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Yield is a central Yield is a central objective of most breeding and objective of most breeding and 
management decisionsmanagement decisions

It is extremely complex (It is extremely complex (final outcome of crop 
growth and development processes, strongly 
regulated by genetic factors, environmental 
conditions and genetic x environment 
interactions throughout a growing season))



The more we know a complex trait the less The more we know a complex trait the less 
uncertain it results the outcome of any uncertain it results the outcome of any 
intervention to manipulate itintervention to manipulate it

The simplest approach to understand The simplest approach to understand 
something complex is to identify some of something complex is to identify some of 
its relatively simpler components its relatively simpler components 

As these components are simpler As these components are simpler 
manipulating them with certitude would manipulating them with certitude would 
be easierbe easier
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Overlapping gives room to speculate that negative 
relationships between components of number of grain s 

per m 2 may represent feedback interactions
Virtual lack of overlapping indicates that the nega tive 

relationships between mean weight per grain and gra ins 
per m 2 may hardly be due to feedback processes
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Would it be competition between grains 
for limited resources whenever grain 
number is increased?



Do grains strongly compete for photosynthetic Do grains strongly compete for photosynthetic 
carbohydrates during their growth?carbohydrates during their growth?

•• It is the most common It is the most common 
interpretation, but mostly interpretation, but mostly 
(only?) based on the (only?) based on the 
relationship itselfrelationship itself

•• Revising physiological evidences for accepting Revising physiological evidences for accepting 
that the negative relationship between grain that the negative relationship between grain 
weight and grain number is due to competition is weight and grain number is due to competition is 
critical if we want to have certitude when critical if we want to have certitude when 
manipulating components as a manipulating components as a startegystartegy to to 
manipulate yieldmanipulate yield
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Borras, Slafer & Otegui (2004). 
Field Crops Res. 86, 131-146



AunAun en en ambientesambientes mediterraneosmediterraneos
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Two papers dealt with resolving whether Two papers dealt with resolving whether barley yield in the 
UK is sink- or source-limited

Potential supply of CH2O to growing grains 
varied greatly between environments (6 sites x 
3 years), but in all cases -but 1- exceeded yield 
actually achieved
Barley was predominantly sink limited

Bingham, Blake, Foulkes
& Spink 2007 2007 ((Field Field 
Crops Res. 101: 198Crops Res. 101: 198--211 211 
& & 212–220))

Gustavo A. Slafer



Control (Control (closeclosesymbolssymbols) ) -- TrimmedTrimmed (open (open symbolssymbols))

AragonAragon 0303 EstrellaEstrella

AnzaAnza IDID --21512151

Acreche & Slafer (2009) Field Crops Research 110, 98–105



Serrago, Alzueta, Savin & Slafer, submitted



Overall conclusion of this study

•The potential supply of CH2O to growing grains 
varied greatly between environments (6 sites x 3 
years), but in all cases -but 1- exceeded yield 
actually achieved 
•Can be reasonably extrapolated to cereals in 
general and in most growing conditions

⇒⇒⇒⇒⇒⇒⇒⇒ cereals are predominantly are predominantly 
sink limitedsink limited



From Sadras (2007). Field Crops Res. 100, 125–138

Interannual variation in offspring size and number in soybean (Kelley et 
al., 2003) and sea-trout (Elliot and Hurley, 1998)
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Timing and amount of N fertilization 

y = 0,3665x + 0,0772
R2 = 0,9777
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•• The lack of a competitive relationship between grai n number The lack of a competitive relationship between grai n number 
and individual grain weight (and individual grain weight ( Slafer & Andrade, 1993, Slafer & Slafer & Andrade, 1993, Slafer & 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 ((Slafer & Slafer & MirallesMiralles, 1992;, 1992; Slafer & Slafer & SavinSavin 1994;1994;

Kruk, Kruk, CalderiniCalderini & Slafer, 1997;& Slafer, 1997; Borras, Slafer & Borras, Slafer & OteguiOtegui, , 20032003); in agreement  ); in agreement  
with what can be seen in a more general analysis of  yield with what can be seen in a more general analysis of  yield 
determination in Barley (determination in Barley ( Bingham et al., 2007Bingham et al., 2007))

•• is in line with the almost universally found positi ve relationshis in line with the almost universally found positi ve relationsh ip ip 
between yield and grain number in wheat between yield and grain number in wheat (and other cereals) 

–– which would be less clear if grains were strongly c ompeting which would be less clear if grains were strongly c ompeting 
for assimilates after anthesis for 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, to increase yields we must Therefore, to increase yields we must 
increase either increase either 

–– the number of grains per mthe number of grains per m 22 set by the set by the 
crop orcrop or

–– their potential weight their potential weight ((as the negative relationship as the negative relationship 
is not for competition among grains, if grain size potential is not for competition among grains, if grain size potential 
increase the actual size will also increaseincrease the actual size will also increase))

…… having in mind that grain number is as complex as y ield itself having in mind that grain number is as complex as y ield itself 
and to find out simpler traits determining it we ca nnot simply and to find out simpler traits determining it we ca nnot simply 
decompose it into simpler numerical subdecompose it into simpler numerical sub --components  as they components  as they 
are negatively related to each other, most likely d ue to are negatively related to each other, most likely d ue to 
feedback processesfeedback processes
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What’s critical for 
rising the final number 
of grains?

Further increasing the Further increasing the 
number of potential sites for number of potential sites for 
having grains? Then a having grains? Then a 
similar mortality rate would similar mortality rate would 
result in a net increase in result in a net increase in 
number of grains (and yield)number of grains (and yield)

Or reducing the mortality is Or reducing the mortality is 
critical? Then, the level of critical? Then, the level of 
number of potential sites number of potential sites 
(always far higher than the (always far higher than the 
possible number of grains) is possible number of grains) is 
not that importantnot that important

Sowing

Gustavo A. Slafer
Centre UdL-IRTA
UniversitatUniversitatde de LleidaLleida

Most accepted approaches were those stressing/impro ving 
strongly the crop for short periods , to avoid feed-forward effects

e.g. short periods of intense shading or CO 2 fertilization 
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Spike weight at anthesis (g m -2)
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Due to radiation levels
Fischer, 1985 (Mexico-Australia); 
Thorne & Wood, 1987 (United 
Kingdom); Savin & Slafer, 
1991 (Argentina); Abbate
et al., 1995 (Argentina, 
Southern wheat belt); 
Demontes-Meinard
et al., 1999 
(France)

Slafer et al 2005, Ann Slafer et al 2005, Ann ApplAppl BiolBiol 146,61146,61--7070 Gustavo A. Slafer
Centre UdL-IRTA
UniversitatUniversitatde de LleidaLleida
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The basis for this strong and consistent relationsh ip may be that 
while the spike is growing the floret primordia are  developing 
towards fertile florets, most of which will become grains. Then 
understanding the developmental patterns of the flo rets may be 
instrumental

Stem elongation

Floret development 
within spikelets
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The growth of the spikes in this very short window of time is so
relevant that most of the breeding success on impro ving wheat 
yields were based on improving this trait (e.g. Slafer et al, 1994; Calderini
et al., 1999).

⇑⇑ G YieldG Yield
⇑⇑ H IndexH Index
⇑⇑ G NumberG Number
⇑⇑SDW SDW anthanth

(due to smaller stems)(due to smaller stems)

⇓⇓ Height!Height!

Traditional cultivar

Modern cultivar

Gustavo A. Slafer



Spike weight anthesis (g m -2)
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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 

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

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

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

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

Gustavo A. Slafer

AcrecheAcreche, Brice, Briceñño, o, MartinMartin S & SlaferS & Slafer20092009
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 )
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•• Lets see empirically how much this general model Lets see empirically how much this general model 
developed from manipulative experiments of crop developed from manipulative experiments of crop 
physiologists work in reality. physiologists work in reality. 

•• We need papers that reported on studies on either We need papers that reported on studies on either 
management or breeding effects on yield that have management or breeding effects on yield that have 
recorded with some detail (i) dynamics of growth an d recorded with some detail (i) dynamics of growth an d 
partitioning during prepartitioning during pre --anthesis, and (ii) the fate of anthesis, and (ii) the fate of 
floretsflorets

•• Lets see first examples of management and then from  Lets see first examples of management and then from  
breedingbreeding



Timing and amount of N fertilization in irrigated w heat
32 N treatments, from 0 to 320 KgN ha-1; from sowing to booting; 
Fischer 1993, Field Crops Res. 33, 57-80

y = 0,3665x + 0,0772
R2 = 0,9777
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Fischer 1993, Field Crops Res. 33, 57-80
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Fischer 1993, Field Crops Res. 33, 57-80
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Fischer 1993, Field Crops Res. 33, 57-80
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DreccerDreccer, , SchapendonkSchapendonk, Slafer & , Slafer & RabbingeRabbinge (2000). (2000). 
Plant and SoilPlant and Soil, 220:189, 220:189--205.205.
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Most management strategies are designed to improve growth 
during this window of time. For instance, with N fe rtilisation (doses 
x timing e.g. Fischer, 1993).

ManagementManagement
⇑⇑ G YieldG Yield
= H Index= H Index
⇑⇑ G NumberG Number
⇑⇑SDW SDW anthanth

⇑⇑Growth duringGrowth during
Stem elongationStem elongation
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Slafer et al. (1994)
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� for yield potential (e.g. Rht genes reducing the competitive 
ability of stems against spikes growing simultaneously 
during pre-anthesis)

G. A. Slafer (ICREAICREA)
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Anthesis
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Timing when yield is mostly affected is affected
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The growth of the spikes in this very short window of time is so
relevant that most of the breeding success on impro ving wheat 
yields were based on improving this trait (e.g. Slafer et al, 1994; Calderini
et al., 1999). BreedingBreeding

⇑⇑ G YieldG Yield
⇑⇑ H IndexH Index
⇑⇑ G NumberG Number
⇑⇑SDW SDW anthanth

(due to smaller stems)(due to smaller stems)

⇓⇓ Height!Height!
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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 

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

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

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

Due to genetics (Introgression of 
Lr19 from A. elongatum)
Reynolds et al.,2001
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Slafer & Savin (2006). Physiology of crop yield. In: “Encyclopedia of Plant 
and Crop Science” Taylor & Francis, New York.
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