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This thesis takes a detailed look at how seed plants provide resources for their offspring, i.e. 

their seeds. Specifically, the thesis asks how plants optimise the resources provided by seeds, 

and how this interacts with the resources available from the environment. 

There are three experimental chapters, preceded by a chapter that looks at nutrients stored in 

seeds in relation to environment: specifically, do seeds mostly store the nutrients that natural 

selection has led them to expect to be most limiting in the environment? The simple answer 

to this question is yes, but the main control on seed nutrients is phylogeny; seeds are to a 

large extent prisoners of their evolutionary history. 

The first experimental chapter (chapter 3) asks how seedlings adapt their root:shoot ratio in 

response to the availability of nutrients in the seed and in the soil. Part of the answer is 

simple; seedlings allocate fewer resources to roots if there are more nutrients in the soil. A 

second question is how this response is mediated by seed size, but I find it hard to say much 

about that because, frankly, I found that part of the chapter difficult to follow. 

Of the final two chapters, the first examines how seedlings from different-sized seeds adapt 

the size and structure of their roots to varying nutrient availability. The results show that 

nutrients in the seed and in the soil appear to have contrasting effects on seedling root 

structure. The final chapter is a brief ‘methods’ chapter that shows (fortunately) that the 

methods used in the previous chapter do not cause any unexpected artefacts. 

Overall, the thesis presents a substantial body of work, mostly competently analysed and 

interpreted, and certainly makes an original contribution to knowledge. All of it is either 

published or publishable. Nevertheless, there are quite a few things I look forward to 

discussing, which I outline below. 

 

Chapter 2 

An assumption mentioned in the introduction of this chapter is ‘As all plants have to 

provision their seedlings with a certain amount of nutrients, we hypothesize that small-seeded 

species must use the whole seed for nutrient storage only and thus have limited options to 

develop the seed coat or other structures on the seed surface used for seed protection, 

dormancy or dispersal. In contrast, large-seeded plants can afford the luxury of extra 

structural carbon for structures used for dispersal or protection’. From this follows the 

hypothesis that ‘the sum of all stored nonstructural nutrients will make up a larger proportion 

of the overall seed mass in seeds that are small than in seeds that are large.’ 

Q1. That hypothesis turns out to be correct. But since this is one of the chapter’s main 

findings, why not show that result in a figure rather than a table? I appreciate this is only a 

matter of presentation, but presentation matters. 

Q2. Structures used for dispersal are mentioned twice, but are they included in the seeds you 

measured? You don’t say. ‘We counted 100 seeds per species, allowed them to dry in the air 

and weighed them to estimate species seed mass’, which sounds to me like dispersal 

structures (e.g. pappus) were not included. 

Q3. Another hypothesis is ‘that the maternal investments and, hence, the environmentally 

driven variation in seed nutrient stoichiometry will be stronger in annual plants than in 

perennial plants.’ But what does ‘stronger nutrient stoichiometry’ mean and, whatever it 

means, did you actually test that hypothesis? You look at the relationship between your seed 
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nutrient variables and lifespan, but I would have assumed that testing that hypothesis would 

involve an analysis that looked at the impact of annual/perennial (i.e. as a binary independent 

variable) on the relationship between maternal investment and environment. I notice, by the 

way, that lifespan is not mentioned in the Discussion. 

Q4. You used Herben’s index of disturbance severity ‘to approximate the disturbance niche 

of species, i.e., the degree of soil disturbance preceding seedling establishment’? But why 

disturbance severity only, and not frequency? 

Q5. In the Discussion, you say ‘nutrient turnover’ is ‘approximated by the index of 

disturbance severity’. But what do you mean by nutrient turnover, and how is it measured by 

the index of disturbance severity? 

Q6. Following on from that, you say that ‘Species from environments with strong above-

ground competition, where there is pressure to have fast shoot development, stored more 

nonstructural carbon, and species from environments with strong below-ground competition 

preferentially stored nitrogen in their seeds.’ Because this follows on immediately from 

‘nutrient turnover and disturbance severity’, I suspect there’s an attempt here to link above- 

and below-ground competition to disturbance severity, but doesn’t severe disturbance reduce 

competition above and below ground? 

Q7. What do you mean by ‘there was a tendency for the proportion of phosphorus to be 

balanced with respect to the proportions of nitrogen and nonstructural carbon’. But what does 

‘balance’ mean and how do you measure it? 

 

Chapter 3 

There are two specific hypotheses in the Introduction to chapter 3: that seedlings from larger 

seeds will be less responsive to substrate nutrient supply during their early ontogeny, and that 

the effect of seed mass on biomass partitioning will decrease with time, whereas the effect of 

substrate nutrients will increase, with this switch occurring earlier in small-seeded species. 

But none of the figures presented seem designed to illuminate the answer to either of these 

hypotheses; they either show things that don’t really need showing, or amalgamate data for 

different times, seed masses or nutrient treatments in a way that makes it hard to tell what is 

actually going on. In short, although the text of chapter 3 makes reasonable sense, the figures 

are not well chosen to illustrate the ideas discussed. My questions explore these issues. 

Q1. First, why was it impossible to include another member of the Plantaginaceae with a 

different seed weight? And if it was impossible, why include Plantago lanceolata at all? That 

is, why not just use a couple of species from another family? 

Q2. What is the point of Fig. 3.1, which seems to show things that are too obvious to need 

showing, such as that adding nutrients makes plants bigger, and that older seedlings are 

larger. What are the points in 3.2(b)? Individual seedlings I guess, but at what age, or all four 

ages? Does Fig. 3.1 tell me anything I didn’t know already? 

Q3. All the same questions apply to Fig. 3.2. What am I supposed to be able to learn from 

this figure, given that there is always a missing important 3
rd

 variable? 

Q4. Figure 3.3 tries to show how R:S ratio varies according to nutrient addition and seed 

mass. The values (plotted on a log scale) are (R:S ratio in nutrient supply)/(R:S ratio in 

deionized water). We know from Fig. 3.2a that R:S ratio in deionized water is about 1.0, and 
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less than half that in nutrient supply, so the ratio of these two ratios is, on average, about 0.3. 

Yet the values in Fig 3.3 are around 10, and certainly all appear to be >1, suggesting that the 

mean R:S ratio is bigger (much bigger) with added nutrients. But one of the main points of 

the chapter is that the R:S ratio is smaller with added nutrients – as you would expect. Fig 3.2 

shows this clearly. So: is there something wrong with Fig. 3.3, or have I simply managed to 

completely misunderstand it? 

Q5. A follow-up question about Fig. 3.3. The figure caption says ‘Lower values of this 

difference indicate stronger shift of the R:S ratio in response to increased nutrient supply in 

the substrate.’ Which of course is true; relative to the ratio in water, a lower value means that 

R:S ratio declined more in response to nutrients. But the caption than says ‘This trend was 

stronger for large-seeded species’. But as the figure shows, large-seeded species have higher 

values. So the same question again: is there a mistake in this figure? 

 

Chapter 4 

Q1. Chapter 3, in as much as I understand it at all, seems to show that legume seeds behave 

differently from those of other families. So why choose legumes for this study? And why 

choose six herbs and one shrub; other evidence suggests that roots of herbs and shrubs might 

behave differently, so why take the chance? 

Q2. The approach is adopted of adding a fixed quantity of nutrient solution, and then topping 

this up with water when it was close to being used up. One disadvantage of this is that fast-

growing species had less access to nutrients (towards the end of the experiment) than slow-

growing species. Did you consider a different arrangement, for example sitting the boxes in 

trays that were kept topped up with nutrient solution? 

Q3. A crucial variable is the amount of stored resources in the seed, approximated as seed 

mass. But what if the crucial variable is the concentration of resources, i.e. the mineral 

nutrients per unit weight of seed? So, instead of choosing a wide range of seed masses, one 

could have chosen species with similar seed sizes but different concentrations of nutrients; 

you have the data from Chapter 2 to help you choose the species. Was this approach 

considered? And if it was considered and rejected, why? The results, showing that seed mass 

and soil nutrients have opposing effects, made me think that it’s unfortunate that seed mass 

and quantity of nutrients (in the seed) are inevitably confounded. 

Q4. In the Discussion, we find the interesting hypothesis that ‘larger-seeded species may 

simply start by building structures that will be fully used later in the life of the plant, whereas 

small-seeded species need to start with structures that are ready for use even though they will 

have to be reconstituted later’. But is that the whole story? Would plant lifespan not also be 

important? That is, long-lived plants can build roots that will be useful later, but short-lived 

plants need to concentrate on the short term? So maybe a future experiment should look at 

seeds of annuals and perennials? 

Q5. There are two hypotheses in the Introduction: ‘that the amounts of resources in these two 

pools [seed and environment] may affect seedling root system development in different 

ways’, and ‘Because seedlings of small-seeded species possess smaller amounts of internal 

resources, we hypothesized that these seedlings are more sensitive to nutrient levels in the 

environment.’ But I get the impression that the Discussion focuses almost exclusively on the 
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first hypothesis, and doesn’t really answer the second one. Is that right, or have I just missed 

something? 

 

Chapter 5 

Full marks for undertaking this experiment, not very exciting but necessary to confirm that no 

artefacts arise from pot design. The experiment and results are straightforward, and mostly 

reassuring: there is no effect on plant biomass, and although there may be an effect of pot 

type on R:S partitioning, this is only small and, crucially, does not seem to interact with 

nutrient supply. I suspect there will be no difficulty publishing this study in a botanical 

journal, and it may well be highly cited. No questions about this chapter! 

 

Signature: Date: 5.9.19 

Name: Dr Kenneth Thompson  

 


