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Abstract 

Spiertz, J.H.J. (1978) Grain production and assimilate utilization of wheat 
in relation to cultivar characteristics, climatic factors and nitrogen 
supply. Doctoral thesis, Wageningen, (x) + 35 p., 5 figs, 1 table, 149 refs, 
Eng. and Dutch summaries, Neth. J. agric. Sei. 19(1971): 211-222; Neth. J. 
agric. Sei. 21(1973): 282-296; Neth. J. agric. Sei. 22(1974): 207-220; Neth. 
J. agric. Sei. 25(1977): 182-197; Neth. J. agric. Sei. 26(1978): 210-231, 
233-249. 
Also: Agric. Res. Rep. 881 (without the articles). 

The effects on grain production of cultivar characteristics, nitrogen 
supply and some climatic factors were studied in field trials and under 
controlled environmental conditions. A rise in temperature considerably 
increased the rate of grain growth but shortened its duration, whilst the 
positive effect of light intensity on the grain yield was greater at high 
temperatures. 

Additional nitrogen raised post-floral photosynthesis. The nitrogen 
assimilation by the grains was increased by warmth, resulting in a higher 
nitrogen concentration of the grains and in earlier senescence of the leaves. 
Differences between a semi-dwarf cultivar and a standard were mainly expressed 
in the dry matter distribution before and after anthesis and so in a higher 
harves t-index. 

Free descriptors: Tviticum aestivum L., wheat, leaf area duration, crop 
photosynthesis, grain growth, water-soluble carbohydrates, nitrogen uptake, 
grain protein, grain yield, harvest-index, temperature, light intensity, 
semi-dwarf cultivar. 

This thesis will also be published as Agricultural Research /Reports 881. 

© Centre for Agricultural Publishing and Documentation, Wageningen, 1978. 

No part of this book may be reproduced or published in any form, by print, photoprint, 
microfilm or any other means without written permission from the publishers. 



Stellingen 

1. Hoge temperaturen versnellen de groei van de tarwekorrel, maar bekorten de levensduur 

van de tarwehalm; het effect op de korrelopbrengst is afhankelijk van de hoeveelheid 

ingestraalde zonne-energie. 

Dit proefschrift. 

2. De groeisnelheid van de korrels in de eerste weken na de bloei wordt veelal niet 

beperkt door de beschikbaarheid van assimilaten, maar bepaald door de temperatuur. 

Dit proefschrift. 

3. Bij tarwe wordt de afrijping van de korrel hormonaal gestuurd, terwijl de afsterving 

van vegetatieve organen meestal een gevolg is van een negatieve eitwit- en/of koolhydraten-

balans . 

R.W. King, 1976. Planta (Berlin) 132: 43-51. 
T.R. Sinclair & C T . de Wit, 1975. Science 189: 565-567. 
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4. Bij de huidige tarwerassen is een hoog korrelaantal per m (> 20 000) noodzakelijk om 

maximale korrelopbrengsten te verkrijgen, daar de toename van het individuele korrel­

gewicht genetisch begrensd is. 

P.M. Bremner & H.W. Rawson, 1978. Aust. J. PI. Physiol. 5: 61-72. 
A. Darwinkel, 1978. Neth. J. agric. Sei. 26 (in press). 

5. De conclusie dat door stikstofgebrek in tarweplanten de ademhalingsverliezen zowel 

relatief als absoluut toenemen, is strijdig met de huidige inzichten in de fysiologie van 

de assimilatenhuishouding van granen. 

K. Orlovius & W. Höfner, 1976. Z. PflErnähr. Bodenk. 5: 631-640. 
I. Pearman, Susan M. Thomas & Gillian N. Thome, 1977. Ann. Bot. 41: 93-108. 
F.W.T. Penning de Vries, 1974. Neth. J. agric. Sei. 22: 40-44. 

6. Bij tarwe en gerst zijn de stikstofopname per halm en de harvest-index voor stikstof 

betere selectiecriteria voor eiwitopbrengst per ha dan het eiwitgehalte van de korrels. 

7. Rassenmengsels bieden meer mogelijkheden tot het vergroten van de ziekteresistentie 

in een graangewas dan een 'multiline' (meng£ras). 

8. Het eenzijdige teeltsysteem in de Veenkoloniën heeft een te grote ecologische in­

stabiliteit om opbrengstdervingen door ziekten uitsluitend met een intensiever gebruik 

van gewasbeschermingsmiddelen te voorkomen. 



9. In de nota Landelijke Gebieden wordt er ten onrechte aan voorbijgegaan dat een 'aan­

gepaste' ontwikkeling van landbouwbedrijven een grotere bijdrage levert aan de instand­

houding van karakteristieke cultuurlandschappen dan een conserverende natuurbescherming. 

Nota Landelijke Gebieden, 1977. Ministerie van Volkshuisvesting en Ruimtelijke 
Ordening. 

10. Bij het vergroten van de mobiliteit van onderzoekers wordt in de nota van de Raad 

van Advies voor het Wetenschapsbeleid te veel waarde gehecht aan verandering van werk­

kring en in de praktijk te weinig gebruik gemaakt van 'mobiele' inter- en extra-in­

stitutionele onderzoekteams. 

Nota: De mobiliteit van wetenschappelijke onderzoekers, september 1976. Advies 
van de Raad van Advies voor het Wetenschapsbeleid (RAWB) aan de Minister van 
Wetenschapsbeleid. 

11. Het itereren van beleidsadviezen over een lange keten van adviserende organen 

ontkracht de inhoud van adviezen, schaadt de besluitvaardigheid en verhult de verant­

woordelijkheid van bestuurderen. 

12. Alternatieve levens- en maatschappijbeschouwingen zijn een onvoldoende basis voor het 

ontwikkelen van 'alternatieve' landbouwmethoden die werkelijk een alternatief bieden 

voor de 'gangbare' landbouw. 

Proefschrift van J.H.J. Spiertz • ,. . 
Grain production and assimilate utilization of wheat in relation to cultivar 
characteristics, climatic factors and nitrogen supply. 
Wageningen, 10 november 1978 



Woord vooraf 

Het onderzoek dat de basis vormde voor dit proefschrift, was onderdeel van een breder 

onderzoekprogramma op het gebied van produktiepatronen bij granen dat uitgevoerd werd bij 

de Vakgroep Landbouwplantenteelt en Graslandcultuur. Verscheidene medewerkers van deze 

vakgroep en studenten hebben direct of indirect in belangrijke mate aan mijn onderzoek bij­

gedragen. Voor de medewerking en belangstelling wil ik hen gaarne danken. Speciaal richt 

ik me tot Johan Ellen, met wie ik vanaf de start van het onderzoek heb samengewerkt; door 

jouw inzet en kundigheid heb je veel bijgedragen aan het onderzoek. 

Prof. 't Hart en ir. Kupers, u ben ik zeer erkentelijk voor het vertrouwen en de 

ruimte die u mij geboden heeft bij het functioneren binnen en buiten de vakgroep. Het 

proefschrift is tot stand gekomen mede dank zij uw aanhoudende stimulans. 

Waarde Kupers, dat u bereid bent als promotor op te treden, geeft blijk van uw grote 

belangstelling voor dit onderzoek; ónze discussies beperkten zich echter zelden uitslui­

tend tot de teelt en fysiologie van granen. 

Prof. Vervelde, u ben ik zeer erkentelijk voor uw bereidheid als co-promotor op te 

treden. Nadat ik met u heb mogen samenwerken in verscheidene organisatorische verbanden, 

heb ik nu ook van uw kundigheid in het redigeren van wetenschappelijke teksten kunnen 

profiteren. 

Ir. Wansink, secretaris van de Nationale Raad voor Landbouwkundig Onderzoek, gaf mij 

de ruimte om in een periode van 'non-actief' bij de vakgroep toch actief betrokken te 

blijven bij de voortgang van het onderzoek. De tijdelijke personele ondersteuning door 

ir. Jan Vos heeft zelfs geleid tot een nieuw project waarin meer aandacht wordt gegeven 

aan de kwantitatieve betekenis van de ademhalingsprocessen voor de korrelgroei bij tarwe. 

Dr. Gaastra, directeur CABO, gaf voorrang aan de afronding van het proefschrift in 

mijn nieuwe functie. 

Bij de uitvoering van de fytotronproeven heb ik kunnen profiteren van de efficiënte 

organisatie door Klaas Schölte en van de verzorging van de planten door zijn medewerkers. 

De bedrijfsleiding van de sector Akkerbouw van de A.P. Minderhoudhoeve, de heren Lettinga 

en Heringa, en hun medewerkers hebben de veldproeven in de polder steeds zorgvuldig en 

met veel belangstelling uitgevoerd. De veldproeven op de proefboerderij te Wageningen 

werden vanwege de kleinschaligheid soms met veel extra handwerk energiek uitgevoerd door 

de heer Mol en medewerkers. 

Bij de fotosynthesemetingen werd de bereidwillige medewerking van dr. Bauke Deinum 

- de 'architect' van het fotomobiel - en de technische dienst, de heren Möhring en Blokzijl, 

verkregen. De dames Evelyn Zantman en Corry de Wit verrichtten onder variërende omstandig­

heden en op verschillende laboratoria nauwkeurige chemische analyses. -

Martha van RÏnssum verrichtte op een zeer drukke post steeds voortreffelijk typewerk; 



voor de laatste bewerkingen kon gebruik gemaakt worden van de faciliteiten op de Afd. 

Tekstverwerking, dank zij de vlotte medewerking van mevrouw Vrieling en mevrouw Laoh. De 

tekeningen werden verzorgd door de heer Beekhof van het BGD. 

De redacteuren van de Netherlands Journal of Agricultural Science, dr. van den Bergh 

en ir. Dirven, en de bureau-redacteur, de heer Van der Heij, maakten een tijdige plaatsing 

van de artikelen mogelijk. De heren Aalpol en Van den Heuvel van het Pudoc verzorgden de 

redactie van het proefschrift, terwijl mevrouw Brouns de correctie van de Engelse tekst 

van de 'omlijstende' hoofdstukken voor haar rekening nam. 
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1 Introduction 

1.1 GENERAL 

Wheat is among the most important crops for world food and feed supply (Table 1). 

Much wheat is grown under seasonal conditions comparable with those in which it evolved. 

In Mediterranean climates, vegetative development and ear initiation occur on cool, short 

winter days. Ear differentiation takes place under conditions of increasing daylength and 

temperature, while grain filling occurs under conditions of high solar radiation and 

warmth. In maritime climates at moderately high latitudes, as in Western Europe, ear 

differentiation takes place under long and still increasing daylengths, but often with 

relatively low temperatures and poor light conditions. During grain filling, mostly after 

midsummer, average day temperatures are moderate. However, due to annual and seasonal 

variations the temperature range is quite large. Under more continental climates, the 

winter wheat crop is exposed to extreme low temperatures during the winter period and to 

Table 1. Acreage, yield and production of arable crops. Source: FAO-Yearbook, J975. 

Crop 

Wheat 

Rice 

Maize 

Barley 

Millet 

Pulses 

Soybeans 

Sorghum 

Oats 

Potatoes 

Rye 

Sugar cane 

Cassava 

Sugarbeet 

World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 
World 
Europe 

Acreage 
(x 1000 ha) 

228169 
25864 

140880 
380 

114534 
12079 
91504 
19038 
71354 

24 
69560 
4326 

46463 
323 

44599 
134 

31644 
6446 

21783 
6400 

15021 
5389 

12681 
5 

11551 

-'. 
8892 
3716 

Yield 
(kg/ha) 

1557 
3025 
2441 
4987 
2816 
3842 
1695 
3056 
657 

1340 
661 
641 

1971 
1369 
1203 
3563 
1549 
2617 

13374 
18247 

1601 
2406 

50268 
64585 
9108 

-
28097 
35301 

Production 
(x 1000 ton) 

355172 
78245 

343871 
1893 

322536 
46406 

155083 
58187 
46871 

32 
45995 

2774 
68356 

442 
53632 

477 
49007 
16870 

291321 
116784 
24044 
12966 

637427 
342 

105209 

-
249851 
131175 



heat and drought during grain filling in midsummer. Thus the wheat plant has been adapted 

by selection to a wide range of climatic conditions, especially to variations in 

temperature and daylength. 

As Evans & Wardlaw (1976] stated there have been fashions in the emphasis on which 

physiological process limits cereal yield and also on the stage1 of the crop life cycle 

regarded as most critical. Early studies by agronomists to gain insight into the factors 

and processes that determine grain yields were based on yield component analysis (Engledow 

& Wadham, 1923). Later growth analyses in terms of dry weight increase per unit leaf area 

became an important research tool. Growth analysis of cereals were initiated and promoted 

by Watson and co-workers at Rothamsted Experimental Station, England. They introduced the 

concept of leaf area index (LAI), which is defined as the ratio of foliage area to ground 

area. This is considered as an important growth parameter for determining yield in relation 

to environmental factors (Watson, 1952). The main results of this approach were summarized 

by Thorne (1965). 

In subsequent years much more emphasis has been given to the final stage of the cereal 

life cycle; various research workers (Birecka & Dakic-Wlodkowska, 1964; Stoy, 1965; 

Thorne, 1966) have demonstrated that grain growth largely depends on post-floral assimil­

ation. Then grain yield was assumed to be limited primarily by photosynthesis and the 

supply of assimilates. Thus, particular attention was given to crop photosynthesis through­

out the grain-filling period as a major determinant of grain yield (Puckridge, 1971; 

Baldy, 1972; Lupton, 1969; Apel et al., 1973; Austin et al., 1977; de Vos, 1977). More 

recently, however, much evidence has been found to show that the capacity of the grain to 

store assimilates may limit yield just as much as the capacity of the crop to provide the 

grains with assimilates does (Bremner, 1972; Rawson et al., 1976; Fischer et al., 1977). 

Other crop physiologists have given more attention to processes such as assimilate 

transport (Jenner & Rathjen, 1975; Wardlaw, 1968) and hormonal regulation of grain growth 

(Radley, 1976; Goldbach & Michael, 1976; King, 1976). 

An early, more comprehensive whole-plant physiological approach of grain production 

in wheat was chosen by Miller (1939) and by Stoy (1965). This whole-plant approach was 

also followed in my study of the effects of climatic factors and nitrogen supply on grain 

production in contrasting wheat cultivars. 

1.2 PURPOSE OF STUDY 

The sequence of experiments can be classified in three groups. The aim of the first 

group of experiments was to study: 

- the relation between green area duration and grain yield, considering the various green 

organs of the wheat plant and differences between cultivars; 

- the influence of a prolonged green area duration on grain growth and yield, by means of 

late nitrogen applications and disease-control with fungicides. 

These experiments were carried out in the field. 

After some preliminary shading experiments in the field a second group of experiments, 

carried out in a controlled environment, were directed to study the effects of light 



intensity and temperature on rate and duration of grain growth and consequently on assimi­

lation and utilization of carbohydrates and nitrogen compounds. A sink-source approach was 

included in the analysis of plant behaviour. 

A third group of experiments was carried out in the field under the favourable soil 

conditions of the Flevopolder. The aim of these experiments was to analyse: 

- the significance of annual variations in climatic factors for the pattern of grain 

production; 

- the effect of various nitrogen treatments on crop development, grain growth and on 

production and utilization of assimilates and nutrients; 

- the effect of cultivar differences on dry matter distribution (carbohydrate and nitrogen 

economy) in relation to the pattern of grain production and grain yield. 

The field experiments were carried out at the experimental farms of the Agricultural 

University in the Flevopolder and in Wageningen. The experiments under controlled environ­

mental conditions were done in the phytotron of the Department of Field Crops and Grass- ' " 

land Husbandry of the Agricultural University at Wageningen. 

1.3 LITERATURE 

The developments in the various fields of crop physiology concerning grain production 

of cereals are covered by the following reviews: Baldy (1972, 1973), Thome (1974), 

Evans et al. (1975), Austin & Jones (1976), Evans & Wardlaw (1976) and Biscoe & Gallagher 

(1977). 

Since there are extensive reviews on more general aspects, the following review just 

gives a background for the experimental work presented in Chapter 3. The most recent 

literature has been partly included in this chapter and partly in the General discussion 

(Chapter 4). 

1.3.1 Growth of vegetative organs 

The vegetative phase of the wheat plant extends from shoot emergence to ear initiation, 

but growth of some vegetative organs (e.g. roots, top leaves and stem) continues until 

anthesis and afterwards. In the early vegetative phase leaf and root growth predominate. 

Root growth may exceed shoot growth at low temperatures (Welbank, 1971), but as temperature 

rises the growth of shoots increases more than that of roots (Brouwer, 1966). Shoot growth 

thus appears to have a higher optimum temperature than root growth; this difference may 

result from increased competition for assimilates between root and shoot at higher tempe­

ratures (Friend, 1966). Low light intensities reduce root growth and tillering (Baldy, 

1973). Similarly, limited nitrogen supply may reduce shoot growth, but increase root 

extension and the ratio root:shoot (Brouwer, 1966). Lower root numbers caused by nitrogen 

deficiency are compensated by greater lateral lengths in the seminal but not the nodal 

root systems (Tennant, 1976). 

Usually growth of the root system continues until heading, after which root growth . 

may cease and roots may even degenerate during the grain-filling period (Welbank, 19711.. 

With an adequate water and nutrient supply, however, root growth and nutrient uptake , ' 



continue well into the grain-filling period (Campbell et al., 1977). 

The rate of leaf formation as well as the size of the mature lamina depend on tempe­

rature, light intensity, daylength and nutritional status under which the plant is grown 

(Watson, 1971; Friend & Helson, 1976). Maximum leaf area per shoot is attained when the 

flag leaf has fully emerged (Watson et al., 1963; Puckridge, 1971). Leaf arrangement is an 

important aspect of canopy structure. Leaves formed prior to ear initiation originate 

close to the crown, but elongation of stem internodes separates the leaves in the vertical 

plane, leading to a more effective light distribution within the canopy. 

Throughout the early life of the wheat plant, the leaf blades are the main photo-

synthetic organs and crop growth rate depends both on the rate of expansion of leaf area 

and the rate of photosynthesis per unit leaf area. The increase of the leaf area index 

(LAI) is closely paralleled by the increase in canopy photosynthesis (Puckridge, 1971). 

Towards the end of the life cycle, photosynthesis by the stems, leaf sheaths and ears 

tends to become increasingly important as the leaves senesce (Austin et al., 1976). 

The stem grows concurrently with the leaves, roots and ear; rapid ear growth coincides 

with that of the top internodes (Wardlaw, 1974). Consequently, growth of the stem under 

limiting substrate conditions may compete with that of the ear (Rawson & Hofstra, 1969; 

Patrick, 1972). 

1.3.2 Growth and development of the ear 

The double-ridge stage is usually considered as a key stage in the development of the 

wheat plant, by marking the end of vegetative development and the beginning of ear develop­

ment. Kirby (1974) suggested that ear development can be described quantitatively in terms 

of (a) the rate of spikelet initiation, (b) the duration of spikelet initiation and 

(c) the total number of primordia. Both leaf and spikelet initiation proceed at more or 

less constant rates, but spikelets initiate considerably faster than leaves. The rate of 

ear development is affected by light intensity, daylength and temperature (Friend et al., 

1963; Puckridge, 1968; Rawson, 1970; Lucas, 1972). The number of fertile spikelets formed 

increases with higher light intensities (Friend, 196S); at high planting densities and in 

densely tillered stands, therefore, the number of fertile spikelets may be reduced by 

mutual shading. Nitrogen may affect spikelet number, but only when applied before the 

stage of ear initiation; late nitrogen dressings may increase the number of florets per 

spikelet (Langer & Lieuw, 1973). After the terminal spikelet has been formed, environmental 

conditions no longer influence spikelet number, but they may affect the number of florets 

differentiated within each spikelet (Kirby, 1974). 

Differentiation of the spikelet primordia starts in the spikelets in the lower-mid 

part of the ear. A maximum of nine florets per spikelet may be formed, though some of the 

last-formed primordia do not produce fertile florets (Kirby, 1974). High temperatures at 

anthesis may cause sterility and it appears that pollen development is particularly sensi­

tive to water stress and high temperatures (Fischer, 1973). Seed set is promoted by high 

light intensity during fertilization (Wardlaw, 1970) and is very susceptible to water 

stress (Asana & Saini, 1962). However, many other factors such as the position on the ear, 

may also affect the number of grains set (Rawson & Evans, 1970; Bremner, 1972). 



After cell wall formation, the endosperm increases rapidly in cell number and size 

(Wardlaw, 1970). Sofield et al. (1977) found a rapid increase in the amount of water in 

the grains during the period of active cell division and expansion of the endosperm, after 

which there was little net change in the amount of water until completion of dry weight 

accumulation. Starch storage begins one to two weeks after anthesis, depending on tempe­

rature. In the grain-filling period, in which most of the dry matter of the grain is accu­

mulated, grain volume continues to increase but at a reduced rate. From the beginning of 

starch synthesis onwards there is a period of almost linear increase in dry weight, followed 

by an asymptotic increase to final grain weight. In this last phase, the amount of water 

of the grains decreases and grain growth stops at about 401 water in the grain (Jennings 

& Morton, 1963; Sofield et al., 1977). We do not know yet whether the decrease in grain 

water content at maturity causes or is a consequence of the cessation of grain growth. 

Radley (1976) suggested that the initiation of water loss from the grain at maturation 

might result from an increase in the permeability of the pericarp. However, Sofield et al. 

(1977) concluded that grain growth was terminated by blockage of the transport system by, 

lipids. Other authors suggested that the accumulation of abscisic acid in the grain affects 

its maturation (Goldbach & Michael, 1976; King, 1976; Radley, 1976). 

Temperature has a pronounced effect on the rate and duration of grain-filling 

(Campbell & Read, 1968). In the experiments of Asana & Williams (1965) the main effect was 

due to day temperature, but Peters et al. (1971) found that a rise in night temperature 

shortened the period of grain filling drastically. Phytotron experiments have shown, 

however, that it is daily temperature that has a predominant effect on duration of grain 

filling (Sofield et al., 1974; Spiertz, 1974; Warrington et al., 1977). 

Grains in different positions within an ear grow at different rates and have different 

mature grain weights. Grains in second florets begin later but may grow faster and attain _, 

a larger weight than those in basal florets (Rawson & Evans, 1970; Bremner, 1972); grain 

weight decreases from the second floret to the apical floret. Grains in the upper spikelets 

grow more slowly than those in the central spikelets; when the supply of assimilate from 

the leaves is reduced by defoliation or shading, grain growth is most severely reduced in 

the upper spikelets (Bremner, 1972). 

Final grain size depends to some extent on the number of grains per ear. Bingham (1967) 

found that the weight of grains in specific position increases as grain number per ear 

decreases. This observation suggests that grain growth may have been limited also by the 

supply of assimilates. However, grain yield per ear fell considerably as the grain number 

was reduced, indicating a restricted compensation capacity of the remaining grains. 

1.3.3 Source — sink relations and the distribution of assimilates in the wheat plant 

The terms 'source' and 'sink' are often used rather loosely and with various meanings. 

Warren Wilson (1972) suggested that sources and sinks should be defined in terms of losses 

and gains of a particular substance in a particular plant part. Other authors prefer a 

definition in metabolic terms, such as: 

- sources produce assimilates by assimilation of carbon and nitrogen compounds or by mobi­

lization o* stored materials, while 



- sinks utilize assimilates in growth of structural and storage material and in respiration. 

Thus the regions of production and consumption of assimilates in the plant are referred to 

as 'source' and 'sink', respectively (Wareing & Patrick, 1975). 

Usually in cereals the grains are considered as sink and the photosynthetic active 

parts of the plant as source. This concept is an oversimplification because there are 

alternative sinks in the wheat plant (stem, roots, tillers). However their priority and 

capacity for utilization of assimilates is lower than for the ear. Rawson et al. (1976) 

found that the response of leaf photosynthesis to the level of assimilate requirement by 

the ear was influenced by the treatment of the vegetative tillers. Thus, the net photo­

synthesis rate of the flag leaf was decreased by a reduction in grain number or increased 

by inhibition of photosynthesis in the ear, only when the vegetative tillers were kept 

defoliated; when these tillers were allowed to grow normally, there was no influence of 

ear treatment on leaf photosynthesis. This observation might explain the contrast between 

the findings of King et al. (1967) and others, who observed a strong dependence of the rate 

of photosynthesis in the flag leaf of wheat on the level of requirement for assimilate by 

the developing grains, and the studies by Apel et al. (1973) and Austin & Edrich (1975) in 

which photosynthesis was independent of the level of assimilate requirement. 

A close correlation between final grain yield and various parameters of leaf area 

after anthesis (Welbank et al., 1966; Simpson, 1968), together with the fact that most of 

the dry matter in cereal grains is photosynthesized after anthesis (Thome, 1965) have 

frequently led to the conclusion that grain yield is limited by the supply of photosynthate 

during grain filling. This conclusion may not be made if initial ear size or potential 

grain size is correlated with leaf area at anthesis and with leaf longevity. Treatments 

involving partial defoliation (Boonstra, 1929) or partial grain removal and inhibition of 

grain set (Bingham, 1967) usually lead to disproportionately small effects on final yield 

owing to photosynthetic or yield component compensation, respectively. 

Reviewing the literature, Gifford (1974) concluded that source and sink limitations 

usually co-exist and are only partial limitations. However, Stoy (1977) emphasized that 

the photosynthetic performance of the sources as well as subsequent partitioning of the 

assimilates obviously are controlled mainly by the metabolic activity of the sinks. Stoy's ' 

conclusion might refer especially to the first weeks of grain growth when a pool of readily 

mobilisable reserves, mainly in the stem, may compensate for short-term deficiencies in 

photosynthetic capacity. During the second half of the grain-filling period, the inter-

v action between environment and genotype might determine the rates of leaf senescence and 

grain maturation and so the relative limitation by source or sink capacity. Constraints on 

water and nutrient supply affect photosynthetic capacity of the Ueaves more than the 

storage capacity of the grains, which is reflected by a fast depletion and relocation of 

carbohydrate reserves from the stem,(Asana & Saini, 1962; Gallagher et al., 1976), and of 

nitrogen compounds, mainly from the leaves (Campbell & Read, 1968). 

The distribution of dry matter between the various parts of the wheat plant has been 

considered to be constant within a specific development phase (van der Sande Bakhuyzen, 

1937). The initial interdependence between roots and leaves is disturbed from ear initiation 



onwards. Successively stem, ear and developing grains become major sinks for carbohydrates 

and nitrogen compounds. Recently Sinclair & de Wit (1975) made a comparative analysis of 

photosynthate and nitrogen requirements in the production of grains by various crops. They 

concluded that the requirement for nitrogen by the grain, especially with high protein 

grains, was so great that mostly nitrogen must be translocated from the vegetative plant 

tissue to the kernels to sustain grain growth. A rapid loss of nitrogen from the vegetative 

organs of the plant could cause a decline in physiological activity and thereby limit the 

length of the grain-filling period. Periodic analysis of the changes in nitrogen content 

of the various parts of the wheat culm showed a loss of nitrogen from the leaves and stem 

concomitant with an increase in grain nitrogen (van der Sande Bakhuyzen, 1937; Williams, 

1955). 

The increase in the amount of grain nitrogen, however, frequently exceeds the loss 

by the leaves and stem during grain development. The balance of grain nitrogen must there­

fore come from nitrogen reserves in the roots or from current root uptake. Depletion of 

the leaf nitrogen pools leads to a progressive leaf senescence from the base to the top of 

the wheat culm. Thus a balanced nitrogen economy of the wheat culm is a prerequisite for 

the photosynthetic active functioning of the leaves during the grain-filling period. 
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2 Experimental studies 

SUMMARIES OF THE ARTICLES 

Relation between green area duration and grain yield in some varieties of spring wheat 

J.H.J. Spiertz, B.A. ten Hag and L.J.P. Kupers, Netherlands Journal of Agricultural 

Science 19(1971): 211-222. 

In two experiments with spring wheat the relation was studied between green area 

duration (D) and grain yield during the period after heading. For this, the green areas 

of leaf, intemode and ear were determined as accurately as possible in samples. 

The relation between grain yield and green area duration of the separate green 

organs and of combinations of these was quantified by regression and correlation 

calculations. These calculations have shown that of the separate parts of the culm the 

D values of flag leaf and peduncle were closely correlated with the grain yield. 

By using the combined D value of flag leaf and peduncle as a yield determining 

factor, 81 and 6 H of the variance in the grain yield could be statistically predicted 

in 1967 and 1968, respectively. By including all the separate D values in a multiple 

correlation calculation the coefficients of determination of the variance in the grain 

yield could be increased to 83'. in 1967 and to 74Î in 1968. In 1968, next to the D values 

of flag leaf and peduncle, the D value of the ear was closely correlated to the grain 

yield. 

The photosynthetic efficiency of the green area was compared by the grain-leaf ratio. 

Effects of successive applications of maneh and benomyl on growth and yield of five wheat 

varieties of different heights ' 

J.H.J. Spiertz, Netherlands Journal of Agricultural Science 21(1973): 282-296. 

The effect of some fungicide treatments on the production pattern of five wheat 

varieties with different culm lengths was investigated in a field experiment. The fungicide 

treatments consisted of: a sequence of 2 pre-floral sprayings with 2 kg maneb per ha and 

2 post-floral sprayings with 1 kg benlate per ha. The varieties were Juliana (117 cm culm 

length), Manella (82 cm), Lely (80 cm), Mex.-cross (69 cm) and Gaines (79 cm). There was 

hardly any mildew in the crop but Septoria tritiai and Septoria -nodorum were very much in 

evidence in all the varieties. Of the group of ripening diseases, black moulds and 

Fusarium were found to a lesser degree. -

The combined application of maneb and benomyl greatly delayed the spread of Septoria 

in the crop, as a result of which the flag leaf in particular remained green for a longer 

period and the grain filling period was lengthened. The growth rate of the grains during 
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