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ABSTRACT

The objectives of this study were to obtain estimates of the

relative magnitudes of the various types of genotype X environment

interactions on variety evaluation procedures, and to determine the

correlations of yield among all locations.

Data from the University of Tennessee Agricultural Experiment

Station performance trials from 1963 to 1977 were utilized for this

research. Twenty-two varieties of winter wheat at eight locations,

15 varieties of winter barley and 11 varieties of winter oats at six

locations were evaluated.

The genotype X environment interactions were all significant, except

genotype X year interaction for oats. The magnitudes of their components

were relatively small in relation to genotype components, except genotype X

year interactions for wheat and barley. These results indicated that

there was an important differential response to specific environmental

conditions which was not accounted for by locations, but some differential

varietal responses might be accounted for by years.

The correlations of variety performances for wheat and barley were

significantly correlated among most of the locations. However those for

oats were not significantly correlated among most of the locations. These

results indicated that the varieties of wheat and barley were more

generally adapted, whereas, varieties of oats were more restricted to

certain locations.

Ill



iv

Yield testing in environments which tended to result in similar

rankings of variety performance could be reduced to a smaller number of

environments. This could result in substantial savings to a breeding

project for the expensive task of yield testing.
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CHAPTER I

INTRODUCTION

Variety tests conducted for the purpose of comparing grain yield of

elite experimental lines and newly released varieties with a standard

variety are of considerable importance in plant breeding programs. These

tests are usually grown over several years and many locations; accordingly,

it seems desirable to obtain information on the importance of genotype-

environment interactions in varietal tests conducted under such

circumstances. These interactions could provide information about the

effect of different years and locations on variety performance and have

value for assessing the stability of performance of new varieties.

The environmental variation is sometimes very large. The variation

at a single location over years can be as great as that between locations

in one year. Therefore, breeding of varieties with broad adaptation is a

goal of many breeders. However, development of varieties generally

results from the selection of favorable plant types grown in a limited

set of environments. Evaluation of materials in a wide range of

environments is expensive and often impossible due to a limited quantity

of seed.

The University of Tennessee Agricultural Experiment Station conducts

variety tests of wheat (Triticum aestevum L. emthell), barley (Hordeum

vulgare L.), and oats (Avena sativa L.) at several locations across

Tennessee each year. The purpose of this testing program is to evaluate



2

the performance of varieties of these crops and to recommend the suitable

varieties to farmers or other agencies.

The data from the variety tests of these crops from 1963 to 1977 were

utilized in this study. The procedure of least-square analysis of data

involving computerized computation of analyses of variance was followed.

The objectives of this study were to:

1. Analyze the magnitude of genotype, genotype X environment, and

error variances for yield and certain other characters of wheat, barley,

and oats grown in Tennessee.

2. Estimate the correlation of variety performance in all possible

location combinations and, utilizing least-squares means, determine which

locations would provide the most meaningful information if there was a

failure at another location.



CHAPTER II

LITERATURE REVIEW

Research workers, mainly in the United States, have reported

estimates of genotype X environment interactions and have drawn some

general conclusions about the relative magnitudes of the different

variances. Comstock and Moll (5) have shown that the variances which

are pertinent to plant breeding problems are those associated with

variety X year, variety X location, and variety X year X location

interactions.

In studying the variety X location interaction, Horner and Frey (14)

obtained estimates for spring oats from nine locations in Iowa for five

years. The variety X location component was reduced by II, 21, 30, and

40 percent, respectively, when the area was subdivided into two, three,

four, and five subareas. Liang et al. (18) in Kansas, evaluated ten

varieties of winter wheat at 13 locations, four varieties of winter

barley at ten locations, and five spring oats varieties at five locations

for a three-year period. They reported that the variety X year inter

actions were small and often nonsignificant, but the second-order

interactions of variety X location X year were highly significant.

Significant variety X location interactions were obtained for wheat and

barley, indicating the state could be divided into subareas. However,

they suggested that each subarea should be considered as an independent

unit in testing the significance of variety X location interaction

because the decrease or increase in the magnitude of variety X location



mean squares of subareas does not always provide the true picture of

significance when compared to that for the state as a whole. Gandhi

et al. (9) conducting trials with wheat in India, reported that the

second-order interactions have generally been smaller than either the

vareity X year or variety X location interactions, and, also, the

vareity X year interacton was smaller than the variety X location

interaction. On the basis of the large interaction of variety X

location, they suggested that the number of locations must be increased.

Kaltsikes (16) estimated genotype X environment interaction

variances from western Canada's cooperative fall rye test grown from

1963 to 1967 and determined that all first-order interactions were

significantly greater than zero at the 0.05 level of probability.

Testing at 20 locations for three years with four replicates could detect

yield differences as small as 10 percent of the mean of the highest

yielding cultivar. He concluded that for further reduction of the

measurable yield difference, more locations would be necessary. Campbell

and Lafever (3) used Uniform Eastern Soft Winter Wheat Nursery data from

nine locations and three years as a basis for examining cultivar selection

and testing procedures in the Northern Soft Red Winter Wheat Region. They

reported that cultivars should be tested more than one year; however,

testing more than three years appeared to be of little value, especially

as the number of locations was increased.

Sprague and Federer (25) using corn yield trials determined the

optimum number of years, locations, and replications for maximizing

genotypic gain. Apart from cost considerations, their conclusion was to



increase the number of locations at the expense of replications at each

location.

In studying the performance of four varieties of upland cotton in

101 environments across the Cotton Belt of the Southern United States,

Abou-El-Fittouh et al. (1) found that for all traits other than yield, a

three-factor interaction was the predominant interaction component of

variance and, except for seed index and lint percent, the genotype X year

component was the least important. They pointed out that the relative

importance of the genotype X location component would be expected to

increase as the reference base of locations is expanded.

However, other workers have reported different results in their

studies. In studying the variety X year interaction, from an analysis

of data from long-term variety tests of wheat, Salmom(23) concluded that

the variety X year interaction for yield was substantial and that it

would be advantageous in many variety testing programs to use relatively

few replications and several years. Rasmusson and Lambert (20), utilizing

data from eight locations for a four-year period involving six varieties

to estimate the variety X environment interactions for yield in barley

varietal tests, reported that a highly significant variety X year X

location interaction was obtained. The variety X year component was

substantially smaller, but was significant at the 5 percent level, whereas

the variety X location interaction was not significant. They concluded

that there was an important differential response to specific

environmental conditions which was not accounted for by either year or

location groupings. They suggested that the use of additional years.
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locations, or replicates was most effective in that order named in

reducing the standard error of a theoretical variety mean.

Two populations of F^-derived lines of barley were studied by

Rasmusson and Glass (21) in the F^, F^, and F^ generations. The genotype

X location, genotype X year, and genotype X location X year components

of variance were smaller in magnitude than the genotypic and error

components in both populations for all traits except one. With a few

exceptions, the genotype X location X year component of variance was

larger than the genotype X location or genotype X year component. The

genotype X year component was larger than the genotype X location

component in nearly all cases. The data indicated also that replication

in their test was unnecessary.

Reitz and Salmon (22), summarized 20 years of improvement of hard

red winter wheat in the United States, and concluded that uniform

regional nurseries at locations in several states provide useful

information in a few years on adaptacion of varieties that would require

many years if evaluation were restricted to one or a few locations.

Interstation correlations of variety yields in regional nurseries usually

were equal to, and only occasionally larger than, interannual correlations

at a single station. They suggested that environment, even at a single

location, cannot easily be identified with a particular set of

environmental factors, and that general adaptation would be important

even in a restricted area of production of a variety. However, using

the regression technique of Finlay and Wilkinson (8), Walton (30)

analyzed the behavior and adaptability of widely grown commercial strains
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of Canadian hard spring wheat and showed that the advantage derived from

rust-resistant varieties has been to increase yields under high

productivity conditions. Therefore, he concluded that an attempt to

produce varieties of wide adaptation, while worth undertaking, is less

likely to succeed than is a breeding program whose objectives are closely

related to the local needs of the area in whkch the work is conducted.

Joppa, Lebsock and Bubch (15) reported on the yield stability of

selected spring wheat cultivars grown in the Uniform Regional Spring

Wheat Nurseries from 1959 to 1968 using the model of Eberhart and Ressell

(6). They concluded that the use of the regression analysis on such data

could materially absist the plant breeder in making decisions regarding

cultivar release. Stroike and Johnson (27) studied the performance

stability of 28 cultivars grown in an International Winter Wheat

Performance Nursery in 1969 and 1970. The statistical model developed

by Eberhart and Russell (6) was utilized for computation of three

evaluation parameters. The mean is a measure of average performance of

a cultivar over environments. The regression coefficient measures

cultivar response to changes in environment. The deviation mean square

provides evidence of predictability of cultivar response to environment

according to the regression coefficient. The three parameters together

provided useful interpretive information on the general adaptation and

performance stability of winter wheat cultivars. They concluded that the

stability parameters indicated the existence of wide cultivar differences

in response to environment as well as in predictability of response.

In summary, it is noted from the reported previous investigations

that the estimates of genotype X environment components varied
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considerably, not only from character to character in the same crop, but

also from crop to crop in the same area. Therefore, general inference

is difficult to make as to other crops grown in other areas.



CHAPTER III

MATERIALS AND METHODS

I. DATA COLLECTION

The University of Tennessee Agricultural Experiment Station conducts

small grain variety tests to study the performances of wheat, barley, and

oat varieties and experimental lines at the various experiment stations

across the state each year. Data for winter wheat, barley, and oat

varieties from these tests for the years 1963 through 1977 were utilized

for this study.

These tests were conducted at six stations for barley and oats and

at eight stations for wheat. The six stations where barley and oats were

tested were the Tobacco Experiment Station (Greeneville), Main Station

(Knoxville), Plateau Experiment Station (Crossville), Highland Rim

Experiment Station (Springfield), Middle Tennessee Experiment Station

(Spring Hill), and West Tennessee Experiment Station (Jackson). In

addition to these six stations, a few varieties of wheat were tested also

at the University of Tennessee at Martin ana Milan Field Station (Milan)

in each of several years. These eight stations are widely scattered in

the state, and each represents a different area. They are described in

Table 1. A brief summary of monthly average temperatures and precipita

tion for the 15 growing seasons for each of the testing sites are

presented in Tables 2 and 3.
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Table 1. Locations

1963-1977

of Small Grain Variety Tests in Tennessee,

Station Latitude Longitude Elevation (ft.)

Greeneville 36°06'
OL

O

CM
00

1320

Knoxville 35°53' 83°S7' 830

Crossville 36°or

00
o

o

OL
00

1810

Springfield 36°28' 86°S0' 745

Spring Hi 11^ 35°41" 86°58' -

Jackson 35°37" 88°50' 400

Martin 36°20' 88°52' 340

Milan 35°56'' 88°46'' 430

The information for elevaton of Spring Hill is not available.
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Table 2. Average Monthly Temperature (°F) for the Small Grain Growing
Season in Each Location (1963-1977)

Location^ Jan. Feb. Mar. Apr. May June Get. Nov. Dec.

Season

Average

Greeneville 36.3 38..1 48.,4 57.,5 64.9 72.,1 57.,4 47..0 39..5 51,.2

Knoxville 37.5 40.,0 50.,3 59.,9 66.6 73.,7 59.,2 48.,8 41.,1 53..0

Crossville 31.9 34..0 44.,6 55..1 61.7 68..5 54..9 44..8 36..0 47..9

Springfield 33.0 36.,1 46.,9 57..7 65.4 73..3 57.,5 46..8 37.,8 50..5

Jackson 36.1 39.,4 49..9 60.,8 67.9 75.,5 60.,0 49..4 40..3 53..3

Martin 35.9 39.,7 50..4 56.,8 68.5 76,,1 60.1 49..6 40.,2 53..1

Milan 34.6 38.0 48.,6 59.,5 66.8 74.,5 58.,3 48..2 39.,1 52.,0

^Data for Spring Hill are not available.

Table 3. Average Monthly Precipitation (in.) for the Small Grain Growing
Season in Each Location (1963-1977)

Location^ Jan. Feb. Mar. Apr. May June Get. Nov. Dec.

Season

Total

Greeneville 3.22 2.96 4.70 3.75 4.05 3.64 2.99 2.86 3.07 31.24

Knoxville 4.80 3.91 6.28 4.49 4.62 4.65 3.24 4.02 5.04 42.05

Crossville 5.02 4.48 7.36 5.41 5.70 4.60 3.47 4.42 5.71 46.17

Springfield 3.89 3.52 5.94 4.31 4.65 4.01 2.62 4.16 4.50 37.60

Jackson 3.68 3.99 5.31 5.50 5.59 3.64 3.05 4.20 4.71 39.67

Martin 3.97 3.57 6.05 5.30 4.62 4.75 2.94 4.13 4.32 39.65

Milan 3.94 4.08 5.70 5.40 5.36 4.33 3.04 4.39 4.79 41.03

^Data for Spring Hill are not available.
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Varieties and experimental lines of winter wheat, barley, and oats

which had been tested for three or more years at two or more locations

were selected for this study. There were 22 varieites of winter wheat,

15 varieties of winter barley, and 11 varieties of winter oats. The

varieties and experimental lines used in this study and brief descriptions

of them appear in Tables 4, 5, and 6.

All experiments were conducted as randomized, complete block designs

with four replicates. There were five or six rows in each plot. Each

plot was at least 40 feet long. All rows were harvested. Seeds were

planted by a grain drill or plot grain drill, and harvested by combine.

Performance was based on yield in bushels per acre, and test weight in

pounds per bushel.

II. STATISTICAL ANALYSES

The statistical analyses of data were computed by the IBM 360

computer at the University of Tennessee Computer Center. In these

analyses, the mean yields of 22 wheat varieties, 15 barley varieties, and

11 oat varieties were evaluated at each location during 15 years by the

Statistical Analysis System (SAS) (2), using the principle of least

squares analysis developed by W. R. Harvey (12). Each crop was evaluated

separately. The mathematical model for this analysis was:

Y.. = U + S. + V. + R
11 1 J

where

Y^^ = mean yield of i^^ year and variety,
U = overall mean.
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s
s
i
a
n
 f
l
y
.
 
M
o
d
e
r
a
t
e
l
y

r
e
s
i
s
t
a
n
t
 
t
o
 
l
e
a
f
 
r
u
s
t
 
a
n
d

p
o
w
d
e
r
y
 m
i
l
d
e
w
.

C
o
k
e
r
 
6
8
-
1
5
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a
b
l
e
 
4
 (
c
o
n
t
i
n
u
e
d
)

V
a
r
i
e
t
y

A
p
p
e
a
r
a
n
c
e
 
a
n
d
 
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s

D
i
s
e
a
s
e
 
a
n
d
 
I
n
s
e
c
t
 
R
e
s
i
s
t
a
n
c
e

C
o
k
e
r
 
6
8
-
1
9

K
n
o
x

K
n
o
x
 
6
2

M
c
N
a
i
r
 
1
5
8
7

M
c
N
a
i
r
 
1
8
1
3

M
c
N
a
i
r
 
2
2
0
3

M
c
N
a
i
r
 
4
8
2
3

M
o
n
o
n

1 1

A
 
v
e
r
y
 
e
a
r
l
y
 
w
i
n
t
e
r
-
h
a
r
d
y
 
v
a
r
i
e
t
y

w
i
t
h
 
s
h
o
r
t
 
s
t
r
a
w
.
 
D
u
e
 
t
o
 
i
t
s

t
e
n
d
e
n
c
y
 
t
o
 
s
t
o
o
l
 
d
u
r
i
n
g
 
w
a
r
m

s
p
e
l
l
s
 
i
n
 
t
h
e
 
e
a
r
l
y
 s
p
r
i
n
g
,
 i
t
 m
a
y

b
e
 i
n
j
u
r
e
d
 
b
y
 
l
a
t
e
 s
p
r
i
n
g
 f
r
e
e
z
e
s
.

S
h
o
u
l
d
 
b
e
 
g
r
a
z
e
d
 
t
o
 d
e
l
a
y
 m
a
t
u
r
i
t
y
.

S
i
m
i
l
a
r
 
t
o
 
K
n
o
x
.

A
 
me
di
im
i 
h
e
i
g
h
t
,
 m
i
d
s
e
a
s
o
n
,
 s
o
f
t

r
e
d
 
w
i
n
t
e
r
 
w
h
e
a
t
 
w
i
t
h
 
b
l
u
e
 
g
r
e
e
n

e
r
e
c
t
 f
o
l
i
a
g
e
.
 
I
t
 
h
a
s
 
l
a
r
g
e
,

p
l
u
m
p
-
s
e
e
d
e
d
 
l
i
g
h
t
 
b
r
o
w
n
 
a
w
n
l
e
t
t
e
d

s
p
i
k
e
s
.

A
 s
h
o
r
t
,
 s
t
i
f
f
-
s
t
r
a
w
e
d
 
v
a
r
i
e
t
y
 w
i
t
h

g
o
o
d
 
w
i
n
t
e
r
-
h
a
r
d
i
n
e
s
s
.

A
 v
e
r
y
 e
a
r
l
y
 w
i
n
t
e
r
-
h
a
r
d
y
 v
a
r
i
e
t
y

w
i
t
h
 
m
o
d
e
r
a
t
e
 
s
t
i
f
f
 
s
t
r
a
w
.

R
e
s
i
s
t
a
n
t
 
t
o
 
m
a
n
y
 
r
a
c
e
s
 
o
f
 
l
e
a
f

r
u
s
t
.

R
e
s
i
s
t
a
n
t
 
t
o
 
s
o
m
e
 
r
a
c
e
s
 
o
f

H
e
s
s
i
a
n
 
f
l
y
.

M
o
d
e
r
a
t
e
l
y
 
r
e
s
i
s
t
a
n
t
 
t
o
 
l
e
a
f

r
u
s
t
 
a
n
d
 
p
o
w
d
e
r
y
 m
i
l
d
e
w
.

R
e
s
i
s
t
a
n
t
 
t
o
 
s
o
m
e
 
r
a
c
e
s
 
o
f

H
e
s
s
i
a
n
 
f
l
y
 
a
n
d
 
i
s
 
s
u
s
c
e
p
t
i
b
l
e

t
o
 
s
t
e
m
 
r
u
s
t
.

R
e
s
i
s
t
a
n
t
 
t
o
 
l
e
a
f
 
r
u
s
t
 
a
n
d
 
m
o
s
t

r
a
c
e
s
 
o
f
 H
e
s
s
i
a
n
 f
l
y
.
 
S
u
s
c
e
p

t
i
b
l
e
 
t
o
 
p
o
w
d
e
r
y
 m
i
l
d
e
w
.

R
e
s
i
s
t
a
n
t
 
t
o
 
s
o
m
e
 
r
a
c
e
s
 
o
f

H
e
s
s
i
a
n
 
f
l
y
 
a
n
d
 
h
i
g
h
l
y
 r
e
s
i
s
t
a
n
t

t
o
 
l
e
a
f
 r
u
s
t
 i
n
 
t
h
e
 m
a
t
u
r
e
 
p
l
a
n
t

s
t
a
g
e
.
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4
 (
c
o
n
t
i
n
u
e
d
)

V
a
r
i
e
t
y

A
p
p
e
a
r
a
n
c
e
 
a
n
d
 
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s

D
i
s
e
a
s
e
 
a
n
d
 
I
n
s
e
c
t
 
R
e
s
i
s
t
a
n
c
e

O
a
s
i
s

R
e
d
c
o
a
t

S
i
m
i
l
a
r
 
t
o
 
A
r
t
h
u
r
 
7
1
 
i
n
 
a
g
r
o
n
o
m
i
c

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.

A
 
m
e
d
i
u
m
-
s
h
o
r
t
,
 m
i
d
s
e
a
s
o
n
 
s
o
f
t

r
e
d
 
w
i
n
t
e
r
 
w
h
e
a
t
.
 
I
t
 
h
a
s
 
e
x
c
e
l
l
e
n
t

s
t
r
a
w
 
s
t
r
e
n
g
t
h
,
 g
o
o
d
 
t
e
s
t
 
w
e
i
g
h
t
,

e
x
c
e
l
l
e
n
t
 
y
i
e
l
d
i
n
g
 
a
b
i
l
i
t
y
 
a
n
d
 
g
o
o
d

w
i
n
t
e
r
 
s
u
r
v
i
v
a
l
.

R
e
s
i
s
t
a
n
t
 t
o
 
r
u
s
t
s
,
 p
o
w
d
e
r
y

m
i
l
d
e
w
,
 H
e
s
s
i
a
n
 
f
l
y
,
 
a
n
d
 
l
e
a
f

b
l
o
t
c
h
.

R
e
s
i
s
t
a
n
t
 
t
o
 
s
t
e
m
 
r
u
s
t
 
a
n
d

H
e
s
s
i
a
n
 
f
l
y
.

R
e
e
d

R
i
l
e
y

S
e
n
e
c
a

S
t
o
d
d
a
r
d

A
 
l
a
t
e
-
m
a
t
u
r
i
n
g
 
v
a
r
i
e
t
y
 
w
i
t
h
 
g
o
o
d

s
t
r
a
w
 
s
t
r
e
n
g
t
h
.

S
i
m
i
l
a
r
 
t
o
 
M
o
n
o
n
.

A
 r
e
d
-
c
h
a
f
f
e
d
 
v
a
r
i
e
t
y
 
o
f
 m
e
d
i
u
m

h
e
i
g
h
t
 
a
n
d
 
f
a
i
r
 s
t
a
n
d
i
n
g
 
a
b
i
l
i
t
y
.

I
t
 
i
s
 
m
e
d
i
u
m
-
t
a
l
l
 
w
i
t
h
 
b
e
a
r
d
l
e
s
s

h
e
a
d
s
.
 

I
t
 
h
a
s
 
g
o
o
d
 
w
i
n
t
e
r
-

h
a
r
d
i
n
e
s
s
.

R
e
s
i
s
t
a
n
t
 
t
o
 
s
o
m
e
 
r
a
c
e
s
 
o
f

H
e
s
s
i
a
n
 
f
l
y
,
 l
e
a
f
 r
u
s
t
,
 a
n
d

s
o
i
l
-
b
o
r
n
e
 
m
o
s
a
i
c
.
 
M
o
d
e
r
a
t
e
l
y

s
u
s
c
e
p
t
i
b
l
e
 
t
o
 
s
t
e
m
 
r
u
s
t
,

p
o
w
d
e
r
y
 m
i
l
d
e
w
,
 a
n
d
 
l
o
o
s
e
 
s
m
u
t
.

R
e
s
i
s
t
a
n
t
 
t
o
 
l
o
o
s
e
 
s
m
u
t
.

S
u
s
c
e
p
t
i
b
l
e
 
t
o
 
l
e
a
f
 r
u
s
t
.

M
o
d
e
r
a
t
e
l
y
 
r
e
s
i
s
t
a
n
t
 
t
o
 
s
o
i
l
-

b
o
r
n
e
 m
o
s
a
i
c
.
 
S
u
s
c
e
p
t
i
b
l
e
 t
o

p
o
w
d
e
r
y
 m
i
l
d
e
w
,
 s
t
e
m
 
r
u
s
t
 
a
n
d

H
e
s
s
i
a
n
 
f
l
y
.

T
e
n
n
.
 
6
0
-
2
5

c
n
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 (
c
o
n
t
i
n
u
e
d
)

V
a
r
i
e
t
y

A
p
p
e
a
r
a
n
c
e
 
a
n
d
 
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s

D
i
s
e
a
s
e
 
a
n
d
 
I
n
s
e
c
t
 
R
e
s
i
s
t
a
n
c
e

T
r
i
u
m
p
h

A
 
ha

rd
 
re
d 

w
i
n
t
e
r
 w
h
e
a
t
,
 e
a
r
l
y

m
a
t
u
r
i
t
y
,
 s
h
o
r
t
 
s
t
i
f
f
 s
t
r
a
w
,

g
o
o
d
 
t
e
s
t
 
w
e
i
g
h
t
,
 y
i
e
l
d
 
w
e
l
l
 
i
n

a
r
e
a
 
o
f
 a
d
a
p
t
a
t
i
o
n
.

R
e
s
i
s
t
a
n
t
 
t
o
 
l
o
o
s
e
 
s
m
u
t
 
a
n
d

t
o
l
e
r
a
n
t
 
t
o
 
w
h
e
a
t
 
s
t
r
e
a
k
 
m
o
s
a
i
c
.

S
u
s
c
e
p
t
i
b
l
e
 
t
o
 
l
e
a
f
 r
u
s
t
,
 s
t
e
m

r
u
s
t
,
 s
o
i
l
-
b
o
r
n
e
 
m
o
s
a
i
c
,
 
b
u
n
t
,

a
n
d
 
H
e
s
s
i
a
n
 
f
l
y
.

^D
es

cr
ip

ti
on

s
a
r
e
 
n
o
t
 
a
v
a
i
l
a
b
l
e
.

O
N
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B
r
i
e
f
 D
e
s
c
r
i
p
t
i
o
n
s
 o
f
 W
i
n
t
e
r
 
B
a
r
l
e
y
 V
a
r
i
e
t
i
e
s

V
a
r
i
e
t
y

A
p
p
e
a
r
a
n
c
e
 
a
n
d
 
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s

D
i
s
e
a
s
e
 
a
n
d
 
I
n
s
e
c
t
 
R
e
s
i
s
t
a
n
c
e

B
a
r
s
o
y

C
o
l
o
n
i
a
l
 
2

D
a
y
t
o
n

H
a
r
r
i
s
o
n

H
u
d
s
o
n

J
e
f
f
e
r
s
o
n

K
e
n
b
a
r

A
n
 
e
a
r
l
y
-
m
a
t
u
r
i
n
g
,
 r
o
u
g
h
-
a
w
n
e
d
,

s
i
x
-
r
o
w
e
d
 
v
a
r
i
e
t
y
 
w
i
t
h
 
s
t
r
a
w

s
t
r
e
n
g
t
h
.
 

I
t
 
s
h
o
u
l
d
 
b
e
 
s
u
i
t
e
d

f
o
r
 d
o
u
b
l
e
 
c
r
o
p
p
i
n
g
.

A
 s
i
x
-
r
o
w
e
d
 
w
i
n
t
e
r
 
b
a
r
l
e
y
 
t
h
a
t
 
i
s

a
w
n
l
e
t
t
e
d
,
 h
a
s
 
a
 
s
h
o
r
t
,
 s
t
i
f
f
 s
t
r
a
w
.

A
 w
i
n
t
e
r
-
h
a
r
d
y
,
 s
e
m
i
r
o
u
g
h
-
a
w
n
e
d
,

e
a
r
l
y
 
v
a
r
i
e
t
y
 
w
i
t
h
 
g
o
o
d
 
s
t
a
n
d
i
n
g

a
b
i
l
i
t
y
,
 m
e
d
i
u
m
 
t
a
l
l
.

A
 m
e
d
i
u
m
-
l
a
t
e
,
 m
e
d
i
u
m
-
t
a
l
l
 
r
o
u
g
h
-

a
w
n
e
d
 
v
a
r
i
e
t
y
 
w
i
t
h
 
g
o
o
d
 
s
t
a
n
d
i
n
g

a
b
i
l
i
t
y
.

A
 w
i
n
t
e
r
-
h
a
r
d
y
,
 r
o
u
g
h
-
a
w
n
e
d
 
v
a
r
i
e
t
y

w
i
t
h
 
f
a
i
r
 s
t
a
n
d
i
n
g
 
a
b
i
l
i
t
y
.

T
h
i
s
 
v
a
r
i
e
t
y
 i
s
 
a
n
 
a
w
n
l
e
s
s
 
c
o
u
n
t
e
r

p
a
r
t
 
o
f
 H
a
r
r
i
s
o
n
.
 
I
t
 
d
o
e
s
 
n
o
t
 
s
t
a
n
d

o
r
 
y
i
e
l
d
 
a
s
 
w
e
l
l
 
a
s
 
H
a
r
r
i
s
o
n
.
 
M
e
d
i
u
m
-

l
a
t
e
 
m
a
t
u
r
i
t
y
.

A
 w
i
n
t
e
r
-
h
a
r
d
y
 v
a
r
i
e
t
y
 o
f
 m
e
d
i
u
m

h
e
i
g
h
t
.

R
e
s
i
s
t
a
n
t
 
t
o
 
c
e
r
t
a
i
n
 
r
a
c
e
s
 
o
f

m
i
l
d
e
w
 
a
n
d
 
t
o
l
e
r
a
n
t
 
t
o
 
m
o
d
e
r
a
t
e

i
n
f
e
c
t
i
o
n
s
 
o
f
 
l
e
a
f
 
r
u
s
t
.

S
u
s
c
e
p
t
i
b
l
e
 
t
o
 
m
i
l
d
e
w
 
a
n
d
 
s
c
a
l
d
.

G
o
o
d
 
r
e
s
i
s
t
a
n
c
e
 t
o
 
p
o
w
d
e
r
y

m
i
l
d
e
w
,
 l
e
a
f
 r
u
s
t
,
 
a
n
d
 
s
c
a
l
d
.

S
o
m
e
 
r
e
s
i
s
t
a
n
c
e
 
t
o
 
n
e
t
 
b
l
o
t
c
h
.

N
o
n
a
c
i
d
 
t
o
l
e
r
a
n
t
 a
n
d
 
p
e
r
f
o
r
m
s

b
e
s
t
 
a
t
 p
H
 o
f
 6
 o
r
 
a
b
o
v
e
.
 

It
ha
s 

pe
rf

or
me

d 
ve

ry
 p
oo

rl
y 
at

p
H
 
o
f
 5
 
o
r
 
b
e
l
o
w
.

G
o
o
d
 
r
e
s
i
s
t
a
n
c
e
 
t
o
 
m
i
l
d
e
w
 
a
n
d

s
c
a
l
d
.

G
o
o
d
 
r
e
s
i
s
t
a
n
c
e
 
t
o
 
m
i
l
d
e
w
 
a
n
d

f
a
i
r
 
r
e
s
i
s
t
a
n
t
 
t
o
 
s
c
a
l
d
.

T
o
l
e
r
a
n
t
 t
o
 
lo
w 
p
H
 s
o
i
l
.
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Va
ri
et
y-

A
p
p
e
a
r
a
n
c
e
 
a
n
d
 
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s

D
i
s
e
a
s
e
 
a
n
d
 
I
n
s
e
c
t
 
R
e
s
i
s
t
a
n
c
e

K
e
o
w
e
e

K
n
o
b

Mc
Na
ir
 6
01
^

R
o
g
e
r
s

1
T
e
n
n
.
 
5
9
-
1
5

T
e
n
n
.
 
6
1
-
1
1
9

V
o
l
b
a
r

T
h
i
s
 
v
a
r
i
e
t
y
 w
a
s
 
s
e
l
e
c
t
e
d
 
f
r
o
m
 
a

c
r
o
s
s
 
o
f
 
D
a
v
i
e
 
X
 
H
u
d
s
o
n
.
 
I
t
 
h
a
s

a
 p
r
o
s
t
r
a
t
e
 s
e
e
d
l
i
n
g
 
t
y
p
e
 
o
f
 g
r
o
w
t
h
.

I
t
 
i
s
 
s
i
x
-
r
o
w
e
d
 
a
n
d
 
h
a
s
 
me
di
io
ra

l
e
n
g
t
h
 
a
w
n
s
 
s
i
m
i
l
a
r
 
t
o
 
W
a
d
e
 
i
n

a
p
p
e
a
r
a
n
c
e
.
 
I
t
 
i
s
 
m
e
d
i
u
m
-
l
a
t
e
 
i
n

m
a
t
u
r
i
t
y
.

A
 s
i
x
-
r
o
w
e
d
,
 r
o
u
g
h
-
a
w
n
e
d
 
v
a
r
i
e
t
y
 
w
i
t
h

wi
nt

er
 h
ab

it
. 

It
 i
s 
me

di
um

 i
n 
he
ig
ht

an
d 
m
a
t
u
r
i
t
y
 a

nd
 
h
a
s
 
g
o
o
d
 
s
t
r
e
n
g
t
h
 
o
f

s
t
r
a
w
.
 

It
 
t
i
l
l
e
r
s
 h
e
a
v
i
l
y
,
 a
n
d
 
m
a
n
y

o
f
 t
h
e
 h
ea

ds
 
ar
e 
n
o
d
d
i
n
g
.
 
T
h
e
 s
h
o
r
t
,

p
l
u
m
p
,
 s
m
o
o
t
h
 
k
e
r
n
e
l
s
 
t
h
r
e
s
h
 
r
a
t
h
e
r

f
r
e
e
 
o
f
 a
w
n
s
 
an

d 
g
i
v
e
s
 
a
 h
i
g
h
 
t
e
s
t

we
ig
ht
. 

It
 i
s 

cl
as

se
d 

as
 
a 
fe
ed
 
ba
rl
ey

a
n
d
 
i
s
 
m
e
d
i
u
m
 
i
n
 
w
i
n
t
e
r
-
h
a
r
d
i
n
e
s
s
.

A
 w
i
n
t
e
r
-
h
a
r
d
y
,
 s
i
x
-
r
o
w
e
d
,
 t
a
l
l
,
 r
ou
gh
-

aw
ne

d 
va
ri
et
y 
wi
th
 m

ed
iu

m 
la
te
 m
at
ur
it
y.

R
e
s
i
s
t
a
n
t
 
t
o
 
m
i
l
d
e
w
 
a
n
d
 
t
o
 
s
o
m
e

r
a
c
e
s
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= effect of year (i = 1 to 15),

Vj = effect of variety (j = 1 to 22 for wheat; 1 to 15

for barley; 1 to 11 for oats),

R = residual term, containing error and first-order

interaction.

The relative performances of these varieties of different crops

between locations were measured by coefficients of correlation calculated

from the least squares means. The differences among these correlation

coefficients were compared, using tests to determine if correlation

coefficients were homogeneous (24).

Data for heading date and test weight were compared by the same

procedures.

Since large storage requirements were not available for the SAS ^

procedure of least-squares analysis from this IBM computer, the *

"Absorption" computational technique was used to estimate the variances
V. V f.; . . ,

of main effects and first-order interactions. However, it was not

possible to obtain the second-order interaction directly, and it was

considered to be the residual. The mathematical model for absorption

of the variable variety, for example, was:

where

hk'" ̂ * h * ^"

^ik ~ yield of i^'^ year and location, \rxiv
U = overall mean, , v o ̂

8^ = effect of i^^ year, '
= effect of k^^ location,
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t 111 t h(S*L)^j^ = interaction of i year and k location, and

R = residual term.

/ Similarly, the variables year and location were absorbed in turn in

order to obtain the estimates of variety and interaction effects.

In examining the relative magnitudes of the different sources of

variation concerned, the error variance was assumed to be small because

it could not be estimated, since individual plot observations were not

available and the mean of all replications in each test was used in all

computations. Therefore, these estimations were biased; however, the

bias should be small because of the number of observations involved.

The generalized form of the analyses of variance and the expectation

of mean squares are shown in Table 7. Varieties, years, and locations

are considered representative samples of their respective populations

and as random variables in the analysis. Because of the missing data,

the degrees of freedom and the sum of squares were obtained by adjustment

using least-squares analybis. Tests of significance were by the

appropriate "F" tests.
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Table 7. Form of Variance Analysis and Mean Square Expectations

Source Mean square expectation^

2 2
Year (Y) + r

2

^yi ̂ rt
2
0
vy

+ r

Location (L)
2 2
j + r a ,
e vyl

2 2
Location X Year O + r a

Variety CV)

e vyl

2 2
+ r 0 1

e vyl
2

Variety X Year ^ ̂  ̂ vyf

2 2
Variety X Location 0 + r 0 4

V*Y*L 0^ + r 0^ Yi
e vyl

Residual 2
Error 0

e

vi 2
0

y

2
ry

2
^ 1vl

+ rvy
2

0I
yi

Q

+

ry
2
^ 1vl

+ ryl
2
0
V

0^
vy

vl

y, 1, V, and r are number of years, locations, varieties, and
replicates, respectively; 0^ = error variance; 0^^ = variance due to
interaction of varieties and locations; etc.

/



CHAPTER IV

RESULTS

I. ANALYSES OF VARIANCE

The analyses of variance for yield of wheat, barley, and oats are

presented in Tables 8, 9, and 10, respectively. Components of variance

estimates from the analysis also are shown in these tables. The

relative magnitudes of these components indicate the relative importance

of the corresponding sources of variation in this study.

Considering wheat, it is noted that variety, variety X location,

and variety X year mean squares were all significant at the 1 percent

level of probability. The significant variety X location interaction

indicates that some varieties tended to rank differently in yield at

certain locations than they did at other locations. The fact that this

source of variation was relatively small in magnitude, however, indicates

that a rather large portion of the differential varietal responses could

not be accounted for by consistent differences in the wheat-growing

environments of the different locations. The significant variety X year

interaction indicates that the varieties ranked differently in yield

performance in three or more of the 15 years of testing. However, the

variance component of variety X year interaction was larger than that

of variety X location interaction, further indicating that varietal

reaction among years was less conbistent than among locations. The

significant variety variance component indicates that varieties differed

in their expressed genetic potential for yield.

25



26

Table 8. Analysis of Variance for Yield of 22 Winter Wheat Varieties
Tested at 8 Locations from 1963 through 1977

Source of

Variation

Degree of
Freedom

Mean

Square P
Variance

Component

Years 14 3214.88 4.60** 3.52

Locations 7 1897.85 2.71* 0.89

Year X Location 82 699.51 22.70** 7.60

Varieties 7?- 21 393.81 4.30** 0.63

Variety X Year 81 71.49 2.32** 1.27

Variety X Location 134 51.02 1.66** 0.34

Residual (v xl if k ) 429 30.82 7.71

*Significant at the 5 percent level of probability.

**Significant at the 1 percent level of probability.

Table 9. Analysis of Variance for Yield of 15 Winter Barley Varieties
Tested at 6 Locations from 1963 through 1977

Source of Degree of Mean Variance

Variation Freedom Square F Component

Years 14 6231.81 8.25** 14.94

Locations 5 2953.50 3.91** 2.40

Year X Location 66 755.27 6.75** 10.72

Varieties 14 1575,93 6.30** 3.68

Variety X Year 57 209.68 1.87** 4.07

Variety X Location 70 152.55 1.36* 0.68

Residual 260 111.95 27.99

*Significant at the 5 percent level of probability.

**Significant at the 1 percent level of probability.
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Table 10. Analysis of Variance for Yield of 11 Winter Oats Varieties
Tested at 6 Locations from 1963 through 1977

Source of

Variation
Degree of
Freedom

Mean

Square F

Variance

Component

Years 14 7826.20 4,14** 22.31

Locations 5 14698.72 7,_77** 19.11

Year X Location 57 1892.39 15,.70** 40.27

Varieties 10 1677.15 4.,69** 3.67

Variety X Year 44 164.20 1.,36 1.82

Variety X Location 50 313.75 2.60** 3.22

Residual 170 120.53 30.13

"Significant at the 1 percent level of probability.
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It is likewise noted that variety, and variety X year mean squares

were both highly significant for barley; whereas the variety X location

interaction was only significant at the 5 percent level of probability.

The variance component of variety X year interaction was much larger

than that of variety X location interaction, which indicates that the

reaction of barley varieties among years was much less consistent than

among locations. Also, the significant variety variance component was

large. It was much larger than that of wheat, implying that barley

varieties were much more different in genetic expression of yield than

the wheat varieties uSed in this study.

For oats, however, the variety X year inceraction mean square was

not significant, but the variety and variety X location components were

highly significant as in wheat and barley. The nonsignificant variety X

year interaction indicates that the varieties ranked essentially the

same during each of the 15 years of testing when averaged over locations.

Unlike wheat and barley, the variance component of variety X location

interaction was larger than that of variety X year interaction,

indicating that varietal reaction of oats among locations was less

consistent than among years.

11. CORRELATION COEFFICIENTS

Coefficients of correlation of least-squares mean yield among

locations are presented in Tables 11, 12, and 13 for wheat, barley, and

oats, respectively.

Considering wheat, correlations of yields at Greeneville and

Knoxville with all other locations, except Milan and Jackson with
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Table 12. Correlation Coefficients and Coefficients of Determination
(in Parentheses) for Yield of 15 Winter Barley Varieties
among 6 Locations, Utilizing Least-Squares Means

Knoxville Crossville Springfield Spring Hill Jackson

Greeneville 0.S9* 0.72** 0.63* 0.84** 0.63*
(0.35) (0.52) (0.40) (0.71) (0.40)

Knoxville 0.37 0.33 0.70** 0.32
(0.14) (0.11) (0.49) (0.10)

Crossville 0.64* 0.54* 0.60*
(0.41) (0.29) (0.36)

Springfield 0.63* 0.82**

(0.40) (0.67)

Spring Hill
0.60*

(0.36)

**Significantly different from zero at the 1 percent level of
probability,

*Significantly different from zero at the 5 percent level of
probability.

Table 13. Correlation Coefficients and Coefficients of Determination
(in Parentlieses) for Yield of 11 Winter Oats Varieties among
6 Locations, Utilizing Least-Squares Means

Knoxville Crossville Springfield Spring Hill Jackson

Greeneville -0.39 0.54
(0.15) (0.29)

0.04

(0.00)
0.54

(0.29)
0.20

(0.04)

Knoxville 0.33

(O.'ll)
0.43

(0.18)
-0.03

(0.00)
0.30

(0.09)

Crossville 0.48

(0.23)
0.50

(0.25)
0.56

(0.31)

Springfield 0.81**

(0.66)
0.96**

(0.92)

Spring Hill
0.87**

(0.76)

**Significantly different from zero at the 1 percent level
probability.

of
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Greeneville, and Milan with Knoxville, were significant at the 1 percent

level. Greeneville with Jackson was correlated at the 5 percent level.

The high correlations between either Greeneville or Knoxville and most

of the other locations would imply that these are the desirable sites

for selecting wheat varieties with general adaptation to all areas of

state, except Jackson and Milan, whereas, varieties selected at Milan

and Jackson would not necessarily be expected to perform well throughout

the state.

Testing by Fisher's method of transformation (24), these locations

were sorted into two groups, Jackson and Milan, which were low in

correlation with most of the other locations, were included in one

group; and the rest of the locations were the other group. Fisher's

test showed that the sample correlations of the group of six locations,

Greeneville, Knoxville, Crossville, Springfield, Spring Hill, and Martin,

were drawn from a common population, indicating that the performances of

j ' "
wheat varieties were similar among these locations. It is suggested that

these loations could provide meaningful information for each other

whenever the variety test at one or some of them failed.

In regard to barley, correlation of yields at Greeneville and Spring

Hill with all other locations were significant at the 5 percent level of

probability. Knoxville, however, was not significantly correlated with

the other loations, except Greeneville and Spring Hill. Also Crossville,

Springfield, and Jackson were significantly correlated at the 5 percent

level with all other locations, except Knoxville.

Fisher's method of transformation (24) results indicate that the

sample correlations of all locations where barley was grown were drawn
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from a common population, which implies that barley varieties performed

similarly at all locacions. It is, therefore, suggested that the data

of all locations might be used to predict the variety performance of

barley at any other location. Nevertheless, the coefficients of

determination (r ) were generally low among these locations, suggesting

that none of these locations would be the best site for selecting barley

varieties with general adaptation.

For oats, only Springfield, Spring Hill, and Jackson were highly

correlated with each other; whereas, the remainder of the locations were

not significantly correlated. Consequently, for oats, there does not

appear to be any locacion that is a desirable site for selecting

varieties with general adaptation.

Fisher's method of transformation (24) indicates that the sample

correlations of Springfield, Spring Hill, and Jackson were drawn from a

common population; whereas, Greeneville, Knoxville, and Crossville were

not. Furthermore, Springfield, Spring Hill, and Jackson were relatively

high in their coefficients of determination. These results indicate that

only these three locations might provide meaningful information on oats

variety yield potential.

Coefficients of correlation of variety heading date and test weight

of wheat, barley, and oats among locations are presented in Tables 14

through 19.

Considering heading date, all locations were significantly

correlated with each other, except Knoxville and Milan for wheat,

Greeneville and Jackson for barley, and Jackson with all locations for
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Table 15. Correlation Coefficients and Coefficients of Determination

(in Parentheses) for Heading Date of 15 Winter Barley
Varieties among 6 Locations, Utilizing Least-Squares
Means

34

Knoxville Crossville Springfield Spring Hill Jackson

Greeneville 0.50 0.63*

(0.25) (0.40)
0.42

(0.18)
0.54*

(0.29)
0.29

(0.08)

Knoxville 0.63*

(0.40)
0.70**

(0.49)
0.63*

(0.40)
0.67**

(0.45)

Crossville 0.68**

(0.46)
0.82**

(0.67)
0.38

(0.14)

Springfield 0.64*

(0.41)
0.69**

(0.48)

Spring Hill 0.42

(0.18)

*Significantly different from zero
probability.

at the 5 percent level of

**Significantly different from zero at the 1 percent level of

probability.

Table 16. Correlation Coefficients and Coefficients of Determination

(in Parentheses) for Heading Date of 11 Winter Oats
Varieties among 6 Locations, Utilizing Least-Squares
Means

Knoxville Crossville Springfield Spring Hill Jackson

Greeneville 0.79** 0.91** 0.80** 0.88** 0.40

(0.62) (0.83) (0.64) (0.77) (0.16)

Knoxville 0.75** 0.82** 0.88** 0.42

(0.56) (0.67) (0.77) (0.18)

Crossville 0.64*

(0.41)
0.85**

(0.72)
0.41

(0.17)

Springfield 0.89**

(0.79)
0.16

(0.03)

Spring Hill 0.16

(0.03)

*Significantly different from zero at the 5 percent level of
probability.

**Significantly different from zero at the 1 percent level of
probability.
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Table 18. Correlation Coefficients and Coefficients of Determination
(in Parentheses) for Test Weight of 15 Winter Barley
Varieties among 6 Locations, Utilizing Least-Squares
Means

Knoxvillc Crossville Springfield Spring Hill Jackson

Greeneville 0.94** 0.87** 0.87**

(0.88) (0.76) (0.76)
0.95**

(0.90)
0.89**

(0.79)

Knoxville 0.87** 0.91**

(0.76) (0.83)
0.98**

(0.96)
0.91**

(0.83)

Crossville 0.74**

(O.SS)
0.87**

(0.76)
0.88**

(0.77)

Springfield 0.95**

(0.90)
0.93**

(0.86)

Spring Hill 0.96**

(0.92)

**Significantly different from zero at the 1
probability.

percent level of

Table 19. Correlation Coefficients and Coefficients of Determination

(in Parentheses) for Test Weight of 11 Winter Oats
Varieties among 6 Locations, Utilizing Least-Squares
Means

Knoxville Crossville Springfield Spring Hill Jackson

Greeneville 0.95** 0.69* 0.25

(0.90) (0.48) (0.06)
0.75**

(0.56)
0:37

(0.14)

Knoxville 0.55 0.18

(0.30) (0.03)
0.69*

(0.48)
0.19

(0.04)

Crossville 0.57

(0.32)
0.66*

(0.44)
0.75**

(0.56)

Springfield 0.77**

(0.59)
0.59

(0.35)

Spring Hill 0.42

(0.18)

*Significantly different from zero at the 5
probability.

percent level of

**Significantly different from zero at the 1
probability.

percent level of
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oats. This indicates that heading date of small grains was quite

similar for most of the regions in the state, and this character would

not need to be recorded at all locations.

In regard to test weight, all locations were highly significantly

correlated for barley; and except for Springfield and Milan, all

locations also were highly significantly correlated for wheat. For oats,

however, there was no location significantly correlated with all other

locations. These results are similar to those obtained for yield.

The results from heading date and test weight could be misleading

if not carefully interpreted because these variables were not recorded

for each location each year.



CHAPTER V

DISCUSSION

Variety tests serve two objectives: (1) to identify superior

varieties for recommendation to farmers and (2) to develop principles

upon which adaptation depends. For the latter, a knowledge of

differential response and its relation to varietal characteristics are

of fundamental importance.

The existence of genotype X location interactions and their effects

on progress from selection are widely recognized. Genotype X year

interactions are always important in developing improved varieties.

Genotype X location interactions are of relatively little importance in

selecting material for local adaptation, but often assume a dominant role

in selecting for wide adaptation. Good estimates of genotype X year and

genotype X location interactions are necessary in evaluating the

efficiency of testing programs and determining the optimum allocation of

years and locations.

In the study reported herein, locations were considered as random

samples of all sites in Tennessee. Furthermore, the years in which the

tests were carried out were considered to be random samples of all

years.

In all cases, except variety X year interaction for oats, the

variety X year and variety X location interactions were significantly

greater than zero at the 1 percent or 5 percent levels of probability.

38



39

The significance of these F tests, however, is probably less important

than the magnitudes of the interaction variance components relative to

the magnitude of the variety variance component, if selection among

varieties is to be effective. Because no test was made of the

homogeneity of the error mean squares for yield from the individual

experiments, possibly variation was different for individual experiments.

Very often there may be a great amount of variability among them, and

this, according to Cochran and Cox (4), leads to too many significant

results for a given tabular F value.

Variety X location interaction variance components were statistically

significant but small relative to variety variance components for wheat,

barley, and oats, indicating that plant breeding in Tennessee could

produce small grain varieties which perform well on a more general

environmental range, and that there would be little if any advantage to

be gained from attempting to test at additional locations either for the

variety trials or the breeding programs.

Variety tests usually are not conducted on the same land or area

each year. It is well known that different fields and sections of the

same field are not equally uniform with regard to soil type and other

soil factors. Many factors such as soil moisture, soil fertility,

rainfall pattern, light (quality, quantity, and distribution), temperature,

humidity, air movement, presence or absence of other organisms (animals,

pathogens, weeds, etc.), and many other factors make up an environment.

It seems probable that each environment is more or less unique.

Environmental fluctuations during the growth period may not be

consistent over years or follow any pattern in any geographical area.
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Observation of environmental conditions suggested that distribution of

rainfall, changes in temperature, and disease infection were the

important factors determining relative performance of small grain

varieties in Tennessee. Moisture stress at some locations during a

critical period of growth, such as tillering, may have a profound effect

upon yield. Varieties differing in date of maturity may be favored by

corresponding optimum seasonal conditions. Differences in soil type in

the area sampled appear to have little effect per se on the relative

performance of the varieties.

Components of variance due to variety X year interaction were

significant and relatively larger than components of variance due to

differences in varieties of wheat and barley; in oats, however, the

variety X year interaction component was nonsignificant and small

relative to the variety component. These results indicate that wheat and

barley varieties did not perform the same way relative to each other in

each of the 15 years of testing; whereas, the relative rankings of oat

varieties performed consistently from year to year. This, however, may

be due to the restricted germ plasm available for winter hardiness in

winter oats.

The different performances of varieties of wheat, barley, and oats

and the variety X year interactions, seem likely to be the result of

variation in hardiness and resistance to barley yellow dwarf virus

disease. After studying the information from the individual performance

trials from 1963 through 1977, it was noted that there was winter killing

or disease infections of most oat varieties in almost every year at most
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of the testing locations. For wheat and barley, however, the winter

killing and disease infection occurs only during a few years at a few

locations for specific varieties. It is suggested that winter-hardy,

barley yellow dwarf virus disease resistant oat varieties should receive

more attention than breeding for the same characteristics in barley or

wheat.

The variety variance components of wheat, barley, and oats were all

highly significant at the 1 percent level of probability. However, the

components for barley and oats which were of about the same magnitude,

were relatively greater than the variety component in wheat. This

indicates that the differences in genetic potential for yields were

relatively large among the varieties of barley and oats compared to the

genetic potential of wheat varieties.

Location mean squares for wheat, barley, and oats were all

significant at the 5 percent or 1 percent level of probability, but the

magnitudes of their variance components were quite different. Such

comparisons need to be made on a like basis of yield such as pounds per

acre. When these transformations were made, oats was the greatest, being

about four times greater than that for barley and more than six times

greater than that for wheat. These results imply that there were some

environmental fluctuations among the locations, and these fluctuations

were expressed more extremely by oats than by wheat or barley. These

fluctuations were shown by the mean yield of all varieties on each

location for all years in which they were grown.

Tables 11, 12, and 13 (see pages 29 and 30) show that yields among

the locations where wheat and barley were grown were much more strongly
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correlated than those where oats were grown. These results show also

that the fluctuations of mean yields among locations was much larger in

oats than in wheat and barley, indicating that wheat varieties and

barley varieties performed more similarly among the locations than did

oat varieties. It indicates also that wheat and barley varieties were

more generally adapted over all the state, whereas, oat varieties were

generally more restricted to certain locations. Therefore, it is

suggested that breeding for more generally adapted oat varieties is of

more importance. However, this might be accomplished by improving

winter hardiness and barley yellow dwarf virus resistance with the

breeding program.



CHAPTER VI

SUMMARY AND CONCLUSIONS

Sixteen varieties of barley and eleven varieties of oats were

evaluated at six locations, and, in addition, twenty-two varieties of

wheat were evaluated at eight locations in Tennessee for a 15-year period.

Analyses of these data provide information on the nature and magnitude

of variety X environment interactions.

The variety X environment first-order interactions were all

significant, except for variety X year interaction in oats. The

magnitudes of the components of interaction variance were relatively

small in relation to the variety variance components, except in the case

of variety X year interactions in wheat and barley. The relatively

large and significant variety X year interaction components in wheat

and barley indicates that the varieties responded quite differently in

each of the 15 years of testing, which means that varieties need to be

tested several years before recommendation are made. The nonsignificant

variety X year interaction component in oats indicates that the varieties

generally performed in the same way in each of the 15 years of testing,

therefore recommendation could be made using fewer years of data for oats

than for barley and wheat. The significant but relatively small variety X

location interaction components indicates that the varieties tended to

rank more consistently for yield at some locations than did at other

locations, but a rather large portion of the differential varietal
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responses could not be accounted for by consistent differences in the

environments of the different locations.

Information from the individual tests suggests that the pattern of

rainfall, cold temperatures and disease infections were the important

factors determining differential varietal response.

The lack of sizeable variety X location interactions in the state

as a whole, indicates that small grain varieties generally perform well

on a more general environmental range and that they do not need to be

tested at additiona locations for breeding or testing purposes.

Correlations of variety performances among locations for wheat,

barley, and oats were quite different. Barley varieties did not perform

significantly different among the locations. Wheat varieties also

performed quite similarly in all locations, except Jackson and Milan.

However, the yield fluctuations of oat varieties were relatively large

among locations. These results indicate that the varieties of wheat and

barley were more generally adapted throughout the state; while varieties

of oats were more restricted to certain locations, perhaps due to winter

injury.

The locations among which variety performances were generally

correlated could be used to predict meaningful information for each

other, if a test failure should occur at one of these locations. All

locations for barley; all locations, except Jackson and Milan, for

wheat; and Springfield, Spring Hill, and Jackson for oats could be

utilized in this manner.
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Greeneville and Knoxville appeared to be the better sites for

selection of widely adapted wheat varieties. However, there was no one

most desirable site for barley and oats to be selected for wide

adaptation.
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