
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/248421024

Genotypic	variability	and	response	to	water
stress	of	pre-	and	post-anthesis	phases	in
triticale

Article		in		European	Journal	of	Agronomy	·	April	2008

DOI:	10.1016/j.eja.2007.07.005

CITATIONS

33

READS

27

3	authors:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Wheat	yield	potential:	identification	of	favourable	ecophysiological	attributes	View	project

CRONOS	View	project

Gaspar	Estrada-Campuzano

Universidad	Autónoma	del	Estado	de	México	…

23	PUBLICATIONS			109	CITATIONS			

SEE	PROFILE

Daniel	J.	Miralles

University	of	Buenos	Aires

101	PUBLICATIONS			2,959	CITATIONS			

SEE	PROFILE

Gustavo	A	Slafer

Universitat	de	Lleida

227	PUBLICATIONS			10,325	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Gaspar	Estrada-Campuzano	on	12	February	2018.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/248421024_Genotypic_variability_and_response_to_water_stress_of_pre-_and_post-anthesis_phases_in_triticale?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/248421024_Genotypic_variability_and_response_to_water_stress_of_pre-_and_post-anthesis_phases_in_triticale?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Wheat-yield-potential-identification-of-favourable-ecophysiological-attributes?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/CRONOS?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaspar_Estrada-Campuzano?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaspar_Estrada-Campuzano?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universidad_Autonoma_del_Estado_de_Mexico_UAEM?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaspar_Estrada-Campuzano?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel_Miralles?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel_Miralles?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Buenos_Aires?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Daniel_Miralles?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gustavo_Slafer-UDL?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gustavo_Slafer-UDL?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universitat_de_Lleida?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gustavo_Slafer-UDL?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gaspar_Estrada-Campuzano?enrichId=rgreq-341abd7f36138194c043561b126df3f1-XXX&enrichSource=Y292ZXJQYWdlOzI0ODQyMTAyNDtBUzo1OTMyMDQ3NjQyNDYwMTZAMTUxODQ0MjQ0NTg4OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


A

p
o
e
w
a
a
s
e
w
©

K

1

c
g
(
A
o
2
w
i
t
m
t
r
a
o

1
d

Available online at www.sciencedirect.com

Europ. J. Agronomy 28 (2008) 171–177

Genotypic variability and response to water stress of
pre- and post-anthesis phases in triticale

Gaspar Estrada-Campuzano a,∗, Daniel J. Miralles a,b, Gustavo A. Slafer c

a Catedra de Cerealicultura, Dept. Producción Vegetal and IFEVA, Faculty of Agronomy, Av. San Martin 4453 (C1417 DSE), Buenos Aires, Argentina
b CONICET (National Council of Scientific and Technological Research), Av. Rivadavia 1917, Buenos Aires, Argentina

c ICREA and Department of Crop and Forest Sciences, University of Lleida, Centre UdL-IRTA, Av. Rovira Roure 191, Lleida 25198, Spain

Received 19 March 2007; received in revised form 25 May 2007; accepted 24 July 2007

bstract

A better understanding of responsiveness of time to anthesis to water stress in triticale and wheat might help to explain their differences in
erformance under stress and to identify which attributes or components of time to anthesis are most affected. Three experiments were carried
ut during the 2004 and 2005 growing seasons to (i) evaluate genotypic variability in phenology responsiveness to drought in triticale and to (ii)
xplore the variation in the duration of pre-anthesis phases occurring before and after the onset of stem elongation as well as their responsiveness to
ater stress. Important variation was found among triticale cultivars on time to anthesis, allowing classification of cultivars into long, intermediate

nd short cycle. Differences in the duration of the stem elongation phase (i.e. from terminal spikelet initiation (TS) to anthesis (ANT)) were as high
◦ ◦
s 200 Cd for cultivars with similar time to flowering. Although water stress reduced the time to anthesis (in average by ca. 125 Cd), cultivars

howed a differential responsiveness to drought in phases occurring before or after TS. Some cultivars that were highly sensitive to drought in the
mergence (Eme)–TS phase were insensitive in the phase TS–ANT and vice-versa. Water shortage tended to reduce the grain filling period and
as most evident when a Mediterranean environment treatment was simulated.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Triticale seems to be an interesting alternative to other
ereals, particularly bread wheat, in environments where
rowing conditions are unfavorable or in low-input systems
Karpenstein-Machan et al., 1994; Erekul and Köhn, 2006).
s an appropriate timing of anthesis is a critical determinant
f crop adaptability (Worland, 1996; Slafer and Whitechurch,
001), it might be speculated that responsiveness of triticale and
heat to environmental stresses could be associated, at least

n part, with their likely differences in phenological responses
o stress. Although it is well known that the major environ-

ental factors determining the rate of crop development are
emperature and photoperiod (see Slafer and Rawson, 1994; and

eferences quoted therein), it has been reported that factors such
s water and nutrient stresses could modify the rate of devel-
pment and consequently, time to anthesis (e.g. Longnecker et

∗ Corresponding author. Tel.: +54 11 4524 8053; fax: +54 11 4524 8039.
E-mail address: gaspar@agro.uba.ar (G. Estrada-Campuzano).
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161-0301/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
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l., 1993; Grieve et al., 1994; Otegui et al., 1995; Jalal Kamali
nd Boyd, 2000; Arisnabarreta and Miralles, 2004; Salvagiotti
nd Miralles, 2007). A better understanding of responsiveness
f time to anthesis in triticale might help explaining adaptability
o stressful environments.

As time to anthesis is actually composed of different sub-
hases, whose rates of development differ in sensitivity to
nvironmental factors (e.g. Slafer and Rawson, 1994), under-
tanding which attributes or components of time to anthesis are
ost affected in response to water and nutritional stress may be

elevant. This is particularly relevant when considering that par-
itioning of developmental time between different sub-phases
e.g. before and after the onset of stem elongation) has been
hown to be potentially useful to improve yield in wheat and
arley (Slafer et al., 1996; Miralles et al., 2000; Gonzalez et al.,
003), due to the physiological relevance for yield of duration
f this phase (Slafer, 2003). There are evidences of consider-

ble genetic variability for partitioning of the development time
o anthesis and between pre- and post-onset of stem elonga-
ion phases both, in wheat (Whitechurch et al., 2007) and barley
Kernich et al., 1997).

mailto:gaspar@agro.uba.ar
dx.doi.org/10.1016/j.eja.2007.07.005
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Our understanding of these particularities in triticale is
xtremely poor. Some evidences in triticale have shown geno-
ypic variability in the duration of time to anthesis due to factors
uch as temperature and photoperiod (Brouwer, 1977; Ewert,
996; Ewert et al., 1996; Naylor and Su, 1998; Giunta et al.,
001; Santiveri et al., 2004), but no evidences of sensitivity of
ime to anthesis to water or nitrogen stress are available. There
re no evidences either on genetic variation in partitioning of
he total cycle to anthesis into different durations of pre- and
ost-onset of stem elongation.

The objectives of the present work were (i) to evaluate geno-
ypic variability in phenology responsiveness to drought in
riticale and (ii) to determine the variation in the duration of
re-anthesis phases occurring before and after the onset of stem
longation as well as their responsiveness to water stress. In
wo of the three experiments, wheat was also included to eval-
ate the potential difference in phenological response to water
estrictions.

. Materials and methods

The study comprised three experiments. The first one focused
n variability among several triticale cultivars while the others
wo compared a pair of triticales selected from experiment 1
ith a wheat cultivar well adapted to the growing conditions.

.1. Experiment 1

In 2004 a field experiment was conducted in the rain-shelter
acility of the Institute for Agricultural Plant Physiology and
cology (IFEVA) of the University of Buenos Aires (34◦35′S,
8◦29′W). The soil was an 180 cm deep layer of typic argiudoll
low layer resting on native loess (C) (Chimenti et al., 2002).

Treatments consisted of the factorial combination of 11 com-
ercial triticale cultivars and 2 water regimes. The cultivars

ncluded (nine bred in Argentina, provided by the National

nstitute of Agricultural Technology and two Mexican cultivars,
rovided by The Autonomous University of the State of Mexico
Table 1). Water regimes included an irrigated (700 mm through-
ut the growing season) and a droughted condition (350 mm), in

able 1
ame of the cultivars, species (T, triticale; W, wheat) and origin of the cultivars
sed in the study

ntry Cultivar Species Origin Experiment

1 Remedios T Argentina 1
2 Tehuelche T Argentina 1
3 Presto T Argentina 1
4 Yagan T Argentina 1–3
5 Genú T Argentina 1
6 Quiñe T Argentina 1
7 Ñinca T Argentina 1
8 Tizne T Argentina 1–3
9 Boaglio T Argentina 1
0 Cerrillo T Mexico 1
1 Maravilla T Mexico 1
2 Escudo W Argentina 2, 3

2

s
c
w
t
t
r
w
d
w
w
o
i
s
c
i
a
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oth cases without nutrient limitations. A watering power station
ontrolled the water supply in each of the treatments, through
drip irrigation system with dripping lines in between the crop

ows. The treatments were arranged in a completely random-
zed design over sites with two replicates. The water regimes
orresponded to the sites.

The experiment was hand-sown at 350 seeds m−2 on 21 July
004 in plots of four rows, 0.175 m apart and 1.4 m long. Weeds
ere removed by hand, to avoid any negative effect of hormonal
erbicides that may have differentially affected the cultivars,
ungicides and insecticides were sprayed to prevent or control
ungal diseases and insect damages.

Haun stage (Haun, 1973) was determined from seedling
mergence (Eme) until the flag leaf was completely emerged
ligule visible), on three plants per plot three times per week,
andomly chosen, Haun stage was determined (Haun, 1973).
hyllochron (◦Cd leaf−1) was calculated as the reciprocal of

he slope of the relationship between the cumulative number
f emerged leaves and thermal time from seedling emergence.
o determine the timing of terminal spikelet stage (TS) three
lants were randomly sampled twice weekly and dissected under
inocular microscope. The date of anthesis (ANT) was recorded
or each plot when 50% of the spikes of the main shoots had
ither visible exerted anthers or when anthers that had dehisced
ere observed through the palea. At anthesis, 20 plants in each
lot were labelled and then a single spike was sampled twice a
eek and the dry weight of the four grains of the central spikelets
as recorded from 7 days after anthesis until that the end of the

xperiment, after physiological maturity. Time of physiological
aturity was estimated as when grain growth ceased, estimated

y fitting a bilinear regression between grains dries weight and
hermal time from anthesis (for details see Miralles and Slafer,
995).

Air temperature data were recorded hourly using a meteoro-
ogical station (Davis, weather monitor II) in the experimental
rea. Thermal time for all phases was calculated using 0 ◦C as
ase temperature.

.2. Experiment 2

The experiment was carried out during the 2005 growing
eason in the IFEVA’s facilities described above. Treatments
onsisted of three genotypes (two triticales and one wheat), two
ater regimes and two levels of N availability. The triticale cul-

ivars (Yagan and Tizne) were selected from experiment 1 due
o they had similar durations to anthesis phase but differential
esponsiveness to drought of their pre-anthesis phases. Thus,
hile the Eme–TS phase showed a high and low response to
rought in Yagan and Tizne, respectively; the TS–ANT phase
as unaffected in Yagan and very sensitive in Tizne when plants
ere exposed to water stress. In addition to these triticales
ne wheat cultivar (Escudo) was also included in this exper-
ment. This wheat possess, under non-limiting conditions, a

imilar cycle to anthesis to that of the two triticale cultivars
hosen. The regimes of water supply were similar to those used
n experiment 1 (irrigated = 530 mm and droughted = 250 mm)
nd treatments applied using the system described therein.
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he nitrogen availability treatments consisted of an unfertil-
zed control (N0) which had 115 kg N ha−1 in the soil at sowing
nd a fertilised with urea (N1) to increase the availability by
02 kg N ha−1 (N1 = 217 kg N ha−1). The urea application was
plit into two identical quantities (51 kg N ha−1) broadcasted
t the beginning of tillering and at the onset of stem elonga-
ion. Treatments were arranged in a randomized complete block
esign combined over sites (water regimes). The two nitrogen
reatments were randomized within water regimes and within
ach nitrogen × water condition, cultivars were sown in three
andomized blocks.

The experiment was hand-sown at 350 seeds m−2 on 27 June
005 in plots of 8 rows, 0.175 m apart and 1.6 m long. The
engths of each development phase were determined as in exper-
ment 1. Weed competition, fungal diseases and insect damages
ere avoided or controlled as in experiment 1. In this experi-
ent, canopy temperature was recorded for 81, 90, 95 and 105

ays after seedling emergence (DAE), in both water regimes
sing an infrared thermometer (BK PRECISION model 635,
alifornia, USA).

.3. Experiment 3

The same two triticales (Yagan and Tizne) and the wheat
Escudo) used in experiment 2 were grown in a third experi-
ent run in parallel in which they were grown under two regimes

f water supply simulating contrasting conditions: irrigated to
nthesis and then droughted (Mediterranean environment treat-
ent) and droughted to anthesis and then irrigated (Monsoon

nvironment treatment). The Mediterranean environment treat-
ent received 380 mm of irrigation until anthesis (similar to

he “irrigated” treatment of experiment 2 for pre-anthesis) but
o further irrigation was provided, while the Monsoon environ-

ent treatment was poorly irrigated, with only 180 mm, before

nthesis and with another 150 mm during grain filling (similar
o water added during grain filling in the irrigated treatment of
xperiment 2). The treatments were arranged in a randomized

t
t
t

able 2
ean squares and its statistical significance for final leaf number (FLN), phyllochr

mergence to flowering (Eme–ANT) and flowering to physiological maturity (ANT
upplied and two triticale and one wheat cultivars (season 2005) grown in two water

eason Source of variation FLN Phyllochron (◦Cd leaf−

004
Water regime (W) 0.12 ns 29.8 ns
Cultivar (G) 11.03** 504.3**
W × G 0.40 ns 94.2 ns

C.V. (%) 5.2 8.1

005

Water regime (W) 0.44 ns 204.8**
Nitrogen (N) 0.44 ns 9.22 ns
Entry (G) 17.6** 302.8**
W × N 0.00 ns 8.08 ns
W × G 0.36 ns 7.04 ns
N × G 0.19 ns 4.4 ns
W × N × G 0.08 ns 17.6 ns

C.V. (%) 4.3 4.4

*, * and ns stand for differences that were significant at P < 0.01, P < 0.05 or not sig
J. Agronomy 28 (2008) 171–177 173

omplete block design combined over sites. Within each of the
wo regimens of water supply considered as sites, three repli-
ates of each cultivar were randomized. The experiment was
arried out without nutrient limitations and weeds, diseases and
est were controlled as described in experiment 1.

. Results

In experiment 1, the mean squares of the main effects and
he interaction for the duration of period from seedling emer-
ence to terminal spikelet (Eme–TS) were significant (P < 0.01).
n the other hand, the duration from terminal spikelet ini-

iation to anthesis (TS–ANT) was not affected significantly
y the water regime. Also a large and significant variation
P < 0.01) was observed in final leaf number (FLN), phyllochron,
uration of the period Eme–ANT and from anthesis to physio-
ogical maturity (ANT–PM) (P < 0.05). The interaction water
egime × cultivar in this experiment was only significant for the
me–TS period (Table 2). In experiment 2, both Eme–TS and
S–ANT periods were affected by moisture treatment (P < 0.01)
nd cultivars only affected the duration Eme–TS. In experiment
, the moisture treatment affected significantly (P < 0.01) the
hyllochron and the duration of period Eme–ANT. The culti-
ars were significantly affected in all variables, except in the
uration of period ANT–PM. The mean squares for all variables
ue to the nitrogen availability (either directly or in interaction
ith water regime, cultivars or both) were always smaller and
ever significant (Table 2). Therefore, in this paper the results of
he moisture and cultivars treatments are shown averaging both
itrogen availabilities.

.1. Variability in time to anthesis
Cultivars differed markedly in time to anthesis (Fig. 1). The
wo Mexican cultivars had much faster rate of development than
he Argentine cultivars, which in turn, ranged in thermal time
o anthesis from less than 1500 to more than 1700 ◦Cd. The

on and the periods from seedling emergence to terminal spikelet (Eme–TS),
–PM) for 11 triticale cultivars (season 2004) grown in two regimes to water
regimes and two levels of nitrogen availability (115 and 217 kg N ha−1)

1) Eme–TS (◦Cd) Eme–ANT (◦Cd) ANT–PM (◦Cd)

141,931.8** 173,629.4** 100.6 ns
110,262.4** 116,321.9** 19,827.2*

9,850.0** 1,740.3 ns 5,293.5 ns

3.4 2.2 10.5

24,903.4** 95,511.9** 33,831.4 ns
1,563.5 ns 4,932.7 ns 1,497.9 ns

38,677.8** 19,154.7** 78,778.9 ns
3,591.0 ns 378.9 ns 1,290.0 ns
6,905.2* 1,032.6 ns 16,331.2 ns
1,240.8 ns 1,669.9 ns 5,321.7 ns
1,927.1 ns 454.9 ns 3,378.7 ns

4.8 2.7 14.7

nificant, respectively.
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Fig. 1. Relationship between thermal time from emergence (Eme) to anthesis
(ANT) in irrigated and droughted conditions in 11 triticale cultivars and one
wheat. Inset is the relationship between the difference in thermal time to anthesis
in irrigated vs. droughted conditions and thermal time to anthesis in irrigated.
Data corresponding to experiment 1 (circles), experiment 2 (close triangles) and
experiment 3 (open triangles). Numbers labeling each symbol refer to cultivars
a

d
d
w
2
s
l
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w
O
i
w

Table 3
Final leaf number and phyllochron in 11 triticale cultivars (experiment 1, season
2004) and two triticale and one wheat cultivars (experiment 2, season 2005)
grown in two regimens of water supplied

Season Cultivar Final leaf number Phyllochron (◦Cd leaf−1)

Irrigated Droughted Irrigated Droughted

2004

Remedios 11.8 abcd 11.6 cde 110.5 a 99.4 b
Tehuelche 14.6 a 14.5 a 118.1 a 114.9 ab
Presto 14.1 abc 13.6 ab 129.1 a 145.4 a
Yagan 14.5 ab 14.5 a 113.2 a 121.4 ab
Genú 11.5 bcd 11.1 cde 118.7 a 111.5 b
Quiñe 11.3 cd 11.8 bc 125.9 a 114.8 ab
Ñinca 11.2 cd 12.8 abc 129.5 a 115.9 ab
Tizne 10.9 d 11.6 cd 120.8 a 123.0 ab
Boaglio 11.9 abcd 11.3 cde 115.4 a 108.0 b
Cerrillo 9.8 d 9.8 ed 92.8 a 102.5 b
Maravilla 9.7 d 9.7 e 101.1 a 100.7 b

Mean 11.9 12.0 115.9 114.3

2005
Escudo 11.3 b 11.6 a 119.7 a 115.6 a
Tizne 12.0 b 11.7 a 122.8 a 112.9 ab
Yagan 14.0 a 13.3 a 109.9 a 106.8 b

Mean 12.4 12.2 117.4 a 111.7 b
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In both experiments, final leaf number (FLN) was generally

F
u

s numbered in Table 1. Dashed line correspond to the 1:1 ratio, y = x.

uration of the period Eme–ANT was longer in irrigated than in
roughted conditions (averaged across cultivars the difference
as around 125 ◦Cd in experiment 1 and 95 ◦Cd in experiment
). The cultivars could be grouped, regarding their time to anthe-
is into long, intermediate and short cycle, being the differences
argely due to their differences in final leaf number (r = 0.74 and
< 0.001). The triticales that were also grown in experiments 2

nd 3 had a performance consistent with that exhibited in exper-
ment 1 (Fig. 1). The wheat cultivar used in experiments 2 and
had almost the same duration to anthesis to Tizne under both
ater regimes, and therefore were shorter than Yagan (Fig. 1).
verall, the magnitude of the response to water stress was largely
ndependent of the actual duration of the cycle to anthesis under
ell-watered conditions (Fig. 1, inset).

u
r

ig. 2. Relationship between duration (thermal time) from (a) seedling emergence to te
nder irrigated and droughted conditions. For symbols and numbers see Fig. 1 and Ta
eans followed by different letters are significantly (P < 0.05) different.

.2. Components and sub-phases of the period emergence
o anthesis

Regarding responsiveness to drought of phases occurring
efore or after TS, cultivars showed clear differences (Fig. 2a
nd b), and due to these differences among cultivars there was
o clear relationship between responsiveness of the total cycle
o anthesis and that of either Eme–TS or TS–ANT. The compari-
on of the cultivars Ñinca and Tehuelche illustrates this variation.

hile in Ñinca (labelled with #7), the Eme–TS phase was very
esponsive to drought (Fig. 2a), the TS–ANT was virtually insen-
itive (Fig. 2b) and the opposite trend occurred in Tehuelche (#2,
f. Fig. 2a and b).
nresponsive and phyllochron was slightly sensitive to water
egime (Table 3).

rminal spikelet (Eme–TS) and (b) from terminal spikelet to anthesis (TS–ANT)
ble 1. Dashed lines correspond to the 1:1 ratio.
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Fig. 3. Duration of phase from terminal spikelet to anthesis (TS–ANT) vs. the
duration of phase from emergence (Eme) to TS for 11 triticale cultivars grown
under irrigated (close symbols) and droughted (open symbols) conditions. Lines
represent iso-thermal times from emergence to anthesis. Cultivars on the same
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7
other hand, when compared against the droughted treatment
(experiment 2), the Monsoon environment treatment tended to
increase slightly the post-anthesis period, although the effect
was non-significant in statistical terms (P > 0.50) (Table 4).
ine have similar cycle to anthesis duration, though they may differ strongly in
he partitioning of the time between pre- and post-terminal spikelet phases. For
ymbols and numbers see Fig. 1 and Table 1.

.3. Partitioning of time to anthesis (Eme–TS and TS–ANT)

There was no relationship between the duration of the stem
longation phase (TS–ANT) and the emergence to terminal
pikelet (Eme–TS). It was possible to identify cultivars in which,
or a similar pre-anthesis duration, the length of period from ter-
inal spikelet to anthesis differed significantly. Some examples

ave been selected to illustrate this variability (Fig. 3). Cultivars
umbered 2–4 were the longest cultivars and they had virtu-
lly the same Eme–ANT duration (1699, 1680 and 1719 ◦Cd,
espectively under well watered conditions), while the dura-
ion of stem elongation was 29 and 16% longer in Yagan and
ehuelche than in Presto, respectively (668, 566 and 473 ◦Cd,
espectively; Fig. 3). In the intermediate cultivars Boaglio and
emedios time to anthesis was the same (1453 and 1452 ◦Cd,

espectively) but the duration from terminal spikelet to anthesis
as 20% longer in the former than in the latter cultivar (592

nd 478 ◦Cd, respectively). Cerrillo and Maravilla (Mexican
ultivars) were the shortest and they did not differ in their dura-
ion to anthesis neither in the duration of the previous stages
Fig. 3).

.4. Effect of water stress on the partitioning of time to
nthesis

Depending on the cultivar, water restriction shortened the
uration of phases in relation to the plants grown under irrigated
onditions. Taking into account the pairs of cultivars selected
or the same duration from Eme–ANT under irrigated condi-
ion, water restriction slightly reduced the timing to anthesis in

ll pairs and depending on the particular pair selected, altered
he relative duration of the pre-anthesis phases. For instance,
hile the differences in stem elongation phase between Reme-
ios and Boaglio was ca. 20% under irrigation, when they were

F
c
t
D
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rown under drought, the difference in that phase was negligible
Fig. 3). Timing to anthesis was not different between both cul-
ivars, although it was shortened at ca. 100 ◦Cd with respect to
he irrigated treatment. Presto and Tehuelche showed virtually
he same duration from emergence to anthesis under irrigated
1700 ◦Cd) as well as under droughted conditions (1600 ◦Cd).
owever, the longer duration of the terminal spikelet to anthe-

is phase observed in Tehuelche under irrigated treatment was
everted when grown in droughted conditions, where that phase
as shorter than in Presto (Fig. 3).
In experiment 2 and 3, Tizne and Escudo (wheat) had almost

he same duration to anthesis in irrigated treatment but when
ere grown under drought Escudo (symbol labeled with #12)

hanged in ranking, reducing 10% the duration of TS–ANT
hereas in Tizne (#8) a reduction of a similar magnitude was
bserved in Eme–TS instead (Fig. 3).

.5. Duration of period from anthesis to physiological
aturity (ANT–PM)

Duration of ANT–PM did not change significantly in most
ultivars, but in Presto, Tizne and Tehuelche in experiment 1 and
izne and Yagan in experiment 2, in which post-anthesis dura-

ion was reduced because of water restrictions. On the other
and, the opposite was observed in Genú and Remedios, in
hich duration was lengthened. Cultivar Presto had a shorter
uration of this phase than the rest of the cultivars (Fig. 4).

When compared against the treatment irrigated in the whole
ycle (experiment 2), the Mediterranean environment treatment
terminal drought) reduced by ca. 16% the ANT–PM phase (22,
and 17% for Escudo, Tizne and Yagan, respectively). On the
ig. 4. Relationship between thermal time from anthesis (ANT) to physiologi-
al maturity (PM) for plants grown under irrigated vs. droughted conditions in
riticale and wheat cultivars. For symbols and numbers see Fig. 1 and Table 1.
ashed line indicates the 1:1 ratio.
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Table 4
Thermal time (◦Cd) from anthesis to physiological maturity for two triticale
cultivars (Tizne and Yagan) and a wheat (Escudo) growing in four contrast
water regimes

Treatment Cultivars Mean

Escudo Tizne Yagan

Irrigated 808.2 a 846.5 a 944.8 a 866.5 a
Mediterranean 624.3 b 787.9 b 778.8 b 730.3 b
Droughted 737.1 a 656.4 a 763.9 a 719.2 a
Monsoon 755.8 a 679.5 a 755.9 a 730.4 a

Irrigated and droughted treatments representing the controls correspond to exper-
i
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ment 2; means followed by the same letter comparing cultivars between pairs
f environments (irrigated vs. Mediterranean and droughted vs. Monsoon envi-
onments treatments) not differ significant at 5% for a Tukey test.

. Discussion

A nitrogen effect on triticale development phases was not
ignificant and then it was not considered in the results descrip-
ion. Although development responsiveness to nitrogen has been
eported in wheat (Dale and Wilson, 1978; Longnecker et al.,
993; Salvagiotti and Miralles, 2007) and barley (Arisnabarreta
nd Miralles, 2004) normally very large differences in N avail-
bility are required to produce significant but relative small
hanges in the rate of development. This is likely why in many
thers studies no effects were reported (Frank and Bauer, 1982;
auer et al., 1984; Prystupa et al., 2003). In addition, the lowest
level used in this study was relatively high and probably this is

he reason for the lack of significant effects of both N treatment.
A great genotypic variation in time to anthesis could be

uccessfully used for adaptability improvement to specific envi-
onments (Brouwer, 1977; Giunta et al., 2001). The results of
his study emphasize great variation between cultivars on time
o anthesis, allowing to classify the cultivars into classes of
ong, intermediate and short cycle. Similar classification was
sed by Giunta et al. (2001) when evaluated wheat and triticale
ultivars in the Mediterranean environment treatment. The dif-
erences observed between the cultivars in time to anthesis were
ainly due to a differential number of leaves and phyllochron

n agreement with Giunta et al. (2001) who found that variation
n anthesis date was mostly explained by the total number of
eaves. The large variability in the duration pre-anthesis phases
ay be also important, as the duration of stem elongation could

e a physiological determinant for the number of grains per spike
nd per unit land area (Slafer et al., 2001; Miralles et al., 2000;
onzalez et al., 2003). In this study, differences in the duration
f the TS–ANT phase were as high as 200 ◦Cd for cultivars with
imilar time to flowering. The identification of the variability in
he duration of the stem elongation phase is the first step to select
arental lines with a longer stem elongation phase to be used
n crossings to obtain genotypes with the same flowering time
which is critical in terms of adaptability), but different relative
uration of the pre-flowering phases (Miralles and Slafer, 2007).
Water stress under field conditions reduced time to anthesis
measured in calendar days as well as in thermal time) of the trit-
cale cultivars, in line with other previous evidences that have
hown that a restriction of water availability hastens develop-

R

A
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ent stages not only in triticale (Krenzer et al., 1991; Ivandic et
l., 2000; McMaster and Wilhelm, 2003) also in other species
s barley (Day et al., 1978). The reductions in time to anthesis
ould be ascribed to increases in canopy temperature produced
y water restriction: drought increased canopy temperature, on
verage of the four measurements made, by ca. 1.3 ◦C with
espect to the irrigated treatment. Unfortunately, canopy tem-
erature was not registered throughout the whole crop cycle and
hereby, thermal time could not be re-calculated using the canopy
emperature instead of air temperature.

The triticale cultivars showed a differential responsiveness to
rought in those phases before or after TS. Some cultivars were
ighly sensitive to drought in the Eme–TS phase when they were
n the TS–ANT phase were not and vice-versa. In general terms,
nd specially in the 2005 growing season, the shortening of the
re-flowering phase, due to water stress, was associated with
eductions in phyllochron more than with changes in FLN as was
reviously observed by Arisnabarreta and Miralles (2004) and
alvagiotti and Miralles (2007). This behavior was expected, as
LN is a clear developmental event (hardly affected by changes

n nutrients and/or water availability) while phyllochron include
rowing events (e.g. leaf expansion). However, the effects of
ater stress on the phyllochron were extremely low (between 2

nd 5%) and cannot fully explain the shortening observed in the
ime to anthesis by water restriction. In fact, drought also affected
he length of the peduncle elongation phase, i.e. between flag leaf
ppearance and anthesis.

Water shortage tended to reduce the grain filling period,
ainly during the 2005 growing season, in agreement with

ther evidences (Royo et al., 2000; Santiveri et al., 2002; Garcia
el Moral et al., 2005). This was particularly evident when a
editerranean environment was simulated. Interestingly, the

eduction of the grain filling period by water stress was not
everted when a Monsoonal environment treatment was sim-
lated. In other words, grain weight potential probably was
et immediately after anthesis (Brocklehurst, 1977; Reddy and
aynard, 1983; Jenner et al., 1991; Jones et al., 1996) or even

mmediately before anthesis (Calderini et al., 1999, 2001), deter-
ining that potential grain size cannot be modified when water

estrictions were released few days after anthesis at the onset of
rain filling.

cknowledgements

We gratefully acknowledge the excellent technical assistance
uring the field experiments of Mrs. C. Ugarte, I. Alzueta and J.
artinez. G. Estrada-Campuzano held an overseas PhD Schol-

rship from Autonomous University of the State of Mexico and
exican Government (PROMEP). This study was partially sup-

orted by CONICET and FONCYT competitive grants (PICT
8–13935).
eferences

risnabarreta, S., Miralles, D.J., 2004. The influence of fertilizer nitrogen appli-
cation on development and number of reproductive primordia in field-grown
two- and six-rowed barleys. Aust. J. Agric. Res. 55, 357–366.



rop.

B

B

B

C

C

C

D

D

E

E

E

F

G

G

G

G

H

I

J

J

J

K

K

K

L

M

M

M

M

N

O

P

R

R

S

S

S

S

S

S

S

S

G. Estrada-Campuzano et al. / Eu

auer, A., Frank, A.B., Black, A.L., 1984. Estimation of spring wheat leaf
growth rates and anthesis from air temperature. Agron. J. 76, 829–835.

rocklehurst, P.A., 1977. Factors controlling grain weight in wheat. Nature 66,
348–349.

rouwer, J.B., 1977. Developmental responses of different hexaploid triticales
to temperature and photoperiod. Aust. J. Exp. Agric. Anim. Husbandry 17,
826–831.

alderini, D.F., Abeledo, L.G., Savin, R., Slafer, G.A., 1999. Effect of temper-
ature and carpel size during pre-anthesis on potential grain weight in wheat.
J. Agric. Sci. 132, 453–459.

alderini, D.F., Savin, R., Abeledo, L.G., Reynolds, M.P., Slafer, G.A., 2001.
The importance of the period immediately preceding anthesis for grain
weight determination in wheat. Euphytica 119, 199–204.

himenti, C.A., Pearson, J., Hall, A.J., 2002. Osmotic adjustment and yield
maintenance under drought in sunflower. Field Crops Res. 75, 235–246.

ale, J.E., Wilson, R.G., 1978. A comparison of leaf and ear development in
barley cultivars as affected by nitrogen supplied. J. Agric. Sci. Camb. 90,
503–508.

ay, W., Legg, B.J., French, B.K., Johnson, A.E., Lawlor, D.W., Jeffers, W.,
De, C., 1978. A drought experiment using mobile shelters: the effect of
drought on barley yield, water use and nutrient uptake. J. Agric. Sci. Camb.
91, 599–623.
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