
Heredity (1976), 36 (2), 163-171

PARENT DEPENDENT GENOTYPEx ENVIRONMENT
INTERACTION IN CROSSES OF SPRING WHEAT

K. S. BAINS

Department of Plant Breeding, Punjab Agricultural University, Ludhiana 141004, India
Received 14.vi.75

SUMMARY

Genotype x environment interactions have been analysed for grain yield in
parental and successive generations derived from crosses between them in
spring wheat (Triticum aestivum L.em Thell.). Six parental lines were chosen
for these crosses on the basis of their known linear regression on the additive
environmental means, deviations from linearity and mean performance. Six
crosses, two low x low, two low x high and two high x high were set up on the
basis of the linear sensitivity of the parental lines to the additive environmental
variation and F2, F3 and F4 generations derived from each of them. Both the
linear and non-linear components of the genotype x environment interaction of
the advanced generation of each cross were clearly related to the corresponding
components of their parents. There was also clear evidence for the segregation
of genes controlling these two components of the interaction in the F3 and F4
generations of the crosses between parents contrasting for these properties but
not in the F3 and F4 generations of the crosses between parents which were
similar for these properties.

All aspects of the phenotype, including linear and non-linear sensitivity to
environment, are under genetical control and can, therefore, be selected for in
crosses between appropriately chosen parents.

1. INTRODUCTION

IN order to obtain unbiased estimates of the genetical components of variation
it is essential to be able to detect genotype x environment interactions and to
estimate their magnitude. This interaction can be detected and quantified
by a purely statistical approach (Yates and Cochran, 1938; Finlay and
Wilkinson, 1963; Eberhart and Russell, 1966) or by a biometrical genetical
approach (Mather and Jones, 1958; Jinks and Stevens, 1959; Bucio-Alanis,
1966; Bucio-Alanis and Hill, 1966; Perkins and Jinks, 1 968a and b; Bucio
Alanis, Perkins and Jinks, 1969). In the Eberhart and Russell (1966)
approach the interaction of genotype with environment is a function of the
linear response of the genotype to the additive environment and any remain-
ing interaction is due to deviations from this linear regression slope. They
defined both these linear (fl) and non-linear (i2) components as stability
parameters. Perkins and Jinks (1968a and b), Bucio-Alanis, Perkins and
Jinks (1969) and Paroda and Hayes (1971) observed that both of these
components are subject to genetical control and are at least in part subject to
different genetic systems. Our knowledge of the inheritance of these com-
ponents is as yet limited to investigations with Xicotiana rustica reported by
Bucio Alanis, Perkins and Jinks (1969). These authors showed that it was
possible to accurately predict the linear function ) ofadvanced generations
of a cross between pairs of pure breadng lines from those observed in the
parental and F1 generations. This they achieved by partitioning the geno-
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type x environmental interactions into those involving additive effects of the
genes and those involving dominance effects.

In the present paper we shall examine further the transmission of known
degrees of linear and non-linear functions of the genotype x environment
interactions among parental lines to the advanced generations derived from
crosses among them.

2. MATERIALS AND METHODS

The six wheat (Triticum aestivum L. em Thell.) genotypes listed in table 1
were selected on the basis of their known performance for grain yield and the
linear and non-linear components of their genotype x environment inter-
actions. These are summarised in table 2. On the basis of these properties
six crosses were made. Two of these crosses (C 306 x Turkey 1316 and
U.S.A. 252 x Turkey 1316) are between pairs of parents with low sensitivities
to the environment, i.e. low x low; two, Hornblende x Turkey 1316 and

TABLE 1

List of parental lines used in the crosses

Line Origin Brief details
a. C306 India Tall, good tillering, awned spikes, bold amber grains,

medium early maturity
b. Turkey 1316 U.S.A. Tall, good tillering, awned spikes, bold red grains
c. U.S.A. 252 U.S.A. Medium tall, awned small spikes with dense tip, bold red

grains
d. Sonora 64 Mexico Two-gene dwarf, moderate tillering, awned spikes, medium

sized red grains, early maturity
e. Hornblende Australia Tall, thick and stiff stem, high tillering, awnless spikes,

small red grains, very late maturity
f. Ukrainka Russia Tall, high tillering, awnless spikes, small red grains

Ukrainka x Hornblende, are crosses between pairs of parents, one of which
has a low 3ensitivity and the other a high sensitivity to the environment, i.e.
low x high; and two, Sonora 64 x Hornblende and Ukrainka x Hornblende,
are crosses between pairs of parents with high sensitivities to the en-
vironment. For each of the six crosses F2, F3 and F4 generations were
obtained.

Two experiments were grown. The first consisted of duplicate rows of
the parents, 10 F2 rows and 50 F3 progenies each derived from a single
randomly chosen F2 parent for each of the six crosses. These were grown in
each of four environments, three were sowings made at the normal time at
Ludhiana, Abohan and Gurdaspur and the fourth was a late sowing at
Ludhiana during the winter of 1967. The plants were grown in 210 m long
rows with spacings of 30 cm between rows and 15 cm within rows.

The second experiment consisted of 50 families of the F4 generation of
each cross obtained by bulking the seed from individuals within each of the
corresponding F3 families. This was sown during the winter of 1968 at
Ludhiana at two different dates, 29th November and 27th December at two
different densities with spacings of 30 x 15 cm and 27 x 10 cm with row
lengths of 210 m and 150 m respectively.
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Both the first and the second experiment were replicated three times in
a compact family block design where the crosses were first randomised and
then progenies within crosses were randomised. Grain yield in gm were
recorded on eight plants chosen at random from each row and yield was
expressed on a per plant basis before analysis.

TABLE 2

Known performance of the parental lines as observed in a previous investigation

Comparative grain
Line* yield

a High Low Low
b High Low Low
c High Low Low
d High High High
e Low High Highf Low High Low

* a tof refer to the six parental lines as given in table 1.

An estimate of the additive environmental component of variation (e1)
was obtained separately for each of the parental, F2, F3 and F4 generations
as the mean of that generation in each environment. For the parental F2
and F3 generations the same set of environments were used leading to very
similar e5 values for the different generations. For the F4 different environ-
ments were used but these generated a similar range of evalues. These e5
components (tables 3 and 4) have been used to carry out the regression
analysis on each generation separately.

TABLE 3

The additive environmental component ej used in the regression analysis in parental, F2 and F, generations
during winter 1967

Sites

Abohar Gurdaspur Ludhiana

Normal Late
Generation sowing sowing

Parental 37l —392 296 —275
F2 2•85 —404 4O9 —290
F, 2•70 —255 272 —2'87

TABLE 4

The additive environmental component ej used in the regression analysis in F4 generation during winter 1968

Sowing dates and spacing

November 29 December 27
Th r

Generation 30x 15cm 23x 10cm 30x 15cm 23x 10cm

F4 386 —039 —0•78 —2•69
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TABLE 5

Mean grain yield, additive-genetic component (d1) linear regression (ni) and deviations from linear slope
(i') for the six parental lines grown in four environments

Liner Mean di
a 1729 281 _0.19* 149
b l640 192 _0.38* 037
c 15•77 129 _0.26* 2•30
d 15•73 l25 0.47** 44O
e 1007 —440 0.38** 620f 1160 —2•87 0.35* 023

* Probability <0001 against error M.S. but non-significant against significant remainder
M.S.

** Probability <0001 against error M.S. and probability <005 against significant
remainder M.S.

a tof refer to the six parental lines as given in table 1.

3. RESULTS

(i) Parents
In table 5 are presented the mean grain yields and estimates of the

components d, /3 and for the six parents and the corresponding analysis
of variance and joint regression analysis is summarised in table 6. These
confirm in all respects the description of the parents given in table 2. The
partitioning of the significant genotype x environment interaction sum of
squares by the joint regression technique brings out clearly the justification for
the earlier grouping of the parents. For example the three parents classified
as having low linear sensitivities to the environmental variation (table 2) do
not differ in their linear regressions (item 4, table 6). Equally, the three
parents classified as having high linear sensitivities to the additive environ-
mental variation also do not differ in their linear regressions (item 6, table 6).

TABLE 6

Analysis of variance and joint regression analysis of the genotype x environment interaction for grain yield
in six parental lines grown in four environments

Item d.f. M.S. V.R.
1. Genotypes 5 3406 38.70*** (10)
2. Environments 3 10609 l20.55*** (10)
3. Gx E interaction 15 639 7.26*** (10)

t (a) v (b) v (c)
4. Het of Reg. 2 249 032 ( 5)
5. Remainder 4 770 8.75*** (10)

(d) v (e) v (f)
6. Het of Reg. 2 020 001 ( 7)
7. Remainder 4 160l 1819*** (10)

(a, b, c) v (d, e,f)
8. Het of Reg. 1 4995 56.76*** (10)
9. Remainder 2 051 058 (10)

10. Error 40 088 — —

*** P<0.00l.
a tof refer to the six parental lines as listed in table 1.
Item used as denominator in the variance ratio.
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There is, however, a highly significant difference in linear regression between
the low and high groups (item 8, table 6). There are also significant non-
linear components of the genotype x environment interactions within both
groups of parents that are more marked for the high than for the low group.

(ii) F2
The corresponding analysis of the F2's of the six crosses is given in table 7.

On the basis of the parental properties the six crosses have been partitioned
into three comparisons by the joint regression analysis by grouping the two
crosses between a pair of low parents, the two crosses between a high and a

TABLE 7

Analysis of variance and joint regression analysis of the genotype x environment interaction for grain yield
in the F, generation of six crosses grown in four environments.

Item d.f. M.S. V.R.

1. Genotypes 5 2087 2046*** (12)
2. Environments 3 9955 97.59*** (12)
3. GxE interaction 15 717 7.03*** (12)

t (axb)v(cxb)
4. Hat of Reg. 1 003 — ( 5)
5. Remainder 2 1O22 10.02*** (12)

(e x b) v (axe)
6. Het of Reg. 1 020 — ( 7)
7. Remainder 2 1639 16.07*** (12)

(dxe) v (fxe)
8. Het of Reg. 1 005 — ( 9)
9. Remainder 2 2274 22.29*** (12)

(axb)+(cxb) v
(exb)+(axe) v
(d Xe) + (fx e)

10. Hat ofReg. 2 3995 39.16*** (12)
11. Remainder 4 221 2l6 (12)
12. Error 40 102 — —

* P<005. ** p<Ø. P<0001.
a tof refer to the six parental lines as listed in table 1.
Item used as denominator in the variance ratio.

low parent and the two crosses between a pair of high parents. Within each
of these three sets of two crosses there are no significant differences between
the linear regressions (items 4, 6 and 8, table 7) but there are very highly
significant differences between the three sets (item 10, table 7). There are
again significant non-linear components of the interactions within all three
sets and these are once more larger for the crosses involving high parents.

(iii) F3 and F4
In the F3 and F4 the partitioning of the genotype x environment inter-

actions in the six crosses by the joint regression technique (Table 8) has been
pushed even further by considering the 50 families of each cross separately.
For each of the six crosses we have, therefore, a heterogeneity of linear re-
gression sum of squares comparing the linear components of the 50 families
and a remainder sum of squares testing the non-linear components. The
pattern is quite clear and consistent. There are significant differences among
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the 50 families for their linear sensitivity to the environment within both the
F3 and F4 generations only for those crosses where the parents differed in
their sensitivities, one being high the other low. Where both parents were low,
or both parents were high, all 50 families are homogeneous in their linear
sensitivities in one or both generations. Furthermore, while the non-linear
components do not conform to such a clearly predictable pattern, the only
non-linear component that is highly significant in both the F3 and F4 is the
one involving two parents both of which have high non-linear components.

TABLE 8

Analysis of variance and joint regression analysis of the genotype x environment interaction for grain yield
in F3 and F4 generations of six crosses grown in four environments

F3 F4

Item d.f.

1. Genotypes 299
2. Environments 3
3. G xE interaction 897

t axb
4. Het of Reg.
5. Remainder

cxb
6. Het of Reg.
7. Remainder

exb
8. HetofReg.
9. Remainder

axe
10. Het of Reg.
11. Remainder

dx e
12. Het of Reg.
13. Remainder

fx
14. Het of Reg.
15. Remainder
16. Crosses x Env.
17. Error

49 5.77 078 ( 5)
98 736 1.70*** (17)

49 6•90 1.11 ( 7)
98 6•18 1.43** (17)

49 8•O0 1.85*** (17)
98 3•77 0•87 (17)

49 8•53 1.50* (11)
98 5•68 1.31* (17)

49 5•32 086 (13)
98 6•22 144" (17)

046 (15)
1.94** (17)

16.91*** (17)

V.R.
6.45***

1549.34***
1.71***

204 1.37* (17)
141 095 (17)

226 1.52* (17)
159 107 (17)

295 1.99*** (17)
112 076 (17)

287 1.93*** (17)
169 1•14 (17)

209 l01 (13)
2•03 1.37** (17)

204
191

41•12
I •48

* P<0•05. ** P<00l. " P<0001.
a tof refer to the six parental lines as listed in table 1.
Item used as denominator in the variance ratio.

Indeed, the only F4's showing a significant non-linear component had as
one parent Hornblende which was the parent with the largest non-linear
component (table 5).

Estimates of the three components d, /3 and for each cross in the F2,
F3 and F4 generations are summarised in table 9. These estimates leave no
doubt that the differences in yield and in linear and non-linear environ-
mental sensitivities among the six parents is consistently reflected in the
properties of the advanced generations of the six crosses among them. It is
also apparent that the negative correlation between mean performance (d1)
and linear sensitivity (p1) shown by the parental lines (table 5) is also
consistently maintained in the advanced generations.

M.S.
46•67

295920
7•42

V.R. M.S.
l0.80*** (17) 9•56

685.00*** (17) 229303
l.72*** (17) 253

+
+

(17)
(17)
(17)

49
98
15

2392

3•85
838

7304
432

1 •06
1.29*

27.78***

(15)
(17)
(17)



GENOYTPE x ENVIRONMENT INTERACTION IN WHEAT 169

TABLE 9

lvlean grain yield, additive-genetic component (d4), linear regression () and deviations from linear
slope (I412) in successive generations of six crosses grown in four environments

Crosst Mean d4 g2
(i) F2

axb 18-78 303 _051* 010
cxb 17-62 1-88 —0-64 1-60
exb 1341 —2-27 0.22* 102
axe 1552 —023 0.31* 1-06
dxe 16-07 0-33 0.44* 2-12

fxe 1301 —274 048* 167

(ii) F3
axb 1901 439 —0-40 0-74
cxb 18-06 344 —0-60 0-58
exb 1157 —3-05 0.15* 083
axe 1301 — 161 017* 110
dxe 14-32 —030 0.21* 2-72
fxe 11-75 —287 047* 3-60

(iii) F4
axb 867 1-70 _031* 0-03
cxb 8-17 1-20 —0-44 0-05
exb 6-16 —080 0.02* 0-09
axe 6-71 —026 0.15* 004
dxe 6-51 —046 0.16* 035
fxe 5.59 —138 0.43* 034

* Probability <0001 against error M.S. but non-significant against significant remainder
M.S.

a tof refer to the six parental lines as given in table 1.

4. INTERPRETATION

Previous investigations of pure breeding lines and their F1's (Perkins and
Jinks, 1968a and b; Perkins, 1970; Paroda and Hayes, 1971) and in one
instance the F2 and first backcross generations (Bucio Alanis, Perkins and
Jinks, 1969) have shown that mean performance and linear and non-linear
sensitivity to the environment are controlled at least in part by different
genetical systems and that mean performance and linear sensitivity can be
successfully predicted from one generation to another of the same cross. In
the present investigation we have extended these findings to the F3 and F4
generations of six crosses which were chosen to contrast in their performances
and in their linear and non-linear sensitivities.

Where both parents of the cross had either a high or a low linear sensitivity
to the environment there was little evidence of segregation for differences in
linear sensitivity among the F3 and F4 families from the same cross (figs. I
and 2, axb, cxb, dxe,fxe). Furthermore, the average linear sensitivity
of the F3 and F4 families corresponded completely with that of their parents.
Only where the parents of a cross differed in sensitivity, one being high and
the other low, was there clear evidence of segregation for differences in
linear sensitivity, among the families of the F3 and F4 from the same cross
(figs. 1 and 2, e x b and a x e). Furthermore, this segregation was symmetrical
around a mean value that corresponds with the mean of the parents of each
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FiG. 1.—Distributions of the linear regression coefficients () among the 50 families of the
F3 for each of the six crosses.
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FIG. 2.—Distributions of the linear regression coefficients () among the 50 families of the

F4 for each of the six crosses.

cross. In respect of their relative performances and relative linear and non-
linear sensitivities to the environment, as well as in their patterns of segrega-
tion for sensitivity, the properties of the advanced generation of the six crosses
are as expected from the corresponding properties of their parents. All
aspects are clearly under genetical control and can, therefore, be selected
for in crosses initiated from appropriately chosen parents.
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