
Euphytica 76 ब 235-23ब,1बब4 .
© 1बब4 Kluwer Academic Publishers. Printed in the Netherlands.

Introduction

Plant breeders have been successful in producing high
yielding varieties of wheat crosses . However, the
genetic gain in grain yield has been achieved at the
expense of straw yield, the total dry matter yields of
new varieties being the same as those of the vari-
eties grown during the last century (Austin et al .,
1बब0). Opportunities for making further improvements
in grain yield by a continuation of the past trend seem
to be limited. In the future, therefore, attention needs to
be given to the possibility of increasing the photosyn-
thetic activity of the crop, although it has been reported
that selection for this character has not resulted in an
increased yield (Nelson, 1बबब) . This could be attribut-
ed to lack of genetic variation for photosynthesis capac-
ity among the breeding material or limited exploita-
tion of this capacity by breeders (Austin, 1बबब) . With
respect to this point Carver et al. (1बबब) has demon-
strated additive genetic effects . Mahon (1बब3), report-
ing results from several authors, also found additive
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Summary

Gene action and heritability for photosynthetic activity were estimated from generation means in two wheat crosses
during two stages (5th leaf and flag leaf between 2 and 5 days after anthesis) . Six generations were available for
each cross ब parents (PI and P2), Fl, F2 and backcrosses (BC, and BC2) .

Correlations between some morphophysiological characters and photosynthetic activity of the flag leaf was also
determined . The joint scaling test described by Mather & Jinks was used to determine the gene action . It showed that
them ; [d] ; [h] ; [i], [1] (mean, additivity, dominance, additive x additive interallelic interaction effects, dominance x
dominance interallelic interaction effects) model fits the two crosses at both measurement times . All the model
genetic components were significant for the flag leaf, however for the 5th leaf only [h] ; [i] and [1] were significant .
The presence of additive and additive x additive effects suggested the possibility of selecting for this character using
the flag leaf so as to obtain pure inbred lines . Dominance effects [h] were negative and dominance x dominance
effects [1] were positive . Broad sense heritability values were medium to low. There were no correlations between
the studied morphophysiological characters and the photosynthetic activity.

genetic effects in some crops whereas Pukhal'skii et
al ., (1बब4) found that the photosynthetic' activity was
governed by both additive and epistatic genetic effects .
Carver et al . (1बबब) found intermediate heritability val-
ues (0.3ब) for photosynthesis in wheat .

Austin (1बबब) reported negative correlations
between the leaf area and the photosynthesis activi-
ty among T aestivum varieties . Rawson'et al . (1बब3)
however, indicated that this relation was not always
important, whereas Carver et al . (1बबब) found no sig-
nificant correlations between leaf area and CO2 assim-
ilation rate in two classes of winter wheat . Differences
between photosynthetic activity at both flag leaf stage
and vegetative stage have also been found (Rawson et
al., 1बब3) .

The aim of this study was to determine the presence
of genetic variability for photosynthetic activity, the
genetic components of the variance, the heritability of
the character and the presence of correlations between
photosynthetic activity and some morphophysiological
characters related to yield in two T aestivum L . crosses
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Table 1 . Mean values and standard errors for photosynthetic activity in µmol/m 2 s

between varieties with a different genetic background
at two developing stages .

Materials and methods

Fl and F2, as well as backcrosses to each parent (BC1
and BC2) were developed for two Argentinian varieties
(Buck Pucara and Chasico INTA) and two Mexican
varieties (Star `S' and Ciano 7ब) . These were grown
in a trial field planted in June . Plots were 1 m long
and seeds were planted in rows 4 cm apart in three
replicates. N and P fertilizer was applied at sowing and
plots were irrigated regularly.

The photosynthetic activity was measured at two
stages. Firstly, when there were 5 main stem leaves and
then on the flag leaf 2 to 5 days after anthesis . A Li-Cor
portable infrared gas analyzer was used. The data was
adjusted to a curve to ensure that the irradiances were
saturating . Only data above 1300 pmol •m-2 s-t was
considered, because at that point photosynthesis did
not increase anymore .

Although the measurements were taken on sunny
days, a quartz iodine lamp was used as a light supple-
ment when needed . The temperature remained between
1ब and 25° C at the time of the measurements and the
air humidity between 50 and 60% . Photosynthesis val-
ues were expressed in pmol CO2 m-2 s_1 .

Between 20 to 40 plants per generation and per
replication for each cross and time were evaluated .
The larger number was used for the segregating gener-
ations, the measurements taken in the following way ब 5
to 10 leaves were measured per replication per genera-
tion for up to ब days in each developing stage until the
required number of plants had been measured on the

two crosses . The measurements were taken between
10 am and 2 pm.

A generation mean analysis was made using the
joint scaling test described by Mather & Jinks (1ब77)
which estimates the mid-parent, genetic components
and digenic interaction genetic components . These
estimates were used to fit the data to genetic mod-
els. The genetic components consisted of the addi-
tive component (d) and the dominance component (h) .
Interaction components were the additive x additive
component (i), the additive x dominance component
(j) and the dominance x dominance component (1) .
The goodness of fit for eight different genetic models
was tested by estimating m,[d],[h] for a maximum of
two interaction components, in order to retain at least
one degree of freedom . The fit for the six parame-
ter model could not be tested because of the lack of
degree of freedom. The model was considered appro-
priated if the chi-squared test probability level was 0.05
or greater. Individual genetic components were tested
for significance using a Student's `t' test. Genetic com-
ponents estimated to be different from zero at P < 0 .05'
were considered to contribute to the model .

Broad sense heritability was estimated using
Allard's (1ब60) approach .
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Pucara x Chasico
(P1) (P2)

Star x Ciano
(P1) (P2)
5th leaf flag leaf5th leaf flag leaf

P1 20 .13 ± 3,ब2 21 .47 + 3 .66 24 .22 ± 4.12 22 .70 ± 4.00
P2 1ब.2ब + 4 .बब 14 .55 ± 2 .65 23 .70 ± 3 .3ब 1ब .51 ± 2 .5ब
F1 20 .65 ± 5 .75 23 .61 ± 3 .ब3 26 .16 + 3 .1ब 20 .35 ± 2 .25
F2 20.ब2 + 6 .43 21 .53 ± 2 .ब5 25 .7ब ± 4.26 22.ब7 ± 3 .52
BCl 1ब.ब7 + 2 .ब5 21 .0ब ± 4 .37 21 .22 ± 5 .07 21 .63 ± 4 .07
BC2 15.07 ± 4 .37 16 .03 ± 5 .05 20 .43 ± 5 .47 17 .14 ± 3 .36



df P 1 ; df P2 ; df F l and df F2 Degrees of freedom of
the PI ; P2 ; Fl and F2 populations, respectively .

The correlation between photosynthetic activity of
the flag leaf and flag leaf area, flag leaf width, flag leaf
length and flag leaf duration were estimated . These
correlations were made across the six generations of
each cross in each block (a total of 36 values) and also
within each individual cross (1ब values) .

Flag leaf area, flag leaf width, flag leaf length and
flag leaf duration were determined on 15-20 flag leaves
for each cross per generation per replication .

Results

The mean values and standard errors for photosynthetic
activity are shown in Table 1 . In both crosses, during
both development stages, the model m [d] [h] [i] [1]
best fitted the data .

The goodness of fit to the models for each cross
during each development stage and the significance of
the genetic components in the appropriated models are
given in Table 2 and 3, respectively.

In both crosses for the flag leaf measurement, all the
genetic components contributed to the models, where-
as at the 5 th leaf stage only [h] [i] and [1] contributed to
the models . The dominance effect was negative, while
the dominance x dominance effect was positive .

The broad sense heritability values were medium to
low. At the 5th leaf stage the values and their standard
errors were 42% ± 10 and 2ब% ± 12 for Pucara x
Chasico and Star x Ciano,'respectively. At the flag
leaf stage the values were 3ब% ± 20 and 25% f 13 .

There was no significant correlation between pho-
tosynthetic activity of, the flag leaf and flag leaf area,
leaf width, leaf length nor the flag leaf area duration
either between crosses or within each cross .

Discussion

In the two wheat crosses examined, a model with addi-
tive, dominance, additive x additive and dominance x
dominance effects gave the best fit to the data for rate
of photosynthesis .

Pukhal'skii et al ., (1बब6) found similar results with
a preponderance of additive effects and also with
epistatic effects. Mahon (1बब3) and Carver et al .,
(1बबब) found a preponderance of additive effects .

There are some differences between the genetic
effects at the 5th leaf and flag leaf stage . Rawson et al .,

Table 2 . X2 Goodness of fit test and probability of fit of two cross-
es at two developing stages for photosynthetic activity, using
eight genetic models
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(1बब3) found no correlation between photosynthesis at
the flag leaf stage and the vegetative stages, so the gene
expression varies with the development stage . In this
study no variation was seen between cultivars in each
cross for the 5th leaf measurement . However, there
were differences for flag leaf measurement, illustrating
the importance of additivity values at this stage . In
spite of the differences and considering the importance
of the flag leaf for the filling of the grain, these results

Model X2 P

Pucara x Chasico m[d] 10.6ब 0 .05-0 .01
5th leaf -[d] [h] 10 .70 0 .05-0 .01

m[d][h][ii 10 .6ब < 0 .01
m[d][h][j] ब .2ब 0.05-0 .01
m[d][h][11 ब .13 0 .05-0 .01
m[d] [h][i][j] ब .25 0 .05-0 .01
m[d][h][i][11 2 .23 0.25-0.1
m[d][h][j][l] 5 .21 0.05-0.01

Star xCiano m[d] 1ब .62 <0.01
5th leaf m[d][h] 16 .36 < 0.01

m[d][h][i] 134 .17 < 0.01
m[d][h][j] 16 .32 < 0.01
m[d][h][1] 13 .05 < 0 .01
m[d][h][i]tj] 12ब .24 < 0.01
m[d] [h] [i][1] 0.06 0.ब-0 .75
m[d][h][j][l] 12 .ब1 < 0.01

Pucara x Chasico m[d] 30.61 < 0 .01
flag leaf m[d][h] 10.ब2 0.05-0 .01

m[d][h][i] 10.6ब < 0 .01
m[d][h][j] 10.37 < 0 .01
m[d][h][11 7.70 0 .05-0 .01
m[d][h][i][j] 14.4ब < 0 .01
m[d][h][i][1] 1 .4ब 0 .25-0 .1
m[d][h][j][1] 6 .ब0 < 0 .01

Star x Ciano m[d] 16.73 < 0 .01
flag leaf m[d][h] 15 .41 < 0 .01

m[d][h][i] 1ब .52 < 0 .01
m[d][h][j] 2ब.बब < 0 .01
m[d][h][l] 14.17 < 0 .01
m[d][h][i][j] 5 .14 < 0 .01
m[d][h][i][1] 3 .72 0 .1-0 .05
m[d][h][j][l] 11 .1ब < 0.01
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Table 3. Fit of the individual genetic components and standard
errors for models with acceptable chi-square fit

* Significant P < 0.05 .
** Significant P < 0.01 .
*** Significant P < 0 .001 .

may be useful for selecting for photosynthetic activity
at this stage in order to obtain pure inbred lines .

The significant additive x additive component also
increases the genetic variance in F2 and is fixable by
selection. The [h] effect and the [1] effect may also
be exploited, but only if hybrid wheat is the objec-
tive of the breeding program . In this study the dom-
inance effects were negative. This can produce lower
values for Fl than for parents. However, the domi-
nance x dominance effects were positive, so the Fl val-
ue depended on the relative importance of both effects.

Broad heritability values similar to those found by
Carver et al. (1बबब) were observed . However, it is
necessary to consider that according to the presence
of dominance and epistatic effects the narrow sense
heritability would have had lower values .

Austin (1बबब) found negative correlations between
some morphophysiological characters and the photo-
synthetic activity among different Triticum aestivum
varieties. However, Rawson et al ., (1बब3) pointed out
that the negative correlations between leaf area and

photosynthetic activity were not always important and
Carver et al., (1बबब) found no such correlation between
leaf area and CO2 assimilation rate within two wheat
classes (soft and red winter wheat) . In this study, the
lack of correlations indicate that in some germplasm
these negative correlations did not exist . Thus, selec-
tion for improved photosynthetic activity could be pos-
sible without negative changes in leaf area. Neverthe-
less, selection for photosynthetic activity in segregat-
ing generations is not easy and progress is likely to be
slow.
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Model Component fit

Pucara x Chasico m[d][h][i][1] d= 1 .51 ± 0.7ब
5th leaf h = - 42.46 ± 15 .6

i=-16.0ब±6 .5ब*
1= 27 .ब5 ± ब .63

Star x Ciano m[d][h][i][1] d = 0.33 ± 0.71
5th leaf h = - 54.3ब ± 14 .4*

i=- 1ब.ब2±5 .52**
1= 36.76±ब.12**

PucaraxChasico [m] [d] [h] [i] [1] d= 3 .75±0 .51***
flag leaf h = - 25.06 ± 10 .54*

i=- 11.11±4.4ब*
1= 1ब.4ब±6.45**

Star x Ciano [m][d][h][i][l] d= 2.11 ± 0.5ब**
flag leaf h=-3ब.1ब± 10 .बब**

i=- 15.62±4.51**
1= 22.5ब±6 .6ब**
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