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Spike reproductive performance in
hexaploid triticale (X Triticosecale
Wittmack). Selective direct and
correlated responses.
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ABSTRACT

The main objective of this study was to measure the effect of disruptive selection
of number of seeds per spikelet on primordial and fertile florets in hexaploid triti-
cale. A divergent selection scheme was used choosing 15 Fzplants with the
highest and lowest spikelet fertility. During 1999 the thirty F2is families were sowed
using one row plots 5 m long and 0.2 m apart and with 250 seed/m?. A significant
direct response to selection was observed. The spike analysis by thirds showed
significant changes only in the lower and middle thirds. The observed correlated
responses with respect to the number of primordia and fertile florets per spikelet
confirm that the plasticity of two or more characters is inversely proportional to
their ontogenic proximity. From the definition of the terminal spikelet to the number
of seeds determination, the number of seeds per spikelet plays an essential role
as regards its positive effects on the preceding and succeeding determined traits.
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RESUMEN

El objetivo de este trabajo fue evaluar el efecto de la seleccion disruptiva en cuanto
al numero de semillas por espiguilla sobre el nUmero de primordios florales y flores
fertiles por espiguilla en triticale hexapioide. Se utilizd un esquema de seleccion
disruptiva dentro del cual se seleccionaron 15 plantas F2 con alta fertilidad de
espiguilla y 15 plantas F2 con baja fertilidad de espiguilla. Durante 1999 se sem-
braron las 30 familias F2:s en parcelas de un surco de 5 m de longitud separadas
a 0.20 m, con una densidad de siembra de 250 semillas m2. Se observd una
respuesta directa significativa a la seleccion, aunque solo a nivel de los tercios
inferior y medio. Las respuestas correlacionadas observadas con respecto al
numero de primordios florales y flores féertiles por espiguilla confirman que la plas-
ticidad de dos o mas caracteres es inversamente proporcional a su proximidad
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ontogénica. Desde la definicion de la espiguilla terminal hasta la determinacion
del nimero de granos, el numero de semillas por espiguilla juega un papel esen-
cial en relacion a sus efectos positivos sobre caracteres determinados anterior y

posteriormente a éste.
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INTRODUCTION

Grain yield is located at the end of a sequence of
stages, where those physiological aspects more
closely related to it are phytomass and harvest index.
Retrospective studies have demonstrated associ-
ated changes in the harvest index, which are simul-
taneous to an improved grain yield as primary
selected trait (Slafer et al., 1994). Within the grain
yield physical components, the number of seeds
plays an essential role, in its turn supported by the
number of seeds per spikelet and spike number per
m? (Cantrell & Haro-Arias, 1986). These studies are
directed to analyze how yield is determined, in order
to recognise the secondary yield advancing char-
acters to be used as indirect selection criteria. How-
ever, sometimes the effectiveness of indirect
responses to selection is lower than the direct ones
(Gallais, 1984).

On the other hand, unlike other allopoliploids such
as wheat (Triticum aestivum L), oat (Avena sativa L.)
or cotton (Gossypium spp.), the genomes of triticale
(X Triticosecale Wittmack) have not been subjected
to an evolutionary co-adaptation. Triticales are still
characterized by cytogenetic instabilities, which
seems to be a problem (Oettler, 1998). Therefore,
improving reproductive behavior of triticale is a way
to assist it to meet its own identity as a grain pro-
ducer crop. In this sense, Maich & Manero de
Zumelzi (1998), when selecting for spikelet fertility
(number of seeds per spikelet), proved significant
direct and correlated responses on the subsequent
ontogenically determined characters such as the
number and weight of seeds per spike. With respect
to the effect of the artificial selection, spikelet traits
determined beforehand, Siddique et al. (1989)
showed that the higher number of seeds per spikelet
(and per spike) of modern bread wheat cultivars,
compared with older ones, was due to both the initi-
ation of more florets and the survival of a higher pro-
portion of florets per spikelet. However, the results
of Cerana et al. (2002) showed that the survival of

fertile florets measured as the relationship between
fertile and primordia florets did not show a significant
increase in the more evolved cycle of a recurrent
selection program performed in bread wheat.

The main objective of this study was to measure
the effect of disruptive selection of number of seeds
per spikelet on primordia and fertile florets per
spikelet in hexaploid triticale.

MATERIALS AND METHODS

Thirty F2 derived families (F2:5) from a crossing
between Tatl and Don Frank hexaploid triticale vari-
eties were evaluated. From a population of 254 F2
plants, the spikelet fertility was measured as the
number of seeds/spike divided by number of
spikelets/spike (Cantrell & Haro-Arias, 1986). A diver-
gent selection scheme was used and two F2 plant
groups were constituted. The high fertility group was
created by selecting the 15 individuals with the
highest spikelet fertility. The low fertility group involved
the 15 individuals with the lowest spikelet fertility.

During 1999 the thirty F2:s families were sowed at
random at the Campo Escuela, Facultad de Cien-
cias Agropecuarias, Cordoba, Argentina (31° 29' S;
64° 00" W). One row plots 5 m long and 0.2 m apart
and with 250 seed/m? were used to evaluate them.
The material was recollected during the heading
(before anthesis) and at physiological maturity, in
both cases 5 spikes per family were sampled. Each
spike was split into lower, middle and upper thirds
corresponding to the spikelets 4-5, spikelets 14-15
and the subterminal ones, respectively. The following
traits were measured on the first recollected sample:
Number of primordia, total number of florets including
the terminal one and Number of fertile florets, the
number of florets which present recognizable
anthers. From the second sample the following char-
acters were measured: Number of seeds per
spikelet, total number of seeds from a mechanically
threshed sample of 10 spikelets (2 spikelets for each
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split third of 5 spikes) divided by 10 and 1000 grain
weight, the weight of the seeds of the 10 spikelet
sample divided by the number of seeds multiplied
by 1000.

A two way ANOVA with interaction was per-
formed, considering the divergent groups and the
thirds in which the spike was split as the source of
variation. The 15 families pertaining to the same
group were considered as replications and the
Duncan's Multiple Range test was used for com-
paring treatment means. Among the measured traits
phenotypic correlation coefficients were computed
for each group.

RESULTS

With respect to the number of primordia, fertile flo-
rets and seeds per spikelet, the mean values at the
lower and middle third in the high fertility group were
significantly superior to the ones in the lower group
(Table 1). The upper third showed a similar, although
not significant, tendency between groups. With
respect to the 1000 grain weight, the higher mean
values corresponded to the lower fertility group,
being significant jn the middle and upper thirds.

When thirds were compared, all traits evidenced
the same distribution along the spike: the higher
values corresponded to the middle third of the spike,
followed by the lower third and, finally, by the upper
one. The number of seeds per spikelet in the low fer-
tility group did not show significant differences
among the upper and lower thirds (Table 1).

With respect to the phenotypic correlation coeffi-
cients (Table 2), the number of fertile florets exhib-
ited a highly significant and positive correlation with
the number of primordia, in all thirds and in the high
and low fertility groups. The number of seeds per
spikelet showed a significant positive correlation with

Table 1: Spike divided into thirds mean values and ranges
(in brackets) in four traits measured in two family groups
(low and high) selected according to spikelet fertility in
hexaploid triticale.

Spikelet fertility

Character Third Low High
Lower 342b 391c
(26-44) (30-5.2)
Number of pri-  Middle 407 c 4.45d
mordia (n°) (3.0-4.9) (3.8-5.1)
Upper 291a 3.11ab
(2.3-34) (2.8-36)
Lower 2.45b 283¢c
(1.3-4.2) (1.8-4.2)
Number of fertle Middle 3.01c 3.38d
floret (n°) (20-3.8) (28-3.9)
Upper 1.98a 211ab
(14-24) (1.8-26)
Lower 1.15a 143b
(0.6 -1.6) (0.6-2.0)
Grain number  Middle 1.61b 2.00c
per spikelet (n°) (1.0-2.2) (1.5-2.7)
Upper 1.07 a 1.15a
(0.5-1.5) (0.4-1.6)
Lower 37.41cd 34.41 bc
(28.33-43.45) (25.33-44.38)
1000 grain Middle 43.77e 39.13d
weight (g) (38.13-50.21) (32.37 - 49.68)
Upper 33.28b 29.01a

(25.64-40.33) (20.71 - 42.00)

Means with different letters are significant at p<0.05

the number of primordia and fertile florets only in the
middle third of the high fertility selected group. The
1000 grain weight did not present significant corre-
lation coefficients with any of the other analyzed
traits.

Table 2: Phenotypic correlation coefficients between four traits by spike divided into thirds in hexaploid triticale.

Fertile floret Grain number 1000 Grain weight

LFG HFG LFG HFG LFG HFG
Lower 0.864 * 0.991* 0.413 0.208 0.168 -0.015

Primordia Middle 0.975* 0977 0.414 0.693* 0.075 0.174
Upper 0.954* 0.966* 0.292 0.422 -0.096 0.196
Lower 0.400 0.182 0.076 -0.020

Fertile floret ~ Middle 0.403 0.697* 0.146 0.174
Upper 0.220 0.510 -0.133 0.262

Lower 0.127 0.146
Grain number  Middle 0.314 -0.249
Upper -0.299 0.346

* Significant at the 0.01 probability levels
LFG: Low Fertility Group; HFG: High Fertility Group
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DISCUSSION

Coincidently with previously published results
(Maich & Manero de Zumelzl, 1998) a significant
direct response to selection was achieved for the
number of seeds per spikelet. However, the spike
analysis by thirds showed significant changes only
in the lower and middle thirds. A plausible explana-
tion of this differentiated genetic progress along the
spike could be the intrinsic morpho-physiological
spike characteristics. With respect to the organ size,
Bonnett (1983) makes a description of the develop-
ment of the inflorescence of wheat and rye, the triti-
cale parents. The longest spikelet primordia are in
the middle of the spike. From it to the base and to the
top of the spike they are successively shorter, and
the top spikelets are not as long as the basal ones.
Taking this into account, it is possible to establish a
direct relationship between size of the spikelet and
the magnitude of the genetic gain. Considering a
higher reproductive potential, principally in the
middle third, the genetic parameters could achieve
significant higher values. Similarly, the absence of
significant correlations between number of seeds
per spikelet and number of primordia and fertile flo-
rets, other than that of the middle third, may be
related with the physiology of the development of the
fruits along the spike.

The correlated responses observed in both pri-
mordia and fertile florets with respect to the selected
trait, i.e., number of seeds per spikelet, confirm that
the plasticity of two or more characters is inversely
proportional to their ontogenic proximity (Grafius,
1978). In other words, those preceding and suc-
ceeding steps with respect to the number of seeds
per spikelet determination were closely associated
to it, and showed significant correlated responses.
In the case of 1000 grain weight, due to the higher
number of seeds in the high fertility group, a coun-
terbalance in the seed weight was observed. This
effect is widespread among the major crop plants
originated by a developmental rather than by a
genetic source (Adams, 1967). In this sense, com-
paring modem wheat cultivars with older ones, Slafer
et al. (1994) have noted that the increase of number
of seeds generated a decrease in the individual
grain weight due to a lower quantity of photoassim-
ilates available for each grain.

The changes of the number of seeds per spikelet
generate indirect changes in the previously deter-
mined number of primordia and fertile florets per

spikelet characters. From the definition of the ter-
minal spikelet to the number of seeds determination,
the number of seeds per spikelet plays an essential
role in relation to its positive effects on the preceding
and succeeding determined traits.
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