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ABSTRACT

Mathematics is considered the language of nature. Because of which, scientists and researchers since
centuries using mathematics to solve various aspects of scientific studies which also includes life sciences.
Without such mathematical approaches, results seen in various non mathematical research fields may look
doubtful, that’s why these days researchers try to see the mathematical angles of their non mathematical
research field such as life science and plant sciences. What are these crucial aspects in plant science which
should be mathematically observed, researched and addressed? This short essay discusses some such
aspects to be reviewed on mathematical ground.

INTRODUCTION

There are several excellent current research questions at the intersection of mathematics/statistics and
botany, and some are suitable for a review article or a conceptual/theoretical essay without even requiring
a large laboratory experiment.

Mathematics exposes something that ordinary descriptive botany cannot explain.

Table 1: The most promising areas

Topic Botanical problem Mathematical/statistical angle

Why do plants produce particular

1.1s there an optimal numbers/angles of branches and

Geometry, optimization, fractals,

architecture of a plant? network theory

leaves?
2. Can mathematics predict Why does a plant alter root depth . . . .

C . P y ¢ P P, Differential equations, stochastic
root architecture under branching and angle under water L
models, optimization
drought? stress?
. Why do phyllotaxis patterns
3. Is there a mathematical y do Py p .
. repeatedly approach Geometry, dynamical systems,

law governing leaf . ’ ..

Fibonacci/golden-angle optimization
arrangement?

arrangements?

4. How many leaves does a  Relationship between leaf number,

plant need? light interception and energy cost Optimization + probability

5. Can plant biodiversity be Why can many plant species coexist Competition models, nonlinear
predicted mathematically?  despite competition? dynamics, spatial statistics

Temperature, photoperiod and
rainfall interact to determine
flowering

6. Can we mathematically
predict flowering time?

Regression, time-series, stochastic
models

7. Is there a mathematical ~ Why do branches repeatedly form Fractal geometry, branching
law of plant branching? characteristic patterns? processes

Why do certain microbes colonize ~ Network theory, probability,

8. Plant—microbe coexistence .
some plants but not others? ecological models
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Topic Botanical problem Mathematical/statistical angle

Same genes can produce different

morphology under different Statistical modelling, reaction-

diffusion, Al

9. Can plant form be
predicted from genotype?

environments
10. Why does nature Ferns, trees, roots, venation etc. show . .
L Fractal mathematics, scaling laws
produce fractal plants? repeated self-similarity

There is a particularly interesting point here: these aren't merely artificial combinations of maths and botany.
Mathematical modelling is already being used to tackle genuinely unresolved plant questions. A 2026
Annual Review of Plant Biology article, for example, specifically describes computational modelling of
roots as a way to test whether current biological explanations are sufficient and to identify missing factors.
A 2026 review on root architecture similarly identifies the integration of root phenotyping, genetics,
environmental response and predictive modelling as an unresolved bottleneck.

Mathematical Optimum for Plant Architecture
This could become a fascinating interdisciplinary review/essay, like, why does a plant have the particular
number, angle, size and arrangement of leaves and branches that it has?
A plant is essentially trying to solve several competing problems:
maximizing

e sunlight capture

e CO: acquisition

e water acquisition

e reproductive success
while minimizing

e construction cost

e water loss

e mechanical failure

e self-shading

e competition between leaves

e maintenance respiration.
Mathematical approaches to plant morphology already identify major unanswered questions, including
predicting phenotype from genotype and modelling plant movement and morphology.
A botanist can ask if the Plant Forms are Evolutionary Solutions to Optimization Problems.
One can examine:

Root — optimize water/nutrient acquisition

!

Stem — optimize support and transport

!

Leaf — optimize light capture vs water loss

!

Branching — optimize spatial occupation

!

Canopy — optimize light distribution

!

Flower — optimize pollination

!

Seed — optimize dispersal
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The central proposition would be:
Plant morphology may be interpreted as a set of solutions to multiple competing optimization problems
rather than merely as genetically predetermined structures.
Another very strong unsolved problem: roots
Can Root System Architecture Be Described as an Optimization Problem? A Mathematical Perspective on
Plant Adaptation to Drought and Soil Heterogeneity
The basic question:
A root has limited carbon to invest.
Should it produce:
e one deep root?
e many shallow roots?
e many lateral roots?
o thick roots?
e fine roots?
e roots concentrated around nutrient patches?
There isn't necessarily one universal answer.
The environment is spatially heterogeneous.
We know:
Rainfall isn't predictable.
Nutrients aren't uniformly distributed.
Microbial populations fluctuate.
So, the plant isn't solving:
What is the optimal root system? but potentially, what root architecture gives the highest expected fitness
under uncertainty?
That brings probability + optimization + ecology + botany together.
Current literature specifically points toward the need to integrate root architecture, environmental
interactions and predictive modelling, while computational root modelling remains an active area.

Can We Find a Universal Mathematical Law of Plant Branching?

Look at:
e trees
e shrubs
e  grasses
e ferns
e T10O0tSs

e fungal-like branching structures

¢ inflorescences
and ask whether apparently different branching systems can be described using common mathematical
parameters, where branch length, diameter and branching order are related.
Then compare:
The researchers could investigate whether there really is a universal scaling law, or whether
environmental constraints make universal laws impossible.

Can Plant Phenology Be Predicted?
Suppose you record:

e temperature

e rainfall
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e day length

e humidity

¢ soil moisture
and flowering/leafing/fruiting dates, then, where is flowering date?
The interesting question isn't simply whether temperature affects flowering—we already know that.
The question is can we develop a general predictive model that works across species and environments?

Climate warming makes such studies particularly relevant. Recent reviews continue to find substantial

variation in how plant phenology responds to warming, especially across ecological contexts.
So, if we could establish such mathematical relationships with these biological aspects then this could
save our time and money which we spent in dealing with such issues in conventional ways.
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