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Leaf tissue from three high protein barley cultivars, CI 4362,

CI 5195, CI 8380 and three low protein barley cultivars, Short Wocus,

Nordic, Woodvale, grown under field and growth chamber conditions

were evaluated for nitrate reductase activity. Nitrogen status of

cultivars grown under field conditions at booting stage was also anal-

yzed and percent protein in grain was measured at maturity.

Under field conditions both the high and low protein cultivars

maintained similar percentages of nitrogen in leaf tissue at the booting

stage. However, a two fold difference in nitrate reductase activity

levels ( p.moles-NO -plant-1-hr-1) was observed among the six barley

cultivars. Cultivars with high enzyme activity also had a higher total

protein in the grain than the cultivars with low enzyme activity.

Nitrate nitrogen levels in the leaf tissue had little effect on the amount



of nitrate reductase activity in the leaves. Water soluble protein in

the leaf tissue of the different cultivars was an unsatisfactory indi-

cator of nitrate reductase activity in the leaves.

Genotypes which had high levels of nitrate reductase activity

under field conditions also had high enzyme activity levels under con-

trolled environmental conditions. Nitrate reductase activity in leaf

tissue was higher than in root tissue. Root tissue, however, had a

higher specific enzyme activity ( p. moles NO2 per mg protein) than

leaf tissue. Dry shoot weight, dry root weight and root:shoot ratio of

barley seedlings were not reliable parameters of high enzyme activity

levels.

Nitrate reductase activity is clearly under genetic control.

Cultivars with high enzyme activity levels when grown under field

conditions consistantly displayed high levels of enzyme activity when

grown under controlled environmental conditions. However, fluctua-

tion within a high or low enzyme activity group was observed.

The effect of the environment on protein content in grain, the

gene action governing this trait as well as other agronomic charac-

ters were studied. The experimental materials consisted of six

parental cultivars, 15 possible F1' s and four F2 populations derived

from crosses between the high and low protein cultivars. The mater-

ial was space-planted under two diverse environments except for the

F1' s which were planted at one location.



By comparing the kernel weight and total protein in grain of

the six parental cultivars from the two locations, kernel weight was

more sensitive to the environment than total protein in grain. The

variation of percent protein in grain resulted from changes in kernel

weight. Total protein in grain was relatively stable and may be a

better criterion than percent protein in selection for high protein

lines.

Percent protein was negatively associated with grain yield and

kernel weight whereas total protein was positively associated with

grain yield and kernel weight. To increase percent protein and grain

yield by selection for small kernel size and increase number of tillers

per plant is questionable.

Broad sense heritability estimates using genetic variance in F2

populations showed a considerable amount of genetic variation present

for all characters measured. High narrow sense heritability esti-

mates indicated that a large proportion of the total genetic variation

was due to additive gene effects for these traits. Therefore, selec-

tion for these traits in the early generation can be effective.

The F
1

hybrids had a higher heterosis for kernel weight than

for total protein resulting in a decrease in percent protein in a given

hybrid combination. Thus the possibility of producing high yielding

hybrid varieties with a high percent protein in grain from materials

used in this study is discouraging. Crosses involving high total



protein cultivars gave hybrids with high total protein in grain. Maxi-

mum heterosis, however, was obtained in the hybrid combinations

involving low total protein cultivars. This was also true for other

characters. Therefore, heterosis may be a misleading criterion for

specific combining ability of a given hybrid combination.

Using Griffing's method 4 model I, significant general com-

bining ability (GCA) estimates were observed for tillers per plant,

kernel weight, percent protein and total protein. Significant amounts

of specific combining ability (SCA) were also observed for kernel

weight and percent protein. In most cases, GCA variances were

much higher than SCA variances. The additive gene action was more

important than non-additive gene action for these traits. This en-

hances the possibility of recovering superior progeny after genera-

tions of selfing.

Because additive gene action is the main factor responsible for

the expression of tillers per plant, kernel weight, percent protein

and total protein, transgressive segregation for these traits may

occur in segregating populations. The conventional breeding methods

are satisfactory for improving yield and protein content in cereal

grains. However, due to the negative association between percent

protein and grain yield, the selection pressure applied to these two

traits must be compromised. Moreover, percent protein is more

sensitive to environmental changes than total protein. Therefore,



total protein is a more reliable criterion than percent protein in

selection for high protein lines from segregating populations.
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NITRATE REDUCTASE ACTIVITY AND INHERITANCE OF
GRAIN PROTEIN IN SIX BARLEY CULTIVARS

(HORDEUM VULGARE L. AND
HORDEUM DISTIC HUM)

INTRODUCTION

Protein deficiency in human diets exists in many areas of the

world. This problem is becoming more acute due to a population

increase and a lack of a suitable source of good quality protein. In

proving the nutritional quality of a widely adapted cereal grain is one

approach to overcoming this problem. Cereal grains are the main

energy source and are often the only main protein source for millions

of people in developing countries. Therefore, any attempt to improve

the nutritional quality of cereal grain seems not only logical and

justified but essential. It would be a major contribution if an agro-

nomic superior cultivar could be developed with improved protein

quantity and quality.

Unfortunately, grain yield and grain protein are both quantita-

tively inherited traits and are greatly influenced by environmental

changes. This accounts in part for the difficulty in selection for both

grain yield and improved protein content. The problem is even more

complex because of the possible negative relationship reported by a

number of workers between percent protein and grain yield. To over-

come this problem the plant breeder must become more efficient in

selecting parents and in identifying the superior progeny in segregating
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populations. It would be desirable if a plant breeder could identify

the most promising parental combinations which when hybridized

would produce the highest number of superior progenies in a segre-

gating population. Recently, much emphasis has been placed on

physiological approaches as criteria for the improvement of grain

yield and grain quality in cereal crops. The nitrate reductase activity

of the leaf tissue has been proposed as a criterion for the selection of

parents to be used in the improvement of grain protein and for the

maintenance of a reasonable level of grain yield in new cultivars.

However, the relationship between nitrate reductase activity and grain

protein is inconclusive. Many factors must be clarified before any

practical use of this method can be applied as a criterion for the

selection of parents and superior progeny in segregating populations.

Statistical approaches also have been developed for studying the

nature of gene action involved in quantitative traits. Such analyses

provide for the partitioning of the genetic variance into additive and

non-additive gene effects and combining ability estimates for each

parent in a particular environment. Understanding the nature of the

predominant type of gene action and the influence of the environment

on protein content and grain yield may greatly enhance the effective-

ness of gene manipulation and the identification of superior progeny.

Heritability estimates, combining ability analysis and the association

between grain protein and other agronomic traits may help in the
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determination of how effective and when selection should be applied to

segregating populations. Genotype x environment interactions may

also be involved. Thus, it is also necessary to understand the nature

of environmental effect and its interaction with different genetic back-

grounds.

The objectives of this study were to investigate: the nitrogen

status in the vegetative parts of both high and low protein varieties

and its influence on the expression of nitrate reductase activity in

leaves; the association between nitrate reductase activity in leaves

and grain protein; the influence of environment on the expression of

grain protein; combining ability, gene action and heritability of grain

protein and certain agronomic traits; and the association among cer-

tain agronomic traits.
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II. CHAPTER ONE: THE PHYSIOLOGICAL ASPECT OF
NITRATE REDUCTASE AND GRAIN PROTEIN

Literature Review

Progress has been made to combine high grain yield and high

protein into superior barley selections. However, yields of most high

protein lines are much lower than the current commercial varieties

which are generally quite low in protein content. The advantages of

nitrogen fertilizer for increasing yield and protein content of grain

have been well established. The nitrate nitrogen absorbed by plants

is converted into the reduced form by nitrate reductase which is used

for protein synthesis. Recently, the level of nitrate reductase activity

in plant leaves has been emphasized as a criterion in breeding for high

protein varieties.

The general characteristics of this enzyme have been reviewed

by Beevers and Hageman (1969). Klepper, Fleshes, and Hageman

(1971) found that sugars which migrated from the chloroplast to the

cytoplasm were the prime source of energy for the production of the

reduction power, and that the oxidation of glyceraldehyde-3-phosphate

was ultimately the in vivo source of NADH for nitrate reduction.

Nitrate nitrogen is the inducer of both nitrate and nitrite reduc-

tase (Ingle et al. , 1966; Steward, 1972). Both enzymes are subjected

to end product repression by ammonia and various amino acids
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(Minotti, 1969; Shen, 1969; Berner, 1971; Smith, 1971; Stewart, 1972).

Shen (1969) suggested that the ammonium ion inhibits the first stage of

nitrate reduction from nitrate to nitrite but does not inhibit the assimi-

lation of nitrate. This view was supported by Smith and Thompson

(1971). They found that ammonium ions did not inhibit the uptake of

nitrate by excised barley roots. In contrast, Minotti et al. (1969)

found that seedlings high in nitrate content reduced similar amounts

of nitrate regardless of whether or not ammonium was present and

being absorbed during the period of measurement. Therefore,

ammonium may act directly on the nitrate uptake process. Moreover,

induction of both nitrate and nitrite reductase is prevented by the in-

hibitors, actinomycin D, puromycin, and cychlohexamide indicating

a requirement for continuous RNA and protein synthesis (Ingle et al. ,

1966).

The enzyme responsible for nitrate reduction is very sensitive

to the environment and is subject to diurnal changes (Beevers and

Hageman, 1969). Light was required for the continuous activity of

nitrate reductase and the amount of enzyme activity was directly pro-

portional to light intensity (Travis et al. , 1970). The enzyme could

be induced at the beginning of the dark period until the effect of the

previous light treatment was exhausted. Upon turning the leaves to

light, enzymatic activity increased again.
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Increasing temperatures were associated with significant reduc-

tions in nitrate reductase activity and subsequent nitrate accumulation

(Younis et al. , 1965; Mattas and Pauli, 1965; Onwneme et al. , 1971).

Non-soluble protein increased significantly, first at the expense of

soluble non-protein nitrogen and then at the expense of soluble pro-

tein. Different species respond differently to temperature changes in

the expression of nitrate reductase activity. Maximum nitrate reduc-

tase activity of bentgrass and burmudagrass occurred at 20 C

(Kanjman et al. , 1971). The nitrate reductase activity in bentgrass

leaves was reduced when grown at 35 C while enzyme activity in

burmudagrass leaves was relatively unaffected. The activity per se

of the enzyme in bentgrass was inhibited rather than the synthesis of

the enzyme.

Moisture stress affected the absorption of nitrate nitrogen and

plant nutrients also greatly affected the activity of nitrate reductase

(Mattas and Pauli, 1965). The activity of the enzyme decreased

sharply with short exposures to moisture stress. Subsequent to

stress, however, nitrate reductase activity increased gradually,

equalling the control. In barley, up to 58 percent of nitrate reductase

activity was lost during the four days of water stress (Haffaker et al.,

1970). The total nitrogen per plant in corn seedlings was reported to

increase rapidly during the initial stress situations and to remain

fairly constant thereafter (Mattas and Pauli, 1965). Moisture stress
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increased the incorporation of reduced nitrogen into nonsoluble forms

much faster than soluble forms.

As changes in plant maturity occur the physiological processes

in the plant also change. Both nitrate content and nitrate reductase

activity will decrease as the plant approaches maturity (Wallace and

Pati, 1965; Harper and Paulsen, 1967; Lin and Hadley, 1971),

Nitrate reductase activity in the total plant was maximal at the full

bloom stage (Harper et al. , 197Z). For an individual leaf, the enzyme

was most active just as the leaf became fully expanded and then fell

sharply thereafter (Berner, 1971). Activity was maximal near the

leaf tip and was lowest in the tissue near the base of the leaf (Jordan

and Haffaker, 1972). The induction of nitrate reductase by nitrate

occurred most rapidly in the actively growing tissue (Berner, 1971).

Most of the active tissues were able to reduce nitrate nitrogen.

However, the enzyme activity found in stems and roots was lower

than that in the leaves (Sanderson and Cocking, 1964). In contrast,

Miflin (1967) used the isolation technique designed to retain the struc-

tural integrity of the subcellular particles and found that cell free

homogenates of root tissues contained a level of nitrate and nitrate

reductase activity equivalent to cell free homogenates of leaves.

Plant hormones have been found to be directly or indirectly

implicated with nitrate reductase activity. Lips and Roth-Bejerano

(1969), and Roth-Benjerano and Lips (1970) found that kinetin and
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gibberellic acid (GA) permitted the induction of nitrate reductase in

leaves of tobacco in the dark. Hormone sprays eliminated the need for

light induction of the enzyme. Kinetin and gibber elin indirectly af-

fected the activity of the enzyme. The larger the amount of kinetin

added, the smaller the concentration of gibberelic acid required to

obtain a maximum amount of nitrate reduction. However, the effect

of both growth substances on this enzyme was not due to general pro-

tein synthesis stimulation.

Physiologically, the function and factors concerning the expres-

sion of nitrate reductase activity are fairly well understood. Genet-

ically, however, Zieserl and Hageman (1962) reported that nitrate

reductase activity was clearly subject to genetic control and variations

up to five fold in corn have been found. Harper et al. (1972) also

reported variation in nitrate reductase activity in soybean up to 1.8

fold. In corn, nitrate reductase activity is controlled by two genes

(Warner et al. , 1969), and in Aspergillus nidulans as many as six

genes control nitrate reductase activity (Cove, 1963). The inheritance

of nitrate reductase is uncertain but both additive and epistasis ef-

fects have been reported (Zeiserl, 1962; Schrader, 1966).

Many reports have appeared discussing the correlation between

nitrate reductase activity and nitrogen content in grain. Duffield,

Crop and Smith (1972) reported a positive correlation between these

two traits in wheat varieties. A significant correlation was also
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observed between nitrate reductase activity level and nitrogen content

as well as water soluble protein in corn leaves (Hageman et al. ,

1961), soybean (Liu and Hadley, 1971; Harper et al. , 1972), and

wheat (Eilrich and Hageman, 1973). However, no association between

this enzyme and total protein in grain among 32 varieties of wheat was

observed (Croy and Hageman, 1970).

A positive correlation between nitrate reductase activity and

reduced nitrogen in vegetative parts of a variety was well established

(Croy and Hageman, 1970). Therefore, the lack of a relationship

between nitrate reductase activity and grain protein content among

varieties must be due to the difference in the trans location rate of

nitrogenous compounds from vegetative parts to the grain during

grain formation. Water soluble protein in leaves decreases as a

wheat plant approaches maturity. However, this decrease in water

soluble protein may be due to the conversion of water soluble protein

into non-soluble protein as well as to the dilution of protein with

accumulated carbohydrates (Harper and Paulsen, 1967). No differ-

ences were found among wheat varieties grown under field conditions

in percent protein and total nitrogen content when vegetative parts

of the plant were compared (Seth et al., 1960; Mikesell and Paulsen,

1971). However, during the milk stage and at muturity, the roots of

high protein varieties had a lower protein content than those of low

protein varieties (Seth et al. , 1960). McNeal et al. (1966) however,
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reported that the nitrogen content in roots was low at all stages of

maturity and this low level of root nitrogen content could not account

for the nitrogen content in grain. Moreover, a high correlation be-

tween total nitrogen in grain and total top dry weight was observed.

The total nitrogen content was similar in flag leaves and greater in

the lower leaves from high protein wheat lines than from low protein

wheat lines (Mikesell and Paulsen, 1971).

There was a rapid transh5cation of nitrogenous materials from

vegetative parts to the heads in high protein wheat varieties when

compared with low protein varieties (Seth et al. , 1960). In contrast,

Mikes ell and Paulsen (1971) found that in wheat the efficiency of

translocation did not differ between high and low protein lines. How-

ever, under field conditions if the flag leaves were removed, nitrogen

content of mature lower leaves remained higher in low protein lines.

McNeal et al. (1972) showed that plants of both high and low protein

wheats absorbed the same amount of nitrate nitrogen and translocated

equal amounts of nitrogen to the grain.

Plant hormones have been found to be the major factor in stimu-

lating the translocation of pliotosynthate products and other meta-

bolites from vegetative parts to grain, Michael and Seiler-Kelbitsch

(1972) found a positive correlation between cytokinin content in grain

and grain size and suggested that cytokinin probably influences the

accumulation processes and the duration of the grain filing period.
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Seth and Wareing (1967) reported that indole acetic acid (IAA) en-

hances the movement of metabolites and nutrients toward the develop-

ing seeds. The greatest effect was obtained when three hormones,

IAA, gibberellic acid and cytokinin were applied simultaneously. In

contrast, King et al, (1967) reported that the auxin content of the head

does not affect the assimulation of photosynthate from the flag leaf.

The movement of carbohydrates in relationship to that of nitro-

gen from the leaves to the head is important in determining the

percentage of protein in grain (Haunold et al. , 1962; Warlaw, 1965;

McNeal, 1972). Carbon dioxide that is fixed in the head and the

carbon substrate translocated from other organs both make a sub-

stantial contribution to yield. Under normal conditions competition

among kernels for carbon substrate was not observed; therefore,

carbon substrate would not be limiting (Buttrose and May, 1959).

Carr and Wardlaw (1965) found that head photosynthesis was as great

as that in the leaf blade in non-awned wheat varieties and was con-

siderably higher in the head than in the leaf blade of awned varieties.

Forty-nine percent of carbon assimulated by glumes moved to the

grains. In contrast, the lower leaves supplied relatively more nitro-

gen than carbohydrates to the grain than the upper leaves (Wardlaw

et al. , 1965).

Among four varieties of wheats tested, Flaunold et al. (1962)

found that grain protein content in a population of plants within a
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given variety varied over a range of approximately three percent

except for a few plants that exhibited protein extremes. Within each

variety the highest grain yield was obtained from the intermediate

protein class. In other words, the balance between protein and non-

protein substances in grain of each variety was the major factor in

determining the highest yield of each variety.

Materials and Methods

To study the nitrate reductase activity in barley leaf tissue,

three high protein spring barley cultivars (CI 4362, CI 5195, CI 8380)

and three low protein spring barley cultivars (Short Wocus, Nordic

and Woodvale) were selected. With the high protein cultivars, pro-

tein ranged from 15 to 18 percent and with the low protein cultivars,

protein content ranged from 10 to 12 percent depending on the specific

growing conditions.

Seed of selected varieties were space-planted in a randomized

block design with four replications at East Farm Experimental Site

near Corvallis, Oregon. Prior to planting the experimental mater-

ial, 136 kg/ha of nitrogen fertilizer in the form of Ca(NO 3)2 were

worked into the soil. An additional 1.8 kg/ha of sulfur in the form

of CaS0
4

were topdressed when seedlings were approximately 15 cm

tall. Weed control was obtained by hand weeding.
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Leaf samples were taken at three different stages of maturity:

tillering, booting and heading stages. A single fully expanded leaf

was randomly picked from each plant and a total of 10 leaves from

each cultivar for each replication were sampled. Because the enzyme

is very sensitive to diurnal changes (Harper, 1972), samples were

collected at the same time each day between 9:30 to 10:00 A. M.

Samples were put in pre-chilled paper towels and packed in a cooler

and then brought into the cold room in the laboratory. The leaves

were then analyzed for enzyme activity and water soluble protein.

The enzyme assay used was that of Travis et al. (1969). Leaf

samples were trimmed to five cm with mid-rib, basal, and tip por-

tions removed. A sample of one gm from each replication (10 leaves)

was chopped into fine pieces and homogenized with mortar and pestle

in three volumes of grinding mixture (0.2 M NaH
2

PO
4

H2O, 10-3

EDTA adjusted to pH 7. 4). The mixture was then centrifuged 15

minutes at 30,000 g. The supernatant (cell free extract) was used as

the source of enzyme as well as for the water soluble protein determin-

ation. All procedures were carried out at 0-3 C.

To initiate the reaction 0.05 ml of cell free extract was added

to two ml of reaction mixture (Tris -base 160 p, moles; NaH
2
PO4 H2O

40 p, moles; EDTA O. 4 p. mole; KNO3 20 p, moles; and DPNH 0.7 p.

mole; the DPNH solution was prepared each time before use to pre-

vent degradation). After incubation for 15 minutes at 28 C, the
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reaction was stopped by adding 0.5 percent ( /v) sulfanilamine and

0.01 percent (w/v) n-l-nephthyl ethylenediamine dihydrochloride.

After 15 minutes, absorbancy was read at 540 mu.

Using the cell free extract from the enzyme study, the water

soluble protein was determined by the method of Lowry et al. (1951).

To gain more information concerning the enzyme activity in

leaves and nitrogen content in the grain, the nitrogen status of the

shoot on a single plant basis at booting stage was determined. Four

plants from each variety were randomly cut to ground level and

separately put in plastic bags and packed in a cooler before bringing

to the laboratory. Leaves from each plant were excised and the fresh

weight of both the leaves and stems of each plant was measured. All

samples were oven-dried at 70 C for 24 hours. After drying, samples

were cooled to room temperature in a desiccator and the dry weight

and percent dry weight of both leaves and stems were determined.

The total nitrogen and nitrate nitrogen of leaves and stems were

determined by the modified micro-Kjeldahl method (Jackson, 1958).

The following formulae were used in calculating percent total nitrogen,

percent nitrate nitrogen and reduced nitrogen:

%total nitrogen=titer blank X (N of acid X 1. 4 /sample wt.)

%nitrate nitrogen=titer - blank/sample wt. X (N of acid X 7)

%reduced nitrogen=%total nitrogen - %nitrate nitrogen
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The total nitrogen, total nitrate nitrogen, total reduced nitrogen,

and enzyme activity per plant were then calculated. Using percent dry

matter as an indicator of maturity, the analysis of covariance was

used to adjust the total reduced nitrogen in leaves and stems to the

same level of maturity.

Studies were conducted to determine if there were any compari-

sons between nitrate reductase activity of seedlings grown under con-

trolled environmental conditions, the activity of this enzyme and

grain protein when grown under field conditions.

To determine the nitrate reductase activity of seedlings, barley

seeds of the six cultivars were germinated in plastic boxes. Six

plants of each variety were then transplanted into plastic cells filled

with permalite. These cells were then placed in a plastic container

containing a nutrient solution (Muchus and Torry, 1956) and kept in a

growth chamber on a 16 hour day at 25 C and an 8 hour night at 15 C

for 20 days. The light intensity at the top of the plants was 13,000

lux. The plastic cells were bathed with fresh nutrient solution two to

three times a day. The experiment was replicated three times. After

20 days, shoot and root samples were collected separately. Nitrate

reductase activity in shoot and root tissue was assayed as previously

described. Total activity of the enzyme on a single plant basis and

root:shoot ratios were calculated.
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Experimental Results

Plant Analysis and Nitrate Reductase Activity

To determine the nitrogen status of six barley varieties, chemi-

cal analysis for nitrate and total nitrogen of leaves and stems of each

variety at the booting stage was made (Table 1). Percent dry weight

in leaf tissue ranged from 18.8 percent for CI 8380 to 20.7 percent

for Short Wocus. Mean values of dry leaf weight ranged from 3.3 gm

for CI 8380 to 6.3 gm for CI 4362. Nordic had the highest percent

nitrate nitrogen and total nitrate nitrogen whereas Short Wocus and

CI 4362 had the same amount of total nitrate nitrogen. Percent total ni-

trogenwas similar for all varieties, ranging from3.1 percentfor Nordic

to 3.4 percent for Short Wocus. CI 4362 had the highest total nitrogen

(0.203 gm/plant) and CI 8380 had the lowest total nitrogen (0. 103

gm/plant). Total nitrogen values were similar (0. 152 gm/plant) for

Short Wocus and Nordic. CI 4362, a high protein variety, had the

highest reduced nitrogen level in the leaves (0. 194 gm/plant). Short

Wocus and Woodvale, which are low protein varieties, had lower levels

of reduced nitrogen in the leaves. CI 5195 and CI 8380 which are re-

garded as high protein varieties and Nordic which is the low protein

variety had very low levels of reduced nitrogen in the leaves. The

reduced nitrogen in leaves of the latter three varieties ranged from

0.112 to 0.125 gm/plant. The nitrate reductase activity ( p. mole



Table 1. A summary of plant analysis on a single plant basis in barley-leaf at booting stage, grown at East Farm Experiment Station, Corvallis,
Oregon, 1972.

Variety Fresh
Weight

gm

% Dry

Weight
Mean
Dry

Weight
gm

NO3-N
Total

NO3-N
gm

%

Total
N

Total

gm
Reduced

N

Reduced*
N
gm

Reduced
N

Unadjust.

Enzyme Act.
Per Plant

-1
mole NO2 -hr

CI 4362 31.46 20.10 6.32 0.053 0.0034 3.21 0.203 3.16 0.194 0.202 263.32

CI 5195 17.27 19.30 3.33 0.069 0.0023 3.34 0.112 3.28 0.125 0.110 97. S8

CI 8380 17.48 18.82 3, 29 0.028 0.0009 3.13 0.103 3.11 0.123 0.102 136. 17

Short Wocus 21.66 20.71 4.49 0.076 0. 0034 3.39 0. 153 3. 32 0. 137 0. 153 276. 17

Nordic 21.66 20.59 5.03 0.095 0.0046 3.12 0.152 3.03 0.112 0.129 201.65

Woodvale 20.00 19.64 3.93 0.035 0.0014 3.39 0.133 3.36 0.137 0.131 262.40

*
Means adjusted by covariance analysis and are significant at .05 probability level.

L. S. D. . 05 = 0. 051
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NO
2
-plant -1-hr-1) in CI 4362, Short Wocus and Woodvale was higher

than in CI 5195, CI 8380 and Nordic.

The percent dry weight of stem tissue including the leaf sheath

ranged from 18.4 for Woodvale to 22.0 percent for CI 5195 (Table 2).

The mean stem dry weight of Short Wocus, Nordic, CI 4362 and CI

5195 was approximately the same (13.9 gm/plant), whereas CI 8380

and Woodvale averaged 10.9 gm/plant. Percent nitrate nitrogen in

stem tissue for CI 4362, CI 5195, CI 8380 and Short Wocus was simi-

lar to the leaf tissue values. With Nordic, however, percent nitrate

nitrogen decreased from 0.09 percent in the leaves to 0.04 percent

in the stem. With Woodvale, percent nitrate nitrogen increased

from 0.03 percent in the leaves to 0.06 percent in the stem. Though

most of the varieties had a higher total nitrate nitrogen in the stem

tissue than in their corresponding leaf tissue, there was little varia-

tion in percent nitrate nitrogen between the leaves and stem within

each variety. The percent total nitrogen in stem tissue was similar

for all varieties ranging from 1.2 percent for Nordic to 1.4 percent

for CI 5195. Total and reduced nitrogen was somewhat higher in

stems than in leaves. However, with CI 4362 the values were lower.

Short Wocus and CI 4362 had the highest total reduced nitrogen in

shoot tissue.

Under controlled environmental conditions there was no differ-

ence between fresh and dry root weight between the high and low



Table 2. A summary of plant analysis on a single plant basis in barley stem at booting stage, grown at East Farm Experiment Station, Corvallis,
Oregon, 1972.

Variety Fresh
Weight

gm

% Dry
Weight

Mean
Dry

Weight
gm

NO
3-N

Total
NO3 -N

gm

%

Total
N

Total

gm
Reduced
N

Reduced*
N

gm

Reduced
N

Unadjust.

Total
Reduced-N

Leaf +
Stem

CI 4362 62.76 21.82 13.69 0.049 0.0067 1.25 0.172 1.20 0.157 0.171 0.351

CI 5195 64.80 22.02 14.27 0.062 0.0089 1.45 0.207 1.39 0.182 0.204 0. 307

CI 8380 54. 17 20. 18 10.93 0.025 0, 0028 1.38 0, 151 1. 36 0. 151 0, 149 0. 274

Short Wocus 69.65 20. 88 14.55 0. 074 0. 0107 1.41 0. 205 1. 34 0.216 0.222 0. 353

Nordic 67.41 19.33 13.03 0.046 0.0060 1.21 0.157 1. 17 0. 165 0, 154 0.277

Woodvale 59.27 18.42 10.92 0.062 0.0068 1.34 0.147 1.28 0.168 0.138 0. 305

*
Means adjusted by covariance analysis.



Table 3. Fresh weight, dry weight percent dry weight and root:shoot ratio of 20 day old seedlings
of six barley cultivars grown under controlled environmental conditions.

Varieties Root* Shoot*

R:S
Ratio

Fresh Wt.
gm.

Dry Wt.
gm.

% Dry Wt. Fresh Wt.
gm.

Dry Wt. % Dry Wt.

CI 4362 0.93 0.06 6.82 2.15 0.25 11.46 0.26:1

CI 5195 0.52 0.04 6.75 1.60 0.17 10.45 0.21:1

CI 8380 0.70 0.05 6.94 1.77 0.18 9.89 0.28:1

Short Wocus 0.84 0.06 7.37 1.69 0.17 9.95 0.37:1

Nordic 0.37 0.03 8.68 1.30 0.14 10.88 0.22:1

Woodvale 0.61 0.05 8.15 1.41 0.16 11.26 0.32:1

Weight measured on a single plant basis.
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protein varieties (Table 3). Most of the high protein varieties had a

lower percent dry root weight than the low protein varieties. All of

the high protein varieties had higher dry weights and higher fresh

weights in the shoots than the low protein varieties except for Short

Wocus. CI 8380 and Short Wocus had the lowest percent dry weight

(9.89 and 9.95 percent, respectively) while the other four varieties

CI 4362, CI 5195, Nordic, and Woodvale had an average percent

shoot dry matter of 11 percent. Short Wocus and Woodvale had the

highest root:shoot ratios (0.37:1 and 0.32:1, respectively) whereas

CI 4362 which had the highest dry root and dry shoot weights had an

intermediate root:shoot ratio (0.26:1).

The high protein varieties had root enzyme activity ranging

from 2.25 p. mole NO2-plant -1-hr-1 in CI 5195 to 2.93 p. mole NO2-

plant -1-hr-1 for CI 8380 (Table 4). Short Wocus, a low protein

variety, had the highest root enzyme activity (3.52 N. mole NO2-plant-1

1-hr whereas Nordic and Woodvale, both low protein varieties,

had enzyme activity of 1.18 and 1.87 p. mole NO2-plant-1-hr-1,

respectively (Table 4). CI 4362 had the highest enzyme activity in

the shoot (19. 1 p. mole NO
2
-plant -1-hr-1) whereas Short Wocus and

Woodvale had nitrate reductase activity in the shoot of 15.4 and 12.5p.
-1 -1mole NO2-plant -hr , respectively. There was more fluctuation

in specific activity of the enzyme in root tissue of the different

varieties than in the shoot tissue. However, the specific enzyme
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Table 4. Nitrate reductase activity and specific activity of enzyme in
shoots and roots of 20 day old seedlings of six barley culti-
vars grown under controlled environmental conditions.

VARIETIES ENZYME ACTIVITY

(14 mole NO
2

1-plant -1)-plant-1)

Root Shoot

SPECIFIC ACTIVITY
OF ENZYME

(.L mole NO2 per mg
protein)

Root Shoot

CI 4362 2.26 19.07 0.40 O. 20

CI 5195 2.25 11.55 0.70 0.21

CI 8380 2.93 8.37 0.64 0.19

Short Wocus 3.52 15.42 0.61 0.23

Nordic 1.87 9.45 O. 80 0.21

Woodvale 1.81 12.52 0.45 0.24
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activity in roots was higher than in shoots for most of the varieties.

The low protein varieties had a slightly higher specific enzyme activity

in the shoot than the high protein varieties. Enzyme activity or spe-

cific enzyme activity in either the root or shoot tissue with the differ-

ent varieties was not related to dry root weight, percent dry root

weight or root:shoot ratio.

The low protein varieties had higher enzyme activity per gm

fresh weight of leaf tissue than the high protein varieties for all stages

of growth except Nordic which expressed low enzyme activity at the

early stages of growth (Table 5). The enzyme activity in leaf tissue

increased after 20 days, peaked somewhere between 27 and 47 days

and then declined in activity as the plant approached maturity. All of

the varieties displayed a rapid decline in enzyme activity from 27 to

47 days except Woodvale which had a slight increase in enzyme activity

at the 47th day. All the low protein varieties except Nordic had a con-

sistently higher nitrate reductase activity in the different stages of

growth.

The varieties can be grouped according to their enzyme activity

at 20 days. The higher enzyme activity group (CI 4362, Short Wocus

and Woodvale) had a higher total protein in grain than the lower en-

zyme activity group (CI 5195, CI 8380, and Nordic) (Table 5).

Water soluble protein in the leaves (mg protein - gm fresh
-1

weight ) decreased from 20 days to 47 days and then increased



Table 5. Nitrate reductase activity ( p mole-NO2-gfw-1-hr-1) in leaf tissue of six barley cultivars at different stages of growth and protein content
of these cultivars when grown under field and controlled environmental conditions.

Varieties 20-Day* 20-Day*
(tillering)

27-Day
(booting)

58-Day
(heading)

% Protein
in Grain

gm**

Total Protein
Per 100 Grains

mg**

Total
Protein

Per Plant
gm

CI 4362 8.95 10.42 8.37 6.00 17. 19 880. 00 3. 12

CI 5195 7.65 13. 79 5.65 - 16. 50 49 O. 00 2. 29

CI 8380 4.69 10. 16 7.79 14.78 537.50 2. 10

Short Wocus 9. 08 19.46 12. 75 11.36 12.47 787. 50 3.61

Nordic 7.27 12.96 9.31 7.61 11.28 49 O. 00 2.87

Woodvale 9.01 13.07 13. 12 9.47 10. 86 637. 50 3. 13

**
Seedlings grown under controlled environmental conditions.

Significant at the 1% probability level.



Table 6. Water soluble protein (mg/gm fresh wt.) in leaf tissue of six barley cultivars at different
stages of growth when grown under field and controlled environmental conditions.

Varieties 20-Day* 27-Day 47-Day 58 -Day
(tillering) (booting) (heading)

CI 4362 44.83 34.08 30. 19 40. 36

CI 5195 35.98 35.28 27.69

CI 8380 24. 32 33. 45 34. 80

Short Wocus 39.58 38.54 34. 36 50.44

Nordic 34.53 37.29 33. 93 44.92

Woodvale 37.41 37. 29 39. 55 50.35

Seedlings grown under controlled environmental conditions.
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Figure 1. Relationship between nitrate reductase activity and water
soluble protein in leaves of six barley cultivars grown
under field conditions at 27 and 47 days. Regression
coefficients are significant at the 5 percent probability
level.
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thereafter. CI 8380, however, showed an increase in water soluble

protein with maturity (Table 6). There was a significant positive

correlation between nitrate reductase activity and water soluble pro-

tein in leaves at both the tillering (27 days) and booting (47 days)

stages of growth (Figure 1).

Discussion

Previous studies would suggest that percent protein and total

protein are considered to be inherited independently. Selection for

percent protein alone seems to be effective. However, the negative

association between percent protein and yield is the major factor

which delays the progress of developing high yielding varieties with

high protein content. Recently nitrate reductase has been demonstrated

to be responsible, in part, for the final protein content in grains.

Because nitrate reductase is an inducible enzyme, the nitrate nitrogen

level in the plant may influence the expression of the enzyme activity

level. The percent nitrate nitrogen and percent total nitrogen varied

in the leaves of the six barley varieties. The amount of total nitrate

nitrogen was very small and did not affect the total nitrogen in leaves.

The concentration of nitrate nitrogen in the leaves of the different

varieties did not affect appreciably the amount of nitrate reductase

activity. Percent nitrate nitrogen in Nordic and CI 5195 was two

times greater than in Woodvale. Woodvale, however, had a higher
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nitrate reductase activity than Nordic or CI 5195 (Table 1). Short

Wocus and CI 4362 had the highest enzyme activity but not the highest

percent nitrate nitrogen level in the leaves. This does not imply that

if a variety has a low percent nitrate nitrogen in its leaves, it will

have a greater amount of enzyme activity. CI 8380 had the lowest

percent nitrate nitrogen in the leaves and a low level of enzyme

activity. The variation in the ability of plants to absorb nitrate nitro-

gen from the soil solution and the amount of nitrate quantity required

for the induction of nitrate reductase in different varieties may be the

reason for lack of an association between nitrate nitrogen level and

enzyme activity. Moreover, nitrate nitrogen is not the only factor

that affects the expression of nitrate reductase activity. Plant age,

the rate of incorporation of amino acids into protein and many other

factors are also responsible for the enzyme activity level. The water

soluble protein level was higher in the leaves of Woodvale at the

booting stage when compared to the other varieties. This high level

of water soluble protein may result from the rapid incorporation of

amino acids into protein and hence the higher level of enzyme activity

in Woodvale (Table 6).

Most of the varieties had similar percentages of total nitrogen

and reduced nitrogen in the leaves at the booting stage (Table 1).

Both high and low protein varieties maintain about the same concen-

tration of nitrogen per unit dry weight of leaves. Similar results
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were reported for wheat (Seth et al. , 1960; Mikesell and Paulsen,

1971). There was no difference in percent protein and total nitrogen

content in the vegetative parts of high and low protein varieties.

Because of the inherent differences among varieties, it is

impossible to sample plants in the same stage of physiological ma-

turity. The rate of increase or decrease in enzyme activity in the

different varieties was quite variable. Some varieties had a higher

enzyme activity at a younger stage of growth but the activity of the

enzyme dropped at a faster rate when the variety approached maturity.

The total reduced nitrogen level per plant at the booting stage may

not reflect the ability of a variety to reduce nitrogen throughout the

growing season. However, within a single variety, nitrate reductase

activity has been positively correlated with reduced nitrogen in the

leaves and grain (Eilrich and Hageman, 1973), If the six varieties

are partitioned into two groups based on the level of enzyme activity

per plant, the high enzyme activity group also had a higher level of

reduced nitrogen in the leaves per plant, a higher total protein per

100 kernels, and a higher total grain protein per plant (Table 5).

Because enzyme activity in stem and root tissue is generally

lower than in leaf tissue, it is usually not considered as an important

factor in the contribution of reduced nitrogen for protein synthesis

(Sanderson, 1964). In most of the varieties, enzyme activity was

higher in the leaves than the roots. The total water soluble protein
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in the roots of high protein varieties was lower than in low protein

varieties. A greater amount of protein may be translocated from the

roots to the shoots of high protein varieties (Seth et al. , 1960). How-

ever, McNeal (1967) reported that the nitrogen content in roots was

found to be low in all stages of growth and may not be a major source

of nitrogen in grain. However, because of the long period from germi-

nation to maturity a small amount of enzyme activity may contribute a

significant amount of reduced nitrogen for protein synthesis in grain.

The specific enzyme activity in the roots was higher than that of the

leaves (Table 4). Using a special isolation technique, Miflin (1967)

found the nitrate reductase activity in roots was the same as in leaves

and the specific activity of the enzyme in roots was higher than in

leaves. Reduced nitrogen in the roots may be continuously translo-

cated to the shoot and hence may account for the low level observed in

the roots. No relationship was observed between nitrate reductase

activity and root dry weight, shoot dry weight or root:shoot ratio.

The enzyme activity of most varieties increased from the seed-

ling stage and reached its maximum activity at the early booting stage.

At all stages of growth there was no correlation between the level of

enzyme activity and percent protein in grain. However, the low per-

cent protein varieties tended to have higher enzyme activity than the

high percent protein varieties. Percent protein in grain is determined

by the amount of carbohydrates and nitrogenous compounds translocated
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from the vegetative parts to the grain. Varieties with a high kernel

weight (CI 4362, Short Wocus and Woodvale) had a higher enzyme

activity and total protein in grain than the low kernel weight varieties

(CI 5195, CI 8380, and Nordic). The high kernel weight may have

resulted from the longer period of grain filling and/or from the greater

amount of nitrogenous compounds and photosynthate translocated from

the vegetative parts into grains. The activity of growth hormones in

the grain during the period of grain filling may have increased the

sink capacity of the grain. Cytokinin has been found to be correlated

with grain size (Michael, 1972). An interaction among IAA, GA, and

cytokinin has been observed for the maximum translocation of photo-

synthate from leaves to grain in wheat (Seth and Wareing, 1967). CI

4362 had a high percent protein and a high total protein in the grain.

A high rate of translocation of protein from the vegetative parts to

grain and a low concentration of the enzyme needed for starch forma-

tion may account for this observation. Some shriveled seeds occurred

in the CI 4362 population implying insufficient amount of the enzyme

for starch formation in grains. The level of the enzyme, however,

was high enough to maintain a fairly high kernel weight in CI 4362.

The water soluble protein of each variety tended to decrease

from the seedling stage to the booting stage (Table 6). Harper and

Paulsen (1967) found somewhat similar results and suggested that the

conversion of soluble protein into non-soluble forms and the dilution
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of protein with accumulated carbohydrates may be responsible for the

decrease of water soluble protein in the leaves. At the heading stage,

water soluble protein in leaves increased. The same result was also

observed in wheat (Croy and Hageman, 1970). The degradation of

protein in vegetative parts during the reproductive stage appeared to

be a major factor in the increase in water soluble protein in leaf

tissue.

Nitrate reductase activity is very sensitive to environmental

changes. Enzyme activity is even quite sensitive under controlled

environmental conditions. Because of the genotype X environment

interaction, the correlation between the nitrate reductase and protein

content in grain among different varieties is unlikely even though there

was a positive correlation between these two traits within a given

variety (Eilrich and Hageman, 1973). The efficiency in translocation

of nitrogenous compounds from vegetative parts to grain was proposed

to be a major factor for the lack of correlation between nitrate re-

ductase and protein content in grain of the different varieties. How-

ever, the efficiency of translocation of nitrogenous compounds from

vegetative parts to grain in some cases has not been responsible for

the low and high protein content in grain (Mikesell and Paulsen, 1971).

The increase in photosynthesis and the subsequent increased yield was

realized through the application of nitrogen fertilizer (Eastin, 1969).

However, if the rate of nitrogen application is too great or if applied
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late in the season, the balance between carbohydrates and nitrogen in

the plant will be upset. Protein content in grain will then be increased

at the expense of the carbohydrates. Breeding or selection for plants

with a lower enzyme level for starch formation coupled with high level

of nitrate reductase activity may be a new direction to consider for

the improvement of the percent protein and yield of cereal varieties.

A plant breeder must compromise the level of nitrogenous com-

pounds and carbohydrate content in grain. However, any attempt to

use one enzyme in the bio-synthetic pathway as a criterion in plant

improvement, places before the plant breeder the difficulty of not

having laboratory techniques that are practical for screening large

number populations. At the present time, laboratory techniques may

be useful for studying the selected parents in detail and in correlating

a physiological trait with morphological traits which may facilitate

the selection process.

In conclusion, total nitrate nitrogen in the leaf tissue of six

different barley varieties was small compared with the total nitrogen

in the leaf. Total nitrogen did not affect appreciably the amount of

nitrate reductase activity. Both high and low protein varieties had

the same percentages of total nitrogen and reduced nitrogen in the

leaves at the booting stage. The enzyme activity in the leaves was

higher than in the roots but the roots had a greater specific enzyme

activity, than the leaves. There was no correlation between
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enzyme activity and percent protein in grain among the six barley

varieties. However, by grouping the varieties into high and low

enzyme activity groups, the high enzyme activity group had higher

total protein in the grain than the low enzyme activity group. There

was a correlation between enzyme activity and the water soluble pro-

tein in the leaves among six barley varieties. The enzyme was very

sensitive to changes in the environment and the application of an

enzyme assay technique is not practical for large numbers of genetic

materials. In the future, enzyme(s) responsible for starch formation

in the grain should be studied. The balance between nitrate reductase

and starch synthesis should be considered when evaluating percent

protein in grain. By increasing the level of nitrate reductase and

maintaining a complementary level of starch synthesis, the total pro-

tein content of the grain should be increased with a reasonble percent

in grain.
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III. CHAPTER TWO: INHERITANCE OF GRAIN
PROTEIN IN SIX BARLEY CULTIVARS

Literature Review

Recently the nutritional value of cereals has received much

attention as a potential inexpensive protein source for human consump-

tion as well as a high quality feed grain for mono-gastric animals.

Searching for new sources of germ plasm to improve both the quantity

and quality of protein in cereals has been carried out throughout the

world. Large genetic variation in protein content as well as protein

quality in cereals has been identified including: opaque-2 and floury-

2 genetic factors in maize, high protein rice, high protein wheat and

high lysine barley (Nelson, 1970; Tong, 1970; Johnson, 1969; Munch,

1970, respectively).

Barley is primarily used for malt by the brewing industry and

for livestock feed. The malting processor has been more concerned

with high carbohydrate and low protein content in barley grain. Be-

cause percent nitrogen in grain is negatively associated with malt

extract, high protein barley has been selected against in the develop-

ment of malting cultivars (Indemann, 1959). Because malting barley

is used as a carbohydrate source for animal feeding, supplementary

food is needed to improve the quality of feed grain.
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Recently, approximately 1000 barley varieties were selected

from the United States Department of Agriculture World Collection of

barleys for possible genetic differences for protein quantity and

quality (Hagberg and Karlsson, 1967). Percent protein in the varieties

ranged from 8.77 to 16.88 percent in the grain. Lysine content of the

selected varieties also varied appreciably. A new barley variety,

CI 3947 (Hiproly) was found to be 10 percent higher in protein content

than that of the commonly grown varieties and the amino acid, lysine,

was 30 percent of the total protein dry weight in CI 3947 (Hagberg et

al. , 1970). This lysine content has been found to be stable under

widely differing environmental conditions. The genetic factor for

high lysine is a simply inherited recessive factor that is not neces-

sarily associated with protein content. This enhances the possibility

for selecting high protein and high lysine lines from the segregating

population. A sister line of Hiproly, CI 4362, was also isolated

(Hagberg et al. , 1970). This line is comparable to that of Hiproly

for protein content but with differences in amino acid composition.

CI 4362, however, has somewhat better kernel plumpness than Hiproly.

Heritability

Hiproly was crossed with four high yielding, disease resistant

varieties (Munck et al. , 1970). The F2 plants segregated over a pro-

tein range of 11 to 22 percent. Yield of resulting progeny improved



37

considerably with a subsequent selection. Manzjiuk and Barsukov

(1969) observed that percent protein of the Fi's derived from a number

of barley crosses varied from four to seven percent. Variation up to

four percent was observed in the F2 population. No further increases

in the percent protein in the F3 and in succeeding generation were

observed. Certain selected F4 lines had protein content from 17 to

20 percent as well as good yield and other favorable properties.

Based on narrow sense heritability estimates, nitrogen content in F2

generations of ten barley crosses was found to be unsatisfactory

indicator of nitrogen content in the F3 generation (Foster and Peterson,

1967). Effective selection for percent protein, however, could be

made in the F3 generation. The inheritance of protein content in

barley grain was also studied in the F3 and F4 generations (Baker

et al. , 1968). Narrow sense heritability values for percent protein

were high and progress could be expected when selection for percent

protein was made in the F3 lines. Rasmusson and Glass (1965) in-

vestigated the effectiveness of selection in the F3 generation for

percent protein from crosses between Swan/Wisc. X691-1, Swan/

Cebada Capa and Parkland/CI 106442//Trophy. Mean narrow sense

heritability estimates for percent protein of the three crosses based

on the regression of F4 on F3 lines were eight percent. Two popula-

tions of F3 derived lines were studied in the F5, F6 and F7 and

broad sense heritability estimates for percent protein were found, to be



38

relatively high in one of the two populations (Rasmusson and Glass,

1967). In crosses between barley varieties of different ecotypes,

transgressive segregation for protein content occurred (Manzjiuk and

Barsukov, 1969). The female parent appeared to be more important

than the male parent in determining protein content in the progeny.

The coefficient of heritability of the female parent in a broad sense

ranged from 49.5 to 54 percent and the male parent from 8 to 11 per-

cent.

Heritability estimates for yield and yield components have also

been studied. Mean narrow sense heritability estimates for kernel

plumpness of three barley crosses based on the regression of F4 on

F3 lines was 56 percent (Rasmusson and Glass, 1968). Heritability

estimates were highest for heading date, intermediate for kernel

plumpness and lowest for yield. Jain and Chandra (1970) determined

the variability of 13 characters among 30 barley varieties. The range

of total variation was high for days to flowering, tillers per plant,

spikelet number per head, 1000 kernel weight and grain yield per

plant. The genetic coefficient of variation was high for these charac-

ters except days to flowering which was more susceptible to environ-

mental variation. Heritability estimates in the broad sense and

genetic advance were high for grain yield, 1000 kernel weight, kernels

per head, spikelets per head, head weight and tiller number per plant.

These characters were controlled by genes with additive effects and
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selection for these characters should be effective in early generations.

Borthakur and Poehman (1970) studied heritability of crosses between

the winter barley MOB475 and two spring barley varieties, Larker and

Trophy. Narrow sense heritability estimates ranged from 41.7 to 46

percent. The yield components which showed the highest heritability

estimates were 1000 kernel weight and number of tillers per plant

(Ceccarelli, Lorenzetti and Catena, 1973). Selection for high kernel

weight and high number of tillers per plant may be the quickest way

to improve yield. Back crossing coupled with pedigree and bulk

methods of breeding were recommended. Smocek (1968) investigated

the heritability of eight quantitative characters in seven spring barley

cultivars. Significant differences were found in the heritability esti-

mates of these characters under different environmental conditions.

Combining Ability

Combining ability has been widely emphasized in many breeding

programs and is particularly useful when studying and comparing the

performances of lines in hybrid combinations (Griffing, 1956).

General combining ability (GCA) reflects additive gene action whereas

specific combining ability (SCA) estimates non-additive gene action

(dominance, over-dominance and epistasis).

There has been an extensive amount of research conducted on

protein content in cereals; however, investigations on combining ability
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of protein content in wheat, oats and sorghum are limited and are

completely lacking in barley.

Brown et al. (1966) found significant GCA effects for percent

protein in winter wheat. Additive gene action for percent protein

was reported to be significant for all crosses involving five spring

wheats (Chapmann and McNeal, 1970). The same results were found

in sorghum (Collins and Pickett, 1972) and oats (Ohm and Patterson,

1973). However, SCA for percent protein was also observed in

wheat, sorghum and oats (Brown et al., 1966; Collins and Pickett,

1972; Ohm and Patterson, 1973). Generally, GCA mean squares were

much higher than SCA mean squares which suggested a greater effect

of additive gene action than non-additive gene action for percent pro-

tein.

Using combining ability analysis, gene action governing grain

yield and yield components were investigated using barley cultivars,

Piroline, Rika, Carlsberg II and Proctor as parents (Berbigier, 1966;

Berbigier, 1968). Results of tests of F3 derived from unselected F2

indicated a significant GCA and SCA variance for grain yield. Intra-

allelic gene action was responsible for significant SCA effects. No

epistatic (inter-allelic gene action) gene action was observed. Gen-

eral combining ability effects were mainly responsible for the varia-

tion in yield observed in segregating populations. There was a close

correlation between GCA for yield and parental yield. A diallel cross
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was made among eight barley varieties and the 28 Fils were grown

under space-planted conditions (Upadhvava, 1967). Utilizing Griffing's

model, a substantial amount of additive and non-additive gene action

for yield was observed. Most of the gene action concerning kernel

weight, kernels per head, tillers per plant and plant height were

additive. An analysis was made for combining ability in bulk F2 and

F3 diallel derived crosses from ten barley cultivars (Smith, 1968).

There were significant GGA variances for grain yield, days to

maturity and plant height. A high ratio of G.C. A. and S.C. A. vari-

ances indicated additive gene action was more important than non-

additive gene action for these characters. Velekovsky (1970) applied

Hayx-nants method of analysis to the F2 generation of a diallel cross

involving four barley varieties. The weight of grain per head was

found to be mainly controlled by additive gene action.

Heterosis

The possibility of producing hybrid varieties in self-pollinated

crops is being emphasized in many breeding programs and conflicting

information has been reported by many investigators. In an experi-

ment with 20 different combinations between high-yielding barley

cultivars, Garkavyj and Baselhanova (1968) found that 17 out of 20

combinations exceeded the better parent in yield when grown under

high fertility levels. Under normal growing conditions only seven
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hybrids exceeded their corresponding high parent. Heterosis was

also observed in number of fertile tillers, number of kernels per

head, and 1000 kernel weight. In the F2 population, heterosis was

less marked and was found only in 12 hybrids grown under high

fertility levels. Heterosis particularly for yield was demonstrated in

the F
1

of the cross BS62 X BS67 (Kaul and Singh, 1965). Upadhyaya

(1968) evaluated eight barley cultivars, 28 possible F1 and derived

F2 populations under two different environmental conditions. The

average heterosis over midparent of the F1 for yield, kernel weight,

kernels per head, tillers per plant and plant height was 21.5, 5.9,

7.1, 7.6 and 3.2 percent respectively. The average inbreeding de-

pression in the F2 populations was 26.1 percent for yield. A large

kernel, six-row barley was crossed as the female parent with seven

six-row winter barleys varying in seed size (Crook and Poehleman,

1971). Heterosis for kernel size exceeded their respective parent

in five of the seven F
1
's Four of the seven F1's exceeded their

respective high parent for both percentage of plump kernels and ker-

nel weight.

Gebrekidan and Rasmusson (1970) evaluated 27 barley hybrids

in four different environments. Twenty hybrids exceeded their higher

parent in yield and 16 exceeded Train, the highest yielding cultivar

in this study. High yielding cu,ltivars produced a larger proportion

of high yielding hybrids than did low yielding cultivars. However,
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maximum heterosis occurred in crosses between low yielding culti-

vars. Heterosis based on the performance of the high parent was

negligible for the other characters. None of the 12 hybrids derived

from crosses between two and six-rowed barleys produced a signifi-

cant greater amount of grain yield than the better yielding parent

(Carleton and Foote, 1968). The negative association between num-

ber of kernels per head and kernel weight and the lack of additivity of

kernels per head were suggested as possible reasons for the failure

of the component to interact and produce heterosis for grain yield.

Relationship Between Grain Protein and
Grain Yield and the Association Among
Yield Components

Among several barley cultivars, high yielding barley cultivars

have a marked tendency to be low in percent protein (Neatby and

Mc Calla, 1938). This negative association between percent protein

and grain yield was observed in a number of their experiments. Per-

cent protein in the F5 generation derived from the cross Nuden 114 X

Juznyj was negatively associated with grain yield (Garkavyj and

Sysoev, 1970). The correlation coefficients ranged from 0.114 to

-0.206. Among 13 spring barley cultivars, Lakes and Rozkosna

(1971) found a negative but non-significant relationship between per-

cent protein and grain yield. Kandera and Mechirova (1966) reported
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a negative correlation between percent protein and grain yield. Total

protein, however, has been found to be positively associated with

grain yield. After 30 years of evaluating crosses between high pro-

tein spring barleys and winter barley cultivars, Scheibe et al. (1969)

concluded that total protein was positively associated with grain yield.

Total protein proved to be a good criterion for the selection of par-

ents to be used in the improvement of protein content in barley grain.

Favret et al. (1970) evaluated 66 lines of barley collected from

Ethiopia. A positive correlation between kernel weight and total

protein per kernel was observed whereas percent protein was nega-

tively associated with kernel weight. Selection for total protein was

more reliable than selection for percent protein for improving pro-

tein content in barley grain. Varieties with a lighter kernel weight

were selected more frequently when percent protein was used as a

criterion for selection.

A negative association between percent protein and grain yield

has been reported for wheat, sorghum and oats (McNeal et al. , 1972;

Collins and Pickett, 1972; Ohm and Patterson, 1973). Solen (1973)

studied the correlation between percent protein and several agronomic
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traits of four winter wheat cultivars grown under two diverse environ-

mental conditions. Percent protein was negatively associated with

yield per plant and kernel weight. The relationship between percent

protein and kernels per spike, tillers per plant and plant height were

not consistent due to environmental effects. Within the F2 population

of a cross between Wichita and Atlas 66, Stuber et al. (1962) re-

ported a negative association between percent protein and plant height,

number of tillers per plant, grain per spike and grain yield per plant.

Under greenhouse conditions, Haunold et al. (1962) reported a negative

association between percent protein and grain yield in crosses in-

volving Camanche and Wichita wheat cultivars.

The relationship between yield and yield components was

studied in barley cultivars (Holem, 1970). The old Danish barley

cultivars Tystofte Prentice and Abed Brinder were compared with the

new varieties Abed Kenia, Abed Maja and Carlsberg II for yield and

yield components. High yield was associated with more tillers per

unit area. A significant positive correlation was also found between

grain yield and number of kernels per spike. Sherma (1970) de-

termined correlation coefficients between grain yield and ten other

agronomic traits in a population of 27 barley cultivars. Grain yield

was positively associated with heading data, plant height, tillers per

plant, 1000 kernel weight and straw yield. Within a single variety,

Zykin and Kulicenko (1971) also found that grain yield was positively
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associated with heading date and 1000 kernel weight. A positive

correlation was established between number of kernels per spike and

the weight of kernels per spike. Jain (1969) studied the correlation

among agronomic traits in 30 barley cultivars. Grain yield was

positively correlated with tillers per plant, kernels per spike and

number of spikelets per spike. Days to flowering and plant height

were negatively correlated with yield. In improving yield, selection

for more tillers per plant in the F4 population derived from the cross

Mars X Larker was more effective than selection for high kernel

weight or large number of kernels per spike (Rasmussen and Cannell,

1970). In the F4 population derived from the cross, Wisc. X691 X

Pea land, selection for each of the components resulted in a signifi-

cant positive response in yield. The progenies of lines selected for

few kernels per spike, however, yielded significantly more than

progenies of lines selected for high kernel number per spike. Pheno-

typic correlation, therefore, did not provide a satisfactory basis for

selection of components to increase yield.

Genotype-Environment Interactions

Percent protein is strongly influenced by environmental changes

(Favret et al. 1970). Under certain conditions, environment x geno-

type interactions can reduce the effectiveness of early generation

selection for percent protein. This view was substantiated by Solen
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(1973). Nitrogen and soil moisture levels may be the most important

factors responsible for the variation in grain protein within a given

genotype. Geist (1969) reported that nitrogen application under irri -

gated conditions was the major factor affecting yield and protein

content in the barley cultivar Moravian. Nitrogen application over

110 kg/ha decreased grain yield and increased protein content in the

grain. Yield of Betzes barley increased as the level of nitrogen,

phosphorus and soil moisture increased (Dubetz and Wells, 1965).

Protein of the grain, however, was highest at the lowest soil mois-

ture level (0.45 bar). With each increasing level of nitrogen fertili-

zer, grain protein increased. Increasing rate of phosphorus reduced

percent protein in grain. None of interaction involving soil moisture,

phosphorus and nitrogen were significant, indicating that each factor

affected percent protein independently. Wells and Dubetz (1972)

found a marked reduction in grain yield and a concurrent increase in

percent protein in the barley cultivars, Betzes and Compana, when

the plants were subjected to soil moisture stress conditions at the

boot stage. A genotype-environment interaction was also observed.

Spennemann (1966) evaluated 28 barley cultivars over a number of

years and concluded that the varietal differences were often influ-

enced by environment. At 12 different field locations, Schildbach

(1969) found that differences in percent protein of a given barley

cultivar between locations were much greater than the differences
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between 11 cultivars at one location. After 6 years of field trials

with spring barley cultivars, Dent, Elliott and Si lvey (1968) concluded

that there were significant differences between grain nitrogen content

of a single variety obtained from different locations. The nitrogen

content of a given variety was associated with location.

Lazanyi, Mlesnita and Salontai (1969) studied the variation in

protein content in grain of barley cultivars with low, medium and high

protein content over a two year period. Differences in protein con-

tent in different barley cultivars could be noticed at the beginning of

grain formation. Differences were determined mainly by genotype

with climate having only a small effect on total protein content in

grain. Zoschke (1970) found that total protein content of both spring

and winter barleys was increased by nitrogen fertilizer and such in-

creases were clearly genetically influenced. The individual geno-

types could be clearly differentiated from one another with respect to

absolute capacity for protein synthesis, i. e. with respect to total

protein in grain. A similar conclusion was made by Favret et al.

(1970). The total protein per grain in' barley was more stable than

protein percentage per grain dry weight. The weight and volume of

grain were subjected to a strong environmental influence. This af-

fected the percent protein but influenced the total protein to a lesser

degree.
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The genotypes of winter barley varieties differed in total pro-

tein and in the composition of their protein fractions (Scheibe et al. ,

1968). At all levels of nitrogen fertilization, the cultivar Tria ac-

cumulated more total protein and especially prolamine fraction than

Dura. The relative amount of the individual components of the al-

bumin fraction varied in both winter and spring barleys and were not

substantially changed by nitrogen fertilization. Among 29 barley

cultivars, Mosse and Bandet (1969) observed that with increasing

total protein in grain the lysine content of protein decreased. Signifi-

cant differences were found in lysine content among cultivars. With

the same level of protein content, spring barley cultivars were richer

in lysine than the winter barley cultivars.

Materials and Methods

Six barley cultivars including CI 4362, CI 5195, CI 8380, Short

Wocus, Nordic and Woodvale were space-planted on April 15, 1972 at

the East Farm Experimental Site, Corvallis, Oregon. The experi-

mental design was a randomized block design with four replications.

Plants were spaced 15 cm apart with 30 cm between rows. The plot

size was 40 x 24 square feet consisting of 320 plants for each cultivar.

A description of the cultivars is presented in Table 1 of the Appendix.

In addition, F2 populations were obtained from crosses between

high and low protein cultivars made in the previous year. The
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derived F2' s representing the following crosses: CI 5195/Short

Wocus, CI 5195/Nordic, CI 8380/Nordic and CI 8380/Godiva were

planted in the same manner as the six parental cultivars in an adja-

cent area. The plot size was 50 x 16 square feet consisting of 400

plants for each cross.

The soil type at the East Farm is the Newberg series which is

a fine sandy loam soil. The experimental site was planted to barley

the previous year. Prior to planting the experimental material, 136

kg/ha of nitrogen fertilizer in the form of (CaNO3) were worked into

the soil. An additional 1.8 kg/ha of sulfur in the form of Ca50 was

top-dressed when the seedlings were approximately 15 cm tall.

Weed control was by hand weeding.

Fifteen plants for each parental cultivar were sampled from

each replication. A total of 100 plants from each cross representing

the F2 populations was randomly sampled.

In both experiments involving the six parental cultivars and F2

populations, the following characters were measured: number of

tillers per plant, 100 kernel weight, grain yield per plant, percent

protein and total protein in grain.

Tiller number was determined on an individual plant basis at

maturity by counting only those tillers bearing spikes. Grain yield

per plant was obtained by weighing the grain from each plant and

from this sample, 100 kernel weight was determined. Percent
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protein was analyzed by the Udy dye binding capacity method (Udy,

1956). Total protein per 100 kernels was calculated as follows:

% protein x 100 kernel wt.Total protein per 100 kernels
100

All hull-barley seeds were pearled by a barley pearler machine

before kernel weight or protein determinations were made. All hulls

and some parts of the aleurone layer were removed.

A six-parent diallel cross was developed in the greenhouse for

studying the gene action governing tillers per plant, kernel weight,

percent protein and total protein in grain as well as the combining

ability effects of each parent for these traits. The resulting 15 pos-

sible F
1
Is were space-planted at Klamath Falls Experiment Station,

Klamath Falls, Oregon. The six parental cultivars were included in

this experiment to evaluate the effect of environment on protein con-

tent in grain by comparing these plants with those grown under East

Farm conditions. The Klamath Falls area was selected because it

is a major commercial barley production area and distinctly different

from the East Farm conditions. It is also free from the yellow dwarf

virus which can be a serious problem on the East Farm site.

Because of the limited amount of F
1

seeds, a different popula-

tion size was grown at Klamath Falls than at East Farm. All seeds

were germinated and transplanted on May 20, 1972. The experi-

mental design was a randomized block design with four replications.
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Plants were spaced 15 cm apart and 30 cm between rows. The plot

size was 84 x 10 square feet and consisted of 80 plants for each F
1

combination and each parental cultivar.

The same F2 populations as planted at the East Farm site with

the exception of the cross CI 8380/Nordic were planted on an adjacent

area using the same spacing. The plot size was 60 x 10 square feet

consisting of 400 plants for each F2 population.

The soil type at the Klamath Falls Experiment Station is the

Henley series which is a mixed coarse loam, calcareous and strongly

alkaline. The experimental site was planted to potatos in 1970 and

1971 and fertilized with 1620-0 at rate of 364 kg/ha each year.

During the growing season, aqueous ammonia at a rate of 45.4 kg of

nitrogen per hectare were applied in both potato growing years. In

1972, 136 kg/ha of 16-20-0 was worked into the soil prior to the

planting of the experimental material. Weed control was by hand

weeding.

Ten plants representing each parental cultivar and each F
1

combination were sampled from each replication. A total of 100

plants representing each F2 population were sampled.

In all experiments involving the six parental cultivars, Fils,

and F2 populations the following characters were measured: number

of tillers per plant, 100 kernel weight, percent protein and total pro-

tein in grain. For the F1' s, however, only 50 kernel weight was
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measured because of the excessive shattering under Klamath Falls

conditions.

All characters were measured on a single plant basis utilizing

the same procedure as previously identified at East Farm.

The analysis of variance was conducted for all characters

measured, for the six parental cultivars. General and specific com-

bining ability estimates were calculated for the traits involving the F
1

generation using Griffing's method 4 fixed model (Griffing, 1956).

Broad sense heritability estimates were determined .for each

character measured. The variability among F2 plants within a cross

was taken as a measure of both genetic (Vg) and environmental vari-

ance (Ve), whereas the geometric mean of the variability of the par-

ental cultivars was used to estimate environmental variance (Ve).

Broad sense heritability estimates for each F2 population were cal-

culated as follows (Empig, Lantican, and Escuro, 1970):

VF x
V 1/2P )

2 x 100
Hb

VF2

This formula is operational only under the assumption that the

environmental variance (Ve) and genetic x environment interaction

are equal in the F2 and parent populations.

Narrow sense heritability estimates for each character were

obtained by the regression of F1 on midparent values in standard



units (Frey and Horner, 1957).
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To determine if there were possible relationship between pro-

tein content in grain and any of the agronomic characters measured,

simple correlation coefficients between all possible combinations of

agronomic traits measured for the F2 population were calculated at

both locations.

Experimental Results

The Inheritance of Grain Protein and
Certain Agronomic Traits

The analysis of variance of six parents showed significant dif-

ferences (p=0. 01) for yield per plant, tillers per plant, kernel weight,

percent protein and total protein at the East Farm site (Table 7).

The previously identified high protein cultivars in addition to having

a higher percent protein also had more tillers per plant. However,

the low protein cultivars had a higher grain yield. Short Wocus,

Woodvale and CI 4362 represented cultivars with the greatest kernel

weight. CI 4362 had the highest total protein per 100 kernels where

Short Wocus and Woodvale which were low protein cultivars had a

higher total protein than either CI 5195 or CI 8380 (Table 8).



Table 7. A summary of analysis of variance of yield per plant, tillers per plant, 100 kernel weight,
percent protein, and total protein per 100 kernels of six spring barley cultivars grown at
East Farm Experiment Station, Corvallis, 1972.

Source of Variance D. F. Observed Mean Square
Yield
(gm)

Tillers Per
Plant

100 Kernel
Weight (gm)

Protein
%

Total Protein
Per 100

Kernels (gm)

Genotype 5 197.96** 93.21** 6. 72** 29.18** 0.1078**

Replication 3 4.15 0.09 0.005 1.10 0.0015

Error 15 3.18 0.76 0.015 0.31 0.0009

Total 23 - - - - -

C.V. % 8.38 5.49 2.15 4.05 1.15

'Significant at the 1% probability level.



Table 8. Means of yield per plant, number of tillers per plant, 100 kernel weight, percent protein
and total protein per 100 kernels of six spring barley cultivars grown at East Farm
Experiment Station, Corvallis, Oregon, 1972.

Varieties Yield
(gm)

Tillers Per
Plant

100 Kernel
Weight (gm)

Percent
Protein

Total Protein/
100 Kernels (gm)

CI 4362 18.13 22. 43 5.17 17.19 0.88

CI 5195 13.86 11.84 2.97 16.50 0.49

CI 8380 13.59 11.48 3.63 14.78 0.54

Short Wocus 28.92 9.80 6.31 12.47 0.79

Nordic 24.17 10.30 4.34 11.28 0.49

Woodvale 28. 78 10.38 5.84 10.86 0.64

LSD .05 2.69 1.31 0.19 0.84 0.05

LSD .01 3. 72 1.31 0.26 1.17 0.06

C. V. % 8.38 5.49 2.15 4.05 1.15
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At Klamath Falls, significant differences (p =0. 01) were observed

for all characters measured (Table 9). Most cultivars produced a

fewer number of tillers per plant at this site than at the East Farm

site except for Nordic (Tables 8 and 10). CI 4362, Short Wocus and

Woodvale had the highest percent protein; however, the total protein

did not differ significantly from Short Wocus (0. 98 and 0.96 g /100

kernels, respectively). CI 5195 and CI 8380 which are considered

high percent protein cultivars had the lowest total protein.

Kernel weight of most of the varieties grown under Klamath

Falls conditions decreased while percent protein and total protein per

100 kernels increased (Table 11). However, the increase in percent

and total protein was greater for the low protein varieties than the high

protein varieties when grown at Klamath Falls.

There was a significant positive correlation between yield and

kernel weight at both locations for all F2 populations (Table 12). There

was also a positive association between yield and tillers per plant at

Klamath Falls. Negative associations were found between yield and

percent protein at both locations for all crosses except CI 5195/Short

Wocus. The cross CI 5195/Short Wocus showed a positive correlation

between yield and total protein whereas crosses involving Nordic had a

non-significant negative correlation between these two traits. Non-

significant correlations between tillers per plant and kernel weight and

between tillers per plant and total protein were observed whereas tillers



Table 9. A summary of analysis of variance of tillers per plant, 50 kernel weight, percent protein,
and total protein per 100 kernels of six spring barley cultivars grown at Klamath Falls
Experiment Station, Klamath Falls, 1972.

Source of Variance D. F. Observed Mean Square
Tillers Per

Plant
100 Kernel

Weight (gm)
Protein Total Protein

Per 100 Kernels
(g m)

Genotypes 147.13** 1.15** 19.83** 0. 0333**

Replication 3 8.25 0.004 0.25 0.0003

Error 15 2.67 0.008 0.11 0.0004

Total 23

C. V. °A, 9. 10 2.85 1.82 2.60
**

Significant at the 1% probability level.



Table 10. Means of number of tillers per plant, 100 kernel weight, percent protein, and total protein
per 100 kernels of six spring barley cultivars grown at Klamath Falls Experiment Station,
Klamath Falls, Oregon, 1972.

Varieties Yield Tillers Per 100 Kernel Percent Total Protein/
Plant Weight (gm) Protein 100 Kernels (gm)

CI 4362 17.89 4. 72 20. 90 O. 98

CI 5195 - 9.85 2.82 19. 75 0, 56

CI 8380 - 3.08 19.80 0.60

Short Wocus - 8. 45 5. 50 17.43 0.96

Nordic 14. 25 4. 20 15. 34 0.64

Woodvale - 8.38 5.02 16.25 0.82

LSD .05 2.46 0.26 0.50 0.06

LSD .01 - 3.41 0.36 0.70 0.08

C. V. % 9. 10 2.85 1.82 2.60



Table 11. Comparison of 100 kernel weight, percent protein, and total protein per 100 kernels of six spring barley cultivars grown at East Farm
Experiment Station, Corvallis, Oregon and Klamath Falls Experiment Station, Klamath Falls, Oregon, 1972.

Parent
Kernel Wt. gm % Protein Total Protein

Dif- Dif- Dif -
C or. K. Falls ference* Cos. K. Falls ference* C or. K. Falls ference*

CI 4362 5.17 4.72 -0.45 17.19 20.90 +3.71 0.88 0.98 +0.10

CI 5195 2.97 2.82 -0.15 16.50 19.75 +3.25 0.49 0.56 +0.07

CI 8380 3.63 3.08 -0.55 14.78 19.80 +5.02 0.54 0.60 +0.06

Short Wocus 6.31 5.50 -0.81 12.47 17.43 +4.96 0.79 0.96 +0.17

Nordic 4.34 4.20 -0.14 11.28 15.34 +4.06 0.49 0.64 +0.15

Woodvale 5.84 5.02 -0.82 10.86 16.25 +5.39 0.64 0.82 +0.18

Plus or minus indicates increase or decrease, respectively from Corvallis location and all differences between locations were signifiCant at the 1%
probability level.

O



Table 12. Phenotypic correlation coefficients of different F2 populations grown at East Farm Experiment Station, Corvallis, Oregon and Klamath
Falls Experiment Station, Klam9.th Falls, Oregon, 1972.

CI 5195/Short Wocus CI 8380/Godiva CI 5195/Nordic CI 8380/Nordic

E. Farm K. Falls E. Farm K. Falls E. Farm K. Falls E. Farm K. Falls

Yield-tiller 0. 774** 0. 776** 0. 709**

Yield-kernel
weight

0.367** 0. 441** 0.298** 0.359** 0.220* 0.232* 0.201*

Yield-percent
protein

-.094 159 -.088 -.489** -.277** -.353** -.236*

Yield-total
protein

.215* .367* .160 .072 -.058 .101 -.095

Tiller-kernel
weight

.168 .192 .005

Tiller-percent
protein

-.011 -.285** -.209*

Tiller-total
protein

165 .030 . 083

Kernel wt. - -.209* -.241* -.185 -.408** -. 262 ** -. 420 ** -. 301 **
% protein

Kernel wt. -
total protein

.643** .899** .652** .818** .590** .916** .444**

*

**
Significant at the 5% probability level.

Significant at the 1% probability level.
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per plant and percent protein were negatively associated. Kernel

weight and total protein were positively associated but kernel weight

and percent protein were negatively associated.

Broad sense heritability values for grain yield for the four F2

populations grown at Corvallis ranged from 35.46 to 61.27 percent

(Table 13). At Klamath Falls, broad sense heritability values for

tillers per plant were low and ranged from 16.55 to 31.12 percent.

Broad sense heritability values for kernel weight, percent protein,

and total protein varied among crosses but were consistent between

locations. For kernel weight, the values were higher at Corvallis

than Klamath Falls except for cross CI 5195/Nordic. For percent

protein and total protein, however, broad sense heritability values

were consistently higher at Klamath Falls than at Corvallis.

The regression coefficients of the F1 on mid-parent in standard

units were used as a parameter to measure narrow sense heritability

estimates. The narrow sense heritability values for number of tillers

per plant, kernel weight, percent protein and total protein were high

and ranged from 71.06 to 88.86 percent (Table 13).

A summary of analysis of variance of F1 hybrids showed highly

significant differences among varieties for number of tillers per plant,

kernel weight, percent protein and total protein (Table 14). Coeffi-

cient of variation values (C.V.) were low except for number of tillers

per plant which was relatively high (24.9 percent).



Table 13. Broad and narrow sense heritability estimates for yield, number of tillers, kernel weight,
percent protein, and total protein obtained at East Farm Experiment Station, Corvallis
and Klamath Falls Experiment Station, Klamath Falls, Oregon.

Broad Sense Narrow Sense
CI 5195/

Short Wocus
CI 8380/
Godiva

CI 5195/
Nordic

CI 8380/
Nordic

F
1

mid-parents

Corvallis 60.50 61.27 35.46 46.30
Yield

Klamath Falls

Corvallis
Tillers Per Plant

Klamath Falls 16.55 31.12 74.35**

Corvallis 91.83 76.18 47.08 66.68
Kernel Weight

Klamath Falls 87.01 65.62 83.08 88.86**

Corvallis 61.77 56.54 53.35 54.30
% Protein

Klamath Falls 78.96 68.70 77.17 71. 06 **

Corvallis 62.58 53.22 59.18 51.02
Total Protein

Klamath Falls 80.00 75.50 65.36 84. 00**
**

Significant at the 1% probability level.



Table 14. A summary of analysis of variance of number of tillers per plant, 50 kernel weight, percent
protein, and total protein per 50 kernels of F1 hybrids grown at Klamath Falls Experiment
Station, Klamath Falls, Oregon, 1972.

Source of Variation D. F. Tillers Per
Plant

Kernel Weight
gm

Protein Total Protein
Per 50 Kernels

gm

Genotypes 14 25.01** 0. 264** 4.81** 0. 0047**

Replication 3 4.67 0.018 1.51 0.0004

Error 42 6.48 0.014 0.30 0. 0003

Total 59

C. V. % 24.91 5. 14 3.27 4. 65

Significant at the 1% probability level.
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Table 15. Means for number of tillers per plant, 50 kernel weight, percent protein, and total protein
per 50 kernels of F 1 hybrids and their respective parents grown at Klamath Falls, Experiment
Station, Klamath Falls, Oregon, P72.

Fi Hybrids and
Their Respective
Parents

Tillers Per
Plant

50 Kernels
Weight
(gm)

Percent
Protein

Total Protein
Per 50 Kernels

(gm)

CI 4362/CI 5195 9.4 1.99 18.63 O. 370

CI 4362/CI 8380 14. 85 2.04 18. 32 0.373

CI 4362/Short Wocus 11.32 2.66 16.45 0.440

CI 4362 /Nordic 11,66 2.39 15.65 0.373

CI 4362/Woodvale 11.00 2.65 16. 31 0.433

CI 5195/CI 8380 11.20 1.87 18.48 0.348

CI 5195/Short Wocus 5.33 2.44 17.36 0.425

CI 5195/Nordic 12.43 2.06 16, 95 0.348

CI 5195/Woodvale 8.83 2.42 16. 19 0.390

CI 8380/Short Wocus 9.37 2.44 15, 61 0.380

CI 8380/Nordic 13.39 2. 12 15.82 0.335

CI 8380/Woodvale 8.95 2.37 15. 53 0. 368

Short Wocus/Nordic 10.67 2.65 15.79 0.418

Short Wocus/Woodvale 6.44 2.54 16. 89 0.430

Nordic/Woodvale 8.48 2.36 15. 66 0. 368

CI 4362 17. 89 2.36 20.90 0.49

CI 5195 9.85 1.41 19.75 0.28

CI 8380 1.54 19. 80 0.30

Short Wocus 8.45 2.75 17.43 0.48

Nordic 14.25 2. 10 15. 34 0.32

Woodvale 8.38 2.51 16.25 0.41

LSD .D5. 3.64 0. 17 0.79 0.028

LSD . 01 4.69 0.23 1.06 0.034

C. V. % 24.91 5. 14 3.27 4.65
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Table 16. Percent heterosis in F1 hybrids for number of tillers per plant, kernel weight, percent
protein, and total protein per 50 kernels grown at Klamath Falls Experiment Station,
Klamath Falls, Oregon, 1972.

F Hybrids Tillet.tan Kernel Wt. % .Protein Total Protein
1

MP* MP HP** MP MP HP

CI4362/CI5159 -32.23 5. 29 -15.68 -8.36 -3.90 -29.34

C14362/C18380 4.08 -13.56 -9.98 -5.99 - 23.98

CI4362 /Short Wocus -14.05 3.91 -2.81 -14. 19 -9, 04 -10.20

CI4362 /Nordic -27.44 7. 17 1.27 -12.63 -8.31 -23.98

CI4362/Woodvale -17.66 8.61 5.58 -12.20 -3.62 -11.73

C15 195/C18380 26.35 2 1. 43 -6.57 19.31 14.89

CI1595/Short Wocus -41.75 17.31 -11.27 -6.62 12. 2 1 -10.99

CI5195/Nordic 3.15 17.05 -1.90 -3.42 15.35 7.75

CI5195/Woodvale -5.46 23.47 -3. 59 -10.06 13.45 -4.29

CI8380/Short Wocus 13.49 -11. 27 -16. 17 -2.56 -20.42

CI8380/Nordic - 16.48 0.95 -9.96 7.20 3.88

CI8380/Woodvale - 16.75 -5.58 -13.87 3.52 -9.82

Short Wocus/Nordic -5.90 9.05 -3.64 -3.66 4.38 -12. 57

Short Wocus/Woodvale -25.46 -3.42 -7.64 0.30 2.82 -9.95

Nordic/Woodvale -26. 52 2. 16 -5.98 -0, 89 0.68 -9.82

*
MP = percentheterosis over mid-parent.

**
HP = percent heterosis over high parent.
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Comparison between F
1

hybrids and their corresponding parents

for tillers per plant indicated dominance or partial dominance for low

tiller number per plant (Table 15). The kernel weight for the Fi

hybrids was fairly uniform except for the crosses CI 4362/CI 5195 and

CI 5195/CI 8380. Percent protein ranged from 15.6 to 17.3 percent

except CI 4362/CI 5195, CI 4362/CI 8380, and CI 5195/8380 which had

percent protein of about 18 percent. Crosses involving Short Wocus

had the highest total protein per 50 kernels (Table 15).

Lack of hybrid vigor was observed for number of tillers per

plant and percent protein in grain (Table 16). Heterosis was observed

for kernel weight in all crosses except Short Wocus/Woodvale but only

a few crosses exceeded the high parent (recently, a term "heterobelti-

osis" was proposed by Fonseca and Patterson (1968) to describe hybrid

vigor in relation to the better parent). All crosses involving CI 5195

exhibited the highest heterosis over mid-parent for kernel weight and

total protein. In contrast, all crosses involving CI 4362 had negative

hybrid vigor values when compared to the parent as well as mid-parent

for total protein (Table 16).

Combining Ability

The ability of a variety to combine with other varieties for a

particular trait under consideration is very important in self-pollinated

crops. Genetic factors which are additive in effect are most desirable.
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Combining ability analysis estimates the relative magnitude of the

types of gene action involved in the expression of a trait. General

combining ability effects reflect the additive gene action whereas

S.C. A. effects measure the non-additive gene action. In a given

variety, each type of gene action may operate for the expression of

a trait. Therefore, knowing types of gene action concerning traits

under consideration may be useful in the selection of varieties to be

used in a breeding program.

A series of F
1

hybrids were analysed using Grilling' s method

4 and model I (Griffing, 1956) to determine the combining ability of

each parent for number of tillers per plant, 50 kernel weight, percent

protein and total protein per 50 kernels.

The G. C. A. mean squares were highly significant for all

characters whereas S. C. A. mean squares were significant for ker-

nel weight and percent protein (Table 17). All characters showed a

higher G. C. A. mean square than S. C. A. mean square. Total

protein had the highest G. C. A.:S. C. A. ratio (27:1) and percent

protein had the lowest G. C. A.:S. C. A. ratio.

Additive gene action is important for both total protein and

percent protein. However, a large portion of non-additive gene action

was involved in the expression of percent protein. The high G. C. A. :

S. C. A. ratio for kernel weight also suggested that the additive gene

action was the most important in the expression of this trait even



Table 17. Combining ability mean squares for number of tillers per plant, kernel weight, percent
protein and total protein for six spring barley cultivars grown at Klamath Falls Experi-
ment Station, Klamath Falls, Oregon.

Character Mean Squares GCA:SCA

GCA SCA Error

Tiller number 12.97** 2.53 1.62 5:1

Kernel weight 0.1535** 0. 0175 ** 0.004 9:1

Percent protein 2. 1893 0.6529** 0.0762 3:1

Total protein 0.0027** 0.0001 0.00008 27:1

Significant at the 1% probability level.
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though a significant amount of non-additive gene action was observed.

Because of the different genetic background in the six cultivars,

the proportion of additive and non-additive gene action involved in the

expression of a particular trait may be different,

The gene action concerning the traits under consideration for

each parent was partitioned into additive (G. C. A. effect) and non-

additive (S. C. A. effect) gene action. CI 4362 had the highest

G. C. A. effect for tillers per plant. Nordic and CI 8380 were some-

what better general combiners for number of tillers per plant than

Short Wocus, Woodvale, and CI 5195 which had negative G. C. A. ef-

fects (Table 18). Short Wocus and Woodvale were good combiners for

kernel weight. Among the high protein varieties, CI 4362 had a posi-

tive G. C. A. effect whereas CI 5195 and CI 8380 had negative G. C. A.

effects. All high protein varieties had positive G. C. A. effects with

CI 5195 contributing the highest G. C. A. effect for percent protein.

In contrast, all low protein varieties had negative G. C. A. effects

for this trait with Nordic contributing the lowest G. C. A. effect.

However, Short Wocus, a normally low protein variety, contributed

the highest G. C. A. effect for total protein with CI 4362 and Woodvale

being similar. CI 5195, CI 8380, and Nordic had negative G. C. A.

effects for this trait.

Significant S. C. A. variances were observed only for kernel

weight and percent protein (Table 17). Therefore, only S. C. A.



Table 18. Estimate of general combining ability effects and variance associated with each parent for
number of tillers per plant, 50 kernel weight, percent protein and total protein per 50
kernels grown at Klamath Falls Experiment Station, Klamath Falls, Oregon, 1972.

Parents Tiller No.
,\1

gi cr gi

50 Kernel Wt.
Al

gi
0- g.

Percent Protein

gi
1

0- gi

Total Protein
nl

gi a- g.

CI 4362

CI 5195

CI 8380

Short Wocus

Nordic

Woodvale

S. E. (gi - gi)

1.78 2.83 0.0138 - 0.0006 0.5379 0.273 0.014 0.00018

-0. 98 0, 62 -0. 2217 0.0484 1.1004 1.195 -0.013 0.00015

1.66 2.42 -0.2062 0.0417 0.1354 0.002 -0.032 0.001

-1.99 3.62 0.2678 0.0709 - 0.2776 0.061 0.040 0.00158

1.38 1.57 -0,0209 -0.0004 -0.8378 0.686 -0.023 0.0005

-1.85 3.09 0.1671 0.0271 -0.6583 0417 0.014 0.00018

.90 0.0424 0.1952 O. 006



Table 19. Estimate of specific combining ability effects and variance associated with each parent
for 50 kernel weight of six spring barley cultivars grown at Klamath Falls Experiment
Station, Klamath Falls, Oregon.

Parents CI 4362 CI 5195 CI 8380 Short Wocus Nordic Woodvale C

2s.

CI 4362

CI 5195

CI 8380

Short Wocus

Nordic

Woodvale

-.1353 -.1038 .0452 .0609 .1329 .0104

- -.0333 .0607 -.0306 .1384 .0081

- .0472 .0139 .0759 -.0003

- .0749 -.2281 .0137

-.1193 .0035

- .0245
n

*S. E. (Si. -S. ) = 0.0735
/,13 /.\ik

**S. E. (Si -Skl) = 0.06

Standard error of difference between effects of two crosses having one parent in common.
Standard error of difference between effects of two crosses having no parent in common.



Table 20. Estimate of specific combining ability effects and variance associated with each parent for
percent protein of six spring barley cultivars grown at Klamath Falls Experiment Station,
Klamath Falls, Oregon.

Parents CI 4362 CI 5195 CI 8380 Short Wocus Nordic Woodvale 62s.

CI 4362 - .350 1.00 -.449 -.691 -.211 .405

CI 5195 - .603 -.101 .041 -.893 .267

CI 8380 - -.889 -.124 -.590 .573

Short Wocus - .259 1.180 .558

Nordic .515 .150

Woodvale - .655

*S. E. (S..-S. ) = O. 338
"1-j

**S. E. (S.. kl) = 0. 276
1.3

Standard error of difference between effects of two crosses having one parent in common.
Standard error of difference between effects of two crosses having no parent in common.
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effects and the S. C. A. variance associated with each parent involv-

ing these two traits was determined. The S. C. A. effect for each

cross may be comparable to percent heterosis. The S. C. A. vari-

ance associated with each parent is an index of variation among

crosses with a common parent. General combining ability of each

parent should be taken into consideration when the S. C. A. variance

is determined. Parents which have a low S. C. A. variance do not

necessarily make good combiners. However, S. C. A. variance may

indicate a better parent among good general combiners. Crosses

involving Woodvale had the highest variation whereas crosses involv-

ing CI 8380 had the lowest variation for kernel weight. Short Wocus

which is a good general combiner for kernel weight also had a fairly

low S. C. A. variance (Table 19). CI 5195, a good general combiner

for percent protein had a low S. C. A. variance. In contrast, CI 4362

and CI 8380, both high protein varieties, had high S. C. A. variances

for percent protein (Table 20).

Discussion

The recognition of the world protein crisis in recent years has

promoted the plant breeder to emphasize the improvement of nutri-

tional quality in cereal grain. Barley is one of the most important

feed grains and has been used extensively for human consumption in

the North Africa and Middle East Areas. Selection against high
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protein lines in developing malting barley cultivars may be the cause

for lack of genetic diversity for protein content in barley and the slow

progress in producing high protein and high yielding cultivars.

Recently, however, in the evaluation of the world barley collection,

barley was shown to have excellent genetic diversity for protein con-

tent and protein quality. A high lysine variety has been recently

identified.(Hagberg et al 1970). Subsequent crossing and selection

indicated the protein content is highly heritable (Munck, 1970). How-

ever, in an attempt to improve both grain yield and grain protein,

plant breeders have been faced with the problem of an apparent nega-

tive association between these two traits (Nentby and McCalla, 1938;

Garkavyj and Sysoev, 1970; Lakes and Rozkosua, 1971). The environ-

ment has also been found to complicate this problem (Favret et al. ,

1970). Under certain conditions environment x genotype interactions

can reduce the effectiveness of selection for percent protein.

In studying high and low protein barley varieties highly signifi-

cant differences were observed for yield, number of tillers per plant,

kernel weight, percent protein and total protein in grains at both loca-

tions (Tables 7 and 9). This indicated there was genetic diversity

among varieties used in this study. Most of the low protein varieties

had a higher grain yield than the high protein varieties. This was

reflected by the negative association between these two traits (Table

12). Most of the varieties grown at Klamath Falls had higher percent
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protein and total protein than those grown at the East Farm site. This

may be due to the residual effect of the high nitrogen fertilizer from

the previous years. However, the kernel weight decreased under

Klamath Falls conditions. The decrease in kernel weight was more

than the concurrent increase of total grain protein except for Nordic

which maintained a fairly high constant kernel weight under both

locations (Table 11). Thus the environment had a greater effect on

carbohydrate content in grain than on grain protein. Therefore,

changes in percent grain protein caused by the environment are more

likely due to variation in carbohydrate content rather than in protein

content. This observation is in agreement with that of McNeal et al.

(1972) who showed that percent protein was entirely dependent upon the

amount of carbohydrates translocated into grain in wheat.

The two low percent protein varieties (Short Wocus and Woodvale

had a high total protein in grain. They also had the highest yield at

both locations. Moreover, CI 5195 and CI 8380 which are high protein

varieties had the lowest protein content. Therefore, percent protein

in grain does not reflect the genetic potential for protein synthesis in

grain. The total protein content should be considered when selecting

genetic materials to be used in breeding for high yield and high protein

varieties.

Two of the most effective means of altering the final protein

content in grain in a variety is by increasing the nitrogen level in soil
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and by controlling soil moisture (Terman, et al. , 1969). By changing

cultural practices, the percent protein in Short Wocus and Woodvale

might have been as high as the high protein varieties but with a better

yield. At Klamath Falls, Short Wocus and Woodvale had a higher per-

cent protein and higher yield when compared with the varieties grown

under East Farm conditions (Tables 9 and 10).

Because the determination of protein content in grain is a time

consuming process and only a few plants can be analyzed, it is one

of the biggest obstacles in improving the protein content of cereal

grain. Moreover, the seeds used for protein analysis are destroyed

and the remaining seeds may not be genetically the same in segregating

populations. An alternative way is to select for a trait which is closely

correlated with protein content in grain. Therefore, information

about the association between protein content and other agronomic

traits is needed in selecting for high protein varieties which also pro-

duce a satisfactory grain yield. In this study there was a positive

correlation between kernel weight and total protein and grain yield.

However, kernel weight and percent protein were negatively asso-

ciated (Table 12). The large kernel size has a greater sink capacity

than the small kernel size and may require a longer period for pro-

tein synthesis and starch formation. MacGregor et al. (1971),

however, found that the accumulation of starch increased at a faster

rate than grain protein during the late grain filling period. This may
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account for the well known negative association between the percent

protein and grain yield. McNeal et al. (1972) suggested that the

future studies of grain protein should include an evaluation of the

translocation of carbohydrates and nitrogenous compounds into grain,

protein synthesis, kernel number and kernel size. Because percent

protein and grain yield are negatively associated plant breeders should

compromise percent protein and grain yield in the selection process.

Because protein content is the direct product of the transcription

process of the genes and subsequent translation of niRNA, high total

protein values should reflect the genetic potential of a plant for pro-

tein synthesis. CI 5195, a low yielding, high percent protein variety

when crossed with Short Wocus, a high yielding, high total protein

variety produced progeny with a non-significant negative correlation

between percent protein and yield. When CI 5195 was crossed with

Nordic or CI 8380, both low total protein varieties, there was a

significant negative association between percent protein and yield.

Parents selected for yield and quality improvement should contain

high total protein. Therefore, the protein and carbohydrate ratio will

probably be maintained in the progeny. Due to the negative associa-

tion between kernel weight and percent protein, percent protein and

yield may be improved by selecting for small kernel size with a large

number of kernels per spike. However, genetic diversity for number

of kernels per spike to offset the disadvantage of small kernel size is
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questionable. Moreover, number of tillers per plant may result in a

few big kernels per spike because of the positive correlation between

kernel weight and number of tillers per plant (Table 12). These re-

sults are substantiated by the positive correlation between kernel

weight and number of tillers per plant and the negative association

between number of kernels per spike and number of tillers per plant

reported by So len in wheat (1973). Therefore, increasing yield and

percent protein by selecting for small kernel size, large number of

kernels per spike, and more tillers per plant is unlikely to occur.

The genetic variation and the transmission of the agronomic

traits from parent to their progenies is the key to plant improvement.

Heritability estimates provide information on the transmission of

characters as well as the effect of environment and genetic variability

on these traits. With high heritability estimates, individual genotypes

can be distinguished readily from their phenotypic expression. In self-

pollinated crops, the heterozygosity is decreased with each generation

of selfing until homozygosity is finally reached. Thus, the intra-

allelic gene action (dominance and over-dominance) should not exist

in a homozygous individual. However, the inter-allelic gene action

(epistatic effect) may remain operative if it is an additive x additive

interaction. In general, additive gene action is considered more

important than non-additive gene action in self-pollinated crops even

though a portion of non-additive gene action may remain operative.



80

Heritability estimates in the broad sense included both additive

and non-additive genetic variances and varied among the F2 popula-

tions. Crosses involving Nordic showed low heritability for all

characters whereas crosses involving Short Wocus showed high

heritability estimates. Short Wocus, therefore, was a good parent

for improving yield of high protein varieties. The low heritability

estimates for number of tillers per plant indicated lack of genetic

variation in the parents or a great effect of the environment on this

trait. Different values for heritability estimates in the same popula-

tion at different locations, however, suggested that there was a

marked environmental influence on traits under consideration. There-

fore, before any comparison of heritability values for a particular

trait can be made, the effect of environment, method of calculation

and parents studied must be considered. In this study, the heritability

values of four barley crosses for percent protein ranged from 54 to

78 percent and from 51 to 80 percent for total protein. In both cases,

the heritability values were high; therefore, selection for these two

traits should be effective.

Narrow sense heritability estimates for number of tillers per

plant, kernel weight, percent protein and total protein were high

indicating high transmissibility of these traits from parents to their

progenies. Higher heritability values for kernel weight and total

protein suggested that additive gene action was more important for
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these two traits than those of percent protein and number of tillers

per plant. However, if these traits are considered independently,

they were readily inherited.

Recently, much emphasis has been placed on the possibility

of producing hybrid varieties in self-pollinated crops. A hybrid may

be useful for combining two traits which are negatively associated

such as yield and percent protein. A possible heterosis for both

traits may be expressed in the F1 generation. Heterosis or hybrid

vigor is considered the result of non-additive gene action. For quan-

titative traits like yield, protein content, etc. additive gene action

may be involved in the expression of heterosis. Heterosis values

were negative over mid-parent values for number of tillers and per-

cent protein. Kernel weight and total protein displayed heterosis over

mid-parent and a few crosses expressed heterosis over high-parent

for kernel weight and total protein. These results are consistent with

those of Ohm and Patterson (1973) in oats. However, Upadhyaya and

Rasmusson (1967) reported heterosis over mid-parent for number of

tillers per plant, kernel weight and grain yield involving eight barley

varieties. Percent protein of the F1 may have decreased due to the

increase in kernel weight of the hybrids. These results discourage

any hope of using hybrids from the parents used in this study to pro-

duce high yield and high protein varieties.

Heterosis values may be misleading as an indicator of specific

combining ability because a poor hybrid may have high percent
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heterosis when compared to its respective parent. Crosses between

low x low kernel weight varieties (CI 5195 x CI 8380) had the highest

heterosis,value for kernel weight but F1 hybrids had the lowest kernel

weight (Tables 15 and 16). Crosses between low percent protein

varieties gave the highest heterosis values for percent protein but the

F
1

hybrid had the lowest percent protein. Crosses involving Short

Wocus, a high yield and high total protein variety resulted in the same

percent protein as other crosses but gave the highest total protein

content. Therefore, both yield and nutritional quality of a hybrid

variety can be improved if both parents have high total protein. For

example, the cross between CI 4362, a high percent and total protein

variety, and Short Wocus, a high yield and high total but low percent

protein variety, produced a F1 hybrid with the highest kernel weight

and highest total protein. Hcwever, the F1 hybrid showed heterosis

only for kernel weight whereas there was negative heterosis for total

protein and percent protein. Therefore, conventional methods of

selection with emphasis on the balance between carbohydrates and

protein content in grain is a more promising method for improving

both yield and percent protein than hybrid production.

The combining ability analysis used to evaluate potential parents

used in breeding programs can be particularly beneficial to the plant

breeder when selecting for good combining parents. Working with

wheat, Kronstad and Foote (1964) found significant G. C. A. variances
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for number of tillers per plant and kernel weight but not for S. C. A.

Significant S. C. A. variances for kernel weight in barley were ob-

served in this study which is in agreement with the findings of Gyawali,

Qualset, and Yamazaki (1968). Non-additive gene action is probably

involved in the expression of kernel weight but to a lesser extent than

additive gene action.

Total protein is the direct measure of the gene products whereas

percent protein is a reflection of two or more variables; i. e. , car-

bohydrate and protein content of grain. Therefore, non-additive gene

action should effect the amount of percent protein more than total

protein. This was substantiated by the higher G. C. A.:S. C. A.

ratio for total protein than for percent protein. Only additive gene

action was found significant for total protein whereas significant

additive and non-additive gene action was found for percent protein.

Chapman and McNeal (1970), Collins and Pickett (1972), and Ohm and

Patterson (1973) also reported significant G. C. A. and S. C. A. var-

iances for percent protein in wheat, sorghum, and oats, respectively.

However, considerable amounts of non-additive gene action for total

protein was observed in oats (Ohm and Patterson, 1973). Both addi-

tive and non-additive gene action were involved in the expression of

percent protein and total protein, but non-additive gene action was

involved to a lesser extent.
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Because of the different genetic background in the six parental

cultivars, the proportion of additive and non-additive effects contri-

buting to the expression of the particular trait may be different.

Therefore, the genetic background of each cultivar should be studied

before using it to improve a particular trait. Thus a superior com-

bining ability of a cultivar can be effectively employed.

CI 4362, CI 8380, and Nordic had a positive G. C. A. effect for

tiller number per plant. The high tillering capacity of the 2-row

barley, CI 4362, seemed to contribute the highest G. C. A. effect

for this variety. However, it did not differ significantly from CI 8380

and Nordic (Table 18). Short Wocus had the highest G. C. A. effect

for kernel weight but a low S. C. A. variance. Short Wocus had a

tendency to produce a high kernel weight when crossed with a combina-

tion of varieties. Woodvale which also had high G. C. A. effect but

a high S. C. A. variance. Large variation was observed among

crosses involving Woodvale and a large portion of non-additive gene

action was involved in the expression of G. C. A. effect. Short Wocus

was better than Woodvale as a parent for improving kernel weight

because of the higher degree of additive gene action involved. CI

4362, a high protein, 2-row barley, also had positive G. C. A. effect

for kernel weight but a low S. C. A. variance. CI 4362 also had the

highest percent protein and total protein. By utilizing the additive

gene effect from CI 4362, the yield of high protein 6-row barleys may
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be improved without decreasing percent protein. When CI 4362 was

crossed with CI 5195 or CI 8380, the kernel weight of F1 hybrids was

superior to the mid-parent but had about the same percent protein.

If the primary objective is to increase percent protein, CI 5195 would

be a good general combiner for percent protein. This is reflected by

the high G. C. A. effect and low S. C. A. variance of CI 5195. CI

4362 had a positive G. C. A. effect for both percent protein, total

protein and kernel weight. CI 4362 should be the best variety for

improving percent protein and total protein, and at the same time

maintain the relatively high kernel weight. If the total protein per se

is of prime interest, Short Wocus should be the best variety because

of its highest G. C. A. effect for total protein.

Changes in environmental conditions had a greater effect on the

carbohydrate content in the grain than on the grain protein which will

have a direct affect on the percent protein. A high percent protein

variety may not necessarily have a high total protein in the grain. The

total grain protein is a better index of the genetic potential of a given

variety for its protein synthesis than percent protein. Percent pro-

tein when considered independently from yield was simply inherited.

There was a negative association between percent protein and grain

yield. However, grain yield was positively associated with total

protein. It is questionable whether the nutritional quality of the grain

can be increased by selecting for small kernel size and an increased
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tillering capacity. The F
1

hybrids expressed much higher degrees of

heterosis for carbohydrate content in grain than grain protein. Thus

there was a decrease in percent protein. Heterosis in some cases

may not be a good indicator for specific combining ability because a

poor hybrid may have a high percent heterosis. Percent protein, total

protein, kernel weight, and tillers per plant were conditioned by

additive gene action. However, a sizeable amount of non-additive gene

action was also implicated in the expression of percent protein and

kernel weight.

Physiological approaches for improving the nutritional quality

of cereal grains are still in the preliminary stages. Many factors

must be clarified before any practical application can be employed.

Conventional hybridization and selection are the only appropriate

methods available at the present time for improving the nutritional

quality of cereal grain. However, selection pressure applied for

grain yield and percent protein will have to be compromised.
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PEDIGREES AND DESCRIPTION OF THE
SIX PARENTAL CULTIVARS

1. CI 4362 is of Ethiopian origin and was taken from the World

Barley Collection. It is a 2-rowed, spring barley, that has an erec-

toid head type and produces a naked, smooth kernel. It is a low

yielding high protein cultivar. CI 4362 has the average protein content

of 18.7 percent with a lysine content of 3.2 percent.

2. CI 5195 (Higashi) is a 6-rowed, spring barley introduced

from North Korea. It has a small, naked, smooth kernel, is weak

strawed and is low yielding with high protein. CI 5195 has the aver-

age protein content of 17.4 percent with a lysine content of 3.1 percent.

3. CI 8380 is a 6-rowed, spring barley introduced from India.

It has a mild winter habit, small, naked, smooth kernels, is weak

strawed, low yielding with high protein. CI 8380 has an average pro-

tein content of 17.4 percent with a lysine content of 3.2 percent.

4. Short Wocus was developed from the cross Coast/Lion

2//Winter Club at Utah Agricultural Experiment Station in coopera-

tive work with the U. S. Department of Agriculture. It is a 6-rowed,

spring barley with a large, hulled kernel. It is short, stiff strawed,

and a high yielding, low protein cultivar.

5. Nordic (ND B139) is a 6-rowed, spring barley developed

in North Dakota from a cross Dickson/3/CI 4738//Traill/UM 570.
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It has a small, hulled kernel, and is a tall, relatively stiff strawed,

high yielding, low protein cultivar.

6. Woodvale (CI 13813) is a selection line from a cross of

Glossy field hybrid 2 x Velvon x Wis. 38. It was developed at Utah

Agricultural Experiment Station in cooperation with the U. S.

Department of Agriculture. Woodvale is a 6-rowed, spring barley.

It has a large, hulled kernel, and is a short, stiff strawed, high

yielding, low protein cultivar.


