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Plan for this segment…
● Water pollution and the hydrologic cycle
● Unique challenges in the Chesapeake Bay region
● Farm nutrient balance
● Best Management Practices (BMPs)
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Modern life leads to soil-water pollution
● Intensive crop and animal production-

○ nutrients, sediments, pathogens, pharmaceuticals
● Growth of towns and cities-

○ sediments, nutrients, pharmaceuticals, PCPs
● Transport of people and goods-

○ hydrocarbons, fuel additives, NOx , metals-
● Manufacture of consumer and industrial goods-

solvents, metals, PFAS
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Water quality impairment is widespread in the 
U.S.

Information from: EPA. 2019. 
https://ofmpub.epa.gov/waters10/attains_nation_cy.control#STREAM/CREEK/RIVER 
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- Algal bloom that can be seen from 
space (map overlaid on imagery)

- Microcystis – high levels of the 
toxin – can’t drink, can’t touch 
(shower)

- So why do these blooms occur
- Heavy rainstorms  pulses of 

nutrients into waterbodies
- Those additional nutrients create 

favorable environment for algae 
growth

- Short lifespan – quick 
growth and die fast also.



Not a good color – should it be green?



Aug. 2009 at Norfolk, VA. Photo credit: Ryan C. Hendrickson (pilot)





Types of Pollution

● Point source – source is easily identified; control is straightforward; “end of 
pipe”

○ Wastewater treatment plants

○ Confined Animal Feeding Operations

● Nonpoint (diffuse) source – arises over landscapes from various land uses; 
occurs during and after rainfall

○ cropland and pastureland



And more!
● Runoff and sediment

The large amount of pavement and stormwater drainage in 
cities and suburbs provides a direct route for nutrients and 
other pollutants to enter streams, rivers and the Bay.



Illinois State Water Survey

The Water Cycle
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So…in what season is our risk of 
nutrient loss the highest?
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VA-Dulles_Data

		Weather data from website "http://climate.virginia.edu/va_pet_prec_diff.htm"

		which is the VA climate site, used Wash Dulles because it's at a common

		latitude for much of Maryland and is far enough east to be out of the range of  the mountains.

		Washington

		Dulles WSO

														Soil Water		Soil Water		Change		Drainage

		Month		PPT		PET (Thorn.)		Est ET adj.		Est ET		PPT - Est ET		start of month		end of month		Soil Water

				in.		in.		factor 1		PET*adj fact.				in.		in.		in.		in.

		Jan		2.70		0.00		1.00		0.00		1.20		8.50		8.50		0.00		2.70

		Feb		2.81		0.04		1.00		0.04		2.77		8.50		8.50		0.00		2.77

		Mar		3.17		0.68		1.00		0.68		2.49		8.50		8.50		0.00		2.49

		Apr		3.11		1.96		0.80		1.57		1.54		8.50		8.50		0.00		1.54

		May		4.02		3.53		0.80		2.82		1.20		8.50		8.50		0.00		1.20

		Jun		3.92		4.95		0.80		3.96		-0.04		8.50		8.46		-0.04		-0.00

		Jul		3.49		5.91		1.00		5.91		-2.42		8.46		6.04		-2.42		0.00

		Aug		3.94		5.33		1.00		5.33		-1.39		6.04		4.65		-1.39		0.00

		Sep		3.36		3.68		1.00		3.68		-0.32		4.65		4.33		-0.32		0.00

		Oct		3.20		1.92		1.00		1.92		1.28		4.33		5.61		1.28		0.00

		Nov		3.30		0.74		1.00		0.74		2.56		5.61		8.17		2.56		0.00

		Dec		3.22		0.10		1.00		0.10		3.12		8.17		8.50		0.33		2.79

		Annual		40.24		28.84				26.75		11.98								13.49

		1. Adapted from Smith & Cassel p. 179 of NLEAP book, with one month lag so NC May=MD June.

		Painter  PET  0.18  0.25  0.89  2.06  3.66  5.14  6.07  5.50  3.93  2.20  1.02  0.37  31.25    Annual Precip.  3.41  3.31  4.13  2.92  3.47  3.51  4.10  4.28  3.41  3.57  2.96  3.37  42.44    Precip.-PET  3.23  3.06  3.24  0.86  -0.19  -1.63  -1.97  -1.22

		PET  0.18  0.25  0.89  2.06  3.66  5.14  6.07  5.50  3.93  2.20  1.02  0.37  31.25

		Annual Precip.  3.41  3.31  4.13  2.92  3.47  3.51  4.10  4.28  3.41  3.57  2.96  3.37  42.44

		Precip.-PET  3.23  3.06  3.24  0.86  -0.19  -1.63  -1.97  -1.22  -0.52  1.37  1.94  3.00  11.19





VA-MD Painter-Salisbury Data

		Weather data from website "http://climate.virginia.edu/va_pet_prec_diff.htm"

		which is the VA climate site, used Painter because it's near Salisbury.

		Did not adjust PET (Thornthwaite) unless Soil water < 50% then cut PET 50%.

		Painter data for PET

		Salisbury data for long-term ppt (Wicomico county Soil Survey)

										Soil Water		Soil Water		Change		Drainage

		Month		PPT		PET (Thorn.)		PPT - Est ET		start of month		end of month		Soil Water

				in.		in.				in.		in.		in.		in.

		Jan		3.66		0.18		3.48		10		10		0.00		3.48

		Feb		3.21		0.25		2.96		10		10		0.00		2.96

		Mar		4.13		0.89		3.24		10		10		0.00		3.24

		Apr		3.34		2.06		1.28		10		10		0.00		1.28

		May		3.62		3.66		-0.04		10		9.96		-0.04		-0.00

		Jun		3.49		5.14		-1.65		9.96		8.31		-1.65		-0.00

		Jul		4.39		6.07		-1.68		8.31		6.63		-1.68		0.00

		Aug		6.01		5.5		0.51		6.63		7.14		0.51		0.00

		Sep		4.44		3.93		0.51		7.14		7.65		0.51		-0.00

		Oct		3.5		2.2		1.3		7.65		8.95		1.30		-0.00

		Nov		3.21		1.02		2.19		8.95		10		1.05		1.14

		Dec		3.13		0.37		2.76		10		10		0.00		2.76

		Annual		46.13		31.27		14.86								14.86

		Raw Data from Painter:

		PET  0.18  0.25  0.89  2.06  3.66  5.14  6.07  5.50  3.93  2.20  1.02  0.37  31.25

		Annual Precip.  3.41  3.31  4.13  2.92  3.47  3.51  4.10  4.28  3.41  3.57  2.96  3.37  42.44

		Precip.-PET  3.23  3.06  3.24  0.86  -0.19  -1.63  -1.97  -1.22  -0.52  1.37  1.94  3.00  11.19





Painter Data

		Weather data from website "http://climate.virginia.edu/va_pet_prec_diff.htm"

		which is the VA climate site, used Painter because it's near Salisbury.

		Did not adjust PET (Thornthwaite) unless Soil water < 50% then cut PET 50%.

		Painter data for PET and PPT

												Soil

						PET				Soil Water		Soil Water		Change		Drain.

		Month		PPT		PET (Thorn.)		PPT - Est ET		start of month		end of month		Soil Water		Drainage

				in.		in.				in.		in.		in.		in.

		Jan		3.41		0.18		3.23		10		10		0.00		3.23

		Feb		3.31		0.25		3.06		10		10		0.00		3.06

		Mar		4.13		0.89		3.24		10		10		0.00		3.24

		Apr		2.92		2.06		0.86		10		10		0.00		0.86

		May		3.47		3.66		-0.19		10		9.81		-0.19		-0.00

		Jun		3.51		5.14		-1.63		9.81		8.18		-1.63		0.00

		Jul		4.1		6.07		-1.97		8.18		6.21		-1.97		0.00

		Aug		4.28		5.5		-1.22		6.21		4.99		-1.22		0.00

		Sep		3.41		3.93		-0.52		4.99		4.47		-0.52		0.00

		Oct		3.57		2.2		1.37		4.47		5.84		1.37		0.00

		Nov		2.96		1.02		1.94		5.84		7.78		1.94		0.00

		Dec		3.37		0.37		3		7.78		10		2.22		0.78

		Annual		42.44		31.27		11.17								11.17

		Raw Data from Painter:

		PET  0.18  0.25  0.89  2.06  3.66  5.14  6.07  5.50  3.93  2.20  1.02  0.37  31.25

		Annual Precip.  3.41  3.31  4.13  2.92  3.47  3.51  4.10  4.28  3.41  3.57  2.96  3.37  42.44

		Precip.-PET  3.23  3.06  3.24  0.86  -0.19  -1.63  -1.97  -1.22  -0.52  1.37  1.94  3.00  11.19





Salisbury 2001 Data

		Weather data from website "http://climate.virginia.edu/va_pet_prec_diff.htm"

		which is the VA climate site, used Painter because it's near Salisbury.

		Did not adjust PET (Thornthwaite) unless Soil water < 50% then cut PET 50%.

		Painter data for PET  reduced by 50% if soil water < 6 inches at start of month

		Salisbury data for PPT in 2001										Soil

						PET				Soil Water		Soil Water		Change		Drain.

		Month		PPT		PET (Thorn.)		PPT - Est ET		start of month		end of month		Soil Water		Drainage

				in.		in.				in.		in.		in.		in.

		Jan		2.85		0.18		2.67		10		10		0.00		2.67

		Feb		2.14		0.25		1.89		10		10		0.00		1.89

		Mar		4.69		0.89		3.8		10		10		0.00		3.80

		Apr		1.97		2.06		-0.09		10		9.91		-0.09		-0.00

		May		4.4		3.66		0.74		9.91		10		0.09		0.65

		Jun		4.2		5.14		-0.94		10		9.06		-0.94		0.00

		Jul		3.61		6.07		-2.46		9.06		6.6		-2.46		0.00

		Aug		5.95		5.5		0.45		6.6		7.05		0.45		0.00

		Sep		1.82		3.93		-2.11		7.05		4.94		-2.11		0.00

		Oct		1.41		1.1		0.31		4.94		5.25		0.31		0.00

		Nov		0.16		0.51		-0.35		5.25		4.9		-0.35		-0.00

		Dec		1.94		0.19		1.75		4.9		6.65		1.75		0.00

		Annual		35.14		29.48		5.66								9.01





Salisbury 2002 Data

		Weather data from website "http://climate.virginia.edu/va_pet_prec_diff.htm"

		which is the VA climate site, used Painter because it's near Salisbury.

		Did not adjust PET (Thornthwaite) unless Soil water < 50% then cut PET 50%.

		Painter data for PET  reduced by 50% if soil water < 6 inches at start of month

		Salisbury data for PPT in 2001										Soil

						PET				Soil Water		Soil Water		Change		Drain.

		Month		PPT		PET (Thorn.)		PPT - Est ET		start of month		end of month		Soil Water		Drainage

				in.		in.				in.		in.		in.		in.

		Jan		3.21		0.18		3.03		6.65		9.68		3.03		0.00

		Feb		1.03		0.25		0.78		9.68		10		0.32		0.46

		Mar		5.41		0.89		4.52		10		10		0.00		4.52

		Apr		4.33		2.06		2.27		10		10		0.00		2.27

		May		1.78		3.66		-1.88		10		8.12		-1.88		0.00

		Jun		2.13		5.14		-3.01		8.12		5.11		-3.01		0.00

		Jul		1.9		3.04		-1.14		5.11		3.97		-1.14		0.00

		Aug		3.48		2.75		0.73		3.97		4.7		0.73		0.00

		Sep		7.95		1.97		5.98		4.7		10		5.30		0.68

		Oct		7.66		2.2		5.46		10		10		0.00		5.46

		Nov		5.72		1.02		4.7		10		10		0.00		4.70

		Dec		3.15		0.37		2.78		10		10		0.00		2.78

		Annual		47.75		23.53		24.22								20.87





Salisbury 2003 Data

		Weather data from website "http://climate.virginia.edu/va_pet_prec_diff.htm"

		which is the VA climate site, used Painter because it's near Salisbury.

		Did not adjust PET (Thornthwaite) unless Soil water < 50% then cut PET 50%.

		Painter data for PET  reduced by 50% if soil water < 6 inches at start of month

		Salisbury data for PPT in 2001										Soil

						PET				Soil Water		Soil Water		Change		Drain.

		Month		PPT		PET (Thorn.)		PPT - Est ET		start of month		end of month		Soil Water		Drainage

				in.		in.				in.		in.		in.		in.

		Jan		1.35		0.18		1.17		10		10		0.00		1.17

		Feb		5.91		0.25		5.66		10		10		0.00		5.66

		Mar		4.89		0.89		4		10		10		0.00		4.00

		Apr		3.95		2.06		1.89		10		10		0.00		1.89

		May		4.75		3.66		1.09		10		10		0.00		1.09

		Jun		4.18		5.14		-0.96		10		9.04		-0.96		0.00

		Jul

		Aug

		Sep

		Oct

		Nov

		Dec

		Annual		25.03		12.18		12.85								13.81
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Fig1a_color Sals General
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Fig1b_color Sals 2001
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Fig1c_color Sals 2002
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Fig1d_color Sals 2003
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Sources & Transport

Sources

Transport

N-P-K

Tile flow

Subsurface flow

Modified from Sharpley & Gburek, USDA-ARS

Leaching



N & P from a water quality perspective…
● Nitrogen (as nitrate) 

○ is lost to leaching

○ contaminates ground water
● Surface waters are 

contaminated during ground 
water discharge

● Phosphorus

○ soluble P is lost in runoff 
or subsurface drainage 
(tile/ditch drains)

○ sediment-bound P is lost 
during erosion 

● P losses are surface water 
issues



N & P from a water quality perspective…
● Nitrogen (as nitrate) ● Phosphorus

Diagrams from: Amy Shober, UDEL. 2013. http://extension.udel.edu/factsheets/the-impacts-of-nitrogen-and-phosphorus-from-agriculture-on-
delawares-water-quality/



Illinois State Water Survey
Baseflow & stormflow are important!

The Water Cycle

So one needs to consider both seasonality and the water cycle in general.  
Consider further about regular baseflow vs. stormflow.  

Baseflow fed by groundwater flow, but then you get stormflow, typically with 
higher levels of N and P.
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Healthy Eutrophic
Nutrient Pollution: Grand Challenge of the 21st Century



The Chesapeake Bay Watershed

• · Bay area: 4,480 mi2 (the largest estuary in the U.S.)

• · Average depth: 21 ft.

• · Basin area: 64,000 mi2

• · Ratio of watershed area to bay area: 14:1

• · 19 major rivers flow into the bay
• · Basin is in 6 states and the District of 

Columbia
• · Population: 18+ million (in 2020)

• · Value of fisheries harvest: $2,000,000,000 per year!

• · Major pollutants: nutrients (N and P)



Chesapeake Bay Program. 
https://www.chesapeakebay.net/what/m
aps/classification_of_watersheds_based
_on_2000_land_cover
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Thicker soil with more sand 
than other areas of the state

Thin soils (usually less than 3 ft deep), 
more clay than Coastal Plain

Thin, rocky soils with range of soil 
textures.  Some areas of limestone and 
karst exist



● How quickly water 
moves through the soil 
depends on the soil 
texture

Sand
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Clay
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Both 
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limestone



Information from: Chesapeake Bay Program. 2009. 
http://www.chesapeakebay.net/blog/post/question_of_the_week_what_are_the_main_sources_of_pollution_to_the_bay



Fall 2016, CBF, Save the Bay Magazine

Information from: Chesapeake Bay Foundation. 2016. http://www.cbf.org/news-media/features-publications/save-the-bay-magazine/fall-
2016.html

How can improvements be made? What is the cost to do so?
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What is the role of nutrient management?
Effectively and efficiently utilize nutrients to adequately supply crop needs 
while minimizing the transport of nutrients to ground and surface water



How can ag-related N and P pollution be minimized?

● Apply manure and fertilizers 
at the appropriate rate and 
the proper time

● Avoid manure usage on P-
enriched soils near streams 
and rivers

● Consider realistic production 
potential

● Utilize other BMPs



40

50

60

70

80

90

100

0 50 100 150 200 250 300 350 400

Y
ie

ld
, %

 M
ax

im
um

Nitrogen Pounds Per Acre

Yield Response

40 lbs. N 40 lbs. N

16% yield
increase

2.5% yield increase


Chart1

		40

		80

		110

		150

		200

		350



Nitrogen Pounds Per Acre

Yield, % Maximum

Yield Response

52

69

80

89

93

98



Sheet1

		40		52						Pounds Per Acre		% Yield

		80		69

		110		80

		150		89

		200		93

		350		98





Sheet1

		



Nitrogen Pounds Per Acre

Yield, % Maximum

Yield Response



Sheet2

		





Sheet3

		







39

We also want to consider economic yield – we don’t necessarily want the highest yield, but the highest 
economic yield. ROI
- Let’s say you are considering applying an additional 40 lbs of N, up to 80 lbs total.  Is that extra 40 lbs

going to beneficial economically – without seeing the prices, we can say probably, potentially boosting your 
yield 16%

- But, we’ve applied 150 lbs N and considering applying another 40 lbs, will this be economically beneficial –
considering we may only get another 2.5% yield increase toward our maximum, so depending on prices, it 
may not be as beneficial economically – this is the concept of diminishing returns



Corn Yield and Valuable End-
of-season Nitrate in Maryland
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		Coale et al. 2000 - Corn Yield and Soil NO3 data

		FN Rate:		0		75		150		225		300

		Corn Gr Yld		62		123		162		172		165

		Fall Soil NO3-N		16		19		25		67		143





Sheet1

		



Corn Grain Yield

Fall Soil NO3 0-3 ft

Fert. N, lbs N/ac

Grain Yield, bu/ac or 
Soil NO3-N lbs N/ac



Sheet2

		





Sheet3

		







2015, 
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Save the 
Bay 
Magazine
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