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1. INTRODUCTION 

A new product has to be produced by Herba (part of Swedeponic). This is red coloured 
mini lettuce for fresh mixed lettuce for a UK supermarket. 

Two trials were conducted to find out how irrigation frequency, light and phosphorus 
affects the growth, firmness and colour of lettuce. In the second trial lower 
temperatures were chosen than in the first one in order to achieve a more f irm plant. 

To compare the light intensities measured in the trials, also light intensities were 
measured on the nursery of Herba. Data of the light intensities at Herba are given in 
appendix 1. 

The climate outside during the trials has been compared w i th the average (appendix 2). 

2. TRIAL 1, EFFECT OF LIGHT AND IRRIGATION FREQUENCY 

2.1. TREATMENTS AND GENERAL DATA 

Treatments were irrigation frequency: 

1 . Irrigation in the beginning of the experiment (until 11.12.97) was ones per 2 
days and after 11.1 2.97 onces per day between 11.00 and 1 2.00 h irrigation 
for 30 minutes. 

2. Irrigation three times a day at 0 .00, 8.00 and 1 6.00 h f or 1 5 
minutes each 

Other treatments: light intensity. In a compartment of 93 m2 in the middle the 
light intensity was high and to the outside it was lower. 

For a better germination, the first days from planting the pots were watered 
from the top wi th rain water. The rest of the irrigation was w i th NFT. 

Plants were: Kimura (Lollo Bionda), Loretta, Raisa (oak lettuce). These plants 
were in three gullies in the middle of the 12 tables. There were lO seeds per 
pot), w i th upper diameter of 6,5 cm, a height of 8 cm, and a distance in the 
gully of 10 cm. On each table there was a side row gully w i th different herbs. 
A gully contained 22 - 23 plants. Gullies were from Herba. 

Sowing date: 25.11.97 (day 0) 
Planting date: 27.11.97 
Temperature for heating were: 17/10 °C (day/night). Day started at 3 hours 
before sunrise, increase in temperature was 1 °C per 30 minutes. Night 
started at sunset, decrease in temperature was 1 °C per 15 minutes. 
Temperatures for ventilation were 0,5 °C above the heating temperatures. 
Artif ical lighting was from 0.00 until 18.00 hours. 



From planting the gullies were close to each other. On 11.12.97 gullies were 
put on a distance of 16 cm. On 17.12.97 all gullies were put on a distance 
of 22 cm (end distance). 
End of the experiment: 22.12.98 (day 27). On each gully on 3 places 3 pots 
were harvested for fresh weight determination. Plants of the experiment and 
from the side rows were harvested by Tom Venderbosch and were sent to 
the UK. 

After 22.12.98 the temperatures were lowered to 12/4 °C (day/night). 

2.2. CLIMATE AND NUTRITION 

The light intensities are given in appendix 3 . 

The temperatures (based on data per minute) are given in appendix 4. All the 
data (averaged per 30 minutes) are given in appendix 5. 
The element contents of the nutrient solution at the start and at the end of 
the trial are given in appendix 6. 
2.3. GROWTH AND COLOUR. 

Relations between licht intensity and plant weight per pot are given in figures 
1 - 4. Until the highest light intensity still the plant weight increases. 

Figure 1. Relationship between light intensity and plant weight on 22.12.97. 
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Figure 2. Relationship between light intensity and plant weight on 22.12.97. 
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Figure 3. Relationship between light intensity and plant weight on 22.12.97. 
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Figure 4 . Relationship between light intensity and plant weight on 22 .12 .97 . 
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The colour of Loretta was darker than of Raisa. The colour was strongly 
affected by the light intensity. Under higher light intensity the colour was 
darker (more red) than under low light intensity. 

The irrigation frequency had no effect on plant weight and colour. This could 
be caused by the fact that in both irrigation frequencies there was never a 
shortage of water. 

Plants were not f i rm. This was assumed to be caused by the high 
temperatures. The firmness was not increased due to a higher light intensity. 

The lowering of the temperature after harvest on 22 .12 .98 did not increase 
the firmness (after the final harvest spare plants were fol lowed for about 3 
weeks). The low temperature increased the red colour of the Raisa. However 
this was only a marginal effect and was only seen under the high light 
intensity. 



3. TRIAL 2, EFFECT OF PHOSPHORUS 

3.1. TREATMENTS AND GENERAL DATA 

Phosphorus level in the potting soil was: 

A. Zero 
B. 7.2 g P per m3 potting soil (20 % of standard) 
C. 14.4 g P per m3 potting soil (40 % of standard) 
D. 21.6 g P per m3 potting soil (60 % of standard) 
E. 36.0 g P per m3 potting soil (100 % = standard soil for Herba) 

Potting soil A-D were prepared in Naaldwijk from Finnpeat PP03 and E was 
the standard from Herba. Chemical analysis of the potting soil are given in 
appendix 7. 

P-level in the circulating solution was 
1. 0.25 mmol/l until 18.2.98, afterwards zero. (On 18.2.98 no visual effect of 

the P levels in the circulating solution. Therefore it was decided to lower 
the P-content. The low P solution was pumped into the high P-tank and the 
low P tank was prepared without P). 

2. 0.5 mmol/l until 18.2.98, afterwards 0.25 mmol/l 

Plants were : 2823 (oak lettuce), Loretta and ROS 902 (20 seeds per pot) 
In the side tables chive and dille were planted (appendix 8). 
Sowing date: 15.1.98 
Planting date: 16.1.98 
Low temperatures were chosen in order to get a dark colour and a f i rm plant. 
Temperatures were 13/5 and after 29.1.98 it was increased (the growth was 
considered as too slow and probably no effect of P could be seen) to 15/5 °C 
(day/nicht). Ventilation was at 0.5 °C above set point for heating. Day started 
at 3 hours before sunrise, increase in temperature was 1 °C per 30 minutes. It 
takes 5 hours to increase the temperature from the night to the day. Night 
started at sunset, immediately. 
Artificial l ighting was between 0.00 and 18.00 h. Light intensity was unequal 
distributed on the tables and varied from place to place w i th a minimum of 37 
and a maximum of 83 /ymol.m^.s'1 ; most values were between 50 and 70 
wi th an avarage of 60//mol.m'2 .s '1 (number of measurements is 24). 

For germination in the first days, plants were watered from the top w i th rain 
water. Later on, irrigation was from the bottom wi th NFT, in the beginning 
ones per day and later on t w o times a day during 15 minutes at 8 .00 and 
12.00 hours, depending on the demand. There was never a water shortage. 

On 25.2.98 Tom Venderbosch sent plants to UK. On 25.2.98 plants were on 
the right length for harvest. However on that date no labour was available for 
the measurements. Fresh weights of 10 pots per gully were determined on 
27.2.98. On that date artificial lighting was stopped. On 3.3.98 artificial 
lighting started again and on 06.03.98 of t w o tables w i th 2823 the fresh 
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weights were determined again of 5 pots per gully. 
After harvest plants were put in the gullies again to see the regrowth. The 
regrowth was disappointed. Some plants died and the new formed leaves 
were ugly. It is possible that a higher cut of the leaves increases the 
regrowth. 

3.2. CLIMATE AND NUTRITION 

Temperatures based on data per minute are given in appendix 9. All the other 
data averaged per 30 minutes are given in appendix 10. 
The element contents of the nutrient solution at the start and at the end of 
the trial are given in appendix 6. 

3.3. GROWTH AND COLOUR 

On 3.2.98 the effect of P in the potting soil was seen in 2823. A low P level 
in the potting soil gave less growth. On that date the colour was not 
different between the treatments. 2823 gave the fastest growth. 
On 16.2.98 still there was no visual effect of P on ROS 902 and Loretta. On 
23.2.98 the 2823 gave a more red colour at low P level, both in the potting 
soil and in the circulating solution. 
On 25.2.98 large effects of P level (both in the potting soil and in the 
circulating solution) were seen in the three tested plants. 

Table 1. Plant weights on 27.2.98 

Plant 

2823 
2823 

Loretta 
Loretta 

Ros 902 
Ros 902 

P in solution 

low 
high 
low 
high 
low 
high 

Plant weight, g per pot 

A 
14.9 
22.9 
12.8 
22.0 
12.7 
20.6 

B 
18.8 
27.2 
15.1 
23.4 
16.9 
23.8 

C 
22.4 
32.2 
20.9 
27.5 
20.4 
23.5 

D 
31.0 
38.5 
20.5 
27.1 
21.7 
24.9 

E 
34.7 
40.4 
21.9 
30.4 
23.6 
27.1 

Table 2. Plant length on 

Plant 

2823 

2823 

Loretta -
Loretta 

Ros 902 
Ros 902 

Pin 
solution 

low 

high 
low 

high 
low 
high 

27.2.98 

A 

9.8 
12.2 

7.3 
9.5 

7.0 
10.0 

Plant length, 
B 

11.3 

13.9 
7.7 

9.9 
8.7 

10.4 

C 

12.0 

14.9 
8.9 

10.5 
9.4 

11.0 

cm 
D 

14.3 

16.1 
9.4 

10.7 

10.6 
11.3 

E 

14.3 
15.2 

9.1 
10.8 

9.9 
10.8 



Table 3. Plant weight on 6.3.98 

Plant 

2823 

2823 

P in 
Solution 

low 

high 

Plant weight, g/pot 

A 

19.9 

36.5 

B 

23.3 

40.1 

C 

30.1 

44.9 

D 

41.3 

51.2 

E 

44.2 

66.4 

Table 4. Visual colour assessment on 27.2.98 on a scale 0 = green, 10 = 
extremely red. 

Plant 

2823 

2823 

Loretta 

Loretta 

Ros 902 

Ros 902 

P in sol 

low 

high 

low 

high 

low 

high 

Colour 

A 

9 

7 

7 

4 

5 

4 

B 

8 

6 

6 

3.5 

4 

3 

C 

7 

5 

5.5 

3 

3 

2 

D 

7 

4 

4.5 

2.5 

3 

2 

E 

6 

4 

4.5 

2 

3 

2 

The relationships between visual assessment and growth are given in figure 
5 

Figure 5. Relationship between visual assesment (0 = green; 10= extremely 
red) and plant weight. 
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4. CONCLUSION 

Trial 1 • 

A). Growth increased linearly between a light intensity of 20 to 180 
//mol.m^.s'1 (PAR). Since the light intensity on Herba was between 60 - 86 
/ymol.m'2.s'1, the growth can be increased in the practical situation. 

B). A higher light intensity increased highly the red colour of the lettuce. 

C). Plants were not firm. A higher light intensity did not increase the firmness 
of the plant. 

D). The growth was faster than expected due to a high temperature. 

E). The irrigation frequency did not affect the plant weight and the colour. 
This could be caused by the fact that there was never a shortage of water. 

Trial 2. 

A). It was possible to increase the red colour of lettuce with a low P supply. 
However this low P supply decreased the growth. To achieve a beautiful red 
colour the decrease in production was about 50 % as compared to the 
standard. 

B). The effect of the low P supply on the colour was only visible in the last 
week before harvest. 

C). Germination and growth was slow caused by the low temperature. 

D). The low temperature did not increase the firmness of the plants. 
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APPENDIX 1 
Lichtintensiteit kwekerij Herba 

Inleiding 
Om de omstandigheden van de proef met mini-sla op het PBG te kunnen 
vergelijken met de omstandigheden op kwekerij Herba werden l ichtmetingen 
gedaan. 
Tijdstip: 31 december 1997, 8 .30 to t 9.30 (geen invloed van zonlicht) 
Apparatuur: l ichtmeter van PBG, die groeilicht meet in het traject 4 0 0 - 700 
nm 
Voor hogedruk natrium lampen komt 1 //mol.rrf2.s'1 overeen met 82 lux. 
Er is gemeten in een lijn vlakbij het inpakken en er is vanuit de paden onder 
en tussen de lampen gemeten. Er is steeds gemeten op 5 - 20 cm boven de 
potrand. 

Resultaten 
Lichtintensiteit in /ymol.m^.s"1 

L = lamp 
Noordzijde is naar boven in de dwarso pstelling. 

Lijn 2 - oude lampen, bij inpakken 

L 

73 69 

L 

70 -

L 

78 73 

L 

85 

L 

81 

Lijn 3 - nieuwe lampen, hoge lichtintensiteit, bij inpakken 

83 

L 

83 82 

L 

86 80 

L 

86 

L 

82 72 

Lijn 4 -

L 

77 

bij inpakken 

74 

L 

79 74 

L 

81 

Waarnemingen vanaf pad tussen lijn 1 en 2, lopend in de richting naar de 
nursery: 

lijn 1 

tussen lamp 

56 

50 

52 

lijnl 

onder lamp 

61 

55 

58 

Iijn2 

tussen lamp 

61 

54 

56 

Iijn2 

onder lamp 

68 

63 

56 

12 



57 62 

47 

58 

53 

65 

nursery 1 

tussen lamp 

64 

61 

nursery 1 

onder lamp 

69 

62 

69 

70 

66 

nursery 3 

tussen lamp 

76 

80 

nursery 3 

onder lamp 

77 

82 

n de richtinc I van de goten (dwars). 

nursery 2 

L 

73 63 

L 

73 68 

L 

76 72 

L 

75 

Waarnemingen vanaf pad tussen lijn 3 en 4, gemeten in de richting lopend 
naar inpakken: 

lijn 3 

tussen lamp 

63 

54 

62 

59 

Iijn3 

onder lamp 

65 

59 

65 

60 

Iijn4 

tussen lamp 

66 

54 

63 

61 

Iijn4 

onder lamp 

68 

54 

62 

65 

L 

81 

Lijn 3 • • nieuwe lampen, hoge lichtintensiteit, bij inpakken 

80 

L 

85 80 

L 

90 82 

L 

89 
Op robot direct onder lampen in lijn 2 
Oude lampen : 601 , 562, 670 
Nieuwe lampen: 686, 713, 724 
Scherm open of dicht maakte niet uit. 
C. de Kreij, dd 5-1-98 
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Appendix 2. The weather during trial 1 

Dagwaarden. 

2 Gemiddelde temperatuur 
3 Maximum temperatuur 
4 Minimum temperatuur 
9 Stralingssom (J/cm2) 

Opgegeven 

27-11-1997 
28-11-1997 
29-11-1997 
30-11-1997 
01-12-1997 
02-12-1997 
03-12-1997 
04-12-1997 
05-12-1997 
06-12-1997 
07-12-1997 
08-12-1997 
09-12-1997 
10-12-1997 
11-12-1997 
12-12-1997 
13-12-1997 
14-12-1997 
15-12-1997 
16-12-1997 
17-12-1997 
18-12-1997 
19-12-1997 
20-12-1997 
21-12-1997 
22-12-1997 

2 
6.3 
9.1 

10.3 
8.8 
5.9 
4.1 
3.9 
2.9 
4.3 
5.4 
4.7 
6.7 
9.9 

11.4 
11.9 

9.1 
8.6 
7.7 
2.8 

-2.0 
-2.8 

4 . 7 
7.6 
6.6 
4.5 
3.4 

tijd. 

3 
8.0 

10.4 
12.9 
10.0 

7.8 
6.5 
8.0 
4.4 
8.3 
8.8 
8.4 
9.7 

11.8 
12.9 
13.9 
10.4 
10.4 
10.0 

4.4 
0.3 
1.6 
8.1 

11.0 
10.4 

5.2 
4.1 

4 
5.1 
7.8 
8.8 
7.2 
4.0 
2.7 
1.1 

-0.4 
0.0 
2.7 
2.7 
3.2 
8.1 

10.2 
9.5 
7.3 
6.8 
4.6 
0.1 

-4.3 
-5.4 

1.1 
4.4 
4.0 
3.5 
2.3 

1 
9 

82.0 
69.9 

332.2 
114.5 
181.5 
133.9 
328.0 
108.0 
163.7 

91.9 
173.2 

75.1 
227.9 

41.8 
243.1 
161.6 
220.3 
288.4 
129.6 
216.5 
102.2 
107.5 

60.2 
285.5 

92.1 
76.9 

gem. van d 
27 

2 
6.4 
5.8 
5.3 
4.8 
4.3 
5.4 
5.7 
5.9 
6.0 
5.5 
5.5 
6.0 
5.8 
5.5 
6.0 
5.5 
5.7 
5.3 
4.9 
4.6 
4.5 
5.1 
5.5 
5.5 
4.9 
5.1 

e laatste 
8 
3 

7.8 
8.3 
8.7 
7.4 
7.6 
8.5 
8.3 
8.4 
7.9 
7.2 
7.2 
7.5 
6.5 
5.6 
7.7 
7.9 
8.3 
7.2 
5.5 
5.8 
6.0 
8.3 
9.3 
7.5 
5.6 
7.6 

jaren 
8 
4 

4.7 
3.4 
3.0 
3.9 
3 .1 
4.0 
4.2 
4.3 
3.6 
3.3 
3.0 
2.5 
2.4 
1.8 
3.3 
4.5 
3.5 
2.7 
1.7 
1.3 
1.7 
4.2 
4.4 
3.0 
1.9 
2.7 

27 
9 

182.1 
214.0 
260.2 
204.3 
232.4 
184 .4 
230.1 
172.3 
214.9 
208.1 
205.8 
168.9 
206.2 
177.0 
160.3 
165.3 
163.7 
186.3 
177.5 
162.7 
146 .0 
164.8 
149.5 
146.7 
179.9 
133.2 
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Appendix 2. The weather during trial 2. 

Dagwaarden. 

2 Gemiddelde temperatuur 
3 Maximum temperatuur 
4 Minimum temperatuur 
9 Stralingssom (J/cm2) 

Opgegeven 

16-01-1998 
17-01-1998 
18-01-1998 
19-01-1998 
20-01-1998 
21-01-1998 
22-01-1998 
23-01-1998 
24-01-1998 
25-01-1998 
26-01-1998 
27-01-1998 
28-01-1998 
29-01-1998 
30-01-1998 
31-01-1998 
01-02-1998 
02-02-1998 
03-02-1998 
04-02-1998 
05-02-1998 
06-02-1998 
07-02-1998 
08-02-1998 
09-02-1998 
10-02-1998 
11-02-1998 
12-02-1998 
13-02-1998 
14-02-1998 
15-02-1998 
16-02-1998 
17-02-1998 
18-02-1998 
19-02-1998 
20-02-1998 
21-02-1998 
22-02-1998 
23-02-1998 
24-02-1998 
25-02-1998 
26-02-1998 
27-02-1998 

2 
7.9 
8.1 
6.0 
6.3 
4.8 
1.6 

-0.4 
0.5 
4.2 
1.9 
0.5 
2.0 
5.2 
5.8 
6.2 
2.0 

-2.9 
2.1 
4.7 
5.3 
7.4 
7.1 
5.9 
6.2 
6.8 
7.4 
9.6 
9.3 

11.3 
10.7 
11.5 
10.4 

7.4 
7.8 
8.9 

12.0 
10.4 

7.7 
8.0 
9.4 
9.6 
8.9 
9.1 

tijd. 

3 
9.4 

10.2 
7.8 
8.1 
6.7 
5.6 
2.8 
2.5 
6.7 
3.3 
3.5 
4.9 
7.8 
9.5 
8.3 
6.5 
0.1 
7.5 
8.4 
8.3 

11.0 
8.3 
9.5 
8.1 

11.2 
12.6 
12.9 
11.6 
15.2 
15.6 
16.3 
13.2 
10.0 
12.4 
11.6 
15.6 
12.9 

9.2 
10.8 
11.5 
11.6 
10.5 
10.0 

4 
6.4 
6.5 
4.6 
2.3 
2.2 

-1.1 
-2.3 
-1.6 

2.3 
-0.1 
-1.1 
-0.6 
4.0 
4.0 
3.8 

-2.8 
-5.4 
-4.1 

1.9 
2.3 
4.3 
5.4 
3.0 
3.5 
3.6 
4.0 
7.2 
7.5 
8.9 
8.0 
8.8 
7.8 
5.4 
4.1 
6.7 
9.2 
8.8 
5.9 
5.2 
8.4 
8.3 
7.6 
8.3 

1 
9 

122.3 
227.5 

61.7 
222.1 
201.1 
455.0 
433.9 

90.2 
467.8 
403.6 
595.4 
451.1 
176.1 
454.4 
161.1 
676.6 
492.0 
292.5 
681.6 
648.9 
445.9 
144.5 
501.1 
444.1 
721.8 
623.9 
676.3 
386.0 
675.5 
768.7 
640.8 
590.5 
522.6 
863.0 
609.9 
815.2 
160.4 
483.5 
708.9 
517.6 
245.5 
153 .4 
364.0 

gem. van 
27 

2 
4.1 
3.6 
2.9 
3 .4 
3.7 
4.1 
4 .4 
4.4 
4.4 
4.2 
4.1 
4.4 
4.1 
4.0 
3.6 
3.6 
3.2 
3.4 
3.8 
3.7 
4.5 
4.7 
4.3 
3.9 
3.8 
3.9 
4.3 
4.4 
3.7 
2.8 
2.6 
3.0 
3.1 
3.5 
3.2 
3.2 
3.9 
4.3 
4.6 
4.6 
4.5 
4.2 
4 .4 

de laatste 
8 
3 

8.3 
8.1 
7.0 
6.7 
7.3 
6.7 
7. 7 
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Appendix 3. Light intensity in t r i a l i 
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Appendix 4. Temperatures in trial 1, based on data per minute 
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Appendix 5. Other climatic conditions in trial 1 
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Appendix 8. Planting scheme in trial 2 
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Appendix 9. Temperatures in trial 2, based on data per minute 
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