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1 SUMMARY

In Iceland, winter production of greenhouse crops is totally dependent on supplemen-
tary lighting and has the potential to extend seasonal limits and replace imports
during the winter months. Adequate guidelines for winterproduction of strawberries
are not yet in place and need to be developed. The objective of this study was to test
if the light source together with appropriate temperature settings is affecting growth,
yield and quality over the winter of junebearers and to evaluate the profit margin.

A strawberry experiment with junebearers (Fragaria x ananassa cv. Sonata and cv.
Magnum) was conducted from the beginning of October 2018 to the middle of
January 2019 in the experimental greenhouse of the Agricultural University of Iceland
at Reykir. Strawberries were grown in 51 pots in six replicates with 12 plants/m?
under high-pressure vapour sodium lamps (HPS, 180 W/m?, 269 umol/m?/s) or under
LED lights (278 pmol/m?/s) for a maximum of 16 hours light. The day temperature
was 16 °C in the HPS chamber, but 19 °C in the LED chamber to compensate for
additional heating by the HPS lamps. The night temperature was 8 °C in both
chambers, CO2800 ppm. Strawberries received standard nutrition through drip
irrigation. The effect of the light source and appropriate temperature settings was

tested and the profit margin was calculated.

The CO2 amount was nearly 100 ppm higher in the LED chamber due to more open
windows in the HPS chamber. Air temperature was in average 1,3 °C higher under
LEDs due to the fact that the day temperature was set 3 °C higher. This settings
caused an about 1 °C higher soil temperature in the LED treatment, whereas the leaf
temperature was comparable between light sources. This temperature advantage
might have positively influenced growth and yield of the plants under LEDs: The
development of the flowers and berries was delayed by one week under HPS lights
and therefore, gave the plants under LEDs and increased temperature one week
earlier ripe berries and harvest was also finished one week earlier than the harvest
under HPS lights. It took 1-2 days from flowering to pollination. The fruits were ripe in
45 /50 days (Magnum / Sonata) under HPS lights and in 45/43 days (Magnum/
Sonata) under LEDs. For Sonata were 1-3 % of the total flowers unpollinated. For
Magnum were 24 % unpollinated flowers or later rejected flowers counted under LED
lights and increased temperature and 12 % under HPS lights.

Sonata had with 560 g per plant under LEDs and 600 g per plant under HPS lights a
significantly higher marketable yield than Magnum with 430 g per plant under LEDs
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and 520 g per plant under HPS lights. The reason for the more than 13 % lower
marketable yield of Magnum compared to Sonata was attributed to a significant lower
number of marketable fruits due to a significantly higher percentage of unshaped
fruits. Differences between varieties developed at the middle of the harvest period.
Marketable yield was about 90 % of total yield. The light source did not affect the
weight of marketable yield of Sonata. However, Magnum had a significantly higher
marketable yield under HPS lights. This was possibly be related to a significantly
higher amount of unpollinated flowers or later rejected flowers under LEDs, which
resulted in a tendentially lower amount of marketable fruits compared to the HPS
treatment. Assuming, the number of unpollinated flowers or later rejected flowers
under LED lights and increased temperature, would have been lower, could it be
expected that also here an equal yield under HPS and LED lights would have been
measured, as with Sonata.

Magnum had most of the time a significantly higher sugar content than Sonata. The
sugar content of Magnum was independent of the light source. However, for Sonata
was the sugar content under LEDs and increased temperature lower than under HPS
lights. This difference was also found in the tasting experiment: Higher grades were
given for the the sweetness and the flavour of Sonata under HPS lights, whereas for
Magnum was this difference not observed. Sonata fruits seem to be evaluated juicier
and Magnum fruits firmer. The use of Sonata increased the yield by 0,9 kg/m? and
the profit margin by 1.700 ISK/m? under HPS lights, respectively by 1,5 kg/m? and
3.200 ISK/m? under LEDs and increased temperature.

Using LED lights was associated with nearly 46 % lower daily usage of kWh'’s,
resulting in lower expenses for the electricity but higher investment costs compared
to HPS lights. With the use of LEDs decreased the profit margin by 1.500 ISK/m? for
Magnum, but was independent of the light source for Sonata. A higher tariff did not
change profit margin. Also, the position of the greenhouse (urban, rural) did nearly
not influence profit margin. However, there was a small advantage for the urban
area. Possible recommendations for saving costs other than lowering the electricity
costs are discussed.

Before LEDs can be adviced in practice, more scientific studies are needed. With
adapted temperature settings was it possible to compensate the additional heating by

the HPS lights and prevent a delayed growth and harvest. However, more



experience under LED lights is needed. Therefore, so far a replacement of the HPS

lamps by LEDs is not recommended.

YFIRLIT

Vetrarraektun i grédurhisum & islandi er algjérlega had aukalysingu. Vidbotarlysing
getur lengt uppskerutimann og komid i stad innflutnings ad vetri til. Fullnaegjandi leid-
beiningar vegna vetrarraektunar a jardarberjum eru ekki til stadar og parfnast frekari
prounar. Markmidid var ad profa hvort ljosgjafi asamt videigandi hitastillingu hefdi ahrif
a voxt, uppskeru og gaedi yfir havetur a junebearers og hvort pad veeri hagkvaemt.
Gerd var jardarberjatilraun med junebearers (Fragaria x ananassa cv. Sonata og cv.
Magnum) fra byrjun oktober 2018 og fram i midjan januar 2019 i tilraunagrédurhusi
Landbunadarhaskoéla islands ad Reykjum. Jardarber voru raektud i 51 pottum i sex
endurtekningum med 12 pléntum/m?2 undir topplysingu fra haprysti-natriumiédmpum
(HPS, 180 W/m?, 269 umol/m?/s) eda undir LED ljési (278 pmol/m?/s) ad hamarki i
16 klst. Daghiti var 16 °C i HPS klefa, en 19 °C i LED klefa til ad baeta vidbdtarhitun
sem vard med HPS ljosunum. Neeturhiti var i baedum klefum 8 °C, CO2 800 ppm.
Jardarberin fengu neeringu med dropavékvun. Ahrif liésgjafa og videigandi hita-
stillingar var profud og framlegd reiknud ut.

CO2 magnid var neerri pvi 100 ppm heerra i LED klefa vegna pess ad gluggarnir i
HPS klefa voru ad opnast meira. Lofthitastigid var ad medaltali 1,3 °C haerra i LED
klefanum vegna dagshita sem var sett 3 °C haerri. Ut af pessum stillingum var jard-
vegshiti i LED klefanum um 1 °C heerri en i HPS klefanum, en laufhiti var eins a milli
klefa. Pessi kostur i hitastigi getur lika haft jakveed ahrif a voxt plantna og uppskeru
undir LED ljési: Proski blomanna og berjanna var um einni viku seinni med HPS
lidsum og pvi byrjadi medferd undir LED ljosum og heerra hitastigi einni viku fyrr ad
gefa proskud ber og uppskeran var einnig buin einni viku fyrr. Pad tok 1-2 daga fra
blémgun til fridvgunar. Avextir voru proskadir & 45 /50 dégum (Magnum / Sonata)
undir HPS ljési og & 45/ 43 dégum (Magnum / Sonata) undir LED ljési. Sonata var
med 1-3 % af 6frjovgudum heildarblémum. Hins vegar var hlutfall hja Magnum 24 %
ofrjovgad eda blomin blémstrudu og visnudu sidan undir LED ljosum og heerra
hitastigi og 12 % undir HPS ljésum.

Sonata var med 560 g a pléntur undir LED lj6si og 600 g & pléntur undir HPS ljésum
marktaekt haerri markadheefrar uppskeru en Magnum med 430 g a pléntur undir LED
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li6si og 520 g & pléntur undir HPS ljosum. Astedan fyrir meira en 13 % laegri
markadsheaefrar uppskeru af Magnum borid saman vid Sonata voru feerri jardarber
vegna tolfreedilega markteekt haerra hlutfalls af illa 16gudum jardarberjum. Mismunur
milli yrkja myndadist & midju uppskeru timabilinu. Hlutfall uppskerunnar sem haegt
var ad selja var um 90 %. Ljosgjafinn hafdi ekki ahrif & pyngd markadshaefrar
uppskeru af Sonata. Hins vegar var yrkid Magnum med markteekt heerri
markadsheaefrar uppskeru undir HPS ljosum. Pad tengdist mégulega markteekt haerra
magni af 6frjovgudvum blémin eda blomin blomstrudu og visnudu sidan undir LED
ljbsum og heerra hitastigi, sem olli tilhneigingu til minna magns af séluhaefu aldin
samanborid vid HPS medferdina. Ef svo faeri ad fjéldi af 6frjiovgudum blémum eda
blémin sem blémstrudu og visnudu sidan undir LED ljésum og haerra hitastig hefoi
verid laegri, meetti buast vid ad einnig hér hefdi verid eins uppskera undir HPS og
LED ljésum, eins og med Sonata.

Sykurinnihaldid var yfirleitt marktaekt meira hja Magnum en hja Sonata. Enginn
munur var & sykurinnihaldi milli ljosgjafa fyrir Magnum, en Sonata var med leegra
sykurinnihaldi undir LED ljésum og heerra hitastig midad vid HPS lj6s. Pessi munur
fannst lika i bragdprofun: Einkunn voru heerri fyrir seetu og bragd af Sonata undir
HPS ljosum, en fyrir Magnum kom pessu munur i einkunn ekki upp. Sonata var med
meiri safa og Magnum med meiri péttleika. Raektun af Sonata i stadin fyrir Magnum
jok uppskeru um 0,9 kg/m? og framlegd um 1.700 ISK/m? undir HPS lj6si og um
1,5 kg/m? og 3.200 ISK/m? undir LED og haerra hitastig.

Med notkun LED ljéss var naestum 46 % minni dagleg notkun a kWh, sem leiddi til
minni Gtgjalda fyrir raforku midad vid HPS lj6s, en heerri fjarfestingarkostnadur af
LED. begar LED lj6s var notadur, pa minnkadi framlegd um 1.500 ISK/m? fyrir
Magnum, en ljésgjafi hafdi engin ahrif & framlegd hja Sonata. Haerri rafmagnsgjald-
skré breytir framlegd naestum ekkert. Pad skiptir nanast ekki mali hvort grodurhus er
stadsett i péttbyli eda dreifbyli, framlegd er svipud, en p6 adeins betri i péttbyli.
Moguleikar til ad minnka kostnad, adrir en ad laekka rafmagnskostnad eru taldir upp i
umraedunum i pessari skyrslu.

Adur en haegt er ad radleggja ad nota LED, er porf & fleiri rannséknum. Med
videigandi hitastillingar var samkveemt pessum tilraun haegt ad beeta vidbdtarhitun
sem vard med HPS ljosunum vid LED klefann til ad ekki var seinkun a vexti og
uppskeru. Hins vegar vantar meira reynslu med raektum undir LED ljosi. Pess vegna

er ekki meelt med pvi ad skipta HPS lampa ut fyrir LED ad svo stéddu.
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2 INTRODUCTION

The extremely low natural light level is the major limiting factor for winter greenhouse
production in Iceland and other northern regions. Therefore, supplementary lighting is
essential to maintain year-round production. This could replace imports from lower
latitudes during the winter months and make domestic vegetables and fruits even

more valuable for the consumer market.

Arni Magnis Hannesson from FIudir is the pioneer in growing strawberries in Iceland.
He has started with the production in the year 1985. Eirikur Aguistsson and Olga Lind
Gudmundsdottir started to grow strawberries at Silfurtin in 2002 and in 2011 more

growers joined. 2019 were seven strawberrry growers counted.

The possibilities for strawberry production are based on growing under vegetation
covers for the market in June-August or cultivate strawberries in heated greenhouses
with preferably supplementary lighting. The harvest period was so far from May to
October and therefore, Icelandic strawberries are not available in winter and spring.
However, a demand exists because relative cheap strawberries are imported and the

Icelandic producers can hardly compete with the price of imported strawberries.

Since several years it is tradition to grow strawberries in heated greenhouses in the
Netherlands and Belgium (e.g. van Delm et al., 2016). Also, the Norwegians are
experimenting with greenhouse cultivation of strawberries during winter (e.g. Verheul
et al., 2007). The question is whether this can also be pursued in Iceland. It is difficult
to cultivate strawberries on high latitudes like in Iceland, because there are short
days and little daylight from middle of September to middle of April and the low
natural light level is the main limiting factor for a production in winter in greenhouses.
Therefore, supplemental lighting is necessary to maintain an equal harvest over the
year and this could make imports from lower latitudes unnecessary. Vegetables are
grown during winter with supplemental lighting and the question is whether it is
possible to extend the growing season of strawberries in the same way. Therefore, it
should be considered if it is possible to use supplemental lighting when active
radiation (PAR) falls below the critical value in production of strawberries.

Strawberry production in the greenhouse is based on producing strawberries at times
where cheap strawberries are not available. "Sonata" and "Elsanta" are the most
common strawberry varieties abroad and also in Iceland. These varieties are

junebearers that produce one harvest in June or early spring. Under lighting abroad
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is also the junebearer “Magnum” grown. This variety is giving bigger berries than the

two before mentioned varieties and is grown in Iceland since the year 2017.

The positive influence of artificial lighting on plant growth, yield and quality of
tomatoes (Demers et al., 1998a), cucumbers (Hao & Papadopoulos, 1999) and
sweet pepper (Demers et al., 1998b) has been well studied. It is often assumed that
an increment in light intensity results in the same yield increase. Indeed, yield of
sweet pepper in the experimental greenhouse of the Agricultural University of Iceland
at Reykir increased with light intensity (Stadler et al., 2010). However, with tomatoes,
a higher light intensity resulted not (Stadler, 2012) or in only a slightly higher yield
(Stadler, 2013). Van Delm et al. (2016) reported that the total yield of strawberries in
Belgium decreased with lower light intensities. In the research greenhouse of the
Agricultural University of Iceland were two different light intensities tested and at the
beginning of the harvest were strawberries at the higher light intensity (150 W/m?)
some days earlier ripe than at 100 W/m2. The higher light intensity had a positive
effect on marketable yield. The yield was about 15 % more due to a higher number of
“extra class” strawberries. The unmarketable yield seemed to be lower at the higher
light intensity (Stadler, 2016a; Stadler 2016b). However, these results apply to the

junebearers Sonata and Elsanta, whereas for Magnum is less knowledge available.

Supplemental lighting that is normally used in greenhouses has no or only a small
amount of UV-B radiation. High pressure sodium (HPS) lamps are the most
commonly used type of light source in greenhouse production due to their
appropriate light spectrum for photosynthesis and their high efficiency. The spectral
output of HPS lamps is primarily in the region between 550 nm and 650 nm and is
deficient in the UV and blue region (Krizek et al., 1998). However, HPS lights suffer
from restricted controllability and dimming range limitations (Pinho et al., 2013).

Light-emitting diodes (LED) have been proposed as a possible light source for plant
production systems and have attracted considerable interest in recent years with
their advantages of reduced size and minimum heating plus a longer theoretical
lifespan as compared to high intensity discharge light sources such as HPS lamps
(Bula et al., 1991). These lamps are a radiation source with improved electrical
efficiency (Bula et al., 1991), in addition to the possibility to control the light spectrum
and the light intensity which is a good option to increase the impact on growth and

plant development. Several plant species have been successfully cultured under



LEDs (e.g. Philips, 2017; Philips, 2015; Tamulaitis et al., 2005; Schuerger et al.,
1997; Brown et al., 1995; Hoenecke et al., 1992). However, with HPS was achieved
a significantly higher fresh yield of salad in comparison to LEDs. But, two times more
kWh was necessary with only HPS lights in comparision with only LEDs. The only
use of HPS lights resulted in the highest yield, while the yield with only LEDs was
about V4 less (Stadler, 2015). In contrast, the light source did not affect the weight of
marketable yield of winter grown strawberries. But, the development of flowers and
berries and their harvest was delayed by two weeks under LED lights. This was
possibly be related to a higher leaf temperature in the HPS treatment due to
additional radiation heating. However, nearly 45 % lower daily usage of kWh'’s under
LEDs were recorded (Stadler, 2018b). These results are requesting scientific studies
with different temperature settings to compensate the additional heating by the HPS
lights and the delayed growth and harvest. Therefore is the question, if the
development under LEDs can be pushed up by a higher temperature than in the HPS

treatment and if energy costs could be reduced without extending the growing period.

But, before LEDs are put into practice on a larger scale, more knowledge must be
acquired on effects of LED lighting on crops (Dueck et al., 2012). In addition to the
yield is also the quality of the harvest important. Research in the Netherlands has
shown that with LED lights was it possible to increase the taste (Hanenberg et al.,
2016). Experience of growing strawberries under LEDs in Iceland is not available and
therefore, the effect of light on yield over the high winter (with low levels of natural
light) need to be tested under Icelandic conditons. There is already knowledge
available about growing the variety “Sonata” during the winter under HPS lights and
therefore, this variety will be compared to one other promising variety, Magnum.
Incorporating lighting into a production strategy is an economic decision involving
added costs versus potential returns. Therefore, the question arises whether these

factors are leading to an appropriate yield of strawberries.

The objective of this study was to test if (1) the light source together with appropriate
temperature settings is affecting growth, yield and quality of different strawberry
varieties, if (2) this parameter is converted efficiently into yield, and if (3) the profit
margin can be improved by the chose of the light source and variety. This study
should enable to strengthen the knowledge on the best method of growing
strawberries and give strawberry growers advice how to improve their production by
modifying the efficiency of strawberry production.
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3 MATERIALS AND METHODS

3.1 Greenhouse experiment

A strawberry experiment with two different varieties of junebearers (Fragaria x
ananassa) cv. Sonata and cv. Magnum and different light sources (see chapter “3.2
Treatments”) was conducted at the Agricultural University of Iceland at Reykir during
winter 2018/2019.

Four heavy tray plants of Sonata respectively Magnum were planted on 01.10.2018
in 51 pots filled with moist strawberry substrate in two chambers with different light

sources.

v Q

093m 093m 093m 0,93m 0,93 m 0,93 m 093 m 4
4

6,12 m

Shelter belt
Shelter belt

1.0m

Um 093m 093m 0,93m 0,93 m 093 m 093m 4

093m
M

Shelter belt
Shelter belt

6,12 m

10,06 m
E 4 Magnum plants

E 4 Sonata plants

Fig. 1: Experimental design of cabinets.

The strawberry pots were placed in rows in six 134 cm high beds (Fig. 1) with 8 cm
between pots and 93 cm between beds. Beds were divided into two parts and the



different varieties put out in a zick zack system. One bed had 16 pots with eight pots
from each variety. Six replicates, one replicate in each bed consisting of one pot
(4 plants for Sonata/Magnum) acted as subplots for measurements. The plant
density was 12 plants/m?. The temperature was set on 16 °C during the day in the
HPS chamber, but 19 °C in the LED chamber. The night temperature was set in both
chambers to 8 °C. Ventilation started at 18 °C respectively 21 °C. It was heated up
with 1,5-2 °C per hour. The aim was to reach 16 °C / 19 °C at one hour after day
starts. At the end of the day was the temperature dropped without delay. The
underheating in the LED chamber started heating up two hours before lights were
turned on and reached 45 °C during the day and was turned off one hour before night
(10 °C). The heating pipes in the HPS chamber were during night and day set to
10 °C.

Carbon dioxide was provided (800 ppm CO2 (from the beginning until the end) with
no ventilation and 500 ppm CO2 with ventilation). A misting system was installed.
Humidity was set to 75 % (from 07.00-23.00) to be able to reach 70 % during the
whole experiment.

Bumblebees were used for pollination. Paraat was sprayed four days after planting. It
was started three weeks after planting to spray Loker once a week (see details in
appendix). Plant protection was managed by beneficial organisms. Aphiscout (mix of
parasitic wasps) and Spidex (Predatory mite, Phytoseiulus persimilis) was used (see
details in appendix).

Strawberry plants got fertilizer according to Tab. 1. Plants were irrigated through drip
irrigation (1 tube per bucket). The watering was set up that the plants could root well
down, which means no runoff after planting and a low amount of runoff in the first 2-3
weeks. At the growing stage was the irrigation arranged to 10-20 % runoff on sunny
days and 0-5 % on cloudy days with an E.C. in the drip of 1,5-1,7. At flowering and
carrying green fruits was the runoff supposed to be 25-30 % on sunny days and
10-15 % on cloudy days with lowering the E.C. from 1,7 to 1,5 one week before
harvest. The E.C. of the input and runoff water is supposed to be adjusted that their
sum was 3,2-3,3 during growth and flowering and 3,0-3,1 during harvest. 100 ml/drip
was irrigated. In general was the rule that the first drip in the morning should not give
runoff. The first watering was at 9.00 and the last at 21.00 with E.C. 1,6 and pH 5,8.

The irrigation interval was variable in accordance to the runoff.



Tab. 1: Used fertilizer mixture for strawberries.
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(100 1) (100 1) tion
Qo i o
@ c >
g I %- § i 32
()] (7] ) x ©
) x 5 2 3 L 2
L k2 B EeBiES 2
ZEEEg o a £ £ 5 E g0 R T
2033 = E O 3 o 2 2 8 L & o 2
0 o O © a » n < {8 o =
“EEE 2 2 o g 5 §e3 8L 8
S8 = X ® 2 @ v 32 2T 38 E
=) © © 7 e 8§ 8 S x 5 @ =2
2 £ 5 £ 8555558 ¢ 5%
O 2 2 @2 = =282 K 2
Planting - 10 white 84 02 50 1,3 36 1,729 51 14 3 21 1,5 1:100
fruits / plant (growth)
10 white fruits / 73 025 50 13 36 1,773 51 14 3 21 15 1:100
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out
NH4*)

plant — harvest end
(fruit development)

3.2 Treatments
Strawberries were grown from 01.10.2018-14.01.2019 in two chambers with different

light sources:

1. HPS top lighting (Philips bulbs, 600 W) 180 W/m?, 269 umol/m?/s, HPS 16 °C
2. LED top lighting (GreenPower LED, Philips), 278 umol/m?/s pmol, LED 19 °C

Lamps for top lighting were mounted horizontally over the canopy. Light was
provided for 16 hours (07.00-23.00). Half of the lamps went on at 07.00 and the other
half at 07.30. Half of the lamps went off at 23.00 and the other half at 23.30. The
lamps were automatically turned off when incoming illuminance was above the
desired set-point. The lamps were distributed in the way that strawberries got the
most equal light distribution, on average 269 umol/m?/s in the HPS chamber and
278 umol/m?/s in the LED chamber (Tab.2). In addition, white plastic on the
surrounding walls helped to get a higher light level at the edges of the growing area.
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Tab. 2: Light distribution in the chambers.
HPS (umol/m?/s) LED (umol/m?/s)

repetition door middle glas average door middle glas average

1 268 271 246 262 268 297 271 279
2 269 278 250 266 269 292 275 279
3 285 288 259 277 275 294 267 279
4 289 264 269 274 277 293 273 281
5 284 275 259 273 277 297 272 282
6 284 265 231 260 260 284 266 270
average 280 274 252 269 271 293 271 278

In addition, nine flowering lamps (Philips GreenPower, deep red/ white / far red)
were set up in the LED chamber in the same height as the LED lights. Also, in the
HPS chamber were nine flowering lamps set up in the same position as in the LED
chamber. Ten days after planting was started to turn on the flowering lamps in both
chambers during the time, when the supplemental lights were turned off. The desired
growth was one cm/day. When measurements were lower than this value, the
flowering lamps were turned on for 24 hours in the LED chamber on the 09.11.2018,
but for 3 hours in the HPS chamber as stretching was enough in this chamber. The
flowering lamps were turned off shortly before harvest started.

3.3 Measurements, sampling and analyses
Soil temperature and leaf temperature was measured by hand and was also
continuously recorded by dataloggers. The amount of fertilization water (input and

runoff) was measured every day.

To be able to determine plant development, the number of leaves, the number of
clusters and the number of open flowers was counted each week. This gave
information regarding the total amount of flowers per plant and the number of flowers

per cluster.

During the growth period were runners regularly taken away and the number per
plant was registered. During the harvest period were berries regularly collected
(2 times per week) in the subplots. Total fresh yield, number of fruits, fruit category

(extra-class (> 25 mm), 1. class (18 mm) and not marketable fruits (too little fruits

11



(< 18 mm), damaged fruits, misshaped fruits, moldy fruits) were determined. At the
end of the harvest period was on each plant the number of immature fruits (green)

counted. The marketable yield of the whole chamber was also measured.

In the LED chamber were LED glasses used for picking to be able to distinguish if

berries were ripe or not.

The interior quality of the berries was determined. A brix meter (Pocket Refracto-
meter PAL-1, ATAGO, Tokyo, Japan) was used to measure sugar content of the
strawberries during the growth period. From the same harvest, the flavour of fresh
fruits was examined in a tasting experiment with untrained assessors. Also,

subsamples of the fruits were dried at 105 °C for 24 h to measure dry matter yield.

Energy use efficiency (total cumulative yield in weight per kWh) and costs for lighting
per kg yield were calculated for economic evaluation and the profit margin was

determined.

3.4 Statistical analyses

SAS Version 9.4 was used for statistical evaluations. The results were subjected to
one-way analyses of variance with the significance of the means tested with a
Tukey/Kramer HSD-test at p < 0,05.

12



4 RESULTS

4.1 Environmental conditions for growing
4.1.1 Solar irradiation

Solar irradiation was allowed to come into the greenhouse. Therefore, incoming solar
irradiation was affecting plant development and was regularly measured. The natural
light level was low during the whole growing period. From October to the beginning of

January were less than 3 kWh/m? reached (Fig. 2).
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Fig. 2: Time course of solar irradiation.
Solar irradiation was measured every day and values for one week were
cumulated.

4.1.2 Chamber settings

The settings in the chambers were regularly recorded. Table 3 shows the weekly
average of the CO2 amount and the average air and floor temperature as well as the
average day and night temperature.
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The mean CO2 amount was in average nearly 100 ppm higher in the LED treatment
due to nearly 75 % more often open windows in the HPS chamber. The CO2 amount

was all the time higher in the LED chamber.

The air temperature was in average 1,3 °C higher in the LED chamber and increased
temperature. This was due to the higher day temperature of 1,6 °C in the LED
chamber (because of the 3 °C higher settings in the day temperature), while

differences between chambers were much smaller during the night.

The floor temperature was comparable between light sources during the day.
However, during the night was the temperature higher in the HPS chamber than in
the LED chamber.

Tab.3: Chamber settings.

x CO2 (ppm) Air (daycl night) Floor d?g / night

§ HPS LED HPS e LED HPS e LED
1 608 649 15,8 (17,2/11,5) 16,3 (17,9/11,7) 32,0/20,4 34,2/19,1
2 613 680 16,3 (17,7/11,8) 17,7 (19,3/12,6) 34,9/20,9 35,0/19,4
3 * * 16,4 (17,6/12,1)  18,2(19,8/13,0) 349/21,3 350/19,4
4 618 718 16,0 (17,5/11,5) 17,8 (19,3/12,6) 34,9/20,9 35,0/19,6
5 638 733 16,2 (17,5/11,6) 17,7 (19,2/12,3) 35,1/20,8 35,0/19,9
6 605 717 16,4 (17,5/12,7)  17,8(19,3/13,1) 35,1/20,9 35,0/19,9
7 599 712 16,6 (17,7 /13,0) 18,1 (19,4/13,7) 35,1/20,5 35,0/20,4
8 572 698 16,4 (17,6 /12,4) 17,9 (19,3/12,8) 34,4/20,2 34,4/20,2
9 707 740 15,7 (17,0/11,5) 17,2(18,7/12,2) 35,0/21,0 351/19,4

10 700 761 15,7 (16,9/11,5) 17,1 (18,5/12,3) 35,0/21,7 35,1/20,8

11 586 746 16,9 (17,9/13,6) 17,6 (19,0/12,9) 35,0/23,2 35,1/21,1

12 610 749 16,4 (17,5/12,9) 17,4 (18,9/12,3) 35,0/23,0 35,1/20,3

13 572 745 17,3 (18,2/13,9) 17,7 (19,2/12,6) 35,0/23,6 35,1/20,9

14 585 747 16,4 (17,5/12,8) 17,4 (18,9/12,5) 35,0/22,6 35,1/20,3

15 594 17,1 (18,0/ 13,8) 35,0/ 23,1

g 617 725 16,3 (17,5/12,4) 17,6 (19,1/12,6) 34,8/21,5 35,0/20,1

*

CO2 was not working

Humidity amounted in average 65 % in the LED chamber and 69 % in the HPS

chamber.
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4.1.3 Soil temperature

Soil temperature was measured weekly at low solar radiation at 10.00 and fluctuated
between 15-19 °C. Soil temperature was significantly higher in the LED chamber and
the increased temperature compared to the HPS chamber. In average amounted the
difference about 1,5 °C. No significant differences between varieties were observed,
however, the temperature was tendentially higher with Magnum than with Sonata in

the LED chamber during the latter part of the growing period (Fig. 3).
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Fig. 3: Soil temperature measured by hand.
Letters indicate significant differences during the growing period (HSD, p < 0,05).

In addition, the soil temperature was continuously recorded by dataloggers.
Therefore, this measurement is giving a clearer picture about the soil temperature
than the temporally selected measurement by hand. In average was the soil
temperature 1 °C higher in the LED chamber. Differences between varieties were not
recorded (Fig. 4).
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Fig. 4: Soil temperature measured continuously by dataloggers.

4.1.4 Leaf temperature

Leaf temperature was measured weekly at low solar radiation at 10.00. Leaf
temperature fluctuated between 14-20 °C. Leaf temperature was significantly higher
in the LED chamber with the increased temperature compared to the HPS chamber.
In average was the leaf temperature nearly 3 °C higher in the LED chamber.
Differences between varieties were not observed (Fig. 5).

16




- ED Magnum, 19 °C
=O=| ED Sonata, 19 °C
=—t—HPS Magnum, 16 °C
=/'w=HPS Sonata, 16 °C

24

22

l.eaf temperature (°C)

Fig. 5: Leaf temperature measured by hand.
Letters indicate significant differences during the growing period (HSD, p < 0,05).
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Fig. 6: Leaf temperature measured continuously by dataloggers.
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In addition, the leaf temperature was continuously recorded by dataloggers.
Therefore, this measurement is giving a clearer picture about the leaf temperature
than the temporally selected measurement by hand. In average was the leaf
temperature comparable between both chambers (LED: 18,3 °C and HPS: 18,6 °C)
(Fig. 6). The continuously measurement of the leaf temperature by dataloggers is
showing the importance of measuring the leaf temperature not only at one special
time to be able to get representative results.

4.1.5 Irrigation of strawberries

The amount of applied water increased with longer growth of the strawberries from
about 100 ml/plant to about 400 ml/plant (Fig. 7). The plants in the LED chamber and
increased temperature were watered with a lower amount of water than the HPS
chamber. Even though, was the growing media more wet in the LED treatment. More

water was applied to Magnum compared to Sonata.
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Fig. 7:  Daily applied water.
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E.C. and pH of irrigation water was fluctuating much (Fig. 8). The E.C. of applied
water ranged most of the time between 1,2-2,0 and the pH between 4,5-7,0. The
E.C. of runoff stayed most of the time between 1,4-2,4 and the pH between 6,0-8,5.

At the beginning of the growing period was the irrigation adjusted to no runoff due to
the rooting down of the roots. After that was the amount of runoff increased. The
amount of runoff from applied irrigation fluctuated very much and varied most of the
time between 10-50 % runoff. In average had Sonata a higher runoff than Magnum
(Fig. 9).

Runoff (%)

Fig. 9: Proportion of amount of runoff from applied irrigation water.

4.2 Development of strawberries

4.2.1 Plant diseases and pests

Some strawberry plants of Sonata were infected with phytopthora (Phytopthora

cactorum). Infected plants were removed. Symptoms started to appear about one

month after planting. However, the amount of Sonata plants with phytopthora was

low and amounted 2 % in the HPS chamber and 0 % in the LED chamber. Magnum
20



was not infected with phytopthora. Plants were infected with grey mold (Botrytis
cinerea). At the end of the harvest period were in the LED chamber spider mites

(Tetranychus urticae) observed.

4.2.2 Number of leaves

The number of leaves increased for Sonata from 14 to 24 and for Magnum from
18 to 32 (Fig. 10). No significant differences in the number of leaves between light
sources were found, whereas the number of leaves was significantly different
between varieties. The leaves in the LED chamber and increased temperature
started earlier to grow after planting. Leaves were taller in the HPS chamber. Under

both light sources had Magnum taller leaves than Sonata (data not shown).
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Fig. 10: Number of leaves at strawberry plants.

Letters indicate significant differences at the end of the each growing period (HSD, p < 0,05).
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4.2.3 Number of runners

Strawberry plants of the variety Magnum had around seven runners per plant while
Sonata had about two runners per plant. The light source was not influencing the

number of runners (Fig. 11).
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Fig. 11: Number of runners at strawberry plants.

Letters indicate significant differences at the end of each growing period (HSD, p < 0,05).
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4.2.4 Number of clusters

The number of clusters with flowers and / or fruits increased until the beginning of the
harvest and decreased after that when all fruits from a cluster were harvested
(Fig. 12).
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Fig. 12: Number of clusters at strawberry plants.

4.2.5 Open flowers / fruits per cluster

The number of open flowers / fruits per cluster reached about 13 for Sonata and 11
for Magnum (Fig. 13). After that, the number decreased naturally due to harvested
fruits. The peak was delayed at the HPS treatment compared to the LED treatment

and increased temperature.
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Fig. 13: Number of flowers / fruits per cluster.

4.2.6 Open flowers / fruits per plant

The number of open flowers / fruits of the Sonata plant reached about 60, while the
Magnum plant reached under HPS about 50 before harvest started, but was on a
similar level under LEDs as Sonata (Fig. 14). Thereafter, this number decreased
naturally due to harvested fruits. The open flowers appeared earlier in the LED
chamber and increased temperature than in the HPS chamber, where the
development was one week behind plants from the LED chamber. However, the
number of the flowers /fruits was not different between chambers and varieties,
except the number of flowers / fruits was a bit lower for the variety Magnum under
HPS lights (Fig. 14).

However, the total number of flowers of Magnum consisted of a high amount of
unpollinated flowers and later rejected flowers, 24 % under LEDs and 12 % under
HPS lights (Fig. 15). This was not observed for Sonata, where the percentage of

unpollinated flowers was 1-3 %.
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Fig. 14: Open flowers / fruits per plant.
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Fig. 15: Number of total flowers and unpollinated flowers.

Letters indicate significant differences at the end of each growing period (HSD, p < 0,05).
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4.3 Yield

4.3.1 Total yield of strawberries

The yield of strawberries included all harvested red fruits during the growth period.
The fruits were classified in extra-class (>25 mm), 1.class (18 mm) and not
marketable fruits (too little fruits (< 18 mm), misshaped fruits, moldy fruits and green

fruits at the end of the harvest period).

Cumulative total yield of strawberries ranged between 0,45-0,67 g/plant (Fig. 16). For
the experimental plants was a significantly higher yield of Sonata measured under
HPS lights. For Magnum was the yield tendentially higher under HPS lights
(Fig. 16a). This difference was also observed for the plants, where only the yield was
measured (Fig. 16b). There seem to be a small advantage in the total yield for
Sonata compared to Magnum. This difference was most of the time significant.

4.3.2 Marketable yield of strawberries

At the end of the harvest period amounted yield of strawberries 0,38-0,61 g/plant
(Fig. 17a, Fig. 17b). The light source had in dependence of the variety an influence
on marketable yield of the plants: At the end of the harvest, the marketable fruit yield
of Magnum was significantly higher under HPS (450 / 520 g/plant) than LED lights
and increased temperature (380 / 430 g/plant). However, for Sonata was only for the
measurement plants (610 g/plant) the yield significantly higher under HPS than under
LED lights and increased temperature (480 g/plant), whereas for the plants where
only the yield was measured, were no significant yield differences found between
light sources (HPS, 16 °C: 600 g/plant, LED, 19 °C: 560 g/plant).

The marketable yield of Magnum was 78 % (LED, 19 °C) / 73 % (HPS, 16 °C)
(Fig. 17a) and 77 % (LED, 19 °C) / 87 % (HPS, 16 °C) (Fig. 17b) of the marketable
yield of Sonata. Magnum was about half a week earlier ripe than Sonata. Differences
between varieties developed at the middle of the harvest period with an advantage of
Sonata. The last berries of Magnum were harvested half a week earlier than the
berries of Sonata.

Strawberries under LEDs with increased temperature were one week earlier ripe than
under HPS lights. Also, the harvest in the LED treatment ended one weeks before
the HPS treatment.
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Fig. 16: Cumulative total yield of strawberries.
“a” is the yield of the measurement plants, “b” the yield of the plants, where
only the yield was measured.

Letters indicate significant differences at the end of the experiment (HSD, p < 0,05).
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“a” is the yield of the measurement plants, “b” the yield of the plants, where
28

only the yield was measured.
Letters indicate significant differences at the end of the experiment (HSD, p < 0,05).

Fig. 17: Time course of accumulated marketable yield of strawberries.



Also, the marketable yield of the whole chamber was measured. A higher marketable
yield was reached with Sonata (LED, 19 °C: 540 g/plant, HPS, 16 °C: 560 g/plant)
compared to Magnum (LED, 19 °C: 460 g/plant, HPS, 16 °C: 500 g/plant) (Fig. 18).
Regarding light sources, for both varieties was an advantage of the HPS treatment
compared to the LED treatment and increased temperature reached.
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Fig. 18: Time course of accumulated marketable yield of strawberries for the
whole chamber.

Fruits in the LED chamber with increased temperature started earlier to ripe, resulting
in a higher first yield, whereas later the marketable yield increase decreased. In the
HPS treatment gave the plants later than the LED treatment and increased
temperature marketable ripe berries. Except for the two first weeks, the marketable
yield on each harvest day was always higher for Sonata than for Magnum (Fig. 19).
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Fig. 19: Time course of marketable yield.

“a” is the yield of the measurement plants, “b” the yield of the plants, where

only the yield was measured.



There were no differences in the number of extra class fruits, neither between light
sources nor between varieties when the significant lower number of extra class fruits
with the variety Sonata under LED lights and increased temperature compared to
HPS lights at the measurement plants was excluded (Tab. 4). For “class | + II” were
no significant differences between light sources counted. In contrast, Sonata had a
significant higher number of first and second class fruits than Magnum. When the
sum of the marketable fuits was observed, was also a significant higher number of
fruits for Sonata examined, whereas no differences between light sources were found
when the significant higher number of Sonata under HPS lights at the measurement

plants was excluded.

Tab. 4: Cumulative total number of marketable fruits.

Treatment Number of marketable fruits
extraclass class |+ 1l total (extra class + class | + Il)
(no/plant) (no/plant) (no/plant)
HPS Sonata, 16 °C 13 a 39a 52 a
LED Sonata, 19 °C 7 C 39a 46 b
HPS Magnum, 16 °C 11 ab 23 b 34 ¢
LED Magnum, 19 °C 8 bc 22 b 30 ¢
HPS Sonata, 16 °C" 12a 40 a 52 a
LED Sonata, 19 °C~ 10 a 38a 48 a
HPS Magnum, 16 °C” 13 a 25 b 38 b
LED Magnum, 19 °C”~ 11a 22 b 33 b

* for the plants, where only the yield was measured
Letters indicate significant differences (HSD, p < 0,05).

Average fruit size of marketable fruits decreased from 25-35 g to around 10 g during
the harvest period (Fig. 20a, 20b). No significant differences between light sources
were observed in the average weight of the marketable fruits, but there seem to be a
small tendency of heavier fruits under HPS lights. The average weight of Magnum
was significantly higher than of Sonata and amounted 1-2 g more.
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Fig. 20: Average weight of strawberries.

“a” is the average weight of the measurement plants, “b” the yield of the

plants, where only the yield was measured.

To observe the success of flowering until harvest, flowers were marked and followed

from pollination until harvest. Flowers were within 1-2 days pollinated (data not
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shown). While for Magnum were no differences in the duration of ripening between
light sources observed, seems the light source to influence the number of days for
Sonata: Magnum needed in average 45 days to ripe under both HPS (40-51 days)
and LED lights and increased temperature (37-51 days). However, for Sonata it took
in average 43 days (38-50 days) under LEDs and increased temperature and in
average 50 days (43-56 days) under HPS lights (Fig. 21). No relationship was found
between the number of days from pollination to harvest and the weight of the fruit.

20 - A ® LED Magnum, 19 °C
@ O LED Sonata, 19 °C
P A HPS Magnum, 16 °C
= OO0 AHPs Sonata, 16 °C
> A
- @O Py
© 10 - 0
2 o® A
= A A ‘ﬁ A
2 O
S 5 - Q oA A
=
U 1 1 1
30 40 50 60

Number of days from pollination to harvest (no)

Fig.21: Number of days from pollination to harvest and weight of the
harvested fruit.

In the middle of the harvest of Sonata were most ripe fruits per week counted
compared to the beginning (first two weeks) and the end of the harvest period (last
two weeks). Around 15 fruits were weekly harvested when harvest reached its
maximum (Fig. 22a). In contrast, for Magnum was the harvest more even during the

harvest period and weekly were around eight fruits harvested (Fig. 22b).

Naturally, with the beginning of the harvest decreased the number of open flowers
and fruits. The number of “harvested and open flowers / fruits” is the sum of the

harvested fruits and the number of open flowers / fruits that was registered at weekly
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measurements. This number was about 70 flowers / fruits for Magnum and 69-65

flowers / fruits for Magnum.
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Fig. 22: Development of open flowers / fruits, harvested fruits and their sum
during the growth of the strawberries.
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4.3.3 Outer quality of yield

Marketable yield was about 90 % (Tab. 5). Sonata had a slightly higher amount of
marketable fruits than Magnum. There seem to be no difference between light
sources in the proportion of marketable and unmarketable yield. Sonata seem to
have mostly a significantly higher proportion of too little fruits. In contrast, significantly

more misshaped fruits were counted for Magnum.

Tab.5: Proportion of marketable and unmarketable yield.

Marketable yield (%) Unmarketable yield (%)
Treatment extra class 1. class too little  moldy mis- green

> 25 mm > 18 mm weight shaped
HPS Sonata, 16 °C 38 a 54 b 5 ab Oa 1 ¢ 2a
LED Sonata, 19 °C 23 b 65 a 7 a 1a 3 bc 1 ab
HPS Magnum, 16 °C 46 a 42 ¢ 5ab Oa 6 ab 1 ab
LED Magnum, 19 °C 37a 48 bc 4 b 2a 9a 0 b
HPS Sonata’, 16 °C 34 b 56 a 5a 0a 2 b 3a
LED Sonata’, 19 °C 33 b 57 a 5a 1a 3b 1b
HPS Magnum”, 16 °C 47 a 39 b 3 b O0a 9a 2 ab
LED Magnum”™, 19°C 43 ab 42 b 2 b 2a 9a 2ab

* for the plants, where only the yield was measured
Letters indicate significant differences at the end of the experiment (HSD, p < 0,05).

4.3.4 Interior quality of yield
4.3.4.1 Sugar content

Sugar content of strawberries was measured at three times during the harvest
period. Magnum had with values of 8-11°BRIX a higher sugar content than Sonata
with values of 6-9°BRIX. There were no differences between light sources for
Magnum measured. However, Sonata seem to have a lower sugar content under
LED lights and increased temperature. It seems that the sugar content increased at
the end of the harvest period (Fig. 23).
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Fig. 23: Sugar content of strawberries.
Letters indicate significant differences (HSD, p < 0,05).

4.3.4.2 Taste of strawberries

The taste of strawberries, subdivided into sweetness, flavour, juiciness and firmness
was tested by untrained assessors on 07.12.2018. The rating within the same
sample was varying very much and therefore, same treatments resulted in a high
standard deviation. As in the BRIX measurements, it seems that also in the tasting
experiment was the variety Sonata under HPS lights evaluated a bit sweeter. In
addition, Sonata was evaluated with more flavour than under LEDs and increased
temperature. However, this was not observed with the variety Magnum. It seems that
the light source did not influence the juiciness and formness of strawberries. Sonata
seems to be evaluated sweeter than Magnum under HPS lights, while this variety
effect was not observed under LED lights. Sonata was evaluated with more juiciness

while Magnum was evaluated with more firmness (Fig. 24).
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Fig. 24: Sweetness, flavour, juiciness and firmness of strawberries.

4.3.4.3 Dry substance of fruits

Dry substance (DS) of strawberries was measured on the same dates as the sugar
content. Magnum had most of the times a higher DS than Sonata. It seems that fruits
under HPS lights had a higher DS than under LEDs and increased temperature.
Also, it seems that the DS increased during the harvest period from about 7 to 8 %

for Sonata and from 8 to 10 % for Magnum (Fig. 25).
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Fig. 25: Dry substance of strawberries.

4.3.4.4 Relationship between dry substance and sugar content of fruits

There was a relationship between DS and sugar content of fruits (Fig. 26). A higher
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Fig. 26: Relationship between dry substance and sugar content of fruits.
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DS was involved with a higher sugar content. Sonata had a lower DS and a lower

sugar content than Magnum (Fig. 26).

4.4 Economics

4.4.1 Lighting hours

The number of lighting hours is contributing to high annual costs and needs therefore
special consideration to consider decreasing lighting costs per kg marketable yield.
The total hours of lighting during the growth period of strawberries were both
simulated and measured with dataloggers.

The HPS chamber had a daily usage of 200 kWh (Fig. 27), while the LED chamber
had with 107 kWh nearly 46 % less than the HPS chamber.
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Fig. 27: Used kWh in the different chambers.

The simulated value was calculated according to the lighting hours written down.
However, there it was not adjusted for automatic turn off, when incoming solar

radiation was above a set-point (Tab. 6). The measured lighting hours were higher
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for the HPS chamber, because the harvest was finished one week later than the LED

chamber with increased temperature.

For calculation of the power, different electric consumptions were made, because the
actual consumption is higher than the nominal value of the bulb: one was based on
the power of the lamps (nominal Watts, 0 % more power consumption), one with 6 %
more power consumption and one for 10 % more power consumption. The power

was higher for the measured values than for the simulated ones.

Tab. 6: Lighting hours, power and energy in the cabinets.

Treatment Hours Power Energy Energy/m?
h W kWh kWh/m?

HPS Sonata, 16 °C
Measured values 1.659 257 21.321 426
Simulated values

0 % more power consumption (nominal)  1.648 180 14.832 297

6 % more power consumption 1.648 191 15.722 314
10 % more power consumption 1.648 198 16.315 326
LED Sonata, 19 °C
Measured values 1.610 132 10.596 212
Simulated values

0 % more power consumption (nominal) 1.536 117 8.986 180

6 % more power consumption 1.536 124 9.525 190
10 % more power consumption 1.536 129 9.884 198
HPS Magnum, 16 °C
Measured values 1.596 257 20.514 410
Simulated values

0 % more power consumption (nominal) 1.632 180 14.688 294

6 % more power consumption 1.632 191 15.569 311
10 % more power consumption 1.632 198 16.157 323
LED Magnum, 19 °C
Measured values 1.539 132 10.124 202
Simulated values

0 % more power consumption (nominal)  1.504 117 8.798 176

6 % more power consumption 1.504 124 9.326 187
10 % more power consumption 1.504 129 9.678 194

4.4.2 Energy prices

Since the application of the electricity law 65/2003 in 2005, the cost for electricity has
been split between the monopolist access to utilities, transmission and distribution
and the competitive part, the electricity itself. Most growers are, due to their location,
mandatory customers of RARIK, the distribution system operator (DSO) for most of
Iceland except in the Southwest and Westfjords (Eggertsson, 2009).
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RARIK offers basically three types of tariffs:

a) energy tariffs, for smaller customers, that only pay fixed price per kWh,

b) “time dependent” tariffs (timah&dur taxti, Orkutaxti TT000) with high prices
during the day (09.00-20.00) at working days (Monday to Friday) but much

lower during the night and weekends and summer, and

c) demand based tariffs (afltaxti AT000), for larger users, who pay according to

the maximum power demand.

In the report, only afltaxti is used as the two other types of tariffs are not economic.
Since 2009, RARIK has offered special high voltage tariffs (“VA410” and “VA430”) for
large users, that must either be located close to substation of the transmission

system operator (TSO) or able to pay considerable upfront fee for the connection.

Costs for distribution are divided into an annual fee and costs for the consumption
based on used energy (kWh) and maximum power demand (kW) respectively the
costs at special times of usage. The annual fee is pretty low for “VA210” and “VA230”
when subdivided to the growing area and is therefore not included into the
calculation. However, the annual fee for “VA410” and “VA430” is much higher.
Growers in an urban area in “RARIK areas” can choose between different tariffs. In
the report, only the possibly most used tariffs “VA210” and “VA410” in urban areas
and “VA230” and “VA430” in rural areas are considered.

The government subsidises the distribution cost of growers that comply to certain
criteria’s. In recent years, the subsidies fluctuated quite much. Currently 82 % and
86,1 % of variable cost of distribution for urban and rural areas respectively are
subsidised. However, in 2018 the values were 64,8 % respectively 69,2 % and in
2017 87 % respectively 92 %. This amount can be expected to change in the future.

In contrast to the previous years, now also the annual fee is subsidised.

Based on this percentage of subsidy and the lighting hours (Tab. 6), for the cabinets
the energy costs per m? during the time of the experiment for the growers were
calculated (Tab. 7).

The energy costs per kWh are for distribution after subsides 0,81-1,04 ISK/kWh for
,VA210“ and 1,20-1,52 for ,VA230“, 0,68-0,92 ISK/kWh for ,VA410“ and
0,89-1,08 ISK/kWh for ,VA430“. The energy costs for sale are for ,Afltaxti
5,53-6,59 ISK/kWh and for ,Orkutaxti“ 6,86-8,35 ISK/kWh.
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Cost of electricity was lower for the calculated values (Tab. 7). In general, tariffs for
large users rendered lower cost. Costs of electricity for the LED treatment were lower
than for the HPS chamber.

Tab. 7a: Costs for consumption of energy for distribution and sale of energy
for lighting with HPS lights.

Costs for consumption

Energy — Energy costs with subsidy per m?
ISK/kWh ISK/m?
Treat- HPS Sonata, HPS Magnum, HPS Sonata, HPS Magnum,
ment 16 °C 16 °C 16 °C 16 °C
pe} © © pe}
[0} (0] (0] (0]
° S S ©
— 3 — 3 — 3 — 3
3 ki 8 k5 3 k5 8 E
DISTRIBUTION
RARIK Urban 82 % subsidy from the state
VA210 250 293
0,99 0,84 1,01 1,00 421 265 413 311
275 322
VA410 213 256
0,86 0,72 0,88 0,87 368 226 362 271
235 282
RARIK Rural 86,1 % subsidy from the state
VA230 384 432
1,46 1,29 1,48 1,47 623 407 608 458
422 475
VA430 274 306
1,03 0,92 1,05 1,04 441 290 430 324
301 336
SALE
Afltaxti 6,40 5,71 6,49 6,44 1.693 1.885
Orkutaxti 8,35 8,19 8,39 6,97 2.729 1.798 2.662 1.998
1.863 2.073

Comments: The first number for the calculated value is with 0 % more power consumption, the second
value with 6 % more power consumption and the last value with 10 % more power
consumption.

Prices are from January 2019.
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Tab. 7b: Costs for consumption of energy for distribution and sale of energy
for lighting with LEDs.

Costs for consumption

— Energy Energy costs with subsidy per m?
ISK/KWh ISK/m?
Treat- LED Sonata, LED Magnum, LED Sonata, LED Magnum,
ment 19°C 19°C 19°C 19°C
© © °© ie]
[0} (0] (0] (0]
T kS T °
- 3 — 3 - 3 — 3
3 E 8 E 3 E 8 E
DISTRIBUTION
RARIK Urban 82 % subsidy from the state
VA210 145 184
1,00 0,81 1,08 1,04 213 154 208 195
159 202
VA410 123 161
0,88 0,68 0,90 0,92 186 130 183 171
135 178
RARIK Rural 86,1 % subsidy from the state
VA230 225 268
1,48 1,25 1,51 1,52 313 239 305 284
248 295
VA430 161 190
1,05 0,89 1,07 1,08 222 170 216 201
177 209
SALE
Afltaxti 6,48 5,53 6,59 6,66 994 1.117
Orkutaxti 8,30 8,19 8,35 6,86 1.373 1.054 1.334 1.184
1.094 1.228

Comments: The first number for the calculated value is with 0 % more power consumption, the second
value with 6 % more power consumption and the last value with 10 % more power

consumption.

Prices are from January 2019.
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4.4.3 Costs of electricity in relation to yield

Costs of electricity in relation to yield for wintergrown strawberries were calculated
(Tab. 8). While for the distribution several tariffs were possible, for the sale only the
cheapest tariff was considered. The yield of the plants, where only the yield (and no
other measurements were done) was used for the calculation, because it seems that
the yield was decreased when plants and clusters were touched very often due to

measurements.

The costs of electricity per kg yield decreased by around 40 % (Sonata: 40 %,
Magnum: 44 %) when LEDs were used instead of HPS lights. The selection of the

variety did not influence the costs of electricity (Tab. 8).

Tab. 8: Variable costs of electricity in relation to yield.

Variable costs of electricity per kg yield

ISK/kg
Treatment HPS Sonata, LED Sonata, HPS Magnum, LED Magnum,
16 °C 19 °C 16 °C 19 °C
Yield kg/m? 7,2 6,7 6,3 5,2

°© e} e} e}

e o o o

o o « o

— 3 — 3 — 3 — 3

3 g 8 E: 8 § 8 %

Urban area (Distribution + Sale)
VA210 1.943 1.139 2.178 1.300
3.150 2.060 1506 1207 3076 2308 41542 1.378
2.138 1.253 2.395 1.430
VA410 1.907 1.117 2.141 1.278
3.097 2.021 1.586 1.184 3.024 2269 4517 1355
2.097 1.228 2.355 1.406
Rural area (Distribution + Sale)

VA230 2.077 1.219 2.317 1.385
3.351 2.202 1.559 1.292 3.270 2456 {39 1.468
2.285 1.341 2.548 1.523
VA430 1.967 1.155 2.191 1.306
3.170 2.085 41595 1224 3093 2322 1559 1.385
2.164 1.270 2.410 1.437
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4.4.4 Profit margin

The profit margin is a parameter for the economy of growing a crop. It is calculated
by substracting the variable costs from the revenues. The revenues itself, is the
product of the price of the sale of the berries and kg yield. For each kg of
strawberries, growers are getting about 2.600 ISK from Sélufélag gardyrkjumanna
(SfG). Therefore, the revenues increased with more yield (Fig. 28). With the choose
of the variety Sonata increased the revenue slightly compared to Magnum. The light

source had a small influence on the revenue, however, the influence of the variety

was bigger.
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Fig. 28: Revenues at different treatments.

When considering the results of previous chapter, one must keep in mind that there
are other cost drivers in growing strawberries than electricity alone (Tab. 7). Among
others, this are e.g. the costs for the plant itself (= 1.200 ISK/m?), soil (= 300 ISK/m?),
gutters and other material (= 40 ISK/m?), costs for plant protection (= 300 ISK/m?) and
beneficial organism (=500 ISK/m?), plant nutrition (=100 ISK/m?), CO. transport
(= 150 ISK/m?), liquid CO2 (= 1.070 ISK/m?), the rent of the tank (= 150 ISK/m?), the
rent of the green box (=150 ISK/m?), material for packing (=350 ISK/m?) and
transport costs from SfG (= 100 ISK/m?) (Fig. 29).
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Fig. 29: Variable and fixed costs (without lighting and labour costs).

OElectricity (distribution and HPS, 16 °C LED, 19 °C

sale)
BPlanting

BPlant protection
OBumblebees

27%
BPlant nutrition

OCO 2 (fransport, rent of tank
COy
BPacking + marketing

BFee for selling
BShared greenhouse costs

Olabour costs

Olnvestment into lamps and
bulbs 1%

Fig. 30: Division of variable and fixed costs.

However, in Fig. 29 four of the biggest cost drivers are not included and these are the
investment in lamps and bulbs, electricity, labour costs and the fee for SfG for selling
the strawberries. These costs are also included in Fig. 30 and it is obvious, that
especially the fee for selling the strawberries, the electricity as well as the labour

costs are contributing much to the variable and fixed costs beside the costs for
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planting and CO2 costs. The proportion of the variable and fixed costs is mainly the
same for the HPS treatment and the LED treatment, except that for the LED
treatment is the proportion of electricity about 10 % lower, whereas the proportion of
the investment into lamps and bulbs is about 5 % higher compared to the proportion
of the HPS chamber.

A detailed composition of the variable costs at each treatment is shown in Tab. 9.

The profit margin was dependent on the treatment and was between 3.400-6.800
ISK/m? (Fig. 31). The profit margin was higher for Sonata (6.600-6.800 ISK/m?) than
for Magnum (3.400-5.000 ISK/m?). The choose of Sonata instead of Magnum
increased the profit margin by 1.700-1.900 ISK/m? when HPS lights were used and
by 3.100-3.200 ISK/m? when LED lights and increased temperature were used. For
Sonata was the profit margin independent of the light source. However, for Magnum
was the profit margin 1.300-1.500 ISK/m? higher with HPS lights than with LEDs and
increased temperature. However, it has to be taken into account that the profit

margin depends much on the actual price of the LEDs.

8000 - BHFPS Sonata, 16 °C BLED Sonata, 19°C
OHPS Magnum, 16 °C BLED Magnum, 19 °C
7000 -
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5000 -
4000 -
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Fig. 31: Profit margin in relation to tariff and treatment.

Profit margin (ISK/m?2)

VA210 VA410 VA230 VA430
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Tab. 9: Profit margin of strawberries at different light treatments (urban area,

VA210).

Treatment HPS Sonata, LED Sonata, = HPS Magnum, LED Magnum,

16 °C 19 °C 16 °C 19°C
Marketable yield kg/m? 7,2 6,7 6,3 5,2

Sales
SfG (ISK/kg) * 2.600 2.600 2.600 2.600
Revenues (ISK/m?) 18.693 17.517 16.300 13.539
Variable and fixed costs (ISK/m?)
Electricity distribution 2 421 213 413 208
Electricity sale 2.729 1.373 2.560 1.424
Strawberry plants 3 1.200 1.200 1.200 1.200
Soil for strawberries * 330 330 330 330
Pots ° 7 7 7 7
Tape © 3 3 3 3
Gutters ’ 28 28 28 28
Loker 8 28 28 28 28
Paraat ° 250 250 250 250
Beneficial organismn '° 505 505 505 505
Bumblebees 6 6 6 6
Calcium nitrate 2 22 18 32 23
Potassium sulfate '® 5 4 7 5
Fe-DTPA 6 % vib ' 4 4 6 5
FE-EDDHA 6 % '° 4 3 6 4
Monopotassium phosphate ' 13 10 19 13
Magnesium sulphate 7 7 5 10 7
Potassium nitrate ' 29 23 42 30
Micronutrients '° 1 1 2 1
CO; transport 2° 146 146 146 146
Liquid COz 2! 1.074 1.074 1.074 1.074
Rent of CO2 tank 22 144 144 144 144
Rent of box from SfG 156 147 136 113
Packing material 2* 359 337 313 260
Fee for SfG 2° 2.049 1.920 1.787 1.484
Transport from SfG 26 126 118 110 91
Shared fixed costs 2’ 24 24 24 24
Lamps 28 2° 429 1.091 429 1.091
Bulbs 229 229
Flowering lamps %' 26 26
> variable costs 10.328 9.039 9.846 8.532
Revenues -) variable costs 8.365 8.479 6.454 5.007
Working hours (h/m?) 0,91 1,04 0,84 0,90
Salary (ISK/h) 1.740 1.740 1.740 1.740
Labour costs (ISK/m?) 1.583 1.808 1.465 1.564
Profit margin (ISK/m?) 6.782 6.670 4.989 3.443
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25
26
27
28
29
30
31

price winter 2017/2018: 2.600 ISK/kg

assumption: urban area, tariff “VA210”, no annual fee (according to datalogger values)

100 ISK / strawberry plant

2.476 ISK / bag Klasmann soil 200 | TS-4

54 ISK / pot; assumption: 10 years lifetime, 3 circles / year

4.250 ISK / bund of tape; assumption: 10 years lifetime, 3 circles / year

660 ISK / m gutter; assumption: 10 years lifetime, 3 circles / year

25.500 ISK / 5 | Loker; assumption: spraying once per week (~ 8 times per growing season)
29.950 ISK / bund Paraat; assumption: spraying once per growing season, 400 ml / pot
beneficials: 1.814 ISK / unit Phytoseiulus persimilis (predatory mite), once

3.337 ISK / unit mix of the parasitic wasp species Aphidius colemani, Aphidius
ervi, Aphelinus abdominalis, Praon volucre and Ephedrus cerasicola, four
times

4.999 ISK / unit bumblebees

2.750 ISK / 25 kg Calcium nitrate

3.550 ISK / 25 kg Potassium sulphate

17.050 ISK / 25 kg Fe-DTPA 6 % vib

14.770 ISK / 5 kg Fe-EDDHA 6 %

7.050 ISK / 25 kg Monopotassium phosphate

1.700 ISK / 25 kg Magnesium sulfate

4.175 ISK/ 25 kg Potassium nitrate

33.900 ISK / 5 kg micronutrients

CO:z2 transport from Rvk to Hveragerdi / Fludir: 8,0 ISK/kg COz2

liquid COz2: 47,0 ISK/kg CO2

rent for 6 t tank: 72.000 ISK/month, assumption: rent in relation to 1.000 m? lightened area

94 ISK / box

packing costs (material):

costs for packing of strawberries (0,20 kg): box: 4 ISK/ 0,20 kg,
lid: 4 ISK /0,20 kg,
label: 2 ISK / 0,20 kg

fee for SfG for selling the strawberries: 57 ISK / 0,20 kg

transport costs from SfG: 2.652 ISK / board

94 ISK/m?/year for common electricity, real property and maintenance

HPS lights: 30.000 ISK/lamp, lifetime: 8 years

LED lights: 42.000 ISK/lamp, lifetime: 11 years

HPS bulbs: 4.000 ISK/bulb, lifetime: 2 years

flowering lamps: 4.950 ISK/lamp, lifetime: 8 years

A larger use (higher tariff: “VA 410” compared to “VA 210”7, “VA 430" compared to
“VA 230”), did not influence the profit margin. Also, it did nearly not matter if the

greenhouse is situated in an urban or rural area, however, there was a small

advantage for the urban area (Fig. 29).
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5 DISCUSSION

5.1  Yield in dependence of the light source

Strawberry plants need to have strong vegetative growth in order to flower and to
produce berries. In winter production is flower induction highly dependent on the
supplemental light. In this experiment, the effect of two light sources and adapted
temperature settings was tested on two varieties of strawberries. The number of
flowers of Sonata was independent of the light source, whereas Magnum had more
flowers under HPS lights than under LEDs and increased temperature. For Magnum
was the number of unpollinated and later rejected flowers higher under LED and
increased temperature than under HPS lights, while for Sonata were no differences
recorded between light sources. In contrast, the year before, were more unpollinated
and later rejected flowers found under HPS lights (Stadler, 2018b). Strawberry plants
under HPS lights showed a delayed growth that was one week behind the
development of strawberries treated with LEDs and increased temperature. Hence,
started the harvest under LEDs one week earlier. Consequently, the harvest under
LEDs was finished one week earlier than the harvest under HPS lights. It took one
week longer for the Sonata berries to ripe under HPS lights compared to LEDs and
increased temperature, while no differences in the riping for the variety Magnum
were found between light sources. The accumulated marketable yield of Magnum
under HPS lights (520 g/plant) was significantly higher than under LEDs and
increased temperature (430 g/plant), while there were no significant yield differences
between light sources for Sonata where only the yield was measured (HPS lights,
16 °C: 600 g/plant, LEDs, 19 °C: 560 g/plant).

The number of first and second class fruits was independent of the light source,
likewise was the average fruit size, however, with a small tendency of heavier fruits
under HPS lights.

But, also the temperature might have influenced the growth and vyield of the
strawberries. By increasing the day temperature by 3 °C in the LED treatment was it
possible to compensate for the additional radiation heat of the HPS lights and
prevent with that a harvest delay under LED lights as it was observed from Stadler
(2018b) when temperature settings very the same between the HPS and the LED
treatment. Despite of the fact that the temperature was set during the day 3 °C higher

in the LED chamber, was the measured air temperature 1,3 °C higher under LEDs
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due to a 1,6 °C higher measured day temperature. The soil temperature, recorded by
dataloggers, was 1 °C higher in the LED chamber, while the leaf temperature was
according to dataloggers comparable between the light treatments. However, when
the leaf temperature was measured by hand, were higher temperatures measured for
strawberries growing under LEDs and increased temperature. This is showing the
importance of measuring the leaf temperature not only at a given time, but
continuously by dataloggers to be able to get representative results. The higher air
and soil temperature might have been the reason for the one week faster
development of plants in the LED chamber and the earlier ripening, but the influence
of each factor is unknown. Indeed, van Delm et al. (2016) concluded that the
regulation of temperature and lighting strategy seems to be important for plant
balance between earliness and total yield.

Sérkka et al. (2017) reported that cucumber leaf temperature was lower (4-5 °C at
the centre parts of leaf blades, 3-4 °C at the top of the canopy) with only LED lights
(top and interlighting) and there was a lower temperature difference between night
and day compared to the other light treatments (HPS top and HPS interlights, HPS
top and LED interlights). This resulted in reduced leaf appearance rate, flower
initiation rate increased fruits abortion rate, whereas stem elongation and leaf
expansion was increased compared to full HPS (HPS top and HPS interlights) and
hybrid (HPS top and LED interlights) lighting. The lower temperature might have
decreased fruit growth of cucumbers in the LED treatment throught reduced cell
growth and indirectly through sink strength. Also, Hernandez & Kubota (2015)
attributed the 28 % greater shoot dry mass of cucumber transplants, the 28-32 %
higher shoot fresh weight and the 9-12 % higher leaf number under HPS lights
compared to the LED treatments (blue LED, red LED) to the higher canopy air
temperature.

Indeed, Davis & Burns (2016) reported that in all experiments that compare HPS and
LED light there is a need to assess the differences in plant temperature to ensure
that any effect of temperature can be separated from the effects of light on plants
responses. The authors concluded that the switch from HPS to LED lighting will
require a period of learning to develop protocols for correct management of plant
irrigation and growth.
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A yield increase of strawberries might be possible with a higher plant density. For
example found Paranjpe et al. (2008) that early and total marketable yield increased
linearly with increasing plant densities (8,8; 9,5; 10,4; 11,4; 17,6; 19,1; 20,8; 22,9
plants/m2). These yield increases were achieved without adversely affecting mean

fruit size.

The importance of the photoperiod is shown by studies from Verheul et al. (2007),
where a daily photoperiod of 12h or 13 h resulted in the highest number of
strawberry plants with emerged flowers. A photoperiod of 14 h or more reduced this
number, while no flowers emerged at a photoperiod of 16 h, 20 h or 24 h (Verheul et
al., 2006). Furtheron, interactions between photoperiod, temperature, duration of
short-day treatment and plant age on flowering were documented from Verheul et al.
(2006). In contrast, the presented experiment was conducted with a photoperiod of

16 h, which induced good flowering of strawberries.

In contrast to the previous strawberry experiment (Stadler, 2018b), where in the
presented experiment no problems with the pollination with bumblebees in the LED

chamber during the time with no solar irradiation observed.

An other problem with the use of the LED lights is that LED glasses need to be used
to distinguish between ripe and not ripe berries. The maintenance of the strawberry
crop and the harvest of the berries was more difficult due to an other vision

compared to the commonly used HPS lights (Stadler & Hrafnkelsson, 2019).

Not only the yield, but also the appearance of the plant and the berries was affected
by the light quality. Despite of the 50 % higher number of flowering lamps compared
to the previous year (Stadler, 2018b), were the strawberry leaves and clusters still
shorter with LEDs and increased temperature than with HPS light indicating that the
amount of the far red light of the flowering lamps was still not enough in relation to
the installed LED lights. This resulted in the danger of breaking clusters and the
harvest was also more difficult due to close to each other hanging fruits. Possibly
could a stretching of the leaves and clusters be achieved by even more increasing
the number of the flowering lamps. With that could the risk of breaking clusters be
reduced and the harvest improved. Also, Trouwborst et al. (2010) measured a lower

plant length of cucumbers under LEDs.

Strawberries under HPS seems to have a higher DS than under LEDs and increased

temperature. But, the light source did not affect juiciness and firmness of both

52



varieties in the tasting experiment. With the variety Magnum were no differences in
the BRIX content between light sources measured, whereas Sonata seems to have a
lower BRIX content under LEDs and increased temperature. Indeed, Sonata was
rated a bit sweeter and with more flavor under HPS lights, whereas no light source
effect regarding the sweetness and flavor was observed with the variety Magnum. In
contrast, Philips (2018) reported sweeter fruits under LEDs compared to HPS lights
and also Hanenberg et al. (2016) mentioned that it was possible to increase the taste
by using LED lights.

Nadalini et al. (2017) showed that strawberries under red and blue LEDs are able to
grow and yield fruits of standard quality. The use of blue lights was able to cause
positive effects on fruit set by 25 % that caused a relevant higher yield compared to
red LED and fluorescence neon tubes treated strawberries. The authors concluded
that ways of application (blue light alone or in combination with other light sources)

and timing must be further investigated.

The presented results show that LED lighting resulted in energy savings without
compromising yield of Sonata. Using LEDs was associated with nearly 46 % lower
daily usage of kWh'’s, resulting in lower expenses for the electricity compared to the
use of HPS lights. In addition, the growing period was one week longer in the HPS
chamber. With the use of LED lights were energy costs (distribution + sale) lowered
by 40 % / 44 % (Sonata / Magnum) compared to the use of HPS lights. However, it
has to be mentioned that the investment into LEDs was nearly dobble as high as for
the HPS lights. Meaning, that the lower use of electricity by LEDs was compensated
by a higher price of the lights.

For Sonata resulted the use of LEDs in the same profit margin than the use of HPS
lights. The yield was reduced by 0,5 kg/m?, but without an effect of the profit margin.
In contrast, for Magnum resulted the use of LEDs in a lower profit margin than the
use of HPS lights: The yield was reduced by 1,1 kg/m? and the profit margin by 1.500
ISK/m2 when LEDs were used instead of HPS lights (Fig. 32). When the yield of the
LED treatment would have been 0,75 kg/m? higher for Magnum, would the profit
margin have been comparable to the one of the HPS treatment.

Also, Sérkka et al. (2017) mentioned that the electrical use efficiency (kg yield J )
increased when HPS light was replaced with LEDs in cucumbers. When LED lights
and interlights were used was the light use efficiency (g fruit FW mol” PAR) highest,
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but resulted in a fewer number of fruits in mid-winter particularly and the lowest yield
potential. However, the high capital cost is still an important aspect delaying the LED
technology in horticultural lighting. Singh et al. (2015) showed that the introduction of
LEDs allows, despite of high capital investment, reduction of the production cost of
vegetables and ornamental flowers in the long-run (several years), due to the LEDS’
high energy efficiency, low maintenance cost and longevity.

8000 .
Use of LED and 19 °C instead of
HPS light and 16 °C resulted in
7000 + Sonata:
less yield
Magnum: (-0,5 kg/m?)
6000 - : +same profit
less yield (-1,1 kg/m*) margin

+ lower profit margin
(-1.500 ISK/m#®)

5000

g F0 Magnum, 19 °C

== | E[} Sonata, 19 °C

4000

ey HP'S Magnum, 16 °C

Profit margin (ISK/m?)

= HPS Sonata, 16 °C

3000 +—1 :
5 6 7 8
Marketable yield (kg/m?)

Fig. 32: Profit margin in relation to yield with different light sources -
calculation scenarios (urban area, VA210).

Sérkka et al. (2017) concluded that at the current stage of LED technology, the best
lighting solution for high latitude winter growing appears to be HPS top lights
combined with LED interlights. However, a solution for the near future could be a
combination of LED and HPS as top lights to be able to maintain a suitable
temperature, but reduce energy use. Also, Dueck et al. (2012) suggested that a
combination of HPS and LEDs as toplighting is the most promising alternative for
greenhouse grown tomatoes in the Netherlands when taking into consideration

different production parameters and costs for lighting and heating.

The effect of different light compositions on strawberry growth, yield and quality was
the object of some studies conducted recently with LEDs: Leaves and fruits biomass

production was found increased in strawberry treated with different combinations of
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red and blue lights as compared to fluorescent lamps (Piovene et al., 2015). Spectral
composition could have contributed to contrasting results. So far, limited information
is available comparing HPS supplemental lighting with LED supplemental lighting in
terms of plant growth and development (Hernandez & Kubota, 2015). Reported
results are controversial, first because of different plant species and cultivars are
used and second due to various experimental conditions. Therefore, it is concluded
by different authors (Bantis et al., 2018; Gomez et al., 2013; Hernandez & Kubota,
2015; Singh et al., 2015), that more detailed scientific studies are necessary to
understand the effect of different spectra using LEDs on plant physiology and to
investigate the responses to supplemental light quality of economically important
greenhouse crops and validate the appropriate and ideal wavelength combinations
for important plant species.

The amount of applied water might also had an influence on the amount of yield.
Less water was applied under LEDs and increased temperature than under HPS
lights. It might be possible that too little water was applied to the variety Magnum.
However, this assumption is not explaining the lower yield of Magnum under LEDs
and increased temperature, as the average amount of the runoff showed even lower
values under HPS lights. Rather might the lower yield of Magnum under LEDs and
increased temperature be caused by the significantly higher amount of unpollinated
Magnum flowers under LEDs than under HPS lights. Assuming, the number of
unpollinated flowers would have been lower under LEDs, the yield of Magnum might
also have been independent of the light source, as it was observed for Sonata. This
assumption is emphasized by the fact that the number of marketable Magum fruits
was a bit higher under HPS lights, even though this difference was not statistically
significant. In contrast, the about 100 ppm higher CO2> amount under LEDs and
increased temperature might have favoured the development and vyield of
strawberries compared to plants grown under HPS lights. The variety Sonata might

have converted this advantage better into yield than the variety Magnum.
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5.2 Yield in dependence of the variety

It is known that different varieties of strawberries naturally result in different yield
levels. Since years is Sonata the most used variety for winter greenhouse cultivation
under lights in Iceland and Magnum has been tested in commercial production in
Iceland in 2017.

Sonata had about ten more flowers per plant than Magnum under HPS lights, while
the number was independent of the variety under LEDs and increased temperature.
In addition were for Magnum 24 % unpollinated flowers or later rejected flowers
under LED lights and 12 % under HPS lights counted. The harvest period started half
a week earlier for Magnum. The marketable amount of yield was slightly higher for
Sonata compared to Magnum. This was attributed to a lower number of marketable
Magnum fruits due to a significantly higher percentage of unshaped fruits, while
Sonata had a higher proportion of too little fruits. Magnum was ripe after 45 days
(HPS, 16 °C / LED, 19 °C) and Sonata after 50 / 43 days (HPS, 16 °C / LED, 16 °C).
Stadler (2016c, 2018b) found comparable values for Sonata.

Sonata had more marketable fruits, mainly due to a significantly higher number of 1
and 2" class fruits, while there were no variety differences in the extra class fruits,
whereas the average weight was significantly higher for Magnum than for Sonata.

But, more misshapened fruits were registered at Magnum.

By the selection of Sonata instead of Magnum could the yield and the profit margin
be increased: At the HPS treatment resulted the use of Sonata in a 0,9 kg/m? higher
yield, which was reflected in a 1.700 ISK/m? higher profit margin (Fig. 33). At the LED
treatment resulted the use of Sonata in a 1,5 kg/m? higher yield, which was reflected
in a 3.200 IKS/m? higher profit margin. This means, by the choose of the variety can

the profit margin be influenced positively.

Proefcentrum Hoogstraten (2016) measured an increasing sugar content from 7,4 to
8,7 with an average of 7,6°Brix for Sonata, while the Brix content decreased to the
middle of the harvest period and increased again to the end of the harvest period.
This is in accordance to the presented measurements. Compared to Sonata was the
sugar content of Magnum most of the time significantly higher, which was also found
the previous year (Stadler, 2018b). The reason for that may lay in the higher DS
content of Magnum compared to Sonata. Magnum fruits were evaluated more firm,

while Sonata fruits were more juicy. Proefcentrum Hoogstraten (2016) evaluated
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Sonata with high grades (In total got the fruit assessment of Sonata a high score of
82,3 % with high grades particularly at “bruising skin”, “colouring” and “regularity”
(shape); Magnum was not in this test).

- 8000 Sonata instead of Magnum resulted in
o
5 7000 A
) " LED, 19 °C: [ED Magnum, 19 °C
fr more yield
- 6000 A — (S kgfm®)+- =~0==1 E[) Sonata, 19 °C
'S A 50 ?gthrﬁi?” ——}{PS Magnum, 16 °C
il vr- , J
g 5000 HPS, {6 °c—>—[PS Sonata, 16.°C
highef yield
o (0,9 y/m?)
o 4000 - + higher plbfit margin
o (+1.700 ISK-'mZL
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3000 + — T — T
5 6 7 8
Marketable yield (kg/m?)

Fig. 33: Profit margin in relation to yield with different varieties — calculation
scenarios (urban area, VA210).

However, with the selection of the variety has to be payed not only attention to the
yield, but also to the quality (e.g. sugar content). The consumer might be willing to
pay more for sweeter fruits.

5.3 Future speculations concerning energy prices

In terms of the economy of lighting it is also worth to make some future speculations
about possible developments also regarding the fluctuation of the subsidy between
64,8-87,0 % in urban areas in the years 2017-2019 and 69,2 and 92,0 % in rural
areas in the years 2017-2019. So far, the lighting costs (electricity + bulbs) are contri-
buting to a big part of the production costs of strawberries. In the past and present,
there have been and there are still a lot of discussions concerning the energy prices.
Therefore, it is necessary to highlight possible changes in the energy prices (Fig. 34).

The white columns are representing the profit margin according to Fig. 29. Where to
be assumed, that growers would get no subsidy from the state for the distribution of
the energy, that would result in a profit margin of 3.200-6.000 ISK/m? (black columns,
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Fig. 32). Without the subsidy of the state, probably less Icelandic grower would
produce strawberries over the winter months. When it is assumed that the energy
costs, both in distribution and sale, would increase by 25 %, but growers would still
get the subsidy, then the profit margin would range between 3.400-6.600 ISK/m?
(dotted columns). When it is assumed that growers have to pay 25 % less for the
energy, the profit margin would increase to 3.800-7.000 ISK/m? (gray columns). From
these scenarios, it can be concluded that from the grower’s side it would be
preferable to get subsidy to be able to get a higher profit margin and grow
strawberries over the winter. Referring to the constant fluctuation of the subsidy
between the years 2017 to 2019, it is obvious that actions must be taken, that
growers are also producing during the winter at low solar irradiation. It is also
showing clearly, that it is only paying of to produce strawberries during the winter in
Iceland, when a high yield is guarantied. In this case, the selection of the variety is
getting important.

Also, the use of LEDs are showing the possibility to increase profit margin compared
to HPS lights for the variety Sonata in case subsidy would be lowered or energy
costs increased. This is getting especially important as the reduction of the subsidity
fluctuated much in the past years. Due to a lower use of electricity by the LED lights

would a reduction of the subsidity became less appearent than with the use of HPS

lights.
Sonata Sonata Magnum Magnum
HPS LED HPS LED
8000 16 C_ 197 16 °C 19°C

6000 -

Profitmargin
(ISK/m?2)

0 -
Eenergy costs without subsidy
-2000 - O+25% energy costs (distribution + sale) with current subsidy
Oenergy costs with current subsidy
4000 44— O0-25% energy costs (distribution + sale) with current subsidy ]

Fig. 34: Profit margin in relation to treatment — calculation scenarios (urban
area, VA210).
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Recommendations for increasing profit margin

The current economic situation for growing strawberries necessitate for reducing

production costs to be able to heighten profit margin for strawberry production. On

the other hand side, growers have to think, if strawberries should be grown during

low solar irradiation and much use of electricity.

It can be suggested, that growers can improve their profit margin of strawberries by:

1.

Getting higher price for the berries

It may be expected to get a higher price, when consumers would be willing to
pay even more for Icelandic berries than imported ones. Growers could also
get a higher price for the fruits with direct marketing to consumers (which is of
course difficult for large growers). They could also try to find other channels of
distribution (e.g. selling directly to the shops and not over SfG). In doing so,
growers could save the very high expences of the fee to SfG for selling the
strawberries. This is especially important when a high yield is expected,
because then the proportion of the fee for selling the strawberries through SfG
is contributing to 1/6 of the production costs. Therefore, it would be profitable
for the grower to choose other channels of distribution.

Lower planting costs

The price for the strawberry plant is quite high. By using the strawberry plant
not only once, but twice, could costs be decreased. By that, also the costs for
the soil would be lowered. However, it is necessary that the yield is staying at
a high value when same plants are used more than once.

It is not paying off to use everbearers, and with that decreasing the planting
costs by making it unnecessary to plant strawberries in about three months
intervals as for junebearers due to a low yield. Also, with using everbearers it
would not be possible to clean the greenhouse in between which is especially

important if the crop has aphids or plant diseases (Stadler, 2018a).

Selection of good plants

Not only the variety, but also within a variety yield differences are possible.
Therefore, it is necessary to select first of all plants with a high yield guaranty.
Beside that is the choose of the variety important and can result in a profit
margin that is more than 1.600 ISK/m? higher (Stadler, 2016c).
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. Decrease plant nutrition costs

Growers can decrease their plant nutrition costs by mixing their own fertilizer.
When growers would buy different nutrients separately for a lower price and
mix out of this their own composition, they would save fertilizer costs.
However, this takes more time and it is more difficult to perform this task by
employees.

. Lower CO2 costs

The costs of COz2 are pretty high. Therefore, the question arises, if it is worth to
use that much CO:2 or if it would be better to use less and get a lower yield but
all together have a possible higher profit margin. The CO2 selling company

has currently a monopoly and a competition might be good.

. Decrease packing costs
The costs for packing (material) from SfG and the costs for the rent of the box

are high. Costs could be decreased by using cheaper packing materials.

. Efficient employees

The efficiency of each employee has to be checked regularly and growers will
have an advantage to employ faster workers. Growers should also check the
user-friendliness of the working place to perform only minimal manual
operations. Very often operations can be reduced by not letting each
employee doing each task, but to distribute tasks over employees. In total,

employees will work more efficiently due to the specialisation.
. Decrease energy costs
» Lower prices for distribution and sale of energy (which is not realistic)

 Growers should decrease artificial light intensity at increased solar
irradiation, because this would possibly result in no lower yield (Stadler et
al., 2010).

» Growers should check if they are using the right RARIK tariff and the
cheapest energy sales company tariff. Unfortunately, it is not so easy, to

say, which is the right tariff, because it is grower dependent.

» Growers should check if they are using the power tariff in the right way to

be able to get a lowered peak during winter nights and summer (max.
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power -30 %). It is important to use not so much energy when it is

expensive, but have a high use during cheap times.

Growers can save up to 8 % of total energy costs when they would divide
the winter lighting over all the day. That means growers should not let all
lamps be turned on at the same time. This would be practicable, when
they would grow in different independent greenhouses. Of course, this is
not so easy realisable, when greenhouses are connected together, but
can also be solved there by having different switches for the lamps to be
able to turn one part of the lamps off at a given time. Then, plants in one
compartment of the greenhouse would be lightened only during the night.
When yield would be not more than 2 % lower with lighting at nights
compared to the usual lighting time, dividing the winter lighting over all the
day would pay off. However, a tomato experiment showed that the yield
was decreased by about 15 % when tomatoes got from the beginning of
November to the end of February light during nights and weekends
(Stadler, 2012). This resulted in a profit margin that was about 18 % lower
compared to the traditional lighting system and therefore, normal lighting

times are recommended.

For large growers, that are using a minimum of 2 GWh it could be
recommended to change to “stérnotendataxti” in RARIK and save up to

35 % of distribution costs.

It is expected that growers are cleaning their lamps to make it possible,
that all the light is used effectively and that they are replacing their bulbs

before the expensive season is starting.

Aikman (1989) suggests to use partially reflecting material to redistribute
the incident light by intercepting material to redistribute the incident light by
intercepting direct light before it reaches those leaves facing the sun, and
to reflect some light back to shaded foliage to give more uniform leaf

irradiance.

The use of LED lights instead of HPS lights can reduce electricity
consumtion by around 45 %. To be able to get no delay in the harvest,
environmental settings need to be adapted to the use of this light source.
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6 CONCLUSIONS

The strawberry yield of Sonata was not influenced by the light source. However, the
lower yield of Magnum under LEDs and increased temperature might be attributed to
a higher number of unpollinated flowers. Therefore, by eliminating this effect, can it
be expected that an equal yield under HPS and LED lights might be possible.

The reduction of the lighting costs by 40 % / 44 % (Sonata / Magnum) by the use of
LEDs instead of HPS lights was accompanied by a high increase of the investion
costs. Therefore, the profit margin could not be increased by the use of LEDs and
increased temperature. By applying 3 °C more heat to the LED chamber, was it
possible to prevent a delayed harvest as it was observed with no adapted
temperature settings were the temperature was kept equal between different light
sources. Furthermore, the LED treatment benefited by a higher air and soil
temperature, resulting in a one week earlier begin of harvest. However, the high
capital cost is an important aspect delaying the LED technology in horticultural
lighting as long as more knowledge is available to different plant species. So far, a
replacement of the HPS lamps by LEDs is not recommended from the economic
side. Due to the lower yield of the Magnum compared to Sonata, is the selection of
the variety important. Growers should pay attention to possible reduction in their

production costs for strawberries other than energy costs.
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8 APPENDIX

LED, 19 °C HPS, 16 °C
Date tasks observations / problems tasks observations / problems

1.0kt planting, after planting was the Magnum plants were fine and | planting, after planting was the Magnum plants were fine and
light turned on (16 h), better than Sonata plants, light turned on (16 h), better than Sonata plants,
day temperature 18 °C, many moldy leaves were taken | day temperature 16 °C, many moldy leaves were taken
heating pipe 35/10 °C from Sonata plants, there were | heating pipe 10/10°C from Sonata plants, there were
(day/night), 800 ppm also quite much not usable (day/night), 800 ppm also quite much not usable

plants plants
2.0kt | 3 h between waterings 1 h between waterings accidently wrong intervall
between waterings

3.0kt 7 h between waterings 7 h between waterings

4.0kt

5.0kt Paraat, 12 h between waterings Paraat, 12 h between waterings

6.0kt

7.0kt

8.0kt heating pipe 45/10 °C,

day temperature 19 °C to be able
to have the same leaf
temperature between chambers

9.0kt
10.0kt
11.0kt | measuring growth, flowering measuring growth, flowering
lamps turned on lamps turned on
12.0kt | measuring lights CO2 not working measuring lights CO2 not working
13.0kt
14.0kt
15.0kt | 7 hours interval watering 7 hours interval watering
16.0kt | measuring growth white roots at Magnum coming | measuring growth white roots at Magnum coming

down, flowering starts

down, flowering starts

17.0kt
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LED, 19 °C

HPS, 16 °C

Date tasks observations / problems tasks observations / problems
18.0kt | measuring growth daily growth is around or more | measuring growth no runoff
than 1 cm/day, no runoff
19.0kt | Loker Loker
20.0kt | 4 h between waterings 4 h between waterings
21.0kt
22.0kt | weekly measurements, Sonata has very short clusters, | weekly measurements, little of white roots at Sonata,
measuring growth, Magnum is further developed measuring growth, CO2 sensor | Magnum was good
7 h between waterings compared to the HPS repaired,
chamber, little of white roots 4 h between waterings
23.0kt | setting up one hive setting up one hive
24.0kt | opening the hive the first time for opening the hive the first time
2 hours, setting up band for the for 2 hours, setting up band for
leaves the leaves
25.0kt | measuring growth, measuring roots much better than last measuring growth, measuring roots from Sonata much better
leaf- and soil temperature, time leaf- and soil temperature, than last time
setting up band for the clusters setting up band for the clusters
26.0kt | Loker Loker
27.0kt | 3 h between waterings watering computer is not
working
28.0kt
29.0kt | weekly measurements, a lot of flowers open, clusters weekly measurements, a lot of bumblee bees on the
measuring growth, shorter compared to the HPS measuring growth, flower, still no drain
1 h between waterings chamber, the flower are a little | 1 h between waterings
bit too much pollinated
30.0kt
31.okt | Aphiscout, Aphiscout,

3 h between waterings

3 h between waterings
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LED, 19 °C

HPS, 16 °C

Date tasks observations / problems tasks observations / problems
1.n6v | 2 h between waterings, no runoff at Sonata, plants are | 2 h between waterings, watering | no runoff at Sonata
measuring growth, measuring growing less than 1 cm/day the same between Magnum and
leaf- and soil temperature, Sonata, measuring growth,
Fe+Mn shoot (30 g Fe-EDTA + 3 measuring leaf- and soll
g Mn-sulfate / 1000 m?), eqal temperature, Fe+Mn shoot (30 g
watering of Sonata and Magnum Fe-EDTA + 3 g Mn-sulfate /
1000 m?)
2.név_ | Loker, 1 h between waterings Loker, 1 h between waterings
3.név
4.név the fertilizer tank was getting the fertilizer tank was getting
empty and therefore was not empty and therefore was not
watered watered
5.név | weekly measurements, weekly measurements,
measuring growth, 2 h between measuring growth, 2 h between
waterings waterings
6.ndv
7.név | Aphiscout, working on clusters Aphiscout, working on clusters
8.n6v | measuring growth, measuring measuring growth, measuring
leaf- and soil temperature, 2,5 h leaf- and soil temperature, 2,5 h
between waterings between waterings
9.n6v | time changed for the flowering time changed for the flowering
lamps into 24 h, Loker lamps into 3 h, Loker
10.n6v 2 h between waterings
11.n6v
12.név | weekly measurements, weekly measurements,
measuring growth measuring growth
13.n6v
14.n6v
15.n6v | measuring growth, measuring about 10 fruits/plant white measuring growth, measuring

leaf- and soil temperature, 2 h
beweeen waterings

leaf- and soil temperature, 2 h
between waterings
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LED, 19 °C

HPS, 16 °C

Date tasks observations / problems tasks observations / problems
16.n6v | fertilizer changed, Loker, 1,5 h fertilizer changed, Loker, 1,5 h
between waterings between waterings
17.név | 1,8 h between waterings 1,8 h between waterings
18.név
19.n6v | weekly measurements, no electricity at 0.15-8.30: weekly measurements, no electricity at 0.15-8.30:
measuring growth plants under the windows were | measuring growth plants under the windows were
very wet (the windows were very wet (the windows were
open), cold in the chamber, the open), cold in the chamber, the
heating pipe is not working, the heating pipe is not working, the
first fruits starting to ripe, lot of first fruits starting to ripe
chancelled fruits
20.n6v
21.név Magnum 3:30 min watering,
Sonata continuing with 3 min
22.n6v | measuring growth, measuring measuring growth, measuring
leaf- and soil temperature, leaf- and soil temperature,
turning off flowering lamps raising the tabe for the clusters
to reduce risk of breaking,
turning off flowering lamps
23.n0v | Loker, Fe+Mn shoot (30 g Fe- Loker, Fe+Mn shoot (30 g Fe-
EDTA + 3 g Mn-sulfate /1000 m?) EI?TA + 3 g Mn-sulfate /1000
m°)
24.név
25.n6v | 1,5 h between waterings 1,5 h between waterings
26.n6v | weekly measurements, first weekly measurements
harvest Magnum
27.n6v
28.n6v
29.n0v | harvest harvest
30.n6v | Loker Loker
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LED, 19 °C HPS, 16 °C
Date tasks observations / problems tasks observations / problems

1.des

2.des

3.des | harvest, weekly measurements a lot of moldy fruits harvest, weekly measurements

4.des | Aphiscout Aphiscout

5.des | 1,7 h between waterings

6.des | harvest, water sample taken, harvest, water sample taken,
BRIX BRIX

7.des | tasting experiment, Loker tasting experiment, Loker

8.des

9.des

10.des | harvest, Aphiscout harvest, Aphiscout

11.des

12.des | weekly measurements, weekly measurements,
measuring leaf- and soil measuring leaf- and soil
temperature temperature

13.des | harvest harvest

14.des | Loker Loker

15.des

16.des

17.des | harvest harvest

18.des

19.des | Spidex Spidex

20.des | harvest harvest

21.des | Loker Loker

22.des | harvest harvest

23.des

24.des

25.des

26.des

27.des | weekly measurements, harvest, weekly measurements, harvest,

BRIX

BRIX
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LED, 19 °C

HPS, 16 °C

Date

tasks

observations / problems

tasks

observations / problems

28.des

29.des

30.des

31.des

1.jan

2.jan

harvest, final harvest Magnum

harvest

3.jan

weekly measurements,
measuring leaf- and soil
temperature

spider mites

weekly measurements,
measuring leaf- and soil
temperature

4.jan

5.jan

6.jan

7.jan

final harvest Sonata

leaves are shorter but more
green than in the HPS
chamber

harvest, weekly measurements

8.jan

9.jan

10.jan

harvest, final harvest Magnum

11.jan

12.jan

13.jan

14.jan

final harvest Sonata




