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Abstract:

Various problems associated with growing small grains in wide rows, such as cultivation, 2,4-D
treatment, varietal response, seeding rates, and date of seeding, were studied at three location in
Montana using winter wheat, spring wheat, oats, and barley.

The cultivation of 18, 24, and 30 inch spacings gave substantial increases in yield of winter wheat over
the uncultivated 12-inch spacing at Moccasin, Experiments with 2,4-D and cultivation showed nearly
identical yields. Applications of 2,4-D after two cultivations gave substantial increases in yield.
Seeding rates have little effect on the yield of spring and winter wheat at the wide spacings, No
increases in yield were obtained from spaced plantings of spring wheat, oats, and barley. Generally
greater reductions in yield due to wide spacings were obtained with spring wheat compared to oats and
barley. The reductions in yield of the spring sown grains were, not as great under dry land conditions as
they were under irrigation. Comparison of two seeding dates with barley at Bozeman in 1950 indicated
that ..wide spacings would respond the same. Trials conducted with half and. full rates of seeding of
oats and barley at 6-inch spacings resulted in decreased yields of barley and nearly identical yields of
oats.

Variety spacing trials, where several varieties of barley and oats were used, indicated that nursery tests
could be grown at 12-inches when normal spacing of 6-inches are used for production. It was found by
the analysis of three years of data for Glacier barley and Bridger oats that no years x spacings
interactions occurred.

Significant increases in protein and test weights were obtained from wide row spacings and cultivations
of winter wheat. No apparent increase in test weight was obtained from spring sown grains, At Havre,
no significant increases in protein were found in spring wheat.

It was generally concluded that winter wheat and barley were better adapted to spaced conditions than
oats or spring wheat. It was suggested that trials be conducted to study the following possibilities *
increasing protein content of wheat by row spacing, possibilities of 2,4-D and cultivation as a method
of production and place in crop rotations, ability of varieties under spaced conditions, and the effect of
row spacing when used with a companion crop.
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ABSTRACT

Various problems associated with growxng small grains in wide rows,
such as cultivation, 2,L4-D treatment, varietal reSponse, seeding rates, and
date of seedlng, were studled at three locatloné in. Montana using winter
wheat, spring wheat, oats, and barley° '

The cultivation of 18, 2L, and 30 inch. spacings gave substantial in-
creases in yield of winter wheat over the uncultivated 12-inch spacing at
Moccasin. Experiments with 2,4-D and cultivation showed nearly identical
yields. Applications of 2 h—D after two cultlvatlons ‘gave substantial in=-
creases in yield. Seedlng rates have little’ effect on the yileld of sprlng
and winter wheat at the wide spacings... - .

No increases in yield were obtained from epaqed plantings of spring
wheat, oats, and barley. Generally greater reductions.in yield due to wide
spacings were obtained with spring wheat Lompared to oats and barley. The
‘reductions in yield of .the spring sown.grains were not as great under dry
land conditions as they were under lrrlgatlonn. Comparlson of two seeding
dates with barley at Bozeman in 1950 indicated that.wide spacings would
respond the same., Trials conducted with half. and full rates- of seeding of
oats and barley at 6-inch spacings resulted. in decreased yields of barley
and nearly identical yields-of. oatso

Varlety spacing trlals, where several varletles of barley and oats
were used, indicated that nursery tests could be grown at 12-inches when
normal spacing of 6-1nches are used for production..’ Tt was found by the
analysis of three years of data for Glacier barley and Bridger oats that
no years X spacings 1nteract10ns occurred,

Significant. increases in protein and test weights were obtained from
wide row spacings and cultivations of winter. wheat. . No ‘apparent increase
in test weight was obtained from spring sown grains., At Havre, no signi-
ficant increases in protein were found in spring wheat.

It was generally concluded that winter wheat and barley were better.
adapted to spaced conditions than oats or spring wheat. It was suggested
that trials be conducted to study the following possibilities; increasing
protein content of wheat by row spacing, possibilities of 2 h—D and culti=-
vation as a method of production and place in crop rotatlons, abiiity of
varieties under spaced conditions, and the effect of row spacing when used
with a companion crop. .

T
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INTRODUCTION _

Natures ability fo space plants differenﬁly under varying climatic
conditions makes it logical to assume that the methods now used for the
productiont of cereal crops might be modlfled to obtaln maximum plant
" growth, Such a modification could be wide row spacing and cultivation of
the cereal-grains;_'From oﬁservations'made of border rows in plsnt preedn
ing nurseries; where the plants remained green in spite of drought conaim
tions, it i$ apparent tﬁe wide, spacings might be of some practical value,
Why small grain row cultivation was not pracriced in the past is probabl&
hinged on the fact thar'the horse drawn ‘cultivator was a slow tedious
process and was not too effective in eontrellihg_the weeds within the rows,
ﬁoWéver, with the advenﬁ of motorized equipmenf'and chemicél’weed killersy
such a practice now seems feasible}

Row spacing studies are of interest as the wide rows may have value
ing increasing yield and quality'of the cereal grains, controlling peren=
nialland other 2,4-D res;staht'weeds; permitting better establishment of
perennial .crops when used as a methqd of eompanion crop seeding, facil-
itating rogueing ofvpure seed crops, determiring the validity of 12-inch
' or w1der rows in conductlng variety trlals, and use ‘in rotatlon sequences,
partlcularly 1n continuous cropplng. It 1s the purpose of ‘this thes1s to .
study the var ious aspects of wide ror spacing of cereal grains in order to
determine .what might be expeqted in the way of yield and quality as influ=
enced by cultivation, seeding rate, varieties, date of planting, 2,4-D

sprays, seasons, and locations,
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- LITERATURE REVIEWED

During the early development of the great plains agriculture the
effect of row widthg and rate of seeding 'on the yiqld of éma}]:_gra_ins
.was studied by several investigators to. determine the best culturg.ll_
é&’ac;c{ice for .different soil and climatic conditions, (1), (8), It was
generaliy conSidéréd that row spacing of 6 to 10 inches and rates of
50 to 60 pounds per acre would be most efficient.

. In the early twenties considerable research was conducted "'to_ determine
the relative merits of the wide spacing of ‘the furrow drillo' McKee and
May (15), at the Judith Basin Branch Station, fo.und that the lh-inch furrow
drill prodiced a higher yield of winter wheat than the common 6—incl_1 drill.
Salmon at Kansas (18) found little difference in yield until spacing between
the rows '.was' greater than 12 to lh’ inches, Over a three year pen‘.b'd. i
Kiesselbach, Anderson, and Lyness, at Nebraska, (11) found that. lower yields
. of wheat were obtained in lh-inch rows as compared gith T=inch rows when
the same quantity of seed was used, Steﬁ'hans. and McClail, in Oregon, (21)
planted winter wheat in.7 and 1h-inch rows ‘and spring wheat ih L4658, __é.fld
12;inch spacings oi'_rger a five"year 'pe'riod., It was found that thé 7-inch
spacing produced 'bhe h;tghest y:.eld of wintér wheat and the h—inch spacing
“the hlghest yield of spring wheat. '

Sprague, at New Jersey in 1931, (10) went into cons:Lderable detail in
the spacing of barley in rows and within rowss It was found that barley
yields were nearly alik_e- ag long as the plant populations were in reasonable

limits., He concluded thatj (1) Thickiy populated.zreas draw from the soil

-
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resources of neighboring sbarsely populated areas. (2) Root zones were ngt,~
confined to'the'verticdl zbnes.occupied by aerial portions. (3) Crops such
-as wheat, oats and rye were hore capable in drawing soil resourees from
adjacent areas than barley. )

Engledow, at Cambridge, (5), studied spacing of two spr1ng wheat
varieties ;n relatlon to the factors contributing to yield, namely, til-
lering,ear-siée, and kernel weight. It was found thet as the ihdividuel
plant spacing was increased from Z-inches-on up to 1l8einches the amount of
tiilering increased proportionately so that the final ear populations Were.

: neaﬁlylalike. Purthermore, ‘it was found that the two varieties did not
tiller alike at the closer spacings, The ear size and kernel weight ine -
creased as_the distance increased, However, this was not reflected in the
yield at the extreme spacing due to a slight ddcrease in nhmber of ears,

He concluded that the Fmst efficient spacing was at the 12 to ih-inch or
at’the boint where the ears per hnit area, kernels per ear, and kernel size
were at their max1mum.

The cultlvatlon of wheat has been tested by both cultlvatlon of the
rews and harrow1ng. It has been found that harrOW1ng or rolling generally
reduces ylelds (2), (6),‘(12)0‘ antgomery, at Nebraska in 1899 (16), spaced
oats in 2l 18 12,and 6=1nch Tows, ‘The results ‘indicated that a reduction
in yield was obtained from the 2i-inch spacing cu;tivated fourhtlnss. The.
18=inch spacing jielded the same as the beinch check, and the 12 and é=inch
rows when cultivated produced higher yields° Champlin, at Saskatchewan (3),

grew several crops in a double 36-inch row and triple 30=inch row as a
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summer fallow subsf_,ituté in Canada in the early twenties. The yields
cbtaiﬁed from such a system of spdacing were reducéd. ‘However, the follewing
crop gave satisfactory yields. Cole and Hallsted at Kansas, 1922 (h)

reported .six year results from a 51ng1e plot of intertilled wheat, where

" 30=inches were sown solid and 30-inches fallowed. Such a practice not only

was difficult to maintain but produced lower yiclds than fall plowing,
wéClellqnd (14) studied the effect of border rows in Arkamsas in 193h.A-H§
received a 26 per cent increase in yield of ocats from 1l6-inch border rows
over 8-inch rows. -

Russel (17) discusses the merits of cultivation for weed control and

stated quite emphatically that weeds are usually most harmful to the crop

in ﬁhe early stages and particularly the very early stages of growth, He

. suggasted:cultivation of row crops as soon as poésiblee Kiesselbach (10)'

étated that the development of the wheat spike was determined by favorable
.grd?inglqbnditiongiin thg'earlyastdées of . growth, ‘

Ihe effect of row spacing on the yield of small grain nurse crops was
déterminéd:by Harper (7) at sedé}al'locations in Oklahoma, It was found
that wide spa01ng was an insurance against Toss of legume stands during
drought per:.ods° Ylelds of wheat were lowered by spaclngs up to 1h inches,
however, oats and baﬁley were about the same° - . '

Varietal J.nteractlons were found in barley, by Trmer (9), when spaced

planted S-inches apart and in drill rows of 6QO seeds per rod row,

v
r——r p— = ™7 T
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MATERIALS AND METHODS

_Central antana Branch Station, Mocca51n

~ Except for 1951, growing eondltlons were favorable for small grain
production for the five year period in which these tes?s were cgn_d_ucteq°
The 43 year average seasonal precipitation (Aprilllst to Septgmber BOﬁh)
is 11,20 inches, .During 1947, 1948, and 1950 above normal seésqﬁal pre=
cipitations were recorded with 12,17, 13.5L, and 12,59 inches, fespectivgly.
The below normal precipitation of 9.3 inches for 1949 was not reflected in
yields because of the timely normal rainfall received in months of May
and June. Low yields were obtaiﬁed in 1951 as the seasonal rainfall
recorded was only 8. 52 1nches. Due to drought conditions in the fall of
19h8 poor germlnatlon of mnnter wheat occurred, However, by the lst of _

May thq_f9llq?1ng spr}pg'ggod”spanﬁs were §v1dentt B o

'Thg first experiment to detérmine_whether increase in yields could be

obtained from wide row spacing and cultivation was started at Moccasin in

19h7 with spring wheat, This test we conducted on fallowed ground using a’

row spac1ng of 6-1nches for a check and cultivated spacings of 12, 18 2L,

'30, and 336--inches° .Bach spacing was sown at 30, LO, 50,and 60 1bs, per acre.

* The experlmental de51gn was a modlfled spllt plot w1th two replicatlons. Thé"

plot size was 18 by 80 feet.. One cultlvatlon was glven w1th a: corn cultlva-'
tor.when the wheat was from L to 6=1nches high,

In 19h8 experiments were started with winter wheat. The change from

. spring wheat was made prlmarlly because weeds were not a serious problem

in spring sown grainso Due to the difficulty encountered in the cultivation
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of the narrow 1l2-inch spacing of spring wheat énd.due to the low yields
obtained from fhe 30 and 36-inch row widths the following spacings were
used for winter wheat from 1948 to 1951: (Lo) 12-inch un=-cultivated
spacing as a.check,'(én) 18~inch rows eultivated once in the fall and

once in the spring, (3.) 2i=inch rows with fall and spring cultivation,

(ko) Two 6-inch rows spaced 30 inches apart with fall and spring culti=

 vation., The same type of experimental design and plot size was used as

with spring Wheat'except that the 30 1lb, rate of seeding was dropped and

a third replicate was added. Each year the grain was sown on fallowed

ground,

Two varieties, of Wlnter wheat were used. Karmont wés sown in the

fall of 1947 and 19h9, and Yogo in the fall of 19)48 and 1950." The winter

wheat was sown: W1th a six foot 51ngle disk graln drill, The.;ow spacings
were obtalned by cpverlng tpe apprppr;ate feeds in the drillo The winter
wheat was cultivatéd dﬁfing the middlelof'October.and around the 1st of
Naywwith‘a”duckfobt type row cultivator, The depth of cultivation was ffpm,
1.to 2 inches or jqu deep enough to control the weeds, In 1949 and 1951
fhé wheat plant population for each spacing was determined by gounting at
three locatiops tﬁe number of mature heads in a yard long roﬁ.in eaéh_plot
and -then converting the'@été.té hééaé per,sqﬁaré foét, At harvest, sixteen
feet of row was cut'ffoﬁ the center of each plot and threshed in-a Vogel
Thresher. The threshed grain was ‘then weighed in grams and ;atef converted
to bushels ﬁer,aqre. Thé-gréin of each treatment, from thé_thrée réplicates,
was bulked for test weight and protein determlnatlons. The protein detefmu

inations were made by the Montana State Grain Laboratory, Bozeman, M’ontanao
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During each of the five years heavy infestations of winter and summer
annual weeds of the mustard ‘and amaranth families occurred in all plots.
No gpassy weeds'were observed, ) N

"‘During the period 1948 %o 1951 several other aspects of wide row spacing
of winter wheat were tested in conjunction with the experiment previously-
described, These,tests were as follows: .

1, A one year test conducted in 1948 to determlne the effectiveness
of. fall and sprlng cultlvatlon vs only spring cultlvatlono The method usedA
was to divide each cultivated plot in half, one half being cultivated tﬂice
and the other half be1ng cultlvated once, Yieid data were obtained from
both halves, '

2. A cultlvatlon vs 2,h=D experlnent was conducted from 1949 to 1951

to.test the merlts of cultlvatlon as compared to chemical weed control, This"

test was a trlpllcated randomlzed block with the follow1ng treatnmntsz
(1) 12-inch uncultivated check, (2) 12«inch rows spraved with 1/3 1b. of
,th at tillering, (3) 2l~inch rows sprayed with 1/3 1b, of 2,4-D at

tilleriqg, (4) 24-inch spacing cultivated in the fall and spring. -

3o A cultivation plus 2,4=D experiment was conducted in 1951, This
Weelaccomplished by epraying a 16»foot swath with 1/3 1b, of 2,4=D per acre
across the row_specings previously cultivatedg

In 1951‘spacipg s&udies‘were conductea with eight barley varietiee to
aeter@ine'if apylygriety'x scacing'interaction would occur, The barley was
sown in 6 and'129;nch epacings. 'No cultivations were given, hqwever, the
plots were treated with 1/3 1b., of 2,4=D per acre when the barley was well

tillered, Theﬂexperimehtal design was a randomized biock with three

T
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replicatidns. The plot size'ﬁaé 1/50 acre, Harvesting was accomplished
by cuttiné a 7 foot swath from thé center of the plot with a self-propelled
combined, | B

A homogeneity of variance test as given by Snédécérl(l9) wds run on;
the winter wheat data to determine if the 12-inch uncultivated spacing
should be analyzed with the cultlvated plots. It was found that the pope
ulatloﬁs were alike so the data was analyzed by use of the analy51s of .
variance and appropriate Fntest as given by Leonard and €lark (13). The
analysis, of co=vdriance was used to study thé relationship between yield,

test weight, protein, and head populations;

North Montana Branch Station, Havre

A wide row spacing.experiment with spring wheat was started at Havre

in 1950. The test was conducted-oﬁ dry land on an alternate fallow crop

'basi§; The 1ong tlme average seasonal prec1p1tatlon for the station was

11‘5h inches. The ra1nfa11 for 1950 was 1,17 inches above normal. Howevef,

‘a hot dry. perlod durlng the latter part of July generally reduced yleldsa

During 1951 the seasonal rainfall was 12, 68 inches and the season was

generally favorable fpr'crop production,
The same experimental procedure was fgllowed'dufing each of the two

years in which tests were conducted, Rescue spring wheat was soﬁn4with.

‘a common drill in rows spaced 6, 12, 18, 24, and 30 inches apart, All

spacings were sown at rates of X, ho; and 60 1bs. per acre. The design
was a triplicated‘réndomized,Blbck. The plots were 132 feet long and after

the border TOoWs were removed exactly 1/50 of an acre was left to harvest.

The row §pgcing plots were .not cultivated, Instead, they were harrowed

s T T epem—— w1 T
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to control small Russian thisties when the wheat was in the seedling stage.
Later 4/10 of a pound per acre of 2,4-D was applied when the wheat was well
tillered. Wée@s were not a serious problem. | .
Harvesting was accomplished by a self-propelled combine. The hérveéted

grain was wéighed'in pounds and later converted to bushels per acre. Test
weight and protein determinations were madé for each plot. The two years
’Qata were combinéd and analyzed by the'appropriate statistical-methodso

Montana Agricultural Experiment Station, Bozeman

Irrigated growing conditions were generally more favorable for crop
protduction at Bozeman than_undér dry land coﬁditions, Except in 1950_wh9n
late August rdins delayéd'maturity and in 1951 when 3 weeks'of'hot\weatpep
in July caused prematufe ripening, crop coﬁditions were ideal for the years

that spacing experiments were conducted.

In additioh to yield and quality of small, grains when grown in wide roﬁ_

spa01ngs, studles were. made on other aspects of spa01ng such ass (1) The
validity of testing small grain.varieties in lgfinch rows when most farmers
use a 6a1nch-drill for field production, (2) Date of seeding in relation to
variéties and §pacinés, (3) The value of wide row Spaéingsffor nurée crops,
(L) The ﬁbséiblity of growiqg‘puré seéd blocks in wide rows so rougéing
would be less difficult, - | _
The first test on row spacing was conducted in 1944 on dry 1and at
Fort Ellis and under 1rrigatlon at. Bozeman° During- that year Conpana and

Glacier barley were grown iq five randomized replications spaced:at_é and

12 inches to determine if any variety x spacing interaction would .occur.
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In 1947 row spacing studies were conducted with spfing wheat and oats.
The spring wheat test was similar to the 1947 Moccasin spring wheat experi-
ment except that thc seeding rates were increased to L5, 66,\75;and 90 1lbse
per acre, 1In ordcr‘td gain more-precision, the oat experimeht wds sown as
a'l§tin square split plot design. Overland, Bridger, and Gopher were seeded
in rows spaced 6, 12, 18 and 2h inches apart, o

No spacing studles were conducted in 1948, To obtain information on
spacing x crop interaction two variefiec‘of oats, Bridger and Gopher, and
one\variety'of spring wheat and bérle?; Thatcher and Glaciér, were grown
in separate latin square blocks iﬂ‘19h9e The spasings were slightly mo@%
ified to include a 6-inch spacing which Was sown at half the regular rate
' so as 'to gather more information oﬁ such a fate of seeding for campanicn'
.CTOPSa - |

In 195Q,,cat'£csts were continued on the same basis as the previous
year except that. V=R x Bannock (CIhéBB) Was‘cdded. The barley exgeriment
. was mcdificd to:inciudc-thrcc varieties, Glacier, Compané, and Titanme
These‘three varietics were grown in a triﬁlicated randomized block with
the same“spacicgs.as.used'in 1949. In addition, Glacier and Comﬁaﬁgiwefe
‘grcwn in é latip-square éplif'plot design-using two dates of seeding in
"6, 12, and 18 inch roWS@': | . . : | .
Durlng 1951 the o6at- and barley tests were continued, The varieties
of oats were changed to 1nclude Brldger, Nhs51on, and Clinton x’ Overland2
(CI6611), In the barley test the 1at1n:square design was changed to a
trlplicated randomized block and the 2hninch spacing dropped for Tltan and.

Compana. The 2h=inch spacing was malntalned w1th Glacler so.that a three
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year comﬁapison could be made with one variétyo

The general experimental précedure at Bozeman was to plant rod rows
with a nursery planter. The plot size varied with the width of sbacing
'so that thereé would always be a.border row on éach side and two border
-rows on the 6=-inch spaced plots. Except for the 6=inch spacings, ail
plots were‘cu1£iyated once with a wheel hoe. Weeds were not a factor ;'
in any“spacing° At harvest 1l6-feet of fﬁe‘géntef fow of each plot, except
for 6=inch spacing.when two were cut, was cut by hanq agq threshed with a
Vogel thresher. The grain was_wéighed in grams and converted to bushels
per acre, Test Weights were obtained,

- The data for eachiof the yearly tééts werélahélyzed by .use of the
analysis of variénpe apd appropriate F teét. Three years data for Bridger
oats and Glacier-barley ﬁere taken out of the yearly‘test an analyzed
for year x spacinglinteractibn. The 1949 data for oats, barley, and spring

ﬁheat were testedffor crop X -spacing interaction.
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EXPERIMENTAL RESULTS
Winter Wheat

The winter wheat data presented are from the tests conducted at
Moccasin from 1%8 to 1951. The detailed data collected are reported in
the appendix A, Table I. For the continuous four year spacing and culti-
vation study, the data for yield and test weight are based on four years
results. The data for protein and head populations are for the years 9k9
and 1950.
Yields obtained

The annual average yield obtained from the four spacings along with
the seasonal precipitation for the 19U3-51 period is presented in Fig. I.

Year 19U8 19k9 1950 1951
Free. 13.51 9.36 12.59 8.53

Spacings in inches

Figure I. Annual average yield in bushels per acre obtained from spaced
plantings of winter wheat, showing yield of 12-inch spacing
and 18, 24, and 30 inch spacing cultivated twice, Fbccasin,
1948 to 1951.
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Yield differences in favor of the 18 and 2k inch cultivated spacings
were obtained during each of the four year periods. The low precipita-
tion and high yield for 19h9 can be attributed to the favorable seasonal
distribution of the rainfall in May and June. It is of interest to note
that in 19U8 and \9h9 the 2k inch spacing had the highest average yield,
while in 1950 and 1951 the 18 inch spacing was the highest. This inter-
action of years and spacings was significant when analyzed statistically,
Table | and appendix A, Table Il. Except for 1951 the 12-inch uncultivated
spacing had the lowest average yield.
Table I. Summary of analysis of variance for yield, test weight, protein,

and head counts of the k year wide row spacing and cultivation
experiment. Moccasin, Montana, 19U8-51.

Source of Yield Test Weight Protein Head counts
Variation DF Variance DF Variance DF Variance DF Variance
Rates 2 5b.22** 2 .10 2 35.53 2 9.53
Error 8 2.16 33 23 22 b7.36 22 b.2b
Spacing 3 306.9h** 3 T1* 3 3lb.bl**> 3 65.35**
Error 2b 5.96 33 23 22 b7.36 22 b.2b
Rates x Spac. 6 11.75 6 .08 6 25.9b 6 b.lb
Error b8 7.7b 33 .23 22 b7.36 22 b.2b
Yrs. x Spac. 9 23.86 9 27 6 79.77 6 7.27
Error 2b 5.96 33 .23 22 b7.36 22 b.2b

For the four year period the 2U-inch spacing cultivated twice annually
had the highest average yield of 23.1 bushels per acre, followed by the
18-inch spacing with a 22.8 bu. average. The double 30 inch spacing did not
yield as well as the 18 and 2b, as the yield dropped to 19.0 tu. The

uncultivated 12-inch spacing had an average yield of 17.1 bu.for the four
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Yield Test Weight Heads Protein
Bu./A. pounds per square foot per cent
2h 6U 22 15
22 —0Pl — 20 __
18. . 16 _
59 .. 12 __ 10 _
10 2U D30 12 10 U 12 10 2V 12 10 2U D30

Row Spacings in Inches
Figure 2. Effects of row spacing and cultivation on the yield, test weight,
number of heads per square foot, and per cent protein. Data
for yield and test weight are an average of four years, 19il8-51*
Data for heads per sgq. ft. and protein are an average of 19h9
and 195" ¢« Moccasin, Montana.
years. The averages of the various spacings are represented graphically in
figure 2. These averages were statistically significant. Table 1I.

The effect of seeding rates on yield for the four spacings is shown in
figure 3. In spite of the initial thick stands obtained from the heavier
rates of seeding at row spacings greater than 12-inches the 60 pound rate
produced the most grain. However, this increase in yield was not signifi*
cant for the rates x spacing interaction. Table I. The over-all average
for all spacings of 19.U, 20.7, and 21.5 bu./a. for 140, 50, and 60 pound
rates was significant, Table I.

Test weight and protein

Significant differences in test weight for the four year period. Table

I,, were obtained from the various spacings. However, the differences were
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Spacings 12 18 D30 Ave.

Seeding rates in pounds
Figure 3. The effects of three seeding rates on yield of winter wheat
when grown in four widths of rows and the wider spacings
cultivated. Central Pbntana Branch Station, Moccasin, Montana,
19U8-51.
were slight as oie 2k and double 30 inch spacings had identical averages of
60.9 Ibs/bu., followed closely by the 18-inch spacing with 60»6 and the
12-inch spacing with a 60.3# The four year averages are presented in
figure 2. The complete analysis of variance is given in appendix Table 3«
Protein determinations made from the wheat samples in 1979 and 1951
indicated that there was an increase in protein content for the cultivated
spacings over the uncultivated 12-inch check. The 2k, double 30, and 18-inch
spacings had averages of IU.lI, 13.7, and 13.6 per cent protein respectively,
while the per cent of protein for the 12-inch check was 12.3. When analyzed
statistically. Table I., these differences were found to be significant.
The per cent of protein was not effected by the rates of seeding. The two

years data is represented graphically in figure 2. The complete analysis

of variance is given in appendix A Table U.
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‘Heading, maturity and head ﬁopulations.
No difference .in héading date for the row épacings was observed.,
Some delay in maﬁurity occurred in the wider spacings. This was nmétly
due to tﬁe'continuous'growth of the oﬁtside tillers which remained green
after the bulk of the grain was méture,'-dbservations made on the wheat
spikes of the various spacings indicated that the wider-cultivated‘spacingg
had longer and larger heads, Some iodging occurred in.the 2l and 30-inch
spaced wheat as the wide spacings did not support themselves as readily
as the narrow spaced rows,

The average number of matufe heads per square foot of land area
occupied by the various row spaéings is given in figure é for the data

collected in 1949 and 1950. The 18=inch cultivated spacing had the highest

~ number of heads per unit area with 19 heads per square foot. _?he_12ninch

unéﬁlfivated spacing had one less head per square foot. For the-widér
cultivated spacings the nﬁmber of heads per uﬁit area dropped off guite
rapidl&g as ﬁﬁe 2}y and double 30-inch spacing had 15 and lﬁ heads respective=
1y. .’ The data cqllé@tgd for the two years was analyzed statistically andfit
waslfound the differences due to spacings were significant, Table 1., -Some
diffefences in heads per square foot due to the rates of seeding were

obtained, however, when analyzed these were not significant. The differ?nges

© obtained for the 40, 50, and 60 pound rates were 15,5, 17,0, and 17.5 heads

res'péétively° See appendix A Table 5 for complete analysis. ‘
It was of interest to note the thickness of the germinating stands due
to the heavy rate of seeding within the rows of the wider spacingsg The

initial stands were comparable to the amount of seed deposited in the row,
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‘or the 18=inch rows were one and one half times as thick as the 12-inch
spacings,'the 2li=inch rows twice as thick, and each of the two 36-inch
rows one and one half times as.thick.
In order to determine what effect the thick germinating étan@s had
on thé ﬁroduction of matufe heads, the nnmbé?‘of kernels sown by the drill
per foot of row were calculated and“compaied to the'number of mature heads
per foot of the same row., The calculations were based on ﬁheat weighing
60Apounds per bushel or the equiv;a.lent of 19 seeds per foot of row when .
sown at 12-inch spacing. The number of mature heads and the number of .
seeds per foot of row plus the ratio of heads at harvest t§ seeds planted .
are given in Table IT. for 1949 and 1951, ‘
Téﬁle IT. -Average number ¢f mature winter wheat heads and the number of
kernels sown-per foot of drill row when spaced at 12, 18, 2,
and D30-inches apart'and sown at LO, 50, aid 60 pounds per acre.

The three wider spacings received two cultivations annually,
Moccasin, Montana, 1949 and -1951.

Spac, . ‘

in L0 1bs, per acre 50 1lbs, per acre 60 1bs., per acre
inch, Heads# Seeds Ratioit ‘Heads Seeds Ratio Heads Seeds Ratio
199 - . , _ .
12 18- 12,6 143 - 17 15,8 107 17 19,0 89
18 26 18,9 138 31 23,7 131 32 28,5 112
2l 30 25,2 119 32 31,6 101 38 38,0 100
D30t Ll 37.8 116 L8  L7.7 01 ° 58 57,0 102
12770 17T 12,6 . 135 19 5.8 120 18 19,0 - 95
18 . 23 18.9 122 30 23,7 x27. 27 . 28,5 95
2).].' 28 . 2592 111 29 31o6 92 26 3800 68

D30 - 28" 37.8 Tk 32, :h7°7 67 . 3L 57.0 60

#Head and seeds are for one foot of drill row.
s#tRatio of heads at harvest to seeds planted.

s#Two six inch rows spaced 30 inches gpart.
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In 1979 there was a general increase in mature heads in proportion
to the seeds sown. The 18-inch cultivated spacing had the highest increase
in heads, with a 27 per cent increase for all the rates of seeding. The
double 30-inch cultivated spacing, which actually had the same amount of
seed coming from each of the two seed spouts as the 18-inch spacing, had
the lowest proportional increase of 6 per cent for all rates. The uncul-
tivated 12-inch and cultivated 2lt-inch spacings had increases in heads
over seed sown of 13 and 7 per cent respectively. Figure I; is a graphic

representation of the two year average proportions.

i

w

O Tig g™ %8
¢n sa= ¥ invs

12-inch 18-inch 2ii-inch D30-inch
Spacings in inches.

Figure U. Showing the increase or decrease in heads in proportion to
the seeds sown for the various spacings and rates of seeding,
Pbccasin, Montana, 19k9 and 19%1.
The seeding rates also effected the proportional increase of heads to
seeds deposited. The light seeding rate of Uo pounds had an average increase

of 29 per cent for all spacings, the 50 pound rate an increase of 10 per

cent, and the heavy 60 pound rate only a | per cent increase. Table II.
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Due to dryer growing conditions in 1951> the proportion of mature heads
to seeds deposited was more severely effected. Table Il. This was especially
true for the wider spacings and heavier rates of seeding. The double 30-inch
cultivated spacing was effected the most as it had a 33 percent decrease lor
all the seeding rates. The 2lt-inch cultivated spacing had a 10 percent
decrease. The 18-inch cultivated and 12-inch uncultivated spacings had a
15 and 17 percent increase. The rates of seeding for ail spacings had a
10 percent increase for WO Ibs., | percent increase for 50 Ibs., and 20
percent decrease for 60 Ibs.
Relationships between yield, test weight, protein and heads per unit area.
There is some evidence that the row spacings and cultivation caused
abnormal relationships. This can be observed in figure 5 where the 19U9-
51 averages for yield, test weight, protein, and heads per sq. ft. are
compared with the 12-inch uncultivated check on a percentage basis.

Per cent of

check
Yield
Protein
Spacings 12-inch  18-inch 2U-inchD 30-inch

Figure 5. Comparison of yield, test weight, protein, and heads per sq. ft.
of the various spacings. The 12-inch is considered as 100
percent. Moccasin, Montana, 19U9-195I«
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A summary of the relationships are given as follows:

1, For the 18ninch cultivated rows there was an incfease‘in yiélq,
protein content, and heads per square foot while there was a slight drop in
test weighte

2, For the ghninch spacing there was an increage in yield, test weight,
and pfofein, howevér, the number of heads‘per squére foot dfopped off quite )
sharply.

3o For the double 30=inch spacing therg was not as large an increase
in yield and protein, the test weight was highy, and the number' of heads per
square foot was fﬁrﬁher reduced,.

he .ihe'general trend for all spacinhgs was as follows: g/ As the yield
increased thé protein increased. E/ As the spacing between rows increased the -
test weight increasédo g/ Except forAtheu18=inch spacing, the number ofA
heads decreased as the width of row increased. g/ As the heads per unit area
decreased for the wider row spacings the test Weigﬁt increased, 2/ No
general trends arngppa;ent between yield gnd test weight, yield and heads,
protein and tes£g?éighﬁ, or protei@?and]heads per square foot;

berelation éoefficiehﬁs were calcuiated Ey the analysis of covariance
for all of the possible relationships, Tablé III. It was found that but few
of the r values were significant; -This was to be expected since each spacing
seemgd tofrespOerdiffergpt;y to yiéld, teét weight, pfotein content, énd_
heads per square foot; |

~The only significant corfelations;'és'effected by spacings, was a N
negative r vaiue of .98 er tqst'weight and heads per square foot, From

figure 5. this negative valu@.is'apparént as the test weight increased
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Table ITI. Correlation coefflClents of the agronomic data obtained from
the row spacing and cultivation of winter wheat experiment.,
The yield.and test weight:correlation was obtained from four
years.data, the rémaining from one test in 1949 and two tests
'in 1951, Central lontana Branch Station, Moceasin, Montana,
1948 to 1951,

B Correlation coefficients for:
Source ' Yield Yield Yield To. We Te Wo Heads

of ‘and and . and and " . and and
Variation . Do Fo To Wo Heads Protein . Heads Protein. Protein
Test or yrs, 3-2 031 85 =, O 083 = 88 =10
Rates 2 =69 002 - e 08 =62 - =,10 002
Spacings 3 031 015 023 =0 98% olly = 03
Rate x Spac. 6 = 77 028 . = 06 =68 =16 =02

Error 35-22 08 L2 - =07 =oll =oll =s1b
Total )-l7°35 : 0-27 °L|,6“3!% “9‘_07 , . 013 "’378** “‘00,9,,_

for each wider spacing, while the number of heads decreased in the 2l and
double 30-inch rows.
Significant total correlations of .L6 and =78 were obtained for

yield and heads, and test weight and protein, The positive correlation

between yield and heads is apparent for the 18 and double 30<inch spacings,

howéver, the 2h=inch,$pac§pg§ hqd a high yield and comparatively low number
of heads per. unlt areao The-tbtal négaﬁive'r'value for test weight and
protein indicates that as the test, welght increased the protein went down..
However, this was not the case for the spaclng effect as a positive value
was obtéined, indicating a reversal in the trend oécﬁrred‘or as the test
weight, due to spacing, increased the protein increased. A similar trend
can be noted in the relationships between yieid and test weight where a
positive value was obtained for the s_pacings_o This can be noted in figqre
5 where there ié a générai increése in protein along with the incféase in.‘

yielde
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Effects of cultivation

Cultlvatlon was fairly effectlve in controllzng Weeds Jbetween the rows
of the cultlvated wheat, From observations it was apparent that- the fall
cultivations were effective in coptrollipg.the winter annualsg:while the
spring cultivations controlled ‘the spring gefminated'weeds. During the

years of high rainfall the weeds within the row were quite_largeglhowevera4

during the dryer seasons the weeds were' suppressed by the competition of the -

wheat,

In 1948 phe fall and spring cultivated plots produced more winter
wheat than just the spring cultivated plots, Table IV. The average yield
for all spacing receiving two cultivations was 27.L bu/a.compared'tOZZh,h
bu/a. for only spring cultivations. These means were significantly dif-
ferent when analyéed étatistically, Table Ve
Table ;v, Average yleld of winter wheat in bushels per acre obtained

from one and two cultivations of 18, 2L, and double 30=inch
row spacings, Moccasin, Montana, 19&8

Namber’of . . - : -Yield'for Spacing - ; K
Cultivations 18 . 2L, D30 Average .
1 25,2 26,0. 22,0 I

2 27.8 314 22,9 27 .4

Table V., Analysis of variance of yield for one and’two cultivations,

Source of - ﬁegfee‘of "oums of - Mean "Fo
Variation 4 : Freedom Squares Square Value
Replicdtions -2 T B6e26 : -
Cpltivations : 1 366430 366, 30 T 85&
Spacings 1094433 SLT7.I6- 11479

2

“Cultifations x Spac, 2 13h. 06 67.03 1ol
. Error .10 066,93 116469

Total 17 217,88
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Chemical weed control vs cultivation \

| From the three years results obtained it is apparent that 2,L=D -
was as gff;ctive as cqltivationo 'The_results as given-in-Table Vi show
an average yield of 23,33 bushels for the 12-inch spacing treated with
one~third pound of 2,4=D and 22,97 bushels for fhe 2L inch spacing
cultivated twice, During 1950 and 1951, :the two cultivation plots
produced higher yields than the 2,4-D plots. The 24=inch spacing sprayed
with 2gh=D had a 2.63 bushel average increase over thé 12=inch check,
Table VI, Yield of winter whedt in bushels per acre obtained from the

2,li=D vs cultivation experiment, grown on fallow in a trip-
licated randomized block, Moccasin, Mbntana,19h9 to. 1951,

Spacing in. - T " Bushels per Acre ‘ -
. Inches - Treatment ' 1949 ° - 1950 1951 Average
12 inches None - - - L 22,13 25,50 10,87 19,40
12 inches 1/3 1b. 2,4=D 29,50 25,53 1,97 23,33
2L, inches Two - Cultivations 26,36 27. 37 15.17 22,97
2L inches 1/3 1b. 2,4-B- 2l ,20 25,33 11,50 . 20034

The analysis of variance for the'experiment'is given in Table VII
and shows that the yiéld différences obtained from various treatments were
significant; )

Table VII,.'Ana1YSis of Variance for 2;h~D and Cultivation Experiment,

s

Source of = Pegrees of Sums of . Mean 3

Variation Freedom .. Squares . Square Value
" Years 2 1266, 146 633. 23
Replication 2 h6é,25 23,13

Treatments 3 101,32 33. 77 8, 229
Yrs., x Treatments 6 43,15 7,19 . 175
Ervor , 22 90.52 . ho11 '
Total 35 157,70
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Cultivation plus chemical weed control
The 1951 yield test to determine the effectiveness of 2,I1t-D plus
cultivation is reported in Table VIII. From the one years results there
is some indication that an application of 2,U-D to control the weeds in
the rows may be of some value, as the average yield of the three cultivated
plots was 9.3 bushels compared to 13.5 bushels for the same spacings culti-
vated and sprayed with 2,1i-D. The 18-inch spacing responded the most to
the double treatment as it had a yield of 15.5 bu. This is an 8.3 bu,
increase over the 12-inch check and a 6.0 bu. increase over the 12-inch
check treated with 2,U-D. The analysis of variance as given in Table IX
shows significance for the spray vs cultivation treatments.
Table VIII. Average yield of winter wheat in bushels per acre obtained
from the row spacing and cultivation experiment, when treated

with one-third pound of 2,li-D in addition to the two culti-
vations, Moccasin, Montana, 1951.

Row Seeding Rate

Spacing Treatment IO Ibs. 50 Ibs. 60 Ibs. Average

12 inch None 6.7 9.3 5.6 7.2

L 2,14-D 8.8 11.3 8.1 914

18 inch 2 Cultivations 9.6 12.2 11.6 11.1

it 2 Cult. 4 21i-D 17.5 124.5 u.o 15.5

2ii inch 2 Cultivations 9.5 10.3 10.7 10.2

M1 2 Cult, f 2,1i-D 16.1 16.3 13.6 15.14

D30 inch 2 Cultivations 6.7 6.2 7.2 6.7

tow 2 Cult. + 2]1i-D 9.5 9.5 914 9.5

Table IX. Analysis of Variance for yield of cultivation plus 2,U-D

experiment.

Source of Degree of Sums of Mean F.

Variation Freedom Squares Square Value

Replications 2 1j2.03

2,1i-D vs Cultivation I 235.00 235.80 58.95**
Error (a) 2 8.00 u.00

Plots of 2,li-D 5 286. 78
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Spring Wheat
The spring wheat row spacing data presented are from tests conducted
at Moccasin in 1Shl9 Bozeman in 19ii7 and 19il9, and Havre in 1950 and 1951*
The detailed data and complete analysis of variance for all stations are
presented in tne Appendix B.
Yields obtained
Yield differences in favor of the wide row spacings did not occur
for spring wheat as it did for winter wheat. For all tests at all stations
it followed practically the same pattern. The wider the spacing the lower
the yield. These depressions in yields are shown graphically in figure 6.
Bu./a. Moccasin-19U7 Bu./a. Bozeman-191*7
2C
18
16
U

12
10

6 12 18 2U 30 36
Spac. in inches Spac. in inches

Bu./a. Bozeman-19U9 Bu./a. Havre- 1950 & 1951

6H 6F 12 18 2U
Spac. in inches inches

Figure 6. Yield in bushels per acre of spring wheat obtained from
various row spacings at three locations in Montana.
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At Moccasin in 19h7, the yield dropped from 19.1 bu./a. for the
6-inch spacing to 13.8 bu. for the 36-inch. The percentage decrease in
yield for each 6-inch increase in row width was 9.5 from the 6 to 12, 12.3
from 6 to 18, 18.5 from 6 to 2U, 18.5 from 6 to 30, and 31.0 from 6 to 36
with an average of 6.2 per cent for each 6-inch increase in row spacing.
Under irrigation at Bozeman in 197> the same general trend is apparent
except that it is more pronounced at the wider spacing. As the decrease
in yield for each 6-inch increase in row width was 7.6, 9.U, lii.lt, 28.ii,
and itl.O per cent with an average of 8.3 per cent for each 6-inch increase
in row spacing.

No significant differences in yield due to spacings were obtained at
Moccasin when analyzed, Table X, however, significance was obtained at
Bozeman.

Table X. Summary of analysis of variance for spring wheat row spacing

studies conducted at Moccasin, Bozeman, and Havre, Montana,
191t7 to 1951.

Source of Moccasin ... Bozeman .. Havre 1s:0 -5 Bozeman 19U9
V ariation DF Variance DP  Variance DF  Variance DF  Variance
Rates 3 3.50** 3 40.88 2 .35
Error 3 .33 3 65.55 58 2.75
Spacing 5 25.33 5 481.88** 4 35.10** 4 + 2,102*
Error 5 21.00 5 13.45 58 2.75 24 408
Rates x Spac,15 3.88 15 4.81 8 1.44

Error 15 2.12 15 15.83 58 2.75
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"At. Bozeman iﬁ'19b9 more pronounced decreases in yield were obtained -
from the widef rows. In fact, the yield dropped from 79,8 bup/a° for the
6-inch spacing to 28 9 bu, for the 24-inch . spac1ng, figure 6. The decrease
in yleld was 9,9 per cent from the 6 to 12 inch rows, 34.0 per cent from
6 to 18, and 63.8 per cent from 18 to 2L, with an average decrease of 28.0
per cent for each-éainch increase in row width; | _ » |

At Havre, a different trend in decrease in yield was obtained, figure
6. General decreases of 6.6 per eent occurred from the 6 to 12 and 21;6
per cent from 6 to 18-inch rows. However, after the row width reached.'

18 inches the jield tapered off, as idertiecal percentage decreases of

21,3 per cent occurred from the 6 to the 18, 2L, and 30 inch spacings,
Significanﬁ differenceé in yield were obtained when analyzed' Table %o

The relatlve yields of the various row spacings were not constant for the
two years at Havre as 1ndlcated by a 51gn1f10ant years x row spacing inter-
action," appendlx B, Table V.

Seeding rates 1n relatlon to yleld

The amount of seed sown did not affect the yields for any of the.
spacings; as no significant rate x'spacieg‘interactions were obtained,

Table X. The yleld for each seedlng rate used at the three locations is.
given in Table XI° _

At Moccasin, the 50 and 30 lb. seeding rate prodiced the highest yield
of 16.8 and 17,0 bus/a., respectively, The 60 and 4O 1lbs rates were about
a bushel per acre lower, . These differences were significanﬁ when-analyzed,
Table X, At Bozeman the 90, 75, 60 and L5 1b, rates had nearly identical

yields of 58.7 bu. The 60, 40 and 20 1b, rates for the two years at Havre
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Table XI. Average yield in bushels per acre of spring Wheat.obfained-from
various rates of seeding at three locations. Averages are
for all spacings used, '

Moccasin - 1947 ‘ . '
Seeding rate . 60 . 50 Lo 30

Bushels per acre - 16,1 . 16,8 15.9 17.0°
Bozeman - 1947 :

Seeding rate 90 75 60 45
Bushels per acre 58,7 - B8.7 58.6 587
Havre 1950 to 1951 ,

Beeding rate 60 ' Lo 20

Bushels per acre ' 16.2 16.4 16,2

" had averages of 16,2, 16.L and 16,2 bu,/a. At Bozennn in 19&9, when Thatcher
was sown in 6-inch rows at half and full ‘rates of seeding, the half rate of
se@dlng yielded 9.6 per cent less grain,

Test weight and protein.

The bushel Weights obtain§d from éach location for the various spacings
of spring whe%t_are given in Table XIT. No apparent"differenqes in test
weight are abparent.for Mbccgsin.‘ Slightly hggvier test wgights for the
wider spaqiné were obtained at_Bozenén and Havre. For the three statien
average, there appears to be a.decrease in £est Weighp as ﬁ@e spacihg is.
increased up to 1l8-inches, Howevep, beyond that width the test weight again
ihcreased, |

Table XIT, Weight of spring wheat in pounds per bushel due to varlous
spacings at three locations,

Spacings in inches

Location 6:' T2 S 18 2l 30 436
Moccasin 60,8 = 606 61,0  60.8  61.0. 6049
Bozeman 58,9 58,6 .- 58,2 58,5 59.1 58,9
Havre 53,6 53,3 © 52,8 ° 53,2 5.8 (53.8)%

Average ;70 8 g?o g ;70 3 ;?e E ‘580 3 ;7 9

. % Calculated by Yates. missing value formula




Barley

Except for one test at Moccasin in 1951* all of the row spacing studies
with barley were conducted at Bozeman. The detailed data collected along
with the individual analysis of variance tables for tests conducted in 19tk
and 19U9 through 1951 for Bozeman and Moccasin are given in Appendix C.
Yields obtained for spacings

As compared to spring wheat, the yields of barley were not decreased
as sharply at the wider spacings, Comparisons of the 6 and 12 inch spacings
for all barley varieties in six trials over a four year period are given in

figure 7.

6-inch spacing

12-inch spacing

Figure 7. Average yield of barley in bu./a. grown at 6 and 12 inch spacings.
Averages are from six trials conducted over a four year period.

Only an eight-tenths bushel difference in yield in favor of the 6-inch
spacing was obtained. The eight-tenths bushels difference is actually based
on Oh individual comparisons.

Figure 8 represents the average yield of four spacings used at Bozeman
from 19U9 to 1951, when row widths of 6-inch at a half rate seeding, 6, 12,
18, and 2h inches at a full rate seeding were used. The 6-inch full rate of
seeding produced the highest yield of 78.1 bu./a. Only a one bushel loss

in yield was obtained from both the 12 and 18 inch spacings. The yield of



Bu./a.

Spacings in inches

Figure 8.
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of rows grown at Bozeman, Montana 191i9-$I.

Table XIII.
Source of
V ariation

V arieties
Error

Spacings
Error

Var. X Spac.
Error

Date x Spaco
Error
Source of

Variation

V arieties
Error

Spacings
Error

Var. x Spac.
Error

Ft. Ellis-19Ui
D.F. Variance
| 13.45
12 71.49
| 505.60*
12 71.49
| 284. 29
12 71.49

Bozeman-1951

D.F. Variance
2 28,265**
16 2,842
3 10,644
6 16,656
6 6,291

16 2,843

Bozeman-1944
D.F. Variance

I 872.52**
12 56.93

I 194.07
12 56.93

I 235.98
12 56.93

Moccasin -1 951

D.F. Variance
7 43. 54*
30 18.41
I .01
30 18.41
7 6.99
30 18.41

19WI, 19U9-51.

Bozeman- | 949
D.F. Variance

4 236.25
12 77.07

Glacier 1949-50-51

D.F. Variance
4 16,126
28 9,644
Yrs. X Spac.
8 7,107
28 9,644

Average bushels per acre of barley obtained from four widths

Summary of analysis of variance for yield of barley grown at
Bozeman and Moccasin,

Bozeman-1950

D.F. Variance
I 5,041

2 558

2 7,895
4 42551

2 26,245
14 5,820

2 2,955
14 5,819
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rows spaced 2b=inéhe$ apart dropped to 70,0 bu, :Gémparing:Phg'éfigcp‘half
rate of seeding with the.full rate, figure 8, it is apparent'th?t such a.
rate and spacing reduces yield more than a 12 or 18-inchispééiﬁg at a full
rate of seeding. From thé standpoint of yield it would seem that a full
rate of seeding in 12 or 18 inch rows would be more practical than a half
" rate of seeding in 6 inch rows.

Except for “the trlal at Fort Ellis, when the 6 and 12 “inch spa01ngs
were used; no 51gn1f1cant differences in yield of the spacings were obtalned,
Table XIIT, This may indicate that barley is capable Qf produc1ng avepage
yields regardless of the width of rows up t¢ 18-inches. This is further
bfdught out in the three. year comparison of 4 spacings for Glacier from 1949
to 1951, when the average ylelds were 63, 9, 65.0, 67 i and 56 li bu.fa. for
the 6, 12, 18, and 2h—1nch TOWS respectlvely° With a range in average
yields of 62,8 to 96 2 bu./a. in the various years of this test the spacing
x year interaction was 51gn1flcant°

The 1950 comparison showing the effect of seeding dates on yield of
three spacings are given in.Téﬁle XIV,

Table XIV, Average yield in bushels per acre of two varleties of barley

sown at two dates of seeding in 6, 12, and 18 inch rows,
Bozeman, 1950,

Seéding Spacing in inches
Date : 6 12 30 _Average
Normal . 62,2 69,8 6hly 65,5

Late _ 63,2 72,3 676 . 67.L

_Other that an increase in yield for the late seeding date, the date

of seeding had 1little effect on yields obtained from each of the row widths.
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This is further substantiated by the lack of significant date x spacing
interaction Table XIII.

This, one trial would seem to indicate that the general findings
concerning row spacings would be applicable, regardless of the date of
seeding, for the two varieties used. Glacier and Conpana.

V arieties x spacing interaction.

The only significant spacing x variety interaction obtained was in
the 1951 trial at Bozeman, Table XIIl. This interaction can be noted in
figure 9. where Compana does not yield proportionately the same at each
row width as does Glacier and Titan. Compana apparently being better

adapted for use at the wider row spacings.

Bu./a* Spac.
70 irl
65 Compana inches
60 Glacier
55 \ X Glacier 6 I
50 "X % 12 I
hS \ Titan Compana
IiC 6 L
12 : n
6 12 Iti 2k d 10 26 jo U B0 00 70
Spacings in inches Yield in ou./=.

Figure 9. Average yield in bu./a. Figure 10. Average yield in bu./a. of
of three barley varieties Glacier and Conpana grown
grown in four row widths. in five separate trials at
Bozeman, 1951. 6 and 12-inch spacings.

The average yield of Glacier and Compana planted in 6 and I2-inch
spacings in five separate trials is given in figure 10. Both varieties
reacted the same to the two spacings, as the 6-inch spacing had lower

yields in both cases. This should substantiate the validity of planting
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barley variety nurserieés in 12-inch rows when the normal seeding distance
is 6=inches, | | '

The yield results from the variety x sbacing interaction study aﬂ
Moccasin in 1951, when eight varieties weré~groyn'at 6 and'12-iﬂch spgdings,
are-giyen in Table XV.. There is some indication»that tﬁe different |
varieties responded.differentlj to yield for the different spaqings°
However, the spacing x variety inperaction wés not sigﬁificant when analyzed,
Table XIIT.

Table XV, -Yield in bushels per acre obtained from eight barley varieties '
grown ‘in 1/20th acre plots and planted at 6 and 12 inch inter-
vals in a triplicated randomized block, Moccasin, 1951,

Spac. _ : __Variety _
inchs Gem Titan Can.Hyb, Moore Compana G.XC.I# G.xXCeVit GeXCoX¥*

6 12.8 13,8 7 10.7 193 117 13.5 o3
12 15.3 15,8 - 13.1 10,8 20,1 13.5 10,7 11,5
# Glacier x Compana 2»;0w~ée1ectibnso

Test weight

The bushel weights obtained from 1949-51 ffom the various barley
spaéing experiments are giveh in Table XVI. élightly heavier test wéights
were obtained in-1949 and 1950 for the 18 and 2h'inch spacings. Héwever, |
for the three year average there is very little difference in bushel weight
due to spacings., The 6=inch full rate of éeeding‘was 1.5 1bs. heavier than
the éuinch half rate. It would appear that barley may be gréwn in iows

without any appreciable effect on quality‘as measured b& test weight,
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Table XVI, Weight of barley in pounds per ushel due to various spa01ngs
at Bozeman, 1949=51e

. Spacing'in inches .
Year~ . -~ 6 half 6 full -- 12 - 18 -2

1949 - 47,0 1743 16,9 7.5 11850

11950 18,8 18,8 18,2 Lok L9.5

1951 45,8 b6.1 - Lhe9 L7.5 15,1

Average L5.9 L7k L6, 7 L8l L7.5
Dats

" All of the row épacing studies présented for oats. were cpnduéfed

at Bozeman in 1947, and 1949-51. The detailed data collected along with

the. individual analysis of variance tables are given in Appendix De

Yields obtained for spacings.

The average yiéld of‘all oat varieties used for the four years.in
which 6, 12, 18,aqd 2l row spacings were used is pfesented»graphiéally
in figufe 10, As the row width. 1ncreased, there oocurred a progress1ve
decfeése in yieldo In figure 6, a similar d cline in yield has been noted
for sprlng wheatu _

The sharpest decrease in yield was obtalned in 19&7 when a 27.7 bushel
drop in yield Occurred between the- 6 and 2L inch rows., This large difference
was significant when analyzed statistically, Table XVII, Al bhough a decllne
in yield of_129 1L, and 10 percent was obtained between the 2, ~irich spacing
and the 6-inch spacing in 1949, 1950, and 1951, respectively; these dife
 ferences were not significant. The average yield for each spacing over the

four year period was 115.9, 109.3, 106.3, and 100.5 bu. /a. for the 6,
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Spacings in inches

Figure 11. Average yield in bu./a. of oats obtained from four row
widths, Bozeman, |2ii7> 19k9-51»

Table XVII. Summary of analysis of variance for yield of oats grown
at various row widths, Bozeman, 19U7, 19L9-S1.

Source of 19ii7 1949 1950 1951

V ariation D.F. Variance D.F. Variance D.F. Variance D.F. Variance
V arieties 2 15,793 I 194 2 63 2 1,678**
Error 2 8,830 4 812 8 87 8 140
Spacing 3 27,450** 4 511 4 749 4 213
Error 6 3,881 12 311 12 2 # 12 72
Var. x Spac. 6 1,550 4 164 8 59 8 03
Error 12 7,163 16 175 32 116 32 84

12, 18, and 2it inch spacings, respectively. In tiie comparison of the naif

and full rate of seeding for the 6-inch spacing from ..., to ..s.. the full
rate of seeding averaged a 5.7 bushel increase in yield. The 12, 18, and 24’
inch spacings in the same studies showed a decrease in yield of greater than
5.7 bushels.

V arieties x spacing intersctior

No significant variety x spacing interactions for oats were obtained
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~during any of‘the years with the six varieties'includea in the various tests,
The three year average yield of Bridger andbGoéher for the four spac%nés ]
is given in Table XVIII. Although the two variéties yielded differently at |
various spacings,; the spread in yields was slighte~

Table XVIIT. Average yield in bu./a.of Bridger and Gopher oats grown in
6y 12, 18, and 2L inch rows, Bozeman, 1947, 1949 and 1950,

o _ Spacing in inches ‘
Variety .6 12 18 2l

Gopher 12046 109,9 107k 102.4
Bridger 119.2 'ilhb7 108,8 106.3

It is concludeq that vérieties.recommended‘for Montana ére.equally
suitgé'%o growing in widelxow spaciﬁgsa : I{

:An analysig, of three years data, when the avefage yearly yields ranged
£YOM 995 9 t61111°9:buéhe1s”pér aé%é;;showed thé four row spacing treatments
'andlfhe half rate of planting in 6-inch rows to yield in the same~orderlas
indicéted by a noh=$ighificant spacing x.year interaction, |
. Test Weight

The Vvarious spacings used had practically no éffect on the bushel weight

of oats, as only a range of four tenths of a pound occurred, For the compar-

ison of the full and half rate of seeding for the 6-inch rows, the test
weights were nearly identical. This is of particuiaf interest becauée oats
test weights are generally considered to be quite sensitive to env1ronmenta1
factors. The test weights obtained for each of the four years from the 6

half, 6 full, 12, 18, and 24 inch rows are given in Table XVIX, .




Table XIX. ,Wéight‘of ocats in poﬁnds
" Bozemany, 1947, 19L9«51, .
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per bushel due to various spacings,

Spacing in inches

Year G=haif Gt ull 12 — 18 2L
1947 36,0 3503 35,2 35,5
1948 41,9 h2.0 L2.0 h2,1 12,1
1949 37.5 3702 36.9 37,2 3763
1950 .. 36,6 - 36,2 36,4 3602 36,9
Averag ' 37.9‘ . 37.7 37,8 . 38,0
Lodging

Lodging data collected in 19L7 on three oat varieties. are presénted

in Table XX.. From this data, it is apparent that the wider rows caused

an increase in lodging in varieties that were susceptible.

Table XX.. Per cent lodging of three oat varieties grown ab 6, 12, 18y
and 2l inch rows; Bozeman, 1947. ) :

Spacing ih-iﬂches‘

18 2L

- ho.3

Variety N 12

Overland o I 6 N
Bridger L7 ' 32 63 92
Gopher 88 - 85 99 - 97
Average 15,0

5690 : 6)453 ‘

y




Spring Wheat - Oats - Barley
The results of the 19k9 crop row spacing test at Bozeman, when
one variety of wheat, oats, and barley were grown in a latin square
split plot design, are given in pounds of grain produced per acre in
Table and represented graphically in figure 12«
Table XXL Pounds of grain produced per acre of spring wheat, oats, and

barley grown at various spacings in a latin square split
plot design, Bozeman, 1949.

Spacing in inches

Crop 55» 6f 12 Ib T

Wheat k332 k?6k k308 3156 173k
Oats 3782 3680 3k66 3302 3293
Barley k780 k997 kk88 k603 k118

ofrHalf and full rate of seeding

-Barley

4—Qats

Sp. Wheat

6 12 18 2k

Figure 12, Average yield in Ibs. per acre of spring wheat, oats, and
barley when grown in 6, 12, 18, and 2k inch rows, Bozeman,

19k 9.
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From figure 12, it is apparent that spring wheat is not as adabtable
to £he wide row spacings as barley or oats, because the spring wheat yields

dropped nuch ﬁore at the 18 and 2 4nch spacings than did oats énd;bgylgy )

yields, The crop smeing interaction, along with differences due.to spacing

and cropping were, significant when analyzed, Table XXIT.

From.Table XXT it éan be notéd.that spring wheat and barley responded
the same to half‘and full rates’ of seeding in that they both preduced higher
yields at the full rate. However, w1th oats the reverse was true this one

yea;. Tt produced more pounds of grain at the half rate than the full rate,

Table XXII. Analysis of variance for yield of spring wheat, oats, and

barley grown at five spacings in a latin square split plot
design, Bozeman, 1949.

- -Source of . . Degrees of
Variation Freedom . . Varlance
Crops- 2 241,627
Spacing " Lo 136,200:¢
Crop x Spacing .8 148, 36844
rror - 56 16,310
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. DISCUSSION '

The results of this study inaicates that by increasing the distance
between rows of winter wheat from 12 to 18 or 2L inches and controlling
the weeds by cultivation or Z;h—D a subsfantial yield increase will re-
sult. ﬁowever, with use of similar practices;.spring sown grains did nb£
respond as favorablya The reasons why winter wheat is better adapted to
row spacing conditioas is ﬁndoubtedly'based on many factors.

Perhaps it would be desirable to discuss several aspects and ramiflc—
ations of spaced cereal plants before any attempts are made to give reasons.

for differences in yield from wider spacings. Engledow (5), in his studies

_ with spacing of spring wheat, brought to light several basic facts on wheat

plant development under different spaced conditions. His findings indicated
that regardless of the spacing up to’a,eertain.point,.the wheat plant was
very. sensitive to the three factors éortributing to yield, namely; heads-?
per unit area, kernels per head, and size of the kernels;.-It'was found‘as
the distance between the wheat plants increase tillering would increase up
to a point where the plant was 1ncapable of producing tlllers. From that .
point the other two factors, spike and kernel size, would develop in pro-
portion to compensate for the lack of tillers; Hence; the plant would ﬁéou
duce average yields, regardless of the number of plants until the dlstance
was 1ncreased to a point where it was unable to utilize all of the resources
in its immediate environment. Sprague (lO),ngrkipg.wlthnspacing of wheate
oats, rye, and barley found that barley aid not‘produce as.extensire a rgeﬁ
system as other cropso Basing his cdnclusions on these findiﬁgs and other

experlmental evidence, he 1mp11ed that barley would be the least desirable
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for growing in wide rows.
Coupled with the above conclusions, there are other soil and plant,

spacing relatlonshlps that may be postulated. Soil feeding zones under _

solid and spaced plantings are changed considerably. It has been generali ;

ly accepted .that soil moisture moves slowly from wet to dry areas. " In N
fact,‘the plant roots reach out after'the moisture instead of the'moist;re
moving te-the plaht° Consequently, under row spacihg conditions there

" remains an area of reserve soil moistufe and soil nutrients between the Tows
" which are not utilized until the'blants are fairly well esﬁablished. Sqil
temperatures are undoubtedly affected. Whether the temperatures would in<
fluerice the amount of soil m01sture and ,available plant nutrients has not
been generally establlshed° Although exper1mental-ev1dence has shown that
cultlvatlon is of no practical value, except to control Weeds, this f1eld
of research has not been entirely explored. Such aspects_as water 1nf1l¢;
tration, release of plant nutrients, effects on soil organisms, and evaﬁ—’
oration under cultivated row spacing conditions canno£ be overlookeds.- ..

In view of the‘foregoing assumptions and facts, some of the reasoné:l
why differences in yield and quality occurred between the spaced plantings
of the cereal grains grown under different environmental condltlons in
Montana may be more readily understood. It is quite evident in the results
that winter wheat, spring wheat, oats and barley have different inherent
characteristics for adapting themselves to wide sﬁecinéo Winter wheat éﬁd'

barley appear to give the best response in this respect. Rvidently they

are either more capable of utilizing the soil resources between the rows or

they are more adapted to thick growing conditions or competition within the
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heavily seeded rows. .

There is some evidenée that the resérve moisture and plant nutrién%,,
feeding zone theory caused.by row spacing conditions has some merit. This
is evident in the winter wheat fesults when increases inlyield, test wef@ht
and protein were obtained at the 18, 2L, and 30 inch spacings. " In accouﬁt;
ing for the increase in protein along with yield there must have been an’
available supply of nitrogen and/or moisture at ‘the critical stage of plant'
growth or fruit development. Postulating on where the nitrogen came frqm
is difficult. One possibility is that the plént roots must'have'spread'ogt
into the area between the rows in search of moisture and encounteréd nitrof
gen and other elements. In other Wordszxthe area between the rows éctslas
a store house for moisture.%éd elementé:fqr kernel development. The rgé§9n
vfor spring wheat not reacting in a similarrmanner‘probably lies in the 4eve~
lopment of the root system. o

From the results, it is apparent that seeding rates had little effé§£;
on the yields of the wider row. Bvidently a balance between tillers, size
of spike, and kernel size occurred. Such conclusions were made by Engle- .
dow. This balance.is quite evidepf in the winter wheat‘reéults when head
poﬁulatioﬁs were determined. It was fopnd that ﬁhe number of heads per unit
area decreas§d,aé the épacing increased, The increase in test weight was
not large enough to compensate for the increase in yield. Consequently,
the number of kernéls per spike must have increased as-it is the only re-

maining factor that could have contributed to the inéréase in yield.

The question of whether 2,L4=D or cultivation is the better means - of

weed control has not been fully answered. Both éppeared to have distinct
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advantages as nearly identical yieid results were obtained, Perhaps a qpmbm
ina£ion of the two would be desirable. ‘This was evident where cultivati;#
plus 2,4-D sprays gave an appréciable increa;e.in yield of winter wheat in
1951° The advantage is undoubtedly in favor of 2,4-D as far as costs are
concerned, Howéver, 2,i=D has certain limitafions° It cannot be applied
until the crop has reached a safe stage of development, giving the weeds an
additional opportunity to deplete fhe soil moisture,. Furthermore; recent
investigations have shown that 2,4=D is‘capable of reducing yields under,
weed free conditions. However, from the standpoint of 2,L4=D vs cultivapioﬁ,
the yield decrease caused by 2,L4=D is off set by the damage caused by the
weeds within the row under cultivated conditions° ‘Grass and perennial weeds
were not present in any of the trials conductedf. Under such conditions%
cultivation would be more advantageous. |

The value of fall cultivafion of winter wheat merits some attention,
as significant increases inl§ieIAHWere.obté£néd in 1948 from fall and spring
| cg%tivatidn vs only spring éultivationo ‘Whether‘the increase_in yield_wés
due primarily to the control of winter aqngal_weeds,_?etﬁer sqil_conditioﬂ%}
or a combination of both is hard to asceritain. . Evident;y, it must have
creatéd better sowing conditions -as indi cated by yields. Russel (17) in=
dicateé that weed control at the early sfages of cfop gréwth is very
important. In the-development of the young wheat spike, Kiesselbach (1df,
suggested ideal gfowing,coﬁdition§‘were necessa;y for maxi@um'developmeﬁt?"
It is difficult to imagine that the control of winter annual weeds during
the period.October 15 to May l_would incréase yields to the extent noted

" here ®
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The spring varieties did not react differently to the row spacing as
originally expected. In seven trials, when different varieties of oats and
. barley were teeted under spaced. conditions, only one significant variety x
spacing interaotion occurred. This should be sufficient evidence to vali-
date the culture of variefy nursery trials in 12-inch or wider rows when
normal field planting distanoes are only 6 inches., -It should be remembered
‘that all of the variety spacing testing was conducted under 1rr1gation w1th
oats and barley. . Perhaps variety x spacing interactions might occur unQEr"
dry land conditions. » |

From the results and previous discussion it is apparent that many of
the problems and various aspects connected with wide row: Spac1ng of cereal

-----

grains have not'been solved., ' Further. research should be. conducted to deter=

:

mine the poss1b111t1es of obtainlng 1ncreases in protein under dry land con=

ditions, or establish the validity of a source of nitrogen during the 1ater
stages of wheat plant development. The merits of chemical weed control end
cultivation should be given considerable attentiono Trials should be con=

ducted to determine if wide row spacing coupled with cultivation and 2,1i=D

could not replace the alternate fallow system of‘cropping commonly used on:
dry land., Crop varieties should be screened under‘spaced conditions in '

order to obfain a variety that will produce meximum yields in the event row
spacing practices should become of eome value in cultural practice. 'In?fhe
selection of such a variety‘consideration should be given to its ability“td
tiller and withstand lodgings The value of row spacing for'the establishe

ment of companion crops appears practical. Trials conducted along theee

lines should be profifableo
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SUMMARY

Winter wheat was.grown.in 12, 18, 2L, and double 30 inch rows on an
alternate fallow basis from 1948 to 1951, The three widef‘Spacings were
cultivated twice annually, the 12-inch spacing was left intact as a check,
All spacings were sown at comparable rates of LO, 50, and 60 lbé./a.. Yield
and test weights were obtained for the four year.periodo Protein and mature
head populations were defermined in 1949 and 1950,

Significant increases in yield were obtained‘fromithe 18 and 2l inch
cultivated spacings over the 12 inch spaciﬁg and cultivated double 30 inch
spacing. Increases in test weighﬁ resulted from the 2l and double 30 inch
rows, The per cent of proﬁein was-ihcreased by the cultivation_?reat@
ments, A three.year test Where'2,h;D was tested agéinst cultivatién showed
that 2,h-D yield increases Weré coﬁﬁarable to cﬁigivatioﬁ inc:eases; By
-spfaying with normal rates of 2,h=D'écfoss the Eultivated spacings, addi-
tional increases.in'yield were obtained in.1951, Seediﬁg rates had little
effect on yield, test weight, and protein due to spacings.

Spring wheat row spacing studies were conducted at three locations in

{
i

the state. In 1947, spacings of 6, 12, 18, 2L, 30, ai_qd 36 inches of
Thatcher were sown at rates of 30, LO, 50, and 60 lbs.ﬂéﬁat Moccasin and
L5, 60, 75, and 90 1bs./a. at Bozeman. Signifiéant rédu;tions in yield
were obtained from the ﬁide spacings as compared té the 6 inch rows at
Bozeman. The spacing yield differences were not significanf at Moccasin
although in the same directicn. in 194h9, Thatcher was grown in a latin '

square design at Bozeman. Spacings of 6, 12, 18, and 24 inches were sown

at normal rates of seeding, 'Significaht reductions in yield were obtained
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from the wide spacings. In 1950 and 1951, Rescue was sown at 20, LO, and
60 1bs./a.in 6, 12, 18, 2L, and 30 inch rows at Havre. Distinct reductions

in yield were obtained from the 6 to 12 aund from the 12 to 18, after the 18

- inch distance was reached no further reductions in yield occurred. Seeding

rates had 1little effect on yields at any of the locations. Protein detér-
minations made with spring wheat at Havre indicated that the content was
not materially affected at any of the spacings.

Barley spacing trials were conducted at Bozeman in 19hL, 1947, 1949,

11950, and 1951. Spacings of 6, 12, 18, and 2L inches were sown at norial

rates of seeding. During the five year period, three_va;ietieé, Compana,
Titan, and Glacier were used. Yields of barley were not materially dé-
pressed for the wide spaciqgé as few éignificénp yield differences were
noted. Compana was better ddapted than Glacier and Titaﬁ for growing in .
Widely spaced rows in 1950. -feé£ing éf héif ;gd full"raterf‘sge@ing;of
the 6 inch spacing gave reductions in yield for the ﬁalf rate -as compared
to the full rate of the 6,.12, and 18 inch rows. Spacing yields.were not
affected by détes of seeding in.léSOo"Test weights of barley were not

chénged‘by.row spacings. Eight varieties of barley were grown in-6 and 12

'inch drill rows at Moccasin in 1951. No ¥ariety x spacings interactions

were noted. The yield of a11>varieties at 6 and 12 inches were nearly
identical.

Oat spacings tests were conducted at Bozeman in 1947, 19L9, 1950; and

1951 in latin square designs. Oats was sown at normal rates in rows of 6,

12, 18, and.2h inches, ‘Half and normal rates of seeding were tested with

the 6 inch spacing. Over the four year period, six varieties were compared.
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Oat yields were depressed more by Wide-Spacing'thah were barley yields.
Test weights ﬁeré_not affected by spacing. Significan£ variety x spacing
interactions were not obtained. The half rate of seeding was lower in
yield than the 6 inéh full rate and equal in yield to the 12 and'18'inch
full rate, ' |

It was found by analysis of the data for Glacier and Bridger over a
thrée year period that no spacing x year interactions occurred, During

19h9, when oats, barley, and spring wheat were grown in a latin square design-

in 6, 12, 18, and 2 inch rows, it was found that depressions in yields due

to wide row spacing were greater for spring wheat than were yield depress?

~ions for barley or oats.-
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APPENDIX A

Table 1. Agronomic data for winter wheat, showing yield, test weight,
protein, and head populations from continuous four year row
spacing study, Bozeman, 191*8 to 1951.

Seeding 12-inch no cultivations 18-inch two cultivations
Rate Year Yield TW. Heads* Protein Yield fW. Heads Protein
0 Ibs. 19U8 ' 16.7 61.5 23.1* 62.0
1919 20.3 61.0 18 10.3 23.6 60.5 17 11.6
1950 20.1 61.5 26.8 61.5
1951 6.7 58.5 18 lit.5 9.6 58.0 15 15.1
Average Ttt 60.6 TB 12.1* Tttt MTB TB Tin*
50 Ibs. 1918 21.1 61.5 29.9 61.5
191*9 21.1 61.5 17 8.6 25.2 61.0 21 n.i
1950 22.6 61.0 27.1 61.5
1951 9.3 58.0 19 11> 12.2 575 20 15.9
Average TH75 60.1* TB 11.5 Ttt Mn* IT TITB
60 Ibs. 1918 253 61.0 305 61.5
1919 17.1* 61.5 17 11.1* 27.1* 61.0 21 12.0
1950 19.9 62.0 27.0 61.5
1951 5.6 57.0 18 lit.5 116 585 18 15.9
Average m 30T3 TB TITo 20 60.6 20 TBTo
Grand Average 17.2 60.1* 18 12.3 22.8 60.5 19 13.6
Seeding 21*-inch two cultivations D30-inch two cultivations**
Rate Year Yield T.W. Heads Protein Yield TW Heads Protein
™0 Ibs. 1918 27.U 62.0 20.2 61.5
1919 26.7 61.0 15 12.0 23.3 61.0 15 12.5
1950 231* 62.0 22.7 61.5
1951 9.5 59.0 15 15.1 6.7 60.0 10 11*.9
Average 60.9 B 1*.6 TBTI 61.0 TI Ttt
50 Ibs. 1918 29.7 62.0 22.0 62.0
1919 251* 61.0 lit 12.1 23.1 61.0 16 12.5
1950 235 61.5 22.8 61.0
1951 10.3 58.5 15 15.3 6.2 595 11 11*.8
Average T tt MTB TB TO Ttt MTB TB TO
60 Ibs. 1918 27.1 62.0 26.6 62.0
191*9 26.1 61.0 19 11.7 23.7 61.0 19 12.1
1950 217 62.0 23.0 62.0
1951 10.7 59.0 13 15.2 7.2 58.0 12 15.2
Average Ttt Euo B TITB 10 MTB TB TO
Grand Average 23.1 60.9 15 It.l 19.0 60.9 lit 13.7

*  Heads per square foot.
** Two six inch rows space thirty inches apart.
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Table 11» Analysis of variance for winter wheat yield, four year row
spacing and cultivation experiment, Moccasin, 191*8 to 191)1.

Variation Degrees of Sums of Mean F.
Due: Freedom Squares Square Value
Years 3 6702.26 223U.08 16.21***
Replications 2 37.75 18.86
Error (a) 6 825.31* 137.56
Plots of Yrs, & Repl. 11 7565.35
Rows 4-Rows X Yrs. 8 209.17
Rates 2 108.1*3 51*. 22 25.10**
Years x Rates 6 287.55 1*7.92 22.19**
Error (b) 8 17.21* 2.16
Plots of Rates “15¢ 8197.7k
Spacings 3 926.82 308.91* 51.81***
Years x Spacings 9 211*, 71+ 23.86 I*.00**
Error (c) 2* 11*3.16 5.96
Plots of Spacings ~T7~ 8850.07
Rates x Spacings 6 70.52 11.75 1.52
Yrs. x Rate x Spac. 18 67.35 I* 7
Error (d) 1”8 370.87 7.73
Total 11*3 9931.62
Table I11. Analysis of variance for winter wheat test weight, four year

row spacing ..

Variation
Due:

Years

Rates

Spacing

Rates x Spacings

Years x Rates

Years x Spacings

YrsO x Rates x Spac.
Error

Total

« cultivation experiment. Moccasin, o1 s-10~1.

Degrdes of sums of Mean FZ
Freedom Squares Square Value
3 81.63 21.10
2 .20 10 -
3 2.12 71 3.0%
6 1*8 .08 -
6 1.81* 31
9 2.1%2 .27
18 3.1*8 19
33 7.71* .23

~TT~ 92.17
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Table IV. Analysis of variance for winter wheat protein, four year row

spacing and cultivation,

V ariation
Due:

Tests

Rates

Spacings

Rates x Spacings

Test X Rates

Test x Spacings

Test x Rates x Spac.
Error

Total

Table V. Analysis of
spacing and

V ariation
Due:

Tests

Rates

Spacings

Rates x Spacings

Test x Rates

Test x Spacings

Test x Rates x Spac.
Error

T b t

Degrees of Sums of Mean
Freedom Squares Square
2 10,305.39  5,152.69
2 71.05 35.53
3 9uU0.22 313.1*1
6 155.62 25.91*
U 11*1.78 35.39
6 1*78.61 79.77
12 1*21.55 35.13
22 1,01*1.91* 1*7.36
55 12,51U.£2

variance for winter wheat head counts,
cultivation,

Degrees of Sums of Mean
Freedom Squares Square
2 107.39 53.70
2 19.06 9.53
3 196.09 65.36
6 26.1*9 I*I*
P 11*.91 3.73
6 1*3.65 7.27
12 31*.72 2.89
22 93.28 I*.2*
I 3 5 uR. 31

experiment. Moccasin, 191t8-195I.

F.
Value

four year row
experiment. Moccasin, 19h8-195I.

F.
Value

2.21*
15.1%2**
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APPENDIX B
Table 1. Agronomic data for row spacing studies with spring wheat, showing
average yield, test weight, and protein collected for the years
and stations as listed.

Moccasin—19k7—Thatcher—Duplicated Randomized blocks.

Seeding Spacing in inches
rate Ibs. ~E~ 12 18 24 30 36
Bu./A 60 21.1 18.2 16,5 129 149 126
50 199 171 156 17.0 16.3 14.7
ko 16.1 16.4 17.1 16.8 156 13.2
30 19.1 17.4 18.2 16.2 16.3 lit.6
Test weight 60,8 60.6 61.0 608 61.0 60.9
Bozeman—19ii7 —Thatcher--Duplicated Randomized Blocks,
Seeding Spacing in inches
rate Ibs. E~ 12 18 24 30 36
Bu./A. 90 6o.Zi 58.9 65.S 503 458 41.1—
75 63.2 55.2 542 52.0 43.8 35.3
60 59.7 545 33.3 53.6 44.4 416
h5 56.2 51.9 52.8 50.1 434 36.8
Test weight 58.9 586 58.2 585 591 58.9
Bozeman—191l9 Thatcher--Latin square.
Seeding Spacing in inches
rate Ibs. 6-half 6-full 12 18 24
Bu./A. (Normal) 72.2 79.8 71.9 52.7 28.9
Test weight 61,6 61.8 61.6 51.7 61.8

Havre-1950-51—Rescue—Triplicated Randomized Blocks.

Seeding Spacing in inches
rate Ibs. T 12 18 24 30
Bu./A. 60" 19.4 16.5 15.4 14.6 15.0
hO 18.4 16.9 14.5 16.2  15.9
20 17.3 17.7 15.6 15.3 15.2
Test weight 53.6 53.3 52.8 53.2 54.8

Protein 18.5 18.4 18.6 17.9 17.6
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Table Il. Analysis of variance for spring wheat yield row spacing study.
Moccasin, 19It7.

Variation Degrees of Sum of Mean ~Tr~

Dues Freedom Square Square  Value

Blocks I 12.61 12.61

Spacings 5 126.65 25.33 1.16
Error (a) 5 109.52 21.90

Plots of Spac. 11 218.70

Blocks I 12.61 12.61

Rates 3 10.W9 3.50 10.67-**
Error (b) 3 .98 .33

Plots of rates 7 2U.00

Plots of Spac. 11 218.78

Dev. or rate plots from block 6 11.17

Rates x Spac. 15 58.25 3.88 1.60
Error (c) 15 30.81 2.U2

Total HIT” 35U.81

Table I11. Analysis of variance for spring wheat yield, row spacing study:

Bozeman, 1977

Variation Degrees of Sum or Mean tl.-iiidard 0.

Due: Freedom Squares Square Error Vvalu

Blocks I Oli .ok

Spacings 5 2,1i09.iiC k& .88 35.83**
Error (a) 5 65.26 13.k5 3.667

Plots of Spac. 11 2,1i76.70

Blocks I .Oli .ok

Rates 3 122.6k ko.88 Not sig.
Error (b) 3 196.6k 65.55

Plots of rates ~T~ 319.32

Plots of Spac. I 2,k76.70

Dev. of rate plots from
blocks 6 319.28

Rates x Spac. 15 72.16 k.8l Not sig.
Error (c) 15 237.k3 15.83

Total H7 3,105.57
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Table IVe Analysis of variance for spring wheat yield, row spacing studies,
Bozeman, 19U9.

Variation Degrees of Sum of Mean F.

Due; Freedom Square Square  Value

Columns U 112.U

Rows h L1S.88

Spacing h 8,h09.76 2,102.WJ $.15*
Srror 12 1,891.39 u07.87

Total ~%r 13,972.WJ)

Table V. Analysis of variance for spring wheat yield. row spacing studies.
Havre, 1950-19%!.

Variation Degrees of Sums of Mean FO

Due; Freedom Squares Square  Value

Years I 2.81

Reps 2 1.38

Rates 2 .69 .35

Spacings U iUo.Wo 35.10 12.76**

Years x Rates 2 2U.55 12.28 2.U7

Years x SpacO U 105.87 26.U7 9.62**

Rates x Spac. 8 31.U 3.97 1. WJ

R. x S. x YO 8 #.98 3.75 1.36
Error 58 159.W 2.7%

Total “ 89« U96.86
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APPENDIX C
Table 1. Agronomic data for row spacing studies with barley, showing
average yield and test weight, collected at Bozeman for the
years as listed.

19liU~Ft. Ellis—Five Randomized Reps. 19liU—Boz.—Five Randomized Reps.

Spacings in inches Spacings in inches
Variety 6 12 Variety 6 ~T2
Glacier Bu./a. 52.1 65.2 Glacier Bu./a. 34.9 43.9
Compana____ Bu./a. 72.2 71,6 Compana Bu./a. 48.7 334

194 9—Bozeman—L atin Square
Spacings in inches

Variety 6-half 6-full 12 24
Glacier Bu./a. 99.7 104.2 93.6 95.9 85.8
T. W. 47.4 45.9 46.9 48.1 47.5

1950—Bozeman—L atin Square Split Plot-—Normal Date of Seeding.
Spacings in inches

Variety 6-half  6-full 12 18 24
Glacier Bu./a. 63.6 72.3 67.8 61.5 48.7
T W 46.1 48.6 45.4 46.9 46.5
Compana Bu./a. 75.8 62,0 71.8 67.3 53.7
T. W. 50.0 50.0 50.4 50.5 50.2
Titan Bu./a. 41.5 57.5 54.0 48.0 42.1
T. W 50.3 50.2 51.1 51.9 51.8

1950—Bozeman—bating Square Split Plot Late Date of Seeding
Spacing in inches

Variety 6 12 e B
Glacier Bu./a. 74.5 70.5 66.8
T. W. 45.0 44.1 46.9
Compana Bu./ a. 51.9 74.2 68.5
T. W 50.4 50.0 51.0

1951—Bozeman—Triplicated Randomized Blocks
Spacin in inches

Variety 6-half  6-full 12 ~TB~ “ 9T
Glacier Bu./a. 60.5 72.5 82.0 86.3 76.8
T. W 43.0 41.0 42.0 44.0 45.1
Compana Bu./a. 67.5 61.6 63.9 73.0
T. W 48.7 49.2 48.5 50.0
Titan Bu./a. 69.0 64.3 69.6 69.3

T. W 46.6 47.1 44 .4 48.5
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Table 1l. Analysis of variance for yield of barley, row
Ft. Ellis, 19Wi.

V ariation
Due:

Reps.
Variety
Spacings
Var. x Spac.

Error
Total

Table 111.

V ariation
Due:

Reps.
Variety
Spacings
Var. x Spac.

Error
Total"

Table IV. Analysis

Degrees of
Freedom

h
I
I
I
12
~W~

Analysis of fariance for yield of barley,

Bozeman, 19UIt.

Degrees ofl
Freedom

h
I
I
I

12
~T9~

Bozeman, 19U09.

V ariation Degrees of
Dues Freedom
Columns U
Rows U
Spacings h
Error 12
Total 20

of variance for barley yield,

Glacier Barley

Sums of
Squares

559
13
506
28U
858
2,212

Sums of
Squares

193
873
19U
236
683
2,179

spacing studies.

Mean
Square

13
506
%1*

71

>Mean
Square

873
19U
236

57

f.

Value

7.07*
3.98

row spacing studies,

F.

Value

15.33**
3.1il
li.1li

row spacing studies,

Sums of
Squares

336
323
U5
925
27530

Mean
Square

7

F.

Value

2363.07



Table V. Analysis of variance for barley yield,

dates, three varieties,

Variation
Due:

Reps.

Spacings
Error (a)

Plots of Spac.

Reps.

V arieties
Error (b)

Plots of Var.

Reps.
Dates

Error (c)
Plots of Dates

Spac. x Var.
Spac. x Dates
Dates x Var.

Spac. x Var. x Dates

Error (d)
Total

Table VI. Analysis of variance for barley yield,

— 6?2 —

Degrees of
Freedom

five spacings,

Sums of
Squares

11,520

15,791
170,206

200,517

Ik,520

5,0kl
1,116

20,677

Ik ,520
235

H,k31
26,1tth

52,k90
5911
k,kkk
3,616
81,k78
366,279

normal date of seeding, Bozeman, 1951.

Variation
Due:

Reps.

Spacings
Error (a)

Plots of Spac.

V arieties
Var. x Spac.

Error (b)
Total

Degrees of
Freedom

Soox N

SN

Sums of
Squares

5,k22
100,30k
111,007
216,733

165,272
56,k80
96,781

535,266

1950.

Mean
Square

7,895
k2,552

5,0kl
558

235
5,715

26,2k5
2,955
k,kkk
1,808
5,820

Mean
Square

25,076
13,876

82,636
7,060
k,839

row spacing studies, two
Bozeman,

P.
Value

19

9.03

.Ok

k.51*
51
A7
31

row spacing studies,

FT"
Value

1.81

17.08**
l.k6



Table VII.

Variation
Due:

Reps.
Spacings
Error (a)

Plots of Spac.

V arieties

Var. x Spac.

Error (b)
Total

Table VIII.

V ariation
Due:

Reps.
Years
Spacings

Yrs. x Spac.

Error
Total

6 8

Analysis of variance for barley yield,

Degrees of
Freedom

2

3
6
11

2
6
16

T

Degrees of
Freedom

2
2
U
8
28
"W

Sums of

Squares

126,100
31,932

99,935
257,967

56,531

37,715
u5,U82
297,732

Sums of
Squares

3,611
536,559
6U,505
56,860

270,015
931,610

Mean
Square

10,6UU
16,656

28,266
6,291
2,8"3

Mean
Square

268,280
16,126
7,108
9,6hh

row spacing studies,

Value

9.95**
2.21

of variance for three years of Glacier barley yield,

1979-1951.

F.
Value

27.81**
1.67
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APPENDIX D

Table 1. Agronomic data for row spacing studies conductdd with oats at
Bozeman, showing yield and test weights of varieties used for
the years as listed.

19ii7—Triplicated Randomized Blocks.
Spacings in inches

V arieties 5~ |IT™ 18 2L
Bridger Bu./a. 1/40.3 136.5 128.0 115.6
T. W 36.1 35.8 35.0 3L.9
Gopher Bu./a. 132.7 125.9 121.8 101.0
T. W 36.U 35.7 35.11 36.1
Overland Bu./a. 121.2 118.8 121.14 106.6
T. W 35.5 324.6 35.3 35.6

I"i9—Latin Square Split Plot Design.
Spacings in inches

V arieties 6-half 6-full 12 18 ~ W
Bridger Bu./a. 12U.6 110.7 113.1 102.6 108.0
T. W 12.2 12.5 242.14 L2.5 L2.L
Gopher Bu./a, 112.1i 120.24 106.0 102.1 99.1
T. W 141.6 Li.5 Li.5 Li.7 Li.7

195»0—L atin Square Split Plot Design.
Spacings in inches

V arieties 6-half 6-full 12 18 TT
Bridger Bu./a. 107,0 106.6 9L.5 95.9 95.L
T. W 38.7 38.L 37.8 37.9 38.0
Gopher Bu./a. 111.6 108.6 97.8 98.1 98.0
T. W 36.9 36.5 36.3 37.L 36.9
V-R x Ban. Bu./a. 108.2 113.L 102.6 98.9 88.9
T. W 37.0 36.8 36.7 36.2 37.0

1951—L atin Square Split Plot Design.
Spacings ih inches

V arieties 6-half 6-full 12 18 T ”
Bridger Bu./a. Ilh .1 116.2 111.L 112.0 103.9
T. W 36.6 36.2 36.3 36.2 36.7
Mission Bu./a. 914.14 93.5 102.3 96.1 90.5
T. ¥. 36.6 36.7 37.2 36.2 37.3
C. I. 6611 Bu./a. 101.5 111.5 99.1 96.6 96.3

T. W 36.6 35.8 35.6 36.1 36.6



- 70 -

Mean F.
Square  Value

15,793 1.79
8,830

27,k50
3,881

7.07**

1,550 -
7,163

Mean

Square  Value

19k —
812

511 1.65
311

16k —
175

Table 1l. Analysis of variance for yield of oats, row spacing studies,
Bozeman, 19U7.
Variation Degrees of Sums of
Dues Freedom Squares
Replications 2 3,568
Columns 2 12,92k
V arieties 2 31,586
Error (a) 2 17,659
Plots of Var. (o I 65,737
Replications 2 3,568
Spacings 3 82,319
Error (b) 6 23,286
Plots of Spac. I 109,203
Plots of Var. 8 65,737
Error (b)+ Spac. 9 105,635
Var. x Spac. 6 9,299
Error (c) 12 85,959
Total 5 266,536
Table I11. Analysis of variance for yield of oats, row spacing studies,
Bozeman, 19h9»
Variation Degrees of Sums of
Due: Freedom Squares
Replications h Ik,829
V arieties I 19k
Error (a) h 3,2k9
Plots of Var. 9 18,272
Replications h Ik,829
Columns h 617
Spacings h 2,0k5
Error (b) 12 3,728
Plots of Spac. T 21,219
Plots of Var. 9 18,272
Col. + Spac. +Error (b) 20 6,390
Var. x Spac. li 766
Error (c) 16 2,789
Total W 28,226



Table IV. Analysis of variance for yield of oats,
Bozeman,

V ariation
Due:

Replications
Columns
Spacings
Error (a)
Plots of Spac.

Replications

Varieties
Error (b)

Plots of Var.

Plots of Spac.
Var.+Error (b)

Var. x Spac.
Error (c)
Total

ST o-

1950.

Degrees of
Freedom

Sums of
Squares

I, it60
2,307
2,99b
3.103
9,76k

1,1*60
125
700

2,285

9,761*
825
71

3,705

10*,765

Mean

Square

719
259

63
87

60
116

row spacing studies,

P.
Value

2.89

Table V. Analysis of variance for yield of oats, row spacing studies.
Bozeman, 1951.

V ariation
Due:

Replications
Columns
Spacings
Error (a)
Plots of 6pac.

Replications

Varieties
Error (b)

Plots of Var.

Plots of Spac.
Var.+ Error (b)

Var. x Spac.
Error (c)
Total

Degrees of
Freedom

NT

8
~Nr
2h
10

8

32
“TIT™

Sums of
Squares

1,253
1,1%95
853
868

I* 75"

1,253
3,357
1,125
5,735

I*,1*70
1*,1%82
5
2,705
12,1*01

Mean

Square

213
72

1,679
n*1

93
85

103003

F.

Value

2.95

11.99**

1.10
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