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EFFECT KINETICS OF A PROCESS OF SUCCESSIVE
AGITATION PHASES
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. Silver nitrate is known to be generally biostatic. However, it is also discussed äs a
biologically vital trace substance. This substance has been prepared in a standardized
process of stepwise dilution and agitation. Its influence on the development of wheat
seedlings has been studied. When seedlings are exposed to silver nitrate at high
raolecular concentration, growth is normally inhibited. Interestingly, growth was
stimulated by a dilution log 24 of this probe. In our experiments, addition of one more
standardized Step of dilution and agitation, or agitation alone, to the dilution log 24,
significantly diminished the effect of the lest dilution, whereas addition of two Steps
again enhanced the stimulatory effect ("double switch" kinetics). This was found by
different independent researchers. Furthermore, optimized conditions for performance
of the experiment are discussed.
The effect of a substance which, in common biology and medicine, is known to be
biostatic, but which is also discussed äs a necessary trace substance, namely silver
nitrate (Strasburger 1990, Haidvogel 1997), on the development of wheat seedlings
was investigated. In a prcvious study, seedlings were exposed to silver nitrate at high
molecular concentration (10 mg per ml water, dilution log 2); germination and growth
were drastically inhibited (unpublished material). However, at lower concentrations
(e.g. in a dilution log 7) silver nitrate is able to exert a stimulating effect on botanical
Systems [1]. In two multicenter studies, seedlings were exposed either to an aqueous
lest dilution log 24 of this molecular solution, specially prepared by stepwise dilution
(23 steps l : 10) and vigorous agitation (24 agitation phases), called 'silver nitrate D24'
or to analogously prepared solvent water (or to unprepared solvent water). In these
studies, growth was stimulated by the lest dilution with statistical significance. This
was shown by four independent researchers including researchers from the Universities
of Graz and of Vienna (Pongratz et al. 1991, 1994).
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The study presented in this paper is based on fmdings reported in the literature, namely
that adding one more Step of dilution and agitation to D24 ( =

D25) significantly

diminishes the effect of the test dilution, whereas adding two more Steps ( = D26) again
enhances the stimulatmg effect (Kolisko 1926). A 'double switch kinetics' - pattem
was postulated (D24: significant Stimulation with regard to reference - D25: less or no
Stimulation - D26: again significant Stimulation). In this experiment, obviously, both
water submitted to 24 agitation phases äs well äs unprepared water can be used äs
reference (unpublished data).
In the study presented here, the effect pattern of the three dilutions silver nitrale D24,
D25 and D26 was observed in experiments at different times of observation. The aim of
this was to leam about the conditions of the 'double switch effect' (see above) with
regard to the organisms invoived. Furthermore, starting from a dilution silver nitrate
D24, the process of stepwise dilution and vigorous agitation was replaced by a process
of stepwise agitation without dilution. The aim of this was to learn about the conditions
of the 'double switch effect1 with regard to the dilution invoived.

Methods
Plants: Unbroken, unsorted grains of winter wheat (grown without an application of
herbicides or pesticides) (Triticum aestivum, Sorte: Mephisto) were used.
Observed development: It is reported that biological Systems in circumscript
developmental transitions show maximal sensitivity (Smith 1990. In our study, the
initial development of stalks was observed.
Preparation of test Solutions: The grains were observed under the influence of specially
prepared aqueous Solutions of silver nitrate (Merck). The solution that was used äs the
stock solution was also used in the previous experiments conceming the influence of
the molecular substance on wheat seedlings (see introduction). It contained 10 mg
silver nitrate per l ml distilled (not deionized) water, and it was diluted in distilled water
in steps of l : 10 (parts of volume). The stock solution and each of the different
successive dilutions 1 : 1 0 were vigorously agitated: at every step, a disposable sterile
glass bottle with a volume of 20 mj, filled with 9 ml of distilled water was used. Each
time l ml of the silver nitrate dilution from the previous step was added to this bottle,
which then was pushed down 50 times at

intervals of 1.2 seconds (= l minute)

(agitation by hand, pushing down against the left palm) to create mechanical shocks.
For the last steps of dilution, larger bottles were used, but the ratio [volume : content]
was äs above. After each dilution plus agitation - period, the solution was given a rest
of l .25 minutes. One test dilution was prepared with 24 steps of agitation (agitation of
the stock solution plus agitation of 23 further dilutions 1:10) (called 'D24'), one with
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25 Steps ('D25') and one with 26 Steps ('D26'). Annotation: due to a redactional error,
the respective protocol in reference (Pongratz et al., 1994), p. 24, line 38 is incorrect. It
should read "aqueous solution l: 1024 part of the weight of the stock solution of silver
nitrate" äs above.
Several analogously prepared sets of ranges of the dilutions were used.
In a further part of the study, starting from a dilution silver nitrate D24, the process of
stepwise dilution and agitation was replaced by a process of stepwise vigorous agitation
(without dilution). The agitation phases were always separated by resting phases. Three
test substances were called silver nitrate D24/1 (which is similar to D24), D24/2 and
D24/3.
Untreated solvent (water) was used äs reference. All sets were applied blindly, i.e. the
substances were all coded.
Laboratories involved: Experiments were performed in the laboratories of W. Pongratz,
C. Endler and A. Nograsek. For further details, see the Results Section.
Circadian specificity: With regard to older literature, it was assumed that the
experiments should be started at noon. Thus, most of the experiments were started
between 8 a.m. and l p.m.
Exposition to probes and Data base: The grains with the gerrnination furrow
downwards were put on floss paper in sterile glass dishes (diameter 11cm). They were
arranged in the form of a circle with all gerrnination pools towards its center. This was
done in order to make observation of the stalks easier. However, previous experiments
have shown that also a rändern distribuü'on of the grains can be used. Each dish
contained 20 ml of the respective probe. It was covered by a glass beaker with a
volume of 1000 ml. Dish and beaker were wrapped in stannium foil and kept at 20oC
in a temperature stabilized chamber at. In one part of the study, the stalk lengths were
measured after 7 days, in another part after 5 days. In the experiments, three sets of
dishes were always used for the treatment with the silver nitrate dilutions plus one set
for the water control. 20 - 30 seedlings were put into one dish; the respective number of
grains per dish was equal for all groups (for total numbers, see below).
Evaluation of the data: The arithmetic mean was used to describe the stalk length, and
the lengths were comparedby one wayanalysis of variance(Fisher-test). l S.D. of the
mean was calculated. The groups of seedlings treated with silver nitrate D24, D25 and
D26 were compared to the water control. In addition to this, with regard to the
hypothesis of a double switch kinetics, the groups treated with silver nitrate D24 and
D26, respectively, were statisdcally compared to the D25 - group. Here, only results at
the 1%-leveI were considered for interpretation. The D24/1, D24/2 and D24/3 - groups
and water control were compared analogously.
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Results
Experiments Set l, 77 and 7/7 on step by step diluted agitated substances
SET I; Observation after 7 days (W. Pongratz)
Experiments with 4 groups of 2140 grains each, treated with silver nitrate D24, D25,
D26 and unprepared solvent, respectively, were performed. When the data of all
experiments were pooled, the comparison of the mean stalk length showed a
characteristic effect pattern (see introduction) of the three dilutions. The values for the
silver nitrate - groups were generatly above the control - value (see Figure 1). When the
lest substances were mutually compared, both the groups treated with the dilution D24
äs well äs with D26 showed more growth than the group treated with the dilution D25
(+ 4.3% and + 4.3%, respectively). This difference is statistically significant (P < 0.01
and < 0.01; for a comprehensive survey over P - values, see Tab. 5).

Fig. 1: The influence of the lest dilutions silver nitrate D24, D25 and D26 in
experiments that lasted 7 days. Ordinate: mean stalk length. 100% refers to the stalk
length under the influence of unprepared solvent. Abscisses: S, silver nitrate. For
further Information, see text and table 5.

However, äs can be seen in Tab. l, the overall effect pattern in this study has in fact
beencausedby only about half of the single experiments (marked with x in Table 1).
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SET I
Duration of growth 7 days

Exp. no.
& Ngrains

S D24

SD25

SD26

waler

l : ( 4 x 120)

86.8 ± 27.9

84.2 ± 15.6

71.1 ±40.5

31.4 ±27.1

2: (4 x 160)

93.8 ± 33.6

69.3 ±45. 15

87.2 ±23.2 x

41.3 ± 12.6

3: (4 x 120)

85.3 ± 25.9

68.4 % 13.4

98.0 ± 15.3 x

54.6 ± 29.5

4: (4 x 160)

67.9 ± 17.2

57.5 ±31.8

62.1 ±31.5 x

56.8 ± 19.6

5: (4 x 200)

80.2 ± 27.8

76.3 ± 25.9

83.7 ± 28.2 x

59.8 ± 33.1

6: (4 x 120)

88.4 ± 24.8

86.3 ± 25,3

97.7 ±13.6 x

67.8 ± 30.7

7: (4 x 120)

80.6 ± 26.8

73.9 ± 26.6

83.9 ± 22.6 x

69.6 ± 36.0

8: (4 x 200)

87.3 ± 28.1

80.6 ± 30.0

82.7 ±30.1 x

74.4 ± 28.7

9: ( 4 x 1 80)

102.1 ± 34.8

98.0 ± 30.9

96.3 ± 41.6

74.7 ± 27.3

10: (4 x 120)

78.2 ± 15.7

87.4 ± 26.2

79.5 ± 18.4

75.8 ± 19.3

11: (4x240)

90.8 ± 29.2

94.9 ± 35.7

97.0 ±30.6 x

92.3 ± 33.5

12: (4 x 200)

91.5 ± 28.5

99.0 ± 33.9

99.1 ± 31.5

94.8 ± 32.5

13: (4 x 200)

99.5 ± 38.0

105.3 ± 38.6

102.1 ± 36.6

96.4 ± 32.0

l -13: (4x2140)

91.3 ± 31.1

Tab. l: Stalk lengths in experiments on diluted and agttated subslances that lasted 7 days. Left
column: Numberof experiment and number of grains for each of the 4 groups. Arithmelical
mean (mm) + l SD for the groups treated with silver nitrate D24, D25, D26 and water,
respectively. The experiments are arranged according lo the stalk lengths in the control group.
For further information, see text.

Interestingly, all experiments that showed the pattern discussed above were
characterized by a stalk length of the control group between 40 and 75 mm.

SET II: Observation after 5 days, first experiments (W. Pongratz)
Experiments with 3 groups of 890 grains each, treated with silver nitrate D24, D25 and
D26 and one group of 690 grains, treated with unprepared solvent, respectively, were
performed.
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Again, the values for the silver nitrate-groups are generally above the control-value (see
Figure 2). When the lest substances were mutuaüy compared, both the group treated
with the dilution D24 äs well äs with the dilution D26 showed more growth than the
group treated with the dilution D25 (+ 8.7% and +10.6%). This difference is
statistically significant (P < 0.01 and < 0.01).

3 DZ4

B DZ5

6 D26

Fig. 2: The influence of the lest dilutions in the first experiments that lasted 5 days. For
further information, see Fig. l.

All of the separate experiments of this study are characterized by a stalk length of the
control group between 40 and 70 mm (see above) and all but one of them show tbe
effect pattern 'Stimulation - less Stimulation - Stimulation' äs is presented in Table 2.

SET III: Ohservation after 5 days, control experiments (W. Pongratz, C.
Endler, A. Nograsek)
Control experiments with a total of 4 groups of 510 grains each, treated with silver
nitrate D24, D25 or D26 or with unprepared solvent, respectively, were performed in
the laboratories of W. Pongratz, C. Endler and A. Nograsek (Table 3). When these
data were pooled, again, the values for the silver nitrate - groups were generally above
the control - value (Figure 3). When the lest substances were mutually compared, both
the group treated with the dilution D24 äs well äs with the diluüon D26 showed more
growth than the group treated with the dilution D25 (+ 16% and + 10%). This
difference is statistically significant (P < 0.01 and < 0.01).
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SET II
Duration of growth 5 days

Exp. no.

SD24

SD25

SD26

14: (3 x 240)

09.1 ± 15.2

04.3 ±08.5

10.0 ± 17.2

15: (3x60)

no separate protocol available

16: (4 x 80)

84.6 ± 24.4

8 1.6 ±22.3

86.5 ± 27.2

57.4 ± 3 1.9

17: (4x100)

83.8 ± 24.9

80.0 ± 23.5

86.0 ± 26.3

59.8 ± 33.1

18: (4 x 60)

84.4 ± 23.9

86.0 ± 23.0

82.7 ± 29.2

60.4 ± 34.2

19: (4 x 60)

86.8 ± 26.4

79.6 ± 20.6

88.9 ± 29.2

56.8 ± 32.6

20: (4 x 50)

•82.1 ± 26.8

73.6 ±21. 4

92.8 ±20.1

64.7 ± 33.6

21: (4 x 100)

83.2 ± 23.8

80.3 ± 24.0

88.4 ± 19.8

59.4 t 32.0

22: (4 x 140)

30.6 ± 28.7

20.4 ± 26.3

29.7 ± 29.9

44.0 ± 37.4

14 - 22:
(3 x 890, 1 x 690)

60.1

55.5

61.1

53.1

water

Tab. 2: Slalk lengths in the first experiments on diluted and agitated substances that lasted 5
days. For further Information, See Tab. 1.

In the experiments of Pongratz, the typical "V"-form pattern is found, but only the
difference between the groups treated with the diluüons D24 and D25 is staüstically
significant (P < 0.01).
In the experiments of Endler, the typical "V-form pattem is found, but at the 1%-level,
the difference is not staüstically significant (D24 vs D25: P < 0.05).
In the experiments of Nograsek, the typical "V"-form pattem is found and both the
difference between the groups treated with the dilutions D24 and D25 äs well äs
between D25 and D26 is staüstically significant (P < 0.01 and < 0.01).
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SET III

Control experiments
Exp. no.

S D24

Laboratory: W. Pongratz
23: (4 x 200)

64.2 ± 23.8

56.0 ± 27.3

47.8 ± 22.8

31.3 ±21.8

32.4 ±21.4

59.7 ± 19.6

42.7 ±21.4

Laboratory: C. Endler
24: (4x210)

33.0122.1

Laboratory: A. Nograsek
25: (4 x 100)

54.9 ± 20.4

Tab. 3: Stalk lengths in contro! experiments on dilutcd and agitated substances that lasted 5
days. For further information, see Tab. l

3DZ4

GDZ5

S DZO

W

Fig. 3: The influence of the lest dilutions in SET III. For further information, see Fig. 1.

Experiments SET IV on step by step agitated substances .
(C. Endler, W Pongratz)
Furthermore, experiments with 4 groups of 750 grains each, treated with silver nitrate
D24/1, D24/2, D24/3 and unprepared solvent, respectively, were performed. The
comparison of the mean stalk length again showed a characteristic effect pattem of the
three lest substances. The values for the silver nitrate - groups were generally above the
control - value {see Figure 4). The difference is statistically significant. When the lest
substances were murually compared, both the group treated with the dilution D24/1 äs
well äs with D24/3 showed more growth than the group treated with the dilution D24/2
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(+ 2.2% and + 9.6%). The difference between the groups treated with dilutions D24/1
and D24/2 is statistically significant (P < 0.01).

D2AJ2

D24/3

Fig. 4: The influence of the lest dilulions silver nitrale D24/1, D24/2 and D24/3. For further
Information, see Fig. l and text.

Discussion
The study presented here is based on two previous findings: (a) lhat a concentrated
solution of silver nitrate (10 mg per ml water), inhibits Ihe germination of wheat
seedlings (unpublished material) and (b) that this very solution, when diluted 1023-fold
in a special step by step process including 24 phases of vigorous agitation (calied
"D24") stimulates stalk growth. The latter was found in two previous multicenter blind
studies (3,4). In the blind study presented in this paper, we have focused on the
comparison of three different dilutions, namely silver nitrate D24, D25 and D26. In
different series of experiments, it was found that adding one more step of dilution and
agitation to D24 ( = "D25") significantly diminished the effect of the test dilution,
whereas adding two more steps ( = "D26") again enhanced the stimulating effect. This
was found by three independent researchers in three Austrian laboratories. The fmding
is also consistent with previous findings reported in literature (Kolisko 1926, Laupert
1995).
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SKT IV

Duration of growth 5 days

Exp. no.

S D24/1

Laboratory: C. Endler
A: (4x120)

31.4 ±23.0

Laboratory: W. Pongratz
B: (4 x 120)

89.0 ± 35.0

86.6135.7

97.0 ±45.8

öl.4 ±50.7

C: (4x120)

83.5+41.6

94.3 ± 34.8

108.6 ± 42.5

6K.4 ± 32.3

D: (4x200)

78.6 ±25.l

73.6 ±31.4

76.3 ±29.1

72.4 ± 24.4

E: (4 X 160)

69.8 ± 29.9

66.7 ±29.2

70.0 ±28.0

6l.3 ±42.3

A - E: (4 x 750)

69.2 ± 37.8

68.0 ±39. l

73.5 ± 43.0

57.5 ± 38.7

Tab. 4: Stalk lengths in experiments on Step by Step agitated subslances. For further
Information, seeTable 1.
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Tab. 5: P - values in Ihe experiments SET l - IV. ++, P •
significant (Fisher-test). For furlher inlbrmation. see te«.i
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Fig. 5: The influence of the lest dilutions D24,
D25 and D26 (Kolisko 1926). 100% refers to the
stalk length linder the influence of silver nitrate
D25. For rurther Information, see Figure I .
(Adopted from Kolisko, modified.)

l1
A

"double

switch"

kinetic

was

postulated (D24: significant Stimulation
with regard to reference - D25: less or
5 D24

S D25

S Ü26

no Stimulation - D26: again significant

Stimulation). This "V"-form effect pattern was investigated in experiments under
different conditions of observation time. The pattem was less marked when growth
was given a time of 7 days than when growth was given a time of 5 days. It was
postulated that a final stalk length of 40 - 75 mm (water control group) was optimal to
observe a clear effect, Further experiments with an observation time of 3 days and final
stalk lengths of < 10 mm showed no difference between the groups treated with silver
nitrate D24, D25 and D26 (unpublished material).
In the rurther blind experiments (duration 5 days), starting from a dilution silver nitrate
D24, the process of step by Step dilution and agitation was replaced by a process of
only step by step agitation, alternating with resting times, without further dilution. In
these experiments the pattern 'Stimulation - less Stimulation - Stimulation' was found äs
above. This points to the conclusion that - in the ränge of the lest substances D24 to
D26 - it was not the process of step by step dilution, but of agitation, that caused the
difference in the biological effect of the probes.
Further (preHminary) experiments were performed on a possible circadian specificity of
the starting time of the experiments. Obviously, it is a conditio sine qua non in order to
find the "V"-form effect pattern discussed here, that the experiments are started in the
morning or noon, but not in the late afternoon (unpublished material).
At present, we have only very limited insight into the physical properties of such test
dilutions (9-11 review in Endler and Schulte 1994) and into their physiological
interconnections with the sensitive living System (Benveniste 1994, Endler et al.
1994(a,b),

1995, Youbicier et al. 1993,

Endler and Schulte 1994).

Further

physiological and biophysical experiments have to be performed on the topic.
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