Peanut Science (1978) 5, 72-74

Genotype-Environment Interaction Effects In
Peanut Variety Evaluation!
Peter Y. P. Tai2 and Ray O. Hammons*3

ABSTRACT

Data of both early-and late-maturity groups from the Geor-
gia peanut (Arachis hypogaea L.) variety trails under irrigated
and non-irrigated management at two locations in 1975 and
1976 were used to estimate the magnitude of the variety x
environment interaction of pod yield, %TSMK, %0K, %DK,
%TK, %ELK, %Fancy and g/100 seed. Irrigation treatments
caused marked responses of varieties and interaction effects
for some of these traits. Both first-and second-order inter-
actions varied under different treatments and for different
traits. The significant varieties x locations x years interaction
in most traits examined indicated that the varieties x years
interaction varied with location. The relatively small values
for varieties x location and for varieties x years indicate that
there were no consistent location or year effects on differen-
tial varietal response for most of those traits during this period
of testing. However, results indicate that the variety com-
ponent significantly exceeded the first-and the second-order
interactions and suggest that the varietal effect would be
consistently present, especially for pod yield and size factors
(g/100 seed, %Fancy and %ELK).

T Is:ly Words: Groundnut, Arachis-hypogaea, Irrigation, Yield-
rial.

Peanuts (Arachis hypogaea L.) in Georgia are grown
in a wide range of soil types. The climatic conditions
vary not only with location in the same year, but also
fromyearto year at a common location. Furthermore,
varieties do not always respond alike under these various
climatic conditions. Comstock and Moll (2) pointed
out that phenotype reflects non-genetic as well as
genetic influence on development and the effects of
genotype and environment are not independent. The
phenotypic response to a change in environment is
not the same for all genotypes; the consequences of
variation in genotype depend on environment.

The literature on genotype-environmental inter-
actions is vast, but few investigations relate to peanuts.
Tai (9) studied the genotype x environment interaction
in oleic/linoleic fatty acid ratio of peanut seed from
two locations in Oklahoma for two years. He found
that genotype x year interaction was consistently
statistically significant but genotype x location inter-
action was not. The second-order interaction of cultivar
x year x location was very small and nonsignificant.
In Punjab, India, Sangha and Jaswal (8) reported a
highly significant variety x environment interaction
and a variety x environment x year interaction in pod
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yield from field experiments using 12 varieties of
Arachis hypogaea. Pearson (7) reported that interaction
influences on seed-size were highly significant based
on data from the 1969 to 1971 national peanut variety
tests.

The present paper estimates the relative magnitude
of the variety x environment components of pod yield
and various shelling grade factors of peanut under ir-
rigated and non-irrigated conditions in Georgia.

Materials and Methods

Peanut variety trials in Georgia are a component of the national
variety tests. Four trials were conducted at the Coastal Plain Station,
Tifton and at the Southwest Georgia Branch Station, Plains in 1975
and 1976. At each location, varieties in two maturity groups were

own under irrigated and non-irrigated management in nearby

locks. The early maturity group consisted of 7 Spanish-type, 2
Runner-type, and 1 Virginia-type varieties and the medium-late
maturity group had 4 Runner-type and 5 Virginia-type varieties.

The two locations differ in soil type. Tifton is a Tifton loamy
sand and Plains is a Greenville sandy clay loam. Except for imrigations,
field production practices were commonly applied to both maturity
groups and both water managements. However, as a standard cul-
tural procedure, the medium-late maturity group received 559 kg/ha
more gypsum than did the early maturity group. Irrigation was ap-
plied to the irrigated tests when field moisture was >0.25 bar. A
randomized complete block design was used, with 6 replications,
with two-adjacent rows 6.1 m long for the irrigated tests at Tifton
and with 4 replications with two-adjacent rows 7.6 m long for all
other treatments.

Representative fruit samples were taken from replicates 1 and 4
or 6 and graded according to standard procedures (10).

The shelling qualities included percentages of sound mature
kernels (SMK), sound splits (SS), damaged kemels (DK), other ker-
nels (OK) and total kernels (TK). Percent SMK was recorded as the
percent of sound and mature kernels riding the 5.95 x 19.05 mm
screen for Spanish, the 6.35 x 19.05 mm screen for Runner and the
5.95 x 25.40 mm screen for Virginia-type peanuts. Percent SS is
percent sound splits, or broken seed more than 6.35 mm long. Both
% SMK and % SS were combined for this study as % TSMK. Per-
cent DK is percent damaged kernels, or any seed which is moldy
or decayed or has been affectd by insects, weather conditions, or
skin or flesh discoloration. Percent OK is percent other kernels
which pass through the size screen for sound mature kernels. Per-
cent TK is percent total kernels.

Variance components were obtained for the combined analyses
of the data collected at the 2 locations for 2 years. The homogeneity
of variance of each character was examined, as described by LeCerg
etal (4), before the combined analyses were made. The analysis of
variance procedure and the estimation for the relative magnitude
of the different eflects were conducted separately by maturity groups
and by water managements in the manner described by Miller et
al. (5, 6) and by Comstock and Moll (2). A mixed model, in which
replications, locations, and years are considered to produce random
effects with varieties as fixed variables was used (4). The following
variance components were estimated:

ov = A genetic component arising from genetic
difference among varieties.
o2vl = A component arising from interaction of

varieties and locations.
= A variety x year component.
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The variety x location x year component.
The error variance.
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The traits, which were examined in this study, are pod yield,
%TSMK, %0K, %DK, %TK, g/100 seed, % Fancy and %ELK (extra
large kemels).

Results and Discussion

Estimates of the variance components for pod yield
and various shelling grade factors under both the ir-
rigated and non-irrigated treatments are presented
in Table 1 through 3. The varietal differences over-
shadowed genotype x environment interaction effects
for all characteristics in the medium- and late-maturity
group, but for one-half of these characteristics in the
early-maturity group. The magnitude of interaction
effects was variable and several negative estimates
were obtained. Since the true parameters cannot be
negative, these values must be interpreted as being
estimates of variances which are zero or small positive
quantities (3).

Irrigated treatments influenced either variety x lo-
cation or variety x year or both interaction effects of
pod yield and %TSMK in both early and medium-
late maturity peanut variety groups (Tables 1 and 2).
Also, the irrigated treatments contributed a substantial
amount of variance to the variety x location x year
interaction effects. The data from both early and
medium-late maturity groups under the non-irrigated
management show the lack of significant variety x
location and variety x year interactions, suggestin
that location or year effects on differential varieta
response were not consistant.

For the non-irrigated treatments, there were no sig-
nificant effects of location on the relative pod yield

Table 1. Estimates of components of variance for six traits and two
populations in early-maturity peanut varieties (including two
runner types and one Virginia type)

E::ii? i:z:i" o2v o2vl avy a2vly a2e
Pod 1 251,161.80%% 0% 46,683.74%% 137,331.09%% 116,173.00
Yield NI 145,665.95%*% 0 ot 51,130.52%* 104,458.9%
% TSMK 1 ot 7.6202%%  5.0940%* 1.5858 3.5940
NI 4.0933%% 0 0 4.5959% 1.6046
% OK 1 0.2423%% 1. 8642%%  0.9836%* 0.3721 1.4574
NI 0.5247%%  0.4641%%  0.4390%* 0.1454 0.8650
% DK 1 0.0486%% 0 0 0.0971%* 0.0400
NI 0 0 0.1662% 0.1935%% 0.0352
% TK 1 5.5638%% 1.7948%% 0 2.3764%% 1.1788
N1 4.7763%* 0 0 2.4960%* 0.4879
8/100 1 203.9792** 0 0 28.8684%* 26,5743
Seed NI 147.0949%%  0.5183%%  9.0739%% 3,7291%% 1.0830

1/ see text for description. 2/ I = Irrigated; NI = Non-Irrigated.

t "0"enegative estimate for which the most reasonable value is zero
(Ref. 3). (Negative estimates are available upon request)

*x

Two mean squares used to estimate interaction differed significantly

at the 1% level of probability.

Table 2. Estimates of components of variance for eight traits and
two populations in medium- and late-maturity peanut varieties.

Chara¢  Popula-
Y oo

—terd! tion2 a2v 02yl o2vy o2vly o2e
Pod I 11,593.99%*19,852.08* 30,18L.28*% 29,204.33  284,282.96
Yield NI 7,647.06** ot ot 5,978.84% 208,606.02

% TSMK 1 7.8426%% 0 0.8950 2,2190%+* 1.6721

NI 5.1782%x 0 0 1.2338* 1.3772

% OK 1 0.4458%* 0 0 0.2968%% 0.1817

N1 0.5010%* 0 0 0.0830 0.3609

% DK 1 0.0402** 0 0 0.0291 0.0587

NI 0.0719%* 0 0 0.0584% 0.0991

% TK I 8.4986% 0 0 0.7086% 0.9190

NI 6.3315%%  0.0997** 0 0.9921%% 0.5245

8/100 I 141.7395%* ¢ 0 27.0751%* 2.1606

Seed NI 139.0612%%  7.9870%% 3.7188%%  11.9978%% 2.6380

% ELK 1 93.2095% 0 0 18.2487%% 6.7619

NI 75.1B12#%%  5.4231 0 8.2193% 8.2946

% Fancy 1 1,014.5301%* 0 0 33.6790%% 12.2093

NI 924.1974%** [ 24,3426%%  21.7014%* 12.9404

1/ See text for description. 2/ 1 = Irrigated; NI = Non-Irrigated.

t "0" = negative estimate for which the most reasonable value is zero
(Ref. 3). (Negative estimates are available upon request).

* *R

, Two mean squares used to estimate interaction component differed
significantly at the 5 and 1% level of probability, respectively.
Table 3. Estimates of components of variance of five traits and two

populations in early-maturity peanut varieties (excluding two
runner types and one Virginia type).

Charauterl/ :?Z:iy- a2v o2vl o’vy o?vl o2
y y e
TSMK 1 3.7861%% 0.5995  0.6670 0.1946  2.6737
NI 3.9640%%  0.8460"* ot 11172 0.8299
0K I 0.1644%% 0.3585%  0.4428% 0.6766  1.3219
Nt ot 0.4414** o 0.4004  0.4934
DK 1 0.0065%* ot 0.0105"* 0.0044  0.0086
NI 0 0 0.0931** 0.0000  0.4357
™® 1 5.5374%%  0.0414 O 0.1804  1.3140
NI 4.1270%% 0 0 0.4120  0.3670
g/100 Seed 1 1.2494%% 0.4211*% o 0.7523"*  0.5445
NI 0.9360%% 0 0.1700"* 2.6632"% 0.9926

1/ See text for description.
2/ 1 = Irrigated; NI = Non-Irrigated.
t+ "0" = negative estimate for which the most reasonable value is zero

(Ref. 3). (Negative estimates are available upon request).

*, ** Two mean squares used to estimate interaction component differed

significantly at the 5 and 1% level of probability, respectively.

and % TSMK of both maturity groups of peanut varieties.
The presence of sizable variety x location x year inter-
action for pod yield and %TSMK under both irrigation
managements indicated that the variety x year inter-
action was different at the different locations. Drought
stress, in this case, was an important factor with af-
fected the relative varietal response.
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Seed size (g/100) appeared to have significant variety
x location and variety x year interactions under non-
irrigated conditions, but lacked such interaction effect
under irrigated treatment. These results (Tables 1 and
2) suggest that under the irrigated conditions, there
were inconsistent location effects or year effects on
differential varietal response for pod yield but not for
seed size. In contrast, under the non-irrigated con-
ditions, there were consistent location effects or year
effects on differential varietal response for seed size
but not for pod yield.

Both %OK an %DK lacked forst order interactions
in the medium-late maturity group of varieties under
both water management treatments (Table 2). The
other four characters, %TK, g/100 seed, %ELK and
% Fancy appeared to have either variety x location or
variety x year or both first-order interactions under
the non-irrigated, but not under the irrigated manage-
ment. These results suggest that there were consistent
location effect or year effect or both on differential
varietal response under natural rainfall but not under
the irrigated conditions for these tests.

Characters treated under both irrigated and non-
irrigated managements, showed second-order inter-
actions greater than either of the first-order inter-
actions for most of the characters examined. The
relatively large variety x location x year interaction
as compared to the variety x location and variety x
year interactions might in part be due to the large
effects of moisture supply ar certain stages of fruit
setting and development. The large second-order inter-
action has to be due to one or more aspects of environ-
ment for which the pattern of variation between loca-
tions differs from year-to-year. The irrigated tests show
as large or larger second-order interaction in most of
the characters than did the nou-irrigated. This may
suggest that irrigation accentuated the interaction
variance.

In the early-maturity test group, all except 3 varieties,
‘Florunner’, ‘GK 19’ and ‘UF 70115’, were Spanish-
type. The data were re-analyzed omitting those three
varieties. Variance components for each quality char-
acter except fruit yield are presented in Table 3.
Among those characters, seed size (g/ 1002 showed the
greatest reduction in the magnitude of the variety
components by omitting the three non-Spanish type
varieties. This reduction was expected since all three
omitted varieties have obviously larger seed than the
Spanish-type varieties. The variety component of

%TK remained nearly identical. Also, omission of those
varieties decreased the size of the second-order inter-
action effect in all characters examined. Most of those
interaction effects, however, were non-significant.

As Allard and Bradshaw (1) pointed out, the estimates
of the magnitude of genotype-environmental inter-
actions, which must necessarily be made from very
small samples relative to the whole, are likely to pro-
vide little more than gross approximations of the total
potential of such interactions. Furthermore, it should
be emphasized that the samples of years, locations,
and populations were small, and thus such estimates
are subject to considerable variance associated with
the sampling of years, locations, and populations.
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