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Abstract:

The type of information attainable in early generations of a cereal breeding program is limited, in part,
by the amount of seed and land available. An evaluation of several small-size plots was undertaken to
determine their suitability as alternatives to conventional row plots in winter wheat research.
Twenty-three winter wheat (Triti-cum aestivum L.) cultivars were evaluated in hill, micro-, mini-, and
row plots grown under dryland conditions in 1978. In addition, the hill and microplots were irrigated
three times during the growing season in nurseries separate from their dryland counterparts.

Comparisons of these small plots versus the row plots were made using overall means, phenotypic
correlations between row and small plots, ranges, coefficients of variation, and the percentage of
entries that were common in the extreme 10, 25, and 50% of the population. All small plots provided
satisfactory results for discriminating among cultivars for heading date, plant height, seed weight, and
harvest index. The hill and microplots were as efficient as the row plots in identifying winter wheat
cultivars for percent flour protein and mixogram characteristics (peak distance, peak height, and curve
pattern). Based on phenotypic correlations between row plot grain yield and small plot harvest index
and biological yield, small plot harvest index provided a better indication of row plot grain yield than
did small plot grain yield. No advantage using irrigated hill and irrigated microplots versus their
dryland counterparts was detected.

Correlation coefficients were calculated between the agronomic and quality characteristics within plot
types to determine if the kinds of inter-relationships that occurred in the row plots also existed in the
small plots. Cultivars grown in each of the small plot types showed within plot correlations not
exhibited by cultivars grown in the row plots, indicating differential ability of cultivars to compete
within and between experimental units.

The relative importance of harvest index and biological yield in determining grain yield of winter
wheat cultivars was studied using multiple regression analysis. Harvest index and biological yield
accounted for 95 to 99% of the variation in grain yield across plot types and the ratios of their standard
partial regression coefficients indicated that harvest index was more important than biological yield in
determining grain_yield. except in the dryland hill and microplots, where both harvest index and
biological yield were of equal importance.
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ABSTRACT

The type of information attainable in early generations of a cer-
eal treeding program is limited, in part, by the amount of seed and .
land available. An evaluation of several small-size plots was under-
taken to determine their suitability as alternatives to conventional

_row plots in winter wheat research. Twenty-three winter wheat (Triti-
“cum aestivum L.) cultivars were evaluated in hill, micro-, mini-, and
" row plots grown under dryland conditions in 1978, "In addition, the

hill and microplots were irrigated three times during the growing sea-
son in nurseries separate from their dryland counterparts. ‘

Comparisons of these small plots versus the row plots were made
using overall means, phenotypic. correlations between row and small plots,
ranges, coefficients of variation, and the percentage of entries that
were common in the extreme 10, 25, and 50% of the population, All small
plots provided satisfactory results for discriminating among cultivars
for heading date, plant height, seed weight, and harvest index. The
hill and microplots were as efficient as the row plots in identifying
winter wheat cultivars for percent flour protein and mixogram character- -
istics (peak distance, peak height, and curve pattern). Based on pheno-
typic correlations between row plot grain yield and small plot harvest
index and biological yield, small plot harvest index provided a better
indication of row plot grain yield than did small plot grain yield. No
advantage using irrigated hill and irrigated microplots versus thelr
dryland counterparts was detected,

Correlatlon coefficients were calculated between the agronomic

. and quality characteristics within plot types to determine if the kinds

of inter-relationships that occurred in the row plots also existed in

the small plots., Cultivars grown in each of the small plot types Show-
ed within plot correlations not exhibited by cultivars grown in the.

row plots, indicating differential ability of cultivars to compete w1th— ‘
1n and between experimental units, .

The relative importance of harvest index and blologlcal yield in

~ determining grain yleld of winter wheat cultivars was studied us1ng

multiple regression analysis. Harvest index and biological yield..
accounted for ‘95 to 99% of the variation in grain yield across plohu ,
types and the ratios of their standard partial regression. coefficients .
indicated that ha;yg§ing@@g_ﬂg§fmggg_ggggg§§pt than blologgggg;zggld
in determining grain yield, except in the- dryland hill and microplots,

where ES%EﬁﬁéfVéEEQEﬁaéi*énd biological yleld were of equal importance




INTRODUCTION

Cereal breeders must screeh large numbers of experimental lines
in their search for optimum gene combinations., .This process requires
felatively large amounts of land, time, and expense. Recent interest
in recurrent'selection methods as a means of obtaining new combinétions
of genes in self-pollinated spee%es has placed a premium on rapid and
accurate techniqueé to evaluate many genotypes., '

Several investigators have shown the suifability of small-size
ﬁlots in early generation testing of several crop species where costé,
land, and seed are limiting, and where large numbers of flanté must be
scieeﬁed efficiently. The hill plot and its variation,; the 1ineér hill -
plot oxr microplbt, have heen suggested és alternatives to_the conven-
tional row plét in testing small grains, Many workers have shown that
hill plots provide as much precision as row plots in teéting for head-
ing date, plaht height, percent protein, harvest index, and the compon-
ents of yield. They have‘also been used in genetic-studiés and for
screening large populations for reaction to éertéin diseases, The use
of hill plots as precise indicators of comparativé yieids, however,  has
met with 1ittle success.'

The objectives of this investigation were: 1) comﬁare the perform-
ance of 23 winter wheat cultivars grown in conventional row plots wiﬁﬁ'
thelr performance in hill, micro-, énd miniplots; 2) analygze fhe rela-

tive importance of harvest index and biological yield in determining °
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grain yleld; and 3) evaluate the ten-gram mixograph as a rapid screen-

~ing technigue for certain quality characteristics of winter wheat .




LITERATURE REVIEW

The Application of Small Plots to Winter Wheat Research

The need for.smaller plot size in agronomic‘research, especially as
it relates to plant. breeding, was recognized as early as 1907,_uhenlJ.B.
Norton (27) suggested the use of 17-foot rows to replace the ha1f~acre
and acre plots then used for cultivar testing. Norton found this system
of yieid estimation gave nuch better comparative values on a uniform
field than did the much larger plot sizes, Heialso noted the possibility
- of replication, which was impractical with half-acre p;ots. Row plots
are nOW'Widely accepted as a precise method of conducting crop research
(17).

Bonnett and Bever (6) reported the.use cf a head—bill procedure for
evaluating wheat and oats. Direct comparisons of plant development in
head—hiils and head-rows grown in the same year were not made. Ross and
Mlller (31) compared rod rows and hill plots for yleld in oats and barley
: and concluded that hill yield tests with small grains "have value only
as a supplement to present testlng methods When 1arge numbers of 11nes
are to be screened, seed supply 1is scarce, and 1and is limited." Several
crops, especially the small grains, have been tested in hill'plobs; in-
cluding durun wheat (3), ocats (6, 17.‘191 20, 29, .30, 31, 39, 48), spring .
barley (28, 31), sprlng wheat (3, 6, 11 23), and soybeans (32)- Perhaps

the most extenslve evaluatlon of h111 plots has been by Trey. with oats

-(1.7). S | ,
Many .variations of the hill plot design (6) have been introduced as -
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a result of the peculiar competitive relationships inherent in the hill
plots due to several plants growing in a small space, ‘Jensen and Robson"
(20) introduced the linear hill plot (microplot)‘because they believed
that the spétial arrangement in hill plots modified the inter-plot.com-
petitive relationships existing in row plots. Smith et al. (39) deter-
mined that inter-genotypic competition among hill ploﬂs in oats had a
major effect upon yield, Schutz and Brim (32) designéd a nine-hill plot
which successfully removed "70% of the coﬁpetitioh bias exhibited by an
unbordered hill of soybeans."” Jellum et al. (19) inter—planted.hillhplots.
with rows of spring wheat to "promote uniform competition between hills,"

In additioh to altering the plot design itself, several investiéa—
tors have varied the amount of seed per hill and the distance separating
each plot (11, 17, 28, 31). In most cases, 15-30 seeds per hill and 30 -
Ccm spacings were foﬁnd to be satisfactory; althouéh spacing X genotype
and seed number.k genbfype interaétions were significaﬂt, comparisons with
the cénventiﬁnal-plots were not,gregtly affected,

Different plantiﬁg,méthods wepevalso evaluated. Bohnett and Be?er~
(6).-used a corn planter to plant hill plots of oats and spring wheat,
They were able to plant 7,494 head-hills Qf oats in 34 man—houis} Fre&
(17) compared the use of a hand hoe, a corn planter, and a stovepipe for .
planting hill plots of oats. He found all three ﬁéthods acceptable for
measuring the yielding capaci£y of oat cultivars, but obtained a high

coefficient of variation with the corn planter, The hand hoe method was -
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preferred and two men could plant plots and borders in a 2500-hill ex-
periment in eight hours. | . |

«. Hill plots are valuable alternatives to rod rows because of their -
suitability as a technique of obtaining many kinds of agronomic-informa— -
tion, Bonnett and Bever (6)'found head-hills convenient fer.general note-
taking. Other workers have emphasized their use where land and seed wefe
limiting, such as in early generatlon screenlng, ‘or where large numbers
of entries must be evaluated (3, 6, 11, 17, 19, 20, 23, 31). Hill plots
are comparable to row plots for obtaining data. on heading date,. plant
'height, percent protein, heads per unit area, seeds pef head, and seed
weight in wheat (11, 23>; heading date, plent height, heads per unit area,
seeds per head, seed weiéht! date-of—planting, fertilizer response, plant
maturity; and harvest index in oats (17, 19, 29); and seeds per head'end
seed weight in barley (28). 1In addition, hill plots have been used for
genetic studies in'ﬁheat (3); purifica£ion of varieties of Qate‘and wheat;
ana screening fer disease resistance in wheat (6).' |

: Hlll plots were not found satlsfactory by some 1nvest1gators for

the evaluatlon of lodglng (19, 31), heading date (31), test weight, and’
'number of heads per plant (28 31) -in oats and sprlng barley. Baker_dndf
; Leisle (3) reported that.few hreeders use h;ll plots and suggested théﬁ.-
this was due to'the poqucorrelatione,or the'diffefent rankinés between
) yieicis. of hill and row plots. 'H_owex‘rer', Frey (17) found that hill plots

were as accurate as Trow plots,fer yield determination in oats and suggese'
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ted that precision may be increased by using more replications, Ergun
(11) proposed the use of more genotypes to increase precision, Baker and
Leisle (3) and Frey (17) used genotypic rather than phenotypic correla-
tions to compare performanée‘of cultivais for several traits in hill and
row plots and found génotypié correlations were higher than phenotypic
correlations. Frey (17) argued that genotypic correlations were more
appropriate than phenotypic correlations '"because genotypic expression
is what the plant breeder wishes to measure," and phenotypic correlations
may be misleading.
Comparison of Row and Small Plots for Evaluation of
Harvest Index, Biological Yield, and Grain Yield

Improving one trailt, such as grain yield, by selection for other,
alternative traits is referred to as indirect selection (33), The re-
quireﬁenté of any indirect selection criterion are: 1) the ability to -
measure many plants in a short time; 2) the genetic variability that ex-
ists for the chavacter (i.e., its heritability); 3) the relationship it
shoﬁs with-grain yield; and 4) its repeatability (16, 33).
| Present high-yielding cultivars of cereal cfops are largely the re-
sult of two types of breeding programs: defect elimination and direct se-
lection for yield (9). Defect elimination has reduced or eliminated thé
susceptibilit& of a crop to disease, insects, frost, drought, high tem-
perature,'and iodging. The result has. primarily been yield mainfeﬁance;'

Indirect selection for yield potential has generally been limited to the
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selection of yield components (i;e., ﬁumber of heads per unit area, num-
ber of seeds per head, and seed weight). However, the manipulation of
these components‘has not been successful because, in small grains, an
increase in one component is often followed by a decrease in one or more
of the others, a relationship known as component compensation (10).

Many plant breeders rarely practice unrestricted direct selection
for yield (1). Restrictions are generally placed on certain agronomic
traits, such as maturity and plant height, before selections for yield
are made, This process is called restricted direct selection (29, 30).
In oats (30) restricted direct selection for yield was found to be only
52% as efficient for improving grain yield as unrestricted direct selec-
tion for yield, _

Donald end Hamblin (10) and Evans and Wardlaw (12) proposed that se-
lection emphasis sheuld be placed on vegefative characteristics, parti-
cuiarly as they relate to the photosynthetic capacity of the crop canopy
end the eompetitive ability of. the plants. Niciporovic (5) recognized
that agrieulture is a .system of exploiting photosynthesis. He défined

the coefflclent of effectlveness of formation of the economic part of

' the total yleld" as the fraction of photosynthate that is correctly dis=

trlbuted .at the right time to useful_parts of - the plant It is deter— -

mined as the ratlo of economlc yleld to blologlcal yleld and can_ be ex-

T

pressed as a factor. 1ess than unity, or as a percentage (10) The econ-

e s i = A

omic yleld of a.crop is that portion Wthh is harvested by the farmer for .
A _ .




8
later sale (e.g., grain, fiber, oil, or tuber) and biological yield is

defined as the total above-ground dry matter accumulation of a plant.

system (5). Donald (8) proposed the term "harvest index" for the ratio

of grain yield to blological yield in cereal crops. This term is identi-

cal in meaning to the coefficient of effectiveness, but without its phys-

iological or teleological overtones (10), Harvest index is a direct in-

dicator of the efficlency with which a.plant population partitions pho-

tosynthate into economic yield and any environmental or genetic factor

which affects this partifioning, also affects the magnitude of the har- -
vest index (10),

Significanp, positive correlations have been found to exist'béfween
harvest index and yield for several crops. Values reported in the 1itef-
ature are: a phenoiypic correlation of 0.54 and a genotypic correlation
“of 0.60 iﬁ‘lentils (37); a phenotypic. correlation of 0,50 (38) and geno-
‘typic correlations of 0.42 (29) and 0.5 (48) in ocats; a phenotypic cor-
relation of 0,66 in sprihg barley (38); phenotypic correlations of 0.56.
'(16); 0,62, and 0,75 (26) in spring wheat; -and a phenotypic correlation
of 0.62 in w1nter wheat (38). |

Singh and Stoskopf (38) found a hlgh degree of varlablllty in the

harvest indexes of  winter wheat, sprlng barley, w1nter barley,_w1nter rye;

and oats. Winter wheat showed the greatest variation (range = 18%) and - -
spring barley showed the highest mean (51%). ‘Rosielle and Frey (29) found

that the mean harvest indéx of oats in Iowa had a range of 287 among
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1200 F9 lines and across six environments., Harvest index had a higher
standard unit heritability than yield in oats (60 versus 53%), but var-
iation in heritability estimates was noted depending upon the method . used
to calculate it,

Takeda and_Ffey (49) suggested that harvest index in oats is near
optimum in the Midweét, but that yield increases could also be achieved
by increasing biological yield, Harvest index and biological yield have
a potential for manipulation that is unavailable when using the heads
per unit area, seeds per head, and weight per seed of a small grain, For
instance, incréases in the yields of oats, spring bafley, and spring
wheat in Australia have been accomplished by an increase in harvest in-
dex without a significant change in biclogical yield (10, 36, 46), In“
.efféct, cereal breeders haQe‘applied indirect selection pressure for:
harvest index Without purposively.doing s0, by selecting directly for
yield, shorter étraw, and earliness (10).

Several workers (16! 26, 47) have investigated the predictive value
of harvest index as an indirect selection criterion. Fischer and Kertész
(16) showed that spaced—biant harvest index was superior to spaced-plant
yield as a prédictbr of fielding ability in large plots of spring wheat,
Syme (47) féuﬁd-that the hgpv§§t_iﬁdex of potted plants in a g}asshoﬁse
accounted for 71.2% of the v@riability in'the'Fifth Internationa1‘Spriné
Wheat Yield Nursery yields, and recommended harvesf index as an indirect 

method of predicting relative mean yields of wheat genbtypes.
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Evalyation of Quality in Winter Wheat

Woeat quality is defined in terms of the wheat 's suipabllity for a -
given product (15). Quality in a soft white wheat is defined in terms
of mllllng characterlstlcs and suitability in the manufacture of cakes,
cookies,.and crackers, On the other hand, quality in hard red wheats
is defined in terms of properties thaﬁ_determine utility for hard wheat
milling and bread production., For bread-baking purposes, a flour of..‘
good quality should have a high water absorption, a ﬁedium to medium-
long mixing requirement, a small to medium oxidation requirement, sat- -
isfactory mixing tolerance and dough-handling properties, good loaf-vol-
" ume potentialities, and good internal crumb grain and color (15)..The
amount and guality of protein, especially gluten, is used as a measure
of strength in bread wheats (4). .

Successful techniques for the milling and baklng of wheats and flours
were developed before the establlshment of wheat and flour testlng lab- '
oratorles. As plant breeders developed new cultivars; they were tested
‘by the milling and baklng 1ndustry agalinst commerc1ally-acceptable stan-
' dards (41) Johnson and Swanson (21) and Swanson (41, 42) reviewed the
many mechanlcal dev1ces developed in flour—testlng laboratories for eval-
uating the.physical properties of dough in commerclally acceptable hard
: red_wheat>cﬁltivars. Two of these machines, the'BraEender Farlnograph ;
ahd.the'Swanson_sod Workéng Recording Dough Mixer (mixograph);-grewgln h

importance at about the same time (34, 45).
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The farinograph is a highly standardized instrument and one of the
most widely used physical dough testing instruments in the world (15).
-It was designed to measure the development time of the dough (41) and
to provide information on flour absorption and mixing tolerance (15).
Shuey (34) surveyed.the literature on the farinograph and fonnd that
farinogram absorption agreed within one percent of that determined by a
baker; peak time was correlated (r = 0,88%*%) with crude protein but not‘
with baking mixing time (r = 0.27); farinogram stability was found to
give some indication of the mixing tolerance of a fionr; and farinogram
valorimeter values were correlated with loaf volume (r = 0.57*), flour
protein (r = 0.67%), and sedimentation value (r = 0,84%*), o

The mixograph is a high-speed recording dough mixer (15). Swanson
(@2) stated it was "designed to measure and record automatically the rate.
. of dough development, the duratlon of resistance against mechanical action,
and the rate and extent of increase in mobility of dough as a result of
mechanical action,”" The main dlfference in the actlon of the farlno-f‘
graph and the mlxograph is that the mixograph dough treatment is much
more severe (41)., Until recently (14) the mixograph has hot been a high-
1y standardized apparatus (15). Swanson and Johnson (44) recognized the
need for a basis of descrlptlon and 1nterpretatlon of the m1x0gram, and
developed a system u51ng the angular traits of the curve. Several var-
1at10ns on this technlque have been reported (21, 25, 50), but- dlstance

to peak and curve helght remaln ‘the most 1mportant m1x0gram characterls-
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tics (21). Morris et al. (25) developed'a single-figure score for a
mixogram based on the area under the curve, but Zalik and Ostafichuk
(50) found that this method obscured some of the relevant data on the’
guality of the doughs being studied.

Johnson et al. (22) reviewed the literature on the interpreta%ion
of curve characteristics in a mixogram. They reported that dough de-
velopment time indicated the amount of mixing required to develop a dough
to optimum consistancy. The curve height increased directly with in-"
creasing protein content and inéreasing absorption, The width of the
curve gt the peak was thought to indicate elastiéity, but Swanson (43)
later modified this interpretation because he found that a starch-water
mixture also gave a wide band.

Johnson and Swanson (21) éttempted to standardize certain technigues
in the mixograph's operation by studying the effects of grinding, tem-
pering, and absorption upon the types of curves produced. Shuey and
Gilles (35) evaluated the effect of spring settings and different ab-
‘sorptions on the mixogram characteristics of several different flours,
They found that flours reacted differently to differeht'conditions and
recémmended the use of the two spring settings and abéorptiohs for each
flour tested. Finne& and. Shogren (14) described a highly standardized
ten~gram mixograph "for determining mixing requirement, mixing tolerance,
wéter absorption, and for predicting oxidation requirement, dough-han-

d1ling characteristics, and loaf volume," where flour protein content is
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known1 Bruinsma et al, (7) introduced a rapid method of determining
wheat quality by using tempered (13.5% mb) sieved wheat meal in a ten~
gram mixograph., They obtainea a correlation coefficient of 0,92 between
~flour mix pgak and meal mix peak and fouﬁd the association between ab-
sorption of flours and meals to be very close (r = 0,99).

Several authors (22, 24, 34) have evaluated comparisons between
baking results and the values associated with the farinogram and mixo-
gram., Johnson et al, (22) found a better correlation between protein
content and loaf volume +than with any characterlstlcs of the mixogram and .
loaf volume, Mlller et al, (24) compared the relative contrlbutlons of
farinogram, mixogram, and sedlmentatlon characteristics to baking data.
The only correlations large enough to have predictive value were between
baking and miXogram mixing time, flour protein and sedimentation vélue,
and valorimeter value and sedimentation value, Mixogram mixing time Wwas
shown to be superior to farinogram mixing time in predicting baking mix-
ing time, and the mixogram.Weakening énglévwas a better indicator of the
sensifivity of a flour to miiing time than thé'farinégram mixing toler-

ance index,




SECTION Ii THE APPLICATION OF SMALL

PLOTS TO WINTER WHEAT RESEARCH




INTRODUCTION

The size of the field‘plots used by a plant breeder determiﬁés,lto_
a great'extent, theraméun£ of materials he is able to evaluate. .This |
is especially true of .eaxrly generation materials which inélﬁde téns of
thousands of untested genotypes. The hill plgt and'its variatioﬁ, the.
linear hill'plot or microflot require less land apd séed and have-beennf
suggested as alterpatives‘to conventional row plots fof obtaining com-
_parable agronomic information, - The objective of this invéstigétion ﬁas
to determine the suitability of small-size plots as alternatives to éoﬁ—

ventional -row plots in winter wheat research,.




MATERIALS AND METHODS

Establishment of Field Plots

This stﬁdy was conducted at the Field Research Laboratory near
Bozeman, Montana during the 1977-78 growing season. Twenty-two haid red
winter wheat cultivaré and one soft white wintef wheat cultiv#r {Appenf
dik Table 1) were. grown in conventional row plots and three types of
sma;l plot on an Amsterdam silt loam, Typic Gryobo?all soil,

Six field nurseries ﬁefe éstablished, oﬁe_each for row ploﬁs and
miniplots, and two each (irrigated and dryland) for hill and-microplots
(Table 1). All nurseries, except the.miniplots, were seeded 1;3 cn
deep with a cone seeder equipped with six furrow openers spaced 30 ém
aparﬁ. Prior to sééaing,'ﬁhe hill plot experiméntal areas were marked
in 30 cm squares with a hand-drawn marker. The miniplots were seeded
0.6 cm deep with a cone seeder equipped with 12 double disk openers

_spaced iéAch apart. The planting dates were 29 Sept. and 5 Oct. 1977
. for the row'plot§ and the dther.fiQe plét nurseries, rgépectively.

The row plot nursery‘gonsiéted of four 3 m rows per plptwwith 30 ‘
cm spacings betﬁeéh rowé seeded ét a iaté of 8 g per rQw..'Two rows of .~
border were planteéién'eaéh side'of the‘huréefy. :Both~hiil plét'nur;-'
'series:consisted of:oﬁe hill per,experiménfal ﬁniﬁ ahd-ﬁere planted‘with
1 gaéeed per plot (a?proxiﬁétél& 28 seeds). Hill plbfszwére épacé& 30
cmjépart in perpendiqular‘dirgéﬁions. de reﬁlications at a tiﬁe‘weré

: Surrqundéduby tﬁo "fows" of border hills} an@-each side of £hese~hﬁrser;n




Table 1. Description of thé field nurseries used in the comparison of row and small
plots.-

© Total Seed/ Seed ) ) o o
S replicates 30.cm required Rows/ Distance Row Harvest Nursery
. Nurseryt used = of row per entry plot between rows Ilength -size#f size § _
g - g - , ©oem. mo. - me . ne
Row-D - - 6 - 0.8 192 L - 30 3.0 199 | T 497
- Hill-TI ‘ 12. 1.0 12 1 30 0.3 . 25 25
Hill-D 12 1.0 o 12 1 30 0.3 ‘25 25
Micro-T .12 1.0 - 12 . 1 30. 0.3 25 B2
Micro-D = 12 1.0 12 1. 30 0.3 - 25 52
Mini-D T 6 - 0:5 72 . 6, 15 1.2 75 _ 149

t+ The letters D and I following nurseries are abbreviations for dryland and irrigated,
respectively.

+ Harvest sizes include 23 entries and all repllcates used in plot type cons1dered

§ Nursery sizes given do not include alleys and borders. Nursery size for the microplots
include -the 10 cm spaces between plots within the row and the 36 cm borders capplng
each end -of the row, :

A
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.ies were bordered by two solid-planted rows. Eaéh microplot nursery
consisted of four microplots planted in a row 2.4 m long.‘ Microblots
within the row were 30 cm long with a 10 Cm ‘space Betwéen plots., A 36
cm border'microplot cgpped each end of the row., Microplots were pl#nted
af a rate of l’g seed per 30 cm, Two Trows of'microplo£s were planted
on eaéh side.of.the nurseries as border. The miniplois cénsisted of
sii 1.2 m fows with 15 cm between roﬁs. Each row was planted at a rate
of 2 g seed, Four-row borders Were'planted on each side of three para-
1llel runs of the planter.

Irrigationvwater was applied to the i:rigated hill and irrigated
microplot nurseries three times during the growing season (Table 2)
via a gfavity flow, flood-type system. Soil moisture was.brought to
field capacity as determined by a series of eleétrical fesistance blocks
placed ﬁithin the experimental area.. Weeds in all nurserieg were hand

hoed..

Methods of Sampling
" Days to emergence; color gnd growth habit in the fall and spring,
heading déte, plant height, number of heads/900 cm2, number of seeds
per heéd, 100-seed weight, and yield data were taken oﬁ.the'row plots,
dryland hiil, dryland micro-, and miniplots. Only plént height, number
"of heads/900 cm2, number of seeds per head,‘100—seed weight, and yield
dat; were taken on the i?rigated hill and irrigated microbloﬁs, since

they were not considered fo be different from their dryland counter-=
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" Table 2, 'Date, plant available moisture, and amount of water applied
to the irrigated hill and microplots.

Plant .

o ’ . ~available - : " Watexr

Date (1978) . moisture ' __added
o % ‘ e

19 June - o R 24 . - , 4.8

21 June ' .59 o L 8.2

30 June | .25 1 % 4
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parts until after the first irrigﬁtion. Percent culms lodged and per-
cent heads damaged by hail were taken on ten entries of alllnuxserie§.

Days to emergence was determined as fhe number of days from plant;
ing until 50% of the possible coleoptiles in a 30 cm length of row or
in a hill plét were emerged., Seediipg color was recoided on a scale of
one to five, with a one equal to the palest green and a five equal.%ql
the darkest green. Seedling growth habit was estimated on a scale of
one to five, with é one assigned to the most erect seedlings and a five
to the most prostrate. Heading date was recorded as the ﬁumber of days
from January 1 until 5Q% éf the.heads in a plot were fully out of the
boot. Plant height was measured as the height in cm from the soil sur-
face to the tip of the main spike, excluding awns, The number of heads

per 900 cn® was obtained by counting the number of head-producing til-

lers in a 900 cm®

area. in all plot types. 100-seed weight was deter—
mined by coupting'lOO‘seeds from a plot and obtaining their weight in
grams, The humber of seeds per head was determined Ey dividing plot
yield by the product of the number of heads;/900 en aﬁd 100-seed weight.
'Erior tb mgasufing yield, the center two_rgws of the row pldts were
trimmed t9-2.4 m.énd the center four rows §f the miniplots were trimmed
“té 0.9 m, Yield was determined from each hill plot, each microplbt, the
.center two rows of eéch row plot, and from the center fdur rows of each.

miniplot., On 16 July 1978 a hail and wind storm damaged the experi-

mental areas. On 24 July 1978, percent culms lodged and percent heads
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damaged were measured to provide an indication of the nature and ex-
teht of the damage. Percent culms 1odged was estinated as the ratio
of the number of lodged culms in a 960 cm2 area té the total number of
culms in that area, times 100, Percent heads damaged was estiméted as
the ratio of the number of heads showing at least 5% damage (i.e.,

missing spikelets or SPikelets‘that were otherwise visibly damaged. by

hail) to the total number of heads in a 900 cm2 area, times 100,

~ Statistical Methods

Six replications of row plots and miniplots and 12 replications
of hill plots and micropléts were planted in a randomized complete
block design., Cultivars were assigned to experimental units by use of
a random nﬁmber table, An analysis of.variance for a two—wéy-classi~
ficéﬁion and an F—tést were used-to determine if cultivars gave_equi—
valent expressions for each of the 11 traits studied, Cultivars were
treated as random.effeéts in the two-way model. A-test for homogeneous
erroxr variahces between agronomic data obtained from the row plots and
that obtained‘from the small plots was calculated (Appendix Table 2),
A t-test was used to 6ompare the mean of all cultivars in each small
plot type with the mean of all cultivars in the row plots for each of
the traits studied. Tﬁe t—st;a.tistié was weighted. for noﬁ-homogé~neous
error variances (40);‘when error variances were homogeneous theif values
and respectivg degxeés of freedom were pooled andAStuﬁent's t-distri-

bution was followed. Phenotypic correlations based on cultivar means
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were compuﬁed for each character between row plots and small'plpts and
%ithin plot types. The percent of small piot entries common to the top
10, 25, and 50% of entries for the row plots was calculated for each |
trait, The number_of replications used for each trait in éach plot |

type is presented in Table 3.




Table 3. Trait measured and'replicates used in the analyées of row and small plots,

‘ L L Piot Typet :
Trait Row=D Hill-T Hill-D Micro-1 Micro-D Mini-D
- Days to emergence A 3% 0 12 0 12 6
Fall color 3 0 - 3 0’ 3 3
Spring color 3 0 - 3 0 3 3
Fall growth habit 3 0 3 0] 3 3
Spring growth habit 3 0 3 0 3 3
‘Heading date 6 0 12 0 12 6
Plant height 6 12 12 12 12 6
Number of heads/900 cm? 3 5 5 5 5 3
Number of seeds/head 3 5 5 5 5 3
100-seed weight 3 5 5. 5 -5 3
Yield : 6 12 12 12 12 6
Percent culms lodged L L k. L L 2
Percent heads damaged Ly Ly L L L 2
T The letters D and I following plot types are abbreviations for dryland and irrigated,

respectively.
¥ Numbers in body of table are the number of replicates used to measure each trait,

EZ'



RESULTS AND DISCUSSION

Evalvuation of Hail and Wind Damage

The.field nurseries used in this investigation were damaged by
wind and hail on 16 July 1978, six days after the last cultivar had
headed. Ten of the 23 entries in these nurseries were selected to re-
present-the range ef plant types and used to evaluate the nature and
‘extent of the damage., A comparison between row and small plots for
hail- and wind-induced lodging and hail-induced head damage was made.

Significanﬁ differeneee for percent culms lodged existed‘among the
cultivars of the"row, irrigated hill, irrigated micro-, and drylaﬁd
microplots., Significant differences among the cultivars of the drylend
hill plots and miniplers rere not detected (Table 4), Significant
differences among cultirars for percent heads damaged were detected
for. all plot nurseries except the miniplots (Table 5).

IA t-test was used to determine if the mean of the small plot ex-
perlments differed from the mean of-the row plots for percent culms'
' lodged and percent heads damaged (Tables 4'and 5). For percent culms
lodged, only the means for the dryland hill and dryland microploisirere:
significa,ntly different frem the mean of the rOW'piots.. Both small
plot nurserles exhlblted lower overall means and their correlatlon co-
efficients for percent culms lodged with the row plots were - non51gn1fr-“
' cant, indicating these two nurseries suffered relatively little.from‘
hail- and wind-induced lodging. Because of the peculiar epafial arrange—

ment of cultivars grown in'hill'end microplots, the mass of lodg-
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ing—eusceptible cultivars, which occurred in the row and miniplots,
may not have been great enough to force other lodging-susceptible as
well as non-susceptible cultivars to lodge. Although cultivars grown
in the two irrigated nurseries shared the spatial arrangements of their
dryland counterparts, the fact tnat these cultivars were irrigated pre-
sumably increased their relative susceptibility to lodging. This may -
hane been especially true in the irrigated microplots since the culti-
vars - grown in that plot type had a greater mean plant height than the
cultivars grown in the row plots (Table 7).

All small plot means for percent heads damaged were not statisti-
cally different from the row plot mean (Table 5). The correlation co-
efficients between the rcw piot nursery and each small plot nursery
for percent heads damaged were positive and highly siénificant, indica~
ting that the cultivars grown in the small plots reacted to hail-induced
head damage in a manner 51m11ar to row plot cultivars.

The amount of variability For percent lodged culms ‘and percent heads -
damaged Within ‘each plot type was high, 5The'range of expreeSion acrdSs '
plot types for percent culms lodged was 20.0 to 81,3% (Table 4) and for
percent heads damaged 7 5 to .17. 0% (Table-5). The number'of cultivars
in all plot types exhibiting a large effect from hail were small for T
both percent culms lodged and percent heads damaged (Appendix Tables 3
and 4) The range in coefficients of variation (C.V.) acrossqplot types:

for percent lodged cnlns'Was 41 to 293% (Table L), Because the overall
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Table 4, Summary statistics for percent culms lodged measured on ten
cultivars grown in the row and small plots.

Plot Typet

Statistic Row-D Hill-T Hill-D Micro-I Micro-D Mini-D
MS (C)# 3496.0%% 1824 ,0%  222.8 651.1%  355.8%  1425,0
s (E)§ 35.1 w2l Ly 321,7 217.8 120.3 .  478.3
af (C). 9 9 9 9 9 -9

ar () 27 27 27 27 27 9

X, . (%) 14 .4 21.3 6. 1% 8.5 Ly 3% 22,5
c.v. (%) 41,1 126.4 293.9 173.6 255.1 97.2
Range(%) 81,3 52.5 20,0 b2.5 27.5 - 80,0
r # 0,72% 0.45 0.73% 0.30 0,83

*,%% Significant at the 0,05 and 0.01 levels, respectively,

T The letters D and- I following plot types are abbrev1atlons for dry-
land and irrigated, respectively.

+,§ MS (C) and MS (E) are cultlvar and error mean squares, respective-

1y.

91 Numbers are overall plot means and asterisks indicate a significant
difference exists between the mean of the row plot and the mean of
the small plot under consideration,

# Correlation coefflclent between row and small plots for percent
culms lodged.
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Table 5. Summary statistics for percent'heads damaged measured on ten
cultivars grown in the row and small plots,

Plot Type t
Statistic Row-D  Hill-I _ Hill-D Micro-1 _ Micro-D Mini-D
s (C)# 72 L% 56 2% 90.8%*  23,9%  16,5% 40,0

MS 2E)§ 8.4 21,9 19.1 5.3 5.7 - 8.6

af (C) 9 9 9 9 . 9 9

af (E) 27 27 27 27 27 27

X,. (%) 7.6 7.7 - 7.6 6.3 6.0 6.6
C.v. (%) 38.1 61.7 57.5 - 36.5 39.8 Ll L
Range(%)  15.8 . 13.3 17.0 8.2 7.5 4.5
T # ; 0.89%*%  0,96%%  0,93%x  0,98%%  0,88%*

*,%% Significant at the 0,05 and 0,01 levels, respectively.

t The letters D and I following plot types are abbreviations for dry-
land and irrigated, respectively.

+,§ MS (C) and M3 (E) are cultivar and error mean squares, respective-'

ly. o

9 Numbers are overall plot means,

# Correlation coefficients between row and small plots for percent
heads damaged.
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means fof each small plot were either not significantly diffefent or
smaller than the mean of the row plot nﬁrsery, the larger C.V.'s of
the small plots can be attributed to lérger standard errors, The CG,V,'s
for percent heads damaged in the two microplof nurseries and fhe mini-
plot nursery were similar to that of the row plot nursery. The C.V,'s
in the two hill plot nurseries were considerably larger than that.of
the row plot nursery (Table 5). The overall means of the hill plot
nurserigs for this trait were not significantly different from the row
plot mean, but the standard errors of the former plot types were about
_ twice as large as that of the latter.

The results of this evgluation indicated all but the dryland hill
and dryland microplot nufseries were affeéted by hail- and wind-induced
lodging and by hail-induced head damage in a manner similar to the row
plots. The dryland hill and microplots, however, wére not‘as severely
affected_by'hail; and wind-induced lodging as the row plots, althouéh-

- hail-induced head damage was similarAto_the row plot nursery.

Comparison: of Row and Small Plots for Selection Purposes

Analysis of Variance

Eleven charadteristics}of 23 winﬁer wheat cultivars were compared
in réw and small plots., Significant differences ampng,cuifivar meanéi
across plot types were detéctedlfor.hegding date, plantlheighf, 100-
seed weight, and yield (Table 6), .Significant differences.among the

cultivars for days to emergence'were detected in the row and miniplots;
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for fall color in the row, dryland micro-, and miniplots; for fall
growth habit in the dryland hill, dryland micno—, and.miniplots; for
spfing growth habit in the dryland micro- and miniplots; for number 6fu
.heads/900 en? in the fow, dryland hiil, irnigated micro-, dryland micnO—,'
and miniplots; and for the number of seeds per head in the row,.inri—
gated micro-, and miniplots, Of the six plot types studied, signif-
icant cultivar F~tests for -all traits were detected only inlthe anal-
ysis of the miniplot nursery.

Because the hypothesis of equal cultivar'means in uhe analyses of
severai traits (i.e., spring color, fall growth habit, and spring grouth
habit measured in the row plots; days to emergence, fall color, spring
growth habit, and number of seeds per head measured in the dryland hill

plots; number of heads/9OO en®

and number of seeds per head measured in
the’ irrigated hill plots; and days to emergence and number of seeds per
head measured in the dryland microplots) uas not rejecfed by an F-test
(Table 6), eomparisens of individual eultivar neans between new.and(:

small plots were made with caution (18),

Comparisbn of Overall Means

The overall means of the cultivars grown in the. small plots for .
fall color, fall growth hablt, sprlng color, sprlng growth hablt head—
ing date, 100—seed welght, and number of seeds per head were not 51g-
nlflcantly different from the overall means for these tralts in the row |

. plot nursery (Table 7)




Table 6., Cultivar (C) and error (E) means squares (MS) from the analysis of var-
iance for 11 tralts measured in row and small plots.

Plot Typet

- . Row-D Hill-T Hill-D
Trait S arf MS af _ S af
Days to emergence (C) 0.,90%* 22 - - 3.11 22
(B 0.30 110 — - 2.05. 242
Fall color -. - (c) -0, 52%% 22 - - 0.22 22
, . (&) . 0.12 Ly - — . 0.19 Ly
- Spring color .. (G) . 0.19 22 - -— T 0.32% 22
' () 0.23 22 -= - 0.15 Ll
Fall growth habit (C) 0.4 22 - - 0,72%% 22
. () 0.26 22 - — 0.32 Ly
Spring growth (c) - 0,86 22 - - 0.31 22
“habit - (BY  o0.22 22 - — 0.45 Ly
Heading date - (c) by 8O%* 22 g — 83, 51%* 22
- . (E) - 0.30 110 - —— 1.20 242
Plant height = (C) 869 .90%* 22 1365, 51%* 22 965 . LuGxx 22
> (E) 11.20 by - 15.22 242 16.31 )
" Heads/900 cm (C)  266.70%* 22 166.35 22. 163, 74%x - 22
. _ L (B 99.60 Ll 126,02 88 75.24 88
. Seeds/head () - 1767 22 27.19 22 47,57 .22
_ - - (B) 9,70 Ly 30.77 88 Lg.h1 88
100-seed weight  (C)- 0,25%% 22 0,48%* 22 . ©0.39%% 22
. (B) - 0.03. Ll 10,06 88 0.02 88
Yield L {e) 170,70%% 22 513, 71%* 22 . 338,97%x 22

-(E) ~ - 18.00 110 92,37 = 242 - 71.51 2u2

* X% Slgnlflcant at the 0.05 and .0,01 levels, respectively.
:,T The Jetters - D and T following plot types are abbreviations for dryland and
“ 1rr1gated respectlvely.

(Con-
tinued)

0€




Table 6. (Continued).

Plot Typet
Micro-I Micro-D ' " Mini-D

o S arf S ar S arf
Days to emergence (C) - - 0.59 . 22 1,60% 22
, : () - — — 0.50 242 -0.62 110
Fall color (c) - - 0.46%x 22 0L 22
(B) ER— _— 0,08 -4l 0.11 Ly
Spring color - (c) — L - 0,43%* 22 0,27%* 22
. () - - - © 0,13 Lk 0,07 Ly
Fall growth habit (C) — - 0.80%% 22 0, Plyxx 22
_ : (B) R — C - 0.17 Lyly 0.26 Ly
‘Spring growth (c) —_— R 0.84% 22 1.10%%. 22
habit- (B) — - 0.41 Ly 0.27 Ly
Heading date - (C) L= - 66.10%* 22 . 38.32%¢ 22
. ~. (B) p— - 1.50 - 242 . 0,36 110
Plant height (c) 1591.16%* 22 1140, 02%% 22 668, 60%* 22
. - (B) 27,04 242 26,66 242 15.54 110
Heads/900 cm®  (C) 308, Pux 22 194 Luux 22 470,27 22
: (B) 162,13 88 119.03 88 225,92 Ll
.Seeds/head (c) . 5L.69% . 22 31,59 22 21,04%% 22
S (B) - 29,02 88 - 20,35 - 88 . 9.11 Iy
' 100-seed: weight (c; 0,4 5% 22 0,53%* 22 0,22%% 22
: ' . QE 0.03 88 0,04 88 0.03 Iyly
Yield N C)  692,13% 22 L10,71%* 22 195,79%% 22
- (B) - .172.89 = 242 103.69 242 38,94 110

* %% Significant at the 0.05 and 0,01 levels, respectively.
t-The -letters D and I following plot types are abbreviations for dryland and
~ irrigated, respectively.

-~
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Although planting date in the small plots was seven days later than
in the row plot nursery, da&s to emergence in thé dryland hill and‘dry— _
land microplots were not significantly different than in. the row plots,
Growing conditions, as expressed by temperature and precipitation, did

not change to a great extent during the period from planting the roﬁ

-plots to seedlihg émergence-in the small plots. The mean days to emer-

gence in the mihiplots,-however, was earlier than in the row plots gnd

this was attributed to shailower planting depth in the miniplots.“
Mean plant height in the dryland micro- and miniplots were similar

in magnitude to plant height in the row plots. Generally,.plants were

taller in the irrigated nurseries, although only the dryland hill and

irrigated microplots expressed significance, Throughout the growing

season . the cultivars grown in the dryland hill plots appeared less vigf
orous, in terms of amount of tillering and plant height, than those .
grown in the other nurserles. This obéerVation was -evident in a.ien-
dency for dryland hill plot cultlvars to be shorter, on the average, )
than those -in the'.row plots, |

The significantly.gréater number of head¥§roduding tiilers-exfress—
ed 1n the miniplots was  the result of sampllng both rows in the 30 cm’ s
spacing, thus doubllng the number of heads/900 cmz. The 10 cm spaces |
between the entries in the mlcroplots (p..18) had no s1gn1f10ant effect
on the number of heads/900 cm 2. (Table 7). This may be attrlbutable to

an apparent lack of “border effect, During the plantlng operatlon some




Table 7. Mean of all entries for each plot type and tests of significance between the
means of row and small plots for 11 traits.

. Plot Typet
Trait Row-D Hill-T Hill-D Micro-1 Micro-D Mini-D
Days to emergence # 17.3 —_ 16.4 — 16,0 15,1%%
Fall color § 3.4 - - 3.3 - 3.4 3.5
. Spring color § _ 3.2 o 3.5 -- 3.3 3.5
Fall growth habit 4 2.7 - 2.9 - 2.8 2.9
Spring growth habit 2.8 - 3.2 - 3.4 3.1
Heading date # 171.0 - 171.5 - 171.2 171.0
Plant -height (cm)' 110.7 112.8 105, 5%* 114 ,8% 107.6 108.1
_Heads/900. cn® 67.4 53.8 L2, 1%x 81.1 62.2 96, 2%*
Seeds/head 13.7 17.5 - 17.8 20.1% 18.9 14 .8
100-seed Welght (g) 3.0 3.2 - 3.0 3.1 3.0 3.1
Yield (q/ha) -27.0 . 35.4%x 30.8 51, 6%* 43, 5 L6, g**

* %X SignificantlY-Q%fferenﬁ from the row plot mean at the 0,05 and 0,01 levels,

_ respectively.
1" The letters D and I following plot types are abbreviations for dryland and irriga-
. ted, respectively. .

+,8,7,# Days from planting until 50% of poss1b1e coleoptiles emerged, scale 1-5 (5 =
~ darkest green), scale 1-5 (5.= most prostrate), and days from January 1, respec-
tlvely
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seed landed in these iO cm spaces and the plénts were allowed to grow
until hgads/900 e was measﬁred, at which time they were cut at har-
vest level and not included in the count.

Another indigation of the reduced vigor of the cultivars grown in
the dryland hill plots was exhibited by the significantly iowef mean
number of heads/9OO cm® than occurred in the row-plots. The'reduced
vigor of the cultivars grown in the dryland hill plots was ascribedlto
the intra-plot compeﬁition for nutrients and less growing space avail-:
able per plant as noted by other workers (20, 32, 39).- Conversely,
in£ra—plot competition ma& not have been as,seﬁere in the irrigated
hill plots due to an assumed lack of water stress.

Generally, cul£ivars grown in the small plots yielded more grain
per uni£ area of 1and'than cultivars grown in the row plots as shown by .
their significantly greater means (Table 7). This tendency was not ex-
pressed byithe cultivars grown in thé dryland hill plots,_wﬁiéh had a
mean yieldisimilar.to the row plots.

Correlation Between Row @nd Small Plots -

'Phenotypic'correlations between the traits measured in the réw plots
and those saﬁe traits,measured in the sma11 plots were calgﬁlated-(Table
8). Correlation coefficients between the small and row plots for days -
to emergence, ﬁﬁmber of heads,/900 cm?,,and number oflsgedg‘per heédl
were n&t signifiéantly different from‘éefb, indicafing'fhat none of the

small plot types studied wduld'be gsatisfactory fortevalﬁating“these
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characteristics. dorrelatipn coefficients between small énd Tow plbté
for heading date, plant height, and 100-seed weight wére positive and
highly significant, suggesting.any of the plot types considered would
be expected to give satisfactorj results in evaiuating winter wheat‘:
culfivars for these éhéracteristics. .Only the dryland microplots ex-
hibited a significapt assocliation .with the row plots for fall growth
haﬁii and only the miniplots exhibited a significant correlation with -
the row plots for spring growth habit; élthoﬁgh significant, these cor-
relations may be meaningless since significant differences aﬁong culti-
vars in the row plots for theée traits were not detected (Table 6).

Correlations for yield in the irrigated hill plots and dryland
microplots were significant but low, Yield of miniplot cultivars show-
ed a highly significaht'correlétion with yield in row plots, suggesting
that miniplbts could be used as an alternativé to row pldts for measur-
ing yield.- However, miniplots were not considered tb'be a suitable dl-
ternative £0 row piofs because of the difficulty in planting and the °
greatér lénd and seed'fequirementé felative to the othér small plot'

types (Table 1),

Common Entries T o T
| Several investiéafors (12,:21,’23) have ﬁsed_£hé'humﬁer of entries . -
in hill plots common to the top 10, 20, and 50% of the entriesfin_roﬁl
pléts'as a~critefion of Comparisdn.. Foricomparison of‘row.andismall

plots in this investigation, I arranged the means of the 11 traits
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Table 8. Phenotypic correlations between row and small plots for 11
traits, -

Plot Type ¢ :
Trait Hill-T Hill-D Micro-I Micro-D © Mini-D
Days to emergence - 0.20 - 0.09 0.10
Fall color - 0,61%* - 0,72%%* 0.75%%
Spring color - -0,04 - -0.35 -0,23
Fall growth habit - 0.38 - 0.52% 0.28
Spring growth habit  -- 0.40 - 0.30 0.46%
Heading date - 0,97%* - 0,96%* 0.96%*
“-Plant height 0,95%%  0,97%% 0, 9% 0,96%* 0,96%%
Heads/900 cn? . 0,10 0.23 0,06 0.34 0.28 -
Seeds/head 0.23 -0,16 -0,14 0,11 0.29
100-seed weight =~ 0.83%%  0,84%x 0.,81%* 0.73%% 0.81%*
Yield 0.44% 0,30 0.36 0.,41* 0,62%%

*,%¥% Significant at the 0.05 and 0.0l levels, respectively.
T The letters D and I following plot types are abtreviations for
dryland and irrigated, respectively.
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from high to low so that entries common in 5oth row and smell ﬁlots'
could be cempared.at.three selection intensities (Appendix Tables 5 to
15). The percent of entries in small plets in common with row plots at
each selec£ion iﬁﬁensity are presented in Table 9.

Selection on the basis of entries in the top 10% of small plots
common to the row plots correctly identified those cultiyars expressipg '
the highest'values fof fall color iﬁ the dryland hill plots, spring
growth habit in the dryland microplote, heading date in the miniplots,
and plant height in ell small plots. Although only two' entries in the
10% category were possible for selection purposes; none of the small
plots had cultivar means ranked in the same order as the row plots for
all 11 traits and significant reversals were detected in even the mes£
highly correlated traits (i.e., fall color,-heading date, and 160—seed
weight ). indicating that this selection intensity was not too severe..
Seleetion of the.top.25%.of entries' common.to the row plots reduced thé
number of correct clessifieations to heeding date in all emali'blots end'
100—seed welght in the irrigated hill plots. Seiection of'the top.ﬁQ%
of cultivars common to the row plots reduced perfect c1a551f10at10n to .

' headlng date andvplant:helght in the drylend hill plots.

This eritefioh-of comparison‘previded an indication of the‘suité;:“
bility of small plots for selection purposes 31m11ar to that obtalned
by the use of. phenotyplc correlatlons. Beeause the amount of.land and

seed used_ln these small plots was from one-tenth to one-third’ of that




Table 9, DPercent of small. plot entries common to the top 10, 25, and 50% entries grown
in the row plots for 11 traits.’

] . Plot Typet.
Hill-T Hill-D Micro-I Micro-D Mini-D
Trait 10 25 50¢ 10 25 50 10 25 50 10 25 50 10 25 50
Days to emergence -- -- . -- O 0 50 - -- - 50 33 5 0 17 50
Fall color -~ -- =--100 83 67 -- -- -- 50 67 75-50 67 75
‘Spring color - - - 0.3 50 - - - 0 0 42 0 17 42
“‘Fall growth habit -- ~-- -= "0 17 58 - - — 0 50 58 50. 50 33
Spring growthhabit -~ -- -- 50 50 67 -- -- -=100 33 67 50 67 50
Heading date —— - -- 50 83 100 -—- - -- 50 83 92 100 83 92
Plant height - 100 100 92 100 100 100 100 100 92 100 100 92 100 100 83
Heads/900 cn? O 17 5 0 17 67 O 33 42 5 5 5 0 33 58
Seeds/head 0O 50 67 0 17 58 0 33 5 0. 5 58 0 50 58
100-seed weight 50 100 83 50 67 83 50 67 75 50 83 83 50 50 83
Yield 50 50 67 50 50 67 50 67 67 50 67 75 50 83 75
t+ The letters D and I following plot types are abbreviations for dryland and irrigated,

respectively.
 Selection intensities used in the comparison of row and small plots.

8¢
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used in the row plots, a plant breeder would be able to save a larger
proportion’of the entries in the field and evaluate more genotypes than
when using row plots, thereby'increasing the accuracy with which selec-
tions were madep Depending on the selection intensity applied, the use
of common entries indicated that the small plét types-studied could be
adopted for seleétion of cultivars with the highest values for heading
date, plant height, and 100-seed weight. Only the dryland micro- and
miniplots gave similar results when selecting for yield, especially at
the lower selection intensities.

Relative Variation-Within Plot-Size Experiments

Other workers (17).have complained of the greater range in expression
of a given trait measured on cultivars grown in hill plots; However,
since the number of replications used in the analysis of an agronomic
character in hill‘plots is usually greater than when row plots are used,
an increase in the range is expected (40), In this investigation the
range in performance for the 11 traits of the cultivars érown in row
~and small plots wére'similar (Table 10). The magnitude of the coeffic-
ients of variaﬁion (C.V.) in small plots felativé to row plots were sim-
ilar for days fo emergence, fall color, fall growth habit, spring color,
spring growth haﬁit, heading daté, plant height, the number‘of heads per
9OO_cm2, and 100-seed weight (Table 10), Both hill and both microplot
nurseries exhibited someﬁhat higher C.V,'s for the number of seeds per

head than did the row plots. Because the blot means for this trait were
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Table 10. Coefficients of variation (C.V.), standard errors (s),.
overall means (X), and range of performance (R) for 11 traits mea-
sured in row and small plots.

ownmwon ~HoON

Plot Typet
Trait Row-D - Hill-T Hill-D Micro-I Micro-D Mini-D
Days to emergences ,
(%) 3.2 - 8.7 - D 5
s 0.6 - 1.4 - 0.7 0.
X 17.3 - 16.4 - 16.0 15,
R 1.7 - 2.2 - 0.8 1
Fall color § . '
a. v (%) 10,2 - 13.1 - 8.2 9
s 0.4 - 0.4 _— 0.3 0.
X 3.4 - 3.3 - 3.4 3
R . 1.3 - 0.8 - 1.1 1
Spring color § - '
c.v. (%) 15,1 - 11,0 - 10.3 7.7
s 0.5 — 0.4 - 0.1 0.3
X 3.2 -- 3.5 - 3.5 3.3
R 1.0 - 1.0 - - 1.0 1.0
Fall growth habitdl
¢.v. (%) 18.7 - 19.2 - 14,6 17.8
S 0.5 -- 0.6 - 0.4 0.5
X 2.7 - 2.9 - 2.8 2.9
R 1.3 _— © 1.8 -— 1.7 1.7
Spring growth habit{ ° .
c.v. (%) 16,7 - 20.8 _— 19,00 18.7
s 0.5 - 0.7 - 0.6 0.5
X . 2.8 - 3.2 _— 3.4 3.1
R 2.0 - 1.0 - 2.2 2.0
Heading date # ;
¢.v. (%) ‘ 0.3 - 0.6 - 0.7 0.4
s 0.5 - 1.1 - 1.2 0.6
X 171.0 - 171.5 —— 171.2 171.0
R 9.5. ~-= 9.6 - 9.1 8.8
'Pla nt h 1ght (cm) , '
c.v. (%) 3.0 3.5 3.8 .5 4.8 3.7
s 3.3 3.9 4.0 5.2 5.2 3.9
X 110.7 112.8 105.5 114.8 107.6. 108,1:
R 51.2 43,8 40,0 46,8 43,1 45,5

(Continued)
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Table 10, (Continued).
Plot Typet
Trait Row-D Hill-T Hill-D Micro-I Micro-D Mini-D
Heads/900 cm< . '
c. V (%) 14,9 20,9 20,6  15.7 17.5 15,6
s 10,0 11.2 8.7  12.7 10,9 15,0
-x 7.4 53,8 42,1 81,1 62.2 96.2
R .32.,6 23,2 21.8 28,8 24,6 58,0
Seeds/head '
a. V (7) 22,6 31.6 . 37.8 26.8 23.9 20,4
s 3.1 5.5 6.7 5.4 b.5 3.0
X 13.7 17.5 17.8  20.1 18.9 14,8
) R 9.8 8.4 14,8  13.0 8.4 10.5
100-seed welight (g) '
c.v. (%) 6.1 7.5 4.9 5.5 6.4 5.4
s 0.2 0.2 0.1 0.2 0.2 0.2
X 3.0 3.2 3.0 3.1 3.0 3.1
R 1.3 1.4 1.4 1.4 1.7 1.3
Yield (q/ha) .
c.v. (%) 15.7 27.2 274  25.5 23.4 13.3
s .2 9.6 8,5 13,1 10,2 6.2
X 27.0 . 354 30.8 51.6 43,5 L6.9
- R 19.8 25,7 19.3  29.1 23,0 23,7 .

1T The 1etters D and T following plot types are abbreviations for dry-~

land and 1rr1gated, ‘respectively.

+,8,91,# Days from planting £ill 50% of possible coleoptiles.emerged,

scale 1-5 (5 =

days from January 1, respectively,

darkest green), scale 1-5 (5 =

most prostrate), and:
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not significantly different from that in the row plbts (Table 7), the
larger C,V.'s wéré attributed to greater standard errors in the hill
and microplots, The C,V.'s for yield in all small plot types were lar-
.ger than that of the row plots, especially in the hill and microplots. -

Associations Between Traits Within Plot Types

Correlation coefficients between all possible combinations of the
11 traits measured within each plot type were computed to determine if
the types of relatiénships existing between the agronomic charactgrs
in-the row‘plots also occurred in the small plots (Table 11). Only
those -associations expfessing significance in at least one plot type are
given, The transformation from r to a gquantity z, as given by Snedecor-
" and Cochran (40); was used to "test the hypothesis that two sample val-
ues of r were drawn at random from the same population.”

Gorrelation"boefficienfs‘calculated withih-the row plots showed
- that spring color apd fall color were negatively assoéiated, and fall
coior and spring grﬁwth habit, féll éblor aﬁd heading date, fall éoldf '
and plant-height, fali_growﬁh habit énd'plgnt height,'spfing growth ha-
biﬁ and heading aate, ﬁumbe; of sgéds per head and 100fseed ﬁeight, and 
number of seeds_peg head and yield wgie_a;l positivély.correlafed. Thére“
were also iow, but'significant negative assbéiatioﬁs between fhe numbex
of heads/900 cmzsand both heading date and number of éeeds’per head..
) In the sméll'pléts thé corréla@idn coefficienté between héading_' 

" date and spring habit in the dryland hill and miniplots, fall color and
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plant height in the miniplots, number of heads/900 cm2 and number of
-‘seeds per head in the miniplots, and number of séeds pér head and yield
in the dryland micro- and miniplots were all positivelj rélated. 'A
test of the hypothesis of equal qorrelations was not rejected. Nega-
tive relationships in the row plots for spring color and fall color,
and for heads/900 cm2 and seeds per head were positive in the dryland
hill, dryland micro-, and miniplots for the former, and positive in the
dryland hill and dryland microplots for the latter association. The'
relationship of number of seeds per héad'and 100-seed weight was posi-
tive in the row plots but negative in the irrigated microplots,

Each of the sﬁall plots exhibited significant correlations among
the 11 agronomic traits that were not detected in the row plots, These
associatioﬁs were attributed to the inter- and intra-gultivar competi-
tive relationships in small ﬁlots noted by other workers (20, 32,49).‘
Although hill, micro-, and row plots were all spéced 36 cm apart, the
proximity of_one cultivar to another in the small plots was much great;
er than existed'in the ?ow plbts. In the hill and miniplots, several
plants were grown in a very concentrated area, increasing competition

for sunlight and nutrients.




Table 11, Correlations betwéen traits within plot types.

. Plot Typet.
Association Row-D Hill-T Hill-D Micro-I Micro-D Mini-D
Days to emergence : . '
vs. fall color - _ -0.,07 - -0,06 - 0.39 0,53%%
vs. fall growth habit 0.02 - -0.27 - -0,51% =0, Bhxx
vs. heads/900 cm?. -0.03 — -0.29 - -0.45%  -0,10
vs. yield 0.00 - -0.40 - ~0,54%*%  ~0,34
Fall color o - ’ :
vs. spring color . -0, 52%% - 0.63%* - 0,76%* 0,63%%
vs, fall growth habit 0.30 - -0.14 - -0.17 -0,50%
. vs. spring growth habit 0.66%* - 0.28 - 0.25 0,34
vs. heading date 0.50% - 0.34 - 0,24 0,40 .
vs., plant height 0,62%% - 0,03 - 0.28 0.49%
vs. yield -0.20 . - -0.37 —-— -0, 47* -0, 57%%
Spring color . , S
vs. spring growth habit - -0.17 - 0.28 - 0.24 0.47*
vs, heading date -0.21 - . 0.48% - 0.20 0,59%*
Fall growth habit
. vs. plant height 0.44% " —_ 0.03 - 0.19 -0,07
Spring growth habit o -
vs. heading date 0.,60%% - 0.50% - 0.2k 0.49
Heading date o ‘
vs. plant height .0.40 - 0.46% - . 0,42 0.28
vs. heads/900 cm? -0.,43% - -0.35 - © . -=0.,15 -0,09
© . vs. yield -0.21 — -0, 4% - -0.43%  -0,3%
Plant height ' . '
vs. heads/900 cn? 0.02 0.02 0.07 0.41 0. iy 0.19
vs. seeds/head - -0,04 0,02  -0,13 -0.11 -0.21. -0.45%

(Continued)




Table 11, (Continued).’

Plot Typet

Association Row-D Hill-I Hill-D Micro-I Micro-D. Mini-D
Heads/900 cm<: o , '
vs. seeds/head -0.45% 0.43% 0.bh2% -0,02  0.,50% -0, 67%%
vs, 100-seed weight -0.12 -0.,17 -0,02 0.33 0,21 ~  -0.43«%
vs. yield 0.27 0.69%* 0,69%* 0.50% . 0,71%% -0,21
Seeds/head ' : - ' o
vs. 100-seed welght 0,75%% 0.02 . -0.,24 -0, 45% -0,15 0,04
- vs, yield _ . 0,62%% 0.36 0.13 0.27 0,60%% 0.,69%%

*,%% Significant at the 0,05 and 0.01 levéls respectively.
T The letters D and I following plot types are abbreviations for dryland and irrigated,
respectively.
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SUMMARY

A.comparison was madé between conventional row Plots and three
types of small plots utilizing 23 winter wheat cultivars and 11 agro-
nomic characteristics, In addition, the hill and microplots were
grown in two environments, irrigated.and dryland.

"All plo£ nurseries were damaged by wiﬁd and hail six days after-
the last cultivar had héaded. An evaluation of this damage showéd
that.cultiVars érown-iﬁ the small plot nurseries reéQted to hail—in;

" duced head damagé and wind- and hail—induced 1odging‘iﬁ a haﬁner sim-
ilar to the cultivars grown in the rowjplo£s.

Four criteria of comparison between row and small plots were used
in this investigation. These included a éomparison of fow and small
plots for each trait using overall means, phenotypic correlations be-
tween row and small plots for each trait, an evalvation of the number
of entries of smalliﬁlots common to the ertries of row plofs‘af three
selection iptensities, éndlanrevéluatiéh:df siﬁple borrélatipné beﬁweén'
iraits within‘each-b;ét‘ﬁypg. |

The results of this 'inyestligatiéh indicate that any of the.small
plots tested were useful in'sélection for'heading.daté, planf.héight,z
and 100—seéd;weight with_reasonafle.assurance that the best cul%ivars
were idenﬁified;‘ Thé xelatioﬁships"bétween row plots'and dfyland,micip;
. and minipioté for these tralts were geherélly cldéer thﬁh:bétwéenlﬁhg L'
.row and ofher smélliplots,'as shéwn by.their higher‘corfelation cééff;c— .

lents and a greater percen£ of comﬁon entries, especially at:thé lower
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selection intensities. The cultivaré growﬂ in the dryland hill plots
appeared to be iess vigorous, in terms‘of plant height,; number of heads
per.900'cm2, and yield, than those groﬁn iﬁ'the other small plots.
Relafibnships beﬁwéen agrénomiq characters within smail ﬁlot-%ypeé
differed substantiaily from these relationships in the row plot nur-
sery. This was attributed to thé.differential ability of cultivars to
compete within and between experimental units. |

Although the‘informafion obtained for this iﬁveétigation was de-
rived from one location-year, data for heading date, plant height, 100-
seed weight, and yield agréed closely with the results of other investi-
gators, Information on the number of heads,/900 cm? and the number of
seeds per head did not substantiate'thé results of previous Workers;

especially in wheat. These results may have been related to the hail

and wind -damage that occurred.




SECTION IT: CONPARISON OF ROW AND SMALL PLOTS FOR EVALUATION

| OF HARVEST INDEX, BIOLOGICAL YIELD, AND GRAIN YIELD




INTRODUCTION

Hérvest index ié the ratio of economic to biological yield and
‘provides an indication of the efficiency with which a plant population
partitions phoiosynthate into economic yield. |

Harvest index and biélogical yield lend themselves to artificial
manipulation ih & manner unavailable using the number of heads per
unit area, number of'seéds per head, and seed wéight,.because they do
not appear to sﬁffér from component compensation, Thus, an increase -
in elther the biological yield or harvest index of a'crop shoﬁld re-
sult in a direct.increase in its economic yield without affecting the
magnitude of the.other component . |

The purpose of this investigation was to determine the relative
importance of harvest index and biological yield to grain yield and to
pro#ide information on the use of sméll plbts as a technique of eval-
uating winter wheat cultivgrs for hérvest'index, blological yield, and

grain yield,




MATERTALS AND METHODS

Establishment of Field Plots
This study was conducted at the Field Research Laboratory near
Bozeman, Montana, during the 1977-78 growing season, Twenty—two‘hard

red winter wheat cultivars and one soft white winter wheat cu;tivar

'(Appendix Table 1) were grown in both conventional row plqts aﬁd three

types of small plot on an Amsterdam silt loam, Typic Cryoborall soil.
Six field nurseries were established by the methods described in Sec-

tion T,

Methods of Sampling
Ten traits were meésured in most plot types. Days to emergence,
fall and spring seedling color, heading date, plant height, number of"

heads/900 cmz, number of seeds per head, and grain yield were deter-

-mined by the methods descrited in Section I. Days to emergence, fall

and spring seedling color, and heading date were not measured in the

irrigafed small. plots, since they were not considéred to e differeﬁt

from their dryland counterparts until after the first irrigation (Ta-

‘ble 2), At maturity, plants in a plot were harvested at ground level

and-fieid'dried. Biological yield was detérmiﬂéa'as.the weight_of the
total abovérground dry-métter'bf the har?ésted portioﬁ'of thé plot (p;.
20) and expressed.as q/ha.' Harvest index .was pélculated:és the rétio:
of grain yield to biological-yieid and expressed as a factor less than

unity,
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Statistical Methods

Six replications of row plots and miniplots and 12 replications

~of hill plots aﬁd micfoplots_wére planted in a randomized complete

block design, Cultivars were assigned to experimental units by use of
a random number table, An analysis of. variance for a two-way classi-
fication and an F-test were used to determine if cultivars gave equi-
valept expressions for harvest index, biological yield, and grain
yield. Cultivars were trgated as random effects in the two-way model.
A test for homogeneous error variances between agronomicldata obtained
from the row plot; and that obtained from.the small plots was calcu-
lated (Appendix Table 2). A t-test was used'to compare the mean of all
cultivars in each small plot typg with the mean of all cultivars in the
row plots for hérvest index, biological yiéld,vand grain yield. The
t-statistic was welghted for non-homogeneous erfor variances (40) ;
when error variances Weré homogenebus, their values and respective de-
grees of freedoﬁ ﬁere pooled and Student's t-distribution was‘followed.
Phenotypic correlations based on cultivar means were computed for eaqh
character between row and Smali‘plbts aﬁd within plot types; The per-
cent of small plo£ énﬁries common to the top 10, 25, and 56% of entries
for the row.plots was cglculated for each trait. Expectafioﬁs of mean
squares were equated to their numerical values and genotypic (Vg) and

error (Ve) variance components were computed., Narrow sense heritabil-
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- ities on an entry mean basis were determined by the formula: herita-

bility (hz) = Vg/[Vg + Ve/r], where r = the number of replications in
the experiment. The relative contributions of harvest index and bio-
logical yield to grain yield were determined using multiple regression

analysis within each plot type.




RESULTS AND DISCUSSION

Comparison of Row and Small Plots for Selection Purposes

Analysis of Variance

Significant differences among cultivar means within each plot type
were detected for Barvest index, biological yield, and grain yield.

(Table 12).

' Comparison of .Overall Means

For harvest indek;'irrigated hill and . irrigated microplot means

’ did.not differ significantly from the row plot mean, but in the dryland

hill, dryland micro-,.and miniplots, means were significantly greater
than the row plot mean (Tabie 13). Only the dryland hill plot nursery
exhibited a non-significant diffgrence in blological yield from the
overall expression in the roﬁ plots. As discussed earlier (p. 34),
cultivars grown in the dryland hill plots ﬁere not as vigorous in their

growth, in terms of plant height, number of heads/900 cmz, and grain

‘yield, as were cultivars grown in the other plot types. There was a

tendency in the smﬁll.plots-for gxeate; yield per unit land axeé than
occurred iﬁ the row pi§£slaé'shown by théirléigpificantlf greater means,
This tendency was not expressed By the éultivars grown in the aryiand '
hill plots; which had'a,mean yield similar to the row plot yield, An
examina£ion-of the mean dﬁltivﬁr expressions for hafﬁesf indéxland bio-
logical yield in'tﬁe drylaﬁd'hill plots suggeéts,'sinée mean yield be-

tween the fow and dryland hill plots was not different, that £he en-
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Table 12, Cultivar and error means squares (MS) from the analysis of
variance for harvest index, biological yield, and graln yield mea-

sured in row and small plots.

Plot Typet
. Row-D Hill-I Hill-D

Trait = . MS af MS af M3 af
Harvest index ' - .

Cultivar 0,01%* 22 0,01%* 22 0.01%% = 22

Error o 0.001 110 0,002 242 0,002 242 .
Biological yield ' . C :

Cultivar . 297,00%% 22 2283,10%% 22 1147 .64%x 22
. Brror . " 91.40 110 570,80 242 573,82 242
Grain yield :

Cultivar 170,70%% 22 . 513,70%% 22 . 338.97%*% 22

Error 18.00 110 92 .40 242 71.51 242

Plot Typet
Micro-1 Micro-D . Mini-D

Trait M3 df MS df M3 daf
Harvest index .

Cultivar 0.01%*% 22 ° 0,01%* 22 0,01%* 22

Error 0,002. 242 0.001 242 0.002 110
Biological yield ' :

Cultivar 3999.,29%*% 22 - 2413,66%* 22 . 710,25%% 22

Error 1142 .65 242 603 .42 242 287,48 - 110
Grain yield o ; : .

Cultivar 692 . 13%*% 22 C 410, 71%% 22 . 195,79%% 22

Exror - 172, 90 o 2u2 '103 69 242 38,94 -.110

¥, %% Significant at the 0.05 and O, Ol levels, respectively, .
T The letters D and I following plot types are abbrev1atlons for. dry-
1and and 1rrigated, respectively. ' .
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Tablé 13, Mean of all:entries for each plot type and tests of signif-
icance between-the means of row and small plots for harvest index,
biological yield, and grain yield.

Harvest. S Biological yield Grain yield

Plot typet index (q/ha) | (g/ha)
Row-D 0.26 105.2 . - 27.00

Hill-T 0.27 | | 131 > 35, L0%*
Hi11-D 0.20%% 105, 4. 30.81

Micro-I 0.26 196, 0%* 51, 62%%
Micro-D . 0.29%* 152,3%% U3, 50%%
Mini-D’ 0.30%* - 157, 5ex 16, 91**

*% Significantly different from the row plot mean at 0,0L level.
T The letters D and I following plot types are abbreviations for dry-
land and irrigated, respectively.
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tries grown in the latter plot types were more efficient in partition—
ing photosynthate to the developing kernels than those grown in the .
row plots. An explanation for this effect is tendered by the concept
that in_a dense community of plants, upper leaves are over—illuminated _
and lower leaves are shaded (8). Since.fewer head—produciné'tillers
pernplot were found in the dryland hill plots (Table 7), more sun-
light was able to penetrate the crop canopy, possibly increasing

photosynthetic efficiency.

"Relative Heritabilities in Row and Small Plots

Heritability on-an entry mean basis for harvest index, biological
yield, and grain yield were computed using the components of variance
for all plot types (Table 14). Heritability for harvest index ranged ‘
from 0.64 to 0.87, for biological yield from 0,50 to 0.75, and for
| grain yield from 0,75 to 0,89 across.plot types. Beeause the value
of the heritabilit&‘fer a character depends on the magnitude of all
the components of variance, a change in any one of these will affect
it, Small'plbt'genotypic.variances.were tested for hemogeneity with
row plot genotypic variances‘usingvan F-ratio (40), Degrees of freedoml
for this test were.probahly_inflated.which may havé caused too many geno-
typic Variances.to le'aeeepted as homegeneous. In all smallfplot.types,
except the irrigated hill. plots, genotypic variances- for harvest index -
were Significantly different than that of the TOW plots (Table 14)

For biological yield, only the dryland hill plot- genotypic variance
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was homogeneous with the row plot genotypic variance, In all sﬁall
plot types, genotypic variances for grain yield were homogeneous with
row plot genotypic variance. In all small plot types, .except the
irfigated micropléts, error variances for harvest index, biological
yield, and grain yield were significantly larger than those of thé
| _ row plots (Ta;bie 4), These results indiéate that differences in
the estimates of hefitébilities between the row and small plots were
due to environmental (e,g., plot typé) énd sampligg error (note: since
one environment was used in the calculation of the variancg.components,
no estimate of algendtyﬁié X environment interaction was available).

The relative magnitude of the estimates of heiitability for the
three traits within each plot type were similar, except in the irri-
gatéd micro-, dryland micro-, and miniplots. In the irrigated micro-
plots, all heritability values for the three traits were nearly the
same, In the dryland microplots, -heritability of harvest index was
greater than either biological yield or grain yield, while ‘in the mini-
plots, héritability of grain yield was greater than either harvest
index or biological yield (Table 14), ' |

Because heritaﬁilities were comﬁuted,using variance components
from the analysis of homozygous genotypes, these values are estiﬁates
of narrow sense heritability. Heritability estimates for yield and
harvest index weré of similar magnitude and relatively-high across -

all plot types and ample genetic variability existed for these traits




. Table 14,

index, biological yield, and grain yield measured in row and small plots.

Heritabilities (hz), genotypic (Vg), and error (Ve) variances for harvest

. _Plot Typet
Trait N Row-D Hill-1 Hill-D Micro—1 Micro-D Mini-D
Harvest index o : -
(1R) 0.87 0.86" 0.83 0.75 0,84 0,64
(vg) 0.0015 0.0010 0.0083%*  0,0006% 0.0053%* 0.0006%
(v ) 0.0014 0.0019%%  0,0021%%  0,002L** 0.0012 0.002%*
: 'Biologlcal yield - _
(n?) " -~ 0.69 . 0.75° 0.50 0.71" 0.75 . 0.60
(v,) C 34,27 w2, 69** 47,82 238,05%* 150,85%% 70 LLé*
W) - OL.40°  570.80%x  573.82%%  11h2.65%%  630.42%x 287 . 48%x
Grain yield ' S .
(x®): - - - 0.89 0.82 0.79 0.75 0.75 0,80
(Vg) - 25.45 35.1L 22,29 43.27 25.59 26,14
(v ) . 18,00 92, 37% 71, 51%% 172, 89%x 103, 69%* 38, glyxx

* ** Significantly dlfferent from the row plot variance component at the 0,05 and 0.01

levels, respectively.

T The letters D and I follow1ng plot types are abbreviations for dryland and irrigated,

respectively.
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even in this set of elite'cultivafs.

Correlation between Row and Small Plots

Phenotypic correlations between the fraits measured in the Tow
plots and those measured in the small plots were palcuiated (Table 15).
Correlatio£ coefficients betweenﬂthe small and row plots for harvest
index were significant and positive in all small plots except the irri-
gated micfoplots. The correlation betweén harvest index in the‘row
plots and irrigéted microplots, however, was not aifferent.from zero,
'suggesting that the irrigated microplots wéuld not be satisfactory for
selection of harvest index, Correlation coefficiénts between the small
and row plots for‘biological yield were not differen% from zero, excep£
in the miniplots, where it was-highly_significant. The irrigated hill,
dryland micro-, and miniplots gave significant, ppsiﬁivé correlations
with the row plots for grain yield; only the correlation coefficient
computed for the miniplots was considered high enough for selection
purpoées. |

Phenotypic correlations between row plot grain yield and smail piot
harvest index ana bioiogical yield were also éomputed (Table 16). Cor--
relation values betweén:hill and microplot harvest index aﬁd row plot
grain yield weig 1arger.£hén thé correlations between hill and microplot
- grain yieldé and row plot grain yield. Althéugh é test for equal correla-
tion coefficients (40)-between the gréin‘yield—gréin yield and grain

yield-harvest index correlations from the row plots and the irrigated
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Table 15. Phénotypic‘cbrrelations between row and small plois for

harvest index; biological yield, and grain yield.

| Plot Typet

Trait Hill-1 _ Hill-D _ Micro-I _ MicrocD  Wimi-D
Harvest index 0.59%%  0.47% 0.3 0.47%  0.h9%
Biological yield - 0.14% 0,12 017 0.23 . 0.58%x
Grain yield ' 0% . 0,30 0.36 0.41% . 0,62%%

*,%% Significant at the 0.05 and 0.0l levels, respectively.
t The letters D and I following plot types are abbreviations for dry-

land and irrigated, respectively.

Table 16. Phenotypic correlations between row plot grain yield and

small plot harvest index and biological yield.

' o Small plot trait
Plot typet - Harvest index :

Blologlcal yield
Hill-T .0.56** 0.01
Hi11l-D 0.50% o.oz
Micro-I 0. hly* 0.05
Micro-D "0.57** 0.11
Mini-D 0.59%% . 0.16

*,%¥¥% Significant at the 0,05 and 0,01 levels, respectlvely. -
T The letters D and I following plot types are abbreviations for dry—

lard and irrigated, respectively,
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hillland‘dryland microplots was -not rejected,‘the grain yleld-har-
. vest index correlations were accepted at a higher level of probabil- ‘
City. Therefbre,_ indirect selection of hill and micropiot harvest in-
dex for Tow plot grain yield should pfovide more'satisfactory results
than direct selectioﬁ of érain yield in these plot types. A test
for equal correlation coefficients between the grain yleld-grain yieid
and grain yield-harvest index associations from row plots and mini--
plots waé not rejected, thus,_no advantage would be achieved by in-
direct selection of harvest index in the miniplots for row plot gréin.
yield. The correlation coefficients between row plot grain yield and
small plot bilological yield were not different from zero, thefefore
none of the small plots used in this investigation would be satisfac- -
tory:for indirect selection of row plof grain yield using small plot
biological yield. |

Common Entries

Several investigators (12,_21, 23) have used'thé:nﬁﬁﬁer of en-
tries in hill plots common to the top 10,'é0; and 50% of the entries
in row plots as a critérioﬁ of comparison, Foflcomparison of row_and
smail plots in this invéstiggtiop,-,i arranged the ﬁedns of the threé'
traifs from.high.to-lpﬁ S0 that entries‘common iﬂlboth row and smail'
fiots could bé compared at three selection intensities (Appendix Ta-
bles 15 to 17). .The percent of enfriés'in small plots in cbmmén wifh

row plots. at each selection inténsif&lare presented in Table 17,




é2 |

At the 10% selection intensity only 50% of the éntries in the
irrigated and dryland hill plots were common to the top 10% in the
row plots for harvest index, The dryland miciéplots were useful in
classifying 83% of the top 25% entries in the'row plots. The other
“plot types had from 58 to 75% of the entries in common:with:the row
plots at the 25 andISQ% éeléctién intensities.

For biolqgical yield, tHe mj.niploté correctlgr ident-ified 50%llof'
the cultivars at the 10% selection ihfeﬁsity.. The best selection
across small piot types for biological yield did not occur until the
50% selectiéﬁ intensity was used, where from 50 to 75%.6f the.en£ries
common to the row piots were selectéd, |

For grain yield, all small ﬁléts were useful in identifying half
of the entries common to the row plots at-the 10% level, Wiih 25% se-
lection intensity, the range across small plot types was 50 to 83%,

" with the miniplots exhiﬁiting the highest value and £hé two hill plot -
nurseries show1ng the. lowest At thé-507 selectioh intensity, the |
1rrigated mlcroplots and the dryland hlll plots were useful in cor-
rectly 1dent1fy1ng 677 and the dryland mlcroplots and mlnlplots were
useful in correctly 1dent1fy1ng 5% of the,ent?les 1n'commpn w1th‘th§..
best 507 in the row plots. | | . |

This criterlon of comparlson between row and small plo£s gave é
better 1nd1cat10n of the sultabillty of small plots. for selectlon pur-'

poses than did the use of phenotypic gorrelations,'espec;ally for se--
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Table 17 " Percent of small plot entrles common to the top 10, 25, and
50% entries grown in the row plotis for harvest index, biological
yleld, and grain yleld .

{

Plot Typet o
Hill-T Hill-D "~ Wicro-T

Trait 10 25 50t 10 25 50 10 25 . 50
Harvest index 50 50 67 50 67 75 - 0 67 58
Biological yleld 0 0 67 0 0. 50 0 17 50
Grain yield 50 50 67 50 50 .67 50 67 67

Plot Typet-

Micro-D Mini-D

Trait : 10 25 50 10 25 .50
Harvest index 0 83 . 58 . 0. 50 67
Biologlcal yleld - - O 33 58 50 33 75
Grain yield 50 67 75 50 83 75

“ t The letters D and I following plot types are abbreviations for dry—
. land and irrigated, respectively,
3 Selectlon 1ntenS1t1es used in the comparison of row and ‘small plots,
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lection of high bioclogical yield,'where correlations in all but the -
miniplots were non-significant (Table 15).

Relative Variation Within Plot-Size Experiments

The range in perforﬁance for harvest index of the cultivars grown
in the row and srall plots was similar (Table 18), For biological
yield, the range'aﬁong cultivars growh in the irrigated hill and irri-
gated microplots, and tae dryland microplots was two to threeAtimes
greater than in the row plots. The range in performance.among the
cultivars grown in the irrigated hill and irrigated microplots was
somewhat greater than that exhibited in the row plots for'grain yield,

a result attributed to differential cultivar response to irrigation.

‘The other three small plot nurseries, however, were not greatly dif-

ferent than the row plot nursery for grain yield.
The coefficients of variation (C,V.) in small plots and.row plots
for harvest index were similar, as were their standard errors (Table

18). The C V.'s and standard errors for grain yleld in both types of

' h111 and mlcroplots were about tw1ce as large as’ 1n the row plots.

Slnce the C.V.'s and standard errors for harvest 1ndex were essentlally,

the same across plot types, th1s suggests another advantage for u31ng

‘ small plot harvest 1ndex to predlct row plot graln yield, Both hill

and microplot nurseries” had C. V 's about twice as large as those in
the row and mlnlplots for blologlcal yleld These'dlfferences were

attributed to the greater standard errors of the former plotvtypes-than d
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Table 18, Coefficients of variation (C.V,), standard errors (s),
overall means (X), and range of performance (R) for harvest index,
biological yield, and grain yield measured in row and small plots.

' Plot Typet

Traiti , Row-D Hili-I Hill-D Micro-I Micro-D Mini-D

Harvest index .' : : : ‘ _ .
¢.v. (%) 15.38 14.81 17.24 19,23 - 10,34 16.67
s 0,04 0,04 0.05 0,05 0.03 0.05
X 0.26 0.27 0.29 .0.26 - 0.29 ©0.30
R 0.15 0.14 0.13 0,11 0.10 0.11.

. Biological yield :

(%) 9,10 18,18 22,73 17.25 16.13 10.77
s 9.56 23.89 23.95 33.80 . 24,56 16.96
X 105,20 131.40 105.40 196.00 152,30 157.50
R 43,40 48,60 37.60 77,70 56.80 48.80

Grain yield ' '
c.v. (%) 15.70 27.20  27.43  .25.51.  23.40 13.31
s 4,20 - 9.60 8.50 13.10 10,20 6.20
x 27.00°  35.40 30,80 51,60 . 43.50. 46,90
R 19.80 25,70 19.30 29,10 :23,00 23.70

t The letters D and I following plot types are abbreviations for dry-
land and-irrigated, respectively.- '
# Units for-biological yield and grain yileld are q/ha.
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occurred in the row-and miniplots,

The greater variation shown in all small plot types for bielogi—

~cal yield, and in the hill and microplots for grein yield, is an in-

dicatioh of the hroader range of expression among cultivars.which has
been expiained hy fhe differentiel eohpetitive relationships of cu;e
tivars grown in hili plots by other workers (20, 32, 39). However, |
a greater range is also expected as the number of replications used
to measere a trait is increased (40).

Associations Between Traits_Within Plot Types

Correlation coefficients between all possible combinations of the
ten traits measured within each plot type were computed-td determine
if the types of relationships hefween harveet index, biolegical yield,
and the other agronoﬁic characters in the row plots also occurred in
the small plots.(Table 19). Only those associations expressing sig-
nificance in at 1east one plot type are glven The transformation

from r to a quantlty Zy a8 glven by Snedecor and Cochran (40), was usedl

to "test the hypothesis that two sample values of r were drawn at ran-

dom from the same population,"

Cerrelatioh ceefficients'calculated within the.row piets showed.
that fhe numbexr of seedslper heed and-hafvest index, graih yield'end‘
harvest 1ndex and biological yield and’ grain yield were pos1t1ve1y ,‘

correlated. Only the dryland mlcroplots exhlblted all three of these

relationships, and-a test of the hypethes1s of -equal cerrelatlons wae
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not rejected. All plot types expressed the significant, positive
association between grain yield and the two selection criteria (e.g.,
harvest.index and biological yield) and a test of the equality be-
tween fhe row plot correlations and those of the small ﬁlots was not
rejected, |

Each of rhe'small.plots exhibifed significant correlations be-
tween the two selection criteria and the other agronemic traits that
were not detected in fhe.row plots.. Harvest index in the dryland hill
and dryland microplots was negatively associated with fall seedling
color and heading date, Biological yield and the number of heads per
900 cm2 in both types of hill and microplot nurseriess biological
yileld and harvest index in the dryland hill and dryland microplots;
the number of seeds per head and harvest index in the two-microplot-

nurseries- biological yield and the number of seeds per head in the

.dryland mlcroplots and miniplots; and blologlcal yield and plant '

height in the 1rr1gated mlcroplots were all pos1t1vely correlated
The dryland mlcroplots exhibited s1gn1flcant correlatlons between the .
two selection crlterla and each of the other agronomic characters, ex—_

cept for biological yield and plant~height. These differences be-

" tween row and'small plots were attributed to the. inter- and intra-

cultivar competitive relationships in small plbts noted by other work-
ers (20 32, 39). Although the cultlvars grown in the ‘hill,. mlcro-

and row plots were equally spaced 30 cm apart the: prox1m1ty of one




Table 19.

characters w1th1n plot types.

Correlations” between the indirect selection crlterla and other agronomlc

Plot Typet

Association - Row-D Hiil-TI Hill-D - Micro-I Micro-D Mini-D
Harvest index . '
vs. fall color -0.12 - - —0.4?*_ - -0,55%% -0.35
vs. spring color .0.18- . - -0.33 -— -0.44% - -0,27
vs. heading date . -0.11 - -0, 45* - " -0,56%%  -0,33
vs.. plant height -0.22 - -0.02 -0.23 -0.37 -0.48%  -0.37
vs. seeds/head 0.62%% 0,29 0,02 0.42% 0.50% 0.39
vs. grain yield - 0,89%x 0,87%* 0,85%% 0,79%* 0,75%% 0.75%*
Biological yield
vs. days to emergence. 0,16 - = -0,32 - ~-0,45% 0.13
vs. plant height 0,00 0.31 .0.11 0.42x% 10,000 -0.11
vs: heads/900 cn?. 0.34 0.79%* 0, B4xx 0.75%* 0.91%  -0,30
. vs. seeds/head 0.39 0.27 0.27 0.05 0.48% 0,56%*
vs. grain yield 0.65%* 0,76%* 0, 85%% . 0,68%x 0,81%x 0, 59%*

* ** Significant at the 0,05 and O 01 levels, respectively.
T The letters D and I follow1ng plot types are abhtreviations for dryland and 1rr1gated
respectlvely
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cultivar to anather in the smail plots was much closer than existed
in the row plots., In the hill and miniplots, several plants were
grown in a very concentrated area, thus increasing competitiqn for soil
nutrients, |
Contributions of ﬁarvest Index and
Biological Yield to Grain Yield
The contributions of harvest index and biological yiela to érain
yield within each'plot'type were'datermined usiag multiple reéression
analysis.(Tabls.ZO). The variation in grain yield within each plot
type was almost compleﬁely accounted foi by harvest index and biolog-
ical yield.. Thsir raspective coefficients of detsrmination ranged from 1
0.95 in the row plots to 0.99 in the dryland microplots. The s#andard
partial.regression coefficients of harvest index to grain yield and
biological yield to graiﬁ yieid were significantly different from zero
aﬁ the 0,01 1eve1 Thexailos of the standard partial regresslon ‘co-
efflclents of ‘harvest 1ndex to those of biological yleld 1ndlcated

that the relatlve contrlbutlon of harvest index to grain yleld was

greater than that of blologlcal yield across all plot types. However,.

the ratlos measured for ‘the dryland 'hill and dryland mlcroplots were ,'
not much greater than 1 0 1ndlcat1ng that both harvest 1ndex and blO—.£~
logical yield wére of equal_lmportance in determlnlng grain yield ;n
thése two plot types,

These results indicate that selection fsr harvsst:index would .
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tend'ﬁd increase grain yield in most of fhe plot types ‘more than would
selection for biological yield., Rosielle and Frey.(29) showed that
indireét selection for grain yield in oafs through harvest index had |
little yalue when compaxred witﬁ unrestricted direct selection for
grain yield, Fischer and Kertesz (16) have shown that spaced-plant
harvest index is superior fo spaced-plant grain yield aé a predictor
of yielding ability in large plots of spring wheat., This investiga-
tion has shown that harvest index in bill and micropiots was a Better
predictor of row plot grain yield than grain yield measured in these

two plof types.
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Table 20, Coefficients.of determination (R?), standard partial re-
gression coefficients for the multiple regressions of grain yield
on harvest index and biological yield, and the ratio of harvest in-
dex standard partial regression coefficients to biological yield

standard partial regression coefficients.

2

Plot Typet R 112,34 b13.2 § Ratio
Row-D 0.95 0. 77%¥ 0.41%% 1.86
Hi11-T . 0.98 0. 69%*. 0, 51%* 1,36
. Hi11-D" 0.97 - 0,58%* 0, 5% 1.03
Micro-I 0,98 0.7z 0. 60%% 1.20
vMicro;D 099 . 0,61%% 0,60%% 1,02
Mini-D -~ 0.96 0. 79%* 0,63%* 1.26

= Significant at the 0.0l level for Ho: Bk =

t The letters D and I following plot types are abbrev1atlons for dry—'
land and irrigated, respectively.
+,§ bl2.3 and 113.2 = standard partial regression coeff1c1ents of
grain yield on harvest index and blological yield, respectively.




SUMMARY

Harvest . index, biologicél yield, and grain yield were obtained
from 23 winter wheat cultivars grown in conventional row énd three
types of small plots, _The contributions of harvest index anq bioloé—
ical yield to é£aiﬁ yield wifﬁin each plot £ype were determined using
multiple regressioﬁ anaiysis; " The va;iétion.in graiﬁ yield wifhin
each plqt'tybe wés élmost completely écébunted for by harvest index
and biqlogical yiéld. The relative contributions of hérﬁest index
and biological yield to grain yield withiﬁ plqtltypes, as given by
the ratios 6f their standard partial regression coefficients (i.e.,
b12.3/b13.2), showed that harvest index was more important than bio-
logical yield in defermining grain yield in the cultivars studied.
Narrow sense heritabilities on an entry mean basis were calculaté&
from the components of variance; theée values showed thét harvest in- .
dex was atlleést'as hérijable as grain yield in all plot types eicept
the miniplots and biological yield ﬁas,not as heritable‘as grain &ield-
6£—hafves£ iﬁdex,:éxcept in the irrigated.microplbts and miniplots,

A comparisop.of row and sméll Qlots for harvest iﬁdéx, biologi—
‘cal yleld, and erain yield indicated bhat irrigated hill and dryland
microplots‘provided satisfactbr& rééulté when used to‘seléct cﬁlﬁivars
for harvest'index{ Only the drylénﬁ micro- and miﬁiﬁiots'weré.fouh& .
useful in sgléctioﬁ gf.ﬁigh-yiélding-cultivafs.and only the miniplots

provided satisfactory results when selecting for high bioiogicél'yieié.,




SECTION III: THE EVALUATION OF.WINTER WHEAT

- QUALITY IN ROW AND SMALL PLOTS




INTRODUCTION

The mixogfaph and farinegraph-are widely accepted tools for screen-
ing wheat cultivars df early generaiion lines When information on bak-
ing quality is needed. The ten-gram m1x0graph using tempered (13.5%
mb) sieved Wheat meal has been proposed as a rapld method of obtain-
ing information on.wheat quality when the amount of grain is small,
such as when small—size plots are used in a breeding program. The ob—

Jjectives of this 1nvest1gatlon were: 1) compare the quantity of flour

.protein obtalned from cultivars grown in row and small plots; 2) com—

pare the curve characteristics and cultivar patterns obtained from the
ten-gram mixograph run on eamples‘of wheat grown in row and small plots;
and 3) compare the relative.associations of percent flour proteih, mix-

ogram data, and farinogram data obtained from row and small plots.




~_ MATERIALS. AND METHODS

Establishment of Field Plots

Th1s study was conducted with materials grown at the Field Re—‘
search Laboratory near Bozeman, Montana, durlng the 1977 78 growing
' season. Winter wheat graln samples were olmalned from 22 hard red
wlnter wheat cultivarsland one soft white winter wheat oultiyar (Appen-
dix Table i) grown in conventional row plots, hill plots, and micro-
plots on an Amsterdam silt loan, Typlc Cryoborall s01l The three
fleld nurseries were establlshed by the methods descrlbed in Sectlon

‘I for the Tow,, dryland hlll, and dryland mlcroplots.

.LaboratoryAProcedures
Quality measurements were made at the Cereal Quallty Laboratory,
Montana State Un1vers1ty.. Quallty analyses 1ncluded the measurement-
of flour protein quantlty and mixograph-data on samples from-all three
plot expériments. In addltlon, farlnograph absorptlon, peak time,
stablllty, and valorlmeter measurements were taken on flour samples
from cultlvars grown in the Trow plot experlment |

"-The percent flour proteln (percent proteln) was determlned W1th

an Infra Red Reflectance Analyzer, manufactured by Technlcon Industrlal_.

'Systems, on 4 g samples from each plot type. The graln samples used
to obtain- mixograph 1nformat10n Were tempered to 13. 57 and ground in
a Udy Gyclone Mlll w1th a 1 mn screen.. A Strand 51fter w1th a 250

pm screen was. used to obtaln 10 g of s1eved wheat meal (7) The mle ;
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:. egraph was operated accordlng to the procedures given by Finney and

| Shogr_en (14). Method 54 21 of the A.A.C.C., (2) was used to obtain the
farinegraph data on the row plot samples.'

Fig., 1 illustrafes‘the manner in which mixogram-infermation ﬁas
obtained.  Time of dough development (hereafter referred to as peak
distance)'was determined by the distanee in cm frem the start of the
mixggram to the point of minimum nobility, or peak (A). This: value
could also have been expreéeed in minutes; where the £ime.to pass:be—
tween two curved lines waS'aboﬁt one minute. Peak height was obtained
as the distance in cm from the base of the’ mlxogram to the top of the

curve at the peak (B)

Sratistical'Methods

A standard'analyéie of veriance for a two-way classification and

" an F-test were used.te,determine if.cultiVars gave equilvalent expres-
sions for percent prqtein,.mixeéraﬁ peak diétence, énd'peak height.
Cultivars Wereitreaiea as raﬁdom effects in the twoewayvmodel. A test
for homogeneous error variances between. quality data obtained'frem the
. Tow plots'and'thet.otmained from the small plots was calculated‘(Appen—
dix Table 2) A t-test was used to compare the mean'of all cultirers
in each small plot type with the mean of all cultlvars in the row plots
for percent proteln, mlxograph peak dlstance, and peak height, The
t—statlstlc was Welghted when error,varlances were non—homegeneouS'

(40); when error variances were homogeneous, their values and respec-
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tive deg;ees‘of freedom weré pooled and Student's t-distribution was
followed. Phenotypic corfelatiéns btased on cultivar means were com-
puted between row and small plots for each characteristic, The per-
cent of sméll plot entries common to tﬁe top 10, 25, andASQ% of en-
tries for the row plots was calculafed for each trait. All possible
correlatiéné among the three'traiﬁé measured in.ail_plqt experiments
and the four farinograph %raits measured in the row plots were glso

computed based on cultivar means,




RESULTS AND DISCUSSION

Comparison of Row and Small Plots for Selection Purposes

Analysis of Variance

Significant differences among cultivaré for percent pfoéein and.-
mixogram peak distance were detected in all plot'types Significanf
differences among the cultivars for mlxogram peak height were detectea
in the row and hill plots only (Table 21).

Comparlson of Overall Means

A t-test was used to compare the ﬁeans for percent protein, mixo-
gram peak distaﬁce, and peak height of all cultivars grown in the small
plots to all cultivars grown in the row plots (Table 22). All means
for all traits were equivalent except percent protein in the hill plots,
where it was significantly greater than that in the row plots. |

Phenotypic cerrelations, based on cultivar means, between the-
traits nmeasured in the rew plots and £hoee meesured in the small plots
were calculated (Table 23) Correlatien ceefficien{e heiween-the small_
‘and Tow plots for each of the three characterletlcs were signlflcant
and pos1t;ve; The relatlonsh;p between small and row plet cultlvar
expressions'fof percenfrprotein and mixogram pea? distance were very
‘high, indicating that, either of the small plots might successfuliy e
employed to classify w1nter wheat cultivars for these characterlstlcs.
The a38001atlon between cultlvars grown in row and smell plots for mlx—f .
ogram peak height was significant but accounted for only’ 237 of the

'varlatlon shown in the row plots for thls trait, Slnce s1gn1f;cant




80

Table 21. .Cultivar (C) and error (E) mean squares (MS) from the
analysis of variance for percent protein, mixogram peak distance,
and peak height measured in row and small plots,

. Plot Type
Row Hill Micro

Trait MS df MS df S arf
Protein -(a) 2, 68%* 22 | 3.,20%x 22 2,08%* 22

(E) 0.09 110 0.09 110° 0.08 - 110
Peak distance (C) 0, 81%* 22 0,89%% 22 0, Bu¥x 22

(B) 0,08 Ly 0.13 Ll 0.11 Ly
Peak height (cg 0.81% 22 0,95%* 22 0.49 22 .

. () 0.39 by 0.42 L 0.34 VI

*,%% Significant at the 0.05 and 0,01 levels, respectively.

Table 22, Mean of all entries for each plot type and tests of signif-
icance between the means of row and small plots for percent protein,
mixogram peak ‘distance, and peak height.

. Plot Type
Trait. Row - Hill Micro
Protein (%) - 1305 13, 8% . - 13.6
Peak distance.(cm) 3,6 3,7 T g 3.9 _:
Peak height (cm) 5.9 - - '..5.8 s ke

* Significantly differént from the row plot mean at the 0.0BlleVel;
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differences among microplot cultivars for mixogram peak height were.
not detected, the interpretation of comparisons between row and micro-
plot cultivar means must be made with caution (18),

Common Entries

The mean expression for percent pfotein, mixogram peak distance,
and'peak'height of cultivars grown in the three plot-size experiments

and their reiativelranking are presented in Appendix Tables 18 to 20,

_Several investigators_ (12, 21, 23) have used the number of entries in

hill plots common to the  top 10, 20, ‘and 50% of the entries inh row

plots as a criterion of comparison. The perceht of entries in small
plots in common with row plots at selection intensities of 10, 25, and
50% are presented in Table 24 for the three quality characteristics.
Selection on the basis of the top 10% entries ccmmon to the row
blots ccrrectiy identified 100% of the cultivars expressing the high-
est values in the row plots for percent protein, Selection of'the top

257 entries for percent protein correctly identified 837 of the high

Iprotein cultivars in both small plots ‘Fifty percent selection inten-

sity correctly classified 83 and 92% of the entries in hill blbts and
microplots, respectively,'for,perceht trotein; Oh the basis of common'
entries, both hlll and microplots should prov1de satlsfactory results
if used instead of row plots to obtain 1nformation on percent protein
The microplots showed the greatest selectlon potential for mixo—

gram peak distance and peak height, espe01a11y at the 50% selectlon
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Table 23. Phenotypic correlations between row and small plots for
percent protein, mixogram peak distance, and peak height.

- Plot Type
Trait Hill Micro
Protein 0.96%* 0,93%*
Peak distance 0.79%* 0,78%% .
Peak height 0.48x 0.49%

"% %% Significant at the 0,05 and 0.0l levels, respectively.

Table 24, Percent of small plot entries common to the top 10, 25,

and 50% entries grown in the row plots for percent proteln, mixo-

. gram peak distance, and peak height.

Plot Type
, Hill . Micro
. Trait 10 . 25 50+ 10 25 50
Protein 100 83 83 -~ 100 83 92
Peak distance 0 33 8 .0 67 83
- Peak height 0 33 58. o . 17

67

T Selection intensities used in the: comparlson of row and small

plots,
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intensity., Correlations for peak height between the row and smali‘pl§ts
. were positive and significant but lower than thosé for percent piétein
and.peak distance (Table 23). However; selection efficiency in small
plots for this trait could Ee improved by sﬁmultaneéusly considering
percent protein, since both peak height and percent protein provide aﬁ
indication of baking absorption (13, 22).

‘Relative Variation Within Plot-Size Ekperiments

The range in perfofmance for pefcent préteiﬁ, miXogram peak.dié-
tance, and peak height were simila#.for £he hill ahd row plots, but'the.
range of thése traits was noticeably‘lower iﬂ the'micropidts‘(Table 25).
Other iﬁvestigators have shown the range in perfqrmancé for égronomip
traits measured in hill plots was wider than when those £raits were
measured in row plots (32, 39). |

The size of the coefficients of variation in the two small plot
tyfes for the thfee quality traits were similar with those obtained -
from the row élots (Table 25). Errgr varianées for all of the traits
were homogeneous betﬁeengthe smalliand row plotsj(Appendix Table 2),.éhd,'
except for perqent protein measuréd.in the hill plots, ail meaﬁs.weré-

equal. between the Trow and small plots (Téble 22).

Comparison of Cultivar Mixogram Patterns Between Plot Types
In additibn'to-providing information on baking ﬂiking requirements
and mixing tolerance, the mixogram patterﬁ has qualitative character-

- istics that are functions of cultivar differences (22), Patterns from :

- flours of known baking qualities can be compared with patterns produced 
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Table 25. GCoefficients of variation (C.V.), standard errors (s),
overall means (X), and range of performance (R) for percent pro-
tein, mixogram peak distance, and peak height measured in row and
small plots.

Plot Type

Trait Row Hill ' Micro
- Protein (%) ' . ] ~
c.v. (%) : - 2.20 . 2,10 : 2.10
.8 - 0,30 : 0.29 : 0.29
X 13.50 o 13.80 ‘ 13.60
R - 3.48 _ 3.61 3,05
Peak distance (cm) : ,
c.v. (%) . ?7.80 . 9.70 8.50
s 0.28 0.36 0.20
X 3.60 : 3.70 3.90
R - 2.10 2.00 1.60
Peak height (cm) ‘
c.v. (%) 10,60 11.10 . 9.40
s - 0.63 0.64 0.58
X 5.90 5.80 6.20
R 1.90 2.30 1.20
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by experimental lines, and the differences between patterns can be
used es a criterion for selection (14),

Fig. 2 shows mixograms produced from four'cultivars grown in the
three plot types. 'Winalta,' 'Centurk,' and 'MT 6928' are hard red
winter wheats of similar protein content, They differ in distance
to peak, with 'Centurk' showing the smallest and *MT. 6928' the largest
values across plot types (Appendix Table 19), and peak helght, w1th
"MT 6928' showing the smallest value across plot types (Appendlx Table
20), 'Winalta' is a quallty standard in Montana, and patterns from
cultivars or experlmental lines are compared to the 'Winalta' pattern
for selection purposes.

'Nugaines' is a soft white winter wheat with low'protein content
.and low absorption,‘characteristics suitable in the manufacture ef pas¥
tries and related products (15). Its mixogram pattern is iﬁcluded in

Fig. 2 to show the similarities across plot types.

Association of Mixogram Data With Other Qsality Traits
Correlation coefficients between all pdssible combinatiens ef the
three quality characteristics measured in all plot types plus the four
farinograph traits measured in the row plots were computed to deterpine
if the types of percent protein, miiograph, and farinograph ihter-re—.
lationships in the row plots also oocuired in the small,plots (Tables

26 to 28), The transformation from r to a quantity z, as given by

Snedecor and Cochran (40), was used to "test the hypothesis that two
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Fig, 2. Effects of tempered (13.5% mb) sieved wheat meal on
dough development using four winter wheat cultivars grown
in row, hill, and microplots. Values under curves are the
mean percent protein for each plot type.
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sample values of r were drawn at random from the same population."

Within the row plot experihent, pefcent protein was.significently
correlated with farinogram absorption and valorimeter value (Table 26).
Mixogram peak height was positively and significantly associated with
farinogram absorption, stability, end valorimeter value. Shuey (34)

reported that farinogram peak time was highly correlated with crude

.protein (r = 0.88), but this relationship was not observed, possibly
-due to the narrow range in protein content of cultivars used in this

.study, The significant positive associlation between percent protein

and farinogram valorimeter value has been reported in the literature
(34) nghly 51gn1f1cant positive correlations between several far-
inogram traits were also found but beoaose these measuremeots ere
generally evaluated separately by the cereal chemist, no further in-
vestigation of these relatlonshlps was made, The correlations among
quality traits 1n’small plots oommon to those in the row plots were.
homogeneous (Tables 27 and 28)

Quallty 1nformatlon obtained from the small plots exhibited rela—_

tionships not expressed by row plot quallty information, such as the

high, positive correlation between hill plot mixogrem'peak heigﬁt and
farinogram stability. This relationship‘lndicated that mixogram peak '

height would provide some indioation of'the flour's tolerancevtonmix;

'1 ing (Table 27)' The p051t1ve relatlonshlps between proteln content

and farlnogram peak time and stablllty were 51m11ar to values repor— 'f




Table 26. Correlatlons among seven quality characterlstlcs of winter wheat grown in

(FVA)

row plots.
Characteristic - PRO PKD PKH FAB FPT - FST FVA
Percent protein .- 1,00
(PRO) S
Mixogram peak dlstance -0.16 1.00
. (PKD) : o
- Mixogram peak helght 0.38. '-0.19 1.00
(PKH) . : .
Farinogram absorptlon . 0.51* -0.29 0,58%% 1,00
(FAB) . :
: Farlnogram peak time 0,40 0.39 0.39 0,28 1.00
- - (FPT) ' V
Fa?lno§ram stability. 0.38 - 0,27 © - 0,L5* 0.17 0,70%* 1,00
FST : . o
Farlnogram valorlmeter T 0.52% -0,11 0.54%% 0,40 “0,65%%  0,57%% 1,00

* ** Slgnlflcant at the 0.05.and 0,01 levels, respectively.
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Table 27.

Correlations among seven quality characteristics of winter wheat grown in

hill plots.
Characteristic PRO PKD PKH FAB FPT FST FVA
Percent protein 1.00
"~ (PRO) . :
Mixogram peak distance -0,09 1.00
(pxD) S
Mixogram .peak height - 0.48* 0.20 1.00
~ (PxH) : |
Farinogram absorptlon 0.52% -0.12 0.43% 1,00
(FAB) ' :
Far1no§ram peak. tlme 0. 4dyx* 0.31 0.55%% 0,28 1.00
(FPT '
Farinogram stablllty 0.42% 0.32 0,52% 0.17 0.70%%  1.00
(FsT) _
Farlnogram valorlmeter 0.56%% -0,13 0.65**. 0.40 0.65%%.  0,57%% 1,00
(FVA). ' ‘

* % Slgnlflcant at the 0,05 and 0,01 levels respectlvely
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Table 28, Correlations among seven quality characteristics of winter wheat grown in

microplots.
Characteristic PRO PXD PKH FAB FPT FST FVA
Percent protein 1,00 ' ‘
(PRO) S
Mixogram peak distance 0.11 1.00
(PKD)
Mixogram peak height 0,07 0.08 1.00 -
(PxH) '
Farinogram absorption 0.38 -0.30 0.25 1.00
(FAB) .
Farinogram peak time 0.33 0.38 0.40 0,28 1.00
RGO
Fafino§ram stability 0.31 0.47% 0.39 0.17 0.70%x 1,00
T
Fa:(:'inb%v,ram,valorimeter., 0.44% 0,08 .0.56%% 0,40 0.65%%  0,57%% - 1,00
FVA :

C ok X% Sighificant at the 0.05 énd 0.01 levels, respectively.

06
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ted in the literature (34). Correlation coefficients obtained from
microplot quality data did not agree as closely with those obtained in

" the row plots as did the hill plot data'(Table 28).

. Replicated Versus Bulk Mixogram Data

The mixograph information (peak distance and peak height) utilized
in this in&estigationlwas obtained from replicated grain samples from
each plot type. . A buik of the replicates was also used to ébtain mix-
ogram peak distance and.peak height and correlation coéffiéients were.
computed within plot types between the replicated and bulked valués
for these traits (Table 29). |

Correlation coefficients were positive and highly significant for
both peak distance and feak height for all But the microplots. These
results indicate the suitability.of using bulked grain samples from
row and hill plots when information on mixogram peak distanqe and peak
height are needed, Information on peak distance obtained from the '
microploi gfain,samplgs'indicated thatﬂreblication of mixograms for
this plot type would ﬁé necessafy tq'obﬁain similar.restlﬁs_when Qe—_
termining peak ﬁeiéht.' ) | .

The correiafiqns of mixogram'iﬁfbiﬁatioﬁ oﬁtained ffbm buiked';f"
‘samples of wheat ﬁith percent pfotein and'row-flot fafinogram data
.Within each plo£ type are presented in Table 30. A comparison of these
quality relationships with the reiatiénships exhibited using réﬁlica—

ted grain samples (Tables 26 t6.28) showed that most,quaiity inter--
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relationships were maintained. The differences thét did'OCCur wefe: .
row plot mixogfam peak height and farinogram peak time were unrelated
in the replicatéd samples, but a significant, positive relationship
was detected for these traifs using bulked grain samples; in the hill
plots, positive associations between mixogram peak height and farino-
gram peak time and stability were-détected using replicated samples,
butjnot in the bglk samples; and relationships between mixogram peak
distanqe aﬁd farinogram peak time anq mixogram peak height and fariné—
gram absorption_were ﬁot detected in replicated microplot samples, but

significant, positive correlations were obtained from the bulk samples.
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Table 29. Correlations between bulk and replicated data for mixogram
peak distance and peak height taken from row and small plots.

Mixogram Characteristic

_ Peak . S Peak
Plot Type = "~ Distance Height
Row - : . 0,78%% 0.73%*
‘Hill - L 0,78%x 0.76%%
Micro 0,82%*% 0.49%*

*,%% Significant at the 0,05 and 0,01 levels, respectively,




Table 30, Correlations between bulked mixogram information and other quality character-
istics of winter wheat cultivars grown in row and small plots.

Plot Type ° .
Row Hill Micro

- . - ) Peak - Peak Peak- Peak Peak Peak
Trait ) L Distance Height Distance Height Distance Height
Percent protein . - - -0.35 ' 0.27 -0,12 0,50% 0,08 0.30
Farinogram absorption - =0.39 0.54%%  -0.15 - 043 -0.23 0. 5%
Farinogram peak time 0.21 0,45% 0.27 0.40 0.51* 0.51%
Farinogram stability 0.11 0.lulyx 0.32 0.36 0.62%% 0,33
Féfinogram valorimeter. . =0,30 0,68%% 0.01 0, 52%x% 0.10 0.40

% *¥ Significant at the 0,05 and 0.01 levels, respectively.

6




SUMMARY

Flour protein content gn& mixograph information'(peak disfance
‘and peak héight) ﬁere obtained froﬁ:wiﬁter wheat cultivarsvgrown'in_
Icoﬁventional Tow plots ana two types.of-smali plot and a compgrison
was made between them. A ten-gram mixograph, using sieved wheat meal,
was adopted to determine distance to péak and peék height and to com-
pare cultivar curve patterns,

This investigation -has shown that either hill or microplots would
provide satisfactory information on protein content.and mixogram char-
acteriétics, especially when the number of eﬁtries is large or when
the amount of seed'anq land available is iimited, such as in eérly

generafions'6f'a'breeding program,




OVERALL SUMMARY

Twenty-three winter wheat_cultivars were evaluated in hill, micro-,
mini-, and row plots grown under dryland conditions in 1978, In addi-
- tion, the hill'and microplots were'irrigated three times during the
_.growing season in nurseries separate from their dryland counterparts.
Comparlsons of these small .plots w1th the row plots were made utilizing
thlrteen agronomlc.and four quality characterlstlcs as criteria for
determining thelr,sultablllty as alternat;ves to. the row plots in win-
te£ wheat reeearch. | | |

All plot nurseries were damaged by wind and hail six days .after £he
last cultivar had headed. An evaluation of this damage, using ten.of-
the 23 cultivars, determined that'cultivars grown in the smellnplot
nurseries reacted to hail-induced head damage and wind; and hailfinduced
lodging in a manner similar to the cultivars grown in the row plots#r

Comparisons of the small plots versus the row plots . using overall
.means, phenotyplc correlatlons betwéen row and emall plots ranges, co—'"
.efflCIGHtS of varlatlon, and the percentage of entrles that were com-
mon'in the extreme 10 25, and 50% of the populatlon 1ndicated thatw
~ the hill, mlcro—, and minlplots were suitable alternatlves to oW plots'
to dlscrlmlnate among cultivars for headlng date, plant helght, ‘seed
'weight, and harvest index. The hill'and_microplbts were as efficient
as the row plots in identifying Wiﬁter wheat.cultivars for percent.

flour protein and mixogfam characteristics (peak distance, peak heighﬁ,"‘
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and curve pattern)., No advantage ﬁsing irrigated hill and irrigated .
microplots was detected.

| The'cuitivars grown in the drylahd hill plots were less vigorous,
in terms of planf Heighf, number ofiheads7900.cm2, and grain. yield,
than those grown iﬁ fhe row plots. Relétionships between agronomic
and quality characteristics within sﬁall‘plof types differed substan-
tially_ffom.these relationships in the row plot nursery-and this -was
attributed to the differential ability of cultivars to compete'within
énd between experimental units.,

The relative importance of harvest index and biological yield to
grain yield within ploﬁ types was determined using multiple regression
analysis. Harvest index and biological yield accounted for 95 to 99%
of‘the variationlin gfain yigld across plot types and the ratios of
their standard partiai fegression coefficients in@icated that harvest
index Was more imﬁortént than biologicai yield‘in determining grgin
.yield except in tﬁe dryland hill aﬁd micropléts; where both harvest

index and biological yield ‘were of equal importance.
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Appendix Table 1. Winter wheat cultivars, entry, and accession numbers .
used to compare row and small- plots.

Entry ' ¥ : ‘ Accession
number  Cultivar ‘ ‘ number
1 Winalta _ - CI 13670
2 Centurk - : ' : CI 15075
3 Cheyenne S : : CI 8885
4 Warrior , _ CI 13190
5 Winoka : CI 14000
6 Hiplains ) CI 17262 .
7 Sundance ' CL 15327
8 Trappexr © CI 13990
9 Lancer E CI 13547
10 Nugaines CI 13968
11 Wanser - : , ©-CI 13844
12 Froid . CI 13872
13 Grest CI 13880
14 Roughrider CI 17439
15 Advanced line (TX 55-391-56-D8/WMT 11-4-3). MT 6928
16 Advanced line (YG/CNN 11-5-5//YGSS 4662 20-4-1<1) Mr 7216
17 Advanced line (ICR/WLT 102-L4-14) MT 72l
18 . Advanced line (MT 6319 *2/ICR) MT - 7420
19  Advanced line (RG/CNN 39-18-7//WLT) M 7431
20 . Marias IT MT 7801
21 Bohls Selection MT 7802
22 NAPB 1289 - NA 1289
23 Rocky NA
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‘Appendix Table 2. ;Comparison of error mean squares between row and small plots for 16 -

traits,
: _ ‘ Plot Typet )

‘Trait " Row-D . Hill-T _Hilli-D Micro-I Micro-D Mini-D ..
Days to emergence 0.30 - 2,05 %% — 0,50 * 0,62 %%
Fall color - S 0.12 - 0.19 . - 0,08 0.11
Spring color S 0.23 - - 0,15 . Com— 0.13 0,07 *x

" Fall growth habit .~ 0.26 - 0.32 : —_— 0.17 0.26
Spring- growth habit ’ 0,22 —_ o455 * - - 0.41 0.27

. Heading -date - . 0,307 Ce—— 1.20 ** - 1.510 ** 0,36

-~ Plant height 11.20 15,22 *% 16,31 ** 27,04 ** 26,66 %% 15,54 %
Heads/900 cm? 99.60 126,02 75,2 162,13 ¥ 119,03 225,92 *x
Seeds/head - 9.7 30.77 % L5 L1 %% 29,02 ¥*x 20,35 % 9.11
100-seed weight 0.03 0,06 * 0,02 * 0.03 0,04 0.03
Yield : . . 18,00 92,37 ** 71,51 *% 172,89 ** 103,69 ** 138,93 **
Harvest index ©.0.001 0,002%* 0,002%% 0, 002%* 0.001 0,002%%
Biological yield 91.4 - 570 80 *¥* 573 82 *% 1142,65 ** 603,42 ** 287,48 *x*
"Percent protein 0.09 - - 0.09 - 0.08 -
Mixogram peak distance 0,08 -— 0.13 - 0.11 . -
Mixogram peak height 0.39 - : 0.42 - 0.34 -

¥, ¥ Slgnlflcantly different from the Tow plot error mean square at the 0,05 and 0,01
1eve1s, respectively,

+ The letters D and I following plot types are abbreviations for dryland and 1rr1gated

- respectively..

01




Appendix Table 3. Ranked cultivar means for percent culms lodged measured in row and
small plots. ' :

© I\t 00

. . : Plot Typet. )
Row-D ] Hill-T Hi1l1-D Micro-I Micro-D Mini-D
Mean Cult,*  -Mean Cult, Mean Cult. Mean Cult.. Mean Cult, Mean Cult.
AR S % . % % |
1.3 . 12 52.5. 12. 20,0 20 42,5 1 27.5 14 80,0 12
7.5 1, b7.5 .1 15.0 - 12 15.0 12 15.0 12 45,0 1
5.0 ik .7 35.0 3. 11.3 12 7.5 15 0.0 2 35.0 3
0.0 2 35.0 - 14 10.0- 3 5.0 21 0.0 21 30.0 2
0.0 21 32,5 .21 5.0 2 4.9 3 0.0 10 30.0 20
0.0 10 10.0 2 0.0 21 . L.,9 14 0.0 15 5.0 14
0.0 15 0.0 - 10 0.0 10 L .9 20 0.0 3 0.0 21
0,0° 3 0.0 15 0.0 15 0.0 2 0.0 1 ‘0,0 10
0.0 20 . 0,0 20 0.0 14 0.0 10 0.0 20 0,0 - 15
0.0 16~ ~ 0.0 16 0.0 16 0.0 16 0.0 16 0.0 16
- 8.6%8 39.1 26.0 214 _ 15.9 9.5
" 1 The letters D and I following plot types are abbreviations for dryland and irrigated,
respectively. ‘

t+ Refer to Appendix Table 1 for cultivar names,
§ L.S.D. at 0,05 level,
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Appendix Table 4, Rankgd cultivar means for percent heads damaged measured in row and
small plots. '

_ : Plot Typet ,
Row-D Hiil-T Hill-D _ Micro-I Micro-D Mini-D
Mean Cult.f Mean Cult, - Mean Cult, Mean Cult, Mean Cult, Mean Cult.

% % £ % % %
19.3 21 - 17,0 - 21 20.5 21 12.8 21 11.5 21 17.5 21
. 8.0 4 10,8 10 8.3 20 7.5 16 6.3 10 10,0 12
. 7.0 2 7.5 12 7.8 16 6.3 2 6.3 1h- 7.5 10
6.8 12 7.5 16 7.3 14 6.0 14 5.8 3 7.5 14
6.8 - 16 6.8 3 6.5 2 5.3 10 5.5 12 5.5 1
6.5 10 6.8 20 6.5 10 5.3 15 5.5 16 .5 3
6.4 1 6.0 1 6.0 12 5.3 20 5.3 1 4.0 20
6.0. 20 - 5.9 1 5.5 3 5.0 12 5.3 20 3.5 2
5.8 3 5.0 2 4.3 15 - 4.8 3 5.0 2-. 3,0 15
3.5 15 3.8 15 3.5 1 L.s5 1 4,0 15 3.0 16
L 23 6.8 6.3 3.3 5.8 6.6
T The letters Dand T follow1ng plot types are abbreviations for dryland and 1rr1gated
"~ ‘respectively.

" Refer to Appendix Table 1 for cultivar names.
§ L..s.D. at 0,05 level,
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17,

Appehdii Table 5. - Ranked cultivar means for days to emergence measured in row amd.

16

't The letter I fellow1ng‘plot types is an abbreviation. for dryland
% Days from plantlng until 50% of the coleoptiles were emerged

" §-Refer to Appendix Table 1 for cultivar names.
W L. S D'at O, 05 1evel

small plots.
o ' , Plot Typet

‘"Row-D . - Hill-D Micro-D Mini-D
‘Meant - Cult, § : " Mean Cult, Mean Cult. ‘Mean Cult,
18.3 6 - . - 17.4 21 16.4 9 16.0 3

"17.8 23, - 173 9 . 16.3 16 -15.8 5

7.7 6. . - 17,0 5 16,2 3 15.7° .12

17,7 10 0 o 17.0° 8 16.3 11 - 15.7 21

17.7 i5- .. - 16.8 18 16.3 14 15.5

7.7 17 ‘ 16.6 b 16,1 15 15.3 1

- 17.7 21 - 16.6 16 16,0 4 15.3 L

17.5 1 16.5. 1 16.0 5 15.3 9

17.5 5 . 16.5 . 3 16.0 8 15.3 .17

- 17.3 11 - 16,5 14 : 16.0 10 15.2 8

7.3 18 -7 - 16.5 20. 16.0 .18 15.2 11

17.3° .20 ' T 16.5 22 -+ 16,0 21 15.2 13

-17.2 22 S L 7 ' 15.9 22 15.2 15
i7.00 3 - 16.4 12 . '15.8 1 15.2 18 -

17.0 T 16.3 6 15,8 6 14,8 14

7.0 7 : 16,3 15 .o 15.8 13 .8 22

17.0 8 - 163 23 15.8 19 4,7 10

0 9 g 16.2 17 15.7 2 .7 19

17.0 12 - 16.1 10 15.7 20 1,7 20

17.0 13 . 164 11 15.7 23 14,5 2

17.0 - -14 o T, 158 .2 15.6 7 4.5 6
7.0 19 ) 154 13 o 15,6 12 14,2 23 -

6.7 2 - 15,3 19 15,6, 17 14,0 Wi

0.6 % - 0 .o 1,2 0.6 0.9

40T




Appendix Table 6. Ranked cultivar means for fall color measured in row and small plots.

Plot Typet

Row-D : o Hill-D © _ Micro-D : Mini-D
eant Cult, § Mean Cult, Mean Cult. Mean Cult,
2 5 3.7 1 1.0 5 5.0 1
0 -1 3.7 5. 4,0 12 4,0 I
0 - 14 3.7 1z 4.0 14 - L0 5
0 16 3.7 14 Lo 15 L.,o 12
8 12 3.7 16. L.,o 16 L,o 14
.8 19 3.6 17 3.8 9 3.8 9
7 17 3.5 10 3.7 3 3.8 ~ 17
503 3.5 11 3.5° 19 3.7 18
5 9 3.4 13 3.5 20 3.5 3
3 4 3.3 15 - 3.3 13 3.5 21
3 _63 3.3 19 3.3 17 3.3 6
3 18 3.3 21 - 3.3 18 3.3 7
3 20 3.2 18 3.2 L 3.3 8
.0 2 3.1 .3 3.2 3 3.2 6 .
0 - 8 3.1 L 3.2 7 3.2 10
.0 11 3.1 7 3.2 11 3.1 19
.0 13 3.1 9 3.2 21 3,0 2.
.0 15 3.1 23 3.0 8 3.0 11
.0 21 3.0 8 3.0 10 3.0 13
0 23 3.0 20 2.9 2 3.0 15
.9 10 .. 2.9 2 . 2,9 - 22 3.0 22
.9 22 2,9 .22 2.9 23 3.0° 23 -
6.9 - - 0.7 o 0,5 - 0,6 -

‘The letter D follow1ng plot types is an abbrev1at10n for dryland
Scale 1-5 (5 = darkest green). _
Réfer to Appendlx Table 1 for’ cultlvar names,_'

'ﬂmﬁ+ommumuwwumuuwuwumuuwpttpg

L S D at 0. 05 level
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Appendix Table 7. Ranked_Cultivar means for spring color measured in row and small
plots. ’ N :

607

B o : Plot Typet )

Row-D . Hilli-D Micro-D Mini-D
eant Cult.§ Mean Cult. . Mean Cult, Mean Cult,
8 -~ 11 4.0 14 4.0 1 L.o 1
.8 13 3.8 1 L.,o 5 L.o 5
7 L. 3.8 10 L.o 14 3.7 10
3 2. 3.8 16 . " L.o 15 3.7 14
3 6 - 3.8 17 k.o 16 3.5 7.
3 10 3.7 6 3.8 20 3.5 8
3 18 3.7 7 3.7 12 3.5 16
3 20 - 3.7 12 3.7 13 3.5 18
3 21 3.7 18 3.7 17 3.3 3
3 . 22 3.7 19 3.7 18 3.3 4
.2 1 3.7 20 3.5 -7 3.3 6
2 7 3.5 5 3.5 9 3.3 9

2 8 "~ 3.5 11 3.3 b 3.3 A7 -
2 . 16 - 3.3 L 3.3 8 3.3 - 21
2 19 3.3 8 3.3 11 3.2 13
.2 23 3.3 21 - 3.2 3 3.2 20
.8 3 3.3 22 3.2 21 3.1 12
.8 5 3.2 13 3.2 22 3.0 2
8 - 9 3.0 2 3.0 2 3.0 11
.8 12. 3.0 3 3.0 6 3.0 15
8 14 © 3.0 9 . 3.0 10 3.0 19
8. i5 - - 3.0 15 3.0 19 3.0 22
.8 17. 3.0 23 . 3.0 23 3.0 23
09 : . 0.6 : 0.6. 0.4

The. letter D following plot types is an abbreviation for dryland,

Scale 1-5 (5-= darkest.green).

Refer to Appendix Table 1 for cultivar names,

L

e H{HD DD DD DDLLLLWVLWLWLWLWLLLVLWLWWWWWIER

S.D. at 0.05 level,




Appendix Table 8.. Ranked cultivar means for fall growth habit measured in row and small

plots.
. . Plot Typet-

‘Row-D T X Hill-D - Micro-D Mini-D
eant Cult.§ Mean Cult. Mean Cult. Mean Cult.
3 1 3.8 13 3.7 22 3.7 2
3 7 - .3.8 22 3.5 -6 3.7 7
3 13 3.7 7 3.5 -7 3.3 6
0- 2 3.3 14 3.5 23 3.3 13
0 3 - 3.2 5 3.3 12 3.3 18
0 6 3.2 8 3.3 13 3.3 23
.0 12 3.2 10 3.0 1 3.2 14
0 17 3.2 23 3.0 L 3.2 15
0 20 3.1 17 3.0 -9 3.0 8
0 22 . 3.0 1 3.0 14 3.0 20 -
7 L . 3:0 2. 3.0 20 3.0 21
7 5 3.0 L 2.9 17 2.9 19
7 1 3.0 9 2.7 5 2.9 22
7 18. 2.9 6 2.7 21 2.7 1
7 19 2.8 3 2.3 2 2.7 b
3 8 - 2.7 12 2.3 3 2.7 11
3 9 2.7 15 2.3 8 2.3 3
3 11 2.7 19 2.3 10 2,3 5
3 15 2.3 11 2.3 15 2.3 9
3 =16 2.3 16 2.3 18 2.3 16
3 21 2.3 18 2.3 .19 2.3 17
3 23 2.3 20 2.0 11 2,0 10
0 10 _ 2.0 21 2,0 16 2,0 12
8 1 ] o 0.9--. ) 0,7 - 0,8

The letter D following plot es 1s an abbreviation for dryland.

Scale 1-5 (5 = most prostrateg? ‘ o

Refer to Appendix Table 1 for Cultivar names.

L )

T 29 O[O DD N DD N B N A0 AW W W W W W W W W=

.5.D. at 0,05 level,
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Appendix Table 9, Rénked cultivar means for spring growth habit measured in row and

small plots.
' Plot Typet
Row-D ’ ’ Hill-D ) Micro-D ) Mini-D
Meant Cult,$ Mean . Cult, Mean Cult, Mean Cult.
3.8 1 3.7 5 L. 5 14 4,0 5
- 3.8 5 3.7 18 4.3 6 L,0 14
3.8 14 3.5 1 4.0 9 k.o 18
3.8 16 . 3.5 7 3.8 2 3.8 1
3.5 7 3.5 12 3.8 5 3.8 7
3.3 .19 3.5 13 3.8 18 3.7 12
3.2 b 3.5 16 3.7 7 3.7 22
3.2 8 3.3 2 3.5 12 3.3 2
‘3.2 - 18 - 3.3 8 3.4 16 3.3 8
3.0 . 10 3.3 14 3.3 1 3.3 23
2.8 6 3.3 . 17 3.3 8- 3.2 17
2,8 21 3.3 21 3.3 13 3.0 3
-2.7. 9 © 3.3 22 3.3 22 3.0 10
2.7 o 12 3.2 3 3.2 3 2.9 21
2.7 22 3.2 11 3.2 17 - 2.8 13
2.5 17 3.0 L 3.2 20 2.8 15
2.3 2 3.0 9 3.2 23 2.7 9
2.3 11 . 3.0 . 10 3.1 10 2.7 19
2.3 23 3.0. 20 2.9 15 2.6 16
2.2 3 2.7 . 6 2.8 19 2.3 L
1.8 13 2.7 15 2.7 L 2.3 6
1.8 15- 2.7 19 2.7 11 2.3 20
2.8 20 2.7 23 2.3 21 2.0 11
1,090 . : 1.1 1.1 0.9
1t The -letter D follow1ng plot types is an abbrev1at10n for dryland
-4 -Scale 1-5 (5 = most prostrate),

§ Refer to Appendix Table 1 for cultivar names,
M L.8.D. at O, 05 level
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Appendix Table 10. Ranked cultivar means for heading date measured in row and small -

plots.
. s Plot Typet
" . Row-D . . , Hill-D - Micro-D Mini-D
Meant Cult.$ - . Mean Cult, Mean Cult, Mean Cult,
177.3 0 -7 ©o. 1782 7 177.5 7 176.8 7
175.0 10 175.1 12 17,1 12 17,5 10
I ,2 12 . . 1™ 10 173.9 10 174,20 12
17330 3 - 173.9 - 3 .o 173,51k 174,0 3
173.2 1 ' - 173.7 5 _ 173.1 3 173.3 5
173.0 5 - ~173.5 1 172,7 18 173.0 18
172.8 16 ‘ 173.5 14 172,6 16 172.8 1
172.8 . 18 173.3 18 172.5 5 172.8 14
172.5 1 173.1 16 - 172.5 11 172,3 16
172.5 19 172,50 11 172.1 1 171,3 11 -
72,0 8 - 1723 8 - 1m.7. 8 171.2 8
"171.8 11 : ©170.6 19 170.7 4 170,00 4
169.5 b4 170.5 4 170.1 6 169.8 19
168,8 6 169,8 . 9 S 170,119 169.2 17
168.8 17 _ . 169.5 6 - 169.5 22 168.8 6
168.7 9 _ - - 169,222 169.3 9 168.8 9
168.5 . 15 : 169.0 17 169.2 20 168,8 13
168.5 20 - 169.0 20 169.,2 21 168,8 21
168.5 22 . - . 169.0 " 23 169.1 17 168.8 22
168.5 23 ) 168.9 15 . 168.8 15 168.7 15
168.0 13 . ) 168.9 21 , 168.7 13 168.7 23
167.8 2 - , 168.6 2 168.6 23 168.2 20
167.8 21 .168,6 13 : 1684 2 168.0 "2
0,6 ~ 0.9 - 1.0 0.7

. T The letter D follow1ng plot types is an abbreviation for dryland.
% Days from January 1,
§_Refér to Appendix Table 1 for cultlvar names,

T L.S.D, at 0,05 level,
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_Appendix Table 11, Rankedvcultivaf means for plant height measured in row and small
plots. -

) : Plot Typet
Row-D Hill-T Hill-D Micro-T Micro-D Mini-D
Mean Cult.f Mean - Cult. Mean Cult, Mean Cult. Mean Cult, Mean Cult.
cm - ’ cm - cm cm . cm cm
128,7 12  130.8 7 119.2 7 133.9 7 123,2 12 = 123.2 12
126.2 7 130.2 12 117.9 12: ° 133.4 12 120,8 7 120.7 7
124,218 - 123.2 3 113 .4 8 126.7 3 116.9 8 119.8 3
121.0 5 122,2 1 112.2 1. 126.1 1 115.2 3 118.,7 8
119.5 1 121.6. 18 111.2 5 124.8 8 114,9 18 .117.0 1
117.3 3 121.4 8 110,8 18 122.,8 5 114.8 1 116.2 5
117.0 9 119.7 5 110.2 3 1214 14 114.7 5 114,5 18
116.7 8 . 118.5 14 109.6 20 120.9 18 113.5 b 113.0 20
116,0 19  116.4 9 109.3 9 118.8 9 111.3 9 112.7 11

115.8° 20~  114.7 .19 108.6 19 117.3. 11 111.1 20 111.3 14
115.3 14 114.1 L 108.3 14 117.2- 20 109,7 11 111.0 4
14,2 11 113.1 11 108,1 11 116.7 L 108.6 14 110.,0° 16
-111.7 L 112.6 20 107.4 L 14,7 19 107,.2 6 109.3. 9
110.3 16 .112.0 6 °~ 105.9 - 6 = 113.1 6 106.7 17 107.0 17
110.3 17 110.5 17 105,616 113.0 16 106.,2 16 105.7 19
106,2 22 110.3 22 103.9 17 110,217 105.4 19 105.5 6
105.5 23-- 108.6 16 102.7 22 108.6 22 104,2 22 105.0 22
103.5 6 - 106.7 2 100.3 23 106.,7 23 102.7 2 102,7 -23

©103.,2 - 2  105.,5 23 99.6 13 106.1 2 101.1 23 100.7 13

100,2 13 - 101.8 13 98.3 2 103.4 13 99.0 13 98.5 2
96.8 21 99.2 15 92.8 21 102.4 15 95,0 21 ..96.3 21
88.5 15  .94.3. 21 91,4 15 = 94,8 21 92,5 15 90.8 15

_77.5 10 87.0 10 79.2 10 87.1 10 80,1 10 ~ 7.7 10
3.88 3.1 ' 3.2 4.2 L1 4.5

+ The letters D and I following plot types are ablreviations for dryland .and irrigated,
respectively, # Refer to Appendix Table 1 for cultivar names, § L.s.D. at 0,05 level,
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Appendix Table 12. Ranked cultivar means for number of heads/900 c

row and small plots,

2

m~ measured in

tn\nUx0\0\0\0\0\0\0\0\0\0\oi0v§

Lt

respectively.

+

Refer to Appendix Table 1 for cultivar names. § L.S.D. at 0.05 level,

Plot Typet
. Row D Hill-T Hill-D Micro-I1 ) Micro-D Mini -D
Mean Cult.+ Mean Cult. Mean Cult, Mean Cult. Mean Cult. Mean Cult,
86.7 20 65.4 13 50.8 1 96.6 8 714 20 123.3- 22
85.3 18 61.8 2 L9 ,2 19 92,2 13 70.6 2 109.0 2
83.7 23 60.2 12 L84 6 92,0 18 70,4 1 108,7 9
- 80.7 22 59.2 22 48 13 89.6 19 68.8 7 107.7 18
75.0 17 57.6 7 47.0 18 88.6 3 68.2 18 107.0 6 .
.7 . 8 56.8 15 46,6 is5 86.4 5 67.2 13 105.3 5
8.7 11 56,8 19 4.6 17 85.8 12 65.8 3 104.0 13
8.3 9 . 56.2 6 - b5.2 22 8s.8 1 65.4 8 103.0 12
7.0 15 56.2 8. Ly .8 20 8.l 7 65.2 23 102.0 11
6.3 2 . 5,2 11 by by 2 83.2 2 6.8 Ly 100.,7 14
6.3 L - 55.6 Ly . Ly 2 5 81.0 17 . 63.0 5 100.7 19
5.3 5 5.8 5 434 11 79.6 6  62.8 19 96.3 L
5.3 13 5.6 17 2L 8 79.6 22 62,0 22 93.3 17
5.3 . 19 54,2 23 42,2 7 79 .4 b 61.6 17 92.3 8
3.7 - 6- 52.6 18 -40.,8 16 79 .4 11. . 60.6 6 92.0 3
3.7 10, 51,8 1 39.0 9 79.2 21 59.4 11 91.0 16
1.3 14 51.8 - 9 39.0 21 76.0 9 59.0 15 90,0 20
1.0 3 51.0 14 37.8 14 75.0 23 57.2 21 89.0 10
9.0 1 4b7,0 20 37.4 23 73 .4 15 56,2 14 88.3 7
9.0 12. 46,6 . 21 . 354 L 73.2 20 55,6 16 82.7 23
6.3 21 - 452 16 34.0 3 69.0 10 55,0 12 80.3 15
5.3 7 b6 3 32,8 10 69.0 16 53.6 9 79,7 1
54,0 16 bh2.2 10 29.0 12 67.8 14 46,8 10 65.3 21
1645 .1 — 10, 16.0 13.7 , 2.7
"The letters I and I following plot types are abtreviations for dryland and Irrigated,
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Appendix Table 13. Ranked cultivar means for number of seeds per head measured in row
and small plots. :

. : Plot Typet -

__Row-D Hill-T Hill-D Micro-I Micro-D Mini-D
Mean Cult.% Mean .Cult. Mean Cult, Mean Cult, Mean Cult, Mean Cult,
18.9 2 2.0 . 7 28,0 18 28,4 7 23.4 23 22, 23
17.1 13 21.0 23 . 20.6 16 - 27.8 15 23.2 15 19.6 15
16.6 - 1. 20,8 13 20,6 20 23.8 23 22,8 2 17.6 21
16.5 . 10 . 19.6 2. 204 15 23.0 8 22.2 1 17.2 7
15.8- 7 19.6 8 19.6 2 21.8 2 21,6 5 16.9 2
‘154 12 19.2 5 19.4 22 21.6 22 20,6 7 16.7 10
15.0 21 '19.2 21 -19.2 11 - 204 10 20.2 13 16.1 1
4.8 5 19.0 -~ 6 18.6 - 5 20,4 18 19.6 18 15.7 16
4.5 16 19.0 .12 . 18,6 21 20.0 13 19.2 8 15,1 3
14.3 22 . 18,6 - 16 18,0 1 19.8 6 19.0 16 14,0 13
14,0 . b 18.6 22. 17.6 7 19.6 L . 18,4 17 4,0 17
13.6- 3 - 18,0 11 17.6 - 13 19.6 21 18.4 21 13.8 20°

©13.2 18 "17.0 14 17,4 10 19,2 12 18.2 10 13.6 6. -
13.1. 4 16.4 L 17.0 6 19.2 20 18,2 20 13.4 19
13.0 "9 - 16.2 1 16.8 L 18.8 16 17.8 3 13.2 73
'12.3 15 15,6 - 3 - - 16.8 23- - 18,8 19 17.8 L 13.1 12
12.2 17 15.6 10 16.2 8 18.6 9 17.8 22 13.0 11
12.2 19 15.6 17 "15.6 19 18,0 1 16.6 6 12,9 14
11,2 6 15.4 20 15.4 17 7.8 14 16.6 11 12.8 b
11,1 1n 15,0 15 14,8 3 17.8 17 164 19 12.4 9
11.1 23 15.0 19 4 12 17.2 3 15.6 9 2.4 18

9.9 . 8 14,6 9 3.8 - 9. 15,8 11 15.2 14 12,2 8
9,1 20 13,0 18 13.2 . 14 15,4 -5 15.0 12 11,9 22
5,18 7.0 8.5 6.8 5.7 _ 5,0

T The letters D and I following plot types are ablreviations for

' respectively. % Refer to Appendix Table 1 for cultivar names.

dryland and irrigated,

§ L.S.D. at 0.05 level.
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