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Abstract

An organic long-term field experiment has been carried out at the experimental station Gladbacherhof (Giessen University, Germany) since 1998 to survey the performance of agronomical, economical and ecological indicators dependant on farm type and tillage intensity. This article presents results on cash crop yields and changes in humus contents in the first two rotations of the experiment. It can be concluded that organic stockless farming without ley affects cash crop yields and demands special attention with regard to a sustainable humus management. Stockless farming with rotational ley on the other hand up to now showed a satisfactory performance when compared to a mixed farm type with livestock. As for the yields, reduced tillage systems could cope with the regularly ploughed reference system if at least a shallow turning of the soil was carried out. An increase of humus contents was not induced by reduced tillage systems. 

Introduction

In the context of specialization and intensification processes taking place even in organic farming, an increase of organic stockless farm types can be observed. However, it has been suggested that organic stockless farming faces particular challenges with regard to nutrient supply as well as sustainable management of humus resources. A careful assessment of the economical and ecological performance of such systems is therefore necessary in order to promote sustainable management. Further, the reduction of tillage intensity has often been considered as desirable in organic farming. The reasons for this are manifold. Lately the issue has been given special attention in the context of climate change and carbon sequestration in agricultural soils. Still it has to be investigated whether reduced tillage systems in organic farming can cope with the requirements of nutrient availability and weed control (Drinkwater et al. 2000).  

These issues are being investigated in a long-term field experiment at the experimental farm Gladbacherhof of Giessen University (Germany), started in 1998. This article presents the results on the changes in cash crop yields and soil organic matter (humus) in the first ten years of the experiment in order to discuss the agronomical as well as ecological impact of farm type and tillage intensity with regard to selected indicators.

Materials and methods

The long-term field experiment Gladbacherhof is located at Villmar (Hesse, Germany) on the north-western spur of the Taunus hill landscape (altitude 170 masl., mean annual temperature 9.5°C, mean annual precip. 649mm, orthic luvisol, silt with high clay content). In 1998, the experiment was set up in split plot design with four replications. Main factor is farm type, second factor is tillage intensity. Three farm types are displayed in the experiment comprising different crop rotations and fertilization (tab.1). 

Tab. 1: Design of crop rotations and fertilization for farm types in the long-term trial Gladbacherhof (Hesse, Germany) from 1998 to 2009

	field number in crop rotation
	year
	Farm type

	
	
	a1
(mixed farm, 
0.7 LU cattle stocking)
	a2
(stockless farming with ley)
	a3
(stockless farming without ley)

	1
	1998,2004
	alfalfa-grass
	cereal + US
	cereal + CC

	2
	1999,2005
	alfalfa-grass
	ley (alfalfa-grass)
	faba beans

	3
	2000,2006
	w. wheat + CC
	w. wheat + CC
	w. wheat + CC

	4
	2001,2007
	## potatoes
	potatoes
	potatoes

	5
	2002,(2008)
	oats/peas* + US
	peas
	peas

	6
	2003,(2009)
	#w. rye + US
	w. rye + CC
	w. rye + CC


* Oats/peas in 2002, winter wheat in 2008, #20 t farmyard manure,  ## 30 t farmyard manure, CC=catch crop (non-legume/legume mix), US=underseed alfalfa-grass

Furthermore, four levels of tillage intensity are included with the following tillage systems:

b1:
regular tillage with plough (30 cm)

b2:
two-layer plough (soil turning in 0-15 cm, soil break up 15-30 cm)

b3:
until 2003:
as b2 but without tillage in autumn before spring crops

from 2004:
max. cultivation depth 15 cm, various standard tillage equipment 

b4:
cultivator & rotary harrow, max. cultivation depth 30 cm, no turning of soil 

Results

Winter wheat yields showed a difference between farm types already in the first rotation period (Schmidt et al. 2006), indicating an advantage of the stockless farm type with rotational ley (a2) and the mixed farm type (a1), when compared to the stockless farm type without ley (a3). In the second rotation period, winter wheat yields in a1 decreased nearly down to the level of yields in a3 (fig.1). Wheat yields in a2 in 2006 were even higher than in 2000, thus exceeding the yields of the other two farm types significantly. 

As compared to the deeply ploughed system (b1), the reduction of tillage intensity significantly affected winter wheat yields. In the second rotation period a significant difference between the tillage systems was evident with considerably lower yields in b4 than in all other three variants. 
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Figure 1: Winter wheat yields (t*ha-1) dependant on farm type (left) and tillage intensity (right) in the first two rotation periods of the long-term experiment Gladbacherhof. Differing letters denote significant distinctions (P≤0.05).
No significant differentiation of potato yields according to farm type or tillage intensity could be observed (without figure). Statistically firm interactions between farm type and tillage intensity could not be observed for any of the crops.
Tab. 2:  Corg1) and Nt1) contents in topsoil (0-30 cm) and C/N ratio dependant on farm type and tillage intensity in the long-term experiment Gladbacherhof in 2007 after nine trial years. 

	farm type
	Corg
mg (100g)-1
	Nt
mg (100g)-1
	Corg/ Nt
	tillage intensity
	Corg
mg (100g)-1
	Nt
mg (100g)-1
	Corg/ Nt

	a1
	1323 a
	147 a
	9.0 a
	b1
	1285 a
	143 a
	9.0 a

	a2
	1264 ab
	139 b
	9.1 a
	b2
	1250 a
	139 ab
	9.0 a

	a3
	1201 b
	131 c
	9.2 a
	b3
	1241 a
	133 b
	9.4 a

	
	
	
	
	b4
	1274 a
	141 a
	9.0 a


Corg and Nt values have been corrected with reference to initial values in 1998. Within a column differing letters denote significant distinctions (P≤0.05).

After nine years, Corg and Nt contents again were lower in the stockless farm type without ley (a3) than in the mixed farm type (a1) (tab.2). Concerning the higher Corg and Nt values in a1, the short-term effect of farmyard manure application (tab.1) must be taken into account. A significant differentiation of C and N contents by tillage intensity on the other hand could not be confirmed (tab. 2). This holds true even if bulk density is considered (Krawutschke 2007).
Discussion
The positive precrop effect of alfalfa-grass obviously is stronger for ley with the mulched plant material remaining on the plot than for fodder cropping (Loges et al. 1999). This situation was reflected in the experiment despite of a considerably higher yield level of the alfalfa-grass precrop in a1 compared to a2 before 2000. As for potato yields, it can be assumed that the pre-precrop effect of mulched alfalfa-grass in a2 is at least compensated by farmyard manure application in a1. The lower yield level for winter wheat in a3 reflects the low N supply in this farm type (Schmidt et al. 2006).
A negative impact of tillage intensity reduction on cash crop yields is evident for the lowest intensity level (b4). There is some evidence that losses caused by lower yields in no-till systems in organic farming may not easily be compensated by the lower energy consumption (Kainz et al. 2005). 

The impact of farm types on humus contents in the experiment supports the assumption that farmyard manure application and perennial legume cropping have a decisive impact on humus content dynamics (e.g. Leithold et al. 2007). Since manure application adds to legume cropping in a1, the higher humus content produced by this farm type compared to a2 and a3 is likely to become even more apparent in the long run. Reduced tillage intensity did not raise humus contents in the Gladbacherhof experiment. Similar results have recently been published (e.g. Baker et al. 2007), contradicting an assumed carbon sequestration potential of tillage intensity reduction. Still it is necessary to further investigate the potential for saving fossil energy (fuel).

Conclusions
After 10 years of differentiated management in the long-term experiment Gladbacherhof it can be concluded that perennial legume cropping has to be considered beneficial in agronomical terms as well as with regard to humus reproduction. Stockless farming without ley in the rotation obviously cannot easily cope with nutrient supply, even with optimized inclusion of catch crops. 
Reduced tillage intensity in the trial affected SOM allocation in the soil profile but did not raise humus contents. On the other hand, a similar yield level as in the reference system could be reached with reduced tillage intensity in the experiment, if at least shallow ploughing was not categorically excluded.   
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