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Abstract 

We have always attempted to understand yield in simpler forms. A very popular approach is that of dividing 

yield into components. The problem with this approach to understand yield is that yield components are 

normally negatively related among themselves. Thus, even though it is eminently simple and logic, the 

approach is of very limited value unless we can predict the expected degree of compensation derived from 

the negative relationship between components. It has been evidenced that the negative relationship between 

grain number per m2 (GNO) and averaged grain weight was not competition for resources, though there may 

be room for supporting some competition for setting the potential size of the grains when the GNO is still 

being determined. Regarding the sub-components of GNO, there is very little analyzed. We hypothesized 

that spikes per m2 and GN per spike (GNS) are feedback controlled when the crop is exposed to more 

resources. Spikes per m2 (SNO) would act as a variable responding mainly to broad environmental/genetic 

changes, whilst GNS would compensate using the availability of resources not used in producing changes in 

SNO. To test the hypothesis we used an extensive database (n=462) in which yield changed widely in 

response to genetic and environmental changes. Analysis seems to be in line hypothesis raised, though with 

some departures from the hypothetical model. 

Media summary 

Based on an extensive database we found evidences that the compensation of spikes per m
2
 and grains per 

spike may be due to feedback processes, acting the former as a broad-tuning component and the latter as a 

fine-tuning component. 
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Brief introduction 

Yield, the main attribute of a crop, is sometimes elusive to improvements simply because it is too complex. It 

is the final outcome of crop growth and development processes, strongly regulated by genetic factors, 

environmental conditions and genetic x environment interactions throughout a growing season. As the 

certainty with which we can manipulate a trait is directly related to the degree of understanding we have of it, 

the predictability of the actions we take to improve yield is in most cases rather low. This is why we have 

always attempted to understand yield in simpler forms.  

The efficiency of breeding and management to improve yield (either by traditional or biotechnological 

means) could increase if decisions are based on attributes at the crop level of organization that being far 

simpler than yield are putatively related to it (Slafer, 2003). For this to be realized, knowledge of the crop-

physiological attributes determining yield of cereals has to be improved considerably (Araus et al., 2004). 

Yield components 

The most popular approach to attempt understanding wheat yield is that dividing it into numerical 

components. (i.e. plants per unit land area, spikes per plant, spikelets per spike, grains per spikelet, resulting 

in the number of grains per m
2
, and average individual grain weight; see scheme). The popularity of the 

approach is based in that it is simple to understand and easy to do. The simplicity of the approach is based in 

that it is decidedly correct from the mathematical point of view and easy to understand while seemingly 

physiologically sound: multiplying the components one obtains the yield, without needing to understand 



anything else. It is easy to do, because it only requires one sample at maturity and a minimum process of the 

sample to divide the components in the sample. However, the yield-components approach has a huge 

drawback to be considered (rather than to seem) physiologically sound, and therefore useful for manipulating 

yield with a reasonable degree of certainty: yield components are normally negatively related among 

themselves (see scheme), at least when they are studied within a range of conditions that are agronomically 

sensible; e.g. the generalized negative relation may not apply for isolated plants. Thus, even though it is 

eminently simple and logic, the approach is of very limited value unless we can predict the expected degree 

of compensation derived from the negative relationship between components.  
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A first step in this direction is to recognize the ‘nature’ of the negative relationships between components. If 

the negative relationship is independent of competition, any compensation for increasing a component would 

be rather minor. In this situation, if we can improve a component, yield would be increased similarly. On the 

other hand, the nature of the negative relationship can be competition. If this were the case our opportunities 

to improve yield through using the yield components approach would depend upon the degree of limitation 

of the resources for which the yield-components are competing for, and our ability to manipulate their 

availability. Finally, if there is a sort of feedback negative relationship between components, there would be 

almost no opportunities for the yield components approach to be useful at all. 

The main aim of this paper is to pinpoint likely causes for the negative relationships between components.  

Negative relationship between GNO and AGW 

If we look at the yield-components in a slightly more dynamic perspective than in the previous diagram, so 

that the timing when components are being determined is identified (see next scheme), it can be seen that –

unlike with the other components- the periods of determination of the two major yield-components, grain 

number per m
2
 (GNO) and averaged grain weight (AGW) are virtually not overlapped at all. In general terms 

wheat, as well as other determinate crops, firstly produce the number of grains and then fill them to reach a 

certain AGW. Then the AGW is the dependent variable, which frequently becomes lower when GNO 

increases due to genetic (Miralles and Slafer, 1995) or management factors (e.g. Acreche and Slafer, 2006). 

The most frequent interpretation in the literature for the negative relationship between AGW and GNO has 

been competition. This is the more grains the crop set the stronger the competition among grains for 



resources supporting their growth and consequently the lower the final AGW). Although the interpretation is 

sound, it is mostly based on the negative relationship itself, without testing the nature of the relationship 

experimentally. As this is a major issue in yield physiology, there have been many papers reporting 

responses of AGW to manipulations of source-sink ratios during post-anthesis. 
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Scheme of wheat through the stages of sowing (Sw), emergence (Em), 

double ridge (DR), terminal spikelet (TS), heading (Hd), anthesis

(At), beginning of grain filling (BGF), physiological

maturity (PM) and harvest (Hv). Boxes indicate the

periods of differentiation or growth of some organs

within the vegetative, reproductive and grain filling

phases and timing when different components of

grain yield are produced. Adapted from Slafer

& Rawson (1994) and Miralles

& Slafer (1999).

 

 

Analyzing the literature Slafer and Savin (1994), and more recently Borras et al. (2004), have shown that 

most cases evidence no post-anthesis source limitation for grain growth and, in the most limiting cases, a co-

limitation (but even in these cases the limitation by sink strength was stronger than that by source strength), 

and never a mutually exclusive competition for resources. That is why yield is normally strongly related to 

the GNO than to AGW (e.g. Slafer, 2003 and Fischer, 2007 for wheat and Peltonen-Sainio et al., 2007 for 

cereals in general) general), likely due to evolutionary and breeding reasons (Sadras, 2007). Furthermore this 

is also in line with the proposed excess of photosynthetic capacity with respect to sink demand during post-

anthesis (Richards, 1996; Reynolds et al., 2005; Bingham et al., 2007). 

Therefore, even though there may be room for supporting some competition for setting the potential size of 

the grains when the GNO is still being determined (e.g. Calderini et al., 2001; Ugarte et al., 2006), there is 

little doubt that yield would be increased if GNO is increased. Said this we have progressed very little in the 

understanding (and likelihood of managing) yield. GNO is as complex as, and more difficult to measure than, 

yield itself. That is why we need to understand the components of GNO, the numbers of spikes per m
2
 (SNO) 

and of grains per spike (GNS). 

Negative relationship between SNO and GNS  

General description and hypothesis 

Regarding the sub-components of GNO, there is very little analyzed in terms of understanding the causes of 

the negative relationships between them. Unlike what we described for the major components (GNO and 

AGW), the components of GNO are determined simultaneously. SNO is the end product of the tillering 

process followed by a tiller death/survival process. GNS is the consequence of a process of floret primordia 

generation followed by a floret degeneration process. Both of them are the consequence of processes of 

generation of structures followed by mortality and/or degeneration of a part of these structures, highly 



overlapped in time, particularly the mortality phase, which is the critical one for determining SNO and GNS 

(Fischer, 1985; Savin and Slafer, 1991; Slafer et al., 1994). 

As the crop seems strongly limited by the source during the phase of tiller mortality and floret degeneration, 

we hypothesize that SNO and GNS are feedback controlled when the crop is exposed to more or less 

resources, and that SNO would act as a variable responding mainly to broad environmental/genetic changes, 

whilst GNS would compensate using the availability of resources not used in producing changes in SNO. 

This is because SNO depends on growth mortality of macroscopic structures (tillers) demanding more 

resources for generation survival than the floret primordia, microscopic structures related to the final 

determination of GNS within the surviving tillers. 

The general idea behind the hypothesis is that when the crop perceives an improved availability of resources 

(through management practices) or when the crop improves its efficiency in the capture or use of resources 

(through breeding) and the improvements are strong enough to allow more tillers to survive, their survival 

reduce the availability of resources (or generate signals) determining that within each tiller less floret 

primordia achieve the stage of fertile floret at anthesis, reducing GNS. The modelled hypothesis is as shown 

in the figures, in which a small increase in GNO (due to a limited improvement in resource availability or 

capture/use) correspond with marge ibncreases in GNS and negligible increases in SNO, and vice-versa. 
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Database to test the hypothesis 

To test the hypothesis we used an extensive database (n=462) in which yield changed widely in response to 

genetic and environmental changes (only excluding from the database, results from experiments altering 

directly the structure of the crop: sowing date or sowing density). To avoid any bias in the selection of the 

database, we simply chose two major journals in publishing papers reporting yield components (Field Crops 

Research and European Journal of Agronomy). We used all papers reporting yield components in wheat in 

any issue published from January 2000 to July 2007.  

To allow the comparison of extremely different conditions of the different papers (cultivars, sites, 

treatments) and to facilitate comparison between changes in components that are also of different magnitude, 

we standardized results of each paper by calculating for individual treatments the values of each component 

as a relative value to the control. Whenever possible, we assessed responses of genotypes to environmental 

changes as well as genotypic differences in particular environments, unless the way data were published 

prevented this assessments (when results were published only as averages). 

Results and discussion 

The initial results of this analysis confirm that GNO is definitively the major yield component most clearly 

determining yield in wheat whenever the crop is affected by either genetic or environmental factors (see 

figure). This is in line with expectations from most literature establishing that GNO is actually a determinant 

of yield in addition to, rather than just, a yield-component (e.g. Slafer, 2003; Reynolds et al., 2005; Fischer et 

al. 2007), although the opposite opinion has recently been published (Sinclair and Jamieson, 2006) and 

argued (Fischer et al. 2008). 
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Most importantly, regarding the compensations between sub-components determining GNO, responses were 

less clear than expected to strongly accept the hypothesis, though the trend was in line with it: (i) SNO 

increases more markedly when GNO has been increased more noticably (i.e. when changes in GNO are 

relatively large), whilst (ii) GNS changes more markedly in initial levels of GNO increases (i.e. when 

changes in GNO are relatively small). 
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