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Abstract

A common practice in stockless organic farming systems is to leave the biomass from clover/grass-ley and crop residues in the field for their residual fertility effect. No farmyard manures for transfer of nutrients within the system are available. Clover/grass-ley biomass and crop residues represents an unexploited energy potential that could be harnessed by the digestion in biogas plants for production of methane, thus replacing ruminants by the biogas digester. In field trials by implementing a whole crop rotation comprehending six crops were carried out in 2002-2005 to evaluate whether the use of N could be improved by processing biomass described above in a biogas digester and using the effluents as a fertilizer, compared to general practice.

Results indicate that digestion of crop residues resulted in more efficient manuring systems, not only by the implementation of an additional “product” (power energy), but also by getting more efficient cropping systems with higher DM and N yields of most of the non-legume crops, combined with a reduction of N losses due to denitrification and a reduction of the nitrate leaching risk. The causes were a better and more evenly allocation of nutrients within the whole crop rotation, a higher N input via N2 fixation, lower N losses and probably a higher N availability of digested in comparison to the same amounts of nutrients in undigested organic manures. 

Introduction

In stockless organic farming systems clover/grass biomass, cover crops (CC) and crop residues (CR) represent a large unexploited energy potential that could be harnessed by the anaerobic digestion in biogas plants for production of methane. Some authors assumed that simultaneously, the availability of the nitrogen of the effluents would be increased due to reduced emissions to the air and water and enhanced nitrogen mineralization. The digestion of legume-grass leys, a fundamental component in those crop rotations due to N2 fixation and weed suppressing effect, would create a mobile fertilizer. 

The experimental evidence for beneficial effects of using green manure crops for biogas digestion is very scarce. There is a need for a system approach which includes measurement of all N loss pathways from management clover/grass-ley crops as either by traditional green manure or by removing for methane production with recycling of the digested residues to the same crop rotation. The complex interactions connected with described changes in manuring system need to be quantified in order to evaluate the whole-chain differentiation of N use efficiency and other effects on crop productivity and environmental impact of farming systems. The objectives of the presented trials were (i) to measure the impact of digestion of residues like clover/grass-leys, straw and cover crop biomass (ii) and of additionally introduced external substrates (equivalent to 40 kg N ha-1) on N fluxes, N uptake and yields within a whole crop rotation. A further objective are (iii) to assess the impact on nitrate leaching risk and soilborne nitrous oxide emissions.

Materials and methods

A field trial with a block design were carried out between 2002 and 2005 on the research station Gladbacherhof. Soils are silty loams derived from loess (calcic Luvisols). The cropping system consisted of a six-field crop rotation including: 1. Clover/grass-ley; 2. Potatoes; 3. Winter wheat+CC; 4. Peas+CC; 5. Winter wheat+CC, and 6. Spring wheat. The CC consisted of summer vetch (Vicia sativa) at 90 kg ha-1 and oil radish (Raphanus sativus) at 5 kg ha-1. The plots were set stationary. Field experiments were carried out fourfold with experimental plots of 72 m2 (6 m x 12 m). All crops were cropped in each year. In the trials the common mulching practice in organic agriculture without livestock was compared with two strategies of biogas digestion (Tab. 1). Further informations can be seen in MÖLLER et al. 2006.

Tab. 1: 
Manuring treatments 

	Manuring treatment
	Abbre​viation
	Management of clover/grass ley, crop residues  and cover crops

	Usual stockless management
	wL
	Remained on field (ploughed in, mulched)

	Stockless management with digestion of field residues
	wL-FR
	Harvested, digested, effluents reallocated as manure within crop rotation

	Stockless management with digestion of field residues, and external substrates at 40 kg N ha-1
	wL-FER
	Harvested, digested, effluents reallocated as manure within crop rotation


Results

The total amounts of N in manures didn’t differ between wL and wL-FR (approx. 127 kg N ha-1). However, in wL-FR more than 80% of N circulating within the system were transferred by the biogas effluents (104 kg N ha-1), and was applied more evenly through the whole crop cropping system, mainly on non-legume crops (not shown). In spring the measured soil mineral content differed only slightly as a mean of the whole crop rotation. However, in the non-legume crops the soil mineral N was higher in both biogas variants than in wL, disadvantaging legume crops.  

The yield of saleable non-legume main products was highest in wL-FR with 5.24 t DM ha-1 and lowest in wL with 4.78 t DM ha-1, a difference of c. 10%. The average yield of winter wheat in both positions within crop rotation was significant higher in wL-FR than in wL, with grain yield differences of 13%. Simultaneously, the yield variation of non-leguminous crops in different position of the crop rotation differed in a lesser degree in wL-FR than in wL, as showed by a lower coefficient of variation. The winter wheat crops in wL-FER were affected by lodging and by a strong development of Gallium aparine. No differences in DM yield were measured in legume main crops (clover/grass-ley and peas) between the different manuring systems (Tab. 2).

Tab. 2:
Dry matter yields (t DM ha‑1) and N uptake (kg N ha‑1), including straw

	
	Yields 
	Total N uptake

	
	wL
	wL-FR
	wL-FER
	wL
	wL-FR
	wL-FER

	CG ley
	12.9
	13.7
	13.3
	368
	383
	383

	Potatoes
	7.43
	7.48
	6.77
	97.5b
	98.3b
	82.0a

	WW 3
	12.7
	14.1
	13.0
	133
	156
	143

	Peas
	6.99b
	5.92a
	7.07b
	160
	147
	159

	WW 5
	11.3a
	13.8b
	12.6ab
	97.4a
	126b
	115b

	SW
	5,83a
	6,84b
	75,3b
	62.0a
	72.3a
	85.6b

	MV non-legumes
	9.30a
	10.5b
	9.95b
	97.5a
	113b
	106b

	MV winter wheat
	12.0a
	13.9b
	12.8ab
	115a
	141b
	129ab

	MV crop rotation
	9.54a
	10.3b
	10.0b
	153a
	164b
	161b


The system wL-FR showed higher (+16%) mean N uptake by non-legumes (113.2 kg N ha-1) comparing to wL (97.5 kg N ha-1). Highest differences were measured in winter wheat: digestion of crop residues (wL-FR) increased N uptake at 23% in comparison to wL. 

Soilborne nitrous oxide emissions from the common stockless system accounted for 2.914 kg N2O-N ha-1. Main source were the mulched clover/grass-ley and autumn incorporated CC. Digestion of field residues decreased this emissions to 1818 kg N2O-N ha-1, which corresponds to a reduction of about 38% (results not shown). 

In autumn the measured soil mineral content in 0-90 cm differed significantly as a mean of the whole crop rotation. A significant reduction of ca. 20% were measured in wL-FR (43,4 kg N ha-1) due to harvesting the residues including clover/grass-ley and CC in com​parison to wL (52,4 kg N ha-1). The values of wL-FER were intermediate (48,2 kg N ha-1). The highest effects were measured after incorporation of CC in autumn prior to a winter cereal crop and in the clover/grass-ley. Differences were measured meanly on the upper soil layer (data not shown). 

Discussion
Harvesting by removing clover/grass-ley, CR and CC for digestion in a biogas plant not only avoid the concentration of high amounts of N in certain segments of the crop rotation prone to get loss, but also it resulted in the build up of considerably amounts of mobile manures, able to apply to different crops, i.e. reallocating the available nitrogen more evenly within crop rotation. The higher yields of the systems with digestion of the crop residues resulted probably due to the combined effect of at least four factors: (i) A higher N Input via di-nitrogen fixation of the harvested clover/grass-ley: Mulching, leaving the clover/grass biomass on the field induced negative feed-back effects through enhancing soil N supply of the legumes (Heuwinkel et al., 2005). (ii) A higher allocation of the main growth limiting nutrient N on the non-leguminous crops. (iii) A more evenly allocation of the available nutrients across the different non-leguminous crops within crop rotation. Due to the law of “the diminishing response of yield to increasing N supply”, yield improvements are possible by a reduction of N supply of previously high supplied crops, providing the nutrients to crops former very low in N. And, (iv) a further possible cause for higher DM and N yields could be the C losses due to digestion and a related reduction of processes resulting in N immobilization related to the supply of C. 

An improved N availability of the systems with digestion of residues can be deducted from the higher N uptake, the higher grain and straw N content obtained in both systems with digestion and the higher weed infestation with Gallium aparine. The higher N availability as a consequence of digestion and reallocation of nutrients resulted also in lodging of the winter wheat, mainly in wL-FER. Lodging and weed infestation probably counteracts to some extend the yield improving effects of the improved N availability due to the digestion and reallocation of nutrients within the system. 

Conclusions
Digestion of crop residues like clover/grass-ley and CC is an instrument to get more efficient organic stockless systems, not only by the implementation of an additional “product” (power energy) replacing fossil fuels, but also by getting more efficient cropping systems with higher DM and N yields, combined with a reduction of the risk of N losses due to leaving a lot of organic residues on the fields in autumn. The causes of the described effects were a more evenly allocation of nutrients within the crop rotation, a better matching of crop N demand and soil N supply by application of manures just at the beginning of the most N demanding period, a higher N inputs via N2 fixation, lower N losses due to emissions and probably a higher N availability of digested in comparison to undigested organic manures due to a reduction in C returned to the soil. 

In the ley/arable system, livestock, particularly ruminant livestock, plays an important role in utilising the leys, and are also important as a source of manure for transferring fertility to priority crops around the farm. Livestock also fulfil an additional role through their utilisation of arable CR. Implementation of biogas digesters in stockless organic farming systems replaced to a some extend the function of ruminant animal husbandry, by exploiting the residues and the biomass produced by clover/grass-leys, CC and CR. By harvesting the crop residues and CC the nitrogen gets free to be used wherever and whenever desired, instead of a location-bound and time-bound amount of organic manures, increasing the “state of freedom” for organic manuring. A feature common to the new technologies is the increased scope for N application at a time and place when needed by the crop, as opposed to the necessity of incorporating untreated material during the normal ploughing season.
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