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Lime and Fertilizer Needs for 
Coal Mined Land 

Reclamation

Numbered figures and tables are from 
chapter 9 in Barnhisel et al. 2002, 

Reclamation of Drastically Disturbed 
Lands or other papers as noted.

Back to our favorite coal surface mine that’s ready for 
revegetation prescription. Assuming we can reconstruct 
a decent mine soil (next Tuesday’s material), how do we 
determine how much lime and fertilizer needs to be 
added?
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Liming Mine Soils
• Obviously, we first need to figure out 

whether or not the material has 
significant levels of potential acidity or 
not!

• Beyond that, we typically use 
conventional liming prescriptions such as 
those given in Table 9.1 (note errors).

• Liming obviously needs to be carefully 
tailored to the intended post-mining 
vegetation.

Liming Mine Soils
• Lime is always applied on a calcium 

carbonate equivalent (CCE) basis, but the 
alkalinity may be added in numerous lime 
or alkaline waste amendment forms. 

• Most conventional lime recommendations 
assume incorporation and reaction to 15 
cm (6”). Obviously, this can be very 
difficult in many rocky and compacted 
mine soils.

• Surface application of lime will have some 
effectiveness, even if not mixed in.
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Something is wrong with 
this column!

In the Virginia Tech Extension Soil Testing Lab, if a soil sample is 
labeled as coming from a surface mined area, the following lime 
recommendations are made. 

It is important to note that these lime recommendations are designed 
to neutralize “conventional acid forms” of active+exchangeable 
acidity, but not sulfide based potential acidity.
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Liming Mine Soils
Woody species have a wide range of optimal 

pH. However, most natives (Pinus, 
Quercus, etc.) are obviously adapted to the 
lower pH range of our unlimed soils which 
typically ranges from 4.5 to 6.0 or so in our 
coal mining areas. 

However, many species employed in 
reclamation such as hybrid poplars 
actually do better at pH > 6.0. 
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In most eastern USA mining environments, we’re dealing with 
topsoil substitutes or fairly low quality topsoil replacement. We 
generally assume that the material has very low organic matter and 
associated N and P reserves. 

Fertilizing Mine Soils
• Obviously, this will vary widely based 

upon (1) mine soil type, (2) vegetation, 
and (3) climate and other management 
factors.

• The discussion in Chap. 9 is obviously 
focused on reclamation with forage 
species. Dr. Burger will cover fertility for 
forestry plantings later. 

• In general, the focus of concern is 
providing adequate N and P over time. 
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N in Mine Soils
• Virtually all mine soils will be very low or 

completely lacking in plant-available N and 
P. 

• N must be added initially as fertilizer, but 
the establishment of legumes in the 
vegetation is critical to long-term N supply. 
Usually no more than 150 kg/ha of N are 
added at seeding. 

• N-fixation by Rhizobia is heavily dependent 
upon soil available P levels.

N in Mine Soils
• A vigorous legume component (symbiotic 

with N-fixing Rhizobia in root nodules) can 
easily fix 100 kg of N per year into the soil 
plant system.

• Early work in England by Dancer et al. 
(19977) working on clay waste spoils 
indicated that the soil-plant system would 
accumulate approximately 500 kg/ha and 
then “equilibrate” with limited further 
gains.
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Mixed 
Legume/Grass 
Stand

Total N accumulation 
over 30 years in SW 
Virginia mine soils with 
minimal initial N 
fertilization. Li and 
Daniels, 1994, 
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P in Mine Soils

• Most mine soil-forage plant system 
respond dramatically to added P. 

• P response in woody species is not always 
so dramatic; more than likely due to 
effects of mycorrhizae on their roots!

• P is usually added at 100 to 300 kg/ha as 
P2O5 in conventional seedings.

Fig. 9.1. Distribution of total-P in a natural soil. 50% or more of 
total P in native soil A horizons is usually in some organic form; 
much of this in the active microbial biomass. 
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Goethite (FeOOH) Coating on Spoil Sand Grain 
from Wise County in Study by Howard et al. 1988.
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Mine Soil Fertility Management

Phosphorus fertilizer additions are subject 
to “fixation” losses in high Fe or high Ca 
mine soils, so the accumulation of organic 
P in the microbial biomass, vegetation, 
and soil organic matter pools is critical to 
long term P availability. 

Fig. 9.3 – Grass 
response to P. Ext. 
P levels < 20 are 
generally regarded 
as low for crops.
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TSP = triple super phosphate soluble fertilizer

Lower 4 are all Rock-P 
apatite sources.

N and P “Co-Dependency”
• It is likely that the development of an organic-

P pool over time is important to limit P losses 
to fixation by Fe, Al, carbonates etc.

• Biomass accumulation and subsequent OM 
deposition in soils as litter and dead roots are 
largely driven by N availability.

• Symbiotic N-fixation by Rhizobia is heavily 
dependent upon adequate soluble P 
availability for the microbial biomass.  
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Mine Soil Fertility Management
• Lime appropriately based on potential 

acidity tests and expected optimal range 
for the intended vegetation community

• Most rock spoils with pH > 5.0 will require 
minimal additional Ca, Mg, K or 
micronutrient fertilization.

• Quartz tailings and heavily acidified spoils 
will require Ca, Mg, K, and perhaps even 
micro-nutrient  fertilization.

Typical unweathered Appalachian rock spoils being graded
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Mine Soil Management
• Organic amendments such as sewage 

sludge biosolids or yardwaste compost 
are outstanding mine soil amendments 
when used at “reasonable” loading rates 
of 50 to 200 Mg per ha. 

• Organic amendment benefits overall soil 
fertility, particularly for N and P, and 
greatly enhances soil water retention 
capacity.

Biosolids plus Woodchips @ 
140 Mg/ha on Rocky Spoils

At these loading rates, you 
add > 3000 kg per ha total N 
and > 1000 kg per ha total P
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Reconstructed Topsoil from 
One-time Application of 
Biosolids

Regardless of 
their overall 
acidity and 
fertility status, 
the number one 
limitation to 
plant growth in 
mine soils 
worldwide is 
severe 
compaction.
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Mine Soil Management
It is much simpler and economic to deal 

with pH and nutrient imbalances in mine 
soils than to alleviate compaction via 
ripping, which is the only practical 
alternative in  most cases.


