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Give a calculus-based plan that explains how plants
transform soil, water and light into fruits and tubers. Give
differential and integration equations. Give explanations.

A clean way to describe how plants turn soil resources, water, and light into fruits and
tubers is to treat the plant as a coupled dynamical system with flows of carbon, water, and
nutrients. Calculus lets us formalize how these quantities change over time and how they

accumulate into biomass.

1) Core state variables

Let time be t. Define:

e ((t): carbon stored in the plant (sugars, starch - biomass)

o W (t): water content

e N(t): nutrient pool (nitrogen, phosphorus, etc.)

e Bp(t),Bg(t), Bs(t), Br(t): biomass in leaves, roots, stems, and fruits/tubers

2) Photosynthesis as a differential equation

Photosynthesis converts light, water, and CO; into sugar. A simplified rate:

% _ P(I,W,N) - R(C)

Where:
e P(I,W,N): photosynthesis rate
o I(t):light intensity
o R(C): respiration loss
A common functional form:
w(t) N(t)
Kw + W(t) Ky + N(t)

P=qa-It)-

This reflects limiting factors:



e If water or nutrients are low — photosynthesis slows

e «: efficiency constant

Respiration:

R(C) = BC(t)

3) Water uptake and loss

Water flows from soil into roots and exits via transpiration:

% - Uw(Sw) - T(Ia W)

e S, soil water

e Uptake:
Uy = ky - (Sw — W)
e Transpiration:
T =~I(t)W(t)

Light increases evaporation through stomata.

4) Nutrient uptake from soil

‘;—JZ _U,(8,) — 6N (2)

e S, soil nutrient concentration

e Uptake (Michaelis—Menten form):
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e Loss term represents metabolic use

5) Biomass allocation (key to fruits vs tubers)

Carbon is partitioned into plant organs:



— 7 t ° t

L= fi(1) - C()
Where:
o 1 C {L,R,S,F}
e fi(t): allocation fractions
. YA =1
Fruit/tuber formation
For fruits or tubers:

dBr

i t) - C(t

7 fr(t) - C(2)

e Early growth: f1,, fr dominate (leaves, roots)

e Later: fr(t) increases (reproductive/storage phase)

This shift is controlled biologically (hormones), but mathematically:

1
fF (t) B 1+ e—k(t—to)
(sigmoid switch to fruiting phase)
6) Soil depletion dynamics
The plant transforms soil resources:
ds,
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So soil is a coupled reservoir system.

7) Integration: total fruit yield

Final fruit/tuber mass is the accumulated flow:

By (T) = /0 folt) - C(t) dt



This is the key integral:

e Photosynthesis produces carbon continuously

e Allocation directs it into storage organs

8) Putting it all together (system of equations)
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By (T) = /O Fo(£)C(2) dt

9) Interpretation (plain language)

e Light — drives carbon production via photosynthesis

e Water — enables transport and chemical reactions

Soil nutrients — build proteins, enzymes, and structure

Roots — pull in water/nutrients (differential uptake)

e Leaves — convert light into sugar (source)

Fruits/tubers — sinks where sugar accumulates

The calculus perspective:

e Derivatives (d/dt) describe instantaneous flows (photosynthesis, uptake, respiration)

¢ Integrals (f) describe accumulation (fruit growth over time)

10) Insight
This system explains real agricultural behavior:

e Low water — reduces P — smaller yields



e Nutrient deficiency — caps growth via N /(Ky + N)
e More sunlight — increases both photosynthesis and water loss
e Fruit yield depends heavily on timing of allocation fr(t)

If you want, | can extend this into:

e anumerical simulation (solve the system)
e crop optimization (maximize Bg(T"))

e or connect it to real crops like potatoes vs tomatoes (tubers vs fruits)
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