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Distribucion de biomasa a lo largo del ciclo
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Cambios en el desarrollo mediante Fecha de siembra‘
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Fig. 7. Apical development of triticale (cv. Lusko) in
monthly sowings. The bars represent the periods from
sowing 1o scedling emergence ([)). from emergence 1o the
onsct of stem exiension (B) and from slem extension to
anthesis (B3). Solid arrows indicute the onset of the double
ridge stage and open arrows the attainment of the terminal
spikelel stage.

primavera

—

Fig. 9. Time courses of development of three sowings of Kolibri spring
wheal grown In the field at Cambridge, UK., In 1973, The numbers
indicate the time of appearance of lraves of main shoots (MS), coleoplile
tillers (TC) and primary tillers in the axils of mainshoot leaves 1 and 2
{T1.T2). The 1iming of events Is Indicated by W sowing, © double ridge;
® tiller bud initiation and A anthesis (from Stern and Kirby 1979).

Hay and Kirby, 1991
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La fenologia (la influencia del ambiente
sobre la ontogenia) es el factor particu
mas importante en determinar la
adaptacion genotipica (Lawn e Imrie,
1994)
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Optimizar la productividad implica ajustar
ontogenia (secuencia de estadios de
desarrollo) de forma que el cultivo explore
. durante su ciclo de crecimiento las mejore
80 90 100 110 120130 condiciones ambientales (ej.: temperatura
Days to 50% flowering favorables o buena disponibilidad de agu
Figure 42, Infliuence of the time to flowering on the yield of ice. y, cuando las condiciones desfavorables §
el Soriiis Sioieal Mplerati Al e inevitables, minimizar la coincidencia de
estas con los estadios mas vulnerables dgl

cultivo (Lawn e Imrie, 1994)
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Figure 4.11.  Effeet on the yield of 1R36 rice of the timing of a period of
water stress in relation to the time of flowering as shifted by planting
date (O Toole, 1982). Crops which lowered on 2 April were near ro
matirity during the stress period, whereas those llowering on 22 Nay
were near to panicle initiation during the steess period.
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Ontogenia de un cultivo anual

Modo de determinacion Estadio Fenolbqico Fase
Observacion Germinacion

Establecimiento
Observacion Emergencia
Fase Juvenlil
Experimento Fin Fase Juvenil
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diferenciacion foral

Diseccion

Fase diferenciacion floral

Diseccidn Fin diferenciacion floral . .,
Fase determinacion de
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Fase Cuaje de granos
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Control ambiental del desarrollo

TEMPERATURA
FOTOPERIODO
VERNALIZACION

El control del desarrollo depende fuertemente de lo
efectos de ldemperatura el cual es universal actuando a
lo largo del ciclo del cultivo.

El fotoperiodoy la vernalizacion puede afectar el
desarrollo en algunas etapas del desarrollo espglce
cultivares.
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Modelo de tiempo térmico Temperatura
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Efecto de la temperatura sobre la duracion delrorento del
embrion en girasol (Chimenti et al. , 2001)




Modelo de tiempo térmico Temperatura
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Table 5.5 Thermal units (TU) calculated above base
temperature (Ty) for the establishment of various
agricultural species

Species TU

&

R* (%)

46
39
kY
91
96

Wheat 78
Barley 79
Qat 91
Maize 61
Sorghum 48
Pear] millet 40
Field pea 110
Soybean 71
Peanut 76
Navy bean 52
Rapeseed 79
Safflower 70
Sunflower 67
Linseed 89
Buckwheat 37
Amaranthus 32
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Calculo del tiempo termico

Para valores de temperatura entre Thase y Toptima

dia=n
Tiempo térmico (TT) : = (Tgiaria - T basd

dia=1i
Donde Tdiaria es temperatura media diaria.

Se requieren tratamientos mas complejos para situacioee&n que
T °>Topt 0 T° < Tb durante todo o parte del dia.

Daniel J. Miralles
Facultad de Agronomia
Univ. de Buenos Aires




Modelo de tiempo térmico

Temperatura

Numero de hoja emergida

Tasa de aparicion de hojas (hojas/dia)
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TABLE 1. Maximum and minimum temperatures and photoperiod (including civil twilight)} for the phenological
phases studied (Sw, sowing; Em, emergence; TS, terminal spikelet; An, anthesis; and Mt, physiological maturity)
averaged over cultivars, in Buenos Aires during 1989 growing season

Sowing date Mean temperature (°C) Photoperiod (h:min}

Sw—Em Em-TS Em-TS TS-An

11 July 133 224 12:29
31 July 147 148 1 13:13
29 August 128 152 f 13:56
28 September 16:5 180 e 2 15:02

23 October 190 219 15:55

Siafer and Savin— Developmental Base Temperature in Wheat 1079
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Fio. 1. Relationship between rate of development (a) from sowing to emergence, (b) from emergence to terminal spikelet, (¢) from terminal spikelet
to anthesis, (d) from anthesis to physiological maturity, and mean temperature in (hose phases for two mediterranean wheat cultivars (Marcos
Juarez INTA, open symbols and Las Rosas INTA, closed symbols) grown in Buenos Aires. The solid and broken lines represent the regression
lines fitted with a free intercept and forced through the origin (intercept =0 °C), respectively.

Temperatura

Slafer & Savin
J. Exp. Bot 1991




Temperatura

Slafer and Savin— Developmental Base Temperature in Wheat

TABLE 3. Comparative values of developmenial base temperatures in different phenological phases (Sw, sowing;
Em. emergence; DR, double ridge; TS, terminal spikelet; An, anthesis; and Mt, physiological maturity) of wheat
crops obtained by different authors using winter, spring and mediterranean wheats

Group Base temperature (°C) Reference

Sw-Em Em-DR DR-TS T5-An An-M!

Winter 1 0-1 — 20 35 57 Porter et al, (1987)
Spring 2 26 33 51 89 Angus e/ al. (1981a, b)
Spring 5 ; - 28 . 20 : 64 10:1 Del Pozzo et al. (1987)
Mediterranean 2 40 4] 106 82 This paper

The number following the wheat groups are the number of genotypes used in each experiment. When the authors considered
more than one of the phases included in this table as only one longer phase (Em-TS or DR-An) the corresponding base

temperatures were placed in the middle of those phases.

J Exp Bot, 1991, 42




Efecto de la temperatura sobre la duracion
del llenado de grano en trigo
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Fig. 5.8. Thermal analysis of the duration of the phenophase anthesis to
maturity in four cultivars of wheat. For each cultivar, thermal units calcu-
lated to a base temperature (T;) of 9 "C explain the duration of all times of
sowing. Calculations to T, =0 “C do not (after Weir et al. 1984).

Temperatura




676 G. A. Slaferand H. M. Rawson Plant, cell & Environ. 18

Table 1. Parameters of the positive linear regression between rate of development and temperature for different phenological phases and
their calculated cardinal (base and optimum) temperatures for four wheat cultivars grown after 50d of vernalization under natural radiation
and 18 h photoperiod. Thermal times were calculated as the reciprocal of the slopes

10 Temperature ( °C)
Intercept Slope i Correlation Thermal time
Cultivar ) (°cd™) coefficient base optimumt (°Cd)

Beginning of experiment to terminal spikelet initiation

Sunset -0-0102 0-00539 2:22
(0-0094)% (0-00063) (1-49)
Condor 0-0008 0-00378 0-58
(0-0095) (0-00064) (241)
Rosella 0-0086 0-00257 -240
(0-0055) 0-00034) (2-46)
C. Desprez 0-0128 0-00143 -8-23
(0-0027) (0-00018) (2-87)

Terminal spikelet initiation to heading

Sunset -0-0021 0-00263 1-08
(0-0035) (0-00021) (1-26)
Condor -0-0018 0-00280 0-81
(0-0026) (0-00014) 0-87)
Rosella -0-0045 0-00299 1-83
(0-0042) (0-00026) (1-26)
C. Desprez -0-0003 0-00195 1-03
(0-0041) (0-00022) (1-97)

Heading to anthesis

Sunset -0-1020 0-01357 0-991 0-001 7-67 22:0 737
(0-0176) (0-00106) (0-73)

Condor -0-1077 0-01347 0970 0-001 8:56 >25:0 74:3
(0-0307) (0-00168) (1-27)

Rosella -0-1266 0-01466 0963 0-001 8:96 >25-0 767
(0-0263) (0-00144) 0:97)

C. Desprez -0-0845 0-01440 0-938 0-006 7-28 >25-0 694
(0-0488) (0-00267) (2:09)

——
%, and P denote number of data considered in the calculation of the positive relationship between rate of development and temperature and
the probability level of the F-ratio value for the linear regression, respectively.

+Optimum temperatures were estimated by eye (from Fig. 3).

+Values in parentheses are the standard errors of the estimated parameters.




Temperatura

Uso del Modelo de T Estimacion de Thy Top, (distintas etapas y culégjr

Calculo de Tmed

Respuesta lineal de la Tasa de desarrgllo

Modelos alternativos

o

Tasa (1/d)
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»
»

Temp (C)

Angus et al. 1981 FCR
Rawson 1993 FCR temperatura (C)
Rawson y Zajac 1993 AJPP RLRS - - » - Veget

Boote et al. 1994




Temperatura

Atkinson & Porter 1996.
Trends in Plant Science 1 (4
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subopﬁmalmngeamoﬁenmumedmbeﬁnear,anmlimumhhpnshphasrwﬂybeen
observed in two wheat (Triticum aestivum) cultivars (data for the cultivar Cappelle Desprez are
shown). The nonlinear relationship is shown in (a). The line was fitted by a quadratic regression
model; the coefficient of determination (R?)is 0.969; p<0.001 (Ref. 22). The relationships were,
however, linear in the suboptimal range for each ofthreesqbyl.mgesmortoanthqm:
(b} from the beginning of the experiment to terminal spikelet mxtnhm;.(c)‘frmtermnnl
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Fotoperiodo
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Photoperiod Sensitivity
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Fotoperiodo
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Fu = fotoperiodo umbral; Fc = fotoperiodo critico
FS= sensibilidad al fotoperiodo; FVB = fase vegesabasica
FIF = fase inducida por el fotoperiodo




Precocidad intrinseca
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Figure 2. Time from planting to ear emergence of different
cultivars grown under (a) short photoperiod ( < 11 h) after
no vernalization; and (h) under long photoperiod ( 16 ) and
after 56 days of vernalization. Cultivars were selected from
Fig. 3 in Davidson et al. (1985). Maris T is the cultivar Maris
Templar and the asterisk means that Thatcher under short
photoperiod did not reach car emergence within the 250
days ol the experiment.

Slafer 1996
J. Agric. Sci. Cambridge




Sigue como si
estuviera en Fotop|
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Sigue como si
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Fig. 1. Timing of tassel eﬁrgence (TE) foc maize plants of cultivar Tx601 X Tx6252 when pbatoperiod was changed at different times. The times
of tassel initiation (TI) in constant photoperiods are shawn for comparison with times of photoperiod change.

Fase juvenlil

Especie Duracion (d) Referencia
Sorgo 5-9 Alagarswamy et al, 1998
10-23 Alagarswamy y Ritchie, 1991
Arroz 14-42 Collinson et al, 1992
Soja 3-11 (25°C) Upadhyay et al., 1994
Cero Wilkerson et al. 1989
Wang et al. 1998
11-33 (25° C) Collinson et al. 1993
Cebada 8-10 (15 °C) vernalizadq Roberts et al. 1988
32 (15 °C) no vern
Maiz 12 (25 °C) Kiniry et al., 1983
Girasol 12-18 (25 °C) Villalobos et al. 1996
Trigo ¢0? Slafer y Rawson, 1995
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Cultivares con
sensibilidad al
fotoperiodoy SIN
regquerimientos de
Vernalizacion

Spinedi et al (2005)
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Cultivares con
reguerimientos de
Vernalizacion
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Fotoperiodo
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Fotoperiodo
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Fotoperiodo

Slafer et al. 1994
Ann. Bot 74
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emergence to double ridge (B). Symbols as in Fig. 2. Bars are the
standard error of the slopes of the relationships between number of
eaves and thermal time after sowing for each treatment (see Table 1).
ines in (A) were fitted by regression analysis of these variables in two
different time-of-sowing experiments (see text for details).




Modelos de respuestas a temperatura y fotoperiodo

Slafer & Rawson 1995
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Fig. 5. Schematic models of the effects of photoperiod on the
response of rate of development to tecmperature (between a base and
an optimum temperalure ). The effects of photoperniod were exclu-
sively on thermal time (a}, or on basc temperature and therma! time
simultaneously ¢b). TT, LP, SP and Tb stand for thermal time, long
photoperiod. short photoperiod and base temperature, respectively.




Vernalizacion

Baja per se, al disminuir la temperatura
Temperatura disminuye la tasa de desarrollo del cultivo

Vernalizacion

Aceleracion del desarrollo hacia floracion dadolpaxposicion
a un periodo de bajas temperaturas

Reqguerimiento del cultivo de estar expuesto a uinge determinado
de bajas temperaturas para acelerar o poder pangresu desarrollo posterior

El aumento de la tasa de desarrollo ludgda exposicion por un periodo
de tiempo a baja temperatura a partir de la imidibide la semillas (Purvis, 1961)
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Vernalizacion

INVERNALES : suelen responder mas a menores temperaturasgjparhaverales
requieren periodos mas largos para saturar suasspu

MEDITERRANEOS o INTERMEDIOS
PRIMAVERALES

Winter wheat
] Mediterranean wheat

Figure 1. Distribution of different wheat types in countries with more than 5% of their

arable land under wheat.
Source: Adapted from Bunfing ef ol. (1982).




Vernalizacion

)
>

Tasa maxima desarrollo

%

l|—

Sensibilidad

<«—Precociderd
intrinseca

Tasa de desarrollo (d

Periodo Periodo Periodo Periodo

Longitud del periodo (

sub-0ptima optimo - sub-0ptimda optimo

+ — +
Duracion del periodo a baja temperatura (d)

Vernalizacion Efecto de.la vernalizaci6n sobre el nGmero |
4 °C, 8 h fotoperiodo m condor final de hojas en trigo ;

Post-vernalizacién ) 25
18 h fotpoperiodo [ robin 17
» -

21/26 °C A Rosella
® Odin

.kﬁenur 2548

Nimere finel de hejas

Sanora 64

Tiempo a Antesis (d)

20 y 40 5'0
Slafer, 1995 Dias de Vernalizacion Oias de vernalizacin




Vernalizacion

Efsacto de 49 dias de vemalizecidn aplicado en diferantes
momentos sobre ol ndmero final de hojas
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Hodgson, 1978

Aplces foliares visibles sl comlenzo tratamlanto



Vernalizacion

spikelets/°Cd
(0.042-0.055)

Tahle 1
Percentage of fertile emerged spikes [{number of plants with fertile
emerped spikesftotal mumber of plants) = 100] at the end of the
experiment {i.e. 2560 “C d from transplant)

)
% Treatments Cultivars
Y4
& 0.019 spikelets/°Cd Vemalization Photoperiod  PmINTA  ProlNTA  Klein
5 (0.017-0.020) Puntal Super Pegaso
o R2: 95%
Qo ’ W MNP 41 1iX} LiX] L)
g 251 MNP 42 1iX) LX) LMD
< Vig PS NP +4 1) 1) 104)
0.042 spikelets/°Cd N NP +6 1)) 1(X) 100
207 (0.036-0.048) .
R2: 90 % Y MNP 41 25 s L)

0.018 spikelets/ °Cd
(0.017-0.019)

R2: 96 % Figure 4: Dynamics of spikelet initiation in ProINTA
T T ' Puntal (PP) and ProINTA Super (PS) in vernalized (open
0 500 1000 1500 symbols) and unvernalized plants (closed symbols).

Different symbols inside each vernalization treatment
represent the photoperiod treatments: (<&, €) NP+0, (O
, ) NP+2, (A,A) NP+4, (O, ® ) NP+6. The spikelet
initiation rates with their 95% confidence intervals are
provided inset.

Thermal time from transplant (°Cd)

Gonzélez et al. 2002 FCR 74



Vernalizacion

24 N.J. Mendham and P.A. Salisbury
| , :
(a) Natural photoperiod/no (b) Natural photoperiod/4 weeks
vernaFizaticn vernalization
Chinoll C42
RU2
Wesbrook
|
(c) 24-hoyr photoperiod/no (d) 24-hour photoperiod/4 weeks
vemalization vernalization
Chinoll C42
RU2
Wesbrook

0 20 40 60 80 100 60 BO 100
Time (DAS) Time (DAS)

Fig. 2.3. Effects of photoperiod and vernalization on pre-anthesis development in
selected B. rapa (Chinoli) and B. napus populations. Three phases in sequence: vegetative
(7)), post-initiation (E3) and stem elongation (B ). DAS = days after sowing. Source:
Thurling and Kaveeta (1992a).




Vernalizacion

Efectividad de la temperatura

Fuente Temperatura (*C)
Ahrens & Loomis (1963) 0-8

Poehlman (1987) 1 -3
Purvis (1961) * 1 -7
Napp-Zinn (1984) * | -7
Trione & Metzger (1970) | -9
Heyne (1986) 3-8
Weir et al. (1984) 3-10
Hedel et al. (1986) <10-12

Brooking 1996 Ann. Bot 78

- Relative vernalization

Vernalization rate (@)

Temperature during vernalization (°C)

| | ] I | 1 | L .
6 8 10 12 14 16 18 20 Fig. 5.5. Vernalizationresponse of floweringin winter cereals (based on data

Temperature (°C) for ‘Petkus’ rye from Salisbury (1963); see also Weir et al. 1984).

Fic. 4. Rate of attainment of saturation of vernalization as a function

of temperature for Norin No. 27 wheat. Data were derived from a

eanalysis of Experiment 1 of Chujo (1966) using definitions and
criteria described in the texi.




Table 1. Summary of earlier proposals for ther
used to measure vernalisation, the effectiveness

elationship between temperature and vern
function proposed and cultivars test
effects ascribed to vernalisation,

ed, wh

Vernalizacion

alising effectiveness in wheat, with the variable

ether plant development that was concurrent
and the cardinal temperatures for vernalisation

with vernalising treatments was excluded from
Previous study Variable measured Effectiveness  Cultivar Treatments Cardinal temperatures for
function excluded vernalisation (°C)
Minimum Optimum Maximum
Brooking 1996 Leaf number Bilinear Norin 27 No -2 11 24
Chujo 1966 Leaf number na. Wheat n.a. <1 n.a. 15-18
Chujo 1975 Leaf number na. Norin 27 n.a. <5 4-12 >15
Craigon et al. 1995 Leaf number Bilinear Norin 27 Yes —4.8 52 26.6
No -5.05 5.5 18.8
Gardner and Barnett 1990 Cold units Uniform Wheat, rye n.a. 0 0-10 10
Kirby 1992 Effectiveness of vernalisation Multilinear Wheat n.a. -0.5 0.5-8 12
Maas and Arkin 1980 Effectiveness of vernalisation Multilinear Wheat n.a. -4 0-3 16
Porter and Gawith 1999 Effectiveness of vernalisation Multilinear ~Winter Various -1.3 3.8-6.0 15.7
wheats

Reinink et al. 1986 Effectiveness of vernalisation Multilinear Wheat n.a. -1 0-3 9
Robertson et al. 1996 Leaf number Linear Agent No ~1to5 ~5 14-17
Trione and Metzger 1970 Crown to apex distance Bilinear n.a. Yes <4 ~7 <12

Yan and Hunt 19996 Leaf number Beta Norin 27 Yes 0 5.7 213

Effectiveness of vernalisation

Fig.3. Relationships between temperature and verna

n.a.. Not applicable or not available.

(a)

1.00
0.754
0.50-

0.25+

0.00

1 |
-5 0 5 10 15 20

T T
-5 0 5

T T 1
10 15 20

Temperature (°C)

functions that were evaluated in this study. These were

Arkin (1980), and (c¢) Cao and Moss (1997), and are all scale

effectiveness of 1.

Penrose et al. 2003 Aust. J. Agric. Res

1 1
0 5 10 15 20

lising effectiveness for the 3 linear interpolation
described in () Lumsden (1980), (b) Maas and
d to have a maximum vernalising



Devernalizacion

La vernalizacién es un proceso reversible: los efese pueden
revertir si el periodo de bajas temperaturas esrumnpido.

Gregory y Purvis (1948)__, > 30°C

Purvis y Gregory (1952) Ray -grass

Dubert et al. (1992) — > 20°C
Slafer (1995) —> >18°C

4BC 8h phompcri(?d el
- él /1%'%:? 1p ghﬁ'gﬁﬁ,mm vernalisation
0
13
13+13
26

N B B 3 I

Days before the transference of
seedlings to the growth room

Fig. 31. Diagram for the treatments of the devernalisation study, ~ S'2f€r, 1995



Devernalizacio

Slafer, 1995

0
0 13 13413 26 0 13 13+13 26
Days of vernalisation Days of vernalisation

Fig. 32. Duration from seedling emergence (SE) to anthesis (An) in four wheat
cultivars [Condor, Robin, Rosella and Odin] grown at 18 h photoperiod and 21/16 *C
after being subjected to 0, 13 and 26 continuous days of vernalisation (at 4 °C and 8 h
photoperiod) or to two periods of vernalisation of 13 days interrupted by three days at 18
"C (13+13). Values of bars with different letters above (within each cultivar) are
significantly different (P<0.05). Bars of cultivar Odin with arrows above indicate that the
treatments did not reach anthesis by the end of the experiment.




Qué factores debemos tener en cuenta al analizar
la respuesta a la vernalizacion?

- Variabilidad genotipica

-Longitud del periodo de vernalizacion

Efectividad de vernalizacion
-Temperatura vernalizante

-
- Sensibilidad a la vernalizacion en c/u de las et@eh ciclo ontogénico

-Devernalizacion

-Interaccién fotoperiodo
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12 cultivares trigo 4 afnos
Masle et al., 1989 Vernalizado y no vernalizado 17 fechas de siembra
Crop Sci. 29 2 localidades = latitud desde Otofio hasta primavera
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Temperature per se

TT (°Cd)

a

HILWEKCEVD)

»

WHEAT
BARLEY

BRASSICA

Vernalization

Days flowering

O

Days at low temperature

Slafer, 1995
. ) Ph. D. Tesis
Flowering time
Monteith (1984)
Exp. Agric. 20

[
»

Short day
SOYBEAN

MAIZE
SORGHUM
RICE

Days flowering

t  Long day Intrinsic

Earliness

BARLEY
BRASSICA

PIP
/Juvenile phase

Vergara and Chang, 1976

Int. Rice Res. Inst. Tech. Bull. 8 .
Major, 1980 Photoperlod
Can. J. Plant Sci. 60, 777-784




WHEAT

Intrinsic earliness Eps Vil VVernalization

Ge

nome Genome
A : A :iB i D
2AS 2BS : 2DLS

Flowering time

Chromosome n°
Chromosome n°

t
Photoperiod Qggde

Genome
LA {B {D

Al iB1 D1

Snape et al.,2001
(Euphytica 119)

Chromosome n°

Fernanda G. Gonzalez
Facultad de Agronomia
Univ. de Buenos Aires
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Genome Genome
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Fernanda G. Gonzalez
Facultad de Agronomia
Univ. de Buenos Aires




Photoperiod

Flowering Time Phase by phase effects?

insensitivity order

VP ERP LRP

B1>A1>D1 Lawetal., 1978 No Yes Yes Scarth et al., 1985
(Heredity, 41) CS (Ann. Bot., 55)

B1>D1>A1 Scarth & Law, 1984
(Z. Pflanzenzlchtg, 92) CS

D1>B1>A1 Scarth & Law, 1984 Yes Yes
2D Ciano 67, 2B Timstein
(Z. Pflanzenziichtg, 92)

D1>B1 Worland, 1996
(Euphytica, 89)

Al1>D1>B1 Stelmakh, 1998
(Euphytica, 100)
B1=D1 Whitechurch & Slafer,

2002 2 CS 1Ci
(Field Crops Res., 73)

D1>A1>B1 Butterworth et al., 2002
(Jhon Innes Centre)
D1>B1 Gonzalez et al., 2003

(unpublished) Fernanda G. Gonzalez
Facultad de Agronomia
Univ. de Buenos Aires

Yes Yes Gonzalez et al., unpublished




Background Genome
Genes de Mercia - D B A

fotoperiodo y su

Impacto sobre |a JRNEESR Ppd-D1 ppd-B1
., Cappelle
duracion de |as [y
‘ C ppd-DI1 ppd-B1 ppd-A \
CPpd-D1 Ppd-D1 ppd-B1 ppd-Al
Mercia . Cappelle Desprez
1800 - 2 anos 1 a

1600{ b a j\

Thermal time from TR (°C d)

M MPpd-B1 MPpd-D1 C CPpd-D1
Gonzalez, Slafer & Miralles (2004)



Genes de fotoperiodo
SuU Impacto sobre la

duracion de las etapa:

0.87
0.6
0.4
0.2

Relative duration

TR-AN phase

Relative duration

0.0

ppd-D1 ppdD1 PpdD1
ppdBl PpdBl ppdBl

Los genes PpB1ly PpD1 tiene

distintos impacto en las etapa:
ontogenicas.

Gonzalez, Slafer & Miralles (2004)

1.0 1
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Respuesta al fotoperiodo y la vernalizacion de

los cultivares Argentinos de Trigo y Cebada




Fotoperiodo (hs)

\I

P
<

0anos3
T00Z VINIOIg (PDo) uoneINp aseyd
0T 'Ovd

€0€ VOV
200€ V.INIOIg
0dvNo
OTIILIVIA

NOIdd402S4

Emergence-Anthesis Phase
Gl G G G & o
-165 #17.8°Cdh

vd313C11 VINI
NIZOWILVNO

OHONVO
aINOIINT'A
vnolg

708 YOV

&
©
=
=
S
@

-74+10.7°Cd h L

VYHO314

Early Maturity

VICVHO
XINO

M Late Maturity

€T NNIN3Jdd ' OVvd
000T VLNIOIg
03104d

o
L

RESULTS

Miralles et al (2007)

(1- Y PpDo) Auanisuss poladoloyd




RESULTS Intrinsic Earliness

Early Maturity

B Late Maturity
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Miralles et al (2007) Phenological phases

Intrinsic earliness of the emergence-anthesis phase ranged between 760 and 1040 °C d and
between 800 and 1160 °C d, for early and late maturity group, respectively.




RESULTS Optimum photoperiod

Early Maturity

M Late Maturity

Not significant differences were
found among cultivars for the
optimum photoperiod during the
pre-anthesis phases.
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Results General Model
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Sensitivity
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MP 1109 Eleccion de Fecha de siembra
Que ocurre en las fechas tardias?
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Modelos de Termofotoperiodicos aplicados al manejo del cultivo:

Diferencias entre cultivares Europeos y Tradicionales

Localidad Tres Arroyos 2004 o Scarlett = B1215
1450 = Danuta = Auriga Europeas
W27189 4 W23300
@ 1350 4 Ayelen 4 Paine Tradicionales
A aKuyen = Y6323
o 1250 L00/6110 \(CAMSMa)
‘O
N
S 1150
o
0
o 1050
ke
£
o 950
|_
(@)
g 850
K
I_
750
650

23-Abr 13-May 02-Jun 22-Jun 12-Jul 01-Ago 21-Ago 10-Sep 30-Sep 20-Oct

Fecha de Siembra Nicolas Gear, 2005
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Modelo de Prediccion Fenologica: CRONOCEBADA®
Convenio MINCyT-Camara Cervecera Argentina-Fac. Agronomia UBA

EH crONDCEBADA

INICIO GRAFICOS AYUDA

Facultad de Agronomia - Universidad de Buenos Aires
Av. San Martin 4453 - C1417D5SE - Argentina -Tel. +54-11-4-524-8000 - www.agro.uba.ar
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B cronoceBADA

INICIO GRAFICOS AYUDA

Genotipo Sel. FRIMER NUDO Ap. de Aristas MADUREZ FIS.

Rend. Relativo

|  MODIFICAR |

HELADAS

|

F. Siembra{|! de | Mayo

Localidad: Tres Arroyos

Genotipo
Scarlett

Fechade Siembra: 155

09 dias 23 dias
835 "Cdia S i 340 "Cdia
420 “Cdia
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Validacion del modelo

Tres Arroyos-Barrow
Bordenave
Buenos Aires

ANOS:
‘08-'99-'00-'01-'02-'04-'05-'06-'07-'08

Datos aportados por : Antonio
Aguinaga, RET CEBADA 2007 y
FAUBA
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Descripcion de las respuestas combinadas a la tatoperel
fotoperiodo y la vernalizacion

1. Si se conoce las respuestas de la duracionfdeddej. Emergencia-espigazon en trigo)
en términos de a) TT minimo de la fase o precodidi@ithseca, b) fotoperiodo umbral,

c) sensibilidad al fotoperiodo y d) sensibilidald &ernalizacion se puede estimar la
duracion en TT de la fase para el fotoperiodo,@dedvernalizacion y cultivar en cuestion.

2. Asumir respuestas lineales a temperatura y éoiogo y establecer mediante experimen
efectuados en una gran variedad de regimenes t&miotoperiodicos el requerimiento e
TT para la duracion de la fase en cuestion. Fuacmejor para fotoperiodos menores (PD

o mayores (PDC) a los umbrales y es menos confiavke fotoperiodos en los cuales las
respuestas estan saturadas. Ej. CRONOTRIGO

* 6 fechas de siembra

TT
E-A -Asume un valor de Tb para la etapa en cuestion
-Datos térmicos historicos

|

Permite predecir fecha de espigazén
al variar la fs

[
»

Dia juliano de emergencia
Fotoperiodo




Gelso, Gonzalez & Miralles datos no publicados

Antesis observada vs estimada Madurez fisioldgica medida vs estimada
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el TT. Ej. Ceres-Wheat, Ritchie 1991 Modeling Plard &oil Systemskgronomy Monograph 31

ASA-CSSA-SSSA, 677 S. Seogoe Rd. Madison WI53711A LS
Vepnalizacion

ROR = 1=K(30-Y) " Menor sensibilidad
. Ritchie 1991

AGENT

K=0.005 ’

LANCOTA
kK=0.014

Lo
CENTURK Mayor sensjbilidg
K=0.026

PAWNEE
kK=0.040
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Fig. (§ The relationships used to predict the influence of vernalization days for specific geno- Tem peratu raOC)
types on the relative development rate of wheal during Stage | growth,

Ritchie 1991




Considera el concepto de devernalizacion:
si el numero de VD <10y Tmax >RD, entonces el nimero de VD disminuye 0,5d%br

si el numero de VD>10 considera que no puede ocuveralizacion
Fotoperioda
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Fig. {3 The relationship used to predict the influence of photoperiod for specific genotypes
or the relative development rate of wheat during Stage | growth.

-

Ajusta el progreso diario hacia antesis en TT egiumdel factor menos favorable




4. Uso de descripciones que pueden manejar intereascfotoperiodo x temperatura

Soja: Ej. Summerfield et al. 1993 (respuesta liag@mperatura)
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Fig. 1 Effects of photoperiod and temperature on the rate of
progress from sowing towards first flowering (lefi vertical scale:

ansformed to days to flower on right vertical scale) in soyabean
cuhiivars, “Fiskehy V™ (photoperiod-insensitive) and ‘Biloxi® (pho-
toperiod-sensitive). Results from six contrasting sites in Australia
from 1986 to 1988 ( @) and one in Australia and two in Taiwan in
1989-1990 ( ©). Vertical lines indicate deviations from fitted planes.
Projection of the boundaries between response planes 1o the base
(broken lines) show four environmental domains where progress to-
wards tlowering is A impossible (100 cool). B solely temperature-de-
pendent. € dependent on both photoperiod and temperature. and D
maximally delayed by photoperiod and unresponsive to variation in
either photoperiod or temperature. The fitted planes are quantified
in Table 2. The boundaries between the domains are defined by T,
(between A and B). P, (between B and C). T, (between B and Dy and
P, . tbetween C and D)z sce text tor further explanation. (From Suimi-
merfield et al. 19930

Trigo: AFRCWHEAT (Weir et al. 1984 J. Agric. Sci., Cantdge 102)
desde emergencia a Doble lomo el progreso a flameem TT es modificada en funcién
de un factor derivado de la multiplicacion de afsaliarios de vernalizacion y fotoperiodo




Angus et al. 1981, FCR 4. Trigo primaveral

Respuesta no lineal a la tempratura
Tasa de desarrollo (r) =f (T) x f (F)
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Fig. 3. Rate of development from emergence to anthesis of the wheat cultivar UQ189 in -
relation to mean temperature and photoperiod over the phase. The labelled value on each

point refers to the mean photoperiod. The family of curves represents the model for
chosen values of photoperiod.




Otros factores que alteran el desarrollo

Nutrientes

Estrés hidrico

~—~
o
C
S
3
\C—U
=
~
L
(%]
Q
+—
c
<
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Potencial agua minimo alcanzado el dia previcegioriMpa)

Magrin 1990

-4.0

Efectos de N

Arisnabarreta & Miralles 2004

Aust J Agric Res 55

Efectos de P sobre filocrono y macoliaje de trigo
Tabla 2.1- Duracién de las etapas Emergencia (Em) a Doble Lomo (DL) , Magzﬁgjﬁt’;’met al; Plang Seil 200:224, 1%?0%}0"0 P
Espiguilla Terminal (ET) y Antesis (Ant) con diferentes combinaciones de 4 160
nitrégeno y azufre. Datos correspondientes a los ensayos conducidos en ] '
containers. /nomm
Duracidn de las subetapas s
(°Cdia) 3 / T
Tratamiento Em~-DL | DL-ET | ET-Ant | Em—-Ant 1
X e 522 144 655 1321 \
Sy 540 134 635 1309
N; So 522 153 625 1299 2 - 80
Sy 540 134 690 1364
N ns ns ns ns € Macollos
S ns +* * *
Nx$S ns ns * *
* 5% de Significancia segun el test LSD. ' z H g
Salvagiotti & Miralles 2005 Nivel de P

Deficiencia Nitrogeno en cebada aumento el
Flocrono sin modificar el N final de hojas




Efecto de los nutrientes sobre la fenologia endaeba
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Efecto de los nutrientes sobre la fenologia endzbanalisis de la
tasa de aparicion de hojas
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Efecto de la disponibilidad hidrica sobre la fenédogCampaiia 2007/08




———— Rendimiento

Cambios morfoldgicos vy fisiologicos
gue definen distintas etapas o
periodos durante el ciclo

Duracion de Disponibilidad

: eriodos de recursos
Ambiente :

Agua
Temperatura Tasa de Radiacion
per se generacion Nutrientes
organos

vernalizacion
Fotoperiodo




