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Introduction

*Compost contains diverse beneficial microbes (bacteria,
fungi, protozoa, nematodes) that support nutrient cycling,
soil structure, and plant health, making it a sustainable
alternative to fertilizer.

*Regenerative agriculture systems rely on compost, but solid
compost can only be applied during soil-turning operations
on unused fields.

*Compost extractors (Fig. 1) use an auger, water jets, and a
filter to rinse microbes off solid compost, producing a
pumpable liquid extract that can be applied throughout the
growing season.

*Compost extract leverages on-farm resources, reduces
dependence on volatile fertilizer prices, and supports
environmental sustainability.

*However, sediment in compost extract may damage
irrigation equipment, and microbe survival depends on the
integration method, as pumps, injectors, and emitters (Fig.
2) create high shear environments that may reduce viability
and contribute to clogging.

Fig 1. Hiwassee Products X350
Compost Extractor

Fig 2. TORO Aqua-Traxx Azul
drip tape emitter design

Objectives

*Develop and test a pilot-scale system for compost extract
delivery through a drip irrigation system that ensures
microbe survival and delivery.

*Develop computational fluid models to predict areas of
potential biofilm/sediment accumulation.

*Perform a profitability analysis to determine the efficiency
of compost extract required for profitability on a mid-sized
farm.

*Evaluate the efficacy of flushing in reducing sediment
build-up in drip lines.

Methods

Compost Extract Preparation:

*Conducted a sensitivity analysis between auger speed and microbe population density.

*Selected the extract with the highest microbial abundance for all subsequent experiments.

Drip Irrigation Delivery Tests:

*Delivered compost extract using a low-shear transfer pump through 80- and 120- mesh drip tape.
*Systems operated under standard field pressures and flow rates to simulate real-world conditions.
Data Collection and Microbe Analysis:

*Collected samples at four points: raw compost, extractor output, post-pump, and post-emitter.
*Quantified and identified microbial populations using microscopy.

Sediment Assessment:

*Flushed two of four drip lines to evaluate flushing effectiveness.

*Sectioned drip-tape post-test to visually assess sediment presence and thickness.

Fluid Modeling

*Developed Python models to simulate the shear stress distribution along the drip tape under closed-end
(standard operation) and open-end (flushing) conditions.

Hydraulic Modeling:

*Incorporated non-circular drip tape geometry, laminar-turbulent flow transitions, and discrete drag forces
induced by internal emitters.

2D Lattice Boltzmann Fluid Simulation:

*Applied a Regularized Lattice Boltzmann Method to model water flow over emitters in drip tape.

*Visualized flow patterns and identified regions susceptible to sediment accumulation.
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Results

Optimal Compost Extract: The highest auger speed 1

(10) produced the greatest concentration across all : ; 1"

measured microbial groups. & :‘ S

Drip Irrigation Delivery Performance: Microbial A3 . /
populations exiting both 80- and 120-mesh emitters met ' & =

established quality standards for annual vegetable
production, indicating minimal microbial loss (Fig. 3).

Fig 3. Nematode (L) and fungal hyphae (R) observed
post-emitter

Sediment Assessment: Flushed drip lines exhibited
minimal sediment, while unflushed lines accumulated
approximately 0.5cm of residue (Fig. 4). Results
indicate that flushing until the discharge was visibly
clear was sufficient to remove sediment. No detectible
biofilm was observed at smaller scales, suggesting this

flow regime was effective in limiting biofilm formation. Fig 4. Flushed (L) and unflushed (R) drip tape samples

Conclusion

*Commonly used chemical injectors should not be used for
compost extract as they damage microbes and dilute the
extract below efficient concentrations.

*High shear equipment should be avoided in compost
extract delivery systems, including needle valves.

*Diaphragm pumps can pump compost extract safely,
maintaining standard microbe concentrations in the
extract.

*120 mesh and 80 mesh drip tapes have similar microbe
counts.

*Flushing the lines with water can clear sediment buildup
in lines, mitigating the risk of clogging.

*Protruding emitters may show a greater risk of sediment
buildup and biofilm accumulation due to low shear
stresses surrounding the emitter.

Future Directions

*Continue collaboration with CFF to ensure their
commercial-scale greenhouse upgrade can accommodate
larger scale compost extract delivery.

*Determine how larger pumps (centrifugal, peristaltic, etc.)
impact microbe survival and optimize the performance of
this equipment.

*Perform a sensitivity analysis to determine how much
fertilizer needs to be saved by a mid-scale farm for
compost extract to be profitable.

*Perform tests on longer drip lines to quantify biofilm
accumulation and determine an optimal flushing
procedure for reducing biofilm and sediment
accumulation.

*Evaluate different types of emitter designs beyond the
TORO, especially those with protruding emitters.
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