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Executive summary  

This report compiles the results of work carried out in the SmartSOIL task 1.1. Several 

activities in the task contributed to explore the crop yield responses to soil C flux and stock 

components. Hence, the outcome is not one, but four  scientific papers. The manuscripts have 

not been submitt ed at the time of submission of this deliverable report but they will be 

submitted for review during 2014:  

 

   Paper number and title  Page  

1.  Baby, S. et al:  Soil carbon content as affected by management and climate 

in Europe  

4 

2.  Ferrise, R, Antichi, D., Thomsen, I.K., Ventrella, D., Mazzoncini, M., 

Moriondo, M., Olesen, J.E., and Bindi, M.: Crop yield and N utilization as 

influenced by C flux and stock components: a European multi - site 

experiment  

18 

3.  Ravnskov, S.: Arbuscular mycor rhiza fungi as soil health indicator  33 

4.  Schelde, K., I.K. Thomsen, E.M. Hansen, M. Bindi, R. Ferrise, B. Ghaley, P. 

Kuikman, P. Smith, and J.E. Olesen: Crop yield responses to input intensity 

under varying soil carbon stocks and flows  

40 

 

The first  paper ñSoil carbon content as affected by management and climate in Europeò 

describes the results of a statistical analysis of data from the database of Long Term 

Experiments (LTEs) established in the SmartSOIL project. The paper shows that it was possibl e 

to model and predict development in soil carbon over time as a function of climate (soil 

temperature), carbon inputs (straw, organic manure, crop residues), crop rotation (crop 

types), and tillage intensity (conventional tillage or not).   

The second paper ñCrop yield and N utilization as influenced by C flux and stock components: a 

European multi -site experimentò describes the new experiments made at three locations in 

Europe in order to explore the concept of C flows and C stocks  in trying to isolat e the effect of 

management from those of soil organic matter content. The approach surmises that flows and 

stocks play separate and different roles in relation to soil properties, soil functions and crop 

productivity, and that soil management can be design ed to optimize either flow -derived or 

stock -derived functions. The paper shows that wheat responded differently to the experimental 

factors analyzed, depending on the experimental site.  N fertilization rates affected the 

accumulation of both grain and stra w final dry mass a t Askov (the Danish site) and Pisa 

(Central Italy) but not at Foggia (South Italy). The effect of carbon stock was significant only 

at Askov and for grain yield that increased in high carbon stock conditions. Carbon flows 

negatively influ enced the accumulation of grain and straw at Pisa and Foggia, while at Askov 

only straw was slightly reduced in  high carbon flow conditions.  Some of the differences in 

responses at the different sites can possibly be related to differences in carbon stocks  between 

treatments, which were higher for Askov compared to the Italian sites.  

The third study (ñArbuscular mycorrhiza fungi as soil health indicatorñ) aimed to investigate 

the possible link between carbon sequestration and soil health. It relied on soil samples taken 

from the same locations as reported in the second paper described above (i.e. Askov, Pisa, and 

Foggia sites). The objective was to study the influence of incorporation of organic matter, 
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mechanical soil management, and crop rotation on soil h ealth as measured by presence of a 

soil health indicator organism; arbuscular mycorrhizal fungi (AMF). Therefore soil and wheat 

roots were sampled in the long term experiments in order to evaluate influence of different 

management strategies and of carbon sequestration on AMF inoculum potential of the soil, as 

an expression of soil health . Overall, the work showed a positive correlation between amount 

of incorporated straw and AMF inoculum potential of the soil, revealing that straw incorporation 

increased both soil health and the soil microbial carbon pool.  

Finally, the fourth  paper, ñCrop yield responses to input intensity under varying soil carbon 

stocks and flowsò, resulted from a re -analysis of data previously published in two papers. The 

experimental approach of the studies allowed explor ing  and possibly distinguish ing  effects of 

SOC on crop productivity that are beyond effects of indirect N supply to the crop. The main 

results of the analyses were that for one of the sites (JYN), cereal yields and cro p physiological 

nitrogen utilization efficiency (NUE) seemed to result from N supplies (N uptake) alone. 

However, according to a second dataset (ASK), there was an additional trend in the cereal 

yield and NUE that was significantly correlated with soil org anic carbon (SOC) content. For 

individual high N fertilizer rates at the ASK site, high N uptake rates were associated with 

relatively higher NUE at locations where SOC was also relatively high. The trend was significant 

and relevant from an agronomic poin t of view:  an improved soil C status by 1% SOC could 

increase the yield by approximately 10% compared to a mean yield. The analyses could 

however only indicate, not prove, that SOC caused the advantageous NUE.  

 

The main conclusions based on analyses of th e experiments were:  

¶ Changes in soil carbon stocks can, based on LTEs , be well explained from crop choice 

and crop management, primarily related to above and below ground inputs.  

¶ Soil carbon stocks are linked to soil nitrogen stock and to supply of nitrogen  to the 

crops  

¶ Addition of carbon rich materials can in the short term lead to yield reductions resulting 

from immobilisation of nitrogen  

¶ Some, but not all, experiments show increases in yield potential and/or N use efficien cy 

at higher soil carbon stocks  
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Soil carbon content as affected by management and climate 

in Europe  

Multi -author** manuscript led by S. Baby*  

* Dept of Agroecology, Aarhus University, 8830 Tjele, Denmark  

** Authors representing all LTE sites included in the study, a nd additional  key 
researchers from SmartSOIL  

 

Introduction  

Soil and crop management affects soil C stocks and hence are important soil functions. There 

is still something to be learned from the long - term experiments if we gather them to focus on 

management effects on carbon changes across the climates of Europe.  

The aim of this analysis is to study the long term effects of different management practices on 

soil carbon across Europe. The effects of various inputs, cropping systems, tillage effects, 

temperature effects and influence of soil type are investigated.  

European long term experiments ( LTEs)  were earlier compiled in a database (EuroSOMNET;  

Smith et al. 2002; Franko et al. 2002) but a comprehensive meta -analysis like the one made 

here does not seem to have been  made.  

Materials and Methods  

To analyse the long term effects of different factors in soil organic carbon,  data was collected 

from LTEs with different treatments  located in eight European countries . The collected data 

contains information about organic inputs, fertilizer inputs, soil carbon contents,  crop 

management , harvest  yield,  and climate. A subset of the collected data wa s chosen for the 

analysis , satisfy ing  the following two criteria: 1) The ex periment spans at least 25 years 2) 

There are at  least 3 soil organic carbon sampling measurements.  An overview of the selected 

experiments is given in Table 1.  

Table 1 . Summary of the data for the analysis  

Country  No.of 

Treatments  

Exp. Start  Last sampling  Exp. Status  

Denmark(Askov)  3 1929  2008  On going  

Denmark(Fallow)  3 1956  1986  Completed  

UK(BBK)  5 1843  2005  On going  

UK(HFB)  4 1852  1998  On going  

UK(Park Grass)  3 1876  2009  On going  

 Belgium  6 1959  1994  On going  

Germany( Fallow)  4 1984  2009  On going  

Germany(Model)  4 1984  2009  On going  

Germany(Static)  6 1956  1990  On going  

Italy(Foggia - fr1)  6 1983  2009  On going  

Russia(Torzhok)  5 1956  2003  Completed  

Russia(Ssh)  7 1960  2006  On going  

Sweden(ORJ)  4 1957  2007  On going  

Sweden(ULT)  3 1956  2003  On going  
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Summary of treatments 

The treatments in the experimental data  vary in the type and amount of C inputs, crops, tillage 

etc. We give a country -wise summary of the experiments below.  

Denmark  

Two experimental data sets with six treatments are included from Denmark. The first 

experimental set contains three treatments in terms of carbon and fertilizer inputs: no organic 

inputs and NPK, farm yard manure input without NPK and only NPK inputs.  The  cropping 

system followed a four - year crop rotation: winter cereal, root crop, spring cereal and  grass -

clover. Winter cereals were winter wheat since 1949. Between 1923 and 1949, winter cereals 

were winter rye or winter wheat. Spring cereals were spring b arley since 1949. During 1923 -

1948, spring cereals were oats or barley. The second experimental set consists of three fallow 

treatments without organic inputs and varying N inputs (0, 70 and 100 kg).  

UK  

 Three experimental data sets from UK are included i n the analysis. The first experiment  

(Broadbalk) contains 5 treatments with varying levels of fertilizers and organic inputs: No 

fertilizers or manure, only PK, NPK, 35 t/ha manure with N from 1968, 35t/ha manure without 

any fertilizers. All treatments are  applied on winter wheat. The second experiment is done with 

spring barley with four similar treatments as in the previous one: No fertilizer or manure, NPK, 

manure, manure applied from 1871 -1985. In all treatments plot s were  divided into 4 subplots 

from 1 968 and was given 0, 48, 96 or 144 kg  N/ha each year,  in rotation. The third 

experiment contains three treatments with permanent grass: no fertilizers or manure, manure , 

and NPK.  

Belgium  

Treatment differences for experiments from Belgium are in how crop r esidues and manure are 

applied. There are six treatments in this experiment: Removal of crop residues, Ploughing in 

crop residue and pig slurry and lime addition, Removal of crop residues and pig slurry and lime 

addition, farm yard manure addition and crop  residues removal, ploughing in straw but 

removal of green products and green manure application with ploughing in of crop residues.   

Germany  

Three sets of experiments from Germany are considered in the analysis. The first experiment 

contains different levels of FYM application to bare soil: no FYM, 50t/ha, 100t/ha and 150t/ha. 

In the second experimental set the same treatments are applied to different crops in rotation  

(sugar beet, maize, winter wheat and potato). The last experimental set contains six 

treatments which in mineral fertilization and the amount of organic fertilizer input: No NPK or 

FYM, only NPK, 20 t/ha FYM in alternate years, 20t/ha FYM in alternate years with NPK, 30 

t/ha FYM and 30t/ha FYM with NPK.  

Italy  

Treatments from Italy are all applied to drum wheat and they differ in how straw is added. The 

treatments are: no straw(T1), straw incorporation(T2), straw incorporation with 50 kg/ha N on 

residues(T3),   straw incorporation with 100 kg/ha N on residues(T4 ), straw incorporation with 

150 kg/ha N on residues(T5), treatment T3 with 500 m3/ha of water on residues, treatment 

T4 with 500 m3/ha of water on residues, treatment T5 with 500 m3/ha of water on residues 

and incorporation of crop residues without additio n of N on residues. The added straw in these 

treatments amounts to 4t/ha.   
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Russia  

There are 5 treatments in the first experimental set from Russia: control, 5 t/ha FYM, mineral 

NPK equivalent to 5t/ha FYM and 5 t/ha FYM with mineral NPK equivalent to 5t /ha FYM. The 

crops involved are spring barley, spring wheat, flax, potato and grass in rotation. The second 

set of experiments contains seven experiments: FYM application(3t/ha) with NPK (Treat 1), 

Treat1 with herbicides, Treat1 with herbicides, fungicides  and retardants, NPK only (Treat 2), 

Treat 2 with herbicides, Treat 2 with  herbicides, fungicides and retardants and a control 

treatment.  

Temperature as a rate - modifying factor  

The decomposition of carbon depends on soil temperature. For every 10 °C rise  in 

temperature, decomposition generally  increases one - to two - fold.  We use d a temperature 

effect FT following Kirschbaum (1995) and Petersen et al. (2005) , where T is the temperature 

( ° C). The temperature effect equals unity at 10 °C:  

 

 

Ὂ Ὕ χȢςτ ÅØÐ σȢτσςπȢρφψ Ὕ ρ πȢυ
Ὕ

σφȢω
 

Soil temperature wa s approximated with the air temperature. The input temperature wa s the 

mean monthly air temperature. After calculating monthly  responses  the mean response for the 

year was calculated.  

 

Statistics  

Carbon dynamics w ere  modelled using the following statistical model  

ὅ ὅ Ὡ ὦὓ Ὠὖ ὩȢ Ὠὒ 

Where  

ὅ is the measured soil carbon at sampling time t    (t ha -1)  

ὅ  is the measured soil carbon previous to ὅ   (t h a-1)  

Ὧ is a decay parameter to be estimated and depends on soil type (clay content)  

N is the number of years between sampling times t and t -1 

ὦ ós are the effects of C inputs from FYM and straw 

ὓ  ós denote the amount C input through FYM or straw  (t ha -1)  

Ὠ ós are the effects of different crops 

ὖôs are the number of seasons with different crop types: fallow, grass, or cereal and root 

crops. Since it was not possible to distinguish the effects of root and cereal crops they are 

combined into a single a single variable , CerealRoot .  

d is the effect of no- tillage.   

L is the number of years with out  tillage  
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In the model, two soil classes have been defined based on the clay content (below and above 

15 % clay). For each soil class, a separate decay coefficient was  estimated.  

The decay rate for carbon inputs was taken to  be a fraction of the decay time of the soil 

carbon. This fraction was estimated to be approximately 0.5 by simulation and was not 

estimated during model calibration.     

Results  and discussion  

The following table gives the estimated parameters. The differ ent decay rates for different soil 

types justifies having different soil types in the model.  

  

 
Estimate  

Std. 
Error  

t value  Pr(>|t|)  Significance  

decay1  -0.01 0  0.00 1  -13.57  0.00 0  ***  

decay2  -0.00 4  0.00 1  -7.94  0.00 0  ***  

fym  0.21 0  0.00 3  65.95  0.00 0  ***  

straw  0.1 58   0.01 9  16.67  0.00 0  ***  

fallow  -0.46 2  0.04 2  -11.05  0.00 0  ***  

grass  0.32 3  0.04 3  7.52  0.00 0  ***  

CerealRoot  0.04 0  0.017   2.32  0.02 0  *  

notill  0.06 4  0.02 0  3.18  0.00 2  **  

 

The observed C values and the model predicted values are shown in Figures 1 -12.  
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Figure 1. Observed and model predicted soil carbon for data from Askov, Denmark  
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Figure 2. Observed and model predicted soil carbon for data from Broadbalk, UK.  
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Figure 3. Observed and model predicted soil carbon for data from Pisa, Italy.  
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Figure 4. Observed and model predicted soil carbon for the fallow experiment from 

Germany.  
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Figure 5. Observed and model predicted soil carbon for data from Foggia, Italy.  

 

 

Figure 6. Observed and model predicted soil carbon for Bad Lauchstadt, Germany.  
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Figure 7. Observed and model predicted soil carbon for the data from the Hoosefield 

barley experiment, Rothamsted, UK.  

 

 

Figure 8. Observed and model predicted soil carbon for th e Park Grass experiment  at 

Rothamsted, UK.  
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Figure 9. Observed and model predicted soil carbon for the experiment with varying 

levels of FYM from Germany.  

 

 

Figure 1 0. Observed and model predicted soil carbon for  the data from Sweden.  

 


