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Abstract

Interest in the question of moon-related fluctuations in tree biology and physiology has been revived by recent
experimental research, which could confirm the existence of real phenomena. In this context, previously
published extensive data from germination tests on European Spruce using established standard devices, which
appeared at the time to give negative results, has been analysed with the help of modern statistical tools. Slight
but statistically significant lunar rhythmicities were revealed by this new analysis. One of these fluctuations is
found in the germination rate from sowings shortly before Full Moon, compared to those shortly before New
Moon.
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1. Introduction

The idea of a relationship between plant growth and moon cycles has often been considered by scientists as
simply old superstition. Nevertheless, an interesting corpus of well documented experimental work exists and
suggests objective phenomena interacting at different levels. An extensive review of the available data and
interpretations has recently been published (Zircher, 2008, 2011), based on a series of 88 scientific publications
related to this topic. One of the basic modern references in this context gives an overview of studies according to
scientific criteria, dealing with rhythms in plant and animal biology linked to lunar periodicities (Endres & Schad,
1997).

Since we started working experimentally on the field of tree chronobiology linked to lunar rhythms, it has been
possible to observe significant relationships for different aspects of tree life and wood properties. Here is a short
overview:

e The germination and initial growth of some tropical trees show a decided rhythmic character. Speed of
germination, percent of germination, average height, and maximum height of Musizi (Maesopsis eminii, a
Rhamnaceae) after 4 months are systematically related to the timing of sowing in relation to the moon phase
(Zarcher, 1992, 2000). These results are coherent with the first published findings in this field made by L. Kolisko
on cereal, vegetable and floral species (Kolisko, 1927, 1929, 1934, 1935).

e An interdisciplinary reworking of previously published, long-term tree-physiological research results
(variations of tree diameters obtained by extensometry) has enabled researchers to consider an unexpected aspect.
For Spruce trees (Picea abies) held under constant conditions (greenhouse, darkness), it could be established that
the synodic moon-rhythm at a daily level (gravimetric tide-rhythm and periods) modulates the diameter
fluctuations (Zlrcher, Cantiani, Sorbetti-Guerri, & Michel, 1998).

o Data of trees measured in open conditions, reanalyzed recently with more sophisticated tools, brought
spectacular confirmation of the role of lunar tides in tree physiology of this and further species (Barlow, Mikulecky,
& Strestik, 2010). Moreover, it was possible to detect the same type of fluctuations by measuring with a



www.ccsenet.org/jps Journal of Plant Studies \ol. 3, No. 1; 2014

high-sensitivity device the low-potential electric currents along the trees’ stems, depending on the physiological
phase of the trees (Holzknecht, 2002; Holzknecht & Ziircher, 2006).

e The drying behavior (water loss and shrinkage) and the final density of wood systematically and coherently
vary according to the tree felling date, if analyzed in relation to the season and to the position of the moon. The
observed fluctuations are yet more complex than mentioned in forestry traditions existing all over the world
(Zurcher & Mandallaz, 2001; Zircher, Schlaepfer, Conedera, & Giudici, 2010). In addition, after drying of the test
samples, a simultaneous moon-related fluctuation in the hygroscopicity, compression strength and calorific value
per volume unit is still observed (Zircher, Rogenmoser, Kartalaei, & Rambert, 2012).

Concerning the last mentioned research field, it is known that traditional knowledge and practices concerning
agricultural and forestry activities - so-called rural rules - are still widespread in various cultures on different
continents. Among them, rules exist about effects of the tree-felling date on the properties of wood (Hauser, 1973;
Broendegaard, 1985; Cole & Balik, 2010). The first written evidence of this knowledge dates back to
Theophrastus of Eresos (372-287 BC), who in his History of Plants (V, 1, 3) states that there is an appropriate
season for cutting the trees and — within the season - if cutting at the beginning of the waning moon, the wood is
harder and less likely to rot. This popular knowledge has been passed down to our times and to the local
practices of felling trees during different moon positions depending on the specific forms of wood utilization
(Zurcher, 2000). Despite such a broad and ancient tradition of referring to the moon phases for determining the
most suitable date for agricultural (e.g. seeding) and forestry (e.g. tree-felling) activities, there is relatively little
scientific research on this topic.

In wood physics, the wood-water relations have been extensively studied (Skaar, 1988; Navi, & Heger, 2005),
but not yet including “time” as a possible initial, rhythmic factor of variation in the sample properties; the role of
this factor appears at present mainly in the sorption hysteresis and in the viscoelastic behavior. Two publications
can nevertheless be cited in relation to the apparently fluctuating plant-water relations at issue, where the time
factor “Moon” plays an essential role in living plants, especially their germinating behavior.
Experimentally-based, large scale studies with Bean seeds (Phaseolus vulgaris), a dormant reproductive material,
demonstrated a spectacular lunar-cycle-dependent water uptake during immersion (Brown & Chow, 1973, who
tested 7931 series of 20 seeds; Spruyt, Verbelen and De Greef, 1987, after a trial during 25 lunations). Short term
fluctuations with a period of a lunar week (7.4 days) had a relative amplitude of up to 20% in the tested series of
Brown et al. (1973), and of up to 13% in the series of Spruyt et al. (1987).

A recent, promising new way of interpreting these phenomena at the physical-chemical level is given in Pollack
(2013), who introduces the concept of a fourth phase of water, between liquid and solid, appearing near
hydrophilic membranes or surfaces. Pollack’s work is elaborated on the basis of own experiments and with
integration of the observations of many other researchers, including the results of G. Piccardi (1962) and V.
Voeikov (presented in Pollack, 2013). These researchers observed lunar fluctuations in the properties of water
when studying chemical precipitations or light emissions from aequeous solutions.

The scope of the present contribution is to bring a new element into the field of lunar chronobiology of trees, on
the basis of extensive, previously published experimental data from germination tests, in which a significant
moon-related fluctuation had been overlooked for decades.

2. The Synodic Lunar Rhythm and Its Sub-Divisions

The principal lunar cycle, the synodic one, is determined by the relative movement of Earth, Sun and Moon, the
time required for our satellite to complete a full phase from New Moon (NM) to the next New Moon being 29.53
days (Figure 1). It can be divided into sub-cycles linked to the phenomenon of the tides, due to the daily rotation
of the Earth. The following can be distinguished:

Period Rhythm or Lunar Cycle Unit

12.42 hours Tidal or lunitidal Twice-daily tide

[24.0 hours Daily Day: solar cycle, reference]

24.85 hours Tidal day, lunidian Lunar day

7.38 days Circaseptan Lunar week

14.76 days Semi-lunar Syzygy (conjunction or opposition in relation to the sun)
29.53 days Lunar, synodic Lunation, lunar month




www.ccsenet.org/jps Journal of Plant Studies \ol. 3, No. 1; 2014

Figure 1. The phases of the Moon (corresponding to the synodic rhythm, with a revolution in 29.53 days)

1) Lunar orbit around the Earth, for an observer looking at the Earth-Moon system from a long way above the
Earth's North Pole; 2) New Moon [NM], observed from the Earth; 3) Waxing crescent [after New Moon, aNM];
4) First quarter [1stQ]; 5) Waxing gibbous [before Full Moon, bFM]; 6) Full Moon [FM]; 7) Waning gibbous
[after Full Moon, aFM]; 8) Last quarter [3rdQ]; 9) Waning crescent [before New Moon, bNM]. The arrows on
the right side represent the solar rays.

3. Germination and Initial Growth in Trees

Some details about the first field of research mentioned in the introduction: A tree nursery situated in the tropics,
in Rwanda, offered interesting conditions for experiments on the germination and initial growth of woody
species according to the moon factor, since temperatures and day-lengths were less variable than in higher
latitudes, and the dry seasons could be compensated by watering. The work occurred over 3 years: a preliminary
trial, a simple main trial with 12 sowings of 4 repetitions of 50 seeds, then a control and complementary trial.
The sowings of the main trial were carried out 2 days before the full moon, alternating with sowings 2 days
before the new moon, as suggested by Kolisko's work mentioned above.

For African Musizi (Maesopsis eminii, Rhamnaceae) found from Liberia to Kenya, the speed and rate of
germination and the mean and maximum values of growth in the first months, vary in a clearly rhythmic manner,
with superior values for sowings just before the full moon (Zircher, 1992).

An independent trial carried out 5 years later in West Africa using the same method on 4 dryland species,
Sclerocarya birrea (Anacardiaceae), Adansonia digitata (Bombacaceae), Afzelia africana (Caesalpiniaceae) and
Detarium microcarpum (Fabaceae), confirms this rhythmic character, but essentially for the development stage 2
months after sowing (Bagnoud, 1995).

It is important in this type of trial to choose the date with great precision, for near the favorable moments
between the first quarter and the full moon, the exact moment of the full moon gives results sometimes lower
than those of 2 days before the new moon for Musizi, which agrees with Milton's observations on the
development of corn coleoptile (Milton, 1974). It is important, however, to avoid oversimplifying this relation
between plant rhythms and lunar cycles. Indeed, certain species can show the opposite behavior and respond
positively to a sowing before the new moon, such as Black wattle (Acacia melanoxylon, Fabaceae) and
Sesban/Egyptian pea (Sesbania sesban, Fabaceae), a behaviour that brings to mind that of the potato observed by
Popp (1933), and later by Spiess (1994). These first positive results concerning forest species demonstrate
nonetheless the importance that lunar chronobiology may have for operating tree nurseries seeking to produce
vigorous trees.

4. Atrial Revisited

In his short review of research on lunar rhythms in the plant world, Beeson (1946) bases his generally sceptical
opinion on the extensive work of Rohmeder (1938), carried out with a visibly very critical prejudice against
“moon superstition”. This work aimed to test the phenomena which had recently been revealed by L. Kolisko.
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Through extremely exhaustive laboratory trials lasting from 1927 to 1935, Kolisko had demonstrated the
variations in growth of plants according to the lunar synodic rhythm. The seeds of vegetable, floral, and cereal
species (lettuce [Lactuca sativa], white cabbage [Brassica oleracea], leek [Allium porrum], tomato
[Lycopersicon esculentum], pea [Pisum sativum], common bean [Phaseolus vulgaris], lovage [Levisticum
officinale], yarrow [Achillea millefolium], lemon balm [Melissa officinalis], monkshood [Aconitum napellus],
corn [Zea mays], wheat [Triticum spp.], oats [Avena sativa], barley [Hordeum vulgare]) sown 2 days before the
full moon showed better germination and stronger growth, formed more numerous inflorescences, and produced
a better harvest than the seeds sown 2 days before the new moon. Some experimental series showed an abrupt
change between the ideal period, about 2 days before the full moon, and the exact day of the full moon, which
reveals a form of phase difference between the visible course of our satellite and its effect on germination.
Kolisko had worked with very homogeneous material and followed for the choice of dates the suggestions of
Rudolf Steiner, founder of the bio-dynamic agriculture method, practiced since with increasing success for more
than 80 years.

Rohmeder’s experiments at the Laboratory of the Forest Seed Testing Station in Munich were carried out
meticulously with a stock of Spruce seeds having a medium germination power and uniform quality, during 1936
(4 months) and 1937 (7 months), consisting of 87 series of 1200 seeds, or a total of 104’400 seeds, whose speed
and rate of germination were determined after 7, 10, 14 and 21 days. For these tests, 4 different laboratory
germination devices were used simultaneously - the 3 best systems being retained for results interpretation
(based on 87 series of 900 seeds, or a total of 78’300 seeds). The retained systems were a) the well-established
“Jacobsen germination device”, working with light, controlled temperature changes (specific to Spruce) and
controlled humidity of the filter-paper sheets bearing the seed, b) the “Rodewald germination device ”, similar to
Jacobsen but using wet sand and c) a dark chamber with a constant temperature of 20 °C. The fourth device, an
incubator with a constant temperature of 25 °C, gave results too irregular to be included. Eight dates per synodic
lunar month were chosen for sowing: 1% quarter, full moon, last quarter, new moon, plus waxing crescent,
waxing gibbous, waning gibbous and waning crescent (see Figure 1). The data were collected in ad-hoc form,
after having checked the anatomy of the non-germinated single seeds. Table 1 and Table 2 show the germination
rates as mean values from 3 series of 100 seeds per device after 21 days, as published by E. Rohmeder (1938).
The variations having occurred each year within a relatively narrow range, the effect of seed ageing during the
long series in 1937 having been stronger than the “moon” effect and the curves representing germination rate
relative to lunar sowing date having presented sometimes divergent paths, all this brought the author, without
any statistical analysis (not commonly used at the time?) to the definitive conclusion that these trials “provide no
argument indicating that the change in lunar phases might influence the germination of Spruce seeds”.

Table 1. Germination results 1936 (July to October), as mean values in %, from 3 germination test devices

Moon phase 1.7.t027.7. 31.7.t025.8. 29.8.1023.9. 26.9.1t023.10. Mean

O 75 71 73 70 72.2
O 72 69 68 74 70.8
O 74 72 70 71 71.7
O 77 75 76 72 75.0
O 73 70 70 70 70.7
. 71 73 71 75 72.5
O 71 72 70 68 70.3
O 74 72 64 73 70.7
Overall average 73.4 717 70.3 71.6 71.7

Table 1 shows the germination data presented in Rohmeder (1938) for the year 1936 (4 months), obtained with 3
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germination devices used simultaneously. Each value represents the mean germination rate out of 900 seeds.
During each month, 8 sowings occurred according to the moon phases (symbols on the left side: o = full moon /
® = new moon).

Table 2. Germination results 1937 (January to August), as mean values in %, from 3 germination test devices

Moon 22.1.to 22.2. 10 23.3. 10 21.4.t0 21.5.t0 18.6. to 19.7.to

Mean
phase 18.2. 19.3. 17.4. 18.5. 15.6. 15.7. 14.8.
O 83 83 81 77 82 79 76 80.1
O 80 80 79 79 77 75 76 78.0
O 77 81 82 82 76 80 77 79.2
O 80 77 77 79 75 81 75 7.7
O 80 83 79 76 74 - 75 77.8
o 81 80 80 80 77 76 77 78.7
‘) 80 82 80 76 73 77 72 77.1
O 73 79 81 79 77 76 74 7.7
Overall
79.9 80.6 79.9 78.5 78.4 7T 75.3 78.3
average

Table 2 shows the germination data presented in Rohmeder (1938) for the year 1937 (7 months), obtained with 3
germination devices used simultaneously. Each value represents the mean germination rate out of 900 seeds.
During each month, 8 sowings occurred according to the moon phases (symbols on the left side: o = full moon /
® = new moon).

If we apply today, 76 years later, a statistical analysis of variance for the cumulative data from the 2 periods of
trials (Table 1 and Table 2), we obtain for the variations in germination rate about its general monthly mean a
range which is indeed narrow, but comprising clearly significant differences. The preliminary steps to this
analysis were to create a new table with the months as lines and the lunar-related sowings as vertical rows,
putting together the values of 1936 and of 1937 (Table 3 A). One missing value due to illness of the laboratory
operator (5™ July 1937, bNM) had to be interpolated by attribution of the current monthly mean value. In order
to normalize the values originating from the two successive series and to neutralize the ageing phenomenon of
the seeds, the variations around each monthly mean value (=100 %) have been calculated (Table 3 B).

In Table 3, the original data are presented in two steps: A) Data from Table 1 and Table 2 in a new distribution,
with months (from 1936 and 1937) in lines and moon phases in columns. Interpolation of a missing value (bNM,
July1937). B) Variations of the values around the current monthly average, expressed in percent (in order to
eliminate the ageing effect). FM: full moon / NM: new moon / 1stQ: first quarter / 3rdQ: third quarter / bFM: 3
days before full moon / aFM: 3 days after full moon / bNM: 3 days before new moon / aNM: 3 days after new
moon. The numbers 2-9 correspond to Figure.1. In place of the missing value of 5™ July 1937, we introduced in
Table 1A the whole number (78) nearest to the average of the current month (77.7).
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Table 3 A. Germination rates (in %) from moon-related successive sowings in 1936 and 1937 (sowings July to
October 1936 + January 1937 to August 1937

> 5 6 7 8 9 2 3 4
Synodic periods  bFM FM aFM  3rdQ DbNM NM aNM 1stQ Mean values
1.7 -27.7.1936 75 72 74 77 73 71 71 74 73.4
31.7-25.8 71 69 72 75 70 73 72 72 717
29.8-23.9 73 68 70 76 70 71 70 64 70.3
26.9-23.10 70 74 71 72 70 75 68 73 71.6
22.1-18.2.37 83 80 77 80 80 81 80 78 79.9
22.2-19.3 83 80 81 77 83 80 82 79 80.6
23.3-174 81 79 82 77 79 80 80 81 79.9
21.4-185 77 79 82 79 76 80 76 79 78.5
21.5-15.6 82 77 76 75 74 77 73 77 76.4
18.6 - 15.7 79 75 80 81 78 76 77 76 7.7
19.7 -14.8 76 76 77 75 75 77 72 74 75.3

Table 3 B. Germination rate for the same periods and Moon phases, relatively to the current monthly average

> 5 6 7 8 9 2 3 4
Synodic periods  bFM FM aFM  3rdQ DbNM NM aNM 1stQ  Mean values

1.7-277.1936 1022 98.1 100.8 1049 995 96.7 96.7 100.8 100
31.7-25.8 99 96.2 1004 1046 97.6 101.8 1004 100.4 100.1
29.8-23.9 103.8 96.7 99.6 1081 99.6 101  99.6 91 99.9
26.9-23.10 97.8 1034 99.2 1006 978 1047 95 102 100
22.1-182.37 1039 1001 964 100.1 100.1 1014 100.1 97.6 100
22.2-19.3 103 99.3 1005 955 103 99.3 101.7 98 100
23.3-174 1014 989 1026 964 98.9 100.1 100.1 101.4 100
21.4-185 98.1 100.6 1045 100.6 96.8 101.9 96.8 100.6 100
21.5-15.6 107.3 100.8 99.5 982 96.9 100.8 955 100.8 100
18.6 - 15.7 101.7 965 103 1042 1004 978 99.1 978 100.1
19.7 -14.8 1009 100.9 1023 99.6 99.6 1023 956 98.3 99.9

Overallmean  101.7 99.2 1008 101.2 99.1 100.7 98.3 99

St. deviation 2.8 2.2 2.2 3.9 1.8 2.2 2.4 31

5. Statistical Analysis

The analysis was performed with the help of the statistical tool “R”, which is a free software environment for
statistical computing and graphics. It compiles and runs on a wide variety of UNIX platforms, Windows and
MacOS. R version 3.0.2 (released on 2013-09-25) was used.

5.1 Boxplot [from the statistical software “Statistica”]

The visual representation of the mean values from the germination tests performed in eight different lunar
synodic phases is given with a general boxplot (Figure 2), featuring the means, their respective standard error
SE, double standard deviation SD, outliers and extremes. The standard error SE is a measure of the precision of
the estimated mean. It implies that, if the sampling were repeated a large number of times, the true value of the
unknown mean would lie with a probability of roughly 68% within the range plus/minus SE. SD represents the
standard deviation; the range plus/minus 2SD comprises, if the distribution is normal, roughly 95% of the
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observed single values. An overview of the exact mean values with their respective standard deviations is given
in Table 4.

Box Plot of %Germ rate grouped by Moon
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Figure 2. Boxplot of the germination rate in %, relatively to the global mean of the current month, differentiated
in eight lunar phases at the day of sowing.

Table 4. Mean germination rates and their standard deviations for the 8 moon positions

bFM FM aFM 3rdQ bNM NM aNM 1stQ
Mean 101.74 99.23 100.80 101.16 99.11 100.71  98.24 98.97
St. dev. 2.81 2.23 2.22 3.88 1.81 2.20 2.36 3.08

The mean germination rates and their standard deviations are given here for the 8 Moon positions at the day of
sowing. The largest difference is observed between bFM and aNM, representing 3.5% .

5.2 Overall Analysis of Variance
Question: Is there an overall Moon effect on % germination rate?

The corresponding statistical output 1 is as follows:

Df Sum Sq Mean Sq F value Pr>F
Moon 7 121.75 17.3927 2.4846 0.02321 *
Residuals 80 560.02 7.0002
Signif. codes  0: “****  0.001: “***  0.01:“** 0.05:‘" 0.1:°’

Answer: There is a significant overall Moon effect (p= 0.02321) on the germination rate. The Moon explains 11%
of the total variation of the germination rate.

This answer leads to the following question:
- Can we explain this overall Moon effect?
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For this purpose, we can explore which contrasts between Moon positions are contributing to the overall Moon
effect. In this sense, we formulate four subquestions, arranged from general to more specific (in relation to Full
Moon and New Moon, the two reference phases appearing in traditional rules):

*  Question a: Is the average germination rate before, at and after the FM different from the average germination
rate before, at and after NM? This question can be tested with the contrast cl
(1/3bFM+1/3FM+1/3aFM-1/3bNM-1/3NM-1/3aNM)

e Question b: Is the average germination rate before and after FM different from the germination rate at FM?
This question can be tested with the contrast ¢2 (1/2bFM+1/2aFM-FM)

*  Question c: Is the average germination rate before and after NM different from the germination rate at NM?
This question can be tested with the contrast ¢3 (1/2bNM+1/2aNM-NM)

*  Questiond: Is the average germination rate before FM different from the average mean before NM? (Contrast
c4: bFM-bNM).

We notice that contrast c4 is not orthogonal to the others. This means that its value depends on the values of the
others. As a consequence, the contrast 4 will have to be entered in the ANOVA separately from contrasts c1 to c3,
for which the effect of each single one is not depending on the others.

5.3 Analysis of Variance for Testing the Contrasts

The statistical analysis has been performed including the calculation of R? (R-squared), which represents the
coefficient of determination. R? is expressed as the ratio of the explained variance (variance of the model's
predictions) to the total variance (sample variance of the dependent variable). In other words, it indicates the
proportion of total variation of outcomes explained by the explanatory variables included in the model. In our
case, we adopted the option “adjusted R-squared”, which takes into account the number of degrees of freedom of
the explanatory variables. For the ANOVA, two presentation options were used. The classical approach with the
F test, but not showing the R-squared values was used for the overall analysis of variance (above). A second one,
showing the R-squared, but operating on the basis of the calculated t-value (instead of the F-value) for the
individual contrasts was chosen. In the case of orthogonal explanatory terms with one degree of freedom the t
test is equivalent to the F test (t* = F).

5.3.1 ANOVA With the Three Orthogonal Contrasts ¢1, c2 and ¢3
The corresponding statistical output 2 is as follows:

Estimate Std. Error t value Pr(>[t))
(Intercept) 99.9943 0.2839 352.276  <2e-16 ***
cl 0.6182 0.3278 1.886 0.0627 .
c2 0.6803 0.3278 2.076 0.0410 *
c3 -0.6788 0.3278 -2.071 0.0414 *

Residual standard error: 2.663 on 84 degrees of freedom.
Multiple R-squared: 0.1264, Adjusted R-squared: 0.0952.
F-statistics: 4.051 on 3 and 84 DF, p-value: 0.009668 **,

5.3.2 ANOVA Including Only Contrast c4
The corresponding statistical output 3 is as follows:

Estimate Std. Error t value Pr(>[t])
(Intercept) 99.9943 0.2917 342.838  <2e-16 ***
c4 1.3136 0.5833 1.886 0.0269 *

Residual standard error: 2.736 on 86 degrees of freedom.
Multiple R-squared: 0.05568, Adjusted R-squared: 0.0447.
F-statistics: 5.071 on 1 and 86 DF, p-value: 0.02687 *.
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5.4 Interpretation

e  Question a (contrast c1): The difference between the average germination rate before, at and after FM
(=100.59) and the average germination rate before, at and after NM (=99.35) shows a trend toward
significance (p = 0.06).

e Question b (contrast c2): The average germination rate of before and after FM (=101.27) is significantly
different from the germination rate at FM (=99.23) (p = 0.04)

e  Question ¢ (contrast ¢3): The average germination rate of before and after NM (=98.67) is significantly
different from the germination at NM (=100.71) with a risk of error of 0.04.

e  Questiond (contrast c4): If contrast ¢4 (bFM =101.74, minus bNM = 99.11) is entered in the ANOVA as the
last one in addition to c1 — c3, it does not improve the model. This means that after having taken into account
the contrasts cl to c3, contrast c4 does not make any additional contribution to the variation of the
germination rate. On the other hand, if we analyse only the contribution of contrast c4, ignoring contrasts c1
to ¢3, its contribution to the variation of the germination rate is also significant (p = 0.03).

Taken together in the first analysis, the orthogonal contrasts c1, c2 and ¢3 have a highly significant explanatory
value (p = 0.009668, or p < 0.01), contributing to explain 9.5 % of the total variation in the germination rate of the
tested Spruce seeds.

The second analysis reveals the effect of ¢4 taken separately: here, the significance is still given, but in a lesser
extent (p = 0.0269). With 4.5 %, its contribution to the global variation in germination rate is about half of the
previous one.

Given that c4 is not orthogonal to the three others, the explanatory contributions must be considered separately;
in this sense we cannot conclude that globally the effect of the Moon position explains 14% of the total variation.
Nevertheless, the data show that 9.5% of the total variation can be explained by three Moon contrasts, the 90.5%
remaining variation being due to other factors, like genetic variability, single seed size, or spatial position of the
tested series in the respective germination device. The devices themselves can be excluded as variability factors,
being used in parallel through the whole trial, the growth conditions being kept as regular as possible.

6. Conclusion

Be it tested with the help of orthogonal contrasts c1 to ¢3, or with the help of contrast c4 alone, which corresponds
directly to Kolisko’s sowing method: both statistical ways demonstrate a significant relevance of the factor “Moon
phases”.

In this sense, the question of the reality of lunar cycles in plant physiology in general, in germination processes
of Spruce in particular, receives here an additional statistically-based answer. Kolisko's results find here a belated
confirmation for a first-order forestry species. The present findings occur in a narrow range, but are similar to
those concerning the germination behavior of Musizi, where an abrupt fall in initial growth for sowings on the
day of the full moon was observed, compared to the sowings of 2 days before.

This statistical analysis of Rohmeder’s data according to a modern standard methodology allows us to reconsider
his negative conclusion and to rehabilitate the value of Lili Kolisko’s work. From the methodological point of
view, it must be stressed that a higher accuracy would have been obtained if the tests had been made over three
years or more, repeating them during the same months.
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