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Abstract 
Although the influence of lunar phase on plant growth and development has been disregarded by most researchers, 
there is still little data in the literature regarding the influence of lunar phase within a controlled environment. 
Objective evaluates the influence of lunar phase on the germination of creole corn and on seedling development in 
a controlled environment. The experimental design was completely randomized with the following treatments: 
four lunar phases (full, waxing, waning and new), with four replications totaling 50 seeds per treatment. The 
treatments started on the first day of the waxing phase and extended to the full phase within the same month, 
respecting the germination period (nine days) and the length of each moon phase (roughly seven days). The 
following parameters were evaluated: germination rate, seedling length, fresh and dry weight of shoots and roots. 
Seedlings germinated during the waning lunar phase were longer and had greater fresh root weight and greater 
fresh and dry shoot weights than did seedlings germinated during the other phases. However, some limiting factors 
(long term experiments and in different places in the world) must be considered in future research to determine 
whether moon phase affects germination. Thus, longer-term, controlled, and modeled studies are needed to 
analyze external factors, which may influence the germination of cultivar seeds. 
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1. Introduction 
Corn (Zea mays L.) is considered the most significant crop in the world. In recent decades, corn has surpassed 
wheat and rice, with annual yields greater than one billion tons, and widely diverse applications (Contini, 2019).  

Varieties of creole corn are an important resource for breeding (Paterniani et al., 2000). Despite being less 
productive than commercial cultivars, the creole corn is still widely grown by small farmers because it allows them 
to reduce costs by producing their own seeds (Meneguetti et al., 2002). In past civilizations, the first calendars 
were based on lunar phases. These ancient peoples reported several terrestrial phenomena influenced by the moon, 
such as the growth of plants and human hair. Many of these phenomena have no proven scientific basis (Silveira, 
2003; Vasquez et al., 2018). However, different intensities of gravitational forces exerted by the earth and moon do 
cause tides in maritime waters (Bueno & Motta, 2005).  

According to the fundamentals of biodynamic agriculture, agricultural practices are influenced by the rhythm of 
the moon, the movements of planets and cosmic forces (Steiner, 2014). According to Rivera (2005) there are times 
when the moon has a high power of attraction on all liquids on the earth’s surface, but at different amplitudes that 
depend on the physical state, plasticity, and nature of these substances. Due to attraction, the phases of the moon 
determine the movement of sap within plants.  

In general, the effect of lunar influence on plants has been largely disregarded by the scientific community. 
However, some farmers still use the lunar calendar to determine the timing of field activities (Guia Rural, 1986). 
For example, Tupis-Guarani indigenous communities in Brazil associate lunar activities with the climate, fauna 
and flora and follow lunar phases for hunting, planting, and logging (Afonso, 2006). Some studies have attributed 
aspects of plant development to lunar phases (Menin et al., 2014; Santos et al., 2013; Souza et al., 2003). 
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Nevertheless, there is little scientific data related to the influence of lunar phases within a controlled environment. 
An extensive literature review has already been performed regarding interactions between biological rhythms and 
lunar phases. This review found that the relation between Moon and Sun phases (synodic rhythm) plays an 
important role in the establishment of biological rhythms (metabolism, sexuality and behavior) (Endres & Schad, 
1997). Conversely, little is known about the Moon’s effects on plants (Goldstein & Barber, 2000). 

Therefore, the aim of this study was to evaluate the influence of lunar phase on seed germination and seedling 
development of creole corn within a controlled environment.  

2. Method 
2.1 Field Experiment 

The experiment was carried out at the seed analysis laboratory of the Instituto Federal Goiano, Campus Urutaí, in 
Urutai, GO, Brazil in September 2018. We used manually processed creole corn seeds or variety from the 2018 
harvest in the municipality of Urutaí, Goias, Brazil.  

A completely randomized design was used with the following treatments: four lunar phases (full, waxing, waning 
and new), with four replications of 50 seeds per treatment. 

The treatments started on the first day of the waxing phase and extended to the full phase within the same month (1 
to 30 September, 2018), respecting the germination period (nine days) and the length of each moon phase (roughly 
seven days).  

The seeds used in the tests were from lots that had been previously homogenized (manually) according to the 
criteria established by the Brazilian manual on rules for seed analysis (Regras para Análise de Sementes (RAS) 
(Brasil, 2009). During the experiment, the seeds corresponding to the subsequent lunar phases were stored in kraft 
paper bags, at room temperature. 

2.2 Variables Analyzed  

The following parameters were evaluated: germination rate, seedling length, and fresh and dry seedling weights.  
Germination Test: The test was conducted according to the criteria established by RAS (Brasil, 2009), with 200 
seeds per treatment, distributed in four repetitions of fifty units. Two sheets of germination paper (in rolls) (Filter 
paper) were used as a substrate. These were moistened in a solution of 0.1% Calcium Nitrate at 2.5 times the 
weight of the dry paper (Distilled water with twice the weight of paper was used). The test took place in a 
germination chamber at a constant 25 ºC (constant relative humidity at 25º). The first germination count was 
performed at five days and the final count at nine days (RAS rules). 

Seedling Length: Two hundred seeds per treatment, divided in four repetitions of 50 seeds, were also used in this 
test. The seeds were arranged in a horizontal line in the upper third of two sheets of germination paper (Filter 
paper). Moisture, germination time and temperature were the same as those used in the germination test (RAS rules, 
constant relative humidity at 25º). A graduated ruler was used to measure the roots and shoots of normal seedlings 
at nine days after the start of each lunar phase (waxing, full, waning, and new). Mean shoot and root lengths (cm) 
were calculated from these parameters. 

Fresh and Dry Seedling Weights: Weights were determined from normal seedling in the seedling length test. The 
50 seedlings from each repetition were placed in a labeled paper bag and weighed (roots and shoots were placed in 
separate bags), excluding bag weight (tare). The fresh shoot weight (FSW), fresh root weight (FRW), and (average 
of 50 seedlings) were expressed in grams (g). The same bags (and their contents) were dried in a forced air oven for 
48 hours at 60 ºC and weighed on a precision scale. The results were expressed in grams for the means of the dry 
shoot weights (DSW) and dry root weights (DRW) of each repetition. 

2.3 Data Analysis 

The results were evaluated by multivariate analysis of variance (MANOVA), using R software (R Core Team, 
2019), and canonical discriminant analysis, using CANDISC software (Friendly & Fox, 2017). The treatment 
values were compared statistically using ellipses (95% confidence) in biplots.  

2.4 Lunar Cycle 

Gravitational force exerted by the earth, moon and sun on a particle (p) located on the earth’s surface.  

To provide a better understanding of the moon’s phases and the approximations used in the model, an illustration of 
the moon’s orbit around the earth follows. Figure 1 illustrates the sun’s rays and their effects on the appearance of 
the moon as it orbits around the earth. Here the moon orbits in a clockwise motion as it would appear from an 
observer in space above the South Pole. An observer above the North Pole would obviously see the orbit as 
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counter-clockwise (lecture). Only the positions of the new (gray circle, between the earth and the sun) and full 
moon (white circumference, to the left of the Earth) were considered.  

 

 
Figure 1. Illustration of the successive phases of the moon. The orbit of the moon is represented in a clockwise 

direction, as it would appear from space and above the earth’s South Pole 

Source: Varella and Oliveira (2009). 

 

A particle was selected (for example, an element with mass mp from a seedling) (Figure 2). In the present model, 
the earth was assumed to be spherical with a uniformly distributed mass MT and radius RT. Rotational effects were 
disregarded in order to treat the planet as an inertial reference. This approximation was made since the 
contributions of inertia in the following calculations would be approximately the same during the new and full 
phases of the moon.  

 

Sun

Sun
new Moon

(1) Earth-Moon-Sun system during the new Moon: force diagram

(2)  Earth-Moon-Sun system during the full moon: force diagram

full Moon

 
Figure 2. Illustration (not proportional) of the earth moon sun system during the new and full moon phases, 
respectively: representations of the forces that the earth, the moon and the sun exert on a particle (p) located 

on the earth’s surface 

Source: Created by the authors from a lecture by Fernandes-Sobrinho (2016). 
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Therefore, given the universal gravitational constant G, the force that the earth exerts on a particle, according to 
Newton’s Law of Gravitation, would be (Feynman, 2008; Tipler & Mosca, 2009):  

                                    (1) 

Similarly, for the moon, of mass ML, where, “r” is the distance between the centers of gravity of the earth and the 
moon, the intensity of the force that the moon exerts on the particle would be:  

                                (2) 

Given that r >> RT, the following approximation was used:  

                                   (3) 

For the sun, of mass MS, where, “d” is the distance between the centers of gravity of the earth and the Sun, the force 
that the sun exerts on a particle would be:  

                                   (4) 

Since d >> RT, the following approximation was used:  

                                    (5) 

Although the moon’s orbital plane around the earth is different from the earth’s orbital plane around the Sun (Buick 
& Pugh, 2011), the model and illustrations in this paper consider a situation in which the three bodies (earth, moon 
and Sun) are aligned.  

Given these considerations, the forces that the earth, moon and Sun exert on a particle of mass “m”, located on the 
earth’s surface and, for the sake of simplicity, to the right of the reader in Figure 2, were assigned. In Figure 2, the 
force resulting from the contributions of the gravitational interactions of the earth, moon and Sun on particle (p) 
was determined at the new and full lunar phases.  

2.5 New Moon 

During the new moon, the vectors    and    point in the same direction. The resulting gravitational force on a 
particle is expressed, vectorially, as:       ,  which in turn can be expressed algebraically as: 
                (Fernandes-Sobrinho, 2008). 
2.6 Full Moon 

During the full Moon, the    and    vectors point in the same direction. Therefore, the resulting gravitational 
force on a particle is expressed, vectorially, as:               , which in turn can be expressed algebraically as: 
                (Fernandes-Sobrinho, 2008). 

As mentioned, the rotation of the planet can be ignored since the contribution of this force would be practically the 
same in each moon phase. The calculations were made by substituting RT, r, d, G and masses MT, MS, ML and mp = 
1 g, which resulted in:            . 

This means that that the gravitational force on particle (p) is significantly greater (approximately 0.00069427%) 
during the full moon than during the new moon.  

Given that the moon takes approximately 27.3 days to orbit the earth (Saraiva et al., 2007), and that each phase 
lasts roughly seven days, each mass element on the earth’s surface is affected for approximately 15 days (from 
waxing crescent to waning gibous) (Figure 1) by interactions with the earth, moon and sun, which is substantially 
smaller and directed into the earth, since it passes through the new moon phase (assuming the clockwise direction 
shown in Figure 1).  

Therefore, if germination takes place during the waning phase, the contribution resulting from these gravitational 
interactions may facilitate development and possibly germination, since the seed and seedling are somewhat less 
attracted into the earth.  

Conversely, if germination took place in the waxing phase, the effect would be the opposite. In this case, the 
contribution resulting from gravitational interactions would hinder development or even germination, since the 
seed and seedling would be somewhat more attracted by the planet. 

 

2

T p
T

T

GM m
F

R


2( )
L p

L
T

GM m
F

r R




2

L p
L

GM m
F

r


2( )
S p

S
T

GM m
F

d R




2

S p
S

GM m
F

d


LF


SF


NR T LF F F F  
   

( )
NR T L SF F F F  

LF


TF


NR T LF F F F  
   

( )
CR T L SF F F F  

1,0000069427C

N

R

R

F

F




jas.ccsenet.org Journal of Agricultural Science Vol. 13, No. 3; 2021 

65 

3. Results and Discussion 
Significant differences were found among the treatments. Together, the first two canonical variables explained 
86% of the difference among treatments (Figure 3).  

 

 

Figure 3. Parameters evaluated in the form of a biplot, according to lunar phase 

Note. SL = shoot length; RL = root length; FSW = fresh shoot weight; FRW = fresh root weight; DSW = dry shoot 
weight and DRW = dry root weight. 

Source: Produced by authors from research data. 

Although, germination was not observably affected, the waning lunar phase was associated with increases in 
growth (FSW, FRW, DSW and SL).  

Rivera (2005) reports that in the waning moon, sap tends to descend and concentrate in stems and branches, which 
would explain the increase in fresh and dry shoot weights and root lengths in creole corn seedling. A field study of 
the influence of lunar phases on coriander growth Santos et al. (2013) found greater weight accumulation during 
the new moon, which agrees with the results from the present study. Conversely, Rivera (2005) found that sap flow 
concentrated in the roots during the new moon Rivera (2005).  

Souza et al. (2003) evaluated carrot production during two lunar cycles and found that shoot and root growth were 
greater during the waning moon but explained that their results may have been affected by other factors such as 
temperature.  

Research interest regarding the influence of the moon on agriculture has been increasing since the 1970s when 
organic agriculture began to strengthen in several European countries. Two strategies have arisen from these 
studies based on lunar calendars: (1) everything that is produced underground such as roots, tubers, rhizomes and 
edible bulbs, should be planted between the waning gibbous and new moon, and (2) everything that is produced 
above ground, such as leaves, edible flowers and fruit, should be planted between the waxing crescent and the new 
full (Rodrigues, 1998). The rational is based on taking advantage of daylight. Thus, less intense luminosity has a 
positive effect on the soil and can accelerate germination (Rodrigues, 1998).  

As can be seen, the few studies that do exist on the influence of lunar phase on plant development are controversial 
and require further study.  

4. Conclusions 
Given the countless factors that contribute to seed germination and plant growth, the results of the present study are 
not yet sufficient to affirm whether lunar phases influence the germination rate of creole corn. However, seeds 
germinated during the waning lunar phase did produce seedlings with longer stems and greater fresh root, fresh 
stem, and dry stem weights.  
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The current study was limited because it did not account for other external aspects that, for example, might have 
contributed to stronger seedling growth. There is only evidence, according to the calculations performed, of a 
change in the intensity of the force resulting from the gravitational attraction of the Eearth, the Ssun and the moon 
on a particle (p), located on the earth’s surface. Because this experiment was based on a model, other possible 
phenomenological factors were neglected, including those related to physical theory. Furthermore, the experiment 
was not longitudinal, which would allow for the consideration of other possible external influences such as 
different lighting intensities, day lengths, and humidity levels.  

Future studies could consider experiments that are longer in duration, longitudinal, controlled and modeled to 
analyze other external factors that might affect plants. These studies could also be distributed throughout different 
regions of the planet and repeated during different seasons to account for different altitudes and longitudes that 
contribute to variations in the intensity of terrestrial gravitation and encompass other elements that could 
contribute to a better understanding of the results of this preliminary study. 
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