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The objective is to experiment and quantify what inversion tillage does to a soil ecosystem, and how it influences soil
biological diversity, soil health, as well as GHG emissions.

Objective

State of the art

Problem to solve

Preliminary results

Proposed practices

Despite of the drawbacks, organic agriculture relies heavily on mouldboard ploughing to control weeds. Farmers have
misconceptions on its effectivity, some even suggesting that it improves soil health by increasing water infiltration and storage.
Some farmers have tested non-inversion tillage in organic farming, but the benefits have not been quantified.

Two experimental field study sites were established to investigate the effects of different tillage practices, intensive
(mouldboard ploughing) and minimal (reduced tillage). The CS14a experiment in Kilpiä farm located in the southern Finland was
established in 2020 and the CS14b in Tyynelä farm located in the south-eastern Finland in 2021. Main crop in the cropping
rotations in the CS14a field is spring wheat and in the CS14b field winter wheat.

Both experimental fields have been managed with organic farming with continuous plant cover and reduced tillage. Half of the
experimental plots will be ploughed, and the control plots with reduced tillage will be managed with reduced tillage as it has
been for years. Minimum tillage will be proposed as a key management practice to improve soil biological diversity and
functioning. Minimum tillage and direct drilling are not common practices but could be utilized with a crimper roller and
continuous crop cover as in the CS14b experiment (Figure1).

Organic agriculture relies on mouldboard ploughing for weed control. Inversion tillage and related overwinter fallow is seen to
be detrimental to soil organisms and soil health, but the results are not conclusive. The case study will provide results on what
happens to soil health when a continuous plant cover crop rotation with shallow tillage is interrupted with mouldboard
ploughing.

Soil physical and chemical characteristics in the treatment plots of the CS14a experiment have been determined in the first (2020) and the
second (2021) year of the experiment. The soil data is presented in the Tables 1 and 2. The respective data for the first experimental year
from the CS14b experiment was not yet available. Soil characteristics after the first and the second experimental year between the
treatment plots are very alike. We expect to see some changes in some of these parameters after the third monitoring year.

Table 2 Mean values (SD in parentheses) of the soil chemical characteristics from the replicate treatment plots (n=4) of the CS14a experiment. Corresponding soil 
data from the CS14b experiment is not yet available. TOC: total organic carbon as g kg-1; POC: particulate organic carbon as g kg-1; Ntot: total nitrogen as g kg-1; 
Pav: available phosphorus as mg kg-1; Kex: exchangeable potassium as cmol kg-1. Caex: exchangeable calcium as cmol kg-1; Mgex: exchangeable magnesium as 
cmol kg-1; Naex: exchangeable natrium as cmol kg-1; NH4 and NO3 as mg kg-1.

Mean GHG fluxes did not differ between the treatment plots of the CS14a experiment in the first (2020) or the second (2021) year of the
experiment (Figures 2a-c). Soils remained as clear CH4 sinks, and tillage does not seem to affect them. The results was parallel in the
treatment plots of the CS14b experiment after the first (2021) experimental year (data not shown).

It seems that other factors are stronger determinants on GHG fluxes than tillage practice or it may be still too early to see any effects after
two experimental years. When the data from the last third monitoring year will be available, only then we are able make the final
conclusions about the tillage effect on GHGs. In addition, the data will be analyzed later along with soil chemical and physical data with
more sophisticated statistical models to investigate what are the regulating factors affecting fluxes.

Treatment BD  (g cm-3) Rfg (%) WHC (%) SA (%) SI (%) CL (%) Agsd_b (%) Agsd_c (%) Agsd_d (%) Agsd_e (%)

reduced tillage 0.45 (0.02) 9 (4) 31 (1) 23 (8) 51 (9) 30 (3) 2 (1) 28 (4) 50 (1) 21 (3)

ploughing 0.47 (0.02) 7 (4) 32 (1) 21 (6) 59 (4) 33 (3) 2 (1) 31 (5) 52 (7) 15 (5)

Table 1 Mean values (SD in parenthesis) of the soil physical characteristics from the replicate treatment plots (n=4) of the CS14a experiment. Corresponding soil 
data from the CS14b experiment is not yet available. BD: bulk density; Rfg: rock fragments and gravels; WH: water-holding capacity; SA: sand content; SI: silt 
content; CL: clay content; Agsd_b: aggregates size distribution >2000; Agsd_c: aggregates size distribution 250-2000; Agsd_d: aggregates size distribution 53-250; 
Agsd_e: aggregates size distribution <53.

Figure 1 

Figure 2.  Mean a) CO2 b) N2O and c) CH4 fluxes (with SE bars) in 
the plots with mouldboard ploughing (pl) and plots with 
reduced tillage (red) in the first (2020) and the second (2021) 
year of the CS14a experiment. 

Treatment soil pH TOC (%) POC (%) Ntot Pav Kex Caex Mgex Naex NH4 NO3

reduced
tillage

6.64 (0.12) 25 (4.0) 13 (4.0) 1.7 (0.2) 28.8 (7.3) 1.0 (0.1) 19.6 (1.3) 8.3 (0.9)
0.36 

(0.05)
4.3 (0.9) 30.4 (2.9)

ploughing 6.60 (0.10) 27 (4.4) 14 (4.4) 1.8 (0.2) 29.8 (4.3) 1.2 (0.3) 20.2 (2.5) 9.4 (2.3)
0.44 

(0.12)
4.5 (0.9) 41.0 (7.0)

Total numbers of nematodes (preliminary data from EV-ILVO) did not differ between treatment plots in the CS14a experimental
field in the first of the second year of the experiment, whereas the amounts were generally higher in the first experimental year
(Figure 3a). However, total number of nematodes was higher in the mouldboard ploughed plots in the CS14b experiment after
the first year (Figure 3b). High numbers of nematodes may cause reduction in the population of their prey leading to decreased
plant productivity via negative impacts on mycorrhizal and decomposing fungi and bacteria.

Figure 3. Mean total number of  nematodes (with SE bars) in the plots with mouldboard ploughing (pl) and plots 
with reduced tillage (red) a) in the first (2020) and the second (2021) year of the CS14a experiment, and b) in the 
first (2021) year of the CS14b experiment. Letters show statistical difference according to linear mixed model and 
type III anova.
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Figure 4. Mean total abundance of earthworms (with SE bars) in the plots with mouldboard ploughing (pl) and plots 
with reduced tillage (red) a) in the first (2020) and the second (2021) year of the CS14a experiment, and b) in the 
first (2021) year of the CS14b experiment. Letters show statistical difference according to linear mixed model and 
type III anova.

The treatments did not differ statistically significantly in total abundance of earthworms in CS14a or CS14b experiments in either
of the sampling years 2020 and 2021 (Figure 4). Nevertheless, in CS14b the result indicates negative effect of ploughing after the
first experimental year 2021 (Figure 4b).
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