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ABSTRACT

Barley (Hordeum vulgare L.) has many uses and is adapted to many areas. The objec
tives of this study were: (I) determine if it is necessary to change management practices to 
test short statured barleys; (2) evaluate the effect of hail damage on isogenic lines of barley; 
and (3) determine the effect of pedicel length on segregates from two-six rowed isogenic 
barley Unes. ,

In this comparison it was not necessary to reduce row spacing to test short statured 
barleys unless very short statured lines were used.

In this study hail caused a significant amount of stem bending, as well as significantly 
affecting the percentage of plump kernels, and the amount of kernel shattering on several , 
isogenic lines of barley. ■

Long pedicel length has a detrimental effect on seed size of lateral florets of barley on 
six-rowed segregates with the genotype vvii from two-six rowed crosses.



I

INTRODUCTION

Barley (Hordeum vulgare L.) is the world’s fourth most important cereal grain, and 

has a broad range of adaptation. Along with its broad range of adaptation, barley has a 

wide range of uses, from animal feed to human food, fiber or fuel.

With this large amount of adaptation and uses, a good understanding of barley’s 

behavior under different conditions is necessary. With the introduction of new short stat- 

ured barley cultivars to improve lodging resistance, the management practices used on these 

new cultivars may have to be changed. Hail continues to be a serious problem for small 

grain producers. Continued research on this problem may help find hail tolerant cultivars 

or indicate which cultivars to avoid. Crosses between two-rowed and six-rowed barley cul

tivars have been made to produce new six-rowed cultivars, but with limited success. The 

reasons for this limited success need to be found so that improved cultivars may be bred. 

Isogenic lines can be used to study the problems listed above. Comparison of the pheno

typic ‘worth’ of a particular gene can be accomplished by isogenic analysis, in which the 

contrasting alleles are introduced into a common genetic background, usually by back- 

crossing (8, 16, 17).

The objectives of this study were to: (I) determine if it is necessary to change the 

management practice of row spacing to test short statured barleys, (2) evaluate the effect 

of hail damage on isogenic lines of barley, and (3) determine the effect of pedicel length on 

segregates from two-six rowed isogenic barley lines.
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LITERATURE REVIEW

Barley (Hordeum vulgare L.) mainly grows in the more temperate parts of the world. 

It is also found on agricultural frontiers, such as the higher plateaus of Tibet and Ethiopia, 

or the Andes, and can be found on the fringes of the Sahara or North of the Arctic Circle 

(30).

As the fourth most important cereal grain, barley has many uses. Its most important 

uses worldwide are grain feed for livestock and poultry; as malt for beverages or food pro

duction; as seed; and as hpman food (30). ■

Row Spacing

Researchers have reported that small grain yields are sensitive to planting pattern. 

Most researchers have found a consistent increase in yield at row spacings narrower than 

the normal range of 18 to 23 cm (10, 15, 18,19, 23j 24, 25). Hollidiay (18), in his review, 

found a yield increase of 2-10% among small grains (wheat, barley, oats, and rye) when 

row spacings were reduced to 10-13 cm. In contrast, Holliday found a 2-17% decrease in 

yield when row spacings were widened to 31 cm. Harrington (15) (on wheat, oats and 

barley) and Finlay et al. (10) (on barley) found no change in yield when increasing row 

spacing from 15 cm to .31 cm. Natr (24) found that the effect of row spacing (15 cm 

or 7.5 cm) on grain yield of spring barley depends on the genotype, weather conditions 

and N rates. He found a strong effect of row spacing on yield and its components, as well 

as on the photosynthetic characteristics of plants and stand.
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These tests were all conducted on normal height barley. With the advent of more 

sprinkler irrigation, shorter stature barley cultivars are being considered both for their 

lodging resistance and ability to fit under most sprinkler systems.

Erectoides lines are one possible source of germplasm to provide the shorter stiffer 

strawed lines desired. Persson and Hagberg (26) found that along with a denser spike, 

erectoides lines also are shorter, due to reduced intemode length, and stiffer strawed. 

Bannier and Scholz (3) ,found that induced erectoides mutants had very high lodging: 

resistance. These same mutants yielded about the same as the standard cultivar tested. 

However, the erectoides mutants were inferior to the standard height cultivars in plumpness 

and I OOO kernel weight.

Ali et al. (2) testing semi-dwarf lines with a ‘Jotun’ background (Jotun is an irradiation 

derived mutant from Norway) found a 3% yield increase in these semidwarf lines compared 

to normal height cultivars. They also found a 7% increase in number of tillers in the 

semidwarf lines, but the normal lines had 8% heavier kernels.

Hail Damage

Hail damage to grain crops has been studied using both natural hail and artificial 

methods. These studies, conducted using just a few small grain cultivars, indicate the stage 

of growth as well as environmental conditions have an effect on subsequent grain yield and 

quality.

Simulated hail studies with small grains (wheat, barley, and oats) have shown that 

yield losses were greatest when hail occurred as the plants approached the heading to soft 

dough stage (I, 5, 6, 7). Studies of damage caused by natural hail (12, 22) also indicated 

that the critical growth stage for cereals (wheat, barley) is heading to soft dough. If hail 

occurs before or after these critical stages it does not reduce yield as much as hail during 

heading to soft dough.
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Pedicel Length and Lateral Kernel Weight

Much research has been conducted to determine the causes and consequences of 

lateral fertility in barley (Hordeum vulgare L.).

Woodward (31) found that the fertility of lateral florets in barley is controlled by the 

I  gene, in conjunction with the V gene for two-rowed or the v gene for six-rowed spike type. 

When in the six-rowed background either I  or / genotypes have complete lateral fertility. 

In the two-rowed background the zY gene causes total lateral infertility, preventing the 

development of lateral ovules and awns or hoods, while the II  gene produces inflated 

laterals which contain anthers and an occasional seed. Gymer (13) studying the genetics of 

the six-row/two-row character made crosses of the four genotypes (VVII, VVii, vvll, vvii) 

in all possible combinations and identified the. classes which can be obtained as pure
I
I

breeding lines. Sessile lateral six-row, vvll\ pedicelled lateral six-row, vvzY; normal two-row* 

VVii; and intermediate, VVII. 1

When progeny of two-row X six-row crosses were tested, Harlan and Martinj (14)
I

found yields of the six-rowed segregates had lower yields than their six-rowed parent. 

They theorized this loss was due to the small size of the lateral kernels, since the full size of
S '

the lateral kernels of the six-rowed parent is seldom recovered in the six-rowed segregates.
i

Takahashi,. et al. (27) found that genetic background had a significant effect op grain 

yield. They found two-rowed ‘Compana,’ which is its normal row type, exceeded the six-
'  I ■

rowed Compana by 10-15 percent, while the six-rowed ‘Vantage,’ which is its normal row
!

type, out-yielded the two-rowed Vantage by more than 20 percent. This indicates that
'  ! ■

when a six-row is put in a two-row background it does not yield up to its potential arid vice
j

versa. However, Wells (29) found that yield was not affected by backcrossing vv in place of 

VV  into Compana, but yield was greatly reduced when VV  was substituted fori vv in 

‘Glacier.’ Hockett and Standridge (17) agreed with Wells in finding that the unfavbrable
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tillering capacity of the six-rowed barley background greatly reduces yield of the two-rowed 

gene in the six-rowed background. Preliminary work with the six-rowed v backcrossed into 

the two-rowed cultivar ‘Hannchen’ indicates a yield advantage for VV  compared to vv 

(unpublished data R. F. Eslick). Thus, the background in which the VV  and vv genes are 

compared is very important.

Kirby and Rymer (21) found that vascular bundles leading to the lateral spikelets of 

barley were similar to those of the central spikelets except they were smaller in size. 

Bonnett (4) found two-rowed barley cultivars had lateral spikelets which were pedicellate 

while laterals in the six-rowed cultivars were not. Viedman (28) found, in the groups of

barley he studied (H. hexastichym, H. nutantes, H. polystichum, and H. deficientes), the
< ■

cause for the sterility of the small kernel size of lateral florets was due to the length of 

pedicel upon which these kernels were formed. He found the longer the pedicel, the 

weaker the development of the lateral kernel.

I
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PARTI

THE EFFECT OF ROW SPACING ON 
ERECTOIDES LINES OF BARLEY
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THE EFFECT OF ROW SPACING ON ERECTOIDES LINES OF BARLEY

Shorter statured barley cultivars are being developed to use under irrigation, both for 

their lodging resistance and their ability to fit under most sprinkler systems.

One method proposed to develop these shorter cultivars is the use of erectoides genes.

As these shorter cultivars are developed, information is needed to determine the best 

way to manage them. The objectives of this study was to determine if it is possible to test 

these cultivars, developed from erectoides lines, under normal conditions, or if it would be 

necessary to reduce row spacing to adequately test them.

Materials and Methods ;

The cultivar used in the study was 'Betzes' (CI6398, “normal isoline”) and its erec

toides isolines, 'Erectoides Betzes IF (MT72654), and'Betzes Double Erectoides’ (MT87148). 

Two spontaneous erectoides mutants occurred in Betzes-1Erectoides Betzes F Cl 10871, 

ert-a found by Wiebe and Ramage and Betzes Erectoides II found by Hockett (Hockett, 

unpublished data). They are hon-allelic (9) and formed Betzes Double Erectoides which is 

homozygous for both erectoides genes (Hockett, unpublished data).

The isolines were planted at Bozeman, Montana from 1972 through 1976 on Amsterdam 

silty clay loam soil (fine-silty, mixed Typic Cryoboroll). Weather during all five seasons 

was favorable for barley production and no diseases were present. The 1973 soil analysis 

indicated a nitrogen deficiency. In 1974 and 1975 the nurseries were not irrigated and had 

274 and 458 mm of plant available moisture in 1.2 m of soil, respectively. In 1972 and 

1976, 566 and 613 mm of plant available moisture was present in 1.2 m of soil.
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Each isoline was planted in two row spacings in a split plot design with spacings as 

main plots, and cultivars as subplots. One main plot was planted at a normal rate (I gram 

per 0.1 m2) and area (4 rows 30 cm apart, 3.1 m in length). The other main plot was 

planted in seven rows 15 cm apart and 3.1 m in length at the same rate (I gm per 0.1 m2).

The center two rows of the 30 cm spacing plots and the middle four rows of the 15 cm 

plots were trimmed to 2.5 m in length and harvested. This gave 1.5 m2 harvested for each 

Plot.

The experiment was analyzed as a factorial analysis of variance with row spacings as 

one factor and isolines as the other factor randomized within spacings. The comparison 

over years was analyzed by a 3 factorial analysis of variance with years, spacings, and 

isolines as factors.

Data collected include counts, measurements, or calculations of:

Heading date (number of days from Jan. I until 50% of the spikes emerged from the 

boot).

Plant height (measured to tip of spikes at maturity).

Tillers (number of spiked tillers were counted in 0.7 m2).

Number of kernels per spike (average of 25 spikes per plot).

Length and width of the leaf below the flag leaf (average of 25 leaves per plot).

Straw weight (bundles threshed, straw collected, oven dried, and weighed and converted 

to 9 percent moisture).

Leaf area (leaf length X width X 0.75). .

Grain yield (measured after samples reached a moisture equilibrium of approximately 

9 percent moisture).

Biological yield (straw weight plus grain weight).

Test weight (grain weight in one hectoliter).

Kernel weight (30 grams of seed counted and weight divided by the number of kernels).
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Percentage of plump kernels (weight of kernels remaining on a 2.4-by 19.0 mm 

screen).

Percentage of thin kernels (weight of kernels passing through a 2.2-by 19.0 mm 

screen).

Percent protein (by UDY dye binding method, 6.25 X N on an as is.basis).

RESULTS AND DISCUSSION

Significant differences were found between years for all characteristics measured over 

isolines and spacings.

Narrow row spacing has varying effects on agronomic traits of barley (10, 15, 18, 24). 

In this study, row spacing over isolines and years significantly affected tillers/m2, heading 

date, and leaf length, width, and area (Table I-I).

Table I-I. Spacing comparisons over isolines and years of agronomic traits in the spacing 
study grown at Bozeman, Montana, in 1972-1976.

Tillers Leaf Leaf Leaf
per Heading

date1
length width area

Spacings, cm m2 cm cm cm2
30 735b2 186.1b 15.9a 1.0a 9.3a
15 823a . 187.1a 15.3b d.9b 8.3b

1 Days from Jan. I.
2 Means followed by the same letter are not significantly different at the 5% level by Dun
can’s Multiple Range Test.

Tillers/m2, kernels/spike, and kernel weight, are the components of yield. Even though - 

there were significantly more tillers at the 15 cm spacing (Table I-I), yields at the narrow 

row spacings were not significantly higher. Heading date was also significantly affected by 

row spacing. The 15 cm spaced isqlines hea,ded 1.0 of a day later (Table I-I). This result is 

statistically significant because of the low standard errors for heading date, but probably 

not significant biologically. The only other characteristic significantly affected by row 

spacing was leaf size (length, width, and area). The isolines planted at the 15 cm spacing
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had significantly shorter and narrower leaves with less leaf area than those isolines planted 

at the 30 cm spacing (Table I-I). Because of the narrower spacings, there are more tillers 

and thus more competition for substrate at the leaf initiation and growth stages. There is 

also shading at the narrower spacings that could affect leaf size. These data agree with that 

of Natr (24), and disagree with that of Ali et al. (2).

Isolines over years and spacings were significantly different for all characteristics 

except yield (Tables 1-2 and 1-3), leaf width, and percent protein.

There were significant differences among isolines for all the yield components (Table 

1-2). There was an increase in tillers/m2 and a decrease in kernel weight with an increase 

in number of erectoides genes, which is in agreement with Persson and Hagberg (26) 

since they found an additive effect with the homozygous double erectoides genes.

Table 1-2. Isoline comparisons over years and spacings of yield and yield components in 
the spacing study grown at Bozeman, Montana, in 1972-1976.

Cultivar
Yield
q/ha

Tillers 
per 

sq. m.

Kernels
per

spike

Kernel
weight

mg.

Betzes 36.2a1 755c 22.6b 39.8a
Betzes Erectoides II 36.5a 784b 21.8a 35.6b
Betzes Double Erectoides 37.2a 800a 21.6a 33.1c

1 Means followed by the same letter are not significantly different at the 5% level by Dun
can’s Multiple Range Test.

Although there were fewer kernels/spike on the erectoides isolines than on Betzes, they did 

not significantly differ from each other for kernels/spike. With the compensating effects of 

tillers/m2 and kernel weight for all three isolines and the decreased kernels/spike of the 

erectoides isolines no significant yield differences were found. Eslick and Hockett (9) did 

not find a yield difference between Betzes and Betzes Erectoides II in a 102 station com

parison.

The significant difference between the erectoides lines and Betzes for plant height is 

to be expected (Table 1-3), as erectoides lines are shorter genetically. This is due to the



Table 1-3. Isoline comparisons over years and spacings of agronomic traits in the spacing study grown at Bozeman, Montana, in 1972- 
1976.

Test Head Plant Percent Percent .. Leaf Leaf Leaf
weight Date J height plump thin length width area

Cultivars kg/hl da l / l 1 cm. kernels kernels cm cm cm2
Betzes 70.0a2 186.8a 68.6a 78.6a . 5.0 b 18.0a 0.9a 9.9a
Betzes Erectoides II 69.9a 186.2b 58.1b 68.1b 7.9 a. 14.7b 0.9a 8.3b
Betzes Double Erectoides 68.7b 187.8a 52.2c 46,0c 11.5 a 14.2b LOa 8.2 b
1Days from January I.
2 Means followed by the same letter are not significantly different at the 5% level by Duncan’s Multiple Range Test.
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compaction of the interhode$, caused by the erectoides gene (2, 3 ,9 ,1 1 , 26). The height 

response was not quite linear since the Erectoides II gene reduced height by 10.5 cm while 

the addition of the ert a gene only reduced height 6.9 cm.

The same general pattern described above occurred for the percentage of plump and 

percentage of thin kernels. The Betzes Double Erectoides isoline has two erectoides genes 

and lias a significantly lower percentage of plump kernels and a higher percentage of thin 

kernels than Betzes Erectoides II and Betzes, (Table 1-3). This agrees with the results found 

by Ali et al. (2) and Eslick and Hockett (9). Betzes had significantly longer leaves than 

either erectoides line, 18.0, 14.7 and 14.2 cm respectively (Table 1-3). Although there was 

no significant difference between the three cultivars for leaf width, the difference in leaf 

length was great enough to give Betzes significantly more leaf area than the two erectoides 

isolines (Table 1-3). There were no significant differences between isolines for percent 

protein in the grain, therefore no data are shown.

The erectoides lines had no lodging, while Betzes lodged in every year, therefore no
'

data shown. It appears that with more compact nodes, and overall shorter plants, erec

toides lines are less susceptible to lodging. This agrees with the data of AU et al. (2), 

Bannier and Scholz (3), Eslick and Hockett (9), and Persson and Hagberg (26).

There were no significant interactions for spacings by isolines, or years by spacings. 

Under stress conditions for moisture or fertihty, the isolines behaved similarly at the two 

different spacings (Table 1-4). However, in non-stress years the Betzes Double Erectoidesi 

isoline yielded significantly more than Betzes and Betzes Erectoides II at the 15 cm spacing. 

This spacing X iso line interaction difference was probably masked by the noninteraction 

during the 3 stress years.

There were significant interactions for years X isolines for yield, percent plump, kernel 

weight, tillers, and percent protein. The year X isoline interaction for yield is shown in 

Table 1-4. Betzes yielded 6% more than the erectoides isolines in stress years, while the



Table 1-4. Mean yields in q/ha of isqlines, at two row spacings during non-stressed years (1972 and 1976) versus stressed years 
. (1973-1975) grown at Bozeman, Montana.

Non-Stress Years Stress Years1

30 cm 15 cm X 30 cm 15 cm X

Betzes - 49.6b2 49.6b 49.6b 28.1a 26.7a 27.4a
Betzes Erectoides II 53.9b 51.6b 52.8b 25.9a 25.7a 25.8a
Betzes Double Erectoides 50.9b 58.2a 54.6b 26.2a 25.2a 25.7a
x 51.5 53.1 52.3 26.7 25.9 26.3
1 Stress was either moisture (1974, 75) or fertility (1973).
2 Means in columns followed by the same letter are not significantly different at the 5% level by Duncan’s Multiple Range Test.
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erectoides isolines yielded 6 to 10% more than Betzes in non-stress years. Since there were 

3 stress and 2 non-stress years, these data counteracted each other and resulted in non

significant yield differences over years. Similar results were found by Irvine (20), where the 

tall genotypes yielded significantly more grain and dry matter than the semidwarf genotypes 

when grown on dryland.

Table 1-5. Comparisons of biological yield data of isolines at two row spacings, at Bozeman, 
Montana in 1976.

Isdline
Grain 

yield, q/ha
Straw 

yield, q/ha
Biological 
yield, q/ha

Harvest
index

Betzes 43.2b1 44.7a 87.9b 1.05
Betzgs Erectoides II 53.4a 44.5a 97.9a 1.31
Betzes Double Erectoides. ! 54.3a 48.3a 102.6a 1.23

1 Means followed by the same letter are not significantly different at the 5% level by Dun
can’s Multiple Range Test.

Biological yield (grain weight plus straw weight) data were collected only. I year 

(Table 1-5). In 1976, a non stress year, the Betzes erectoides lines had significantly higher 

biological and grain yields than Betzes, and thus a higher harvest index. Straw yields were 

not significantly different. In third world countries where straw yield is as important as 

grain yield for animal feed, fiber, and fuel, growth of these erectoides lines would not be a 

disadvantage.
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PART II

THE EFFECT OF HAIL DAMAGE ON 
ISOGENIC LINES OF BARLEY
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THE EFFECT OF HAIL DAMAGE ON ISOGENIC LINES OF BARLEY

Hail damage is an important hazard to small grain production. The effects of hail 

damage in a grain field may not be immediately observable.

The objective of this study was to evaluate differences in response to hail damage by 

isogenic lines of barley.

Materials and Methods

Isogenic lines (Table II-I) for row type (v vs. V), lateral fertility (i vs. I), spike density 

(/ vs. L), awn type (r vs. R), and spike length were used in this study. Hockett (16), and 

Hockett and Standridge (17) described the mutant gene, and reported on the size of the 

gene blocks in the isolines of sets I through 5 (Table II-I). Each cross in set I through 4 

(Table II-1) contains all four isolines. The gene blocks in set 6 are similar to sets I through 

5 except for the r vs. R , smooth vs. rough awns, (chromosome 7) genotypes and long vs. 

short spike (chromosome location unknown) phenotype.

The isogenic lines were planted at Bozeman, Montana on May I, 1978, except for the 

Bonneville lines which were planted April 24. They were planted (10 gr/row) in four-row 

plots with 30 cm between the 3.1m long rows. The isolines headed from June 26 (177 days 

from Jan. I) through July 4 (185), and on July 16 (197, soft dough stage) a hail storm 

struck. The plots were harvested by hand sickle Sept. 26 (269), 1978, by cutting 2.5 m of 

one row. Harvested culms which still had spikes were divided into four separate groups:

1. Erect shattered—culms not broken or bent over but some seed shattered from the 

spike.

2. Erect Unshattered—culms not broken or bent over and spikes not shattered.



Table II-I. Description of isogenic lines evaluated for hail damage at Bozeman, Montana.

Set Crosses
Isolines within 

crosses Phenotype
I Glacier*7/Compana W ii, W I I , wii, w ll 2-rowed, lateral infertility and fertility; 6-rowed,
2 Traill*7/Betzes W ii, W II , wii, w ll lateral infertility arid fertility in each set
3 Trebi*7/Munsing W ii, W II , wii, w ll
4 Unitan*7/Piroline W ii, W II , wii, w ll

5 Bonneville *7/Compana W iill
W iiLL
W IIll
W IIL L
wiill
wiiLL
w iill
wIILL

2-rowed, lateral infertility, club head 
2-rowed, lateral infertility, lax head 
2-rowed, lateral fertility, club head 
2-rowed, lateral fertility, lax head 
6-rowed, lateral infertility, club head 
6-rowed, lateral infertility, lax head 
6-rowed, lateral fertility, club head 
6-rowed, lateral fertility, lax head

6 Vantage*7/Freja W ii  Long spike 
W ii  Short spike 
W II  Long spike 
W II  Short spike 
wii Long spike 
wii Short spike 
w ll Long spike

2-rowed, lateral infertility, long spike 
2-rowed, lateral infertility, short spike 

. 2-rowed, lateral fertility, long spike 
2-rowed, lateral fertility, short spike 
6-rowed, lateral infertility, long spike 
6-rowed, lateral infertility, short spike 
6-rowed, lateral fertility, long spike

. w ll Short spike 
W iiR R  Long spike 
W iiR R  Short spike 
wiiRR Long spike 
wiiRR Short spike

6-rowed, lateral fertility, short spike 
2-rowed, lateral infertility, rough awned, long spike 
2-rowed, lateral infertility, rough awned, short spike 
6-rowed, lateral infertility, rough awned, long spike 
6-rowed, lateral infertility, rough awned, short spike
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3. Bent Shattered—culms bent or broken over, and some seed shattered from the spike.

. 4. Bent Unshattered—culms bent or broken over but spikes not shattered.

Spikes with seeds missing were considered shattered, while spikes without seeds 

missing were considered unshattered. Each group was evaluated for: percentage of spiked 

culms remaining per 3 m row; percentage of plump kernels (the percentage of seeds remain

ing on a 2.4- by 19.0-mm screen). The two shattered groups were also evaluated for average 

number of flowers and seeds per spike. The average number of seeds per spike were divided 

by average number of flowers per spike and subtracted from 100 giving percent kernel shat

tering. The percentage of culms with missing spikes was also recorded for each isogenic set.

The data was set up in a completely random design, as only one row of each isoline 

was sampled there was only one replication. A partial analysis of variance was computed 

for each of these comparisons.

RESULTS AND DISCUSSION

Hail affected percentage of: spiked culms per m2; plump kernels; shattering; and 

spikes lost (Table II-2). Isogenic sets ‘Bonneville,’ ‘Glacier’ and ‘Vantage’ had significantly 

more erect than bent culms; however, isogenic sets ‘Traill,’ ‘Trebi,’ and ‘Unitan’ had signifi

cantly more bent than erect culms. Cultivar differences for stem bending or breaking 

over agrees with the results of Busch (5), Deckard and Hammond (6), and Eldredge (7). 

The cultivars with many bent culms would be more difficult to harvest after a hail storm.. 

There was a significantly higher percentage of unshattered than shattered spikes for all iso- 

genics sets. Isogenic set Glacier had significantly more shattered spikes per m2 than any 

other isogenic set. Glacier headed 20 days before the hail storm, and five to eight days 

before,the other isogenic sets (Table II-3) and therefore the kernels were more advanced in 

filling and more susceptible to shatter by hail (12).



20

Table II-2. Significance of mean squares for hail damage to isogenic barley lines grown at 
Bozeman, Montana in a partial analysis of variance.

Spikes remaining Spikes lost
Source of 
variation

Per
m2

Plump
kernels

Kernel
shattering

% % % %
Isogenic sets ns ** ns *
Row type, (V vs v) ns ** ** ns
Lateral fertility, (I vs i) ns ns ns ns
Iso. set X Row type ns ns ns ns
Iso. set. X Lateral fert. ns ns ns ns
Row type X Lateral fert. ns ns ns ns

Erect (Erect vs bent culms) ns ns * ns
Erect X Iso. set * ns ns ns
ErectX Row, type ns ns ns ns
Erect X Lateral fert. ns ns ns ns .
Erect X Iso. set X Row ns ns ns ns
Erect X Iso. set X Lateral ns ns ns ns
Erect X Row X Lateral ns ns ns ns

Shattered (shattered vs 
Unshattered spikes) ** ns

Shattered X Iso. set * ** — ns
Shattered X Row type ** * — ns
Shattered X Lateral fert. ns ns — ns
Shattered X Iso. set X Row ns ns — ns
Shattered X Iso. set X Lateral ns ns — ns
Shattered X Row X Lateral ns ns — ns

* Significant at 5% level. 
** Significant at 1% level, 
ns, non-significant.

Two row isolines had significantly more spikes with some kernel shattering (shattered 

spikes) than six row isolines, 18.9 to 8.2 percent respectively (Tables II-2 and II-3). The six ' 

row isolines had fewer shattered spikes because when the hail strikes a six-rowed spike, it is 

more likely to strike awns than seed and thus bounce off and not cause kernel shattering. 

In the two-rowed spike there are fewer awns so the seeds are less protected and are more 

susceptible to shattering caused by hail.

Isogenic sets were significantly different for percentage of plump kernels (Table II-2). 

These differences can be best attributed to genetic differences between cultivars rather



Table II-3. Effect of hail on percentage of damaged spikes and culms per m2 of isolines of 
barley following a July 16 hailstorm at Bozeman, Montana.

21 .

Isogenic 
set or Heading Spikes Horiz. Culms

genotype Date1 Shattered Unshattered LSD2 Erect Bent

% % ■ % ■ - %
Bonneville 184 10.8 89.2 8.7 55.0 45.0
Glacier 177 29.2 70.8 12.3 62.5 37.5
Traill 185 6.7 93.3 12.3 37.6 63.4
Trebi 182 8.5 91.5 12.3 46.0 54.0
Unitan 182 . 9.2 90.8 14.1 32.6 67.4
Vantage 182 15.3 84.7 • 7.4 57.7 42.3
Overall x 13.3 86.7 10.2 48.6 51.6
LSD 9.1 9.1 — ns hs

AllVV 18.9 81.1 5.8 54.2 45.8
All w 8.2 91.8 5.8 47.8 52.2
LSD 9.2 9.2 — ns ns

AUn 13.9 86.1 5.8 54.9 45.1
AUII 13.5 86.5 5.8 4 ^ 8  . 50.2
LSD ns ns ns ns

1 Days from January I
2 LSD values are at the 5% level.

than hail (Hockett, unpublished data). All isogenic sets except Glacier had a higher per

centage of plump kernels on unshattered than shattered spikes with two of the differences 

significant (Table II-4). Since Glacier headed earlier than the other isogenic sets, the kernel 

plumpness was already determined when the hail struck. Isogenic set Traill had the largest 

reduction in kernel plumpness in all categories. TraUl is a 'Manchuria- type malting barley
I

which has a thinner lemma and palea than feed barley. This thinner covering may make 

TraUl’s kernels more susceptible to haU damage.

Two rowed isolines are significantly plumper than six rowed, averaged over isogenic 

sets (Tables II-2 and II-4). This difference is probably not due to the effects of hail, but to 

the genetic differences found by previous investigators between VV  and vv isolines (16, 17, 

29). Also, the Traill six-rowed iso lines kernel plumpness was reduced more than any other
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Table II-4; Effect of hail on percentage of plump kernels on shattered or unshattered 
spikes, or on spikes on erect or bent culms, of isogenic lines of barley, follow
ing a July 16 hailstorm at Bozeman, Montana.

Isogenic set 
or Spikes Horiz. Culms

genotype Shattered Unshattered LSD1 Erect Bent
Bonneville 75.2 79.4 ns 78.0 77.8
Glacier 86.0 84.0 ns 84:7 85.3
TraiU 39.4 59.3 7.1 49.3 49.4
Trebi 65.4 68.2 ns 66.3 67.4
Unitan 72.2 . 75.1 ns 73.6 73.6
Vantage 70.9 75.6 4.2 78.1 68.4
Overall x 68.2 ■ 73.6 ' 4.3 71.7 70.3
LSD 11.0 11.0 — 11.0 11.0

A U W 77.4 80.6 3.5 83.6 78:4
All w 63.6 69.3 3.5 66.0 64.4
LSD 5.8 5.8 — 5.8 5.8

Aim 68.1 72.4 . 3.5 70.6 69.3
AUii 72.8 77.6 3.5. 76.8 73.4
LSD ns ns — ns ns

1 LSD values are at the 5% level for comparison of means of shattered vs unshattered spikes 
and erect vs bent culms.

six-rowed isolines plumpness which also may have made the six-rowed isolines less plump. 

Averaged over isogenic sets, there were significantly plumper kernels on unshattered than 

on shattered spikes (Tables II-2 and II-4). This indicates that if the hail knocked seeds out 

of the spike, it also damaged the transport system of the spike limiting nutrient uptake and 

thus inhibiting kernel filling. This was also found by Deckard and Hammond (6), and 

Knowles (22) on different cultivars of barley.

There were significant differences between row types and erect and bent culms for 

percentage of kernel shattering due to hail (Table II-2). Again, this difference is probably 

due to the larger amount of awns on six rows than two rows and thereby shielding the 

seeds from being knocked out by hail. Within either erect or bent culms with shattered 

spikes, there were no significant differences between isogenic sets. While all isogenic sets 

except Bonneville shattered more if their culms were erect than bent, only isogenic sets
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Table II-5. The percentage of kernel shattering on erect and bent spiked culms of isogenic 
lines of barley damaged by hail on July 16 at Bozeman, Montana.

Isogenic Set 
or Shattered spikes on culms Horiz. Overall

Genotype Erect Bent LSD1 average

% %
Bonneville 43.5 44.9 ns 44.2
Glacier 51.2 37.4 11.6 44.3
TraiU 44.2 41.6 ns 42.9
Trebi 45.9 38.6 ns 42.2
Unitan 51.4 38.1 13:3 44.8
Vantage 46.9 40.1 ns 53.5
Overall x 47.2 40.1 6.3 45.3
LSD ns. ns — ns

AUVV 53.5 50.6 6.5 52.0
AU w 38.8 29.6 6.5 . 34.2
LSD 12.7 12.7 — 9.0

Allu 46.1 42.6 6.5 44.4
Aim 49.8 38.6 6.5 44.4
LSD ns ns — ns

1 LSD values are at the 5% level for comparison of means of erect vs bent shattered culms.

Glacier and Unitan had significantly more shattering on erect culms (Table II-5). If the 

culms remained erect, the spikes were more susceptible to seeds being knocked out by the 

hail, while the plants with bent culms were not as susceptible to this damage because they 

would be protected by the crop canopy. This increased kernel shattering on erect culms 

agrees with Busch’s (5) findings.

Hail also caused significant differences between isogenic sets in the average number of 

spikes lost (Table II-2). Isogenic set Traill lost significantly more spikes than any other iso

genic set, 8.1 percent compared to 1.0-2.1 percent for the other, sets. This difference in 

spike loss during hail may be related to the susceptibility of Traill and other Manchuria 

type malting barleys in Montana to spike loss befpre harvest if left standing when ripe 

(Hockett, unpublished data). In this study the head loss was due to the hail and not this 

head loss susceptibility, since the plots were harvested before the grain was fully ripe.
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PART III

THE EFFECT OF PEDICEL LENGTH ON LATERAL KERNEL 
WEIGHT IN TWO-SIX ROW ISOGENIC LINES OF BARLEY
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THE EFFECT OF PEDICEL LENGTH ON LATERAL KERNEL WEIGHT 
IN TWO-SIX ROW ISOGENIC LINES OF BARLEY

The use of crosses of two- and six-rowed barley lines in the production of six-rowed 

barley cultivars has been suggested. This method has not been very successful, probably 

due to the low yields of the resulting six-rowed segregates with reduced seed size of the 

lateral florets.

The objective of this study was to determine if pedicel length varied among isogenic 

lines with the genotype vvii, and if pedicel length has an effect on the lateral kernel size of 

these isogenic Unes.

Materials and Methods

The fifteen backcross-derived, two-six rowed isogenic lines used in this study came 

from collections of isogenic lines developed by E. A. Hockett and R. F. Eslick. These Unes 

were developed with and,without the factors of fertility of the lateral florets through seven 

or eight backcrosses and selections (10). These vvii (six rowed, lateral infertiUty) isogenic 

lines are Usted in Table III-I. They were grown in the field at Bozeman, Montana on 

Amsterdam silty clay loam soil (fine-silty mixed Typic Cryoboroll), in 1975,1976 and 1981. 

Although weather conditions were favorable for barley production in these years, 100 mm' 

of irrigation water was applied each year to insure against moisture stress. Soil analysis 

indicated there was no nutrient stress in any of the 3 years. In addition, no diseases were 

found. Plants spaced 15 cm apart were grown in nonreplicated rows 30 cm apart and 2.4 m 

in length. One spike was collected from the earUest or best developed spikes, from five 

different plants of these isoUnes in each of the 3 years.



Table III-I. Pedicel length, lateral kernel weight and central kernel weight of the six-row and two-row background isolines (vvii) in 
the pedicel study grown at Bozeman, Montana in 1975,1976, and 1981.

C.L or 
MT Number Isoline

Pedicel
length

Lateral 
kernel wt.

Central 
kernel wt.

Lat. ker. wt. 
Cent. ker. wt.

(mm) (mg) (mg) (%)

SIX-ROW BACKGROUND

MT 58203 Titan*7/Betzes 4.59 a1 19.1 f 45.6 e 41.9
MT 5825 Titan*7/Munsing 3.96 b 15.3 g 52.8 c . 28.9
Cl 16627 Vantage *8/Freja 2.78 c 25.4 e 54.1 c 47.0
Cl 16179 Bonneville*7/Compana (Club) 2.73 c 33.5 be 52.8 c 63.4
Cl 16617 Glacier *7/Betzes 2.72 c 29.4 d 62.2 a 47.3
Cl 16180 Bonneviile*7/Compana (Lax) 2.25 e 40.7 a 63.2 a 64.4
Cl 16621 Unit an * 7/Munsing 2.52 d 31.7 cd 6 1.4 a 51.6
Cl 16168 Trebi*7 /Munsing 2.33 e 32.0 bed 57.9 b 55.3
Cl 16172 Traill*7/Betzes 2.00 f 35.2 b 48.3 de 72.9
x 2.87 29.1 55.4 53.0

TWO-ROW BACKGROUND

MT 5851 Compana*7/Yantage 4.54 a 21.3 c 54.2 a 39.3
MT 5848 Compana*7/Glacier 4.43 a 26.9 b 55.7 a 48.3
MT 58102 Hannchen *7/Titan 4.30 b 19.9 c 36.6 c 54.4
MT 58195 Carlsberg II*7/Vantage 3.85 c 22.4 c 42.9 b 52.2
MT 5834 Freja*7/Vantage 3.05 d 19.1 c 38.8 be 49.2
MT 583 . Munsing* 7/Titan 2.40 e 27.4 a . 50.5 a 54.2
X 3.76 22.8 46.4 49.6
1 Means within columns followed by the same letter are not significantly different by Duncan’s Multiple Range Test.



27'

Pedicel length of all lateral kernels on one side of a spike, on three spikes selected at 

random from the five spikes collected, were measured under a microscope at 7x each year. 

Any sterile lateral or central florets not at the base or tip of the spike were included in the 

samples measured. These lateral kernels which were measured and the central kernels 

on one side of the same spike, were also counted, bulked and weighed to determine average 

kernel weight. The kernels were removed from the rachis by hand and deawned before 

weighing. Sample size of lateral and central kernels ranged from 13 to 26 and from 7 to 15, 

respectively. Measurements for individual spikes were averaged making a total of 3 values 

for each year, and these values were analyzed in the analysis of variance, over years.

Results and Discussion

Small lateral seed size has been a problem in six row segregates of two-six row crosses, 

and several reasons have been given. Long pedicels have been identified as one cause.

In this study there were no significant differences for pedicel length, lateral kernel 

weight, or central kernel weight among years, nor were there any isoline X year interaction.

Six Rowed Background

There were significant differences among six-row background isolines for pedicel 

length, lateral kernel weight, and central kernel weight (Table III-I). Averaged over isolines 

the lateral kernel weight was approximately half of the central kernel weight.

The effect of club and lax spike was measured in the ‘Bonneville*7/Compana’ isolines. 

These isogenic lines are both vvii except one has a club head ( i)  and the other a lax head 

(L). The club head isoline has a significantly lodger pedicel and significantly lower lateral 

and central kernel weight. Hockett (unpublished data) found the vvii club isoline yielded 

9% more than the vvii club isoline, and the vvii lax isoline yielded 5% more than the vvii 

lax isoline. This indicates that club spike would tend to be a less desirable characteristic
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than lax head for grain production in six-rowed selections with U from 2-rowed X 6-rowed 

crosses.

Three isolines with different recurrent parents, but the same nonrecurrent parent are 

‘Glacier*7/Betzes,’ ‘TfaiU*7/Betzes’ and ‘Titan*7/Betzes.’ These three were significantly 

different for pedicel length and lateral kernel weight, and only Glacier*7/Betzes signifi

cantly differed from the other two for central kernel weight. A similar comparison is for 

the two isolines of ‘Titan’ and ‘Trebi’ with ‘Munsing’ as the common nonrecurrent parent 

where, again, the two had significantly different pedicel lengths and lateral kernel weights, 

but not significantly different central kernel weights. This indicates that in the six rowed 

background the recurrent parent had an effect on pedicel length and lateral kernel weight 

but not on central kernel weight.

To determine the effect of nonrecurrent parent, we must keep the recurrent parent 

constant. The only comparison we have is ‘Titan*7/Betzes’ versus ‘Titan *7/Munsing,’ 

which are significantly different for all three characteristics. This data indicates that the 

nonrecurrent parent is also a factor to consider. It appears that both parents are important 

in crosses involving six rowed background isolines when the effect of pedicel length on 

lateral kernel weight is being considered.

Two Rowed Background

There were significant differences among isolines with a two-row background for 

pedicel length, lateral kernel weight and central kernel weight (Table III-I). Within this 

background, mean kernel weight of the laterals compared to the centrals was similar to 

that of the six rowed background.

The effect of the recurrent parent may be assessed in the crosses, ‘Munsing*7/Titan’ 

and ‘Hannchen* 7/Titan.’ These isolines were significantly different for all three character

istics, pedicel length, lateral kernel weight, and central kernel weight. Different recurrent
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parents are also found in the three crosses, 'Freja*7/Vantage,' 1Compana 7/Vantage,’ and 

‘CarlsbergII*7/Vantage.$ These iso lines were significantly different for pedicel length, but 

not for lateral kernel weight. Only Compana*?/Vantage was significantly different from 

the other two for central kernel weight. Therefore in the two rowed background the 

recurrent parent has an effect on the pedicel length, but may not have a significant effect 

on lateral or central kernel weight in different sets of crosses.

To measure the effect of the nonrecurrent parent in the two-rowed background we 

compared Compana*7/Vantage to ‘Compana*7/Glacier’ and only found them significantly 

different for central kernel weight. This indicates that the nonrecurrent parent has no 

effect on pedicel length or lateral kernel weight. These data appear to indicate that within 

a two-rowed background the recurrent parent has more effect on the three characteristics 

studied than does the recurrent parent.

Both Backgrounds

Two reciprocal crosses studied were ‘Vantage*8/Freja’ and Freja*7/Vantage; and 

Munsing*7/Titan and Titan*7/Munsing. A combined analysis of the six- and two-rowed 

backgrounds showed that Vantage*8/Freja, with six-row background, had a significantly 

shorter pedicel, and heavier lateral and central kernel than the reciprocal. Just the opposite 

is true in the isolines Titari*7/Munsing and Munsing*.7/Titan where the isoline with a 

six-row background had significantly longer pedicel and lighter lateral kernel, but no dif

ference for central kernel weight. This analysis indicates that both the parents in a cross 

and the background of the recurrent parent are important in determining pedicel length 

and kernel weight of both laterals and centrals.

The vvii isolines were averaged for the three characteristics in Table III-I over the six- 

rowed background and the two-rowed background and compared to each other. They were
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significantly different for pedicel length, but not for lateral or central kernel weight based 

on a t-test at the 5% level.

To eliminate the cultivar genetic difference in seed weight, the ratio of lateral to 

central kernel weight was determined. Then this ratio was correlated with pedicel length. 

The correlation of pedicel length and this ratio in the different backgrounds, was -.73**, 

-.85**, and -.60** for six- and two-row combined, six-row, and two-row, respectively. 

Therefore, as pedicel length increases, lateral kernel weight decreases. This study has shown 

that pedicel length may play.a significant role in lateral seed size. Pedicel length has an 

adverse effect on lateral kernel weight since the reduced number of vascular bundles (21, 

28) in longer pedicels limits the amount of nutrients available to these lateral florets. This 

means that pedicel length and lateral seed size are important factors to consider when 

selecting six-row segregates from two-six rowed crosses. Hockett (17, and unpublished 

data) in seven sets of barley isolines, found vvll isolines yielded from 0 to 25% more than 

the vvii isolines. He found that six-rowed isolines with ii having short (about 2 mm) pedi

cels did not decrease yield of the ii versus II  (17), while any longer pedicels reduced the 

yield of the ii isolines when compared with the II  isolines (Hockett, unpublished data). In a 

breeding program utilizing crosses of two- and six-rowed lines choosing six-rowed segre

gates without a pedicel or with a short pedicel should improve the overall seed size and 

yield of that isoline.

i
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SUMMARY AND CONCLUSIONS
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SUMMARY AND CONCLUSIONS

With its wide range of adaptation and uses, along with the introduction of new culti- 

vars, and continuing problems caused by the environment, new and ongoing research needs 

to be conducted on barley. The objectives of this study were to: (I) determine if it is 

necessary to change the management practice of row spacing to test short statured barleys; 

(2) evaluate the effect, of hail damage on isogenic Unes of barley; and (3) determine the 

effect of pedicel length on seed size of two-six rowed isogenic lines of barley.

Based on the results of this study and those of other researchers, it is not necessary to 

reduce row spacing from 30 cm to 15 cm when testing single gene (mid-stature) erectoides 

lines. However, if double erectoides (very short) lines were being tested under high yield 

conditions (the most Ukely place to grow them) it would be better to use a 15 cm rather 

than a 30 cm row spacing. These data indicate that growing double erectoides isoUnes 

under narrow row spacing will result in smaller seed size, lower kernel weights and less 

plump kernels. To fully utilize these lines, crosses to adapted cultivars which have high 

kernel weights and plumper kernels is necessary to maximize yield. These crosses would 

aUow for the selection of shorter statured cultivars with heavier and plumper kernels. Since 

these erectoides Unes now yield similarly to their normal height counterpart, crosses to 

adapted cultivars should result in higher yielding, short-statured cultivars. This has been 

accomplished by Gaul and Brunewaldt (11). They found that the pleiotropic effect of an 

erectoides mutant can be removed in a changed genetic background, and genetically modi

fied mutants, can be selected by the pedigree-breeding method. The erectoides genes 

appear to be an excellent source of germplasm to shorten the height of barley and improve 

straw strength.
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Hail was found to have an effect on percentage of shattered spikes per m2, plump 

kernels, kernel shattering, and spikes lost in barley isolines. Plants in the isogenic sets had 

more bent than erect culms per m2, as well as more unshattered than shattered spikes. 

Two-rowed isolines had significantly more shattered spikes per m2 than six-rowed possibly 

because of fewer awns to protect the spike. There were significant differences among iso

genic sets for percentage of plump kernels. Two-rowed isolines had plumper kernels than 

six-rowed. When data was averaged over isolines unshattered spikes had significantly plump

er kernels than shattered spikes. There was significantly more kernel shattering in two-rowed 

isolines than in six-rowed isolines, again because of the protective effect of more awns on 

the six-rowed isolines. Spikes on bent culms shattered less than spikes oh erect culms.

Isogenic set Glacier had more shattered spikes per m2 than any other isogenic set and 

had a higher percentage of plump kernels on shattered than unshattered spikes. Glacier 

. headed 20 days before the hailstorm and five to eight days before the other isogenic sets, 

and therefore the kernels were more mature and susceptible to shattering, but less suscep

tible to reduction in kernel plumpness.

Isogenic set Traill lost significantly more heads than any other isogenic set. The six- 

rowed isolines in the Manchuria type malting barley Traill isogenic set were damaged the 

most. Kernel plumpness was greatly reduced and kernel shattering and spike loss were high

est in these six-rowed Traill isolines. Hail damages the culms and kernels of barley and the 

severity depends upon whether cultivars are two-rowed or six-rowed, a malting or feed 

type, and when the hail occurs in relation to heading time. In a high hail hazard area farm

ers should avoid growing two-rowed or Manchurian type six-rowed malting barley cultivars, 

as they are the most susceptible to hail damage.

Crosses of two-rowed and six-rowed Unes have been made to study basic genetic rela

tionships in the resulting segregates, to select high yielding segregates, and to develop 

hybrid barley cultivars. The six-rowed segregates from these crosses have never yielded up
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to their potential and many reasons have been given for this reduced yield (14, 17, 27). 

This study has shown that lateral pedicel length may play a significant role in lateral seed 

size. Long pedicels have an adverse effect on lateral kernel weight since the reduced num

ber of vascular bundles in longer pedicels limits the amount of nutrients available to these 

lateral florets. When selecting six rowed segregates from two-six rowed crosses one should 

select against pedicellate laterals which are present in the vvii genotype.

Further studies may be needed on other double erectoides lines to determine the 

optimum row spacing for commercial use, and other management practices to determine 

the best possible means of testing and growing erectoides lines. Hail damage will also need 

continued study to fully understand its effects on small grain. The relationship of pedicel 

length and lateral kernel weight needs the most study. This relationship, after further 

understanding, can be used in selection criterion for selecting six-rowed segregates from 

two-six row crosses to improve overall yield, and possibly improve the hybrids resulting 

from hybrid barley schemes.
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