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Preface

Ammonia emissions is a major problem associated with management of animal slurry, and solutions
to overcome this problem are required worldwide by farmers and stakeholders. An obvious way to
minimize ammonia emissions from slurry is to decrease slurry pH by addition of acids or other sub-
stances. This solution has been used commonly since 2010 in Denmark, and its efficiency with regard
to the minimization of NH3 emissions has been documented in many studies. Nevertheless, there
is still a need for more studies on impact of such treatment, since the studies performed so far have
provided different scenarios.

Baltic Slurry Acidification is an agro-environmental project financed by Interreg Baltic Sea Region
under the priority area Natural resources and specific objective Clear Waters. A budget of this project
is more than 5 million euros, of which 4 million euros is funded by the EU.

The aim of the project has been set taking into account the fact, that livestock manure is the main
source of ammonia-nitrogen emissions in the Baltic Sea Region. So, the aim of the project is to reduce
nitrogen losses from livestock production by promoting the use of slurry acidification techniques
(SAT) in the Baltic Sea Region and thus mitigating eutrophication of the Baltic Sea.

The project clarifies technological aspects and potential risks of acidification, analyses the environ-
mental and economic implications, conducts market analysis and suggests policy recommendations
that could help dissemination of SAT technology. This technology has been widely used in Denmark,
and it has given positive results in many ways.

The Baltic Slurry Acidification project started in March 2016 and will continue until February 2019.
Seventeen partners from eight Baltic Sea Region countries have cooperated implementing this pro-
ject. The lead partner is RISE Research Institutes of Sweden. All of the project’s activities are divided
into six work packages: WP1 — Project management and administration; WP2 — Technical feasibility
studies; WP3 — Pilot installations and demonstrations; WP4 — Field Trials; WP5 — Environmental and
economic implications; and WP6 — Policy recommendations and analyses of markets and legislation.

Each work package has its own objectives. The partners that were included in the relevant work pack-
age had to implement these objectives through different activities.

http://balticslurry.eu
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Introduction to activities in field trials (WP4)

The aim of WP4 is to reach a broad base of farmers and other end-users in each country, raise their
awareness, increase knowledge and help them to build confidence relating to the effects of slurry
acidification technologies (SATs). This WP acted as a link between the pilot installations and farmers.

These specific objectives of WP4 were implemented by preparing methodology for SAT testing, part-
ners’ activities in field trials (FT), and collecting information from partners about activities of testing
acidified slurry.

WP4 organized Information events for farmers and other end-users of such knowledge, advisers, rel-
evant Nongovernmental organizations (NGO) as well as public authorities and policy makers.

Aside from the aims of this WP, the results of field trials were delivered and used in WP5 to verify
theoretical estimates of impacts of SATs that were evaluated through environmental and economic
analyses.

It can be stated that all activities of partners in WP4 were very intensive and creative. Partners were
strongly oriented towards getting new knowledge on using of acidified slurry. Their great interest in
this WP was natural and engaging local stakeholders, researchers and policy makers. It is evident
from annual reports and visual material of Information events.

It should be noted that the report about WP4.1 and WP4.2 activities was not planned in the first stages
of the project. This idea was offered by an expert (external partner Juraté Aleinikoviené, ASU), who
had been asked to evaluate the forthcoming results of field trial activities in 2017. In addition to elabo-
rated excel sheets on every trial circumstances and results, it was suggested to provide a text docu-
ment to WP4 that could present more concrete views on activities implemented. During the Steering
Group’s Skype meeting (early spring, 2018), it was decided that such text material with more concrete
explanations and photos about partners activities in the field would help other partners and people in-
terested to have a more general view about the activities in WP4. So, before starting field trial season
2018 all partners that had been and would be involved in the activities of field trial were asked to pre-
sent their activities both in Excel format and in Word.doc format with visualisation of their activities.

In this report, the determination of Methodology for field trials, field trials carried out in diferent
countries during implementation of project and finally a short material from Information events are
presented.

Summarised results from all field trials (WP4.2) have been used as a basis for the report WP4.3
“Guidelines and recommendations”. This report is provided as a separate document of outcomes from
WP4.

For comfortable use it is useful to know that e-version of this report contains interactive List of Con-
tents and additional information (raw material — Report forms in Excel from field trials).

Gintaré Kucinskiené,
BSA WP4 Leader

January 2019
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Determination of Methodology for field trials

Introduction

The first WP4 task in this project was to determine clear, short and easy to use methodology and pos-
sible plan schemes to test SATs. It was a tricky task because from the very first discussions it was
seen that almost every country had a special requirements for manure/slurry management and quite
diferent posibilities to implement testing plans. After the discussions it was decided to write/prepare
the Methodology and the sheets for Result collection.

From the begining, it was clear that the partners will be busy with two types of activities in FTs: sci-
entific and demonstration.

Of course, most of the partners (institutes, research centres) had already had scientific trial exprience
and they started their activity with FT quite early — since 2016.

Below the Methodology document under the name ”Basic Recomendations for Field Trials” is pre-
sented. This short document iliustartes common understanding of main principles that were followed
in field trial activities.

Updated Report forms of every year for result collection can be found in e-version of this report after
each partner annual report.

Basic Recommendations for Field Trials

The author: Gunnar Lundin from RISE Research Institutes of Sweden

Background

The main task of field trials is to compare the effects of using untreated and acidified slurry on crop
production in every country. Field trials can be carried out at two different levels:

1) Scientific field trials
2) Demonstration field trials.

For the scientific field trials, it would be most beneficial if the same experimental layout and factors
examined were the same in every country, however, it is just a recommendation.

For the demonstration trials a greater degree of freedom is possible.

This document is intended to give an overview of criteria that should be considered when deciding on
when, where and how to perform scientific and demonstration field trials within the project in each
country.

Due to the nature and cost of conducting scientific field trials, they will likely be limited to one loca-
tion in a particular country. In order to give us an indication of acidification effects across a larger
gradient of conditions, we can use the demonstration field trials.

Safety

Sulfuric acid 1s VERY risky to handle! It is classified as a D1A-Very Toxic Chemical and shall be
handled accordingly.

All staff engaged with these activities should be educated in safety techniques and proper handling
methods for sulfuric acid.

"‘i:inle”&g “
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At manual handling of sulfuric acid the staff should be equipped with protective clothing and respira-
tory protection in the form of a full face mask

Manual handling of sulfuric acid should never be recommended to be used by farmers.

Scientific field trials
Aim

The aim of the field trials is to examine to which extent acidification of slurry improves the nitrogen
uptake at crop cultivation.

Experimental design

Trials should be performed as a randomized complete block design. A minimum of 3 replicates
(blocks) however, 4 replicates is better. Block location should be selected so that all treatments within
the block have similar conditions. Each treatment must be included once in each block and the treat-
ment locations must be randomly assigned to plots within each block. The purpose of randomizing
the location is to avoid biasing the results.

Treatments should be:

Control (unfertilized)
Mineral fertilizer
Untreated Slurry
Acidified Slurry

For all treatments (except control) the crop should be fully supplied with P, K and S so that N will be
the limiting factor. In this way the trial will highlight the nitrogen effects of acidification.

Preferably, there should be a stepwise increasing nitrogen rate of mineral fertilizer from zero and up
to an overoptimal economic rate. If only one mineral fertilizer treatment will be included, it should
provide a mineral N dose equal to the NH4-N content of the slurry.

Acidified slurry should be essentially exactly the same as untreated slurry except that it was acidified
prior to spreading.

Possible additional treatments:

¢ Untreated and acidified slurry treatments that do not receive pre- application with sulfur. This
will illustrate the sulfur effect of using acidified slurry which could be particularly important in
areas where farmers typically do not fertilize with sulfur.

e Treatments with digestate.

e Treatment with injected untreated slurry. This will illustrate the comparison of acidification to
injection techniques.

Field location
Things to avoid when choosing a test site:

Fields with high variability in topography, water gradients, soil types or other.
Soils with high N-delivering capacity (= organogenic soils).

Fields where the preceding crops are known to have nitrogen effects.

Fields with a history of frequent or heavy organic plant nutrient supply.

Fields where manure was spread either earlier the same year or the autumn before.

""i:inle”eg “
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Select a uniform and representative portion of the field for the test site. If variability cannot be avoid-
ed, account for its effects by laying out the blocks oriented across the direction of the variation, so that
all treatments within the same block have reasonably similar conditions.

Crop

In general, acidification of slurry offers the greatest relative advantage when spreading in growing
crops; normal tillage incorporation is not possible and injection techniques can be both costly and
damaging to crops.

Otherwise, the crops chosen for the field trials mainly depend on the slurry type:

o (attle slurry — grassland;
e Pig slurry —grains (wheat or barley).

Avoid crops with high N-delivering capacity (grassland with high content of legumes etc.)
Plant nutrient rates

Rates of plant nutrient supply should be adapted to prevailing circumstances according to below.
Soil: Class and plant nutrient status.

Crop: Expected dry matter yield and desired quality parameters

Slurry acidification

Slurry should, if possible, be acidified just before spreading to avoid a raise in pH after acidification
which is due to the buffering capacity of slurry. Concentrated sulfuric acid (94-98%) is most com-
monly used in Danish acidification techniques, but it is also possible to work with lower concentra-
tions.

Document the amount of acid used per volume of slurry during acidification. Note that concentrated
sulfuric acid has a density of 1.84 g/cm’.

Add enough sulfuric acid to the slurry according to below.

1) If the acid is added in the same moment as the spreading the pH-value should be lowered to
6.4.

2) For systems with duration times up to 24 hours between adding and spreading the pH-value
should be lowered to 6.0.

3) For even longer duration times the pH-value should be lowered to 5.5.

The most convenient and safest way for acidification is to use some SAT installation. If such are not
available the acidification has to be done manually according to below.

Acid should be added slowly to untreated slurry during constant mixing. A large amount of foam-
ing is possible so leave adequate space in the mixing tank or bucket so the foam does not spill over.
A number of silicon based anti-foaming agents can also be used to control the foaming.

If it is difficult to manage correct monitoring of pH under dosing - mixing, it is possible to add a pre-
determined amount of acid to the slurry based on earlier lab tests (titration) to determine the amount
needed to reach the desired pH-value.

Slurry spreading

Slurry spreading in the field trials should be conducted on normal dates depending on local circum-

stances.
“"interreg “
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Acidification is a technique to decrease ammonia-nitrogen loss from slurry which in turn has positive
correlations with sunny, warm and windy conditions. The losses take place during several days after
the application. To get representative results in the trials spreading should preferably be conducted
during periods with normal weather situations. Consequently, avoid application during low tempera-
tures, when rain is expected or wind still conditions.

During the day for spreading and five days thereafter meteorological data should be documented ac-
cording to:

e Temperature;
e Wind speed;
e Precipitation.

Slurry analysis

Samples of untreated and acidified slurry respectively taken just prior to spreading should be ana-
lyzed for: Dry matter content, Total N, NH4-N, P, K, S and pH-value.

Harvest

At harvest yields are determined and samples should be taken for analysis of: Moisture content and
protein content (in oil seed rape oil content).

Demonstration field trials
Aim

The main emphasis on the demonstration trials is on visual impact. However, some basic measure-
ments on yield can be gathered for general comparisons.

Method
The most simple demonstration trial is the strip design and will include treatments:

¢ Untreated slurry
e Acidified slurry

Both treatments will receive equal doses of slurry, and the only difference will be that the acidified
slurry was acidified prior to spreading. Strips should be wide enough to allow yield sampling from
the middle of the strip. Yield sampling can be done by either: 1) collecting and weighing the harvest
from one cutting width along the center of each strip, 2) one smaller yield sample (0.5-1 m2) is taken
from the middle of each strip, or 3) multiple samples (3-10) are taken randomly from each strip and
the averages are compared for each strip. Results should be interpreted with discretion since they can
show general trends but not statistically significant differences.

Another method that could be used for demonstration trials could allow for a larger paired t-Test
analysis. On multiple fields, possibly even on multiple farms, half of the field would receive untreated
slurry and the other half would receive acidified slurry. Choosing which half is acidified should be
random and could be determined by flipping a coin. This would suit well to be used in conjunction
with the in-field acidification SATs, since the acidification could simply be turned on or off half way
through the field. Yield would be sampled by taking single or multiple paired samples along the treat-
ment gradient of each field. Alternatively average yield and quality parameters could be collected
from the farmers harvest data.

"‘i:inle”&g “
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Field location and crops

The same field location and crop recommendations as described for the scientific trials should be fol-
lowed here.

Slurry rates

Slurry spreading rates should be based on nutrient contents in the untreated slurry and local condi-
tions.

Slurry analysis

Samples of untreated and acidified slurry respectively taken just prior to spreading are recommended
to be analyzed for: Dry matter content, Total N, NH4-N, P, K, S and pH-value.

Harvest

At harvest yields are determined/estimated and samples would preferably be taken for the analysis of:
Moisture content and protein content (in oil seed rape oil content).
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Field Trials Reports
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General information:

ESTONIA

¢

Estonian
Crop Research
Institute

Project Type of Ammonia
artner Contact person activity in 2017 2018 emission
P Field Trial
Grassland Winter Grassland Winter
Scientifi wheat ™ wheat | , ..
i cientific - '
Eigonggsearch Kalvi Tamm Cattle Pig Cattle Pig losses
I p kalvi.tamm@etki.ee slurry slurry slurry | slurry | were not
nstitute
. Grassland measured
Demonstration - - ————
Cattle slurry

Note! The activated links will redirect you to the relevant text (Field trial) of the report.
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Report of Estonian Crop Research Institute

Summary

The field trials with winter wheat were carried out between April and August in 2017 and in 2018,
and with grassland — between April and August in 2017 and between April and September in 2018.
The experiment was located in the Uksnurme, Saku (Figure 1). The field trials are characterized as
calcaric cambisol with sandy loam. Winter wheat pre-crop was red clover, calculated N impact is 50
kg/ha. The same choice to spread slurry was made every year: cattle slurry on grassland and pig slurry
on winter wheat.

Background

Baltic Slurry Acidification is an EU project where the main goal is to study possible applications of
slurry acidification techniques in the context of Baltic Sea region. The possible effects behind these
techniques are beneficial effects on environment: the reduction of ammonia emission from livestock
production and decreased eutrophication of the Baltic Sea. Three slurry acidification methods have
been established and successfully employed in Denmark. In Estonia, in-field acidification of livestock
slurry during field spreading was applied.

Aim
The aim of this study was to evaluate the effect of acidification on the nitrogen emission of cattle

slurry on grassland and of pig slurry on winter wheat (variety "Edvins’); also to evaluate a yield of the
crop as well as on soil chemical and microbiological property treated with slurry.

Specification of sulfuric acid and safety issues

Concentrated (96%) sulfuric acid (Sigma-Aldrich) was used for acidification of slurry. The titration
of slurry samples with acid was carried out in Estonian Crop Research Institute (ECRI) laboratory be-
fore the field trials to determine the amount of acid needed to reach the desired target pH. Subsequent
acidification of the slurry used in the field trials was carried out outside near the area of experiment.

Persons handling sulphuric acid were aware of safety issues and equipped with protective clothing.
The handling of sulfuric acid was manual and
should never be recommended for farmers.

i

2017, grassland iy

Written by: Kalvi Tamm, Taavi Vosa, Liina
Edesi, Elina Akk, Tiina Talve, Raivo Vettik, e e
Kaspar Vulla & - Estonia \

.
- -f. Nt

I

Materials and methods oo

Study site T T e SR
Permanent grassland with 23 different plant spe- o ' N e L g !
cies was determined (of which 6 were grass spe- " e e ]
cies, 3 legumes and 14 other species). - T < o ¥ U Latvia 7
®ogls | g [ o St
Soil samples were taken before fertilization from i o
two layers of soil on 10.04.2017 to determine ini-  Figure 1. The location of experiment (red) was in the
tial content of chemical elements (Table 1). Uksnurme, Saku, Estonia.
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Table 1. Content of chemical elements in soil samples before fertilization (10.04.2017)

Layer pH N .%|C .% P, K, SO4, | Ca, Mg, | Mn, Cu, B, Zn,
cm KCl | " ot org? mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg
0-10 6.6 0.48 5.5 30 169 9.1 4095 | 212 50 1.4 1.94 2.6
10-20 | 6.8 0.41 4.6 17 137 7.4 4365 185 58 1.4 1.84 2.1

Field trials were conducted with 4 variants of

treatments. Every variant had 4 replications. 250

The treatments were: (1) control (unfertilized),

(2) mineral fertilizer (+70 N), (3) untreated cat- & s o 3 2
tle slurry and (4) acidified cattle slurry (Table 2, || acidified | control | untreated | mineral
Table 4, Figure 2). Plot sizes were 2.5 X 10 m (25 . - T
m?2). The placement of variants/replications was

randomized.

Table 2. Variants on grassland trial. 2 3 4 1

mineral untreated | acidified control

Variant no Variant description fertilizer slurry slurry

1 Control (unfertilized)

2 +70 N with mineral fertilizer

3 untreated cattle slurry 1 4 2 3

4 acidified cattle slurry control acidified mineral untreated

slurry fertilizer slurry

Analysis of slurry component and titration
About 1 m?® cattle slurry was collected to IBC
tank from cattle farm (Kehtna Mdis OU, = 700 9 2 1 4
cattles) on April and transported to the ECRI, untreated | mineral control | acidified

Saku, Harjumaa. Components of initial slurry, oy farikeer sy

untreated slurry (before spreading) and acidified

slurry (before spreading) were determined in ac-
credited laboratory of Agricultural research cen-
tre, Estonia (Table 3).

Figure 2. Scheme of field trials. Every variant had
four replications with the size 26 m2 (2.5 x 10 m). The
placement of replications is randomized.

Table 3. Cattle slurry properties after bringing from farm (initial slurry), and 1 hour before spreading (untreated

slurry and acidified slurry)

Dry
pH, ., [PHH,O, o o o o, | NHN, P, K,

Slurry (labli)cll') (ﬁelé) mz:;:er, Corg’ Yo Ca’ %o S’ % kg}l;ﬁ kg/4m3 kg/m3 kg/m3
Initial 7.9 ] 80 | 40.1 | 0.112 | 0.029 | 38 23 | 059 | 22
analysis
Untreated| ;¢ 6.9 75 | 381 | 0.159 | 0.035 | 55% | 2.1 | 09% | 3.5%
Slurry
Acidified | 554 | 77 | 367 | 0146 | 0257 | 38 | 24 | 06 | 23
slurry

*Measured values of N

tot?

P and K are extraordinary too high.

A titration was performed in ECRI laboratory to assess the amount of sulfuric acid needed to acidify
the slurry on the field trial. Three mixed cattle slurry samples were taken (approximately 500 g, aver-
age of three samples). Slurry was titrated with sulphuric acid with an interval of 0.2 ml to reach the pH
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value of 5.5. Samples were continuously mixed .

with magnetic mixer. The pH was measured with o 1 %% . 3

Hanna Instruments HI2202-02 edgeblue Blue- e L "

tooth® pH meter and HI11102 Bluetooth® pH i b = 2
electrode. Titration process took about 10 hours ol ‘e

and final pH 5.62 was achieved with 3.2 ml of i

H,SO, used for 500 g of sample (Figure 3). In | —*= 1 = : 5 : 2
addition, the pH of acidified slurry decreased to Acid volume, mi

5.16 after 24 h. Figure 3. Titration curve of cattle slurry (=500 g). Ti-

Slurry acidification trant was concentrated (96%) sulphuric acid

In total, 5.14 I/m? of Sulphuric acid (96%) was added.

Calculation from titration showed that 5.14 1 of sulphuric acid (96%) per m® of cattle slurry was needed
to reach the target pH of 6.0. Mixed cattle slurry was divided into two IBC tanks on 16.06.2017. The
pH was measured with Hanna Instruments HI2202-02 edgeblue Bluetooth® pH meter and HI11102
Bluetooth® pH electrode. Composition of non-acidified and acidified slurries was measured in lab.

Slurry spreading

Slurry spreading was made on 16.06.2017, from 11 until 13.00. Weather on spreading time: 16° C,
partly sunny, wind 2—4 m/s, no precipitations (EMHI, Harku weather station).

Each plot of variants 3 and 4 got 76 1 of slurry (30.4 t/ha). Slurry was spread with 10 1 plastic water-
ing cans. Slurry was measured to the watering cans in 6 | portions; each portion was spread to 10 m
distance. Spreading was made by two persons, who trained with water before slurry spreading. Every
plot was spread by both persons. Helping were 5 persons: two filling cans, two carrying cans and one
mixing slurry and documenting.

Table 4. Plant nutrient supply. Mineral fertilizer (Axan 27-4) was applied on 23 May. Cattle slurry was applied
on 16 June after the first harvesting

Treatments Fi‘:t‘é‘zf/‘ltl‘;’“ N, gﬁ; N) IN_,kg/ha | Pkgha | K,kgha | S,kgha
Control - - - - - -
Mineral fertilizer (Axan) 0.26 70 - - - 9.62
Untreated cattle slurry 30.4 63.84 167.2* 27.36* 106.4* 10.64
Acidified cattle slurry 30.4 72.96 115.52 18.24 69.92 78.13

*Measured values of Ntot, P and K were extraordinary too high (in lab, Table 4).
Harvesting

The first cut was taken before fertilization on 9 June. Total yield was calculated over the trial area
(4 replications). Dry mass (DM) was 1578+457 kg/ha and crude protein was 18.5%. The second cut
was harvested on 1 August with bar mover.

Data analysis

Soil samples (0.5 kg) for chemical and microbial analyses from each treatment in four replications
from the 0-20 cm soil layers were taken with a 16 mm diameter auger. The first trial area average
soil sample was taken before fertilization (10.04.2017). The second soil samples were taken after the
harvest (2.08.2017). Third soil samples were taken 5 months after the slurry spreading (30.10.2017)
and final samples for after effect in spring 2018 (25.04.2018).
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Soil enzymatic activity is a sensitive indicator to evaluate the influence of different agricultural prac-
tices on the soil processes which are carried out by microorganisms (Watts et al., 2010). Dehydroge-
nase is an enzyme that occurs in all viable microbial cells (Watts et al., 2010) and therefore important
bioindicator, relating to soil fertility (Wolinska, Stepniewska, 2012). For soil dehydrogenase activity
(DHA) analyses the soil samples were sieved (2 mm) and stored at 4 °C until analysis in laboratory.
Measurements of soil DHA based on Tabatabai (1982). Soil samples (5 g) were incubated at 30 °C
for 24 h in the presence of an alternative electron acceptor (triphenyltetrazoliumchloride). The red-
tinted product (triphenylformazan) was extracted with acetone and measured in a spectrophotometer
at 546 nm.

The data was analysed by ANOVA, the Tukey-Kramer Honest Significant Difference (HSD) test was
used via the software JMP 5.0.1.2 (SAS, 2002).

Final yields were calculated at harvest: dry mass (DM) and percentage of crude protein.
Results and discussion
Soil samples

Soil samples from each plot were taken after harvest (2.08.2017) (Table 5), 5 months after the slurry
spreading (7.11.2017) (Table 6) and in spring 2018 (25.04.2018) (Table 7).

Table 5. The first soil analyses after harvesting (2.08.2017). Different letters behind the mean values (n=4)
indicate significant differences (p<0.05) in a category

Treatment pPH, N, % 1:111(;3/1(1;, Tnl-;ﬂ(l\;’ m(;;ll;g P, mg/kg n?g(;f(,g
Control** 6.3¢ 0.48¢ 19.7¢ 1.42¢ 3955.34 21.0¢ 6.00°
Mineral fertilizer 6.2¢ 0.44¢ 21.2¢ 1.48¢ 3701.8¢ 21.5¢ 6.58°
Untreated slurry 6.4¢ 0.46“ 18.44 1.394 3930.0¢ 23.5¢ 6.03°
Acidified slurry 6.5¢ 0.47¢ 20.5¢ 1.38¢ 4089.5¢ 24.5¢ 17.25¢

** In one of the control variant replication plot data an anomaly occurred. We decided to leave this plot data out as

unrepresentative.

Table 6. The second soil analyses 5 months after the slurry spreading (7.11.2017). Different letters behind the
mean values (n=4) indicate significant differences (p<0.05) in a category

Treatment pH,, N, % 1:111(;3/]3;’ l:ln};‘}kl\;’ m(gj?l;g P, mg/kg nfgf(’g
Control** 6.47¢ 0.40¢ 4.17% 4.17¢ 3807.67¢ 18.67¢ 7.70°
Mineral fertilizer 6.38¢ 0.414 3.28° 4.80¢ 3756.25¢ 19.00¢ 8.58%
Untreated slurry 6.58¢ 0.42¢ 4.88° 3.60¢ 3876.00“ 19.254 7.75°
Acidified slurry 6.60° 0.41¢ 4.15% 4.35¢ 4038.50¢ 19.00¢ 9.98¢

** In one of the control variant replication plot data an anomaly occurred. We decided to leave this plot data out as

unrepresentative.
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Table 7. Soil analyses next year spring (25.04.2018). Different letters behind the mean values (n=4) indicate
significant differences (p<0.05) in a category

Treatment pH,, N, % m(;;l’(g P, mg/kg mlg</i(g Mgl,{;ng/ n?gf(,g
Control** 6.43¢ 0.40¢ 3754.00¢ 18.00¢ 132.00¢ 203.33¢ 7.53¢
Mineral fertilizer 6.43¢ 0.41¢ 3724.75¢ 18.50¢ 129.50¢ 199.75¢ 8.10¢
Untreated slurry 6.53¢ 0.40¢ 3820.25¢ 17.75¢ 142.50¢ 209.75¢ 7.50¢
Acidified slurry 6.58¢ 0.41¢ 3902.50¢ 21.25¢ 151.75¢ 210.00¢ 8.38¢

** In one of the control variant replication plot data an anomaly occurred. We decided to leave this plot data out as

unrepresentative.

Significant differences between treatments were tested after harvesting, 5 months after the slurry
spreading and in next year spring. Results showed no significant differences (p<0.05) of pH, percent-

age of N

tot”

NH,-N, Ca, Pand N__ regardless of treatment (Table 5, Table 6, Table 7, Figure 4, Figure

5, Figure 6, Figure 7, Figure 8). Nmin is mineralized N in soil (Nmin = NO, + NH, concentrations)

(Figure 8).

pH in soil

Comroi Wi foriiiner Urmremened wamy

Treatments

Acaed sy

Percentage of total N in soil

Figure 4. pH, ., of the soil during the experiment be-
tween treatments. The error bar refers to the standard
deviation of the mean (n=4).

Figure 5. Percentage of total N during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Level of Ca in soil
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Figure 6. Amount of Ca in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Figure 7. Amount of P in soil during the experiment
between treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).
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Mineralized M in soil
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Treatmants

Figure 8. Amount of mineralized N (Nmin = NO3 +
NH4 concentrations) in soil during the experiment be-
tween treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).

Fertilization of acidified slurry showed signifi-
cantly higher value of SO, after harvesting and
5 months after the slurry spreading (Table 5, Ta-
ble 6 and Figure 9). After harvest, level of SO,
in soil was almost three time higher compared
to other treatments. However, level of SO, de-
creased 5 months after the slurry spreading but
was still significantly different (Table 6, Figure
9). While, in the next year spring the SO, content
in soil was in all variants similar and no signifi-
cant differences between treatments did not oc-
curred (Table 7).

No significant differences of NO,-N were iden-
tified in autumn (after harvest) (Table 6). How-

ever, significant differences of NO,-N were identified 5 months after the slurry spreading (7.11.2017)
(Table 6, Figure 10). The level of NO,-N was the lowest in soil with mineral fertilizer and the highest
with untreated slurry. Control and plots with acidified slurry were intermediate.

Level of S04 in soil

i

Level of SO,. mpikg

[T e T u—.-
Treatments

A:-t'i' I-"\-

Level of NOs-N, mafkg

<[4

ND3-M, mgkg

V-I'FI"“II'-'

Treatments

Lot

Figure 9. Amount of SO, in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Yield and raw protein after the harvest

The second cut was harvested on 1 August. Sig-
nificantly higher total yields were observed in
plots with mineral fertilizer and the lowest in
control and acidified cattle slurry (Table 8, Fig-
ure 11). Crude protein percentages were equiva-
lent among all treatments (Table 8, Figure 12).

Figure 10. Amount of NO,-N in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Table 8. The yield and crude protein at harvest. Dif-
ferent letters behind the mean values (n=4) indicate
significant differences (p<0.05) in a category

Treatment Yield, Crude
DM kg/ha | protein, %
Control** 4088.6b 10.77a
Mineral fertilizer 4877.0a 11.68a
Untreated cattle slurry | 4350.5ab 10.63a
Acidified cattle slurry | 4231.8b 10.95a

** In one of the control variant replication plot data an
anomaly occurred. We decided to leave this plot data out
as unrepresentative.
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Dry matter yield kg'ha Parcantag& of raw protein
o
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Figure 11. Dry matter yield after harvest. The error  Figure 12. Percentage of raw protein after harvest.
bar refers to the standard deviation of the mean (n=4).  The error bar refers to the standard deviation of the
mean (n=4).

Soil dehydrogenase activity (DHA)

Results showed high microbial activity in all treatments compared to winter wheat trial, which was
probably caused by high soil Corg content (0—20 cm soil layer C,, Was 5.05). Significantly higher
soil DHA was measured in plots with acidified slurry in June and in August after the harvest (Table
9, Figure 13). In the end of experiment (30.10.2017) and in the next year (25.04.2018), no significant
differences between treatments were identified. DHA was the lowest in plots with mineral fertilizer.

Table 9. Soil dehydrogenase activity (DHA, TPF ug/g/h). Different letters behind the mean values (n=4) indi-
cate significant differences (p<0.05) in a category

Treatment 26 June 2 August 30 October 25 April 2018
Control** 12.67b 14.85ab 17.27a 16.87a
Mineral fertilizer 13.16b 12.60b 14.81a 14.10a
Untreated slurry 13.18b 16.44ab 17.43a 14.16a
Acidified slurry 18.03a 18.13a 17.21a 16.75a

** In one of the control variant replication plot data an anomaly occurred. We decided to leave this plot data out as
unrepresentative.

Sail dehydrogenase activity (OHA, TPF pg/igh)

PN ST T
25

Figure 13. Soil dehydrogenase activity (DHA,
TPF ug/g/h). The error bar refers to the stand-
T T Seames ard deviation of the mean (n=4).

Reporting form: 2017, grassland (please, activate the link below)
https://www.dropbox.com/s/73wx7fvs13bah3u/Estonia%20WP4%20grassland%252C%20
2017%2528Final%2529.x1s?d1=0
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2017, winter wheat

Written by: Kalvi Tamm, Taavi Vdsa, Liina Edesi, Elina Akk, Tiina Talve, Raivo Vettik, Kaspar

Vulla
Materials and methods

Study site

Whole trial area was fertilised in autumn 2016 with mineral fertilizer *YaraMila 7-12-25 + S B Mg’

amount 300 kg/ha (Table 1).

Table 1. Amounts of added chemical elements with mineral fertilizer “YaraMila 7-12-25 + S B Mg’

N P K S B Mg
Element content in fertiliser, % 7 5.2 20.8 2.6 0.02 1.2
Element amounts, kg/ha 21 15.6 62.4 7.8 0.06 3.6

Samples were taken before fertilization from two layers of soil on 10.04.2017 to determine initial

content of chemical elements (Table 2).

Table 2. Content of chemical elements in soil samples before fertilization (10.04.2017)

Layer H N .%|C L% SO,, | P,mg/ K, mg/| Ca, Mg, Cu, | Mn, (B, mg/| Zn,
em | PPxa [ Moo 70| or 70 mg/kg | kg mg/kg | mg/kg | mg/kg | mg/kg | kg |mg/kg

0-10 7.1 0.24 2.7 6.6 98 237 | 4361 76 2 285 1.85 44

10-20 | 7.1 0.24 2.6 34 101 235 | 4300 77 2 295 1.86 44
Field trials were conducted with 7 variants of
treatments. Every variant had 4 replications. The {Mé
treatments were: (1) control (unfertilized), (2) ‘d?f' y ; 6 ; 2 : 3 :

. g . g aciaine ntreate minera minera
mineral fertilizer (+70 N), (3) mineral fertilizer 5 shiny Bty fertilizer fertilizer
(+96 N), (4) mineral fertilizer (+130 N), (5) min- | 5 70N 96 N

oy . — 4 5 7 1
eral fertlllz'e? (+160 N)’ (6) untreated plg slurry mineral mineral acidified control
and (7) acidified pig slurry (Table 3; Figure 1). fertilizer fertilizer slurry
Plot sizes were 2.5 X 10 m (25 m?) and the space 130N 160N

. 2 1 3 6
between plots was 0.5 m. The placement of vari- mineral conindl mineral nifoesied]
ants/replications was randomized. fertilizer fertilizer slurry
70N 96 N
Table 3. Variants on winter wheat trial 3 7 4 5
mineral acidified mineral mineral
Variant no Treatment fertilizer slurry fertilizer fertilizer
96N 130N 160N
1 Control (unfertilized) 6 2 5 7
) + 70 N with mineral fertilizer untreated mir}e.ral mir}?ral acidified
slurry fertilizer fertilizer slurry
3 + 96 N with mineral fertilizer 70N 160 N
4 *+ 130 N with mineral fertilizer minscral mi|13f:|'al con]tml mi:eral
5 + 160 N with mineral fertilizer fertilizer | fertilizer 96 fertilizer
6 untreated pig slurry IG? N ]: - |32 N
7 acidified pig slurry control mineral untreated mineral
fertilizer slurry fertilizer

. e 130N 70N

Analysis of slurry component and titration

About 1 m? pig slurry was collected to IBC tank
from pig farm (Valdereks OU, 6800 places for
fatteners plus piglets and 800 places for sows)

Figure 1. Scheme of field trials. Every variant had
four replications with the size 25 m? (2.5 x 10 m) and
the space between plots was 0.5 m. The placement
of replications was randomized.
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on 07.04.2017 and transported to the ECRI, Saku, Harjumaa. Components of initial slurry, untreated
slurry (before spreading) and acidified slurry (before spreading) were determined in accredited labo-
ratory of Agricultural research centre, Estonia (Table 4).

Table 4. Pig slurry properties after bringing from farm (Initial slurry), and 1 hour before spreading (Untreated
slurry and Acidified slurry)

pH, ., | PH 0 0 - 0 0 P, K, Ca,
(labli)cll‘) (ﬁeiitzi()) DM, % | N» % | NHN, Cﬂrg’ % 8% kg/m® | kg/m® | kg/m?
g&g 7.6 - 0.87 | 2 2 | 263 | 0013 | 011 | 1.0 | 0025
ggg;ated 77 | 743 | 083 | 2 15 | 296 | 0002 | 01 | 11 | 0150
ﬁﬁf;ﬁed 63 | 587 | 12 2 1.7 17 | 011 | 012 | L1 | 0.160

A titration was performed in ECRI laboratory to assess the amount of sulfuric acid needed to acidify
the slurry on the field trial. Three mixed pig slurry samples were taken (approximately 496 g, aver-
age of three samples). Slurry was titrated with sulphuric acid with an interval of 0.2 ml to reach the
pH value of 5. Samples were continuously mixed

with magnetic mixer. The pH was measured with 8,00
Hanna Instruments HI2202-02 edgeblue Blue- 7.50
tooth® pH meter and HI11102 Bluetooth® pH 7.00 N
electrode. Titration process took about 10 hours
and final pH 4.89 was achieved with 1.8 ml of
H,SO, used for 500 g of sample (Figure 2). In
addition, the pH of acidified slurry increased to
5.16 after 24 h. i R

a
-

6,00 &

5,50

pH of acidified slurry
%

Slurry acidification 0O 02 04 06 08 1 12 14 16 18 2

Acid volume, ml

Calculation from titration showed that 2.47 1 sul- Figure 2. Titration curve of pig slurry. Titrant was con-

phuric acid (96%) per m’ of pig slurry was need-  centrated (96%) sulphuric acid.
ed to reach the target pH of 6.0.

Mixed pig slurry was divided into two IBC tanks on 22.05.2017 (two days before spreading). In one
tank the amount of 510 1 of slurry was mixed with 1.257 I concentrated H2SO4 on 22.05.2017.

Slurry spreading

Slurry spreading was performed on 24.05.2017 from 11.00 until 14.00. Growth stage of winter wheat
was beginning of stem elongation (GS 30). Weather on spreading time: 14° C, partly sunny, wind
3-6 m/s, no precipitations (EMHI, Harku weather station).

Amount of slurry being spread was 48 m3/ha (Table 6). The pH values were measured before spread-
ing for both untreated slurry and acidified slurry being 7.43 and 6.3 correspondingly. The pH and
sample temperatures were measured with Hanna Instruments HI2202-02 edgeblue Bluetooth® pH
meter and HI11102 Bluetooth® pH electrode. Slurry subsamples were taken during slurry spreading,
mixed, and average samples from both types were sent to the laboratory for component analyses.

Each plot of variants 6 and 7 got 120 1 of slurry. Slurry was spread with 10 1 plastic watering cans.
Slurry was measured to the watering cans in 6 1 portions; each portion was spread to 5 m distance.
Spreading was made by two persons, who trained with water before slurry spreading. Every plot was
spread by both persons. Helping were 5 persons: two filling cans, two carrying cans and one mixing
slurry and documenting.
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Mineral fertilizer spreading Table 5. Amounts of N with mineral fertilizer to the
variants 2, 3, 4 and 5
First mineral fertilizer was spread on 23.05.2017

by hand to the variants 2, 3, 4 and 5 with fer- Applied on Additional N
tiliser ‘NS 27-4". Growth stage of winter wheat Variant No 23.05.2017 | on 16.06.2017
was beginning of stem elongation (GS 30). Ad- N kg/ha N kg/ha
ditional N was added to the variants of 4 and 5 on 2 70 -
16.06.2017 (Table 5; Table 6). Growth stage of 3 96 -
winter wheat was heading (GS 56-58). 4 96 +34

5 96 +64

Table 6. Plant nutrient supply. Mineral fertilizer (Axan 27-4) was applied on 23 May (GS 30 beginning of stem
elongation) and the second mineral fertilizer treatment (N 130 and 160) got additional N in 16 June (GS 56-58).
Pig slurry was applied on 24 May

Treatment F;":;L‘Z:‘/E:“ N, gﬁ; N | p kg/ha K, kg/ha S, kg/ha
Control - - - - -
Mineral fertilizer 70 N 0.26 70 - - 9.6
Mineral fertilizer 96 N 0.356 96 - - 13.2
Mineral fertilizer 130 N 0.482 130 - - 17.8
Mineral fertilizer 160 N 0.593 160 - - 21.9
Untreated pig slurry 48 72 4.8 52.8 1.0
Acidified pig slurry 48 82 5.76 52.8 52.8

Harvesting

The trials were harvested with combine on 24 August.
Data collection and analysis

The first soil samples were taken before fertilization (10.04.2017) from two layers (0—10 cm and
10-20 cm) to determine initial content of chemical elements. The second soil analyses were con-
ducted 2 weeks after slurry spreading (7.06.2017) and before additional fertilizer for 4 and 5 variants
(16.06.2017). The third soil samples were taken after the harvest (31.08.2017) and final in next year
spring (17.04.2018).

Leaf chlorophyll was measured on the field by SPAD-502 twice. The first measurement was per-
formed on 7.06.2017 during the time of heading and the second measurement on 28.06.2017 at the
time of flowering. In addition, raw protein content in leaves was measured on 7.06.2017 during the
time of heading.

Final yields were calculated at harvest: volume weight, 1,000-kernel weight, Yield (DM) and total
yield (at 14% humidity).

Measurements of soil dehydrogenase activity (DHA) based on Tabatabai (1982). Soil samples (5 g)
were incubated at 30°C for 24h in the presence of an alternative electron acceptor (triphenyltetrazo-
liumchloride). The red-tinted product (triphenylformazan) was extracted with acetone and measured
in a spectrophotometer at 546 nm. The data was analysed by ANOVA, the Tukey-Kramer Honest
Significant Difference (HSD) test was used via the software JMP 5.0.1.2 (SAS, 2002).

Disease assessment key used to determine levels of damage on leaves and stem (Lane, 2012). In total,
10 plants in each plot, 40 plants in each treatment were measured. Average diseases occurrence in
each treatment was calculated. Fusarium fungi occurrence was evaluated on harvested grain (Leslie
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and Summerell, 2006). Hundred kernels from each treatment were placed on Fusarium selective
broth. The infected kernels were counted and calculated incidence of Fusarium after 7 days. Myco-
toxin deoxynivalenol (DON) in harvested kernels was measured by gas-cromatography with mass
spectrometry (GC-MS, Agilent) according to the method Saastamoinen and Saloniemi, 1997.

Results and discussion
Soil samples

Soil samples were taken two weeks after the slurry spreading and the first fertilization from the
plots on 7.06.2017 to determine content of chemical elements. Additional fertilizer to the variants of
130N and 160 N was added after (16.06.2017). Results are in Table 7. Next soil samples were taken
and analysed after harvest (31.08.2017) (Table 8) and the final in the next year spring (17.04.2018)
(Table 9).

The measurements of pH, Ca and NH4-N showed similar results regardless of treatments (Table 7,
Table 8, Table 9 and Figure 4). Level of NO,-N and Nmin depended on fertilization rate. Two weeks
after slurry and mineral fertilizer application in all treatments with mineral fertilizer showed higher
rate of NO,-N and Nmin (Table 7, Figure 3 and Figure 5). Fertilization of acidified slurry showed
significantly higher value of SO, two weeks after slurry spreading but no differences after harvest and
in the next year spring (Table 7, Table 8, Table 9 and Figure 6).

Table 7. Soil analyses: 2 weeks after slurry spreading (7 June 2016). Different letters behind the mean values
(n=4) indicate significant differences (p<0.05) in a category

Treatment pH, SO, mg/kg | Ca, mg/kg | NO,-N, mg/kg NH,-N, mg/kg
Control 7.0° 4.1 3451.0° 3.3¢ 0.8
Mineral fertilizer 70 N 6.9 5.8 3345.3¢ 25.5b¢ 0.9
Mineral fertilizer 96 N 6.9¢ 8.6° 3559.8¢ 46.9 0.8«
Mineral fertilizer 130 N 6.9¢ 7.6 3340.0¢ 37.34 0.8«
Mineral fertilizer 160 N 7.0 7.4 3670.8¢ 41.94 0.7¢
Untreated slurry 7.0 3.0° 3604.5¢ 13.7 0.8¢
Acidified slurry 7.0 36.5¢ 3772.0° 15.4< 0.8

Table 8. Soil analyses after harvest (31.08.2017). Different letters behind the mean values (n=4) indicate sig-
nificant differences (p<0.05) in a category

Treatment pH SO, P, K, Ca, NO,-N, | NH-N,

Kal mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Control 7.1¢ 3.8¢ 101.3¢ 273.5¢ 3710.0¢ 6.67 1.25¢
Mineral fertilizer 70 N 7.14 4.4¢ 101.5¢ 269.8¢ 3716.3¢ 7.48¢ 1.25¢
Mineral fertilizer 96 N 7.1 5.4¢be 100.3¢ 266.8 3683.5¢ 8.36° 1.32¢
Mineral fertilizer 130 N 7.0¢ 6.0 97.3¢ 253.3¢ 3475.3¢ 7.92¢ 1.00¢
Mineral fertilizer 160 N 7.1 7.1¢ 102.3¢ 255.0¢ 3880.3“ 7.58¢ 1.44¢
Untreated slurry 7.2¢ 3.5¢ 98.3¢ 289.5¢ 3926.0¢ 8.81¢ 1.33¢
Acidified slurry 7.1 6.8¢ 97.0¢ 282.8¢ 4009.0¢ 8.01¢ 1.36¢
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Table 9. Soil analyses in next year spring (17.04.2018). Different letters behind the mean values (n=4) indicate
significant differences (p<0.05) in a category

o .

o
Trualrrlcnls

Treatment pH, n?gf(’ o m ;/,kg mlg</i<g msg:?l’(g ml\él/gk,g 1\1}:’:’
Control 7.03¢ 3.75¢ 96.00 280.259 | 3548.25¢ 65.25¢ 0.23¢
Mineral fertilizer 70 N 6.95¢ 3.50¢ 100.50¢ 280.25¢ 3207.00° 67.75° 0.22¢
Mineral fertilizer 96 N 7.08¢ 3.68 97.50° 281.25¢ | 3561.50° 64.75¢ 0.23¢
Mineral fertilizer 130 N | 7.03¢ 3.80° 99.25¢ 293.50¢ | 3424.50° 66.50° 0.22¢
Mineral fertilizer 160 N | 7.15¢ 3.80¢ 93.00“ 255.75¢ | 3675.25¢ 64.50° 0.22¢
Untreated slurry 7.08¢ 3.73¢ 104.00¢ 296.50¢ | 3793.75¢ 67.25¢ 0.23¢
Acidified slurry 6.95¢ 3.73¢ 107.25¢ 304.50¢ | 3211.25¢ 68.50° 0.22¢

Level of NOs-M, mgikg Level of NH,-N, mgrkg
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Figure 3. Amount of NO-N in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Figure 4. Amount of NH-N in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).
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Figure 5. Amount of mineralized N (Nmin = NO, +
NH, concentrations) in soil during the experiment be-
tween treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).

Leaf chlorophyll and raw protein content

Figure 6. Amount of SO, in soil during the experiment
between treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).

Leaf chlorophyll content in leaves was measured twice: on 7.06.2017 during the time of heading and
on 28.06.2017 at the time of flowering (Table 10; Figure 7). Leaf chlorophyll content was the low-
est in the control with no fertilization during the experiment (p<0.05). Fertilization of untreated and
acidified slurry showed the highest value of leaf chlorophyll in the headings but was intermediate
at the time of flowering (Table 10). During the time of flowering, the leaf chlorophyll was equally
higher in all treatments with mineral fertilizer (variants 2, 3, 4 and 5) (Table 10). Additional fertilizer
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to the variants of 130 N and 160 N was added only 12 days before measurements of leaf chlorophyll
(16.06.2017). Results indicate that nitrogen assimilation from slurry was faster compared to mineral
fertilizer during the time of heading.

Table 10. Leaf chlorophyll content by SPAD-502. Different letters behind the mean values (n=4) indicate sig-
nificant differences (p<0.05) in a category

Treatment 7.06.2017, heading 28.06.2017, flowering
Control 33.8¢ 32.8¢
Mineral fertilizer 70 N 38.4% 44 6>
Mineral fertilizer 96 N 38.7° 45 7abe
Mineral fertilizer 130 N 39.1% 47.0
Mineral fertilizer 160 N 37.1¢ 47.9¢
Untreated slurry 41.5¢ 42.34
Acidified slurry 42.0¢ 44,1
Leaf chlorophyll
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Figure 7. Leaf chlorophyll content in leaves during the time of heading (7.06.2017) and at the time of flowering
(28.06.2017). The error bar refers to the standard deviation of the mean (n=4).

The raw protein content in leaves was significantly lower in control plots with no fertilization and
higher in plots with acidified slurry (Figure 8; Table 11). The variants with mineral fertilizer were in-
termediate with no differences between treatments (70 N, 96 N, 130 N and 160 N). Additional fertiliz-
er to the variants of 130 N and 160 N was added after the measurements of raw protein (16.06.2017).
Results show that fertilization with slurry (untreated and acidified) has positive effect to raw protein
content and acidified slurry gives better results compared to untreated pig slurry (Figure 8, Table 11).
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= Raw protein content, %

20

Table 11. Raw protein content in leaves. Different let-
ters behind the mean values (n=4) indicate significant
differences (p<0.05) in a category. Data of sampling

15 : : : 7.06.2017
10 "
5 Treatment Raw protein content in
. leaves, %
Contral  Mineral Mineral BMineral Mineral Untreated Acidified Control 1 1 _OC
fertilizer  fertilizer fertilizer  fertilizer  slurry shurry ; .
0N 96N 130N 180N Mineral fertilizer 70 N 15.5b
Figure 8. Raw protein content in leaves (7.06.2017). | Mineral fertilizer 96 N 15.2b
The error bar refers to the standard deviation of the Mineral fertilizer 130 N 15.2b
mean (n=4). Mineral fertilizer 160 N 15.0b
Untreated cattle slurry 17.0ab
Acidified cattle slurry 18.0a
Harvest

In control treatment the wet gluten index, falling number, volume weight and yield was significantly
lower than in other treatments (Table 12). Results of 1,000-kernel weight and yield showed no signifi-
cant differences between the treatments irrespectively of fertilization type (Table 12).

Table 12. The yield and quality at harvest. Different letters behind the mean values (n=4) indicate significant

differences (p<0.05) in a category

Fertilization (N), kg/ha

Pro- Yield,
Treat- | teins, Wet | Gluten | Falling :’V‘éll“‘l:‘te ;e(l)g\?e:“ilrt Yield, DM | (at 14%
ment % of gluten index | number % ’ ghts kg/ha humidity)
DM & g kg/ha
Control 9.98¢ | 21,75 | 52,25% | 348,00 | 850.3¢ 50.7 3967.5 4522.9
70N 10,88 | 24,88 | 47.50% | 415,75¢ | 854.7¢¢ 49,24 5400.5 6156.6°
96 N 11,51 | 26,83 | 43,50 | 419,25¢ | 856.4% 49.6¢ 5808.3¢ 6621.4¢
130 N 12,17 | 29,18 | 40,50° | 424,00 | 856.6® 49.1¢ 58943 6719.5
160 N 12,52¢ | 31,18¢ | 43,75% | 424,00 | 859.4 50.7 5472.6° 6238.8¢
Untreated | 1 ooc | 5458« | 55500 | 403,25 | 856.0¢ 50.8¢ 5430.9¢ 6191.3¢
pig slurry
Acidified |1 4o | 25804 | 50,00% | 414,000 | 852.5 48.9 5675.3 6469.8
pig slurry
Yield, kg/ha
7000 ke
6500 #_,g—
. B
< 6000
_&P y=-0,1545x" + 42,723 + 3657,8
.. 5500 RE=0(,9822
©
.:j!_ 5000
4500
4000 Figure 9. Regression analyses between yield
0 50 100 150 200 and fertilization rate. Red dot shows the fer-

tilisation with untreated slurry and yellow dot
acidified slurry.
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Soil dehydrogenase activity (DHA)

In general, soil dehydrogenase activity was expectedly higher in August compared to samples collect-
ed in June indicating the higher soil microbial activity (Table 13, Figure 10). The mean value of DHA
was the highest in plots with acidified slurry but differences were not significant (p<<0.05) (Table 13).

Table 13. Soil dehydrogenase activity (DHA, TPF ug/g/h). DHA of trial area was 7.64 in 10 April before ferti-
lization. Different letters behind the mean values (n=4) indicate significant differences (p<0.05) in a category

Treatment 7 June 31 August 17 April 2018
Control 6.7 7.4¢ 6.23¢
Mineral fertilizer 70 N 5.6¢ 6.5¢ 7.80¢
Mineral fertilizer 96 N 6.1¢ 6.5¢ 7.53¢4
Mineral fertilizer 130 N 5.5¢ 7.84 7.31¢
Mineral fertilizer 160 N 6.2¢ 7.14 7.00¢
Untreated slurry 6.5¢ 7.2¢ 6.45¢
Acidified slurry 6.2¢ 8.6¢ 7.67°
Soil dehydrogenase activity (DHA, TPF pg/g/h)
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Figure 10. Soil dehydrogenase activity (DHA, TPF ug/g/h). DHA of trial area was 7.64 on 10 April before ferti-
lization. The error bar refers to the standard deviation of the mean (n=4).

Diseases occurrence on plant leaves and Fusarium incidence on kernels

Using animal slurry may reduce the infection of plant diseases and decrease occurrence of diseas-
es. Disease of plant leaves was measured on 14.06.2017 during the time of winter wheat heading
(GS 56-58).

Plants of winter wheat were contaminated with septoria leaf spot (Septoria tritici), tan spot (Dreschlera
tritici-repentis) and powdery mildew (Blumeria graminis) on 14 June at 2017 (GS 56-58). The occur-
rence of plant diseases was different, depending on treatments.

The occurrence of septoria leaf spot was the highest in plots with mineral fertilizer and the lowest in
the plots with slurry treatments (untreated and acidified slurry) (Figure 11).
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The occurrence of tan spot (Figure 12) was the highest in the N70 (3.9 %) and N160 (3.8 %) treat-
ments. The lowest occurrence of ran spot was in the treatment of acidified pig slurry (0.3 %). In other
treatments, the occurrence of tan spot was intermediate.

Percentage of Septoria tritici
50,0
40,0

Percentage of Drechslera tritici-repentis
30,0
20,0
10,0 . -
i i -
Control L 130N 160N Untreated Acidified

pig dlurey  pig slurry Controd BEN 130N 160N Untreated Adidified
plg slurey  pig slurry

[ T

Figure. 11. The occurrence of septoria leaf spot Figure 12. The occurrence of tan spot (Dreschlera
(Septoria tritici) in winter wheat field trial. The error  tritici-repentis) in winter wheat field trial. The error bar
bar refers to the standard deviation of the mean. refers to the standard deviation of the mean.

The occurrence of powdery mildew (Figure 13) was the highest in the treatment of untreated pig
slurry (3.4 %), followed the treatment with mineral fertilizer N96 (1.8 %). The lowest occurrence of
mildew powdery was in control.

The winter wheat fertilization with acidified slurry reduced the occurrence of leaf diseases in 2017.
There was no effect in the occurrence of powdery mildew.

The incidence of Fusarium did not differ clearly between the treatments (Figure 14). The lowest level
of Fusarium was found in control and N70 and N130. The highest incidence of Fusarium was evalu-
ated in acidified slurry treatment. Therefore, acidified slurry increased the incidence of Fusarium in
kernels compared to untreated slurry.

Percentage of Blumeria graminis 120 kernels contaminated with Fusarium, %
s 10,0
. 8.0
3 6.0
? i 2 . -
1 20 i
] — o . ﬁ - * 0.0 i
Contral 70N 56 M 130N 160N  Untreated Acidified control - N70 M160 untreated acidified
pig shurry  pig slurry pig slurry  pig slurry

Figure 13. The occurrence of powdery mildew Figure 14. The incidence of Fusarium spp. in winter
(Blumeria graminis) in winter wheat field trial. The er-  wheat kernels. The error bar refers to the standard
ror bar refers to the standard deviation of the mean. deviation of the mean (n=4).

Fusarium fungi in kernel could produce mycotoxins. The main mycotoxin is deoxynivalenol (as an
abbreviation DON). The deoxynivalenol causes the health problems for humans and animals. There-
fore, it is important to follow all agronomic practises to ensure production of mycotoxins free crops.
In winter wheat kernels the mycotoxin DON (deoxynivalenol) did not occurre.

Our results showed that pig slurry application reduced the occurrence of leaf diseases, such as sep-
toria leaf spot and septoria tan spot in 2017. Similar effect of pig slurry was found in earlier research
(Bailey and Lazarovits, 2003). But there was no effect on the occurrence of powdery mildew.

Reporting form: 2017, winter wheat (please, activate the link below)
https://www.dropbox.com/s/nqikyk5ullpu4iv/Estonia%20WP4%20winter%20wheat%252C%20
2017%2528Final%2529.x1s?d1=0
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https://www.dropbox.com/s/nqikyk5ul1pu4iv/Estonia%20WP4%20winter%20wheat%252C%202017%2528Final%2529.xls?dl=0
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2018, grassland

Written by: Kalvi Tamm, Taavi V3sa, Liina Edesi, Elina Akk, Tiina Talve, Raivo Vettik
Study site

The location is the same as it was in 2017.

Permanent grassland with 30 different plant species was determined (of which 10 were grass species,
4 legumes and 16 other species).

Due to the very low phosphorus content of the soil (average 18.1 mg/kg, Table 3), whole trial
area was fertilised on 17 May 2018 with mineral fertilizer Superphosphate (PS 19-10), amount
421.7 kg/ha (Table 1).

Field trials were conducted with 4 variants of treatment (the same order as in 2017). Every variant
had 4 replications. The treatments were: (1) control (unfertilized), (2) mineral fertilizer (+65 N), (3)
untreated cattle slurry and (4) acidified cattle slurry (Table 2, Table 5). Plot sizes were 2.5 X 10 m
(25 m?). The placement of variants/replications was randomized.

Table 1. Amounts of added chemical elements with  Table 2. Variants on grassland trial
mineral fertilizer "Superphosphate’

Variant no Variant description
PO, (P) S 1 Control (unfertilized)
Element con(;[ent 19.0 (8.36) 10.0 2 +65 N with mineral fertilizer
in fertiliser, %
Al . : 201 3 untreated cattle slurry
ement amounts, . -
ke/ha (35.25) 42.2 4 acidified cattle slurry

Soil samples were taken before fertilization from 0-20 cm layer of soil on 25.04.2018 to determine
initial content of chemical elements (Table 3).

Table 3. Content of chemical elements in soil samples (0—-20 cm) before fertilization (25.04.2018) (n=4)

Treatments pH, N, % m;)/’kg mlg</i(g n?g?f(’g Cal,(lgng/ ml\g/%g
Control/Untreated 6.50 0.39 17.75 114.25 8.53 3698.00 182.75
Mineral fertilizer: 6.53 0.38 18.50 114.50 8.28 3692.50 185.50
Untreated slurry 6.43 0.38 18.25 111.50 8.43 3715.25 183.25
Acidified slurry 6.40 0.38 18.00 114.00 8.33 3649.00 179.75

Analysis of slurry component and titration

About 1 m’® cattle slurry was collected to IBC tank from cattle farm (OU Kaiu LT) in June and trans-
ported to the ECRI, Saku, Harjumaa. Components of initial slurry, untreated slurry (during spreading)
and acidified slurry (during spreading) were determined (dry matter — gravimetric method; N —Kjel-
dahl method; pH, ., — GOST 27979-88; NO,-N — Foss Tecator AN 5232; NH-N — Foss Tecator AN
5226; P, K, Ca —ICP/OES; S — PMK-]J-4C; Corg — ISO 10694 : 1995) in accredited laboratory of
Agricultural Research Centre, Estonia (Table 4).
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Table 4. Cattle slurry properties after bringing from farm (initial slurry), and during spreading (untreated slurry

and acidified slurry)
H | pH Dry | ¢ C S, |N , kg/|NH-N,| P K
S]urry p KCP p H20’ | matter. org’ a, 4 tot? g 49 ) 4
(1abor) | (field) % I % kg/m? % m? kg/m® | kg/m® | kg/m?
Initial analysis 7.9 - 6.25 37.5 0.98 | 0.024 2.7 1.50 0.46 2.10

Untreated Slurry | 7.8 6.4 6.20 37.8 0.95 | 0.028 2.6 1.55 0.56 1.95
Acidified slurry 6.9 5.8 6.15 37.9 0.96 | 0.100 2.7 1.60 0.56 2.00

Slurry acidification
In total, 1.2 1/m? of Sulphuric acid (96%) was added.

Calculation from titration showed that 1.2 1 sulphuric acid (96%) per m® of cattle slurry was needed
to reach the target pH of 6.0. Mixed cattle slurry was divided into two IBC tanks on 19.06.2018. The
pH was measured with Hanna Instruments HI2202-02 edgeblue Bluetooth® pH meter and HI11102
Bluetooth® pH electrode. Composition of non-acidified and acidified slurries was measured in lab.

Slurry spreading

Slurry spreading was made on 20.06.2018, from 11.00 until 13.00. Weather on spreading time: 14.7°
C, partly sunny, wind 6.3 m/s, no precipitations (EMHI, Harku weather station).

Each plot of variants 3 and 4 got 108.3 1 of slurry (43.3 m*ha). Slurry was spread with 10 1 plastic
watering cans. Slurry was measured to the watering cans in 6.77 1 portions; each portion was spread
to 5 m distance. Spreading was made by two persons, in the same way as in 2017.

Table 5. Plant nutrient supply. Mineral fertilizer (Axan 27-4) and cattle slurry were applied on 20 June after the

first cut
Treatments Fertilization | ' Ny Ny | P kg/ha K, kg/ha S, kg/ha
rate, t/ha > 4 > K8 » K8 » K8
Control - - - - -
Mineral fertilizer (Axan) 0.24 65.0 - - 8.9
Untreated cattle slurry 43.3 67.1 24.25 84.4 12.1
Acidified cattle slurry 433 69.3 24.25 86.6 433
Harvesting

First cut was taken before fertilization on 15 June. Total yield was calculated over the trial area
(16 replications) Dry mass (DM) was 3072+-278 kg/ha and content of crude protein in DM was 8.1%.
The second cut was harvested on 9 August and third on 18 September with bar mover.

Data analysis

Soil samples (0.5 kg) from each treatment in four replications from the 0—20 cm soil layers were taken
with a 16 mm diameter auger. Soil samples were taken before fertilization (25.04.2018), two weeks
after the slurry application (2.07.2018) and after the second (09.08.2018) and third (18.09.2018) har-

vest.

Soil samples were determined (pH-ISO 10390; P, K, Ca, Mg —Mehlich III; N — ISO 11261; NO,-N,
NH,-N - 1n KCl; SO, — ISO 11048) in accredited laboratory of Agricultural research centre, Estonia.

For soil microbial analyses the soil samples were sieved (2 mm) and stored at 4 °C until analysis in

laboratory.
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Measurements of soil dehydrogenase activity (DHA) were based on Tabatabai (1982). Soil samples
(5 g) were incubated at 30 °C for 24 h in the presence of an alternative electron acceptor (triph-
enyltetrazoliumchloride). The red-tinted product (triphenylformazan) was extracted with acetone and
measured in a spectrophotometer at 546 nm.

Phospholipid fatty acids (PLFA) are the main structural component of all microbial membranes. As
the phospholipids of different groups of bacteria and fungi contain a variety of unique fatty acids,
they can be Changes in the structure of the microbial community were determined using phospholipid
fatty acid (PLFA) extraction according to the modified (Bligh & Dyer, 1959) method, described in
details by Moeskops et al. 2010. Briefly, all lipids are extracted from soil with a chloroform-meth-
anol-phosphate buffer. Then phospholipids were separated from neutral and glycolipids using the
solid-phase extraction columns (Chromabond, Macherey-Nagel GmbH, Diiren, Germany). Finally,
they were converted to fatty acid methyl esters (FAMEs). Individual methyl esters can identify and
quantify by Gas Chromatography. PLFAs were determined by GC-MS on an Agilent Technologies
7890A GC system in electron ionization mode. Overall, we estimated 14 different methyl esters from
seven microbial groups. The sums of markers fatty acid concentrations for selected microbial groups
were calculated as follows (Ameloot et al. 2015, Gebremikael et al. 2015). For Gram-positive bacte-
ria the sum of 115:0, al15:0, 117:0 an al7:0; for Gram-negative bacteria cy17:0, cy19:0 and C16:1w7;
for the actinomycetes the sum of 10-methyl branched saturated fatty acids (17:0 10-Met and 18:0 10-
Met). For the total bacterial community, in addition to Gram-positive and Gram-negative bacteria, the
fatty acids 15:0 and 17:0 were also included. For saprotrophic fungi the marker PLFAs 18:2w6¢ and
18:1®9, and for arbuscular mycorrhizal fungi (AMF) 16:1w5¢ were considered. In general, Gram-
positive bactera give a positive result with the Gram stain test because they have thick peptidoglycan
layer in the cell wall. Despite the thicker layer, this group of bacteria are more sensitive to antibiotics
because they do not have outer membrane. They tend to resist water stress. Gram-negative bacteria
give a negative result wiht the Gram stain test. They are small bacteria and are sensitive to drought
and water stress. Actinomycetes are important type of bacteria in soil. They have three important
functions as nitrogen fixing bacteria and decomposer. Saprotrophic fungi are important group for
decomposing different carbon sources, for example plant matter. An arbuscular mycorrhiza fungi
(AMF) help plants to pick up phosphorus, sulfur, nitogen and micronutrients from the soil.handling
as biomarkers for such groups.

Final yields were calculated at harvest: dry mass (DM) and percentage of crude protein.

The data was analysed by ANOVA, the Tukey-Kramer Honest Significant Difference (HSD) test was
used via the software JMP 5.0.1.2 (SAS, 2002).

Results and discussion
Soil samples

Soil samples from each plot were taken before fertilization (25.04.2018), two weeks after the slurry
application (2.07.2018, Table 6) and after the second and third harvest (09.08.2018, Table 7 and
18.09.2018, Table 8). From all soil samples the pHKCI and the content of P, K, Ca, Mg, N%, and SO,
were alalysed. NO,-N, NH,-N were analysed only on the soil samples that were taken after fertiliza-
tion and after harvest. Nmin is mineralized N in soil (Nmin = NO, + NH, concentrations) (Figure 10).

Results showed no significant differences (p<0.05) of pH, percentage of N _, P, K, Ca, Mg, NO,-N
and NH-N regardless of treatment (Tables 6, 7, 8, Figures 1, 2, 3,4, 5,7, 8, 9, 10). Fertilization of
acidified slurry showed significantly (p<0.05) higher value of SO, after slurry spreading and after the
second and third cut (Tables 6, 7, 8, Figure 7).
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Table 6. Soil analyses two weeks after slurry spreading (2.07.2018). Different letters behind the mean values
(n=4) indicate significant differences (p<0.05) in a category

Treatment PH o | Ny % m;’/’kg mlg</i(g n?g(/)f(’g mcgjll;g ml\g/gk’g Tn(;}kl;, 1:;1';71(1;,
Control 6.35* | 0.42¢ | 28.25* | 107.00* | 9.10° |4118.75*|228.50¢ | 22.28* | 0.75¢
Mineral fertilizer | 6.43¢ | 0.42¢ | 27.50¢ | 111.00¢ | 15.68* | 4201.25% | 234.25| 29.98 | 0.73“
Untreated slurry 6.38“ | 0.41¢ | 27.50* | 114.00* | 8.43° |4151.25¢|233.50*| 26.57* | 0.63¢
Acidified slurry 6.40* | 0.44« | 28.75* | 127.50* | 21.48* | 4028.75% | 226.25° | 24.56° | 0.81¢

Table 7. Soil analyses after the second cut (9.08.2018). Different letters behind the mean values (n=4) indicate
significant differences (p<0.05) in a category

Treatment PHo [ Noo % m;/,kg mlg</i<g n?g(/)f(’g mcgjll;g ml\g/gk,g lfn(;}lg’ ljnl-;‘}klz,
Control 6.17¢ | 0.44° | 28.33¢ | 111.00* | 12.07° | 3558.33¢| 186.33¢ | 21.60* | 4.27°
Mineral fertilizer | 6.33¢ | 0.43¢ | 27.00° | 110.00¢ | 10.88" | 3658.50¢| 198.00¢ | 22.85* | 5.40“
Untreated slurry 6.20¢ | 0.43¢ | 28.00¢ | 115.25¢ | 14.50b | 3620.25¢| 193.75¢ | 24.80 | 6.05¢
Acidified slurry 6.18* | 0.44° | 30.00* | 128.50¢ | 24.63¢ | 3578.50* | 193.75*| 20.40* | 5.30¢

Table 8. Soil analyses after the third cut (18.09.2018). Different letters behind the mean values (n=4) indicate
significant differences (p<0.05) in a category

P. K SO Ca Mg NO,-N, | NH -N
) ’ ) ’ 9 9 ’ ’
Treatment PH | No % mg/kg | mg/kg mg/f&g mg/kg | mg/kg mg?kg mg‘}kg
Control 6.33¢ 0.43¢ | 25.50° | 124.75¢ | 11.88° |3802.00¢| 208.50¢ | 10.80¢ | 2.33¢
Mineral fertilizer 6.43¢4 0.43¢ 24.25¢ | 127.25¢ | 11.00° [3895.25%| 215.00¢ | 12.05¢ 2.10¢
Untreated slurry 6.35¢ 0.41¢ 26.507 | 127.75¢ | 14.25" |3824.50%| 205.00¢ | 11.00¢ 2.10°
Acidified slurry 6.28° 0.43% | 26.00¢ | 135.25 | 23.25* |3691.50¢| 201.75% | 11.15¢ | 2.05¢
| spring
Hspring Fr mg kgi B 2 weeks after slurry application
?HKU m 2 weeks after slurry application 40 after 2 cut
after 2 cut after 3 cut
6,3 . after 3 cut 15 i .
(13 - T . T 10 T - -
“ Bt DR i m| L B
6.2
" 1 1 il | |- |
5.8 15
Control Mineral fertilizer Untreated cattle  Acidified cattle 10
Sy ShETy Contral Mineral fertilizer Untreated cattle  Acidified cattle
slurry slurry

Figure 1. Soil pHKCI during the experiment between
treatments. The error bar refers to the standard de-
viation of the mean (n=4).

Figure 2. Amount of P in soil during the experiment
between treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).
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Ca, mg kg_i ] zp'\:e:ks after slurry application
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fertilizer slurry shurry

Figure 3. Amount of Ca in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).
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160 w after 2 cut
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Figure 4. Amount of K in soil during the experiment
between treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).
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Control Mineral fertilizer  Untreated cattle  Acidified cattle
slurry slurry

Figure 5. Amount of Mg in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Figure 6. Amount of SO, in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

N % | spring
0,55 ® 2 weeks after slurry application
w after 2 cut
0.5 = after 3 cut
0,45
0.4
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shurry slurry

45 Mineralized N, ™2 weeks after slurry application
w after 2 cut
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mg kg.l w after 3 cut
35
N |
i
20
15 4

Control Mineral fertilizer Untreated cattle  Acidified cattle
shurry slurry

Figure 7. Percentage of total N during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Figure 8. Amount of mineralized N (N . = NO, + NH,
concentrations) in soil during the experiment between
treatments. The error bar refers to the standard de-
viation of the mean (n=4).
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Figure 9. Amount of NO-N in soil during the experi-
ment between treatments. The error bar refers to the

standard deviation of the mean (n=4).

Figure 10. Amount of NH ~N in soil during the experi-
ment between treatments. The error bar refers to the

standard deviation of the mean (n=4).

Yield and raw protein after the harvest
The second cut was harvested on 9 August and third on 18 September.

Results of the second and third cut yield showed significant (p<0.05) differences only between the
control and fertilized treatments (Table 9, Figure 11). Significantly lower crude protein % was ob-
served only on second cut yield in control treatment (Table 9).

Table 9. The yield at harvest. Different letters behind the mean values (n=4) indicate significant differences

(p<0.05) in a category

Yield, DM t/ha Yield, DM t/ha | Crude protein, % | Crude protein,
Treatment Second cut Third cut Second cut % Third cut
(9.08.2018) (18.09.2018) (9.08.2018) (18.09.2018)
Control 0.61° 0.73% 10.75% 13.21¢
Mineral fertilizer 1.24¢ 1.30¢ 12.84¢ 13.06°
Untreated cattle slurry 1.02¢ 1.05% 11.84 13.31¢
Acidified cattle slurry 1.14¢ 1.21¢ 12.10¢ 13.12¢
1600 ® 2 cut (09.08.18)
18.09.1
1400 3 cut (18.09.18)
1200
1000
800 -
) H
400
Control Mineral fertilizer Untreated cattle  Acidified cattle
slurry slurry

Figure 11. The DM yield kg/ha of the second and third cut. The error bar refers to the standard deviation of
the mean (n=4).
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Soil dehydrogenase activity (DHA)

Results showed higher microbial activity in all treatments in spring before fertilization (25.04.2018)
and after the 3 cut (18.09.2018) (Table 10, Figure 12). Lower microbial activity occurred after slurry
application (2.07.2018) and after the 2 cut (9.08.2018). It was probably linked with the amount of
precipitations during the vegetation period, which in turn affected the soil humidity and microbial
activity. The average humidity % of soil samples in April and September was 25-30 %, at the same
time after slurry application in July it was 22 % and after the 2 cut at the beginning of August even
10 %. The low soil DHA in August was probably influenced by the total amount of precipitations in
July, what was only 6.8 mm.

Compared to the control treatment, significantly higher soil DHA was measured in July in plots with
mineral fertilizer and in September in acidified slurry plots (Table 10, Figure 12). In the beginning
of the experiment (25.04.18) and after the 2 cut (9.08.2018) no significant differences between treat-
ments were identified.

Table 10. Soil dehydrogenase activity (DHA, TPF ug/g/h). Different letters behind the mean values (n=4) indi-
cate significant differences (p<0.05) in a category

Treatment Spring sluzrlv'V e:ks l?:?tli.on After 2 cut Adfter 3 cut
25.04.2018 y 2pp 9.08.2018 18.09.2018
2.07.2018
Control 19.42¢ 9.26° 8.46° 20.13°
Mineral fertilizer 18.76° 11.49¢ 9.85¢ 21.96%
Untreated slurry 19.26¢ 10.54¢<® 9.13¢ 22.644
Acidified slurry 17.54¢ 11.02¢ 8.70¢ 24.28¢
30 - DHA, TPF pg/g/h
W spring W 2 weeks after slurry application @ 2 cut = 3 cut
25 l
20 I ]
15
10
L ! I I
5
Control Mineral fertilizer Untreated cattle  Acidified cattle slurry
slurry

Figure 12. Soil dehydrogenase activity (DHA, TPF ug/g/h). The error bar refers to the standard deviation of
the mean (n=4).
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Analysis of Soil Phospholipid Fatty Acid (PLFA)

In this study, we determined total bacteria, gram-positive and gram-negative bacteria, Actinobacteria,
saprotrophic fungi and arbuscular mycorrhizal fungi.

In general, PLFAs profile was accordant with results of soil dehydrogenase activity. The highest con-
centration of PLFAs was found in spring (Table 11). The concentrations of all marker PLFAs start to
decrease in summer (Table 12, Table 13) and were the lowest after the the second cut in August (Table

14). These results are related to extreme dryness of soil because of low level of precipitation during
the growing season.

Overall, no significant differences between plots were identified in spring before adding any fertilizer
to determine the homogeneity of our study site (Table 11).

Table 11. Concentrations of marker PLFAs (nmol g-1 dry soil) of microbial groups in spring 2018 (25.04.2018)

Treatment Control 11.::/[; tl;ﬁl;zi Ulslf;(;:;ed Ascll:li;f;d Prob > F
Total 31.51 35.62 32.22 31.80 ns
Bacteria 20.02 22.78 20.86 20.30 ns
Gram+ 10.52 11.90 11.35 10.57 ns
Gram- 8.62 9.92 8.59 8.84 ns
Actinomycetes 3.06 3.28 2.80 2.94 ns
AMF 3.19 3.64 3.23 3.30 ns
Saprotrophic fungi 5.23 5.91 5.33 5.25 ns

Still, no significant differences in microbial groups PLFA concentrations were found also 2 weeks
after slurry application (Table 12, Figure 13) or in August after the second cut (Table 14, Figure 14).

However, when we compare our means results we can see tendency of slightly higher concentrations
of PLFA markers with untreated and acidified slurry (Table 12, Table 13, Table 14; Figure 13, Figure
14). Some water added with slurry application and this could have positive effect to all microbial
groups during this dry season. In addition, concentrations of PLFA markers were the lowest in plots
with mineral fertiliser. These results are in accordance with previous results where negative impact of
mineral fertiliser to microbial communities has been shown.

Table 12. Concentrations of marker PLFAs (nmol g dry soil) from microbial groups two weeks after slurry ap-
plication (02.07.2018)

Treatment Control }\e/I; 21?;21‘ Ul;f;ii;ed Asclll(ll:?;d Prob > F
Total 22.86 22.42 23.60 23.10 ns
Bacteria 14.45 14.19 14.87 14.62 ns
Gram+ 6.99 6.84 7.15 7.04 ns
Gram- 5.55 5.45 5.78 5.64 ns
Actinomycetes 2.61 2.56 2.67 2.64 ns
AMF 2.08 2.02 2.14 2.10 ns
Saprotrophic fungi 3.71 3.65 3.92 3.75 ns

When we compared separately each markers fatty acid concentrations (Table 13) we found one sig-
nificant marker (18:0 10-Met). This marker belongs to Actinomycetes. Actinomycetes are important
type of bacteria in soil. They have three important functions as nitrogen fixing bacteria and decom-
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poser. The highest values were counted in plots with untreated slurry and the lowest values were with

mineral fertiliser. Results with acidified slurry and control were intermediate.

Table 13. Concentrations of separate FAMEs (nmol g dry soil) of PLFAs after the second cut (02.07.2018)

Treatment Control | Mineral fertiliser | Untreated slurry | Acidified slurry Prob > F
is015:0 2.43 2.36 2.49 2.45 ns
anteiso15:0 2.13 2.09 2.20 2.16 ns
15:00 1.01 1.00 1.02 1.02 ns
16:1 w7c 2.59 2.53 2.75 2.66 ns
16:1 w5c 2.08 2.02 2.14 2.10 ns
is017:0 1.23 1.21 1.24 1.23 ns
anteiso17:0 1.19 1.18 1.21 1.20 ns
17:0 cyclo 1.51 1.49 1.54 1.52 ns
17:00 0.90 0.90 0.92 0.91 ns
17:0 10-Met 1.31 1.27 1.31 1.30 ns
18:2 woéc 1.35 1.32 1.39 1.34 ns
18:1 w9c 2.36 2.33 2.52 241 ns
18:0 10-Met 1,31ab 1,29b 1,37a 1,34ab 0.023
19:0 cyclo 1.45 1.44 1.49 1.46 ns

- PLFAs Biomarkers 2 weeks after slurry application
= = Control
s B Mineral fertiliser
Ezu ® Untreated slurry
E ® Acidified slurry
g
Bm I ‘ I]

n l] II my ll s

Bacteria m- Ativanmycetes  Saprotrophis fungl

Figure 13. Concentrations of marker PLFAs (nmol g dry soil) from different microbial groups two weeks after
slurry application (02.07.2018) between treatments. The error bar refers to the standard deviation of the mean

(n=4).

Table 14. Concentrations of marker PLFAs (nmol g™ dry soil) from microbial groups after second cut (09.08.2018)

Treatment Control | Mineral fertiliser | Untreated slurry | Acidified slurry | Prob > F
Total 19.61 19.84 20.03 20.68 ns
Bacteria 12.21 12.37 12.45 12.88 ns
Gram+ 5.84 5.89 5.96 6.15 ns
Gram- 4.69 4.79 4.80 5.02 ns
Actinomycetes 243 2.45 2.46 2.53 ns
AMF 1.71 1.72 1.74 1.79 ns
Saprotrophic fungi 3.27 3.32 3.38 3.47 ns
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PLFAs Biomarkers after second cut
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Figure 14. Concentrations of marker PLFAs (nmol g dry soil) from different microbial after the second cut.

This study showed that slurry acidification had no significant impact to microbial group’s composi-
tion in grassland. Overall, cattle slurry application (untreated and acidified) increased slightly the
concentrations of marker PLFAs from different microbial groups. Still, these results are based on one
year experiment and more study is needed for final conclusions.

Reporting form: 2018, grassland (please, activate the link below)
https://www.dropbox.com/s/j1a04ad6wyzb3n0/Estonia%20WP4%20grassland%252C%20
2018%2528Final%2529.x1s?d1=0

2018, winter wheat

Written by: Kalvi Tamm, Taavi Vosa, Liina Edesi, Elina Akk, Tiina Talve, Raivo Vettik from
Estonian Crop Research Institute

Study site

The field trial was carried out between April and August 2018. The site of experiment was located in
the same place as in 2017.

Whole trial area was fertilised in autumn 2017 with mineral fertilizer *YaraMila 7-12-25+ S B Mg,
amount 300 kg/ha (Table 1).

Table 1. Amounts of added chemical elements with mineral fertilizer “YaraMila 7-12-25 + S B Mg’

N P K S B Mg
Element content in fertiliser, % 7 5.2 20.8 2.6 0.02 1.2
Element amounts, kg/ha 21 15.6 62.4 7.8 0.06 3.6

Field trials were conducted exactly the same way as in 2017.

Samples were taken before fertilization from 0-20 cm layer of soil on 17.04.2018 to determine initial
content of chemical elements (Table 2).
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Table 2. Content of chemical elements in soil samples before fertilization (17.04.2018)(n=4)

Variants pH,_, N, % m;)/,kg mlg</i<g n?g(/)f;g Cal,(gmg/ ml\g/%g
Control/Untreated 7.15 0.19 198.00 179.75 2.63 3283.25 46.00
Mineral fertilizer (MA1): 7.13 0.20 196.00 185.25 2.75 3443.25 48.25
Mineral fertilizer (MA2): 7.20 0.19 196.25 173.75 2.78 3541.25 47.00
Mineral fertilizer (MA3): 7.08 0.20 197.75 182.00 2.85 3255.00 | 48.00
Mineral fertilizer (MA4): 7.15 0.20 197.25 171.75 2.88 3326.00 | 45.50
Untreated slurry 7.18 0.20 197.00 178.00 2.85 3507.25 48.50
Acidified slurry 7.23 0.20 199.75 178.75 2.83 3779.50 | 48.75

Analysis of slurry component and titration

About 1 m® pig slurry was collected to IBC tank from pig farm (Triigi Seakasvatuse OU) on 15.05.2018
and transported to the ECRI, Saku, Harjumaa. Components of initial slurry, untreated slurry and
acidified slurry were determined (dry matter —gravimetric method; Ntot — Kjeldahl method; pH, ,
— GOST 27979-88; NO,-N — Foss Tecator AN 5232; NH,-N — Foss Tecator AN 5226; P, K, Ca —
ICP/OES; S — PMK-]J-4C; COrg —1SO 10694 : 1995) in accredited laboratory of Agricultural Research
Centre, Estonia (Table 3).

Table 3. Pig slurry properties after bringing from farm (initial slurry) and during spreading (untreated slurry and
acidified slurry)

pH. ., | pH DM, NH,-N, S, P K Ca,

(labor) | (field) | % | % |kgm®| % | % |kgm’® | kg/m® | kg/m®
Initial surry 82 | — | 510 | 51 | 335 | 373 | 0026 | 097 | 215 | 1.05

Untreated slurry 8.2 7.2 6.15 5.2 4.35 359 | 0.032 | 1.25 2.2 1.5
Acidified slurry 7.2 5.9 5.40 5.0 4.45 28.6 | 0.310 | 0.96 2.1 1.05

Slurry acidification

Calculation from titration showed that 6.3 1 sulphuric acid (96%) per m® of pig slurry was needed to
reach the target pH of 6.0.

Mixed pig slurry was divided into two IBC tanks on 28.05.2018. In one tank the amount of 360 | of
slurry was mixed with 2.2 1 concentrated H2SO4 on 28.05.2018.

Slurry spreading

Slurry spreading was performed on 29.05.2018 from 11.00 until 14.00. Growth stage of winter wheat
was beginning of stem elongation (GS 30). Weather on spreading time: 17.5° C, partly sunny, average
wind 3.4 m/s, no precipitations (EMHI, Harku weather station).

Amount of slurry being spread was 29 m*/ha (Table 5). The pH values were measured before spread-
ing for both untreated slurry and acidified slurry being 7.19 and 5.93 correspondingly. The pH and
sample temperatures were measured with Hanna Instruments HI2202-02 edgeblue Bluetooth® pH
meter and HI11102 Bluetooth® pH electrode. Slurry subsamples were taken during slurry spreading,
mixed, and average samples from both types were sent to the laboratory for component analyses.

Each plot of variants 6 and 7 got 72.73 1 of slurry. Slurry was spread with 10 I plastic watering cans.
Slurry was measured to the watering cans in 7.273 1 portions; each portion was spread to 10 m dis-
tance. Spreading was made in the same way as in 2017.
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Mineral fertilizer spreading Table 4. Amounts of N with mineral fertilizer to the
variants 2, 3, 4 and 5
First mineral fertilizer was spread on 29.05.2018

by hand to the variants 2, 3, 4 and 5 with fer- |Variant Applied on Additional N on
tiliser ‘NS 27-4". Growth stage of winter wheat No |29.05.2018 N kg/ha | 20.06.2018 N kg/ha
was stem elongation (GS 33). Additional N was 2 70 -

added to the variants of 4 and 5 on 20.06.2018 3 96 -

(Table 4; Table 5). Growth stage of winter wheat 4 96 +34

was early milk (GS 73). 5 96 +64

Table 5. Plant nutrient supply. Mineral fertilizer (Axan 27-4) was applied on 29 May (GS 33) and the second
mineral fertilizer treatment (N 130 and 160) got additional N in on 20 June (GS 73). Pig slurry was applied on

29 May
Treatment Fg;;ng/tl:g“ N, S;gé. N | P, kgha K, kg/ha S, kg/ha

Control - - - - -
Mineral fertilizer 70 N 0.26 70 - - 9.6
Mineral fertilizer 96 N 0.356 96 - - 13.2
Mineral fertilizer 130 N 0.482 130 - - 17.8
Mineral fertilizer 160 N 0.593 160 - - 219
Untreated pig slurry 29 126.2 36.3 63.8 9.3
Acidified pig slurry 29 129.1 27.8 60.9 89.9

Harvesting

The trial plots were harvested with combine in 2 August. Before combine harvest sheaf samples of
0.25 m2 from each plots were taken.

Data collection and analysis

Soil samples (0.5 kg) from each treatment in four replications from layer 0-20 cm were taken with a
16 mm auger. Soil samples were taken before fertilization (17.04.2018), 2 weeks after slurry spread-
ing (11.06.2018) and before the combine harvest (30.07.2018).

Soil samples were determined (pH-ISO 10390; P, K, Ca, Mg —Mehlich III; N — ISO 11261; NO,-N,
NH,-N - 1InKCl; SO, —ISO 11048) in accredited laboratory of Agricultural Research Centre, Estonia.

Leaf chlorophyll was measured on the field by SPAD-502 twice. The first measurement was per-
formed on 4.06.2018 during the time of heading and the second measurement on 11.06.2018 at the
end of heading.

For soil microbial analyses the soil samples were sieved (2 mm) and stored at 4 °C until analysis in
laboratory. Measurements of soil dehydrogenase activity (DHA) were based on Tabatabai (1982).
Soil samples (5 g) were incubated at 30°C for 24h in the presence of an alternative electron accep-
tor (triphenyltetrazoliumchloride). The red-tinted product (triphenylformazan) was extracted with
acetone and measured in a spectrophotometer at 546 nm.

Overall, we estimated 14 different methyl esters from seven microbial groups. The sums of markers
fatty acid concentrations for selected microbial groups were calculated as follows (Ameloot et al.
2015, Gebremikael et al. 2015). For Gram-positive bacteria the sum of 115:0, al15:0, 117:0 an al7:0;
for Gram-negative bacteria cy17:0, cy19:0 and C16:1w7; for the actinomycetes the sum of 10-methyl
branched saturated fatty acids (17:0 10-Met and 18:0 10-Met). For the total bacterial community,
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in addition to Gram-positive and Gram-negative bacteria, the fatty acids 15:0 and 17:0 were also
included. For saprotrophic fungi the marker PLFAs 18:2w6c¢ and 18:1®9, and for arbuscular mycor-
rhizal fungi (AMF) 16:1®w5¢ were considered.

Final yields were calculated at harvest: total yield (at 14% humidity), wet gluten, gluten index, vol-
ume weight, falling number and 1.000-kernel weight.

Disease assessment key were used to determine levels of damage on leaves and stem (Lane, 2012).
In total, 10 plants in each plot, 40 plants in each treatment were measured. Occurrence of average
diseases in each treatment was calculated. Fusarium fungi occurrence was evaluated on harvested
grain (Leslie and Summerell, 2006). Hundred kernels from each treatment were placed on Fusarium
selective broth. The infected kernels were counted and incidence of Fusarium calculated after 7 days.
Mycotoxin deoxynivalenol (DON) in harvested kernels was measured by gas-cromatography with
mass spectrometry (GC-MS, Agilent) according to the method Saastamoinen and Saloniemi, 1997.

Results and discussion
Soil samples

Soil samples to determine content of chemical elements (pH, ., P, K, Ca, Mg, N% and SO,) were
taken before fertilization (17.04.2018), two weeks after the slurry spreading (11.06.2018) and before
combine harvest (30.07.2018). NO,-N and NH-N were analysed only on the soil samples that were
taken after fertilization and before harvest. N . is mineralized N in soil (N . =NO, + NH, concentra-
tions) (Figure 8)

The measurements of pH, P, Ca and N showed no significant differences between treatments (Tables
6, 7, Figures 1, 3, 6 and 7).

All treatments with fertilizers showed higher rate of NO,-N, NH,-N and Nmin than control (Table 6,
7, Figures 9. 10). Compared to the control and other treatments the N_. content in soil was the high-
est in mineral fertilizer treatments (N, and N, ) just couple of days before combine harvest. That
means that in these treatments due to droughty vegetation period the large amount of nitrogen applied

by mineral fertilizer was not used for yield formation.

Two weeks after slurry application and before harvest the K and Mg content in soil were higher in the
slurry treatments (Tables 6, 7, Figures 4, 5).

Fertilization of acidified slurry showed significantly higher value of SO, two weeks after slurry
spreading as well as before harvest (Tables 6, 7, Figure 2). Before harvest, level of SO, in soil was
almost five times higher compared to other treatments.

Table 6. Soil analyses two weeks after slurry spreading (11.06.2018). Different letters behind the mean values
(n=4) indicate significant differences (p<0.05) in a category

P K SO Ca Mg, |NO.-N, | NH,-N

0, b 9 9 2 9 b b

Treatment PHyqr | Noo % mg/kg | mg/kg mg/f(g mg/kg | mg/kg mg:}kg mg‘;kg
Control 7.184 | 0.16¢ |214.25¢| 181.5¢*| 3.08" |3753.75*| 53.0¢ | 1.73¢ | 1.70°

Mineral fertilizer 70 N 7.28¢ | 0.19¢ |202.007| 170.3” | 5.15" |3848.75*| 53.0¢* | 7.14% | 5.52°
Mineral fertilizer 96 N 7.28¢ | 0.18 |207.75*| 169.5" | 4.03" |3896.25*| 51.3° |10.15<| 7.99"
Mineral fertilizer 130 N | 7.20* | 0.18* |207.25*| 177.8* | 528" |3741.25¢| 53.5% | 14.26* | 11.10*
Mineral fertilizer 160 N | 7.23¢ | 0.16* |211.50*| 169.8" | 5.85 |3771.25¢| 53.0% | 11.89" | 9.96*
Untreated pig slurry 7.284 | 0.19¢ |215.75| 204.0¢* | 3.75" |3853.75*| 60.0* | 4.58* | 20.52¢
Acidified pig slurry 7.30¢ | 0.18 |218.50%| 211.5* | 41.13 | 4133.75*| 58.5¢ | 3.88« | 20.11¢
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Table 7. Soil analyses before harvest (30.07.2018). Different letters behind the mean values (n=4) indicate
significant differences (p<0.05) in a category

Treatment PHo | Nyo % m;/’kg mfg(/i(g nfgi‘(’g msg:jll’(g ml\g/gl;g ljn(;}lgg’ ljnl-;‘}lgg’
Control 7.15¢ | 0.20¢ |211.504|178.50%| 1.90> |3902.50¢| 57.50% | 3.52¢ | 1.77°
Mineral fertilizer 70 N | 7.15¢ | 0.20¢ |208.75|183.504®| 4.08° |4192.50*| 57.25% | 16.68 | 2.75°
Mineral fertilizer 96 N | 7.23¢ | 0.21¢ |214.50*|171.00°| 4.38" |4263.75¢| 56.00¢ | 22.78 | 3.67
Mineral fertilizer 130 N | 7.08* | 0.21¢ [213.50%|184.00?| 7.20° |3727.00“| 58.75% | 34.73" | 6.84“
Mineral fertilizer 160 N | 7.13¢ | 0.21¢ [217.00°| 178.50°| 6.73% |4100.00¢| 57.00% | 46.74¢ | 5.27%
Untreated pig slurry 7.18¢ | 0.20¢ [216.25¢|210.75¢| 2.48" |4253.75¢| 66.25* | 12.28% | 2.60°
Acidified pig slurry 7.23¢ | 0.23¢ |220.00%|209.25¢| 33.75¢ | 4568.75| 63.50% | 19.66° | 3.14%
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Figure 1. Soil pH,, during the experiment between
treatments. The error bar refers to the standard de-
viation of the mean (n=4).

Figure 2. Amount of SO, in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).
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Figure 3. Amount of P in soil during the experiment
between treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).

Figure 4. Amount of K in soil during the experiment
between treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).
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Figure 5. Amount of Mg in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Figure 6. Amount of Ca in soil during the experiment
between treatments. The error bar refers to the stand-
ard deviation of the mean (n=4).
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Figure 7. Percentage of total N during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).
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Figure 8. Amount of mineralized N (N = NO, + NH,

concentrations) in soil during the experiment between
treatments. The error bar refers to the standard de-
viation of the mean (n=4).
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Figure 9. Amount of NO-N in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).

Figure 10. Amount of NH /-N in soil during the experi-
ment between treatments. The error bar refers to the
standard deviation of the mean (n=4).
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Leaf chlorophyll content

Leaf chlorophyll content in leaves was measured twice: on 4.06.2018 during the time of heading
and on 11.06.2018 at the end of heading (Figure 11). Leaf chlorophyll content in 04.6.2018 and
11.06.2018 in all treatments was similar and statistical differences between treatments did not occurr.
It indicates that in the context of drought, nutrient uptake was inhibited.

. SPAD = 201806.11
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Figure 11. Leaf chlorophyll content in leaves during the time of heading (4.06.2018) and at the end of heading
(11.06.2018). The error bar refers to the standard deviation of the mean (n=4).

Harvest

In 2018 the harvesting was done about a month earlier than in 2017. Results of yield showed no
significant differences between the treatments (Table 8, Figure 12). It indicates that in the context of
drought, nutrient uptake was inhibited. This is also confirmed by the high N . content in fertilized
treatments soil, just before harvest (Figure 8). The plots yield by combine harvest was so low that
only one sample obtained for quality analysis. Therefore, the quality analysis is only in one replicate
and not statistically processed.

Table 8. The yield and quality at harvest. Different letters behind the mean values (n=4) indicate significant
differences (p<0.05) in a category

Yield .
(2.08.2018 Yield
Volume |Proteins, . 1.000- . i (24.07.2018,
. o Wet | Gluten | Falling combine har-
Treatment | weight, %o kernel o sheaf harvest,
glutene | Index |number | . vest at 14% 2 o
g/l of DM weight, g . 0.25 m* at 14%
humidity), . idity), t/ha
t/ha >
Control 872.8 13.16 28.5 46 565 44.71d 1.08¢ 2.51¢
70N 877.5 13.39 33.0 42 548 | 46.19ab 1.36¢ 2.83¢
96 N 875.9 13.67 33.7 43 512 46.54a 1.44¢ 3.02¢
130N 879.1 13.97 33.2 45 461 45.75bc 1.07¢ 2.75¢
160 N 884.1 12.93 30.4 44 544 | 45.33cd 1.28¢ 2.934
Untreated 1 9765 | 1267 | 310 | 49 466 | 44.83d 1.31° 2.84¢
pig slurry
Acidified | g53 | 1360 | 341 | 42 | 459 [4620ab|  1.54¢ 2.820
pig slurry
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4 Yield (at 14% humidity), t/ha ® Sheaf harvest
3,5 ® Combine harvest
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Figure 12. The winter wheat yield t/ha (at 14% humidity. combine and sheaf harvest). The error bar refers to
the standard deviation of the mean (n=4).
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Figure 13. Analyses of regression between yield
(combine harvest) and fertilization rate. Red dot
shows the fertilisation with untreated slurry and yel-
low dot acidified slurry.

Figure 14. Analyses of regression between yield
(sheaf harvest, 0.25 m?) and fertilization rate. Red dot
shows the fertilisation with untreated slurry and yel-
low dot acidified slurry.

Plant diseases, incidence of Fusarium and mycotoxin DON on kernels

In 2018, the plant diseases did not occur because the weather was very dry and hot and not favourable
for fungal plant disease. On the plant leaves only the drought caused physiological spots occurred.
Incidence of Fusarium in mineral fertilizer N 160 was the lowest compared to other treatments, but

not statistical significant (Figure 15).

In winter wheat kernels the mycotoxin DON (deoxynivalenol) did not occurr.

Kernels contaminated by Fusarium, %
4

3.5
3
2.5
2
1.5
1
0.5
i Figure 15. The incidence of Fusarium in win-
Eontrel HASE A l:':r;::fd ::':"E:j ter wheat kernels. The error bar refers to the
' ! standard deviation of the mean (n=4).
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Soil dehydrogenase activity (DHA)

Results showed higher soil DHA in all treatments in spring before fertilization (17.04.2018) (Table
9, Figure 16). During the next two measurements (11.06.2018, 30.07.2018) the soil DHA decreased
drastically. It was probably caused by the extraordinary dry and hot June and July which reduced the
soil moisture content. The average soil moisture content on 11.06.2018 and 30.07.2018 soil samples
was only 3—4 %. Two weeks after slurry application significant (p<0.05) differences occured only
between untreated slurry and N 160 treatment, but it was still noticeable that compared to the other
treatments the soil DHA was higer in slurry treatments. The one reason why the soil DHA in these
treatments increased was probably water which was applied with untreated and accidified slurry
(about 27 t/ha, Tables 3, 5).

Before harvest (30.07.2018) the mean value of soil DHA was still higher in slurry treatment plots
as well as in N 70 treatment and significantly (p<0.05) lower in control and N 160 treatments. In
addition, this year under the extraordinary dry and hot weather condition in June and July the nega-
tive relationship between soil DHA and amount of mineral fertilizers was quite noticeable (Table 9,
Figure 16).

Table 9. Soil dehydrogenase activity (DHA. TPF ug/g/h). Different letters behind the mean values (n=4)
indicate significant differences (p<0.05) in a category

Spring 2 weeks after slurry application Before harvest
Treatment 17.04.2018 11.06.2018 30.07.2018
Control 8.30° 3.72¢4 2.00¢
Mineral fertilizer 70 N 9.39¢4 4.40 4.33¢
Mineral fertilizer 96 N 9.31¢ 4,534 3.314¢
Mineral fertilizer 130 N 8.94¢ 4.024 3.73%
Mineral fertilizer 160 N 9.01¢ 3.33% 2.35%
Untreated slurry 9.06¢ 6.04¢ 4.48°
Acidified slurry 9.33¢ 5.08 4.26¢
1 DHA, TPF ug/g/h W spring W 2 weeks after slurry application © before harvest
10
8
6
; i I
. ] |
o}
Control Mineral Mineral Mineral Mineral Untreated Acidified pig
fertilizer 70 fertilizer 96  fertilizer  fertilizer  pig slurry slurry
N N 130N 160N

Figure 16. Soil dehydrogenase activity (DHA, TPF ug/g/h). The error bar refers to the standard deviation
of the mean (n=4).
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Analysis of Soil Phospholipid Fatty Acid (PLFA)

In this study, we determined total bacteria, gram-positive and gram-negative bacteria, Actinobacteria,
saprotrophic fungi and arbuscular mycorrhizal fungi.

In general, PLFAs profile was accordant with results of soil dehydrogenase activity. The highest con-
centration of PLFAs was found in spring (Table 10). The concentrations of all marker PLFAs started
to decrease in summer (Table 11, Table 12) and were the lowest before harvesting at the end of July

(Table 13). These results are related to extreme dryness of soil because of low level of precipitation
during the growing season.

Overall, no significant differences between plots were identified in spring before adding any fertilizer
to determine the homogeneity of our study site (Table 10).

Table 10. Concentrations of marker PLFAs (nmol g' dry soil) of microbial groups in spring 2018 (17.04.2018)

Treatment Control | N70 N96 N130 N160 Ugltzii;ed Asclllil;?;d Prob > F
Total 17.25 | 18.63 | 17.97 17.39 18.20 19.12 17.49 ns
Bacteria 10.88 | 11.79 | 11.24 10.73 11.36 11.98 11.03 ns
Gram+ 5.46 5.82 5.55 5.13 5.60 5.95 5.55 ns
Gram- 4.83 5.36 5.08 5.02 5.17 5.40 4.88 ns
Actinomycetes 1.60 1.70 1.73 1.66 1.64 1.73 1.65 ns
AMF 1.68 1.88 1.75 1.75 1.83 1.85 1.70 ns
Saprotrophic fungi | 3.09 3.27 3.25 3.24 3.37 3.56 3.11 ns

According to results, no significant differences in the sum of microbial groups PLFA concentrations
were found from two weeks after slurry application, (Table 11, Figure 17) or at the end of July before

harvesting (Table 13, Figure 18).

Table 11. Concentrations of marker PLFAs (nmol g dry soil) of microbial groups two weeks after slurry

application (11.06.2018)

Baltic Slurry Ackdification

.=

Ve
R A
=l

Treatment Control N70 N96 N130 | N160 Ug:;i:;ed Ascll;i;f_i;d Prob>F
Total 14.75 14.57 13.54 | 14.09 | 14.51 14.07 14.57 ns
Bacteria 9.52 9.42 8.70 8.87 9.30 9.09 9.39 ns
Gram+ 5.23 5.20 4.74 4.75 5.09 5.01 5.15 ns
Gram- 3.74 3.66 3.42 3.57 3.65 3.54 3.68 ns
Actinomycetes 1.32 1.28 1.27 1.26 1.31 1.30 1.31 ns
AMF 1.38 1.32 1.24 1.28 1.34 1.30 1.35 ns
Saprotrophic fungi | 2.54 2.55 2.34 2.66 2.57 2.38 2.53 ns
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Figure 17. Concentrations of marker PLFAs (nmol g dry soil) from different microbial groups two weeks after
slurry application (11.06.2018) between treatments. The error bar refers to the standard deviation of the mean
(n=4).

However, when we compare our means results we can see tendency of slightly lower concentrations
of PLFA markers in treatments with mineral fertilizer (Table 11, Table 13; Figure 17, Figure 18).
These results are in accordance with previous results where negative impact of mineral fertiliser to
microbial communities have been shown.

In addition, we conducted comparison of each PLFAs marker and found some significant differences
(Table 12, Table 14). Firstly, two weeks after big slurry application, there were two markers (anteiso
15:0 and 15:0) that were significantly higher in plots with untreated slurry. Those two markers were
intermediate in plots with acidified slurry and the lowest with mineral fertilizer. Marker anteiso 15:0
belonging to the group of Gram-positive bacteria and marker 15:0 describes group of all bacteria.

Table 12. Concentrations of separate FAMEs (nmol g dry soil) of PLFAs two weeks before big slurry
application (11.06.2018)

Treatment | Control | N70 N96 | NI130 | N160 U‘s‘;l‘;ii;"d Ascl‘;'r‘f;d Prob > F
is015:0 1982 | 1952 | 1946 | 1879 | 1.869 2.078 1.947 ns
anteisol5:0 | 1300 | 1270 | 1270 | 1220 | 1,22 1,49¢ 141 | 0.003
15:0 030° | 029" | 029 | 029 | 0,29 0,33¢ 031 | 0.0025
16:1 w7c 1864 | 1863 | 1849 | 1.797 | 1.783 1.968 1.880 ns
16:1 w5c 1337 | 1347 | 1307 | 1275 | 1288 1332 1314 ns
is017:0 0597 | 0625 | 0612 | 0.609 | 0.581 0.642 0.635 ns
anteisol7:0 | 1.176 | 1.148 | 1.143 | 1.105 | 1.136 1207 1.120 ns
170cyclo | 0862 | 0866 | 0.849 | 0.864 | 0.833 0.869 0.876 ns
17:0 0250 | 0248 | 0240 | 0247 | 0244 0.264 0.257 ns
17:0 10-Met | 0.526 | 0523 | 0513 | 0531 | 0517 0.534 0.534 ns
18:2 wéc 0.566 | 0535 | 0523 | 0515 | 0515 0.782 0.533 ns
18:1 woc 1946 | 1911 | 1899 | 1837 | 1.841 2.169 2.003 ns
18:0 10-Met | 0773 | 0.763 | 0.758 | 0762 | 0.750 0.793 0.773 ns
19:0cyclo | 0916 | 0913 | 0883 | 0889 | 0.852 0.924 0.873 ns
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Table 13. Concentrations of marker PLFAs (nmol g dry soil) of microbial groups before harvesting (30.07.2018)

Treatment | Control| N70 | N96 | NI130 | N160 U'S‘ltlrl‘;i;ed Asclil‘lirif;d Prob > F
Total 13,10 | 1291 | 12,59 | 12,89 | 12,98 | 1343 12,80 ns
Bacteria 844 | 831 | 810 | 830 | 838 8,63 8,25 ns
Gram+ 402 | 3,96 | 3.85 | 396 | 400 4,12 3,92 ns
Gram- 204 | 289 | 281 289 | 2,92 3,03 2,88 ns
Actinomycetes 1,60 | 157 | 1,54 1,58 | 158 1,62 1,56 ns
AMF 1,04 | 103 | 1,00 1,03 | 1,03 1,08 1,01 ns
Saprotroph fungi 2.02 2.00 1.95 1.98 1.98 2.10 1.97 ns

Comparison of each PLFAs marker before harvesting showed more significantly different markers
(Table 14). In total, nine markers were significantly different. Most of the markers were the highest
in plots with untreated slurry. Two markers (iso 17:0 for Gram-positive bacteria and 17:0 fro bacte-
ria) showed higher values in control. Overall, concentrations from plots with acidified slurry showed
similar results as concentrations in treatments with mineral fertilizer.

Table 14. Concentrations of separate FAMEs (nmol g dry soil) of PLFA before harvesting (30.07.2018)

Treatment | Control N70 N96 N130 N160 Untreated | Acidified Prob >F
slurry slurry
is015:0 1.296 1.234 1.251 1.235 1.251 1.322 1.223 ns
anteiso15:0 1,114 1,07? 1,094 1,084 1,084 1,15¢ 1,084 0.036
15:0 0,774 0,763¢ 0,764¢ 0,762¢ 0,761¢ 0,777¢ 0,765% 0.037
16:1 w7c 1,229 1,204 1,194 1,18? 1,204 1,30¢ 1,204 0.045
16:1 w5c 1.059 1.016 1.019 1.022 1.016 1.084 1.010 ns
is017:0 0,825 0,7954 0,800 0,7974 0,798 0,821 0,791° 0.018

anteisol7:0 | 0,831 0,811¢ 0,815% 0,810¢ 0,813¢ 0,836 0,810¢ 0.029
17:0 cyclo 0,906 | 0,875 0,877% 0,879% 0,879% 0,923¢ 0,873¢ 0.024

17:0 0,702¢ 0,690¢ 0,690¢ 0,690¢ 0,689¢ 0,701 0,691% 0.045
17:0 10-Met | 0.792 0.766 0.775 0.770 0.778 0.787 0.764 ns
18:2 wéc 0,790 0,772° 0,769° 0,775 | 0,784 0,825¢ 0,774% 0.023
18:1 w9c 1.228 1.189 1.196 1.192 1.205 1.302 1.193 ns
18:0 10-Met | 0,815 0,792° 0,794« | 0,799* | 0,796* 0,838 0,792° 0.025
19:0 cyclo 0.828 0.806 0.810 0.792 0.801 0.830 0.797 ns
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Figure 18. Concentrations of marker PLFAs (nmol g dry soil) from different microbial groups before harvest-
ing (09.08.2018) between treatments. The error bar refers to the standard deviation of the mean (n=4).
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This study showed that slurry acidification had no significant impact to microbial group’s composition
in winter wheat trial. Overall, untreated pig slurry application increased slightly the concentrations
of marker PLFAs from different microbial groups. General, all treatments showed similar microbial
community structure two weeks after slurry application and before harvesting. Still, these results are
based on one year experiment and more study is needed for final conclusions.

Reporting form: 2018, winter wheat (please, activate the link below)
https://www.dropbox.com/s/i7cv49zwb8wcfro/Estonia%20WP4%20winter%20wheat%252C%20
2018%2528Final%2529.x1s?d1=0

Conclusions

The use of acidified cattle slurry compared to the untreated slurry had not significant impact on the
grassland yield neither in year 2017 nor in 2018. The spreading of acidified slurry increased the sul-
phur content in the soil in both years. The sulphur amount applied to the soil with acidified slurry
was high (78.13 kg/ha in 2017, 43.3 kg/ha in 2018) compared to the recommendations in Estonia (in
grassland max 40 kg S per ha, Viaetamise ABC). The same can be said about acidified slurry sprayed
on winter wheat: 52.8 kg S/ha in 2017 and 89.9 kg S/ha in 2018 (recommendation in winter cereals
max 25 kg S per ha. Viaetamise ABC, 2014).

The use of acidified slurry increased the sulphur content in soil, thus causing a risk for leaching and
contamination of the groundwater and waterbodies. However, sulphur is important nutrient for plants,
thus it is important to adjust the use of acidified slurry by the sulphur demand of crops.

The use of acidifiyed slurry had no significant impact to the winter wheat yield and yield quality nei-
ther in year 2017 and in 2018.

Results showed that winter wheat fertilization with pig slurry reduced the occurrence of leaf diseases,
as septoria leaf spot and septoria tan spot in 2017. There was a tendency that incidence of Fusarium
in kernels increased with application of acidified slurry.

Based on test results of two year (2017 and 2018), it can be concluded that compared to the untreated
slurry the use of acidified slurry did not affect the soil dehydrogenase activity and thus the microbio-
logical activity of soil. As well as the slurry acidification had no significant impact to soil microbial
group’s composition (PLFA). Still, the results of PLFAs are based on one year experiment and more
study is needed for final conclusions.

In-field slurry acidification device SyreN Min trial on ECRI grassland
Written by: Kalvi Tamm, Liina Edesi, Tiit Plakk, Tiina Talve
Aim

The aim of this trial was to test in-field slurry acidification device SyreN Mini on Estonian grassland
and learn the effect of acidified cattle slurry on soil chemical and microbiological properties treated
with the device in autumn.

Materials and methods

Study site

Slurry spreading time: 16.10.2018, 15.00-17.00.
Location: Near to Jogeva, ECRI trial field
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Figure 1. Location of demonstration trial in Jégeva, Estonia. Picture from digital map managed by Estonian
Land Board.
Variants:

1. Control
2. Cattle slurry
3. Acidified cattle slurry

Crop: Grassland, rich of grasses.
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Weather: Sunny, no clouds, no precipitation, wind 2.5 (5.7) m s, 15 °C.

Table 1. Weather data in trial area

Figure 2. View to the demonstration trial in J6geva, Estonia. 17.10.2018. Picture by Kalvi Tamm.

Date 16.0ct 17. Oct 18. Oct 19. Oct 20. Oct

Min air temp, °C 6.1 2.2 33 0.8 -1.2
Max air temp, °C 16 16.6 16.9 12.2 7.6
24h avg air temp, °C 10.1 8 9.6 7.6 2.7
Prec., mm 0 0 0 1.4 0

Max wind speed, m/s 5.8 4.3 6.9 8.2 39
Min wind speed, m/s 1.7 1.1 1.7 23 0.8
Sun-shine duration, h 8.2 7.8 3.6 7.8 1.6
Min air rel. humidity, % 66 58 60 51 86
Avg air rel. humidity, % 77 86 85 79 95

Spreader. Joskin slurry tanker Modulo2 8400ME and Joskin injection spreader Solodisc 3010 14SD
(Figure 3). Tank volume 8.4 m?® and spreader work width 3 m.

The in-field acidification system SyreN Mini was mounted to the spreader and tractor.

Figure 3. ECRI slurry spreader with SyreN
in-field acidification system on demonstration
trial field in J6geva, Estonia. Picture by Kalvi
Tamm.
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Slurry: Cattle slurry from a dairy farm locating 15 km from field.

Two samples were collected during spreading from both type of slurries. Slurry samples were stored

in coolbox with coolbatteries until samples were given over to accredited laboratory for analyses.

Table 2. Cattle slurry properties

«: | pHIn pH
br ;’c}clre‘d“_ ECRI | on the C
Sample ma ttyer Total N,|NH4-N,| P, K, S*, ited labor, | field, Ca, in dry
Nr kg/m® | kg/m® | kg/m® | kg/m? | kg/m? (Hanna | (SyreN | kg/m® | matter,
content labor, o
«cyy | PH- | pH- %
mete) | mete)
Slurry 96 | 4.1 27 | 053] 24 1.2 8.1 6.7 6.8 1.7 | 18.4
sample 1
Slurry 104 | 39 | 25 | 053 | 24 1.1 8.0 6.7 6.8 1.8 | 17.9
sample 2
Average | 10.0 4.0 2.6 0.53 2.4 1.2 8.1 6.7 6.8 1.8 18.2
Acidified
slurry 11.8 3.9 2.8 0.53 2.3 1.5 7.8 6.43 6.3 1.8 18.1
sample 1
Acidified
slurry 11.2 39 2.7 0.53 2.3 1.5 7.8 6.4 6.3 1.8 17.1
sample 2
Average | 11.5 3.9 2.8 0.53 2.3 1.5 7.8 6.4 6.3 1.8 17.6

K , Ca: Wet ash + ICP/

tot”

DM: gravimetry ; N,_: Kjeldahl; NO,: Foss Tecator AN 5232; NH,: Foss Tecator AN 5226; P
OES; S: PMK-JJ-4C; pH KCI: GOST 27979-88; Corg: ISO 10694 : 1995;

tot?

*parameter method is not accredited

Amount of slurry 30 t ha''.

Table 3. Plant nutrient supply

S1 t
A SO I N, (NHN) | N, kgha' | Pkgha' | K kgha! | S,kgha
Untreated cattle 30 78.0 120.0 15.9 72.0 36
slurry
Acidified cattle 30 84.0 117.0 15.9 69.0 45
slurry

Acid: 96% sulphuric acid.
Acid flow from acid pump 3 1 min’.
Driving speed during spreading: 7 km h-'.

Weight of slurry container before acidification 45.85 kg. The container contained 24 1 of acid before
spreading. Weight of slurry container after acidification 8.3 kg. Acid consumption during spreading
was 37.55 kg or 20.5 1. Acidified slurry amount 6.83 m*® and it was spread to area 0.228 ha.

Calculated acid consumption was 3 1 m?.
Slurry pH during acidification 6.3, SyreN board computer.
Slurry pH during non-acidification 6.8, SyreN board computer.
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Figure 4. ECRI slurry spreader with SyreN in-field acidification system on demonstration trial field in J6geva,
Estonia. Picture by Kalvi Tamm.

Soil

Twenty subsamples were collected with 2 cm diameter soil auger from 0-25 cm layer, on Z-track
over plot and mixed to one bigger sample. Soil samples were collected from 3 plots on 17.10.2018
afternoon and sent to the laboratory for chemical analyses. Soil samples were also taken from 010,
10-20, 20-30 and 30—40 cm soil layers one month after slurry application (16.11.2018). Soil samples
were stored in cool box with cool batteries until samples were given over to accredited laboratory for
analyses. Soil samples were determined (pH-ISO 10390; P, K, Ca, Mg —Mehlich III; N — ISO 11261;
NO,-N, NH,-N - 1n KCl; SO, - ISO 11048) in accredited laboratory of Agricultural Research Centre,
Estonia.

One day after the slurry application compared to the control, the results of soil chemical analyses
showed higher amount of P, SO, NO, and NH, in slurry treatments (Table 4). At the same time, al-
though the content of P, K and NH, in untreated and acidified slurry was similar (Table 3), their con-
tent was higher in soil treated with acidified slurry. Also, the content of SO, and Ca in soil remained
higher in acidified slurry treatment (Table 4).

Table 4. Soil analyses next day after slurry spreading at a depth 0-25 cm (17.10.2018)

] P, K, Ca, Mg, . SO, | NO-N, | NH-N,
Variant | pH, | g kg' | mg kg' | mgkg! | mgkg! N % mg kg' | mgkg' | mg kg!
Control 55 187 216 1120 50 0.14 52 3.6 2.1
Cattle slurry | 5.4 208 207 1160 46 0.14 12 10.2 6.2
Acidified 55 205 235 1472 53 0.15 28 13.2 113
cattle slurry
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One month after slurry application, compared to the control results of soil chemical analyses showed
higher amount of P, K, SO,, NO, and NH, in slurry treatments (Table 5, Figure 5). Compared to the
untreated slurry treatment the content of NH4 in the 0-10 and 10-20 cm and NO, in the different soil
layers at 0—40 cm was remarkably higher in acidified slurry treatment (Table 5, Figure 5). Also, the
SO, content was the highest in acidified slurry treatment, especially in the soil layer 10-20 cm. In
addition, compared to the control and untreated slurry variants the soil analyses showed the highest P,
K, Ca, Mg content in the acidified variant (Table 5).

Table 5. Soil analyses one month after slurry spreading at depth of 0—10, 10-20, 20-30 and 30-40 cm
(16.11.2018)

Variant Decrl)r:h’ PH,q mgPl’(g" mgK l;g‘l mgi’g" mlglhgi:g“ N % m?g?:é“ 1:123](1;; Ellg‘i(lg\li
Control 0-10 | 54 181 | 343 | 1036 51 ] 016 | 41 3.7 4.6
Control 1020 | 5.4 169 | 125 | 1095 38 | 013 ] 36 2.2 1.6
Control 20-30 | 5.4 113 | 109 | 826 32 1009 38 13 1.5
Control 3040 | 5.3 66 99 514 27 | 005 | 42 0.3 0.7
Average 040 | 54 | 1323 ] 169 | 8678 | 37 | 011 | 3.9 1.9 2.1
Cattle slurry | 0-10 | 5.3 195 | 366 | 1026 52 o015 ] 18 133 | 168
Cattle slurry | 1020 | 5.3 193 | 145 | 1090 39 | o014 9 6.3 2
Cattle slurry | 20-30 | 5.3 169 | 145 | 948 35 | 011 | 44 3.7 1.6
Cattle slurry | 3040 | 5.2 82 120 | 477 23 | 006 | 4.1 2.6 1.2
Average 040 | 53 | 1598 | 194 | 8853 | 373 | 0.12 | 89 6.5 5.4
g‘gi‘gfjﬂy 0-10 | 53 194 | 427 | 1105 70 | 017 | 24 255 | 209
CAaCtgL‘ﬁSfjrry 1020 | 5.3 187 | 181 | 1242 42 | 014 | 49 15.8 4.1
gﬁgfgﬂy 20-30 | 5.6 179 | 150 | 1231 40 | 012 14 8 1.7
gﬁggfgﬂy 3040 | 5.6 111 139 | 791 31 | 007 | 48 6.9 1
Average 040 | 55 | 167.8 | 2243 | 10923 | 458 | 0.13 | 23.0 | 141 6.9
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Figure 5. Soil pH, ., amount of P, K, Ca, Mg, N%, NO,-N, NH -N and SO, at a depth 0-10, 10-20, 20-30 and
30-40 cm, one month after slurry spreading (16.11.2018).

Percostation measurements

Two percostations with total 8 sensors for continuous measurement of soil electrical parameters were
installed at Jogeva trial field on 26.10.2018, one week after the slurry was applied to trial plots. The
measurements started at 15.36 26.10.2018. The preliminary investigation of soil electrical conductiv-
ity indicated that most of added nutrients were still located in the soil upper layer 0-10 cm.

The 8 sensors were installed this way: 3 sensors on plot with acidified slurry (trial variant 3) on depths
of 5 cm, 15 cm and 25 cm close to each other on the slurry row (see the table 6 below). The sensors
measured soil apparent electrical conductivity ECa, dielectric constant Er and soil temperature with
pre-set interval (1h in the beginning and 2 h later on) and sent the information to the Internet database.
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Table 6. The codes of percostation sensors and layout on trial plots

Sensor depth, cm Sensor codes on control Se.nsor codes on plot Sel.ls?r codes on plot with
> plot (1) with cattle slurry (2) acidified cattle slurry (3)

5 K5 25 35

15 K 15 2 15 315

25 2 25 325

The soil salinity measured with hand-percometer (Figure 6)
in all layers 0—30 cm before treatment was very low, appar-
ent conductivity ECa ca 30 pScm™ which accords to ca 70
when transferred to salinity ECe. Only on depths of 3040
cm of control area a small rise of ECa to around 40 uScm’!
was found. However, together with stable and high volumetric
water content (average ca 35 % Wv) in all soil profile, the test
conditions appeared close to ideal: clean, “washed out” soil for
observing the behaviour and movement of soil nutrients due to
applied slurry.

Due to high and stable moisture content the apparent electrical
conductivity ECa values are directly comparable to each other,
but for getting general applicable indicator of nutrient content,
ECa is transferred also into salinity ECe values. The somewhat
bigger unevenness of ECe graph is due to some break points
in ECa>ECe at algorithms, but they do not change the basic
circumstances found in nutrients behaviour. When evaluating and interpreting the results of measure-
ments must be kept in mind that the soil at Jogeva trial plot is glay-soil and therefore, the movement
of ions in soil solution differs somewhat from normal mineral soil.

Figure 6. Hand-percometer for single-
measurements.

The time and depth graphs of the ECa (Figure 9) and ECe (Figure 11) show clear difference among
all trial variants. Some points clearly visible from graphs can be noted (the analysis is done based on
direct ECa values, but due to stable moisture content is directly valid also for salinity):
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Figure 8. Sensors on cattle slurry (2) plot. From left: 15 cm sensor, 5 cm sensor and 25 cm sensor.

¢ During the measurement period from 26.10-02.12.2018 the ECa values of control plot sensors
at5and 15 cm (probes k 5 and k 15) are stable around 30 uScm-1. At 28.11 evening, the freez-
ing process of upper soil layers begins (Figure 10) and EC values after that are not suitable to
interpret as salinity indicator.

e ECa and ECe values in layer 25 cm case of slurry are almost stable throughout the whole meas-
urement period both for acidified (sensor 3_25) and not treated slurry (sensor 2_25) whereas
the starting value for trial variant 2 is 52 and for a