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Summary

The soil, like water, air, and energy, is one of our most important resources. Our future living 

conditions will depend most fundamentally on how well we manage this nourishing resource. A 

serious endangerment of ecological soil vitality caused by the effects of pollution and high ex-

ternal input management systems in agriculture, can be confirmed at a global level. Besides 

the contamination of soil, groundwater and drinking water with foreign substances, the rapid 

decrease of soil biota - biological degradation - and, amplified by this, the high susceptibility of 

soils for compaction and erosion - physical degradation, represent two more syndromes which 

have been termed frequently as a serious threat for the global resources of food production 

(UNEP/ISRIC 1990, WBGU 1994, HURNI 1996, BESTE/HAMPL 1999). Some conclusions 

made by the Conference of the International Soil Conservation Organisation in Bonn 1996 

summarised the urgent necessity of research to step further in combating soil degradation. 

There it has been emphasised that to document the effects of soil and land management sys-

tems on ecological soil functions, sensitive indicators and simple suitable scientific methods 

have to be defined respectively developed, which are able to show the influence of manage-

ment systems on soil vitality:

„Not only sophisticated methods but also quick methods that can be applied by non-

researchers should be developed. [...] Although there is a dominant interest in quantitative 

data, qualitative data often is more relevant and revealing. [...]. There is an urgent need to in-

volve farmers in technology development and adjustment so that their local experiences and 

knowledge can be focused into the research.“ (ISCO 1996).

In this research paper the proposal is made to use soil structure as indicator for sound soil 

functions because of its close connections to water circulation, soil life activity and transforma-

tion capacity. With the Extended Spade Diagnosis (ESD) - a combination of soil investigation-

methods initially developed by HAMPL/KUSSEL (1994) - a methodology is presented, which 

corresponds closely with the demands of ISCO especially in a low technical expenditure and a 

simple communicability. ESD contains a new developed structure evaluation, a new developed 

simple test of aggregate stability, the count of root density in the subsoil with a stencil, meas-

urement of soil moisture, pore volume, bulk density with short core samplers and the meas-

urement of shearing resistance. Thus ESD combines structure evaluation schemes developed 

on current knowledge about sound soil structure conditions (qualitative data, but countable) 

and measurement of common soil structure parameters (quantitative data). At the beginning of 

the investigation the structure evaluation scheme and the test of aggregate stability were im-

proved by BESTE (1997).
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The objective of research in this paper is it to test the evidence of the soil investigation meth-

ods applicated in the ESD with regard to the effects of soil and land management systems on 

ecological soil functions. 

Current tests of aggregate stability are not able to show if the aggregate stability is caused by 

biological stabilisation (which is important for the soil functions) or by physical compaction 

(which has stated to be a sign of functional degradation). This can lead to incorrect evaluations 

about functional structure conditions. Therefore apart from ESD there has been also imple-

mented an evaluation of aggregate morphology in this experimentation trial. With that a distinct 

investigation of the connections between aggregate stability caused by biological stabilisation 

or by physical compaction, the building up of agricultural desirable crumbly and porous aggre-

gates and the actual structure conditions has been intended.

The sensitivity of the parameters applicated in ESD to the influence of site factors and man-

agement systems or techniques and their evidence for the ecological affection of soil functions 

through management factors has been tested with two designs of investigation.

The first design was drawn to document the influence of a typical crop rotation in an organic 

management system (Summer-Barley, Green Manure, Winter-Wheat - with intercrops) on soil 

conditions. Investigation parameters were soil structure evaluation, evaluation of aggregate 

morphology, test of aggregate stability and soil moisture. Samples were taken in March, May, 

July and September.

The second design was drawn to compare the soil conditions under Winter-Rye and Green 

Manure in the organic management system. In this design a complete ESD was implemented, 

so the parameters were structure evaluation, test of aggregate stability, count of root density in 

the subsoil, measurement of soil moisture, pore volume, bulk density with short core samplers 

and the measurement of shearing resistance as mentioned above. In addition to that the 

evaluation of aggregate morphology was implemented too.

Both designs of investigation contained the separate survey of three different tillage tech-

niques:

Layer-Cultivator (conservation tillage, non inverting, loosening to 30 cm depth),

Two-Layer Plough (reduced tillage, inverting to 15 cm depth and loosening to 30 cm depth),

Plough (intensive tillage, inverting to 30 cm depth). The experimentation last three years 

(1996-1998).
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The investigations of sensitivity of the parameters to the site factors soil profile, pe-

dogenic properties and soil moisture (experimental patches in organic farming) show the 

following results:

Soil profile

1. Aggregate stability and aggregate morphology show the typical differentiation of soil layers 

in biological activity according to current state of the art: Aggregate stability and amount of 

crumbly, highly porous aggregates are diminuating with soil depth.

2. The structure mark which has been computed for the upper crumb shows developing poten-

tial to reach optimum conditions. For the lower crumb susceptibility for compaction has been 

stated as tendency. This already has been observed frequently when inverting tillage was 

changed to non inverting tillage as it is the fact in this case (change 1994) for thirty percent 

of the experimental patches. The subsoil has been marked as to have structure conditions 

near the optimum (the scale of demanded structure conditions for a sound soil in the struc-

ture evaluation scheme varies with soil depth because of the bioecologically variation of 

light, moisture and density with soil depth. The attached structure mark shows the distance 

between optimum condition and actual condition).

3. Results of bulk density and shearing resistance confirm corresponding experiences with 

agricultural soils: They are augmenting with the soil depth.

Pedogenic properties

4. The two separate observed groups of soils (I.: Loess/Loess over Marl, II:: calcic and siltic 

Marl) show their influence in higher structure marks in case of the more stony material (cal-

cic and siltic Marl). This is comprehensible according to functional ecology because of the 

higher amount of macro pores in stony material.

5. The augmentation of aggregate stability with higher contents of Calcium and Silt (calcic and 

siltic Marl) which is already known could be confirmed too.

6. The amount of crumbly, highly porous aggregates could not be sated as to be influenced by 

one of the two soil groups.

7. Results of bulk density and shearing resistance show no difference dependent on different 

soil groups.

Soil moisture

8. Soil moisture shows the highest influence on the parameters in the results of the first inves-

tigation design (sampling four times yearly - seasonal periodicity of soil moisture). A corre-

sponding tendency could be also stated for the second investigation design: With a soil 
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moisture over 20% the samples gained higher structure marks, the aggregate stability was 

lower and the amount of crumbly, highly porous aggregates higher. This results are due to 

the occurrence of arising „pseudo-crumbles“ with high soil moisture in early springtime. 

There could be observed a high amount of crumbly, highly porous aggregates when soil 

moisture was high, which leads to a good spatial soil structure. But this structure condition is 

highly susceptible against water siltation because of the „pseudo-crumbles“ which already 

not have been stabilised by biological factors but by meniscal water-tension only in the early 

springtime. Apart from this some observations about the reaction of polyeders, subpolyed-

ers and crumbly, highly porous aggregates in different conditions of soil moisture and also 

in their annual rhythm have been explored.

9. Bulk density and shearing resistance don’t show any influence depending on soil moisture. 

The influence of soil moisture around field capacity on the shearing resistance mentioned in 

the literature could not be documented in this case because of the dry moisture conditions 

which have not reached 30% (which is the field capacity of the soil type investigated here).

10.Root density is proportionally inverse to soil moisture which is explained with the higher 

growing intensity of roots searching for water in soil (KÖNEKAMP/ZIMMER 1954).

The investigations of sensitivity of the parameters to management techniques show the 

following results:

Influence of Green Manure in the crop rotation and in comparison to Winter-Rye:

1. Augmentation of structure mark.

2. Augmentation of aggregate stability up to the following crop.

3. Increasing formation and stabilisation of crumbly, highly porous aggregates.

4. Tendency to less shearing resistance and lower bulk density under Green Manure vegeta-

tion.

Comparison of tillage techniques

1. No statistically safe differences in structure marks.

2. Distinct higher aggregate stability with non inverting tillage (Layer Cultivator).

3. No statistically safe differences in the amount of crumbly, highly porous aggregates.

4. Higher stability of crumbly, highly porous aggregates in the upper crumb with non inverting 

tillage (Layer Cultivator).

5. No differences in the results of bulk density. Regular increase of shearing resistance with 

soil depth when tillage has been non inverting (Layer Cultivator). Abrupt increase of shear-
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ing resistance from the lower crumb to the subsoil when tillage has been inverting (Plough), 

as it has been investigated frequently before.

6. No differences in root density.

Evidence of methodology

The evidence of the improved structure evaluation has been confirmed by the gained results 

which correspond with literature. The structure mark shows the distance of actual soil condition 

to optimum conditions or degraded conditions. The difference in quality of soil conditions is 

taken into account in a very comprehensive way of evaluation. This qualitative evaluation 

could not be achieved by methodologies which gain results with the measurement of single 

parameters only. Whatever the result is a simple evaluation mark which facilitates statistical 

calculation. Soil condition is represented clearly and comparison with other parameters can be 

done simple and fast.

The new developed test of aggregate stability which is implemented with aggregates of actual 

soil moisture between 3 and 5 mm of size delivers results which show sensitiveness to the 

factors which are causing aggregate stability according to current knowledge. Apart from this it 

is easy to do and with the improved evaluation scheme of aggregate silting it is less depending 

on subjective assessment of the implementing person. The test delivered clear differences 

between the surveyed management variations and can therefore be recommended for investi-

gations about the influence of agricultural management on aggregate stability.

The evidence of the counting out of root density by means of a stencil in the subsoil seems to 

be indifferent when samples are few. Therefore in case of implementing the whole ESD and 

taking few samples only it is preferable to use a qualitative root evaluation scheme instead of 

the quantitative root counting. When ESD is implemented only partly (e.g. only structure 

evaluation and test of aggregate stability) and many samples are taken the root counting in the 

subsoil by means of the stencil can be kept.

The evidence of the physical standard parameters bulk density and shearing resistance has be 

confirmed with the results according to literature.

The parameters and methods used in combination as a part of ESD show - as the most soil 

investigation methods - dependence on pedogenic properties and soil moisture. This experi-

ence has been intended to be taken into account by giving some advises fore implementation 

of ESD. Apart from this suggestions for some structure evaluation schemes and silting evalua-

tion schemes which are adapted to sandy soils and silt soils as well as a rooting evaluation 

scheme have been worked out and presented. 
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ESD in its improved version can achieve to document scientifically but without high technology 

expenditure effects of management systems or techniques on soil vitality. It combines the ac-

tual and comprehensive impression of soil condition in the field with exact quantitative data 

information of soil parameters. Advantages moreover that are facility and communicability be-

cause of its vividness and close connection to farmers knowledge about soil. Thus it can help 

to facilitate decisions about soil management planning and practice also in regions and pro-

jects where investigations with high-technology methods are to expensive or not well adapted 

for consultance presentation.

Contact:

Institute for Soil Conservation
and Sustainable Agriculture

Consultance, Training, Analysis

Dr. Andrea Beste
Osteinstr. 14
D-55118 Mainz
Tel/Fax: +49 +6131-639901
E-Mail: A. Beste@t-online.de
Website: www.gesunde-erde.net

Workshops and oral presentations with the 
subjects:

 Soil ecology
 Sustainable soil management/tillage
 Soil conservation
 Organic farming
 Guidance in Extended Spade Diagno-

sis and GÖRBING-Spadediagnosis with 
their specific suitability

Professional analysis of structure quality 
and aggregate stability

Publications about Extended Spade-Diagnosis in English language:
BESTE, A. (1998 a): An applicable field method for the evaluation of ecological soil vitality in 
science and agricultural consulting practice. International Conference on Sustainable Agricul-
ture in Tropical and Subtropical Highlands with special Reference to Latin America Rio de Ja-
neiro, Instituto Nacional de Tecnologia, Rio de Janeiro

BESTE, A. (1998 b): Extended Spade Diagnosis. In: Sustainable Land Management. Guide-
lines for Impact Monitoring. Centre for Development and Environment (cde), Bern (CH) & Ge-
sellschaft für Technische Zusammenarbeit (GTZ), Eschborn, Hrsg.

BESTE, A. (1999): An applicable field method for the evaluation of some ecologically signifi-
cant soil-function-parameters in science and agricultural consulting practice. International Soil 
Conservation Organisation (ISCO) - Conference 1999, West Lafayette, Indiana, USA.

BESTE, A. (1999): Project Ecological Soil Management - Development of an applicable field 
method for the evaluation of some ecologically significant soil-function-parameters in science 
and agricultural consulting practice. In Proceedings of „Sustainable Landuse Management -
The Challange of Ecosystem Protection, International Conference, Kiel 28.9.-1.10 1999

BESTE, A. (2000): Extended Spadediagnosis - an applicable field method for the evaluation of 
some ecologically significant soil-function-parameters in science and agricultural consulting 
practice. In: Alföldi/Lockeretz/Niggli (Hg.), Proceedings 13th international IFOAM Scientific 
Conference, Basel
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