Agricultural landscapes viewed from a T
biogeochemical perspective
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Biogeochemical ecosystem services (and disservices) extend
from farms to landscapes

e Water balance and movement

* Hydrologic transport of nutrients and sediments

e Air emissions (not covered here)
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Fertilized
World

i we don't watch out,
agriculture could destroy
our planet. Here's how to
grow all the food we nead
with fewer chemicals.
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Landscape flow paths
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Terrestrial water balance for Augusta Creek

Evapotranspiration

Precipitation

950 mm

621 mm

(65%)

(100%)

Overland flow
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Evapotranspiration during the growing season
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Hamilton et al., in revision, ERL



Irrigation is on the increase

Precipitation
950 mm
(100%)

Evapotranspiration
621 mm
(65%)

Overland flow
81 mm
(9%)
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New registrations (cumulative)

Groundwater Irrigation
Registrations by Region
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Data from MDEQ; chart by Bonnie McGill



Precipitation chemistry

Charge Equivalent Concentration (ueq L")
* |t's getting better 0 | 40 | 80
all the time!

Precipitation: pH 4.44, Conductance 23 yScm’
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Water acquires dissolved material as it flows through soils

Conductance (uScm™)
0 400 800

| | | I I [ [

{I} Precipitation

| Soil water - forest

Soil water - row crops
— >
Ground-
water
Streams
H
Wetlands
Lakes

| |
Hamilton (2015) LTER synthesis book




Chemical changes as water percolates through soils
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Nitrate leaching from 80 - (B) Nitrate Leaching

the root zone .
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Syswerda et al. (2012), AEE



http://www.prenart.dk/smpfield-pic.php

N enrichment of landscapes extends to groundwater
and downstream water bodies

Total nitrogen concentrations in streams

¢ Much of the total N in
streams is NO3; from
groundwater inputs

¢ Riversin North
America and Europe
are enriched in N by
2-20 fold

I Nenpoint source nitrogen input, Total nitrogen
in pounds per square mile concentration, in mg/L
[ <2900 © Low (<0.66)
1 2,800-15,000 @ Medium (0.66-3.17)
1 15,000 @ High (>3.17)
b
aUSGS

Circular 1350



Groundwater flows slowly

RECHARGE AREA

DISCHARGE AREA

Water table

Shallow
Unconfined
aquifer

Centuries Centuries

Confining layer
M Confited illenni
aquifer Millennia

Heath (1983) USGS report




Fertilizer Nitrogen kg*10 2

Groundwater contaminants display a long time lag
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Puckett et al. (2011) ES&T; see also Hamilton (2012) Freshw. Biol.



. 27 (A) Nitrate Concentration
Nitrate export by Augusta Creek
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Most N disappears |
. . Land-based N inputs (270
somewhere in transit Te/yr)

Soil denitrification

e Spatially distributed global

124 Tg/yr
models ( g/yr)
e At least 75% must either

be stored or, more likely,  Groundwater, lakes, rivers
denitrified to N, (146 Tg/yr)

Freshwater

denitrification
(110 Tg/yr)
Estuaries &
oceans

Data from Seitzinger et al. (2007) Ecol. Applic.



Shallow streams, lakes and wetlands retain/remove
agricultural N (and P)




Alteration of streams and
loss of wetlands may be
part of the problem

+ Extensive drainage of
wetlands; stream channel

alterations

+ Reduced efficiency of
nutrient removal?

+ Interest in restoration has e e
been growing
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LINX experimental design

» Coordinated >N tracer additions in
/2 streams:
3 in each of 3 land-use types
(reference, agricultural, urban) in
each of 8 biomes

Lotic Intersite Nitrogen Experiment (LINX I1)

Oregon
(wet coniferous Wyoming £
forest) (shrub steppe) Michigan

(northern deciduous
forest)

..

3 Massachusetts
Southwest . (northern mixed
(shrub forest)

desert) North Carolina
(southern deciduous
forest)
Kansas
(tallgrass prairie) ~ o
Puerto Rico /'

(tropical forest)




Nitrate uptake and denitrification in the

LINX Il experiments
e Whole-stream tracer
additions ATMOSPHERE
e 24-hour addition of tracer  Tracer 5NO;
levels of 1°NO;" 1

Dissolved
N,, N,O gases
(denitrification)

Streamwater |—p
NO;

15N2’ 15N20

500 m

BIOTA (assimilation)




Denitrification fraction

Stream denitrification rates
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Denitrification
averaged 16% of
total NOs™ uptake
(median)

Large overlap
among land-use

types

Within range of
estimates for other
aquatic systems



LINX Il results: Most N uptake was assimilated, not

denitrified
da
e Median of 16% was direct 1.0k ..
denitrification .
e Balance was assimilated into o8F [
algal, plant and microbial <
) 8 qal
biomass £ 0.6
e
 What is the fate of assimilated E
N? E 0.4
e Could there be “indirect ° .
denitrification”? '
0.0F -+
Ref Agr Urb

Mulholland et al. (2008) Nature



What is the eventual fate of assimilated nitrate?

e Little evidence for eventual (indirect) denitrification of
assimilated N

Percentage of assimilated N
Added 82% 0.3% 5.4% 0.1%

NO;
3 PON,DON NH,* NO; N, N,O

Stream water

v

Autotrophs p— Biofilm/Sediment
orption

Heterotrophs Nitrifiers

DNRA

Denitrification

O’Brien et al. (2012) Freshw. Biol.
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Understanding sediment-water nitrogen exchanges

DO 10.1007/510021.008-9169-5 ECOSYSTEMSI
T

NO; -Driven SO,*~ Production
in Freshwater Ecosystems:
Implications for N and S Cycling

Amy J. Burgin'* and Stephen K. Hamilton®

| doi:10.431910.2012.57.1.0221

Limnol. Oceanogr., 57(1), 2012, 221-234
@© 2012, by the Association for the Sciences of Limnology and Oceanography, Inc.

Nitrogen transformations in a through-flow wetland revealed using whole-ecosystem
pulsed 1SN additions

Jonathan M. O’Brien,2.1.* Stephen K. Hamilton,2b Lauren E. Kinsman-Costello,a Jay T. Lennon,2«<
and Nathaniel E. OstromP

.COUPLED BIOGEOCHEMICAL CYCLES

Beyond carbon and nitrogen: how the
microbial energy economy couples
elemental cycles in diverse ecosystems

Amy ] Burgin'’, Wendy H Yang’, Stephen K Hamilton®, and Whendee L Silver”

Vol. 54: 233-241, 2009 AQUATIC MICROBIAL ECOLOGY Printed March 2009
doi: 10.3354/ame01272 Agquat Microb Ecol Published online February 24, 2009

Sediment nitrate manipulation using porewater
equilibrators reveals potential for N and S coupling
in freshwaters

E. K. Payne''?, A. J. Burgin??*, S. K. Hamilton?




What about phosphorus?

e P tends to sorb to soils
and sediments

e Large P reservolirs:
e Upland soils
* Floodplains

« Aguatic sediments,
Including behind
existing and former
dams

| “In-channel
(<1 yr)
Soil/hill slope Riparian/floodplain
(c.5-30 yr)_:_ G (<1-10007yr)

= B =
T S

i

Groundwater «
<1-50 yr)

Figure 1. Typical time scales for phosphorus (P) retention and
recycling in watershed and waterbody legacy P stores. These result in a
continued chronic release of “legacy P”, impairing downstream water
quality over time scales of years to decades, or even centuries (from

data provided by Sharpley et al, 2013).

Jarvie et al. (2013) ES&T



Phosphorus often moves with particulate material...

1.0

% 08 o,

£ o

E 0.6 No-till implemented ;'

= ir.||'

< 04 l e

E D"’G'

2 0.2 =m0 Conventional tillage maintained

& ﬁ"*‘*_*—'—o—o\r_._._.—-s—._._._.
0.0

1978 1980 1982 1984 1986 1988
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Kleinman et al. (2011)
Can J Soil Sci

Fig. 4. Average annual dissolved P concentrations in runoff from two wheat fields in Oklahoma, US. Both were tilled until 1984,

when one was converted to no-till. Adapted from Sharpley and Smith (1994).



P application rates have long exceeded removal by harvest

P contained in exports
cnnsumgd abroad

801

“ (21%) o~ P accumulation in
. : agricultural soils (SL)
Inputs Outputs
| Other on-farm
. losses (FM) Net processing
Total P fertilizer 52 P contained in losses (PR)
and mineral feed 13%
supplement used
domestically
1905 Gg P (100%)
- = 147 (8% _ >
F contained in P consumed
crop and livestock  Other P inputs in US di
imports (residual) 1g] iets
Gh 55

« Most fertilizer P applied so far remains in soils and sediments
(MacDonald et al. 2012, Sattari et al. 2012, Jarvie et al. 2013)

e Some is potentially released...



Phosphorus remobilization in reflooded soil

e Restored wetland

e Kinsman-Costello et al. Outflow
(2014) Ecosystems
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Phosphorus remobilization in reservoir sediments

120

==|nflow

100 | Oulow « Morrow Lake
(Baas 2009
dissertation)
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Near-future directions

* Terrestrial water balances S
in non-crop landscape e -
elements

* More work on fate of
carbon in lime

* [rrigation:

e Effects on water balances,
groundwater-dependent
wetlands

KBS LTER

= Kellogg Biological Station

el intiodine et
Long-term Ecological Research

e Global warming impact

e Source of nitrogen and

alkalinity to crops Acknowledgements:
e All of my grad students and postdocs
 Flocculent sediments in e The LINX group
shallow waters « NSF, DOE for funding
e Jane Schuette for figures
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