior to the experiment and throughout the experiment. The saline 

environment was created by irrigating the soil with well water for 10 

years prior to the experiment and throughout the experiment. The ex

change capacity, soluble ions, and ESP of the soil irrigated with well 

water were all much higher than the exchange capacity, soluble ions, 

and ESP of the soil irrigated with river water (Tables 1 and 2). The 

pH values for the soils in the two environments were similar. The sol

uble salts, calcium, magnesium, sodium, chloride, sulfate, bicarbonate, 

and sodium adsorption ratio were all much higher in well irrigation 

water than were the same chemical properties in river irrigation water 

(Tables 3 and 4). The foregoing soil and water chemical properties 

indicate that the non-saline environment should be much more conducive 

to optimum plant growth than the saline environment. 

Plant Height 

The analysis of variance for plant height for 1976 and 1977 

combined showed a significant difference between environments and also 

19 



Table 3. Typical chemical properties of 
river water at the Safford Experi
ment Station, Safford, Arizona in 
1976. 

Chemical properties 1976 

(ppm) 

Soluble salts 518.0 

Calcium 29.0 

Magnesium 8.7 

Sodium 88.0 

Chloride 107.0 

Sulfate 56.0 

Carbonate 0.0 

Bicarbonate 222.0 

Fluoride 2.2 

Nitrate 5.0 

Sodium Adsorption Ratio 3.7 
(SAR) 

20 



Table 4. Typical chemical properties of well 
water at the Safford Experiment 
Station, Safford, Arizona in 1976. 

Chemical properties 

Soluble salts 

Calcium 

Magnesium 

Sodium 

Chloride 

Sulfate 

Carbonate 

Bicarbonate 

Fluoride 

Nitrate 

Sodium Adsorption Ratio 
(SAR) 

1976 

(ppm) 

2044.0 

98.0 

19.0 

500.0 

630.0 

260.0 

0.0 

532.0 

2.4 

3.2 

12.1 

21 
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between genotypes (Tables 5 and 6) •. In general, barley genotypes 

grown in a non-saline environment produced taller plants than did the 

same genotypes grown in a saline environment. This indicates that 

barley was unable to reach its full height potential in the saline en

vironment. Since there were significant differences between genotypes 

in both the non-saline environment (Tables 7, 8, and 9) and in the sa

line environment (Tables la, 11, and 12), it should be possible to 

select and/or breed for either taller or shorter barley in each envi

ronment. When barley is grown for forage or mulching material, tall 

plants are desired; however, when grain production is the primary ob

jective, short plants are preferred. In most instances, when barley 

was grown in both the non-saline environment and also in the saline 

environment, there was a positive correlation between grain yield and 

plant height (Table 13). This suggests that when a plant breeder se

lects tall barley plants he is also selecting for high grain yield at 

the same time. 

Lodging 

The 1976 and 1977 combined analysis of variance for lodging 

did not show a significant difference between environments; however, 

it did indicate a significant difference between genotypes (Tables 5 

and 6). This indicated that barley genotypes were as susceptible to 

lodging in a non-saline environment as they were in a saline environ

ment. In general, it is desirable to grow barley with as Iowa 

lodging percentage as possible in all environments because as the 

lodging percentage increases, the general quality of the plant 



Table 5. Analysis of variance for plant height, lodging heads per hill, seeds per head, 
and seed weight for 15 barley genotypes and varieties grown in two different 
environments at Safford, Arizona in. 1976 and 1977. 

Plant height Lodging Heads per hill Seeds per head Seed weight 
Source of variation df 

KS F-ratio MS F-ratio MS F-ratio MS F-ratio M.S F-ratio 

Replications (R) 3 247.58 567.97 56.18 32.84 7.49 

Environments (E) 1 8213.40 30.12* 0.07 0.00 3673.84 8.16 2214.34 50.93** 380.02 110.15** 

Error a 3 272.70 248.88 450.12 43.48 3.45 

Genotypes (G) 14 878.66 15.22** 594.86 4.67** 739.26 2.77** 67.59 1.35 207.41 32.71** 

GE 14 42.48 0.74 222.37 1.75* 342.61 1.28 63.78 1.27 22.53 3.56** 

GER 42 29.40 0.51 48.03 0.38 188.39 0.71 28.39 0.57 6.60 1.04 

Error b 162 57.74 127.38 267.07 50.25 6.33 

* Significant at the 5% level of probability. 

** Significant at the 1% level of probability. 

N 
W 



Table 6. Combined analysis of variance for plant height, lodging, heads per hill, seeds per 
head, and seed weight for 15 barley genotypes and varieties grown in two different 
environments at Safford, Arizona in 1976 and 1977. 

Plant Height Lodging Heads per hill Seeds per head Seed weight 
Source of variation df 

MS F-ratio ~IS F-ratio HS F-ratio MS F-ratio MS F-ratio 

Replications 3 247.58 587.97 56.18 32.84 7.49 

Environments (E) 1 8213.40 30.12* 0.07 0.00 3673.84 8.16 2214.34 50.93** 380.02 110.15** 

Error a 3 272.70 248.88 450.12 43.48 3.45 

Years (Y) 1 912.60 8.24* 3936.60 13.25* 1111.20 50.67** 1219.50 10.48* 51i.42 4.67 

YE 1 1717.35 15.50** 2561.07 8.62* 6273.04 28.61** 885.50 7.61* 120.42 11.17* 

Error b 6 110.81 297.20 219.30 116.42 10.78 

Genotypes (G) 14 878.66 26.67** 594.86 8.41** 739.26 4.45** 67.59 2.27** 207.41 39.76** 

GE 14 42.48 1.29 222.37 3.15** 342.61 2.06* 63.78 2.14* 22.53 4.32** 

GY 14 88.75 2.69** 52.67 0.75 153.89 0.93 83.45 2.eO** 8.82 1.69 

GYE ' 14 36.95 1.1~ 125.55 1.78* 172.74 1.04 24.99 0.84 4.80 0.92 

Error c 168 32.95 70.69 166.10 29.83 5.22 

* Significant at the 5% level of probability. 

** Significant at the 1% level of probability. 

N 
.p.. 



Table 7. Average of 10 characteristics for 15 barley genotypes and varieties grown at 
Safford, Arizona with river water in 1976. 

Treatments Plant Lodging Heads Seeds Seed Grain yield Straw yield Grain to Planting to Flowering to 
(Genotypes) height per hill per head weight per hill per hill straw ratio flowering maturity 

(em) (%) (no.) (no.) (g/lOOO) (g) (g) (ratio) (day) (day) 

Mesa 21.3 69 ab* 8 be 50 ab 29 be 45 be 72 abe 55 be 1.2 a 106 b 63 e 

Mesa 269 73 ab 7 be 71 ab 32 ab 46 ab 116 ab 101 ab 1.3 a 106 b 62 d 

Yuma 32 67 ab 9 be 81 a 31 abe 42 be 106 ab 112 ab 1.1 a 105 e 63 e 

Yuma 6 68 ab 6 be 65 ab 38 ab 38 ed 96 lib 75 be 1.3 a 106 b 62 d 

Mesa 322 75 a 3 be 61 ab 39 a 43 be 102 ab 89 ab 1.2 a 106b 62 d 

Yuma 52 43 e o be 71 ab 25 be 33 e 56 be 56 be 1.1 a 107 a 62 d 

Yuma 166 74 a 3 be 52 ab 36 ab 44 be 82 abe 64 be 1.3 a 107 a 61 e 

Mesa 300 65 b 2 be 64 ab 37 ab 43 be 102 ab 79 abc 1.4 a 105 e 63 e 
I 

Mesa 383 75 a 2 be 66 ab 36 ab 47 ab 107 ab 72 be 1.5 a 107 a 61 e 

Yuma 122 76 a 13 be 75 ab 36 ab 41 ed 109 ab 106 ab 1.0 a lOS e 63 e 

Arimar 78 a 17b 71 ab 36 ab 50 a 127 ab 107 ab 1.2 a 106 b 62 d 

Arivat 78 a 13 be 82 a 35 ab 46 ab 130 a 127 a 1.1 a 106 b 62 d 

Mesa 497 79 a 6 be 53 ab 36 ab 48 ab 90 ab 78 abc 1.2 a 107 a 61 e 

Arizona 1970-1 62 b 6 be 55 ab 28 be 48 ab 75 abe 53 be 1.5 a 102 e 61 a 

Calif. Mariout 73 ab 54 a 57 ab 31. abc 49 ab 87 abe 94 ab 1.0 a 103 d 65 b 

LSD 8 14 21 7 4 32 35 0.6 1 1 

* Neans followed by the same letter are not significantly different at 5.1.: level of probability. 
N 
VI 



Table 8. Average of 10 characteristics for lS"barley genotypes and varieties grown at 
Safford, Arizona with river water in 1977. 

Treatments Plant Lodging Heads Seeds Seed Grain yie~d Straw yield Grain to Planting to Flowering to 
(Genotypes) height per hill per head. weight per hill per hill straw ratio flowering maturity 

(em) (%) (no.) (no.) (g/lOOO) (g) (g) (ratio) (day) (day) 

Mesa 273 62 abe. 12 b 42 ab 38 b 47 ab 73 be 39 abe 1.9 ab 87 ab 31 be 

Mesa 269 64 ab 12 b 49 ab 39 b 49 ab 92 ab 50 ab 1.9 ab 85 be 32 b 

Yuma 32 63 ab 14 ab 57 a 42 ab 43 be 98 ab 57 ab 1.8 ab 86 be 31 be 

Yuma 6 62 abe 7 be 33 be 44 ab 40 ed 51 be 35 be 1.6 ab 88 ab 30 be 

Mesa 322 57 be 7 be 35 abe 41 ab 45 be 64 be 35 be 1.9 ab 86 be 31 be 

Yuma 52 44 ed 1 be 40 ab 40 b 34 e 56 e 39 abe 1.5 ab 88 ab 29 e 

Yuma 166 70 ab lIb 36 abe 41 ab 43 be 62 be 41 abe 1.5 ab 89 a 28 d 

Mesa 300 51 ed 2 be 37 abe 39 b 41 ed 59 be 29 be 2.0 ab 86 be 31 be 

Mesa 383 61 be 13 ab 46 ab 38 b 46 b 80 abe 39 abe 2.1 ab 86 be 32 b 

Yuma 122 69 ab lIb 41 ab 52 a 41 ed 86 ab 46 ab 1.9 ab 86 be 31 be 

Arimar 68 ab 21 ab 47 ab 42 ab 51 a 95 ab 52 ab 1.9 ab 85 be 32 b 

Arivat 74 a 15 ab 57 a 42 ab 47 ab 110 a 62 a 1.8 ab 85 be 32 b 

Mesa 497 60 be 10 b 35 abe 44 ab 47 ab 69 be 40 abe 1.8 ab 86 be 31 be 

Arizona 1970-1 57 be 7 be 24 be 48 ab 45 be 50 e 27 be 1.9 ab 82 d 35 a 

Calif. Mariout 55 be 29 a 44 ab 40 b 51 a 91 ab 41 abe 2.2 a 83 d 34 a 

LSD 8 9 15 8 3 24 16 0.7 2 2 

• Means followed by the same letter are not signifieantly different at 5% level of probability • 
N 
0\ 



Table 9. Average of 10 characteristics for 15 barley genotypes and varieties grown at 
Safford, Arizona with river water in 1976 and 1977. 

Treatments Plant Lodging Heads SEeda Seed Grain yield Straw yield Grain to Planting to Flowering to 
(Genotypes) height per hill per head weight per hill per hill straw ratio flowering maturity 

(em) (%) (no.) (no.) (g/lOOO) (g) (g) (ratio) (day) (day) 

Mesa 273 66 ab* 10 be 46 ab 33 ab 46 be 73 be 47 ab 1.6 a 96 a 47 a 

Hesa 269 68 ab 9 be 63 ab 36 ab 47 b 104 ab 75 ab 1.6 a 96 a 47 a 

Yuma 32 65 ab 11 be 69 a 36 ab 43 ed 102 ab 84 ab 1.4 a 96 a 47 a 

Yuma 6 65 ab 6 be 49 ab 41 ab 39 d 77 be 55 ab 1.5 a 97 a 46 a 

Hesa 322 66 ab 5 be 48 ab 40 ab 44 be 83 abe 62 ab 1.5 a 96 a 47 a 

Yuma 52 43 e 1 be 56 ab 33 ab 33 e 56 be 47 ab 1.3 a 97 a 45 a 

Yuma 166 72 ab 7 be 44 ab 39 ab 44 be 72 be 53 ab 1.4 a 98 a 45 a 

Mesa 300 58 ab 2 be 50 ab 38 ab 42 ed 80 be 54 ab 1.7 a 96 a 47 a 

Mesa 383 68 ab 7 be 56 ab 37 ab 47 b 93 ab 55 ab 1.8 a 96 a 46 a 

Yuma 122 72 ab 12 be 58 ab 44 a 41 ed 97 ab 76 ab 1.4 a 95 a 47 a 

Arimar 73ab 19 b 59 ab 39 ab 50 a 111 ab 79 ab 1.6 a 95 a 47 a 

Arivat 76 a 14 be 70 a 38 ab 46 be 120 a 94 a 1.4 a 96 a 47 a 

Mesa 497 70 ab 8 be 44 ab 40 ab 47 b 80 be 59 ab 1.5 a 97 a 46 a 

Arizona 1970-1 59 ab 7 be 40 ab 38 ab 47 b 63 be 40 ab 1.7 a 92 a 51 a 

Calif. Mariout 64 ab 41 a 51 ab 36 ab 50 a 89 ab 67 ab 1.6 a 93 a 49 a 

LSD 11 16 23 10 3 30 36 0.7 17 25 

'* Means followed by the same letter are not signifieant1y different at 5% level of probability. N ..... 



Table 10. Average of 10 characteristics for 15 barley genotypes and varieties grown at 
Safford, Arizona with well water in 1976. 

Treatments Plant Lodging Heads Seeds Seed Grain yi~ld Straw yield Grain to Planting to Flowering to 
(Genotypes) height per hill per head weight per hill per hill straw ratio flowering maturity 

(em) (%) (no.) (no.) (g/1000) (g) (g) (ratio) (day) (day) 

Mesa 273 53 be* o a 48 ab 30 ab 44 ab 63 ab 39 ab 1.7 be 107 a 61 b 

Mesa 269 58 ab 1 a 45 ab 29 abc 47 a 60 ab 44 ab 1.3 be 107 a 61 b 

YU1118 32 56 abc 5 a 60 ab 29 be 43 ab 68 ab 56 a 1.4 be 107 a 62 a 

Yuma 6 55 abc 5 a 45 ab 33 ab 39 be 57 ab 32 ab 1.9 ab 107 a 62 a 

Mesa 322 53 be 2 a 47 ab 38 ab 41 be 74 ab 47 ab 1.7 be 107 a 62 'a 

Yuma 52 33 d o a 43 ab 29 be 36 e 44 ab 51 ab 1.6 be 107 a 61 b 

Yuma 166 57 abc 7 a 58 ab 31 ab, 45 ab 82 ab 61 a 1.4 be 106 b 62 a 

Mesa 300 50 be 2 a 37 ab 33 ab 42 be 51 ab 29 ab 1.7 be 107 a 62 a 

Mesa 383 52 be 6 a 45 ab 34 ab 44 ab 70 ab 37 ab 1.9 ab 106 b 62 a 

YU1118 122 61 ab 7 a 45 ab 23 be 40 be 48 ab 44 ab 1.1 be 107 a 61 b 

Arimar 54 abc 1 a 45 ab 40 a 43 ab 75 ab 35 ab 2.5 a 107 a 61 b 

Arivat 66 a 9 a 69 a 32 ab 46 ab 99 a 62 a 1.6 be 106 b 62 a 

Mesa 497 59 ab 1 a 49 ab 31 ab 47 a 72 ab 45 ab 1.6 be 106 b 62 a 

Arizona 1970-1 37 d o a 29 ab 27 be 46 ab 35 ab 17 ab 2.4 ab 102 e 66 a 

Calif. Mariout 53 be 5 a 46 ab 31 ab 42 be 58 ab 34 ab 1.7 be 106 b 62 a 

LSD 8 14 21 7 4 32 35 0.6 1 1 

* Means followed by the same letter are not significantly different at 5% level of probability. 
N 
00 



Table 11. Average of 10 characteristics for 15 barley genotypes and varieties grown at 
Safford, Arizona with well water in 1977. 

Treatments Plant Lodging Heads Seeds Seed Grain yield Straw yield Grain to Planting to Flowering to 
(Genotypes) height per hill per head weight per hill per hill straw ratio flowering maturity 

(em) (%) (no.) (no.) (g/lOOO) (g) (g) (ratio) (day) (day) 

Mesa Z73 5Z be* 19 ab 44 ab 35 ab 4Z ab 57 ab 29 ab 2.0 ab 87 ab 35 ab 

Mesa 269 51 be 19 ab 30 be 35 ab 44 a 46 ab 26 ab 1.8 ab 88 ab 33 be 

Yuma 32 61 ab 15 abe 41 abe 29 ab 42 ab 48 ab 30 ab 1.6 ab 87 ab 34 be 

Yuma 6 53 be 14 be 47 ab 28 ab 34d 47 ab 30 ab 1.6 ab 89 a 32 e 

Mesa 322 55 ab 15 abe 44 ab 37 ab 41 ab 67 ab 34 ab 2.1 ab 84 be 37 a 

Yuma 52 40 ed 10 be 55 ab 28 ab 33 d 50 ab 39 ab 1.3 ab 88 ab 33 be 

Yuma 166 62 ab 20 ab 45 ab 32 ab 43 ab 64 ab 37 ab 1.7 ab 86 be 35 ab 

Mesa 300 47 ed 12 be 36 be 32 ab 38 e 44 ab 21 ab 2.2 ab 86 be 35 ab , 
Mesa 383 55 ab 19 ab 59 a 31 ab 43 ab 77 ab 41 a 1.9 ab 84 be 37 a 

Yuma 122 62 ab 17 abe 42 abe 29 ab 38 e 45 ab 33 ab 1.4 ab 87 ab 34 be 

Arimar 55 ab 23 ab 44 ab 29 ab 43 ab 55 ab 30 ab 2.1 ab 86 be 36 ab 

Arivat 67 a 21 ab 47 ab 31 ab 43 ab 60 ab 37 ab 1. 7 ab 86 be 35 ab 

Mesa 497 58 ab 18 abe 55 ab 39 a 42 ab 83 a 44 a 2.1 ab 84 be 37 a 

Arizona 1970-1 50 e 18 abe 28 be 37 ab 43 ab 42 ab 23 ab 2.4 a 86 be 35 ab 

Calif. Mariout 52 be 30 a 43 ab 30 ab 43 ab 53 ab 29 ab 2.0 ab 85 be 36 ab 

LSD 8 9 5 8 3 24 16 0.7 2 

* Means followed by the same letter are not signifieantly differet at 5% level of probability. 
N 
\0 



Table 12. Average of 10 characteristics for 15 barley genotypes and varieties grown at 
Safford, Arizona with well water in 1976 and 1977. 

Treatments Plant Lodging Heads Seeds Seed Grain yield Straw yield Grain to Planting to FlO\Jering to 
(Genotypes) height per hill per head weight per hill per hill straw ratio flowering maturity 

(em) (%) (no.) (no.) (g/lOOO) (g) (g) (ratio) (day) (day) 

Mesa 273 53 abe* 9 a 46 ab 33 ab 43 ab 60 ab 34 a 1.9 ab 97 a 48 a 

Mesa 269 54 ab 10 a 38 ab 32 ab 46 a 53 ab 35 a 1.5 ab 97 a 47 a 

Yuma 32 59 ab 10 a 50 ab 29 ab 43 ab 58 ab 43 a 1.5 ab 97 a 48 a 

Yuma 6 54 ab 9 a 46 ab 30 ab 36 d 52 ab 31 a 1.7 ab 98 a 47 a 

Mesa 322 54 ab 8 a 46 ab 38 a 41 be 71 ab 40 a 1.9 ab 95 a 49 a 

Yuma 52 37 c 5 a 49 ab 28 ab 35 d 47 ab 45 a 1.4 ab 97 a 47 a 

Yuma 166 60 ab 14 a 52a 32 ab 44 ab 73 ab 49 a 1.5 ab 96 a 49 a 

Mesa 300 49 be 7 a 36 ab 33 ab 40 be 47 ab 25 a 1.9 ab 96 a 48 a 

tlesa 383 53 abc 13a 52 a 32 ab 44 ab 73 ab 39 a 1.9 ab 95 a 49 a 

Yuma 122 62 ab 12 a 44 ab 25 ab 39 c 47 ab 38 a 1.3 ab 97 a 48 a 

Arimar 55 ab 12 a 44 ab 34 ab 43 ab 65 ab 32 a .2.3 ab 96 a 48 a 

Arivat 67 a 15 a 58 a 31 ab 44 ab 80 a 50 a 1.6 ab 96 a 48 a 

Mesa 497 58 ab 9 a 52 a 35 ab 44 ab 78 a 44 a 1.8 ab 95 a 50 a 

Arizona 1970-1 43 be 9 a 29 ab 32 ab 44 ab 38 ab 20 a 2.4 a 94 a 50 a 

calif. Mariout 52 abc 17 a 44 ab 31 ab 42 ab 55 ab 31 a 2.0 ab 96 a 49 a 

LSD 11 16 23 10 3 30 36 0.7 17 25 

* Means followed by the same letter are not significantly different at 5% level of probability. Lv a 



Table 13. Correlations between grain yield per hill and 9 characteristics 
for 15 barley genotypes and varities grown in two environments 
at Safford, Arizona in 1976 and 1977. 

Safford barley grown with well water Safford barley grown with river water 
Characteristics 

1976 1977 1976-77 1976 1977 1976-77 

Plant heig.l}t 0.71** 0.32 0.51* 0.69** 0.59* 0.73** 

Lodging 0.47 0.18 -0.11 0.08 0.71** 0.20 

Heads per hill 0.85** 0.72** 0.80** 0.63* 0.90** 0.78** 

Seeds per head 0.50 0.40 0.41 , 0.62* -0.08 -0.19 

Seed weight 0.38 0.33 0.41 0.40 0.55* 0.38. 

Straw yield per hill 0.68** 0.81** 0.73** 0.86** 0.91** -0.83** 

Grain to straw ratio -0.12 0.13 -0.09 -0.04 0.36 -0.35 

Planting to flowering 0.31 -0.74** 0.25 0.22 -0.30 0.47 

Flowering to maturity -0.30 0.74** 0.29 -0.22 0.30 0.49 

* Significant at the 5% level of probability. 

** Significant at the 1% level of probability. 

w ..... 
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products decreases. Since there were significant differences in lodg

ing between genotypes in most instances (Tables 7, 8, 9, and 11), it 

is reasonable to except that new genotypes could be developed for each 

environment that would be more resist~nt to lodging than the presently 

available cu1tivars. Only in 1977 in the non-saline environment was 

there a significant positive correlation between grain yield and lodg

ing percentage (Table 13). In all other instances the correlations 

between grain yield and lodging were not significant. These data 

suggest that it would be difficult for a plant breeder to select 'bar

ley genotypes for high grain yield in environments similar to those 

present 'in this experiment and have any reasonable assurance that he 

was also selecting for increased tolerance to lodging. 

Heads Per Hill 

The 1976 and 1977 combined analysis of variance for number of 

heads per hill did not show a significant difference between environ

ments; however, it did indicate a significant difference between geno

types (Tables 5 and 6). This suggested that barley genotypes produced 

as many heads per hill in a saline environment as they did in a non

saline environment. The barley grower desires a large number of heads 

per unit area because number of heads per unit area is one of the 

principal yield components that determine grain yield in small grains. 

The significant differences between genotypes in number of heads per 

hill observed in both environments in 1977 indicates that it should be 

possible to breed new barley cultivars for the future that will pro

duce more heads per unit area in both non-saline and saline 
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environments than are produced by present commercial cultivars (Tables 

8 and 11). There was a positive correlation between grain yield and 

number of heads per hill in all instances when barley ~as grown in both 

non-saline and saline environments at Safford, Arizona in 1976 and 1977 

(Table 13). These data suggest that one of the best ways for a barley 

breeder to be sure that he is selecting for high grain yield is to se

lect plants that produce a large number of heads per unit area. 

Seeds Per Head 

A second important grain yield component in small grains, such 

as barley, is number of seeds per head. The analysis of variance for 

number of seeds per head for 1976 and 1977 combined showed a signifi

cant difference between environments and also between genotypes 

(Table 6). There was also a significant difference between years in 

number of seeds per head (Table 6). Although the number of seeds per 

head does vary from year to year as a result of yearly differences in 

environment, barley usually produces more seeds per head in a non

saline environment than in a saline environment (Tables 9 and 12). 

The differences between genotypes in number of seeds per head observed 

in 1976 (Tables 7 and 10) should encourage barley breeders to make an 

e~fort to select new genotypes with a higher number of seeds per head 

because as the number of seeds per head increases, the total grain 

yield should also increase. Only in 1976 and in the non-saline 

environment was there a significant positive correlation between grain 

yield and number of seeds per head (Table 13). 
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Seed Weight 

Seed weight is the third important yield component in small 

grains that determines the final grain yield. The 1976 and 1977 com

bined analysis of variance for seed weight showed a significant 

difference between environments and also between genotypes (Tables 5 

and 6). In general, barley genotypes grown in a non-saline environment 

had heavier seeds than did the same genotypes grown in a saline envi

ronment. This indicated that when barley was grown in a saline 

environment it was unable to produce seeds as large as its genetic 

potential would permit it to produce in a non-saline environment. It 

is believed that one reason a number of commercial barley cu1tivars 

produce lower grain yields in a saline environment than the same cu1-

tivars produce in a non-saL.ne environment is because the cu1tivars 

produce lighter seeds when ~he soil salts are high than when the soil 

salts are lower. Only in 1977 in the non-saline environment was there 

a significant positive correlation between grain yield and seed weight 

(Table 13). 

Grain Yield 

The principal objective of most small grain farmers is maximum 

grain yield per unit area of land. The analysis of variance for grain 

yield for 1976 and 1977 combined showed a significant difference be

tween environments and also between genotypes (Tables 14 and 15). In 

general, barley genotypes grown in a non-sa1in~ environment (Tables 7, 

8, and 9) produced higher grain yields than they did in a saline 



Table 14. Analysis of variance for grain yield per hill, straw yield per hill, grain to 
straw ratio, days from planting to flowering, and days from flowering to matur
ity for 15 barley genotypes and varieties grown in two different environments 
at Safford, Arizona in 1976 and 1977. 

Grain yield Straw yield Grain to Planting Flowering to 
per hill per hill straw ratio to flowering maturity 

Source of variation df 

HS F-ratio HS F-ratio MS F-ratio MS F-ratio MS F-ratio 

Replications (R) 3 727.74 343.65 0.33 1.02 0.97 

Environments (E) 1 43362.82 46.37** 40690.10 90.01** 3.98 9.57 14.50 15.66** 136.50 154.78** 

Error a 3 935.07 452.05 0.42 0.93 (1.88 

Genotypes (G) 14 2695.30 5.84** 1663.18 2.47** 0.71 2.62** 18.59 0.13 18.73 0.06 

GE 14 1201.80 2.60** 853.73 1.27 0.24 0.87 7.38 0.05 7.21 0.02 

GER 42 528.03 1.14 482.16 0.72 0.27 0.99 2.47 0.02 2.49 0.01 

Error b 162 461.42 673.91 0.27 147.99 'Un.93 

* Significant at the 5% level of probability. 

** Significant at the 1% level of probability. 

w 
lJ1 



Table 15. Combined analysis of variance for grain yield per hill, straw yield per hill, 
grain to straw ratio, days from planting to flowering, and days from flowering 
to maturity for 15 barley genotypes and varieties grown in two different envi
ronments at Safford, Arizona in 1976 and 1977. 

Grain yield Straw yield Grain to Planting Flowering 
per hill per hill straw ratio to flowering to maturity 

Source of variation df 

MS F-ratio MS F-ratio MS F-ratio MS F-ratio MS F-ratio 

Replications 3 727.74 343.65 0.33 1.12 0.97 

Environment (E) 1 43362.82 46.37** 40690.10 90.01** 3.98 9.57 14.50 15.66* 136.50 154.78** 

Error a 3 935.07 452.05 0.42 0.93 0.88 

Years (Y) 1 12355.35 42.89** 40794.34 545.07** 9.80 145.71** 23740.70 19992.17** 50837.70 43627.11** 

YE 1 2535.00 8.80* 15440.10 206.30** 2.84 42.20** 1.20 1.01 275.20 236.17** 

Error b 6 288.06 74.84 0.07 1.19 1.17 

Genotypes (G) 14 2695.30 6.52** 1663.18 4.46** 0.71 3.16** 18.59 15.25** 18.73 15.41** 

GE 14 1201.80 2.91** 853.73 2.29** 0.24 1.05 7.38 6.05** 7.21 5.93** 

GY 14 417.35 1.01 463.34 1.24 0.23 1.03 6.70 5.50** 6.59 5.42** 

GYE 14 360.52 0.87 257.59 0.69 0.08 0.34 2.13 1.75* 2.21 1.82* 

Error c 168 413.20 372.90 0.22 1.22 1.22 

* Significant at the 5% level of probability. 

*. Significant at the 1% level of probability. 

W 
0\ 
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environment (Tables 10, 11, and 12). This indicates that the different 

genotypes were unable to reach their full grain yield potential in a 

saline environment. Commercial barley growers in the southwestern 

United States have also observed this phenomenon on a large scale. 

Since there was greater variation in grain yield between the barley 

genotypes grown in the non-saline environment (Tables 7, 8, and 9) 

than there was when the same genotypes were grown in the saline envi

ronment (Tables 10, 11, and 12), a plant breeder would have a greater 

opportunity to select high grain yielding genotypes from these popula

tions in a non-saline environment. 

Straw Yield 

The analysis of variance for straw yield for 1976 and 1977 

combined showed a significant difference between environments and also 

between genotypes (Tables 14 and 15). Barley genotypes grown in a 

non-saline environment produced more straw than did the same genotypes 

grown in a saline environment. This indicates that a saline environ

ment tended to reduce the total vegetative growth of barley. Since 

there was greater variation in straw yield between the barley geno

types when they were grown in the non-saline environment (Tables 7, 8, 

and 9) than there was when the same genotypes were grown in the saline 

environment (Tables 10, 11, and 12), a plant breeder would have a 

greater opportunity to select high straw yielding genotypes from these 

populations in a non-saline environment. A similar observation was 

also made regarding grain yield. High straw yields would be desirable 
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whenever the barley crop is being grown for hay production or to pro

vide mulching material for the reclamation of disturbed land areas, 

such as copper mine wastes or coal mine wastes. In both environments, 

both years, and when the two years were combined there was a signifi

cant positive correlation between grain yield and straw yield (Table 

13). This indicates that under the conditions of this experiment a 

barley breeder could select high straw yielding genotypes and be rela

tively confident that he was also selecting high grain producing 

genotypes at the same time. 

Grain to Straw Ratio 

The 1976 and 1977 combined analysis of variance for grain to 

straw ratio showed a significant difference between genotypes and be

tween years (Tables 14 and 15). There was a tendency for the grain to 

straw ratios to be laxger in the saline environment (Tables 10, 11, 

and 12) than they were in the non-saline environment (Tables 7, 8, and 

9). Similar observations were also made by Day, Turner, and Kirk

patrick (1971). It is believed that the reason grain to straw ratios 

were larger in saline environments was because straw yields were de

pressed more by high soil salt than were grain yields. None of the 

correlations between grain yield and grain to straw ratio were signif

icant in either environment or in either 1976 or 1977 (Table 13). 

Planting to Flowering 

The analysis of variance for days from planting to flowering 

for 1976 and 1977 combined showed a significant difference between 
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environments, between genotypes, and between years (Tables 14 and 15). 

A number of genotypes required a little longer period from planting to 

flowering in the saline environment (Tables 10, 11, and 12) than they 

required in the non-saline environment (Tables 7, 8, and 9). Most 

barley growers prefer as short a period as possible from planting to 

flowering because barleys that flower quickly usually mature earlier 

than barleys that require a longer period from planting to flowering. 

This relationship was also reported by Dennis et al. (1978). In con

trast to the influence of salinity on flowering in barley observed in 

this study, Pearson and Bernstein (1959) found that flowering in rice 

was not influenced by salinity. Since the genotypes differed in the 

length of time required from planting to flowering', within a specific 

environment (Tables 7, 8, 10, and 11), this is a characteristic that 

could probably be altered by plant breeding techniques. In 1977 in 

the saline environment, there was a significant negative correlation 

between grain yield and the number of days from planting to flowering 

(Table 13). In all other instances, the correlations between grain 

yield and number of days from planting to flowering were not signifi-

cant. 

Flowering to Maturity 

The 1976 and 1977 combined analysis of variance for days from 

flowering to maturity showed a significant difference between environ

ments, between genotypes, and between years (Tables 14 and 15). A 

number of genotypes required a longer period from flowering to matur

ity in the saline environment (Tables 11 and 12) than they required in 
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the non-saline environment (Tables 8 and 9). Barley growers usually 

prefer cultivars that mature quickly after they re~ch the flowering 

stage because cultivars that require only a short pleriod from flower

ing to maturity occupy the land area for ? shorter period than do 

barleys that require a longer period from flowering to maturity. In 

regions where double-cropping is practice~, the sooner one crop can be 

matured and harvested the sooner a second crop can be planted on th(~ 

same area of land. In the southwestem U~lited Stat:es, many growers 

produce barley during the winter months ~ld sorghum! during the summer 

months in a double-cropping program. It ~hould be possible to shorten 

the period required from flowering to mat\lrity in n:ew barley cultivars 

because a number of the barley genotypes \iiffered in the length of 

time required from flowering to maturity =/-n both the non-saline and 

saline environments in 1976 and 1977 (Tab;les 7, 8, 110, and 11). In 

1977 in the saline environment, there was a signifilcant positive 

correlation between grain yield and the n\lffiber of days from flowering 

to maturity (Table 13). In all other ins~ances, the correlations be

tween grain yield and number of days from flowering to maturity were 

not significant. 



CONCLUSIONS 

The exchange capacity, soluble ions, and ESP of the soil irri

gated with well water (saline environment) were all much higher than 

the exchange capacity, soluble ions, and ESP of the soil irrigated 

with river water (non-saline environment). The soluble salts, calcium, 

magnesium, sodium, chloride, sulfate, bicarbonate, and sodium adsorp

tion ratio were all much higher in well irrigation water than in river 

irrigation water. The foregoing soil and water chemical properties 

indicate that the non-saline environment should be much more conducive 

to optimum plant growth and high yields of plant products than the 

saline environment. 

Most of the barley genotypes germinated more uniforma1ly, grew 

more vigorously, and produced more forage and grain in the non-saline 

environment. It required a longer period for barleY,to reach maturity 

in the saline environment. When the data from the two years were com

bined, there were positive correlations between grain yield and plant 

height, number of heads per unit area, and straw yield. Since there 

were significant differences between barley genotypes in a number of 

growth and yield characteristics in both environments, it should be 

possible to develop improved barley cultivars for both non-saline and 

saline environments using plant breeding techniques. 

Thermal neutrons were used successfully to induce usable mu

tations in adapted barley cultivars in this research and may also be 

41 



useful in the development of desirable mutations in adapted barley 

cultivars in other similar environments throughout the semiarid re

gions of the world. 
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