
635.64:531.IO35/.035 
58l.l.035/.036:635.64 

MEDEDELINGEN VAN DE LANDBOUWHOGESCHOOL TE WAGENINGEN/NEDERLAND 

55 (4) 175-224 (1955) 

TEMPERATURE, 
LIGHT AND THE TOMATO 

TEMPERATUUR, LICHT EN DE TOMAAT 

by 

K. VERKERK 
Publicatie No 138 van het Laboratorium voor Tuinbouwplantenteelt, 

Landbouwhogeschool, Wageningen 

(Received j Ontvangen 17.8.55) 

CONTENTS 

CHAPTER I. Introduction 176 

CHAPTER II. Experimental 177 
1. Introduction 177 

1.1. Experiments carried out in-Pasadena 178 
1.2. Experiments carried out in Wageningen 178 

2. Temperature 178 
2.1. Introduction 178 
2.2. Accidental discoveries 179 
2.3. In greenhouses 181 

2.3.1. Night temperatures from March till July 181 
2.3.2. Day and night temperatures from June till November 183 
2.3.3. Day and night temperatures from November till February 192 

2.4. In artificially lighted rooms 194 
2.4.1. introduction 194 
2.4.2. Night temperature 194 
2.4.3. Day temperature 195 

3. Light 196 
3.1. Introduction 196 
3.2. Differences in light energy 197 

3.2.1. Introduction 197 
3.2.2. Reduced light intensity 197 
3.2.3. Variation in day length 198 

3.3. Plant growth with extra artificial light during winter 200 
3.3.1. Young plants 200 
3.3.2. Older plants 202 

4. Temperature and light 205 
4.1. Introduction 205 
4.2. In artificial-light rooms 205 
4.3. In greenhouses during winter months 205 

CHAPTER III. General discussion 207 
1. Introduction 207 
2. Growth 208 

2.1. Vegetative growth 208 
2.2. Generative growth 208 
2.3. Carbohydrates 209 
2.4. Balance between vegetative and generative growth 209 

[ 1 ] 

OL' ?>I2-o 



176 

3. Growth and photosynthesis 210 
3.1. Introduction 210 
3.2. Extra light in winter 210 
3.3. Vegetative growth 210 
3.4. Generative growth 211 
3.5. Carbohydrates 211 
3.6. Balance between vegetative and generative growth 212 

4. Growth and respiration " 212 
4.1. Introduction 212 
4.2. Vegetative growth 212 
4.3. Generative growth 213 
4.4. Carbohydrates 213 
4.5. Balance between vegetative and generative growth . . . . 2 1 3 

5. Growth and transport of carbohydrates 213 
6. Growth, photosynthesis and respiration 214 
7. Growth, photosynthesis and transport of carbohydrates 215 
8. Growth, respiration and transport of carbohydrates 215 
9. Growth, photosynthesis, respiration and transport of carbohydrates 216 

10. Additional remarks 218 

SUMMARY 219 

SAMENVATTING : Temperatuur, licht en de tomaat 220 

REFERENCES 221 

CHAPTER I 

I N T R O D U C T I O N 

The economic importance of the tomato for the Netherlands is growing every 
year as may be illustrated by table 1 (88). 

TABLE 1 
Supply of tomatoes brought to the auctions in weight and in value during the years 1949-1953 

Year 

1949 
1950 
1951 
1952 
1953 

Weight in 1000 kg 

69428 
75062 
82529 
91180 
97532 

Value in 1000 guilders 

33585 
33653 
49157 
51960 
56996 

The export of the Dutch tomato makes up about 25 % of the export of all 
vegetables. Nearly half of the yield is exported to England and Germany. This 
importance justifies the large amount of research work done on this crop. 

Growth is an increase of size and of weight. Man is interested especially in 
growth of those parts of the plants he wants to use. From the tomato plants the 
fruits are wanted. These fruits are the parts of the plants containing the seeds 
which represent the next generation and as such they are more or less the final 
products of the plant. This means that a good fruit crop cannot be expected if 
there has not been a reasonable vegetative growth. Only then the plant can 
produce an appreciable number of fruits. 
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If the influence of certain factors on the yield has to be studied it is necessary 
to study the influence of these factors both on vegetative and on generative 
growth. 

In the Netherlands most tomato varieties are grown on one stem. The axil 
shoots are pinched off. After developing 5-12 leaves a terminal cluster is initiated. 
The axil bud of the leaf under the cluster, however, will form a new stem and 
the terminal habit of the cluster is no longer apparent. After 3-5 leaves are 
formed by the new stem another cluster is initiated and so on. So there is a 
constant growth of leaves as well as clusters at the same time. Usually the top 
of the plant is pinched off a few leaves above the 5th-7th cluster. 

In the tomato the whole growth cycle of the plant from seed to seed has to be 
completed to get the yield. In this respect the tomato corresponds closely with 
peas, beans, cucumbers and melons. They all have relatively little reserve material 
in the vegetative parts ; from all, the fruits are used. These crops show a con­
tinuous vegetative growth which after some time is connected with a continuous 
generative growth. The yield will be spread over a relatively long time, and a 
harvest every few days will be necessary. There is not much difference between 
the culture as a vegetable crop or as a seed crop. 

On the other hand are the crops from which the leaves, bulbs, tubers or roots 
are used. Here only vegetative growth is wanted to produce the marketable 
part of the plant as a vegetable crop. In most cases the harvest falls in a relatively 
short period. These crops have another type of development. Their growth can 
be divided into a pronounced vegetative phase and a generative phase. Without 
a smaller or larger change in environment the vegetative phase will not change 
into the generative phase. Hence, there is a big difference between the culture 
for a vegetative crop and for a seed crop. 

The tomato plant, not having much reserve material in the vegetative parts, 
has the disadvantage or perhaps advantage that it will react as a result of changing 
environmental factors rather quickly. 

As a self-fertilizer it has the advantage that all the plants of a variety tend to 
be genetically the same(iso-homozygotic). Differences among plants of the same 
variety can be found only if the environments are different. For this reason the 
amount of plants per treatment necessary to study the influence of a certain 
factor can be relatively small. 

The influence of temperature and light on the tomato has been studied by the 
writer. In the experimental part the influence of temperature will be treated first 
because in efforts to get an artificial climate to grow plants, temperature was 
controlled first. Next the influence of light will be discussed, followed by a 
treatment with both factors in their mutual relationship. In the general discussion 
the experimental results will be compared with data from the literature. 

CHAPTER II 

EXPERIMENTAL 

1. INTRODUCTION 

The experiments on the influence of temperature and light on tomato plants 
can be divided into two groups: those done in the Earhart Plant Research 
Laboratory of the California Institute of Technology in Pasadena, California 
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(94) and those done at the Horticultural Laboratory, Agricultural University in 
Wageningen, the Netherlands. 

1.1. Experiments carried out in Pasadena 
In the greenhouses and the artificially lighted rooms of the Earhart Plant 

Research Laboratory temperature can be kept constant. Different temperatures 
are maintained in different rooms, so that a whole series of temperatures is pro­
vided and by moving the plants from one compartment to another any com­
bination of these temperatures can be realized. In the artificially lighted rooms 
the light source is Westinghouse fluorescent tubes supplemented by some in­
candescent lamps. 

Naturally space is limited in such a laboratory and consequently in most 
cases the number of plants in one treatment had to be rather small. This, how­
ever, need not to be a disadvantage, because: 

a) the environment could be regulated so well that the variation between the 
plants within a treatment was very small; 

b) in many cases experiments were carried out in which a series of tempera­
tures was used and if a trend was found in such a series it would have a 
certain significance in itself; 

c) most experiments lasted a considerable time and differences between 
treatments usually increased with time. 

A mixture of gravel and vermiculite was used in order to exclude the unknown 
influence of soil. Nutrition and water were given once or, if necessary, twice a 
day by watering with a complete nutrient solution. Plant growth was satisfactory. 

The above description shows that this laboratory is an excellent place to 
examine the influence of temperature and light and their interaction on the 
growth of plants. A disadvantage was that in the greenhouses day temperatures 
were about 6° C higher than night temperatures between 8 A.M. and 4 P.M. 
regardless of the natural day length. The time elapsing between day and night 
temperature was one half to one hour. 

1.2. Experiments carried out in Wageningen 
The plants were grown in the greenhouses in the usual way, pinching out the 

small axil shoots and taking off the top of the plants after 5-7 clusters. It was 
impossible to keep a certain constant temperature in these greenhouses and 
also the light could not be regulated. 

Most of the experiments were laid out in replicated blocks. In most cases the 
easiest way to express the influence of a certain factor was to express its results 
as a percentage of the results with the control. 

Plants were sown and planted in heated greenhouses because outside tem­
peratures were too low to work outdoors or in unheated greenhouses. At that 
time of the year the natural light was very weak. To overcome this, artificial 
illumination was used, giving a light intensity of approximately 4000 lux. 

2. TEMPERATURE 
2.1. Introduction 

The biochemical processes working in nature are, of course, all influenced by 
temperature. Plants, unlike mammals, do not have a constant temperature, but 
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are dependent on the temperature of the environment. We can expect an im­
portant influence of temperature on plants, which results in different types of 
growth at different temperatures or combinations of temperatures. These dif­
ferences in the reaction of the plants, in this case tomato plants, can be of great 
importance for the grower. Research, in an effort to understand and predict 
the reactions of the plant to the environment in so far as temperature is con­
cerned, was carried out in the Earhart Plant Research Laboratory at Pasadena. 

In nature the temperature generally rises slowly after sunrise to a maximum 
and after that gradually drops. In our experiments this could not be done. We 
worked with a constant temperature the whole day or during part of the day 
followed by another constant temperature during the rest of the day. 

After first mentioning some accidental discoveries about temperature in­
fluence the research done at Pasadena will be described. 

2.2. Accidental discoveries 
By accidental discoveries concerning temperature influence are meant in­

fluences, most probably the result of uncontrolled differences in temperature 
in the greenhouses at the Horticultural Laboratory, as the result of an improper 
heating system. 

First example- The variety Ailsa Craig was grown in a heated greenhouse, 
in which the ends were not properly heated. 

Differences in height were observed between the plants at the ends and the 
plants in the middle. In the 38 days from planting on March 9 till April 16 those 
differences became so pronounced that measurements were taken. The plants 
were divided into twelve groups, each of three rows of 48 plants each. The mean 
height and early yield (= yield during first three weeks of harvest period) of 
each group were determined, see graph 1. 

From this graph it can be seen that both the early yield and the height of the 
plants on April 16 were greatest in the middle of the greenhouse and decreased 
gradually to both ends. There was a highly significant correlation between 
height and early yield of 0.74 (odds 99:1). 

Minimum night temperature measurements during the second half of April 
disclosed that the minimum tempera­
tures in the middle of the greenhouse 
were about 1.2-1.4° C higher than at 
the ends. In March these differences 
probably were even larger, because 
the outside temperatures were lower. 
This seems to indicate that the taller 
plants and higher early yields in the 
middle of the greenhouse are the 
consequence of the higher tempera­
tures there. 

Second example-This discusses 
the relation between cluster growth 
and temperature in the variety Domi­
nant. Photograph 1 (see at the end), 
taken March 23 of plants planted in 
the heated greenhouse December 7, 
shows plants on the left to be much 
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GRAPH 1 
Ordinate : average height (one unit is 20 cm) 
and early yield (one unit is 140 g) of 12 groups 
of plants (abscissa) spaced from one end of the 
greenhouse to the other. 
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taller than those on the right, unmistakably the result of slower growth on the 
right. The only explanation for this which can be offered is the temperature 
distribution in the greenhouse. The left side adjoins another heated part of the 
greenhouse, beyond the right side is the cold outside air. The heating pipes are 
the same on both sides and this results in a non measured temperature fall from 
left to right, schematically indicated by the length of the plants on the photograph. 

There were ten rows, each of sixteen plants, in this compartment of the green­
house, between the above mentioned walls. Of the first cluster of each plant 
were determined : 

a) the size, divided into three groups : 
only a little swelling of the stem 
a single cluster 
a branched cluster 

b) the number of fruits. 

The result is given in graph 2. In this graph the rectangle 10 X16 refers to the 
10 rows of 16 plants from the warm inside wall on the left to the cold outside 
wall on the right. The thin line indicates the lengths of the plants schematically. 

The distribution of the three sizes of the first clusters is given by the divisions 
in the rectangle. This shows that the fastest growing plants have the poorest 

clusters (only a swelling of the 
stem). The first two rows do 
not have any branched cluster. 
Going from left to right (lowe­
ring temperature) there are 
more branched clusters in each 
row, with the exception of the 
fourth row. 

The number of fruits on the 
first cluster is larger with slow­
er growth of the plants, having 
its maximum at row 8. To the 
right of that probably the tem­
perature is too low for maxi­
mum fruit set (compare p. 209). 

The differences in fruit num­
ber on single and branched 
clusters can be seen in the graph, 
showing the same type of curve 
and showing at the same time 
that the number of fruits on 
the branched clusters is about 
twice as large as on the single 
clusters. 

Conclusion : In winter, when 
plant growth in length is less, 
probably as a result of lower 
temperature, the first cluster is 
better, there are more branched 

Length of plants 

Only a swelling of the stem 

Single cluster 

Branched cluster 

» o Average number of fruits of all clusters 
« • Average number of fruits per single cluster 

Averagenumberoffruitsperbranchedcluster 
GRAPH 2 
Relations between decreasing length of growth of 
plants and size and number of fruits per single or 
branched cluster. Details in text. 
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clusters, more fruits per cluster and a higher yield, providing that temperature 
is not too low for fruit set. 

Example from p rac t ice - Practical experience demonstrated that before 
the second world war careful growers who heated their greenhouses well both 
day and night had poorer results than growers who were less careful and main­
tained at night a considerably lower temperature than during the day time. 

Later on it will be seen that the temperature influences found here are exactly 
the same as those found in the experiments done in the Earhart Plant Research 
Laboratory. 

2.3. In greenhouses 

2.3.1. Night temperatures from March till July (experiment I) 
I n t r o d u c t i o n - The tomato variety Ailsa Craig was used to investigate the 

influence of different night temperatures on growth and yield. 
The plants were sown on January 16, and transplanted on February 26 into 

crocks with a diameter of about 20 cm. The day temperature was 23° C (from 
8 A.M.-4 P.M.) and the night temperature 17° C. On March 10 these plants 
were divided into three groups : day temperature 23° C with night temperatures 
of 22°, 17° and 11° C respectively (abbreviated 23-22, 23-17 and 23-11). Each 
group contained 12 plants. 

The auxiliary shoots and the top above the 5th cluster were removed, so each 
plant was grown as one stem with 5 clusters. There were 4 plants in a space of 
0.5 X0.5 meter. The 23-22 group soon showed light green leaves, the 23-11 group 
dark green leaves and the 23-17 group was in between. Many fruits of the high 
night temperature (22° C) had blossom-end rot, a disease that probably was the 
result of the high night temperature in this case. 

Ripe fruits were picked every third day. When discarding the plants, weights 
of roots, stems, leaves and clusters were 
determined. The length of the plants 
was measured once a week from March 
10 till April 25. By that time most of the 
plants were topped, so further measure­
ments were senseless. From these meas­
urements an average stem growth in mm 
per day was calculated. 

G rowth r a te of the s tem - The 
mean length of the plants of each group 
is given in graph 3. 

Starting March 10 with plants of the 
same length, by March 18 there were 
highly significant differences in length 
as the result of the different night tem­
peratures. At a night temperature of 
17° C the growth is faster than at 11° C, 
at 22° C faster than at 17° C. The mean 
growthis 19.3, 25.2 and 27.6 mm per day 
for the 23-11, 23-17 and 23-22 groups 
respectively. 

By the method of Student the reliability 
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GRAPH 3 
Mean length of 12 plants of the variety 
Ailsa Craig grown at a day temperature of 
23° C and night temperatures of 22°, 17° 
or 11°C. 
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of the differences of the mean length of the plants of each group can be shown : 

differences in cm between groups 23-11 and 23-17 23-17 and 23-22 
on March 10 0.8 ± 1.0 t = 0.8 3.2 ± 1.2 t = 2.6 
on March 18 6.7 ± 1.5 t = 4.4 7.3 ± 1 . 6 t = 4.5 
on April 25 . 26.5 ± 2.8 t = 9.1 14.3 ± 3.3 t = 4.1 

Hence, at the beginning on March 10 there are no highly significant differences 
in length among the groups, while on March 18 and April 25 they occur ( t n = 
3.105 for odds 99:1), which means a faster growth at higher night temperatures. 

Roo t and stem weight - For comparing the results of the different tem­
perature treatments the difficulty is to decide at what time to compare the plants. 
The moment was chosen on which the harvest was practically completed. For 
the 23-22 group this was on June 9, for the other two groups July 29, because 
the growth of the fruits, as will be shown, is also faster at higher temperatures. 

The dry weight of the root system on these dates in grams was 4.9, 6.1 and 8.0 
for the groups 23-22, 23-17 and 23-11 respectively. Not only did the 23-22 
group with the highest night temperature and the shortest time for growth have 
the lightest root system, but also the 17 °C night group had a root system'lighter 
than the 11 °C night group, notwithstanding the fact that they were harvested 
on the same day. 

The height of the 5th cluster was nearly the same in the three groups. The 
mean dry weight in milligrams of 1 cm stem up to the 5th cluster was smallest 
for the high night temperature plants (140 mg). For the other two the weights 
were nearly the same (222 mg and 203 mg). So at the high night temperature the 
stem is less sturdy than at a lower night temperature. 

The mean dry weight of the leaves between the 3rd and 5th cluster was 1.8, 
3.4 and 2.8 grams, so, also, the lightest leaves were on the plants at the highest 
night temperature. 

C lus ters - In connection with the differences in growth of roots, stems and 
leaves at different night temperatures, it will be interesting to compare the 
clusters from which the yield comes. 

For each of the clusters the following was determined : 
a) the number of flower buds, flowers, ripe and green fruits together, including 

fallen flower buds and flowers; this is the number of fruits that would have 
been on the cluster if all flower buds had grown to fruits (called capacity) ; 

b) the total number of fruits ; 
c) the fresh weight without fruits in grams ; 
d) the length from the stem to the tip in cm. 

Graph 4 shows convincingly that all the above mentioned values are smaller 
as the night temperature is higher. 

F ru i t y i e l d - Not only the numbers of fruits alone, but also the time of the 
harvest is very important. Graph 5 shows how many grams of fruits per plant 
had been harvested cumulatively up to a given day. At higher night temperatures 
the harvest is earlier, but the total yield is lower. The dates on which half of the 
fruit weight had been picked are about three weeks apart. The mean fruit weight 
of the three groups was 49, 58 and 56 grams at 22°, 17° and 11 °C night tem­
perature respectively. This is an indication that high night temperature may 
cause small fruits. 
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Summarizing, it 
was found that a 
higher night tempe­
rature in compari­
son to a lower one 
results in : 
a) faster stem 

growth; 
b) less heavy roots, 

stems and leaves; 
c) less fruiting ca­

pacity, number 
of fruits, weight 
and length of 
clusters ; 

d) smaller but earlier yield. 

Capacity 

Cluster-* 1 2 3 4 5 1 2 3 4 5 i 2 3 4 5 1 2 3 4 
GRAPH 4 

Capacity, number of fruits, fresh weight of clusters without fruits 
in grams and length of clusters in cm of plants grown at a day temper­
ature of 23° C and night temperatures of 22°, 17° or 11° C. 
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2.3.2. Day and night temperatures from June till November (experiment II) 

I n t r oduc t i on - In the experi­
ment described above one variety, 
one day temperature and three diffe­
rent night temperatures were invol­
ved. To get "more information on the 
influence of temperature, this expe­
riment with 6 varieties and different 
day as well as night temperatures 
was carried out in the greenhouses 
during summer. 

In consequence of the large number 
of objectives only two plants of 
each variety could be used in each 
temperature combination. Neverthe­
less the results of this experiment 
show some significant influences of 
temperature and certain conclusions 
can be drawn, keeping in mind the results of the above described experiment 
also. 

The plants were sown May 19 and grew till July 5 at a day temperature of 
23 °C and a night temperature of 17 °C. Then they were divided into 9 different 
temperature groups. 

The following 6 varieties were used: 
1) Tuckqueen, a greenhouse tomato of the Netherlands, 
2) Michigan State Forcing, a greenhouse tomato of Michigan, U.S.A., 
3) Essex Wonder, a greenhouse tomato of England, 
4) Rutgers, an outdoor tomato of the Eastern United States, 
5) Improved Pearson, an outdoor tomato of the Western United States, 
6) Beefsteak, an outdoor tomato for home gardeners. 

F9] 
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Harvest of fruit from plants grown at a day 
temperature of 23° C and night temperatures 
of 22°, 17° or 11 " C and date ( x ) on which half 
of the yield was harvested. 
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Thus there were three greenhouse varieties (1 to 3) and three outdoor varieties 
(4 to 6). 

The 9 temperature treatments are given in table 2. The order of the treatments 
1 to 9 is the order of rising mean temperature. 

TABLE 2. The 9 temperature treatments 

Number of treatment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Mean temperature 

13.00 
15.00 
16.00 
17.00 
19.00 
21.33 
22.00 
22.33 
24.66 

Temperature 

day 

17 
23 
20 
17 
23 
30 
26 
23 
30 

night 

11 
11 
14 
17 
17 
17 
20 
22 
22 

The mean temperature is calculated from the formula 

1 X day temperature -f- 2 X night temperature 

since the day temperature lasted from 8 A.M. till 4 P.M. or for 8 hours a day 
and the night temperature covered the other 16 of the 24 hours. A treatment 
with a day temperature of a °C and a night temperature of b °C will be ab­
breviated as a-b. 

With these 9 temperature treatments comparisons can be made between 
treatments with 

a) different, almost constant temperatures: treatments 4(17-17) and 8(23-22); 
b) the same day, but different night temperatures: treatments 1(17-11) and 

4(17-17); 2(23-11), 5(23-17) and 8(23-22); 6(30-17) and 9(30-22); 
c) the same night, but different day temperatures: treatments 1(17-11) and 

2(23-11); 4(17-17), 2(23-17) and 6(30-17); 8(23-22) and 9(30-22); 
d) both higher day and night temperatures: treatments 2(23-11) and 6(30-11), 

day and night temperature about 6 °C higher; 1(17-11), 3(20-14), 5(23-17), 
7(26-20) and 9(30-22), day and night temperature progressively about 3 °C 
higher; 4(17-17) and 8(23-22), day and night temperature about 6 °C higher; 

e) rising mean temperatures in the order in which they are given in table 2. 

Because both day and night temperatures are involved, three-dimensional 
graphs are needed to show the results, the measured value being the third 
dimension. Night temperatures are given on the x-axis, day temperatures on 
the y-axis. Along the vertical, the z-axis, the measured values are given. The 
ends of all verticals are connected and in this way vertical faces are formed; the 
shading is horizontal, so the height of different points may be more easily com­
pared (see graphs 6-10). 

Stem growth r a t e - During a three week period the length of each plant 
was measured once a week and from this the mean growth rate in mm per day 
was calculated. 

Table 3 shows the results for the six varieties with their mean and the mean 
of the different temperature treatments. 
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TABLE 3. Mean growth rate of stem 

Treatment 

<*-. 
O 4_) 
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Mean . 

I-* 
3 
pi 

»Ë 

Sa 
13.00 
15.00 
16.00 
17.00 
19.00 
21.33 
22.00 
22.33 
24.66 

Temperature 
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17 
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30 

night 

11 
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17 
17 
17 
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22 
22 
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35 
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13 
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26 
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28 

From this table the influence of day and night temperature can be studied. 
Making the comparisons mentioned above: 
a) different, almost constant temperatures: treatments 4 and 8 (the italicized 

figures) show a faster growth at a higher temperature; 
b) the same day, but different night temperatures (treatments 1 and 4; 2, 5 and 

8; 6 and 9); with a higher night temperature a faster growth is found; only 
treatment 8, with a nearly constant temperature, shows a slower growth 
than expected; 

c) the same night, but different day temperatures: treatments 1 and 2; 4, 5 and 
6; 8 and 9 show that faster growth is found at higher day temperature; there 
is only one exception, namely the 30-17 treatment of Improved Pearson: 
this is a variety with a determinate type of growth, which stops growth 
sometimes after the fourth, sometimes after the fifth cluster, so this exception 
is not amazing; 

d) both higher day and night temperatures : treatments 2 and 6 ; 1,3,5,7 and 9 ; 
4 and 8 ; the data indicate also a faster growth at higher day and night tem­
peratures ; 

e) a higher mean temperature gives faster growth except the nearly constant 
temperature of treatments 4 and 8, which fall out of the range in all varieties 
and which are much lower than expected. 

Practically all mentioned differences are significant (odds 19:1). 
In the three-dimensional graphs 6 a-f (see pp. 188-189) the same picture is 

shown. This gives a convenient way of showing the conformity between the 
varieties as to temperature influence on growth. To the right (higher night 
temperature) as well to the back (higher day temperature) and in the direction 
of the diagonal (higher day and night temperature) growth rate is faster. 

Earliness of y ie ld- The earliness of yield was measured by the number 
of days between the day on which half of the yield had been picked and Novem­
ber 11, the date on which half of the yield had been picked for the last group. 
The greater the number of days, the earlier the yield. 

Table 4 gives this number of days. There are four open spaces, because no 
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fruits were harvested from these groups. These are all outdoor varieties. This 
shows that the greenhouse varieties have a wider temperature range than the 
outdoor varieties. Probably the reason for this is that the greenhouse varieties 
have been selected to give a yield in less favourable conditions of temperature 
than the outdoor varieties. 

TABLE 4 
Earliness of yield measured by the number of days between the day on which half of the 
yield had been picked and November 11 

Treatment 

u G 

• 3 g 
Z S 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Mean 

u 
3 

si 
S S 

13.00 
15.00 
16.00 
17.00 
19.00 
21.33 
22.00 
22.33 
24.66 

Temperature 

day 

17 
23 
20 
17 
23 
30 
26 
23 
30 

night 

11 
11 
14 
17 
17 
17 
20 
22 
22 

Variety 

c <u <u 
3 a 

M 
cj 
3 
H 

14 
36 
49 
36 
56 
56 
63 
66 
66 

49 

c 

M O 
Ojft, 

•S3 
2 c« 

7 
36 
49 
36 
49 
60 
63 
70 
70 

49 

t-i 

e 

$ 

w 

0 
36 
56 
36 
60 
66 
60 
74 
70 

51 

• 8 -

0 
32 
36 
28 
54 
63 
54 
70 
-

42 

CA 
U 

CO 

3 

« 

28 
36 
25 
43 
43 
56 
66 
66 

45 

M a 
& 

8 CQ 

25 
32 
49 
32 
54 
81 
-

74 
-

50 

a 
CD 

S 

9 
33 
46 
J2 
53 
62 
59 
70 
68 

48 

Following the same scheme for earliness as was followed for the growth rate, 
a surprisingly great conformity will be found between these two. So it would 
be superfluous to go over all the comparisons again. If earliness is read instead 
of growth rate on page 185 the following is found: 

a) the same; 
b) the same, only the exception for treatment 8 is lacking here; 
c) the same, only treatments 8 and 9 do not show differences ; 
d) the same; 
e) the same, of the two treatments 4 and 8 that did not fit in only 4 remains. 

Treatment 4 differs greatly from the other treatments with a night tempera­
ture of 17 °C, giving the suggestion that 17 °C day temperature is rather low 
for good fruit set. 

Graphs7a-f (seepp. 188-189) showthe earliness of yield and from a comparison 
with graphs 6 a-f the great conformity between growth rate and earliness can be 
seen readily. It seems clear that the growth rate of the stem and of the fruits is 
related to temperature in the same way. This seems to be even more the case 
considering the time of development from flower to ripe fruit, as will be dis­
cussed below. 

Du r a t i on of fruit g rowth - By tagging some flowers with the date of 
anthesis, it was possible to find the time involved in development from flower to 
ripe fruit. For the three greenhouse varieties the mean is given in graph 8, show­
ing the time in days substracted from 100. This gives a larger value for a faster 
growth. This graph, having the same shape as those for growth rate and earliness 
also shows the close relation of fruit and stem growth. 
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Fruit yield- The total fruit yield is given in table 5. 
If the same comparisons as for growth rate (page 185) 

are made, the following results are found for 
a) different, almost constant temperatures (treatments 

4 and 8): in four of the six varieties (excepted 
Rutgers and Improved Pearson which cannot well 
stand a day temperature of 17 °C) the yield is much 
higher at 17 °C than at 23 °C; 

b) the same day, but different night temperatures: 
treatments 1 and 4: the 17-11 group has a very low 
yield, not only is the 17 °C day temperature pro­
bably on the low side, but in conjunction with a 
11 °C night temperature the result is very poor ; 
this group had only 25 % fruit set, the lowest of 
all groups ; in this comparison, as an exception, 
the group with a higher night temperature has a 
higher yield; in treatments 2, 5 and 8 a higher night 
temperature almost always shows a lower yield, as 
does the 6 and 9 comparison ; 

c) the same night, but different day temperatures: 
treatments 1 and 2: here the exception of 17-11 is 
found again ; treatments 4, 5 and 6 give a lower yield at higher day tempe­
ratures for the greenhouse varieties; for the outdoor varieties 17 C day 
temperatureis too low, so that the 23 °C day temperature is much better; 
treatments 8 and 9 : higher day temperatures again give a lower yield ; 

d) both higher day and night temperatures (treatments 2 and 6; 1, 3, 5, 7 and 
9; 4 and 8): at higher temperatures the yield is lower, except for the 17-11 
group for all varieties and the 17-17 group for some varieties; 

e) higher mean temperatures tend to result into a lower yield, except 17-11 in 
all varieties and 17-17 in all except Tuckqueen and Michigan State Forcing; 
the day temperature of 17 °C seems to be rather low; the night temperature 
of 11 °C is not too low, as is shown by treatment 2 which has an 11 °C night 
temperature, but a very good yield. 

TABLE 5. Fruit yield per plant in 100 grams 

14° 17" 20° 22° 
night 

GRAPH 8 
Mean growth rate of the 
fruits of the varieties Tuck­
queen, Michigan State Forc­
ing and Essex Wonder: 100 
minus number of days of 
fruit development. 

Treatment Variety 

öS 
•ss 

£Ë 

Temperature 

day night 

Mfc, 

'JJ 

PS 

£& ai 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Mean 

13.00 
15.00 
16.00 
17.00 
19.00 
21.33 
22.00 
22.33 
24.66 

17 
23 
20 
17 
23 
30 
26 
23 
30 

11 
11 
14 
17 
17 
17 
20 
22 
22 

14.5 
25.0 
24.5 
20.0 
19.0 
12.5 
16.0 
12.0 
8.5 

12.0 
33.5 
32.0 
28.5 
26.0 
17.0 
15.0 
15.5 
9.0 

17.0 21.0 
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2.0 
27.0 
24.5 
22.5 
24.0 
16.0 
12.5 
13.5 
8.0 

16.5 

3.5 
18.5 
22.0 
10.5 
20.0 

5.5 
6.5 

11.5 
0.0 

11.0 

0.0 
25.5 
24.5 
6.5 

18.5 
9.0 

10.5 
13.0 
2.0 

12.0 

1.0 
7.5 

11.0 
4.0 
6.0 
2.5 
0.0 
1.5 
0.0 

3.5 

5.5 
23.0 
23.0 
15.5 
19.0 
10.5 
10.0 
11.0 
4.5 

13.5 



a. Tuckqueen 

188 

b. Michigan State Forcing c. Essex Wonder 

20mm/day 

11° 14° 17 2 0 22 
night 

11° 14° 17° 2 0 ° 22° 
night 

11° 14° 17° 20° 22° 
night 

11° 14° 17° 20° 22° 
night 

14° 17° 20° 22° 
night 

11° 14° 17° 20° 22° 
night 

lOOO grams 

11° 14° 17° 20 ° 22° 
night 

11° 14° 17° 2 0 ° 22° 
night 

11° 14° 17° 20° 22° 
• night 

GRAPHS 6 a-f (upper row) 
Stem growth rate in mm per day of the six varieties at different temperature combinations. 
GRAPHS 7 a-f (middle row) 
Earliness of yield in days of the six varieties at different temperature combinations. 
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d. Rutgers 

11° 14° 17° 20° 22° 
night 

189 

e. Improved Pearson f. Beefsteak 

11° 14° 17° 20° 22° 
night 

11° 14° 17° 20° 22° 
night 

M° 14° 17° 20° 22° 
night 

11° 14° 17° 20 ° 22' 
night 

1° 14° 17° 20° 22° 
night 

M° 14° 17° 2 0 ° 22° 
night 

11° 14° 17° 20 ° 22' 
night 

1° 14° 17° 20 ° 22° 
night 

GRAPHS 9 a-f (bottom row) 
Fruit yield in grams of the six varieties at different temperaturecombinations. 
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Graphs 9 a-f (see pp. 188-189) also show these results. They demonstrate very 
clearly, if 17-11 is left out, the reverse influences of temperature on yield on 
the one hand and on growth rate of stem and fruit on the other hand. Also the 
differences between greenhouse and outdoor varieties are shown again. 

From the same graph the following may be concluded about variety characters 
as far as yield is concerned. Tuckqueen is least affected by temperature differences 
and will be the best variety when temperature control is not possible at all. 
Michigan State Forcing has a very high yield in the case of certain temperature 
combinations (20-14 and 23-11). This shows that large temperature differences 
between day and night, even up to 12 °C, are not unfavourable for yield (as 
opposed to earliness). Essex Wonder yields almost nothing at treatment 17-11. 
Improved Pearson and Rutgers are very much alike. They are bad at both high 
and low temperatures or have a very small temperature range for good yield. 
Beefsteak is always very poor. 

Correlations between mean temperature, growth rate of stem, 
earliness of yield, duration of fruit growth and fruit yield - Using 
the mean of the three greenhouse varieties which show the most regular picture, 
correlations between mean temperature and the values found for growth rate 
of stem, earliness of yield, duration of fruit growth and fruit yield have been 
calculated. The always exceptional 17-11 group is omitted for the fruit yield. 

The following highly significant correlations are found : 

mean 
temperature + 0.91 

growth rate 
of stem 

+0.90 

+0.90 

earliness 
of yield 

-0.91 

-0.92 

-0.99 

duration of 
fruit growth 

-0.98 

-0.83 

-0.86 

+0.88 

fruit yield 

From the practical viewpoint the most difficult to overcome is the negative 
correlation between earliness of yield and fruit yield. 

Disks of leaf blades-Because leaf blades are thé main parts for photo­
synthesis in the plant, the influence of temperature on leaf disks was studied. 
With a corkborer 10 disks of about 1.6 cm2 each were punched out of full 
grown leaves from each temperature group and dried at about 80 °C. This 
was done once every 4 hours for 24 hours on July 31 for the variety Tuck­
queen. The mean weight, for convenience sake diminished by 40 mg, of the 
six values for each temperature treatment is given in the three-dimensional 
graph 10. This shows that heavier disks were produced at lower temperatures. 
So in combination with slower growth at lower temperatures heavier weight 
of the same leaf area is found. The weight of the disks is positively correlated 
with the fruit yield; the 17-11 treatment exception is not found here. 
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Taking all the temperature treatments together, 
changes in weight of disks during the day and night 
are found as given in graph 11. 

Sugar was determined in these disks (64). The 
means of the sugar figures of all temperature groups 
are summarized in graph 12. 

Comparing the values of graph 11 and in 12 the 
line for the sucrose between 8 A.M. and 8 P.M. it 
can be seen, that during the time that the dry weight 
of the leaf disks is decreasing the sucrose is increasing, 
probably due to a high transport of carbohydrates 
from the leaves in that period of the day (compare 
p. 217). 

>-'-

t - ^ 

-X'"'" 

L /f?0 

/26° 

11° 14° 17° 20° 
night 

22° 

23 

lOmg 

GRAPH 10 
Mean dry weight less 40 mg 
of 16 cm2 leaf blade samples 
at different temperature 
treatments. 

mg 
6 0 

SO 

4 0 ' 
Day light 

12 4 8 
PM. 

12 12 4 & 
AM 

GRAPH 11 

Dry weights at different times dur­
ing the day of about 16 cm2 samples 
of leaf blade in mg. 

12 4 8 
P.M. 

12 4 8 
A.M. 

GRAPH 12 

Relative sugar figures of leaf disks 
total sugars 
reducing sugars 
sucrose 

Temperature influence on the sugar content was not very clear. Mostly the 
amount of sugar was higher at lower temperature and this could be the cause 
of better clusters and more fruits at lower temperatures. 

Varietal differences - Some differences among the varieties greatly in excess of tempe­
rature effects are given in table 6, in which the values for the different temperature treatments 
have been averaged. Tuckqueen has the thinnest stem and lowest root weight and yet the 
fruit yield was good. Beefsteak, on the other hand, having a very heavy stem and root system, 
had practically no fruit yield; probably as a result of very irregular flowers with a long style 
extending beyond the stamens, nevertheless the temperature influence on yield was clear in 
this variety too. 
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TABLE 6 
Some values for the six varieties, independent of the temperature treatments 

Variety 

Dry weight of 1 cm stem in mg . 
Dry weight of roots in g . . . . 
Mean weight of 1 fruit in g . . . 
Fruit yield per plant in kg . . . 

c 
3 

a M 

3 

H 

126 
3.4 

64 
1.9 

&0 

« o 
»CL. 

2 o 

177 
6.6 

107 
2.3 

U 
•o e o 
£ 
X 

t/i 

U 

192 
5.4 

45 
1.8 

•o 
o g 

169 
7.3 

96 
1.2 

i/i 

ÜS 
3 

205 
7.0 

110 
1.3 

^ 
CS 
0) 

<2 4> 

291 
15.3 

131 
0.4 

In this experiment the greenhouse varieties have a much higher yield than the outdoor 
varieties and a wider temperature range for fruit yield. 

C o n c l u s i o n s - All six varieties respond in the same way to temperature. 
However, there are large differences in yield between the varieties. 

At higher temperature faster length growth, faster fruit growth, less fruit 
and consequently an earlier but lower yield were found. The weight of the same 
leaf area was smaller. 

Optimal temperatures to get a moderate growth and a high fruit yield are 
20-23 °C during day time and only 11-17 °C at night. 

A night temperature at least 6 °C lower than the day temperature is advis­
able. 

It has to be considered, however, that all results mentioned above, are found 
with 2 plants for each treatment and 4 plants grown in an area of i X i meter. 
It is possible, that with larger distances between the plants higher temperatures 
are needed to get maximum yield. 

2.3.3. Day and night temperatures from November till February (experiment III) 
I n t r o d u c t i o n - During the summer the differences in plant growth and 

yield as a result of temperature influence were very pronounced. The accidental 
differences in light intensity as a result of shadowing did not influence the results 
too much. In the growth and yield of plants during the winter, however, when 
light intensities were probably about a third of the summer intensities and day 
length was much shorter, large differences as a result of different light intensities 
were found ; and consequently the differences between temperature groups were 
not always as pronounced as in the summer experiment. 

The experiment during winter was carried out only with one variety : Tuck-
queen which was used during the summer too. 

Sown on November 1 the plants were divided into 14 different temperature 
groups of 4 plants each. 

Temperature day 30 30 30 26 23 23 23 20 20 20 20 17 17 17 
night 22 17 11 20 22 17 11 20 17 14 11 22 17 11 

There was no time to wait for ripe fruits, so the plants were harvested at the 
moment when the fourth cluster was clearly visible. Dry weights of plants and 
green fruits were determined. 

Group 20-14 had a light intensity very much lower than the other groups 
and therefore is not included in the results. 
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Resul ts - The average stem growth per day was less during the winter than 
during the summer. As shown in table 7 growth in summer was about lè times 
as fast as in winter. 

TABLE 7 
Mean growth of stem in mm per day at different temperature treatments during winter and 
summer 

day 30 30 30 26 23 23 23 20 20 20 17 17 17 
night 22 17 11 20 22 17 11 20 17 11 22 17 11 
winter . . . . 21 20 13 24 18 19 15 16 16 14 10 11 9 
summer. . . . 39 33 - 38 28 29 21 - - - - 22 13 

Temperature 

Growth 

Of course not much can be said about earliness of the harvest in this experi­
ment. The first flowers were found in the 20-20, 20-17 and 23-17 treatment 
plants. 

Some idea about earliness is perhaps obtainable by comparing the dates of 
harvest of the plants, as in the summer the faster growing plants had a higher 
early yield. 

Somewhat more can be said about the expected yield. At the moment of 
harvest buds, flowers and fruits were counted and the clusters weighed. On the 
first three clusters of the plants one can expect at least as many fruits at harvest 
time as had already been set. 

A survey of the results is given in table 8. 

TABLE 8. Effect of day and night temperature in winter 

1 2 

Temperature 

day 

17 
17 
17 
20 
20 
20 
23 
23 
23 
26 
30 
30 
30 

night 

11 
17 
22 
11 
17 
20 
11 
17 
22 
20 
11 
17 
22 

3 
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1.60 
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2.16 
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1.16 
2.70 
2.22 
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0.00 
0.50 
0.00 

11.25 
2.25 
3.50 
3.75 
3.25 
0.50 
0.75 
6.25 
2.75 
0.00 

On the whole the plants of the higher temperature (especially night tempera­
ture) groups were ready for plant harvest earlier (column 3). These plants have 
a faster stem growth (4), are mostly longer (5) and have a thinner stem (6), 
a smaller root system (7), thinner leaves (8), smaller clusters (9) and the expected 
number of fruits is much less (10) than from the lower temperature groups. 

In fruit development an exception are the plants with a day temperature of 
17 °C. This temperature seems to be too low to get a good fruit formation; 
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though the clusters are quite well developed in 17-11, the flowers are pale and 
abnormal and many buds do not open properly. 

Larger differences between day and night temperatures generally result in 
slower growth, shorter plants with heavier stem and roots as well as larger 
clusters and more fruits. In short: light deficiency in winter results in a very low 
yield. Night temperatures much lower than day temperatures are essential for 
fruit yield. 

On December 18 for each temperature treatment 16 leaf disks ( ± 2 6 cm2) 
were taken every 4 hours during a 24 hour period and dried. Graph 13 gives 
the mean daily course of all temperature groups combined. The picture is not 
as clear as in the summer experiment (p. 191). The leaves are much thinner. 
The rise in weight starts, because of the shorter day, between 8 and 12 A.M., 
but the fall does not start until after 12 at night, much later than in summer. 
The differences between highest and lowest weight are, as in summer, about 
10 %. 

mg 
SO 

4 0 

2.4. In artificially lighted rooms 
2.4.1. Introduction 

Plants, used for the experiments in artifici­
ally lighted rooms were grown to about first 
bloom in a greenhouse with a day temperature 
of 23 °C and a night temperature of 17 °C. 
This was a mistake. In this pretreatment the 
plants could make reserve material which was 
used up in the artificially lighted rooms at 
different speeds. This caused difficulties in 
comparing the various temperature groups. 
Nevertheless some conclusions can be drawn 
from these experiments. Again there were 4 
plants on an area of I X i meter, two plants 
of the variety Ailsa Craig and two plants of 
the variety Tuckqueen. The mean of these 4 
plants was calculated. 

The lamps (Westinghouse fluorescent tubes 
and some incandescent lamps) were hung 
above the plants and the plants were moved 
downwards, when their tops reached the 

lamps. Light intensity was slightly above 10,000 lux at the top of the plants. It 
was much lower, however, further from the lamps. The light was not strong 
enough to get a good yield. It has to be considered that plants growing slowlier 
have a larger part closer to the lamps than plants growing faster. 

On account of the low light intensity, the same difficulties as a result of un­
controllable differences in light intensities were found, as in the winter crop. 
Temperature influence is often confused by this. 

Dry weights at different times dur­
ing the day of about 26 cm2 samples 
of leaf blade in mg. 

2.4.2. Night temperature (experiment IV) 

To study the influence of night temperature there were two series with day 
temperatures of 17 °C and 23 °C. Light period was 8 hours a day. 
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Some results obtained after three months of treatment are given in table 9. 
By far the slowest stem growth (column 3) is found in the groups with the lowest 
night temperature. The other night temperature groups do not show a clear 
picture. 

The root systems (4) and stem weights (5) are largest at the lowest night 
temperature. For the lengths (6) and weights (7) of the clusters a more or less 
regular rise is found at lower night temperatures and some very small fruits (8) 
were formed only at the lowest night temperature with an exception for the 
17-23 group. 

TABLE 9. Influence of different night temperatures 

1 2 

Temperature 

day 

17 

night 

10 
17 1 14 
17 17 
17 1 20 
17 23 
17 26 

23 
23 
23 

10 
14 
17 

23 20 
23 23 

3 

>> 
-g-o 

h " 6 

35.S 

13 
19 
22 
19 
17 
23 

15 
25 
27 
21 
33 

4 

o 

M 6 » 

'S e 

Q 8 

1.39 
0.83 
0.88 
0.85 
0.88 
0.97 

1.12 
0.95 
0.99 
0.86 
0.70 

5 

O 

11 
a-.s 

40 
23 
30 
28 
29 
24. 

42 
27 
27 
26 
24 

6 

.g 
C 

S-i 

- S 

u.S 

17.0 
8.7 
5.8 
3.5 
6.6 
6.1 

22.1 
11.4 
5.7 
2.7 
3.4 

7 

J5 
'S s 
Si s» 
SB 
Ö.S 

1291 
906 
558 
100 
401 
220 

2905 
1005 
517 
37 

101 

8 

'S 
^ 
'S M 
fc.S 

12 
2 
0 
0 

10 
0 

54 
4 
0 
0 
0 

So here was found, as in the greenhouses, at higher night temperatures a 
faster stem growth, a thinner stem and lighter root system and less developed 
clusters than at lower night temperatures. Differences are less pronounced and 
less clear than in the greenhouses. 

2.4.3. Day temperature (experiment V) 

To study the influence of day temperature two series were established, one 
of a day length of 8 hours, the other with 16 hours light a day. The night 
temperature was 17 °C in all cases. 

Table 10 shows that most of the results found for a higher night temperature 
hold true for a higher day temperature too ; for instance better clusters at low 
day temperatures. At the low day temperatures where cluster growth was the 
best, temperature, however, is too low for normal blooming and fruit set (7° 
and 10 °C). This is the reason that at the 16 hours day group at somewhat 
higher temperatures the greatest fruit weight is found, hence not on plants with 
the largest clusters. At the lowest day temperature groups with 8 hours light 
some very small seedless fruits were found. 
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TABLE 10. Influence of different day temperatures 
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3. LIGHT 
3.1. Introduction 

Light provides the energy necessary for photosynthesis. This function, not 
regarding any other effect it might have, makes it essential for plant growth. 

The light influence on growth can be split into influence of 
a) the intensity of the light and 
b) the length of the daily light period. 

The light intensity of sunlight changes every moment. REESINCK (71) gives 
the mean course during the average day of each month during the year for the 
Netherlands. In graph 14 the distribution of light intensity at noon, averaged 
over ten years, is given. In winter this seems to be about one fifth of summer 
intensity resulting mainly from the lower altitude of the sun and the cloudiness 
in winter. 
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1 y 1 / 

, 
''/' / 

Col. 
cm2day 

4 0 0 

3 0 0 

2 0 0 

IOO 

Jan. March May 
O O 1 
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GRAPH 14 

C day length in hours 
Yearly course of I light intensity at noon in lux .... 

{ light energy per day in cal/cm2 • 
Part of the data after REESINCK (71). 

In addition to the 
low light intensity 
the days in winter 
are much shorter 
than in summer, 
about one half as 
long (graph 14). The 
two factors together 
result in a mean light 
energy on the longest 
days about 10 times 
as large as on the 
shortest days (graph 
14). Furthermore, 
during winter toma­
toes are' grown in 
greenhouses where 
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the glass will take away one third to one half of the light intensity. It is not 
surprising then that the light energy which reaches the plants in winter, especially 
between the time indicated by the vertical broken lines in graph 14, is too low 
for normal growth of the tomato, a plant that originally came from the Tropics. 

3.2. Differences in light energy 
3.2.1. Introduction 

In the chapter about temperature the results of the differences in light energy 
between the summer and the winter experiment have already been discussed. 
Theie, however, the effect of light energy was not directly investigated. 

In other experiments, however, the amount of light energy the plants re­
ceived between two dark periods (24 hour-cycles) was varied : 
a) by reducing the light intensity, or 
b) by shortening the length of light exposure. 

Experiments using the variety Tuckqueen were done in the greenhouses as 
well as in the artificially lighted rooms of the Earhart Plant Research Labo­
ratory. 

In the greenhouse the normal light intensity was reduced by cloth. 
In the artificially lighted rooms the amount of light energy was varied in two 

ways: 
a) by putting the plants closer to or further from the lamps, or 
b) by putting the plants for a shorter or longer period under a constant light 

intensity. The amount of light received was then proportional to the day 
length. 

3.2.2. Reduced light intensity 
Two experiments were carried out with reduced light intensity. One (experi­

ment VI) was during the months September and October in the greenhouse at 
normal light intensity (1 L), 1/i L and 1/9 L. The day temperature was 23 °C, the 
night temperature 17 CC. The other (experiment VII) was in an artificially lighted 
room at a constant temperature of 17 °C with 16 hours light a day. The treat­
ments were 1 L ( = about 10,000 lux), x/2 L and 1/4 L. 

After about 55 days dry weights and lengths of the different parts were deter­
mined. The most important results are found in table 11, where the values for 
1 L are expressed as 100 and the values for the reduced light treatments are 
expressed as percentages of these. 

TABLE 11. A comparison of plants grown at different light intensities 

Light intensity 

Character 

Greenhouse Artificial-light room 

1 L V.L V.L 

6 
42 
13 
54 
12 
-
-

80 

1 L 

100 
100 
100 
100 
100 
100 
100 
100 

V.L 

44 
72 
57 

107 
45 

125 
70 
87 

V.L 

1 Dry weight (same values for whole plants, 
stems, roots or leaves) 

2 Leaf blade dry weight (± 30 cm2) . . . 
3 Surface area of leaves 
4 Stem length 
5 Dry weight of 1 cm stem 
6 Height of the first cluster 
7 Fresh weight of the first cluster . . . . 
8 Percentage dry matter of the leaf blades 

100 
100 
100 
100 
100 
100 
100 
100 

36 
64 
59 
94 
37 

135 
3 

95 

15 
51 
26 
75 
21 

76 
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This table shows that the total dry weight produced in the same time is smaller 
with weaker light. The first reduction of the light from 1 L to x/3 L and 1j2 L 
gives a reduction of dry weight of approximately the same order as the reduc­
tion in light intensity. The second reduction to */„ L and 1ji L, however, gives 
a reduction in dry weight of 1/6 and 1/3 of those at 1/3 L and V2 L, hence a much 
larger reduction. The weaker the light the larger the effect of a reduction of the 
light intensity. The expectation that all parts of the plants are influenced by the 
reduction of light intensity in the same way is wrong as will be shown. 

With reduced light intensity the leaf blades are thinner, and the leaf area is 
less reduced than the weight of the leaves. With weaker light the leaves are 
thinner and paler green, the area is smaller, but not as reduced as are most 
other parts of the plant. 

The differences in length are not as pronounced as are the differences in dry 
weight. With the light intensity reduced to 1/3 L and 1/2 L the length is nearly 
the same as with 1 L. Further reduction gives considerably shorter plants. The 
dry weight of 1 cm stem is heavier than would be expected. With reduction to 
1/3 L and 1/2 L the internodes of the stem are longer than with 1 L and the 
first cluster is even higher on the stem. 

The leaves at a lower light intensity contain relatively more water, as will be 
discussed further on p. 201. 

As the light energy is reduced, the cluster is the first thing to be considerably 
reduced. 

3.2.3. Variation in day length 
Exper iment VIII - Groups of plants were grown in day lengths of 6, 8, 

10, 12, 14 or 16 hours. These different day lengths were given to plants at both 
17 °C or 23 °C. The plants were grown under artificial light which was of an 
intensity of about 10,000 lux at the level of the tops of the plants. The plants 
were about 25 cm tall at the start of the treatments and the experiment was 
concluded after three months when the differences among the groups were 
determined (see table 12). 

TABLE 12. Weights of certain plant parts from plants grown in different day lengths 

______^ Day length 
~ — — ^ _ ^ in hours 
Weight of —-^ -__ 

17 °C 

23 °C 

roots (dry) in mg . . . . 
1 cm stem (dry) in mg . . 
1 leaf between cluster 3 and 
5 (dry) in mg 
5 clusters with fruits (fresh) 
in mg 

roots (dry) in mg . . . . 
1 cm stem (dry) in mg . . 
1 leaf between cluster 3 and 
5 (dry) in mg 
5 clusters with fruits (fresh) 
in mg 

6 

770 
20 

240 

80 

440 
13 

180 

42 

8 

880 
30 

400 

560 

700 

24 

310 

101 

10 

1140 
41 

490 

4790 

900 
30 

340 

200 

12 

1600 
59 

1070 

70330 

1060 

32 

370 

218 

14 

1880 
68 

1540 

100450 

1240 

38 

460 

310 

16 

1660 
60 

1390 

129530 

1200 

37 

470 

400 
All measurements of plants grown at 17 °C gave larger values than the cor­

responding at 23 °C; 17 °C seemed to be a better temperature in the artificial 
light: at 17 °C fruits were formed at all day lengths longer than 10 hours, but 

[24] 



199 

at 23 °C not even at 16 hours light a day. Up to 14 hours 
light per day all values increased under increasing longer 
days. The largest rate of increase was found in the 
clusters with fruits. The mean length growth of the stem 
at 23 °C was 32 mm/day and 25 mm/day at 17 °C. 

Exper iment V - An experiment already mentioned 
on page 195, where day and night temperatures are com­
parable and the day length was 8 or 16 hours, will be 
considered again (graphs 15a-f). 

It is readily seen that between a treatment of 8 or 
16 hours there are great differences except where growth 
rate (a) is concerned, so the growth rate seems to be 
more dependent on temperature than on day length. 
The dry weight of a certain leaf area (b) shows about 
the opposite picture: heavier leaf disks at lower tem­
peratures. The opposite effect to stem growth was 
already found on page 190. 

Both root and stem weights (c and d) of the 16 hours 
day plants are much heavier than those of the 8 hours 
day plants. For the roots this tendency is even greater 
than for the stems. 

The clusters without fruits (e) are also heavier at 
the longer day and the differences in fruit production 
(f) are enormous. 

The change in dry weight of leaf disks during the 
day is given in table 13. Again a rise is found ^during 
the light period, directly followed by a decrease to the 
original value. 

TABLE 13 

Dry weights at different times during the day of about 26 cm 
samples of leaf blade in mg 

Time in hours after 
starting the illumination 

0 
4 
8 

12 
16 
20 
24 

Day length in hours 

16 

49.8 
49.9 
51.2 
52.3 
55.6 
49.5 
49.8 

8 

30.9 
32.3 
33.8 
31.3 
30.9 
31.3 
30.9 

GRAPHS 15 a-f 

Values for plants grown in artificial light for 16 hours a day 
(solid line) or 8 hours a day (broken line) at a night tempera­
ture of 17° C and day temperatures as indicated on x-axis. 
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3.3. Plant growth with extra artificial light during winter 
3.3.1. Young plants 

In Wageningen the influence of extra artificial light before planting was 
studied during the winter months. 

Dry weight - In experiment IX plants of the variety Tuckqueen were used. 
They were sown on January 6 and received three different additional light treat­
ments : 

a) no artificial light, 
b) 15 hours a day, also during the day light, light by TL tubes (fluorescent 

tubes), 4 tubes on 1 m2 (+TL), 
c) 15 hours a day, also during the day light, light by HO 2000 lamps ( = high 

pressure mercury lamps) (+HgL). 

On a certain day at noon the light intensities were: 
a) - L = 4500 lux, b) + T L = 7200 lux and c) +HgL = 7200 lux. - L is not 
only weaker than the others, but also the time of light exposure is shorter and 
for these two reasons the light energy is much lower. 

Dry weight determinations were made first on February 6, on which day 
only the above ground parts were harvested. For the subsequent four harvests 
the whole plants were used (table 14). 
TABLE 14 
Dry weights in mg of plants sown on January 6 and grown under natural light (-L), TL 
tubes 15 hours a day (+TL) and high pressure mercury light (+HgL) 

Date 

- L 
+ T L 
+ H g L 

6/2 

16.1 ± 0.8 
58.4 ± 4.0 
43.4 ± 2.6 

15/2 

56 ± 2 
226 ± 14 
153 ± 13 

22/2 

119 ± 5 
470 ± 54 
425 ± 31 

23/2 

154 ± 11 
551 ± 25 
519 ± 2 8 

1/3 

261 ± 16 
828 ± 45 
824 ± 46 

Plants under TL light and from the control had more anthocyanin than plants 
under the mercury light, probably as a result of a lower temperature. 

Table 14 shows the effect of the extra light given in winter very clearly. The 
dry weights of the extra lighted plants are approximately four times as heavy as 
the dry weights of the plants under natural light conditions. 

For experiment X plants of the variety Dominant were sown on November 
14. Light from TL tubes was used 15 hours a day, in addition to and during 
the normal light, in comparison with normal day light alone. Dry weights of the 
above ground parts are given in table 15, where also the percentages dry matter 
TABLE 15 
Percentage dry matter and total dry weight in mg of plants under natural light (-L) or with 
extra illumination (+L) 

Date 

28/11 
1/12 
5/12 
8/12 

12/12 

-

% dry 
matter 

5.22 
4.48 
4.95 
5.06 
5.65 

L 

total dry 
weight 

4.25 
5.39 
7.48 
9.31 

13.23 

+ L 

% dry 
matter 

6.89 
6.18 
7.44 
8.92 
6.36 

total dry 
weight 

5.92 
10.24 
17.94 
24.13 
62.40 

Ratio of+ L/-L x 100 

% dry 
matter 

132 
138 
150 
176 
113 

total dry 
weight 

139 
190 
240 
260 
472 
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are given and the relation of these values between the extra lighted and the not 
extra lighted plants. 

The table shows : 

a) a higher dry matter content for the extra lighted plants (+L), 
b) the dry weight differences between -f-L and - L increase with time. 

This must be the result of the decreasing natural light which makes the dif­
ferences in light energy for the two groups steadily increase. 

The two mentioned experiments (IX and X) show very clearly the influence 
of the extra light on the speed of plant growth and this speeding up in growth 
can result in an earlier yield (compare pp. 203 to 204). 

Ch lo rophy l l and dry weight con ten t of leaf disks - Leaves from 
plants receiving extra light look darker green than those from plants grown 
under normal winter light conditions. It might be that the extra illuminated 
plants have relatively more chlorophyll. So chlorophyll content of leaf disks 
of extra lighted (+L) and not extra lighted (-L) plants was determined. 

Leaf disks of both groups were put into boiling water for 20 seconds, extracted 
in 90% alcohol at 60-70 °C in a test tube. Then 3-4 cc alcohol was added and 
after three minutes the liquid was poured through a filter into another test tube. 
This action was repeated until the extract was colourless. After making up to 
a certain volume the density was measured. 

Plant material from plants sown October 8 was used. On December 14 and 
19 and January 5 leaf disks were taken. Half the amount of each group was 
used for dry weight determinations, the other half for chlorophyll measurements. 
The relation between dry weights was + L / - L = 1.63 ± 0.085, between chlo­
rophyll amounts + L / - L = 1.69 ± 0.061. Because these figures do not differ, 
the conclusion must be that the amount of chlorophyll in the leaves of plants 
growing in different light energies is the same when expressed on a dry weight 
base. The darker colour will be the result of thicker leaves with more chlorophyll 
in the same leaf area. 

The dry weight contents of the disks for the + L and - L plants were 12.6 ± 
1.10 and 9.0 ± 0.34, showing less dry matter in the leaves of t h e -L plants, 
the same as was found on this page for the above ground parts of the plants. 

Summarizing, it can be said that plants receiving more light energy show a 
higher dry weight content, a heavier weight of the same leaf area, but a similar 
chlorophyll concentration. Whether this is the result of stronger light, longer 
light or a combination of these two cannot be told from this experiment. 

Branched c l u s t e r s - O n page 180 it was shown that branched clusters 
have more fruits than single ones. The fruits of branched clusters may be smaller, 
but the yield is larger, mostly about lx/2 times as large, so branched clusters are 
desirable. 

In experiments XII and XIII a, b and c (see p. 202) the influence of the extra 

TABLE 16 
Percentage of branched first clusters with ( + L) or without (-L) extra light before planting 

+L 
- L 

Experiment XII 

33 
7 

Experiment XIII 
a, b and c 

28 
12 
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