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Marcelis, L.F.M., 1994. Fruit growth and dry matter partitioning in cucumber. Dissertation 
Wageningen Agricultural University, Wageningen, The Netherlands. 173pp; English and Dutch 
summaries. 

In this thesis, dry matter partitioning into different plant parts of generative cucumber plants was 
quantitatively studied as a dynamic process in terms of an internal competition among organs for 
assimilates in relation to external factors, such as the greenhouse climate and cultural practices. 
As the fruits represent the major sink organs and as they are of economic interest, special 
attention was paid to the growth and development of the individual fruits. 

During a growing season the fraction of dry matter partitioned into the fruits changed 
cyclically between 40 and 90%. Dry matter partitioning appeared to be primarily regulated by the 
sinks (fruits). Source strength influenced the number of fruits on a plant and, therefore, indirectly 
influenced the dry matter partitioning, although after a lag phase. No feed-back effect of the 
number of fruits per plant on source strength (leaf photosynthesis) was observed, unless all fruits 
were removed for a prolonged period. 

The growth rate of an individual fruit, but not its development, was strongly dependent of the 
assimilate supply. Fruit development appeared to be closely related to the temperature sum. The 
growth rate increased with increasing temperature, but the effect on final fruit weight depended 
on the level of assimilate supply. Irradiance affected growth of individual fruits via effects on 
assimilate supply, but had no photomorphogenetic effect. During fruit ontogeny, cells expanded 
continuously, but cell division was restricted to the first part of the growing period. Although 
usually the size of the cucumber fruit positively correlated with the number of cells, cell number 
was not an important determinant of fruit size. 

Fruit photosynthesis contributed only to a small extent (1-5%) to the cumulative carbon 
requirement of a fruit. Thirteen to 15% of the cumulative carbon requirement of a fruit was 
respired. The respiratory losses as a fraction of the carbon requirement of a fruit changed during 
fruit ontogeny, but were independent of temperature and were similar for slow and fast growing 
fruits. 

A dynamic model was developed for the simulation of the daily dry matter partitioning. In the 
model dry matter partitioning was simulated as a function of sink strengths of the plant organs, 
where sink strength of an organ was described by its potential growth rate. Model results agreed 
well with the measured data. 

Key words: assimilate supply, cell division, cell expansion, cucumber, Cucumis sativus, 
development, dry matter distribution, fruit growth, fruit photosynthesis, fruit respiration, 
functional equilibrium, irradiance, leaf photosynthesis, light, partitioning, root-shoot ratio, sink-
source, simulation model, temperature, vegetative-generative growth. 
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and when he ceases to do so, 
he is no longer man. 
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1. General introduction 

Cucumber is one of the main glasshouse crops 
in the Netherlands. In 1993 the production 
value was 480 million Dutch guilders (Ano­
nymous 1994). About 85% of the cucumbers 
are exported, mainly to Germany (Anonymous 
1993a). 

In the Netherlands usually varieties with 
parthenocarpic fruits are grown on artificial 
substrate in glasshouses. Fruits are harvested 
from January until November for fresh market 
consumption. These fruits are produced by 
one crop or by two or three subsequent crops 
per year. Initially all side shoots are removed 
from the plant; the resulting main stem is 
usually topped at a height of about 2 m 
(depending on the height of the glasshouse). 
After topping the main stem, the two or three 
uppermost side shoots are retained. Branching 
of the side shoots is not restricted manually. 
Fruits are formed in the axils of the leaves 
(except for the few lowermost axils). Growers 
remove part of the fruits on the main stem. 

In modern glasshouses a yield of up to 
about 65 kg cucumbers per square meter is 
obtained (Anonymous 1993b). The yield per 
square meter of greenhouse vegetables, in­
cluding cucumber, has increased between 
1980 and 1992 by more than 80% (Van der 
Velden & Van der Sluis 1993). This increase 
is the result of improved cultivation tech­
niques, such as the introduction of artificial 
substrate, greenhouses with higher light 
transmissivity, climate control by computers, 
varieties with a higher productivity and ex­
tension of the growing season. A better un­
derstanding of the crop production system is 

essential for further improvement of not only 
crop production but also product quality, with 
a minimal energy input and no or a minimal 
pollution of the environment. 

Crop production is the result of a complex 
system of interacting processes with both 
short term and long term responses (Fig. 1). 
Photosynthesis is often considered as the 
driving force for crop production. The assimi­
lates, produced by photosynthesis, can be 
stored or partitioned among the different plant 
organs. Plant growth and development is not 
only a function of the production and parti­
tioning of assimilates or dry matter (left side 
of Fig. 1), but also of the plant water relations 
(right side of Fig. 1). Water and carbon (dry 
matter) relations interact with each other, for 
example via leaf temperature, stomatal con­
ductance, relative water content of the plant 
(ratio of actual to maximum water content) 
and leaf area. A simulation model is a useful 
tool to investigate and/or to describe a com­
plex system such as a crop production system. 
Detailed models of photosynthesis and dry 
matter production of greenhouse crops are 
available (e.g. Gijzen 1992; Bertin & Heuve-
link 1993). The partitioning of the dry matter 
among the different plant organs is one of the 
weak features of crop growth models, because 
of a lack of quantitative data and lack of 
knowledge of the physiological mechanisms 
(France & Thornley 1984; Challa 1985; De 
Wit & Penning De Vries 1985; Evans 1990). 
Water relations of greenhouse crops have 
been analysed and modelled by several authors 
(e.g. Stanghellini 1987; Marcelis 1989; Bak-
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FIG. 1. A simplified relational diagram of crop production for an indeterminately growing crop, such as 
cucumber. 

ker 1991; Van de Sanden & Veen 1992; Gij-
zen 1994). However, despite the many studies 
on dry matter production and the many stud­
ies on water relations, and the correlation be­
tween fresh and dry matter production, there 
is still little information on the variation in 
dry-matter percentage of organs such as 
fruits. 

Dry matter partitioning as a determi­
nant of crop production 

The yield of a crop is largely determined by 
the accumulation of biomass (fresh matter) of 
the harvestable organs. An increase in the 
biomass partitioned into these organs propor­

tionately enhances the yield provided that the 
total plant growth rate is not altered. In fruit 
vegetables such as cucumber not only the 
biomass partitioned into all fruits together is 
important but also the partitioning among in­
dividual fruits because this affects theu num­
ber and quality parameters such as fruit 
weight. 

Dry matter partitioning into different parts 
of a plant is clearly of great importance in 
crop production. Improvement of crop yield 
by plant breeding has resulted from improved 
dry matter partitioning rather than improved 
dry matter production (Gifford et al. 1984; 
Daie 1985). 

For rapid growth of small (young) plants 
an increase in leaf area is important, because a 
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large fraction of the light is not intercepted. 
Therefore, in these plants a great part of the 
assimilates should be invested in leaf area 
formation. In plants which grow determi-
nately, after an initial period the harvestable 
organs are initiated and subsequently, the dis­
tribution to these organs increases until the 
organs are harvested all in a single harvest 
(e.g. radish, chrysanthemum, wheat, sugar 
beet). In these determinately growing plants, 
except for the initial period, cultural practices, 
cultivar selection and climate control should 
aim at a maximum proportion of assimilates 
diverted to the harvestable organs. Crops of 
fruit vegetables such as cucumber, tomato, 
sweet pepper and eggplant are characterized 
by indeterminate growth. After a short initial 
phase of only vegetative growth, fruits are in­
itiated and harvested continuously over an ex­
tended period, while growth of other plant 
parts also continues. The fruits compete with 
each other and with the vegetative plant parts 
for the assimilates available. When too low a 
fraction of the assimilates is invested into new 
fruits (which are the major sink organs), the 
sink:source ratio will decrease after harvest of 
the old fruits, which may lead to a reduction 
in leaf photosynthesis (Neales & Incoll 1968; 
Geiger 1976; Guinn & Mauney 1980; Gifford 
& Evans 1981). A grower desires a maximal 
proportion of assimilates to be distributed to 
the harvestable organs (fruits). However, 
there are limits to the fraction of assimilates 
that can be diverted to the harvestable organs. 
A plant should invest sufficient assimilates in 
other plant parts to realize and maintain a high 
production capacity. The balance between as­
similates for different plant parts is clearly of 
great importance for optimal crop production 
and product quality. However, this balance is 
often not optimal in generative glasshouse 
crops, such as cucumber, tomato and sweet 

pepper, resulting in (periods of) too low a 
fraction of dry matter partitioned into the har­
vestable organs, too low a production capac­
ity or too low a fruit quality (e.g. too small 
fruits). The undesirable large variation in dry 
matter partitioning that occurs during one 
growing season may result in fluctuations of 
labour requirement and product price and, as 
suggested by Liebig (1978), in a reduced fruit 
production. Consequently, the balance be­
tween the assimilates for different plant parts 
is often subject of growers dispute. 

Regulation of dry matter partitioning 

Quantitative data on dry matter partitioning 
during the generative stage of crops, such as 
cucumber, are scarce and the mechanism by 
which the assimilates are distributed is still 
only poorly understood. Several theories have 
been put forward to explain the mechanism by 
which dry matter is distributed among plant 
organs, but no unequivocal theory is available 
at present (Gifford & Evans 1981; Wols-
winkel 1985; Farrar 1988, 1992; Patrick 1988; 
Wardlaw 1990). 

The dry matter partitioning among plant 
organs is often described as only a function of 
the developmental stage of the crop (e.g. 
Penning de Vries & Van Laar 1982). 
However, this description is entirely empirical 
and usually only valid under a limited range of 
growing conditions (Fick et al. 1975; Loomis 
et al. 1979; Wilson 1988). Moreover, it is not 
valid for indeterminately growing crops such 
as cucumber, sweet pepper and tomato, where 
the dry matter partitioning between vegetative 
and generative growth may change dynami­
cally irrespective of the age of the crop (Kato 
& Tanaka 1971; Hall 1977; Liebig 1978; De 
Koning 1989). 
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The dry matter partitioning between root 
and shoot can often be described by a func­
tional equilibrium between root activity (water 
or nutrient uptake) and shoot activity 
(photosynthesis); i.e. the ratio of root to shoot 
mass is proportional to the ratio of shoot to 
root specific activity (Brouwer 1963). 
Although in this way the ratio between shoot 
and root dry weight can often be estimated 
fairly well in vegetative plants, the mechanism 
underlying this equilibrium is quite compli­
cated and not well understood (Brouwer 
1983; Lambers 1983). This equilibrium can 
only be applied to shoot:root ratios and not 
easily to ratios between other plant organs. 
Moreover, it is not clear whether or not in 
generative plants the total shoot or only the 
vegetative part of the shoot is involved in the 
functional equilibrium between shoot and root 
(Hurd et al. 1979; Nielsen & Veierskov 
1988). 

Dry matter partitioning is the end result of 
a co-ordinated set of transport and metabolic 
processes governing the flow of assimilates 
along an array of source-path-sink systems. 
The activities of these processes are not static, 
but may change both diurnally and during 
plant development (Patrick 1988). Assimilates 
are produced by photosynthesis in the source 
organs (mainly leaves). The assimilates can be 
stored or transported from the source to the 
different sink organs via vascular connections 
(phloem). In cucurbits stachyose is the pre­
dominant transport sugar (Webb & Gorham 
1964; Milthorpe & Moorby 1969; Hendrix 
1982), rather than sucrose as in most species 
(Daie 1985). When translocated to the cu­
cumber fruit, stachyose is metabolized in the 
peduncle to sucrose which apparently enters 
the fruit and is further metabolized to glucose 
and fructose (Pharr et al. 1977; Gross & 
Pharr 1982). Amino and organic acids may 

also be important in the translocation of car­
bon in cucumber phloem (Richardson et al. 
1982; 1984). The translocation rate of assimi­
lates in the phloem is often considered to be 
driven by gradients in concentration of solutes 
or of water or turgor potential between the 
source and the sink ends of the phloem (Ho 
1979; Wolswinkel 1985; Lang & Thorpe 
1986; Patrick 1988; Lang & During 1991). 
Utilization and compartmentation of the as­
similates in the sink are important to maintain 
these gradients. 

Although the transport path can affect dry 
matter partitioning, these effects diminish 
readily when sink demand increases (Wareing 
& Patrick 1975; Wardlaw 1990). The trans­
port path seems only to be of minor impor­
tance in regulating the translocation of assimi­
lates (Webb & Gorham 1964; Evans 1975; 
Murakami et al. 1982). Several authors have 
found indications that dry matter partitioning 
among sink organs is primarily regulated by 
the sink strengths of the sinks (Evans 1975; 
Gifford & Evans 1981; Farrar 1988; Ho 1988; 
Verkleij & Challa 1988). Wareing & Patrick 
(1975) and Wolswinkel (1985) defined the 
term sink strength as the competitive ability of 
a sink to attract assimilates. They suggested 
the potential capacity of a sink to accumulate 
assimilates as a measure of sink strength. This 
potential capacity reflects the intrinsic ability 
of the sink to receive or attract assimilates, 
which has also been stressed by Ho (1988) as 
a critical determinant of organ growth. More 
precisely, the sink strength can be measured as 
the potential capacity to import assimilates 
into the phloem of the sink region and to 
transport the imported substances from the 
phloem into the cells of the sink organ 
(Wolswinkel 1985). The potential capacity for 
assimilate accumulation, or potential demand 
for assimilates, of a sink can be quantified by 
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the potential growth rate of a sink, i.e. the 
growth rate under conditions of non-limiting 
assimilate supply. In this view the dry matter 
partitioning into an organ is determined by its 
sink strength relative to the total sink strength 
of all plant organs together. 

Dry matter partitioning can change during 
crop development because the sink strengths 
of the individual sink organs and their number 
may change. The growth potential of a sink 
organ might already be determined during the 
period of cell division in the early develop­
ment of that organ (Ho 1984; Patrick 1988). 
Climatic factors may influence the dry matter 
partitioning in the short term as a result of a 
difference in response of the sink strengths of 
the individual sink organs to external condi­
tions and in the long term also via effects on 
the number of sink organs on a plant. In fruit 
vegetables, the fruits are the major sink organs 
(Marcelis & De Koning 1994); the number of 
these sink organs on a plant depends to a 
great extent on their rates of formation, abor­
tion, growth, development and harvest. 

Hormonal control might also be involved in 
regulating dry matter partitioning. For in­
stance, hormones may affect the sink strength 
of an organ (Kuiper 1993). However, the in­
volvement of hormones in fruit enlargement is 
not clear (Ho 1984) and knowledge is still in­
sufficient to generalize and quantify the hor­
monal control of dry matter partitioning 
(Gifford & Evans 1981; Daie 1985). 

A better understanding of fruit growth and 
dry matter partitioning is necessary to opti­
mize the balance between assimilates for the 
harvestable organs and the rest of the plant of 
crops such as cucumber. This may lead to bet­
ter climate control and cultural practices. It 
can help a grower to predict and to control 
the number and weight of harvestable fruits 

and labour requirements. In addition, quanti­
tative data on dry matter distribution are nec­
essary to simulate crop production accurately. 
A reliable simulation model may not only be 
used as a research tool but also for optimiza­
tion of crop management and control of the 
greenhouse climate in commercial crop pro­
duction. 

Aim of the thesis 

The aim of this study is to obtain a better un­
derstanding of dry matter partitioning among 
the different plant parts in cucumber plants 
during the generative stage. This study at­
tempts to explain dry matter partitioning 
quantitatively as (the result of) a dynamic 
process in terms of an internal competition 
among organs for assimilates in relation to ex­
ternal factors, such as the greenhouse climate 
and cultural practices. 

The variation in dry matter partitioning and 
the main internal and external factors affecting 
dry matter partitioning were studied. 
Partitioning was studied at the whole plant 
level, because regulation that may occur in 
one region of the plant is not isolated from the 
other parts of the plant (Daie 1985) and be­
cause it is more likely that a series of events 
rather than a single limiting event controls 
partitioning (Wardlaw 1990). It was studied 
whether the dry matter partitioning is primar­
ily regulated by the sinks and whether the sink 
strength is quantitatively reflected by the po­
tential growth rate. Special attention was paid 
to growth, development and potential growth 
rate of individual fruits, because the fruits 
represent the major sinks and because they 
are of economic interest. 
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Outline of the thesis 

Figure 2 shows the various steps to address 
the objectives of this study. In Chapter 2 the 
dry matter partitioning between roots, stems, 
petioles, leaves and individual fruits was 
quantified under greenhouse conditions. First 
the dynamics of dry matter partitioning during 
a growing season were investigated. Sub­
sequently it was studied to what extent dry 
matter partitioning is regulated by the sinks 
and to what extent by the source. 

As the number of sinks (fruits) on a plant 

may fluctuate, in Chapter 3 it was studied 
whether or not leaf photosynthesis responds 
to sink demand. In addition, this information 
is needed for a proper interpretation of the 
experiments where the number of fruits on a 
plant was manipulated (Chapters 2, 4). 

Chapter 4 focuses on the growth and de­
velopment of individual fruits. The potential 
growth rate of the cucumber fruit was meas­
ured and its relationship with the competitive 
ability of a fruit to attract assimilates was in­
vestigated. The CO2 exchange rate of cucum­
ber fruits was also measured to estimate the 

GENERAL INTRODUCTION (1) 

QUANTIFICATION OF MAIN FACTORS 
AFFECTING PARTITIONING (2) 

-Dynamic behaviour (2.1.1) 
-Effect of sink (2.1.2,2.2) 
-Effect of source (2.1.2,2.2) 
-Discussion (2,1.4) 

Do the variations 
„ or manipulations 

of fruit load affect 
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<» 
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(3) 

4 
Dry matter partitioning to a great extent 
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•0 
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0 

DETAILED ANALYSIS OF GROWTH AND 
DEVELOPMENT OF INDIVIDUAL FRUITS (4) 
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analysis (4.1) and cell growth (4.2) 
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a model integrating the previous chapters 

GENERAL DISCUSSION (6) 

FIG. 2. Schematic outline of the thesis, with references to the relevant chapters. 
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carbon balance of a fruit. In the General discussion (Chapter 6) the 
In Chapter 5 the results of the previous main factors regulating dry matter partitioning 

chapters are integrated in a dynamic simula- are considered. Relationships between dry 
tion model describing the simulation of the matter partitioning, dry matter production, 
daily dry matter partitioning between the fresh matter production and fruit quality are 
generative and vegetative plant parts and the discussed. Finally, practical consequences of 
partitioning among individual fruits. the results obtained are evaluated. 



2. Growth and dry matter partitioning 

2.1.1. Dry matter partitioning into the fruits: 
The dynamic behaviour 

Marcelis, L.F.M., 1992. The dynamics of growth and dry matter distribution in cucumber. 
Annals of Botany 69: 487-492. 

Abstract. The dynamics of growth and proportional dry matter distribution between the vegeta­
tive parts and fruits of cucumber were studied daily during a growing season. Most of the 
changes in daily integral of total solar radiation were reflected by changes in plant growth rate. 
Sometimes a time lag of a few days occurred, indicating the plants were adapting to radiation. 
The proportional dry matter distribution between fruits and vegetative parts showed a cyclic 
pattern. The daily proportional dry matter distribution to the fruits varied between 40 and 90% 
of the total dry matter. However, the cumulative dry weight of the fruits was fairly constant at 
60% of the cumulative plant dry weight. 
The daily proportional dry matter distribution did not seem to be linked directly to the climate 
conditions (temperature, C0 2 concentration, relative humidity or daily light integral). The pro­
portional distribution to the fruits showed a clear positive correlation with the fruit load (number 
and weight of fruits) on a plant. 
The number of fruits on a plant changed considerably during the growing season. This number 
was limited not by the formation of new fruits but by abortion of fruits within about 10 days after 
flowering. The number of young fruits that did not abort appeared to correlate positively with 
the growth rate of the vegetative parts. 

Introduction by the sinks themselves (Evans 1975; Gifford 
& Evans 1981; Farrar 1988; Ho 1988; 

The economic yield of cucumber and many Verkleij & Challa 1988). Many theories have 
other crops, is determined by the accumula- been put forward to explain the mechanism by 
tion of (fresh) weight of the fruits, the weight which assimilates are distributed among plant 
of individual fruits and fruit quality. The organs, but no unequivocal conclusion is 
growth of the fruits is regulated by the assimi- available at present (Gifford & Evans 1981; 
lates available for plant growth and by the Wolswinkel 1985; Farrar 1988; Patrick 1988; 
proportional distribution of these assimilates Wardlaw 1990). 
among plant organs. In many crops the pattern of proportional 

The proportional distribution of assimilates dry matter distribution correlates strongly 
among sinks seems to be regulated primarily with the developmental stage of the crop 
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(Penning de Vries & Van Laar 1982). In 
cucumber a short vegetative stage (4-10 
weeks) and a long generative stage (up to 9 
months) can be discerned. Liebig (1978) 
found some indications that during the 
generative stage, which comprises most of the 
growing period, the proportional dry matter 
distribution to the fruits changes cyclically 
irrespective of the age of the crop. 

In the history of genetic improvement of 
yield potential of crops, the increase in the al­
location of assimilates to harvested organs has 
been paramount (Gifford et al. 1984). How­
ever, there are limits to the fraction of assimi­
lates that can be diverted to the fruits. When 
too large a proportion of assimilates is dis­
tributed to the fruits, roots stop growing or 
even die (Van der Post 1968; De Stigter 1969; 
Van der Vlugt 1987) which can be counter­
productive. In addition, a plant should invest 
enough assimilates in its leaves to realize and 
maintain a high rate of photosynthesis. 
Obviously, plant breeding, cultural practices 
and greenhouse climate control should aim at 
achieving an optimal balance between assimi­
lates for fruits and vegetative parts. 

A better understanding of the dry matter 
distribution may lead to better climate control, 
pruning techniques and cultural practices. It 
can help a grower to predict the number and 
weight of harvestable fruits and labour re­
quirements. In addition, quantitative data on 
dry matter distribution are necessary to be 
able to accurately simulate crop production. 

This paper outlines the dynamics of growth 
and dry matter distribution between the 
vegetative parts and fruits of cucumber and 
describes the distribution of dry matter among 
individual fruits. Especially, the relation be­
tween the dry matter distribution and the 
number and weight of fruits on a plant is in­
vestigated. 

Materials and methods 

Seeds of cucumber (Cucumis sativus L, cv. 
Corona) were sown on 9 March 1990 in moist 
perlite in the dark at 30°C. After three days 
six seedlings were transferred to an air-con­
ditioned glasshouse and each plant was grown 
individually in a pvc container (9-1 litre) con­
taining an aerated modified Hoagland solution 
(Steiner 1984). The nutrient solution circu­
lated continuously between the containers and 
a reservoir (60 litres per three plants). 

The main stem of the plants was topped 
above the 19th leaf (the length of the stem was 
about 1-75 m). All side shoots were removed 
from the main stem except for the two up­
permost shoots. Branching of the side shoots 
was not restricted. No more than one flower 
was allowed per axil and all flowers were re­
moved from the axils 1, 2, 3, 4, 5, 9, 13 and 
17 of the main stem. It is common practice to 
restrict the number of flowers on the main 
stem to ensure that the first fruits grow large 
enough and that the plants will rapidly form a 
large leaf area and a closed canopy 
(Anonymous 1987). Leaves were removed 
when they were entirely covered by adjacent 
leaves or when they started yellowing. The 
fresh and dry weights of all plant parts re­
moved were recorded; this revealed that 36% 
of the vegetative dry weight was removed 
before the end of the experiment. 

To determine the weights of the plants, the 
circulation and aeration of the nutrient solu­
tion was interrupted each morning for a 
maximum of 10 minutes (except on the few 
days when no measurements were carried 
out). During this period the plant, in its pvc 
container filled with nutrient solution to a 
fixed level, and the frame supporting the plant, 
were weighed on a set of scales. The fresh 
weight of the plant (excluding the roots) was 
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calculated as the total measured weight minus 
the weight of the frame, the pvc container and 
the nutrient solution. As the specific gravity of 
the roots was close to 1 g ml"1 (0-94 g ml-1 as 
measured at the end of the experiment), the 
weight of the roots in the nutrient solution 
was neglected. The resolution of the meas­
urement of the plant fresh weight was 0-2 g. 
Then the length and circumference (mid-way 
along the fruit) of each fruit was measured to 
estimate the fruit fresh weight: 

F = 0-752 LC21 (4TC) (1) 

where 
F = Fresh weight per fruit (g) 
L = Length of the fruit (cm) 
C = Circumference of the fruit (cm) 
correlation coefficient r = 0-998 

The dry weight of a fruit was estimated as: 
D = F (0-7109X10-1- 0-5060xl0-2 t 

+ 01658xl0-3 fl - 0-1633xl0-5 fi 
+ 0-2662xl0-6 tF) (2) 

where 
D = Dry weight per fruit (g) 
t = time after flowering of the fruit 

(days) 
F = Fresh weight per fruit (g) 
correlation coefficient r = 0-983 

If at harvest, the estimated weight of a fruit 
differed from its measured weight, the esti­
mates for that fruit were adjusted according to 
the proportional difference. At harvest, the 
fresh weight of a fruit was weighed and the 
dry matter content was determined by drying 
three sample slices (at a quarter, half and three 
quarters of the fruit length) in an oven at 
100°C for at least two days. The average dry 
matter content of these three slices gave an 
accurate estimate of the dry matter content of 
the total fruit (±0.8%). The dry weight of a 
harvested fruit was calculated from the fruit 
fresh weight and dry matter content. A fruit 
was harvested when its estimated fresh weight 

exceeded 450 g or when the fresh weight in­
crease of fruits older than 10 days from 
flowering was slower than 10 g in three days. 
Fruits or ovaries which aborted (grew less 
than 01 g fresh weight in three days and/or 
became yellow) were also harvested. 

The fresh weight of the above-ground 
vegetative plant parts was estimated by sub­
tracting the estimated fruit fresh weight from 
the measured plant fresh weight. The dry 
weight of the vegetative parts was estimated 
by assuming a constant dry matter content of 
the vegetative parts (0081 ±0-002 g g"1 as 
measured at the end of the experiment). Total 
plant dry weight (excluding the roots) was the 
sum of fruit and vegetative dry weight. The 
data were smoothed by calculating moving 
averages of three days per plant and averaging 
over six plants. 

Temperature, CO2 concentration and total 
solar radiation inside the glasshouse were 
measured every minute by a PT-100 sensor, 
an infra-red gas analyser (BINOS, Ley-
bold-Heraeus, Woerden, The Netherlands) 
and a thermopile (Kipp and Zonen, Delft, The 
Netherlands), respectively. Average daily CO2 
concentration and temperature were fairly 
constant, viz. 365±23 vpm (during day time) 
and 23-2±0-4°C, respectively. The average 
daily humidity was 75±10% as measured by a 
thermohygrometer. 

Results 

Growth rates 
At the beginning of the growing period the 
growth rate of the plants was slow. It in­
creased more or less steadily until about 27 
April (Fig. 1A). This increase may be attrib­
uted largely to the increase in light intercep­
tion by the increasing leaf area. Thereafter, the 
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28-Mar 27-Apr 27-May 26-Jun 

FIG. 1. Time course of A, the plant growth rate (•) and the daily integral of total solar radiation inside the 
glasshouse (O) and of B, the growth rates of fruits (•) and vegetative plant parts (O). 

daily growth rate closely followed the daily 
integral of total solar radiation inside the 
glasshouse. However, the growth rate lagged 
behind the peak in total solar radiation at 
about 25 May. 

Initially the growth rate of the vegetative 
parts increased but when the first fruits started 
to swell it declined (Fig. IB). Neither the 
growth rate of the vegetative parts nor that of 
the fruits was constant. Often a high growth 
rate of the fruits was accompanied by a slow 
growth rate of the vegetative parts and vice 
versa. 

Dry matter distribution 
The daily proportional dry matter distribution 
between fruits and vegetative parts showed a 
cyclic pattern (Fig. 2A). In fruiting plants the 

proportion of the daily total dry matter pro­
duction distributed towards the fruits varied 
from 40 to 90%. During the first month after 
fruit growth started the percentage cumulative 
dry weight of the fruits relative to the cumu­
lative plant dry weight increased strongly but 
thereafter did not change by more than 10% 
(Fig. 2A). The dry and fresh weights of the 
fruits accounted for 60±1 and 79±1%, re­
spectively, of the above-ground weight at the 
end of the experiment, and 67±1 and 84±1%, 
respectively, of the dry and fresh weight pro­
duction between 25 April (date of first harvest 
of fruits) and the end of the experiment. The 
root weight at the end of the experiment was 
only 2-6±01% of the final cumulative plant 
dry weight. 
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FIG. 2. A, Time course of the daily (•) and the cumulative (O) proportional dry matter distribution to the 
fruits. The daily proportional dry matter distribution is the fruit growth rate as a fraction of the total plant 
growth rate. The cumulative proportional dry matter distribution is the cumulative fruit weight as a 
fraction of the cumulative total plant weight. B, C, Time course of the daily proportional dry matter 
distribution to the fruits ( • ) in comparison with the time course of number (B; O) and total weight (C; O) 
of non-aborting fruits on the plants. 

Most decreases and increases in propor­

tional dry matter distribution towards the 

fruits were preceded by a few days by de­

creases and increases in number of fruits 

growing on the plants (Fig. 2B). The propor­

tional dry matter distribution towards the 

fruits correlated very positively with the 

logarithm of fruit weight on the plant (Fig. 

2C). Regression analysis showed a significant 

linear relation between (Y) the proportional 
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FIG. 3. Time course of number of aborting and non-aborting fruits on a plant. The number of 
non-aborting fruits was divided into four age classes [0-5 days (H), 5-10 days (D), 10-15 days ( • ) and 
15 or more days (HD) after flowering] and the number of aborting fruits was divided into two age classes 
[0-5 days (D) and 5 or more days ( g ) after flowering]. Aborting fruits were harvested 3-13 days after 
flowering, and non-aborting fruits were harvested 9-24 days after flowering. 

dry matter distribution and (X) the logarithm 

of fruit weight (Y= -004 + 0-46X; r = 0-91). 

Most of the larger changes in total solar 

radiation seemed to be followed by changes in 

daily proportional dry matter distribution to 

the fruits (compare Figs 1A and 2A). How­

ever, the time lag was not constant; the in­

crease in radiation on 15 May was followed 

about 9 days later by an increase in propor­

tional dry matter distribution, while on 12 

June both increased simultaneously. 

Fruit number 

The plants continually formed new fruits 

which were harvested within 9-24 days after 

flowering (Fig. 3). Although new fruits were 

continually being formed the number of fruits 

on the plants changed considerably during a 

growing season. Not all the fruits grew to har-

vestable size; many stopped growing 

(aborted). Fruit abortion often occurred 

within only 5 days after flowering and never 

occurred more than about 10 days after 

flowering (harvested after 13 days). Abortion 

of ovaries also occurred. Until about 15 May 

fruit abortion occurred only occasionally, but 

finally 62% of all fruits aborted. 

The total number of fruits on the plants 

decreased after the first fruits of the side 

shoots had flowered (29 April; Fig. 3). In this 

period only some fruits aborted, but many 

newly formed ovaries had already aborted 

(become yellow and/or dried out) before they 

could flower (6±2 ovaries per plant between 6 

and 17 May), resulting in only a few 

non-aborting fruits. 

The number of young non-aborting fruits 

(number of fruits younger than 5 days from 

flowering which grew on to harvest) appeared 

to be positively correlated with the growth 

rate of the vegetative plant parts (Fig. 4). 

Regression analysis showed a significant linear 

relation between {Y) the number of young 

non-aborting fruits and (X) the vegetative 

growth rate (Y= -0-23 + 0-69X; r = 0-75). 
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FIG. 4. Time course of number of young non-aborting fruits (•; per day the number of fruits between 0 
and 5 days from flowering that grew out to harvestable fruits) in comparison with the time course of the 
growth rate of the vegetative plant parts (O). 

Discussion 

Growth rates 
Most of the variation in plant growth rate 
could be ascribed to changes in the daily in­
tegral of total solar radiation. Sometimes there 
was a time lag of a few days between a 
change in radiation integral and growth rate, 
indicating the plants were adapting to the ra­
diation level. This corroborates the findings of 
Schapendonk & Brouwer (1984). Since in fact 
fresh weight was measured, changes in dry 
matter content could cause errors in the esti­
mated increase in dry weight. Storage or re-
mobilization of assimilates or the transpiration 
rate might influence the dry matter content of 
the plant. The time lag between growth rate 
and radiation integral could also have been 
caused by photosynthesis adapting to radia­
tion. 

Dry matter distribution 
Fruits and vegetative parts competed strongly 
for assimilates. The proportional dry matter 
distribution between fruits and vegetative 
parts showed a cyclic pattern, which corrobo­
rates the conclusions of Liebig (1978). How­

ever, the cycles Liebig (1978) found could 
also have been the result of random fluctua­
tions in the ratio of fruit to total plant dry 
weight in his set of plants, because the cycles 
were in successive intervals of destructive har­
vests. In other greenhouse crops which grow 
indeterminately, such as sweet pepper and 
tomato, the proportional dry matter distribu­
tion between fruits and vegetative parts also 
seems to change cyclically (Kato & Tanaka 
1971; Hall 1977; De Koning 1989). Although 
in the short term (days) the proportional dis­
tribution towards the fruits changed rapidly, in 
the long term (several weeks) this distribution 
was fairly constant. During the generative 
stage the fruits comprised on average 67% of 
the total dry matter produced, which 
demonstrates that they were the strongest 
sinks for assimilates. Over the whole growing 
period this percentage was 60%, which is 
comparable with percentages (varying from 
50 to 64%) reported by Denna (1973), Liebig 
(1978), Ramirez et al. (1988b), Widders & 
Price (1989) and Welter et al. (1990). In short 
term experiments Barrett & Amling (1978) 
and Murakami et al. (1982) found that 80% 
of the assimilates they had labelled with 14C 
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were recovered in the fruits; this value is 
within the range of 40-90% (Fig. 2A). 

The variation in proportional dry matter 
distribution between fruits and vegetative 
parts did not result directly from changes in 
climate conditions. The temperature, CO2 
concentration and relative humidity were fairly 
constant (as described in Materials and 
Methods). The proportional dry matter distri­
bution did not significantly correlate with the 
radiation integral of the same day, as indicated 
also by Liebig (1978). There were some 
indications that a large change in total solar 
radiation induced a change in proportional dry 
matter distribution to the fruits, but the time 
lag was variable. Moreover, in another ex­
periment in which the daily radiation integral 
was much less variable than in this experi­
ment, we also measured a strong fluctuation 
in proportional dry matter distribution (data 
not shown). From these results it is concluded 
that total solar radiation can influence dry 
matter distribution, but that it is not the 
predominant cause of the cyclic behaviour of 
the proportional dry matter distribution. 

The proportional dry matter distribution to 
the fruits correlated closely with the fruit load 
on a plant. The reason for the close positive 
correlation with the fruit number is that each 
fruit represents a sink for assimilates. The time 
lag between fruit number and proportional dry 
matter distribution can be explained by the in­
crease in potential capacity of a sink organ to 
accumulate assimilates (sink strength) as 
young fruits mature (Marcelis et al. 1989). 
The weight of fruits on a plant was closely 
correlated with the proportional dry matter 
distribution, because the sink strength and 
weight of a fruit simultaneously increase as 
fruits mature. Obviously, the proportional dry 
matter distribution towards the fruits 
increased because the weight of fruits on a 

plant increased, but the fruit weight also in­
creased because more dry matter was 
distributed towards the fruits (unless fruits 
were harvested). 

Fruit number 
The number of fruits growing on a plant 
changed considerably during the growing sea­
son. Although young fruits (flowers) were not 
formed at a constant rate, this rate seemed not 
to limit the number of fruits growing on a 
plant. Only 38% of all newly formed fruits 
grew out to harvestable fruits. Drews (1979) 
reported an even lower value of only 30%. De 
Lint & Heij (1982) measured a much higher 
percentage of about 75%, but they considered 
only fruits on the main stem. The number of 
fruits growing on a plant depended primarily 
on how many fruits did not abort shortly after 
flowering. Fruits that aborted did so within 
about 10 days after flowering; this agrees with 
results obtained by Schapendonk & Brouwer 
(1984). The number of young fruits that did 
not abort correlated positively with the 
growth rate of the vegetative parts, because 
probably they both largely depend on the total 
plant growth rate and the competition from 
older fruits. Initially only a few fruits aborted, 
because the number of fruits on the main 
stem, but not on the side shoots, was 
restricted by fruit thinning; a practice common 
in commercial cucumber cultivation (Anony­
mous 1987). In other experiments we found 
that when fewer fruits on the main stem were 
removed or when the daily radiation integrals 
were lower many fruits on the main stem also 
aborted in the first part of the growing season 
(data not shown). Whether or not a cucumber 
fruit aborts, seems to be determined by the 
availability of assimilates until about 10 days 
after flowering. In other species fruit abortion 
also seems to be determined by the availability 
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of assimilates during the early stages of fruit fruit load soon increases and therefore the 
development (Kinet 1977; Wardlaw 1990). proportional dry matter distribution to the 
However, Schapendonk & Brouwer (1984) fruits increases too. At the same time, fewer 
had some indications that fruit abortion was assimilates are available for hew fruits and 
not solely due to assimilate shortage, but also therefore many of them abort. After a while, 
to the dominance of competing fruits. therefore, the fruit load and the proportional 

When many assimilates are available be- dry matter distribution to the fruits will be 
cause of a high level of radiation or low fruit low. Then this cycle of fruit load and dry 
load on the plant, many young fruits start matter distribution can start again, 
growing and do not abort. As a result, the 
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2.1.2. Dry matter partitioning into the fruits: 
Effect of fruit load and temperature 

Marcelis, L.F.M., 1993. Fruit growth and biomass allocation to the fruits in cucumber. 1. 
Effect of fruit load and temperature. Scientia Horticulturae 54:107-121. 

Abstract. Cucumber plants were grown at 18°C or 25°C and with four intensities of fruit 
removal to analyse the effects of temperature and the number and weight of fruits on fruit 
growth and biomass allocation to the fruits. Increasing the number of fruits per plant increased 
the total fruit growth at the expense of the vegetative growth. The daily biomass allocation to 
the fruits showed a saturation type relationship with the total fruit weight on a plant. With the 
same number or weight of fruits on a plant, the biomass allocation to the fruits was greater at 25 
than at 18CC. When the number of fruits on a plant was not manually restricted, temperature had 
only a slight effect on the biomass allocation because there were less fruits on a plant at 25 than 
at 18°C. With increasing number of fruits per plant or decreasing temperature the growth rate of 
the individual fruits decreased, resulting in an increase in the growing period from anthesis until 
harvest of the individual fruits. The dry-matter percentage of the fruits decreased with increasing 
number of fruits on a plant and with increasing temperature. The fruit fresh weight production 
increased with increasing temperature, but fruit dry weight production was hardly affected. 

Introduction 

The biomass allocation to the fruits strongly 
affects the total fruit production, the weight of 
the individual fruits and the quality of the 
fruits, which are important determinants of the 
economic yield of crops such as cucumber. In 
cucumber, the fruits comprise about 60% of 
the total dry matter produced and thus are the 
major sinks for assimilates (Chapter 2.1.1). It 
is generally agreed that the distribution of as­
similates among sinks is primarily regulated by 
the sinks themselves (Gifford & Evans 1981; 
Farrar 1988; Ho 1988). Assuming the biomass 
allocation to be regulated by the sinks, 
tentative simulation models have been 
developed in which the biomass allocation is 
determined by sink strengths of individual 
fruits (Schapendonk & Brouwer 1984; 
Marcelis et al. 1989). When the dynamics of 

growth and dry matter distribution between 
the fruits and vegetative parts of cucumber 
were measured during a growing season, we 
found some indications that the dry matter 
distribution to the fruits correlated with the 
number and weight of fruits on a plant 
(Chapter 2.1.1). 

Temperature often has a strong effect on 
plant growth and development. In cucumber 
the earliness of fruit production increases with 
increasing temperature, but total fruit pro­
duction decreases (Drews et al. 1977; Liebig 
1981). Temperature affects the formation rate 
of organs (Challa & Van de Vooren 1980) 
and the growth and development of individual 
organs (Tazuke & Sakiyama 1986). Thus tem­
perature could have a strong influence on the 
demand for assimilates (sink strength) by the 
growing organs and therefore on the biomass 
allocation. Effects of temperature on the 
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biomass allocation in cucumber have so far 
received little attention. 

The objective of this study was to analyse 
to what extent the biomass allocation to the 
sinks is determined by the sinks themselves. 
As fruits are the major sinks for assimilates, 
this study focused on the growth of individual 
fruits and the biomass allocation to the fruits. 
Plants were grown at different levels of fruit 
removal and different temperatures over an 
extended period (2-3 months). In addition, to 
study whether the response of plants to tem­
perature is the same in acclimatized and non-
acclimatized plants, the effects of temperature 
over a four-day period were investigated. 

The average climate data are shown in Table 
1. 

The fresh and dry weights (after drying at 
100°C for 48 h) of all plant parts harvested 
were measured. However, the dry weights of 
the fruits were calculated from the fruit fresh 
weight and dry-matter percentage (% of fresh 
weight). The dry-matter percentage of a fruit 
was the average of the dry-matter percentage 
of three sample slices (at a quarter, half and 
three-quarters of the fruit length); the total 
sample fresh weight was at least 10% of the 
total fruit fresh weight. The data were ana­
lysed by analysis of variance and least signifi­
cant differences were calculated according to 
Student's t-test. 

Materials and methods 

Two experiments were carried out to assess 
the effects of fruit load and temperature over 
an extended period and three additional ex­
periments investigated the effects of tempera­
ture during a four-day period on fruit growth 
and biomass allocation. The following de­
scription applies to all experiments. 

Seeds of cucumber {Cucumis sativus L. cv. 
Corona) were germinated in moist perlite in 
the dark at 30°C. After three days, seedlings 
were transferred to an aerated modified 
Hoagland solution (Steiner 1984) in an air-
conditioned glasshouse. Temperature and 
total solar radiation inside the glasshouse 
(above the canopy) were measured every 
minute by a shielded PT-100 sensor and a 
thermopile (Kipp and Zonen, Delft, 
Netherlands), respectively. The daily average 
relative humidity was 75±10% (mean ± SE) as 
measured by a thermohygrometer. In 
Experiments 3 and 4, high pressure sodium 
lamps (Philips SON-T 400W) provided 
supplementary light from 8.00 until 20.00 h. 

Experiments 1 and 2: Effects of fruit load and 
temperature over an extended period on 
growth and biomass allocation 
Seeds were sown on 28 March 1989 
(Experiment 1) and 14 July 1989 (Experiment 
2). After 14 days plants were grown at an av­
erage temperature of 18 or 25 °C (temperature 
during the day was 4-5 °C higher than during 
the night). Four intensities of fruit removal 
were examined: one fruit remaining per leaf 
axil; one fruit remaining per three leaf axils; 
one fruit remaining per six leaf axils; all fruits 
removed. The fruit number was imposed by 
removing the ovaries daily. In all treatments 
no fruits were allowed to grow in the five 
lowermost leaf axils. The main stem of the 
plants was topped at a height of approximately 
1.75 m. In the 18°C treatment the number of 
leaves on the main stem was 22 in Experiment 
1 and 23 in Experiment 2; the equivalent fig­
ures in the 25 °C treatment were 19 and 21. 
All but the two uppermost side shoots of the 
main stem were removed. The side shoots of 
the two shoots retained were also removed. 
Leaves were removed when they were entirely 

20 



Effect of fruit load and temperature on partitioning 

I 
I 
o 

•c 
% 

% 

•S 8 

'•s a 
ca a 
- u 
a> ^ 

• S M 

.a-3 
•s i 

o -g 
o 3 
D< CA 

ai 
tu 
•S u 

Ci* J3 
B 
3 
U 
to 

ta 

c 

g 
•c, 8, >< . s 
1) 60 

s tu 
es -S 

t4-H tU 
O T3 

T3 C 
tu . 2 
S ta 

11 
° ä 
S o 
ca c« 

a§ 

ta 

IS. 
H 2 

-C 
bl 

•c 
3 
Q 

•M*3 

s -

2 

« 

•8 
•n 
tu a 

3S 

I 
la 

tu -a 

tu c 

3 S 

e 
•c 
8. 
X 

U 

g — —' 
•tt 00 —• O f l O N 

vo vp *o vq 
Ó • - tri <N 

r~ t~ r~ r~ 
es es es es 

vo • * >o 
r^ r^ f^ 

© \o o es 
\D\D\0\D 
© « u-i es 

u-> u-j m TJ-
t~ r̂  t> t~ 

o O Tt m 
vq oo es u-l 
ö ö \b es 

© en vq en 
es es es' es' 
es es (N es 

— es S 

es es © -H 

tu 

21 

file:///D/D/0/D


Chapter 2.1.2 

shaded by adjacent leaves or when they 
started yellowing (5-7% of the final leaf dry 
weight was removed before the end of the 
experiments). A fruit was harvested when its 
estimated fresh weight exceeded 400-450 g or 
when its fresh weight increase was estimated 
to be less than 0.1 g in three days for fruits 
younger than 10 days, or less than 10 g in 
three days for fruits older than 10 days. The 
estimated fresh weights of the fruits on the 
plant were calculated from measurements of 
length and circumference, as described else­
where (Chapter 4.1). 

All plants in the same temperature treat­
ment were harvested when they had produced 
on average about 60 leaves (95 days after 
sowing at 18°C and 68 days at 25°C). At the 
end of the experiments cumulative weights 
including all previous harvests were calcu­
lated. 

The treatments were arranged in a split-
plot design with temperature at the whole-plot 
level and number of fruits at the sub-plot 
level. The experiment was repeated in two 
consecutive periods. In Experiment 1 the low 
and the high temperature were randomized 
over two identical glasshouse compartments. 
In Experiment 2 the assignment of the low 
and high temperature to the compartments 
was changed. In each compartment plants 
were grown in three rows (2 m length) of four 
plants. Each row represented a block. Per 
block each plant had another sub-plot treat­
ment (number of fruits). 

In Experiment 1, at both temperatures the 
total plant weight (excluding the roots) and 
number and weight of the fruits of three addi­
tional plants (with one fruit remaining per leaf 
axil) were measured daily to analyse the daily 
biomass allocation to the fruits, according to 
the non-destructive method described else­
where (Chapter 2.1.1). 

Experiments 3, 4 and 5: Effects of tempera­
ture over a four-day period on growth and 
biomass allocation 
Seeds were sown on 17 November 1989 
(Experiment 3), 9 January 1990 (Experiment 
4) and 19 April 1991 (Experiment 5). The 
main stem of the plants was topped above the 
12th leaf (36 days after sowing). All but the 
two uppermost side shoots of the main stem 
were removed. The side shoots of the two 
shoots retained were also removed. Only three 
fruits per plant were allowed to grow (in leaf 
axil 6, 8 and 10). On average the fruits in axil 
6, 8 and 10 started flowering at 38+1 d, 
40±1 d and 42±1 d after sowing (means ± SE), 
respectively. Up to 48 days after sowing the 
plants were grown at a constant temperature 
of 22°C and then the treatments were initiated 
by changing the temperature to 17°C or 27°C. 
Within each temperature treatment, three dif­
ferent irradiance levels were applied during 
the treatment period by shading the plants 
over the tops and along the sides with none, a 
single or a double layer of cheese cloth 
(transmittance 100, 50 and 30%, respec­
tively). In each experiment 12 plants were 
harvested at the start of the treatments; the 
leaf area was 1.16±0.17 m2 per plant, the dry 
weight of the above-ground vegetative plant 
parts was 51.8±5.5 g per plant and that of the 
fruits was 10.1+2.8 g per plant (means + SE). 
Four days later all remaining plants were har­
vested. Plant and fruit growth were calculated 
as the difference in weights of plants har­
vested before and after the treatment period of 
four days. As the effects of temperature on 
growth and biomass allocation showed similar 
trends at all three irradiance levels (no signifi­
cant interaction at the 5% level) and in all 
three experiments, the results were averaged 
over the three irradiance levels and experi-
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merits. The effects of irradiance level will be 
described elsewhere (Chapter 2.1.3). 

The treatments were arranged in a split-
plot design with temperature at the whole-plot 
level and irradiance at the sub-plot level. 
Within each whole plot the irradiance treat­
ments were arranged as a balanced incomplete 
block design. The experiment was repeated in 
three consecutive periods. In each experiment 
the low and the high temperature treatment 
were randomized over two identical glass­
house compartments. In each compartment 
plants were grown in three rows (2.3 m 
length) of six plants until start of the 
treatments and during the treatment period 
four plants were grown per row. Each row 
represented a block, which was divided into 
two sub-blocks consisting of two plants each. 
Plants in a sub-block had the same irradiance 
treatment. 

Results 

Plant growth and biomass allocation 
Increasing the temperature from 18 to 25 °C 
during an extended period hastened anthesis 
of the first flowers from 46 to 35 days after 
sowing and the harvest of the first fruit from 
66 to 46 days after sowing. Although plants at 
both temperatures were harvested when they 
had approximately the same number of leaves 
(56 leaves per plant at 18°C and 63 leaves per 
plant at 25°C), plants (both vegetative and 
generative parts) at 18°C were much larger 
than those at 25°C (Table 2). At 18°C the 
growing period from sowing until the forma­
tion of the 60th leaf was considerably longer 
than at 25°C (95 days at 18°C and 68 days at 
25°C). 

The number of fruits per plant did not 
affect the total plant dry weight production 

(Table 2). However, plant fresh weight 
increased greatly with an increase in the 
number of fruits. Increasing the number of 
fruits per plant strongly enhanced the biomass 
(fresh and dry weight) allocation to the fruits 
at the expense of the vegetative organs. 

Daily non-destructive measurements of to­
tal plant (excluding the roots) and fruit 
growth revealed a saturation type relationship 
between the daily dry matter distribution 
towards the fruits and the fruit load expressed 
as the total dry weight of fruits on a plant 
(Fig. 1A). A Michaelis-Menten function fitted 
this relationship (Fig. 1 A). When the fruit load 
was expressed as the number of fruits on a 
plant instead of fruit weight, the relationship 
with dry matter distribution was less clear but 
a positive relationship was still found between 
the dry matter distribution to the fruits and the 
fruit load (Fig. IB). 

When plants were grown over an extended 
period at 18 or 25 °C the distribution of 
biomass (fresh and dry weight) to the fruits 
was highest at 25 °C (Table 2). The tempera­
ture effect was most pronounced when the 
number of fruits retained on the plant was lim­
ited. The daily dry matter distribution as a 
function of the fruit load on the plant was also 
greater at 25 than at 18°C (Fig. 1), but when 
one fruit was left on each leaf axil the average 
number of fruits growing at the same time on 
a plant was lower at 25 than at 18°C (Table 
2). In plants of identical size and with a fixed 
number of three fruits per plant, the dry 
matter distribution (Table 3) after a change in 
temperature over only four days from 22°C to 
27°C or from 22°C to 17°C agreed fairly well 
with values expected from the Michaelis-
Menten relationship between dry matter dis­
tribution and fruit load, established in the ex­
periments where plants were grown over an 
extended period at a low or high temperature. 
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