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Similar evidences for
maizemaizeand soybeansoybeanin 
the US  can be found
in Evans, 1998. 
Feeding the 10 
billion... (Camb. Univ. 
Press)
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Would it be competition between 
grains for limited resources whenever 
grain number is increased?
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Borras, Slafer & Otegui (2004). 
Field Crops Res. 86, 131-146
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•• The lack of a competitive relationship between grain number The lack of a competitive relationship between grain number 
and individual grain weight (and individual grain weight (SlaferSlafer& Andrade, 1993, & Andrade, 1993, SlaferSlafer& & MirallesMiralles, , 

1993, 19951993, 1995))

•• and the fact that grain weight does frequently not respond to and the fact that grain weight does frequently not respond to 
source source –– sink manipulations during grain filling sink manipulations during grain filling ––even in even in 
interaction with interaction with stresesstreses((SlaferSlafer & & MirallesMiralles, 1992;, 1992; SlaferSlafer & & SavinSavin 1994;1994;

Kruk, Kruk, CalderiniCalderini & & SlaferSlafer, 1997;, 1997; Borras, Borras, SlaferSlafer & & OteguiOtegui, , 20032003); in line with ); in line with 
what can be seen in a more general analysis of yield what can be seen in a more general analysis of yield 
determination in UK Barley (determination in UK Barley (Bingham, Blake, Bingham, Blake, FoulkesFoulkes & & SpinkSpink, , in pressin press))

•• is in line with the almost universally fund positive relationshiis in line with the almost universally fund positive relationship p 
between yield and grain number in wheat between yield and grain number in wheat (and other cereals) which which 
would be less clear if grains were strongly competing for would be less clear if grains were strongly competing for 
assimilates after anthesis assimilates after anthesis 

•• which in fact may well have evolutionary bases (which in fact may well have evolutionary bases (SadrasSadras, 2006, 2006))
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•• Therefore, yield potential is dependant of Therefore, yield potential is dependant of 
the capacity of the crop in terms of the capacity of the crop in terms of 
determining highdetermining high

–– number of grains per mnumber of grains per m22

–– potential weight potential weight (proxima presentacion de Calderini)

–– realisation of potential weightrealisation of potential weight

Gustavo A. Slafer



50% anthesis

Days to 50% anthesis

N
um

be
r

of
gr

ai
ns

pe
r

m
2

(%
 o

fu
ns

ha
de

d
co

nt
ro

l)

Fischer (1985) J. Agric. Sci.
Savin & Slafer (1991) J. Agric. Sci.
Slafer, Miralles, Calderini & Dreccer (1994) Field Crops Res. Gustavo A. Slafer



Sw Em AtDRFI BGFTS

Timing when yield is mostly affected

N
um

be
r

N
um

be
r o

fof
gr

ai
ns

gr
ai

ns
pe

r 
pe

r u
in

it
ui

ni
t

la
nd

la
nd

ar
ea

ar
ea

(%
 

(%
 u

ns
tr

es
se

d
un

st
re

ss
e

d ))

Anthesis

S
te

m
S

te
m

or
S

pi
ke

S
pi

ke
dr

y
m

at
te

r

Gustavo A. Slafer



Gustavo A. Slafer

F
er

til
e 

flo
re

ts
 o

r 
gr

ai
ns

 (
m

-2
)

Due to radiation levels
Fischer, 1985; Thorne & Wood, 1987; Savin & Slafer, 
1991; Abbateet al., 1995; Demontes-
Meinard et al., 1999

Due to genetics (semidwarf vs tall cvs.)
Brooking & Kirby, 1981; Stockman et al., 1983; Miralles et al., 1998 

SlaferSlafer et al 2005, Ann et al 2005, Ann ApplAppl BiolBiol 146,61146,61--7070

Slafer et al.,  1994
(modern-old x shading treatments)

Spike weight at anthesis (g m -2)

Due to genetics (old vs modern cvs.)
Siddiqueet al.,  1989;
Slafer & Andrade, 1993

Due to genetics (Introgression of Lr19 
from A. elongatum)
Reynolds et al.,2001

Due to N fertilisation
Fischer, 1993; Drecceret
al., 2000; Prystupa et
al., 2004
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AcrecheAcreche, Brice, Briceñño, o, MartinMartin S & S & SlaferSlafer 20092009
CropCrop & & PasturePastureScienceScience, 60:271, 60:271--279279

Probably reflecting a better 
partitioning of resources 
within the spike between 
florets and structural parts 
(e.g. Slafer & Andrade, 1993; 
FCR 31:351-367 )

Presentacion de González
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How does temperature alter the How does temperature alter the 
model?model?

Main effect of temperature is through 
development rates determining 
duration of different phases



Slafer & Rawson 1994
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Sensibilidad en antesis

Fischer 1985

mayor sensibilidad en el periodo inmediatamente previo a la 
antesis4% de disminución en el Nº de granos por 1 ºC de 
aumento en la temperatura media Gustavo A. Slafer



Generación de estructuras reproductivas

Diferenciación de primordios florales y fecundación
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Uso del cociente fototermal durante el periodo critico

Q=R/T
R=radiacion
T=temperatura
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¿Qué temperaturas maximizan el número de granos?

Efectos de radiación y temperatura: cociente fototermal

Ortiz-Monasterio et al. 1994

Q=R/T-Tb
R=radiación
T=temperatura
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Passarella et al. (2002)
AJAR 53:1219-1227

Efectos directos mas alla de los que pueda haber sobre la fuente
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Passarella et al. (2002)
AJAR 53:1219-1227
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RRReeeddduuucccttt iiiooonnnsss   iiinnn   iiinnndddiiivvviiiddduuuaaalll    gggrrr aaaiiinnn   wwweeeiiiggghhhttt    (((III GGGWWW)))   cccaaauuussseeeddd   bbbyyy   ssshhhooorrr ttt
pppeeerrr iiiooodddsss   ooofff    hhhiiiggghhh   ttteeemmmpppeeerrr aaatttuuurrr eee   ddduuurrr iiinnnggg   gggrrr aaaiiinnn   fff iii lll lll iiinnnggg   iiinnn   wwwhhheeeaaattt    aaannnddd

bbbaaarrr llleeeyyy...

IGW Factors Temperature Duration Type of Ref.
(%) Investigated day/night (ºC) days h d-1 experiment

25-28* Genotype 30/30 7 24 Chamber [1]

  5-9 Timing of 35/25 5 5 Chamber [2]
exposure

 4-23 Duration of 40/15 5-10 6 Galsshouse [3]
exposure

13-24 Genotype 40/20 5 6 Field [4]

   34 40/16 5 6 Chamber [5]

4-13 Temperature 40/16 5 6 Chamber [6]
regime

   30* 35/25 3 12 Chamber [7]

13-24 Genotype 35/25 3 12 Chamber [8]

 5-24 Timing of 40/15 5 6 Chamber [9]
exposure

*starch dry weight per endosperm

[[[111]]]   MMM aaacccLLL eeeoooddd   &&&    DDDuuufff fffuuusss   (((111999888888aaa))) [[[222]]]   MMM aaacccnnniii cccooolll    eeettt   aaalll ...   (((111999999333)))
[[[333]]]   SSSaaavvviii nnn   &&&    NNNiii cccooolllaaasss   (((111999999666))) [[[444]]]   SSSaaavvviiinnn   eeettt   aaalll ...   (((111999999666)))
[[[555]]]   SSSaaavvviii nnn   eeettt   aaalll ...   (((111999999777aaa))) [[[666]]]   SSSaaavvviiinnn   eeettt   aaalll ...   (((111999999777bbb)))
[[[777]]]   WWWaaalll lllwwwooorrr kkk   eeettt   aaalll ...   (((111999999888aaa))) [[[888]]]   WWWaaalll lllwwwooorrr kkk   eeettt   aaalll ...   (((111999999888bbb)))
[[[999]]]   SSSaaavvviii nnn   &&&    NNNiii cccooolllaaasss   (((111999999999)))
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Savin et al. (1996)
AJAR 47:465-477
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ConclusionesConclusiones
*Los cultivos de grano frecuentemente enfrentan estrés térmico 
por alta temperatura, tanto en ambientes tropicales y 
subtropicales como en ambientes templados.

*Mermas en el rendimiento y la calidad son funciones de la 
intensidad, duración y momento de ocurrenciadel estrés en 
relación al estado de desarrollo del cultivo y al proceso de 
crecimiento afectado. 

*Al expandir las zonas agricolas tener en cuenta que “pequeños”
cambios en temperaturas medias o en frecuencia de eventos de 
temperaturas extremas pueden afectar signbificaticvamente la 
generacion del numero y peso de los granos.

*Existen conocimientos descriptivos del efecto de altas 
temperaturas sobre el número y peso de granos en varios cultivos 
de grano, pero sabemos menos acerca de los mecanismos 
involucrados. Gustavo A. Slafer


