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1 Introduction

This document evaluates thmerformance of the cultivars pre-selected in TN 98.3.1,
according to the selection method established in98M8.1 and developed into the measuring
plan as described in TN 98.4.12.

Experimental performance as reported in TN 98.4.22 is evaluated and condp&methe
results from BT1 (TN 98.4.31), remaining criticalipts discussed.

If needed, suggestions for adaptation of the setgh protocols will be formulated, while
limiting the impact on repeatability if the firsdt was successfully completed.

Ranking of the cultivar performancewill still be preliminary, given the fact that onjata
from two repeated experiments (BT1 and BT2) ardlabie. Moreover, given the occurrence
of unanticipated problems in some of the setups] Bdnnot be considered as an experiment
under optimal growth conditions.

The selection method as presented in TN 98.3. 1beikhssessed per crop, in a preliminary way
and in tabular form.

Bench test evaluation includes the following key pameters:
Bench test setup performance. Measures neededutderact culture-technical problems are
discussed under 1.1, 2.1, 3.1, 4.1, 5.1 and 6.1.

Nutrient solution composition evolution. This indks observations on element depletion or
accumulation (see 1.2, 2.2.7, 3.2.7, 4.2.7, 5&22.7). Emphasis should be put on the fact that
elemental nutrient composition is the key to optipiant production.

Cultivar edible yield, and comparison with referefrield crop data (as reported in TN3.1)
(See 1.4,2.4,3.4,4.4,5.4 and 6.4).

Cultivar harvest proximate composition, and congmariwith data obtained from commercial
agriculture (see 1.4, 2.4, 3.4, 4.4, 5.4 and 6.4).

Additional Parameters that were proposed as ofiqodat interest for the plant bench test
evaluation were:

- Crop size

- Harvest index or ratio edible/inedible biomass

- Harvest composition regarding anti-nutritionalrgmounds

- Water use efficiency

- Stress resistance preliminary observations

- Choice of the crop initiation procedure

These topics are discussed under the appropriatérigs below, where relevant.

Limitations of the used protocols (sensitivity amding) are indicated.
This evaluation will lead to the proposal of a aditkated crop cultivar selection method.

TN 98.4.32 Preliminary trade-off of crop cultivars: Test re¢suvaluation — Bench Test 2

UGent
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1.1 Experimental Layout

UBern carried out the bread wheat trials withoutieat solution cooling.

UoGuelph added nutrient solution cooling capaciy the BT2 experiment with the durum
wheat cultivars Commander and Eurostar. BT1 wasethout without cooling.

UNapoli also cultivated soybean without controtiué solution T.

For potato this parameter is more critical, sine€0°C inhibits tuber induction, hence nutrient
solution cooling was foreseen in UGent and UCL.

Active humidification is used in the UGent and UNRsetups, which have air exchange with
the outside atmosphere (in addition to condensatidime cooling system).

The UoGuelph setup relies on extra dehumidificatiapacity to keep the RH setpoint in the
sealed chambers.

In the UBern chamber, the installed extra dehunaigiion, kept the chamber conditions close
to the setpoint, avoiding the excessive RH valbasdccurred during BT1.

The RH in the UCL setup remained stable for BT1 Bi@ by means of the condensation in
the cooling system.

Dehumidification needs for further tests will degemm the level of crop development on the
available cultivation surface, versus growth chanvatume.

In the sealed UoGuelph chambers, ethylene and oxggeumulation were counteracted by
appropriately scheduled venting.

1.2 Evaluation of growth environment follow-up

The foreseen loggers for each of the setups werguade to follow-up on chamber T and RH
(VPD).

Frequent manual adjustment of pH and EC are tinmeagieling and the setpoint is difficult to
obtain with precision (mixing being critical durirejustment in small volume tanks). The
automatic pH adjustment setup at UGent was not tme8T2, as it proved to suffer from

sensor stability problems in BT1.

Nutrient solution elemental analysis can give adication on accumulation of elements.
Depletion of elements can be a consequence ofegiticiptake by plants (characteristic for N
P and Mn), hence this parameter has to be consideee element in relation to uptake
characteristics.

1.3 Evaluation of monitoring of plant development

Access to the plants is for the closed, sealed létgbusetup logically limited, it was hence
problematic to obtain time-lapse data when plantswgtall, largely obscuring viewing
window and monitoring camera placed inside.

Free access to one side of a gully is needed famezft assessments of plant physiological
parameters. BT2 Bern setup was hence started wgthili¢s / 4 racks (instead of 8 gullies in
BT1).

TN 98.4.32 Preliminary trade-off of crop cultivars: Test re¢suvaluation — Bench Test 2
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For potato tuberisation assessment, with the airdeteelop a nutrient delivery strategy for
optimal tuber development, a gully setup with saimovable lid proved workable. However
tuber greening remains a concern, e.g. Innovatmertuwere visibly green at harvest. Hence
the light-tightness needs further improvement. Tlis be accomplished by:

- Improving the gully covers

- Ensuring the gully lids are properly fastened toidVight contamination

- Avoiding to open the gullies

- Reducing the time of opening of the lid during tieservations.

1.4 Evaluation of crop harvest

Yield

Crop yield is based on cultivated surface, defiagdluminated surface where the foliage can
develop: whole chamber area in the closed Guelpimblers, shelve or table areas covered by
canopy and gullies in other setups.

BT1 durum wheat trials gave an average edible yo&ld.5kg/nf yield for 2 cultivars. During
BT2, 2 different cultivars were tested and provieeible yields between 0.4 and 0.75k§/m
For bread wheat, 3 cultivars, yielded 0.4 kg/mvhile the fourth performed worse with 0.3
kg/m? irr:?BTl. Results of BT2 were quite similar, all focultivars yielded between 0.44 and
0.5kg/nf.

The potato yield obtained by UGent-consultant HZRChydroponic greenhouse culture
attains a highest value of 3kg FWinPotato on average has 20% DW content, henceua val
of 0.6 kg/nf is also attained for DW/f During BT2, UCL yielded 1.96 kg FW/Awith
Annabelle, and UGent 1.44kg FW/mith Bintje which correspond respectively to 088d
0.29kg DW/nf.

The suboptimal start or growing conditions and sgbent phyto-sanitary problems which
severely limited growth in BT1 at UGent, UCL (patgtand UNapoli (soybean) were avoided
and solved for BT2.

The repeat experiments (BT2) showed a real impreveras potato harvest was doubled in
UGent and UCL.

Nutritional analysis

In proximate analysis, carbohydrate content isiobthby difference between starting sample
weight and water, protein, lipid and ash determamest The sum of these values yields the FW
(harvest weight) of the starting sample.

Fiber content determination: IPL and UNapoli acaugdo the same AOAC 985.29 protocol

1.5 Cultivar selection method and ranking

Preliminary ranking of the tested cultivars of Bahd BT2 can (for all the crops) as a
minimum be based on:

TN 98.4.32 Preliminary trade-off of crop cultivars: Test re¢suvaluation — Bench Test 2
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- Edible harvest yield/m

- Growth period (maturation time) = Yield can bemessed as a function of time
- Harvest index (ratio edible/total yield DW)

- Mature plant height

- Light use efficiency = Yield as a function of #nand light level

- Nutritional analysis

- Total amount of water transpired

TN 98.4.32 Preliminary trade-off of crop cultivars: Test re¢suvaluation — Bench Test 2
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2 Bread Wheat (UBern)

2.1 Evaluation of experimental layout

2.1.1 Measuring plan

The setup with 1 cultivar per shelf (0.6 iuminated growth area) generates a better adcess
follow up the growth of the plants.

2.1.2 Setup

A plant density of 100 plants /’60 plants/0.61}) is considered adequate based on the bench
test 2 results.

Seed germination, as carried out in closed box&9@% humidity (for 3 days) allowed a pre-
selection of synchronously germinated seeds (segdlpf the same early developmental
stage), and allowed a 100% plant survival till ety

The density was reduced to 100 plants{ame gully instead of two gullies per shelve) 2B

In BT2 the concentration of macro and micronutseint the nutrient solution was step-wise
decreased after flowering to reach an EC of 400pSiad the pH compensating acid was
changed (SO, replaced HNG). This change in the nutrient medium diminisheel taimber

of extra side-stems (tillers) for CH Rubli and Gieei

2.2 Evaluation of growth environment follow-up

2.2.1 Settings

RH was reduced to some extent in BT2 as compar&d lousing the added dehumidification
capacity.

2.2.2 Chamber T/RH evolution

Extra dehumidification was installed and functiatyaproven to reduce the RH to the 60% to
80% (depending on developmental stage of the wiheg#irdless of time of day.

2.2.3 Chamber CQ level

Only a minor depletion of C{roncentration was observed throughout the dayégatlose to
380 ppm).

2.2.4 Nutrient solution environment

Adjustment of the nutrient level needs frequent n@rmadditions given the high transpiration
rates of the crop.

TN 98.4.32 Preliminary trade-off of crop cultivars: Test re¢suvaluation — Bench Test 2
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2.2.5 pH and EC evolution

EC was used as the setpoint (1200uS/cm) when adjuste gully reservoir water level. The
concentration of macro and micronutrients in thérient solution was step-wise decreased
after flowering to reach an EC of 400umS/cm.

The pH rise of the nutrient solutions was compeastsély acid additions (HN{ at beginning
and HSQO, after flowering).

For subsequent tests, the amounts of N and S fois ased to adjust pH have to be included
in the nutrient level adjustment strategy as linteedevelopment and maturation.

2.2.6 Nutrient solution T

The solution T was presumably higher than optirRédnts yielded normal ears and kernels,
hence this parameter is not the most critical.
It is logistically difficult to setup a cooling stgsn for all separate gully reservoirs.

2.2.7 Nutrient solution analysis

Phosphate, Copper and Manganese were nearly cabyptipleted after 4 weeks. They are
rapidly taken up by plants, hence this is expected.

The 4 week nutrient exchange cycle likely permitiedvoid limitation, final confirmation can
only be obtained by the analysis of plant material.

2.3 Evaluation of monitoring of plant development

2.3.1 Photographic follow-up

Crop development and differences in maturation betwthe cultivars was described. CH
Rubli and Greina matured first, Aletsch was intediate, and Fiorina was the latest maturing
cultivar.

2.3.2 Detailed photographic observations
The ripening of the ears, on which harvest time based, was documented.
2.3.3 Growth assessment

Resistance to lodging: Fiorina suffer for lodgingeady before stem elongation and some
threads were placed around the gully to maintatnplants. During BT2, CH Rubli did not
suffer from lodging.

TN 98.4.32 Preliminary trade-off of crop cultivars: Test re¢suvaluation — Bench Test 2
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Fig. 1 UBern - Thread placed around Fiorina Gully Al tamtein the plants

2.3.4 Gas exchange data

Not foreseen in the measuring plan for bread wheat.

Global plant water usage determined volumetricédlgm the nutrient solution usage was
correlated with length of the growth period of thdtivars, the first maturing cultivars having
the lowest water consumption.

The length of the growth period explains a parthef water usage. But the water usage is also
related to the cultivar. Greina and CH Rubli haverenor less the same length of growth
period but CH Rubli used more water than Greing.(B). Aletsch was harvested 3 weeks
before Fiorina, but Aletsch used more water thamif&. Transpiration during maturation was
presumably also affected by late tillering causg@xcess nutrient availability.

The water evaporation from gully was different fuilies B1 and C1. These two gullies were
run without plant during 12 days. The evaporati@mt gully B1 was 5L while it was only 3L
for gully C1. Gullies A1 and D1 were not tested.eTplace of the gullies in the growth
chamber may have an influence on the water evaporabully B1 is (more than the other
gullies) in the air flow of the ventilation.
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11.08.2010
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30.06.2010
28.07.2010
25.08.2010

Fig. 2 UBern - Liquid (water, start-up solution and repénsolution) cumulative uptake by
the plants

2.4 Evaluation of crop harvest

Separation of the kernels from the rachis (censtaim’ of the wheat ear) and the glumes was
carried out by a dry separation method.

The Fiorina and Aletsch cultivars proved the maStcdlt to manually separate kernels from
the ears.

Greina produced 299 g of kernel, CH Rubli 278.4&igrina 276.72 g and Aletsch 267.95g.
With the growth condition of BT2 (modifications @he nutrient solution and 100 plants per
m? instead of 200 plants pefiior BT1) the 4 cultivars had a higher yield tharBifil. Greina
was still the best cultivar with a yield of 498 d/followed by CH Rubli (464 g/f), Fiorina
(461 g/nf) and Aletsch (446 g/fin The harvest index [DW kernels/(DW kernels + DWaw

+ DW roots + DW threshing debris)] was 0.41 for iBae 0.30 for CH Rubli, 0.25 for Fiorina
and 0.24 for Aletsch. For all cultivars, the hatvieslex was higher in BT2 than in BT1, most
likely related to the change in the nutrient satconcentration and the lower density of the
plants. In literature, the harvest index is defirmsdthe ratio of grain yield to aboveground
biomass (Li et al.,, 2011), the roots are therefood counted in the dry weight. When
comparing the harvest index shown in Tab. 4 (wisatalculated with the dry weight of roots)
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with the harvest index shown in Tab. 5 (which ifcaelated without the roots), the value for
the harvest index (without the roots) are highe47Cor Greina, 0.35 for CH Rubli, 0.28 for
Fiorina and 0.27 for Aletsch. The harvest indexniibin the literature for winter wheat was in
between 0.15 and 0.44 (Li et al., 2011), around @Mcintyre et al., 2010) or around 0.5
(White and Wilson, 2006). The green tillers (whidn't produce grains) were an important
part of the dry weight of shoot, and thus decredlsedharvest index.

Tab. 1 UBern - Yield per n?

Cultivar Yield in g per m?
Aletsch 446.6

CH Rubili 464.1
Greina 498.3
Fiorina 461.2

Tab. 2 UBern - BT2 harvest and ripening

Number Number of days
Cultivars | Gully Germination Harvest of days Ripeness for ripeness
Fiorina Al 22.02.2010 25.08.2010 184 not all ears mature at harvest more than 184
CH Rubli Bl 22.02.2010 07.07.2010 135 07.07.2010 135
Greina Cl 22.02.2010 08.07.2010 136 08.07.2010 136
Aletsch D1 22.02.2010 04.08.2010 163 04.08.2010 163

Tab. 3 UBern - Amount of kernels collected per gully and gltivars

Rockwool Yield (g
Cultivar Gully Piece ber Rockwool piece er cultivar
Al a 48.33
Fiorina Al b 126.61 276.72
Al c 59.99
Al d 41.79
Bl a 90.02
CH Rubli Bl b 51.32 278.46
Bl c 40.98
Bl d 96.14
C1 a 87.27
Greina ¢l b 62.77 299.00
C1 c 55.88
C1l d 93.09
D1 a 65.00
Aletsch D1 b 5059 267.95
D1 c 41.06
D1 d 111.29
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Tab. 4 UBern - BT2 harvest index for dry matter (with roots)

DW Kernels * DW straw DW roots DW threshing debris*| Harvest index
ing ing ing ing for dry
matter
Fiorina 276.72 569.39 106.13 141.32 0.25
CH Rubli 278.463 424.54 127.787 82.59 0.30
Greina 299.004 253.85 90.049 86.44 0.41
Aletsch 267.947 586.28 122.42 137.71 0.24

* stored at room temperature

Tab. 5 UBern — Harvest index for dry matter (without roots)

DW Kernels DW straw DW threshing debris Harvest index
ing ing ing for dry
matter
Fiorina 276.72 569.39 141.32 0.28
CH Rubli 278.463 424.54 82.59 0.35
Greina 299.004 253.85 86.44 0.47
Aletsch 267.947 586.28 137.71 0.27
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2.5 Cultivar selection method and ranking

As mentioned in TN 98.3.1 (section 2.2.2), thedwiing selection criteria were considered for
the bench test trials.

The first 2 criteria below are pre-test criteriadanot to be used in the ranking:

- Availability of the cultivar: 4 pre-selected aukirs

- Vernalization: excluded the use of winter wheat

Tab. 6 UBern - Cultivar overview

Greina CH Rubli Aletsch Fiorina
Shoot length (short)* 1 3 3 2
Generation time (short) 1 1 2 3
Precocity of ear emerger | 1 1 2 3
Resistance to lodgil 1 1 1 2
High yield 1 2 4 3
Total rank 5 8 12 13

*shoot length Greina and Fiorina ears appear atogh®f the stalks (see TN4.12, 2.3)

- Disease resistance
No fungal infection observed on the plant of BT2o@nlikely related to the better adapted
nutrient supply).

- The plant macro and micronutrients content

The plant macro and micronutrients (K, Ca, Mg, B, En, Cu, Mn and Ni) content in the
kernels of BT2 and the market samples are shoviheriable 14 and figures 29 and 30 in TN
98.4.22. In the kernels of BT2, the macro and nmatoent contents were higher (K, Mg, P,
Fe, Zn, Cu, Mn and Ni) than the content in the raadamples, with some exceptions: Zn in
CH Rubli, Ni in CH Rubli and Greina. The content@d and Mn were comparable in BT2 and
MS kernels, with some exceptions: Ca in Fiorina Birdin Greina and Aletsch. These higher
contents of macro and micronutrients might be duart inadequate supply. The difficulty of
the wheat to get mature (high amount of greenrsilb harvest time (see Fig. 3), flag leaves
not fully senescent at the harvest (Fiorina ands&lg) were also a sign that the macro and
micronutrient supply was more adequate than in B0i still a bit inadequate. The EC, which
was step-wise decreased after flowering, was matitb¢oo high. The pH was adjusted to 5.6
— 6 with acids (HN@® replaced after flowering by 430,). In conclusion, the macro and
micronutrient contents in kernels of BT2 were diffiet but not too far away from the content
in the market samples and may become closer todhtent in the market samples by a better
adjustment of the EC.
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12

10

B Green tillers

mYellow tillers

Number of tillers per plants

Fiorina CH Rubli Greina Aletsch

Fig. 3 UBern: yellow and green tillers at harvest

There were 2 post-harvest analysis criteria todsessed:

- Protein content

- Processing properties

These have been assessed in TN 98.5.2 (sectiod3ueher evaluated in TN 98.5.3 (section
3

Specific for controlled environment chamber planbvgh additional parameters were
mentioned under section 2.2.1.1 of TN 98.3.1:
- High yield of edible versus non-edible parts.
- Water use (integrated transpiration rate duringeth@e growth period).
This was positively correlated with the generatiome, but was also related to
cultivars (for instance CH Rubli and Greina hadshee generation time but CH Rubli
used more water). See also comment above.
- Senescence and maturation properties: linked t@llowementioned generation time.
These properties will most likely be affected bydifigations in the nutrient supply.
CH Rubli and Greina from BT2 were harvested onekwesglier than CH Rubli and
Greina from BTL1. This shorter generation time issimikely related to the stepwise
decrease of the EC of the nutrient solution aftawéring of the BT2 plants.
- Plant macronutrient (e.g. K, Ca, Mg, P) and mictdeat (e.g. Fe, Mn, Zn, Cu, Ni)
accumulation in kernels: results available for Bantl BT2.
- Photosynthetic rate and oxygen production — measemés not foreseen in the
measurement plan for BT1 and 2.
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3 Durum Wheat (UoGuelph)

3.1 Evaluation of experimental layout

3.1.1 Measuring plan

Measuring plan was carried out as specified.
Bi-weekly leaf opening of the chambers was usegktluce the accumulation of ethylene and
oxygen (and possible other compounds) in the sebtffdl growth trial.

3.1.2 Setup

The same layout of plants was used with the seleni#ivars.

The plant growth area corresponded to 2.5m lengifiy( length 2.45m) x 2m width. Gully
width is 0.17m. Plants within each gully had areasé€2.5x0.4m (1 ﬁ) to develop.

Planting density: 3 times 45 plants per gully = p&mts, density = 135 plants / m2, 675 total.

3.2 Evaluation of growth environment follow-up

3.2.1 Settings
Environment setpoints were identical for the 2ldria
3.2.2 Chamber T/RH evolution

Profiles of chamber atmospheric temperature, huynidere recorded at six minute intervals
for the duration of this experiment. Temperaturentcd was very good throughout the
experiment. Temperature was kept at an isother®al 2luring the majority of growth, but
was raised to 26°C after approximately 12 weeksoider to improve seed filling as
recommended by durum wheat expert Dr. Mark Jordan.

Relative humidity was set to 60% until 15 weekg@flanting, at which point it was set to 0%
to facilitate crop drying prior to harvest. Humidtontrol was not as effective as desired and
improvement requires the replacement of the cuaentrol system which is outdated and
cannot be modified to improve response.

3.2.3 Chamber NCER, evapotranspiration, ethylene and oaggproduction

NCER and transpiration followed typical profilesufa in plant growth and development. All

cultivars had similar peak productivity, however olea and Commander productivity

dropped off rapidly at approximately 80 days wher&rongfield and Eurostar productivity

dropped at a slower rate. As this is during thel $éleng stage, the higher NCER observed at
the later growth stage in Eurostar and Strongfieéy be the reason for higher overall kernel
yields in these cultivars.
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A significant reduction in NCER was observed in aliltivars immediately after the first
solution change, however the definitive reasonthis is currently unknown. As the same
event occurred in both chambers at chronologiddiffierent times, the observed reduction is
likely directly related to the nutrient solutionasige. Similar reductions in NCER have been
observed in soybean during growing solution changesur laboratory in other chambers as
well. The current hypothesis is that the rapid geafnom a differentially depleted solution to a
full strength feed solution results in osmotic dhac the root zone. Increased productivity
should be realized by reducing or eliminating treaction to nutrient solution change and
remedies should be investigated in future trials.

Avonlea, Commander, Eurostar, and Strongfield etrapepiration peaked at approximately
60, 60, 120, and 90 litres per day. Unlike NCER fiinst nutrient solution change had a less
noticeable effect on water production, howeveroielhg total productivity, the cultivars with
the highest yield also produced the most water.bbth cases, the highest rates of
evapotranspiration were observed in chamber 2 @aroand Strongfield), indicating a
possible chamber effect. Recent evidence has shimatrchamber 2 has a higher air velocity
than chamber 1. Increased air velocity and subsgdogrovements in gas exchange would
likely be the cause of the differences in obsereedpotranspiration, however additional
studies should be performed to confirm this hypsithe

Air samples were monitored for ethylene by GC asialyevery standard working day. A

sample of air was withdrawn through the atmosplsarapling ports and injected into an SRI
GC. Ethylene was sampled starting the first dagraftosure and continued until harvest. The
highest level of ethylene was observed in the Asartrial where of 80 ppb was observed.
Commander, Eurostar and Strongfield had maximatidesi ethylene concentrations of 49, 45
and 41 ppb respectively. Biweekly venting was pented in the Eurostar and Commander
trials in an effort to mitigate potential ethylegiects on crop productivity.

In Avonlea, oxygen levels exceeded ambient levats waere as high as 28.5% before being
reduced by chamber opening for flooding repairsaBse of the high concentrations observed
with that cultivar, subsequent trials with Commanaed Eurostar were vented on a biweekly
basis. With venting, oxygen reached maximum comaé&ohs of 25.5 and 23.5 percent in
Commander and Eurostar respectively. Oxygen detation in Strongfield was compromised
by a switching valve failure in the first trialg) snly the first few weeks of data are available.

Oxygen was one of the considerations for adoptimgékly venting. In crops grown under
ambient concentrations of carbon dioxide, high @xygreduces the efficiency of
photosynthesis by competing with €@r the acceptor 1,5-bisphosphate (Warburg effect)
However, these studies used enriched carbon dideiss (0.12 kPa) which can suppress
photorespiration even at the high partial pressofesxygen observed in these experiments
(Maleszewski et a11988; Drake et al., 1996).
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3.2.4 Nutrient solution environment

Intermittent irrigation was used with a circulatipnmp on time of 2 to 3 minutes. The on
times are part of a 10 minute cycle.

Intermittent irrigation is necessary in these hydmic systems due to the draining
requirements.

The approach is likely beneficial for oxygen préersto the roots, saves energy, and likely
reduces nutrient solution T increases.

3.2.5 pHand EC

pH and EC were automatically measured and adjusted continuous basis by the control
system. Sampling of hydroponics solution was pemfat at the beginning and end of each 4
week nutrient solution interval. Control was exestl with deviations from setpoint only
during initial operation and equilibration and disolution changes or flooding events.
Observed pH and EC levels deviated from the setp@ihthe end of the experiment in both
chambers and were a direct result of the cessatiantrient circulation to the plants.

3.2.6 Nutrient solution T

Suppression of nutrient solution T increases fraiimp friction and chamber internal heat
accumulation are seen as beneficial to root zomamycs. The nutrient solution temperature
was maintained at 20C throughout the experiment.

3.2.7 Nutrient solution analysis

P, K and the micronutrient Mn were depleted attittme of nutrient solution exchange.
These elements are taken up rapidly by the plantsjecessary an indication of shortage.
Nutrient solution composition could be adjustedtfa next 4 cultivar repeat test in MFC2.

3.3 Evaluation of monitoring of plant development

3.3.1 Photographic follow-up

See 3.3.3

3.3.2 Detailed photographic observations
See 3.3.3

3.3.3 Growth assessment

Limited viewing ability by integrated webcam andahthamber window.
First plants in each gully can be used to assegsdkegelopment stages (flowering, grain
maturation) during scheduled venting.
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3.3.4 Maturity assessment

There are several methods but for general comperis@ would use the number of days from
seeding until 75% of the heads have no green c@toaryellow). This is obviously not precise

as the heads do not turn instantly yellow on algidgy but it is practical and often used.

For carefully controlled physiological studies teeact method is physiological maturity is

when the head is at 20% moisture. For this you neddke samples of heads, weigh them
then dry and weigh again. If the weight differersc20% they are mature.

3.3.5 Gas exchange data

The chamber level assimilation and evapotranspinatilata per cultivar allow for the
comparison of integrated values over the whole gigeeriod.

3.4 Evaluation of crop harvest

During BT1, results from both cultivars exceededorded field production yields (Clark et
al., 2006) by 14 and 87 percent in Avonlea andrfgfiield respectively, demonstrating that the
sealed environments were suitable for durum wheatvthy and development. Avonlea
produced over 2.1 kg of wheat kernels while Straidfproduced over 3.7 kg.

The 100 kernel weights were 4.17 with Avonlea arfl7 4vith Strongdfield, and are in the
normal range for durum wheat.

During BT2, results from Commander and Eurostartivans exceeded recorded field
production yields by 14 and 41 percent (Clark et2005, 2009), continuing to prove that the
SEC-2 sealed environments were suitable for durdmeatvgrowth and development. In this
trial, the least productive cultivar was Commandeéth a kernel mass of 0.40 kg'znwhereas
Eurostar produced over 0.58 k¢m

Possible chamber differences preclude drawing dignconclusions on the most suitable
cultivar for ALS use from this single replicate.
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Tab. 7 UoGuelph - Harvest overview

Cultivar Total Height Roots Straw | Kernels | Number 100 kg/ha | Harvest
DW (cm) (@) ) @) of Plants| kernel equivale | Index
(@) weight nt
Avonlea 12054 86 1291 8 630 2 133 469 4.1] 4 266 0.1
Commander| 11 912 73 1465| 6803] 200¢ 457 4.64 4019 0.1
Eurostar 13474 85 1244 7 835 2917 438 3.02 5824 0.2
Strongfield 13531 84 1435 8 325 3771 466 4.5] 7 542 0.2

3.4.1 Quality tests

The current results show higher yields in the Eiamosind Strongfield cultivars, however
conclusions regarding the best candidate for clesettonment production cannot be made on
a single case study. Both of the highest yieldingps were grown in SEC2 chamber 2,
indicating a possible chamber effect. The initiahsideration for the discrepancy between the
two chambers was the lower rate of leakage in clearhlwhen compared to chamber 2 (<1%
vs. >5%), resulting in possible negative effectarfrhigher concentrations of oxygen and
ethylene. Biweekly venting was employed in an afformitigate this effect in the next trials,
however the highest yield was still observed innchar 2. One of the additional variables that
differ between the two chambers is air velocity.a@iber 2 airspeed is higher than that of
chamber 1, which may allow improved gas exchangbarmdense durum wheat canopy. Faster
air velocity may also explain the large differendasevapotranspiration that was noted
between the two chambers.

All cultivars demonstrated a marked decrease in RGring the first nutrient solution
change, demonstrating the usefulness of this meamnt in advanced life support research.
Study of the cause of this decrease, and methadsnfroved nutrient delivery should be a
priority for future research to increase yields dr@y those observed here.

In order to improve data capture and system coranol allow for future sensor expansion,
further testing on wheat cultivars requires modificn of the SEC2 control system. The
current system, based on MS-DOS and last updated®®®, cannot be modified. Prior to
future plant trials, a new control system providgdArgus Control Systems will be installed
and tested.

3.5 Cultivar selection method and ranking

Four cultivars have been grown so far, and thecsele criteria (yield and associated
parameters) may have been confounded by the diffetesure levels of the 2 chambers used,
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and the consequently different ethylene and oxylgerl accumulation. Still yields were
higher than for field harvests for both cultivars.

Crop quality parameters (chosen to be diverse duie-selection) correlated with data from
field crop derived data.
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4 Potato (UGent)

4.1 Evaluation of experimental layout

4.1.1 Measuring plan

The measurements carried out were similar as &fitst bench test.

Because of the nutritient-solution-linked developaé problems encountered in BT1,
emphasis was put on frequent follow up of nutri@oetution management, by manual
adjustments of pH and Nitrogen concentration.

Plant or leaf level gas exchange or emanation nneamnts were not carried out during BT2.

4.1.2 Setup

Some minor changes would be needed to amelioratgd@ent setup.
The main technical problems encountered duringetReests were:
- pH electrodes deviance (need of electrodes of higheality)
- Automatic addition of water not reliable (waterdégensors get stuck)
- Automatic additions of base/acid not reliable (catyds or bases can be automatically
added in our setup, not both)
- Tank volume (15L) is too small (very limited buffespacity)
- Gullies frequent overflowing via the side holes doeoot development (holes need to
be drilled higher, or root development must be ti)
Furthermore, imposing a difference between daytraghtemperature (in a range of 20/15°C)
instead of a constant temperature should stimulgier production (Wheeler et al., 1997).
Potatoes also have a range of maximum carbon dasSoni efficiency and water use
efficiency from 16 to 25°C (Sun-Ben Ku and al., 797

As an explanation to the extra step of 3 weekstio-culture: in-vitro plants are compared to
tubers as starting material below:

Tuber seed:
For pre-test 1 and 2, chosen start up material werers obtained from the UGent consultant
HZPC.
This has several inconveniences:
- Tubers have to be stored during dormancy periodyusimg can take long depending
on cultivar characteristics.
- Tubers can possibly be contaminated by diseases.
- Tuber buds and shoots grow vigorously and are medluin excess numbers
(dominance of the distal bud depends on cultivarfhsit many need to be removed to
enable efficient growth in gully systems. This m@dare requires a lot of working time.
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- Difference in weight and so, of nutrient reserve nobther tubers is a source of
development heterogeneity.

[n-vitro plants:
In-vitro plants are produced in 3 to 4 weeks’ time, in laag®unts on a limited surface:

- plant material is sterile

- plants are very homogenous with in theory the sgemetic background.

- With the current bench test setup;vitro plants must have a stem of minimum 10 cm
long to be placed through the plant-insertion opgsiat the side of the gully. Below
this length, it is hardly possible to have bothtsoim the nutrients solution layer, and
youngest leaves exposed to light.

- Acclimatization is a critical period that needs tmadar attention, but step-wise
hardening and avoiding exposure to drying airflevefficient.

- After acclimatization a 4 or 5 days elongation ghesrequired to obtain plants about
10cm long. This step takes place in open gulligh WFT.

For these reasong)-vitro plants are easier to use and more reliable thedh tsders and were
chosen for BT1 and 2.

4.2 Evaluation of growth environment follow-up

4.2.1 Settings
Tab. 8 UGent - Settings

Roorr Nutritive soluticn
RH 70% pH 5.5
T 20°C EC 180(

T 20°C

4.2.2 Chamber T/RH evolution

Apart from the unavoidable short (stabilisationy/déght transients (see TN 98.4.12, section
4.1.3.2 and Table 37), no aberrations recorded.

4.2.3 Chamber CQ level

Ambient concentrations of CO2 were applied. No dase was measured, only increases
during crop manipulations by operator presence.

4.2.4 Nutrient solution environment

Gully nutrient solution layer thickness is reguthat®y gully inclination and pump flow rate.
Side holes were drilled too close (2cm) to the dratiof the gullies which is often source of
overflowing.

The 15 liter tanks are too small and don't prowet@ugh buffer capacity and flexibility.
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Daily measurements of Nitrate in the nutrient solutduring tubers developmental phase are
important in order to keep a low but constant leseNitrate in the solution (between O to
500mg/L).

4.2.5 pH and EC evolution

The observed instability of the pH sensor was presiito be caused by the accumulation of
gas bubbles at the sensor-liquid interface. The@snwere then placed in an aspirated tube
connected to the circulation pump intake (similarthie setup for the manual dissolved O
measurement). Still, it did not solve the probléiris now clear that pH sensors deviance is
only due to their bad quality. They should be repth by material of better quality and
reliability.

4.2.6 Nutrient solution T
Temperatures of all gully system solutions werélstat 20°C.
4.2.7 Nutrient solution analysis

In BT1 UGent added a low amount of N, UCL dosedvabihe recommendations; both labs
obtained a similar low yield due to initial stremsd progressive development of opportunistic
pathogens (see TN 98.4.21 and section 4.3 belomgth®r mistake was that no Nitrogen was
added after tuber set as recommended by HZPC.tBygipeared that HZPC was refilling the
nutrient tank with tap water containing nitratet@el of distilled water for UCL and UGent.

For BT2 the start solution had higher nitrate cohtban for BT1. After switching to growth
solution, Ca(N@), was daily added in order to maintain a low leviehitrate in the nutrient
solution. Indeed, too high availability of nitratey, its fluctuation induces second growth of
stolons and stops tuber bulking. A complete demtefprovokes peel hardening and then
cracking once nitrate becomes available.

Nutritive solution goes acid rather quickly whertraiie is depleted (Wheeler et al.,1999).
Adding nitrate when pH drops could be a way to curit.

Phyto-sanitary problems were identified during Barid 2. According to UGent consultant
HZPC these pathogens can only develop when théspdae weakened by stress.

The list of organisms scanned by the DNA-multisd@@R analysis (Sciencia Terrae
Diagnosecentrum) is reproduced in Tab. 9.
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Tab. 9 UGent - Pathogens present in Annabelle’s nutrientaution at the end of

BTl and 2

Start of BT BT 1 - 28/sep/09 BT 2 - 28/jan/10
sample date 24-Nov-09 4-May-2010
days after transfer to growth chamber 68 98
Botrytis cinerea no weak
Botrytis porri no weak
Botrytis tulipae no moderate
Colletotrichum spp.

strong very strong
Colletotrichum acutatum strong strong
Colletotrichum coccodes

strong moderate
Plectosphaerella
cucumerinum no strong
Fusarium spp. moderate very strong
Fusarium oxysporum weak strong
Fusarium solani no moderate
Pythium sp. strong no
Pythium dissotocum very strong no

4.3 Evaluation of monitoring of plant development

4.3.1 Photographic follow-up

Fixed camera hourly picture logging and weekly nsmhotographing guarantee a sufficient
level of documentation of crop development.

4.3.2 Detailed observations

Leaf and tuber size were small. This is linked® teduced stature of plants when tuberisation
was initiated. Increasing Nitrogen availability ohgy the growth phase should override this

problem and produce stronger plants and so, higiter numbers or size. The average length
of the main stem was homogeneous for the founeuki around 35cm.

Tuber deformation linked to variations of Nitrogenthe nutrient solution has been limited by

keeping a low but stable level of Nitrate in théuson.

Manual length and width measurements of tubersnduBT2 shows a constant and regular

tuber size increase from tuber set till harvest.
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4.3.3 Growth assessment

Fixed camera hourly picture logging and weekly nsmhotographing guarantee a sufficient
level of documentation of crop development.
Weekly measurements of stem length, number of Eatelons and tubers were also done.

4.3.4 Gas exchange data
No short-time gas exchange measurements weredauteduring BT2.

4.3.5 Extra plant physiological measurements

On-line plant weight determination needs furthelidadion to guarantee more stable data.
Tubers were also measured weekly and manuallyyimitpan estimation of the tuber biomass
present in the gullies during BT2.

4.4 Evaluation of crop harvest

4.4.1 Yield

In BT1 weak plant development was induced by subwgtstarting conditions in the bench
test room (non-optimal transport of the in-vitramls, acclimatisation and nutrient solution
composition), and insufficient nitrogen provisioRlants were susceptible to opportunistic
plant pathogens likely present in the environment.

BT2 in-vitro elongation took place in the openedtio-boxes instead of in a NFT layer. Still,
plants reached the desired length in a few days.

The amount of harvest at UGent allowed nutriticaradlysis (Tab. 12). These were carried out
at IPL.

Regarding the ratio edible/total plant dry weigHa(vest index, see Tab. 11) we must note
that it is probably only trustworthy from the HZRf@eenhouse test, since prior to harvest, the
UGent bench test plants displayed severe foliage &md disintegration. During BT2, enough
plants survived until the end of the experimenptoceed to the destructive measurement on
all cultivars except Desiree. Still, many leavel$ & the plants during the BT2 growth cycle
which makes these results imprecise.
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Tab. 10 Potato harvest results HZPC, UGent and UCL

Annabelle Bintje Desiree Innovator
HZPC 2008 1.872 - 1.141 0.676
HZPC 2009 4.420 1.984 3.998 0.663
Tuber harvest (kg) UGent BT1 0.511 0.466 0.274 0.415
UGent BT2 1.154 0.78 0.348 0.867
UCL BT1 0.662 0.546 0.299 0.283
UCL BT2 1.016 1.568 0.518 0.665
HZPC 2008 2500 - 1520 900
Tuber harvest HZPC 2009 4910 2200 4442 740
(g/m?) UGent BT1 660 583 343 501
UGent BT2 940 1440 440 1050
UCL BT1 829 683 374 355
UCL BT2 1960 1270 650 830
HZPC 2008 93.6 - 57.1 33.8
Tuber harvest HZPC 2009 184.2 82.7 166.6 27.6
(9/plant) UGent BT1 34.1 29.1 17.2 27.2
UGent BT2 52 72.1 21.8 57.8
UCL BT1 41.4 34.1 18.7 17.7
UCL BT2 98 63.5 32.4 41.6
Total productivity HZPC 2008 - - - -
(g/m2/d) HZPC 2009 - - - -
UGent BT1 4,78 4,22 2,36 3,63
UGent BT2 7,40 11,39 3,03 8,27
UCL BT1 6,26 5,19 2,82 2,67
UCL BT2 14,96 9,69 4,96 6,34
HZPC 2008 - - - -
Number of tubers HZPC 2009 20.4 12.9 10.5 3.7
per plant UGent BT1 9.2 6.5 3.2 2.1
UGent BT2 8.1 6.3 3.3 2.8
UCL BT1 4.6 4.6 3.6 1.4
UCL BT2 13.2 11.4 8.7 18.5
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Tab. 11 Potato: FW and DW (g/plant) of shoots, roots, stolts and tubers; harvest index based on DW

easure- Tuber Shoot Root Stolon Total Tuber DW | Shoot DW Root Stolon Total % DW Harvest
ent Fw Fw Fw Fw Fw (g/plant) (g/plant) DW DwW DwW index (based

Cultivar (g/plant) (g/plant) (g/plant) (g/plant) (g/plant) (g/plant) (g/plant) (g/plant) on DW)
HZPC 2008

Annabelle - 54,81 17,04 71,85 - 4,18 1,06 5,24 7,29 -

Bintje - - - - - - - - - -

Desiree - 39,52 19,27 58,79 - 2,53 1,35 3,88 6,60 -

Innovator - 28,91 8,38 37,29 - 2,13 0,50 2,63 7,04 -
HZPC 2009

Annabelle - 140,00 20,29 160,29 - - - 9,75 6,09 -

Bintje - 79,00 8,21 87,21 - - - 5,75 6,59 -

Desiree - 169,25 32,38 201,63 - - - 10,75 5,33 -

Innovator - 37,50 2,96 40,46 - - - 3,50 8,65 -
UGent BT1

Annabelle 34,10 - - - - 6,00 1,99 0,21 8,20 - 73,18

Bintje 29,10 - - - - 6,66 3,65 0,23 10,54 - 63,20

Desiree 17,20 - - - - 2,84 4,03 0,49 7,36 - 38,57

Innovator 27,20 - - - - 6,39 3,15 0,21 9,75 - 65,55
UGent BT2

Annabelle 52,00 - - | - - 11,34 2,34 0.62 14,30 - 79,29

Bintje 72,10 49,24 3,01 124,35 13,63 4,82 0,30 18,75 - 72,67

Desiree 21,80 47,94 10,40 80,14 3,44 7,11 0,86 11,42 - 30,16

Innovator 57,80 26,99 1,73 86,52 12,77 3,05 0,20 16,03 - 79,70

UCL BT1

Annabelle 41,40 - - - - 9,04 2,64 0,38 0,06 10,53 - 85,85

Bintje 34,10 27,80 6,80 4,80 73,50 6,82 2,68 0,35 0,34 8,07 - 84,51

Desiree 18,70 30,01 11,3 3,37 63,38 3,33 4,63 0,57 0,35 8,70 - 38,28
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Innovator | 17,70 - - | - | 257 | 192 | 0419 0,11 3,52 73,01

UCL BT2

Annabelle 98,00 27,70 2,59 0,83 147,30 15,51 4,13 0,26 0,11 20,01 77,51
Bintje 63,50 45,90 6,79 1,25 141,30 17,50 4,76 0,61 0,20 23,08 75,82
Desiree 32,40 50,10 11,53 18,30 112,40 4,99 7,43 0,99 1,49 14,90 33,49
Innovator 41,60 128,60 1,93 0,97 189,10 10,90 6,44 0,24 0,10 17,70 61,58

4.4.2 Anti-nutritional compounds — alkaloid levels

Highest levels measured in BT1, were 77 mg/kg tHréne, and 107 mg/kg of chaconine all cultivarsfoanded. For BT2 these
compounds were below the level of detection (T&). th both cases, values were lower than the tiyabalkaloid content (maximum

set level of 20 mg / 1009 fresh weight).
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Tab. 12  Potato - IPL tuber nutritional analysis results

BT2 UGent | BT2 UCL
Cultivar Annabelle | Bintje | Desiree | Innovator | Annabelle | Bintje | Desiree| Innovator
Water (%) 78.2 81.1 84.2 77.9 80,8 73,90 84.7 76.8
Protein (%) 1.62 1.20 1.58 1.39 1,3¢ 2,1¢ 1.47 1.9¢5
Fat (%) 0.06 0.04 0.08 0.04 0,04 0,03 0.08 0.07
Available carbohydrates 15, 18,1t | 10.8: 17.9:
(%) 1423 | 14.40| 10.79 14.15
TDF (%) 1.53 1.80 2.2 1.79 1,47 1,9¢ 1.82 2.2
Minerals (%) 1,16 1,18 1.13 1,08 0,88 1,27 1.07 1.07
Potassium 504 507 477 440 365 495 470 447
Calcium 5,5 7.5 7.4 8.7 62 12.5 4.S 7.8
Magnesium 29,4 22.2 22.6| 26.7 24.9 26 20.2 25.6
Of which "o 0,7 0.8 0,4 0,6 0,6 0,7 0.5 0.6
(mg/100g) Copper 1,1 0.5 0,7 0,8 0,3 05 0.3 04
Zinc 11 0.9 1 1.9 0,5 0.6 0.4 0.5
Manganese 0.18 0.11 013 01: 0,22 0.26 | 0.2: 0.2Z
Phosphorus 108 87 89 9C - 110 19t 24¢
<
Solanine (mg/kg) <LOD*| <LOD <LOD <LOD <LOD | LOD | <LOD <LOD
<
Chaconine (mg/kg ) <LOD <LODh <LOQO <LOD <LOD| LOD | <LOD <LOD
Energy kcal 67.0 66.4 54.6 66.1 62.4 72.8 53.6 84.6
(for 100q) | kJ 280.1 277.8 228.48 276.8 261.1 304.5| 224.1 353.8

* LOD: level of detection.

4.5 Cultivar selection method and ranking

The HZPC greenhouse NFT hydroponic results frororaparative test indicate Innovator to
be the slowest developing, which is corroboratethieyinitial data from UGent and UCL. It is
also the cultivar the most sensitive to nitrogertihlation and therefor to tuber deformation.

Annabelle and Bintje were the best performing @& tbur cultivars and are at the top of the
ranking. The highest harvests were obtained byAtmgabelle cultivar which yielded 1.96 kg
FW/n¥ (98g/plant) during BT2 at UCL (UGent reached Ol FW/nf with Annabelle in
BT2). Bintje is second with 1.44 kg FWim BT1 at UGent (72.1g/plant) and 1.27 kg F\W/m
for UCL in BT2 (Tab. 10).

Annabelle also obtained the highest tuber numbeh &n average of 8 tubers per plants,
followed by Bintje with 7 tubers per plants.
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UGent obtained in a post-bench test experimenel yif 872g for one single Bintje plant. If
this were to be reproduced at a bigger scale ilavioutheory correspond to the excellent yield
of 15.8 kg FW/r.

As a comparison, the maximum yield estimation fanAbelle is 4.9 kg FW/fr(cultivated in
HZPC greenhouse). NASA studies obtained a maximiifnkg FW/nf (Mackowiak Adv.
Space Res. 2007). These numbers are good indicdttirs yields we are willing to reach.

It is also important to notice that cultivars dd have the same life time. Annabelle seems to
have a 3 months life time, but produces a gooddsarBintje can produce several harvests,
the first one 3 months after being transplanteal iné gullies, and then every two months.
UGent has been able to reach two homogeneous ksaresone smaller from the BT2 Bintje
plants.

Desiree provided very poor yields in both BT1 ant2Bmainly because tuber induction was

not efficient (tuberisation was hardly inducedndmator is very sensitive to nutrient solution

changes resulting in tuber deformation. Theselaartain reasons why these two cultivars are
presently in the lower part of the ranking.

Tab. 13 UGent - Potato cultivar comparison table

Tuber FW yield .
Cultivar (HzPC Tuber DW.yIEId - Tuber size Plant height Maturity
- (field)
hydroponics)
Annabelle Very high Low 18,4% Small Medium-High Very early
Early to
Bintje Low Medium to high Medium to large Medium intermediate
Desiree Very high 21,40% Large Medium Intermediate to late
Early to
Innovator Medium High 21,30% Large Medium to low intermediate
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5 Potato (UCL)

See section 4 (Potato UGent), hydroponic systenic be@mponents identical to UGent,
starting plant material also identical, as provitgdHZPC.

5.1 Evaluation of experimental layout

5.1.1 Measuring plan

The measurements carried out during the two fiesich tests are feasible. Gas exchange and
chlorophyll fluorescence data scheduled every mdothiPhase Il (less manipulation of the
plants).

5.1.2 Setup

No major changes needed. The pH, EC and temperafutbe solution were controlled
manually as well as the water level. The nutrgitition container of 20L is sufficient. Some
gullies overflowing via the side holes due to rodesvelopment (holes need to be drilled
higher, or root development must be limited).

An identical system as in UGent is planned for BHas

5.2 Evaluation of growth environment follow-up

5.2.1 Settings

The UCL settings were as described for UGent
5.2.2 Chamber T/RH evolution

No significant deviations recorded.

5.2.3 Chamber CQ level

Measurements were not foreseen.

5.2.4 Nutrient solution environment

NFT thickness follow up was correct. Side holesendrilled too close (2cm) from the bottom
of the gullies which can be source of overflowing.

5.2.5 pH and EC evolution

pH was always kept below pH 6.5 and EC evolved eetwl.5 and 2.1.
5.2.6 Nutrient solution T

Control confirmed as sufficient.

5.2.7 Nutrient solution analysis

Accumulation of Zn in the nutrient solution obsetveause unknown.
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More regular follow-up of N concentration is needéd BT1, no nitrogen was added after
tuber set as recommended by HZPC. But it appeasdHZPC was refilling the nutrient tank
with tap water containing nitrate instead of distllwater for UCL and UGent. At the end of
the culture, nitrogen was added but UCL dosed alibeerecommendations while UGent
added a low amount; both labs obtained neverthelesmilar low yield due to initial stress
and progressive development of opportunistic paheg(see section 4.3 above). For BT2,
after switching to growth solution, Ca(N@was added every two days in order to maintain a
low level of nitrate in the nutrient solution. Iretg the amount of N added during the
tuberisation phase was not yet optimal. Desireertutzluction was delayed and low due to too
high N level. Weekly addition of Ca(NJ3 were also too high in Bintje and in less extent in
Annabelle since stolons were initiated from theensbduring the tuberisation phase. This
parameter needs to be better adapted in the ftauiiad the best compromise between good
yield and plant survival.

5.3 Evaluation of monitoring of plant development

5.3.1 Photographic follow-up

Weekly manual photographing guarantees a sufficlemel of documentation of crop
development. Installation of cameras inside thdiagilin order to follow roots, stolons and
tubers development is planned for Phase II.

5.3.2 Detailed photographic observations
See5.3.1

5.3.3 Growth assessment

Weekly photographing and measurements (size, nurobeleaves, stolons and tubers)
guarantees a sufficient level of documentationropadevelopment. Annabelle produced the
taller plants. Bintje produced plants with a go@yelopment of leaves on the main stem and
few axillaries. Innovator produced small but braediplants and few roots. Desiree produced
more roots and stolons.

5.3.4 Gas exchange data, water usage

Water use efficiency, expressed as amount of bismpesiuced per liter of water transpired, is
a critical parameter in agriculture when irrigatisfimited.
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Fig. 4 UCL - Water use efficiency
(A) total plant biomass (DW) produced per liter, (B)dubiomass produced by liter.

5.4 Evaluation of crop harvest

5.4.1 Yield

In BT1, weak plant development and yield were iretldy suboptimal starting conditions
(non-optimal transport of the in-vitro plants) anddequate nitrogen provision (too late and
too high, see 5.2.7). Plants were susceptible pmapnistic plant pathogens likely present in
the environment.

The conditions (mainly solution composition) wemttbr in BT2 compared to BT1 since the
tuber yield increased between 2-3 times. The yipaismeters are presented in Tab. 10 and
Tab. 11 (UGent chapter). Annabelle produced mdsersiand showed the best yield, edible to
non-edible biomass ratio and water use efficiencterm of fresh weight while Bintje showed
the best yield, edible to non-edible biomass rainal water use efficiency in term of dry
weight. Innovator produced the biggest tubers. Tufigation was delayed in Desiree so that
the harvest of this cultivar was postponed. Thewahof harvest at UCL allowed nutritional
analysis. These were carried out at IPL.
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5.4.2 Anti-nutritional compounds — alkaloid levels
see 4.4.2 and Tab. 12 (UGent chapter)

5.5 Cultivar selection method and ranking

See also 4.5 and Tab. 13 (UGent chapter)

Observations of UCL-BT2 confirm most observatioh&J&L-BT1. Results obtained in UCL
corroborated observations of the table that sunsearthe diversity of the 4 pre-selected
cultivars (Tab. 13) and UGent data.

Annabelle produced several small tubers with a iyt yield and was the first to initiate
tubers. Bintje produced tubers with a high DW cant&hey produced the best tuber harvest
(Annabelle: 1.96 kg/mz, Bintje: 1.27 kg/m?). Anndbend Bintje were the best performing of
the four cultivars and are at the top of the ragkin

Desiree provided poor yields in both BT1 and BTaimy because tuber induction was not
efficient (tuberisation was hardly induced). Inntmrgproduced big tubers but is very sensitive
to nutrient solution changes resulting in tuberodefation. These are the main reasons why
these two cultivars are presently in the lower pathe ranking.
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6 Soybean (UNapoli)

6.1 Evaluation of experimental layout

6.1.1 Measuring plan
The measurements scheduled were similar to thesetesl for the BT1.

6.1.2 Setup

The hydroponics Nutrient Film Technique (NFT) systeonsisted of 12 independent double
gullies. In BT2, one new soybean cultivar (Cresigs tested in addition to the 3 cultivars
grown in BT1 (Atlantic, Regir, PR91M10). As in BT3,double gullies (corresponding to 42
plants) were used for each cultivar, in a randotheperimental layout.

6.2 Evaluation of growth environment follow-up

6.2.1 Settings
Tab. 14 UNapoli - Settings

Photoperiod 12-h Long Day
Light intensity 35Qumol m? st

Room temperatu | 20/26 °C (Night/Day
Humidity 65-75% (set point 709

The same temperature and relative humidity contitiased in the BT1 were adopted in BT2,
while the light intensity at the crop level decrsdisn comparison to the previous bench test
(from 600 to350umol m? s%), because of the reduction effect of the glasgpan

6.2.2 Chamber T/RH evolution

The T and RH monitoring showed that the conditigngystem was efficient in keeping the
target values, established on the basis of thenaptevel for soybean.

RH set point was reduced during the last montthefgrowing cycle in order to improve the
desiccation of soybean pods.

6.2.3 Chamber CQ level

UNapoli growth chamber was not sealed. On the aontperiodic changes of the internal air
were performed by two small fans (for suction amttaetion), placed at the top and at the
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bottom of one wall. This implies that no correlatican be done between air £0
concentration and assimilation rate.

6.2.4 Nutrient solution environment

Gully inclination and nutrient solution flow ratesed in BT1 were confirmed. By contrast, the
salt concentration (EC) of nutrient solution wasr@ased from 1.2 to 2.0 mS/cm, because of
nutrient deficiency observed during the BT1.

6.2.5 pH and EC evolution

pH and EC in the recirculating nutrient solutiorowsfed fluctuations around the target values
during the whole growing cycle so that daily adjusnts were required in order to maintain
the proper level. In this respect, the completewea with fresh nutrient solution improved the
nutrient solution management.

6.2.6 Nutrient solution T

Temperature of the nutrient solution varied froniC8luring the night to 22°C during the day.
This parameter was found to be not critical fortssgn.

6.2.7 Nutrient solution analysis

Nutrient solution analyses showed a progressivéetiep of P and K during the experiment.
This pattern could be taken into account in theigation management in subsequent
experiments, even though, in our experience, indiddetermine nutrient deficiency.

6.3 Evaluation of monitoring of plant development

6.3.1 Photographic follow-up

The photographic overview of plant growth at 15-datgrval helped in monitoring the crop
development.

6.3.2 Detailed photographic observations
None.

6.3.3 Growth assessment

Soybean plants grown in NFT system did not showgngosanitary and nutritional problem
during the BT2. The nutrient deficiency observedmythe BT1 was prevented by increasing
the salt concentration of nutrient solution (EQnira.2 to 2.0 mS/cm).
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The flowering occurred during thé' veek from sowing in all the cultivars tested. Adeileaf
fall was observed starting from the™®&eek, when the pods were completely developed.
Differences in the earliness of pod ripening wenenfd among the cultivars: Cresir plants were
the earliest in reaching the seed maturity.

6.3.4 Gas exchange data

Measurements of photosynthesis, transpiration aatk stomatal conductance did not show
relevant differences in physiological behaviouttia 4 soybean cultivars.

6.4 Evaluation of crop harvest

The harvests of soybean pods started from the thitbe fourth week of June, depending on
the different 4 cultivars, and lasted until the efduly. Cresir and Regir were the earliest and
the most productive cultivars (450 g of seeds oerage; total yield), followed by Atlantic
(about 420g) and PR91M10 (about 320q).

6.5 Cultivar selection method and ranking

Parameters not considered in BT1 and BT2:
- Volatile organic compound (VOC) and Root exudgtexiuction
- Resistance to stress (plants during bench testidibe cultivated under optimal conditions)

From Table 23 from TN 98.3.1, page 68 the seleatiiteria applicable to the bench test data
are shown below:

Tab. 15 UNapoli - Soybean cultivar bench test selection dgria

Criteria

Major parameter(s)

Associated parameter

Crop cultivar statul

Growth spac

Handling (harves

Growth period length

Crop senescence

Cultivar harvest index

Waste production

Waste démjodity

Influence of plant growt

system
Cultivar nutritional| Absence of an-nutritional | Prc-nutritional compounc
composition compounds
Cultivar edible part Processability Possible conflict with levels ¢
composition pro-nutritionals

Storage stability

Storage time

Water use efficienc

Maximum water us
Increases growth efficiency

High water turnover rate-
regeneration rate
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7 Conclusion
The general conclusions from the second benclatest

» The NFT-systems function properly; nutrient contminagement has been improved
since BT1 but needs further optimisation.

» Harmonised phyto-pathological and pest managenenbdgpls would enable efficient
and reproducible control of the most common stegséuture test trials.

» Sealed chamber tests at UoGuelph deliver continassgmilation and transpiration
data, but ethylene and oxygen accumulation neebetdimited. With the current
hardware, the available approach consists of s¢ébedienting (opening of the access
door) of the chamber every 2 weeks.

* The conventional walk-in room setups can obtairotal ttranspiration amount per
cultivar based on water usage, as recorded fromhyldeoponic tank (manual) refill
adjustments, as a function of time.

» Maturation of wheat crops was critical in BT1, mbdulation of the nutrient solution
by diminishing the EC substantially improved matiora Some bread wheat cultivars
seem relatively insensitive to the high N-levelsult®ars don’'t have the same
resistance to lodging.

 The need for nutrient solution composition changesn crop development. This
precludes the approach of staggered growth withomnton hydroponic feeding
system, where all gullies regardless of the devetagal stage of the plants growing in
it, would receive the same nutrient mix.

* As final conclusion, it has to be noticed that im2Ball crops developed correctly
thanks to better balanced nutrient solutions. Ndicat disease or significant
physiological disorders were observed during BTR2.cfops and cultivars fructified
and harvests quantities were improved or at leapt kdentical to BT1. Furthermore,
nutritional analysis of the edible parts did note& any abnormalities or toxicity.
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