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How Water & Nutrients Move in a Raised Bed: The Key to Vigorous Crops

Based on the principles of the PQNK Raised Bed System.
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Principle 1: Water moves from wet areas (furrow) to dry areas (bed center) via capillary action.
Principle 2: Moving water dissolves and carries nutrients, concentrating them in the root zone.
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Introduction

1.0 Introduction
Understanding how water moves in soil i1s
fundamental to efficient irrigation and crop
management. This paper synthesizes field
observations from the PQNK Raised Bed System
with established soil physics and ecohydrological
principles to explain the movement of water and
nutrients, and their direct impact on plant vigor
and regional water cycling. A consistent
observation within this system is that plants in the
center of raised beds are typically more vigorous
and taller than those on the bed shoulders. This
phenomenon is a direct result of scientific
principles governing water movement and solute
transport, which can be further amplified by
’ management practices like mulching to influence
4" local microclimates and potentially even rainfall
ns.
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2.0 Scientific Principles of Soil Water Movement

2.1 Driving Forces
Water in soil moves in response to two primary forces:

* Gravity: Pulls water downward through soil pores.

* Matric Potential (Capillary Action): This is the osmosis-
like process referenced in field teachings. It is the
attraction between water molecules and soil particles.
Water moves from areas of higher water potential (wetter
soil) to areas of lower water potential (drier soil) through
soil pores.

2.2 Infiltration and Redistribution
When water is applied to a furrow:

1. Infiltration: Water enters the soil profile from the furrow,
saturating the soil immediately adjacent to it.

2. Lateral Redistribution: The combined forces of gravity
and matric potential drive the wetting front both downward
and laterally towards the drier center of the bed, creating a
isture gradient.
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The Nutrient Concentration Mechanism

3.0 - The Nutrient Concentration Mechanism

Solute Accumulation During Transport: The "Nutrient |
Harvesting" Effect ;

The observed plant vigor gradient is primarily driven by a
process of solute accumulation and concentrating flow, which §§
differs from a simple dilution model. |

* Stage 1 - Mobilization at the Shoulder: Soil near the §#
water channel becomes saturated. This saturation dissolves [

initial, dilute nutrient solution.

» Stage 2 - Progressive Dissolution Along the Flow Path:
As this water moves laterally via capillary action from the |
saturated shoulder towards the drier bed center, its journey
is not merely a transfer of the initial solution. Crucially, the i'e'
moving water front continues to dissolve and mobilize !

’, additional nutrients from the soil pores it traverses. This is S N Ak
key distinction: the water acts as a continuous solvent, NN 7 L

sting" nutrients along its path.
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Concentrating Flow at the Center

e Stage 3 - Concentrating Flow at the Center:
Simultaneously, the volume of the liquid water phase in this
advancing front is not constant. A portion of the water is
continuously lost to:

1. Soil Matrix Retention: Water is held in the micropores of
the soil through which it travels.

2. Plant Uptake: Roots in the pathway intercept and absorb
water.

3. Deep Percolation: Gravity pulls some water downward.
This results in a diminishing water volume carrying an
increasing solute load. By the time the water front reaches
the central root zone, it has become a highly concentrated,
nutrient-dense soil solution—not because the same
nutrients are in less water, but because more nutrients have
been dissolved into a gradually reducing water stream.

* Stage 4 - Optimal Plant Uptake: Plants in the center

therefore access a solution of superior nutritive density,

’, facilitating highly efficient nutrient uptake via mass flow and

iffusion, while also benefiting from the superior aeration of
ess-saturated zone.
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Simplified Analogy for Farmers

Simplified Analogy for Farmers:

Think of the water moving from the furrow to the bed center like a small stream flowing down a
mountain. At the top (the furrow), the stream is large but carries little sediment. As it flows, it erodes and
picks up soil and minerals from its banks and bed. By the time it reaches a quiet pool in the valley (the bed
center), the stream is smaller, but the water is much richer in minerals because it has gathered them along
its entire journey. The center plants are rooted in that mineral-rich pool.

This revised explanation accurately reflects the dynamic process of continuous dissolution into a
concentrating flow, which is the true engine behind the nutrient gradient in the PQNK system.
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The Role of Hardpan Breakage in Hydrological Feedback

4.0: The Role of Hardpan Breakage in Hydrological
Feedback

The PQNK Raised Bed System incorporates a critical
mechanical intervention: the breaking of hardpans or
compacted soil layers. This practice extends the hydrological
influence of the system beyond the root zone, creating a deeper,
more powerful signal to the regional water cycle.

Scientific Mechanism:

1.Enhanced Infiltration and Recharge: A hardpan is a
dense, impermeable soil layer that restricts vertical water
movement. When this barrier is broken, irrigation or
rainwater can infiltrate deeply into the subsoil and aquifer,
rather than pooling on the surface or running off.

2.Creation of a Deep Moisture Deficit: This deep

infiltration establishes a significant subsoil and groundwater

reservoir. Crucially, it also creates a larger, deeper volume

of soil capable of storing additional water. From the

perspective of the land-atmosphere system, this represents a

/, substantial increase in the landscape's water storage
capacity and potential "demand."

Solution Provider in Food, Feed, Fiber Production & Fuel Alternates



4 P , Abundance of nutritious food
-® PEDAVER 5

THE TRANSFORMATIVE PRODUCER The science of natural farming

Feedback to the Atmospheric Water Cycle:

3.Feedback to the Atmospheric Water Cycle: This
geological alteration sends a coherent signal through the
Earth system:

e Reduced Surface Water: By eliminating surface runoff
and ponding, breaking the hardpan reduces immediate,
rapid evaporation from standing water.

e Increased Latent Heat Flux: The stored deep moisture
becomes accessible to deep-rooted plants and can slowly
move upward via capillary rise, supporting sustained
transpiration—a process that transfers water vapor (latent
heat) efficiently into the atmosphere.

e Thermodynamic Trigger: A landscape with high
infiltration capacity and deep soil moisture has a different
energy balance. It can promote convective activity—the
rising warm, moist air that forms clouds—more
effectively than a sealed, runoff-prone landscape. The
deep soil acts as a "bank," drawing in atmospheric

') moisture to refill it, thereby encouraging the convergence
{ air masses that lead to precipitation.
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Logical Synthesis with Prior Concepts

The combined practices—mulching (reducing surface evaporation), vigorous plant growth (increasing
transpiration), and hardpan breakage (enabling deep recharge)—create a synergistic hydrological
profile. The landscape no longer signals "saturation and runoff” but rather signals "high capacity and
utilization." This integrated signal—of low surface humidity from mulch, high biotic vapor flux from
plants, and a deep, drainable soil profile—is meteorologically conducive to attracting and triggering
convective rainfall events. The system effectively demonstrates that intelligent soil management does
not just conserve water in situ, but can actively participate in regenerating the local water cycle by
altering the fundamental land-surface properties that govern atmospheric feedbacks.
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Footnote: PONK (pronounced 'picnic')—the regenerative &

sustainable Pristine Organic Farming System—is grounded in

Natural Ecosystem Science. This science employs perennial
 biodiversity, protects soil with organic mulch, and avoids
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