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NATIVE RESTORATION​

 

1.​ ABSTRACT
 

This project addresses poor native seed establishment in small, degraded restoration areas with 
heavy clay soils, low moisture retention, and high erosion. Traditional methods such as hand 
seeding and straw mulching are labor-intensive, difficult to transport, and often result in 
inconsistent germination. To address this, a portable dual-backpack hydroseeding system was 
designed, built, and tested to improve efficiency and seed establishment in hard-to-access sites. 
The system consists of a 25-gallon slurry tank and a centrifugal pump carried separately by two 
operators, enabling mobility while maintaining application performance. A hydroseeding 
mixture of water, wood-fiber mulch, fertilizer, and native seed was developed to improve 
moisture retention, seed stability, and soil contact. Field testing at the Casey Creek site showed 
the system achieved target coverage of 200–300 ft² per 25-gallon tank with consistent slurry 
application and uniform seed distribution. Early germination of rye grain and crimson clover was 
observed within approximately 10 days in previously low-performing areas, indicating improved 
establishment conditions. Compared to traditional methods, the system reduced labor by 
combining seeding and mulching into one step while improving portability and application 
precision. Overall, the system provides a practical and cost-effective solution for small-scale 
restoration and improves the likelihood of successful seed establishment in challenging 
conditions.  
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3.​ BACKGROUND INFORMATION AND PROJECT DESCRIPTION
 

Ecological restoration projects across the U.S. rely heavily on native seed to stabilize soil, reduce 
erosion, and rebuild plant communities after disturbance (FHWA, n.d.). This includes sites such 
as roadway construction areas, stream and wetland buffers, and conservation land. Industry 
guidance from groups like the Natural Resources Conservation Service (NRCS) and state 
restoration programs emphasizes the use of native grasses and wildflowers because they establish 
deeper root systems and provide better long-term soil stability (NRCS, 2022; U.S. Forest 
Service, n.d.). However, many restoration contractors still rely on hand broadcasting seed and 
covering it with straw, especially on small sites. While this method is low-cost, it is 
labor-intensive, inconsistent, and often ineffective in heavy clay soils where moisture retention is 
poor, and seed can easily blow away or wash off before germination (FHWA, n.d.). 

Research supports the importance of mulch-based seeding approaches during early 
establishment. Benik et al. (2003) found that plots treated with mulch or erosion-control blankets 
established vegetation more successfully and experienced significantly less erosion than bare 
soil. These findings highlight the importance of moisture retention and surface stabilization in 
early plant establishment and support hydroseeding approaches. 

This project addresses a gap in equipment availability for small, hard-to-access restoration sites 
by developing a portable, low-cost hydroseeding system that improves seed establishment while 
reducing labor. 

4.​ DESIGN CRITERIA AND PROJECT OBJECTIVES
 

The design criteria for this project were developed in collaboration with our faculty advisor and 
project sponsors at Wildlands Engineering. The system must be portable and operable by two 
people, allowing access to remote or hard-to-reach restoration sites. It should effectively treat 
small areas (~200–300 sq ft) while applying approximately 5–10 lbs of mixed native seed per 
site. The design must incorporate a moisture-retaining mixture to keep lightweight seeds in 
place, improve seed-to-soil contact in clay soils, and support successful germination. It should be 
quick to set up, easy to clean, and more efficient than current methods, such as hauling straw. 
Additionally, the system must remain low-cost, simple to operate, and capable of handling mixed 
seed sizes without clogging. Key constraints include overall backpack weight and staying within 
the project budget. 

The main objectives of this project are to design and build a portable hydroseeding system that 
can be transported and operated by two people for use on restoration sites. In addition, the 
project aims to develop a hydroseeding mixture, using fertilizer selected by Wildlands 
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Engineering Inc., that retains moisture, stabilizes native seed, and promotes quick germination, 
while forming a consistent slurry that can pass through the system without clogging. The system 
will also be tested for usability, coverage, and ease of operation, along with evaluating seed 
placement and early germination success. The overall goal is to create a practical, efficient 
system that improves seed establishment while reducing labor demands for restoration crews. 

5.​ REVIEW OF RELEVANT LITERATURE
 

I.​ Benik, S. R., Wilson, B. N., Biesboer, D. D., Hansen, B., & Stenlund, D. 
(2003). 

Evaluation of erosion control products using natural rainfall events. Journal of Soil and Water 
Conservation, 58(2), 98–105. 

Benik et al. (2003) evaluated erosion-control treatments on newly constructed slopes seeded with 
native prairie species. Treatments included straw mulch, erosion-control blankets, and a 
hydraulically applied bonded-fiber matrix. Treated plots established vegetation more 
successfully and experienced significantly less erosion than bare soil, with untreated plots losing 
up to ten times more soil during some storm events. Straw mulch produced the greatest early 
vegetative cover and biomass, improving soil stabilization during establishment. By the second 
growing season, treatment differences decreased as vegetation became established. 

This study is relevant because it demonstrates the importance of early soil and seed protection on 
disturbed sites. The findings support incorporating mulch, fiber, or binding materials into 
hydroseeding mixtures to improve seed retention, moisture availability, and seed-to-soil contact. 
While commercial hydroseeding systems use similar erosion-control practices for large-scale 
applications, our project adapts these methods into a portable system for small and hard-to-reach 
restoration sites. 

II.​ Restoration biology: A population biology perspective. Restoration 
Ecology, 5(4), 277–290. 

Montalvo, A. M., Williams, S. L., Rice, K. J., Buchmann, S. L., Cory, C., Handel, S. N., Nabhan, 
G. P., Primack, R., & Robichaux, R. H. (1997). 

Montalvo et al. (1997) argues that restoration success should be measured by whether plant 
populations can persist long term, not just whether vegetation establishes in the first season. 
They outline key factors that affect that outcome include (1) starting population size and genetic 
diversity, (2) using locally adapted plant material, (3) how connected the site is to other habitat 
(gene flow and dispersal), (4) how succession and selection shape populations over time, and (4) 
interactions with other species (pollinators, soil microbes, herbivores, and invasive weeds). They 
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also describe common reasons projects fail, like using seed from too few parent plants, planting 
non-local stock, missing mutualists, or getting outcompeted by invasives. 

This is relevant to our portable hydroseeding project because it supports designing for long-term 
persistence, not just quick germination. The paper reinforces using appropriately sourced native 
seed mixes and improving early establishment conditions (moisture retention, seed-to-soil 
contact, and reduced erosion) so seedlings are more likely to survive and build a stable 
population. It also highlights the need to avoid application methods that unintentionally favor 
weeds or create conditions that hurt native populations. 

III.​ Vegetation and Soil Quality Effects from Hydroseed and Compost 
Blankets Used for Erosion Control in Construction Activities 

 
Faucette, L. B., Risse, L. M., Jordan, C. F., & Cabrera, M. L. (2006). Vegetation and soil quality 
effects from hydroseed and compost blankets used for erosion control in construction activities. 
Journal of Soil and Water Conservation, 61(6), 355–362. 

Faucette et al. (2006) compared hydroseeding to compost erosion-control blankets on disturbed 
soils (due to construction) to evaluate vegetation establishment and soil quality. In plots seeded 
with Bermuda grass, compost blankets produced much faster early cover (about 2.75 times more 
than hydroseed after three months) (Faucette et al., 2006). After one year, total vegetative cover 
was similar, but hydroseeded plots had significantly higher weed biomass and a greater 
weed/grass ratio. This suggests that slower early establishment in hydroseeded areas may leave 
more room for weed invasion, while compost blankets provide better early protection. 

The study also found soil quality benefits from some compost treatments. Certain compost 
blankets increased surface soil organic carbon and organic matter within 18 months. In contrast, 
the hydroseed mix included mineral phosphorus fertilizer, and surface soil phosphorus remained 
elevated even after 18 months, raising potential runoff concerns (Faucette et al., 2006). 

This research supports incorporating organic amendments, such as compost fines, into our 
hydroseeding system to improve early establishment and soil condition. It also highlights the 
need to be cautious with added fertilizers, especially phosphorus, when designing a slurry for 
restoration sites. 
 

6.​ DESIGN APPROACH AND SYSTEM DEVELOPMENT
 

To better understand why particular materials and design choices were made for this system, it is 
important to first understand what hydroseeding is and how it functions. Hydroseeding is the 
application of a slurry made up of water, seed, and mulch to areas where seed retention and 
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germination are typically low. The slurry helps hold seed in place, improves seed embedding, 
and provides nutrients and moisture that support early establishment. The mulch component also 
reduces erosion and protects seed from wind displacement, which is especially important on 
disturbed or sloped sites. 

A basic hydroseeding system includes three main components: a slurry tank, a pump, and an 
application hose. The tank holds and mixes the seed and mulch slurry, the pump moves the 
mixture through the system, and the hose and nozzle allow it to be applied evenly to the 
treatment area. Understanding these core components helps explain why pump capacity, tank 
configuration, and hose layout are critical design considerations in developing a portable system 
for small-scale restoration work. 

To meet the needs of small, hard-to-reach restoration sites where only foot traffic is possible, this 
system is designed to be transported by hand. The equipment is divided between two external 
frame backpacks. One pack carries the slurry tank and associated hoses, while the second carries 
the pump. Separating the weight allows two operators to transport the system safely into remote 
areas where vehicle access is not possible, such as streambanks, steep slopes, low-impact areas, 
or confined restoration sites. Once at the treatment location, both packs are set on the ground and 
connected using cam-lock quick-connect fittings to allow quick setup and breakdown. 

The 25-gallon tank can be transported dry and preloaded with seed and mulch, or filled on site. 
The tank is secured to the pack frame using a steel band and weighs approximately 44 lbs. For 
stream restoration applications, water is pumped directly from the stream into the tank through a 
2-inch bulkhead, allowing incoming water to mix with dry components and form a consistent 
slurry during filling. Once filled, the hose configuration is adjusted so the pump draws from the 
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tank and discharges slurry for uniform application. The tank is also equipped with a ¾-inch 
return line that provides agitation to maintain mixture uniformity during application. Based on 
calculations in Appendix A3., the settling velocity was estimated at approximately 1.43 ft/s, 
indicating rapid particle settling without mixing; therefore, continuous agitation is required to 
maintain suspension, which is achieved by the return line. 

6.1. PUMP SELECTION AND PERFORMANCE 
OPTIMIZATION

 

 

For materials selection, the first crucial decision was choosing an appropriate pump. The system 
will use a Pacer SE2PL E5.5 pump, manufactured by Pacer Pumps (Lancaster, Pennsylvania, 
USA), a 2-inch pump which comes mated with a 5.5 HP four-stroke gasoline engine. While this 
pump provides a higher flow rate (50 GPM) than needed for small treatment areas, it was 
selected because the hydroseeding slurry contains mulch fibers and seed that smaller pumps 
cannot handle. Using a pump with a capacity for larger solids reduces the risk of pump damage 
and improves overall system lifespan in field conditions. The pump is mounted to the frame pack 
using the mounting holes on the engine block. It is bolted to a flat bar with 
manufacturer-recommended fasteners, and the flat bar is then secured to the backpack frame to 
provide stable support during transport. The pump pack will weigh 54 lbs (Appendix A2), with 
the majority of the weight being towards the bottom of the pack to help with balance. Because 
the pump’s rated capacity is higher than needed, the flow rate will be controlled by reducing the 
engine speed (RPM) rather than restricting the discharge line. This approach helps maintain 
proper pump performance and prevents unnecessary strain on the system. The manufacturer 
specifies that the pump must operate at a minimum flow rate to maintain efficiency and avoid 
overheating. 
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Using the pump curve, performance was evaluated at different RPMs to identify an operating 
range that meets both efficiency and application needs. This allows the system to deliver a lower, 
more manageable spray rate for small-scale restoration while maintaining proper pump function 
and reducing the risk of overheating or excessive wear. 

6.2. SYSTEM DESIGN INNOVATIONS AND SAFETY 
FEATURES

 

This project demonstrates originality through the development of a compact, field-deployable 
hydroseeding system specifically designed for small, difficult-to-access restoration areas. By 
translating large-scale hydroseeding principles into a portable, dual-pack configuration, the 
system enables simultaneous application of seed, mulch, and fertilizer in environments where 
conventional equipment is impractical. The integration of system design with slurry composition 
and delivery method reflects a tailored engineering approach rather than the adaptation of 
existing equipment. Additionally, the system’s modularity, including adjustable hoses, 
interchangeable nozzles, and compatibility with various transport methods, further distinguishes 
it as a flexible and scalable solution for site-specific restoration challenges. 

The system was designed with safety considerations aligned with applicable American Society of 
Agricultural and Biological Engineers (ASABE) standards to ensure reliable field operation and 
minimize operator risk. ASABE standards provide engineering guidelines for the safe design, 
operation, and labeling of agricultural and biological equipment. In this project, ASABE S318.18 
was used to guide pressure system safety and hazard prevention for pump and hose operation, 
ASABE S493.1 informed safe equipment design and operator protection considerations, and 
ASABE S441 guided safety signs, labels, and operator communication. These standards were 
incorporated throughout the system design process to improve operational safety, reduce physical 
strain, and support consistent field use. Key features include secure component mounting, 
controlled pump operation through RPM adjustment, and proper hose connections to prevent 
pressure-related hazards. Safety precautions are reinforced through on-equipment labeling and 
inclusion in the instruction manual, supporting safe and consistent use in field conditions 
(ASABE S318.18; ASABE S493.1; ASABE S441). 

Table 1. Summary of Safety Features and Applicable ASABE Standards 
Safety Consideration Design Implementation ASABE Standard 

Equipment stability 
Secure mounting of tank and pump to frame 
packs to prevent shifting during transport ASABE S493.1 

Operator strain 
reduction 

Weight distribution between two packs to 
reduce physical strain ASABE S493.1 

Pressure control Flow regulated by engine RPM instead of ASABE S318.18 
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restricting discharge line 

Thermal hazard 
awareness 

Identification of pump heat hazards during 
operation ASABE S318.18 

Secure connections 

Use of cam-lock fittings and proper hose 
connections to prevent leaks or 
disconnection ASABE S318.18 

Safety labeling Safety precautions posted directly on tank ASABE S441 

Operator guidance 
Instruction manual includes PPE 
requirements and hazard awareness ASABE S493.1 

Field usability safety 
QR code access to manual for real-time 
troubleshooting and safe operation ASABE S493.1 

 

7.​ RESULTS AND DISCUSSION
 

 

Field testing of the dual-backpack hydroseeding system was conducted on April 13, 2026, at the 

Casey Creek restoration site (located at: 35°17'34.2"N 78°11'04.9"W) in collaboration with 
Wildlands Engineering, Inc., to evaluate system performance under real field conditions. Overall, 
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testing demonstrated that the system successfully met its primary design objectives of portability, 
effective slurry mixing and application, and improved seed placement for small-scale restoration 
sites. Results were evaluated based on system performance, application efficiency, usability, and 
observed limitations. 

7.1. SYSTEM PERFORMANCE AND APPLICATION 
EFFICIENCY

 

The system was able to consistently apply a hydroseeding slurry composed of approximately 
6.25 lb hydromulch, 7.5 lb seed mix, and 1.32 qt fertilizer per 25-gallon tank, achieving an 
average coverage of approximately 250 square feet per application. This falls within the target 
design range of 200–300 square feet, indicating that the system meets intended application 
efficiency requirements. 

During field testing at Casey Creek, the pump successfully circulated and discharged the slurry 
without major flow interruptions, confirming that the selected 2-inch centrifugal pump provided 
sufficient capacity to handle mixed seed sizes and mulch fibers. The ability to regulate flow rate 
through the engine’s 3,450 RPM allowed for a more controlled and uniform spray pattern, 
improving application precision in targeted “problem” areas. The addition of a 25-degree fan 
nozzle further improved spray uniformity by creating a wider, more even application pattern 
across the soil surface.​

​
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Qualitatively, the hydroseeding application resulted in more uniform seed distribution and better 
surface coverage compared to traditional hand broadcasting. The slurry visibly adhered to the 
soil surface, indicating improved seed-to-soil contact and moisture retention, both of which are 
critical for germination in clay-heavy soils. Additionally, the application process may have 
influenced water uptake or seed-soil contact, though mechanical scarification effects were not 
directly evaluated. 

7.2. DOCUMENTATION AND IN-FIELD USABILITY 
ENHANCEMENTS

 

A detailed assembly, parts, and operation manual was developed to improve system usability and 
consistency in the field. (Appendix A4) The manual provides step-by-step instructions for 
assembly, hose configuration, slurry preparation, and operation, allowing both experienced and 
new users to efficiently set up and operate the system. A brief overview of these features is 
outlined below, while a more detailed breakdown can be found in Table 2. Access to the full 
digital version of the manual is provided in Appendix A4. 

I.​ Maintenance and Troubleshooting: The manual includes a comprehensive parts list, 
component specifications, pump performance data, and replacement resources, enabling 
efficient diagnostics and component replacement without specialized technical expertise. 

II.​ In-Field Accessibility: A QR code mounted on the 25-gallon tank provides direct access 
to the digital manual, allowing operators to reference system procedures and 
troubleshooting guidance in real time, reducing downtime during field operations. 

III.​ Safety Guidance: The manual incorporates key operational safety considerations, 
including PPE requirements, secure hose connections, pressure regulation, and thermal 
hazards associated with pump operation. 

IV.​ Overall Impact: The integration of standardized documentation and in-field access 
improves operational consistency, reduces user error, and enhances overall system 
reliability and field performance. 

Table 2: Organization and Key Components of the System Instruction Manual 

Section Content Description User Benefit 

System Overview 
Description of system purpose, 
components, and operation principle 

Provides foundational understanding for 
new users 

Parts List 
Complete list of components with 
specifications and quantities 

Supports identification and replacement of 
parts 

Assembly Instructions 
Step-by-step guidance with diagrams for 
system setup 

Reduces setup errors and improves 
efficiency 
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Hose Configuration 
Detailed hose assembly and connection 
diagrams 

Ensures correct system configuration and 
flow direction 

Pump Specifications & 
Performance Manufacturer specs and pump curve data 

Supports proper operation and 
troubleshooting 

Operation Procedures 
Instructions for water intake, slurry 
mixing, and application Guides users through correct field operation 

Slurry Composition 
Guidelines 

Recommended mixture ratios for a 
25-gallon tank 

Ensures consistent application and 
performance 

Nozzle Assembly Details on nozzle setup and compatibility Improves spray uniformity and adaptability 

Safety Guidelines 
PPE, pressure control, heat hazards, and 
terrain awareness Promotes safe operation and reduces risk 

Replacement Parts & 
Resources 

Links and references for sourcing 
components 

Facilitates maintenance and long-term 
usability 

Quick Reference / QR 
Code Access Digital manual access for in-field use 

Enables fast troubleshooting and real-time 
guidance 
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7.3. PORTABILITY AND USABILITY
 

The dual-backpack system was 
successfully transported 
approximately 0.5 miles to the 
field site, demonstrating 
suitability for remote and 
hard-to-access areas. Pack 
weights were approximately 53.5 
lbs (pump-pack) and 43.5 lbs 
(tank-pack). While relatively 
heavy, distributing the load 
between two operators improved 
mobility compared to transporting 
bulk straw or large equipment. It 
is important to note that the 
tank-pack is intended to be 
carried to the site empty, with 
water and slurry components 
added once at the desired 

application location, and both packs have been set on the ground. This approach reduces 
transport weight and improves practicality when accessing remote areas. Furthermore, the 
system also eliminated the need for separate straw application by combining seeding and 
mulching into a single step, reducing labor and improving field efficiency. 

7.4. EARLY GERMINATION OBSERVATIONS
 

The improved application performance was particularly beneficial in problem areas observed at 
the site, such as exposed stream-adjacent zones where poor germination is typically caused by 
runoff, low organic matter, and compacted or clay-heavy soils that limit moisture retention and 
seed-to-soil contact. 

Approximately 10 days following the in-field application, Daniel Taylor of Wildlands 
Engineering reported successful germination across the 750 square feet covered during the April 
13 site visit of both rye grain (1:2 ratio per 25-gallon tank application) and crimson clover (1:2 
ratio per 25-gallon tank application) within the designated “problem area” shown in Figure 5. 
This observation, made during a post-application site visit, indicates that the system was able to 
support early germination even in areas previously identified as having poor establishment 
conditions. An illustration comparing the average germination performance of the hydroseeding 
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application to typical establishment(s) in similar problem areas is presented in Figure 10, and 
further discussion of these results is provided in Section 7.5. 

7.5. COMPARISON TO EXISTING METHODS
 

In comparison to traditional hand seeding and straw mulching, the dual-pack hydroseeding 
system: 

I.​ Reduced labor by eliminating a separate mulching step 
II.​ Improved application precision and uniformity 

III.​ Increased efficiency for small areas (~250 sq ft per 25 gal. tank) 
IV.​ Enhanced seed retention through mulch and tackifier 

Traditional straw-based methods, while effective for erosion control, are often bulky and difficult 
to transport, particularly in areas requiring foot access. Wildlands Engineering, Inc. indicated 
that hand broadcasting is their primary method for seeding small “problem areas”; however, this 
approach frequently results in non-uniform seed distribution, localized clustering, and 
insufficient surface coverage, which can negatively impact establishment success (Figure 9). 
Uniform seed distribution is critical in mixed-species systems such as cereal rye (Secale cereale) 
and crimson clover (Trifolium incarnatum), as excessive seeding density can inhibit germination 
and early plant development. High seed concentrations may restrict oxygen diffusion within the 
seed microenvironment, increasing susceptibility to damping-off, while simultaneously 
intensifying intra- and interspecific competition for nutrients, moisture, and space. These 
conditions can result in weak seedlings and suppression of slower-establishing species, where 
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rapidly growing rye can dominate and shade out crimson clover, limiting its role in biological 
nitrogen fixation. Furthermore, seed clustering reduces effective seed-to-soil contact, limiting 
water uptake and increasing susceptibility to desiccation under drying conditions. Patchy 
distribution also creates unoccupied niches that are vulnerable to weed invasion, reducing overall 
restoration success (Clark, 2007). The hydroseeding system addresses these limitations by 
providing a more controlled and uniform application, improving seed distribution, resource 
availability, and overall establishment outcomes. 
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7.6. SELECTION OF HYDROMULCH AND 
FERTILIZER

 

The selected hydromulch and fertilizer were chosen to address key limitations to germination in 
degraded restoration areas, including poor moisture retention, low soil contact, and seed 
displacement. The LFHCTS HydroCover TripleStart hydromulch, composed of cellulose and 
wood fibers with wetting agents, provided a protective layer that retained moisture, reduced 
erosion, and improved seed retention on exposed soils. This is critical for species such as rye 
grain and crimson clover, which require consistent moisture and strong seed-to-soil contact for 
successful germination (Clark, 2007). A tackifier further enhanced slurry adhesion, reducing 
seed loss from runoff in stream-adjacent “problem areas,” a key concern for Wildlands 
Engineering Inc. 

The 4-10-3 fertilizer supported early establishment through high phosphorus content and the 
inclusion of indole-3-butyric acid (IBA), which promotes rapid root initiation (Clark, 2007). IBA 
can be uniformly incorporated into the slurry, either granular or within a liquid fertilizer, without 
affecting flow or increasing clogging risk, and remains active during mixing and pumping for 
consistent application. Together, the hydromulch and fertilizer improved moisture availability, 
stabilized seed placement, and supported early root growth under the poor soil conditions 
observed at the Casey Creek site.  

7.7. ROLE OF MECHANICAL ABRASION IN SEED 
ESTABLISHMENT

 

During hydroseeding, seeds are exposed to multiple mechanical interactions that may contribute 
to minor scarification. Agitation in the tank, transport through hoses, and discharge from the 
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nozzle result in repeated contact with slurry components, followed by impact with the soil 
surface, particularly in rough or compacted areas (sites with conditions comparable to Casey 
Creek). While these forces are not sufficient to fracture seeds, repeated low-level impacts and 
friction may cause slight abrasion of the seed coat. Scarification is achieved by scratching or 
weakening the seed coat, increasing permeability and improving water uptake (Kildisheva et al., 
2018). This promotes faster imbibition, a critical step in germination. As a result, hydroseeding 
may enhance germination by improving seed-to-soil contact and facilitating minor mechanical 
scarification. Although not confirmed, this effect warrants further investigation across multiple 
sites. 

8.​ OBSERVED CHALLENGES AND LIMITATIONS
 

Despite overall success, several challenges were identified during testing. The most significant 
issue was nozzle clogging, likely due to inconsistent slurry mixing or fiber accumulation. This 
was mitigated by implementing a procedure to run tank agitation for at least 15 seconds before 
application, which improved slurry consistency and reduced clogging. Additionally, following 
application, the frame-pack straps, particularly on the pump pack, became wet due to water 
exposure during operation, which reduced comfort when carrying the system. 

9.​ CONCLUSIONS
 

This project successfully developed and tested a portable dual-backpack hydroseeding system to 
improve native seed establishment in small, hard-to-access restoration areas. The system met its 
primary design objectives by improving seed-to-soil contact, moisture retention, and application 
efficiency compared to traditional hand seeding and straw mulching. Field testing confirmed 
consistent slurry application, target coverage of 200–300 square feet per tank, and improved seed 
distribution. Early germination observed in previously underperforming “problem areas” further 
supports the system’s effectiveness, likely due to improved soil adhesion and potential 
mechanical scarification during application. Overall, the system reduced labor by combining 
seeding and mulching into a single step and provided a practical solution for sites where large 
equipment is not feasible. 

10.​ FUTURE WORK AND IMPROVEMENTS
 

Testing identified several areas for improvement, including reducing nozzle clogging through 
improved slurry mixing and refining backpack ergonomics. During field use, the backpack 
straps, particularly on the pump pack, became wet due to water exposure during application, 
reducing comfort during transport. Incorporating removable strap designs would allow straps to 
be detached prior to operation and reattached afterward, improving usability. Expanding the 
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system’s versatility through interchangeable transport options, such as mounting to a side-by-side 
or canoe, could further improve performance across varying site conditions. Additionally, hose 
lengths can be adjusted to meet site-specific access needs, and nozzles can be interchanged to 
modify spray angle and application width. The system also has the potential to serve as a 
scalable base model, with adjustments to pump size and tank capacity allowing adaptation to 
different application scales. Future work should focus on collecting quantitative germination and 
establishment data and testing across a wider range of site conditions to evaluate long-term 
performance. 
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