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Abstract:

Head to head and position to position variation was observed when the kernel plncker was evaluated to
determine the performance and method of use for measuring kernel shatter in barley. Kernels were
progressively more easily removed with the kernel pluoker from the base to the tip of spike. Due to
rachis flexibility, the kernel pluoker was more difficult to operate near the tip of spike.

A two gram difference in pull could be measured with the kernel pluoker at the five percent level of
significance by making one random determination from eleven heads. When one determination was
made per head from the same position, a sample of nine was required.

Evaluation of head curvature types with the kernel plucker showed that kernels were more easily
removed from the inside portion of the head curvature.

Kernel plucker determinations made on sterile florets showed that these should be avoided.

A date of sampling study revealed that significant differences could be measured on heads collected at
any date of sampling or on heads that were uniformily dried.

If small differences are to be measured with the kernel plucker, determinations should be made on head
samples collected from more than one location.

Correlation of kernel plucker results with field shatter data obtained from two locations revealed that
88 to 89 percent of the field kernel shatter could be explained on the basis of the kernel plucker
determinations.

Evaluation of genetic material with the kernel plucker revealed that the kernel shatter resistance of a
backcross selection approaches the shattering resistance of the backcross parent.

The barley varieties that were evaluated with the kernel plucker showed a range of 10 to 43 grams pull
to remove a kernel. Varieties which require more than 20 grams pull to remove a kernel would not be
expected to shatter with normal harvest procedures.

Of Montana's recommended varieties, barley growers should not experience losses due to field kernel
shatter with the varieties Unitan, Vantage and Compana. Without proper management or optimum
weather conditions, growers of Freja and Betzes should expect some kernel shattering.
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ABSTRACT

Head to head and positiom to position variation was observed
when the kernel plucker was evaluated to determine the performance
and method of use for measuring kernel shatter in barley, Kernels
Wwere progressively more easily removed with the kernmel plucker frem
the base to the tip of spike, Due to rachis flexibility, the kermel
pilucker was more difficult to operate near the tip of spike,

A two gram difference in pull could be measured with the kernel
plucker at the five percent level of significance by making one
random determination from eleven heads, When one determination was
made per head from the same positien, a sample of nine was required,

Evaluation of head curvature types with the kermel plucker
showed that kernels were more easily removed from the inside portion
of the head curvature,

Kernel plucker detérminations made on sterlle florets showed
that these should be avoided,

A date of sampling study revealed that signifieant differences
could be measured on heads collected at any date of sampling or on
heads that were wiformily dried.

If small differences aré to be measured with the kermel plucker,
determinations should be made on head samples collected from more
than one loeatioen,

Correlation of kernel plucker results with field shatter data
obtained from two locations revealed that 88 to 89 percent of the
field kernel shatter could be explained on the basis of the kernel
plucker determinations,

Evaluation of genetic material with the kernel plucker revealed
that the kernel shatter resistance of a backcress selection approaches
the shattering resistance.of the backeross parent.

The barley varieties that were evaluated with the kernel plucker
showed a range of 10 to L3'grams pull to remove a kernel, Varieties
which - - require more than 20 grams pull to remeve a kernel would
not be expected to shatter with normal barvest procedures.

Of Montana's recommended varieties, barley growers should not
experience losses due to field kernel shatter with the varieties
Unitany Vantage and Compana., Without proper mamagement or optimum
weather conditions, growers of Freja and Betzes should expect some
kernel shattering.




INTRODUCTION

The loss of grain by shattering has been recognized for some
time as an important problem in the production of small grains,

When harvesting consisted of binding and threshing, the crop was
usually harvested at or‘just'befo£e maturity. Shattering losses wera
not as readily noticed at that time as they are with the present
harvesting method with ﬁhe use of the combine,

During the peried immediately following maturity, a considerable
portion ef the crop is exposed to climatic and enviremmental condi-
tions such as wind, rain and varying temperatures prior to the
harvesting operation, These conditions tend to contribute to the
:loss of grain by shatterings

In the western Great Plains and western Intermountain areas of .
‘the United States and Canada, attention has been centered on the
importance of.shattering losses, Barley producers desire varieties
Which.at least have moderate shattering resistance.

There are three distinct types of shabtering which oceur in
: barley. TheSe.weré.firSt deseribed by Platt and Wells (6), ‘They
are: (1) kernel shatter, wheré the individual kernel becomes detached
from the rachiss (2) rach}é shatter, where a portion of the rachis
i; b%éken'aﬁd p;rﬁ.of-tbe“head:is lost; and (3) neck breaking,
where a break occurs near the base of the head and as a result the
entife head is lost.

Depending on the variety, shattering losses in the barley pro-
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duction areas of Montana may be principally of the kernel shattering

typee

This study was undertaken to develop a method of evaluating

kernel shatter resistance of varieties and parent material which are

being utilized in a barley breeding program. In some instances condi-
tions.are such that it is rather difficult to determine the %ield
shattering resistance or susceptibility of a variety or selection.
If an evaluation technique éould be developed which coﬁld be used to
determine the kernel shattering resistance of a variety or a select-
ion and particularly on single plants this then would be an important
tool to the barley breeder in developing desirable shattering resiste-
ant varieties, | _ |
Based on suggestions by R. F. Eslick and E, A. Hockett; an
appartus was constructed to measure kernel shatter in barley,.
This device determines the pull necessary to detach é kernel from

the rachis. It will be designated as the tkernel plucker".




LITERATURE REVIEW

The primary method used in determining the shattering suscepti-
bility or resistance of a variety has been field evaluation, TUsually
the border or guard rows of't£é yield nurseries are left standing for
é peried of time af%ef mabﬁrityo An estimate is taken of the ameunt
of shattering that has occurred in these rows,

Since eonditions associated with shattering do mot occur regularly,
attempts have been made to determine the shattering resistance or
susceptibility by other means o

One of the first attempts to measure shattering was made by
Jung (B) when he dropped rye heads on a glaés plate and then counted
the kernels which had been kneeked oubt. Other technigues such as the
use of the relling pin, etec, have been used to measure shatbterings
hoﬁever results were not consistent,

Investigations have been conducted to determine the inheritance
of shattering. It has been interpreted as extremely complex and -
influenced by various factors and combinatiens of circumstances
(s 65 7)o |

Vogel (8) in 1938 reported that the proportion.of lignified
tissue at the breaking point of the outer glume in wheat was greater
in varieties which appeared bu;be resistant to kernel shattering,.
Because of variability in*determinations within a variety, small
diﬁferences could not be &étecééd; He suggested that the actual

measurement of glume strené%h'coﬁld be used to give an indication of

resistance.
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In 1941, Vegel (9) reported on studies involving such measure=

.mentsa Using a special measuring device which consisted of a small

spring balance, he classified a number of wheats as to their resist-

ance to kermel shattering. He'repérted that shattering‘resistance

depends not only on glume strengbh but alse upon other morﬁhological

" characters such as length, shape and position of floral parts, type of

head, and erectness and Height of the plant.,

Chang (2) in 1943 constructed and described a paddle device which

subjected the heads to a beating action which could be used for the
measuring of shattering in wheat. Morphological studies of several
varieties indicated that tﬁe‘sporter the lemma, the narrower the
grain, the shorter the rachis internode and the smaller the weight
of the kernel that a vayiety possess, a higher degree of kernel
shattering resistant was evident,

Farther tests of Chang's paddle device by Harrington and Waywell
(L), indicated that the yesuitssof the paddle method did not agree
exactly with the known behayimﬁr of the wheat varietieé evaluated;
ﬁowayer, the grouping‘of the resistant types as compared with the
" susceptible tyﬁes was good,

Harrington and Waywell (}j) also reported on the relation of ‘
shattering and the strength pf the glume attachment which provided
additienal evidence fér‘Vogelfs thesis concerning this relationship,

Truscott (7) and Beckl later conducted additional tests with

1Beck9 ToVe A -study of shattering and weathering in wheat and
barley. Mastert!s Thesis. University of Saskatchewan, 1951
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ﬁhe paddle device and measurement of glume strength. Tests using
the paddle device on wheat and barléy varieties did ﬁot give agcurate
detefminations of ﬁhe shattering resistance of the varieties-testedg.
Measurement of glume strength in wheat gave high correlation with
the amount of shattering occurring under field conditions. '

Truseott (7) in l95® constructed a waving device in which re-
eiprocating arms were employed to simulate the waving metiem occurr-
ing as a result of air movement under field conditioms, Resulfs of
the tests using this device indicated that it might yield results of
value in determining kernel shatter resistance in barley,

U4 hybrid glume stgength.tester" was later developed by Truscott
(7)o -The principal mecﬁénism consisted of a spring and a plunger with
a wedge shaped tip that 0peratéd on somewhat the same principal as
Vogel's glume puller. This device was portable and provided a rapid
determinaﬁiono ngeral wheat varieties were evaluated with this
device but the differenqes‘opfained resulted in reduced accuracy
even though the time involved Was eonsiderably reduced.

Another attempt was'made”by'Beckl te simplify the determination
of glume strength with a deviceé which consisted of a spring loaded
lever, This lever was centrally mounted on a small handle. Tests
conducted with this mac@ine ?hoﬁed that it was iméossible to ebtain
accurate readings in de@grmigigg the shattering resistance of wheat
varieties, The principal dif?iculty'with the use of this device was

1Beck9 T.Fo A study of shattering and weathering in wheat and’
barley., Masterfts Thesis. University of Saskatchewan., 1951,
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the precision of the depth of insertien of the tip of the lever to
determine the gilume stféngtho“Readings taken were only accurate to
five grams,
Research conducted on the various mechanical methods of meésurs,
ing shattering resistance in wheat indieated that the glumg puller as

developed by Vogel is perhaps the most reliable mechanical method,
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MATERIAIS AND METHODS
Kernel plucker dete;minations were based on the grams pull
required to remove the barley kernmel from the rachis, The kernel
plucker was attached at the base of the awn in the area where the
~’pa1éa joins the lemma., This makes i£ possible to compare hooded,
awned, and awnless types of barley, ’
This study was undertaken in three principal phases:

ls The design and operation of the kermel plucker,

&% Design of the machine. In Figure 1 is shown the kernel

plucker which was used in this study, The machine employed a
small coil spring and a hook properly oriented on a fulecrume

The arm which is lé% inches long was constructed from a pine
board and mounted Qﬁ a pine wpright which was 11% inches high,
The. fulerum was situaﬁed L% inches from the left eh& of the arm,
fhe spring was mounted two inches from the fulcrum on the left
end of the arm and the heok was placed 10 inches tﬁ the right of
the fulcrum, 4 pointer was placed on the right end of the arm,
The gram increments’wéré”established by placing known gram weights
on the hook, If thé'désifed gram increments cammot be obtained,
‘the positionlef the spring on the arm or the fulcrum position.can
‘be altered,

b, Sample size required to.measure a specified difference.

Before comparisons of kernel plucker determinations can be made,
it is neeessary to first know how many determinations are required .

for the desired precision and sécondlyg at what positions on the




Figure 1. A view of the kernel plucker to show the
general construction.
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rachis., The grams pull to reﬁove a kernel from each kernel posi-
tion was determined for fifty réndom heads of the variety Betzes -
for this purposeo'

¢o Causes for within head variation. . Three studies were conduch-

ed within this categorys (1) Location on the spike was evaluated
from the fifty random heads of Betzes employed to determine the
appropiate sample sizes,‘(2) the effect of head curvature on the
within head variation was determined from five kermel plucker
determinations from each kerﬁel position on both sides of the rachis
on five head curvature‘ﬁybes selected from the variety Betzes,
and (3) to determine the effect of sterile florets, kernel pluck=-
er determinations were made on three heads and five positions on
each head from male sterile heads collected from seven varietal
selections which were being backcrossed to provide male sterile"
lines for the breeding program,

d, Source of head sample. A number of head'samples were evalus

vated with the kernel plucker removing five kernels from pesitions
two through six from three heads., Head samples were evaluated )
from three sources. (1) To determine the effect of the stage of
maturity and the.effect of dry storage, six varieties: Betzes,

Unitan, Dekap, ’E‘rej{aj9 Traill, and Compana were sampled at three-
day intervads beginning approximately ten days after heading, At
each sampling, a kernel pluckef determination was made and the

percent moisture for the straw and the grain was determined.
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Mbisture determinations were obtained by oven air-drying for
. a h8<hour peried. At each date, a head samples from each varieby
" were oven air-dried and then stored at room temperature for six
months when another kernel plucker determinétion was made, (2)
To determine the effect of location, a sample of ten heads was
collected from three replicationé of the barley advanced yield
nursery grown in 1959 at Bozeman, Jidney, Huntley,"Moccasin,-and
Creston, Head samples were obtained from beth dryland and
irrigated conditions. Kernel plucker determinations were made on

the samples collected in the manner previously described,

20 Relation of the pull teo remove a kernel to field kernel

shatter.,

.

Ao Relatibnship of kernel plucker results at maturity with

field kernel shatter determined at four dates after maturity. Field

kernel shétter was determined from a twenty random head sample
collected at weekly intervals after maturity from each plot of the.
irrigated barley advanced yield nursery grown at Bozeman in 1959,
Kernel plucker determinations were made at maturity for each
replication of each variéty'for each harvest t;late°

be Correlation of kernel plucker readings with actual field:

kernel shatter counts. Kernel plucker determinations and field

kernel shatter were determined as previously described on thirty-
nine varieties from the two-row barley yield nursery grown at

Reese Creek and at Bezeman in 1959,
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3, Evaluation of genetic material with the kernel plucker,

8, BEvaluation of the two-row and six-row backcross types. A
number of twoland éix=row pairs of a Titan x Mhnsing7,~F3, and
Munsing x Titan73 Fy, backcroéses were collected for kernel. plucker
evaluations,

Pe The effect of head characteristies such as éeed size, head

compactness, and awn type., Kernel plucker determinations were
~made from head samples collected from Betzes and Betzes Erectéides
to determiné the effect of a compact héadq The crosses éf
Engleawnless with Compana, Ingrid, Dekap, Betzes and Freja pro=
vided a range of genotypes from awnless to awmed for évaluation
‘of the effect of awn length and its relation to kernel shatter,

A number of large seeded Compana and Betzeé selections were
evaluated to determine the effect-of iarge and small seed size on
kernel shatter resistance,

Tn the evaluation of six-row barley varieties with the kernel
plucker, only the central florets were used for the kernel plucker
determinations,

Field shatter was determined by counting the kernels missing -

. and the total number of kernels from 20 heads of each reﬁlication
of a variety, Dividihg the total kernel pesitions of 20 heads
inteo the tetal kernels missing provides the éctual percent field
kernel shatter, )

The analysis of variance technique was used for the anélysis

of data and the F-test as the test of significance., Duncan's
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Multiple Range Test (3) was used to determine the significant

groups or classes.
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RESULTS

le The design and operation of the kernel plucker.

4, Sample size required to measure a specified difference. In Tabls

1 is presented the analysis of variance of the individual kernels from
the 50 random Betzes heads, Utilizing the within head within position
variance to test foé differences between heads and between positions,
significant head to head and position to position variation was re-
.vealed, Since significént head to head variance exists, it was rea-
soned that as many headé as possible and necessary, should be sampled
for the desired precision to determine the mean grams pull,to remove .
a kernel., This reduced the occurence of Type I error (rejecting a
hypothesis when it is actually true) when evaluating tfeatmentsq

The mean grams pull for each kernmel ﬁosition as determined by
the kernel plucker is presemted in Table IT, From the data collected
it appeared as though the first kernel on the rachis was the most
difficult to remove and that kernels were progressively more easily
removed from the base tg tip of épikea

Befofe a statistical.comparison of the kernel positién means
could be made it was assumed that determinations for each position
had a common variance. Applicationjof Bartiettﬂs test of homogeneity

. of variance (1) confirmed this assumption.
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Table 1, Analysis of variance.of kernel plucker determinabions in
grams pull for a 11 positiens on 50 heads of Betzes barley

Standard error

Source of Degrees of Sumg of of a single
variation freedom Square observation
Among heads 49 787 oly. 3¢ ) ,009
Among positions on heads 10 593 .6 #% 7,705
Position x heads (error) L57 1155,8
Total 516 2536,.8

ALSL

W

Significant at the 1% level

Table II, The means grams pull to remove a kermel and the standard
error of a single observation as determined for each kernel
position on the rachis of 50 heads of Betzes barley.

Mean pull %o Standard error of

Kernel position remove a kernel . a single observation
11 (%ip) 8.6l fg "1.6156
10 8,95 fg Loly1h2
9 8,98 fg L.h799
8 9s57 ef L.4283
7 10,00 de 1,8193
6 9.9, de 1.6583
5 10,56 cd 1.6912
l 10,96 be 2,1190
3 10,70 cd 2,102
2 11,57 ab 2,0929

1 (basal) 11,92 =

19339 .

%

Those means followed by the same letter are not significantly
different from each other at the § percent level of probability.
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Although the kernel positions had a common variance at the signi-
ficance level selected, there appeared to be a consistent pattern of
differences in variances associated with the positionsa.

Examination of the mean grams pull for each pésition3 as given in
. Table II, indicates a ranée of 8,6l to 11,92 grams, It is apparent
that 'stratification for position reduced within head variance, Since
‘the variance due to positions iﬁéiﬁdes the effect of heads within
positions, it was necessary to calculate a standard error of-the means
for within poesitions which included the effect of heads within poslitions,
Substraction of the variance due to positions from the total variance
provided the variance due to the effect of bheads within position., Values
obtained froﬁ Table T show that the variance due to.heads within position
means was 3,8L03 providing a standard error of a single observation of
1,96 grams.

Utilizing the calculated standard error of a single observation,
an appropriate standard error for the position means can be obtained.
Application of Duncan's Multiple Range Test (3) in Table IT shows that
there are certain.positions which are nét different from qéch.other,'
Since significant differences in pull, depending on positions, were
observed, it is obvious that variance can be reduced by stratification
for position.

If a single @etermination is made at the same pogitiop on each
head; the effect of position is eliminated, Tﬁe standard error of a
single observation (1,96 grams) for variation‘of heads within a position
can be utilized to calculate tﬁeeretiqal #tt yvglues based on different

numbers of heads when mean differences to”bé measured are established
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at some specified level,

The calculated "t® values presented in Table III show that nine
heads are required te measure a two gram difference, four heads for a‘
four gram difference and three heads for a six gram difference between
two means tested if one determinations is made per head at the same
position en each head and if one is satisfied with the 5% level of
probability.

A standard error of a single obgervation for randem kernels can
be determined from the total yariance of kernels from all positions on
the 50 heads which_were choosen at random, Calculated "t* values can
be obtained which Would.ignore-the effect of positions within heads,
These values are presented in Tahle IITI,

To measure a two gram difference between two means tested at
the 5 percent probability level when one determination per head is
made at random, would reqﬁire a‘sample of 11 heads. To measure a )
four gram or six gram difference between two means tested would re-. .
quire four heads or three heads, respectively.

These results show that when it is wished to measure a two gram
difference or less between two means the error can belreduced by
stratification for poesition,.

Since more time Wa%.required to remove fewer kernels from a
larger number of heads, it appears to be advantageous to remove more
kernels from fewer heads, parﬁiculafly‘when the differences expected

are large, There also was some difficulty encountered in remeving
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Table ITI. Calculated “t%® values for specified differences between
two means for various sample sizes and two methods of sampl-
ing bases on standard errors established from the analysis
of 50 heads of Betzes barley.

No, of One determination per head, One determination per head,

heads same position each head,s=1,96 random position ea, had.,s=2,215
in difference between two means tested difference between two means .
sample tested
2-grams Li=grams 6-grams 2-grams L-grams b-grams

Calculated wit values

2 1,02 2.0L 3006 «903 1.806 2,709
3 1,28 2,50 3,75 % 1,106 2,012 3.318 #
h Lol 2,88 # Lo32 %% 1,128 2,553 # 3,829 #x
5 10061 3022 % o8l 24 1.L28 2,857 )o286
6 1,77 30Bly % 5031 s 1,568 30130 % o695 s
7 1,90 T 3,81 4 5,71 s 1,689 3,378 %  Bo068 #x
8 2,40 L,08 % 6012 i 1,807 30613 s  5.h20
9 2017 # L35 %% 6652 3% 1,916 3.831 %% 5,7LT
10 2028 # L 056 st 6,8l ¢ 2,020 )y ,0LO 3% 63061 2%
11 2639 # 1o 785 ¢ Tol77 3% 2,119 % o237 % 60356 %
# Significant at 5% level
#% Significant at 1% level




(10 ) L

LLY

) Y T

18
kernels near the tip of the head because of rachis flexibility. TUpon
consideration of these observatiens it was apparent that under cer-
tain conditions that a number of kernels could be removed advantageous-
ly from the positions near the base of the head, In this event fewer

hegds would be needed,

by Causes for within head variation. The kernel position selected

by the kernel plucker operator was one source of within head variance.
he previous discussion on sample size has shown that the variation
due to positions can be minimized By stratification for posibion.

To determine the effect of head curvature on within head variatioen,
kernels were removed from both sides of the rachis frem the five curva-
ture tyﬁes which were classiéied from the variety Betzes, The mean
grams pull to remove a kernel for each position for the five curvature
types are shown in figure 2. Analysis of variance of thé data is pre-
sented in Table IV,

Kernels were generally more easlly removed from the inside of a .
head curvature. A highly significant variation due to the head
curvature type was evident, The significance of the inside determina-
tion versus outside determination by head curvature type interaction
was of interest., The head cﬁrvature types IV and V had highefi kernel
plucker values for the inside determination.

Male sterile lines of seven varietieé were evaluaied with the
kernel plucker to determine the effect of the absence of the kernel

in the floret., The data .obtained and the analysis of variance are
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HEAD TYPE I
X=9,00 9,16 2=9,17 9029

X = 9,08

HEAD TYPE III
X=9,61 9,61
% - .61 HEAD TYPE IV
X=8,88 8.L45
§=8 066

o.¥

HEAD TYPE V

Figure 2, Mean grams pull to remove a kermel for each kernel position
of five head curvature types selected from the variety
Betzes,
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Table IV, Analysis eof variance of the kermel plucker determinations
(grams) by kernel position for head curvature types selected
from the variety Betzes,

Source of variation Degrees‘of freedom Mean Square

Inside versus outside of

head curvature 1 , o55 *
Head curvature type b ' 2,81 ¢
Kernel poesition 9 2,97 %

Inside versus outside of head
curvature x head curvature types L , o3l 4t

Inside versus outside of head )
curvature x kernel positiens 9 o024

Head curvature type x kernel -
position . .36 1.9h

Error (inside versus outside x :
curvature type x kermel position) 36 118

3* Significant‘at the 5 pepcent level
¢ Significant at the 1 pepcent level
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presented in Table V. The variation due to varieties would be expected
to be significant féom past‘ébéervationso Significance of the fertile
lines versus male sterile lines interaction indicated that differences
existeds Application of the L,S@B@‘to test the significances of pre-
sence or absence of the kernel 'showed that four of the .seven comparisens
made were significant. This evidence would show that sterile floretgﬂ
should not be used to determine the mean grams pull required to re-
move a kernel with the kernel plucker,

Source of head sample. As one portion ef this studyg six barley

varieties, Betzes, Unitan, Deakp, Freja, Traill and Compana were
sampled at three-day intervals beginning ten days after héading and.
conbinuing for 17 sampling dates, A kernel plucker determination was
made on each date of harvest and a portion of thé sample stored, Ker=
nel plucker determinations were made on dried samples after six months
‘of shoxageo For this trial thg mean grams pull to remove five kernels
per head from three heads was used as the experimental unti, Three
replications were used.

Tempqrature and precipitation fer the sampliné'period are pre-
sented in Table VI, At each sampling date mositure determinations on
the straw and seediwere'obtained for each variety, The average percent
moigture in the straw was higher than the seed at dll sampling datgs
except July 22nd, Graiﬁ-with 12 percent moisture c¢ould have been coms
bined on fAugust 18thy, Rigure 3.

Kernel plucker determinations were difficult to make on freshly
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Table V., Mean grams pull te remove a kermel for the fertile and a
lemma and palea from male sterile .selections of seven

varieties,
Mean grams pull to remeve a floret

Variety Fertile Male sterile
Compana _ : 28,1 15,0 *
Hannchen 11,0 12,7
Betzes 12 .1 83 %
Ingrid . ' 18,6 11,0 *
Domen 16,9 . 11,2 *
Polo 170975 11,0 C 11,2
Brunes Wisa 16.6 11,6 *

# Male sterile type significantly different from fertile type

Analysis of variance

Source of variation Begrees of freedom Mean square
Varieties . 6 83,63 3¢
Fertile versus male sterile 1 23h .3 ¢
Replications 2 O.lily
Varieties x fertile wverus

male sterile ' 6 16,86 ¢

error - 26 64,36l .

## Significant at the 1 percent level
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Table VI, Daily maximum temperatures and precipitation during the
sampling peried of the maturity study at Bozeman, Montana

in 1959, . '
July : August ' September
Day Max, Temp., Prece ‘Max, Tempo. -Prec, Max Temp., Prec,
1 83 20 63 - W01
2 85 79 ol6 68
3 73 1,02 89 8l
L 65 S . Th
5 82 81 70
6 7 81 Th Trace
7 6l 2«90 8l 87
8 66 o 10 88 83
9 76 \ 90 i
10 86 ' 86 86
11 80 8L
12 83 78
13 82 71 0l3
il ‘ 83 75
15 86 - 81
16 85 .86
17 - 86 90
18 86 80 Trace
19 86 73 Trace
20 86 78 . 001,
21 90 . 80
22 87 74
23 92 79
ah 89 Trace 82
25 83 80
26 89 17
27 88 82
28 89 ' . 88
29 81 80
30 83 76 Trace

31 90 ‘ 68 Trace
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as obtained for the sampling periods on six varieties
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harvested samples at the early sampling dates. The kernel was nob
removed by the.kernel plucker; however, the main structure of the
kernel attéchment was fractured.

The analysis of variance of the kernel shatter data collected
is presented in Table VII, A highly significant mean square was
obtained for each source of variation., The kernel plucker determinations
obtained from the newly harvést and'stored samples revealed that the
kernels of the varieties evalugted are more easily removed at time of
harvest than after drying, Figure L. Varieties with well attached
kernels at the time of harvest were even more firmly attached after
drying, This accounts for the significant harvest versus stored by
variety interaction.

The mean grams pull to remove a kernel for each variety is shown
in Table VIIT,. Applicapion of Duncan's Multiple Range Test (3) shows
that each variety was significantly different from each  other, Unitan
and Compana were resistant to kernel removal whereas Betzes and Freja
kernel; wers the mostly easily removed.

The- analysis of variance also shows that sampling date are hiéhly
significant. Figure 5 contains the mean determingtion for the haryest
and stored samples at eéch.sampling dateo',The mean grams pull to re:
move a kernel for the harvesf éamples and stored samples inereased ﬁor
each successive sampling data; The . significant harvest versus stored
by sampling date interaction ﬁas accounted for'by'the tendency of

newly harvested and stored sample determinations to become more nearly
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Table VII, Analysis of variance of the kernel plucker determinations
from the maturity study conducted at Bozeman in 1959.

Mean square for grams
Source of variation Degree of freedom pull to remove a kernel

Harvest versus stored

determination 1 )i,303 .08 ¢
Varieties , B 5,669.40 3¢
Sampling dates 16 37Tho52 ¢
Variety x sampling dates 80 ' . 33,3l e
Harvest versus stored x

variety -5 159,38 s
Harvest versus stored x

sampling date 16 21,66 3t
Harvest versus stored x

varieties x date 8o . T7 63 3%
Error (heads within plots) L08 3,92

% Significant at the 1 percent level
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Figure Lj, Comparison of the kernel plucker determinations taken at
the time of harvest and after six months dry storage.
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Table VIII, Mean grams pull to remove a kernel and multiple range
test for the six varieties evaluated in the maturity

study,

Celo Mean grams pull to
Variety Number Head Type remove a kernel ¥
Unitan 10421 six-row 2745 a
Compana 5438 two-row 2he? b
Traill 9538 six-row 19,0 ¢
Dekap 3351 two-row LseT d
Freja 7130 two-row 10,7 e
Betzes 6398 two=-row 9.2 £

# Mean followed by the same letter are not significantly
different from each other at the 1 percent level of
probability.
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for determinations made on freshly harvested samples and
samples dried and stored,
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alike with the ripening of the barley.

All varieties become progressively more resistant to shattering
at each successive sampling date, Figure 6, On any given date of
harvest the varieties maintained the same order with regard to grams
pull to remove a kernel. As maturity progressed the differences
between varieties became greater.

It may be concluded that determinations should be made as nearly
as possible on material from one harvest date and on either freshly
harvested samples or on samples that have been uniformly dried.

In another study, head samples were collected from the barley
advanced yield nursery which was grown at 8 locations throughout
Montana in 1959, Four were grown without irrigation and four were
grown with irrigation, The head samples collected at each location
provided the material to determine the effect of the location where
the barley was grown on varietal response to the kermel plucker
determinations,

Table IX presents the data obtained on heads from each repli-
cation of each location., With the use of Duncan's Multiple Range
Test (3) the varieties can be grouped in accordance with their res-
pective kernel plucker determination for each location. At most
locations Unitan, Vantage, and Compana were situated in the resistant
groupe Unitan was the most resistant of the varieties evaluated
except at Creston when grown under either dryland or irrigated condi-

tions, Betzes, Freja, and Haisa II were usually in the more susceptible
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Figure 6, Mean.grams pull to remove a kermel ‘for-each varlety at
each sampling date of the maturity study.
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Table IX, Mean grams pull to remove a kernel for the varieties grown in the barley advanced
yield nursery grown at eight locations in Montana in 1959

s R Dryland _ irrlgated Irrigated
Variety Number Moccasin Creston Huntley Sidney Creston. Huntley Sidney Bozeman Mean
Unitan 10421 32.6asx 2T.hab  27.7a 29,62  2l.la 29.92  32.,la 39.la 31.5a
Vantage 732l 28,9ab 28.8a 23.9a 25.5ab 25.ha 25.9b 28.8ab 29.0b 27.3b
Compana 5438 25,80 23,7Tb  2Le3b  2Le8b 25,72  25.9b  2L.bbc 26.Tb 25.7b
Titan 7055 33 028 23 ohb 2)4 08b 13 oBCd
Traill 9538 17.0b 22 .0c 200,6cd 28.3b 22,0c
Sanalta 6087 18,.5¢
Dekap 3351 17,6cd 16.7c 17.8¢c 15.2¢
Piroline 9558 18.3¢c 16.3c 1,7d 16,0c
Hiland 9530 15,.Lb 1) .3d 17.8de 17.6c 16.3d
Ingrid 10083 U.7Tbec  13.,0de 1l.8ef 15.hc 1l.5e
New Moravian 10107 13.7de
Svalof 50-109 == 11.,6cd 10,9f 11,88 15,7 12.B¢
Haisa II 10420 12.2e 11.hd 10,7e 12,6cd 12,9bd 1l.5ef 11,6f 1l.,2c 1l.8fg
Freja 7130 10,%e 9.9d 10,6ed 1l.ded 10,1f 12,3¢ 11,0fg
Betzes 6398 11,0e 10,.6d 10.ke 10,24 9.8d 9.9d 10,8f 11.8f 10.6g
SEX (grams) 1,10 0.85 0.55 1.03 < 0.54 4% 5 5 1.89

# DMeans followed by the same letter are not significantly different from each other at the
1 percent level of probability.,
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