





Taking into account that each treatment has a different need of irrigation due to the effect of biochar on the
water retention, 15 pots (5 mixtures x 3 tables) were selected for the recording of water uptake. Every week this
measurement was recorded on the greenhouse where the infection of P. cactorum was not executed in order to
avoid cross contamination between plants.

The water uptake was calculated from the difference of the pot weight (before and after an irrigation cycle), and
the drip collection container of each greenhouse. The fertigation volume was adapted to maintain around 40%
-v/v of water in the pots by quantifying the water supply per irrigation cycle on each week. The differences of
water retention between treatments were corrected with extra addition of water using a hand sprinkler.

The nutrients were monitored every two weeks by the 1:1.5 nutrient extraction analysis for each of the prepared
mixtures (peat, peat+ Th, 10/90% -v/v, 10/90% -v/v, and 10/90% -v/v biochar/peat).

2.4.4 Disease incidence determination and plant growth

After the Phytophthora inoculation the incidence of the disease was recorded 2 times per week by visual
observation of wilting and/or stunting of the plants. Whenever a plant showed those symptoms, a cut in the
crown of the plant was done in order to confirm the presence of Phytophthora (Figure 2.6).

Figure 2.6 Disease incidence determination. An example of a wilted plant and a completely damaged crown.

After two months of cultivation 2 of the 7 plants per row were taken out in order to create more space. Of these
5 plants (new sampling unit) all fruits were harvested weekly. At the end of the growing period, 3 plants in the
middle of the row per replicate were selected, their root crown was scored for Phytophthora presence and the
fresh and dry biomass mass of the above ground tissues were collected.

2.4.5 Isolation of Trichoderma harzianum for DNA analysis

The isolation of T. harzianum for DNA and gPCR was done in two sessions for the second experiment. The
samples for the first session were collected 2 weeks after the inoculation of 7. harzianum, and for the second
session the samples were collected 1 week after the disease infection with P. cactorum (or 4 weeks after the
inoculation of T. harzianum). The samples for DNA and gPCR analysis were collected for 6 treatments and

4 replicates, with a total of 24 samples per session (48 samples in total for this experiment). The replicates
corresponded to the tables 1- 2 (greenhouse without disease infection), and 4-5 (greenhouse with disease
infection) of the experimental setup (Annex 3). The selected treatments for DNA analysis were: Peat; Peat+Th;
Mix (20/80%-v/v) Biochar/Peat+Th; Peat+Pc; Peat+Th+Pc; Mix (20/80%-v/v) Biochar/Peat+Th+Pc. Each
sample was collected from 3 pots (randomly selected from each line of 7 sampling units) in a tube of 50 mL. The
surrounded rhizosphere and substrate were collected from the middle height of each pot with a spoon. After the
collection of the sample, the 50 mL tubes were labelled and then processed for DNA extraction. The protocol for
the DNA extraction and gqPCR are described in the Annex 1 and Annex 2 respectively.
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3 Results

3.1 Biochar evaluation

Table 3.1

Overview of basic parameters for the treatments.

WHC % v/v 87
DBD kg/m?3 118
oM % w/w 95
MM % w/w 5
OUR mmol/kg/h

Phytotox

PH-buffer mmol H*/kg

87
124
96

86
114
96

45
138
99

1.15%*
n.s.d *

48.5

* no significant difference detected compared to a standard

** more stable than the peat reference at 2.7 mmol/kg/h

The data in Table 3.1 show that biochar has a water holding capacity which is almost half that of regular peat
(data not shown, 80-90%-v/v). However, this property does not influence the water holding capacity of mixtures
with biochar up to 30%-v/v. The reason is that pure biochar has a lot of macro pores in between the material
which reduce the water holding capacity. Once in a mix with finer peat material, the macro pores are filled with
peat and the water holding capacity is very much like peat. A slight reduction in water holding capacity is visible
in the 30%-v/v biochar mix. Of course when using a finer or coarser biochar, these properties might be different.
In parallel the density is decreasing with increasing biochar content. Organic matter and mineral matter are

as expected. The degradability as measured with the OUR method (CEN 16087-1, 2011) shows the material is

slightly more stable than most peats, which are about 1.5 - 2.
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3.2 Biochar nutrient analysis

Table 3.2
Overview of biochar nutrient analysis.

Mix 10% biochar Mix 20% Biochar Mix 30% Biochar Reference100% Peat

pH 5.4 5.7 5.9 5.5
EC dsS.m 0.49 0.27 0.30 0.37
NH4 mmol.L? 0.5 0.3 0.3 0.5
K mmol.L? 1.3 0.9 1.2 0.6
Na mmol.L? 0.4 0.3 0.3 0.3
Ca mmol.L? 0.5 0.2 0.2 0.4
Mg mmol.L* 0.6 0.2 0.2 0.5
Si mmol.L? 0.1 0.1 0.1 0.1
NO3 mmol.L? 1.8 0.5 0.6 1.4
Cl mmol.L? 0.3 0.2 0.2 0.3
S04 mmol.L? 0.6 0.5 0.5 0.3
HCO3 mmol.L*? 0.2 0.1 0.3 0.3
P mmol.L? 0.25 0.2 0.25 0.2
Fe pmol.L? 4.8 5.1 4.9 3.9
Mn pmol.L?t 0.5 0.2 0.2 0.6
Zn pmol. Lt 0.7 0.5 1 0.5
B pmol.L?t 4 4 4 4
Cu pmol.L? 0.1 0.2 0.1 0.1
Mo pmol.L? 0.1 0.1 0.1 0.1

Table 3.2 shows the pH is increased by the added biochar but not beyond acceptable limits. The other elements
are not influenced by the biochar addition.
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3.3 Yield data
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Figure 3.1 Overview of yield in gram of fresh weight per plant for the treatments with biochar levels, and
simultaneous application of Trichoderma harzianum or Phytophthora. P = 100% peat. B20 = 20% biochar/80%
peat. nTh = no Trichoderma harzianum inoculum. yTh = yes Trichoderma harzianum inoculum. nPc = no
Phytophthora cactorum inoculum. yPc = yes Phytophthora cactorum inoculum

Figure 3.1 shows no remarkable effects of biochar addition, Trichoderma harzianum or Phytophthora on fresh

weight.
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Figure 3.2 Overview of yield in gram of dry weight per plant for the treatments with biochar levels, and
simultaneous application of Trichoderma harzianum or Phytophthora. P = 100% peat. B20 = 20% biochar/80%
peat. nTh = no Trichoderma harzianum inoculum. yTh = yes Trichoderma harzianum inoculum. nPc = no
Phytophthora cactorum inoculum. yPc = yes Phytophthora cactorum inoculum
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Figure 3.2 shows no remarkable effects of biochar addition, Trichoderma harzianum or Phytophthora on dry
weight.
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Figure 3.3 Overview of yield in gram of fresh fruit per plant for the treatments with biochar levels, and
simultaneous application of Trichoderma harzianum or Phytophthora. P = 100% peat. B20 = 20% biochar/80%
peat. nTh = no Trichoderma harzianum inoculum. yTh = yes Trichoderma harzianum inoculum. nPc = no
Phytophthora cactorum inoculum. yPc = yes Phytophthora cactorum inoculum

Figure 3.3 shows a small positive effect of biochar on fruit yield no effect of Trichoderma harzianum and a small
positive effect of Phytophthora cactorum on fruit yield.
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Figure 3.4 Overview of Phytophthora severity score per plant for the treatments with biochar levels, and
simultaneous application of Trichoderma harzianum or Phytophthora. P = 100% peat. B20 = 20% biochar/80%
peat. nTh = no Trichoderma harzianum inoculum. yTh = yes Trichoderma harzianum inoculum. nPc = no
Phytophthora cactorum inoculum. yPc = yes Phytophthora cactorum inoculum

22 | wpPr-893



Figure 3.4 shows a decrease of Phytophthora with an increase in Trichoderma treated biochar. As the variation
in outcomes is really big, these data are not statistically different. The score in Figure 3.4 is based on the
score system in Table 3.3. This system is explained here rather than in the "Methods” section as the score was

developed on the plant material in this experiment.
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The gPCR data proved very variable and comparisons between treatments were difficult. Therefore the results
were expressed in a percentage of the average for the total of one experiment. This means the averages used for
experiment 1 and 2 are different and the percentages may not be used to compare experiment 1 and 2!
Experiment 1, without plants, shows that the level of Trichoderma incidence is the same for peat with (PyThnPc)
and without addition of Trichoderma (PnThnPc), i.e. the natural level of Trichoderma was as high as the addition
of Trichoderma. The addition of biochar seems to reduce the incidence of Trichoderma. In all cases the level of
Trichoderma decreases over time i.e. the Trichoderma is present in the substrate prior to growing but dies off
during storage (moisture content = xx; T= xx; oxygen supply is ample).

Table 3.4
gPCR (results: one value (average total all treatments per experiment) for calculation %) experiment 1.

12-mrt 475% 127% 65% 2%
26-mrt 23% 281% 105% 1%
1-apr 9% 112% 0% 0%
P 100% peat

B20 20% biochar/80% peat

nTh no Trichoderma harzianum inoculum

yTh yes Trichoderma harzianum inoculum

nPc no Phytophthora cactorum inoculum

yPc yes Phytophthora cactorum inoculum

In experiment 2, with plants, the addition of Trichoderma slightly increases the level of Trichoderma but
again in all treatments the Trichoderma dies off. The presence of Phytophthora does not seem to interact with
Trichoderma.

Table 3.5
Experiment 2, in greenhouse gPCR (results: one value (average total all treatments per experiment) for
calculation %).

12-mrt 1.4% 0.8% 11.3% 1150.3% 24.2% 4.5%
26-mrt 0.0% 0.1% 1.2% 2.2% 2.8% 1.4%
P 100% peat

B20 20% biochar/80% peat

nTh no Trichoderma harzianum inoculum

yTh yes Trichoderma harzianum inoculum

nPc no Phytophthora cactorum inoculum

yPc yes Phytophthora cactorum inoculum

When samples were sent to the laboratory based on the visual scores as presented in Table 3.5, it became clear
that the addition of Phytophthora did correlate with the symptoms found (Table 3.6).
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Table 3.6

DNA check for presence of Phytophthora ssp. (Ph spp.), Pythium spp. (Py spp.), Cylindrocarpon destructans
(Cd), Rhizoctonia solani (Rs), Colletotrichum spp. (C spp.), Verticillium alboatrum (Va) and Verticillium dahiae
(Vd) on a selection of samples based on their visual Phytophthora cactorum scoring (Pc scoring). Treatment:
no (n), yes (y), Trichoderma Harzianum inoculation(Th), Phytophthora cactorum inoculation (Pc), substrate of
100% peat (P) or mix % biochar/peat: 10/90 (B10), 20/80 (B20), 30/70 (B30). DNA check: close to zero (-),
weak (-/+), moderate (+).

Control yTh nPc 0 - - +/- - - - -
P nTh yPc 0 - - +/- - - - -
B30 yTh yPc 0 - - - +/- - - -
Control yTh nPc 1 - - - - - - -
P nTh nPc 1 - - +/- - - - -
P nTh nPc 1 - - +/- - - - -
B30 yTh yPc 1 - - +/- - - - -
B10 yTh nPc 2 - - + - - - -
B30 yTh yPc 2 + - - +/- - - -
B10 yTh yPc 3 + +/- +/- + - - -
B20 yTh yPc 3 + - +/- +/- - - -
B10 yTh yPc 4 + - + + - - -
P nTh yPc 4 + +/- + - - - -
B20 yTh yPc 5 + - - +/- - - -
P 100% peat

B20 20% biochar/80% peat

nTh no Trichoderma harzianum inoculum

yTh yes Trichoderma harzianum inoculum

nPc no Phytophthora cactorum inoculum

yPc yes Phytophthora cactorum inoculum
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4 Discussion and conclusions

The biochar low bulk density and high water holding capacity ensured that differences with the peat used were
small. As, on the one hand, the pure biochar is drier in nature than the peat used, but on the other hand the peat
fills many of the larger pores of the biochar, the mixes were marginally drier in nature. The biochar used was

not phytotoxic at all. The biochar was very stable according to the OUR method (CEN 16086-2, 2011), slightly
more so than peat. This means at least in principle, biochar is perhaps not able to support more micro-organisms
than peat. It therefore may be wise to add both, mineral and organic feed for the microorganisms to the biochar,
possibly well before mixing with other potting soil constituents. An additional indication biochar is to stable to
support much microbial activity is the observation by ECN that in peroxide only 10%-w/w biochar is lost while
peat is totally destructed by the peroxide.

The buffer capacity of the biochar is such that it can neutralise peat in a quantity of 50% to 65% of its own
volume based on the figures alone. This worked well although the pH-buffer method, used to measure the acid
neutralisation by biochar, somewhat underestimated the amount of alkalinity in biochar. For practical purposes
this means that the highest dose for this combination with peat was at least 30% biochar. To safely use biochar,
it must be either neutralised or (as we did) mixed with a moderately acid peat. As some acidity was remaining in
the mixes, especially when less biochar was used, the remaining acidity was neutralised by adding lime.

The fresh weight and dry weight of above ground parts excluding fruits of strawberries (i.e. leaves and stems)
did not show any differences between the treatments, i.e. weight was not influenced by the choice of substrate,
addition of Trichoderma or addition of Phytophthora.

The fresh weight of fruits harvested did show a small positive effect of the addition of biochar to the mixes.

This could very well be the result of the slightly drier nature of the mixes with biochar. Drier materials tend to
be a generative impulse to many plants. Furthermore, from strawberry practise it is known that coir or coir
peat mixes are also drier and exercise a generative impulse on strawberry. In this case the drier nature was an
advantage but in practise a grower might grow on pure peat by anticipating the more vegetative growth with an
adapted irrigation or fertigation schedules.

The Trichoderma did not react to any part of the treatment as far as we noticed. Furthermore, Trichoderma
levels for both, added and resident Trichoderma, dropped down quite rapidly with two orders of magnitude. This
indicates that Trichoderma is present in the initial potting soil but is not able to compete with the developing
microbiome in moistened, fertilised and or cultivated potting soil.

There was no influence of biochar on the establishment of Trichoderma. Biochar did therefore not act as

carrier for Trichoderma under the conditions of this experiment. Several sources suggested Trichoderma could

be carried on biochar and could survive at higher levels for more than a few weeks (De Tender et al. 2016;
Debode et al. 2018). 1t is also suggested to pre-treat biochar with either nutrients, composts or both

(Hagemann et al. 2017; Joseph et al. 2018). It may therefore be too soon to discard biochar as carrier all
together. Better approaches could be to load the biochar with inorganic and organic nutrients for the micro-
organisms to be carried and to soak or infiltrate the biochar with the target organisms rather than add organisms
to the mix as we did.

The Phytophthora at no point became a threat to the vitality of the strawberry plants. The Phytophthora was
however present in the DNA check. This could mean that the plants for some reason or another could withstand
the disease or that the Phytophthora strain used was not pathogenic to these strawberry plants. One surprising
pattern was the apparent decrease in Phytophthora score with an increase in biochar from 10 to 20 to 30%
v/v. The variation was however quite large. A possible explanation is the effect of a drier medium. It is well
known Phytophthora, which uses swim spores, is less active in drier media like has been described for Pythium
(Termorshuizen et al. 2006; Van der Gaag and Wever, 2005).
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The variation in quantities measured for Trichoderma and Phytophthora was unacceptable. A preliminary

assessment of the methods used by microbiologist so far showed several possibilities to improve the methods to

reduce variation:

e To increase the sample volume to a volume larger than the spatial variation in numbers.

e To homogenize the larger sample to allow taking a very small sub sample for the gPCR.

¢ To define the quantity of reactants necessary on both volume base and weight base to avoid artefacts because
of the 10-20 times lower bulk weights of substrate samples.

e To run a reference sample with a known concentration per volume field sample to check on the integrity of the
procedures and to avoid or compensate artefacts.

These improvements have been discussed with Pham Khanh, Marta Streminska and Yaite Cuesta Arena and

resulted in a preliminary improved method (Annex 3). This method remains to be validated before we can

conclude the problems with quantification via qPCR methods are solved.

In conclusion:

e The experiments showed the biochar used can be mixed with peat to create safe and convincing potting soil
mixes, suitable for the growth of strawberries at equal green mass growth. Biochar can be used in quantities of
at least 30%v/v.

¢ In the experiments performed, the potting soils mixtures with biochar resulted in fruit production of strawberry
at a level equal to or slightly higher than that for peat without biochar.

e The addition of Trichoderma did not increase the Trichoderma levels with more than one order of magnitude
and in all cases the levels dropped off two orders of magnitude in a matter of weeks. It seems Trichoderma is
not able to compete with the species resulting from fertigating the potting soils (with or without plants). It is
quite possible Trichoderma is very sensitive to the water content (or air content) of the mixes as potting soils
are stored at moisture contents of 20-30%yv/v and used at moisture contents of 50-70%v/v.

e Biochar did not function as carrier for the Trichoderma but there is enough evidence in literature and practise
not to abandon this path right away.

e The Phytophthora added proved to be present but not active. In this case the chances are the rooting media
were not wet enough to allow Phytophthora to become pathogenic. If that was the case, the moisture level for
pathogenicity would be over 70%v/v.

e The gPCR measurements showed large variations believed to be manageable by applying an improved protocol
(Annex 3). It is advised to validate the improved protocol as soon as possible.
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Annex 1

DNA extraction with DNeasy®

PowerSoil® Kit

The DNA extraction is realised on the test samples. Reference is a series of factor 10 dilutions starting from the
initial concentration of the inoculum to a 10° dilution. The kit is designed for a certain soil volume and consists
of a series of steps in which 6 different solutions are added (Figure 1). First the sample is ground to a pulp, then
cells are opened up (lysis). Consequently some interfering substances are separated (inhibitor removal) before
all DNA is loaded onto a column and rinsed. Finally the DNA is washed off the column again and ready for a

measurement.

Prepare sample

Cell lysis

Inhibiter Removal
Technology

_GM-—}G_@Qm{

DNeasy PowerSoil Kit Procedure

Add seil sample to PowerBead Tube

Add Solution C1

Attach to Vortex Adapter

Yortex

Add Solution C2
Incubate at 2-8°C

Add Solution C3
Incubate at 2.8°C

Wash

Elute |

Add Solution C4

Load into
MB Spin Column

Wash with
Solution C5

Elute with
Solution Cé&

v

Alternate protocol
for QlAvac Yacuum
Manifold

E; Vacuum
R

L Elute with
; Solution Cé&

!

%

Figure 1 Overview of the steps to add solutions and harvest all DNA in the sample.

Notes before starting
e Perform all centrifugation steps at room temperature (15-25°C).
o If Solution C1 has precipitated, heat at 60°C until precipitate dissolves.
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1. Add 0.25 g of sample to the PowerBead Tube provided, in which there is 700 microL lysibuffer and some
dozens of beads to mash up the material inserted Figure 2).
a. Gently vortex to mix.

Figure 1 The initial PowerBead Tube with 700 microL of lysibuffer and the beads which will smash up the
sample. This only works when the sample volume is smaller than the volume of the lysibuffer.

2. Add 60 pl of Solution C1 and
a. Invert several times or vortex briefly.
Note: Solution C1 may be added to the PowerBead tube before adding soil sample
3. Secure PowerBead Tubes horizontally using a Vortex Adapter tube holder.
4. \Vortex at maximum speed for 10 min.
Note: If using the 24-place Vortex Adapter for more than 12 preps, increase the vortex time by 5-10 min.
5. Centrifuge tubes at 10,000 x g for 30 s.
6. Transfer the supernatant to a clean 2 ml collection tube.
Note: Expect between 400-500 pl of supernatant, which may still contain some soil particles.
7. Add 250 pl of Solution C2 and vortex for 5 s. Incubate at 2-8°C for 5 min.
Note: You can skip the 5 min incubation. However, if you have already validated the DNeasy PowerSoil
extractions with this incubation we recommend you retain the step.
8. Centrifuge the tubes for 1 min at 10,000 x g.
9. Avoiding the pellet, transfer up to 600 ul of supernatant to a clean 2 ml collection tube.
10. Add 200 pl of Solution C3 and vortex briefly. Incubate at 2-8°C for 5 min.
Note: You can skip the 5 min incubation. However, if you have already validated the PowerSoil
extractions with this incubation we recommend you retain the step.
11. Centrifuge the tubes for 1 min at 10,000 x g.
12. Avoiding the pellet, transfer up to 750 ul of supernatant to a clean 2 ml collection tube.
13. Shake to mix Solution C4 and add 1200 pl to the supernatant. Vortex for 5 s.
14. Load 675 ul onto an MB Spin Column and centrifuge at 10,000 x g for 1 min. Discard flow through.
15. Repeat step 14 twice, until all of the sample has been processed.
16. Add 500 pl of Solution C5. Centrifuge for 30 s at 10,000 x g.
17. Discard the flow through. Centrifuge again for 1 min at 10,000 x g.
18. Carefully place the MB Spin Column into a clean 2 ml collection tube. Avoid splashing any Solution C5 onto
the column.
19. Add 100 pl of Solution C6 to the center of the white filter membrane. Alternatively, you can use sterile DNA-
Free PCR Grade Water for this step (cat. no. 17000-10).
20. Centrifuge at room temperature for 30 s at 10,000 x g. Discard the MB Spin Column. The DNA is now ready
for downstream applications.
Note: Solution C6 is 10 mM Tris-HCI, pH 8.5. We recommend storing DNA frozen (-20° to -80°C) as
Solution C6 does not contain EDTA. To concentrate DNA see the Hints & Troubleshooting Guide.
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Comments by Chris Blok 2019 05 01: the amount of sample is specified by weight (0.25 g). The quantities
of additives, especially the solution in the PowerTube and C1 (700 + 60 microlL), are related to the volume
expected in that particular weight of soil. 0.25 g of soil is about 250 microL so therefore emerged in the
solution.

In a typical rooting medium 0.25 g is 2500 microL with a pore space of 2300 microL which is clearly more
than the 760 microL added. As the material is not only adsorbent but also absorbent, the C1 will be caught
in the internal pores but may remain insufficient to harvest all DNA.

This can be proven by running a series with increasing amount of lysibuffer + C1 up to submerging the
sample.

From our Belgian colleagues (Jane Debode):
Voor Trichoderma in substraat gebruiken we meestal nog de klassieke uitplating op TSM medium en voor
Phytophthora een loktoets (zie artikel Vercauteren in bijlage).

We gebruiken de DNA kit wel voor algemene microbioom analyses. Voor grond en compost werkt deze kit prima
maar voor witveen substraat hebben we gelijkaardige moeilijkheden ondervonden. Dan hebben we meestal
minder dan 0.25g genomen (0.15 tot 0.20) en met een steriel tipje het witveen ‘ondergeduwd’ in de lysisbuffer.
We hebben dit nog maar gedaan op een heel beperkt aantal stalen, aangezien we met witveen meestal hebben
gewerkt met rhizosfeer ipv bulk en bij rhizosfeer doet het probleem zich niet voor.
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Annex 2 gPCR analysis with GoTag® gPCR
Master Mix

The total nucleic acid concentration of the inoculum is determined by spectrometry at 260nm. The DNA is
prepared for the gPCR with the GoTag® qPCR Master Mix which include a nuclease free solution and specific
primers for the reproduction of the DNA. The PCR is run according to the method described in Joshi & al. (2006),

The solution is incubated at 95°C for 3 min, following 40 cycles of PCR at 95°C for 30 s, 55°C for 30s and 72°C
for 15s.

Use of the GoTaq® qPCR Master Mix

The protocol for a 50l reaction is outlined below. Component volumes may be scaled as appropriate. This
protocol assumes that 20% of the reaction volume is DNA template (e.g., 10pl of DNA template added to 40ul
of reaction mix). If the volume of DNA template is more or less than 10ul, adjust the volume of Nuclease-Free
Water accordingly so that the final reaction volume is 50pl.

Preparing the DNA Template
1. Prepare standards and experimental template dilutions in nuclease-free water.
2. Add 10pl of DNA (or water for no-template control reactions) to the appropriate wells of the reaction plate.

Preparing the qPCR Reaction Mix

Prepare 50 microL reaction mix by combining Sample, GoTag® gPCR Master Mix, Nuclease-Free Water and
primers in the order listed. See Notes 1 and 2.

Component Volurme per 500! Reaction Final Concentration
GoTag® qPCR Master Mix, 2X 25ul 1X
Muclease-Free Waler 1o a linal volume of 40pl

upstream and downstream PCR primers I 0.2uM or 0.05-09M each

Figure 1 The preparation of 50 microL runs as follows: 10 microL of sample (not shown in figure) then 25

microL of GoTaq qPCR MasterMix, then 5 microL nuclease free water then some PCR primers of unknown
volume.

Notes

1. See the GoTaqg® gPCR Master Mix Technical Manual #TM318 for a list of instruments that require addition of
CXR Reference Dye.

2. Some instruments such as the BioRad instruments require addition of a normalization dye (e.g., fluorescein).

3. Carefully pipet 40ul of reaction mix into each reaction well.
Seal the plate, and centrifuge at low speed for 1 minute.

4. Program the thermal cycler with the desired thermal cycling conditions as per the manufacturer’s
instructions.

5. Place the plate in thermal cycler, and press “Start”. When the run is complete, analyse the data using your
usual procedures.
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Comment by ChrisBlok 2019 05 02.

What does the procedure finally reports: the absolute quantity of DNA in the well or the concentration in
the well as read by the machine?

o If absolute quantity, how is this calculated back to quantity per mL substrate?

e If concentration, how is this calculated back to quantity per mL substrate?

As an example suppose the outcome is 20 ng DNA/microL:

e Then there is 50*20 = 100ng in the well (a well is 50 microL).

e In the well there was 10 microL sample taken from 100 microL monster (yield of the DNA extraction).
So 100/10*100ng= 1000 ng from a 0.25 g sample.

e 0.25 g rooting medium was about 2.5 mL

e This means there was 1000ng/2.5 mL is 400 ng/mL rooting medium

The quantity per volume rooting medium is the answer of importance for the final report and the horticultural
application.
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Annex 4 Protocol gPCR pre-treatments

Rooting Media sample preparation for qPCR related techniques.

We are going to take a sample (A) from one container with an hollow auger with a razor sharp edge. To get a
razor sharp edge, always sharpen the edge before using, removing any unevenness on the edge.

Sampling
with
hollow Vl

auger o Is
- Marker 40 °C \ W, W-

Milling

W, W
W qPCR
W, 69
W, qPCR

marker

1. The volume of the sample is recorded as the volume of the sample in situ e.g. without compaction. To arrive
at this volume measure the height of the rooting medium before applying the hollow auger. Use this height
to calculate the sample volume in mL as V,=H*PI*R"?, in which:

a. His the height of the rooting medium on the container in cm.
b. PIis the constant value 3.14.
c. Risthe radius of the auger in cm.

2. Take a sub sample with an hollow auger of
a. 10% of the container volume for container volumes up to 1000 mL.

b. 100 mL up to 4000 ml containers.
c. 250 mL up to 50 L containers.

3. Weigh the sample directly after taking the sample as W, in mg.

4. Add a marker of 1 mL of solution with 10"1° spores of plasmid DNA or an equivalent concentration in ng DNA
and distribute this evenly by spraying onto the spread out sample. Homogenize by mixing. NB this 1 mL does
not influence the water content and DBD calculations as it does not influence W, and W,. In general: add X,
(ng) of the marker organism and express this quantity over the sample volume V, asY, = X /V, in ng/mL.

5. Dry the sample for 24 h at 40 °C. The low temperature is to preserve DNA. Make sure the sample is spread
thinly. The oven should be ventilated.

6. Weigh the sample directly after taking the sample from the oven as W, in mg. Store all samples in fully filled
air tight containers.

7. Split the sample in two samples B, and C taking care not to create any separation of the main sample into
graded parts.

8. Weigh the samples directly after taking the sample as W, and W, in mg.

9. Dry the sample W, for 24 h at 105 °C in order to in the true DBD. Make sure the sample is spread thinly. The
oven should be ventilated.

10. Weigh the sample directly after taking the sample from the oven as W, in mg. Store he sample in a fully filled
air tight container.

11. Calculate dry bulk density DBD.

insitu

12. Calculate water content (%) in situ as WC.

insitu

as (Ws/W3*W2)/V1 (mg/mL = g/L)
=(W,/V,-DBD, . )*100%.

insitu
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13.

14.

15.

16.

17.

Put the sample is a disc mill and powder the sample for 10 minutes at 140 movements per minute with 10

discs of xx g [this needs to be further specified by the operator].

NB Clean the mill after each use observing the following:

= Remove all dust with a brush

= Use compressed air to further clean

= Use a clean damp cloth to wipe all parts.

From sample C (W,) Take sub samples D and E as prescribed by the relevant qPCR tests and report

the weight (mg) as W, and W,. Sample D is used for the marker concentration and sample E for the

concentration of the target organism.

Report the readings of the gPCR for the marker in subsample D as [X ] in ng/g dry matter.

a. Calculate and report the content of marker [Y_] per unit value of original sample by using [Y_] =
[X,,]*DBD, g,

Check on the losses due to processing by comparing [Y_] and [Y,] and reporting [Y_1/ [Y,]. If this value is

80-100% the method is true. If the value is below 80% the processing affects the outcome.

Report the readings of the gPCR for the target organism in subsample E as [X,] in ng/g dry matter.

a. Calculate and report the content of the target organism [Y,] per unit value of original sample by using
[Y.] = [Y,]/[Y,] * [X.] * DBD,

insitu

Adapted method for samples with >40% v/v of biochar

As biochar allegedly interferes with DNA by preferential adsorption of DNA on the surface, care must be

taken not to break the particles into smaller units. Therefore the homogenisation by milling step is replaced

by a homogenisation step by:

b. Spreading the dry sample on a sheet in a layer of about 1 mm, separating coagulated parts into the
smallest possible units without crushing the biochar.

c. Hand mixing the particles several times.

d. Spreading the dry sample homogeneously on a sheet in a layer of about 1 mm, dividing the sample into
the required number of sub samples, before weighing and storing.

As biochar allegedly interferes with DNA by preferential adsorption of DNA on the surface, a reference

sample without biochar must be included. The reading of the marker found back in the reference compared

to the biochar containing sample will give an indication of the possible loss of DNA by adsorption to the

biochar.

The sub samples used for gPCR or related methods now run the risk of not being representative of the

sample they will be taken from (which is other than with the milled powdered mass used in the original

method). Therefore the dry sample is spread homogeneously on a sheet in a layer of about 1 mm, drawn in

squares (a grid) and the required weight is taken from one or two squares. This is to prevent taking graded

samples straight from the storage.
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Further graphic representations:

Sampling for DBD, formulas

Sampling
with
hollow 1"-’r1

auger “
- Marker 40 °C t\ W

W, W,

4 =

Milling

DBDIFI':.II'-:_J = {W;,-'FW:: T W"}f{v'l
WCinsitu = (W,/ V- DBDjpg,)

Sampling for DBD, example in numbers

Sampling
with

hollow 100mL Milling

auger _ 105 °C
- Marker 40 °C % 79 5.6g

90g 159
/g

DBD,., = (5.6/7 * 15)/0.1 = 120 (g/L)

WC,.., = 90/0.1- 120 = 780 (g/L)
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Sampling for gPCR, marker organism

Sampling

with Marker
hollow Vi [X5]

auger ‘

W,

Mifling

[Y.] = [X,] /V, (ng/L)

[Vl = [X5] * DBD,g, (ng/L)

Sampling for gPCR, target organism

Sampling
with .
hollow V1 Az Milling

auger ‘ \
e

W, W,
[Y,]

qPCR [X,]
[Yz] = [X,]/V,

[Yt] =3 [YITI:I)(’[Y.‘._]'*']:XJ » DBDIFIF-Il'U
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improye the
quality of life

Wageningen University & Research, The mission of Wageningen University and Research is “To explore the potential

BU Greenhouse Horticulture of nature to improve the quality of life”. Under the banner Wageningen University
P.O. Box 20 & Research, Wageningen University and the specialised research institutes

2665 ZG Bleiswijk of the Wageningen Research Foundation have joined forces in contributing to
Violierenweg 1 finding solutions to important questions in the domain of healthy food and living
2665 MV Bleiswijk environment. With its roughly 30 branches, 5,000 employees and 10,000 students,
The Netherlands Wageningen University & Research is one of the leading organisations in its domain.
T +31(0)317 48 56 06 The unique Wageningen approach lies in its integrated approach to issues and the
www.wur.nl/glastuinbouw collaboration between different disciplines.
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