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Preface 
 

In this reports, the results of work package 5.1 of the TILMAN-ORG project are presented. The goal of 

WP5 is a more rational use of green manures and off-farm inputs in reduced tillage systems to optimise  

N utilisation. Work package 5.1 specifically looks into effects of grass-clover ley, green manure and off-

farm inputs on nutrient dynamics and crop performance under reduced tillage 

In each chapter a specific trial is discussed. A synthesis of the results is given in the paper Effects of 

reduced tillage and green manures on nutrient dynamics and crop performance in organic farming 

systems across Europe (Koopmans et al., submitted). 

The authors gratefully acknowledge the TILMAN-ORG consortium and the financial support of the CORE 

Organic II Funding Bodies, being partners of the FP7 ERA-Net project, CORE Organic II (Coordination of the 

European Transnational Research in Organic Food and Farming Systems, project no 249667). 
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I Crop rotation experiment, Tartu  

Estonian University of Life Sciences, Estonia 
L. Talgre, A. Luik 

1 Introduction: rationale and goal of the experiment  

The main aim of this trial is to evaluate the effect of green manures as winter cover crops  and their 

combination with cattle manure on soil properties, weeds and  crop yields  in an organic crop rotation.  

The main research question was: how are green manures as winter cover crops solely or in combination 

with cattle manure influencing nitrogen dynamics and nutrient use efficiency in an arable crop rotation? 

2 Materials and methods 

The EULS crop rotation experiment with different cropping systems runs in Eerika, Tartu   (58°23N, 

26°44E) since 2008. The soil type of the area is sandy loam Stagnic Luvisol (WRB 2006 classification). The 

experimental field is 59 m above sea level and belongs to the South-Estonian upland agroclimatic region, 

where the average annual sum of active air temperatures (sum>5°C) is 1750–1800 °C,  mean annual 

temperature 4.4 (+30…-30) °C  with precipitation rates 550–650 mm. 

The experiment is designed as a block design with four repetitions and two factors with two levels (green 

manure and cattle manure – however plots with only cattle manure and no green manure aren’t 

included). Moreover the experiment is repeated in time so that each crop of the five-year rotation is 

present in all repetitions each year, making the total number of plots 60. An overview of the crop 

rotation, green manures and cattle manure applications can be found in Table I-1. The rotations including 

green manures and composted cattle manure run since 2008. For control the crop rotation (Org 0) 

without those was established in 2011. Data regarding sowing densities and timing of management 

practices are shown in Table I-2. All green manures and crop residues were incorporated into the soil. 

Sowing was done using a Kongskilde driller, ploughing was performed with plow Kverneland and 

harrowed with Hancmo-machinery. For harvesting experimental harvester Sampo Rosenlew was used, 

except for potato which was hand-picked. Red clover was cut 15th of July and 13th of August 2012 with flail 

mower. Composted cattle manure was given by hand in 4th of May 2012. 

Table I-1. Description of cash crops, green manure crops and cattle manure applications in the Estonian trial. Three  
growing systems :  Org 0 -  ‘crop rotation’;  Org I - crop rotation+ green manure’ as winter cover crop   and Org II - crop 
rotation + green manure + cattle manure’.  

Org 0                                                                Org I                                                       Org II 

Crop rotation (CR) CR+ Green manure (GM) CR + GR + Cattle manure (ton/ha)1 

Winter wheat  10 

 Ryegrass Talvike  

Peas Tudor   

 Winter oilseed rape Banjo  

Potato Maret  20 

 Winter rye Tulvi  

Barley Anni Red clover Jõgeva 205  
(undersown in barley) 

10 

Red clover Varte  
(undersown to barley) 

  

1
 From 2008-2011 the total amount of cattle manure, 40 t/ha, was given to potato. From spring 2012 onwards that 

amount of cattle manure was divided between winter wheat (10 t/ha), barley (10 t/ha) and potato (20 t/h). 
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Table I-2. Seeding norms, seeding density and dates of drilling, harrowing and harvesting of crops or ploughing under 
of green manures for the crops in the rotation in season 2011/2012. 

Crop and green manures Seeding norm 
(kg ha-1) 

Seeding density 
(seeds*m-2) 

Drilling date Harrowing date Harvesting/ploughing 
date 

Winter wheat 210 450 09-09-2011 04-05-2012 13-08-2012 

Ryegrass Talvike 25  26-08-2011  4-05-2012 

Peas Tudor 334 100 07-50-2012 02-06-2012, 
14-06-2012 

30-08-2012 

Winter oilseed rape Banjo 6  26-08-2011  4-05-2012 

Potato Maret 2700 5.3
1 

   

Winter rye Tulvi 220  24-08-2011  04-05-2012 

Barley Anni  
 

170 
 

375 
 

07-05-2012 
 

28-05-2012, 
01-06-2012  

 
 

Red clover Varte  
(undersown in barley) 

9 280 09-05-2011  24-08-2012 

Red clover Jõgeva 205 
(undersown in barley) 

10 280    

1
 tubers * m

-2
 

 

Soil-related parameters are given in Table I-3. 

 

Crop rotation previous to the experiment:   

2007 Red clover, 2008 winter wheat, 2009 pea, 2010 potato, 2011 barley with red clover undersow,  

Methods for crop and soil measurements  

Soil analyses were carried out at the laboratories of the Department of Soil Science and Agrochemistry of 

the EULS. Air-dried soil samples were passed through a 2-mm sieve. Various methods were used to 

determine the following soil characteristics: pHKCl; organic carbon by the Tjurin method (Soil Survey 

Laboratory Staff, 1996); The content of plant available elements (P, K, Ca and Mg) in the soil determined 

by the AL-method.; total soil N content by the Kjeldahl method (Procedures for Soil Analysis, 1995). 

Acid digestion by sulphuric acid solution was used to determine the total P, K contents in plant material 

(Anonymus, 1986). The Ntot, Ctot contents of oven-dried samples were determined by the Dumas 

Combustion method on a varioMAX CNS elemental analyser (“Elementar”, Germany). 

 

Grain yield was determined by weighing after harvesting and drying the grains.  
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Table I-3a.  Soil parameters in different treatments in season 2011/2012. Mean values ± standard deviation, n=4. 

Crop Barley us 
red clover 

  Red clover   Winter 
Wheat 

  Pea   Potato   

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

pH-KCl 5.91±0.21 6.05±0.15 6.39±0.34 5.92±0.20 5.96±0.27 6.10±0.37 5.90±0.25 5.86±0.16 5.96±0.39 6.01±0.25 6.03±0.23 6.01±0.30 6.05±0.23 6.06±0,37 6.02±0.22 
P (µg/g) 91±10 102±13 123±13 91±14 93±21 107±21 102±18 96±24 104 ±22 106±22 99±20 89±16 105±20 102±16 90±8 
Soil bulk 
density 
(g/cm3) 1.48±0,01 1.41±0.10 1.51±0.10 1.47±0.04 1.51±0.08 1.49±0.03 1.46±0.09 1.46±0.11 1.48±0.07 1.43±0.04 1.53±0.07 1.50±0.10 1.38±0.07 1.45±0.08 1.43±0.10 

Table I-3b. Seeding norms, seeding density and dates of drilling, harrowing and harvesting of crops or ploughing under of green manures for the crops in the rotation in season 2012/2013. 

Crop and green manures Seeding norm 
(kg ha-1) 

Seeding density 
(seeds*m-2) 

Drilling date Harrowing date Harvesting/ploughing date 

Winter wheat Freddis 232 450 17-09-2012 30-04-2013, 
07-05-2013 

30-07-2013 

Winter rye Talvi and Winter 
oilseed rape Banjo 

180 and 6  17-08-2012  06-05-2013 

Peas Tudor 314 100 07-05-2013 24-05-2013, 
29-05-2013 

30-07-2013 

Winter oilseed rape Banjo 6  17-08-2012  06-05-2013 
Potato Maret 2700 5.31 16-05-2013 31-05-2013 

 
22-08-2013 

Winter rye Tulvi 220  04-09-2012  06-05-2013 
Barley Anni  
 

193 
 

375 
 

07-05-2013 24-05-2013, 
29-05-2013 

07-08-2013 

Red clover Varte  
(undersown in barley) 

9 
 

280 
 

07-05-2012  14-08-2013 

Red clover Varte (undersown 
in barley            

9 280 07-05-2013   

1 tubers * m-2 

Table I- 3c. Soil parameters in different treatments in season 2012/2013. Mean values ± standard deviation, n=4. 

Crop Barley us red clover Red clover Winter Wheat Pea   Potato   

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

pH-KCl 6.08±0.22 6.02±0.27 5.99±0.23 5.87±0.17 6.15±0.16 6.27±0.20 5.91±0.18 5.97±0.19 5.98±0.40 5.94±0.14 6.05±0.25 6.06±0.24 6.04±0.26 6.04±0.29 6.00±0.22 
P (µg/g) 141±17 130±30 114±14 131±20 137±34 151±24 134±20 122±37 123±23 143±25 126±39 125±27 144±22 127±33 112±20 
Soil bulk 
density 
(g/cm3) 1.53±0.08 1.46±0.08 1.49±0.05 1.47±0.04 1.48±0.07 1.51±0.05 1.40±0.14 1.45±0.12 1.48±0.07 1.52±0.10 1.52±0.07 1.53±0.06 1.47±0.10 1.46±0.05 1.47±0.07 
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3 Results 

3.1 Crop and soil data 

For convenience of reading, only means are presented here and for the other trials. Data of plots are 

available on request. An estimation of green manure yields is found in Table I-4. Nitrogen and phosphorus 

in aboveground biomass of red clover, when grown as a main crop, are shown in Table I-5. 2013 summer 

was extremely dry. Mean yields are shown in Table I-6. Table I-7 shows soil parameters. 

Table I-4a. Estimation of green manure yields before incorporation. Data of green manures previous to the main crop 
are shown for season 2011/2012. Mean values ± standard deviation, n=4. 

Main crop Barley Winter wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Green manure 
crop 

 
Winter rye Red clover  Ryegrass  Oilseed rape 

Estimated 
yield  

0 
0.99 

±0.07 
1.00 

±0.07 
8.53 

±0.34 
9.53 

±1.00 
8.51 

±2.70 
0 

0.62 
±0.08 

0.67 
±0.10 

0 
0.57 

±0.08 
0.60 

±0.08 

Table I-4b. Estimation of green manure yields before incorporation. Data of green manures previous to the main crop 
are shown for season 2012/2013. Mean values ± standard deviation, n=4. 

Main crop Barley Winter wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Green manure 
crop 

 
Winter rye Red clover  

oilseed rape +  
wint. rye 

 Oilseed rape 

Estimated 
yield  

0 
0.34 

±0.08 
0.32 

±0.09 
8.65 

±0,66 
9.85 

±2.05 
10.05 
±0.99 

0 
0.20 

±0.11 
0.15 

±0.09 
0 

0.05 
±0.05 

0.03 
±0.02 

Table I-5a. Crop aboveground nitrogen and phosphorus content (kg/ha) of red clover at cutting ± standard deviation, 
n=4, for season 2011/2012. 

Treatment Org 0 Org I Org II 

Nitrogen first cut 135.10±6,08 139.03±44,69 94.88±24,57 
Nitrogen second cut 72.49±6,03 86.47±2,61 86.39±19,22 
Phosphorus first cut 23.32±3,40 26.10±7,43 17.10±6,06 
Phosphorus second cut 12.50±1,88 14.00±1,73 15.47±4,35 

Table I-5b. Crop aboveground nitrogen and phosphorus content (kg/ha) of red clover at cutting ± standard deviation, 
n=4, for season 2012/2013. 

Treatment Org 0 Org I Org II 

Nitrogen first cut 124.39±34.41 124.59±24.74 151.49±47.86 
Nitrogen second cut 88.48±10.02 103.74±22.01 109.53±17,02 
Phosphorus first cut 11.70±1.03 13.39±3.39 14.23±1.30 
Phosphorus second cut 8.15±1.29 9.88±1.84 9.45±2.66 

3.2 Nitrogen and phosphorus  budget  

Table I-8 and Table I-9 show nitrogen and phosphorus budgets for 2011/2012, and 2012/2013, 

respectively. 

3.3 Nitrogen use efficiency 

Calculated nitrogen use efficiency and phosphorus use efficiency are shown in Table I-10. Nitrogen use 

efficiency for treatments Org 0 and Org I couldn’t be calculated since these treatments did not receive 

external nitrogen inputs.
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Table I-6a.  Mean yield (kg dry matter * ha-1) ± standard deviation for five crops in three treatments in season 2011/2012, n=4. 

Crop Barley us red clover Red clover Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Yield 1240±75 1155±285 1867±504    4397±483 5037±507 5657±638 1816±415 1783±176 1553±139 
11702 
±1823 

11681 
±1506 

9604±707 

 

Table I-6b. Mean yield (kg dry matter * ha-1) ± standard deviation for five crops in three treatments in season 2012/2013, n=4. 

Crop Barley us red clover Red clover Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Yield 2280±290 2384±215 2934±170    4164±424 4599±949 4274±334 2445±216 2975±338 2720±280 4469±321 5500±222 5228±604 

 

Table I-7a. Soil parameters in different treatments in season 2011/2012. Mean values ± standard deviation, n=4. 

Crop Barley us red clover Red clover Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

C-org 
(µg/g) 

16020 
±1914 

16355 
±1949 

16910 
±1289 

16553 
±1501 

15654 
±2476 

15359 
±3040 

14876 
±1578 

16803 
±2807 

16107 
±1711 

16317 
±1786 

16452 
±1132 

14506 
±2454 

15230 
±1265 

16504 
±1588 

15807 
±1710 

N-tot 
(µg/g) 

1445±63 1508±164 1426±42 1349±121 1451±200 1287±53 1416±121 1579±445 1333±139 1423±178 1496±39 1285±106 1509±133 1548±99 1340±111 

 

Table I-7b. Soil parameters in different treatments in season 2012/2013. Mean values ± standard deviation, n=4. 

Crop Barley us red clover Red clover Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

C-org 
(µg/g) 

17179 
±980 

16026 
±1575 

17084 
±4038 

15735 
±1965 

15874 
±1756 

16395 
±2469 

15686 
±1153 

18800 
±5491 

16573 
±1822 

16655 
±2918 

16284 
±3442 

17430 
±2348 

15180 
±1040 

15068 
±2129 

15816 
±1840 

N-tot 
(µg/g) 

1330±93 1419±169 1375±138 1384±143 1423±211 1376±130 1366±25 1686±472 1441±282 1394±115 1416±221 1483±114 1308±196 1324±207 1365±114 
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Table I-8a. Nitrogen budget in kg * ha-1 for five crops and three treatments in 2011/2012. Output values are means ± standard deviation, n=4. 

Crop Barley us red clover Red clover1 Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Inputs                
Manure    43.5       43.5       86.9 
N-fix main crop    72 70 74    65 64 54    
N-fix green 
manure       270 294 236       
N-deposition 4 4 4 4 4 4 4 4 4 4 4  4  4 4 4 
Total inputs 4 4 47.5 76 74 78 274 298 283.5 69 68 58 4 4 90.9 
Outputs                
Crop harvest 17.0 

±2.7 
16.5 
±4.2 

25.6 
±5.4 n.a. n.a. n.a. 

70.3 
±12.4 

81.8 
±9.3 

93.9 
±10.6 

58.7 
±12.9 

58.0 
±3.4 

49.4 
±6.0 

99.8 
±13.9 

95.3 
±11.5 

77.4 
±10.0 

Crop residue 
removal                
Green manure 
harvest                
Total outputs                
Surplus -13 -12.5 21.9 n.a. n.a. n.a. 203.7 216.2 189.6 10.3 10 8.6 -95.8 -91.3 13.5 

1 Red clover is left on the field after first cut and first and second are incorporated into soil together after second cut. Since this is an internal nutrient flow the data are not shown in this Table.  

Table I-8b. Nitrogen budget in kg * ha-1 for five crops and three treatments in 2012/2013. Output values are means ± standard deviation, n=4. 

Crop Barley us red clover Red clover
1
 Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Inputs                
Manure    53.9       53.9       107.7 
N-fix main crop    72 70 74    65 64 54    
N-fix green 
manure       270 294 236       
N-deposition 4 4 4 4 4 4 4 4 4 4 4  4  4 4 4 
Total inputs 4 4 57.9 76 74 78 274 298 293.9 69 68 58 4 4 111.7 
Outputs                

Crop harvest 30.6 
±5.0 

28.5 
±3.0 

36.0 
±2.6 n.a. n.a. n.a. 

76.2 
±9.5 

87.3 
±22.2 

77.5 
±6.9 

75.0 
±6.0 

91.3 
±6.2 

86.6 
±10.9 

66.5 
±12.4 

75.1 
±9.3 

77.4 
±9.7 

Crop residue 
removal                
Green manure 
harvest                
Total outputs                
Surplus -26.6 -24.5 21,9 n.a. n.a. n.a. 197.8 210.7 216.4 -6 -23.3 -28.6 -62.5 -71.4 34.3 

1 Red clover is left on the field after first cut and first and second are incorporated into soil together after second cut. Since this is an internal nutrient flow the data are not shown in this Table.  
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Table I-9a. Phosphorus budget in kg * ha-1 for five crops and three treatments in 2011/2012. Output values are means ± standard deviation, n=4. 

Crop Barley us red clover Red clover1 Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Inputs                
Manure    20.6       20.6       41.2 
Total inputs 0.0 0.0 20.6 0.0 0.0 0.0 0.0 0.0 20.6 0.0 0.0 0.0 0.0 0.0 41.2 
Outputs                
Crop harvest 5.1 

±0.5 
4.6 
±1.0 

7.8 
±2.45 n.a. n.a. n.a. 

17.3 
±3.9 

21.4 
±3.4 

21.2 
±2.1 

10.0 
±2.52 

11.4 
±1.3 

8.7± 
0.61 

33.3 
±4.1 

34.9 
±3.3 

29.3 
±3.2 

Crop residue 
removal                
Green manure 
harvest                
Total outputs 5.1 

±0.5 
4.6 
±1.0 

7.8 
±2.45 n.a. n.a. n.a. 

17.3 
±3.9 

21.4 
±3.4 

21.2 
±2.1 

10.0 
±2.52 

11.4 
±1.3 

8.7 
±0.61 

33.3 
±4.1 

34.9 
±3.3 

29.3 
±3.2 

Surplus -5.1 -4.6 12.8 n.a. n.a. n.a. -17.3 -21.4 -0.6 -10.0 -11.4 -8.7 -33.3 -34.9 11.9 
1 Red clover is left on the field after first cut and first and second are incorporated into soil together after second cut. Since this is an internal nutrient flow the data are not shown in this Table.  

 

Table I- 9b. Phosphorus budget in kg * ha
-1

 for five crops and three treatments in 2012/2013. Output values are means ± standard deviation, n=4. 

Crop Barley us red clover Red clover1 Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

Inputs                
Manure    19.3       19.3       38.5 
Total inputs 0,0 0,0 19.3 0,0 0,0 0,0 0,0 0,0 19.3 0,0 0,0 0,0 0,0 0,0 38.5 
Outputs                
Crop harvest 

7.2±0.7 7.2±0.8 9.9±1.8 n.a. n.a. n.a. 
14.1 
±2.4 

13.8 
±3.0 

13.2 
±1.2 

7.9 
±1.3 

10.4 
±1.6 

6.4 
±4.2 

8.1 
±1.2 

11.6 
±1.2 

10.5 
±1.0 

Crop residue 
removal                
Green manure 
harvest                
Total outputs 

7.2±0.7 7.2±0.8 9.9±1.8 n.a. n.a. n.a. 
14.1 
±2.4 

13.8 
±3.0 

13.2 
±1.2 

7.9 
±1.3 

10.4 
±1.6 

6.4 
±4.2 

8.1 
±1.2 

11.6 
±1.2 

10.5 
±1.0 

Surplus -7.2 -7.2 9.4 n.a. n.a. n.a. -14.1 -13.8 6.1 -7.9 -10.4 -6,4 -8.1 -11.6 28 
1 Red clover is left on the field after first cut and first and second are incorporated into soil together after second cut. Since this is an internal nutrient flow the data are not shown in this Table.  
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Table I-10a. Mean nitrogen use efficiency (calculated as N in harvestable product/N in manure, NUE1 or N in harvestable product/(N in manure + N-fixation + N-deposition), NUE2 and 
phosphorus efficiency (calculated as P in harvestable product/P in manure, PUE) for three crops in season 2011/2012, n=4.  

Crop Barley us red clover Red clover Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

NUE1 
- - 

0.59 
± 0.12      

2.16 
± 0.24      

0.89 
±0.11 

NUE2 4.27 4.09 0.54    0.26 0.28 0.34 0.85 0.85 0.85 24.96 23.81 0.85 

PUE   0.5      0.7      0.3 

 

Table I- 10b. Mean nitrogen use efficiency (calculated as N in harvestable product/N in manure, NUE1 or N in harvestable product/(N in manure + N-fixation + N-deposition), NUE2 and 
phosphorus efficiency (calculated as P in harvestable product/P in manure, PUE) for three crops in season 2012/2013, n=4.  

Crop Barley us red clover Red clover Winter Wheat Pea Potato 

Treatment Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II Org 0 Org I Org II 

NUE1 
- - 

0.67 
± 0.13      

1.44 
± 0.23      

0.72 
±0.10 

NUE2 7.66 7.13 0.62    0.27 0.29 0.20 0.87 0.81 0.82 16.64 18.78 0.69 

PUE   0.4      1.0      0.7 
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4 Discussion and conclusion 

Yield 

Crop yields were depending on cropping system and year. In 2013, yields were lower than in 2012 

because of very hard overwintering conditions and a very dry and hot summer, which shortened the 

vegetation period of crops.  

Yield in all rotation crops were higher in systems (Org I and II) with green manure than in systems without 

but the differences were not statistically significant in some crops. In pea and barley there were only  

tendencies to yield increase under influences of green manures in both years. An experiment carried out 

in Sweden also showed that the winter catch crop (as green manure) did not increase grain yields 

significantly in any of the studied years (Stenberg et al., 1999). In potato, green manure (Org I) was giving 

a significant yield increase in 2013. The summer of 2013 was very dry and hot. Water holding capacity as 

well as water permeability was significantly increased in systems with green manure, especially in 

combination with cattle manure. Thus, the effect of green manures became more evident just in 

unfavourable weather conditions. 

Green manures had tendencies to improve soil quality in Org I and Org II systems. In Org I and II systems 

soil organic carbon (C) content was increasing. In 2012, a significant increase of C was established in the 

Org I system and increase was continued in 2013. It is assumed that crop productivity is positively related 

to C amount released into the soil. Additionally, soil pH slightly increased under green manures, but the 

increase was not significant. 

In barley undersown with red clover green manure in combination with cattle manure (Org II) increased 

significantly yield   in both years (2012, 2013).  In 2012 in winter wheat was reached a significant yield 

increase under influence of green manure in combination with cattle manure (Org II), but not in 2013.  

The last case can be explained by the extremely long winter in 2012/2013 which damaged the winter 

wheat plants.  

  

Nitrogen surpluses and nitrogen use efficiency 

On organic farms, significant and frequent organic matter inputs have the potential to regulate organic 

mineralization rates. This fresh organic matter can be incorporated to release nitrogen at critical stages of 

crop nutrition.  

Nitrogen surplus depended on crop. The biomass of the red clover was ploughed into the soil before 

winter wheat, the legume biomass returned into the soil 236–294 kg N ha–1, surplus was 189.6–216.4kg N 

ha-1. Cereals, such as winter wheat and barley are considered to be high nitrogen consumers. In the case 

of total soil nitrogen, values decreased in barley undersown with red clover in Org 0 and Org I compared 

to Org II, in Org II surplus was 29.9 kg N ha-1. Pea and red clover add nitrogen to the soil. In pea in 2012 

surpluses were 8.6-10.3 kg ha-1, but in 2013 surpluses were negative. The lower crop yield and nutrient 

uptake under the Org 0 and Org1 system resulted in somewhat lower surpluses or larger shortages in 

most crops.  

N use efficiency (NUE 2) was depending on crop and cropping system. NUE 2 was the highest in case of 

potato in both years (Org 0 and Org I). In case of green manure+ cattle manure (Org II) NUE 2 in potato 

was 0.85 (2012) and 0.69 (2013). In 2012 the low NUE2 of potato was related to a low potato yield. NUE2 

was lowest in winter wheat in all cropping systems. In addition, the lowest NUE2 of wheat was not always 

associated with the control treatment (Org 0). Comparing the systems the best N usage efficiency was 

observed in the system without green manure crops (Org 0) compared to Org I and Org II, as N-deposition 

was the only source of nitrogen in Org 0 system. However, in the long run, such a high nutrient level is not 

likely to be maintained due to depletion of soil nitrogen and subsequent lower yields related to negative 

nitrogen budgets. Inclusion of a nitrogen-fixing green manure crop reduced the N efficiencies 
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considerably (NUE2). This however, does not mean that the whole systems is less efficient: nitrogen from 

the green manure crop is, after all, organically bound and will come available to crops later in rotation and 

may contribute to the build-up of soil organic matter in the meantime.  

Only the presence of legumes in a crop rotation such as the Org 0 system does not ensure the 

preservation and improvement of soil fertility, therefore is a need for further use of the green manures as 

winter catch crops in combination with composted cattle manure (Org II). Also, winter catch crops are 

reducing the loss (by leaching and denitrification) of plant-accessible soil nutrients during vegetation-free 

periods and catch crops improve soil quality by adding organic matter. The efficiency of binding nitrogen 

depends on the length of the growing season, crops and cropping system.  

In 2012, the total biomass of catch crops varied from 470 kg ha-1 of winter oilseed rape to 1050 kg ha-1 of 

winter rye, which bound 11 (winter oilseed rape) –13.2 (winter rye) kg N ha-1 in systems with green 

manures (Org I and II). In 2013, the catch crops produced a modest amount of biomass due to 

unfavourable weather conditions. After catch crop incorporation into the soil N mineralization starts, and 

with good timing part of the mineralized N becomes available for the next main crop. 

 

Phosphorus surpluses and phosphorus use efficiency 

The P-surplus depended on crop and cropping system. Considering that an average of 80% of the roots 

are situated in the ploughed layer (Freyer, 2002), it may be assumed that approximately 80% of the P 

taken up is from the humus layer and the rest from deeper soil layers. In our trial, depending on weather 

conditions and biomass of green manure crops (red clover and others) took up up to 40 kg P ha–1 (average 

20 kg P ha–1). Cereal grains removed 4.6–21 kg P ha–1 and potato up to 35 kg P ha–1 from the field every 

year. In Org 0 and Org I P surplus was negative. The negative P surplus will be a problem in the future, 

given the medium P content of the soil. Therefore, manure is necessary to deliver phosphorus to crops. 

Only in Org II phosphorus balances were close to neutral. Phosphorus use efficiency was highest for 

winter wheat in both years. However as phosphorus was only an input in the Org II-system, a comparison 

of phosphorus use efficiency between systems could not be made. 
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II Tillage, fertilization and green manure-trial, Gallecs  

Universidad de Barcelona, Spain 
F.X.  Sans, P. Baldivieso Freitas 

1 Introduction: rationale and goal of the experiment 

The incorporation of conservation agriculture techniques (e.g. reduced tillage and green manures) in 

organic farming is a major challenge which can contribute to  enhanced soil fertility, nutrient use 

efficiency, yields and sustainability. Nitrogen (N) management is fundamental to optimise crop yields and 

quality in organic farming (Berry et al., 2002). Nitrogen management techniques may need to be adapted 

when reduced tillage systems and green manures are introduced (Peigné et al., 2007), taking into account 

impacts of changes in soil conditions (e.g. soil water, organic matter and temperature) and weed 

competition on the availability patterns of N (Berner et al., 2008; Sans et al., 2011) . The introduction of 

green manures (including N2-fixing legumes) allows increasing the efficiency of nutrients use, thereby 

reducing off-farm inputs. The incorporation of conservation agriculture practices in the Mediterranean 

region presents several challenges because of the climatic conditions and soil characteristics. The high 

temperature may facilitate the mineralization of organic matter, while the low water availability can slow 

it. Several studies show that reduced tillage promotes soil water retention and is an excellent strategy to 

deal with erosion, which is very relevant in the Mediterranean region (Unger et al. 1994; Drury et al. 

1999; Moussa-Machraoui- et al. 2010).  

The Gallecs short-term trial aims to develop a sustainable arable cropping system by the introduction of 

reduced tillage and green manures under Mediterranean climate. The present work reports on the effect 

of tillage (conventional vs. reduced) and green manure (with and without) on (1) N-budget and nitrogen 

use efficiency and (2) crop yield.   

The following questions are discussed in relation to the available trial results:  

1. Is N-min limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures (under reduced tillage conditions)?  

3. Does the use of green manures (under reduced tillage conditions) lead to enhanced nitrogen 

availability and nitrogen use efficiency?  

4. How do reduced tillage techniques affect nitrogen availability and nitrogen use efficiency? 

2 Materials and methods 

2.1 The experiment 

The experiment was established in the rural area of Gallecs, in the municipality of Mollet del Vallès, 

located 15 km north of Barcelona, Spain (2° 12' 7.6" E, 41° 33' 42.8" N). This area is a publicly owned peri-

urban agricultural area of 753 ha located 15 km north of Barcelona. In 2005, farmers and the Consortium 

of Gallecs started the conversion to organic agriculture of the rain fed land. The Research Group Ecology 

of Agroecosystems of the University of Barcelona monitors the conversion of 225 ha to organic farming to 

spread organic farming to the whole of this territory, thus converting Gallecs in the largest area devoted 

to organic farming in Catalonia. The mean annual temperature and precipitation are 14.9 oC and 647 mm, 

respectively. 

In autumn 2011 a field experiment was established, comprising three factors with two levels each: soil 

tillage (conventional (Plough) vs. reduced (Chisel)), fertilisation (with fertilisation (+ Fertilisation) vs. no 
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fertilisation (- Fertilisation)) and green manure (with green manure (+ Green Manure) vs. without green 

manure (- Green Manure)). The three factors and four replicates were arranged in a split-split plot, with 

tillage as main factor, fertilisation as sub-factor and green manure as sub-sub factor in four repetitions. 

Plot size was 13 m x 12 m, allowing the use of regular-sized farming equipment (Figure II- 1). The field had 

been under organic management, with typical dry Mediterranean crop rotation, alternating cereal and 

legume for both human consumption and livestock forage. Before the experiment started, the field site 

was uniformly planted in 2011 with bitter vetch (Vicia ervilia). The following crops were cultivated: winter 

wheat (Triticum spelta L., 2011–2012) and chickpeas (Cicer arietinum L., 2012–2013). 

 
Figure II- 1: Experimental design for the long-term experiment 

Conventional tillage system consisted of a treatment with a mouldboard plough (soil inversion; Two blade 

plough + B2400 Bi Speed Turn, KUBOTA) and a rotary harrow (HR3003D, Kuhn) for seedbed preparation. 

In the reduced tillage system, a chisel plough (no soil inversion; CLC Kverneland) was used and a rotary 

harrow for seedbed preparation. The fertilisation treatment consisted of farmyard composted manure 

applied yearly in the fertilised plots. The total amount of manure applied depended on the crop. In 2011 

before the spelt sowing 134.6 Kg Ntotal  ha-1 were applied, while 40.04 Kg Ntotal ha-1 were incorporated into 

the soil before chickpeas sowing. The organic fertilisers were mixed in the soil by means of chisel or 

plough according to the tillage treatment. In autumn 2012, green manure was sown in the corresponding 

plots. It consisted of a mixture of oat (Avena sativa L.), white mustard (Sinapis alba L.), bitter vetch (Vicia 

ervilia (L.) Willd.) and common vetch (Vicia sativa L.). In March, green manure was incorporated into soil 

by disc harrowing. It was not possible to establish the green manure after chickpeas harvest because of 

the long period of drought. 

 

No post-emergence weed control was carried out in spelt crop because of the heavy rains from March to 

April and weeds were removed by an inter-row cultivator twice during the chickpeas cropping period. 

Cereal and chickpea grain was harvested by a plot combine (Elite, WINTERSTEIGER, Inc.). Grain crop yield 

was assessed in the inner 9 × 8 m of each plot. The spelt straw was chopped by a straw chopper hammer 

(BB-P-240, Belafer) and incorporated into soil by disc harrowing, and chickpeas straw was incorporated 

into soil by disc harrowing. The green manure consisted of a mixture of oat (Avena sativa), white mustard 

(Sinapis alba), bitter vetch (Vicia ervilia) and common vetch (Vicia sativa) (Table II- 1).  
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Table II- 1. Dates of farm operations, sowing characteristics and total N (Nt) and N mineral (Nmin).  A = oat; B = white 
mustard; C = bitter vetch; D = common vetch. 

                                                                                                   Spelt                                         Chickpeas 

Sowing  

     Sowing date     14 December 2011                13 April 2013 

     Sowing quantity: seeding rate (kg ha-1) 195   30 

     Distance between rows    12 cm                                       75 cm 

Tillage 

     Conventional tillage 

        Mouldboard plough, depth 20 cm   12 December 2011                28 March 2013 

        Rotary Harrow, depth 5 cm   14 December 2011                13 April 2013 

     Reduced tillage 

        Chisel, depth 20 cm                                    14 December 2011                28 March 2013 

        Rotary harrow, depth 5 cm   14 December 2011                13 April 2013 

Fertilisation 

    Manure compost    12 December 2011                28 March 2013 

    Amount of manure compost, Nt/Nmin kg ha-1  134.6/104.49                          40.05/21.25 

Weed control     No weed control                    30 May 2013 

Straw management 

     Straw chopper hammer    14 September 2012                

     Disc harrow     18 September 2012               23 October 2013 

Green manure       

     Sowing date     17 October 2012 

     Sowing quantity: seeding rate (kg ha-1)   45.8 A+ 1.5B + 61C +39.7D 

     Distance between rows    12 cm 

     Mowing and burial    28 Marc 2013 
 

Soil sampling and soil analysis 

The soil was studied at two depths: from 0 to 10 cm, hereafter, surface, and from 10 to 20 cm, hereafter, 

and depth. Twenty soil cores of 2.5 cm of diameter and 20 cm deep was extracted by means of an 

Eijkelkamp soil auger in each plot on 29 November 2011. Each set of 20 cores extracted at each plot and 

depth constituted a sample, so there were two samples for each quadrant. Soil texture, pH-KCl and oil 

bulk density were analysed following standardized protocols of the Handbook of methods. While total 

carbon and total nitrogen were analysed through dry combustion with a LECO© Truspec CHNS analyser 

following the handbook of methods, the Walkley-Black procedure /ISO 14235) was finally chosen to 

indirectly estimate the soil  organic carbon (SOC) due to the high proportion of carbonates.  

Crop biomass and yield and biomass N-content 

On 5 July 2012 and on 1 August 2013 we collected the whole aboveground biomass of spelt and chickpea 

respectively of the 4 permanent frames by using a pair of clippers. Grain crop yield was assessed in the 

inner 9 x 8 m of each plot. The harvested biomass was oven-dried at 60 °C for 48 h. The plant N content 

(% N) was evaluated using the Dumas combustion method.   
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N-fixation and nutrient use efficiency 

N-fixation was calculated according to Hansen (in prep.) after Høgh-Jensen et al. (2004)): 

BNFc = yield x N-content x Pfix x (1 +Proot+stubble+Ptranssoil+Pimmobile)  

Wherein  

BNFc: biological nitrogen fixation 

 Pfix: proportion of N in shoot fixed from atmosphere (80-95%) taken from Amossé. 

 Non-harvested N: 55% of N in aboveground biomass:  

 Proot+stubble: fixed N2 in root and stubble, 25%  

 Ptranssoil: below-ground transfer of BFcN to grasses, 5%  

 Pimmobile: BFcN immobilized in soil, 25%  

For P-fix (% of aboveground nitrogen derived from the atmosphere) according to Amossé et al. (2013):  

No leguminous crop: 0; Medicago sativa: 0,96;  Medicago lupulina: 0,87; Trifolium pratense: 0,84; 

Trifolium repens: 0,71 If your crop is not included in this list, please choose the value of the crop most 

similar to one of those 

 

Nutrient use efficiency was calculated as: NUE1: N in harvestable product (kg/ha)/N inputs in manure, 

compost and/or cut-and-carry-fertilizer (i.e. external N-inputs) (kg/ha), and as NUE2: harvested nitrogen in 

% of nitrogen supplied (from biological nitrogen fixation, atmospheric N-deposition, fertilization, manuring. 

3 Results 

3.1 Crop and soil data 

3.1.1 Soil characteristics 

The soil type is loamy clay with a proportion of 27.7% clay, 27% silt and 43.3% sand. At the beginning of 

the experiment, the soil contained 1.6% of organic matter and had a pH (H2O) of 8.1 and it was very rich in 

calcium (4974 mg kg-1). Mean total N content was 0.11% and the mean amount of P was 16.78 mg/kg. The 

soil bulk densities of soil were of 65.5 g / cm ³ at 0-10 cm deep, 69.4 g / cm ³ at 10-20 cm, 72.6 g / cm ³, 

20-30cm and 73.3 g / cm ³ at 30 to 40 cm.  

Mean yield of spelt grain, green manure and chickpea are shown in Table II- 2, Table II- 3 and Table II- 4 

respectively. Mean N-content of spelt grain, green manure and chickpea are shown in Table II- 5, Table II- 

6 and Table II- 7. 

Table II- 2. Mean (± standard error) spelt grain yield (kg ha
-1

) in the different treatments (n=8 plots).  

 Conventional tillage Reduced tillage 

No Fertilization 2389.20 ± 40.67 2319.60 ± 75.33 
Fertilization 2682.00  ± 31.69 2734.30 ± 67.12 

Table II- 3. Mean (± standard error) green manure yield (g m
-2

) in the different treatments (n=4 plots).  

 Conventional tillage Reduced tillage 

No Fertilization 378.02 ± 6.442 331.24 ± 54.538 
Fertilization 353.24 ± 23.997 378.10 ± 31.44 
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Table II- 4. Mean (± standard error) chickpea yield (kg ha-1) in the different treatments (n=4 plots).  

 Conventional tillage Reduced tillage 

No Green manure  
No Fertilization 

409.10 ± 30.64 412.02 ± 26.83 

No Green manure  
Fertilization 

366.10 ± 38.85 327.43 ± 44.60 

Green manure 
No Fertilization 

462.92 ± 16.15 497.85 ± 19.67 

Green manure  
Fertilization 

297.41 ± 35.24 299.23 ± 49.55 

Table II- 5. Mean (± standard error) N-content spelt crop (kg ton-1) in the different treatments (n=8 plots) 

 Conventional tillage Reduced tillage 

No Fertilization 15.08 ± 0.22 15.28 ± 0.42 
Fertilization 18.33  ± 0.64 17.66 ± 0.71 

Table II- 6. Mean (± standard error) N-content green manure (kg ton-1) in the different treatments (n=8 plots)  

 Conventional tillage Reduced tillage 

No Fertilization 25.76 ± 0.45 26.97 ± 0.63 
Fertilization 26.23 ± 0.84 29.29 ± 0.59 

Table II- 7. Mean (± standard error) N-content chickpeas yield (kg ton-1) in the different treatments (n=4 plots) 

 Conventional tillage Reduced tillage 

No Green manure  
No Fertilization 

41.50 ± 0.49 40.52 ± 0.84 

No Green manure  
Fertilization 

41.11 ± 0.81 41.44 ± 0.65 

Green manure 
No Fertilization 

42.14 ± 0.78 40.16 ± 0.16 

Green manure  
Fertilization 

42.70 ± 0.66 43.11 ± 0.42 

3.2 Nitrogen budget  

The nitrogen budget for spelt in 2011/2012 is shown in Table II- 8. Table II- 9 shows the nitrogen budget 

for chickpea (2012/2013). 

Table II- 8. Mean (± standard error) spelt nitrogen budget (kg ha-1) in the different treatments (n=4 plots) 

Input P-F P+F C-F C+F 

Organic inputs 
(manure/compost/cut-and-carry-
fertilizer) 

 134.60  134.60 

Fertilizers     

N-fixation main crop1 - - - - 

N-fixation green manure crop2     

Deposition (N only) 18.00 18.00 18.00 18.00 

Total inputs 18.00 152.60 18.00 152.60 

Output     

Crop harvest (uptake that is 
removed from the field)

1
 

33.25 ± 0.98  45.48 ± 1.94 32.84 ± 1.81 44.60 ± 2.46 

Residue removal1     

Green manure removal1 - - - - 

Total outputs 33.25 45.48 32.84 44.60 

Surplus -15.25 ± 0.98 107.12 ± 1.94 -14.84± 1.81 108± 2.46 

P: Conventional tillage, C: Reduced tillage, +F: With fertilization, -F: Without fertilization  

1Calculation method is explained in the method section.  
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Table II- 9. Mean (± standard error) chickpea nitrogen budget (kg ha-1) in the different treatments (n=4 plots) 

Input P-F-GM P+F-GM P-F+GM P+F+GM C-F-GM C+F-GM C-F+GM C+F+GM 

Organic inputs 
(manure/compost/cut
-and-carry-fertilizer) 

- 40.40 - 40.40 - 40.40 - 40.40 

Fertilizers         

N-fixation main crop2 18.76 ± 1.50 16.15 ± 1.49  21.33 ± 0.46  14.16 ± 1.85 18.36 ± 1.22 14.77± 1.91 22.05 ± 0.96 14.08 ± 2.25  

N-fixation green 
manure crop1 

- - 93.61 ± 1.89 88.87 ± 4.01 - - 87.05 ± 8.47 106.02 ± 4.22 

Deposition (N only) 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00 

Total inputs 36.76 74.55 132.94 161.43 36.36 73.17 127.1 178.5 

Output         

Crop harvest (uptake 
that is removed from 
the field) 

17.04 ± 5.47  14.68 ± 5.42 19.38 ± 1.67 12.87 ± 6.74 16.69 ± 4.42 13.42 ± 6.95 20.03 ± 3.49 12.80 ± 8.20  

Residue removal - - - - - - - - 

Green manure 
removal 

- - - - - - - - 

Total outputs 17.04 14.68  19.38 12.87  16.69  13.42  20.03  12.80  

Surplus 19.72 ± 0.14 59.87 ± 0.13 113.56 ± 1.90 148.56 ± 3.94 19.67± 0.11 59.75± 0.17 106.8± 8.43 165.7± 4.14 

P: Conventional tillage, C: Reduced tillage, +F: With fertilization, -F: Without fertilization, +GM: With green manure, -GM: Without green manure 
1Calculation method is explained in the method section.  
 

Data on phosphorus inputs and outputs are not available. 
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3.3 Nitrogen use efficiency 

Calculated nitrogen use efficiencies (NUE1 and NUE2) are shown in Table II- 10 and Table II- 11 for spelt 

and chickpea. 

Table II- 10. N use efficiency for the treatments with different modes of tillage and fertilization in spelt crop. Mean (± 
standard error)  values are shown (n=4). 

 NUE1 NUE2 
P-F - 1.84±0.05 

P+F 0.34 ± 0.01 0.30±0.01 

C-F - 1.82±0.10 

C+F 0.33± 0.02 0.29±0.02 

P: Conventional tillage, C: Reduced tillage, +F: With fertilization, -F: Without fertilization,  
+GM: With green manure, -GM: Without green manure 

Table II- 11. N use efficiency for the treatments with different modes of tillage and fertilization in chickpeas crop. Mean 
(± standard error) values are shown (n=4). 

 NUE1 NUE2 
P-F-GM - 0.45 ± 0.01 

P+F-GM 0.36 ± 0.03 0.19 ± 0.02 

P-F+GM  0.15± 0.00 

P+F+GM 0.32 ± 0.04 0.08 ± 0.01 

C-F-GM - 0.45 ± 0.01 

C+F-GM 0.33±0.04 0.18 ± 0.02 

C-F+GM  0.17± 0.02 
C+F+GM 0.32±0.05 0.07 ± 0.01 

P: Conventional tillage, C: Reduced tillage, +F: With fertilization, -F: Without fertilization,  
+GM: With green manure, -GM: Without green manure 

4 Discussion and conclusion 

We did not analyse the N-min. However, grain yields of spelt and chickpea crops did not vary between 

tillage treatments in both conventional and reduced tillage systems, thus nutrients did not seem to be 

more limiting in reduced tillage systems compared to conventional systems. The grain yield of spelt was 

enhanced by fertilisation with composted farmyard manure (F=19.98; P<0.001), indicating that the 

unfertilised treatments were nutrient-limited 

 

A green manure * fertilization-interaction was observed for chickpea yield. 

Green manure did not have significant effects on chickpea crop performance under reduced or 

conventional tillage conditions. The chickpea grain yield was significantly lower  in plots with green 

manure and fertiliser (interaction including weed biomass: F= 39.31; P<0.001, including weed density: 

F=19.68; P=0.001 and including weed cover: F= 3.84; P= 0.05), when the weed abundance is incorporated 

in the statistical model. This pattern reflects the negative interaction between green manure and 

farmyard manure on the chickpea crop performance.  The significant lower crop yield in plots with 

fertilization and with green manure could be explained by the negative effect of both sources of 

fertilization on crop performance and the higher weed abundance before weed control. The higher 

surplus of N in plots with green manure and farmyard manure could negatively affect the nodulation of 

the legume crop and consequently its growth (Osman et al., 1998). 

 

The incorporation of green manure affected the N availability for chickpea crop. Thus, the chickpea grain 

yield was enhanced in plots with green manure and without fertilisation, while it decreased in plots with 

green manure and with farmyard manure.  
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NUE1 was neither significantly affected by tillage nor by green manure.  Green manure decreased NUE2 in 

both fertilised and unfertilised treatments (F=20.28, P<0.001). In unfertilised treatments, this is most 

likely related to additional nitrogen input from the leguminous green manure, whereas in the fertilized 

treatments the additional nitrogen input from green manure and fertilization as well as the lower 

chickpea yield explains the result. 

 

The nitrogen availability was not affected by tillage because grain yields of spelt and chickpea crops did 

not vary between tillage treatments. The nitrogen use efficiency estimated by NUE1 and NUE2, was not 

affected by tillage in the chickpea crop (NUE1, F=0.01, P=0.91; NUE2, F=0.002, P=0.97). The NUE1 also did 

not differ in relation to tillage in the spelt crop (F = 0.03, P=0.86). 
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III G7-trial, Flanders  

ILVO, Belgium 
K. Willekens1, B. Van Gils2 

1 Introduction: rationale and goal of the experiment 

The G7 trial is a multiyear field trial (2012 - …) under conditions of organic agriculture at the Institute for 

Agricultural and Fisheries Research (ILVO) in Flanders (Belgium). Effects of soil tillage practice, green 

manure termination strategy and on- or off-farm organic amendments on nutrient availability and crop 

performance are investigated. Reduced non-inversion tillage is compared with conventional ploughing. 

Besides the tillage factor, different strategies of grass-clover sward destruction were evaluated in the first 

year, whereas in the second year, the effect of a cut-and-carry fertilizer was assessed and farm compost 

application was included as additional (third) factor. 

Specific research questions for this trial were: 

 To which extent would grass-clover ley management in spring, prior to its destruction, affect nutrient 

availability in the soil profile during the growing season and subsequent nutrient uptake by a leek 

crop (Allium porrum)? 

 What is the fertilizer value of grass-clover, as a cut-and-carry fertilizer, and of on-farm prepared 

compost for a celeriac crop (Apium graveolens var. rapaceum)? 

 Does incorporation of a ley or the use of a cut-and-carry fertilizer imply the need for inversion tillage 

or may non-inversion tillage be a feasible option? 

 Does the effect of tillage type interact with the fertilization practice with respect to nutrient 

availability in the soil and nutrient uptake by the main crop? 

2 Materials and methods 

Experimental field 

Average annual air temperature at the experimental site is 10.5 °C and average precipitation is  

850 mm a-1. Early spring 2012, soil was sampled in three layers (0-10, 10-30 and 30-60 cm) for analysis to 

characterize the initial soil status in four blocks of the experimental field (Figure III- 1). Soil texture was 

assessed for the field as a whole. 

Leek 2012 

Previous to the experiment, maize (Zea mays subsp. mays) and flax (Linum usitatissimum) were grown in 

2009 and 2010, respectively. A grass-clover ley (Lolium perenne, Trifolium pratense and Trifolium repens) 

was established in September 2010 after flax and it was either mowed or mulched in the growing season 

2011. In 2012, the ley was destroyed either on March 19th (GM 1) or on May 18th. In case of late 

destruction, two variants occurred, namely the removal of a full-grown grass-clover cut (GM 2) and a 

previously repetitively mulched grass-clover sward (GM 3). Destruction was done by cutting above-ground 

plant parts from the root system with an Actisol equipped with goosefoot shovels in a shallow setting, 

followed by a rotary harrow. After the destruction of the grass-clover sward, a leek crop was grown. For 

optimum assessment of the amount of N released from the grass-clover sward and the N utilization by the 

                                                             
1
 Contact information: koen.willekens@ilvo.vlaanderen.be, ++32 9 272 26 73 

2
 Contact information:  bert.vangils@ilvo.vlaanderen.be, ++32 9 272 26 76 

mailto:koen.willekens@ilvo.vlaanderen.be
mailto:bert.vangils@ilvo.vlaanderen.be
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leek, the main crop was not fertilized. The N restitution from the grass-clover sward was determined for 

the different green manure variants. With regard to GM 3, the plant shoot biomass and N content were 

determined just before mulching on March 14th, April 16th and May 8th. The N amount determined in plant 

shoots on March 14th was also representative for GM 1. The N yield of the full-grown grass-clover sward 

(GM 2) was determined just before mowing on May 8th. At every turn, grass-clover was mowed and 

collected in four strips of 1.6 by 4 meter in four replicates (per block).  

Preparatory soil tillage just before planting leek on June 20th was done either by conventional tillage with 

a mouldboard plough (CT) up to 30 cm depth, or by reduced non-inversion tillage (RT) with an Actisol 

down to a depth comparable to ploughing. Combining two tillage methods (RT and P) and three green 

manure variants (GM 1, 2 and 3) resulted in six different soil management treatments. These treatments 

were arranged in the field according to a split-plot design with four replicates and with tillage as the main-

plot factor and green manure as the subplot factor. Individual subplots were 7.5 by 30 meter. An overview 

of the experimental lay-out is shown in Figure III- 1. 

 
Figure III- 1. Experimental lay-out of the G7 trial at ILVO, Merelbeke, Belgium. Split-split-plot design with four replicates 
(blocks); Bx: Blockx; P: conventional ploughing; RT: reduced tillage; GM1, 2 and 3: green manure variants; grey-shaded 
sub-subplots: application of soil-improving amendment (from 2013 on). 

On a regular basis, mechanical weed control was performed. After the diagnosis of leek moth 

(Acrolepiopsis assectella), the entire field was treated twice with XenTari® (Bacillus thuringiensis) in 

August. 
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For assessment of N availability by analysing soil mineral nitrogen content (i.e. NO3
–-N and NH4

+-N), soil 

profile sampling was performed on (1) June 14th (0-30 cm) after grass-clover sward destruction and before 

main tillage and planting, (2) August 13th (0-60 cm) 8 weeks after planting and (3) October 30th (0-90 cm; 

residual mineral N) at leek crop harvest.  

Leek gross yield (entire plant biomass) was determined by harvesting three times four meter per subplot 

in three different rows. Entire plant dry matter, N and P content were determined in order to calculate N 

and P output by leek harvest. No crop residues remained on the field. Besides gross yield, marketable 

yield was determined as well. 

Celeriac 2013 

In 2013, a celeriac crop was grown and fertilized with grass-clover silage (cut-and-carry fertilizer) in 

following dosages: zero (GM2), 9.8 (GM1) and 19.6 Mg ha-1 (GM3), which corresponded with zero, 96 and 

191 kg N ha-1. The subplots having received the lowest, intermediate and highest N restitution from the 

grass-clover sward in 2012 did receive the lowest, intermediate and highest N input by grass-clover silage 

application in 2013, respectively. Compost application in early spring 2013 was added as a third factor to 

the experiment, with half of each subplot receiving zero or 32.9 Mg ha-1. Compost was prepared at ILVO 

and composed of poplar bark, wood chips, grass clippings, hay, cereal straw and chicken manure. 

 

Characterization of the nutrient composition of the compost that was applied:  

Dry matter: 31.8% 

Organic matter (%/fresh): 18.0% 

Organic matter(%/dry matter): 56.6% 

N: 5.6 kg Mg-1 

P2O5: 8.1 kg Mg-1 

K2O: 7.3 kg Mg-1 

 

On May 16th, the celeriac crop was planted. Preparatory soil tillage just before planting was done either 

by conventional tillage with a plough (CT) or by reduced non-inversion tillage (RT) with the Actisol. 

Combining two tillage methods (RT and P), three cut-and-carry fertilizer variants (GM 1, 2 and 3) and two 

compost doses resulted in twelve different soil management treatments. With four replications, this 

resulted in 48 plots, each measuring 7.5 by 15 meter (Figure III- 1). On a regularly basis, mechanical weed 

control was performed, with some additional manual weeding. No crop protection agents were used in 

2013. 

 

For assessment of N availability by analyzing soil mineral nitrogen content (i.e. NO3
–- and NH4

+-N), soil 

profile sampling was performed on (1) March 19th (0-30 cm) before application of compost and cut-and-

carry fertilizer, main tillage and planting, (2) on June 25th (0-60 cm) after compost and cut-and-carry 

fertilizer application, main tillage and planting, on August 26th (0-60 cm) and (4) on November 20th (0-90 

cm; residual mineral N) at celeriac harvest.  

 

Tuber gross yield (tuber plus part of the root system) was determined by harvesting three times five 

entire plants per sub-subplot in three different rows (five plants per row). Tubers and foliage were 

separated and weighed. Dry matter, N and P content of tubers (inclusive of part of the root system) were 

determined in order to calculate N and P output by the celeriac harvest. The foliage remained on the field. 

The ratio between tuber marketable and gross yield, was determined for a limited number of plots 

assuming that this ratio was not dependent on the treatments. 
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Soil and plant analyses 

TOC content was measured on oven-dried (70 °C) soil samples by dry combustion at 1050 °C with a Skalar 

Primacs SLC TOC-analyzer according to ISO 10694. For soils with pH-KCl >6.5, inorganic carbon was 

measured separately; none of the samples had inorganic carbon levels higher than the limit of 

quantification. Total nitrogen (Ntot) content was determined by dry combustion (Dumas principle) with a 

Thermo flash 4000 according to ISO 13878. pH was measured potentiometrically in a 1M KCl solution (1:5 

v/v) according to ISO 10390. Plant available calcium and potassium were determined by shaking 5 g air-

dried soil in 100 ml ammonium lactate for 4 hours (Egnèr et al., 1960) and were measured using a CCD 

simultaneous ICP-OES (VISTA-PRO, Varian, Palo Alto, CA). Soil texture was determined with the pipette 

method of Robinson-Köhn (ISO 11277). 

Mineral nitrogen content was extracted (1:5 w/v) in a 1 M KCl solution according to ISO 14256-2 and 

measured with a Foss Fiastar 5000 continuous flow analyzer. Soil moisture content was determined as the 

weight loss at 105 °C. To determine bulk density (BD) of the 0-10 cm, 10-30 and 30-60 cm layer, 

undisturbed soil cores (100 cm3) were taken with an auger (Eijkelkamp Agrisearch Equipment) at 

approximately 5 cm, 20 cm and 45 cm below the soil surface, respectively (ISO 11272). Those  bulk density 

values were used to calculate the amount of mineral N per hectare over the considered soil profile 

depths.  

To determine plant parts dry matter content, crop subsamples were dried in a ventilated oven at 70°C 

during at least 48h. Their N content was determined on ground dried plant material according to the 

Kjeldahl method (ISO 5983-2). Their P content was determined using a spectrophotometric method ICP-

AES (NBN and ISO11885:2009). 

Nitrogen fixation and nutrient use efficiency 

For calculation of nitrogen fixation by the grass-clover sward during spring 2012 before it was destroyed, 

the following formula was used: 

BNFc = yield x N-content x Pfix x (1 + Non-harvested N) 

BNFc: biological nitrogen fixation 

Pfix: proportion of N in shoot fixed from atmosphere (80-95%) taken from Amossé. (2013). For White 

clover (Trifolium repens) Pfix is 0,71. 

Non-harvested N: 55% of N in aboveground biomass: 

 Proot+stubble: fixed N2 in root and stubble, 25%  

 Ptranssoil: below-ground transfer of BFcN to grasses, 5%  

 Pimmobile: BFcN immobilized in soil, 25%  

 

Two assumptions were used for calculating this biological nitrogen fixation: 

(1) The portion of clover in the sward was 10% in early spring (GM1) and in the repetitively mulched 

sward (GM3), whereas it was 20% in plots with a full grown cut in May (GM2). 

(2) The nitrogen content of clover was derived from the nitrogen content of the grass-clover sward.  It 

was supposed to be 15% higher than the nitrogen content of the total sward. 

 

N use efficiencies were calculated either as: N in harvestable product (kg/ha) divided by N inputs in 

compost and cut-and-carry-fertilizer (i.e. external N-inputs) (kg/ha) (Neff) and as harvested nitrogen in % 

of nitrogen supplied (from biological nitrogen fixation, atmospheric N-deposition, compost and cut-and-

carry fertilizer application)(N-eff%). 



 TILMAN-ORG   Final report of work package 5.1 29 

Data analysis and presentation 

Effects of individual measures (factors) and interactions were assessed by (split-)split-plot ANOVA and 

presented in relative terms. The Scheffe method was used for multiple comparisons of the means. Results 

per treatment (combination of variants of the respective measures) were presented in absolute terms. 

3 Results 

3.1 Crop and soil data 

3.1.1 2012 

Initial soil chemical status 

Initial soil chemical data are presented in Table III- 1.  

Table III- 1. Characterization of the soil at the G7 experimental field, February 2012 

Ntot: total nitrogen content ; TOC: total organic carbon ; P-AL and K-AL: plant available phosphorus and potassium;  
Clay < 2µm ; Loam 2-50µm ; Sand > 50µm 

 

Soil texture is a sandy loam according to the USDA texture classification. Comparing average 0-10 and 10-

30 cm values in Table III- 1 with the target zone for arable farming in a sand-loam soil texture (Maes et al., 

2012), pH-KCl was ‘rather low’, TOC was ‘rather low’, P-AL was ‘rather high’ (blocks 1-3) to ‘high’ (block 4) 

and K-AL was ‘rather low’. 

Green manure aboveground biomass production and corresponding N amount 

The different green manure variants showed large differences in biomass production and the N restitution 

from above-ground plant parts. For GM 1, where a short canopy was cut (1.3 Mg DM ha-1) and left as 

mulch on the field before destruction of the sward in March, the N restitution from above-ground plant 

parts was 46 kg N ha-1 versus zero for the GM 2 variant (removal of a full-grown cut of 4.5 Mg DM ha-1 in 

May, 87 kg N ha-1). Compared to GM1, two additional turns of mulching for GM3 resulted in an extra 

biomass production of 3.4 Mg DM ha-1 and an additional N restitution of 87 kg N ha-1. So, three times 

mulching resulted in a biomass production of 4.7 Mg DM ha-1 and yielded of 133 kg N ha-1. 

 

On June 14th, significant differences in soil mineral N reserve in the 0-30 cm arable layer were found 

between all green manure variants (ANOVA p < 0.001, Scheffe, p < 0.05). Early destruction (GM1) showed 

the highest soil mineral N content (79 kg ha-1) and in case of late destruction the lowest content occurred 

in GM2 where the full grown cut was removed (44 kg ha-1) compared to GM3 (61 kg ha-1) in which N of 

the repetitively mulched sward stayed on the field. On August 13th, a significant difference in soil mineral 

Soil layer pH TOC Ntot P-AL K-AL Soil texture

Block depth (cm) KCl % % mg/100g mg/100g Sand (%) Silt (%) Clay (%)

1 0-10 5.16 1.01 0.092 20.6 9.6 67.0 20.7 12.3

10-30 5.83 0.98 0.089 23.0 10.3 66.0 19.3 14.8

30-60 5.73 0.50 0.046 9.9 8.6 65.0 18.9 16.0

2 0-10 5.24 1.04 0.099 22.8 12.1 67.0 20.7 12.3

10-30 5.88 1.03 0.091 26.3 11.1 66.0 19.3 14.8

30-60 5.96 0.61 0.059 13.7 11.4 65.0 18.9 16.0

3 0-10 5.47 1.08 0.096 30.2 12.6 67.0 20.7 12.3

10-30 6.00 1.01 0.088 30.3 15.2 66.0 19.3 14.8

30-60 5.96 0.63 0.055 17.0 12.3 65.0 18.9 16.0

4 0-10 5.26 1.09 0.093 30.7 13.4 67.0 20.7 12.3

10-30 5.83 1.08 0.092 35.3 14.8 66.0 19.3 14.8

30-60 5.88 0.61 0.056 14.8 10.9 65.0 18.9 16.0
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N reserve in the 0-60 cm soil profile was found between GM1 (191 kg ha-1) and GM2 (139 kg ha-1) (ANOVA 

p < 0.05, Scheffe, p < 0.05), with an intermediate value for GM3 (164 kg ha-1). No effect of the tillage 

factor was found on N availability. 

Crop yield (total biomass, marketable) and N uptake 

The leek crop was harvested on October 30th 2012. Leek gross and marketable yield and exported N by 

harvesting leek entire plants are presented in Table III- 2. The average ratio between marketable and 

gross yield was 0.69. 

Table III- 2. Leek gross and marketable yield and N export by the leek entire plant harvest 

 
GM1, 2 and 3: green manure variants; P: conventional ploughing; RT: reduced tillage 

 

Statistical analysis (ANOVA split-split-plot design) revealed that GM2 resulted in a 13% (p < 0.05) lower 

biomass production compared to GM3. There was no significant effect of the tillage factor. GM2 had a 15 

and 17% lower N uptake compared to the N uptake for GM1 and GM3, respectively. 

Residual mineral nitrogen 

With regard to the residual mineral N content (0-90 cm), an interaction occurred between both factors 

affecting residual mineral N. In case of conventional ploughing (P), early destruction (GM1) showed a 

significantly higher residual mineral N content compared to late destruction (GM2 and 3) (Table III- 3). In 

case of reduced tillage (RT), residual mineral N for GM2 was significantly lower than for both other green 

manure variants.  

Table III- 3. Residual mineral N (kg/ha, 0-90cm) at leek harvest 

 
GM1 GM2 GM3 

P 107
b
 91

a
 94

a
 

RT 133b 75a 122b 

GM1, 2 and 3: green manure variants ; P: conventional ploughing ; RT: reduced tillage 
significant differences between green manure variants are indicated with different lowercase letters  (Scheffe, p < 0.05) 

3.1.2 2013 

Soil mineral N content in the 0-30 cm arable layer on March 19th was neither affected by the tillage factor 

nor by the green manure factor as established in 2012 under leek. Average mineral N content was 32.1 kg 

ha-1.  

Average soil mineral N content in the 0-60 cm soil profile on June 25th 2013 was 131 kg ha-1. It was not 

affected by cut-and-carry fertilizer and compost application, but tended to be higher under P compared to 

RT (split-split-plot ANOVA, p<0.1).  

The celeriac crop was harvested on November 20th 2013. Tuber gross and marketable yield and exported 

N by harvesting the tubers of the celeriac crop are presented in Table III- 4. A conversion factor of 0.82 

was found between gross and marketable yield.  

Gross Marketable N export

yield Mg ha-1 yield Mg ha-1 kg ha-1

GM1 - P 51.5 35.1 123

GM2 - P 44.3 30.8 100

GM3 - P 51.7 35.5 123

GM1 - RT 48.6 33.7 122

GM2 - RT 48.1 32.8 107

GM3 - RT 54.3 37.3 126

Leek
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Table III- 4. Tuber gross and marketable yield and N export by the celeriac tuber harvest 

  
GM1, 2 and 3: cut-and-carry fertilizer variants ; P: conventional ploughing ; RT: reduced tillage ;  
C0: no compost addition ; C1: compost addition 

 

No interactions occurred between factors with respect to their effect on tuber gross yield and the 

corresponding N output. Each factor (soil tillage, cut-and-carry fertilizer and compost) significantly 

affected both parameters (ANOVA, split-split-plot design, p<0.05, p<0.01 and p <0.01, respectively). 

Reduced tillage lowered tuber gross yield and N output with 14 and 18%, respectively, compared to 

ploughing. Both tuber gross yield and corresponding N output were positively affected by the application 

of the cut-and-carry fertilizer. The highest dose (GM3) resulted in a 17% higher tuber yield and a 24% 

higher N output compared to the lowest dose (GM2). Compost application increased tuber gross yield and 

N output with 18 and 12%, respectively. 

3.2  Nitrogen and phosphorus budget  

3.2.1 2012 

In 2012, the input of the nitrogen budget (Table III- 5) consisted of N fixation by the green manure crop 

and N deposition. The latter is 25 kg N ha-1 yr-1 for the municipality of Merelbeke, where the experimental 

field was located.  

 

Organic N and P inputs by planting material were rather law (e.g. 3.0 kg and 0.4 kg P ha-1 for leek 

plantlets) and therefore were omitted in the calculations. 

Table III- 5. Nitrogen budget of G7 trial at ILVO, 2012 (numbers in kg N/ha) 

Input GM1 - P GM2 - P GM3 - P GM1 - RT GM2 - RT GM3 - RT 

Organic inputs 0 0 0 0 0 0 

Fertilizers 0 0 0 0 0 0 

N-fixation main crop 0 0 0 0 0 0 

N-fixation green manure crop 6 22 17 6 22 17 

N deposition 25 25 25 25 25 25 

Total inputs 31 47 42 31 47 42 

Output 
      

Crop harvest 123 100 123 122 107 126 

Residue removal 0 0 0 0 0 0 

Green manure removal 0 87 0 0 87 0 

Total outputs 123 186 123 122 194 126 

Surplus -92 -139 -82 -91 -147 -84 

GM1, 2 and 3: green manure variants ; P: conventional ploughing ; RT: reduced tillage 

Gross Marketable N export

yield Mg ha-1 yield Mg ha-1 kg ha-1

GM1-P-C0 51.2 41.9 99

GM2-P-C0 46.1 37.7 87

GM3-P-C0 56.3 46.1 117

GM1-RT-C0 40.6 33.3 82

GM2-RT-C0 35.1 28.8 70

GM3-RT-C0 48.2 39.5 95

GM1-P-C1 59.4 48.6 116

GM2-P-C1 55.2 45.2 106

GM3-P-C1 56.2 46.0 117

GM1-RT-C1 49.7 40.6 87

GM2-RT-C1 49.3 40.4 86

GM3-RT-C1 56.6 46.4 105

Tuber
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In 2012, no input of phosphorous occurred (Table III- 6). The output of nitrogen and phosphorous was 

related to leek harvest and in case of GM2 to green manure removal (a full-grown cut). 

Table III- 6. Phosphorus budget of G7 trial at ILVO, 2012 (numbers in kg P/ha) 

Input GM1 - P GM2 - P GM3 - P GM1 - RT GM2 - RT GM3 - RT 

Organic inputs 0 0 0 0 0 0 

Fertilizers 0 0 0 0 0 0 

Total inputs 0 0 0 0 0 0 

Output 
      

Crop harvest 12,6 11,4 13,5 12,6 11,4 13,5 

Residue removal 0 0 0 0 0 0 

Green manure removal 0 13,1 0 0 13,1 0 

Total outputs 12,6 24,5 13,5 12,6 24,5 13,5 

Surplus -12,6 -24,5 -13,5 -12,6 -24,5 -13,5 

GM1, 2 and 3: green manure variants ; P: conventional ploughing ; RT: reduced tillage 

3.2.2 2013 

Also for 2013, nitrogen and phosphorus budgets were calculated (Table III- 7 and Table III- 8). In this 

experimental year, the nitrogen and phosphorus budgets consisted of organic inputs by the cut-and-carry 

fertilizer and compost and an N deposition of 25 kg N ha-1 a-1.  

Table III- 7. Nitrogen budget of G7 trial at ILVO, 2013 (numbers in kg N/ha) 

 
GM1, 2 and 3: cut-and-carry fertilizer variants ; P: conventional ploughing ; RT: reduced tillage ; C0: no compost addition ; 
C1: compost addition 
  

Input
GM1-

P-C0

GM2-

P-C0

GM3-

P-C0

GM1-

P-C1

GM2-

P-C1

GM3-

P-C1

GM1-

RT-C0

GM2-

RT-C0

GM3-

RT-C0

GM1-

RT-C1

GM2-

RT-C1

GM3-

RT-C1

Organic inputs (compost/cut-

and-carry-fertilizer)1 96 0 191 280 185 376 96 0 191 280 185 376

Fertilizers 0 0 0 0 0 0 0 0 0 0 0 0

N-fixation main crop2 0 0 0 0 0 0 0 0 0 0 0 0

N-fixation green manure crop2 0 0 0 0 0 0 0 0 0 0 0 0

Deposition (N only)3 25 25 25 25 25 25 25 25 25 25 25 25

Total inputs 121 25 216 305 210 401 121 25 216 305 210 401

Output

Crop harvest (uptake that is 

removed from the field)1 99 87 117 116 106 117 82 70 95 87 86 105

Residue removal1 0 0 0 0 0 0 0 0 0 0 0 0

Green manure removal1 0 0 0 0 0 0 0 0 0 0 0 0

Total outputs 99 87 117 116 106 117 82 70 95 87 86 105

Surplus 22 -62 100 189 104 284 38 -45 121 219 123 296
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Table III- 8. Phosphorus budget of G7 trial at ILVO, 2013 (numbers in kg P/ha) 

 
GM1, 2 and 3: cut-and-carry fertilizer variants ; P: conventional ploughing ; RT: reduced tillage ; C0: no compost addition ; 
C1: compost addition 

3.3 Nitrogen use efficiency 

Nutrient use efficiencies are presented in Table III- 9 and Table III- 10. 

3.3.1 2012 

Table III- 9. Nitrogen use efficiency in 2012 with respect to grass-clover removal (GM2) and leek crop  

 
GM1, 2 and 3: green manure variants ; P: conventional ploughing ; RT: reduced tillage ; NI: no nitrogen input 
N-eff: nitrogen efficiency in ratio of harvestable product N content versus N inputs (organic inputs) 
N-eff %: harvested nitrogen (grass-clover removal (GM2) and leek crop) in % of nitrogen supplied (deposition and nitrogen 
fixation) 

  

Input
GM1-

P-C0

GM2-

P-C0

GM3-

P-C0

GM1-

P-C1

GM2-

P-C1

GM3-

P-C1

GM1-

RT-C0

GM2-

RT-C0

GM3-

RT-C0

GM1-

RT-C1

GM2-

RT-C1

GM3-

RT-C1

Organic inputs (compost/cut-

and-carry-fertilizer)1 12 0 25 129 117 142 12 0 25 129 117 142

Fertilizers 0 0 0 0 0 0 0 0 0 0 0 0

Total inputs 12 0 25 129 117 142 12 0 25 129 117 142

Output

Crop harvest (uptake that is 

removed from the field)1 26 23 26 34 28 28 22 17 20 28 27 29

Residue removal1 0 0 0 0 0 0 0 0 0 0 0 0

Green manure removal1 0 0 0 0 0 0 0 0 0 0 0 0

Total outputs 26 23 26 34 28 28 22 17 20 28 27 29

Surplus -13 -23 -2 95 89 114 -9 -17 4 102 90 113

N-eff N-eff

%

GM1 - P NI 399

GM2 - P NI 397

GM3 - P NI 295

GM1 - RT NI 394

GM2 - RT NI 413

GM3 - RT NI 302
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3.3.2 2013 

Table III- 10.  Nitrogen use efficiency of the celeriac crop (2013) 

 

N-eff N-eff 

    % 

GM1-P-C0 1,04 82 

GM2-P-C0 NI 348 

GM2-P-C0 0,61 54 

GM1-RT-C0 0,86 68 

GM2-RT-C0 NI 281 

GM3-RT-C0 0,50 44 

GM1-P-C1 0,42 38 

GM2-P-C1 0,57 51 

GM3-P-C1 0,31 29 

GM1-RT-C1 0,31 28 

GM2-RT-C1 0,47 41 

GM3-RT-C1 0,28 26 

GM1, 2 and 3: cutandcarry variants; P: conventional ploughing; RT: reduced tillage ;  
C0: no compost addition; C1: compost addition; NI: no nitrogen input 
N-eff: nitrogen efficiency in ratio of harvestable product N content versus N inputs (organic inputs) 
N-eff %: harvested nitrogen in % of nitrogen supplied (fertilizers + deposition and fixation) 

4 Discussion and conclusion 

4.1 2012 

In the first year of the trial, the N availability and total N uptake by a leek crop following the destruction of 

a grass-clover sward was assessed. Therefore, rather than testing the N use efficiency of an external input, 

N restitution from a differently managed grass-clover sward was investigated. Compared to late 

destruction without removal of biomass (GM3), early destruction (GM1) caused a higher soil mineral N 

content during the growing season. This higher N availability did not result in a higher biomass production 

and N uptake, however, it resulted in more residual mineral N. Late destruction (GM2 and GM3) 

guaranteed an efficient use of the nitrogen released from the incorporated grass-clover sward, which 

limited the residual mineral N content. Harvesting a full grass-clover cut (GM2) did lower leek yield and 

residual mineral N. A lower soil mineral N content during the growing season under GM2 was related to 

the removal of 87 kg N ha-1 harvesting a full grown grass-clover cut. Green manure variants did not act 

differently under a reduced tillage system compared to conventional ploughing. No effect of the tillage 

factor on the soil mineral N content was found. 

In the leek growing season, the highly negative surplus for nitrogen is related to the fact that only the N 

fixation by the grass-clover sward in spring 2012 was taken into account and not the N fixation in the 

previous two years due to the lack of data on biomass production in this period. Assuming a dry matter 

production of grass-clover of 10 Mg ha-1 in 2011 with 25% clover in the sward, this could mean an N 

fixation of 100 kg N ha-1 (40 kg Mg-1 DM). Green manure variant GM2 showed the lowest nitrogen surplus 

despite the lowest leek yield, due to the additional N output by a full grown grass-clover cut harvested in 

spring. However, in case of a fodder demand on the farm, this could be an interesting strategy. The 

negative P surplus did not pose a problem as the P status of the soil was rather high. N input without P 

input by growing leguminous green manure crops is an important measure in case of excess phosphorous 

in agricultural soils. 
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4.2 2013 

No clear effects from the different factors on the soil mineral N content were found in the first part of the 

growing season. The off-farm inputs cut-and-carry fertilizer and compost positively affected celeriac crop 

nutrient uptake and biomass production and did not act differently under a reduced tillage system 

compared to conventional ploughing. The lower celeriac crop under reduced tillage was caused to visible 

soil compaction in the lower part of the arable layer, which originated from harvesting leek in wet 

circumstances in late autumn 2012. Conventional ploughing allowed for deeper crop rooting as this 

compacted zone was disrupted by moving it to the top.  

For the non-compost plots, a considerable N surplus (on average 110 kg N ha-1) occurred for GM3, the 

highest dose of the cut-and-carry fertilizer. An additional N export of 10-20% compared to GM1, half the 

dose of GM3, resulted on average in a 4 times higher N surplus. GM2 non-compost plots showed a 

negative N surplus. Compost application positively affected yield, however, its short-term nutrient use 

efficiency is low, to which the high nutrient surpluses on compost amended plots were related. Compost 

application is a soil-improving but not yearly-taken measure in the frame of this experiment. The factor 

soil tillage affected N and P surpluses. The lower biomass production and nutrient uptake under reduced 

tillage resulted in somewhat higher surpluses and subsequently lower nutrient use efficiencies. 
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IV Relay-intercropping experiment, South-East France 

ISARA-Lyon, France 
C. David, C. Amosse, F. Celette 

1 Introduction: rationale and goal of the experiment 

Relay-intercropping system (RIL) with a legume cover crop, by delaying the sowing of the forage legume 

until springtime, is expected to ensure that the cover crop could be well established after harvest while 

competition on natural resources (water, nitrogen and light) with the main crop is limited (Amosse et al. 

2013a). The early sowing date of the legume in the RIL system should facilitate its establishment, allowing 

the legume cover crop to accumulate biomass and then potentially supply the subsequent spring crop 

with N (Amosse et al 2013c). Under organic regime, RIL system is also developed to control weed 

population under wheat crop and after harvest (Amosse et al., 2013b).   

 

The goal of the experiment is to evaluate the effect of various species of relay-intercropped legume cover 

crops in organic grain rotation on main crop performance (grain yield and protein content) and ecosystem 

services provided by the cover crop. The incidence of legume on weed competition was previously studied 

(Amosse et al., 2013b). Recently,  Amosse et al. (2013c) evaluated the benefits of relay intercropped 

legumes on N dynamics and their contribution to the associated and subsequent cash crops.  The 

incidence of reduced tillage systems on wheat was analyzed in previous research published by David et al 

(2012) and Peigné et al. (2014) using additional trials comparing traditional moulboard ploughing with 

reduced tillage. This document is focused on the results concerning nitrogen dynamics under RIL system 

using ploughing or reduced tillage to implement the main crop and incorporate legumes. The following 

questions are discussed in relation to the available trial results 

5. How is crop performance affected by green manures with or without reduced tillage conditions?   

6. Does the use of green manures lead to enhanced nitrogen availability and nitrogen use efficiency?  

2 Materials and methods 

Six field experiments (named hereafter as sites) were carried out, two in crop season 2008-09 (A09, B09, 

C09) and four in 2009-10 (E10, F10, G10 and H10) (Table IV- 1). The field experiments were set up on 

organic farms located in South-East France over a large area, around 6,000 km² (44° 6' to 45 7' N and 4° 8' 

to 5° 6' E) representing various climatic conditions from continental to Mediterranean influences.  

Four different species of legume cover crops were undersown in winter wheat: black medic (Medicago 

lupulina L cv. Virgo Pajberg), alfalfa (Medicago sativa L cv. Timbale), red clover (Trifolium pratense L cv. 

Formica) and white clover (Trifolium repens L cv. Aberdaï). The legume species have been chosen to 

ensure a diversity of growth rates, root architectures and N fixation potential (Frame 2005). An additional 

control treatment with wheat grown as sole crop and left to go weedy after wheat harvest was added to 

quantify the incidence of undersown legumes. The experiment was designed as a randomized complete 

block design with three blocks and contained five treatments. 

A detailed description of the sites and additional information on climatic conditions (temperature, rainfall, 

irrigation, water deficit) can be found in Amosse et al. (2013c) and in Table IV- 2). Mean temperatures 

during the wheat crop cycle (from sowing to harvest time) ranged from 8.7 to 10.9°C. Rainfall regimes 

were variable over years and sites. Cumulative precipitation during the wheat crop cycle ranged between 

401 and 784 mm. Additional irrigation was applied once or twice from the beginning of April (wheat 

growth stage, GS 23) (Zadoks et al., 1974) to the end of May (GS 69). The water balance of the crop cycle, 
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calculated as the difference between precipitation plus irrigation (in mm) and potential 

evapotranspiration (in mm) ranged from -183 to +291 mm. The field experiments were characterized by 

various soil types (FAO, 2006) (Table IV- 1): two silt loam soils (F10 and H10), one sandy loam (E10) and 

three with a higher rate of clay over 25% (A09, B09 and G10). Soil conditions for the six field sites are 

shown in Table IV- 2 Total N content in the first 30 cm of soil ranged from 0.9 to 2.5 g kg-1 soil. Moisture 

content at field capacity, estimated as the maximum moisture content observed in winter during crop 

succession, varied from 0.169 to 0.301 g g-1 dry soil over 0-90 cm. Maximum available soil water content 

of the 0-90 cm layer, calculated using the Soil-Plant-Air-Water (SPAW) model developed by Saxton et al. 

(2006) and based on simple textural soil characteristics, ranged from 130 to 240 mm. 

Sites were also characterized by various weed infestations during the crop cycle. For instance, the ratio of 

weed/wheat aerial dry matter, expressed at wheat harvest time on wheat sole crop treatment, ranged 

from 0.2% to 6.6% (Table IV- 1). High weed infestations exceeding 5% occurred on stony calcareous soils. 

All mechanical weed control was carried out with a tined weeder before cover crop sowing. All weed 

controls were performed before the legumes were sown, even on the wheat sole crop treatment. The last 

weed control on all the fields was also used to bury legume seeds the same day or one to two days after 

their sowing. In all fields, winter wheat (cv. Lona) was sown at a rate of 200 kg ha-1. The dates of sowing 

and the nature of the preceding crops are given in Table IV- 1. 

Each field experiment consisted of a two-year crop sequence of winter wheat (Triticum aestivum L. cv 

Lona)/relay intercropped legume/spring crop (maize [Zea mays L.] or spring wheat) (Table IV- 1). 

 

To determine the N content in each legume species at W16 (harvest time of winter wheat, 16 weeks after 

legumes sown) and W40 (beginning of December, 40 weeks after legumes sown), the three legume 

samples per treatment were assembled and ground. A sub-sample of 5.0 to 7.5 mg was analyzed for total 

N concentration and δ15N composition using a continuous-flow isotope ratio mass spectrometer (Delta 

Plus Avantage, Thermo-Electron, Bremen, Germany). The measurement of the biomass and N 

accumulated in the relay intercropped legumes was stopped at W40 since their growth and N 

accumulation became negligible after December. Winter wheat N accumulation at harvest (W16) was 

calculated using the measured N content in grains and assuming a N harvest index fixed at 0.76 (Barbottin 

et al. 2005). The subsequent spring wheat samples were processed as legume samples to determine N 

accumulation in grains and straw. Five maize plants were taken from each treatment to establish the level 

of DM and N accumulation in grains and straw, following a process similar to the one applied to legumes 

and spring wheat. The proportion of Ndfa in legumes at W40 was determined using the natural variations 

in 15N abundance (Unkovich et al. 2008). The δ15N composition of weeds collected at W40 in each control 

treatment was measured. It was used as the reference value in the natural abundance method. The δ15N 

composition of legumes exclusively depending on symbiotic fixation (B value) was set at 0.11 ‰ for the 

two Medicago species, -1.20 ‰ for T. pratense and -0.85 ‰ for T. repens.  
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Table IV- 1. Crop management in the six field experiments 

Site A09 B09 C10 D10 E10 F10 

Wheat sowing date 02/11/2008 26/11/2008 13/11/2009 27/10/2009 30/10/2009 26/10/2009 

Legumes sowing 
date 25/03/2009 26/03/2009 18/03/2010 15/03/2010 15/03/2010 17/03/2010 

Wheat growth 
stage at legumes 
sowing b 22 22 23 23 23 23 

Wheat harvesting 
time (GDD) c 2196 2475 2625 2713 2589 2705 

       

Autumn weed 
control on the 
control treatment Stubble ploughing Stubble ploughing Shredding None Shredding None 

Autumn weed 
control date 05/08/09 06/08/09 13/09/2010 - 17/09/2010 - 

       

Subsequent spring 
crop  Spring wheat Maize Maize No Maize Maize 

Spring crop sowing 
date 01/04/2010 29/04/2010 20/04/2011 - 19/04/2011 22/04/2011 

Spring crop 
harvesting time 
(GDD) c 1898 3364 3277 - 3280 3347 
b
 Zadoks' scale (Zadoks et al. 1974)

 

c GDD = Growing Degree-Day starting from sowing of the cash crop (temperature basis = 0 °C) 

Table IV- 2.  Soil conditions in six field experiments. 

Site A09 B09 C10 D10 E10 F10 

Soil texture (FAO 
2006) a 

CL SL SL SiL SiC SiL 

Humidity at field 
capacity (g g-1 soil, 
0-90 cm layer) 

0.205 0.169 0.170 0.212 0.301 0.207 

Total N (g kg
-1

 soil) 2.0 1.0 1.1 0.9 2.5 1.0 
a CL = Clay Loam ; SL = Sandy Loam ; SiC = Silty Clay ; SiCL = Silty Clay Loam ; SiL = Silty Loam; C = Clay; S = Sand 
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Table IV- 3. Soil and climatic conditions and crop management of the field experiments. 

Site codes A09 B09 E10 F10 G10 H10 

Location 44°37'N, 
5°26'E 

44°46'N, 
5°21'E 

44°45'N, 
4°57'E 

45°39'N, 
4°53'E 

45°41'N, 
5°32'E 

45°13'N, 
4°49'E 

Climate from sowing of wheat to harvest 

Cumulative rainfall 
and irrigation (mm) 

544 611 646 (70) d 591 (40) d 784 506 

Mean temperature 
(°C) 

8.7 9.3 10.7 10.3 9.7 10.2 

Water balance 
(mm) 

a
 

-47 53 -2 -51 291 -113 

Soil 

Texture b CL 
(C 27%  
S 21%) 

SiCL 
(C 37% 
S 10%) 

SL 
(C 16% 
S 60%) 

SiL 
(C 15% 
S 14%) 

SiC 
(C 43% 
S 8%) 

SiL 
(C 20% 
S 27%) 

Available soil water 
content on 90 cm 
depth (mm) c 

200 180 140 240 160 215 

Total N (‰) 2.0 2.1 1.1 0.9 2.5 1.0 

Weed infestation 

Weed/Wheat aerial 
DM ratio (in %) at 
harvest on control 
treatment  

6.1 6.6 1.9 3.6 2.0 0.3 

Preceding crop and principal dates 

Preceding crop Winter wheat Winter wheat Soybean Corn Soybean Soybean 

Wheat sowing 2/11/08 26/10/08 13/11/09 27/10/09 30/10/09 26/10/09 

Wheat harvesting 9/7/09 10/7/09 13/7/10 12/7/10 16/7/10 13/7/10 

Legumes sowing 25/3/09 25/3/09 18/3/09 15/3/10 15/3/10 17/3/10 

a
 Water balance = (Rainfall + Irrigation) - Potential evapotranspiration  

b Soil classification from FAO (2006): CL = Clay Loam; SL = Sandy Loam; SiC = Silty Clay; SiCL = Silty Clay Loam; SiL = Silty Loam;  
c Method defined by Saxton et al., 2006 
d Including irrigation in brackets (in mm) 

Nitrogen fixation and nutrient use efficiency 

For calculation of nitrogen fixation by the grass-clover sward during spring 2012 before it was destroyed, 

the following formula was used: 

BNFc = yield x N-content x Pfix x (1 + Non-harvested N) 

BNFc: biological nitrogen fixation 

Pfix: proportion of N in shoot fixed from atmosphere (80-95%) taken from Amossé. (2013). For White 

clover (Trifolium repens) Pfix is 0,71. 

Non-harvested N: 55% of N in aboveground biomass: 

 Proot+stubble: fixed N2 in root and stubble, 25%  

 Ptranssoil: below-ground transfer of BFcN to grasses, 5%  

 Pimmobile: BFcN immobilized in soil, 25%  

 

N use efficiencies were calculated either as: N in harvestable product (kg/ha) divided by N inputs in 

compost and cut-and-carry-fertilizer (i.e. external N-inputs) (kg/ha) (Neff) and as harvested nitrogen in % 

of nitrogen supplied (from biological nitrogen fixation, atmospheric N-deposition, compost and cut-and-

carry fertilizer application)(N-eff%). 
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3 Results 

3.1 Crop and soil data 

At harvest, the mean total biomass of wheat ranged from 6.16 to 6.66 Mg DM ha-1 (Table IV- 4). Results 

show no significant effect of RIL treatment compared to sole crop. Table IV- 5 shows no influence of RIL 

system on grain yield with any interaction between RIL treatment and site. At wheat harvest, the biomass 

of M lupulina and T pratense (1.75 and 1.68 Mg DM ha-1, respectively) was significantly greater that of the 

two other species, M sativa and T repens (1.17 and 0.87 Mg DM ha-1, respectively). At the same time, N 

accumulation in the above-ground parts of the relay intercropped legumes was highest in M. lupulina 

(49 kg ha-1), lowest in T. repens (22 kg ha-1) and intermediate in T. pratense and M. sativa. During the 24 

weeks following wheat harvest, T. repens recorded the highest growth (+2.70 Mg DM ha-1, on average). This 

species showed an above-ground biomass of 3.58 Mg DM ha-1 at W40, followed by T. pratense (2.91 

Mg DM ha-1) at this date, and the Medicago species M. lupulina and M. sativa at 2.47 and 1.36 Mg DM ha-1, 

respectively (Table IV- 6). On average, the proportion of Ndfa in legumes represented 71 % (T. repens) to 

96 % (M. sativa) of the N accumulated in the aerials of legumes. The Medicago species appeared to be 

significantly more efficient to fix atmospheric N than the Trifolium ones. 
 

Soil mineral content was determined in late autumn (week 40 in December, 24 weeks after harvest)  and 

at the end of winter (week 52). Between these dates, the legume cover crops were still present on fields. 

The average soil mineral N content in the 0-90cm soil layer was influenced by the presence of the relay 

intercrops and the legume species. The differences between treatments with legumes were variable 

between  autumn and winter time with significant decreases with M. sativa and T. pratense at W40 and 

with M. sativa and T. repens at W52. Between these two dates, the soil mineral N content decreased 

slightly in all treatments, except for T. pratense in which the soil mineral N did not change significantly. At 

the emergence of the spring crop, the soil mineral N content in the relay intercropped treatments was 

significantly greater than in the control without cover crop: the mean amount for all treatments with 

legumes was 46 % greater than in the control, and the net increase varied from 28 to 42 kg N ha-1.  
 

The difference in the soil mineral N content between wheat harvest and late autumn (i.e. at the onset of 

drainage) was linked to the water balance during this period for treatments without relay intercropped 

legumes (P = 0.043). The presence of RIL system after harvest during summer and autumn might have 

reduced nitrate losses though leaching during this period on rainy sites.  

The four sites cropped with maize had a high productivity under irrigation: the grain yields ranged from 

8.5 (T0) to 11.7 Mg DM ha-1 (T. repens). The four treatments previously covered with relay intercropped 

legumes exhibited maize grain yields higher than those of the control (P < 0.001): the mean increase 

represented 31 % of the grain yield of the control treatment. There was no difference in maize grain yield 

between the four treatments previously covered with legumes that varied between 10.8 Mg DM ha-1 

(T. pratense) and 11.7 Mg DM ha-1 (T. repens). The farmers observed grain yields consistent with these 

high values on the rest of their maize field cropped in year 2010 and 2011. 

Table IV- 4.  Above-ground dry matter and N content of wheat at harvest in control and relay intercropped treatments. 
Mean of the six field experiments ± standard error of the mean (n = 54 for biomass, n=18 for N content) 

 Biomass (t ha-1)  N content (kg ha-1) 

Control treatment T0 6.35 ± 0.30  66.2 ± 5.0 

Medicago lupulina 6.66 ± 0.31  63.8 ± 5.3 

M. sativa 6.40 ± 0.27  64.1 ± 4.6 

Trifolium pratense 6.52 ± 0.31  64.0 ± 5.4 

T. repens 6.16 ± 0.27  63.4 ± 5.5 

p value 0.81  0.88 
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Table IV- 5. Means and standard deviations (SD) for winter wheat grain yield (0%H, t.ha-1) in five treatments in six sites. 

 A09 SD (n=9) B09 SD (n=9) C10 SD (n=9) D10 SD (n=9) E10 SD (n=9) F10 SD (n=9) Mean SD (n=54) 

Control treatment 1,88 0,38 2,00 0,24 2,70 0,45 2,06 0,35 2,57 0,30 3,72 0,70 2,00 0,71 

Medicago lupulina 1,90 0,57 2,00 0,34 2,57 0,30 2,00 0,36 2,00 0,30 3,99 0,67 2,00 0,81 

Medicago sativa 2,00 0,64 2,00 0,36 2,57 0,41 1,95 0,34 2,00 0,29 3,87 0,54 2,52 0,78 

Trifolium pratense 2,21 0,33 2,25 0,43 2,56 0,53 1,83 0,24 2,42 0,23 3,86 0,73 2,00 0,78 

Trifolium repens 1,81 0,43 2,36 0,71 2,10 0,43 2,21 0,24 2,00 0,38 4,00 0,62 2,44 0,87 

 

Table IV- 6. Aerial biomass of legumes in late autumn, 40 weeks after their sowing under wheat (kgDM.ha-1) 

 A09 SD (n=9) B09 SD (n=9) C10 SD (n=9) D10 SD (n=9) E10 SD (n=9) F10 SD (n=9) Mean SD (n=54) 

Medicago lupulina 964,0 436,5 2926,0 751,1 3525,0 891,3 2713,0 1156,5 2764,0 554,9 1948,0 589,0 2474 1102 

Medicago sativa 432,0 156,0 788,0 176,3 1922,0 312,0 1893,0 330,1 1745,0 430,4 1407,6 143,1 1365 632 

Trifolium pratense 340,0 253,9 3751,0 659,9 3679,0 904,7 2980,0 709,9 2852,0 438,0 3858,0 770,4 2911 1375 

Trifolium repens 63,0 90,1 3944,0 1538,5 4560,0 1065,0 4028,0 630,0 4311,0 1484,8 4655,0 1108,0 3576 1936 
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3.2 Nitrogen budget  

N-budgets for wheat are shown in Table IV- 7.   

Table IV- 7.Mean nitrogen budget for associated wheat (kgN/ha) with relay-intercropping with different green 
manures for six sites (n=54). 

Input Control treatment M. lupulina M. sativa T. pratense T. repens 

Organic inputs (manure/compost/cut-and-
carry-fertilizer) 

0 0 0 0 0 

Fertilizers 0 0 0 0 0 
N-fixation main crop2 0 0 0 0 0 
N-fixation green manure crop2 0 59 38 62 67 
Deposition (N only) 13 13 13 13 13 
Total inputs 13 72 51 75 80 

Output      

Crop harvest (uptake that is removed 
from the field)1 

66 64 64 64 63 

Residue removal 0 0 0 0 0 
Green manure removal1 0 0 0 0 0 
Total outputs 66 64 64 64 63 

Surplus -43 8 -13 11 17 

 

The nitrogen budgets were calculated from the mean values of the six field experiments, thereby considering 

what is entering and leaving the field. Any organic fertilizers or amendments were applied to identify the 

contribution of Nfixed of legumes. Results show large variability in the N budget with deficit under sole crop 

and M sativa while low surplus were observed on M lupulina, T repens and T pratense. Different between 

treatments are caused by differences in input by fixation of forage legumes. The Medicago species appeared 

to be significantly more efficient to fix atmospheric N than the Trifolium ones (91% vs 77%). Ndfa contributed 

38 kg N ha-1 on average to the N accumulation in shoots of M. sativa. This accumulation was significantly 

lower than the 49 and 54 kg N ha-1 for T. pratense and T. repens, respectively. M. lupulina accumulated a 

significantly higher amount of Ndfa than the other species with 58 kg N ha-1. 

3.3 Nitrogen use efficiency 

The experiments on RIL system show no effect of forage legume on the inter cash crop, while the forage 

legume  significantly affected the following crop. The total output of maize strongly increased with the 

legume cover crops. The Nitrogen Nutrition Index of maize has been improved and the grain yield of 

maize significantly increased. The nitrogen use efficiency of Nfixed legume was quite  low in wheat while 

it was higher in maize in situations with no additional application as referred to in Table IV-8.  

Table IV- 8. N use efficiency in associated wheat and subsequent maize 

Input Control treatment M. lupulina M. sativa T. pratense T. repens 

N-fixation green manure crop2 0 59 38 62 67 

Total outputs of wheat 66 64 64 64 63 

Additional N output (N mixed 
crop – N sole crop) 

 +1 +1 +1 0 

Total outputs of maize 92 126 147 136 147 

Additional N output (N mixed 
crop – N sole crop) 

 +34 +55 +44 +55 

NHI (N harvest index) 0.71 0.74 0.73 0.74 0.73 
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4 Discussion and conclusion 

The low aerial development of relay cover crops, induced by limited light exposure, did not lead to wheat 

grain penalties. However, in some conditions, wheat grain protein content was depleted by high aerial 

development of forage legumes. Establishing the legume cover crop  under organic wheat helped the 

development of the cover crops after harvest. N-accumulation in cover crop biomass contributed to the 

enrichment with and preservation of N in the soil-plant system, and subsequent release to the following 

crop. Forage legumes ensured a natural input of exogenous N into the system through symbiotic fixation 

representing a high proportion of the N-content of the above-ground parts of the cover crops. Relay 

intercropped legumes also prevented any worsening of nitrate leaching. Finally, they ensured a notable N 

release available for the subsequent spring crop after incorporation of the CC biomass. The forage 

legumes could also be exported out of the field for livestock feed.  

 

High development of forage legumes between the cash crops could also improve soil fertility and soil 

structure while, in some soils, it facilitates direct seeding of the following crop like maize. The N 

availability is improved by relay intercropped of legumes by, on one hand, preserving N leaching and soil 

erosion and, on the other hand, improving N budget in the crop rotation.  
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V DFH1, Frankenhausen  

University of Kassel, Germany 
M. Grosse and J. Heß 

1 Introduction: rationale and goal of the experiment 

The field experiment originally was setup to compare the impact of conventional tillage (stubble tillage 

with chisel followed by plough) with reduced tillage (stubble cleaner) on the development of Cirsium 

arvense and crop yield in a cereal-based crop rotation as compared with a three year alfalfa-grass ley. 

In autumn 2011 the formerly one-factorial experiment was sub-divided into a two-factorial experiment 

with different green manure crops to examine their effect on nitrogen availability, C content, and weeds, 

when different soil tillage is applied. 

During the seasons 2011/12 and 2012/13 data were collected to address the following questions: 

1. Is N-availability limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures and/or reduced tillage? 

3. Does the use of green manures lead to enhanced nitrogen-availability and NUE? 

4. How do reduced tillage techniques affect N-availability and NUE? 

2 Materials and methods 

The trial is located on Domaene Frankenhausen, the trial farm of University of Kassel (51.5 N, 9.4 E). The 

duration of the trial is mid-term (2007 to 2013). In 2012 the main crop was oat, in 2013 field bean. 

There are two crop rotations: 

 A cereal based crop rotation: spring barley / winter wheat / Triticale / winter pea – Triticale / Triticale 

/ oats / field bean 

 Similar crop rotation, but with three years of alfalfa grass ley instead of cereals: spring barley / alfalfa 

grass ley / alfalfa grass ley/ alfalfa grass ley / Triticale / oats / field bean. 

 

The crop rotations and tillage systems for 2007-2013 are shown in Table V- 1. 

Table V- 1. Crop rotation DFH1 2007 - 2013 

Year Stubble cleaner Plough Plough in Alfalfa 

2007 Spring barley 

2008 Winter wheat Alfalfa 

2009 Triticale Alfalfa 

2010 Winter pea / Triticale Alfalfa 

2011 Triticale 

 Green manure crops 

2012 Oat 

2013 Field bean 
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Figure V- 1. Experimental layout of DFH1, Frankenhausen 

 

The experiment was laid out as a split-plot design with tillage as a main factor and green manure as a sub-

factor, with four repetitions. Three levels of tillage were included, namely plough, stubble cleaner and 

plough in alfalfa grass-ley. Since 2011, seven levels of 'green manure' were used, including a fallow and a 

mixture of two crops: Sinapis alba, Trifolium resupinatum, mixture (S. alba and T. resupinatum), Phacelia 

tanacetifolia, Lolium perenne, bare fallow (= control) and Vicia sativa. Green manures were grown before 

the main crop oats. Oats was the main crop in 2012. After the oat there was bare fallow until sowing of 

main crop field bean in spring 2013. 

 

The complete trial was duplicated. Factor ‘green manure’ differs between upper and lower half regarding 

Vicia sativa and bare fallow. From the lower half 2011/12 all plots were integrated in the assessments, 

from the upper half only the ‘bare fallow’ – plots. 2012/13 from the lower half only the green manure 

treatments Sinapis alba and Vicia sativa were selected, from the upper half the ‘bare fallow’ – plots were 

maintained. The experimental layout is shown in Figure V- 1. 
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Table V- 2. Agronomic management 2011 to 2013 

Date Plough systems Depth Stubble cleaner system Depth 

24.08.2011 Plough 
Rotary harrow 

25 cm Stubble cleaner 
Rotary harrow 

8-10 cm 

30./31.08.2011 Drilling + rolling  
(green manure) 

 Drilling + rolling  
(green manure) 

 

17.10.2011 Flaming of bare fallow  Flaming of bare fallow  

16.04.2012 Mowing of green manure, then 
chisel 

7-10 cm Mowing of green manure, 
then stubble cleaner 

7-12 cm 

17.04.2012 Rotary harrow 
drilling (oat) 

 Rotary harrow 
drilling (oat) 

 

13.08.2012 Harvest (oat)  Harvest (oat)  

01.10.2012 Plough 25 cm Stubble cleaner 8 cm 

29.10.2012 -  Stubble cleaner 12 cm 

18.04.2013 Flex tine chisel 8 cm Flex tine chisel 8 cm 

22.04.2013 Drilling (field bean)  Drilling (field bean)  

11.06.2013 Hoeing  Hoeing  

26.08.2013 Harvest (field bean)  Harvest (field bean)  

 

During the experiment no fertilization took place. There was no post-emergence weed control 2011/12, 

but in June 2013 the whole field was treated with a hoe one time (Table V- 2). Soil samples were taken 

throughout the growing season as shown in Table V- 3. Per plot and layer three subsamples were taken 

and mixed. 

Table V- 3. Soil sampling dates and depths 2011 to 2013 

Date Depth (cm. below field level) Parameters assessed 

02.09.2011 0-10, 10-20, 20-40, 40-60 Nmin 

23.11.2011 0-10, 10-20, 20-40, 40-60, 60-90 Nmin 

15.03.2012 0-30, 30-60, 60-90 Nmin 

15.05.2012 0-30, 30-60, 60-90 Nmin 

05.09.2012 0-30, 30-60 Nmin 

08.04.2013 0-30, 30-60, 60-90 Nmin 

23.05.2013 0-30, 30-60, 60-90 Nmin 

18.06.2013 0-30, 30-60, 60-90 Nmin 

09.09.2013 0-30, 30-60, 60-90 Nmin 

 

Green manures and main crops were harvested by hand (Table V- 4). Those samples were used for 

assessments of total biomass yield, grain yield, panicles per m² or stems per m², thousand kernel weight, 

Ct, Nt, and hectoliter weight.  

Table V- 4. Overview of samplings and assessments regarding green manures and main crop oat 2011 to 2013 

Sampling time Parameters assessed Type of sampling 

17.11.2011 Green manure (aboveground) biomass 1.5 x 1.5 m per plot 

13.08.2012 Main crop oat: total biomass yield, grain 
yield, panicles per m², thousand kernel 
weight and hectoliter weight, Ct, Nt 

Two frames of 50 x 100 cm per plot, 
hand-harvest 

26.08.2013 Field bean: Grain yield, total biomass 
yield, stems per m², thousand kernel 
weight, Ct, Nt 

2 x 5 m row per plot 

 

Method for crop Nt – measurement: CHN – analysis. 
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Nitrogen fixation and nutrient use efficiency 

For calculation of nitrogen fixation by the  leguminous green manure species, the following formula was 

used: 

BNFc = yield x N-content x Pfix x (1 + Non-harvested N) 

BNFc: biological nitrogen fixation 

Pfix: proportion of N in shoot fixed from atmosphere (80-95%) taken from Amossé. (2013).. 

Non-harvested N: 55% of N in aboveground biomass: 

 Proot+stubble: fixed N2 in root and stubble, 25%  

 Ptranssoil: below-ground transfer of BFcN to grasses, 5%  

 Pimmobile: BFcN immobilized in soil, 25%  

 

For the nitrogen budgets, fixed values for nitrogen deposition were used, depending on the region, and 

obtained by expert judgement or national environmental agencies.  

 

N use efficiencies were calculated as harvested nitrogen in % of nitrogen supplied from biological nitrogen 

fixation and atmospheric N-deposition, as there was no fertilization during the trial. 

3 Results 

3.1 Crop and soil data 

3.1.1 Yield of regular crop and green manure crop, nitrogen-crop-content, phosphate-crop-content 

Besides V. sativa yield of all green manure species was highest in the alfalfa crop rotation (Plough+Alfalfa, 

Figure V- 2). Yield of V. sativa was rather similar among both crop rotations and both tillage systems. 

Yields of L. perenne, the mixture of S. alba and T. resupinatum, P. tanacetifolia and S. alba were lowest in 

the stubble cleaner system. T. resupinatum had been grown so poorly that it could not be harvested.  

 
Figure V- 2. Dry yield of green manure crops (2011). Error bars are standard deviations of the means. 
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2012 grain yield of main crop oat was highest in the alfalfa crop rotation (Plough+Alfalfa, Figure V- 3). In 

the alfalfa crop rotation all green manure treatments besides Lolium perenne resulted in oat yields on a 

similar level. L. perenne resulted in lower oat yields compared to the other green manure treatments. In 

the grain crop rotation in the plough-system as well as in the stubble cleaner system, V. sativa gave 

markedly highest yields. 

 
Figure V- 3. Grain yield of main crop oats (2012). Error bars are standard deviations of the means. 

The N content of the oat was rather similar among all treatments (Figure V- 4). It was slightly higher in the 

alfalfa crop rotation (Plough+Alfalfa, Figure V- 4) than in the grain crop rotation. Within the alfalfa crop 

rotation, it was highest for the V. sativa - treatments. 

 
Figure V- 4. Total N content in kg per t harvested grains of main crop oats (2012). Error bars are standard deviations of the 
means. 
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2013 yield of main crop field bean was rather similar in all treatments (Figure V- 5). Yield was slightly 

higher in the alfalfa crop rotation than in the grain crop rotation. There was no pronounced effect of the 

green manure crops in the second year after they had been grown. 

 
Figure V- 5. Grain yield of main crop field bean (2013). Error bars are standard deviations of the means. 

The N content of the field bean was very similar among all treatments (Figure V- 6). It was around 50 kg 

per ton harvested beans. 

 

 
Figure V- 6. Total N content in kg per t harvested grains of main crop field bean (2013). Error bars are standard deviations 
of the means. 
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3.1.2 Soil mineral nitrogen in spring (between 1 February and 1 April). 

As a result of the differentiated soil tillage (since 2007), soil mineralized NO3 -N in 0-60 cm assessed at 

sowing of GMC (02.09.2011) differed significantly between the plough systems and the stubble cleaner 

system. As expected, within the plough systems, NO3-N was higher in the alfalfa crop rotation 

(Plough+Alfalfa, Figure V- 7), when compared with the grain crop rotation. The stubble cleaner system 

had the lowest NO3 –N content (Figure V- 7). 

 

 
Figure V- 7. Soil NO3-N in the soil layer (0-60 cm) at sowing date of green manure crops (2nd September 2011). Error bars 
are standard deviations of the means. 

For soil NO3-N in the soil layers 0-30 cm and 30-60 cm in mid-March 2012 a statistically significant 

interaction for ST x GMC was determined. The positive effect on soil NO3-N of alfalfa as pre-preceding 

crop was less pronounced when Vicia sativa had been grown as green manure crop (Figure V- 8). 

 

 
Figure V- 8. Soil NO3-N in the soil layers 0-30 cm and 30-60 cm at 15

th
 March 2012. Error bars are standard deviations of 

the means. 

In spring 2013 the effect of the alfalfa crop rotation was still visible in a slightly higher NO3-N – content in 

the soil layers 0-30 cm and 30-60 cm compared to the grain crop rotation (Figure V- 9). Between the 

plough-system in the cereal based crop rotation and the stubble cleaner-system there were nearly no 

differences in NO3-N content of the soil. The effects of the different green manure treatments had 

diminished in the second year after their growing.  
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Figure V- 9. Soil NO3-N in the soil layers 0-30 cm and 30-60 cm at 08th April 2013. Error bars are standard deviations of the 
means. 

3.2 Nitrogen budget  

The N – budgets are calculated on field scale, thereby considering what is entering and leaving the field. 

To keep these N – budgets concise and clear, only three different green manure treatments are presented 

for each tillage treatment. The selected green manure treatments are Sinapis alba (SA), Vicia sativa (VS) 

and bare fallow (FAL). The tillage treatments are like in the previous analyses plough (PL), stubble cleaner 

(SC) and plough in alfalfa grass ley (PLALF). The N – budgets are calculated for both years of TILMAN ORG; 

2011/12 and 2012/13. 
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Table V- 5.   Mean nitrogen budget for nine treatments in 2011/2012; PL=plough, SC=stubble cleaner, PLALF=plough with precrop alfalfa; SA=Sinapis alba, VS=Vicia sativa, FAL=fallow,  (n=4). 

Input 
Treatment1 

(PL+SA) 
Treatment2 

(PL+VS) 
Treatment3 

(PL+FAL) 
Treatment4 

(SC+SA) 
Treatment5 

(SC+VS) 
Treatment6 

(SC+FAL) 
Treatment7 
(PLALF+SA) 

Treatment8 
(PLALF+VS) 

Treatment9 
(PLALF+FAL) 

Organic inputs 
(manure/compost/cut-
and-carry-fertilizer) 

0 0 0 0 0 0 0 0 0 

Fertilizers 0 0 0 0 0 0 0 0 0 

N-fixation main crop 0 0 0 0 0 0 0 0 0 

N-fixation green manure 
crop 

0 86 0 0 79 0 0 70 0 

Deposition (N only) 20 20 20 20 20 20 20 20 20 

Total inputs 20 106 20 20 99 20 20 90 20 

Output          

Crop harvest (uptake 
that is removed from 
the field) 

43 52 38 30 51 25 64 77 65 

Residue removal 8 11 8 10 12 8 14 18 14 

Green manure removal 0 0 0 0 0 0 0 0 0 

Total outputs 51 63 46 40 63 33 78 95 79 

Surplus -31 43 -26 -20 36 -13 -58 -5 -59 

Table V- 6.  Mean nitrogen budgets for  nine treatments in 2012/2013; PL=plough, SC=stubble cleaner, PLALF = ploughed in alfala, SA=Sinapis alba,VS=Vicia sativa, FAL=fallow,  (n=4).  

Input 
Treatment1 
(PL+SA) 

Treatment2 
(PL+VS) 

Treatment3 
(PL+FAL) 

Treatment4 
(SC+SA) 

Treatment5 
(SC+VS) 

Treatment6 
(SC+FAL) 

Treatment7 
(PLALF+SA) 

Treatment8 
(PLALF+VS) 

Treatment9 
(PLALF+FAL) 

Organic inputs 
(manure/compost/cut-
and-carry-fertilizer) 

0 0 0 0 0 0 0 0 0 

Fertilizers 0 0 0 0 0 0 0 0 0 

N-fixation main crop 211 183 197 202 199 202 210 201 220 

N-fixation green manure 
crop 

0 0 0 0 0 0 0 0 0 

Deposition (N only) 20 20 20 20 20 20 20 20 20 

Total inputs 231 203 217 222 219 222 230 221 240 

Output          

Crop harvest (uptake 
that is removed from 
the field) 

156 136 146 150 148 149 156 149 163 

Residue removal 22 20 19 24 19 23 22 22 24 

Green manure removal 0 0 0 0 0 0 0 0 0 

Total outputs 178 156 165 174 167 172 178 171 187 

Surplus 53 47 52 48 52 50 52 50 53 
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3.3 Nitrogen use efficiency 

Nitrogen use efficiency is calculated as harvested nitrogen in % of nitrogen supplied from biological 

nitrogen fixation and atmospheric N-deposition, as there was no fertilization during the trial (NUE2, Table 

V- 7). Note that the N-input of the previous years (2008 to 2010) in the alfalfa crop rotation is not taken 

into account here. 

Table V- 7. Mean nitrogen use efficiency (NUE2) for 2011/2012 and 2012/2013 for 9 treatments, PL=plough, 
SA=Sinapis alba, VS= Vicia sativa, FAL=fallow, PLALF= ploughed-in alfalfa (n=4). 

Year Treatment N Inputs 
[kg/ha] 

N Outputs 
[kg/ha] 

harvested N in % of N supplied 

2011/12 PL+SA 20 51 255 

2011/12 PL+VS 106 63 59 

2011/12 PL+FAL 20 46 230 

2011/12 SC+SA 20 40 200 

2011/12 SC+VS 99 63 64 

2011/12 SC+FAL 20 33 165 

2011/12 PLALF+SA 20 78 390 

2011/12 PLALF+VS 90 95 106 

2011/12 PLALF+FAL 20 79 395 

2012/13 PL+SA 231 178 77 

2012/13 PL+VS 203 156 77 

2012/13 PL+FAL 217 165 76 

2012/13 SC+SA 222 174 78 

2012/13 SC+VS 219 167 76 

2012/13 SC+FAL 222 172 77 

2012/13 PLALF+SA 230 178 77 

2012/13 PLALF+VS 221 171 77 

2012/13 PLALF+FAL 240 187 78 

 

4 Discussion and conclusion 

Biomass production of V. sativa was rather similar among both crop rotations and both tillage systems. 

The other green manure species showed differences in their biomass production depending on the 

system, with highest biomass production in the plough+alfalfa system, lower biomass production in the 

plough system and lowest biomass production in the stubble cleaner system. 

NO3-N content of the soil in spring 2012 was highest in the plots where V. sativa had been grown. This 

green manure species also led to highest oat yields in all systems in the first year of the trial. 

2011/12 V. sativa as green manure species in the grain crop rotation led to a positive N-budget. In the 

rotation with alfafa-grass-ley it was slightly negative for V. sativa. For S. alba and bare fallow it was 

negative in all treatments It can be concluded that green manures, in this case V. sativa, can lead to 

enhanced nitrogen availability. 

Beside the green manure treatments the tillage system as well as the crop rotations influenced the oat 

yield, which was highest in the plough+alfalfa system and lowest in the stubble cleaner system. 
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In the second year of the trial the influence of the green manure species diminished, as it was the second 

season after they had been growing. There was a light influence of the crop rotations and tillage 

treatments on soil NO3 – N in spring 2013, but not on the yield of main crop field bean. For field bean the 

influence of the tillage system was obviously not important. 

2012/13 the N-budget was positive on a similar level (around 50 kg N/ha) for all treatments due to the 

leguminous main crop field bean. 

 





 TILMAN-ORG   Final report of work package 5.1 57 

VI DFH2, Frankenhausen 

University of Kassel, Germany 
M. Grosse 

1 Introduction: rationale and goal of the experiment 

The experiment was set up to examine the short term effect of different green manure crops on nitrogen 

availability, C-content, and weeds, when different soil tillage methods are applied. 

The following questions should be addressed during the one year trial: 

1. Is N-availability limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures and/or reduced tillage? 

3. Does the use of green manures lead to enhanced nitrogen-availability and NUE? 

4. How do reduced tillage techniques affect N-availability and NUE? 

2 Materials and methods 

The trial is located on Domaene Frankenhausen, the trial farm of University of Kassel (51.5 N, 9.4 E). The 

duration of the trial is one year (August 2011 to August 2012). The crops in the last years before the 

experiments were carrots (2010) and winter wheat (2010/11). In 2012, oat was the main crop. Green 

manures where grown before main the main crop. 

The trial was started with four repetitions. With the tillage differentiation in spring 2012 eight repetitions 

were needed because of the trial design. 
 

6 m   3 m 

  

  

4 - 3 2 - 3 3 - 3 1 - 3 1 - 3 2 - 3 3 - 3 4 - 3 

4 - 2 2 - 2 3 - 2 1 - 2   1 - 2 2 - 2 3 - 2 4 - 2 

4 - 4 2 - 4 3 - 4 1 - 4   1 - 4 2 - 4 3 - 4 4 - 4 

4 - 1 2 - 1 3 - 1 1 - 1   1 - 1 2 - 1 3 - 1 4 - 1 

4 - 3 2 - 3 3 - 3 1 - 3   1 - 3 2 - 3 3 - 3 4 - 3 

4 - 2 2 - 2 3 - 2 1 - 2   1 - 2 2 - 2 3 - 2 4 - 2 

4 - 1 2 - 1 3 - 1 1 - 1   1 - 1 2 - 1 3 - 1 4 - 1 

4 - 4 2 - 4 3 - 4 1 - 4   1 - 4 2 - 4 3 - 4 4 - 4 

                  

3 - 1 1 - 1 4 - 1 2 - 1   4 - 1 3 - 1 2 - 1 1 - 1 

3 - 3 1 - 3 4 - 3 2 - 3   4 - 3 3 - 3 2 - 3 1 - 3 

3 - 4 1 - 4 4 - 4 2 - 4   4 - 4 3 - 4 2 - 4 1 - 4 

3 - 2 1 - 2 4 - 2 2 - 2   

  

4 - 2 3 - 2 2 - 2 1 - 2 

3 - 4 1 - 4 4 - 4 2 - 4 4 - 4 3 - 4 2 - 4 1 - 4 

3 - 3 1 - 3 4 - 3 2 - 3   4 - 3 3 - 3 2 - 3 1 - 3 

3 - 2 1 - 2 4 - 2 2 - 2   4 - 2 3 - 2 2 - 2 1 - 2 

3 - 1 1 - 1 4 - 1 2 - 1   4 - 1 3 - 1 2 - 1 1 - 1 

 
 
1- Sinapis alba -1 = Plough 

2- Vicia sativa -2 = Chisel 

3- Fallow -3 = Mulching + Drilling 

4- Trifolium resupinatum  -4 = Direct Drilling 

Figure VI- 1. Experimental layout of DFH2, Frankenhausen (since 5th of April, 2012) 
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The experiment was set up in a split-plot design. Three different types of green manure where sown end 

of August 2011 (Sinapis alba, Vicia sativa, and Trifolium resupinatum), and bare fallow was included as a 

control. Four different levels of soil tillage where applied before the sowing of the oat: plough, chisel, 

mulching + drilling and direct drilling. The experimental lay-out is shown in Figure VI- 1. 

 

An overview of agronomic management practices in the 2011/2012 season is shown in Table VI- 1. During 

the experiment, no fertilization or post-emergence weed control took place. 

Table VI- 1. Agronomic management 2011/2012 

Date Measurement Depth 

22.08.2011 Chisel about 10 cm 

23.08.2011 Rotary harrow  

26.08.2011 Drilling + rolling 

(green manure) 

 

17.10.2011 Burning of fallow  

05.04.2012 Plough 

Chisel 

Nothing (in „mulching and drilling“ and „direct drilling“ 

22- 24 cm 

10-12 cm 

0 cm 

10.04.2012 Rotary harrow 

Drilling / mulching and  

drilling (oat) 

 

09.08.2012 Harvest  

 

Soil samples were taken throughout the growing season as shown in Table VI- 2. Per plot and layer 

according to the size of the plot between three and eight subsamples were taken and mixed. 

Table VI- 2. Soil sampling dates and depths 2011/2012 

Date Depth (cm. below field level) 

29.8.11 0-10, 10-20, 20-40, 40-60 

24.11.11 0-10, 10-20, 20-40, 40-60, 60-90 

26.3.12 0-30, 30-60, 60-90 

02.5.12 0-30, 30-60 

29.08.12 0-30, 30-60 

 

Green manures and main crops were harvested by hand (Table VI- 3). Those samples were used for 

assessments of total biomass yield, grain yield, panicles per m², thousand kernel weight, hectoliter weight, 

Ct and Nt.  

Table VI- 3. Overview of samplings and assessments regarding green manures and main crop oats 2011 and 2012 

Sampling time Parameters assessed Type of sampling 

17.11.2011 Green manure (aboveground) biomass 6 times 0.5 m² per plot 

09.08.2012 Main crop oat: total biomass yield, grain 
yield, panicles per m², thousand kernel 
weight and hectoliter weight, Ct, Nt 

Two frames of 50 x 100 cm per plot 

 

Method for crop Nt – measurement: CHN – analysis. 
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3 Results 

3.1 Crop and soil data 

2011 V. sativa gave higher yields than S. alba (Figure VI- 2). T. resupinatum had been grown so poorly that 

it could not be harvested. 

 
Figure VI- 2. Dry yields of green manure crops November 2011. T. resupinatum had been grown so poorly that it could not 
be harvested. Error bars are standard deviations of the means. 

Grain yield of main crop oats was similar in the plough and chisel tillage systems. Green manure species V. 

sativa caused highest oat yields compared to bare fallow, S. alba, and T. resupinatum (Figure VI- 3). The 

positive effect of V. sativa was more pronounced in the chisel system than in the plough system. In the 

mulching and drilling and direct drilling systems weeds had been grown excessively in the plots where 

bare fallow, S. alba and T. resupinatum had been. These plots had been given up before harvest. Only the 

plots where V. sativa had been grown as green manure species could be maintained. In these plots 

comparable yields, like in the plough and chisel system, were obtained, even so no weed control had 

happened. 

 
Figure VI- 3. Grain yield of main crop oats. Some Mulching+Drilling and Direct Drilling treatments had to be given up. Error 
bars are standard deviations of the means. 
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In all tillage treatments, the N content of the oat was highest in the plots where V. sativa had been grown 

as green manure species (Figure VI- 4). It was slightly higher in the plough system than in the chisel 

system for all green manure treatments. 

 
Figure VI- 4. Total N content in kg per t harvested grains of main crop oats (2012). Error bars are standard deviations of the 
means. 

Soil mineral nitrogen in spring (between 1 February and 1 April) 

In the soil layers 0-30 cm and 30-60 cm below field level at end of March 2012 V. sativa caused markedly 

higher results for soil NO3-N content compared to bare fallow, S. alba, and T. resupinatum (Figure VI- 5). 

 

 

Figure VI- 5. Soil NO3-N in the soil layers 0-30 cm and 30-60 cm below field level at 26th March 2012. Error bars are 
standard deviations of the means. 

3.2 Nitrogen budget  

The N – budgets are calculated on field scale, thereby considering what is entering and leaving the field 

(Table VI- 4). To keep these N – budgets concise and clear, only three different green manure treatments 

are presented for each tillage treatment. The selected green manure treatments are Sinapis alba (SA), 

Vicia sativa (VS) and bare fallow (FAL). The tillage treatments are like in the previous analyses plough (PL), 

chisel (CH), mulching+drilling (MD) and direct drilling (DD). In the mulching+drilling and direct drilling 

systems only the V. sativa treatments were assessable. The N – budgets are calculated for the one year of 

the trial (2011/12). 
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Table VI- 4. Mean nitrogen budgets for eight treatments in 2011/2012; PL=plough, SA=Sinapis alba, VS=Vicia sativa, 
FAL=fallow,  CH=chisel,  MD=mulching and drilling, DD=direct drilling (n=8).  

Input 
Treatment1 

PL+SA 
Treatment2 

PL+VS 
Treatment3 

PL+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 195 0 

Deposition (N only) 20 20 20 

Total inputs 20 215 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

52 90 69 

Residue removal 11 15 11 

Green manure removal 0 0 0 

Total outputs 63 105 80 

Surplus -43 110 -60 

 

Input 
Treatment4 

CH+SA 
Treatment5 

CH+VS 
Treatment6 

CH+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 195 0 

Deposition (N only) 20 20 20 

Total inputs 20 215 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

42 72 53 

Residue removal 11 13 11 

Green manure removal 0 0 0 

Total outputs 53 85 64 

Surplus -33 130 -44 

 

Input 
Treatment7 

MD+VS 
Treatment8 

DD+VS 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 

Fertilizers 0 0 

N-fixation main crop 0 0 

N-fixation green manure crop 195 195 

Deposition (N only) 20 20 

Total inputs 215 215 

Output   

Crop harvest (uptake that is removed 
from the field) 

68 67 

Residue removal 13 14 

Green manure removal 0 0 

Total outputs 81 81 

Surplus 134 134 
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3.2 Nitrogen use efficiency 

Nitrogen use efficiency is calculated as harvested nitrogen in % of nitrogen supplied from biological nitrogen 

fixation and atmospheric N-deposition, as there was no fertilization during the trial (NUE2, Table VI- 5).  

Table VI- 5. Mean nitrogen use efficiency (NUE2) for 2011/2012 for 8 treatments, PL=plough, SA=Sinapis alba, VS= 
Vicia sativa, FAL=fallow, CH=chisel, MD=mulching and drilling, DD=direct drilling (n=8). 

Year Treatment N Inputs 
[kg/ha] 

N Outputs 
[kg/ha] 

Harvested N in % of N supplied 

2011/12 PL+SA 20 63 315 

2011/12 PL+VS 215 105 49 

2011/12 PL+FAL 20 80 400 

2011/12 CH+SA 20 53 265 

2011/12 CH+VS 215 85 40 

2011/12 CH+FAL 20 64 320 

2011/12 MD+VS 215 81 38 

2011/12 DD+VS 215 81 38 

4 Discussion and conclusion 

V. sativa produced more biomass compared to the other green manure species and – as therefore 

expected - caused markedly higher results for soil NO3-N content compared to bare fallow, S. alba, and T. 

resupinatum. 

All tillage treatments with V. sativa as green manure species resulted in a positive N-budget, S. alba and 

bare fallow resulted in a negative N-budget (N-budget for T. resupinatum could not be calculated because 

of the missing biomass values due to poor growth). 

Yield of main crop oat was highest for the V. sativa treatments on a similar level in all tillage systems. The 

difference of the oat yield from the V. sativa treatment to the other green manure treatments was higher 

in the chisel system than the plough system. This could be a sign that a reduced tillage system is more 

dependent on an adequate green manure crop than a plough system. 

The yield results show that in organic farming it is possible to achieve similar oat yields with reduced 

tillage (here chisel) compared to conventional ploughing, if combined with a suitable green manure 

species, in this case V. sativa. But the success is dependent on sufficient biomass production of the green 

manure crop, which in turn is dependent on many factors, like soil and weather conditions. Therefore the 

cultivation of green manures is not easy to manage. 

If there is sufficient biomass production even no-till can be successful in organic farming. 

Compared to the other green manure species in this trial, V. sativa seems to be especially suitable for the 

conditions of this site and for the combination with reduced tillage in organic farming. 

. 
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VII DFH-M, Frankenhausen 

University of Kassel, Germany 

1 Introduction: rationale and goal of the experiment 

This one year trial was established as a repetition of DFH2 so again the main objective was to examine the 

effect of different green manure crops on nitrogen availability, C content, and weeds, when different soil 

tillage is applied. 

Again the following questions should be addressed during the one year trial: 

1. Is N-availability limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures and/or reduced tillage? 

3. Does the use of green manures lead to enhanced nitrogen-availability and NUE? 

4. How do reduced tillage techniques affect N-availability and NUE? 

2 Materials and methods 

The trial is located on Domaene Frankenhausen, the trial farm of University of Kassel (51.5 N, 9.4 E). The 

duration of the trial is one year (August 2012 to August 2013). The crops in the last years before the 

experiments were carrots (2011) and winter wheat (2011/12). 

The trial has four repetitions. The experiment was set up as a split-plot design with tillage as main factor 

and green manure as sub-factor. Four different levels of soil tillage where applied: plough, disc harrow, 

mulching + drilling and direct drilling. Three different types of green manure where planted (Sinapis alba, 

Vicia sativa, and Trifolium resupinatum), and bare fallow was included as a control. Green manures were 

grown before main the main crop. The experimental lay-out is shown in Figure VII- 1. In 2013, oat was the 

main crop. 

 
Figure VII- 1. Experimental layout of DFH-M, Frankenhausen (since 22nd of April, 2013). 
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An overview of agronomic management practices in the 2012/2013 season is shown in Table VII- 1. During 

the experiment, no fertilization or post-emergence weed control took place.  

Table VII- 1. Agronomic management 2012/2013 

When? What? Depth 

20.+21.08.2012 Chisel about 10 cm 

22.08.2012 Rotary harrow  

22.08.2012 Drilling 
(green manure) 

 

18.04.2013 Plough + rotary harrow 
Disc harrow 
Nothing in „mulching and drilling“ and 
„direct drilling“ 

22- 24 cm 
10-12 cm 
0 cm 

22.04.2013 Drilling / mulching and  
drilling (oat) 

 

12.08.2013 Harvest  

 

Soil samples were taken throughout the growing season as shown in Table VII- 2. Per plot and layer three 

subsamples were taken and mixed. 

Table VII- 2. Soil sampling dates and depths 2012/2013 

Date Depth (cm below field level) 

24.8.12 0-30, 30-60, 60-90 

06.12.12 0-30, 30-60, 60-90 

11.04.13 0-30, 30-60, 60-90 

16.05.13 0-30, 30-60, 60-90 

25.06.13 0-30, 30-60, 60-90 

03.09.13 0-30, 30-60, 60-90 

 

Green manures and main crops were harvested by hand (Table VII- 3). Those samples were used for 

assessments of total biomass yield, grain yield, panicles per m², thousand kernel weight, hectoliter weight, 

Ct and Nt.  

Table VII- 3. Overview of samplings and assessments regarding green manures and main crop oats 2012 and 2013 

Sampling time Parameters assessed Type of sampling 

14.11.2012 Green manure (aboveground) biomass 1.5 m x 1.5 m per plot 

12.08.2013 Main crop oat: total biomass yield, grain 
yield, panicles per m², thousand kernel 
weight and hectoliter weight, Ct, Nt 

Four frames of 50 x 100 cm per plot 

 

Method for crop Nt – measurement: CHN – analysis. 

3 Results 

3.1 Crop and soil data 

2012 S. alba and V. sativa yielded similar, but both less than the previous year. V. sativa yielded even 

about one ton dry matter per hectare less than the previous year. T. resupinatum had been grown better 

than the previous year but gave still low yields (Figure VII- 2). 
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Figure VII- 2. Dry yield of green manure crops November 2012. Error bars are standard deviations of the means. 

Grain yield of main crop oats was similar for all green manure treatments in the plough system (Figure VII- 

3). In the disc harrow system green manure species V. sativa caused highest oat yields compared to bare 

fallow, S. alba, and T. resupinatum. There was a significant interaction for green manure x tillage. The 

treatment V. sativa x disc harrow was the only disc harrow treatment that gave no yield reduction when 

compared with the different plough treatments. In the ‘mulching and drilling’ (M+D) and ‘direct drilling’ 

(DD) tillage systems weeds had been grown excessively in all plots. These plots had been given up before 

harvest. 

 

 
Figure VII- 3. Grain yield of main crop oats (2013). All Mulching+Drilling and Direct Drilling plots had been given up before 
harvest. Error bars are standard deviations of the means. 

In both tillage treatments, the N content of the oat was slightly higher in the plots where V. sativa had 

been growing as green manure species compared to the other green manure species and bare fallow 

(Figure VII- 4). It was similar in the plough system and in the disc harrow system. 
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Figure VII- 4. Total N content in kg per t harvested grains of main crop oats (2013). All Mulching+Drilling and Direct Drilling 
plots had been given up before harvest. Error bars are standard deviations of the means. 

Soil mineral nitrogen in spring (between 1 February and 1 April). 

In the soil layers 0-30 cm and 30-60 cm below field level at begin of April 2013 V. sativa caused markedly 

higher results for soil NO3-N content compared to bare fallow, S. alba, and T. resupinatum (Figure VII- 5). 

 

 

Figure VII- 5. Soil NO3-N in the soil layers 0-30 cm and 30-60 cm at 11th April 2013. Error bars are standard deviations of the 
means. 
 

3.2 Nitrogen budget  

The N – budgets are calculated on field scale, thereby considering what is entering and leaving the field 

(Table VII- 4). To keep these N – budgets concise and clear, only three different green manure treatments 

are presented for each tillage treatment. The selected green manure treatments are Sinapis alba (SA), Vicia 

sativa (VS) and bare fallow (FAL). The tillage treatments are like in the previous analyses plough (PL) and 

disc harrow (DH). The mulching+drilling - and direct drilling – treatments had been given up before harvest 

due to high weed infestation. The N – budgets are calculated for the one year of the trial (2012/13). 
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Table VII- 4. Mean nitrogen budgets for six  treatments in 2011/2012; PL=plough, SA=Sinapis alba, VS=Vicia sativa, 
FAL=fallow,  DH=disc harrow (n=4). 

Input Treatment1 
PL+SA 

Treatment2 
PL+VS 

Treatment3 
PL+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 104 0 

Deposition (N only) 20 20 20 

Total inputs 20 124 20 

Output    

Crop harvest (uptake that is removed 
from the field 

64 74 63 

Residue removal 17 21 16 

Green manure removal 0 0 0 

Total outputs 81 95 79 

Surplus -61 29 -59 

 

Input Treatment4 
DH+SA 

Treatment5 
DH+VS 

Treatment6 
DH+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 105 0 

Deposition (N only) 20 20 20 

Total inputs 20 125 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

44 81 37 

Residue removal 13 25 11 

Green manure removal 0 0 0 

Total outputs 57 106 48 

Surplus -37 19 -28 

3.3 Nitrogen use efficiency 

Nitrogen use efficiency is calculated as harvested nitrogen in % of nitrogen supplied from biological 

nitrogen fixation and atmospheric N-deposition, as there was no fertilization during the trial (Table VII- 5).  

Table VII- 5. Mean nitrogen use efficiency (NUE2) for 2012/2013 for 6 treatments, PL=plough, SA=Sinapis alba, VS= 
Vicia sativa, FAL=fallow, DH= Disc harrow (n=4). 

Treatment N Inputs 
[kg/ha] 

N Outputs 
[kg/ha] 

Harvested N in % of N supplied 

PL+SA 20 81 405 

PL+VS 124 95 77 

PL+FAL 20 79 395 

DH+SA 20 57 285 

DH+VS 125 106 85 

DH+FAL 20 48 240 
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4 Discussion and conclusion 

Compared to the previous year, S. alba and V. sativa both produced less biomass. The yield decline was 

especially high for V. sativa. However, V. sativa caused again markedly higher results for soil NO3-N 

content compared to bare fallow, S. alba, and T. resupinatum. All tillage treatments (only plough and disc 

harrow assessable) with V. sativa as green manure species resulted in a positive N-budget, S. alba and 

bare fallow resulted in a negative N-budget. 

Unfortunately in this trial all Mulching+Drilling and Direct Drilling (= no-till) treatments had to be given up, 

because they were overgrown through weeds. This may be due to the inferior biomass production of the 

green manures in this trail compared to the trial in the previous year, especially of V. sativa. 

In the plough system oat yield was rather similar for all green manure treatments, for the disc harrow 

system there was a pronounced yield decline in the plots where bare fallow, S. alba and T. resupinatum 

had been before the oat. In the disc harrow system only the V. sativa treatment resulted in oat yields on a 

similar level like all plough treatments. 

Like in the previous year, a reduced tillage system (here disc harrow) seems to be more dependent on an 

adequate green manure crop to achieve proper oat yields. Again V. sativa shows the best results in 

combination with reduced tillage. In the plough system the green manure treatment does not play  a 

crucial role. 

For the mulching+drilling and direct drilling systems no green manure treatment was successful in this 

year. The biomass production of none of the green manure species was clearly not sufficient and weed 

pressure was too high. 

The cultivation of green manure crops can lead to enhanced N-availability and to proper yields of a main 

crop (here oat) in reduced tillage systems. For the success of reduced tillage systems and especially no-

tillage systems in organic farming a sufficient biomass production of the green manures is crucial. A good 

seeding technique and timing of seeding as well as suitable species and varieties are important, but of 

course unswayable factors can retard the success. 
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VIII Belm, Osnabrueck  

University of Kassel, Germany 
M. Grosse 

1 Introduction: rationale and goal of the experiment 

This one year trial was set up similar to the one year trials in Frankenhausen, so that the same questions 

could be addressed, but on a different site with sandy soil. 

Again the main objective was to examine the effect of different green manure crops on nitrogen 

availability, C content, and weeds, when different soil tillage is applied. 

The same questions as in the other trials were addressed during the year: 

1. Is N-availability limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures and/or reduced tillage? 

3. Does the use of green manures lead to enhanced nitrogen-availability and NUE? 

4. How do reduced tillage techniques affect N-availability and NUE? 

2 Materials and methods 

The trial is located in Belm, Osnabrueck (52.3 N, 8.1 E). The duration of the trial is one year (August 2011 

to August 2012). The crops in the last years before the experiments were grass clover (2010 and 2011) 

and spring wheat (2011).  

The experiment was set up as a randomized complete block design in four blocks with tillage and green 

manures as factors. Three different levels of soil tillage where applied: plough, chisel and rotary hoe. 

Three different types of green manure where planted (Sinapis alba, Vicia sativa, and Trifolium 

resupinatum), and bare fallow was included as a control. Green manures were grown before the main 

crop oat. The experimental lay-out is shown in Figure VIII- 1.  
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Figure VIII- 1. Experimental layout of Belm, Osnabrueck (since 2nd of April, 2012) 
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An overview of agronomic management practices in the 2011/2012 season is shown in Table VIII- 1. 

During the experiment, no fertilization or post-emergence weed control took place. 

Table VIII- 1. Agronomic management 2011/2012 

Date Measurement Depth 

25.08.2011 Chisel 
Rotary harrow 
Drilling 
(green manure) 

 

02.11.2011 Burning of fallow  

02.04.2012 Plough 
Chisel 
Rotary hoe 
Drilling (oat) 

about 23 cm 
13-15 cm 
6-8 cm 

08.08.2012 Harvest  

 

Soil samples were taken throughout the growing season as shown in Table VIII- 2. Per plot and layer four 

subsamples were taken and mixed. 

Table VIII- 2. Soil sampling dates and depths 

Date  Depth (cm. below field level) 

01.09.2011 0-10, 10-20, 20-40, 40-60 

25.10.2011 0-10, 10-20, 20-40, 40-60, 60-90 

21.03.2012 0-30, 30-60, 60-90 

26.04.2012 0-30, 30-60, 60-90 

19.06.2012 
17.08.2012 

0-30, 30-60 
0-30, 30-60, 60-90 

 

Green manures and main crops were harvested by hand (Table VIII- 3). Those samples were used for 

assessments of total biomass yield, grain yield, panicles per m², thousand kernel weight, hectoliter weight, 

Ct and Nt. 

Table VIII- 3. Overview of samplings and assessments regarding green manures and main crop oats 2011 and 2012 

Sampling time Parameters assessed Type of sampling 

25.10.2011 Green manure (aboveground) biomass 4 times 0.5 m² per plot 

08.08.2012 Main crop oat: total biomass yield, grain 
yield, panicles per m², thousand kernel 
weight and hectoliter weight, Ct, Nt 

Three frames of 50 x 100 cm per plot 

 

Method for crop Nt – measurement: CHN – analysis. 

3 Results 

3.1 Crop and soil data 

2011 S. alba gave higher yields than V. sativa (Figure VIII- 2). T. resupinatum had been grown so poorly 

that it could not be harvested. 
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Figure VIII- 2. Dry yields of green manure crops November 2011. T. resupinatum had been grown so poorly that it could not 
be harvested. Error bars are standard deviations of the means. 

An interaction of ST x GMC was established for grain yield of main crop oats in Belm (Figure VIII- 3). In the 

plough system, green manure treatment S. alba yielded highest, while in the chisel and rotary hoe system 

V. sativa gave highest yields. 

 

 
Figure VIII- 3. Grain yield of main crop oats 2012. Error bars are standard deviations of the means. 

In all tillage treatments, the N content of the oat was slightly higher in the V. sativa – treatments 

compared to the other green manure treatments (Figure VIII- 4). It was slightly higher in the plough 

system than in the two other tillage systems for all green manure treatments. 
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Figure VIII- 4. Total N content in kg per t harvested grains of main crop oats. Error bars are standard deviations of the 
means. 

Soil mineral nitrogen in spring (between 1 February and 1 April). 

In the soil layers 0-30 cm and 30-60 cm below field level at end of March NO3-N content of the sandy soil 

was low for all three green manure species and bare fallow (Figure VIII- 5). The NO3-N content was slightly 

higher in the plots where S. alba and V. sativa had been grown compared to the bare fallow and  

T. resupinatum plots. 

 

 

Figure VIII- 5. Soil NO3-N in the soil layers 0-30 cm and 30-60 cm below field level on 21st March 2012. Error bars are 
standard deviations of the means. 

3.2 Nitrogen budget  

The N – budgets are calculated on field scale, thereby considering what is entering and leaving the field 

(Table VIII- 4). To keep these N – budgets concise and clear, only three different green manure treatments 

are presented for each tillage treatment. The selected green manure treatments are S. alba (SA), V. sativa 

(VS) and bare fallow (FAL). The tillage treatments are like in the previous analyses plough (PL), chisel (CH), 

and rotary hoe (RH). The N – budgets are calculated for the one year of the trial (2011/12). 
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Table VIII- 4. Mean nitrogen budgets for nine  treatments in 2011/2012; PL=plough, SA=Sinapis alba, VS=Vicia sativa, 
FAL=fallow,  CH=chisel, RH=rotary hoe (n=4). 

Input 
Treatment1 

PL+SA 
Treatment2 

PL+VS 
Treatment3 

PL+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer)

1
 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop
2
 0 0 0 

N-fixation green manure crop2 0 67 0 

Deposition (N only)3 20 20 20 

Total inputs 20 87 20 

Output    

Crop harvest (uptake that is removed 
from the field)

1
 

70 87 64 

Residue removal1 12 10 8 

Green manure removal1 0 0 0 

Total outputs 82 97 72 

Surplus -62 -10 -52 

 

Input 
Treatment4 

CH+SA 
Treatment5 

CH+VS 
Treatment6 

CH+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 67 0 

Deposition (N only) 20 20 20 

Total inputs 20 87 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

52 66 41 

Residue removal 6 9 7 

Green manure removal 0 0 0 

Total outputs 58 75 48 

Surplus -38 12 -28 

 

Input 
Treatment7 

RH+SA 
Treatment8 

RH+VS 
Treatment9 

RH+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 67 0 

Deposition (N only) 20 20 20 

Total inputs 20 87 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

37 61 49 

Residue removal 7 9 6 

Green manure removal 0 0 0 

Total outputs 44 70 55 

Surplus -24 17 -35 
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3.3 Nitrogen use efficiency 

Nitrogen use efficiency is calculated as harvested nitrogen in % of nitrogen supplied from biological 

nitrogen fixation and atmospheric N-deposition, as there was no fertilization during the trial  

(Table VIII- 5).  

Table VIII- 5. Mean nitrogen use efficiency (NUE2) for 2011/2012 for 9 treatments, PL=plough, SA=Sinapis alba, VS= 
Vicia sativa, FAL=fallow, CH=chisel, RH=rotary hoe (n=4). 

Treatment N Inputs 
[kg/ha] 

N Outputs 
[kg/ha] 

Harvested N in % of N supplied 

PL+SA 20 82 410 

PL+VS 87 97 111 

PL+FAL 20 72 360 

CH+SA 20 58 290 

CH+VS 87 75 86 

CH+FAL 20 48 240 

RH+SA 20 44 220 

RH+VS 87 70 80 

RH+FAL 20 55 275 

4 Discussion and conclusion 

Like in the Frankenhausen trials, T. resupinatum had grown poorly. However, in Belm S. alba instead of V. 

sativa produced most biomass. 

Soil NO3-N content was low in spring 2012 in all treatments. V. sativa and S. alba gave lightly higher NO3-N 

content than T. resupinatum and bare fallow. 

Chisel x V. sativa and rotary hoe x V. sativa resulted in a positive N-budget; plough x V. sativa resulted in a 

slightly negative N-budget. S. alba and bare fallow resulted in a negative N-budget in all tillage 

treatments. 

The oat yield showed a positive response to V. sativa as green manure crop in  the reduced tillage 

systems. In the plough system, there was a positive response to V. sativa as well, and an even stronger 

positive response  to S. alba. 

Compared to the other green manure species in this trial, V. sativa seems to be rather suitable to be 

combined with reduced tillage on sandy soil, but perhaps it would be useful to test other leguminous 

green manure species more adapted to the conditions on sandy soil.
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IX Belm II, Osnabrueck  

University of Kassel, Germany 
M. Grosse 

1 Introduction: rationale and goal of the experiment 

This one year trial was set up as repetition to the one year trial in Belm in the previous year. The main 

objective was to examine the effect of different green manure crops on nitrogen availability, C content, 

and weeds, when different soil tillage is applied. 

The same questions as in the other trials should be addressed during the year: 

1. Is N-availability limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures and/or reduced tillage? 

3. Does the use of green manures lead to enhanced nitrogen-availability and NUE? 

4. How do reduced tillage techniques affect N-availability and NUE?  

2 Materials and methods 

The trial is located in Belm, Osnabrueck (52.3 N, 8.1 E). The duration of the trial is one year (August 2012 

to August 2013). The crops in the last years before the experiments were grass clover (2011 and 2012) 

and spring wheat (2012).  

The experiment was set up in a split-plot design in four blocks with tillage in large plots and green 

manures in sub-plots as factors. Three different levels of soil tillage where applied: plough, chisel and 

rotary hoe. Three different types of green manures where planted (Sinapis alba, Vicia sativa, and 

Trifolium resupinatum), and bare fallow was included as a control. Green manures where grown before 

main the main crop. The experimental lay-out is shown in Figure IX- 1. In 2013, oat was the main crop. 

 

 

Figure IX- 1. Experimental layout of Belm II, Osnabrueck (since 15
th

 of April, 2013) 

An overview of agronomic management practices in the 2012/2013 season is shown inTable IX- 1.  

During the experiment, no fertilization or post-emergence weed control took place. 

  

4-1 1-2 1-3 3-1 2-3 2-2 3-3 2-1 4-2 3-2 4-1 2-3

3-1 4-2 2-3 1-1 3-3 1-2 2-3 4-1 2-2 4-2 1-1 3-3

2-1 2-2 4-3 4-1 1-3 3-2 1-3 3-1 1-2 2-2 2-1 4-3

1-1 3-2 3-3 2-1 4-3 4-2 4-3 1-1 3-2 1-2 3-1 1-3

-1 Plough

2- Trifolium resupinatum -2 Chisel

-3 Rotary hoe

Block A

1- Sinapis alba

3- Vicia sativa

4- Bare fallow

Block D Block C Block B
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Table IX- 1. Agronomic management 2012/2013 

Date Measurement Depth (cm) 

 
17.08.2012 

Chisel + Rotary harrow 
Drilling 
(green manure) 

 

15.04.2013 Plough 
Chisel 
Rotary hoe 
Drilling (oat) 

22-24 cm 
13-15 cm 
6-7 cm 

05.08.2013 Harvest  

 

Soil samples were taken throughout the growing season as shown in Table IX- 2. 

Table IX- 2.  Soil sampling dates and depths 

Date  Depth (cm. below field level) 

28.08.2012 0-30, 30-60, 60-90 

04.04.2013 0-30, 30-60, 60-90 

14.05.2013 0-30, 30-60, 60-90 

20.06.2013 0-30, 30-60, 60-90 

23.08.2013 0-30, 30-60, 60-90 

 

Green manures and main crops were harvested by hand (Table IX- 3). Those samples were used for 

assessments of total biomass yield, grain yield, panicles per m², thousand kernel weight, hectoliter weight, 

Ct and Nt. 

Table IX- 3. Overview of samplings and assessments regarding green manures and main crop oats 2012 and 2013 

Sampling time Parameters assessed Type of sampling 

23.11.2012 Green manure (aboveground) biomass One frame of 1.5 m x 1.5 m per plot 

05.08.2013 Main crop oat: total biomass yield, grain 
yield, panicles per m², thousand kernel 
weight and hectoliter weight, Ct, Nt 

Four frames of 50 x 100 cm per plot 

 

Method for crop Nt – measurement: CHN – analysis. 

3 Results 

3.1 Crop and soil data 

2012 S. alba , as in the last year in Belm, gave highest yields. T. resupinatum had been grown better than 

the previous year but yielded less than the other two green manure species. 
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Figure IX- 2. Dry yields of green manure crops November 2012. Error bars are standard deviations of the means. 

An interaction of ST x GMC was established for grain yield of main crop oat in Belm (Figure IX- 3). In the 

plough system, green manure species T. resupinatum yielded highest, while in the chisel and rotary hoe 

system V. sativa gave highest yields. 

Oat yields in the plough system were higher than in the chisel or rotary hoe systems for all green manure 

treatments. Oat yields in the rotary hoe system were slightly higher than in the chisel system. 

 

 
Figure IX- 3. Grain yield of main crop oats 2013. Error bars are standard deviations of the means. 
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Figure IX- 4. Total N content in kg per t harvested grains of main crop oats (2013). Error bars are standard deviations of the 
means. 

Soil mineral nitrogen in spring (between 1 February and 1 April). 

In the soil layers 0-30 cm and 30-60 cm below field level at begin of April NO3-N content of the sandy soil 

was again higher in the plots where  S. alba and V. sativa had been grown compared to the bare fallow 

and T. resupinatum plots (Figure IX- 5). 

 

 
Figure IX- 5. Soil NO3-N in the soil layers 0-30 cm and 30-60 cm below field level on 4th of April 2013. Error bars are 
standard deviations of the means. 

3.2 Nitrogen budget  

The N – budgets are calculated on field scale, thereby considering what is entering and leaving the field. 

To keep these N – budgets concise and clear, only three different green manure treatments are presented 

for each tillage treatment. The selected green manure treatments are S. alba (SA), V. sativa (VS) and bare 

fallow (FAL). The tillage treatments are like in the previous analyses plough (PL), chisel (CH), and rotary 

hoe (RH). The N – budgets are calculated for the one year of the trial (2012/13). 
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Table IX- 4. Mean nitrogen budgets for nine treatments in 2012/2013, PL=plough, SA=Sinapis alba, VS=Vicia sativa, 
FAL=fallow,  CH=chisel, RH=rotary hoe (n=4). 

Input 
Treatment1 

PL+SA 
Treatment2 

PL+VS 
Treatment3 

PL+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 46 0 

Deposition (N only 20 20 20 

Total inputs 20 66 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

63 66 67 

Residue removal 15 15 12 

Green manure removal 0 0 0 

Total outputs 78 81 79 

Surplus -58 -15 -59 

 

Input 
Treatment4 

CH+SA 
Treatment5 

CH+VS 
Treatment6 

CH+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 46 0 

Deposition (N only) 20 20 20 

Total inputs 20 66 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

55 55 50 

Residue removal 11 11 12 

Green manure removal 0 0 0 

Total outputs 66 66 62 

Surplus -46 0 -42 

 

Input 
Treatment7 

RH+SA 
Treatment8 

RH+VS 
Treatment9 

RH+FAL 

Organic inputs (manure/compost/cut-
and-carry-fertilizer) 

0 0 0 

Fertilizers 0 0 0 

N-fixation main crop 0 0 0 

N-fixation green manure crop 0 46 0 

Deposition (N only) 20 20 20 

Total inputs 20 66 20 

Output    

Crop harvest (uptake that is removed 
from the field) 

60 66 53 

Residue removal 11 11 11 

Green manure removal 0 0 0 

Total outputs 71 77 64 

Surplus -51 -11 -44 

3.3 Nitrogen use efficiency 

Nitrogen use efficiency is calculated as harvested nitrogen in % of nitrogen supplied from biological 

nitrogen fixation and atmospheric N-deposition, as there was no fertilization during the trial (NUE2,  

Table IX- 5). 
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Table IX- 5. Mean nitrogen use efficiency (NUE2) for 2011/2012 for 9 treatments, PL=plough, SA=Sinapis alba, VS= Vicia 
sativa, FAL=fallow, CH=chisel, RH=rotary hoe (n=4). 

Treatment N Inputs 
[kg/ha] 

N Outputs 
[kg/ha] 

Harvested N in % of N supplied 

PL+SA 20 78 390 

PL+VS 66 81 123 

PL+FAL 20 79 395 

CH+SA 20 66 330 

CH+VS 66 66 100 

CH+FAL 20 62 310 

RH+SA 20 71 355 

RH+VS 66 77 117 

RH+FAL 20 64 320 

4 Discussion and conclusion 

Like in the previous year biomass production of S. alba was highest, biomass production of V. sativa was 

lower and of T. resupinatum lowest. Soil NO3-N content was higher for the V. sativa - and S. alba - than for 

the T. resupinatum - and bare fallow - treatments in spring 2013. This confirms the findings of the 

previous year, although the difference between treatments was larger this year. 

The conclusion can be drawn that green manure crops can help to bind N or to catch N and therefore lead 

to enhanced nitrogen availability. However, the potential of the green manure crops to catch or bind N is 

depending on their biomass production. 

This year no treatment resulted in a positive N-budget; chisel x V. sativa resulted in a N-budget of zero.  

S. alba and bare fallow resulted in a more negative N-budget than V. sativa in all tillage treatments. 

The oat yield showed a positive response to V. sativa as green manure crop in the chisel and rotary hoe 

tillage treatments, which also confirms the findings of the previous year. 

Compared to the other green manure species in this trial, V. sativa seems to be rather suitable for the 

combination with reduced tillage systems, as in the treatments on clay soil, but perhaps it would be useful 

to test other leguminous green manure species more adapted to the conditions on sandy soil.
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X BASIS-experiment, Flevoland  

WUR-PPO, Netherlands 
W. Sukkel, D. van Balen, W. Haagsma, P. van Asperen, W. van den Berg 

1 Introduction: rationale and goal of the experiment.  

Dutch organic and conventional farmers are concerned about the decline of their soil quality. There is a 

large interest in reduced and non-inversion tillage techniques and controlled traffic systems. The 

combination of these techniques has theoretically a potential to improve soil quality, to minimize 

emissions and to enhance biodiversity. However, there is little experience and knowledge about the 

effects of the combination of these techniques under Dutch circumstances and rotations including root 

crops like potatoes, carrot and sugar beets, and fine seeded crops like onion. 

The objective of the BASIS trial is to test, improve and measure agronomic and environmental effects of 

non inversion soil tillage techniques in combination with controlled traffic under Dutch circumstances in 

organic and conventional managed systems. This document is focused on the results concerning nitrogen 

and phosphorus dynamics. The following questions are discussed in relation to the available trial results 

1. Is N availability limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures or reduced tillage conditions?   

3. Does the use of green manures (under reduced tillage conditions) lead to enhanced nitrogen 

availability and nitrogen use efficiency?  

4. How do reduced tillage techniques affect nitrogen availability and nitrogen use efficiency?  

2 Materials and methods 

2.1 General description of the experiment 

Field experiment with organic and conventional cropping systems with root crops and fine seeded crops 

included in the rotation was conducted. Within the production systems different tillage systems and 

organic matter management systems are compared. This report will be focused on the results of the 

tillage factor in the organic system. Reduced (non inversion) tillage is partly entwined with the additional 

use of cover crops. In a standard ploughing system on clay soils the cover crops are ploughed under in 

November. With non inversion tillage the soil is covered until late winter/early spring.  

The system makes use of (seasonal) controlled traffic to avoid compaction by machine operations. 

Compaction is concentrated on the traffic lanes and minimized between the traffic lanes. 

The organic system has a 6 year rotation and yearly consists of three fields/crops. So yearly three out of 

six of the crops in the rotation are present. The fields are indicated as J10-3; J10-4 and J10-6.  All fields 

have a static (for the tillage factor) and a development part. However also in the static part, obvious 

management improvements are implemented (testing and improving). The experiments started in the 

autumn of 2008 with the lay out of the tillage factor. In 2011 different organic matter strategies were 

added. The experiment will run until at least 2016. 

2.2 Experimental site 

Lelystad, the Netherlands. Coordinates: 52°27’N; 05° 31’E; soil texture sand: silt : clay = 61:23:16 (sandy 

loam). Climate: Annual precipitation 750 mm, Mean annual temp 9,5 °C.  
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Site history: the site has been managed as a conventional experimental farm until 2002. After 2002 there 

was a two year conversion period with alfa alfa.  Since 2004 the fields are organic certified with a rotation 

similar to the current one in the experiment.  

2.3 Experimental design 

For the tillage factor there is for every field a randomized block design in four replications. There are three 

fields present. Every field started in 2009 with a different crop in the rotation.    

Every(tillage) treatment consists of 4 traffic lanes of 3,15 meter. The blocks per tillage treatment 

therefore have a width of 12,60 meters and are 85 meters long. Every field has a testing and improving 

part.  

The factor tillage has three levels:  

 annual mouldboard ploughing of 25 cm deep in mid to late autumn + various shallow secondary soil 

cultivations (CON);  

 non inversion tillage of maximum 20 cm with chisel plough in mid to, late autumn + various shallow 

secondary soil cultivations (NITC);  

 non inversion tillage of maximum 10 cm + various shallow soil cultivations (NIT)  

 

Non inversion tillage is combined with a longer growth period of cover crops. With the mouldboard 

plough, cover crops are ploughed under in November. In the non inversion tillage systems the cover crops 

stay on the field until late winter/early spring. 

Non inversion tillage (NITC and NIT) is also combined with different set of machine operations (seed bed 

preparation, post harvest tillage etc.) compared to ploughing. 

2.4 Cultivation management 

Figure X- 1 depicts the timing of the crops and the cover crops of the different fields. Table X- 1 gives the 

exact dates of sowing and harvesting/destruction of crops/cover crops.  The grass clover in  J10-4 in 2011 

and 2012 in the CON treatment is cut up in two periods. The is caused by a bad emergence in 2011 (due 

to slaking). The crop was ploughed under in November 2011 and resown in spring 2012. 
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Figure X- 1. Timing of Crops and cover crops in the BASIS-experiment per field and per tillage factor 

  

J10-3 Mouldboard ploughing (CON)

Year w inter spring summer autumn

jan feb mar apr may jun jul aug sep oct nov dec

2009 potato grass clover

2010 grass clover

2011 w hite cabbage

2012 spring w heat w hite clover w inter vetch

2013 carrot

J10-3 Non inversion tillage (NITC and NIT)

Year w inter spring summer autumn

jan feb mar apr may jun jul aug sep oct nov dec

2009 yellow  mustard potato grass clover

2010 grass clover

2011 grass clover w hite cabbage

2012 spring w heat w hite clover w inter vetch

2013 w inter vetch carrot

J10-4 Mouldboard ploughing (CON)

Year w inter spring summer autumn

jan feb mar apr may jun jul aug sep oct nov dec

2009 carrot

2010 spring w heat/faba beanyellow  mustard

2011 potato grass clover

2012 grass clover

2013 w hite cabbage

J10-4 Non inversion tillage (NITC and NIT)

Year w inter spring summer autumn

jan feb mar apr may jun jul aug sep oct nov dec

2009 w hite clover carrot w inter rye

2010 w inter rye spring w heat/faba beanyellow  mustard

2011 yellow  mustard potato grass clover

2012 grass clover

2013 grass clover w hite cabbage

J10-6 Mouldboard ploughing (CON)

Year w inter spring summer autumn

jan feb mar apr may jun jul aug sep oct nov dec

2009 spring w heat w hite clover

2010 carrot

2011 spring w heat/faba beanyellow  mustard

2012 potato grass clover

2013 grass clover

J10-6 Non inversion tillage (NITC and NIT)

Year w inter spring summer autumn

jan feb mar apr may jun jul aug sep oct nov dec

2009 spring w heat w hite clover

2010 w hite clover carrot

2011 spring w heat/faba beanyellow  mustard

2012 yellow  mustard potato grass clover

2013 grass clover
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Table X- 1. Crops, cover crops and management data per field for the years 2011 to 2013. 

 

 J10-3 J10-4 J10-6 

2
0

1
1 

Crop White cabbage Potato spring wheat/faba beans 

2011/2012
 

 

Cover Crop 
Sowing date 
Destroying date 
CON 
NITC,NIT 

none 
 

Grass clover 
3/9/11 

Yellow mustard 
6/9/11 
 
28/10/11 
21/3/12 

2
0

1
2 

Crop 
Sowing date 
Fertilization 
 
Harvest 
 
Cover crop 
Sowing date 

Springwheat  
12/4/12 
23/5/12: 25 t/ha CS 
 
21/8/12 
 
W.clover, w. vetch 
14/6/12,12/9/12 

Grass clover 
CON resown: 21/3/12 
None 
 
11/5 (only NITC and NIT),  
19/6, 27/7, 5/9 
 

Potato 
2/5/13 
1/10/11: 30 t/ha SCM 
18/5/12: 20 t/ha CS 
13/8/12 
 
Grass clover 
31/8/12 

2012/2013
 

Cover crop 
Destroying date 
CON 
NITC,NIT 
 

Winter vetch 
 
15/11/12 
25/4/13 
 

grass clover  
 
15/11/12 
15/11/12 partly destr. 
3/5/13 

Grass clover  

2
0

1
3 

Crop 
Sowing date 
Fertilization 
 
Harvest 

Carrot 
11/6/13 
31/5/13: 1 t/ha DPM 
 
24/10/13 

White cabbage 
4/6/13 
1/10/12: 25 t/ha SCM 
27/5/13: 35 t/ha CS 
2+30/9/13 

Grass clover 
31/8/12 
None 
 
4/6, 8/7, 22/8, 7/10 

2
0

1
3

/
2

0
1

4 

Cover crop 
 

None None Grass clover 

* CS=cow slurry; DPM= dried poultry manure; SCM= Solid cow manure 

2.5 Crop and cover crop management 

As mentioned earlier the crop rotation is: Potato - grass/clover - white cabbage – spring wheat (+ 

undersowing clover) – carrot – faba beans/spring wheat mix; (cover crops whenever possible).   

Potato 

The cover crop before the potatoes is yellow mustard. In CON the yellow mustard is ploughed mid 

November. The chisel plough in NITC is used under dry conditions in late autumn/winter. In NITC and NIT 

the yellow mustard is destroyed in spring (march) with a cultivator with goosefoot shares. The potatoes 

are planted mid-end of April with a Vicon Koningsplanter planting machine. The potatoes are grown in 75 

cm wide ridges, 4 ridges on a 3,15 m bed. The harvest is done by a 2 row AVR Spirit potato harvester. Yield 

is measured by harvesting (by hand) 2 times 7 meters of row per block. Marketable yield is the 28-60 mm 

class. 

Grass clover 

The grass clover (cover)crop is sown after the harvest of the potatoes with a Accord pneumatic sowing 

machine with disc coulters , 3m wide, 25 cm row distance. The grass clover is harvested 3-4 times as cow- 

fodder.  

On CON the grass clover is ploughed mid-November after the use of a disc harrow. The disc harrow is also 

used in NITC and NIT in November to loosen the grass clover partly before winter so less cultivations are 

needed in spring. Yield is measured by harvesting 10 x 1,5 meter per block. 
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White cabbage 

Cabbage is grown after a grass clover mixture. It is difficult to destroy the grass clover crop  without 

ploughing and with a minimum of fuel. After a treatment with a disc harrow in November in all the three 

treatments just before ploughing of the CON treatment, the grass clover is cultivated twice on two depths 

with a cultivator with goosefoot shares.  The first time before the application of cow slurry and the second 

time just after the application of slurry. Plantbed preparation was done with a Multivator and a Lännen 4 

row planting machine was used. The last cabbages were harvested in October and no green manure was 

sown in afterwards. The harvested is done by hand and the use of a platform trailer. Yield is measured by 

harvesting 10 x 3,15m per block. 

Spring wheat 

To get rid of cabbage stubble the NITC and NIT plots are cultivated in spring (March-April) with a cultivator 

with goosefoot shares.  An Accord drilling machine with disc coulters is used for sowing in combination 

with a rotary harrow. Row distance is 25 cm so weeds can be controlled by the use of hoe and harrow. 

Fields for yield measurement are harvested with a Claas combine with a 3 meter header. A length of 72 x 

3 meter per block is harvested to determine the yield. The rest of the field is harvested with a Combine 

with 6 meter header. From 2014 on the cereal crops are harvested with a combine on CTF tracks of 3,15 

m. After the last mechanical weed control the white clover is sown. Sometimes this white clover doesn’t 

recover well after the wheat harvest and winter vetch will be sown in in the wheat stubble. A leguminous 

green manure  is chosen  for N fixation and N release for the carrot crop in the next growing season. 

White clover and vetch are sown with an Accord drilling machine with disc coulters. 

Carrots 

A cultivator with goosefoot shares is used to get rid of the white clover or vetch in spring. Sometimes 

white clover is very persistent. When necessary the NITC an NIT plots are cultivated with a rotary harrow 

or rotary cultivator first half of April. 

Ridges are build up 2 to 4 weeks before sowing.  End of May is the right time for sowing the carrots for 

long storage. The crop was irrigated with 12 mm of water on June 12 and 20 mm on September 3.Because 

of the  harvest in autumn, no green manure was sown in. The carrots are harvested approx half of  

October with a two row top-belt lifter. A length of 2 times 5 meter of row is harvested by hand to 

determine the yield. Marketable yield is the 80-200 gram size. 

Spring wheat/faba beans 

Because of the late harvest of the carrot, no cover crop can be cultivated between the harvest of the 

carrots and the sowing of the next crop. The relatively bad soil structure left behind after the harvest of 

carrot in the preceding year make it necessary to loosen the soil in spring even after the loosening with a 

chisel plough on the NITC plots.  This loosening consists of a cultivation with a cultivator with goosefoot 

shares on a depth of 8-10 cm.  An Accord sowing machine with disc coulters is used. Row distance is 25 

cm. The spring wheat and faba bean seeds are sown as a mixture.  This crop is harvested as dry seeds and 

sold to an organic pig farm. Yield is measured by harvesting  72 x 6,30 meter per block. The rest of the 

field is harvested with a combine with a 6,30m header. 

Nitrogen fixation and nutrient use efficiency 

For calculation of nitrogen fixation by the grass-clover sward during spring 2012 before it was destroyed, 

the following formula was used: 
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BNFc = yield x N-content x Pfix x (1 + Non-harvested N) 

BNFc: biological nitrogen fixation 

Pfix: proportion of N in shoot fixed from atmosphere (80-95%) taken from Amossé. (2013).  

Non-harvested N: 55% of N in aboveground biomass: 

 Proot+stubble: fixed N2 in root and stubble, 25%  

 Ptranssoil: below-ground transfer of BFcN to grasses, 5%  

 Pimmobile: BFcN immobilized in soil, 25%  

 

N use efficiencies were calculated either as: N in harvestable product (kg/ha) divided by N inputs in 

compost and cut-and-carry-fertilizer (i.e. external N-inputs) (kg/ha) (Neff) and as harvested nitrogen in % 

of nitrogen supplied (from biological nitrogen fixation, atmospheric N-deposition, compost and cut-and-

carry fertilizer application)(N-eff%). 

3 Results  

3.1  Crop and soil data 

The results of the measurements on crop yields and N and P content in 2012 and 2013 can be found in 

Table X- 2. The results of the measurements of the organic matter content of the soil and mineral 

nitrogen in spring can be found in Table X- 3 and Table X- 4. 

3.1.1 Crops 2012 

There was no significantly difference between the objects in the yield of the spring wheat  on J10-3. The 

N-content of CON was higher than NITC and the P-content of NIT was higher than CON. 

On J10-4 the yield of the grass clover on CON was significantly lower than the yield of NITC and NIT. This 

was caused by slaking of the ploughed CON field in autumn 2012 just after the sowing of the grass clover. 

The soil in NITC and NIT didn’t pond. CON had to be sown again in spring 2012 and missed the first cut. 

Although the N-content of the grass clover in CON was slightly higher it wasn’t significantly different from 

NITC and NIT. The P-content of the grass clover in CON was significantly higher. 

The yield of the potatoes on J10-6 wasn’t significantly different between the objects. Because of an early 

Phytophthora infestans infection the potatoes had to be killed early in the season.  The overall yield of 

this crop in this year was low. The N-content of NIT was significantly higher than CON. 

3.1.2 Crops 2013 

The yield of the carrots on J10-3 was significantly higher on CON. The difference in yield was quite big. The 

N-content was significantly lower on CON and the P-content of CON was significantly lower than NIT.  

The yield of the cabbage of object NIT  on J10-4 was significantly lower. There was no difference in N-

content or P-content. 

Although the yield of the grass clover on CON J10-6 was higher, it was not significantly higher than NITC 

and NIT. The N-content on NITC was significantly higher and the P-content on NITC was significantly lower 

than the other objects.
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Table X- 2. Marketable and dry matter yield, N content and P content of the crops in three fields in 2012 and 2013 

Field object crop Marketable yield (t/ha) Dm yield  (t/ha) N- content  (g/kg dm) P- content (g/kg dm) 

2012     

J10-3 CON spring wheat 6.05 a 5.04 a 19.35 b 3.65 a 

J10-3 NITC spring wheat 6.57 a 5.49 a 19.00 a 3.73 ab 

J10-3 NIT spring wheat 6.44 a 5.36 a 19.12 ab 3.78 b 

LSD 0.83* 0.71* 0.35 0.12 

SD 0.37 0.31 0.20 0.07 

J10-4 CON grass clover 66.93 a 10.60 a 27.56 a 3.35 b 

J10-4 NITC grass clover 93.71 b 15.36 b 25.17 a 3.05 a 

J10-4 NIT grass clover 87.39 b 15.04 b 24.79 a 3.02 a 

LSD 8.40 1.43 3.41 0.21 

SD 4.85 0.82 1.98 0.12 

J10-6 CON potato 20.16 a 3.38 a 14.97 a 3.13 a 

J10-6 NITC potato 20.17 a 3.43 a 16.15 ab 3.13 a 

J10-6 NIT potato 20.19 a 3.43 a 16.77 b 3.13 a 

LSD 1.91 0.35 1.68 0.20 

SD 1.10 0.20 0.97 0.12 

2013     

J10-3 CON carrot 66.36 b 10.07 b 8.10 a 2.05 a 

J10-3 NITC carrot 48.89 a 8.63 a 9.82 b 2.28 ab 

J10-3 NIT carrot 47.31 a 8.09 a 10.88 b 2.45 b 

LSD 6.39 1.16 1.30 0.24 

SD 3.70 0.67 0.75 0.14 

J10-4 CON cabbage 51.32 b 5.02 b 20.70 a 3.86 a 

J10-4 NITC cabbage 52.70 b 5.18 b 19.10 a 3.70 a 

J10-4 NIT cabbage 46.14 a 4.59 a 19.47 a 3.85 a 

LSD 4.58 0.38 2.22 0.45 

SD 2.52 0.21 1.22 0.25 

J10-6 CON grass clover 62.99 a 12.08 a 18.76 a 3.08 b 

J10-6 NITC grass clover 59.18 a 11.26 a 21.03 b 2.87 a 

J10-6 NIT grass clover 56.20 a 11.00 a 18.96 a 3.11 b 

LSD 7.81 1.20 1.89 0.11 

SD 4.52 0.69 1.09 0.06 

*All the averages are based on 4 replicates except the * are based on 3 replicates 

3.1.3 Organic matter content 2013 

In 2013 all the replicates, objects and fields were measured for organic matter content  in the layers 0-15 

cm and 15-30 cm. The results can be found in Table X- 3. 

In the layer 0 – 15 cm there is a tendency in all fields to a higher organic matter content in the  non-

inversion tillage treatments. In J10-3 and J10-4 this tendency also results  in significant differences.  

In the layer 15-30 cm  there is a tendency in all fields to a lower organic matter content in the  non-

inversion tillage treatments.  In J10-4 and J10-6 this tendency results in significant differences.  

In CON the organic matter content in the layer 0-15 cm is in all fields almost equal to the organic matter 

content in the layer 15-30 cm.  In the non-inversion tillage treatments NITC and NIT there is a clear 

difference in the organic matter content between the layer 0-15 cm and 15-30 cm. 

Table X- 3. Organic matter content (%) in the soil  in 2013 in the layers 0-15cm and 15 to 30 cm. 

Field object J10-3  J10-4 J10-6  

 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

CON 3.28 a 3.20 a 3.20 a 3.23 b 3.00 a 2.98 b 

NITC 3.65 b 3.03 a 3.55 b 3.03 ab 3.25 a 2.78 a 

NIT 3.53 ab 3.03 a 3.53 b 2.93 a 3.05 a 2.80 a 

LSD 0.272 0.320 0.253 0.283 0.251 0.150 

SD 0.157 0.185 0.146 0.163 0.145 0.0866 
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3.1.4 Soil mineral nitrogen in spring 2012 and 2013 

The soil mineral nitrogen was measured in March in 2012 and 2013 in the 4 replicates of CON and NIT 

(Table X- 4). 

In general the values of the N-min in spring are quite low, mineralization still has to start up as the soil is 

still quite cold in march. The N-min in the CON treatment is in 4 out of six cases significant higher than the 

NIT treatment. In 2 cases in 2012 there are no significant differences.  

The measurements of N-min in spring in the different years and fields need to be analysed in relation to 

the tillage treatments CON and NIT but also  in relation to the preceding/present crop or cover crop (see 

also Figure X- 1). Due to the differences in tillage there is in some cases a difference in the standing cover 

crop at the time of the N min measurement.   

 On J10-3 march 2012 in both CON and NIT were preceded by a fallow winter period.   

 On J10-3 march 2013 was preceded by a fallow winter period in CON and a winter cover with 

Vetch in NIT.   

 On J10-4 march 2012 was preceded by a fallow winter period in CON and a grass clover winter 

crop in NIT 

 On J10-4 march 2013 was preceded by a fallow winter period in CON and a grass clover winter 

crop in NIT 

 On J10-6 march 2012 was preceded by a fallow winter period in CON and yellow mustard winter 

crop in NIT 

 On J10-6 march 2013 was preceded by a winter grass clover cover crop both in CON and NIT. 

Table X- 4. Soil mineral nitrogen in spring in the top layer 0-30 cm (kg Nmin/ha) 

Field object J10-3 J10-4 J10-6 

 2012 2013 2012 2013 2012 2013 

CON 18.15 a 15.38 b 18.00 b 27.00 b 17.25 a 11.40 b 

NIT 21.23 a 11.40 a 5.25 a 20.18 a 16.95 a 3.97 a 

LSD 12.01 3.60 4.45 6.44 5.90 5.89 

SD 5.3 1.6 1.98 2.86 2.62 2.62 

3.2 Nitrogen and phosphorus budget  

Table X- 5 shows the Nitrogen budget per year per field/crop and per treatment. There are large 

differences between crops in their nitrogen balance. These differences are in most cases intentional  and 

meant to provide cash crops with a high nitrogen demand with a sufficient supply of nitrogen.  In this case 

the crops with a high N demand are potato and cabbage.  
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Table X- 5. N input, N output and N surplus in kg N/ha  

Field object crop N input org. 
inputs 

N-fix main 
crop 

N-fix green 
manure 

N-depo- 
sition 

N input 
total 

N output crop N surplus 

2012        

J10-3 CON spring wheat 83.3 0 0 25 108.2 97.6 a 10.6 a 

J10-3 NITC spring wheat 83.3 0 0 25 108.2 104.2 a 4.1 a 

J10-3 NIT spring wheat 83.3 0 0 25 108.2 102.6 a 5.6 a 

LSD      14.7 14.7 

SD      6.5 6.5 

J10-4 CON grass clover 0 175.2 a 0 25 200.2 a 291.6 a -91.5 b 

J10-4 NITC grass clover 0 232.2 b 0 25 257.2 b 386.6 b -129.4 a 

J10-4 NIT grass clover 0 224.3 b 0 25 249.3 b 373.4 b -124.1 a 

LSD  35.9   35.9 59.8 23.9 

SD  20.75   20.8 34.6 13.8 

J10-6 CON potato 197 0 0 25 222 50.7 a 171.3 b 

J10-6 NITC potato 197 0 0 25 222 55.1 b 166.9 a 

J10-6 NIT potato 197 0 0 25 222 57.4 b 164.6 a 

LSD      2.54 2.54 

SD      1.47 1.47 

2013        

J10-3 CON carrot 45 0 0 25 70 81.6 a -12.0 a 

J10-3 NITC carrot 45 0 55.8 25 125 84.1 a 41.3 b 

J10-3 NIT carrot 45 0 55.8 25 125 88.4 a 37.0 b 

LSD      15.15 15.15 

SD      8.76 8.76 

J10-4 CON cabbage 317 0 0 25 342 104.0 b 238.0 a 

J10-4 NITC cabbage 317 0 0 25 342 98.8 ab 243.2 ab 

J10-4 NIT cabbage 317 0 0 25 342 89.3 a 252.7 b 

LSD      13.28 13.23 

SD      7.28 7.28 

J10-6 CON grass clover 0 136.2 a 0 25 161.2 a 226.7 a -65.5 a 

J10-6 NITC grass clover 0 142.2 a 0 25 167.2 a 236.8 a -69.6 a 

J10-6 NIT grass clover 0 125.1 a 0 25 150.1 a 208.2 a -58.2 a 

LSD  20.94   20.94 34.87 13.93 

SD  12.1   12.1 20.15 8.05 

 

In 4 out of six year/crop combinations there are significant differences between the tillage  treatments in 

Nitrogen surplus.  In 2012 CON compared to NIT(C) showed a significant higher surplus in J104 and J10-6. 

In 2013 CON compared to NIT(C) showed a significant lower surplus in J103 and J10-4.  

Differences between treatments in surplus are caused by differences in input by fixation and/or by 

differences in output in the harvested crop. Nitrogen inputs by fixation in some cases differ per treatment 

(J10-4, 2012; J10-3, 2013).  This is related to the length of the period that the leguminous crop is present 

on the field. In the CON treatments the leguminous (cover) crops are incorporated in November and in 

the NIT and NITC treatments they are overwintering and incorporated in spring. In some cases also the 

seeding/emergence of the cover crop in late summer/early autumn partly failed (J10-4-autumn 2011). 

The differences per treatment in N output in the harvested crop is related to the yield in combination with 

the nutrient content (Table X- 2). 

 

Also the P-surplus (Table X- 6) differs strongly per crop (see explanation for differences Nitrogen surplus 

per crop).  There are significant differences in P surplus for J10-4 (grass clover) in 2012 and for J10-6 (grass 

clover) in 2013. 
  



 TILMAN-ORG   Final report of work package 5.1 92 

Table X- 6. P input, P output, P surplus and P2O5 surplus in kg/ha  

Field object crop Org. input ~ 
total P-input 

P-output 
crop  

P-surplus P2O5-
surplus 

2012     

J10-3 ST spring wheat 15 18.5 a -4.0 a -9 

J10-3 T spring wheat 15 20.5 a -6.0 a -14 

J10-3 M spring wheat 15 20.0 a -5.5 a -13 

LSD   2.7  

SD   1.2  

J10-4 ST grass clover 0 35.5 a -35.5 b -81 

J10-4 T grass clover 0 46.8 b -46.8 a -107 

J10-4 M grass clover 0 45.4 b -45.4 a -104 

LSD  4.6 4.6  

SD  2.7 2.7  

J10-6 ST potato 47 10.5 a 36.8 a 84 

J10-6 T potato 47 10.7 a 36.7 a 84 

J10-6 M potato 47 10.7 a 36.7 a 84 

LSD  0.9 0.9  

SD  0.5 0.5  

2013     

J10-3 ST carrot 10 20.7 a -10.4 a -24 

J10-3 T carrot 10 19.5 a -9.2 a -21 

J10-3 M carrot 10 19.9 a -9.6 a -22 

LSD  3.6 3.6  

SD  2.1 2.1  

J10-4 ST cabbage 71 19.4 a 51.8 a 119 

J10-4 T cabbage 71 19.2 a 52.0 a 119 

J10-4 M cabbage 71 17.7 a 53.5 a 123 

LSD  2.8 2.8  

SD  1.5 1.5  

J10-6 ST grass clover 0 37.1 b -37.1 a -85 

J10-6 T grass clover 0 32.3 a -32.3 b -74 

J10-6 M grass clover 0 34.2 ab -34.2 ab -78 

LSD  3.7 3.7  

SD  2.1 2.1  

3.3 Nitrogen and phosphorus use efficiency 

The results of the calculation of the NUE1 and NUE2 can be found in Table X- 7. There are large 

differences in NUE between crops. These differences are caused by an intentional  high N input in high N 

demanding cash crops and a low N-input in low N demanding crops. The crops with a low N-demand are 

mostly profiting from the N-fertilisation in the preceding crop.  In  2012 2 crops showed a significant lower 

NUE in CON compared to NIT(C).  In 2013 2 crops score a significant higher  NUE in CON compared to 

NIT(C).  The difference in NUE in carrot (J10-3; 2013) between CON and NIT(C) is high, this is mainly due to 

the large difference in carrot yield between the treatments (see Table X- 2). For PUE no significant 

differences were found. 
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Table X- 7. Nitrogen Use efficiency and Phosphorus Use Efficiency per crop of three fields and 3 tillage treatments 

Field treatment crop NUE1 NUE2  PUE Field treatment crop NUE1 NUE2  PUE 

2012    2013    

J10-3 CON spring wheat 1.18 a 0.90 a 1.25a J10-3 CON carrot 1.83 a 1.17 b 2.02a 

J10-3 NITC spring wheat 1.25 a 0.96 a 1.42a J10-3 NITC carrot 1.89 a 0.67 a 1.90a 

J10-3 NIT spring wheat 1.23 a 0.95 a 1.38a J10-3 NIT carrot 1.98 a 0.71 a 1.94a 

LSD 0.18 0.14 0.19 LSD 0.34 0.11 0.35 

SD 0.08 0.06 0.08 SD 0.20 0.07 0.20 

J10-4 CON grass clover * 1.46 a * J10-4 CON cabbage 0.33 b 0.30 b 0.27a 

J10-4 NITC grass clover * 1.50 b * J10-4 NITC cabbage 0.31 ab 0.29 ab 0.27a 

J10-4 NIT grass clover * 1.50 b * J10-4 NIT cabbage 0.28 a 0.26 a 0.25a 

LSD  0.02  LSD 0.04 0.04 0.04 

SD  0.01  SD 0.02 0.02 0.02 

J10-6 CON potato 0.26 a 0.23 a 0.22a J10-6 CON grass clover * 1.41 a * 

J10-6 NITC potato 0.28 b 0.25 b 0.23a J10-6 NITC grass clover * 1.42 a * 

J10-6 NIT potato 0.29 b 0.26 b 0.23a J10-6 NIT grass clover * 1.39 a * 

LSD 0.01 0.01 0.02 LSD  0.03  

SD 0.008 0.006 0.01 SD  0.02  

* no calculation of NUE or PUE possible or relevant 

 

4 Discussion and conclusion 

4.1 Yields 

In three out of six crop/field combinations no significant differences  in yield between treatments were 

found. Significant differences in  yield between tillage treatments were found in: 

 grass clover (field: J10-4; year: 2012) 

 carrot (field: J10-3; year: 2013) 

 cabbage (field: J10-6; year: 2013) 

 

The cause of the large yield differences in grass clover in 2012 is that in CON the grass clover had to be re-

sown in spring 2012. Because of  slaking  (which caused crusting), the emergence of the grass clover sown 

in autumn 2011 was very poor. The slaking in CON was clearly related to the ploughing treatment. In the  

NIT and NITC treatment the grass clover, sown in autumn 2011, developed well  in autumn and had a 

good overwintering.  

 

The yield differences between CON and NIT(C) in carrots were also large. Part of the explanation could be  

a lower or irregular seed emergence in the  NIT(C) treatment.  However plant densities were not 

significantly different. The lower carrot yield in the non-inversion treatments is also accompanied with a 

significantly higher dry matter content and a higher dry matter nitrogen and phosphorus content (Table X- 

3).  As a result there were no significant differences in the  N and P uptake in the harvested crop (Table X- 

4).  These results indicate that nitrogen and phosphorus availability did not differ for the different tillage 

treatments. Other soil differences in the tillage treatments are a higher organic matter content (0-15 cm) 

in the NIT and NITC treatment (Table X- 3) and a lower N-min (Table X- 4) in the NIT treatment compared 

to the CON treatment. A possible explanation for the differences in yield between the CON and the NIT(C) 

treatments is the water availability. The year 2013 started with colder weather than average  and warm to 

very warm dry weather in June and July which caused a rainfall deficit until the end of October.  The 
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aggregates in the ridges from the NIT and NITC treatments have a larger average size compared to CON  

and therefore these might have a lower water holding capacity. All objects were irrigated just after 

sowing (June 12) and in the beginning of September.   

 

Another significant yield difference between treatments was found in cabbage (field J10-4; year, 2013). 

Here NIT had a significantly lower yield than CON. The yield in NITC however was higher than CON but not 

significantly different. Compared to CON, organic matter 0-15 cm was higher in NIT, organic matter 15-30 

cm was lower in  NIT and N-min (0-30) in spring (March) was 7 kg/ha lower in NIT. The cabbage was 

planted on June 4.  Just before that, on May 27 cow slurry (35 ton/ha) was applied to all objects. In 

November 2012, 25 ton per ha of solid cow manure was applied to all objects.  The grass clover stubble in 

the CON objects was ploughed under in autumn 2012. The grass clover in the NIT(C) objects iwa 

destroyed in spring and therefore the decomposition starts later in time compared to the CON object. 

Because of the  dry conditions after planting (see also previous paragraph about carrot),  plant available 

nitrogen and water might have been temporary limiting for the crop growth and yield of the NIT object 

(see also discussion in 4.2 on soil mineral nitrogen).   

 

Conclusions concerning yield: In 3 of the six field/crop combinations there is a difference in yield between 

CON and NIT and/or NITC. In 2 of these cases there is  no logical relation with nitrogen availability. In only 

one field and treatment a relation between yield reduction and nitrogen availability could be a part of the 

explanation. 

4.2 Soil organic matter and mineral nitrogen in spring 

Soil organic matter in NITC and NIT  compared to CON, tended to be higher in the layer 0-15 cm and lower 

in the layer 15-30. This tendency lead in 4 out of 6 fields/layers to significant differences.  

Differences between CON and NIT(C) in the top 0-15 cm  layer are very probably caused by: 

 a longer growing period of the green manures in NIT and NITC which resulted in a higher organic 

matter input in the soil 

 the non-mixing primary soil tillage in NIT and NITC so the organic matter is not mixed over the plough 

layer.  

 

For all three fields, the average organic matter content in  CON in the layer 0-30 tended to be slightly 

lower than the NIT and NITC treatment, but  for none of the fields, was significantly different from the NIT 

and NITC treatments. However the results clearly show a stratification of organic matter in the NIT and 

NITC treatment and an equal organic matter content in 0-15 and 15-30 in the CON treatment. 

The higher organic matter content in the layer 0-15 cm might lead to a higher biological activity and a 

higher mineralization compared to the layer 15-30.  

 

For soil mineral nitrogen (0-30 cm) significant differences between CON and NIT(C) were found in 

different years and different fields. N-min in March was in all cases quite low (highest value measured was 

27 kg/ha). The differences in N-min in spring can  in most cases be explained by the difference in the 

overwintering cover crop. In J10-3 (2013) and in J10-4 (2012, 2013) there was an overwintering cover crop 

in the NIT and NITC treatments. In the CON treatment the cover crop was ploughed under in November. 

In all cases the overwintering cover crop was still present at the moment of the N-min sampling in March. 

Thus the tillage factor is entwined with the use of cover crops/green manures (see also paragraph 2.1). 

Therefore the effect of the tillage factor and the use of cover crops/green manures cannot be evaluated 

separately.  Cover crops in the NIT and NITC treatments were incorporated 5 to 7 weeks before 

sowing/planting of the succeeding crop. This might cause temporary N-immobilization and/or water 

shortage in the early stage of the succeeding crop. However in only one case (J10-4 2013, cabbage yield in 
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NIT) differences in nitrogen availability might have caused differences in crop yield. See also the 

discussion on yields in paragraph 4.1. 

4.3 Nitrogen and phosphorus budget 

In four out of the six crops/fields/years there was a significant difference between treatments in the 

nitrogen surplus. However in 2 cases there is a higher surplus in the CON treatment compared to the 

NIT(C) treatment and in 2 cases a lower surplus. The differences between treatments are caused by 

differences in N fixation (crop and green manure), differences in nutrient content and differences in yield. 

Differences in yield are in most cases very probably not related to nitrogen availability (see par. 4.1).  

Significant differences in nutrient content are yet unexplained. Differences  in N-fixation are related to the 

treatments. In the CON treatment leguminous  autumn/winter crops are ploughed under in November  

while in the NIT and NITC treatments these crops stay on the field until the next year March to May (see 

section 2, Figure X- 1). The additional N that stays in the system will probably be a combination of 

prevention of N-losses from the soil (leaching, de-nitrification) and N-fixation. Although N-fixation might 

be limited in the winter months the crops sometimes stay until April or May on the field and show 

considerable regrowth in this spring period. 

Another prevention of losses will be caused by the cover crops. In NIT and NITC  cover crops overwinter 

(see section 2, Figure X- 1) and are ploughed under in CON. This prevention of N loss could also cause 

additional Nitrogen availability in the  succeeding year. 

Additional Nitrogen availability by additional fixation and decrease of losses in the NIT and NITC 

treatments, could theoretically lead to higher yields in these treatments or to a lower need for N 

fertilization with manure. However no structural higher yields were found and also the fertilization 

strategy has not been changed in the cause of the experiment. 

Assessment of nitrogen availability during the growing season would help to determine whether a lower 

fertilization input would be possible.  

 

The P-surplus is only significantly different in the grass clover crop. The grass clover crop of 2012 shows a 

higher surplus of the CON than the NIT(C ) objects due to the lower yield (the P-content of CON is 

significant higher).  The P-surplus of grass clover in 2013 is lower in the CON object compared with NITC  

because of the higher P-content.  

 

In none of the three fields the nitrogen or phosphorus surplus showed a structural decrease or increase as 

a result of the treatments. This does not confirm the hypothesis that in the NIT and NITC treatment the N 

surplus would be lower due to less nitrogen losses and a higher N-fixation. There are different 

explanations possible for that.  

First, the calculated surplus is  a calculation of the nutrient input minus the nutrient  output over one 

year.  It does not show the effect of individual mechanisms that are negatively or positively adding  to the 

sum. For example less nitrogen leaching (because of winter cover crops) could be combined with an 

increase of the stock of organic nitrogen in the soil. The total effect of these two mechanisms could be 

that the nitrogen surplus does not change.  

Nitrogen and phosphorus budgets should be established and judged over a range of years,  preferably a 

whole rotation.  In this case we only have considered two years of three fields.  Especially in organic 

production systems nutrient input is more focussed on adding to the soil reserves than on feeding the 

crop directly with mineral nutrients.  The release of the nutrients  to be available for the crops will take 

several years.  

Second, it could be possible that in this case the longer growing period of the cover crops in NIT did not 

lead to a reduction in N-losses. A reduction of N-losses in the winter period could lead to a higher N-

availability for the following crop. This higher N-availability could lead to a higher crop uptake which 



 TILMAN-ORG   Final report of work package 5.1 96 

would result in a lower N surplus. However literature mostly indicates  that growing  winter cover crops in 

temperate climate zones  can be an effective measure to reduce nitrogen leaching in the winter period (Di 

et al 2002, Stenberg et al, 1999).  

Third,  there could be a temporary build op of nitrogen in organic matter in the soil.   Assuming there are 

less nitrogen losses caused by  leaching due to the longer growing period and additional nitrogen uptake 

of the cover crops, this nitrogen could have been added to the organic N-stock in the soil instead of 

becoming available for the following crop.  This would be in line with the tendency (not significant) of an 

increase of organic matter in the layer 0-30 cm (Table X-3). This effect would be in line with  literature 

reporting on an increasing organic matter content in the soil due to the application of reduced tillage 

(Corsi et al, 2012).  

A fourth explanation would be that there is indeed a higher N availability (because of for example less 

nitrogen leaching losses) during crop growth but this did not lead to a higher yield because nitrogen 

availability was not a limiting factor for crop growth. However this higher N availability would probably 

lead to luxury consumption of nitrogen which would  lead to a higher nitrogen content in the crop.  This 

was not observed (table X-5). 

4.4 Nitrogen and phosphorus use efficiency 

Significant differences in NUE efficiency were found due to the treatments in certain crops/fields in 

certain years. In most cases these differences were very small, and sometimes a decrease an sometimes 

an increase due to the non-inversion treatments is found. So there is no structural increase or decrease of 

NUE due to tillage treatments. 

The hypothesis was that NUE in non-inversion tillage would be higher because of a more efficient use of 

nitrogen as a result of the additional use of cover crops and/or a higher soil quality. 

The explanation why in most cases no higher NUE is found in the NIT(C) treatments is the same as used in 

the previous paragraph for the explanation of why there is not a lower nitrogen surplus found in the 

NIT(C) treatments.  

Referring to the phosphorus use efficiency, the relatively easy available phosphorus reserves in the soil in 

all treatments are considered to be on an agronomic  sufficient level (water soluble Phosphorus is at a Pw 

of 28). Therefore no differences in PUE would be expected. 

Summary conclusions 

For the summary of the conclusions we come back to the questions posed in chapter 1. 

1. Is N availability limiting crop growth in reduced tillage systems? 

2. How is crop performance affected by green manures or reduced tillage conditions?   

3. Does the use of green manures (under reduced tillage conditions) lead to enhanced nitrogen 

availability and nitrogen use efficiency?  

4. How do reduced tillage techniques affect nitrogen availability and nitrogen use efficiency? 

 

Before summarizing the conclusions it should be mentioned that the experiments were not specifically set 

up to answer these questions. One of the main complications is that in the BASIS experiments the reduced 

tillage treatments are combined with the a longer soil cover period of the cover crops. The type of soil of 

experiments needs to be ploughed before winter. So the ploughing treatment always shortens the soil 

cover period of the cover crop to approx. half of november. In the reduced tillage treatments the cover 

crops stay over the winter and are destroyed in spring. Therefore the  effects of tillage and of cover crops 

on the studied nutrient indicators cannot be evaluated separately.  

 



 TILMAN-ORG   Final report of work package 5.1 97 

1: Is N availability limiting crop growth in reduced tillage systems? and 2: How is crop performance 

affected by green manures or reduced tillage conditions?   

In the Basis experiment, reduced tillage treatments showed in two years of measurements in three tested 

fields in 3 cases significant effects of the tillage system on crop yield. In two of these cases reduced tillage 

decreased and in one reduced tillage increased the yield. In two cases  yield increase (grass clover) or 

yield decrease (carrot) seemed to be related to soil structure. There were  no indications that differences 

in N-availability between the treatments was the cause of the observed yield differences. 

 

3: Does the use of green manures under reduced tillage conditions lead to enhanced nitrogen availability 

and nitrogen use efficiency? And 4: How do reduced tillage techniques affect nitrogen availability and 

nitrogen use efficiency? 

Question number three is hard to answer as the reduced tillage treatments are combined with a longer 

soil cover period of the cover crops. There was no treatments with reduced tillage and destruction of the 

cover crop at the same time as  was done in the ploughing treatment. Therefore the effect of tillage on 

itself and the effect of the longer cover crop growing period on itself could not be evaluate separately. 

 

Due to reduced tillage (NIT and NITC) the cover crops/green manures and the grass clovers in the rotation 

had approx. a 4 to  5 months longer soil cover in the winter/spring season. These winter cover crops 

reduced the amount of soil mineral N (0-30 cm) in March. There are no indications that the longer soil 

cover of these crops led to enhanced nitrogen availability or improved Nitrogen Use Efficiency as 

compared to cover crops present until November in the mouldboard tillage treatment. 

The reduced tillage treatments in combination with a longer cover crop growth period, did lead to a 

significant different soil organic matter content  in the layers 0-15 cm and 15-30 cm. Compared to 

standard mouldboard ploughing, the reduced tillage treatments showed an increase of soil organic matter 

in the layer 0-15 cm and a decrease in the layer 15-30 cm. Moreover there was a (not significant) 

tendency of a higher soil organic matter content in the layer 0-30 cm. The  clear stratification of organic 

matter in the reduced tillage treatments might influence the availability of mineral nitrogen in the 

different layers.  

The tendency of a higher total soil organic matter content might also increase N -organic in the soil (no 

data). An increase of N-organic in the soil might explain that there are no effects found of the longer field 

cover period of the green manure/grass clover. The additional fixed (leguminous crops) or catched (catch 

crops) nitrogen is added to the soil N-organic  pool and is not available (yet) as mineral N.  Regular 

assessments of N organic and N-mineral in the soil in different layers might confirm this hypothesis. These 

measurements will be taken in the years after 2013.  
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XI Cut-and-carry fertilizers, Flevoland3  

Louis Bolk Institute, Netherlands 
P. Rietberg, G. van der Burgt, J. Scholberg 

1 Introduction: rationale and goal of the experiment 

In organic arable farming in the Netherlands, several trends have spurred the search for innovative ways 

of nitrogen fertilization. First, nitrogen inputs in organic farming are limited as inputs from animal manure 

are restricted to 170 kg N ha-1 and artificial fertilizer use is prohibited. Second, organic animal manure of 

desired quality may not always be available in the vicinity of the arable farmers. Third, organic arable 

farmers may want to decrease their dependency of the dairy, pig or poultry sector and decrease the use 

of products from animal origin for environmental reasons. 

Cut-and-carry-fertilizers are green manure crops that are grown and applied on separate plots of land. In 

this way, they function as an alternative source of fertilizer that potentially can replace animal manure 

such as chicken manure. However, the effects of those cut-and-carry fertilizers so far have not been 

systematically investigated. 

This research aimed to test the effects of cut and carry fertilizers on product yield and quality and 

nitrogen and phosphorus efficiency under reduced tillage conditions. We tested the use of two types of 

cut and carry fertilizers and compared it with chicken manure and a control.   Specific research questions 

are: 

1. Is N availability limiting crop growth in reduced tillage systems? (RQ1) 

2. How is crop performance affected by cut-and-carry-fertilizers  under reduced tillage conditions?  

(RQ2) 

3. Does the use of cut-and-carry-fertilizers  under reduced tillage conditions lead to enhanced nitrogen 

availability and nitrogen use efficiency? (RQ3) 

2 Materials and methods 

The research was conducted, for two subsequent years (2009-2010) on an biodynamic organic farm in 

Ens, The Netherlands (52°39'10.8"N 5°47'55.6"E). In 2009, spinach was grown, a crop with a high nitrogen 

demand. In 2010, potato was grown. Previous to the experiment, grass-clover (2007) and carrot (2008) 

where grown, as well as a yellow mustard green manure (2008-2009) and a first spinach crop (2009). In 

both years, six treatments were established. In 2009, those consisted of fresh Lucerne (at two times of 

application:  10 and 36 days after sowing), Lucerne silage, fresh grass-clover, chicken manure, and a 

control. Except for one of the treatments with fresh Lucerne, all fertilizers were applied 36 days after 

sowing. In 2010, the treatments were fresh Lucerne, Lucerne silage (early and late applied), chicken 

manure and a mixture of slurry and vinasse. An overview of the cut-and-carry fertilizers as well as the 

other treatments is given in Table XI- 1. 

In 2009, nitrogen application aimed for was 200 kg N ha-1. However, due to changes in the dry matter 

content of the products between fertilizer sampling and fertilizer application, the actual amount of 

nitrogen applied differed in some treatments (Table XI- 1). In 2010, nitrogen application aimed for was 

125 kg N ha-1. An overestimation of the nitrogen content of the slurry caused a decreased application of 

nitrogen in the slurry-vinasse treatments (Table XI- 1). 

  

                                                             
3
 This chapter is partly based on Van der Burgt et al. (2011) and Scholberg et al. (2010).  
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Table XI- 1. Characteristics of treatments in cut-and-carry fertilizer experiment, for 2009, n=4. 

Treatment Time of application 
(days prior to sowing) 

Nitrogen applied 
(kg N ha-1) 

Time of application 
(days after planting) 

Nitrogen applied 

 2009  2010  

Control - 0 - 0 

Fresh Lucerne  10 165 - - 

Fresh Lucerne 36 271 21 125 

Lucerne silage 36 200 0 125 

Lucerne silage - - 21 125 

Fresh grass-clover 36 266 - - 

Poultry manure 36 202 21 125 

Slurry-Vinasse - - 21 93 

 

All plots were cultivated by non-inversion tillage in both years.  

On 7 January 2009, 20 t/ha green compost was applied (7.9 kg N ton-1) and on 27 April 2009, 40 t slurry 

(4.2 kg N ton-1) was applied. Between the first cut of spinach (22 t ha-1) and the experiment, a second cut 

of spinach was not harvested but incorporated in soil instead. By doing so, 11.2 ton ha-1 fresh material 

was applied (36 kg N ha-1). Yield of green manure yellow mustard was not measured, and neither was soil 

organic matter development followed. 

In 2009, spinach was sown on August 8th and harvested September 15th. In 2010, potato was planted on 

April 8th. Ridges were built on April 29th, the foliage was destroyed on July 17th and the potatoes were 

harvested on July 30th. 

Soil samples were taken on 13 August 2009 and on 27 July 2010 by taking 30 subsamples from each plot 

from 0-30 cm, and analysed for NO3-N and NH4-N at BLGG Laboratory in Oosterbeek, Netherlands. 

N use efficiency was calculated as: N in harvestable product (kg/ha)/N inputs in manure, compost and/or 

cut-and-carry-fertilizer (i.e. external N-inputs) (kg/ha).  

And as: harvested nitrogen in % of nitrogen supplied (from biological nitrogen fixation, atmospheric N-

deposition, fertilization, manure).  

Statistical analyses were conducted with GenStat software. Differences between treatments were 

assessed by analysis of variance and the least significant difference (α≤0.05). 

3 Results 

3.1 Crop and soil data 

Yield, nutrient content and nutrient uptake of spinach and soil mineral nitrogen content (13/8) are shown 

in Table XI- 2. 

Table XI- 2. Spinach yield, nutrient content and nutrient uptake for different cut-and-carry-fertilizer treatments in 
2009.Between brackets standard deviation, n=4. Different letters in a column indicate statistically significant 
differences between treatments, α≤0.05. (Phosphate content: no significant differences) 

Treatment Yield  Nitrogen-
content 

Nitrogen-
uptake 

Phosphate-
content  

Phosphate-
uptake 

Soil mineral nitrogen 

 t ha-1 g N kg-1 kg N0ha-1 g kg-1 kg P2O5 ha-1 kg (NH4+NO3)-N ha-1 

Control 2.23 (0.16) a 29.9 (3.22) a 67 (11.6) a 5.65 (0.86) 29.1(6.2) a 126 (11.2) 

Lucerne fresh 10-
day 

2.61 (0.14) b  38.7 (2.13) bc 101 (6.2) b 5.59 (0.13) 33.4 (2.5) ab 177*  

Lucerne silage 3.04 (0.38) c  37.6 (3.74) b 113 (9.8) bc 5.38 (0.09) 37.5 (5.3) b 180 (17.8) 

Poultry manure 2.59 (0.17) ab 37.8 (3.26) bc  98 (13.3) b 6.02 (0.34) 35.8 (4.3) b 160 (16.9) 

Grass-clover fresh 3.22 (0.14) c 39.2 (3.30) bc  126 (12.9) c 5.29 (0.37) 39.0 (3.7) b 220 (8.6) 

Lucerne fresh   3.04 (0.25) c 41.8 (3.12) c 127 (10.9) c 5.71 (0.14) 39.7 (3.0) b 228 (14.2) 

*n=1 



 TILMAN-ORG   Final report of work package 5.1 101 

Yield, nutrient content and nutrient uptake of potato and soil mineral nitrogen content (27/7) are shown 

in Table XI- 3.  

Table XI- 3. Potato yield, nutrient content and nutrient uptake for different cut-and-carry-fertilizer treatments in 
2010.Between brackets standard deviation, n=4. Different letters in a column indicate statistically significant 
differences between treatments, α≤0.05. Phosphate uptake was estimated based on crop yield and default phosphate 
content. 

Treatment Yield  Nitrogen-
content 

Nitrogen-
uptake 

Phosphate-
uptake 

Soil mineral nitrogen 

  t ha-1 g N kg-1 kg N0ha-1 kg P2O5 ha-1 kg (NH4+NO3)-N ha-1 

Control 32219a 10,5a 64 167 25a 

Fresh Lucerne 40250b 12,3c 89 197 39b 

Lucerne silage 
(early) 

42394b 11,9bc 92 210 41b 

Lucerne silage 
(late) 

40253b 12,3c 89 197 53c 

Poultry manure 37963b 11,3b 79 189 30ab 

Slurry-Vinasse 38825b 11,6b 81 189 27a 

 

3.2 Nitrogen and phosphorus budget  

The nitrogen and phosphorus budgets for spinach are shown in Table XI- 4 and Table XI- 5, respectively. 

Table XI- 4. Nitrogen budget in kg N ha
-1

 for spinach, 2009. n=4 

Treatment Control Lucerne fresh 
10-day 

Lucerne silage Poultry manure Grass-clover 
fresh 

Lucerne fresh   

Input       

Organic inputs 0 165 200 202 266 271 

N-deposition 25 25 25 25 25 25 

Total inputs 25 190 225 227 291 296 

Output       

Crop harvest 67 101 113 98 126 127 

Residue removal 110 110 110 110 110 110 

Total outputs 177 211 223 208 236 237 

N-surplus -152 -21 2 19 55 59 

Table XI- 5. Phosphorus budget in kg P2O5 ha-1 for spinach in 2009, n=4. 

Treatment Control Lucerne fresh 
10-day 

Lucerne silage Poultry manure Grass-clover 
fresh 

Lucerne fresh   

Input       

Organic inputs 0 61 75 347 72 104 

Total inputs 0 61 75 347 72 104 

Output       

Crop harvest 29 33 38 36 39 40 

Residue removal 16 16 16 16 16 16 

Total outputs 45 49 54 52 55 56 

P-surplus -45 12 21 295 17 48 

 

The nitrogen and phosphorus budgets for potato are shown in Table XI- 6 and Table XI- 7, respectively. 
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Table XI- 6. Nitrogen budget in kg N ha-1 for potato in 2010, n=4. 

Treatment Control Fresh Lucerne Lucerne silage 
early 

Lucerne silage 
late 

Poultry manure Slurry vinasse 

Input       

Organic inputs 0 125 125 125 125 93 

N-deposition 25 25 25 25 25 25 

Total inputs 25 150 150 150 150 118 

Output       

Crop harvest 64 79 89 91 89 81 

Residue removal 0 0 0 0 0 0 

Total outputs 64 79 89 91 89 81 

N-surplus -39 71 61 59 61 37 

 

Table XI- 7. Phosphorus budget in kg P2O5 ha-1 for potato in 2010, n=4. 

Treatment Control Fresh Lucerne Lucerne silage 
early 

Lucerne silage 
late 

Poultry manure Slurry vinasse 

Input       

Organic inputs 0 30 22 22 149 8 

Total inputs 0 30 22 22 149 8 

Output       

Crop harvest 3 3 3 3 3 3 

Residue removal 3 3 3 3 3 3 

Total outputs 6 6 6 6 6 6 

P-surplus -6 24 16 16 143 2 

 

3.3 Nitrogen use efficiency 

Nutrient use efficiencies and phosphorus use efficiency for spinach are shown in Table XI- 8.  

 

Table XI- 9 shows nutrient use efficiencies and phosphorus use efficiency for potato. 

Table XI- 8. Nitrogen use efficiency 1 and 2 (NUE1 and NUE2) and phosphorus efficiency (PUE1) for spinach in 2009, 
n=4. 

Treatment NUE1 NUE2 PUE1 

Control - 7.1 - 

Lucerne fresh 10-day 1.4 1.2 0.9 

Lucerne silage 1.1 1.0 0.7 

Poultry manure 1.0 0.9 0.1 

Grass-clover fresh 0.9 0.8 0.8 

Lucerne fresh   0.8 0.7 0.5 

 

Table XI- 9. Nitrogen use efficiency 1 and 2 (NUE1 and NUE2) and phosphorus efficiency (PUE1) for potato in 2010, n=4. 

Treatment NUE1 NUE2 PUE1 

Control - 2.6 - 

Fresh Lucerne 0.6 0.5 0.2 

Lucerne silage 0.7 0.6 0.3 

Lucerne silage 0.7 0.6 0.3 

Chicken manure 0.7 0.6 0.0 

Slurry-Vinasse 0.9 0.7 0.8 
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4 Discussion and conclusion 

The three research questions will be discussed in the following paragraphs: 

1. Is N availability limiting crop growth in reduced tillage systems? (RQ1) 

2. How is crop performance affected by cut-and-carry-fertilizers  under reduced tillage conditions?  

(RQ2) 

3. Does the use of cut-and-carry-fertilizers  under reduced tillage conditions lead to enhanced nitrogen 

availability and nitrogen use efficiency? (RQ3) 

 

In spinach, lucerne silage and fresh lucerne and fresh grass-clover significantly increased spinach yield 

compared to poultry manure, early applied fresh lucerne and the control. Moreover, freshly applied 

lucerne increased yield compared to the control (RQ2). These effects are likely to be related to the 

nitrogen application, which showed a clear relation with yield.  Thus, nitrogen availability seemed to be a 

growth limiting-factor in this system (RQ1). 

Also, nitrogen surpluses were positively correlated with nitrogen inputs and nitrogen use efficiency 

increased with decreasing nitrogen input. Spinach nitrogen content was higher for all fertilizer treatments 

than for the control, and higher for fresh lucerne than for lucerne silage. Logically, in unfertilized plots, a 

relatively larger part of the nitrogen taken up by the main crop originated from soil organic matter. 

Additionally, not all nitrogen added by fertilizer was taken up by the plant. However, a very high nitrogen 

use efficiency is undesirable when this leads to soil nutrient mining. The same reasoning holds for 

phosphorus. Phosphorus use efficiency was increasing with decreasing phosphorus input (RQ3)..  

 

No significant yield differences of potato between treatments with cut-and-carry fertilizer and with 

slurry/vinasse or chicken manure were observed (RQ2). Potato yield on the control plots was significantly 

lower than on the plots with fertilizer, as was dry matter content (RQ2), indicating nutrient limitation – 

but as the nitrogen content of the different fertilizers did not differ between treatments, from this 

experimental setup it could not be concluded whether nitrogen or other nutrients were growth limiting 

(RQ1). Nitrogen content, and hence nitrogen uptake, was higher on plots fertilized with cut-and-carry-

fertilizer than on plots fertilized with chicken manure or slurry/vinasse, and lowest on control plots. This 

coincided with higher soil mineral nitrogen in plots fertilized with cut-and-carry fertilizers, although the 

difference between [fresh lucerne and early lucerne silage] and poultry manure was not significant, and 

neither was the difference between poultry manure and the control. The differences between 

slurry/vinasse treatments and other treatments cannot be ascribed to either quantity of nitrogen or type 

of fertilizer, as the total nitrogen input in the slurry/vinasse treatments was lower than in the other 

treatments (except for the control).  

Nitrogen use efficiency and phosphorus use efficiency was highest for slurry/vinasse, mainly due to the 

(unintended) lower nitrogen-input in these plots. For this treatment, phosphorus and nitrogen budgets 

were closest to zero. However, nitrogen losses in the production of slurry by feeding fodder to cattle are 

not taken into account. Nitrogen use efficiency for the different cut-and-carry-fertilizers was similar and 

similar to poultry manure. Phosphorus use efficiency however was notably lower for poultry manure due 

to its high phosphorus content. This coincided with a high phosphorus surplus for poultry manure (RQ3). 

 

Alfalfa as cut-and-carry-fertilizer can be used as a full alternative for manure and seemed equally effective 

in realizing higher yields than poultry manure and slurry/vinasse. Cut-and-carry fertilizers can provide an 

additional source of nitrogen on organic farms and their use can enhance the possibilities an organic 

farmer has in managing farm nitrogen flows. Freshly cut or silage materials from such crops will benefit 

soil organisms and soil quality while reducing the dependence of arable farms on external animal manures 

by more effectively closing nutrient cycles. Use of deep-rooted leguminous crops such as alfalfa or a grass 
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clover mix will also allow farmers to take full advantage of symbiotically fixed N thereby providing a 

climate-neutral N-source. Moreover, nutrients displaced to lower soil layers can be effectively recycled 

and thus become readily available for shallow-rooted and short-seasoned commercial crops instead of 

becoming potential pollutants.   It is expected that with pending and more restrictive European 

regulations for the use of animal manures and phosphates the cost of organic nutrient sources such as 

dairy slurry will increase, which will render the use of (legume) green manures more cost-effective.  
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