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ABSTRACT 

Soil erosion is a major environmental challenge that threatens agricultural productivity, 

ecosystem stability, and infrastructure development worldwide. Conventional methods of 

vegetation establishment are often labor-intensive, time-consuming and less effective on 

steep slopes or degraded landscapes. Hydroseeding has emerged as an innovative and 

sustainable technique for rapid vegetation establishment and effective soil stabilization. The 

process involves spraying a slurry containing grass or native plant seeds, mulch, fertilizers, 

soil conditioners, tackifiers and water onto exposed soil surfaces using specialized 

equipment. This method ensures uniform seed distribution, enhances seed-to-soil contact, 

conserves soil moisture, and protects seeds from displacement by wind and water. 

Hydroseeding significantly accelerates vegetation establishment, reducing runoff and 

preventing further soil degradation while improving landscape restoration. The technology 

has gained widespread application in highway embankments, mining reclamation sites, 

construction projects, riverbanks, forest restoration, parks and agricultural lands vulnerable 

to erosion. Compared with traditional seeding methods, hydroseeding is more cost-effective 

for large areas, requires less labor, and provides faster and more uniform plant 
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establishment. Additionally, the use of biodegradable mulch and environmentally friendly 

additives promotes sustainable land management and biodiversity conservation. Despite its 

advantages, successful hydroseeding depends on appropriate seed selection, climatic 

conditions, site preparation, and proper maintenance during the early establishment phase. 

Recent advances, including drone-assisted hydroseeding, precision application technologies 

and eco-friendly mulch formulations, are further improving its efficiency and expanding its 

applications. As climate change intensifies land degradation and erosion risks, hydroseeding 

offers a practical, scalable, and environmentally responsible solution for restoring degraded 

landscapes, enhancing ecological resilience and supporting sustainable natural resource 

management. 

 

INTRODUCTION:  
 

are, disturbed soil rarely stays put. 

Whether it is a newly cut highway 

embankment, a mine slope stripped of 

its topsoil, or a hillside scarred by a landslide, 

exposed earth is vulnerable-and getting a 

protective cover of vegetation established 

quickly is often the difference between a site 

that heals and one that keeps eroding. This is 

the gap hydroseeding was designed to fill. 

Hydroseeding is a planting technique in which 

a slurry of seeds, water, mulch, fertilizer, and 

stabilizing agents is sprayed onto a prepared 

soil surface to establish vegetation rapidly 

(Deb et al., 2026; Parsakhoo et al., 2018; 

Emeka et al., 2021). It originated in the United 

States in the 1950s and has since become a 

widely used method for stabilizing disturbed 

terrain, controlling soil erosion, and restoring 

degraded ecosystems across very different 

environments from arid mine lands to 

Mediterranean roadsides to landslide-prone 

tropical slopes (Gudyniene et al., 2021; 

Mandić et al., 2025). Its appeal lies in speed 

and simplicity: instead of sowing, covering, 

and watering as separate steps, hydroseeding 

delivers seed, soil-holding mulch, and plant 

nutrition in one spray application, aiming to 

establish cover before erosion can take hold. 

That promise continues to draw interest from 

restoration ecologists, highway engineers, and 

agricultural researchers alike. But as the 

studies below show, hydroseeding is not a one-

size-fits-all fix its performance varies with 

slope, climate, seed choice, and slurry 

materials. 

1. What Is Hydroseeding? 

Hydroseeding is, at its core, a spray-based 

planting method: seeds, water, mulch, 

fertilizer, and stabilizing additives are 

combined into a slurry and applied over 

prepared ground to establish vegetation 

quickly (Deb et al., 2026; Parsakhoo et al., 

2018; Emeka et al., 2021). Developed in the 

United States in the 1950s, it has since spread 

internationally as a tool for stabilizing 

disturbed land and rebuilding degraded 

ecosystems (Gudyniene et al., 2021; Mandić et 

al., 2025). Its defining strength is flexibility. It 

can carry turfgrass, wildflowers, native 

species, and cover crops, suiting settings as 

different as residential lawns, highway slopes, 

and degraded land reclamation (Deb et al., 

2026).  

2. How Does Hydroseeding Work? 

Seeds, water, cellulose fibre mulch, fertilizer, 

and tackifiers (binding agents) are combined 

into a slurry and sprayed onto the soil surface 

(Deb et al., 2026; MacDonald-MacAulay et 

al., 2024). A commonly reported standard 

mixture uses roughly 173 kilograms of 

B 
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cellulose mulch, 14 kilograms of seed, and 11 

kilograms of fertilizer, blended with about 

1,893 litres of water (MacDonald-MacAulay et 

al., 2024) a ratio that shows just how mulch-

dominated a typical mix is. 

Once applied, the cellulose mulch acts as an 

absorbent mat that retains moisture close to the 

seed, favouring germination, while forming a 

protective cover that helps prevent erosion 

(Parsakhoo et al., 2018; Emeka et al., 2021). 

Where superabsorbent polymers are added, 

they form a hydrogel that holds water within 

the slurry layer, reducing how often the site 

needs supplemental irrigation (MacDonald-

MacAulay et al., 2024). Timing matters too: 

bioengineering research suggests the best 

application windows fall between October–

November and February–March, allowing 

rapid germination before surface erosion sets 

in (Kolkos & Stergiadou, 2022). 

3. Components of the Hydroseeding 

Slurry 

 

i. Seeds. Slurries can carry turfgrass, 

wildflowers, native species, and cover 

crops, which is part of why the method 

suits such different settings (Deb et al., 

2026). Commercial mixtures dominated by 

fast-growing grasses and legumes are 

traditionally favoured for being inexpensive 

and quick to establish (Gudyniene et al., 

2021; Matesanz et al., 2006; Sulastri et al., 

2022), typically forming about 14 

kilograms of the standard mix 

(MacDonald-MacAulay et al., 2024). 

ii. Water. Around 1,893 litres of water are 

combined with the cellulose, seed, and 

fertilizer components to make a sprayable 

slurry (MacDonald-MacAulay et al., 2024). 

Water retained in the mix — especially 

where superabsorbent polymers are used — 

continues supporting germination in the 

days after application (MacDonald-

MacAulay et al., 2024). 

iii. Mulch. Cellulose fibre mulch is the 

workhorse ingredient: an absorbent mat 

holding moisture around the seed while 

forming a protective erosion-resistant layer 

(Parsakhoo et al., 2018; Emeka et al., 

2021). On forest road slopes, mixes 

combining cellulose mulch with biohumus 

significantly improved germination and cut 

irrigation needs (Parsakhoo et al., 2018). 

iv. Fertilizer. Fertilizer nourishes emerging 

seedlings and forms roughly 11 kilograms 

of the standard mix (MacDonald-MacAulay 

et al., 2024). Some alternative ingredients 

double as fertilizer: paper mill sludge 

shows slow-release fertilizer behaviour 

(MacDonald-MacAulay et al., 2024), and 

pasteurized sewage sludge has similarly 

served as a fertilizing agent (Głażewski & 

Kalotka, 2021). 

v. Tackifiers. These binding agents help the 

sprayed slurry adhere to the soil rather than 

washing or blowing away. Guar gum has 

traditionally filled this role, though its cost 

has pushed the industry toward lower-cost, 

high-performance natural polymer 

alternatives (Beecham, 2012). 

vi. Cellulose fibres. Here, cellulose fibre is 

essentially the material basis of the mulch 

component rather than a separate category 

— the dominant bulk ingredient (about 173 

kg in the standard mix) responsible for 

moisture retention and erosion resistance 

(MacDonald-MacAulay et al., 2024; 

Parsakhoo et al., 2018). 

vii. Superabsorbent polymers. These can be 

added to form a water-holding hydrogel 

within the slurry, reducing the need for 

regular irrigation after seeding 

(MacDonald-MacAulay et al., 2024) — 

useful where consistent watering is hard to 

arrange. 

viii. Paper mill sludge. Tested as a substitute 

for standard cellulosic mulch, it can replace 
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cellulose without harming plant 

establishment while increasing water 

retention by 20% and behaving as a slow-

release fertilizer (MacDonald-MacAulay et 

al., 2024) — turning an industrial 

byproduct into a functional input. 

ix. Sewage sludge. From biological treatment 

plants, sewage sludge can act 

simultaneously as a colloidal seed carrier, a 

fertilizing agent, and an anti-erosion 

component, provided it is properly 

seasoned and pasteurized (Głażewski & 

Kalotka, 2021). Poland's use of this 

approach helped reclaim over 2,000 

hectares of slopes and waste land by 1997 

(Głażewski & Kalotka, 2021). 

x. Natural polymers. Cost pressures around 

guar gum have driven a shift toward lower-

cost, high-performance natural polymer 

tackifiers (Beecham, 2012). Relatedly, 

mulch-and-blotong combinations produced 

the best aggregate stability among ten 

hydroseeding formulas trialled on landslide 

soils in East Java (Zairina et al., 2025), 

showing how much performance depends 

on the specific blend chosen. 

4.  Applications of Hydroseeding 

Mine reclamation. Hydroseeding is reported 

as the most successful method for 

reestablishing vegetation and building native 

seed banks on hard rock mines in arid lands 

(Lauman et al., 2026). Screening of 17 local 

species for Indonesian post-coal-mining land 

found Setaria italica (black and brown 

variants) and Sorghum bicolor had the highest 

germination rates (50–80%) and fastest 

germination times, making them strong 

revegetation candidates (Anshari et al., 2023). 

On uranium mine wastes in semi-arid Spain, 

hydroseeding raised plant cover and diversity 

only on north-facing slopes two years after 

application, with grasses favouring north-

facing aspects and legumes south-facing ones 

(Martínez-Ruiz et al., 2007). 

Highway and roadside slopes. The picture 

here is more mixed. Mediterranean Spain 

studies found no significant difference in plant 

cover or species richness between hydroseeded 

and nonhydroseeded embankments (Matesanz 

et al., 2006), with hydroseeded commercial 

species recording a success index of only 0.2–

0.3 (Matesanz et al., 2006). A three-year study 

across 48 motorway slopes in southern Spain 

likewise found no significant differences in 

plant cover, species richness, or biomass, 

suggesting natural colonization alone can 

sometimes match active hydroseeding 

(Matesanz et al., 2006). 

Forest road slopes. Here the results are 

favourable: hydroseeding mixes combining 

cellulose mulch with biohumus significantly 

improved germination and reduced irrigation 

requirements on artificial soil slopes 

(Parsakhoo et al., 2018). 

Landslide restoration. On a high-risk 65-

degree slope, hydroseeded vegetation built 

around couch grass root systems gave the most 

acceptable slope-reinforcement results (Emeka 

et al., 2021). Separately, testing ten 

hydroseeding formulas on landslide soils in 

East Java found mulch-and-blotong 

combinations produced the best aggregate 

stability (Zairina et al., 2025). 

Agricultural crops. Related seeding 

technology has been adapted for direct farm 

use: hydraulic mini seeders have been 

optimized for sowing small-seeded vegetables 

such as carrots and lettuce, in both open-field 

and protected growing conditions (Truflyak et 

al., 2024). 

Degraded land restoration. Hydroseeding's 

flexibility across seed types supports its use in 

residential lawns, highway slopes, and 

degraded land reclamation alike (Deb et al., 
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2026), with Poland's reclamation of over 2,000 

hectares using sewage-sludge-based 

hydroseeding standing as one of the clearest 

large-scale examples (Głażewski & Kalotka, 

2021). 

5.  Environmental Benefits 

The literature credits hydroseeding with 

improved soil health, watershed protection 

through better runoff control, carbon 

sequestration, and reduced urban heat island 

effects in built-up areas (Deb et al., 2026). 

Because cellulose mulch retains moisture at 

the surface, hydroseeded sites can also benefit 

from better moisture conservation during the 

critical germination window (Parsakhoo et al., 

2018; Emeka et al., 2021). 

Biodiversity outcomes, however, are not 

automatic they hinge on seed choice. When 

commercial mixtures rely on introduced 

species such as Brachiaria decumbens and 

Cynodon dactylon, there is a documented risk 

of these species turning invasive, reducing 

local biodiversity and even diminishing the 

site's carbon sequestration potential (Anshari 

et al., 2023). Hydroseeding's environmental 

benefits, in other words, are real but best 

realized alongside ecologically appropriate 

seed selection. 

6.  Seed Selection and Ecological 

Considerations 

Commercial mixtures of fast-growing grasses 

and legumes remain the traditional default, 

chiefly for being inexpensive and quick to 

establish (Gudyniene et al., 2021; Matesanz et 

al., 2006; Sulastri et al., 2022). But evidence 

increasingly favours local, native species: in 

Indonesia's post-coal-mining trials, Setaria 

italica and Sorghum bicolor stood out among 

17 screened local species, with 50–80% 

germination and fast germination times 

(Anshari et al., 2023). Legumes deserve 

particular attention. In Lithuania, hydroseeding 

produced only a modest, short-lived positive 

effect on native plant cover with no overall 

difference in species richness compared with 

regular seeding yet legumes such as 

Onobrychis viciifolia and Lotus corniculatus 

responded more favourably to hydroseeding 

specifically (Gudyniene et al., 2021). Because 

legumes can be highly competitive, 

researchers recommend including them in 

lower proportions so they do not dominate the 

developing plant community (Gudyniene et 

al., 2021). Slope aspect also shapes legume 

performance, as seen on Spanish uranium 

mine wastes where legumes fared better on 

south-facing slopes and grasses on north-

facing ones (Martínez-Ruiz et al., 2007). 

The clearest ecological caution concerns 

invasive species: relying on fast-establishing 

introduced species like Brachiaria decumbens 

and Cynodon dactylon risks creating invasive 

alien populations that crowd out local 

biodiversity and undercut carbon sequestration 

(Anshari et al., 2023) a strong argument for 

prioritizing screened, locally appropriate 

species wherever feasible. 

7. Recent Innovations in Hydroseeding 

Cellulose mulch combined with biohumus has 

been shown to significantly improve 

germination and cut irrigation requirements on 

forest road slopes (Parsakhoo et al., 2018). 

Superabsorbent polymers form water-holding 

hydrogels that reduce post-application 

irrigation needs (MacDonald-MacAulay et al., 

2024). Waste-recycling innovations stand out 

in particular. Paper mill sludge can substitute 

for standard cellulosic mulch without harming 

establishment, while boosting water retention 

by 20% and providing slow-release fertilizer 

benefits (MacDonald-MacAulay et al., 2024). 

Sewage sludge, when seasoned and 

pasteurized, can act simultaneously as germ 

carrier, fertilizer, and anti-erosion agent, as 

demonstrated at scale in Poland (Głażewski & 

Kalotka, 2021). On the binding side, cost 

pressures around guar gum have driven a shift 
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toward lower-cost, high-performance natural 

polymers (Beecham, 2012), while East Java 

trials found mulch-and-blotong combinations 

gave the best aggregate stability among ten 

formulas tested on landslide soils (Zairina et 

al., 2025). 

8. Challenges and Limitations 

Cost is a recurring concern: application can be 

expensive, a specific constraint flagged in 

semi-arid Mediterranean environments 

(Shaiban et al., 2020). Water availability is 

related — low water availability and high 

runoff both work against establishment in the 

same semi-arid settings (Shaiban et al., 2020). 

Steep slopes add further difficulty, as the 65-

degree landslide site illustrates (Emeka et al., 

2021). Commercial seed mixtures, despite 

being the default choice, show low success 

rates under harsh conditions and can compete 

with native species, at times suppressing the 

very autochthonous vegetation restoration 

projects aim to support (Shaiban et al., 2020; 

Matesanz et al., 2006). This is reflected in the 

Mediterranean roadway data, where 

hydroseeded commercial species achieved a 

success index of only 0.2–0.3, with natural 

colonization matching active hydroseeding 

across 48 motorway slopes over three years 

(Matesanz et al., 2006) — a reminder that 

hydroseeding's value varies with 

environmental conditions. Timing is another 

practical limitation, with optimal windows 

reported between October–November and 

February–March to allow germination before 

surface erosion sets in (Kolkos & Stergiadou, 

2022). Ecological concerns tied to seed choice 

persist too, since fast-spreading introduced 

species carry invasiveness risk (Anshari et al., 

2023). To address these combined challenges, 

researchers recommend using native seeds, 

spreading topsoil before application, applying 

mycorrhizal or Rhizobium inoculation, and 

incorporating nurse plants to shelter young 

seedlings (Shaiban et al., 2020). 

9. Future Prospects 

The findings summarized here point to several 

directions for hydroseeding going forward. Its 

documented success in mine reclamation 

reestablishing vegetation and native seed 

banks on arid hard rock mines (Lauman et al., 

2026) and supporting post-coal-mining 

revegetation with screened local species 

(Anshari et al., 2023) suggests continued value 

for mine rehabilitation. Its environmental 

contributions, including watershed protection, 

improved soil health, and carbon sequestration 

(Deb et al., 2026), point toward a role in 

climate-resilient land management, provided 

seed selection avoids the invasive-species risks 

noted earlier (Anshari et al., 2023). 

Large-scale degraded land reclamation also 

looks promising, building on Poland's 

precedent of reclaiming over 2,000 hectares 

using sewage-sludge-based hydroseeding 

(Głażewski & Kalotka, 2021) and on the 

method's flexibility across seed types (Deb et 

al., 2026). Landslide-prone hill terrain is 

another area with encouraging groundwork, 

from couch grass's slope-reinforcement 

performance on a steep 65-degree slope 

(Emeka et al., 2021) to the identification of 

high-stability mulch-and-blotong formulations 

(Zairina et al., 2025). 

At the same time, it would be misleading to 

present hydroseeding as guaranteed for every 

context. The reviewed literature offers only 

mixed evidence for highway and roadside 

greening, where Mediterranean studies found 

no advantage over natural colonization 

(Matesanz et al., 2006) future roadway use 

may need better-adapted seed mixes and 

materials. On riverbank stabilization 

specifically, the uploaded literature offers no 

direct findings, so no claims are made here. 

What the evidence does support is that 

hydroseeding's future usefulness will depend 

on matching seed selection, slurry materials, 
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slope conditions, and timing to the specific 

site. 

CONCLUSION 

Across mine sites, forest roads, landslide 

slopes, and degraded waste land, hydroseeding 

has repeatedly shown its ability to deliver 

seed, moisture, nutrients, and erosion 

protection in a single, adaptable application. 

Innovations such as superabsorbent polymers, 

paper mill sludge, and pasteurized sewage 

sludge are turning waste materials into 

functional slurry components, while research 

into native seed selection is helping the 

technique avoid the ecological pitfalls of 

invasive commercial species. At the same 

time, the evidence gathered here is honest 

about limits: on some roadway slopes, careful 

research has found that nature can do the job 

on its own, and success depends on matching 

materials, seed choice, slope, and timing to 

local conditions. That balanced picture is, in 

many ways, hydroseeding's greatest strength. 

It is not a guarantee of green slopes overnight, 

but a genuinely versatile tool one that, used 

thoughtfully and grounded in local ecological 

knowledge, can help turn bare, vulnerable 

ground back into living, stabilized landscape. 

As land degradation and the need for rapid 

revegetation continue to grow in importance 

worldwide, hydroseeding's story is really a 

story about paying close attention to place: the 

right seed, the right slurry, the right slope, and 

the right season, sprayed together at the right 

moment. 

Application Purpose Major 

Findings 

Supporting 

Study 

Mine 
reclamation 

(hard rock, 

arid lands) 

Reestablish 
vegetation 

and native 

seed banks 
on mine sites 

Reported as the 
most successful 

method for 

vegetation 
reestablishment 

and native seed 

bank 
development 

Lauman et 
al. (2026) 

Post-coal-

mining 
revegetation 

Identify 

suitable local 
species for 

hydroseeding 

slurries 

Setaria italica 

and Sorghum 
bicolor showed 

highest 

germination 
rates (50–80%) 

Anshari et 

al. (2023) 

among 17 local 
species 

screened 

Uranium 
mine waste 

reclamation 

Increase 
plant cover 

and diversity 

on mine 
wastes 

Cover and 
diversity 

increased only 

on north-facing 
slopes two 

years post-

application; 
grasses 

favoured north 

slopes, legumes 
favoured south 

slopes 

Martínez-
Ruiz et al. 

(2007) 

Highway/ 

motorway 
slopes 
(Mediterranean 

Spain) 

Stabilize 

roadside 
embankments 

No significant 

difference in 
plant cover or 

species richness 

vs. 
nonhydroseeded 

slopes; success 

index only 0.2–
0.3 

Matesanz et 

al. (2006) 

Forest road 

artificial 
soil slopes 

Improve 

germination 
and reduce 

irrigation 

needs 

Cellulose mulch 

and biohumus 
mixes 

significantly 

improved 
germination and 

cut irrigation 

water 
requirements 

Parsakhoo 

et al. 
(2018) 

High-risk 

landslide 
slope (65°) 

Reinforce 

steep, 
unstable 

slopes 

Couch grass 

root systems 
gave the most 

acceptable 

slope 
reinforcement 

results 

Emeka et 

al. (2021) 

Landslide-

affected 
soils (East 

Java) 

Identify best-

performing 
slurry 

materials for 

stability 

Mulch and 

blotong 
combinations 

produced the 

best aggregate 
stability among 

ten formulas 

tested 

Zairina et 

al. (2025) 

Degraded 

land and 

waste land 
(Poland) 

Large-scale 

slope and 

waste-land 
reclamation 

Over 2,000 

hectares 

reclaimed by 
1997 using a 

sewage-sludge-

based 
hydroseeding 

method 

Głażewski 

& Kalotka 

(2021) 

Agricultural 
vegetable 

cropping 

Sow small-
seeded 

vegetables 

efficiently 

Hydraulic mini 
seeders 

optimized for 

carrots and 
lettuce in open 

and closed 

ground 

Truflyak et 
al. (2024) 
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