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Germinating seedlings emit light in the visible range spontaneously, and these emissions are related to metabolism and reactive-oxygen species (ROS) processes. Several series of germination tests had such biological auto-luminescence (BAL) recorded in controlled conditions, fostering applications for the non-invasive, real-time evaluation of a seedling’s germinability and vigor when submitted to chemical and/or physical perturbations. However, long-term analysis of the BAL time-series of control samples conducted in different locations around the globe reveals that their BAL signals (and thus their metabolism) appear to follow the local gravimetric tide (g-tide) time profile. This indicates that the small daily and monthly variations in gravity acceleration due to the relative positioning of the Sun and Moon with respect to the Earth’s surface influence these signals. The gravimetric tide is a natural phenomenon that affects all things, fluid or solid, and is an uncontrollable variable in normal laboratory settings on Earth’s crust. All things on Earth have evolved under these pervasive cycles, with periods ranging from ∼12.2 h up to 28 d, which correspond to the Moon cycle. Tide-like cycles occur in living beings of different types, from the simplest bacteria to the most complex human beings, and we speculate that water availability at the molecular level could be a significant physical factor in modulating bio-activity by enabling protein folding and all metabolic pathways that require a synchronized organization to adapt to external environmental conditions. In this study, we summarize published results of a seedling’s BAL with cycle patterns resembling the g-tide in Limeira/BR, Prague/CZ, Leiden/NL, and Hamamatsu/JP and discuss the possible implications of this phenomenon for chronobiological studies.
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1 INTRODUCTION
Spontaneous ultra-weak light emission by organisms, also known as biological auto-luminescence (BAL), ultra-weak photon emission (UPE), ultra-weak chemiluminescence (UWCL), and “biophoton,” among others (Cifra and Pospíšil, 2014), is a regular phenomenon related to the metabolic activity, mostly involving the balance of reactive-oxygen species (ROS) that occurs for all living processes. Several applications of such phenomena have been pointed out in past decades, ranging from biomedical analysis (Poplová et al., 2023) to seedlings’ vigor and germinability (Gallep, 2014). For a review on the subject, including history, theory, and a full range of applications, refer to the recent book edited by Volodyaev et al. (2023); furthermore, refer to the special edition of the Journal of Photochemistry and Photobiology B: Biology, organized by Pospíšil (2014).
In this study, we focus on the BAL data from seedlings during their early development, which were continuously recorded from the moment of imbibition up to few days later, using photomultiplier tubes (PMTs) in the photon-count mode inside dedicated dark chambers. Initially, our research group aimed to develop toxicological applications using such germination tests: it all started with an undergraduate scientific project to use wastewater residue as fertilizer, where the germination outputs were checked using both standard (i.e., seedlings’ size/mass) and photonic parameters obtained from few-day-long BAL time profiles (Gallep and dos Santos, 2007). Leachate and heavy metal salts (chromium and mercury), among other toxic solutions, were tested in the years that followed; a review of the first decade of such toxicological experiments was presented in 2014 (Gallep, 2014), where another phenomenon was also pointed out, which was noted from the start but not mentioned up there yet: the periodic, semi/circadian-like (i.e., ∼12 h and ∼24 h) profiles present in BAL time patterns, occurring in all control groups, and the astonishing coincidence of those patterns with the local gravimetric tide (g-tide) time profile and its periodical components.
As discussed in the next sections—using already published data as evidence—when we started analyzing the collection of results (thousands of hours of photon-count records taken in germination tests and run over several years), we found a kind of “breathing” in the BAL patterns: the occurrence of plateaus and jumps/falls whose timing appears in (semi-) circadian cycles and is apparently in synchrony with the g-tide’s peaks and lows. Such tide-like patterns appear during the days of each test and also over the month-long span when a series of consecutive tests are recorded. “What is it that goes up and down, every day and every month?” we asked ourselves and some close students, with no good clue at first. We found the (obvious in hindsight) answer when we searched the literature: this is the tide, i.e., the local variations in the downward acceleration promoted by gravity due to the relative positioning of the Earth–Sun–Moon as they evolve in the Solar System. It is mostly visible in massive water movements all over the planet, the water tides, but it also affects all matter, solid or fluid, and across (and also a little below) the global surface.
One of the earliest articles to be found was that of Zücher et al. (1998), published in the prestigious magazine Nature, which presented the similarity between daily tree-diameter oscillations due to water uptake and the local gravimetric tide pattern. “It was so obvious,” one might say; “almost all indigenous wisdom says it!,” another could reply, as it is still known in modern Europe (Zücher, 2001). However, nobody had presented it so beautifully and in a modern scientific paper.
This first article led us to other articles of the same research group and to those of further groups, including the extended and comprehensive work of Peter Barlow. His research, also done on trees, related the trunk’s size and electric potentials to the local g-tide, and he also revisited the seminal leaf-movement data from the articles that inaugurated the chronobiology in the 1930s, where he showed that the basic, daily leaf movements can also be related to the local g-tide. For a review of Barlow’s work, refer to Gallep et al. (2018). Barlow helped our group from 2011, when we reached out to him via electronic mail, until early 2017, when he passed away prematurely. We dedicate this present work to him.
Since those days, we have been exploring this idea: could germination (and other basic biological processes) somehow follow the local gravimetric tide? How could the small variations, but extreme coherence in time and with very pervasive action, of the g-tide influence the diverse types of organisms so that they could prepare/react to the environmental conditions? These are open questions we might address speculatively at the end. What we are sure of is that the BAL of seedlings follows the g-tide and that this phenomenon can help in understanding this subject in a broader way and possibly foster the study of more complex organisms in the same sense.
Here, we will summarize the data already published by our group, based in the city of Limeira/BR, as well as those published in collaboration with colleagues of research groups in Prague/CZ, Leiden/NL, and Hamamatsu/JP. These collaborations enabled studies with intercontinental, simultaneous germination tests, with the BAL signal being recorded in similar conditions. To put it simply, seedlings are germinated in controlled conditions inside a dark chamber with a low-noise photon-count sensor continuously recording the faint light emission that occurs throughout the germination process, which can last for days. Afterward, the BAL data were plotted over time and superposed on the calculated local g-tide profile for initial visual inspection. Further data analysis was also conducted, including local cross-correlation factors (Moraes et al., 2012), Fourier-spectral components (Gallep et al., 2013), and coincidence of pattern inflections with the first and second derivatives (Gallep et al., 2014); for details, please refer to the original articles.
2 MATERIALS AND METHODS
For a detailed description and the preliminary data obtained in our home-made setups, refer to Bertogna et al. (2011). As shown in Figure 1, seedlings are germinated in a Petri dish inside a dark chamber and properly positioned in front of/below the active window of a photon-multiplier tube with good sensitivity in the visible range and low dark-count noise levels. Components such as temperature control for the sample holder and external illumination mediated by an optical shutter are also included, all of which are controlled by a laptop/computer.
[image: Figure 1]FIGURE 1 | Basic setup for BAL measurements, from Bertogna et al. (2011).
2.1 Photon-count sensor
The photon-count device is a PMT with sensitivity in the visible spectra and the very near infrared (350 nm–700 nm); in our case, an integrated module included a high-voltage supply and pulse discriminator (Hamamatsu Photonics KK, model H7360-01) with low operational dark-count noise (∼15 s-1) at room temperature. This module provides TTL pulses (transistor–transistor logic electric pulses, time width = 20 ns) that are integrated into the desired time window (up to 10 s) by a dedicated counting board (Hamamatsu Photonics KK, model C8855).
2.2 Germination
Selected seedlings are germinated in a Petri dish with water or the tested solution inside a dark chamber with a controlled temperature. Details used for each series of tests can be found in the related articles; in summary, 20 to 50 small seeds (i.e., wheat and mung beans) are germinated for 3 days in 10 mL of water/solution. Single seedlings, in small dishes (3.5 cm), use just 1–2 mL of liquid. After the germination period (3–7 days), the seedlings are quantified in terms of germinability (%) and vigor (size) or even mass growth.
2.3 Gravity tide prediction
The predictions of the local gravimetric tide for each location and time span were made using executable software programs named “E-Tide” (vertical component only) and “D-Tide” (vertical and horizontal components), which were constructed from the theoretical model established by Longmann (1959). Using the timelines of the Sun–Earth–Moon orbital mechanics, the model predicts past and future temporal variations in the lunisolar gravimetric tide at any location on Earth. Model validation was performed for the vertical component, measured in Bristol in February 2019, as shown in the Supplementary Material of Gallep and Robert (2022), which is available online1.
3 DATA AND DISCUSSION
The first published article, Gallep and dos Santos (2007), as already mentioned, focused on the impact of wastewater residues on the germination capacity of wheat samples. However, the obtained BAL data already showed the circadian (∼24 h) and semi-circadian (∼12 h) periodicities, mostly for the control samples. This is illustrated by the typical time profile shown in Figure 2, which shows the pattern changing approximately at the 12th, 24th, 48th, 60th, and 72nd h.
[image: Figure 2]FIGURE 2 | Typical BAL of a wheat sample (50 seeds) germinating in water for 3.5 days.
Those periodic plateaus and jumps present in the BAL profiles change from day to day and throughout the month as the germination tests were run in sequence for the diverse solutions being tested. This behavior was intriguing for those involved in the experiments. So, to better understand this phenomenon, a consecutive series of control samples were germinated for several weeks in 2007 from mid-February to the end of April, and the BAL data are shown in Figure 3: the first BAL series, “A” and “B,” were recorded over consecutive germination tests. One can note that not only are the (semi-) circadian cycles (∼12 h and ∼24 h) always present, but they also change for each test, and patterns change as the weeks pass: an overall increasing tendency from samples A0 to A3, followed by a decrease (A3 to A5), and a decrease followed by an increase for B0–B2 and B2–B4, respectively. Naive as we were, we initially tried to relate this long-term rhythmicity to the Moon cycle. Later, we would learn that the Moon is the main body exerting modulations over net gravity, causing the tide to oscillate during the days, the months, and all over the year. Approximately 2/3 of the overall g-tide is due to the Moon’s pull, and 1/3 of it is due to the Sun’s. However, we had no good clue about this at first.
[image: Figure 3]FIGURE 3 | BAL data (and local average) of the control samples, which were two series of wheat seedlings starting on (A) 20/02/07 (A0 to A5) and (B) 04/04/07 (B0 to B4), from Gallep et al (2007).
Further data from more than 2,000 h of tests were presented in 2009 in a “biophoton”/BAL-dedicated section of a PIERS conference (Moraes et al., 2009). There, we started testing the idea of a g-tide like behavior; however, as we did not have access at that moment to proper software needed to calculate the g-tide, we used related data such as the Moon phase (and its square, i.e., the representative of the tide amplitude) and the water tide level at a similar latitude in the nearest sea-shore, as presented in Figure 4. Although not yet quantified, one can visually check the time patterns and observe several BAL patterns changing in coincidence with the inflections of the water tide. However, a proper numerical analysis was still lacking. By the end of 2010, we discovered the work of Peter Barlow, and through him, we gained access to the E-tide program (from the Institute of Geodesy and Photogrammetry, ETH-Zurich), which calculates the g-tide pattern for any point on Earth but only the vertical component. With that, we could accurately calculate the g-tide for our laboratory (or any) location and revisit some data to compare the BAL time profiles with the g-tide pattern. All data were further analyzed in terms of periodic components using the fast-Fourier transform (FFT) after proper signal de-trending (removal of linear growth) and in terms of the local correlation factor. We found that the g-tide and the BAL data present similar (semi)circadian cycles, even for long series (∼2 months), with similar tone-beatings and high harmonics (Moraes et al., 2012), although they did not always match. All BAL and g-tide (vertical component) time profiles of the data from 2007 to 2009 can be accessed online2, including the Sun/Moon rise/set times and Moon phase plots.
[image: Figure 4]FIGURE 4 | BAL data (counts/10s) of consecutive germination tests (groups T, A, and B, 50 wheat seeds in water) superposed on the data of germination (% of success for group, Germ. PMT, in green, or the total weight, Germ. PMT, g, in purple) of the local water tide level (blue) and the Moon phase square (tide amplitude) (in dashed-black).
We also revisited some data collected in 2007 in Germany and Brazil simultaneously, using samples that had traveled and were induced to germinate just after their arrival at a laboratory in Neuss, near Dusseldorf, Germany. The traveled samples experienced something similar to a “jet lag,” with BAL time patterns showing mixed, intermediate periodic components when compared to the “local” patterns, which only showed the (semi-)circadian components. Both “local” BR and DE samples were in tune with their local g-tide (Gallep et al., 2013). It was as if the traveled samples were presenting both rhythms: the original, from Brazil, and the new rhythm in Germany. We still have no clue as to how and why this occurred.
Trying to confirm that BAL would be synchronized with the local g-tide, a multi-continental experiment was prepared and conducted in collaboration with groups in Prague/CZ (Institute of Photonics and Electronics—UFE) and Hamamatsu/JP (Hamamatsu Photonics KK Research Head Quarter); wheat samples were germinated at each location under similar conditions, and their BAL signals were recorded and further related to the local g-tide (Gallep et al., 2014). A Supplementary Figure from that paper is shown in Figure 5 and all data can be found online3. Figure 5 shows what was found previously: the BAL of the wheat seedlings exhibited patterns that appear to be in synchrony with the local g-tide’s peaks and lows. The wheat samples were also transported back from Japan to Brazil and germinated just afterward, simultaneously with non-transported samples, but no “jet lag” was observed in the BAL data at that time. We then realized that Japan is almost 180° apart from Brazil on the globe, and this specific disposition leads to a similar g-tide pattern in both places, which may have masked a possible “jet lag” effect in this case.
[image: Figure 5]FIGURE 5 | BAL data (counts/10s) of wheat seedlings: Brazilian samples in Limeira/BR (A, series, top), samples transported to Hamamatsu/Japan (B, middle) and back to Brazil (D1, top on A5), and Czech samples in Prague (C, bottom), plotted against the local g-tide (dg). Vertical marks (dash lines) indicate singular PC points (i.e., pattern turning points). From the supplementary figure of Gallep et al. (2014).
To check this possible jet-lag-like effect on seedlings, another series of intercontinental experiments were performed in cooperation with the Center for Photonics of Living Systems at Leiden University, Netherlands, in 2014 (Gallep et al., 2017); wheat samples were brought to Leiden from Brazil and germinated there in parallel with local samples, with BAL being recorded for both in six consecutive tests that were carried out for 24 days. Later, Dutch samples were transported to our laboratory in Limeira, Brazil, and germinated there in parallel with local samples, with BAL being recorded again in eight consecutive tests that were carried out for 30 days. No significant difference was found between the BAL of the transported and local samples for both series of tests, with the samples’ BAL showing astonishing synchronism with the local g-tide. The same article also presented some BAL data from different samples, such as corn and sunflower, whose germination lasts up to 7 days; although quite different in terms of their long-term time profiles, i.e., growth development, several samples presented similar local changes in their BAL pattern when abruptly altering their time derivatives, which occurred mostly in synchrony with the g-tide singular points (local minima or maxima), as marked by arrows in Figure 6 showing the data of corn and wheat and corn and sunflower germinating in parallel. Note that these tests show all BAL pattern changes/inversions occurring alongside g-tide inversions. Similar BAL patterns are evident around many of those inversions, such at the time of 21 d (day), 23 d to 25 d, 26 d to 28 d, 29 d to 31 d, and 33.5 d to 36 d (Figure 6).
[image: Figure 6]FIGURE 6 | BAL data (detrended photon-counts, d-PC) of concurrent germination tests of wheat, corn, and sunflower plotted over the local g-tide (vertical); singular time points (i.e., pattern turning points) of each pattern indicated by arrows; from Gallep et al. (2017).
All the above examples of BAL were from tests using a sample of seedlings for each run—few tens of grains each—to ensure a good signal-to-noise ratio (>2) and have a stable local average for the photon-count data that could be further smoothed and detrended when needed/desired. Since not all seedlings in a sample evolve together at the same pace, the BAL data recorded are related to a collective sum of the photon emissions of each sample and discounted the possible light absorption by the neighboring organic mass that moved as the whole sample increased. So, sometimes, even the data of simultaneous tests—using samples of the same seed stock—were hard to compare quantitatively. To avoid such impairments related to sample movement/absorption and enable the verification of the individual circadian profile, the BAL recording of individual seedlings was necessary. The first record of a single seedling’s BAL (sunflower) was presented in 2014 (Gallep, 2014), and the data were revisited in another article (Gallep and Robert, 2022), where by superposing and averaging 24 h-time windows for both the BAL and the g-tide patterns, it was demonstrated that the single seedling’s BAL presents time profiles similar to—and in synchronism with—those of the local g-tide. New data on the germination of single seedlings (for wheat, mung bean, and corn) were initially presented solely in relation to their germination vigor (seedlings’ size), with no analysis of time patterns (Gallep and Robert, 2020). Later, the aforementioned approach of 24-h window averaging was employed again to demonstrate the observed similarity in the BAL and the gravimetric tide patterns (Gallep, 2023); the selected profile of BAL recorded in consecutive wheat tests and their corresponding g-tide are shown in Figure 7.
[image: Figure 7]FIGURE 7 | Superposed g-tide profiles (vertical component δg_V, μGal) and detrended BAL profiles (d_UPE, a.u.), for single-seedling germination tests of wheat; respectively, the dark-blue (top) and the black lines (bottom) comprehend the individual data of consecutive samples, and the continuous light-blue and orange lines are the average values in that 24-h span. From Gallep (2023).
Figure 7 shows that not only does each individual test using single seedlings present BAL data with time profiles similar to those of the local g-tide but also that consecutive tests, when averaged, present even more pronounced similarities. The phase of both oscillatory patterns evolves together. This would not be a surprise if we consider that the g-tide is a regular, all-pervasive oscillation of a basic natural force that has existed in our environment for eons. We speculate that if the water availability were somehow modulated by the g-tide in the microrange on a molecular scale, it could be sufficient to produce such tide-like patterns observed in plant growth and development and in many other organisms since all proteins depend on the water surrounding them. For a mini-review on the possible relations between the gravimetric tide and the behavior of various organisms, refer to Gallep and Robert (2022), which revisits data on animal behavior, including the swimming activity of isopods and the larvae released in a coral reef, both in controlled, water-tide-free conditions.
We must stress that the energy involved in the g-tide process is substantial; it provides the Earth with approximately 10^20 J per year, comparable to the energy generated by tectonic deformations, volcanic eruptions, or isotopic decay (Adushkin et al., 2017). So, ignoring such tremendous power acting on matter would be naive; instead, we should investigate how it influences the diverse phenomena on Earth, living or non-living.
The base of life, i.e., water, despite its simple chemical makeup, is a complex and intricately structured substance that exhibits peculiar behavior, particularly when interacting with interfaces. This complexity is further accentuated when water is in contact with organic compounds, giving rise to what is commonly referred to as “biological” or “structured water” (Chaplin, 2000). Even fundamental physical properties of matter can fluctuate with the gravitational tide, including water electrical conductivity (Ageev et al., 2018) and isotope radioactive decay rates (Sturrock et al., 2014); so, continuing with our speculation, if water properties at the molecular level could somehow be affected by the g-tide, this would show the possibility of biological processes being modulated by the g-tide.
Water clustering is of paramount importance to understand water behavior in complex media due to the unusual properties of such water conjugates and their impact on solution chemistry (Gadre et al., 2014). Different from its solid form (ice), where each water molecule forms strong hydrogen bonds (SHBs) with four neighbors, in the liquid form of water, the number of SHBs is reduced to two, but those can be interconnected into chains of up to 150 water molecules, acting like a branched polymer that changes dynamically, with great impact on viscosity, diffusion, and solvation of molecules, ions, membranes, and proteins (Naserifar and Goddard, 2019). In this regard, the self-assembly processes of nucleic acids are strongly dependent on the interactions between the base pairs, with the important influence of long-range ordered water that interacts between them by forming special helical networks (Luo et al., 2020).
Researchers are also beginning to delve into the peculiar characteristics of water when it interacts with both living organisms and mineral substances. Interfacial water plays a crucial role in various chemical reactions, colloidal properties, molecular recognition, and protein folding processes (Hayashi, 2021; Tanaka et al., 2021). Interfacial water forms a protective barrier around compounds, regulating protein adsorption and cell adhesion processes (Tanaka et al., 2021). Hydration shells play a crucial role in mediating interactions between compounds, influencing chemical processes such as ion adsorption at the solution–solid interface (Jiang et al., 2021). Within biomembranes, the intricate interplay between water and hydrophilic compounds significantly influences the local chemical activity, with dehydration exerting a notable effect on lipid mobility (Chattopadhyay et al., 2021).
We speculate that if water structuring and the formation of hydration shells over organic compounds were somehow modulated by the all-pervasive g-tide, this oscillation in the fundamental geophysical force would be enough to work as a Zeitgeber, an external natural trigger, for the chronobiological processes found in the lives of bacteria, plants, and animals up to human beings by acting over the effectiveness of biological processes at the molecular level. We do not forget the genetic mechanisms that perform rhythmical cycles, but it is clear now that they do not work properly without a good Zeitgeber. So, the so-called “free-run” experiments—those run under constant, controlled conditions—are still under a cyclic, g-tide influence that would be enough to act as an external synchronizing factor.
A deeper and broader understanding of such phenomena could, besides the obvious impact on basic biology, chronobiology, and further agricultural applications, also help bridge the gap between the current academic scientific knowledge and the wisdom of indigenous people with their native knowledge from all over the world. These groups seriously consider cosmic influences as integral to the Earthly realms, including all living processes. Understanding the Sun and Moon’s influence on agriculture, animal breeding and mood, and human behavior could enhance our ability to use this knowledge for the common good, and native knowledge could be better appreciated and even integrated into mainstream science.
4 CONCLUSION
After a brief presentation of the published results of our group, with data used to compare the time profiles of BAL from seedlings and those of the local gravimetric tide, we suggest, as has already been proposed (Brown, 1983; Zürcher et al., 1998; Barlow, 2015; Gallep and Robert, 2022), that the g-tide somehow interacts with organisms and can be a driver for biological cycles. In addition, we speculate, maybe naively, that these interactions could be mediated by water clustering/shell formation in organic processes.
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