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Abstract In the image forming methods, copper chlo-
ride crystallization (CCCryst), capillary dynamolysis
(CapDyn), and circular chromatography (CChrom),
characteristic patterns emerge in response to different
food extracts. These patterns reflect the resistance to
decomposition as an aspect of resilience and are there-
fore used in product quality assessment complementary
to chemical analyses. In the presented study, rocket
lettuce from a field trial with different radiation intensi-
ties, nitrogen supply, biodynamic, organic and mineral
fertilization, and with or without horn silica application
was investigated with all three image forming methods.
The main objective was to compare two different eval-
uation approaches, differing in the type of image
forming method leading the evaluation, the amount of
factors analyzed, and the deployed perceptual strategy:

Firstly, image evaluation of samples from all four ex-
perimental factors simultaneously by two individual
evaluators was based mainly on analyzing structural
features in CapDyn (analytical perception). Secondly,
a panel of eight evaluators applied a Gestalt evaluation
imbued with a kinesthetic engagement of CCCryst pat-
terns from either fertilization treatments or horn silica
treatments, followed by a confirmatory analysis of indi-
vidual structural features. With the analytical approach,
samples from different radiation intensities and N sup-
ply levels were identified correctly in two out of two
sample sets with groups of five samples per treatment
each (Cohen’s kappa, p = 0.0079), and the two organic
fertilizer treatments were differentiated from the mineral
fertilizer treatment in eight out of eight sample sets with
groups of three manure and two minerally fertilized
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samples each (Cohen’s kappa, p = 0.0048). With the
panel approach based onGestalt evaluation, biodynamic
fertilization was differentiated from organic and mineral
fertilization in two out of two exams with 16 compari-
sons each (Friedman test, p < 0.001), and samples with
horn silica application were successfully identified in
two out of two exams with 32 comparisons each (Fried-
man test, p < 0.001). Further research will show which
properties of the food decisive for resistance to decom-
position are reflected by analytical and Gestalt criteria,
respectively, in CCCryst and CapDyn images.

Keywords Copper chloride crystallization . Capillary
dynamolysis . Kinesthetic engagement . Perceptual
strategies . Emergent properties . Organism

Introduction

With the image formingmethods, capillary dynamolysis
(CapDyn), circular chromatography (CChrom), and
copper chloride crystallization (CCCryst), additive-
specific structures are evaluated that emerge from metal
salts with organic additives (Doesburg et al. 2015).
These structures represent characteristic phenotypic pat-
terns (Gestalts), which via reference series were shown
to be related to ripening and decomposition processes
(Doesburg et al. 2015; Fritz et al. 2018). Only in a state
of full ripeness a product has its typical, species-specific
structure, which is comprised in the concept of organic
integrity contained in the current framework for con-
cept, definition, and evaluation of organic food quality
from the European perspective (Kahl et al. 2012). High
resistance to decomposition indicates a high capacity to
maintain outer and inner structure under stress and is
therefore related to resilience or vital qualities as another
important concept in organic food quality (Kahl et al.
2012). As all characteristics of the additive participate in
image formation, samples are evaluated as a whole.
Thus, the methods complement chemical analysis of
individual compounds, meeting the requirements of or-
ganic farming calling for a whole food approach in
quality evaluation (Kahl et al. 2012).

Image forming methods have been successfully ap-
plied in the differentiation and quality evaluation of
cereal, fruit, vegetable, wine, or milk samples from
different varieties (Busscher et al. 2010), production or
fertilization systems (Athmann 2011; Busscher et al.
2010; Fritz et al. 2011, 2014, 2017; Kahl et al. 2015;

Mäder et al. 1993, 2007; Szulc et al. 2010; Weibel et al.
2000), or processing steps (Busscher et al. 2010; Kahl
et al. 2009, 2014; Seidel et al. 2015; Unluturk et al.
2013).

CCCryst images are analyzed either computer-based
(Andersen et al. 1999; Doesburg and Nierop 2013;
Unluturk et al. 2013) or visually (Huber et al. 2010;
Fritz et al. 2011; Doesburg et al. 2015). For images of
the two chromatographic methods, only visual evalua-
tion procedures have been developed. Computer-based
analysis guarantees objectivity and comparatively high
throughput, but so far samples from different back-
grounds have merely been differentiated, while an inter-
pretation of the significance of the detected differences
was not possible. In visual evaluation, individual re-
searchers have linked images to plant physiological
processes via reference series with images from differ-
ent ripening or decomposition stages (Balzer-Graf and
Balzer 1991; Balzer-Graf 1994; Fritz et al. 2011, 2014,
2017). In all of these studies, encoded samples from
different production systems were differentiated and
evaluated with respect to their maturity and their resis-
tance to decomposition as aspects of organic integrity
and resilience.

Despite their potential to assess domains of product
quality relevant for organic farming, image forming
methods are still not widely used, partly due to a lack
of standardized criteria in visual evaluation. Therefore, a
working group has been formed to work out defined
structural criteria for CCCryst in line with ISO-norms
for sensory analysis (Huber et al. 2010). Structural
criteria, e.g., length of crystal needles or color intensity
in the paper-based methods, are characterized by pro-
nounced single object identification and a predominant-
ly two-dimensional, static perception of the object, and
are also used in computerized image analysis (Doesburg
and Nierop 2013). For visual evaluation, in a second
step, this analytical evaluation level was extended to the
level of Gestalt evaluation utilizing analytical and ges-
tural morphological criteria (Doesburg et al. 2015). Ge-
stalts, or perceptual units, emerge from changes in tex-
ture and structure, but are not merely the sum of these
changes. Gestalt is defined as a perceptual pattern or
structure possessing qualities as a whole that cannot be
described merely as a sum of its parts. Their assessment
involves kinesthetic engagement, which is defined as
bodily sensation of observed motions or implicit mo-
tions of living or even inanimate objects (Miyoshi
2019). With respect to the images, this means mentally
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simulating the growth, curvature, and tension of the
dendritic branches in crystallization images or flow
forms in CapDyn or CChrom. These image characteris-
tics cannot be assessed with a merely quantitative eval-
uation and are therefore not targeted by computerized
analysis.

Both structural and gestural morphological criteria
relating to ripening and decomposition were trained to
a panel by supervised classification and successfully
applied to rank crystallization images from different
cereals, vegetables, and fruits according to the degree
of decomposition or ripening (Doesburg et al. 2015;
Fritz et al. 2018). In the study of Fritz et al. (2018),
additionally wheat samples from organic and conven-
tional production from a controlled field trial were sig-
nificantly distinguished by the panel based on the level
of decomposition, which was perceived higher in the
conventional samples. The accuracy of discrimination,
however, varied between the individual panel members.
An inquiry about the perceptual strategies utilized re-
vealed that the best performing panel members based
their evaluation mainly on Gestalt perception, using the
analytical perception strategy only in a confirmatory
way.

This led to the hypothesis that a holistic perception
by means of a conscious kinesthetic engagement in the
perception of the Gestalt decomposition succeeded by a
confirmatory “atomic feature” evaluation results in a
higher accuracy than evaluation of solely analytical
criteria. The objective of the present study was to test
this hypothesis by applying analytical and Gestalt
criteria to rocket lettuce samples from two harvest years
2008 and 2009 from a field trial with the factors light
intensity, N supply, fertilizer type, and application of the
biodynamic field preparation BD 501 or horn silica. In
the first evaluation in 2008/2009, two individual evalu-
ators judged the images based on all three image
forming methods, and based their analysis mainly on
CapDyn, emphasizing analytical criteria such as colors
or presence of certain image structures. In the second
evaluation in 2018, a panel, trained specifically on ad-
hering either strictly to quantifiable atomic features or to
more globally oriented Gestalt criteria requiring kines-
thetic engagement, characterized the same samples ex-
clusively based on CCCryst. The accuracy of both ap-
proaches (analytical features in CapDyn vs. Gestalt
features in CCCryst) with respect to differentiation of
the samples and the direction of the quality ranking was
tested and compared.

Materials and methods

Origin of the rocket lettuce samples

Rocket samples (Eruca sativa L.) were derived from a
four-factorial randomized split-plot field trial with four
field replications carried out in autumn 2008 and 2009 at
theWiesengut experimental research station for Organic
Agriculture of the University of Bonn, Germany. The
test factors considered in the first evaluation with image
forming methods in the current study were (i) light
intensity (100% photosynthetically active radiation
PAR and 55% PAR), (ii) nitrogen supply (low, 30 kg
N/ha in 2008 or 15 kg N/ha in 2009, and high, 60 kg
N/ha), (iii) fertilizer type (biodynamic (biodyn):
composted cow manure with biodynamic preparations,
organic (org): composted cow manure, mineral (min):
calcium ammonium nitrate, triple superphosphate and
potassium chloride), and (iv) application of the biody-
namic field preparation BD 501 or horn silica (with
(+BD 501), without (-BD 501)). In the second evalua-
tion with image forming methods, only the factors fer-
tilizer type and horn silica application were considered.
The field experiment is described in detail in Athmann
(2011). Rocket was sown 30 Aug 2008 and 31
Aug 2009, respectively. For reference series with differ-
ent stages of juice aging, rocket from an adjacent area
was used that was sown May 20, 2009.

Study design and sample preparation

For the first image evaluation in 2008/2009, in each
harvest year, two sets with ten encoded samples each
were analyzed. The different fertilizer types and horn
silica treatments are combined with different light inten-
sities in the first set and with different N supply levels in
the second set (Table 1). Samples were mixed samples
from two field repetitions.

For each sample set, both fresh juice (stored over-
night), juice from different aging stages (2008: 6 days;
2009: 6 and 10 days) and juice from leaves stored for a
few days after harvest (2008: 7 days; 2009: 4 and 8
days) were analyzed. Directly after harvest at 18–19
Oct 2008 and 26–27 Oct 2009, 400 g rocket leaves per
treatment combination were washed, dried with a salad
spinner, and pressed in a juice press (Porkert,
Czech Republic). 2 × 50 ml juice (2008) or 3 × 50 ml
juice (2009) were filled in test tubes, which were then
closed with a rubber plug and encoded. The pressed
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rocket lettuce juice was stored overnight. After solid
particles had settled, 16 ml of the liquid phase was
pipetted to sterilized Erlenmeyer flasks, filtered (filter
paper Sartorius 288, Göttingen, Germany), and the fil-
trate either directly used for CCryst, CapDyn, and
CChrom as described below, or stored for another 6 or
10 days at 4 °C, inducing a decomposition process.
Another 400 g leaves per treatment were carefully dried
on towels, regularly turning for 60 min, and then stored
in plastic boxes with 200 g leaves each at 4 °C for 4, 7,
or 8 days. After storage, these leaves were pressed to
juice and processed as described above.

In total, in 2008, 90 CCCryst images, 90 CChrom
images, and 120 CapDyn images per sample set were
analyzed, corresponding to 9 or 12 images per sample.
In 2009, 150 CCCryst images, 150 CChrom images,
and 200 CapDyn images per sample set were analyzed,
corresponding to 15 or 20 images per sample.

Copper chloride crystallization

Floatglass plates 2-mm thick and 10.5 × 10.5 cm were
cleaned with 2% sodium carbonate solution (Merck
KGaA, Darmstadt, Germany) and a small brush, then
rinsed with hot water, and sorted into frames, each
containing 15 plates, for soaking baths. Subsequently,
two soaking baths were carried out with chrome sulfuric
acid (Merck) (10 min each). The plates were then rinsed
in six baths with clear Aqua bidest. Plexiglas rings with
an inner diameter of 9 cm were mounted with paraffin
on the glass plates. The rocket juice is mixed with Aqua

bidest. to reach the desired mixing ratios (Table 2) and
filtered with filter paper Whatman 4 (Buckinghamshire,
UK). Then the CuCl2 . 2H2O cupric chloride 10%
(Merck) was added, and 4 ml of this mixture was pipet-
ted into the ring and crystallized in a crystallization
chamber at 30 °C with 50% humidity. After 12–15-h
crystallization, all images were photographed against a
dark-field illuminated background (Sigma SD14 SLR
digital camera with macro lens: Sigma 50 mm F2,8 EX
DG; JPEG format 2268 × 1512), and printed on photo-
graphic paper for evaluation.

Capillary dynamolysis

In the first phase, 0.6 ml of four different mixtures of
rocket juice and distilled water (Table 3) were applied to
standard sized chromatography paper (Schleicher &
Schuell 2043A, Düren, Germany) in Kaelin dishes and
left to rise vertically (Balzer-Graf 1987; Zalecka et al.
2010). In the second phase, 0.7 ml of a 0.25% silver
nitrate solution (Merck) rose to 1 cm over the extract
line. In the third phase, 2.0 ml of a 0.25% iron sulfate

Table 1 Treatment combinations analyzed in the first image evaluation 2008/2009

Sample set 1 Sample set 2

Light intensity Fertilizer type Horn silica N supply Fertilizer type Horn silica

100% biodyn + BD 501 low biodyn + BD 501

100% biodyn - BD 501 low biodyn - BD 501

100% org - BD 501 low org - BD 501

100% min + BD 501 low min + BD 501

100% min - BD 501 low min - BD 501

55% biodyn + BD 501 high biodyn + BD 501

55% biodyn - BD 501 high biodyn - BD 501

55% org - BD 501 high org - BD 501

55% min + BD 501 high min + BD 501

55% min - BD 501 high min - BD 501

All samples of sample set 1 had high N supply; all samples of sample set 2 had 100% PAR
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Table 2 Mixing ratios copper chloride crystallization

Rocket juice (ml) H2O dest. (ml) CuCl2* 2 H2O 10% (ml)
0.10 ꝉ 2.40 ꝉ 1.50 ꝉ
0.15 ꝉ Ꝉ 2.35 ꝉ Ꝉ 1.50 ꝉ Ꝉ
0.20 ꝉ Ꝉ 2.30 ꝉ Ꝉ 1.50 ꝉ Ꝉ
0.30 Ꝉ 2.20 Ꝉ 1.50 Ꝉ

ꝉ: fresh juice, Ꝉ: aged juice



solution (Merck) rose to a total height of 12 cm. During
the second and third phase, the chromatograms were
covered with tall beakers to maintain sufficient humid-
ity. The drying time between phases was set for 2 h at 20
°C and 50% humidity.

Circular chromatography

Filter paper discs (Whatman No. 1) with a total diameter
of 15 cmwere saturated with 0.5% silver nitrate solution
(Merck) to a diameter of 8 cm (Pfeiffer 1959; Bangert
1994). The filter papers were dried for 2–3 h after
saturation. The diluted rocket juice mixed with NaOH
(Merck; for mixing ratios see Table 4) migrated through
the filter paper discs from the center to a diameter of 12
cm. In order to maintain sufficient humidity, the paper
was covered with a glass container. In diffuse daylight,
not direct sun, the images developed to full color for-
mation within 2 days.

Visual evaluation

In the visual evaluation of 2008/2009, the encoded
images were characterized as “strong – weak form ex-
pression” or “fresh – aged” based on formerly produced
reference images with (i) varying amounts of rocket
juice per image and (ii) different decomposition stages.
Since differences were more pronounced in the images
of the two paper-based methods, these were mainly

used. Based on the characterizations, (a1) rocket with
strong form expression and (b1) fresh rocket was ranked
higher than (a2) rocket with weak form expression and
(b2) aged rocket. Based on the experience from earlier
investigations, the samples were then assigned to light
intensities, N supply levels, fertilizer types, or horn
silica application (classification).

In the visual evaluation of 2018, only CCCryst im-
ages from harvest year 2009were analyzed by a panel of
eight evaluators, following ISO 11035 (1994) as
adapted to visual evaluation of crystallization images
(Huber et al. 2010) and ISO 8587 (2006) for ranking
methodology in sensory analysis as adapted for ranking
samples according to the image Gestalt decomposition
(Doesburg et al. 2015). The focus of the panel was only
on ranking different fertilizer types and horn silica ap-
plication, not on ranking light intensity or nitrogen
supply. Before analyzing the samples under question,
the panel was trained in recognizing, describing, and
ranking decomposition in the images by adhering to the
features described in Table 5 via a process of concept
learning with supervised classification which is de-
scribed in detail in Doesburg et al. (2015). For the
training, eight sets of images from samples with varying
decomposition stages (1, 6, and 10 days of juice aging
and 4 days of leave aging) were created from the images
produced in 2009. All samples of one set had the same
treatment combination of light intensity, N supply, fer-
tilization, and horn silica application, and each sample
was presented with all three mixing ratios of
CuCl2*2H2O and rocket juice, as portable document
format (PDF) files.

After the training, the panel was asked to evaluate
rocket crystallization patterns from different (i) decom-
position stages (results described in Doesburg et al.
(2021) and (ii) fertilizer types or horn silica application
according to the perceived level of decomposition using
the criteria listed in Table 5. Out of all images from
harvest year 2009, 16 image sets with three different

Table 3 Mixing ratios capillary dynamolysis

Table 4 Mixing ratios circular chromatography
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Rocket juice (ml) H2O dest. (ml) AgNO3 25% (ml) FeSO4 25% (ml)
0.100 ꝉ 0.500 ꝉ 0.700 ꝉ 2.000 ꝉ
0.125 ꝉ Ꝉ 0.475 ꝉ Ꝉ 0.700  ꝉ Ꝉ 2.000 ꝉ Ꝉ
0.150 ꝉ Ꝉ 0.450 ꝉ Ꝉ 0.700  ꝉ Ꝉ 2.000 ꝉ Ꝉ
0.250 Ꝉ 0.350 Ꝉ 0.700  Ꝉ 2.000 Ꝉ

ꝉ: fresh juice, Ꝉ: aged juice

Rocket juice (ml) H2O dest. (ml) NaOH 0.4% (ml)
0.225 ꝉ 0.835 ꝉ 0.190 ꝉ
0.225 ꝉ Ꝉ 0.805 ꝉ Ꝉ 0.220  ꝉ Ꝉ
0.250 ꝉ Ꝉ 0.780 ꝉ Ꝉ 0.220  ꝉ Ꝉ
0.250 Ꝉ 0.750 Ꝉ 0.250  Ꝉ

ꝉ: fresh juice, Ꝉ: aged juice



fertilizer types and 32 image sets with or without horn
silica application were created, again containing all three
mixing ratios of CuCl2*2H2O and rocket juice. All
images from one set had the same treatment combina-
tion of light intensity, nitrogen supply, and juice aging.
Biodynamic fertilization was with horn silica applica-
tion; organic and mineral fertilization were without horn
silica application. Panel tests were performed on
March 13 and 14, 2018, and repeated on September 27
and 28, 2018, in the sensory laboratory of the University
of Kassel, Germany, after another training period of 6 ×
1.5 h training sessions via Skype with supervised clas-
sification and peer tutoring by the best performing
evaluators.

Each panel member simultaneously received
encoded image sets in random order. Accordingly, dif-
ferent from the evaluation in 2008/2009, the panel eval-
uated only one image set at a time, with either fertilizer
types or horn silica treatments. On the first day of the
exam, half of the panel was asked to assess the images
using an analytical perception strategy, with pronounced
single object identification and amainly two-dimension-
al, static perception of the object, utilizing solely the
criteria of the levels 1 and 2 in Table 5. The second half
of the panel was asked to evaluate the images focusing
predominantly on gestures or implicit movements of the
crystallization patterns, i.e., using kinesthetic engage-
ment in Gestalt perception, followed by a secondary,
confirmatory analytical evaluation (in Table 5 mainly
levels 3 and 4). On the second day, the panel members
applied the opposite type of perception compared to the
first day.

Statistical analysis

In 2008/2009, the agreement between correct classifica-
tion and the classification based on image forming
methods was tested with interrater agreement. This test
is based on a contingency table, which compares the
given categories with those determined in the examina-
tion. The agreement was determined using the simple
Kappa coefficient. The method is described in Agresti
(2002). The kappa coefficients and the exact p values for
the statistical test for agreement were calculated using
the procedure FREQ (Frequency) in SAS 9.2 (SAS
Institute Inc., Cary, NC, USA, 2008). For the panel
evaluation in 2018, the average rank order of the sam-
ples was calculated, and the Friedman test
recommended for sensory analysis in ISO 8587 (2006)T
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was applied as an overall measure for correct ranking
and for pairwise comparisons of adjacent ranks. The
Friedman test was performed with SPSS 19.0 (IBM,
Armonk, NY, USA, 2011).

Results

Reference series decomposition 2008/2009

The reference series with rocket juice that was
aged for up to 4 days at 8 °C is shown in Fig.
1 for capillary dynamolysis. With increased de-
composition, colors in the lower part of the image

fade and structures in the upper image part are less
pronounced.

Treatment effects 2008/2009: light intensity, N supply,
fertilizer type, and horn silica application

In both experimental years, samples with 100 or 55%
PAR, low or high N supply, and manure or mineral
fertilization were correctly classified in both sample
sets, while the two fertilizer types with manure could
not be differentiated (Tables 6 and 7).

Samples with or without horn silica application
could not be separated when image evaluation was
based on CapDyn. Only in sample set 2 in the
experimental year 2009, samples +BD 501 were

1 day 2 days 3 days 4 days juice aging

Fig. 1 Capillary dynamolysis: Reference series decomposition. From left to right: 1, 4, 7, and 10 days of juice aging. 0.1 ml rocket juice per
image. Rocket harvested June 29, 2009, 40 days after sowing

Table 6 Assignment of encoded rocket samples to experimental factors and factor levels: sample set 1

Sample Classification 2008 Classification 2009

Light intensity Fertilizer type Horn silica Light intensity Fertilizer type Horn silica Light intensity Fertilizer type Horn silica

100% biodyn + BD 501 100% biodyn - BD 501 100% biodyn - BD 501

100% biodyn - BD 501 100% org - BD 501 100% biodyn + BD 501

100% org - BD 501 100% biodyn + BD 501 100% org - BD 501

100% min + BD 501 100% min - BD 501 100% min - BD 501

100% min - BD 501 100% min + BD 501 100% min + BD 501

55% biodyn + BD 501 55% org - BD 501 55% biodyn + BD 501

55% biodyn - BD 501 55% biodyn + BD 501 55% org - BD 501

55% org - BD 501 55% biodyn - BD 501 55% biodyn - BD 501

55% min + BD 501 55% min - BD 501 55% min - BD 501

55% min - BD 501 55% min + BD 501 55% min + BD 501

Significance (Cohen’s kappa, α = 0.05)1 p = 0.0079 p = 0.0048 ns p = 0.0079 p = 0.0048 ns

1With respect to fertilizer type, biodynamic and organic fertilizationwas joined for statistical analysis. No shading: correct assignments; grey
shading: wrong assignments. biodyn biodynamic; org organic;minmineral. + BD 501: with horn silica application; - BD 501: without horn
silica application. All samples had high N supply
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consistently ranked higher than samples -BD 501
and were therefore correctly classified. In this
sample set, the two individual evaluators based

their assessment not solely on CapDyn, but also
on CCCryst, prioritizing Gestalt over structure
evaluation as described for the panel evaluation

Table 7 Assignment of encoded rocket samples to experimental factors and factor levels: sample set 2

Sample Classification 2008 Classification 2009

N supply Fertilizer type Horn silica N supply Fertilizer type Horn silica N supply Fertilizer type Horn silica

low biodyn + BD 501 low org - BD 501 low biodyn + BD 501

low biodyn - BD 501 low biodyn + BD 501 low org - BD 501

low org - BD 501 low biodyn - BD 501 low biodyn - BD 501

low min + BD 501 low min + BD 501 low min + BD 501

low min - BD 501 low min - BD 501 low min - BD 501

high biodyn + BD 501 high biodyn - BD 501 high biodyn + BD 501

high biodyn - BD 501 high biodyn + BD 501 high org - BD 501

high org - BD 501 high org - BD 501 high biodyn - BD 501

high min + BD 501 high min - BD 501 high min + BD 501

high min - BD 501 high min + BD 501 high min - BD 501

Significance (Cohen’s kappa, α = 0.05)1 p = 0.0079 p = 0.0048 ns p = 0.0079 p = 0.0048 p = 0.0048

1With respect to fertilizer type, biodynamic and organic fertilizationwas joined for statistical analysis. No shading: correct assignments; grey
shading: wrong assignments. biodyn biodynamic; org organic;minmineral. + BD 501: with horn silica application; - BD 501: without horn
silica application. All samples had 100% PAR

55% PAR N high mineral

100% PAR N low manure 100% PAR N high manure 55% PAR N high manure

100% PAR N high mineral100% PAR N low mineral

Fig. 2 Capillary dynamolysis: Treatment effects on rocket sam-
ples. Top row: manure fertilization; bottom row: mineral fertiliza-
tion. Both rows from left to right: 55% PAR and high N supply,

100% PAR and high N supply, 100% PAR and low N supply.
0.100 ml rocket juice per image
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2018. The criteria used and the results of the semi-
quantitative evaluation of the image sets from the
experimental year 2009 are given in Table S1.

In Fig. 2, exemplary CapDyn images from the six
treatment combinations that were reliably distinguished
are shown. The combination 100% PAR–N low–ma-
nure had the most colorful and structured image. With
either 55% PAR, N high, or mineral fertilization, colors
in the lower image part and structures in the upper image
part faded; i.e., shading, high N supply, or mineral
fertilization resulted in image changes similar to the
effect of juice decomposition (see Fig. 1). Consequent-
ly, images from the combination 55% PAR–N high–
mineral had the strongest signs of decomposition.

Training series decomposition 2018

In the exemplary decomposition training series shown in
Fig. 3, with advanced rocket juice aging, image changes
can be described on the four different evaluation levels
from Table 5: On the two single morphological levels, the
coarse needle bundles visible in the image of the fresh juice
do not appear in any of the aged juices, and areas with
fuzzy needles appear after 6 or 10 days of juice aging. On
the gesture level, a decrease of integration can be noted,
partially caused by the areas with fuzzy needles which are
not integrated into the rest of the image, and, after 10 days
of juice aging, also due to needles that do not originate in
the center of the crystal, but deviate from the others, which
in turn contributes to the impression of reduced center
coordination of the crystal and to decreased
“Durchstrahlung”. Especially after 10 days of juice aging,
needles become stiffer, resulting in a decrease of motility.
On the Gestalt level, interconnected movement, presence
in the image, tension in the needle branches, and consistent
dynamic in the filling of the plate decrease with increasing
juice aging.

Treatment effects 2018/2019: fertilizer type

With analytical perception only, the results of both exams
were not significant in the Friedman test. The error of the
classification of the two treatments fertilized with manure
compared to the minerally fertilized treatment is with 65%
and 70% close to the randomly expected classification of
67% (Table 8). However, with additional kinesthetic en-
gagement in Gestalt perception, the error rate in the clas-
sification decreased to 52% in both exams, with the rank-
ing Biodyn < Org < Min and a significant difference
between Biodyn and Org. The additional training before
the second exam did not improve the results (Table 8).

Exemplary images of rocket samples for the three
fertilization treatments are given in Fig. 4. Different from
the decomposition training series, analytical and Gestalt
evaluation did not result in the same ranking: The organic
sample shows the coarsest needle bundles and is the only
image without fuzzy image structures on the analytical
level. Also, biodynamic and mineral fertilization are very
similar with respect to single morphological features. On
the gesture and Gestalt level, the sample with biodynamic
fertilization shows clearly the greatest motility, intercon-
nected movement, presence in the image, tension in the
needle branches, and consistent dynamic in the filling of
the plate.

Treatment effects 2018/2019: horn silica application

Both with analytical perception and with kinesthetic en-
gagement in Gestalt perception, samples with horn silica
were ranked significantly higher than samples without
horn silica. However, with Gestalt perception, the error
rate in the classification of the encoded images decreased
from 43 to 30% in the first exam and from 43 to 29% in the
second exam. The additional training before the second
exam did not improve the results (Table 9).

Fig. 3 Copper chloride crystallization: Training series decompo-
sition of rocket samples. From left to right: fresh, 4 days of leave
aging, 6 days of juice aging, 10 days of juice aging. 0.1 ml rocket

juice per image. All samples had 100% PAR, high N supply and
biodynamic fertilization with horn silica application
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Exemplary images of rocket samples for the two
horn silica treatments are given in Fig. 5. In this
example, expression of single morphological fea-
tures is very similar in the two images: Both show
regular, coarse needles that originate in the center of
the crystal, resulting in a strong center coordination
and high integration on the gesture level. However,
motility is clearly higher in the image of the sample
with horn silica application, accompanied by a
stronger expression of all criteria on the Gestalt
level: interconnected movement, presence in the im-
age, tension in the needle branches, and consistent
dynamic in the filling of the plate.

Discussion

Development of visual evaluation: from structural
features to Gestalt evaluation

The two image evaluation approaches utilized in the
present study describe the development that visual eval-
uation in image forming methods has undergone in the
last decade. The approach used in 2008/2009 followed
the procedure established by Balzer-Graf and Balzer
(1991) and Balzer-Graf (1994): visual evaluation is
performed by one or two individual, experienced eval-
uators, who base their evaluation on all three image

Table 8 Ranking fertilization treatments of rocket crystallization
images according to decomposition levels from fresh to
decomposed: Two separate exams per date, one with analytical

perception only and one with kinesthetic Gestalt perception and
confirmatory analytical perception

Analytical perception Kinaesthetic Gestalt perception with confirmatory analytical perception

Fertilizer type Biodyn Org Min Error classification
Biodyn+Org vs. Min

Biodyn Org Min Error classification
Biodyn+Org vs. Min

Exam March 2018

Evaluator 1-8 1.95 1.98 2.07 64.8 % 1.59 2.12 2.29 51.6%

Pairwise comparison Test not significant └> p < 0.001 <┘
└> p = 0.169 <┘

Evaluator 1 1.88 1.94 2.19 56% 2.00 1.88 2.13 62%

Evaluator 2 2.00 1.63 2.31 50% 1.50 2.00 2.50 71%

Evaluator 3 1.88 1.75 2.38 44% 1.88 2.19 1.94 69%

Evaluator 4 2.31 1.88 1.81 81% 1.38 2.31 2.31 56%

Evaluator 5 1.31 2.31 2.38 50% 1.31 2.25 2.44 44%

Evaluator 6 2.38 1.75 1.88 81% 1.81 1.88 2.31 56%

Evaluator 7 2.38 2.06 1.56 94% 1.44 2.25 2.31 44%

Evaluator 8 1.50 2.50 2.06 62% 1.44 2.19 2.38 50%

Exam September 2018

Evaluator 1-8 1.99 2.01 2.00 70.3% 1.58 2.14 2.28 52.3%

Pairwise comparison Test not significant └> p < 0.001 <┘
└> p = 0.261 <┘

Evaluator 1 1.75 1.88 2.39 44% 1.69 2.25 2.06 62%

Evaluator 2 2.31 1.81 1.88 87% 2.13 1.69 2.19 56%

Evaluator 3 2.25 2.06 1.69 81% 1.69 2.00 2.31 44%

Evaluator 4 2.13 2.06 1.81 81% 1.88 2.25 1.88 75%

Evaluator 5 1.63 2.06 2.31 50% 1.31 2.19 2.50 44%

Evaluator 6 2.13 1.94 1.94 75% 1.63 2.31 2.06 69%

Evaluator 7 2.31 2.00 1.69 94% 1.13 2.06 2.81 19%

Evaluator 8 1.44 2.25 2.31 50% 1.19 2.38 2.44 50%

Friedman test pairwise comparisons (α = 0.05) were performed between adjacent ranks
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forming methods and differentiate and rank encoded
samples according to signs of ripening and decomposi-
tion in the images, using both single morphological and
Gestalt criteria, which by that time were not well-de-
fined. With respect to different production or fertiliza-
tion systems, in all studies published using this visual
evaluation approach (Athmann 2011; Fritz et al. 2011,
2014, 2017; Mäder et al. 1993, 2007; Weibel et al.
2000) as well as in studies with computer-based evalu-
ation (Busscher et al. 2010; Kahl et al. 2015; Szulc et al.
2010), production systems based on manure or mineral
fertilization were identified with high accuracy. How-
ever, only in some of the studies with visual evaluation,
biodynamic and organic fertilization were successfully
distinguished—possibly because in some studies struc-
tural and in other studies Gestalt aspects were leading
the assessment.

In contrast, the CCCryst evaluation in 2018 was
performed by a trained panel that had agreed on a
defined catalogue of criteria published by Doesburg
et al. (2015) and Fritz et al. (2018) and had been trained
to consciously use either only single morphological
criteria or kinesthetic engagement in Gestalt evaluation
followed by a confirmatory analysis of “atomic fea-
tures”. This means, instead of focussing on single object
identification, the panel members concentrated on non-
selectively extracting global information from the entire
image (Wolfe et al. 2011). In their analysis, manure and
mineral fertilization were not significantly distin-
guished, but treatments with biodynamic preparations
were ranked significantly higher at both exam dates
when Gestalt aspects were leading the evaluation. Par-
allel to analyzing the fertilization and horn silica treat-
ments presented in the current study, the panel also
ranked images from samples with different

decomposition stages in the exams. Here, kinesthetic
engagement in Gestalt perception with subsequent con-
firmatory “atomic feature” evaluation also led to higher
accuracy in the evaluation of decomposition levels in
rocket and wheat crystallization images than analytical
perception alone (Doesburg et al. 2021). Thus, in the
current study, the crystallization image Gestalt features
affected by biodynamic preparations seem to be even
more closely related with decomposition than the struc-
tural features analyzed with CapDyn.

Resistance to decomposition as an aspect of food quality

Resistance to decomposition as indicated by CapDyn
images can be regarded as an aspect of static resilience,
i.e., as the capability to maintain functionality, in this
case structure formation in interaction with metal salts,
under the stress imposed by juice aging (Döring et al.
2015). The mechanisms underlying the detected differ-
ences in resistance to decomposition are not fully un-
derstood yet. Aging induces changes both on the level of
chemical composition, microbiology, and physical
structure of the food and is clearly connected to quality
loss. From a physical point of view, the branching
conditions in CCCryst depend on the transport abilities
of the solution regarding mass and heat transfer
(Busscher et al. 2014). For the polymer polyvinylpyr-
rolidone, these transport abilities were influenced by
molecular weight, as higher molecular weight of PVP
gave higher viscosity and lower heat conductivity
(Busscher et al. 2014).

It can be hypothesized that in foods the chemical
composition and its change during aging may also
affect viscosity and heat conductivity and therefore
the branching conditions. In the present study,

Fig. 4 Fertilization treatments in rocket crystallization images,
harvest year 2009. From left to right: biodynamic, organic and
mineral fertilization. Rocket juice aged for 1 day, 0.2 ml juice per

image. All samples had 100% PAR and high N supply. Biody-
namic fertilization was with horn silica application; organic and
mineral fertilization were without horn silica application
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shading as compared to full sunlight, high as com-
pared to low N supply, or mineral as compared to
manure fertilization resulted both in lower mainte-
nance of structure formation in CapDyn images
(Tables 6, 7, Fig. 2) and in lower dry matter content,
higher contents of nitrate and lower contents of mono-
saccharides, ascorbic acid and glucosinolates
(Athmann 2011). In contrast to changes of structural
features in CapDyn images, differences in Gestalt
criteria detected with CCCryst had no parallels with
plant morphology or chemical composition. Of the
many paramete r s ana lyzed , on ly very few
were affected by application of the biodynamic prep-
arations (Athmann 2011), while in the current study,
t r e a tm e n t s w i t h h o r n s i l i c a a p p l i c a t i o n
were consistently ranked higher in CCCryst Gestalt

evaluation (Table 9, Fig. 5). Similarly, in a study on
grapes, plant development in the field and chemical
analyses of grapes and wood were linked to structure
formation in CChrom and CapDyn, but not to Gestalt
evaluation in CCCryst (Fritz et al. 2017). Besides the
chemical compounds commonly associated with food,
the complex microstructures in which these compounds
are embedded and termed as “food matrix” affect phys-
ical properties of foods. For example, higher viscosity
may be imparted via network exocellular matrices con-
stituted by exopolysaccharides secreted by microorgan-
isms (Aguilera 2019). Future research will show whether
properties of the food matrix may be linked to Gestalt
evaluation in CCCryst. The fact that image forming
methods reveal characteristics of the whole food matrix
that lie beyond the scope of compound-specific analyses

Table 9 Ranking horn silica application treatments of rocket
crystallization images according to decomposition levels from
fresh to decomposed: Two separate exams per date, one with

analytical perception only and one with kinaesthetic Gestalt per-
ception and confirmatory analytical perception

Analytical perception Kinesthetic Gestalt perception with confirmatory analytical perception

Horn silica application + BD 501 -BD 501 Error classification + BD 501 -BD 501 Error classification

Exam March 2018

Evaluator 1-8 1.43 1.57 43.4 % 1.30 1.70 30.1%

Pairwise comparison └> p = 0.034 <┘ └> p < 0.001 <┘

Evaluator 1 1.44 1.56 44% 1.44 1.56 44%

Evaluator 2 1.44 1.56 44% 1.22 1.78 22%

Evaluator 3 1.50 1.50 50% 1.28 1.72 28%

Evaluator 4 1.50 1.50 50% 1.38 1.62 38%

Evaluator 5 1.25 1.75 25% 1.22 1.78 22%

Evaluator 6 1.44 1.56 44% 1.41 1.59 41%

Evaluator 7 1.47 1.53 47% 1.12 1.88 12%

Evaluator 8 1.44 1.56 44% 1.34 1.66 34%

Exam September 2018

Evaluator 1-8 1.43 1.57 42.6% 1.29 1.71 28.5%

Pairwise comparison └> p = 0.018 <┘ └> p < 0.001 <┘

Evaluator 1 1.13 1.87 13% 1.25 1.75 25%

Evaluator 2 1.53 1.47 53% 1.53 1.47 53%

Evaluator 3 1.53 1.47 53% 1.28 1.72 28%

Evaluator 4 1.56 1.44 56% 1.41 1.59 41%

Evaluator 5 1.22 1.78 22% 1.16 1.84 16%

Evaluator 6 1.53 1.47 53% 1.28 1.72 28%

Evaluator 7 1.46 1.54 46% 1.12 1.88 12%

Evaluator 8 1.47 1.53 47% 1.25 1.75 25%

Friedman test pairwise comparisons (α = 0.05) were performed between adjacent ranks
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has been repeatedly pointed out (e.g., Fritz et al. 2011;
Busscher et al. 2014; Doesburg et al. 2015).

Prospects and risks of Gestalt evaluation

Science must guarantee objectivity in that its theories,
laws, experimental results, and observations constitute
accurate representations of the external world and are
not tainted by human desires, goals, capabilities, or
experience (Reiss and Sprenger 2017). In natural sci-
ence, this is usually achieved by measuring parameters
that can be expressed in quantities with calibrated mea-
suring instruments (“mechanical objectivity”), minimiz-
ing the human factor as a potential source of bias and
error. However, the properties of the instrument and the
properties of the environment measured influence the
results and their interpretation. Thus, instruments also
provide a perspective view on the world (Giere 2006
cited in Reiss and Sprenger 2017). Moreover, technical
instruments only cover a part of the peculiarities of their
subjects when it comes to subject areas that deal with
living organisms. Consequently, both in all clinical con-
texts in human medicine (Woolley and Kostopoulou
2013) and in the characterization and diagnosis of men-
tal disorders (Parnas 2012; Westen 2012), Gestalt eval-
uation is a common practice.

For a fundamental understanding of living entities,
also in biological and agricultural research, the analyti-
cal approach explaining organisms solely by the

chemical functions of their component parts needs to
be complemented by concepts and methods that meet all
properties of life, including dynamic properties such as
reciprocal interdependencies in organic functions, inte-
grative system functions, information content and pro-
cessing within organisms, the ability to evolve, and
growth and development (Rosslenbroich 2016).

Due to the danger of personal bias and emotional
arbitrariness, careful attention has to be paid to compare
Gestalts and investigate their interdependent aspects in
ways that allow for scientific generalizations to ensure
objectivity (Nordgaard et al. 2013). In the current study,
scientific generalization is possible by analyzing
encoded samples and training on well-defined criteria.
Intersubjectivity is ensured by working with a panel as
in sensory analysis.

Possible modes of action of the biodynamic
preparations

The relevance of the differences in Gestalt expression in
the CCCryst images is not clear yet. The approach was
particularly successful in identifying treatments with
application of the biodynamic preparations. The effects
of biodynamic preparations on yield and chemical con-
tents measured in the various studies available convey a
yield stabilizing or compensatory effect, i.e., effects also
related to crop resilience. While only a part of individual
studies shows effects of these preparations, a meta-

Fig. 5 Horn silica treatments in rocket crystallization images,
harvest year 2009. Left: with horn silica application; right: without
horn silica application. Rocket juice from leaves that had been

aged for 1 day, 0.2 ml juice per image. All samples had 100%
PAR, high N supply and biodynamic fertilization. The left image
is the same as in figure 3
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analysis of several studies published between the 1960s
and 1990s found that in years with favorable conditions
and overall high crop yield, yield was not increased or
even reduced, while in years with lower overall crop
yield due to, e.g., drought stress or late sowing, yield
was often increased (Raupp and König 1996; Fritz
2000; Fritz and Köpke 2005). Compensatory effects of
biodynamic preparations were also observed for quality
parameters, with higher increases of secondary metabo-
lites in pumpkin cultivars with a genetically low level of
these compounds (Juknevičienė et al. 2019).

The mode of action of biodynamic preparations is
still not understood. The non-linear compensatory ef-
fects of the biodynamic preparations are similar to the
mode of action of adaptogens first described in botany,
human nutrition, and medicine. Adaptogens are phar-
macologically active compounds, mostly from plant
extracts, that have been shown to increase non-specific
stress resistance, adaptive ability, and possibly lifespan
(Wiegant et al. 2009) in several model systems, includ-
ing animals and humans (Panossian and Wagner 2005).
An adaptogen conveys the organism from its normal
steady state (homeostasis) to a heightened level of dy-
namic equilibrium (heterostasis), normalizing indepen-
dently of the direction of the pathological state
(Brekhman and Dardymov 1969). In this regard, the
adaptogenic concept anticipates the efficacy of the nu-
tritive measure depending on the physiological or men-
tal status of the target organism including stress
resilience.

The theories concerning the modulating effects of the
biodynamic preparations entail bacterial regulation, as
bacteria detect and react to extremely low levels of
signal molecules such as carbohydrates and peptides
that arise from microbially mediated slow maturation
under low oxygen conditions during production of the
preparations (Spaccini et al. 2012), e.g., with greater
rhizospheric activity (Reeve et al. 2010; Giannatasio
et al. 2013) or stimulation of natural defense compounds
(Botelho et al. 2016; Schneider and Ullrich 1994). An-
other theory possibly complementing bacterial regula-
tion is that the biodynamic preparations act via hormon-
al effects, as bacterial strains contained in the horn
manure preparation BD 500 were found to produce
indole acetic acid (Radha and Rao 2014), and
undegraded lignin residues contained in BD 500 are
known to exhibit indole acetic acid-like activity
(Spaccini et al. 2012). Additionally, Giannatasio et al.
(2013) found strong auxin-like effects of BD 500, and

Fritz 2000 found gibberellic acid-like effects of BD 501.
Future research will show the impact of microbial com-
munities on plant health and possibly resilience, and
study potential impacts of biodynamic preparations on
plant-associated microbiomes.

Conclusion

In the presented study, rocket lettuce sampleswith full
sunlight or shading, low or high N supply, biodynam-
ic, organic, or mineral fertilization, and with or with-
out horn silica applicationwere evaluatedwith respect
to their resistance to decomposition in image forming
methods as aspects of organic integrity and resilience.
Differences in single morphological structural image
criteria were found for full sunlight and shading, low
and high N supply, and mineral and manure fertiliza-
tion, while differences in Gestalt criteria were found
for samples with or without biodynamic preparations.
Both single morphological and Gestalt criteria are
now well-defined and can be trained to evaluation
panels in accordance with norms adapted from sen-
sory analysis. Research is needed to link the results of
image forming methods, especially differences in Ge-
stalt expression, to properties of the food decisive for
resistance to decomposition.
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