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ABSTRACT

Simple observations of plants growing on earth indicate that plants are operated by heretofore
unknown waves that interact strongly with gravity. Indications of these waves and their
interactions with earth's gravity include discrete frequencies derived from internodal spacings,
discrete preferred angles of growth for branches, ratios of averages of reciprocals of horizontal
and vertical internodal spacings that are ratios of small integers, and linear relationships between
angles of growth and means of reciprocals of cell lengths. It is proposed that the lengths of cells
grown in a microgravity environment be studied to see if the mean frequencies derived from
cell lengths are uniform in every direction and match frequencies derived from cells grown
horizontally on earth. If this is the case, then apparently no orientation dependence exists. Thus
all directions would be completely equivalent to a plant growing in a microgravity environment.
The cell parameters obtained would then indicate that centripetal force and gravity are
equivalent for plants grown in a microgravity environment. Also one could find out if a plant's
ability to function in space is improved if the plant being tested has a minimum sensitivity to
gravity on earth.

INTRODUCTION

In 1988 I discovered low velocity longitudinal waves in plants and subsequently studied their
basic characteristics (Wagner, 1988-1999). These waves are called W-waves because they
were first found by probing freshly cut live wood. The initial velocity found for these waves
was found to be close to 1 m/s (Wagner, 1989,1990). These waves don't appear to be explicitly
electromagnetic but in live materials they shift charge because charge is free to move. These
waves usually appear as standing waves so that with multiple probes or probing one can often
find evidence for a standing waves in plant materials with charge located in periodically spaced
piles. Standing waves appear to be responsible for the placement of structures such as branches
or leaves (Wagner, 1990 and subsequent papers). The standing waves also appear to have an
important influence on determining the size and shape of cells and shorter wavelengths are
hypothesized to be important in determining cell structure (Wagner 1999). The author is of the
opinion that W-waves are really an extension of quantum waves to the macroscopic with a
continuous connection to the microscopic. The waves are also found outside of plants traveling
with much larger velocities (v). W-waves appear to have many unique frequencies (f). These
frequencies can be measured electronically, by beating with weak electromagnetic signals
(Wagner 1989, 1990) and directly with a low frequency spectrum analyzer. One can also
measure plant internodal spacings (s) and use these measurements to calculate the same
characteristic plant frequencies using a previously measured wave velocity (Wagner, 1990,
1996). A frequency for a particular spacing is given by f=v/2ssince we assume an internodal
spacing is determined by a half wavelength of a standing wave. Characteristic plant frequencies
repeat from plant to plant.
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PLANT GROWTH AT VARIOUS ANGLES TO THE GRAVITATIONAL

For several years I observed that often certain portions of branches of plants seemed to grow
straight for considerable distances. In one case I found a red alder branch that grew away from
the trunk for almost three meters with every portion of the branch including secondary
branches almost perfectly level. In 1997 I published a paper describing the results of several
hundred measurements of angles that these straight portions of branches made with the
horizontal (Wagner, 1997). I found that branches seem to preferentially grow at approximately
integral multiples of five degrees with the horizontal. The following graph is the result of
combining all the angle data from the article plus a few more (948 total angles). The data were
taken with a smart level in late June and early July (1996) when the branches were fully loaded
with leaves and apparently equilibrium had been attained. Instead of drooping, forces seem to
keep the branches growing straight for considerable distances. In the given cases the straight
growth was for at least one half meter. 82 % of the angles of the straight portions were found
to have grown within one degree of integral multiples of five degrees as the following graph
demonstrates.
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FIGURE3. A distribution of 948 angles of straight growth measured with respect to the horizontal from several species of trees.
The distribution indicates that the angles of growth appear to be predominantly near integral multiples of near 5 degrees. The
data were taken fromred alder (4/nus rubra), big leaf maple (Acer macrophylla), Douglas fir (Pseudotsuga menziesii), golden
weeping willow (Salix sp.), hazelnut (Corylus sp.), ponderosa pine (Pinus ponderosa), and an unidentified tree species. (From O.

E. Wagner,Physiol. Chem. Phys. & Med. NMR 29, 63-69 (1997). Used by permission)

The kind of behavior observed suggests strongly that the waves involved are interacting with
gravity in a quantum like manner. The author was aware that he could bias the measurements
so he went out of his way to be sure the data were correct by checking with a digital "smart
level" that could be read to better than one half of a degree. Care was also taken to assure that
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Species
Big Leaf Maple

Golden Weeping Willow

False Indigo

Delicious apple

Weeping Birch

Golden chinkapin

Ponderosa Pine

Hind's willow

Red alder
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Number of spacings

HORIZ.=205
VERT.=122
HORIZ.=760
VERT.=685
HORIZ.=361
VERT.=376
HORIZ.=618
VERT.=636
HORIZ.=380
VERT.=553
HORIZ.=657
VERT.=373
HORIZ.=429
VERT.=164
HORIZ.=429
VERT.=164
HORIZ.=472
VERT.=794

Reciprocal ratio (H/V)

7.10/4.81=1.48

27.99/19.83=1.66

39.34/29.54=1.33

29.99/21.68=1.33

28.35/22.71=1.25

45.76/29.32=1.56

3.25/1.09=2.98

57.68/39.01=1.48

15.93/9.38=1.70

Possible velocity Ratios
32

5/3

4/3

4/3

5/4

32

3/1

32
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After measuring many internodal spacings, cell lengths from xylem tissue growing at specific
angles to the horizontal were measured. Easy cells to measure are wood cells (tracheids, true
fibers, and vessel elements) from the xylem of trees. Unlike internodal spacings many samples
of cell lengths growing at different angles to the gravitational field are easy to find and analyze
using a ordinary optical microscope after simple chemical separation of the xylem cells. I
measured thousands of cell lengths (s) grown at different angles to the gravitational field
(actually with respect to the horizontal which is the complementary angle). I again converted
these reciprocals to frequency (f) using 96 cm/s (v) and then took averages of these frequencies
(at least 300 for each vertical or horizontal case) . Table 2 shows the results from surface
xylem cells of five different species together with the angles of growth with reference to the
horizontal for the specific samplings:

TABLE 2. Mean Frequencies Versus Angle

Species 0° 5° 45° 65° 75° 80° 85° 90°
Oregon ash (Fraxinus latifola) 1110 820 551 431
Pacific madrone (Arbutus menziesii) 1317 1007 877 775

Black cottonwood (Populus trichocarpa) 936 876 829
California black oak (Quercus kellogii) 642 493 420

Incense cedar (Libocedrus deccurens) 503 358 195

Table 2 gives mean frequencies (f=v/2s) derived from cell lengths (from xylem cells) growing at the given angles to the horizontal.
One can plot almost a straight line for each species for angle versus mean value. Again the frequency apparently is shifted
toward lower values (and/or the velocity is changed accordingly) as the angle approaches 0 degrees with the gravitational field.
A linear relationship with angle seems to be found here although it could be that the relationship is linear with the sine of the
angle in some cases. It would seemreasonable that the mean of the reciprocals should change linearly with the sine of the angle.
The quantum nature of the observed angles (Wagner, 1997) may change the relationship, however to linear with angle rather than
with sine of the angle as I would have predicted. The taking of reciprocals seems to be necessary to obtain the linear
relationships implying that waves are involved. (From O. E. Wagner, "A Plants Response to Gravity as a Wave

Phenomenon", The J. of Grav. Physiol. 6(1) (1999). In Press. Used by permission)

It was also observed but not published that for increasing magnitudes of angle less than zero
degrees the frequencies again decrease. For angles between zero and ninety degrees, for the
given trees, one can approximately describe the decrease in frequency with the equation f=f0 -
ke where f is the frequency, f0 is the frequency at zero degrees, k is the slope of the line given
by the difference, the frequency at zero degrees minus the frequency at ninety degrees, divided
by 90 degrees, for example.The given equation doesn't take into account quantization of angles.
If precise quantization is the case then one can replace the ewith 5n with n=0,1,2,3....18. The
given k could be called the gravitational sensitivity of the plant. I will, however, define the
gravitational sensitivity as simply R=H/V where H is the mean of sample internodal spacing or
sample cell length reciprocals and V is similarly the mean of vertical internodal spacing or cell
length reciprocals. Note that ratios from spacings and ratios from cells may be somewhat
different in the same plant. The possibility that velocities are a large function of frequency
could have an influence here and in the finding of apparent multiple velocities (Wagner, 1996).
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CELL GROWTH AT DIFFERENT ANGLES TO THE VERTICAL IN THE
MICROGRAVITY FIELD

In the microgravity in a spacecraft the gravitational field is essentially canceled because of the
centripetal field. This suggests that the only permitted frequencies for growth in microgravity
are the ones that pertain to horizontal growth on earth. Also the angular quantization would be
expected to be missing. The result is that the plant is constrained to grow uniformly in every
direction as far as the gravity and centripetal fields are concerned if the principle of equivalence
applies here. It is interesting to observe that the centripetal field and the gravity field, so far,
have been considered equivalent to plants for W-waves. This is true with the principle of
equivalence but to me this puts the idea of gravity being a curvature of space phenomenon as
Einstein assumed in doubt because curvature of space does not seem to explain inertia or
momentum. The study of a plants response to gravity may open up new ways of looking at
gravity. For example perhaps gravity is a very short wavelength wave phenomenon.

Almost everyone has assumed that plants react to centripetal force and gravity in the same
manner (Salisbury 1999). This may not be exactly true so perhaps measurements from plants
grown in a microgravity environment would clear up the matter. As an initial experiment we
would like to determine if any cell shape anisotropy as a function of orientation can be detected
at all in a microgravity environment. One would have to use the proper lighting to prevent
growth anisotropy due to lighting. If uniform lighting can be achieved then one can check if any
possible difference in effect can be found between centripetal forces and ordinary gravitational
forces on earth. One needs to be sure that all the plant interactions that pertain to gravity are
known. This may require more measurements. The process requires taking measurements
similar to the above for wood and other cells grown in the microgravity field. There likely
would not be a large enough sampling of internodal spacings to measure on plants grown in a
microgravity environment. Plant cells, however, with their many different orientations should
be available in abundance for measurement as long as the particular plant chosen will grow in
the microgravity environment. One should probably choose woody plants that are proven to be
sensitive to gravity from a large earthly horizontal reciprocal to vertical reciprocal ratio (R). It is
my hypothesis that plants with a small R would be more likely to grow well in a microgravity
environment, however. This is a hypothesis that could be tested simultaneously in the
experiment. In some plants (such as black cottonwood in table 2) the ratio between horizontal
reciprocal and vertical reciprocal averages was found to be close to one. All plants so far
measured on earth always show at least a small ratio which is greater than one. The results
would be related to the principle of equivalence, gravitational theory, and plant-gravity
interactions.

CONCLUSIONS AND OBSERVATIONS

The wave approach to a plant's interaction with gravity appears to answer many of the
questions about how plants are influenced by the gravity and microgravity fields. With the
additional knowledge about how a plant grows and responds to gravity we may be able to alter
the environment to produce different types of desired growth. Perhaps one can generate the

data:text/html;charset=utf-8,%3C p%20align%3D %22center %22%20style%3D %22color % 3A%20rg b(255%2C %20255%2C %20255) % 3B%20font-family%3...  7/8



09.11.2015 A Plant's Response to Microgravity as a Wave Phenomenon

proper fields to produce an environment that will allow plants to grow as if they were on earth
while in a microgravity environment. If the wave theory applies to plants it likely applies in
subtle ways to other life. Likely cell growth of all kinds is influenced, to at least some extent,
everywhere, by the direction and magnitude of the gravitational field. The subtle influences are
likely important to man's survival at any location in space.
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