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Institute for Biodynamic Research, Brandschneise 5, D-64295 Darmstadt1

period crop rotation fertilization concept total N amounts
(low, medium, high level)

1st period in each year:1 comparable yields see Tables 2.2 and 2.3

1980-84 carrots,
beetroot,
potatoes,
rye

with all types of fertilizers

2nd period in each year: equivalent amounts of total N cereals: 60, 100, 140 kg N/ha

1985/86
until now

red clover
(alfalfa),
spring wheat,
potatoes ,2

rye

with all types of fertilizers root crops: 50, 100, 150 kg N/ha

: 1981: barley instead of rye1

: since 1991, in the years before mostly carrots or beetroot2

Table 2.1: Management and crop rotation periods of the long-term fertilization trial in Darmstadt

2. Quality investigations with products of the long-term fertil-
ization trial in Darmstadt

By J. Raupp1

INTRODUCTION

The fertilization trial reported here refers directly to the main topic of debate of the present
meeting. The field experiment was initiated and started in 1980 in order to investigate the
influence of organic and mineral fertilization on the quality of plant products. At the begin-
ning the intention was not to set up a long-term experiment; it was scheduled for 4 years
only. In these years interesting effects of the different fertilization treatments on soil
properties were observed (Abele, 1987) which gave rise to the decision to continue the
field trial with a modified fertilization concept (see Table 2.1) and to study soil biological
and microbiological phenomena in more detail (Bachinger et al., 1993; Bachinger, 1995
and 1996; Koop, 1993; Meuser, 1989; Meuser & Wessolek, 1989). With the modified
concept the experiment is still in progress.

The two periods of the long-term trial can be distinguished regarding the levels of organic
fertilization and the crop rotation (as reported in Raupp, 1995). The experimental design
has been the same all the time. It consists of two factors,
- the type of fertilization, i.e. CM = composted cattle manure and urine, CMBD =

composted cattle manure and urine of the same origin but with application of all
biodynamic manure and field preparations, MIN = mineral fertilizer;

- the level of fertilization, i.e. low, medium and high (for the applied quantities see

joachim
In: Raupp, J. (ed.), Quality of plant products grown with manure fertilization. Darmstadt(1996); 13-33
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fertilizer carrots beetroot potatoes

type level N P O2 5 K O2 N P O2 5 K O2 N P O2 5 K O2

MIN 1 60 60 150 80 60 100 60 60 120

2 120 90 200 160 90 150 120 100 160

3 180 120 250 240 120 200 180 140 200

CM/CMBD 1 96 48 144 128 64 176 96 48 132

1981 2 192 96 288 256 128 352 192 96 264

3 288 144 432 384 192 528 288 144 396

CM/CMBD 1 115 58 122 186 99 186 84 65 130

1982 2 230 115 245 371 198 371 168 130 259

3 346 173 367 557 298 557 252 194 389

CM/CMBD 1 117 54 108 72 60 125 54 45 94

1983 2 234 108 216 144 120 250 108 90 187

3 351 162 324 216 180 374 162 135 281

CM/CMBD 1 1 0 0 0 90 51 93 67 + 20 38 70

1984 2 0 0 0 179 102 186 134 + 40 77 139

3 0 0 0 269 154 278 202 + 60 115 209

 potatoes: composted manure + horn meal1

Table 2.2: Total nutrient contents (kg/ha) of the fertilizer treatments to root crops in 1981-84, calculated with
data of Abele (1987)

Tables 2.1, 2.2 and 2.3).
Both factors are combined to 9 treatments (3x3) practised in 4 replicates with each crop.
The site conditions are characterized by a warm-dry climate (9.5 °C, 590 mm precipitation
per year) and a sandy orthic luvisol with 87.2% sand in the topsoil.

In order to achieve comparable yields with organic and mineral fertilization in the first
period, composted manure had to be used in relatively high amounts, because of the
different nutrient availability of the two types of fertilizer. A different fertilization concept
has been used in the second period since 1985/86, which is based on the application of
equivalent amounts of total nitrogen with all types of fertilizer (MIN, CM and CMBD).

Investigations on food quality have been carried out in both periods. The results are
evaluated critically in the present paper taking especially into consideration the problem
of suitable parameters and analytical methods for quality assessment. In the following
tables and figures significant differences are indicated by different letters at mean values.
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fertilizer rye

type level N P O2 5 K O2

MIN 1 50 50 75

2 100 75 100

3 150 100 125

CM/CMBD 1 80 40 120

1981 2 160 80 240

3 240 120 360

CM/CMBD 1 96 48 102

1982 2 192 96 204

3 288 144 306

CM/CMBD 1 78+20 36+1 72+71

1983 1 2 156+40 72+1 144+141

3 234+60 108+2 216+212

CM/CMBD 1 50 21 12

1984 2 2 100 42 25

3 150 63 38

 compost + urine1

 Ricinus meal2

Table 2.3: Total nutrient contents (kg/ha) of the fertilizer treat-
ments to rye in 1981-84, calculated with data of Abele (1987)

FIRST PERIOD: THE CONCEPT OF COMPARABLE YIELDS

Fertilization treatments and yields

The fertilizer amounts in the mineral treatments were constant in all years in the 1981-84
period, and varied only depending on crop. In the medium level, nutrient doses between
100/75/100 kg/ha N/P O /K O and 160/90/150 kg/ha N/P O /K O were given to rye and2 5 2 2 5 2

beetroot, respectively, or 120/90/200 kg/ha to carrots (Tables 2.2 and 2.3). The low
fertilization level was 50% and the high one 150% of the medium level. This is the same
gradation as was practised in the manure treatments.

The amounts of composted manure
were especially high in the first and
second years of this period. In the
three fertilization levels of CM and
CMBD 20, 40 and 60 t/ha manure
were applied to rye, 24, 48 and 72
t/ha to potatoes and carrots and 32,
64 and 96 t/ha to beetroot. In the
following 2 years of the first period
half the amounts were given in each
level, and carrots remained unfertil-
ized in CM and CMBD in the fourth
year, because the effect of the re-
sidual nutrients was sufficient. The
quantities of nitrogen, phosphorus
and potassium corresponding to the
amounts of manure are calculated in
Tables 2.2 and 2.3. The total
amounts of nitrogen were about 60
to 95% higher in CM and CMBD
compared to MIN. As regards phos-
phorus, in the low fertilization level
the amounts were more similar in
organic and mineral treatments; in
the medium and high level around
40% more P O  was applied to rye,2 5

carrots and potatoes but up to 150%
more to beetroot. As regards potas-

sium, the biggest differences also can be seen in the medium and high level, reaching up
to 180-240% more K O in the manure compared to the mineral treatments. More details are2

published by Abele (1987).

Altogether, with all crops the aim of comparable yields can be regarded as achieved in most
cases (Table 2.4). With carrots one or both types of organic fertilization gave slightly higher
yields (3-11% more) than the mineral treatment. The nutrient supply as an after-effect of the
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MIN CM CMBD low med. high

carrots 1981 713 710 759 692 726 764

1982 602 667 637 605 657 645

1983 736 784 860 731 792 858

1984 615 625 631 573 632 666

beet- 1981 617 620 648 567 619 700

root 1982 618 724 693 544 710 782

1983 682 648 732 562 702 798

1984 624 574 612 519 602 688

pota- 1981 335 277 327 291 315 333

toes 1982 254 255 281 254 262 274

1983 219 180 195 162 205 228

1984 193 244 260 184 238 275

rye 1982 25.4 23.2 23.1 23.5 23.0 25.3

1983 38.2 33.8 36.3 30.2 37.1 40.9

1984 48.4 48.3 48.7 39.8 48.8 56.8

rye 1982 27.7 28.5 29.7 29.3 28.0 28.6

TSW (g) 1983 29.6 29.5 30.4 29.7 30.0 29.8

1984 33.2 35.2 34.5 34.6 34.1 34.2

Table 2.4: Yields of carrots, beetroot, potatoes and rye (dt/ha) and thousand seed weight of rye (g) in the
period 1981-84 (Abele, 1987)

previous years obviously was sufficient, even in 1984, when CM and CMBD received no
fertilization. In 1983 the biodynamic treatment gave an exceptionally high yield of 860 dt/ha
which is 10 and 17% more than the other treatments. The beetroot yields were on average
lower than the carrot yields. As a rule, yield differences between the mineral and both
organic fertilizations are around 10% or less, without clear advantages or disadvantages of
any treatment. The potato yields show a large variation over years. CMBD gave 195 to 327
dt/ha which is 8-18% higher than CM. The mineral fertilization had the highest yields in 2
years (21-22% more than CM), and showed no difference in one year. In 1984 the minerally
fertilized plants suffered a severe attack by potato late blight; hence the yield in MIN was 21
and 26% lower than in the organic treatments. Only in 1984, the last year of this period, the
rye yields were the same with all types of fertilization, at about 48 dt/ha. In the years before
the yield was much lower, and MIN gave 5-13% more than CM or CMBD. The thousand
seed weight of rye showed no clear effect of organic or mineral fertilization.

Taking account of the poor site conditions the yields in most cases are satisfactory. With all
crops, increasing fertilizer levels had a very pronounced influence on yield in most years.
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Quality Parameters

As product quality was the main topic of the first period a spectrum of diverse parameters
was chosen in cooperation with experts in food quality research. The following parameters
are examples referring to the vegetable products:
- chemical characteristics: contents of total nitrogen, nitrate, protein, free amino acids,

phosphorus, potassium, sodium, magnesium, different sugar fractions, starch,
organic acids, vitamin C, carotin, solanin;

- physical characteristics: skin stability of potato tubers;
- biochemical characteristics: enzyme activities, respiration, “aroma patterns”;
- microbiological/biochemical characteristics: degradation (dry matter loss, carbon

dioxide development), darkening of potato extract.

Abele (1987) summarized his findings as follows:
- negative effects on quality parameters caused by higher levels of fertilization were

smaller with application of composted manure compared to mineral fertilizer;
- application of biodynamic preparations together with composted manure partly had

positive effects on quality and storage behaviour;
- under optimal storage conditions only small differences occurred;
- more clear differences have been observed after storage under stress conditions

showing a better product quality of treatments with low fertilization level, composted
manure or application of biodynamic preparations.

These statements suggest that there is a tendency towards better quality when composted
manure instead of mineral fertilizer is used, although this is not provable in each particular
case. Some of the observed effects varied depending on crop, year or experimental circum-
stances (storage conditions). Probable reasons have to be discussed. The question of to
what extent the variety of a cultivated crop was a quality determining factor can not be taken
into consideration here.  With each crop only one variety was cultivated per year for reasons
of space, and one or two varieties were used during the entire period. Some results will be
described in the following to explain the above statements and to illustrate the difficulties of
quality investigations.

The nitrate content of vegetables is not only a generally accepted quality parameter, it also
has been determined already in a number of experiments on fertilization or on cropping
systems as well as in comparison studies on organic vs. conventional farming at the farm
and market level. In our experiment, as a rule the nitrate contents of carrots (Fig. 2.1),
beetroot (Fig. 2.2) and potatoes (no figure) were lower with manure than with mineral
fertilization. The lowest nitrate contents occurred in the first year 1981 (this indicates the
poor mineralization ability of the sandy soil and the low intensity of its cultivation in the time
before the experiment had started) and with the low fertilization levels of CM or CMBD.

At the medium and high fertilization levels, the manure fertilized carrots had around 160
ppm FM nitrate (between 115 and 200 ppm), apart from the small values in the first year.
With mineral fertilization, however, the carrots had in the same years (1982-84) on average
227 and 325 ppm at the medium and high level, respectively. This is 142 and 203% com-
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pared to the organically fertilized carrots. The highest value in all years was 369 ppm with 
mineral and 200 ppm with manure fertilization 

Fig. 2.1: Nitrate content in carrots (ppm FM) in 1981-84 depending on type and level of fertilization (Abele, 
1987) 

Fig. 2.2: Nitrate content in beetroot (ppm FM) in 1981-84 depending on type and level of fertilization (Abele, 
1987) 
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Whereas the manure fertilization of carrots caused no clear difference in nitrate content
between the medium and high application level, the higher amount of mineral fertilization
increased the nitrate content by 41% (from about 230 to 325 ppm).

In beetroot the nitrate contents were generally higher but also relatively low in the first and
second year (Fig. 2.2). Apart from MIN3 which had the highest values in both years, the
results remained below 550 ppm FM in 1981 and below 1250 ppm in 1982. In the following
two years nitrate contents were considerably higher and reflected the impact of increasing
fertilization levels in the mineral as well as in the organic treatments. In all levels and both
years MIN had the higher values. For the medium mineral fertilization 1708 and 1903 ppm
FM were determined in the two years, i.e. 117 and 131% of the results of the corresponding
manure treatments. The highest contents of these years were found in MIN3 with 2186 and
2200 ppm nitrate.

The finding of higher nitrate contents in minerally compared to organically fertilized vegeta-
bles is supported by other investigations with spinach (Ahrens et al., 1983; Schudel et al.,
1979) and lettuce (Lairon et al., 1983). Sometimes the nitrate accumulation in minerally
fertilized crops may be temporary and can be reduced to a similar level as with organic
fertilization if the growth period is long enough, as Smith & Hadley (1989) observed with
lettuce. In some of these experiments, however, the organic and mineral treatments did not
realize the same yield level, because the applied total nitrogen amounts were equal or
similar for both types of fertilizers. In these cases it could be argued that the high nitrate
contents are not a direct effect of mineral fertilization but rather of the more intensive growth
and higher yield in the mineral treatment. In contrast to that, in our experiment the same
yield level was achieved with organic and mineral fertilization, but nonetheless the nitrate
content was lower in the organic treatment.

Vegetable products of organic farming have lower nitrate contents than conventional
vegetables. Comparing 18 samples of each production system, 92 ppm nitrate have been
found in organically grown carrots but 357 ppm in conventional ones (Pommer & Lepschy,
1985). In an 8 year trial growing biodynamic and conventional vegetables higher nitrate
contents have been analysed in the conventional treatment in some years and crops
(Reinken, 1983). Kallenbach (1987) reported on the same trial that leafy vegetables con-
tained only half as much nitrate as conventional products. Based on own investigations and
on a survey of literature other reports have also found that vegetables from  organic farming
contain less nitrate (Regierungspräsidium Stuttgart, 1986/87; Meier-Ploeger & Vogtmann,
1989). Vogtmann et al. (1984) and most of the other authors quoted here suppose the
fertilization practices in conventional and organic farming to be responsible for different
nitrate contents in products.

Altogether the nitrate content in vegetable can be regarded as a suitable parameter to
indicate the effects of fertilization systems. The situation is somewhat more complicated
with the biochemical and microbiological parameters which are used to describe the storage
capability and behaviour of plant products. Partly the tests are difficult to carry out, partly the
results are hard to interpret. One of the oldest approaches to quantifying storage ability
(without spending some months for a storage period) is to use degradation tests. Normally



 20

The sample is incubated under controlled temperature and humidity conditions for some 
days or 2-3 weeks. The dry matter loss or visual modifications (changed colour, growth of 
microbes) during incubation are usually taken as characteristics of the sample. 
 
In the first period of our experiment, degradation tests were carried out with carrots, 
beetroot and potatoes analysing dry matter losses of grated material, respiration (carbon 
dioxide development) or darkening of potato juice. Because of technical and work-load 
reasons it was impossible to do each test in each year with each crop. 
 
 

 
 

 
Fig. 2.3: Dry matter losses (%) of carrots in the 1983 degradation test depending on type and level of 
fertilization (Abele, 1987) 
 
 
 
Figure 2.3 shows the dry matter losses of carrots in 1983. With all 3 fertilization levels the 
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mineral treatments had higher losses than both manure treatments. Especially with the high
level an intensive degradation of MIN can be noticed during the first days, whereas the
processes appear to take place slower with the organically fertilized carrots. At the end of
the test circa 55-60% of the dry matter was lost in CM and CMBD and 65-70% in MIN. The
curves of CM and CMBD were very close to each other. 

High dry matter losses suggest an increased metabolic activity which should lead to an
intensive respiration. However, no clear differences in respiration activity were observed
with the samples stored under optimal conditions (Abele, 1987). The author undertook
additional tests with destroyed tissue and under poor storage conditions with carrots of
the same year. Five months after harvest carrots cut in half were put into perforated plastic
bags and stored for 3 weeks at 15°C. Most of the medium and high minerally fertilized
carrots became dark brown, and the tissue was partly dissolved, whereas the carrots of all
manure treatments showed only some small brown patches; the tissue was evidently less
degraded. Similar differences in favour of organic fertilization were observed in 1981 when
carrots cut in half were put into covered preserving jars and kept at room temperature for 5
weeks. Abele (1987; page 215-216) documented these observations by impressive pictures
showing slightly or not much changed carrots of the manure treatments, while the others
became quite unappetizing.

Degradation tests with beetroot that had been grated (in 1983) or cut into pieces (in 1981)
gave in principle the same results (Abele, 1987; page 219-220). All samples seemed to be
more degraded than the carrots, but only the MIN samples looked completely dark with rot
or white with fungi. However, dry matter losses of the grated beetroot in the degradation test
did not vary depending on the fertilization type, and the respiration activity during degrada-
tion (measured with samples of 1983 and 1984) showed the opposite ranking in both years.
As with carrots, no clear differences in respiration occurred during optimal storage.

With potatoes a degradation test was carried out in one year (1981), storing tuber pieces in
preserving jars at room temperature. With increasing mineral fertilization the extent of dark
and rotten material was larger; the manure fertilized potatoes looked less changed and did
not deteriorate in the higher fertilization levels (Abele, 1987; page 223). Further degradation
tests (at 20°C) showed no clear effects of fertilization as regards dry matter loss (measured
in 1983) and respiration (measured in 1983 and 1984). When complete tubers were stored
at low temperature (6°C; in 1982 and 1983) the respiration activity of the mineral treatment
was slightly lower than in CM and CMBD in both years.

Summarizing the findings of degradation tests, these showed that
- the tests did not give the same results with all vegetable crops or in all years; the

results of carrots and beetroot were similar in some cases;
- tests with cut or grated vegetables kept at warm temperatures can distinguish sam-

ples better than tests under optimal storage conditions;
- microbial attack seems to be a more reliable parameter than respiration or dry matter

loss of the sample.

Another parameter tested with potatoes was the tissue strength of the tubers. Abele
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(1987) used a modified penetrometer which gave a load of 1 kg on 0.5 cm5 and measured 
how deep it penetrated into the tuber. All manure treatments showed the same stability 
without a perceptible effect of the fertilization level (Fig. 2.4). The MIN samples only had 
the same value of about 2.5 mm penetration depth at the low fertilization level. The tubers 
of the medium and high level were softer, the mark was up to 3.9 mm deep. Average tuber 
weight and tuber size distribution were fairly similar in all treatments (Abele, 1987; page 
171). Hence, the measured difference can be accepted as characteristic of tissue stability. 
Unfortunately the author gives no information about which tubers he selected for the test 
and in which orientation he used them. 
 
 

Fig. 2.4: Tissue strength of potato tubers after storage (harvested 
1981): penetration depth of a load of 1 kg / 0.5 cm² (Abele, 1987) 

 
 
 

 

 
 
 
Fig. 2.5: Darkening of potato juice; extinction at 400nm wavelength during one day (Abele, 1987) 
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Another parameter specially used to describe potato quality was the darkening of juice,
which is connected with the phenol oxidase activity (Abele, 1987). Abele used squeezed
and centrifuged juice evaluated photometrically after 1 to 24 hours. In spite of centrifugation
the juice was a little cloudy, and so an undisturbed reading was only possible in one year
(1981).Clear differences only emerged towards the end of the test (Fig. 2.5). After 24 hours
in the medium and, more pronounced, with the high fertilization level the MIN juice was
darker than the samples of CM and CMBD. With the low level the CM juice was darker than
the others. When mineral fertilization is increased the darkening seems to be intensified.

In other reports, darkening of cooked potatoes from manure and manure compost treat-
ments has shown hardly any difference compared to an unfertilized control treatment,
whereas darkening after mineral fertilization has been found to be about twice as much
(Pettersson & Engqvist, 1964). A much darker juice was also found with conventional
compared to biodynamic potatoes in a 9 year trial in Sweden (Pettersson, 1982).

Fig. 2.6: Population densities of Lactobacillus (left diagrams) and yeasts (right diagrams) in a rye meal water
mixture (above) and in a spontaneous sour dough of rye (below) (Abele, 1987)

Consumers do not like the discolouration (both of raw and cooked tubers). But a definite
significance of potato darkening for human nutrition is not known. Therefore, the difficulty
with this parameter is its interpretation rather than any unability to detect fertilization effects.
One last parameter is to be presented here which also points to a dilemma of interpretation.
Probably with respect to the bread baking process Abele (1987) investigated the population
density of useful microorganisms with rye samples. In a mixture of rye meal and water the
numbers of Lactobacillus organisms and yeasts were counted. Afterwards the same
countings were done in the ‘sour dough’ originating spontaneously from the set-up mixture
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kept warm for 3 days. Altogether the population densities were higher with the manure
treatments and in many cases more developed with the biodynamic treatment CMBD than
with CM (Fig. 2.6).

Abele (1987) did not discuss or interpret the different population densities, so it should be
done here. As both groups of microorganisms play an important role in dough and bread
production, a sample with high numbers has to be classified positively expecting that this
meal will make the production process easier, quicker or will help to improve it by some
other path. However, if the samples were beetroot instead of rye the same result of high
numbers of microorganisms will normally be classified negatively. In this case the test is
called degradation test, and the high degree of microbial attack indicates a poor durability
as outlined above. The opposite interpretations are not a matter of microbiology, for the
organisms involved can be the same in both cases. Lactobacillus species can produce sour
dough with rye as well as sour vegetable with beetroot. A positive or negative evaluation
also can not be concluded from the plant product, as from the rye kernels’ point of view it
makes no difference to be digested by Saccharomyces cerevisiae (which is estimated by
bakers and brewers) or by Aspergillus flavus (which is feared as an aflatoxin producer).

In every case the evaluation is only based on human priorities, expectations and consider-
ations of usefulness. This is not only true as regards product durability or digestion but also
for parameters like the contents of vitamin C or nitrate. All these (and many others) finally
make sense only in relation to human (or animal) nutrition and its requirements of what is
needed and what is harmful. Product quality under these aspects is first of all defined by
human priorities, and is just as constant (as human beings are) on the one hand and as
variable (by individual, cultural, historical factors etc.) on the other hand.

If it is accepted that food quality has a human, a social dimension, other political, social,
psychological and economic criteria have to be elaborated and considered - even criteria
which can not be analysed with the product itself but lie outside of it. This means that all
circumstances and consequences of food production, processing, distribution and con-
sumption systems need to be used as quality parameters in addition to product contents. A
comprehensive approach in this sense is the concept of Leitzmann & Sichert-Oevermann
(1988).

If human (not product) criteria actually decide whether degradation is positive (i.e. if useful
for food production or feeding) or negative (because decayed vegetables cannot be eaten
or sold any more), it is impossible to interpret high and low degradation as generally nega-
tive or positive, respectively, this being an immanent characteristic of the product. Abele
(1987; page 132-136) and some other authors, however, support this general view stressing
the positive association of a less degraded product which demonstrates its maturity, stabil-
ity, its coming to rest. But this view appears to be unsuitable to interpret all different situa-
tions of degradation and, therefore, yields no determinants of food quality.
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fertilization type fertilization level

    MIN      CM CMBD low medium high

rye 36.4 a 27.3 b 28.5 b 25.8 a 30.9 b 35.5 c

spring wheat 35.0 35.2 35.6 33.4 a 35.5 ab 36.7 b

potatoes 273 a 246 b 262 a 229 a 264 b 287 c

Table 2.5: Average yields (dt/ha) of rye (6 years), spring wheat (10 years) and potatoes (5 years) in the period
since 1985 depending on fertilization

SECOND PERIOD: FERTILIZATION WITH TOTAL NITROGEN EQUIVALENTS

At the beginning of the second period soil biology was the focus of attention. But investiga-
tions on food quality were done as well.

Fertilization treatments and yields

Since 1985/86 another fertilization concept is used which is based on the calculation of
equivalent amounts of total nitrogen in MIN compared to CM and CMBD. By this the organic
treatments receive much lower amounts of manure than in the first period. The gradation of
fertilization levels is 50, 100, 150 kg N/ha to root crops and 60, 100, 140 kg N/ha to cereals.
These levels represent 0.9, 1.4 and 1.8 livestock units per hectare, respectively.

The yields of all crops varied greatly from year to year. Depending on crop the organic and
mineral fertilization realized different yield ratios (Table 2.5). The average yields of potatoes
and rye were higher with mineral fertilization. The manure treatments only achieved 87 and
66% of MIN with these two crops; i.e. the winter cereal was particularly limited by the
organic fertilizer. Quite another yield pattern was observed with spring wheat, which gave on
average the same yield of 33 dt/ha with all types of fertilization. Increasing levels of fertiliza-
tion caused higher yields with all crops, but spring wheat yield was more constant also with
regard to this. Further influences of fertilization and site conditions on yields are reported
elsewhere (Raupp et al. 1994; Raupp, 1996).

Biochemical and microbiological parameters

Stimulated by the degradation tests of the first period, similar investigations have been
carried out during the last years. The results with potatoes of 1993 are shown in Table 2.6.
The decomposition of grated tubers was quantified by the dry matter loss after 10 and 14
days of incubation, and the change of extracted material was quantified by darkening
(extinction) and by electrical conductivity. In accordance with the results reported above no
substantial differences occurred in the dry matter loss at both dates, but were indeed
apparent in the extract darkening after 48 hours (Abele did his last reading after 24 hours.).
The extracts of tubers from minerally fertilized plants were darker than extracts of the
manure treatments. Increasing fertilization levels also caused a more intensive darkening
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fertilization type fertilization level

MIN CM CMBD low med. high

degradation 10 26.6 29.4 23.7 25.7 26.6 27.4

degradation 14 37.4 35.6 32.1 30.5 37.6 36.9

darkening 105.31 a 71.67 b 65.2 b 75.82 a 80.36 ab 86.01 b

conductivity 1 718 689 689 652 a 719 b 725 b

conductivity 3 1239 a 1158 ab 1117 b 1105 1203 1205

conductivity 9 1331 1272 1258 1206 a 1318 b 1337 b

Table 2.6: Quality parameters of potatoes in 1993 depending on fertilization: degradation after 10 and 14
days (% DM loss), darkening (extract extinction at 970nm) after 48 hours, electrical conductivity (�S/cm) on
days 1, 3 and 9 (Sabiwalsky, 1995)

of the extracts. The organic fertilization gave lower electrical conductivity values too, but the
differences to MIN were only significant on day 3 of the test. Conductivity was clearly also
increased by higher amounts of fertilizers. Potatoes grown in the next year showed differ-
ences in extract conductivity in the same way but to a lesser extent, in most cases not being
significant (Schulz & Köpke, 1995).

As already discussed the dry matter loss during incubation is not a suitable parameter to
express the decomposition of a sample material. Therefore, it doesn’t mean anything if this
parameter shows no differences, while other parameters show differences. But even when
results show differences in the same way, as darkening and conductivity do here, the
significance of parameters and results needs to be discussed.

Darkening of potato tubers is based on various enzymatic processes with phenolic acids
and oxygen being involved (references quoted by Brouwer, 1976). In destroyed tissue these
reactions take place more intensive (perhaps more easily, perhaps more rapidly), or the
dark substances are not or not effectively metabolized. For that reason it can be regarded
as a capability of a vital - or rather intact - tuber to stay less coloured after being destroyed
or damaged. This capability has been found to be more pronounced with samples of
manure fertilized compared to minerally fertilized plants. However, it was not possible yet to
find any correlations between darkening and other parameters of durability or vitality. Thus,
the significance of phenol oxidation and re-metabolization in plant products is not com-
pletely understood. The darkening of potatoes is a parameter that is able to reflect fertiliza-
tion  effects; the background of food quality and product vitality of this parameter needs
further investigation.

An increasing electrical conductivity is assumed to be an indicator of decomposition of
organic matter because of the formation of ions and charged molecules when protein,
carbohydrates etc. are mineralized. But this parameter is not very specific, neither concern-
ing the substances being decomposed, nor concerning the acting principles (enzymes,
organisms). Results can not be interpreted with respect to these factors. It has been
observed that the conductivity rises quickly at the beginning of incubation. After some days
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MIN CM CMBD average

weight % spoilage after storage

low 6 13 12 10.3

medium 5 35 15 18.3

high 1 10 12 7.7

average 4.0 a 19.3 b 13.0 b

nitrate (mg/g DM) after harvest

low 23 23 29 25.0

medium 32 18 24 24.7

high 44 22 27 31.0

av. 33.0 a 21.0 b 26.7 ab

free amino acids (mg/g DM) after harvest

low 28 13 19 20.0

medium 42 10 10 20.7

high 57 16 19 30.7

av. 42.3 13.0 16.0

degradation (% DM loss) before storage

low 34 30 35 33

medium 36 27 35 33

high 38 33 32 34

av. 36 30 34

degradation (% DM loss) after storage

low 36 32 37 35

medium 35 30 35 33

high 33 35 36 35

av. 35 32 36

Table 2.7:Spoilage, contents of nitrate and free amino acids
and degradation of beetroot in 1986 (Hermanns-Sellen,
1989)

a final level is reached without further change. The reason might be that some mineralized
substances are simultaneously used to synthesize other (less charged or uncharged)
organic compounds. This part of the process is also poorly understood for extracts of plant
products. Another question is why the observed differences caused by fertilization treat-
ments are less constant from year to year. A possible reason might be that the saprophytic
microflora involved in the decomposition vary depending on sample and experimental
conditions. Altogether a number of questions has to be answered in order to develop the
parameter of electrical conductivity for quality assessment.

The beetroot of 1985 and 1986 was
investigated after harvest in autumn
and in the next spring after storage
(Hermanns-Sellen, 1989). In Table 2.7
some of the results are listed. Only the
beetroot of 1986 is taken into account
because in the other year the yield level
and growth conditions were quite un-
usual (extremely dry weather and se-
vere damage caused by hail and by
nematodes resulted in one quarter of
the yield in 1985 compared to 1986).

In this case the durability was evaluated
as the percentage of spoilage, i.e. the
weight of rotted in relation to healthy
beetroot after storage (4.5 months at
low temperature). With the mineral
treatment spoilage losses of 4% were
considerably lower than with manure
fertilization (13 and 19%). The contents
of nitrate were much higher after min-
eral fertilization, 33 instead of 21 or 27
mg/g dry matter. The free amino acid
contents  differed in the same way, 42
mg/g dry matter in MIN but only 13 and
16 mg/g in CM and CMBD. Both nitro-
gen fractions were determined after
harvest and reflect the intensity of nitro-
gen supply to the plants. According to
the above mentioned concept of matu-
rity and stability of a product expressed
by its well-balanced components, the
higher nitrate and free amino acid con-

tents in the mineral treatments should lead to the expectation of a poor durability. But the
opposite occurred here.
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fertilization % CP % gluten rising % maltose g TSW kg / hl

MIN 11.7 a 29.0 14.9 a 1.89 a 38.9 a 76.6 a

CM 11.1 b 29.4 12.8 b 1.79 b 41.5 b 78.5 b

CMBD 11.2 b 29.6 13.2 b 1.74 b 41.5 b 78.4 b

low 10.5 a 24.8 a 11.5 a 1.74 a 42.3 a 78.6 a

medium 11.2 b 28.3 b 13.6 b 1.79 a 40.6 b 78.0 a

high 12.3 c 32.7 c 14.2 b 1.88 b 39.0 c 76.8 b

Table 2.8: Quality parameters of spring wheat, averages of 1985-88: contents of crude protein
(%), gluten (%), rising number, maltose content (%), thousand seed weight (g), hectolitre weight
(kg/hl) (Raupp et al. 1994)

The dry matter losses in degradation tests were evaluated before and after storage. The
values were around 33-34% in all treatments at both dates and showed no correlation to the
results of spoilage losses. This observation supports the conclusion that the dry matter loss
of grated and incubated samples is not a viable quality parameter.

Protein quality of wheat

In contrast to vegetables the durability of cereals is not an issue. Instead, many quality
parameters of cereals deal with matters that are important for bread production and for
alcoholic fermentation technology. Whereas protein quality largely depends on the genetic
constitution of the plants, the amount of (crude) protein can be influenced by fertilization.
For this reason in conventional farming the late fertilizing of nitrogen is recommended (e.g.
Kübler, 1994). As expected the different nutrient dynamics of organic and mineral fertiliza-
tion also affects protein parameters.

In the years 1985-88 some parameters of baking quality were investigated (Raupp et al.,
1994). Mineral fertilization increased the parameters of rising number, maltose and crude
protein content a little, which is assessed positively for baking (Table 2.8). (The rising
number according to Berliner is an indicator of the capability of taking up water but not to be
confused with the sedimentation value according to Zeleny. With the same sample the
Zeleny value is higher than the Berliner number.) The higher fertilization levels had the
same effects as mineral fertilization. The grain characteristics of thousand seed weight and
hectolitre weight were more developed in CM and CMBD. The lower crude protein contents
with the manure treatments partly may have been a consequence of the somewhat larger
grain size. The gluten content showed no effect of the type of fertilization; it only was
increased from 24.8 up to 32.7% by the higher fertilization levels.

In one year winter wheat was cultivated instead of rye. Protein content was also increased
by mineral fertilization, 13.8% in MIN instead of 10.8% in CM; manure with the biodynamic
preparations gave more protein, 11.2% (Table 2.9). In contrast to spring wheat the gluten
content in winter wheat was much higher with mineral (38.6%) compared to manure fertiliza-
tion (28.7 and 28.1%). Gluten elasticity showed no effect. The various levels of fertilization
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MIN CM CMBD av.

% protein

low 11.3 10.4 10.4 10.7 a

medium 13.8 10.5 10.8 11.7 ab

high 16.2 11.4 12.3 13.3 b

av. 13.8 a 10.8 c 11.2 b

% gluten

low 29.2 27.4 26.1 27.6 a

medium 41.2 28.4 27.1 32.2 b

high 45.5 30.2 31.1 35.6 c

av. 38.6 a 28.7 c 28.1 b

gluten elasticity (cm/g)

low 9.3 8.9 8.7 9.0

medium 10.1 10.0 9.3 9.8

high 10.4 8.9 10.1 9.8

av. 9.9 9.3 9.4

Table 2.9: Quality parameters of winter wheat in 1993:
content of protein (%), gluten (%) and gluten elasticity
(cm/g) (Kieffer, 1995)

had the same influences on protein and
gluten contents as described with
spring wheat.

Both cereals show the importance of
sufficient amounts of fertilizer in order
to achieve high protein and gluten con-
tents. The difference between organic
and mineral fertilizer, however, is
clearly expressed only with winter
wheat. In this case mineralization of
manure probably is limited because the
growing period is partly during the cold
season, in contrast to spring wheat.
Another reason might be the different
position in the crop rotation. Winter
wheat coming after potatoes was not
very favoured, but spring wheat in 2 of
the 4 years (1985-88) came after al-
falfa. The positive effect of a crop rota-
tion including alfalfa has also been ob-
served by Borghi et al. (1995).

Feeding experiments with rabbits

Feeding experiments with animals are one of the most complex tools for food quality
assessment. While relatively complicated and costly to carry out, these tests are quite close
to the real purpose of foods, although animals instead of human beings are the test organ-
isms, which implies that no particular effects on humans can be identified. The parameters
evaluated with the animals are normally health and fertility.

In feeding experiments with rabbits, carrots from the mineral and the manure treatments
have been compared (Brandenburger, 1994). Two different tests were performed: i) food
preference tests with carrots being the only component and ii) trials with 3 subsequent
generations fed with a complete diet of organically or conventionally cultivated components
including the carrots of our field trial.

The food preference test was carried out twice. The author gives no information whether
the organic carrots were taken from CM or CMBD or from a mixture of both. In the first trial
the rabbits preferred the organically fertilized carrots on 8 of the 12 days. However, in the
second test the intake of both samples was very similar (Fig. 2.7). The regression lines
were very close to each other. In both trials differences were not statistically significant,
leading to the conclusion that the type of fertilization did not clearly influence the carrots. In
addition to the characteristics of the carrots certain experimental circumstances possibly
contributed to the results. Looking at the symbols in Figure 2.7 a considerable variation of
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food intake in both tests and of both samples is evident which makes it difficult to obtain 
significant differences between the samples. Furthermore, it is conceivable that diet 
peculiarities which the animals are used to have an influence on their preference during 
the test. The rabbits were kept conventionally in the time before the test. Thus, if typical 
things exist and can be recognized by the animals, the MIN carrots should have been in 
favour. In both tests different animals were used; hence, a habituation to one or the other 
sample was not possible. 
 

 
 
 
Fig. 2.7: Daily intake of carrots (g) in food preference tests with minerally (MIN) and manure (organic) 
fertilized carrots offered to rabbits (Brandenburger, 1994)  
 
 
 
 
 

 

 
 
 
 
Fig. 2.8: Daily weight gain (g/d) of young rabbits fed with an organically or conventionally grown diet 
(Brandenburger, 1994) 
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In the other experiments extended over 3 generations cumulative effects and habituation
were basically possible. But nonetheless most of the results were not quite clear. As an
example the daily weight gain after weaning is shown in Figure 2.8. Because of large
standard deviations growth rate has to be regarded as similar in both groups. The figure
illustrates that individual differences among the animals might be an important factor, which
can only be equalized by higher numbers of animals per group and strictly controlled
conditions. 

The results of the fertility parameters Brandenburger (1994) investigated were summa-
rized by him as follows (differences were statistically significant except where otherwise
stated):
� in the CONVENTIONAL group the offspring had higher weights at birth in generation

I and higher weights at weaning and daily weight gains in generation IIb;
� in generation IIa the higher weights at weaning were observed in the ORGANIC

group;
� in all three generations higher percentages of deadborn offspring occurred in the

ORGANIC group;
� pregnancy rates and litter size were higher in the ORGANIC group, after natural

mating as well as after artificial insemination (differences were not statistically signifi-
cant);

� no similar or equal effects were observed in all generations.

Beside the experimental problems of feeding experiments the interpretation of these and
other results has to be discussed thoroughly. The results are of a certain importance to
animal nutrition. But apart from this, with which meaning can the findings about litter size,
pregnancy rate etc. of rabbits be transferred to the circumstances of human beings?
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