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Abstract:

Fifteen selections from a N1750 (Pilot x Mida) x Rescue population, 15 selections from a Rescue x
Golden Ball population, and Rescue were grown at Choteau, Montana in 1950 under four
environmental conditions; namely, irrigated, irrigated-shaded, non-irrigated and non-irrigated-shaded.
The test was repeated in 1951; however, moisture levels were omitted.

These same lines were grown at Bozeman, Montana in 1950 and 1951 under irrigated and non-irrigated
conditions; however, the shading treatment was omitted.

Estimates of stem solidness were made according to a method of classification suggested by Miss Ruby
Larson. Numerical estimates of stem solidness were analyzed statistically.

Analysis of the stem solidness data obtained at Choteau in 1950 revealed a highly significant reduction
due to shading. The lack of difference between the irrigated and non-irrigated plots was presumed to be
due to the prevalence of sufficient moisture until late in the growing season. However, highly
significant differences between lines within population one and between lines within population two
were indicated. In 1951, the data revealed highly significant 'differences between lines of population
one but no differences between lines of population two. The shading treatment was not effective in
reducing stem solidness.

Analysis of the data obtained at Bozeman in 1950 indicated significant differences due to moisture
levels. Highly significant F values were obtained for lines of population one, lines of population two,
populations, and the interactions of population x moisture level and lines of population 'one x moisture
level. Significant differences were obtained in 1951 be-. tween moisture levels, between populations,
and between lines of population one.

Line B49-106 was superior to Rescue in stem solidness while line B49-100 was less solid. As indicated
by a combined analysis, none of the lines showed the stability of Golden Ball, which was grown at both
locations in 1951.
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ABSTRACT

Fifteen selections from a N1750 (Pilot x Mida) x Rescue population, 15
selections from a Rescue x Golden Ball population, and Rescue were grown at
Choteau, Montana in 1950 under four envirommental conditioris; namely, irri=-
gated, irrigated-shaded, non-irrigated and non-irrigated-shaded. The test
was repeated in 1951; however, moisture levels were omitted., -

These same lines were grown at Bozeman, Montana in 1950 and 1951 under
irrigated and non~irrigated conditions; however, the shading treatment Was
omitted.

,-Estimates of stem solidness were made according to a method of clas-
sification suggested by Miss Ruby Larson., .Numerical estimates of stem
solidness were analyzed statisticallyo '

Analysis of the stem solldness data obtalned at Choteau in 1950 re-
vealed a highly significant reduction due to shading., The lack of differ=
ence between the irrigated and non-irrigated plots was presumed to be due
to the prevalence of sufficient moisture until late in the growing season.
However, highly significant differences between-lines within population one
and between. lines within populatlon tWo - Were 1nd1cated. In 1951, the data
revealed highly significant - ‘differéences ‘between lines of populatlon one but
no differences between lines“of population two. .The shading treatment was
not effective in reducing stem solidness.

Analysis of the data obtained at Bozeman in 1950 indicated 51gn1flcant
differences due to moisture levels. Highly 51gn1f1cant ¥ values were ob=
tained for lines of population one, “lines of populatlon two, populatlons,

_and the interactions.of population x moisture level and lines of population
‘one x moisture level, Significant differences were obtained in 1951 be-.
tween moisture levels, between populations, and between lines of population
one, .

Line BL9=106 was superior to Rescue in stem solidness while line BL9-
100 was less .solid, As indicated by a combined analysis, none of the lines
showed the stability of Golden Ball, Wthh was grown at both locations in

1951,
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INTRODUCTION

The development of Rescue Wheat (Triticum aestivuﬁ, T. vulgare) from

an Apex x 8615 cross and its subsequent wide use in sawfly areas has proved
effective in reducing damage caused by the wheat stem sawfly (Cephus

cinctus Norte). The solid stem of this wheat is thought to provide mech-

anical resistancé to the feeding larvae, causing increased mortality and
A‘consequently deéreasing the amount of stem cgftingo

Unfbrtunatély, the deéree.of stem soligéeés exhibited by Rescue wheat
is influencédAgreatly by éﬁvironmentai‘cbnditions prevailing during the
growing seasoh; Therefore;'the resist§nbe of'Rescue wheat varies in differ-

ent localities and in different seasons.

Golden Baii,-a variety of Triticum durum, has offered ﬁery effective
resistance to sawfly damage. ©8Since the solidness of stem exhibited by Gold=
en Ball remains relatively stable under most environmental conditions, this

character would be very“desirable in a wheat of the Triticum'ﬁuigare Eroupe

"In interspecificAcrossés of Golden Ball and vulgare wheats, little
success has been realized in transferring the Golden Ball type of stem
solidness to the progeny without the transfer‘of other undesirable durum
characters. No progény of thé vulgare type have been found with the Gdiden
Ball stem solidness stabilitye |

Th;s study was undertaken in an attempt to determine if derivatives of
.aN1750 (Pilot x Mida) x Rescue cross and of a_Eeséue X Golden Ball éross-
Would'prove supe'rior to the Rescue parent in stem solidness. At tﬁ'e same
time, it ﬁas desired to observe the effebts of moistufe~and Iight‘on‘thé

degree and stability of stem solidness of these lines when grown in the field,
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REVIEW OF LITERATURE
‘ Perciﬁalf(9) in his monograph. on the wheat plant reported‘that_most of
the common and clﬁb wheats have culms that are thin-walled and hollow, The

culms of Triticum dﬁrum, T. polonicum, and T. turgidum are usually smaller

in diameter and filled with pith or are thick-walled with a very small
lumeno (golidness of straw is pot a -common oharacter in the vulgare wheats,
but it has been found in some ﬁheats.from'tﬁe-Mediterraﬁean Region-(léz}b
The solid stem vulgares are SOlld in all portlons except for short dlS;
tances below the splke and above and below the nodes. The solid stems of
durums and othér 28 chromosome wheats are solid throughout the upper interw
node, even immediately below. the spike but mayjbe somewhat'hollow in the
lower internodes (1lL) (26); |

‘Platt and Larson -(12) concluded that the typezof solioness exhibited
by the solid stem vulgares differ from Golden'Ball; a solid stem durum, in
two respects; first,. the vulgare type of solidness 1s more easily modi fied:
by environment, secondly, when environmental condltlons prevail that do not
allow for the maximum expression of solidness, ‘the vulgares become less
solid below the spike while the durums are invariably solid at this»point
though they may show hollowness in one of the lower internodes.

The effect of env1ronment on plant structure has Been widely studied
and numerous authors have reported varied results. -Penfound's ‘work (8)

with Heiiahthus annuus..and Polygonum‘hjdmopiper_revealed that plsnts grown

in full sunlight differed from those that were shaded in that the roots and
hypocotyl of plants grown in full suplight had 3 greater dismeter, a greater

area of xylem, and more and thicker-walled mechanical elements, Results of
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" Shirley's experimehts (17) with sunflowers,'buckwﬁeaf, tobacco, and “tomatoes
disclosed that the perceﬁtage‘of dry matter in pops, ﬁigor of gréwths stfength
of stem, and‘leaf thicknesé all increased as light intensity'Waé increasedo“
Arthur and Stewart (1) grew plants under several conditions’of shading‘such
that the transmission of light was reépectivélg;lOO, 78, 58, and 35 percent
of the totalisola; radiation. Tobacco plants reached maximum dry weight at
35 percent intensity, buckwheat and dahlia at 58 percent, and sunflowers atb
78 percent intensity. Leaves of-déciduqus trees inéreased in thickness,
intercellular spaces, size of cells and stopata, and layers of assimilating
tissue in high light intensities (5). Stgdies of the effect of‘light
intensity‘oﬁ the growth of’sdyﬁeéns by foﬁp (13) shbﬁed that the rété of
elongation was more rapid during the peﬁiod of iniﬁial growth under low -
" light intensities, and that thickness of stem waS'direqtly'proportional to
light intersitye |

Welton and Morris (23) grew soybeans under sdreeps of singie layers of
cheeseclothe Results showed less dry matter in‘ﬁhe shaaed'material as well
as less carbohydrateés, cellﬁlose, gnd lignine Since cellulose and lignin
give strength to stems, the shaded materiél ﬁad a greatér tendency to lodge.
Oafs and wheat grown under shading had less dry matter than plants growm
under normal conditions (21)0. | -

Clements and Long (3) concluded that with sunflowers, water éssumeé the
greater role in cell elongation and light the greater part in the production
of dry matter. The amount of top growth of potatoes was not altered by soil

moisture content as 1ongmaauaxailahle_ﬁoisiureHwas.present (19),
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The effects of enviromment on the expression of .stem solidness in

Wheg’c' has been summarized by various workers. Platt and Farstad (4)

‘ obse'rved that where stem solidness was decreased by environmental cgnd’itid\ns

‘prevailing doring the growing season; the 'incidence of damage by the sawfly

in solid stem vulgare wheats was increaseds S=615; the solid stem paremt &

of Rescue, was cut 73 percent by sawfly at Regina in 1945, Mghest

recorded damage for this variety in a field test. <Climatic data revealed

~

that there were 60 hours less sunsh:.ne during June for that partlcular test
than for any other recorded test in which thls varle'by was growno ~Res:|.s-
tance of the solid stem vulgare wheats was modified by rainfall during the
growing seasony hours of sunshlne s and prevalling tempera’bures during the
early growth period. Most changes in stem solidness occurired during ‘c,he
period of stem elongation. The eff‘ects of environment were reflected in the
wide variation in solidness of stem between 1oc'.ations and between yearé (6)
(). _

The solid stem vulgare wheats were‘par‘é:ially hollow when grown under
field cages and completely hollow whén grown:in the greenhouse. Greenhouse
experiments corfducte'd to determine ef‘fec’os-of moisture levels on stem solid-
ness were unsuccessful because of #he' influence of some other factor which
caused all plants to be hollow. This factor was\ ‘presumed to be light
“intensitye _ |

Spacing experimen'bs. reported by Pia‘b‘b :(1'O) iﬁdica’oed that whea"b i)lan’os s
sown in the normal manner in the field and at a rate of 1-1/2 bushel per
acre, were less solid than those plants which had been spaced within the

rows with the rows one 'fbot aparte

o
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. Golden Ball, a solid stem durum ‘wheat, remalned solid in all f1e1d
tests, -However, when Golden Ball was grown in the greenhouse during the
winter, it had a tendency to'be only partially solid. Summer greenhouse
tests using Golden Ball showed that it re'beined its solidness (10).

é\The genetic factors involved in determining stem solidness var;} with
the spécies, 'S_ince most wheats are tetraploids or hexaploids, the study of
inheritance of stem solidness is complicéted by the fac;b ’ohe'b severai
chromosomes may be carrying genes which govern the expfessipp of this
charactere D '

ot
7

<Eer1y studies by Biffin (2) indicated that Triticum vulgare contained

a dominant factor for hollowness expressing itself over the recessive factor,

"solid, which was found in Triticum turgidum.

Platt, Dafroch, and Kemp_(ll) using crosses of hollow stem Vulgeres b<
solid stem vulgares, concluded that solidness was controlled By 3 factor
,pa«j,rs; Stem solidness was expressed only in those plan‘bs in which these
factofs Were recessivea They suggested tha'b the factors were cumula‘olve in
effect and that LL er more dominant genes chld produce plan'bs that were
phenotypically hollow stemmede | |

Yamashita (23) concluded that the factor for ‘hollow in the A genome was
the most primitive of all and 'bherefrom 'bhe factor for hollow or medullary
in fhe B genome would have differentia'bed' or mutated. ‘The factor for hollow
in the C genome probably would have differentiated from that ef the mdre or

h

less related B genomeJ

Platt and Larson (12) obtained solid stemmed derivatives from crosses

betweenh Golden Ball and two hollow 5temmed vulgare wheatsy; ReL.1097 and
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Regente The derivatives had some of the sged characteristics and disease
reactions of the vulgare wheaté@ The haploid chromdsome number of these
lines was the saﬁe as that of the durum parent. They concluded that the
transfer of the durum type of spem solidness to the wulgare wheats was not
practical. -

Cytogenetic studies of interspecific crosses.revealea thé difficulty

which is encountered in the attempt to,trénsfer characters from a ﬁetraplqid

to a hexaploids Cytolégical examinations by Sax (15) of a cross bebween To

vulgare and Ei'durum revealed 1l bivalents and 7 univalents in the first .

meiotic division. In-the.second meiotic diﬁision, the 7 univalents did not

divide but were distributed at random between the two poles, -Some of these -

chromosomes were observed tp lag and thus they sometimes were not included

in the resulting gametes. The gametes forméd by Eg;vulgare X gz_dgyum
‘eontained betweén 1y and 21 bhzz'omdsom.eso -fhe nearer thé:chromosoﬁe'number
_approached the parental haploid number (1L or 21), the ﬁore likely it would
be.that the gamefeS'would be functional. -Thompson (18) observed from

the F,‘3 of a cross between ii'QEEEE and Z%‘vuléafe that when the‘chromosome
number was near 21, very few durum charécters were evidenbs iﬁversely3 when
the chromosome number was near 1lli, most durum.characters were evident,
Plants with intermediate chromoscmg numbers -showed some characters of both

parents.
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. MATERIALS AND METHODS

Two populations, consisting of 15 lihes each, were grown under various

environmental conditions in order to discover which of the lines, if any,

were supefior to the Rescue check in either stability or degrée of solide

ness.s At the same time, it was deéirea to find what effect moisture level
andllight intensity had on the exbression of sfem solidness,

.Population one was compésed of 15 F7‘lines from a Nl?SO.(Pilot‘x Midé)
x Rescue cross made at'Bozeman; Montana., These aerivatives had only Rescue
as a solid stem parent and wefe selected in the earlj generations for this
character.

Golden Ball and Résdue}%eré the pareqtqlliariéﬁigs of the 15 Fg lines
which made up populatioﬁlfwo. These 1ines wgéé‘fﬁé-;esult of crosses made
at Lethbridge, Alberta and were selected for:solid stem as wéll as oﬁher
characters common to the vulgare type wheats. Since both ﬁarents“are solid
stemmed, it seemed possible that greatér solidﬁeés may have been attained
by these interspecific hybrids. J

The lines of these populatlons and the Rescue check were planted in 5
foot rows spaced l foot apart at Choteau and Bozeman, Montana in 1950 and
1951, Golden Ball was glso grown as a check variety in 1951 at both loca=
tions in order to observe the effect of environment on its stem structure,

The Choteau tests were conducted at the sawfly field nursery. The
plants were grown undér.fbur environmental coﬁditiqns; namely, irrigated,
noﬁuirrigated, irrigatedushaded,_and non-irrigated-shaded in 1950, The
two irrigated treatments were not applied in the‘1951 tests. Three repli=-

cations of each treatment were used.
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.HShading was obtained by erecting screens of a single layer of cheese
cloth over the plots. Thesé screens reduced light intensity by 1/3 accord-
ing to Weston Light Meter readings.

| Bouyéucos—blocks wére used at 6 and 18 inch depths to_check;soil"
moisture content in 1950. "According to the Elock readings, the moisture
level was ample duriﬁg the early growth pe:idd. Irrigation Was-uﬁnecessary
until July 21 at which time the wheab was 25 to 50 percent headed.

The amount of stem cubtting by the Wheat.stem sawfly was recorded both
in 1950 and 1951; The percentage‘of cutting was obtained by dividing the
number of cut'stemé by fhe-éotal number pf'stems in the sample and multi-
plying by 100,

The same entries were also grown at Bozeman, Montana in 1950 and 1951
under irrigated and non-=irrigated cénditions;'however, no shadirig treat-
ments were provided at -this location,

The field plots of all tests Wéré planted in such a manner that the
resulting data could be analjzed statistically; Treatments made up the
main plots while phe sub~plots were composed of lines. -

The wheat plants from'the inner portion of each row were pulledhwhen
fully matured and were classified for solidness’during the autumn and
winter months. The only exception tolthe ébove rule ﬁas the 1951 Chqteau
tests. In this'test, it.Was desired to~cléssify fhg‘wheats éf one repli-
cation during the soft dough stage éf kernel development when fhe sfems
Weré still green. -This'procedure was foilowed 50 that.it could be ascer=-
tained how much change in solidness of,stgm occurred between the two stages

)

of maturity.
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Twenty stems were selected at random from each row to form the row
sample., - Only main tillers or culms were eiamined in order to eliminafe
variation due to differences thai might have existed betwéen the main culmé
and the secondary tillers.

Thé system of stem solidness classification used in this study was a
modification of a method suggested by Miss Ruby Larson of the Dominion
‘Eipe;‘im,ent Station, Lethbridge, Alberta, Canada (7).

In the method of cIaééification used iﬁ.this study, the stems were
cross-sectioned at designated points and estimates of the degree“of stem
solidness were made for each trans~éection. The estimates were given
numerical valuyes ranging from 1 to 5, the former designating a thin walled,
hollow, cross-section, while the latter indicated-a completely solid crbss«
section. Estimates were made to the hearest wholb ﬁumbers, and the sum of
values of all the cuts made on the stem formed the stem solidness ﬁét;ngo_
The stem solidness rating of each row sample was the average of the values
of the 20 stems within the sample. |

Three cuts or cross-sections were made in the first or uppefmost iﬁterb
node in order to distinggish thé durum type of solidness, These cuts were
made 2 inches below the base of the spike, 2 inches above the first node
and at'the center of the internode. All other internodes were cross-gec=
" tioned only at the point midway between the nodes. Oonly L internoaes were
used in determining the stem solidness ratings of a stem as this was the
number of internodes common to the majofity of the_stéms, Little variation

was found in the fifth and sixth internqde when'they were p}esent so these
extra internodes. were disregarded. -Possible range of the stem solidness

rating was from 6 to 30.




EXPERIMENTAL RESULTS
Analysis of the data of stem solidness ratings of the wheats grown at

Choteau, Montana in 1950 was performed and the results are presented in

Table 1.

Table I. Analysis of variance of stem solidness ratings of lines grown at
Choteau, Montana in 1950. i/

Variance due to: df Variance S

Replications

Irrigated vs. non-irrigated
Shaded vs. non-shaded 106.03**
Population one vs. population two 9.32

2 6.98
I
I
I
Moisture x shade | 5.40
I
|
|
4

2.79

Moisture x populations 2.08

Shade x populations 1.21
Moisture x shade x populations 8.42
Error (a) "1 493 2.22
Lines within population one 15 18.44**
Lines population one x shade 15 76
Lines population one x moisture 15 .93
Lines population one x shade x moisture 15 1.28
Error (B) 120 1.08 1.03
Lines within population two 2 1.26**
Lines population two x snade 14 37
Lines population two X moisture 14 .55
Lines population two x shade x moisture 14 71
Error (C) 112 *44 .67
Total 371

**F value significant at the | percent level

I/ Rescue is included in population one*
L.S.D* lines of population one (P = ,05) 1«68
L1SeDe lines of population two (P = *05) 11I0
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The analysis indicated significant reductions in stem solidness due to
the shading treetment. Howefer, no significent difference due to moisture
levels was revealed, this presumably being due to the fact that m01sture‘was
not a limiting growth factor untll late in the seasono
nghly 51gn1f1cant differences between llnes were ev1dent in both pop=
ulatlonso While differences betweenlllnes‘w1th1n population two were highly
significant, none of these 1ines'were significant;y differeﬁt from the
Rescue check., On the othef hand, sqme'of‘%heylines of popﬁletion.one'Wefe
signifiean%ly different tﬁan Rescueo BL9=106 was significantly ﬁigﬁer in
solidness$ theh the check while BL9=100 was significaﬁtly‘less s0lide. Varie=
ance due to populations was not sigﬁificante
Sawfly cutbing data obtained from this test indicated that the shaded
wheat plants were more heavily'gut than the non—sheded plants. This“higher
percentage of cutting was éftributed to the iﬁqreased hollowness of the
.sheded linese | |
The accuracy of the sawfly cutting data was questionable as the mixture
of éut stems in the field made identity of the source of these stems diffim
cult to deterﬁine. Consequently, no statlstlcal analyses 1nvolv1ng cuttlng
percentages were employeds Nevertheless, it can be pointed out that Bh9n1069
the most solid lige,‘had an average cubting of 10 percent.whlle Bh9«1003 the
most.hollcw line, had an ave?age cutting of 2L percenﬁ as compared with 12
percenﬁ cutting;recorded for the Rescue checke |
"fData of . the stem solidnees ratings of the wheats grown at Bozeman,
Mbntena in 1950 and 1951 were analyzed and the reéults are presented in Table

1T,
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Table-II, . Analyses of variance of stem solidness ratlngs of lines grbwn at
Bozeman, Montana in 1950 and 1951, }ﬁ

e

-1950 : 1951

Variance due tos df - Variance ' .'s  Variance - .S
Treatment (Moisture level) . 1 206571* 25958&*
Error (&) . 2 1098 2423 3,60 - 189
Lines . 30 ,90'31‘_3(*\ . 3@25*
Population one vs. population two 1 50015%% 10.42%
‘Liries within population one 15 12, 70%% : Lol7%
Lines within population two b 207535 1.76
Lines x Moisture 30 1.25% 2016
Population one vs. population twe-
x moisture B ¥ 3.69% - 408
Lines within population one x o . ; _
moisture _ : 15 181 2,146
Lines within population two x ' L
© moisture. , , 1k o148 1.98
Error (B) 60 6L .80 1.91  1.38
Total : 123 ‘ “

% Significant at the 5 percent level
#% Significant abt the 1 pereent level Co

Ly Rescue is 1nc1ueed in populatlon ones
50 TeSoDo lines (P = ,05) 1,60
195L T1oSeDe 11nes (P = ,05) 2,76 ‘ |
The ana1y51s of ‘variance of the data obtalned in 1950 revealed hlghly
'signlflcant differences in stem solidness bebween lines while the dlfference
between moieture.levels and difference due-to the interaction of lines x
moisture were significant only at the 5 percenf level.
Further breakdown of the variance attributed to Lines indicated,highly
significant differences beﬁﬁeen lines within populatien one as well as bew

tween lines within population twoo
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When the_variapce due to the 1in¢s'x:moisture ievels interaction was
broken into its component parts, pbﬁulation x moisture levels interaction A
was revealed, The interaction of lines within population one x moisture
level was highly significant thus in@icating that'these lines did not
' fespond to the two moisture levels in the same‘manhero—

Variation befween lines, wﬁen ﬁeasured by twice the étandard error of
the difference, showed 13 lines %o be higher in stem sclidness rating than
thé Rescue check while only one line, B49-100, was significantly lower. Of.
these 13 lines, only 3 were in population one (N1750 x Rescue) while the
remainder were in population two (Rescue x Golden Ball).

Analysis of the Bozeman data of 1951, élso presented in Table II, showed
significant differences to exist beﬁween moisfurevlevels and between lines.
When the variance due to lines was attributed t0 its component parts, sig=
nificént,diffgrences'between populations and.betweeﬁ lines within ﬁopulation
one were. evident but'differéﬁcés between lines of population_ﬁwo were not
apparent. No iﬁteractions were significant in ‘this analysis when measured
by the‘F‘test. Error (B) in the 1§51 analysis was approiimatély three tiﬁes
that of 1950, -The greater error term was probably due ﬁo the large soil.
variation within plotse

Results from the analysis of data of stem solidness ratings of* the '

wheats grown at Choteau, Montana in 1951 is présented in Table III.
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Table IIT. Analy51s of variance of stem solidness ratlngs of 11nes grown
" at Choteau, Montana in 1951, 1

Variance due to: df " Variance = s
Replications 2 121,01%*
Shaded ws. non-shaded 1 ho33
Error (4) -2 . 3.20 1.78
Lines _ ‘ 0 ... . lo 25%%
. Population one vs. population. two . 1 : 013
Lines within population one .15 7.88%%
Lines within population two - 1L . .6l
Lines x Shade 30 059 °
Population one vs. populatlon two
X Shade’ . § : .78
Lines within population one x Shade .15 63
Lines within populatlon two. x Shade Y 055
_Error (B) : 120 . o5l . oTh
Total _ : - 188

% Significant -at the 5 percenﬁ_level
W6t Significant. at the 1 percent level..

1/ Rescue is included in population one
T.S.D. of lines (P = 05) = 1,21

Highly significant differences between lines were obtained which on
further breakdown were revealed to be due to fhe lines witﬁin population'
one, Laék‘of é significant differénce due to the shading prea£ment was
noted,

This analysis also revealed a q%fference betwéen replications in the
test. The main factor influencing this'diffefenée can be;assqmed to be
:stageiof‘maturity at which the respective replications were_cléssified'fbr
stem solidness. The more mature plants had;a lower stem solidness réting‘

thén those which were classified while still 'green,
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. In ofder to obtain an overall evaluation of all lines, the data of all

trials were combined and the variance of each line was calculated. The
overall mean and fange in stem solidness rating, as wéll as the coefficient
of variability, was obtained for each line. These data afe presented in ‘
Table IV, | |

Large differences in coefficients of variability of lines were absent
except for Golden Ball which was grown only in 1951, Its coefficient of
#ariability of two percent gave ewidence of its stability under ali cdndi%‘
tions encountered, o | |

The mean solidness rating of BL9~106 was higher than any of the other
lines tested, Its rating of 25;8 most ‘nearly approached that_éf Golden
Ball which had a rating of 29.5. Rescue“s'rafiﬁg of 23.4 was definitely
inferior to that of BL9=~106 and Golden Ball. The stem solidness rating of
BL9~100 was consistently low in all tests and.its instability was indicated

by a coefficient of‘variability‘of 15630 .percént
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TabV 1V. Means, ranges, and coefficients of variability of stem solidness
ratings, and the annual and average sawfly cutting percentages of
all lines grown at Choteau and Bozeman, Montana in 195>0 and 195>1.

. Sawfly cutting
Line or Range of Mean C.vV. percentage
Variety Solidness Solidness (*) 1920 1921 Ave.

Population one
(NITO x Rescue)

B9 - 9k 12.9 - 22.8 22.7 12.ii7 18 28 23.0
- # 16.2 - 27.2 23.0 13.91 16 23 19.2

- 98 16.0 - 26.9 22.2 1i1.36 18 2k 21.0
-106 19.1* - 29.2 22.8 11.28 10 18 ik.o
-101 17.2 - 26.7 23.2 11.16 19 23 21.0
Rescue 18.0 - 27.9 23.il 11.72 12 19 12.2
BH9 -103 17.1 - 26.ii 22.8 13.38 23 21 22.0
- 97 16.2 - 26.2 22.ii 13.30 18 23 20.2

- 96 16.6 - 27.8 22.9 lil.2ii lii 22 19.2
-100 12.3 - 2U.2 20.0 12.30 2k 27 22.2
-102 16.9 - 27.8 23.2 13.36 13 19 16.0
-108 16.6 - 22.7 22.6 11.86 11 26 18.2
-113 17.1 - 27.6 23.9 12.22 Ik 17 12.2
-109 17.8 - 26.8 23.il 11.37 Ik 17 12.2
-111 16.9 - 27.2 21i.0 12.33 Ik 2k 19.0
-112 18.2 - 28.6 2ii.0 12.63 17 30 18.2

Population two
(Rescue x Golden Ball)

1*093 - 17 17.8 - 28.2 23.il 12.7k 12 19 12.2
- 6 18.6 - 22.7 22.2 12.1i0 16 18 17.0

- 15 17.9 - 26.2 23.2 12.3k 7 21 k.0

- 8 17.0 - 22.8 22.2 11.96 16 23 19.2

-1 17.7 - 22.1; 22.6 10.62 17 21 19.0

- 1k 17.9 - 28.0 23.3 12. k2 7 23 i2.0
-k 17.9 - 22.9 22.9 11.18 10 22 17.0
-9 16.9 - 27.2 23.0 13.17 17 22 19.2

- 11 17.2 - 26.ii 23.2 1.6k lil 18 16.0
-2 17.1 - 27.0 22.9 11.83 16 12 12.2
-3 17.8 - 27.8 23.0 13.09 9 21 k.2

_ 13 17.2 - 27.6 23.2 13.32 12 19 17.0

- 10 17.8 - 22.7 22.8 11.18 18 19 18.2

- 5 17.7 - 28.0 23.2 12.63 Ik 19 16.2

- 12 16.9 - 27.ii 23.3 12.12 12 22 18.2
Golden Ball** 29.2 - 29.8 2905 2.00 — 2 2.0

* Sawfly cutting data were obtained from the sawfly field nursery at
Choteau, Montana.
** Golden Ball was grown only in 19BE1®
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DISCUSSION
The influence of moisture levele on the expression of stem solidness
was apparent in results obtained at ‘the Bozeﬁan station. Ih both years;
significant differences existed between stem solidneés of the wheats grown
with ehd'without eupplemental irrigation. In addition to the expression of
stem solidness, it was also noted that'other parts of the plant anatomy'were
altered. The 1rr1gated plants were 6 to 10 inches taller, the heads were
_ larger and better fllled, and the stems were larger in dlameter than those
grown without supplemental moisture. It should be p01nted out that the
‘upper internode of the irrigated wheats-were nearly'tW1ceﬂasllong and . less
:5011d than those that were not 1rr1gated. Most of the variation in solide
ness between plants grown under the two moisture levels was dﬁe to the
différence found in the first or uppermost 1nternodeo
~ The lack of 51gn1f1cance between molsture level treatments at Choteau,
Montana in 1950 can be’ attrlbuted to the lack of dlfference in avallable
moisture between the irrigated and non=1rr1gated trlale untll late in the
growing seasoi_'lo Since moisture supply was not criticel until heading tiﬁes
very little variailon was fouod in plenf structureo' The irrigated wheats
were 1 to 2 inches taller than the same wheats.groWn on nonpirrigated plotse
The reaction of the wheats to a reductlon in llght 1nten51ty'was 2
51m11ar to that reported by Platt (10) The plants grown under screens 1n' :' , ;,Q

1950 showed 1ess solidness than those which recelved the full solar rad1a=

tion. However, the same‘treatment in 1951 failed to produce significant -
dif ferences between the means of the stem solidness ratings of the wheats

grown under the two light intensities., A possiole ekplanation for this
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faiiure is that the aboﬁe normal moisture prevalent in 1951 favored a
rapid growth rate;which masked the effects of shading. It can be pbs=
tulated that‘the smallest degree of stem solidpeqs expression deveiops
when the rate of steﬁ‘elongation is most rapide Under theée_condiﬁiéns
pf growth, the parenchyma celis pf thé‘pith ﬁay not be cépable of elon="
gating at the same rate ag ﬁhg'surrounding cells, resultiqg.ih rupture of
the pith tissue and hollowness of stems : -

Whether any variance in stem.solidness existed between populations
~was not definitely aséertainedo Data obtained at Bozeman, Montana in '
| 1950 and 1951 indicated that the populatlons were dlfferentc The sige
nificant interaction of population x moisture levels at Bozeman in 1950
in wﬁich population twao (Rescue x Golden Ball) appeared more stable in
stem solidness when gr&wn under the two moistufe 1evelsslaiso gave
evidence of population differences. Howéver; neither the data of the £rials
at Chbteau, Montana nor the results of combinedlapalyses substantiated the
population differences, It appears thaﬁ if poﬁulation differences in sta=
bility did exist, they were too slight to be measurablé in all Prials.

Thé reactions of lines gf both populations of wheat to the environ=
mental conditions were similar. None of the 1ines seemed to have any
advantage in stem solidness stability over the Rescue parento The coef-
ficients of variabilibty of 1nd1v1dua1 lines were not too dlzferent from
that of Reseue. The superior and inferior lines maintained nearly“the
same relative rank in degree of stem solidnesé in all the tests. The
selection, Bh9~1003 was consistently low in stem solidness rating while

Bli9=106 was one of the superior lines in all trials.
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The fact that Bh9m106.waé significantly higherlin stem solidness rating
than the Rescue parent in all triaIS‘except éne may indicate that it pos=
esses genetic factors for solldness that are not common to. Rescueo Since

"WL750, the other parent of BL9-106, is the result of a Pilot x Mida cross,
1t might be assumed that the additional modlfylng gene or genes for_sollda
ness were derived from either or both of these two hollow stemmed varletles9
even though they'were not phenotyplcally expreSsed in the parente.

. The stablllty of Colden Ball was clearly'demonstrated in the 1951
trials at Choteau and Bozeman, Montana. Its coefficient of variability of -
two perceht was much lower than %hat of‘any;of'the othe; wheats grown. From
these comparisons, it can be concluded that the type of stem solidness
exhibited by Golden Ball is different from that gf the other lines. Vefy
Iittle, if any, of this type'of stem solidhess was transmittéd to the pro=
genies studieds ‘

Sawfly cuttlng data obtained at Choteau, Montana in 1950 and 1951 did
not show any definite relatlonshlp to stem solldness ratlngsa Average Safr=
fly cutting percentages of shaéed‘plots were sllghtly hlgher than those_of
the unshaded plots but these differences were small, The variation in data
between replications as well as ﬁithin treatments was large. The difficulty
of tracing the source of cut stems and the uneven dlstrlbutlon of the saw=
fly populatlon w1thin the test plot may account for some of the varlatlono
(leferences in stem solidness between llnes may not have been sufflclent to
influence the amount of cutting by the sawflyo

Difficulty'Was encountered in the attempt to control enviromental

factors in these field trials, Sincé it is impractical to try to reduce the
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moisture level of soils in the fleld, better results may have been obtained

had the studies been conducted in areas where natural prec1p1tatlon durlng
the growing season is generally low, The use of continuously cropped land
instead of fallowed land may be a means by which the moisture supply can be
depleted sufficiently to produce differential response of plants to moistuve
level treatments. | | | |

Though the lack of significance betﬁeeﬂ shading £reétﬁents in 1951 was
attributed to the above normal moisture supslyg it is also possible that the
reduction in light intensity'was not severe enough to be tritical. The use
of more severe shading treatments probably would have given mere clear eut
differences between lines, and might have sﬂown line x treatment inter-
aétiono- Thus, the.use of more extreme sﬁading could have resulted in more
-useful.informatibﬁo |

~The effecﬂiveness of solid stemmed wheats ih reducing sawfly'damage is
weli established. Slnce Rescue wheat possesses varlablllty in stem solide
ness express1on'when grown under dlfferent climatic condltlons and since it

is lacklng in milling and Yaking quallty, the development of a new variety

to Eorrecﬁ these weaknesses will continue to be the endeavor of plant breed-

ers., ‘In such an improvement program, the plant breeder will find the clas-
sification for stability of stem solidness of large segregating populations
to be a msjor impediment to the develdpmsnt of an'impfeved sawfly resistant
varlety, The use of several environmental treatments will greatly'aidhin

screening parental varletles and segregatlng generatlons for stem solidness
stability. For example, if the wheats to be tested were grown only under‘.

such envirommental conditions as were prevalent in the non-irrigated trials
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at Bozeman in 1951, it would have been extremely difficult to differentiate
between the superior planté and thésg which possess stem Solid?eSS'Of a
lesser .degree. -In this pérticular trial, BL9=106 héad a stem solidhess rating
of 29,2 while Golden Ball had a rating of 2947, While the ratings under
nonmirrigated @rials were practiéaily equal, the irrigated trials showed.
that BL9=106 was inferior to Golden Ball not only in stem solidness rating
but also.in stability. This example shows. that the most effective screehing
can be aéhieved when plants are grown under %arious conditions which will |
'differentially inflvence the degrée of stem‘solidness exhibited by the in-
dividual plant or selection. |

The'use of moisture level treatments and reduced light intensities.in
‘altering the expression of stem soiidness of some wheats has been demons
strated. -Superiority of the‘Goldeﬁ Ball stabili@y over that of the other
iines was emphaéized by the use of varied envirommental eonditions. -The
practicability of the use of envirommental trgatments as a means of selec=
ting stable solid stemmed strains for sawfly resistanqe was indicated by

this studye
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SUMMARY
Shading of plots was effective in Feducing the degree of stem solidness
of the wheats grown at Chotean;rMontané in 1950; howevef; these reduc=

tions were hét‘apparent'when the-experimeﬁt was réﬁeéted in 1951;

‘Signifiqanf @i fferences in stem sqiidness were fbuﬁd betWeeh ﬁheats

grown at two moisfure,levels at Bozeman, Montana'in 1950'ahd 1951,

-Bézemah.data revealed that & difference in stem solidness exisﬁéd be=

tween population one_(Ni?EO x Rescue) and population two CReScueﬂx,
Golden éall) But this difference was not substantiated by the reéults
of the trials at Choteau, .

Greater vér;ation egisted between lines of éopulation one fﬁaﬁ_b?ﬁﬁéen

those df pqpﬁlation'twoo

‘The responses of populations and iines to growth conditions were genere

g}%&;§i@ilay even though population x treatment and line x tfeatﬁéﬁfi._

interactions were found in several instances, BSince these interactions

did not occur consistently in all trials, it is assumed that the ffiter-

actions were due to. soil variations present beﬁwéen the‘plotsg
Blj9-106, a selection of the N1750 x Reécue'popuiation,'proved supefiopf
to Rescue in stem solidness in all tests; a sister ééléction, Bh?%IQOb

was less solid than any of the other lines testede

‘GoldenkBall, grown ohly'in 1951, showed greater stem solidness étépile

ity than any of the other lines-as evidenced by-its-iow coefficient of
variability. -
Sawfly cufting notes indicated that little relationship seemed to exist

between the degree of stem solidness (as expressed by the stem solidness
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fating) and the percentage of stem cutting. Differences in stem solid-
ness between lines may not have been sufficient to influence the amount
of cutting by the sawfly., l
Stems, classified for stem solidness when the plants were still green,
had a }}igher solidness rating than those which were classified at

maturity..
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