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Abstract 
Yield variability is one of the major problems in growing faba beans. In this thesis, the effect of 
water supply pattern on yield variability of the crop is studied with experiments in the field and 
under controlled conditions, and with a simulation model. In a series of field experiments, water 
shortage during flowering, followed by plenty of water after flowering resulted in 30-200% higher 
pod retention at early formed nodes, a 7% higher Harvest Index, equal average seed yields (6 t 
ha"1, 100% d.m.), but a 57% larger seed yield range, compared with plenty of water during and 
after flowering. In some experiments, mild water shortage during flowering resulted in final seed 
yields which were significantly higher (0.3-0.6 t ha"1) than with plenty of water both during and 
after flowering. Water shortage after flowering resulted in yield limitations of more than 3 t ha"1 

and a 200% larger seed yield range. Crop physiological measurements showed that faba beans 
have insufficient osmotic adjustment and/or adaptation of cell wall elasticity. Thus, the turgor of 
young stems and leaves, the expansive growth and the vegetative sink strength decrease already 
with mild water shortage. The stomatal conductance and photosynthesis decrease only at more se
vere water shortage. It is argued how this may explain the positive effect of mild water shortage 
on the dry matter partitioning to reproductive organs. The effects are compared with those found 
in cotton. In a simulation model the physiological knowledge is implemented and calibrated. The 
model outcomes correspond with the measured average seed yields and account for up to 80% of 
the measured yield variation of data sets of several locations in Western Europe. Applying plenty 
of water after flowering increases the average seed yields with 17%-42% and reduces the standard 
deviation of the seed yields, a measure for the variability, with 43%-73%. Plenty of water during 
and after flowering has almost no additional effects. It is shown that the positive effect of mild 
water shortage during flowering on seed yield has only limited value as a target for crop 
management. But, plenty of water after flowering is crucial for high and stable seed yields. Model 
explorations show that a doubling of the rooted depth reduces the seed yield variability with about 
30%, but a doubling of the water extraction capacity of the crop does not reduce the yield 
variability at all. It is concluded that variations in water availability after flowering (i.e. during the 
grain filling period) are a major factor in yield variability of faba beans in Western Europe. How
ever, when water shortage is eliminated as the limiting factor, yield reducing factors, especially 
diseases, may be more important than was expected before. It is shown how feasibility studies 
with the model can support management and breeding research by evaluating 'ideotypes' and 
conditions for optimum productivity in present and future climate. As an example, some effects of 
climate change on average yield and yield variability of rain-fed and irrigated crops are assessed. 

Keywords: Vicia faba L., irrigation, drought, water shortage, dry matter partitioning, yield vari
ability, pod retention, pod filling, plant water relations, expansive growth, stomatal conductance, 
simulation, modeling, feasibility studies, climate change, cotton 
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Stellingen 

1. Watertekort is één van de hoofdoorzaken van de grote opbrengstvariabiliteit 
van veldbonen in de gematigde klimaatzones. 

Dit proefschrift 

2. De hogere zaadopbrengst van veldbonen bij een mild watertekort tijdens de 
bloei is verklaarbaar uit een vermindering van de sinksterkte van jonge stengels 
en bladeren en een daaruit voortvloeiende toename van het verhoudingsgetal 
tussen reproduktieve en vegetatieve sinksterkten. 

Dit proefschrift 

3. Mogelijke klimaatsverandering (stijging van CC>2-gehalte in de atmosfeer en 
temperatuursstijging) verandert niet de noodzaak van een ruime 
vochtvoorziening voor het verkrijgen van stabiele opbrengsten bij veldbonen. 

Dit proefschrift 

4. Een betrouwbare simulatie van de opbrengst van veldbonen vergt geen 
expliciete simulatie van de stikstofhuishouding in de bodem en in het gewas. 

Dit proefschrift 

5. Erwten zijn door een kortere groeiperiode minder gevoelig voor watertekort 
dan veldbonen, maar door legering gevoeliger voor schimmelziekten bij koud 
en nat weer. Bij de teelt van peulvruchten verdient het daarom voorkeur om 
erwten te telen in Noord- en Midden-Frankrijk en veldbonen te telen in de 
noordelijke EG-lidstaten. 

6. De teelt van erwten en veldbonen in de EG als alternatief voor de import van 
eiwitrijke grondstoffen (onder meer sojaschroot) zal nauwelijks verbeteringen 
tot gevolg kunnen hebben voor de benarde positie van kleine boeren in Brazilië 
ten opzichte van de grootgrondbezitters-sojaproducenten. 

cf: 'Soja sonee', soja produktie op grote schaal: de gevolgen voor arme boeten in 
Brazilië en voor ons. Uitgave Solidaridad en Vereniging Milieudefensie (1981). 

7. Door een 'braakregeling' neemt het mestoverschot in Nederland toe; in dit 
verband is het gunstiger om peulvruchten te telen als grondstof voor 
krachtvoer, in plaats van braaklegging. 

8. Zetmeelwinning uit korrelmaïs zou in de veenkoloniën kunnen leiden tot een 
ruimere vruchtwisseling met aardappelen. Technologisch en kwalitatief is 
zetmeel uit korrelmaïs een redelijk alternatief voor de in deze regio gevestigde 
zetmeelindustrie. 



9. Zowel een uitbreiding van de aktie 'rij alcoholvrij' tot Europese schaal, als een 
verplichting om de ingrediënten van pils op de etiketten te vermelden, zullen de 
teelt van brouwgerst stimuleren. 

10. Hoe meer we te weten komen van een 'veelbelovend' nieuw gewas, hoe meer 
onderzoek vervolgens nodig blijkt te zijn om het gewas de beloften te laten 
vervullen. 

11. De zogeheten 'B-status' binnen het Algemeen Burgerlijk Pensioenfonds (ABP) 
hoeft geen belemmering te zijn voor het adekwaat functioneren van een 
verzelfstandigde marktgerichte onderzoeksorganisatie. 

12. De proefstations en de DLO-instituten van het Ministerie van LNV moeten 
beide tot een marktgerichte organisatie worden verzelfstandigd. 

13. De huidige Gereformeerde Kerken in Nederland en die van zo'n 40 jaar 
geleden lijken vrijwel in niets meer op elkaar. Door het voortzetten van dit 
veranderingsproces kunnen deze kerken een functie blijven vervullen voor hen 
die willen leven en werken in het spanningsveld tussen de christelijke traditie 
en de huidige samenleving. 

G. Dekker, De stille revolutie. De ontwikkeling van de Gereformeerde Kerken 
in Nederiand tussen 1950 en 1990. (1992) p. 15 en p. 226. 

14. 'Deeltijdwerkers' kunnen minder worden aangesproken op het doen van 
overwerk dan traditionele 'voltijdswerkers'. 

15. Het geluidssignaal waarmee de Nederlandse Spoorwegen op een aantal stations 
de reizigers attenderen op mededelingen over kleine en grote treinvertragingen, 
vertoont een verrassende overeenkomst met de koorinzet van J.S. Bach's 
cantate 106: 'Gottes Zeit ist die allerbeste Zeit'. Jammergenoeg is dit signaal op 
Utrecht CS verdwenen, terwijl de vertragingen bleven. 

Stellingen behorend bij het proefschrift van C. Grashoff: 
'Variability in yield of faba beans (Vicia faba L.)'. 

Wageningen, 11 november 1992. 



ter nagedachtenis aan 
mijn vader Kees Grashoff 
mijn leermeester dr. ir. G. Dantuma 



Foto voorzijde: 
van links naar rechts: veldboneplanten (ras Minica) opgegroeid onder: a) watertekort vanaf begin 
bloei tot einde groeiseizoen; b) natuurlijke regenval (1983); c) watertekort vanaf begin bloei, 
gevolgd door irrigatie vanaf einde bloei; d) irrigatie vanaf begin bloei, gevolgd door watertekort 
vanaf einde bloei; e) irrigatie vanaf begin bloei tot einde groeiseizoen. Watervoorziening c) en e) 
gaven een verdubbeling van de zaadopbrengst t.o.v. de watervoorzieningen a), b) en d). 

Foto gemaakt in Engeland in een 'Joint trial' van de Universiteit van Nottingham (School of 
Agriculture) en het DLO-Centrum voor Agrobiologisch Onderzoek (CABO-DLO) te Wageningen 
(Foto: CF. Green/ C. Grashoff). 

Photo cover: 
from left to right: faba bean plants (cv Minica) grown under: a) water shortage from onset of 
flowering till the end of the growing season; b) natural rainfall (1983); c) water shortage from 
onset of flowering, followed by irrigation after the end of flowering; d) irrigation from onset of 
flowering, followed by water shortage after the end of flowering; e) irrigation from onset of 
flowering till the end of the growing season. The water supply treatments c) and e) resulted in a 
doubling of the seed yield, compared to the treatments a), b) and d). 

Photo made in England in a 'Joint trial' of the University of Nottingham (School of 
Agriculture) and the DLO-Centre for Agrobiological Research (CABO-DLO) in Wageningen, 
Netherlands (Photo: CF. Green / C Grashoff). 
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Dit proefschrift beschrijft onderzoek dat is uitgevoerd op het DLO-Centrum voor 
Agrobiologisch Onderzoek (CABO-DLO) te Wageningen in de periode 1980-1990. 
Deze wat langere periode, die ik deels als student, deels als medewerker op dit 
instituut heb meegemaakt, heeft als bijkomend gevolg dat ik inmiddels bijna een 
heel instituut zou kunnen bedanken voor alle bijdragen aan de tot stand koming van 
dit eindresultaat in boekvorm. Dat is onmogelijk en ik zal me dus moeten beperken 
- iets waar ik vaker, maar in dit geval terecht, enige moeite mee heb. 

Allereerst gaat mijn dank uit naar J.A. Klein Huize en H.G. Smid. Beste Jan en 
Herman, jullie waren, in de meest letterlijke èn figuurlijke betekenis, de 'werkers 
van het eerste uur'. De samenwerking tussen Wageningse landbouwkundigen en 
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daarvoor betrek ik ook mijn medestudent van destijds, ir. Kees Vermeulen. 

Een bijzonder woord van dank ook voor mijn leermeesters, die beiden, 
menselijkerwijs gesproken, te vroeg zijn overleden: dr. ir. G. Dantuma en prof. dr. 
R. Brouwer. Zij hebben mij op het spoor gezet van het onderzoek dat verbindingen 
probeert te leggen tussen het meer fundamentele oecofysiologische onderzoek en 
het meer toepassingsgerichte onderzoek aan landbouwgewassen. 

Het klimaat tijdens het overleg met mijn promotor, prof. dr. ir. R. Rabbinge, was 
van dien aard dat het zelfs inspireerde tot een vervolgonderzoek naar de effecten 
van mogelijke klimaatsveranderingen op de opbrengstvariabiliteit van veldbonen. 
Ook een speciaal woord van dank voor mijn co-promotor, dr. S.C. van de Geijn. 
Beste Siebe, we hebben heel wat 'afgedelibereerd' (om eens een woord te gebruiken 
dat je wellicht niet goedkeurt) over de verschillende teksten van dit proefschrift. 
Jouw precieze wijze van redigeren (je hebt er heel wat tijd in gestoken) in 
combinatie met de meer algemene kritiek van Rudy Rabbinge vormde een prima 
basis om verder te schrijven. 

Dat brengt me op mijn mede-auteurs, Ruud Verkerke en ir. Rob Stekkers, die 
veel hebben bijgedragen aan het onderzoek naar de plant/water-relaties en het 
modelmatig onderzoek, en aan de publikaties die ten grondslag liggen aan de 
hoofdstukken 3 en 4 van dit proefschrift. In deze dank betrek ik ook dr. Marcel van 
Oijen, die destijds als student meewerkte aan het veldbone-onderzoek en nu als 
collega en kamergenoot op het CABO-DLO een prettige discussiepartner, c.q. 
vraagbaak is voor onderwerpen variërend van gewasfysiologie tot chaotische 
dynamica. 

Ook een woord van dank voor: dr. F.W.T. Penning de Vries, die in 1985 de 
eerste concrete plannen voor deze promotie op de rails zette, en dr. ir. A.J. 
Haverkort die betrokken was bij het 'aankoppelen van de laatste wagons'; ing. I. 
Ouwerkerk, die in 1987 en 1988 assisteerde bij het onderzoek, op basis van een 
subsidie uit de 'MCB-gelden'; ing. D.A. van der Schans (PAGV) die de 
opbrengstgegevens uit het PAGV-deel van het 'MCB-onderzoek' ter beschikking 
stelde; ing. L. Sibma, door wie ik enerzijds als co-auteur betrokken werd bij het 



boekje over veldbonen uit de 'Gewassenreeks' van PUDOC en CABO, en 
anderzijds bij de Dienstcommissie van het CABO-DLO; de directeuren van het 
CABO-DLO, eerst dr. ir. P. Gaastra, later dr. ir. J.H.J. Spiertz, die mij binnen het 
CABO-DLO de gelegenheid hebben geboden om dit proefschrift te voltooien. Dit 
onderzoek was overigens ook onmogelijk geweest zonder de grote inzet en 
daadkracht van de medewerkers van de proefbedrijven 'De Bouwing' en 
'Droevendaal', de Proeftechnische Dienst, het Chemisch Laboratorium, en de 
secties Informatica & Statistiek en Publiciteit, Redactie & Informatie van het 
CABO-DLO. 

Next, I wish to thank all the colleagues of the EC-Joint Faba Bean Trials (JFBT), 
especially dr. D.A. Bond and dr. P.D. Hebblethwaite (United Kingdom), and dr. E. 
Ebmeyer and dr. E. von Kittlitz (Germany), for the co-operation and inspiring 
discussions concerning our joint faba bean experiments, during the international 
workshops and symposia of the last 10 years. 

Tevens wil ik gaarne bedanken: het Produktschap voor Granen, Zaden en 
Peulvruchten en de Stichting Nederlands Graan-Centrum (NGC) die in 1984/85 
financieel bijdroegen aan dit onderzoek, en in 1987-1989 een additionele 
financiering via de 'MCB-gelden' hebben ondersteund. De uitgave van dit 
proefschrift is mede mogelijk gemaakt door een financiële bijdrage van mevrouw 
M. van Eijsden-van Duin en mevrouw D.A. Grashoff-van der Poort. 

Dr. ir. M.L. van Beusichem dank ik voor zijn toestemming voor het overnemen 
van de reeds eerder als publikatie in het Netherlands Journal of Agricultural 
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Tenslotte een woord van dank aan mijn vader en moeder, die mijn biologiestudie 
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General introduction 

Seed legumes in the European Community 

In the European Community, the demand for protein-rich raw materials for the 
animal feed compounding industry increased from 2.5 million t in 1960 to about 43 
million t in 1990. In the last decades, the degree of self-sufficiency of the EC for 
these raw materials was low, less than 35 %. After the soya bean crisis in 1973 the 
EC started with financial support measures for the production of protein crops in 
the Community itself. In this way the imports from third countries could be 
reduced. Besides this, the production of protein-rich crops was seen as an 
alternative for the overproduction of cereals. 

Due to the support measures, the interest in growing seed legumes, an important 
group of protein-rich crops, increased in the period from 1978 to 1988. The Dutch 
Grain Centre (NGC, 1985) estimated an industrial demand for seed legumes of 8 
million t in the EC, which requires an area under cultivation of almost 2 million ha. 
For The Netherlands, the NGC estimated that an area of 75 000 ha is possible 
without problems in crop rotation systems or market problems. The area of seed 
legumes under cultivation in The Netherlands increased from 8200 ha in 1981 to 
48500 ha in 1987 (Landbouwcijfers, 1990). In the EC, the area increased from 
515000 ha in 1981 to 988000 ha in 1986 (Anon., 1984-1988). 

However, the increase in area, of which two third consists of green peas (Pisum 
sativum L.) and less than one third consists of faba beans (Vicia faba L.), stabilized 
after 1987. Especially the increase in faba beans was slow, or stopped completely 
and turned into a decrease in many EC-countries. For instance, in The Netherlands 
the area with faba beans reached a maximum of 13400 ha in 1988 and hence almost 
halved in each of the next years and at this moment an area of not more than 2500 
ha is cultivated with faba beans. 

Yield variability: a bottleneck f or growing faba beans 

There may be two reasons for this decrease. Firstly, although it is a recent 
development, the EC decreased the minimum farmer's price for faba beans and 
peas since 1989 with almost 20%. This reduced the interest of the farmers for 
growing legumes. 

Secondly, bottlenecks in crop growth have been reported for many years and 
these are the general subject of this thesis. It has become very clear that noj the 
yield potential of faba beans is a major bottleneck. The productivity of faba beans 
is comparable with that of other arable crops like winter wheat, sugar beet and 
maize. In the phase of linear growth, the growth rate of a healthy faba bean crop is 
200-250 kg ha~l d~l. Sibma et al. (1989) showed that the crop can have a period of 
complete soil cover of about 75 days. With an average growth rate of 200 kg ha~l 
d'l, this results in a possible dry matter production of 15 t ha~l. With a Harvest 
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Index of 0.60, this implies potential seed yields of more than 9 t ha'l. The 
measured maximum seed yields of faba beans in long term trials are ca 8000 kg 
ha"1 (at 100% d.m.), with 30% of crude protein (Grashoff et al., 1987). At final 
harvest, the seeds contain 80-90% of the total amount of nitrogen accumulated by 
the crop. 

Yield variability, defined as the variation in yield from year to year and from 
location to location, has been a major reason for decline in cultivated area in most 
European countries (Hawtin & Hebblethwaite, 1983). Figure 1 illustrates the 
variability of national average yields in the United Kingdom (UK) for faba beans 
and winter wheat from 1885 to 1980. The amplitude of fluctuation for faba beans is 
greater than that for wheat, and the increase in average yield is much less. This is 
illustrated with a 'variability index' (defined in Table 1), calculated from the UK 
average data from 1866 to 1968 and from 1866 to 1979. This index shows that 
yields of faba beans are far more unstable than those of wheat, oats, barley and 
potatoes (Table 1). 

6r 

4 

1885 95 1905 15 25 35 
Date 

45 55 65 75 85 

Figure 1. National average yields of faba beans (solid line) and wheat (dotted line) in the United 
Kingdom, 1885-1980 (MAFF statistics). From: Hawtin & Hebblethwaite, 1983. 
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Table 1. Yield variability index (%) of various crops, 1866-1968 and 1866-1979. From: Hawtin & 
Hebblethwaite (1983) 

Crop Variability index * Variability index 
1866-1968 1866-1979 

Faba beans 
Wheat 
Barley 
Oats 
Potatoes 

113 
52 
34 
31 
70 

137 
53 
35 
33 
71 

*This index is calculated by expressing the annual deviation from a five-year moving average as a 
percentage of this moving average. These percentages are then squared to remove negative signs 

Differences in yield between 7-10 locations in Western Europe were analyzed in 
the EC-Joint Faba Bean Trials (JFBT) (Dantuma et al., 1983; Ebmeyer, 1984). The 
yield of, for instance, cv Wierboon, averaged over 3 years, varied from 2.41 ha*l at 
the location Fuchsenbigl (Austria) to 5.8 t ha~* at the location Noordoostpolder 
(Netherlands). Analysis of variance showed, that the yield variability was due to 
variety, to environment and to environment x variety interaction (Bond, 1984). 
Even within one small geographic area, differences in seed yields between 
locations can be large: the yield of 8 farmers' fields in the province of Gelderland 
(Netherlands) varied between 1 and 4.51 ha~l in 1983 (Consulentschap Tiel, 1984). 
Differences in seed yields from year to year at one location can be more than 4 t 
ha~l. For instance, on a heavy clay soil near Wageningen, the seed yield of cv. 
Minica varied between 2.5 and 6.7 t ha~l over a period of 14 years (Grashoff et al., 
1987). 

Possible causes of yield variability 

To find the major causes of this yield variability, several factors have been 
considered in the previous years. The effects of various fertilizer nitrogen 
applications (Roughly et al., 1983), various planting densities (Dantuma et al., 
1983; Ebmeyer, 1984) and enhanced self-fertility (Bond & Poulsen, 1983) were 
investigated. Effective methods and materials were available for protection against 
pests and diseases (Dekker, 1985a, 1985b). None of these factors appeared to be 
major causes of yield variability. Since the leguminous crops are generally 
characterized as sensitive to water shortage (Brouwer, 1976), research was started 
to investigate the effects of various (natural or imposed) water supply patterns on 
yield variability. 

Water shortage as affecting yield variability: the general topic of this thesis 

Many authors observed large increases (50-100%) in seed yield and in total dry 
matter production in irrigation experiments, regardless of the developmental stage 
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of the crop when irrigation was applied (Hebblethwaite et al., 1977; French & 
Legg, 1979; Farah, 1981). However, others (Brouwer, 1959) reported that 
especially irrigation during the flowering period provided high yield increments. In 
contrast, Stock & El-Naggar (1980) and Smith (1982) reported that lower seed 
yields were obtained with irrigation before and during flowering. 

Even under the moderate climatic conditions of The Netherlands, contrasting 
results with respect to water supply were found. On the one hand, it was indicated 
that faba beans show larger yield reductions with water shortage than some other 
arable crops. In experiments in the dry year 1976, faba beans yielded 47% lower 
than the average yield of a group of reference years without water shortage. Winter 
wheat yielded in 1976 only 16% lower than its reference, and spring barley yielded 
in 1976 even 2% higher than its reference (Dekker, 1979). In trials near 
Wageningen on a heavy clay soil with a high water retention capacity, the yield of 
faba beans in 1976 was the lowest (2.5 t ha~l) of a series of 14 years with an 
average of 5.4 t ha~l. On a soil in the Noordoostpolder with a very adequate water 
supply due to capillary rise, the yield in 1976 was not lower than 5 t ha"l. Dantuma 
& Klein Hulze (1979) indicated that, like in soya beans, water shortage might be 
one of the major reasons for yield limitation in faba beans. These indications were 
based partly on the above results, and partly on visual observations in the field 
trials of the low-productive locations of the Joint Faba Bean Trials (JFBT). On 
these locations, clear indications of water shortage (severe wilting, partly followed 
by enhanced leaf senescence) could be observed (Dantuma, pers. comm. 1982). 

On the other hand, it was indicated that the absence of any water shortage can 
reduce the seed yields of faba beans. In very wet years, like in 1972, it was 
observed that very leafy and tall faba bean crops were found (2.1 m height for cv 
Wierboon, which has an average of about 1.5 m). The final total dry matter was 
13.1 t ha~l, but the seed yield was only 2 t ha~l. This showed that not only dry 
matter production, but also dry matter partitioning between vegetative and 
reproductive plant organs was affected by water supply. 

In the faba bean crop, such effects of water supply on dry matter partitioning are 
possible, as in this crop vegetative and reproductive growth occur simultaneously 
during an important part of the period of crop growth. This is illustrated in Figure 
2. In cv. Minica for instance, the first flowers occur already shortly after the 
formation of the fifth node. The plant continues the formation of new stem parts 
with leaves and flowers during the next 20-25 days (Figure 2). During this period, 
the filling of the pods and seeds at the lower nodes has already started, while at the 
plant top the formation of new vegetative nodes is still continued. If water shortage 
in this period reduces the vegetative sink strength more than the reproductive sink 
strength, this may result in a shift in dry matter partitioning, and not only in dry 
matter production. 
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Figure 2. Calendar data and number of days after emergence at which, at subsequent stem nodes, the 
leaves finished growth, flowering started and ended and pods emerged and disappeared for cv Minica, 
1979. From: Sibma et al. (1989). 

Objectives and approach of the thesis 

Obviously, more insight was needed in the productivity and yield variability of 
faba beans as affected by different water supply patterns, with special attention to 
timing, level and duration of the water shortage. The present study tries to answer 
the question: 'is water shortage a major factor in yield variability of faba beans, via 
effects on dry matter production, vegetative and reproductive sink strength, dry 
matter partitioning and yield formation?' 

Field experiments are used to analyze the effect of different water supply 
treatments (during and after flowering) on final above ground yields, seed yields 
and yield components. Growth analyses are made to study the effect of water 
supply pattern on seasonal course of Leaf Area Index (LAI), plant length, dry 
matter production and dry matter partitioning over the plant organs (Chapter 1). 
The consequences for reproductive growth are studied with detailed measurements 
of pod retention and pod filling at successive nodes of the plants (Chapter 2). 
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This research is combined with crop physiological measurements, to gain a 
better understanding of the mechanisms behind the effects of water shortage on 
sink strength and dry matter partitioning. This study involves diurnal field 
measurements of the plant water relations (water potential, osmotic potential, 
turgor and relative water content) and leaf conductance. Under controlled 
conditions, the plant water relations are studied in combination with the expansive 
growth (Chapter 3). 

The observed physiological mechanisms of water shortage of Chapter 3 are 
incorporated in a simulation model. This enables the study of the effects of water 
shortage, integrated in a general system in which radiation, temperature, rainfall, 
air humidity, windspeed, soil water balance and crop properties affect crop growth 
and production (Chapter 4). This may provide a better understanding of the 
complex and contrasting effects of various levels, timings and durations of water 
shortage on production, dry matter partitioning, yield formation and yield 
variability. The model is used to find out if water shortage is a major factor in yield 
variability of faba beans in Western Europe. Besides that, the model is used to 
explore the effects of suggested management activities and breeding objectives. 
This gives more insight in promising aims for further experimental crop 
management and breeding research to reduce the yield variability of the faba bean 
crop. 
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Abstract 

The effects of various amounts and timings of water supply during and after the flowering 
period on growth, total dry matter production and partitioning of dry matter, and variability 
of yield were studied in faba beans. In field experiments in 1980 and 1981, plenty of water 
during and after flowering (i-i) resulted in stimulation of vegetative growth, but reduced 
initial reproductive growth as well as final seed yield, compared with a control with mild 
water shortage during flowering but plenty of water after flowering (d-i). In further field ex
periments in 1982-1984, d-i resulted in high average seed yield of 7.01 ha - 1 (cv. Minica), op
timum harvest index (HI) (0.61 g g~') and relatively small seed yield range over the ex
periments (2.21 ha-1)- In i-i, average seed yield (7.11 ha-1) did not differ significantly from 
d-i and HI was lower (0.57) but seed yield range was small with 1.4 t ha -1. D-d, i-d and 
natural rainfall control provided much lower average seed yields and a larger seed yield range; 
i-d also provided the lowest HI (0.54 g g-1). Data for cv. Alfred showed the same trend as 
for cv. Minica. It is concluded that differences in distribution pattern and amount of rainfall 
are a major reason for the variability in seed yield of faba beans. During flowering a mild 
water shortage might be preferable to plenty of water, to limit vegetative growth and stimu
late early reproductive growth. After flowering, plenty of water is crucial for high and stable 
seed yield responses. 

Keywords: faba beans, Vicia faba L., irrigation, dry matter partitioning, seed yield, yield 
variability 

Introduction 

The area with seed legumes under cultivation in the European Community has in
creased importantly. In total in ten member-states 515 000 ha were grown in 1981 
and 988 000 ha in 1986 (Anon., 1984-1988). This was mainly a result of financial 
support measures for protein crops as part of the plant productivity programme of 
the European Community. About a third of this area is cultivated with faba beans. 
In the Netherlands the area with faba beans has increased from about 30 ha in 1977 
to 13 400 ha in 1988 (Anon., 1977-1988). The present increase followed after a 
steady decrease from 30 000 ha in the period around 1930. 
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Like in most European countries, a major reason for the decrease in area with 
f aba beans in the Netherlands between 1930 and 1975 has been the high yield varia
bility. The crop is still considered to be highly unreliable in this respect (Hawtin & 
Hebblethwaite, 1983). Much research has been undertaken to identify key factors 
influencing yield, and causing yield variability. 

As it is generally accepted that water shortage is a major yield-determining factor 
(Day & Legg, 1983), the effect of water availability has been the subject of several 
studies. Attention has been paid to the identification of growth stages especially sen
sitive to lack of water. 

Many authors have reported that irrigation had a positive effect on seed yield, 
regardless of time of application (Hebblethwaite et al., 1977; French & Legg, 1979; 
Farah, 1981). Krogman et al. (1980) found linear correlations between total water 
applied (irrigation and rainfall) and seed yield and also between water applied and 
straw yield. Results of other authors confirm this correlation (Day & Legg, 1983). 
Husain et al. (1983) stated that special moisture-sensitive phases did not exist in f aba 
beans grown in New Zealand. 

However, this conclusion is not generally accepted. Brouwer (1959) reported that 
especially irrigation during flowering provided high yield increments. 

In contrast, also negative effects of irrigation on seed yield were reported. Yield 
depressions seem to be linked to irrigation before and during flowering (Stock & El-
Naggar, 1980; Smith, 1982) or are described as rare deviations from a general posi
tive effect (McEwen et al., 1981). 

Smith (1982) reported that under West European conditions, irrigation applied 
during flowering may favour vegetative growth at the expense of reproductive 
growth. This conclusion was mainly based on reduced pod retention caused by irri
gation during flowering. 

In recent studies on productivity and yield variability in countries of the European 
Community, it was postulated that in some environments insufficient water supply 
is the major yield-limiting factor. However, in more maritime regions growing con
ditions could also lead to excessive vegetative growth and low seed yields (Dantuma 
et al., 1983). 

The present study was carried out to gain a better understanding of the effects 
of various levels of water availability during and after flowering on dry matter parti
tioning and production throughout the growing season and to draw conclusions 
about water availability as a major limiting factor for yield and yield stability. In 
this paper (Part 1) these effects are discussed and integrated in a functional but 
qualitative way. In three following publications (Grashoff, in prep.) crucial details 
of this mechanism will be presented and discussed: pod retention, pod fill and yield 
components (Part 2) and dry matter partitioning in relation to plant water status 
(Part 3); a quantitative integration of growth processes that are affected by water 
availability will be presented in the form of a simulation study, (Part 4), and a gener
alization to other locations, climates and soil types will be given. 
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Materials and methods 

Water supply treatments 

Two groups of field experiments were conducted (Table 1). In the first group (in 
1980 and 1981), the effect of full irrigation during and after flowering (further called 
i-i) was compared with a non-irrigated control. In the second group (1982-1984), 
five different combinations of soil water conditions during flowering and after 
flowering were created: 
- d-d: a period with limited water availability from onset of flowering to the end 
of the growing season. 
- i-d: irrigated to keep soil close to field capacity during flowering, followed by 
a period with limited water availability to the end of the growing season. 
- d-i: a period with limited water availability during flowering, and irrigated after 
flowering to bring and keep soil water content close to field capacity. 
- i-i: irrigated to keep soil close to field capacity from onset of flowering to the 
end of the growing season. 
- natural rainfall: control treatment only exposed to rainfall conditions of the 
various experimental seasons. 

Technical realization of treatments 

The irrigation system consisted of perforated polythene tubes laid on the soil, con
nected to a central water pump. In each irrigation a quantity of 20 mm (20 kg 
m-2) water was applied within half an hour. The frequency of application was one 
to three times a week, depending on the course of soil water content and reference 

Table 1. Short description of water supply treatments, crop data collection, years, sites, cultivars, trial 
designs and number of replicates of the experiments in 1980-1984 with faba beans. 

Water 
supply 
treatments 

Control 
i-i 

Control 
d-d 
d-i 
i d 
i-i 

Crop data 
collection 
at 

14-day 
intervals 

Final 
harvest 
only 

Year 

1980 
1981 

1982 
1982 
1983 
1983 
1984 

Sites 

clay(N) 
sand(N) 

clay(N) 
sand(N) 
sand(N) 
sandy loam(GB) 
sand(N) 

Cultivars 

Minica 
Minica, Kristall 

12a 
12a 
Minica, Alfred, 
Optica and 
Kristall 

Trial designs 

split plot 
split split plot 

trial in one-fold 
trial in one-fold 
strip plotb 

strip plot 
strip plot 

Number 
of 
replicates 

12 
4 

5= 
3 
5 

a Cultivars obtained from colleagues involved in the EC joint field bean test, and cultivars Minica, Op
tica, Cebeco number (Alfred), and Kristall. 
b A split plot with cultivars in horizontal, and water supply treatments in vertical strips. 
c Two replicate blocks excluded (water logging; see text). 
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values of évapotranspiration provided by the Royal Dutch Meteorological Institute 
(KNMI). In all experiments, early-flowering cultivars and late-flowering cultivars 
were irrigated separately, to allow adaptation to the dates of onset and end of 
flowering. 

The drying-out periods were realized by covering the soil between the plant rows 
with white polythene sheets to drain off about 80-90 % of rainwater. The period 
of soil covering depended on treatments. Sheets were not placed in the field before 
flowering to avoid effects on germination and early growth. 

Locations, trial designs, fertilizers and drilling 

Locations and trial designs are presented in Table 1. 'Sand(N)' is referring to the 
experimental farm Droevendaal on a humic sandy soil near Wageningen, Nether
lands. 'Clay(N)' is referring to the experimental farm De Bouwing at heavy river 
clay (about 60 °7o lutum) in Randwijk, Netherlands. The 'Sandy Loam(GB)' loca
tion was the experimental farm of the University of Nottingham, UK, at Sutton 
Bonington (results of a joint experiment of the School of Agriculture of the Univer
sity of Nottingham and the Centre for Agrobiological Research, Wageningen). 

P and K fertilizers were applied according to the current recommendations which 
are based on soil testing. Depending on analysis of P and K soil test values, P appli
cation varied from 95 to 184 kg P205 per ha for the location on clay soil and from 
38 to 133 kg P205 per ha for the location on sandy soil; K application varied from 
120 to 480 kg K20 per ha for the clay soil and from 52 to 182 kg K20 per ha for 
the sandy soil. 

Gross plot sizes varied from 6 m2 in the experiments of 1980 to 15 m2 in 
1982-1984. 

In all experiments in the Netherlands a precision drill was used (Vicon mono-air); 
plant density was 20 plants m~2 with 50 cm row spacing, which is usually practised 
in this country. In the experiment in England, plant density was 28 plants m-2 

with 44 cm row spacing. 

Plant material 

The used cultivars were not the same in all experiments (Table 1), but cv. Minica 
was used as a standard each time. The large-seeded varieties Minica and Optica were 
obtained from Nickerson-Zwaan BV (Stompwijk, Netherlands). The smaller-seeded 
varieties Alfred and Kristall were obtained from Cebeco-Handelsraad (Lelystad, 
Netherlands). All other varieties were obtained by exchange between participants of 
the 'joint field bean trials' (Dantuma et al., 1983). 

Measurements and data collection 

In all experiments, soil water content was determined gravimetrically at weekly in
tervals and before each irrigation, and rainfall was recorded daily. 

In 1980 and 1981, net plot samples of 1 m2 were harvested at about 14-day inter-
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vals from beginning of June to the end of the growing season. In 1980, samples were 
divided into leaves, stems, pod walls and seeds and fresh and dry weight were deter
mined. LAI, leaf size and stem length were recorded at each harvest. In 1981, sam
ples were divided in straw and seed. In 1982-1984, more experimental treatments 
were included (Table 1) and only final harvest data could be obtained. 

In all experiments, plant length, harvest index (HI) and seed yield were recorded 
at final harvest in net plots of 3 m2. Detailed data on individual plants were ob
tained from samples of 10 to 20 plants. Details about these samples will be presented 
in Part 2 (Grashoff, in prep.). 

Trial performance, crop protection and important dates 

In all experiments, the crop grew without hail or frost damage. In 1983 the ex
perimental field in Wageningen was waterlogged in two of the five replicate blocks, 
due to excessive rainfall in March-May. This resulted in very poor crop growth and 
high heterogenity in those two blocks, which were excluded from analysis. In 1982, 
in contrast with the standard water supply treatment description, the d-d treatments 
were irrigated two times after mid July under the polythene sheets to prevent the 
d-d crop from total failure. 

Preventive measures for weed, disease and pest control were taken as much as 
possible. Weed control started before emergence with spraying of a 
prometryn/simazin mixture; after emergence dinoseb-acetate was applied. Weevils 
(Sitona lineatus L.) were sprayed with parathion at first visible damage of leaf edges. 
Pirimicarb was sprayed against black aphids (Aphis fabae Scop.) as soon as the first 
aphids were observed. In case of wet and cold weather, vinchlozolin, zineb or 
benomyl were sprayed preventively against fungal attack (mostly Botrytis spec). 
Important damage by one of these pests or diseases did not occur in any experiment. 

Over all experiments, dates of sowing ranged from 14 March to 9 April, emer
gence from 16 April to 6 May, onset of flowering from 27 May to 9 June, cessation 
of flowering from 17 June to 6 July and final harvest from 10 August to 10 Septem
ber. 

Results 

Characterization of water supply in 1980 and 1981 

In the months April to June total rainfall was 166 mm in 1980 and 123 in 1981, 
which is 10, respectively 53 mm lower than normal. Soil water content in the control 
steadily declined during the period of flowering and at the end of flowering (end 
of June) reached a minimum of 0.17 g g-1 in the clay (1980) and of 0.07 g g-1 in 
the sand (1981). Soil water contents in i-i treatments were kept at about 0.23 g g- ' 
(1980) and at 0.15 g g-i (1981). 

Due to heavy rains after the end of flowering, soil water content in the control 
treatment rose, reached the high values of i-i (in the first part of July) and did not 
decline again until mid July (in 1981) or August (in 1980). After this period, water 
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Fig. 1. Faba bean (cv. Minica) dry matter yields during the season 1980 in a field experiment with two 
water supply treatments, (a) stems and leaves; (b) pod wall and seed. 
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content in the control treatment remained only 0.02 g g- ' lower than in i-i in both 
years. The control treatments of 1980 and 1981 were characterized as a natural d-i 
situation. 

Effects of irrigation on dry matter partitioning and on final yields 

In the experiments of 1980 and 1981, irrigation did not affect the date of onset of 
flowering. The main flowering period was from day 150 (in 1980) or day 155 (in 
1981) to day 175, but small numbers of open or rudimentary flowers were observed 
till about day 185, especially in i-i. Already during flowering, dry weight of stems 
in the i-i treatment of 1980 was larger than in the control treatment (Fig. la). Dry 
matter accumulation of stems was higher due to irrigation during flowering, and 
stems were longer from the first harvest onwards (Fig. 2a). Dry matter accumulation 
of leaves was little affected by irrigation (Fig. la), but leaf size and total leaf area 
were much larger (Figs. 2b, c), indicating a lower specific leaf weight. 

In contrast, pod and seed weights in the i-i treatment were lower than in the con
trol at the second harvest (which was the first possible weight analysis of those or
gans). Growth curves (Fig. lb) indicate that irrigation during flowering resulted in 
a delay in pod and seed growth. In 1981 irrigation delayed and reduced early seed 
growth in the same way as in 1980 (Fig. 3b). In 1981 no significant variety X treat
ment interaction was found; therefore only results of Minica are presented. 

In the phase of linear seed growth after flowering, both i-i and control resulted 
in high seed growth rates of 135 kg ha- ' d~' (Figs, lb, 3a). As the control was 
characterized earlier as a natural d-i treatment, the high rates of reproductive 
growth were the result of the high water availability after flowering in both treat
ments. Irrigation did not enhance further vegetative growth, as the plants terminat
ed their elongation growth about two weeks after flowering (Fig. 2a). 

However, seed growth in the i-i treatments was not continued long enough to 
catch up with the final seed production of the control treatments. Figures 3a and 
3b show that in both years final seed yields of i-i were lower (significant at P = 
0.01), but straw yields higher (P = 0.05) than in the controls. Final total yields of 
i-i treatments were slightly higher (only significant in 1980) than of the controls. Fi
nal harvest index (HI) of i-i was 0.53 in 1980 and 0.54 in 1981, which was significant
ly lower (at P = 0.005) than in the controls (0.62 in 1980 and 0.63 in 1981). High 
water availability during flowering not only reduced dry matter allocation to the 
seeds in a relative way (lower HI), by means of stimulation of vegetative growth and 
consequent delay of reproductive growth, but reduced seed yields in an absolute way 
as well. 

Irrigation during flowering versus irrigation after flowering: experiments 1982-1984 

In this series of experiments (with five different treatments) the effects of high water 
availability during flowering were separated from the effects of high water availabil
ity after flowering (after cessation of vegetative growth). 
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Fig. 2. Faba bean (cv. Minica) vegetative growth during the season 1980 in a field experiment with two 
water supply treatments, (a) stem length; (b) individual leaf size; (c) leaf area index. 
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Fig. 3. Faba bean (cv. Minica) dry matter yields of seed, seed and pod wall, and total during the season 
in a field experiment with two water supply.treatments. (a) season 1980 (clay); (b) season 1981 (sand). 
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Final stem length, harvest index and seed yield. Results of the five experiments are 
presented for cv. Minica (Fig. 4) as high-yielding standard cultivar and for Alfred 
(Fig. 5) as widely used cultivar in practice. 

Averaged over the five experiments, final stem length in i-d and i-i treatments was 
22 cm higher than in d-d and d-i treatments (Minica: Fig. 4b, and Alfred: Fig. 5b). 
In further comparison of d-d with d-i and of i-d with i-i, only a small additional 
effect of irrigation after flowering on average final stem length was observed: 4 cm 
for Minica (Fig. 4b) and 9 cm for Alfred (Fig. 5b). That confirms that vegetative 
growth is mainly enhanced by high water availability during flowering and is hardly 
affected by high water availability after flowering. 

The d-i and i-i treatments both resulted in average seed yields which were 1.6 t 
ha-i higher than in d-d and i-d (Minica: Fig. 4f, and Alfred: Fig. 5f). That con
firms that seed production is mainly enhanced by high water availability after 
flowering. However, average total yield was higher in i-i than in d-i (Figs. 4h and 
5h). So, total yield was enhanced by every irrigation during flowering and after 
flowering. 

In d-i, reduced vegetative growth, due to reduced water availability during flower
ing, was followed by a high seed growth rate, due to high water availability after 
flowering. That resulted in a short-stem crop type (Figs. 4b and 5b), with most effi-

Table 2. Seed yields (t ha- ' , 86 % DM), plant length (cm) and harvest index (g g-') of an experiment 
with four faba bean cultivars grown under five different water supply treatments. Seed yields presented 
separately for each treatment and for each cultivar, and as average over cultivars (horizontally) or over 
treatments (vertically). Plant length and harvest index only presented as average over treatments or over 
cultivars. Results from sand(N) in the season 1984. Different letters (a, b, c, d) indicate significant differ
ences at P = 0.05. 

Minica 
Alfred 
Optica 
Kristall 

Average 
seed yield 

Average 
plant length 

Average 
harvest index 

Values of F-test 

Water supply treatments 

d-d 

6.4 
5.9 
5.7 
5.8 

6.0 
(c) 

149 
(c) 

0.51 
(ab) 

i-d 

6.6 
6.4 
6.1 
5.9 

6.2 
(be) 

161 
(b) 

0.50 
(b) 

on seed yield 

Cultivar 
Water treatment 
Cultivar x treatment 

32.7 
11.9 
4.5 

d-i 

8.2 
7.0 
6.2 
6.1 

6.9 
(a) 

154 
(c) 

0.53 
(a) 

i-i 

7.8 
7.3 
6.0 
6.0 

6.8 
(a) 

169 
(a) 

0.50 
(b) 

control 

7.0 
6.6 
6.2 
6.3 

6.5 
(ab) 

149 
(c) 

0.53 
(a) 

Average 
seed 
yield 

7.2 (a) 
6.6(b) 
6.0 (c) 
6.0 (c) 

Average 
plant 
length 

151 (c) 
172(b) 
110(d) 
192 (a) 

Average 
harvest 
index 

0.53 (a) 
0.51 (b) 
0.54 (a) 
0.47 (c) 
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cient dry matter partitioning (maximum harvest index, Figs. 4d and 5d) and average 
seed yield which was equally high as in i-i (Figs. 4f and 50- In contrast, in i-d the 
stimulated vegetative growth followed by reduced seed growth resulted in a long-
stem crop type, with the least efficient partitioning (minimum harvest index) and 
average seed yield which was equally low as in d-d. Both i-i and d-d showed sub-
optimum dry matter partitioning (intermediate harvest indices; Figs. 4d and 5d). 
The two irrigations after flowering in the d-d treatments of 1982 had a strong posi
tive effect on seed yield and harvest index for cv. Alfred (Figs. 5c and 5e). 

Average seed yield of natural rainfall control (Figs. 4f and 5f) was only slightly 
higher than or equal to the d-d and i-d treatments. Irrigation after flowering resulted 
in yield enhancement of 1.5 t ha-1 (Minica) and of 1.7 t ha-1 (Alfred) compared 
with the control. 

Effects of treatments on plant length, harvest index and yield were larger in ex
periments of 1982 and 1983 (England) than in 1983 (Netherlands) and 1984 (Figs. 
4a, c, e and 5a, c, e). 

However, the relatively small main effects of treatments in 1984 were significant 
(Table 2) and in agreement with the average effects presented above. Also, signifi
cant differences between cultivars were observed in 1984. For instance, Minica yield
ed higher than Alfred (P = 0.05) and Alfred higher than Optica and Kristall. Effects 
of treatment on growth and yield were larger in Minica and Alfred and smaller in 
Kristall and Optica. Those cultivar x treatment interaction effects were also signifi
cant, but, according to the F-values, main effects were stronger. 

Variability of seed yield. Effects of water availability on variability of seed yield 
were studied within each experiment (over the five treatments) and within each treat
ment (over the five experiments). 

Firstly, the yield variability expressed as the range of variation over the five treat
ments within one separate experiment was not equal for all experiments (Figs. 4e 
and 5e). But, within each experiment, highest yields were obtained in d-i or in i-i; 
lowest yields were always obtained in d-d, i-d or natural rainfall control (Figs. 4e 
and 5e). The yield responses to high water availability after flowering indicate that 
yield variability was related to variation in water supply, at least within each ex
periment. 

Table 3. Total global radiation (kj cm-2), average daily temperature (°C) and rainfall (mm) in spring 
(April-June) and summer (July-September) for a normal 30-year standard and positive ( + ) or negative 
( - ) deviations from that normal of the years 1982, 1983 and 1984. Standard (N-30) obtained from the 
Royal Dutch Meteorological Institute (KNMI) at De Bilt. 

Radiation 
Temperature 
Rainfall 

Normal 

spring 

147 
11.8 

176 

summer 

128 
15.7 

230 

1982 

spring 

+ 21 
+ 0.5 
- 4 1 

summer 

+ 13 
+ 1.5 
-149 

1983 

spring 

- 15 
norm. 
+ 123 

summer 

+ 9 
+ 1.8 
- 9 6 

1984 

spring 

- 1 7 
- 1.0 
- 3 9 

summer 

- 11 
norm. 
- 1 7 
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C. GRASHOFF 

a) PLANT LENGTH b) AVERAGE 

1234 5 1234 S 1234 5 1234 5 1 2 3 4 5 1 2 3 4 5 

g/g (X100%) 
C) HARVEST INDEX 

1234 5 1234 5 1 2 3 4 5 1 2 3 4 5 1234 S 

d) AVERAGE 

1234 5 

1982 1982 1983 1983 1984 

SAND(N) CLAY(N) SANDY LOAM(GB) SAND(N) SAND(N) AVERAGE RANGE 

Fig. 4. Plant length (a,b), harvest index (c,d) seed yield (e,f) and total yield (g,h) of faba bean (cv. Mini-
ca) grown under five different soil water supply treatments in five experiments in 1982-1984. 1 = d-d; 
2 = i-d; 3 = d-1; 4 = i-i; 5 = control. Arrows represent range over the five treatments of each experi
ment; 'Range' represents range for each treatment over the five experiments. Sand(N), clay(N) and sandy 
loam(GB) refer to the experimental sites (see Table 1 and text). In 1982 d-d got two irrigations after 
flowering. 

Secondly, the relation between water supply and yield variability was confirmed 
by expressing the variability as the range from lowest to highest seed yield within 
one treatment over the five experiments. That range was largest in the control and 
small in both d-i and i-i treatments (Figs. 4f and 5f)- High water availability after 
flowering not only increased average seed yield with 1.6 t ha-1, but also reduced 
seed yield range over the five experiments with 21 ha -1 , compared with the natural 
rainfall control. In contrast, total yield ranges were almost equal for all treatments 
(Figs. 4h and 5h). 
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e) SEED YIELD (86%d.m.) 0 AVERAGE RANGE 

1 2 3 4 5 1234 S 1234 S 1234 5 1234 5 1234 5 1234 5 

g) TOTAL YIELD h) AVERAGE RANGE 

1234 5 1234 5 1234 5 1234 5 1234 5 

1982 1982 1983 1983 1984 

SAND(N) CLAY(N) SANDY LOAU(GB) SAND(N) SAND(N) 

Fig. 4. Continued. 

1234 5 1234 5 

AVERAGE RANGE 

Growth and yield in relation with soil water content and weather. Both the unequal 
seed yield range for each separate experiment (Figs. 4e and 5e) and the large seed 
yield range in natural rainfall controls over all experiments (Figs. 4f and 5f) were 
related to differences in the course of soil water content and weather among the vari
ous experiments. In the sandy soils, detectable differences in plant water potential 
between irrigated and control field plots were only found below a soil water content 
of 0.10 g g- ' (Venekamp et al., 1987). This value, which corresponds to a pF of 
3 for this soil type, was used for comparison of treatments in the experiments on 
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C. GRASHOFF 

a) PUNT LENGTH b) AVERAGE 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

g/g (xioo%) 
c) HARVEST INDEX 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

d) AVERAGE 

1 234 5 

1982 1982 1983 1983 1984 

SAND(N) CLAY(N) SANDY LOAM(GB) SAND(N) SAND(N) 

Fig. 5. As Fig. 4, for cv. Alfred. 

AVERAGE RANGE 

sandy soils (1982-1984). 
The growing season of 1982 as a whole was sunny, warm and dry (Table 3). In 

this season, soil water content of the natural rainfall control (Fig. 6a) underscored 
the value of 0.10 g g-1 much earlier than in 1983 (Fig. 6c), as the spring of 1983 
was extremely wet (Table 3). In contrast, the summer of 1983 was very dry. In 1984 
a second peak in control soil water content in July was recorded after a rainy period 
(Fig. 6e). The growing season of 1984 was dark, cold and slightly dry (Table 3). Seed 
yield of 1984 control was high, due to those moderate conditions; yield of the 1983 
control was intermediate due to water shortage after flowering and yield of 1982 was 
low due to dry conditions during the whole growing season. 

These weather conditions also interfered with the other treatments. Notwithstand-
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e) SEED YIELD (86% dm.) f) AVERAGE RANGE 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1234 5 1234 5 

g) TOTAL YIELD h) AVERAGE RANGE 

1234 5 1234 5 1234 5 1234 5 1234 5 

1982 1982 1983 1983 1984 

SAND(N) CLAY(N) SANDY LOAM(GB) SAND(N) SAND(N) 

Fig. 5. Continued. 

1234 5 1234 5 

AVERAGE RANGE 

ing the polythene sheeting, water shortage (in d-i treatments, but also in d-d) during 
flowering was realized earlier in 1982 than in 1984 and was absent in 1983 (Fig. 6b, 
d, f). For that reason, differences in plant length and harvest index were expressed 
more clearly in the 1982 experiments. 

In the treatments with planned water shortage after flowering (i-d), soil water 
content underscored the value of 0.10 g g- ' at about 18 days after the end of 
flowering (Fig. 6b, d, f)- This explains why the treatment effect of water shortage 
after end of flowering on seed yield was clear in all experiments. However, this ef
fect was smaller in 1984, as the cool and dark 1984 season moderated the water 
shortage, even in the d-d treatments. 
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