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Abstract 

Humus balances provide a profitable approach for humus dynamics assessment in farming practice. Nevertheless, there is a clear demand for methodological adaptation.     This article presents a new approach to humus balancing using reproducible algorithms for the estimation of balance coefficients. Humus balance coefficients for crops and organic fertilizers are estimated according to a bipartite algorithm. Humus demand  is calculated on the basis of crop yields referring to the nitrogen household in the plant-soil system. Humus supply is derived from organic matter input with plant material and fertilizers. The new approach facilitates the adaptation of the method to new situations. 

Introduction

The assessment of management impact on the humus dynamics of agricultural soils is of high interest in agronomical as well as ecological terms. For this reason there is a clear demand for adequate tools that facilitate humus dynamics assessment under practical conditions. Here humus balance methods have proved to be a profitable approach since they fulfil the criterion of applicability in practice far better than complex C-simulation models or measurement based approaches (Hülsbergen 2003). Models tend to require extensive input data that usually are not available under practical conditions. Humus balances on the other hand compare organic matter (OM) input (quantity and quality of organic fertilizers, crop residues and byproducts) to OM output (influence of crop-specific effects depending on site, yield and mineral N doses) without aiming at the prediction of absolut humus content changes. As a monocompartment model, humus balance considers OM as a whole with no division into specific and complex pools. The advantage of humus balancing is that only easily available management data are used. This implies that humus balances can help to define best-practice without the need for comprehensive assessment of actual humus content dynamics.

Yet, there have been serious doubts about the performance of humus balance methods, especially when applied in organic farming (Leithold et al. 2007). A major objection is the poor reproducibility of balance coefficients in most methods which prevents an adaptation of the respective methods to new situations. The marginal plausibility of balance results for organic farming systems underlines this methodological handicap.

Materials and methods

We followed the basic scheme of humus balance methods presently established in Germany which is

humus saldo = humus supply (hs) – humus demand (hd).

“Humus saldo” reflects the net effect on humus content, “humus supply” refers to organic matter supply from plant residues and organic fertilizers and “humus demand” denotes the decrease of soil organic matter due to mineralization. The parameters ‘humus supply’ and ‘humus demand’ are attained by using humus reproduction coefficients (hrc) allotted to crops and fertilizers. The derivation of hrc was mainly based on empirical research in long-term field experiments. However, Leithold (1991) presented a mathematical approach for estimating hd coefficients on the basis of the nitrogen dynamics in the soil-plant system that was later on improved by Huelsbergen (2003). A corresponding reproducible procedure for the determination of hs coefficients to our knowledge does not exist.     

For the new method we chose to develop one single algorithm that can be used to calculate hrc for any crop based on available yield data. To that effect, we adapted the approach of Hülsbergen (2003) and Leithold (1991) for the estimation of humus mineralization and combined it with a new algorithm for the calculation of organic matter supply contributing to humus build-up: 

hrc =  CH – NH * k

with

CH = CR · hR + CRT · hRT + CEX · hEX  + CRE · hRE
and

 NH = ( NPB – Ndfa – NI *wpI – NFERT * wpFERT ) / wpH + ΔNmin
hrc = humus reproduction coefficient (kg C ha-1). 

CH = C from organic input contributing to humus build-up (kg C ha-1)

NH = mineralization of N from the humus pool (kg N ha-1)

k = factor for conversion of mineralized humus-N (kg N ha-1) to mineralized humus-C (kg C ha-1) 

CR,RT,EX,RE = C input from roots (R), root turnover during the vegetation period (RT) and root exudates (EX) or plant residues (RE) (kg C ha-1)

hR,RT,EX,RE = humification rate for a defined organic substrate input (factor)

NPB = N in plant biomass as indicated by crop yield (kg N ha-1)

Ndfa = N derived from the atmosphere by symbiotic fixation (kg N ha-1)

ND,Fert = mineral N from atmospheric deposition (D) and fertilization (FERT) (kg N ha-1)

wpD,Fert,H = whole plant utilization rate for N from a defined source pool (factor)
ΔNmin = net change of mineral N in soil solution during cropping period (kg N ha-1)

Basically the algorithm generates humus reproduction coefficients estimating the supply of organic matter contributing to humus build-up on the basis of C input from plant biomass and organic fertilizers and calculates humus mineralization on the basis of N in plant biomass. Contribution of inputs to humus reproduction is estimated considering organic matter input from above-ground plant residues, roots, and exudates. The turnover of root material during the vegetation period is taken into account. Input quantity of the compartments is estimated based on crop specific shoot:root:exudate. Losses of C in turnover processes are taken into account applying substrate specific humification rates. The humification rate denotes the ratio between OM input from a defined substrate and the proportion of that input that is actually humified, thus contributing to humus build-up (Klimanek 1997). Humus mineralization is calculated by separating the contribution of each active N pool, including the humus pool, to plant nitrogen supply. The ratio between N supply from a defined pool and plant uptake of N from that pool is estimated by applying specific utilization rates (Leithold 1991). In our approach, utilization rates for N are modified dependent on site as well as yield level. The latter factor is included as an indicator of actual N use efficiency. For reasons of data availability, plant uptake of residual N as well as excessive mineralized organic matter N not taken up by a crop (e.g. in potato cropping) are taken into account by the net change of soil Nmin over  the cropping period.

Results

Up to now, hrc have only been calculated for selected crops and fertilizers in test runs of the approach. In the case of non-legume crops the calculation usually results in negative hrc, thus (theoretically) indicating a consuming impact on humus ressources. As for legumes, the contribution to humus reproduction depends on the kind of legume (forage or grain) as well as on utilization (harvested / mulched). Tab. 1 illustrates hrc generation for winter wheat, potatoes, grass/clover with 70% legumes (fodder and mulched ley), and field beans.

Tab. 1: Calculation of humus production coefficients (hpc) for winter wheat, grass/clover (harvested/mulched ley), and field beans.

	Parameter
	Winter wheat
	Potatoes
	Grass/clover

(Fodder)
	Grass/clover

(mulched)
	Field beans

	yield 

(t FM ha-1)
	5.5 (grain)
	2.8 (tubers)
	60.0
	60.0
	4.5 (grain)

	∑(CR,CRT,CEX,CRE)

(t DM ha-1)
	3.53
	2.48
	13.20
	17.72
	3.45

	h
	hR = 0.3 ; hRT = 0.2 ; hEX = 0.05 ; hRE = 0.2 

	CH
( kg C ha-1)
	708
	498
	2645
	3215
	691

	NPB 

(kg N ha-1)
	125
	156
	469
	469
	302

	Ndfa 

(kg N ha-1)
	0
	0
	295
	295
	211

	ND 

(kg N ha-1)
	20
	20
	20
	20
	20

	NFert 

(kg N ha-1)
	0
	0
	0
	0
	0

	ΔNmin 

(kg N ha-1)
	0
	+50
	0
	0
	0

	wp
	wpI = 0.75 ; wpFert = 0.75 ; wpH = 0.9

	NH
(kg N ha-1)
	140
	206
	176
	176
	84

	hrc (kg C ha-1)
	-610*
	-1676*
	+789
	+1359
	-194*


* assumption: all straw removed 

In the example, beneficial site conditions (e.g. luvisol areas) and corresponding whole plant utilization rates for N are displayed. 

Discussion
There may be some doubt about the inclusion of both C and N in the algorithm instead of expressing hpc as a function of only C or N. However, a bipartite approach was also used by Hülsbergen (2003). The reason is that there is neither a direct link between C in plant biomass and C mineralized from the SOM pool, nor between N input and humus buildup.   

Even though the approach for calculation of humus mineralization in principle allows for the assessment of cropping systems with fertilization, parameters cannot be easily calibrated. In the algorithm, SOM mineralization and mineral N supply from other sources are correlated negatively. Admittedly, the impact of mineral N supply on SOM mineralization is complex (Kuzyakov et al. 2000) and usually not regarded in models on SOM turnover (e.g. Petersen et al. 2005). Here, further investigations are necessary to correctly adjust the method. As for organic matter supply by roots and root exudates, the approach has to cope with the heterogenity of root biomass quantity. Still the application of generalized shoot/root ratios for each crop seems to be possible since the estimated values can offer sufficient accuracy. 

Further attention has to be paid to the continuous adjustment of whole plant utilization rates for N as well as humification rates. Even though results from comprehensive investigations have been published facilitating the derivation of (tentative) values (Hülsbergen 2003, Klimanek 1997), parameter calculation has to be recognized as a sensitive possible source of error.  

Conclusions
The approach presented in this paper considerably improves the methodologial performance of humus balancing by providing a reproducible approach for balance coefficient calculation. In doing so the adaptation of the instrument to new situations is facilitated. Still, further research efforts are necessary to continuously improve and adjust the instrument. It remains a challenge to simplify and generalize the complex context of management measures, site conditions and humus dynamics in order to provide adequate assessment tools for application in practice.  
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