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Miner Institute Dairy Farm

Å 500 milking Holstein cows

Å 1300 acres of  cropland

ü alfalfa-grass/corn rotation

Miner Institute, Chazy, NY



3-4 ft

Å Drains excess water from poorly drained fields 

Å Can improve soil health (  compaction,  aeration)

Å Reduces risk of surface runoff

Å Lengthens growing season

×Higher crop yield and quality; reduces annual variation

×Reduces need for imported feeds (nutrients)

×/ƻƴǎŜǊǾŀǘƛƻƴ tǊŀŎǘƛŎŜǎΥ άƎǊŜŜƴ ƳŀƴǳǊŜέ ŎƻǾŜǊ ŎǊƻǇǎΣ 

 double-cropping, timing of manure applications, etc.

Why Install Tile Drainage?



Agricultural Soils in the Lake Champlain Basin

https://atlas.lcbp.org/people-economy/land-cover/



3-4 ft

Å Drains excess water from poorly drained fields 

Å Can improve soil health (  compaction,  aeration)

Å Reduces risk of surface runoff
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×Higher crop yield and quality; reduces annual variation

×Reduces need for imported feeds (nutrients)

×Conservation tǊŀŎǘƛŎŜǎΥ άƎǊŜŜƴ ƳŀƴǳǊŜέ ŎƻǾŜǊ ŎǊƻǇǎΣ 

 double-cropping, timing of manure applications
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Yield benefits in NNY (4-yr average): 
Poorly drained silty clay soil

Geohring et al., 1985

Tile @ 50 ft 
spacing

Tile @ 100 ft 
spacing

2x

4x 2x

~4x greater yield overall, w/ 
much higher nutritional 
value, similar to corn silage, 
but with more 
agronomic/environmental 
benefits

No 
change

No 
change

5x

ñThese results indicate that you could feed a ration formulated using our approach 

that ranged between 10:90 and 90:10 alfalfa to corn silage and expect similar intake 

and milk production.ò -Grant et al., 2022



3-4 ft

Å Drains excess water from poorly drained fields 

Å Can improve soil health (  compaction,  aeration)

Å Reduces risk of surface runoff

Å Lengthens growing season

×Higher crop yield and quality; reduces annual variation

×Reduces need for imported feeds (nutrients)

×Conservation Practices: άƎǊŜŜƴ ƳŀƴǳǊŜέ ŎƻǾŜǊ ŎǊƻǇǎ, 

  double cropping, timing of manure applications

Why Install Tile Drainage?



Nutrient redistribution 

P Rock

Manure N & P
Manure N & P

Grain N & P

N Fertilizer

Dairy cow efficiency:

only ~1/3 of P and N 

in diets is utilized



http://nmsp.cals.cornell.edu/NYOnFarmResearchPartnership/MassBalances.html

Key Indicators of  Sustainability:

Å Reduce imported feeds and fertilizers

Å Increase acreage/cow (~1.25 acres per 1000 lbs of  cows)
(from Cornell NMSP)



Key Agricultural Nutrients 
ÅPhosphorus (P) is limiting nutrient in freshwater systems
×Soil solution P necessary for plant growth is 0.2 - 0.3 mg/L 

×P levels very low in lakes: > 0.02 mg/L ς accelerated eutrophication, harmful algal blooms 

×P is relatively immobile (low solubility, binds to soil, no gaseous phase)

×Losses from: soil erosion, insufficient nutrient management strategies

×Legacy P: Build-up of P over years/decades; field soils & lake sediments

ÅNitrogen (N) is limiting nutrient in saltwater systems
×Very mobile; leaching and atmospheric losses

×Inorganic N is soluble, highly mobile (NO3 leaching)

×Saturated soils -> denitrification, GHG emissions (N2O)

×Losses from: interaction of weather and soils; amount, method, & timing of 
manure/fertilizer applications. Does not readily accumulate as P does.

Challenge: Identify complementary practices to maximize 
retention of P and N in order to maximize efficiency of 

farm manure nutrients (and other beneficial properties)



Nutrient Management
Dairy farms ς constant need to manage nutrients from manure

Excellent source of nutrients and other benefits for plant growth

Nutrient management is a system that optimizes the use of these nutrients for crop 
growth and minimizes losses to the surrounding environment

×άп wΩǎέΥ wƛƎƘǘ ŀƳƻǳƴǘΣ ǊƛƎƘǘ ŦƻǊƳΣ right place, right time



Value of Manure ï Not just N-P-K

https://nnyagdev.org/wp-content/uploads/2023/03/NNYADP2022ManureReportFINAL.pdf



Load (aka Mass, lb) = Concentration x Actual Volume

Concentration (ex. mg P/L) = mass in a standard volume (1 L)

Then divide load by the number of acres to standardize

= lb/acre

Quantifying Water Quality:

ñConcentrationò vs. ñLoadò

2 mg P  x  500,000 L  = 1,000,000 mg P   x       1 lb            = 2.18 lb P 

     L                                                             453,592 mg



Field Drainage and Water Quality

ÅResults mixed ς site (soil type, slope, fertility), climate, and management dependent
Å High organic matter = good soil quality/soil structure = erosion resistance

Å Residue/crop cover on soil surface = raindrop interception = no surface crusting = erosion resistance

Å Good soil structure = maximize runoff infiltration into soil = less surface runoff = less erosion

Å No-till: Better soil structure = resistance to erosion and higher infiltration rate, more macropores

ÅTile drainage water ς lower concentrations of P and sediment than surface runoff; but higher flow 
volumes (Gilliam et al., 1999)

ÅTotal P export from tiles (mineral soils) ς 0.35 lbs/acre to 1.4 lbs/acre (King et al., 2015)

ÅNitrogen export (leaching) increased from tiled fields (more mineralization & transport)

Å5ŜƴƛǘǊƛŦƛŎŀǘƛƻƴ ǊŀǘŜǎ ŘŜŎǊŜŀǎŜ όǇƭŀƴǘ ŀǾŀƛƭŀōƭŜ b Ҧ ƎŀǎŜƻǳǎ b ŦƻǊƳǎΣ ƻŦǘŜƴ DIDύ

Surface
Sample

Tile
Sample



Risk Assessment and Management:
Preferential Flow Pathways & Contact Time

Tradeoffs between enhancing drainage rates and soil contact time



Macropores 

ÅEarthworm burrows

ÅRoot channels

ÅShrink/swell (dry/wet) soils 

(type and amount of clay)

ÅDisrupted by tillage

ÅTradeoffs between drainage 

efficiency and nutrient 

transport dynamics

https://soilandwater.bee.cornell.edu/research/pfweb/educators/intro/why.htm

Risk Assessment and Management:
Preferential Flow Pathways & Contact Time

Tradeoffs between enhancing drainage rates and soil contact time



Å 0.25-acre research corn plots 
in Chazy, NY

Å 2 tile-drained, 2 un-tiled

Å Surface runoff sampled from 
all, tile flows sampled in 
drained plots

Å Hourly samples

Å Manure applied 1 month prior, 
not incorporated

Tile vs. No tile Plots: Snowmelt Runoff Event

Å 67% more total flow from tiled 

plots (tile was 91% of flow)

Å 86% decrease in surface runoff 

in tiled plots

Klaiber et al., 2016
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Å 0.25-acre research corn plots

Å 2 tile-drained, 2 un-tiled

Å Surface runoff sampled from 

all, tile flows sampled in 

drained plots

Å Hourly samples

Å Manure applied 1 month prior
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Tile vs. No Tile Plots: Snowmelt Runoff Event

Å 67% more total flow from tiled 

plots (tile was 91% of flow)

Å 86% decrease in surface runoff 

in tiled plots

Å Tiled plot loss = 0.06 lb/acre

Å Un-tiled plot loss = 0.12 lb/acre
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Cumulative P and TSS Loads (14 months):

Tiled vs No Tile Plots (corn silage)
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Risk Assessment and Management:
Nutrient management & Legacy P

Agronomic 
max STP

Key Indicators of Sustainability:

Å Reduce imported feeds and fertilizers

Å Increase acreage/cow (~1.25 acres per 1000 lbs) OR 

increase nutrient uptake by increasing crop yield/quality
(from Cornell NMSP)



Untiled Field
ŀƪŀ ά¦5έ

Surface runoff 
monitoring

Tiled vs. Untiled Corn Fields*, Essex County, NYExperimental Site & Methods
Å 6-acre corn silage fields
Å Tonawanda silt loam ς somewhat 

poorly drained
Å 4.5 kg/ha soil test P (mod. Morgan)
Å June 2016: Tile drainage installed 

in TD: 3 ft depth, 25 ft lateral 
spacing

Å Spring manure and fertilizer 
applications w/ immediate 
incorporation

Å Surface runoff (UD & TD) and tile 
drainage (TD only) gauged and 
sampled year-round, automated 
flow-proportional sampling

Å Analyzed for dissolved reactive P 
(DRP), total P, nitrate, ammonium, 
total N, total suspended solids 
(TSS)

Tile laterals (not to scale)

Tile main

Tile and Surface 
runoff monitoring

Tiled Field
aka ά¢5έ
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Agricultural Soils in the Lake Champlain Basin

https://atlas.lcbp.org/people-economy/land-cover/


