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Abstract

Within biophysical framework, plant growth and yield formation are traditionally explained through
biochemical regulation, gene expression, and metabolic allocation. However, these processes operate
within an unavoidable physical boundary condition: accumulated biological mass must be stabilized
under persistent gravitational loading within confined architectures such as cell walls, seed coats,
vascular bundles, and canopy-soil interfaces.

This manuscript reformulates intrinsic gravitation as a structural constraint rather than a force competing
with metabolism. Intrinsic gravitation refers to mass-dependent internal loading that arises as biomass
accumulates within bounded plant structures. Extrinsic gravitation denotes the persistent Earth
gravitational field that establishes vertical reference and hydrostatic baseline.

Conceptual continuity is drawn from stellar hydrostatic equilibrium and geophysical isostatic balance
as archetypes of mass—pressure stabilization. A compact balance framework unifies hydrostatic,
osmotic, elastic, and active stresses in negotiating gravitational loading.

The framework is applied across plant phenomena: cellular densification preceding expansion; seed
germination as confinement-threshold release; vascular transport as a pressure—mass continuum; root—
shoot allocation as compensatory stabilization; stand density and self-thinning as mass—stability scaling;
pressure-state modulation of plasmodesmata and sieve tubes; rhythmic growth as mass—pressure
oscillation; yield-component compensation; and age-dependent decline in relative growth rate.

By repositioning gravity as a structural boundary condition rather than an energetic driver, this work
proposes architectural continuity across astrophysical accretion, geophysical stabilization, and plant
structural scaling.

Keywords

Intrinsic gravitation; agriculture; hydrostatic equilibrium; osmotic—elastic coupling; turgor mechanics;
seed germination; phloem pressure—flow; xylem hydraulics; plant allometry; metabolic scaling; stand
density; self-thinning; yield compensation; mechanobiology; mass—stability scaling.

IJCRT2602599 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 102


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882
1. Introduction

Plant biology is richly developed in the language of hormones, enzymes, genes, signalling cascades, and
source-sink regulation. Yet many recurring patterns in plant form, scaling, and performance cannot be
fully reduced to chemistry alone. They are deeply architectural. Plants operate as hydraulic columns,
elastic structures, and distributed transport networks within a persistent gravitational field. Biochemical
processes do not occur in free space but within mass-bearing architectures that must remain
mechanically and hydraulically coherent. These architectural conditions are not optional. They impose
physical constraints within which biochemical processes must operate. Metabolism does not occur in
free space; it is expended inside mass-bearing structures that must remain mechanically and
hydraulically stable.
This manuscript introduces intrinsic gravitation as a unifying framework to describe these constraints.
The term is used in a precise and restricted sense. Intrinsic gravitation is defined here as mass-dependent
internal loading that emerges when biological material accumulates within confined domains. Extrinsic
gravitation is the persistent Earth gravitational field that establishes vertical hydrostatic reference.
Together, they define gravitational constraint.
Once confined within structural boundaries such as cell walls, seed coats, vascular bundles, and canopy—
soil interfaces—biological materials must be stabilized under persistent gravitational field. Stabilization
requires the generation and maintenance of hydrostatic pressure gradients, osmotic differentials, elastic
stresses, and active compensatory redistribution.
In this framing, gravity functions as a universal structural boundary condition. It does not compete with
metabolism; it defines the background loading under which metabolism must allocate energy.
Viewing plant systems through this lens connects phenomena often treated separately:

e Why cellular densification precedes expansion

o Why seed germination requires threshold rupture under confinement

« Why phloem transport depends on coherent pressure gradients over long distances

e Why root-shoot allocation behaves compensatory

e Why stand density and spacing follow predictable scaling laws

e Why yield components trade off under increasing biomass
These patterns can be interpreted as expressions of mass—stability negotiation in a gravitational field.
The manuscript proceeds by establishing physical archetypes—stellar ‘hydrostatic equilibrium and
isostatic balance—as conceptual precedents for mass—pressure stabilization. It then develops a compact
mathematical scaffold for biological systems and applies it to plant growth, transport, scaling, and yield
formation. Throughout, the aim is not to replace biochemical explanations, but to embed them within a
broader architectural constraint framework that may generate testable predictions across scales.

2. Conceptual Origin: Astrophysics and Earth Science as Constraint Archetypes

2.1 Stellar Hydrostatic Equilibrium

In stars, accumulated mass generates inward gravitational acceleration. Mechanical stability requires
that an opposing pressure gradient balance gravitational compression. In continuum form, this
equilibrium is expressed as:VP = —pg; where, VP = spatial gradient of hydrostatic pressure, p =
local mass density, g = gravitational acceleration vector.

Under spherical symmetry, with radial coordinate r and enclosed mass M(r), the equation reduces to d
rd P=—GM(r)p(r) | r2 (Chandrasekhar, 1939; Kippenhahn & Weigert, 1990).

The negative sign indicates that pressure decreases outward; deeper layers must sustain the load of
overlying mass. This relation is not merely astrophysical bookkeeping—it encodes a universal
structural principle: Layered mass accumulation requires gradient stabilization. The star is thus a self-
organized pressure-stabilized mass column under gravitational loading.
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2.2 Kelvin—Helmholtz Contraction as Archetype of Mass—Gradient Coupling Prior to sustained
nuclear fusion, proto-stars increase in temperature as they contract under gravity. Gravitational potential
energy is converted into internal energy—a process known as Kelvin—Helmholtz contraction mechanism
(Hansen, Kawaler & Trimble, 2004). The relevance for plant science is conceptual rather than energetic:
When mass accumulates inside a bounded domain, coupled gradients emerge under pressure gradients,
density gradients, temperature gradients, transport gradients. These must be stabilized. In stars, the
driver is gravitational contraction. In plants, the driver is metabolic chemistry. But in both systems. This
continuity legitimizes the constraint-based interpretation of plant architecture.

2.3 Earth Science: Isostatic Balance and Compensatory Redistribution

In geophysics, isostasy describes how lithospheric plates adjust to loading (Airy, 1855; Pratt, 1855;
Turcotte & Schubert, 2014). Added mass causes subsidence and removal causes uplift. The Earth
redistributes mass to re-establish mechanical equilibrium. This is a constraint response. The architectural
biological parallel is drawn; Increased canopy mass requires deeper root anchorage; Fruit loading
induces stem thickening; Yield components compensate under sink limitation; Root—shoot ratios shift
under mechanical or hydraulic stress. These are isostatic-like adjustments in living architecture which
will be discussed subsequently. Thus, the Earth provides a second archetype, say, Mass addition —
compensatory redistribution — renewed stability.

The energetic mechanisms in biological systems differ fundamentally from astrophysical and
geophysical systems, but architectural archetypes of mass—gradient stabilization remains parallelly same
in plant system.

2.4 Plant Gradient Model Inspired by Astrochemical Accretion

Astronomers believe that astrochemistry is the origin of biochemistry. The molecular complexity
originates in interstellar environments (Herbst & van Dishoeck, 2009; Tielens, 2013). Interstellar clouds
contain H- anions, C-, N-, O-bearing molecules, H, O and polycyclic aromatic hydrocarbons.
Gravitational clustering drives accretion and stratification prior to star formation. Stellar accretion
systems exhibit various phenomena like radial density gradients; transport gradients; layered
differentiation. Such model of astrochemical accretion in space is being deployed here to understand
plant gradient model. Analogy between stellar accretion gradients and plant developmental gradients
has been developed. Density and transport gradients emerge from seed core outward, reflecting mass—
constraint stabilization (Figure 1).

2.4.1 Architectural gradient model of plant accretion mass

Stellar Accretion Gradients Plant Developmental Gradients

Density
Gradient

Density
- Gradient
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Figure 1. Stellar accretion system showing density and transport gradients emerging from gravitational
clustering (Left). Plant developmental gradient showing seed-cantered mass accumulation and outward
differentiation into vascular and structural tissues (right). Here, 7denotes the spatial gradient operator
(rate of change per unit length). The symbol d represents an infinitesimal change, and dr denotes an
infinitesimal radial displacement from the center of symmetry. Thus, d P/d r describes how pressure
changes with radial distance. In spherical symmetry, the full vector equation VP = —p g reduces to its
radial form, expressing how deeper layers must sustain the weight of overlying mass. Such analogy
highlights a shared structural principle: mass accumulation under confinement generates gradients that
must be stabilized through transport and mechanical architecture.

Stellar accretion system shows density and transport gradients emerging from gravitational clustering.
In parallel way, plant developmental gradient show seed-cantered mass accumulation and outward
differentiation into vascular and structural tissues. In vertical plant systems, the gravitational hydrostatic
relation simplifies to AP = p g h, where h represents height. Thus, apparently, pressure gradients in
plants are primarily height-dependent rather than radially symmetric as in stars.
2.5 Biology as Soft Condensed Matter Under Persistent Body Force
Biological systems do not behave as rigid Newtonian solids nor as ideal fluids. Cells, tissues, and plant
organs belong to the domain of soft condensed matter, characterized by: viscoelastic response, shear-
dependent viscosity, metastability, weak intermolecular interactions, high internal degrees of freedom,
thermal fluctuation sensitivity, and nonlinear response near mechanical or chemical thresholds. In such
systems, even weak but persistent body forces may bias organization over long-time scales. Gravity,
unlike stochastic thermal fluctuations, acts: continuously, directionally, and without cancellation. Its
energetic magnitude at cellular scale may be small, but its geometric persistence makes it a permanent
background constraint. This distinction is central to the present framework.
In continuum mechanics, mechanical equilibrium under gravity is expressed as:

V-o+pg=20
where: ¢ = total stress tensor; p = local mass density; g = gravitational acceleration vector.
For a purely fluid system, this reduces to hydrostatic equilibrium: VP = pg. In one-dimensional vertical

dz o . : .
form: — = —PJ- This equation governs: stars, planetary interiors, oceans, also plant columns.

In plant tissues, stress is not purely hydrostatic. The total internal mechanical state includes: hydrostatic
pressure P; osmotic pressure IT; elastic wall stress ce. active metabolic force density factive. Thus, the
generalized equilibrium becomes: V(P + I1 + age) = pg + factive. This equation states that growth,
transport, and structural stability arise from balancing mass-derived loading (p g) with osmotic, elastic,
and active biochemical stresses.

In rigid systems, small body forces are negligible. In soft systems near yielding thresholds, the small
persistent forces can bias direction of expansion, alter symmetry breaking, shift metastable equilibria,
or influence gradient stabilization. The key insight is that gravity needs to define the baseline field
against which other forces negotiate.

At organ scale or whole-plant scale, cumulative gravitational loading determines vascular pressure
gradients, structural reinforcement, height limitations, scaling laws. This distinction between energetic
insignificance at micro-scale and architectural relevance at macro-scale must be maintained.
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2.6 Plant mass accumulation under gravitational constraint
2.6.1 Mass accumulation under gravitational constraint

Mass Accumulation Under Gravitational Constraint
Seed Germination

Osmotic Regulation
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Figure 2. Mass accumulation under gravitational constraint generates pressure gradients stabilized
through osmotic regulation, elastic resistance, and active transport. Plant growth from seed to canopy
reflects negotiation of gravitational loading. The mathematical framework of the core equation: (P +
11+ 0) =p g + [ active, where, P = hydrostatic pressure; I1 = osmotic pressure; ¢ = elastic stress; p =
density, g = gravitational acceleration, f active = active metabolic forces; ®@_eff = effective potential;
and M = mass; H = height; R = metabolic rate.

Plant tissues are however, not governed by stellar hydrostatic equilibrium, but they do obey force
balance. For many plant problems, the relevant pressure-like quantity is generalized pressure:
hydrostatic pressure P (turgor/hydraulics), osmotic pressure IT (solute-driven), and elastic stress o (cell
wall, tissue mechanics). A compact balance statement is:
V(P+II+o)=pg+f active

where p g represents the gravitational body force and f active represents active contributions (pumps,
transporters, cytoskeletal remodeling, growth anisotropy). A complementary effective-potential form is:
VP = —p VO_eff; where ®_eff is an effective potential capturing the combined influences relevant at the
scale of interest (gravity, osmotic potential, elastic energy density, thermal effects, and active stresses).
This scaffold keeps mathematics small but principled: it explains why accumulation of mass through
metabolic engine form gradients under gravitational constraints (figure 2).

3. Pressure-Stabilized Plant Signalling Under Gravitational Constraint

Plant signalling does not occur in an abstract biochemical space; it operates within a confined, pressure-
regulated mass—transport architecture that is continuously stabilized under persistent extrinsic gravity.
As tissues accumulate mass, density and turgor gradients emerge, requiring coordinated redistribution
to maintain structural and transport coherence. Within this framework, signalling efficiency reflects not
only molecular specificity but also the mechanical and hydraulic state of the cellular domain. Plant
signalling operates within confined cellular domains where mass loading alters pressure state, turgor
distribution, and conduit geometry. Metal cofactors such as Zn*" and Mg?* enhance catalytic stability.
Transport efficiency depends on mechanical and hydraulic coherence. while plasmodesmatal aperture
and phloem conduit geometry respond dynamically to local pressure conditions (Figure 3). Thus, plant
signalling can be interpreted as a pressure-stabilized mass—transport process embedded within a broader
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intrinsic—extrinsic gravitational constraint environment, where mass loading, hydrostatic gradients, and
structural confinement jointly regulate trafficking fidelity and long-distance communication.

3.1 Pressure-Stabilized Plant Signalling Under Mass Constraint.

Pressure-Stabilized Plant Signaling Under Mass Constraint
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Figure 3. Semi-realistic schematic illustrating how plant signalling operates within a pressure-regulated
mass—transport continuum. In the source cell (left), metal cofactors such as Zn** and Mg?** stabilize
transcription factors, enzymes, and ATP-dependent signalling pathways, supporting hormone synthesis
(e.g., auxin) and molecular activation. Signalling molecules move symplastically through
plasmodesmata, whose effective aperture reflects local pressure state and mechanical confinement. In
the phloem element (right), hydrostatic pressure gradients drive long-distance transport toward mass-
loaded sink tissues. Redistribution of turgor and confined pressure modulates conduit geometry and
flow stability. The figure emphasizes that metal cofactors enhance catalytic stability and coordination
within bounded cellular domains, while mass loading and pressure redistribution regulate trafficking
efficiency under the intrinsic—extrinsic gravity constraint framework.

4. Vascular Transport as a Pressure—Mass Continuum

Plant vascular transport is commonly presented as a hydraulic and biochemical problem, but it can also
be interpreted as an architectural stabilization problem in which pressure gradients, transport resistance,
and structural reinforcement must remain coherent as biomass accumulates in a persistent gravitational
field. In this constraint view, vascular tissues represent the infrastructure through which plants negotiate
mass redistribution from acquisition zones (roots), to capture zones (canopy), to deposition zones (seeds,
fruits, storage organs). Transport is therefore inseparable from stability: the plant must maintain
functional gradients while simultaneously reinforcing the structure that carries the transported mass.
Gravity establishes hydrostatic baseline against which cohesion—tension operates

4.1 Xylem: Gravity sets Vertical Reference

Xylem transport occurs in the vertical direction in a gravitational field, and gravity establishes the
baseline reference against which water potential gradients operate. Even when the cohesion-tension
mechanism is adopted as the physical explanation for ascent of sap (Dixon & Joly, 1894; Tyree &
Zimmermann, 2002), tall plants necessarily face a larger gravitational component simply because height
increases the hydrostatic requirement and steepens the gradient that must be maintained. This does not
mean gravity “drives” ascent; it means gravity defines the minimum vertical reference that hydraulic
architecture must accommodate (Nobel, 2009).

IJCRT2602599 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 107


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882
As height and biomass increase, the plant’s hydraulic design must negotiate conductivity, safety, and
continuity. Taller structures commonly require shifts in conduit dimensions, redundancy, and wood
formation to reduce catastrophic failure risk while sustaining transpiration fluxes (Tyree &
Zimmermann, 2002; McCulloh et al., 2003). These hydraulic demands feed forward into stomatal
regulation, leaf area expansion, and allocation to support tissues, linking transport with canopy
architecture and mechanical stabilization. Such coupling becomes prominent in tall trees where
hydraulic limitation and carbon allocation constraints are strongly expressed (Ryan & Yoder, 1997;
Koch et al., 2004). Under the intrinsic-gravitation constraint framing, xylem is therefore treated as a
height-indexed stabilization network: increasing mass and height require increasing investment in
hydraulic coherence and mechanical safety, because the organism must remain structurally stable under
persistent gravitational loading.

4.2 Phloem: Pressure gradients must remain coherent under mass loading

Phloem transport is classically explained by the pressure-flow hypothesis in which osmotic loading at
sources raises pressure and unloading at sinks reduces it, producing bulk flow along sieve elements
(Minch, 1930). This classical account becomes especially compatible with a constraint framing because
it is inherently a gradient-stabilization model: the plant must maintain coherent pressure differences
across long distances despite changing viscosity, variable sink demand, and pathway resistance. Source—
sink physiology emphasizes that transport is not merely the movement of solute, but the maintenance of
a dynamic coupling between production and deposition under fluctuating demands (Wardlaw, 1990;
Patrick, 2013).

From the mass—stability perspective, phloem is a pressure—-mass continuum: it connects regions of
mass production to regions of mass deposition while preserving gradient coherence under changing
loading. Transport “success” therefore depends on whether the pathway can preserve a stable pressure
configuration under variable geometry, resistance, and unloading intensity. This becomes critical in high
sink-load situations such as grain filling or fruit enlargement where the plant must redistribute assimilate
mass without destabilizing transport gradients or structural integrity (Patrick, 2013).

4.3  Phloem Transport as a Pressure—Mass Continuum

Phloem Transport as a Pressure-Mass Continuum
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Figure 4. Phloem transport as a pressure—mass continuum. Mass loading at source tissues elevates I1
and P, generating a pressure gradient along sieve tubes; unloading at sinks reduces pressure. Transport
stability depends on maintaining coherent gradients under changing mass demands and pathway
resistances. Under the intrinsic—extrinsic gravity framework: extrinsic gravity sets the hydrostatic
reference. intrinsic mass accumulation drives local pressure reorganization. Phloem integrates both
into a dynamic gradient-stabilization network.
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5. Seed Germination as a Confinement-Threshold Event

Seed germination is commonly described as a biochemical activation sequence involving imbibition,
hormonal shifts, respiratory activation, and reserve mobilization (Bewley, Bradford, Hilhorst, &
Nonogaki, 2013). Those processes are essential; however, germination is also a mechanical threshold
phenomenon occurring within a confined architecture. Upon imbibition, seed mass and internal water
content rise sharply, osmotic conditions reorganize, and internal pressure increases within the seed coat
and associated confining tissues. The embryo’s transition from quiescence to expansion therefore
unfolds inside a bounded domain where mechanical resistance sets a threshold that must be exceeded
for emergence.

Under the intrinsic-gravitation constraint framework, the central emphasis is not that gravity provides
metabolic energy to initiate germination, but that as hydrated mass accumulates within a confined
boundary, stabilization demands intensify until a structural transition is forced. Radicle protrusion
represents that transition: a confinement-threshold release event in which internal pressure-driven
expansion surpasses mechanical limits of restraining tissues and reorganizes the system from closed
confinement to open growth (Bewley et al., 2013). This reframing is intended to highlight a gap area for
investigation: how confinement mechanics, pressure buildup, and tissue yielding thresholds interact with
biochemical activation to govern timing, vigour, and failure modes of germination.

5.1 Process involved in Seed Germination Under Gravitational Constraint

During germination of seeds: starch — glucose — glycolysis — TCA — electron transport chain and
exergonic reactions release Gibbs free energy. This energy is stored as ATP and much released as heat.
This heat increases molecular kinetic energy. Thus, temperature is equal to average kinetic energy of
molecules. So chemical bond rearrangement leads to change in enthalpy, increased molecular motion
and heat. In stars, gravity is strong enough to supply energy. In plants, chemistry supplies energy —
gravity sets orientation and loading constraints. Seed germination is a confinement—threshold event in
which hydrated mass accumulation generates coupled gradients in density, osmotic potential, and
mechanical stress until restraining tissues yield.

5.1.1 Hydrated seed during early germination showing concentric developmental and
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Figure 5. Schematic representation of a hydrated seed during early germination showing concentric
developmental and biophysical zones. Following water uptake, internal mass increases within a
mechanically confined volume defined by the seed coat and surrounding tissues. This generates coupled
gradients in density, temperature, osmotic potential, and biochemical activity. Zone | (outer region):
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Elevated density and metabolic activation accompany progressive water imbibition. Zone 11
(intermediate region): Heat generation and biochemical reorganization occur as respiration increases
and enzymatic pathways activate.
Zone 111 (inner reserve region): Reserve mobilization and hydrolysis release solutes, intensifying
osmotic gradients that contribute to internal pressure buildup. The embryo occupies the central domain,
where auxin gradients and mechanical responses coordinate directional growth. Increasing internal
pressure within the confined structure eventually exceeds the mechanical threshold of restraining
tissues, enabling radicle protrusion and transition from a closed system to open growth.

Vertical side bars indicate increasing temperature and density gradients from outer to inner zones. The
figure illustrates how mass accumulation under confinement generates stabilized gradients prior to
emergence. The emphasis is on the stabilization demands imposed by increasing hydrated mass within
a bounded architecture operating under persistent gravitational reference.

6. Pressure-State Modulation of Intercellular and Long-Distance Conduits Under Mass Loading
A persistent gap in plant physiology is the physical basis of dynamic narrowing and dilation in
intercellular and long-distance transport pathways—especially plasmodesmata and the phloem sieve-
tube system—during development, stress, and source—sink transitions. Plant science typically explains
trafficking control via callose deposition, cytoskeletal remodeling, viral movement proteins, calcium
signalling, ROS, and other molecular regulators. These mechanisms are real and experimentally
tractable. Yet they often describe how a conduit is gated without fully explaining why the system
repeatedly needs geometric gating at specific times and locations across many contexts.

Within the intrinsic—extrinsic gravity constraint framework, the plant body is treated as a confined,
deformable mass that must remain mechanically and hydraulically stable under Earth’s gravitational
field while continuously redistributing internal mass (water, solutes, assimilates, proteins, RNAS).
“Intrinsic gravitation” here is used as shorthand for the mass-dependent internal loading and
compression tendency that arises once tissues accumulate material within bounded architectures (cell
wall compartments, sieve-tube lumen, plasmodesmal neck region), while “extrinsic gravitation” denotes
the persistent background loading imposed by Earth that sets vertical reference and contributes to
hydrostatic gradients and mechanical stabilization demands. The combined effect is that mass deposition
anywhere in the transport network is not neutral: it perturbs local pressure state, wall stress, and effective
conduit geometry, and therefore feeds back to transport.

Plasmodesmata are not merely pores; they are pressure-sensitive junctions embedded in a cell wall
continuum. When tissues experience increased local loading—Dby solute accumulation, water influx,
rapid sink development, or stress-induced osmotic adjustment—turgor redistribution can push the
system toward a mechanically safer regime by reducing effective pore radius (functional narrowing),
thereby limiting uncontrolled fluxes, and preventing runaway pressure imbalance between adjacent
cells. Conversely, when a developmental program requires high symplastic connectivity (e.g.,
coordinated growth zones, unloading domains), the local pressure regime and wall mechanics may
permit or promote a more open state. In this interpretation, the “gate” is not only a biochemical valve
but also a stability device that helps maintain pressure coherence across a soft-matter network.

A parallel argument applies to sieve tubes and companion-cell complexes. In the classical pressure-flow
picture, osmotic loading at sources raises hydrostatic pressure and unloading at sinks lowers it,
producing bulk flow. The constraint framing adds a geometric implication: as mass loading increases
and pressure redistributes, effective lumen diameter and sieve-plate permeability become control points
that can stabilize (or destabilize) the gradient. If local deposition or sustained loading elevates confined
pressure, a tendency toward functional narrowing (whether via wall mechanics, membrane—cytoskeleton
coupling, callose dynamics at sieve plates, or plasmodesmal neck modulation) can damp pressure spikes
and prevent damaging flow instabilities. If pressure relaxes or unloading dominates, widening can
restore conductance and re-establish transport capacity. Thus, “mass balance” between sources and sinks
can be reframed as pressure-state balance. Conduit geometry is a stabilizing degree of freedom in a soft-
matter network under gravitational constraint.
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6.1 Trafficking Channel Modulation Under Mass Stabilization Constraints.

Moderate Tissue

Loading

Endoplasmic reticulum

Figure 6. Integrated schematic showing how plasmodesmata and phloem sieve-tube conduits can shift
between “open” and “restricted” states as tissue mass loading and confined pressure increase. Left
(moderate loading): normal turgor and moderate hydrostatic pressure support relatively open
plasmodesmata (larger effective pore radius) and wider sieve-tube lumens, sustaining smooth symplastic
trafficking and pressure-driven flow. Right (high loading/deposition): increased local mass deposition
and confined pressure redistribute turgor, promoting constriction of plasmodesmata (reduced effective
radius) and narrowing of sieve tubes, thereby increasing resistance, and throttling flow. The figure
frames gating and lumen narrowing as an emergent stabilization response fo mass/pressure
redistribution within bounded plant tissues—consistent with the intrinsic—extrinsic gravity “constraint”
view—rather than as a purely biochemical switch.

7. Root—Shoot Allocation reflects Compensatory Stabilization under changing mass distribution

Root and shoot growth often show alternating periods of high activity (e.g., rapid root development
followed by a spurt in vegetative shoot growth) and grow in an alternating, compensatory manner. In
agriculture, the root-shoot ratio is usually given as the ratio of the weight of the roots to the weight of
the top of a plant and is considered as a primary yardstick towards crop productivity, as a response to
nutrients, water availability, and hormonal regulation. But in fact, it reflects compensatory stabilization
demands as the plant’s mechanical loading changes or seesaw manner (Figure 7). For most trees under
normal conditions, the root-shoot ratio is 1:5 to 1:6; the top is said to be 5 to 6 times heavier than the
roots. The centre of a tree is based on a weight-based centre of gravity and not on botanical descriptions
such as shoot and root. Allocation is not merely an economic decision; it is a stabilization requirement
in a gravitational field.

The geophysical analogy is isostatic balance: added mass in one region produces compensatory
redistribution to restore equilibrium (Turcotte & Schubert, 2014). Plants express analogous
compensation as they maintain stability under changing mass distribution, particularly under
reproductive loading or rapid canopy expansion. Mechanical centre of mass shifts as biomass
redistributes, necessitating compensatory structural reinforcement.
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7.1 Isostatic balance and root—shoot allocation
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Figure 7. Root is heavier than shoot on equal volume basis. Isostatic or seasaw balance between heavier
and lighter mass. Plant grows on alternating the gravitational root followed by gravitational shoot.

8. Rhythmic Growth as Mass—Pressure Oscillation

Plant growth frequently shows rhythmicity: oscillations in elongation rate, periodicity in root hair
growth, rhythmic stomatal behavior, and diurnal expansion—contraction cycles. While biochemical
clocks and ion fluxes are involved, the constraint framework highlights a mechanical interpretation:
rhythmic growth can arise from repeated cycles of (i) mass/solute loading, (ii) pressure build-up under
confinement, (iii) local yielding/relaxation, and (iv) re-stabilization. This is a mass—pressure oscillation
in a constrained system.

Such oscillations become more intelligible when one separates the roles of drivers and constraints.
Metabolism supplies the active processes (solute pumping, wall loosening proteins, cytoskeletal
remodeling). Gravity and confinement shape the boundary conditions: the directionality of transport and
the mechanical ‘cost’ of maintaining vertical structure. The result is a coupled relaxation oscillator that
can be studied quantitatively by monitoring turgor, wall extensibility, and growth rate synchronously.
Rhythmic growth emerges from cycles of solute loading, pressure build-up, yielding, and re-stabilization
within a constrained system.

8.1 Rhythmicity in star and plant: Retardation followed by rapid growth
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Figure 8: There is always a rhythmicity in any intrinsic gravitation object in the universe. Mass-
constrained systems across scales exhibit oscillatory stabilization Contraction is due to gravity and
expansion is due to heat and internal pressure. Rapid followed by retarded growth is thus available at
different stages of rice crops
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8.2 Plant growth oscillation and pressure cycle towards rhythmicity

Rhythmic Growth as a Mass-Pressure Oscillation

4 Mass Accumulation

Pressure

™)

Accumulation r

Cellular
Mass

Figure 9. Rhythmic growth as a mass—pressure oscillation. Cycles of solute loading and turgor build-
up under confinement are followed by wall yielding (growth burst) and relaxation, then renewed
loading. The oscillation emerges from constraint-driven thresholding rather than from biochemistry
alone.

9. Stand Density, Plant Spacing, and Self-Thinning as Mass—Stability Scaling

Plant spacing is usually taught as a competition problem (light, nutrients, water), and competition is real.
Yet stand density also follows striking scaling laws across communities, suggesting that spacing is partly
an emergent equilibrium of mass and stability. Classical ecology has long documented self-thinning
trajectories in which average plant mass increases while plant density declines in systematic fashion
(Yoda et al., 1963). These regularities are consistent with the idea that as plants enlarge, the mechanical
footprint, anchorage requirement, canopy loading, and transport resistance increase, reducing the density
that can be stably supported.

The intrinsic-gravitation constraint framing adds a second layer to the competition narrative: larger
organisms require a larger stabilization radius because accumulated mass and height impose stronger
mechanical and hydraulic demands under gravitational loading. Thus, spacing increases not only
because plants “need more resources,” but because their mass distribution requires greater structural and
transport coherence. This framing allows orchard spacing and crop spacing to be explained in a shared
physical narrative: perennial tree systems represent the high-mass, low-density end of the continuum,
while annual cereals represent the low-mass, high-density end.

Let us analyse more fundamental framing emerges when plant populations are examined under mass—
stability constraints in a gravitational field. As individual plant mass (M) increases, the organism must
support greater vertical load, stabilize increased height (H), maintain hydraulic transport across longer
pathways, resist mechanical perturbation (wind, lodging), balance internal and external gravitational
loading. Thus, spacing becomes an emergent equilibrium between: Mass accumulation — Mechanical
stabilization — Transport capacity — Gravitational constraint. This reframes plant density as a structural
scaling phenomenon, not merely a resource competition phenomenon.

Large perennial tree (mango) builds up large root anchorage zone, large canopy stabilization footprint,
high gravitational loading (M % H). Small annual crop (rice), on the other hand, has small stabilization
radius, short hydraulic path length, lower gravitational loading per individual. The difference is not
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merely agronomic practice — it reflects scaling of: gravitational loading o< M x H. Larger mass requires
a larger mechanical footprint and hydraulic capture zone to maintain stability.

9.1 Self-Thinning as a Universal Scaling Law

Across plant communities, a consistent relationship emerges between: Mean individual mass (M),
Population density (N). Empirically: N < M — 3/2. This is known as the —3/2 self-thinning law. In
gravitational-constraint interpretation: As M increases, structural stabilization cost increases, transport
resistance increases, mechanical loading increases, maintenance respiration increases. Thus, density
must decline to maintain equilibrium. Growth becomes allocation-limited rather than resource-limited.
Spacing equilibrium scales with individual biomass and stabilization demand.

9.1.1 Plant Spacing and Mass—Stability Constraints Under Gravitational Loading

Plant Spacing and Gravitational Constraints on Mass Stabilization

a Moderate Stand Density b High Stand Density

% > . , SRR
Lower Mutual Grravitational Load mlm‘nl‘)n:nh“ Increased Mutual Gravitational Pull
ant Densi

r
Broad Stabilization X “‘f"l’fpﬁ".dcf“ Compressed Stabilization
Radius Spacing Equilibrium Radius
Optimum Mass Deposition Constrained Mass Deposition

Full Sink Expression (e.g.. Panicle Length) Restricted Sink Expression (Shorter Panicles)

Interindividual Stabilization Radius (Conceptual): r oc M1/3

Figure 10. Conceptual illustration showing how plant spacing reflects mass-dependent stabilization
requirements in a persistent gravitational field.

a) Moderate stand density (adequate spacing). Individual plants maintain a broader stabilization
radius (r), allowing optimal upward development of photosynthetic and reproductive mass.
Mechanical loading and transport demands remain within structural limits, permitting full sink
expression (e.g., longer panicles or grain-bearing ears). Mass deposition is therefore optimized
under balanced intrinsic stabilization within the extrinsic gravitational field.

b) High stand density (crowded spacing). Increasing plant density compresses the effective
stabilization radius of each individual. As cumulative stand mass increases, mechanical loading,
transport resistance, and spatial constraints intensify. This restricts allowable mass deposition
per plant, resulting in constrained sink expression (e.g., shorter panicles). The system transitions
from individual stabilization dominance to collective constraint.

The central concept of mass-dependent spacing equilibrium suggests that inter-plant distance scales
with individual biomass and structural stabilization demand rather than resource competition alone.
Larger perennials (e.g., mango trees) require meter-scale spacing, whereas small annual crops (e.g.,
rice) tolerate centimetre-scale spacing, reflecting differences in total mass and mechanical footprint.
The relationship is presented conceptually as an interindividual stabilization radius increasing with
plant mass (r o« M”1/3), indicating that spacing equilibrium emerges from mass—structure scaling rather
than purely resource limitation.
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9.1.2 Plant spacing and self-thinning with real-world field values; mango low density vs rice high
density

Plant Spacing and Self-Thinning as Mass—Stability Scaling Under Gravitational Constraint
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Figure 11. Plant Spacing and Self-Thinning as Mass—Stability Scaling Under Gravitational
Constraint.

(A) Large perennial mango trees (~500-1500 kg per individual) requires wide spacing (6—10 m) to
accommodate expanded root anchorage zones, canopy stabilization footprints, and increased
gravitational loading (M x H). Stand density typically ranges from 25-100 trees per hectare.

(B) Small annual rice plants (~0.3-0.8 kg per clump) tolerates close spacing (15-20 cm), resulting in
densities exceeding 200,000 plants per hectare. Reduced individual mass lowers mechanical and
gravitational stabilization demands.

(C) Log-scale density—mass relationship illustrating the —3/2 self-thinning.trajectory. As mean
individual mass increases, allowable density declines systematically.

Spacing thus emerges not merely from resource competition but from mass-dependent stability and
transport constraints in a gravitational field.

9.2 Bridging structural biology and ecological scaling - Mathematical framing

For an individual plant: Gravitational loading: Fg =~ Mg. Mechanical moment (lodging risk): t =
Mg x H. Stability requires:Anchorage strength > MgH. As M and H increase, required anchorage
radius (R) increases. Spacing (S) must scale with R. Thus: S « (MH)a; with empirical o =~ 1/3 to 1/2
depending on growth form. Population density: N o« § — 2. Combining: N < M — 3/2, which aligns
with observed self-thinning laws. This bridges structural biology and ecological scaling.

9.3 Grand Evolutionary Continuity Statement

From stellar accretion to forest canopy architecture: mass accumulation under gravitational constraint
necessitates structural stabilization. Stars adjust internal pressure gradients. Planets stratify by density.
Plants adjust spacing and density; forests self-thin. The universal pattern is: Mass — Loading —
Stabilization — Density Regulation. Thus, we can say that biological architecture negotiates
gravitational constraint through density regulation. In 1988, author showed that gravity dictates life
death and biological growth, also agricultural productivity (Bhattacharjee, 1988). Author showed that
there is grand evolutionary continuum of mass that are parallels across stars, Earth, and human on
intrinsic gravitation mechanisms (Bhattacharjee 2025). Latest, we have dealt elaborately on intrinsic
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gravitation as a physical layer of genetic expression from mass, torque, and repeatability from RNA
dynamics to development. It explores a novel theory that molecular mass, density-driven torque, and
gravitational forces, rather than solely chemical signals, govern RNA dynamics, DNA packaging, and
developmental repeatability. It parallels biological organization with stellar phenomena. (Bhattacharjee
and Shaptadvipa, 2026). In the present article, discussion on genetics has been deliberately overlooked.

10. Yield-Components Compensation as Structural Balancing Under Constraint, Like Earth
System

Earth, a gravitating body is not round. There is seafloor (depression, subduction zone), mountain
(elevation), continental plate, heat-mediated rising magma, convection current, and so on.
Compensatory action due to compression of intrinsic gravity is prominent in the geomorphology of the
Earth system. In partitioning of photosynthates, rice crop exhibits similar partitioning: say higher
number of tillers per plant is associated with decrease in the length of panicles or number of grains per
panicle or decrease in individual grain size and weight. Classical agronomy interprets these trade-offs
through resource allocation and sinks limitation, but a constraint framing highlights a complementary
view: total reproductive mass is bounded by transport capacity, mechanical support capacity, and the
requirement to maintain coherent gradients while biomass is redistributed into sinks. Therefore,
compensation among yield components can be interpreted as a stabilization strategy that maintains
reproductive output within the plant’s transport and support limits. Yield trade-offs reflect transport
capacity, mechanical stabilization, and coherent gradient maintenance.

When one component increases, the plant may reduce another to preserve coherent transport and avoid
destabilizing the system, especially under high sink load where vascular supply, stem support, and
lodging risk intersect. This interpretation does not deny genetic control or biochemical signalling; it
suggests that the resulting phenotype reflects negotiation between regulation and constraint.

10.1 Structural Balancing Under Constraint, Like Earth System Yield-Components
Compensation

Intrinsic

Gravitational

Earth Geomorphology & Geology of the Earth Compression

: 5 Bh \ \ s "" ! |
Rice Higher number of tillering per plant
Decrease in length of panicle or number of grains per panicle

crop e e e 2
or decrease in individual grain size and weight

Figure 12. Effect of universal constraint or Mass-dependent stabilization limits resembling as a
compensatory action in geomorphology of Earth system and grain yield component in crop plant system.
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11. Age-Dependent Decline in Relative Growth Rate across biological and stellar systems

Both plant systems and stellar bodies exhibit a universal decline in relative growth rate with increasing
age and accumulated mass. In plants, increasing biomass imposes rising mechanical stabilization,
transport resistance, and maintenance respiration costs, progressively limiting further proportional
expansion. In stars, increasing core density enhances gravitational confinement while radiative loss and
fuel redistribution constrain continued luminosity-driven expansion.

Across scales, the shared structural grammar is: Mass accumulation — Internal loading — Gradient
intensification — Stabilization — Relative growth decline.

Although the energetic engines differ (metabolic in plants, nuclear in stars), the architectural constraint
imposed by increasing mass governs the trajectory. The decline in relative growth rate therefore reflects
increasing stabilization cost and transport resistance as biomass accumulates.

11.1 Age-Dependent Decline in Relative Growth Rate in Plants

Plant growth commonly follows a sigmoidal trajectory in which the percentage increase in growth
declines with age, even under non-limiting resource conditions. While metabolic explanations invoke
reduced meristematic activity or hormonal changes, these do not fully account for the universality of
this pattern.

11.1.1 Relative growth rate in plants

Age-Dependent Decline in Relative Growth Rate

Relative
Growth Rate
(% per day)

Increased Maintenance
Respiration
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Figure 13. Age-dependent decline in relative growth rate in plants. Plant growth follows a sigmoidal
trajectory in which relative growth rate (RGR) declines with increasing age and mass. As structural
biomass accumulates, maintenance respiration, hydraulic transport resistance, and mechanical
stabilization costs rise disproportionately. Growth progressively shifts from resource-limited to
allocation-limited, reflecting increasing internal mass load under gravitational constraint.

As plant mass increases, maintenance respiration, transport resistance, and mechanical stabilization
costs rise disproportionately. Intrinsic gravitation interprets the decline in relative growth rate as a
consequence of increasing internal mass load, which progressively constrains further expansion.
Growth therefore becomes increasingly allocation-limited rather than resource-limited, reflecting the
energetic and mechanical demands of sustaining a larger, denser structure.
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11.1.2 Relative growth rate in stars

Age-Dependent Decline in Relative Growth Rate (stellar context
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Figure 14. Age-dependent decline in relative growth rate in stars. Stellar systems exhibit declining
relative growth in luminosity and structural expansion as mass accumulates and fuel is consumed.
Increasing internal density enhances gravitational confinement, while radiative losses and fuel
depletion constrain further expansion. The decline reflects stabilization under mass-dependent
gravitational loading rather than simple resource limitation.

12. Conclusion

Intrinsic gravitation, reformulated as a mass-dependent structural constraint, provides a unifying
architectural framework for plant growth, transport, allocation, spacing, and yield formation. Gravity is
not presented as a biochemical driver but as a persistent boundary condition under which metabolic
processes must operate.

Across scales, mass accumulation within bounded domains generates gradients that require stabilization.
Plants negotiate these stabilization demands through hydraulic coherence, mechanical reinforcement,
and allocation adjustment.

The framework proposes architectural continuity across astrophysical, geophysical, and biological
systems while explicitly rejecting energetic equivalence between them.

Future empirical work should test whether pressure-state modulation, conduit geometry adjustment, and
allocation shifts correlate quantitatively with mass-loading transitions under gravitational constraint.
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