Two Broad Classes of Experimental Studies

1. Source Control of Isotope Composition
Assumption: Fractionation events are not important
Example: oD of stem water to identify patterns of water use
2. Physiological Control of Isotope Composition

Assumption: Fractionation events are important
Example: §'3C of leaf tissue



6"°N Research in Ecological Research

SN labeling studies have been popular in agricultural research
for decades (ex: pool dilution)

The original hope was that >N at levels of natural
abundance could be used as a natural tracer

. —
Assumption A B

Fractionation =0

-Source of nitrate in groundwater
-Contribution of nitrogen fixation
-ldentification of sources of atmospheric deposition



6"°N Research in Ecological Research

Original Assumption Is Not Correct
In Many Cases
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Nitrogen Stable Isotopes

Element |sotope Abundance (%)
Nitrogen G\ 99.629 - 99.636
TSN 0.364 - 0.371
Ratio

Atom %



Lecture — Part 1

N,-Fixation Deposition Fertilizer

o \ |

Transformations Mycorrhlzae> Transformations

Soil §1°N Plant 81°N

>
Inorganic N

l

N Losses

Models and Patterns of Soil 5'°N Patterns and Gradients of Plant §'°N



Variation in Soil and Plants

Prairie {Kansas), {9) Cedar Creek Natural History Area (Minnesota), (100 North Temperate

Kelloge Biological Station (Michigan), {1 2} Coweeta Hy gic Laboratory (Morth Carolina), (1 3) Morth Inlet (South Carolina),
(14) Virginia Coast Beserve (Virgimal, (15) Harvard Forest (Massachuseis), (16) Hubbard Brook Expenimental Forest {(MNew
Hampshire), (17) Luguiilo Expenimental Forest {Puertic Rico).

From Fry, 1991



Variation in Soil and Plants

|0 | MINERAL

|_'|"|

II-l l—

DRGANIC
SOIL

LITTER

ol
ol
-“1 NON-FIXING

|0} PLANTS

[
Ll
|
=
-
=
L
i
e
—
i
=
—
—

From Fry, 1991



Variation in Soil and Plants

III'| MINERAL
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0F LitTeR
e 1. Large variation
b i . e 2. No correlation with precipitation
3. Soils more enriched than plants
4. N,-fixers near 0 %o

[y
Ll
|
[
=
=
L
(TH
Lo
e
T
=
o
=

10 -
oL Mg FIXERS




Number of Obgervations_\
(@)

Variation in Soil and Plants

Buffalo National River, Ozark Highlands
Trees and Shrubs

(@)
T

-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0
Plant 8"°N (%o)

Kinsey and Evans, Unpublished Data

1. Each observation is the mean
of five samples from a single
species.

2. How can we observe more

variation in a single site than
Fry (1991) observed across

all LTER sites (alpine to tropics:
arid to very wet)?

3. Stay tuned!
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Factors

1. Sources of Input
2. Sources of Loss
3. Internal Transformations



General Trends in Soil 81°N
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Amundson et al. (2003)

Values are usually positive (but there are exceptions)



Soil Depth (m)

General Trends in Soil 8'°N

Soil Nitrogen (mg N / g Soil) Soil 819N (%o)
00 01 02 03 04 05 3.0 40 50 6.0 70 8.0 9.0
0r
0.2
04
0.6
0.8
1.0 |

10 L ® Juniperus
' O Artemisia
B |nter-Canopy

From: Evans and Ehleringer (1993)



General Trends in Soil 8'°N

Observation: Soil 8N is usually positive and increases with depth

Mechanisms

1. 6'°N of nitrogen inputs into soil
2. Fractionation during internal transformations
3. Fractionation during nitrogen loss
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5N of Input: N, Fixation

N, |+ 8" + 16ATP + 16H,0 —> 2NH, + H, + 16ADP + 16P; + 8H"*

atmosphere

Values for N,-fixation should be 0 %o if there is no fractionation



5N of Input: N, Fixation

Discrimination Observed with N,-Fixation

Host #Species Discrimination (%o)
Azotobacter 4 1.2
Gycine max 1.5
Medicago sativa -0.2
Trifolium 2 -0.5
Vicia faba -0.2
Lupinus 2 0.0
Phaseolus vulgaris 1.5
Cyamopsis tetragonoloba -0.8
IDEICE] 2 1.7
Prosopis glandulosa 1.5
Lotus pendunculatus 0.1
Macroptillium atropurpureum 3.4

From Shearer and Kohl, 1993



5N of Input: N, Fixation
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Contribution of N Fixation ?

TN N

i

Reference ( 815N = 0% )

G M2 Fixing
Plant —

Plant J

i .
( NOz + NHg )

N8N = 8%

Reference Plant
Low Soil N
High Soil M

Soybean

Mo Soil N
Low Soil M
High Soil N

% Nitrogen Fixation



5N of Input: N, Fixation

Careful selection of
reference plant

General rule, reference
plant must be 8 to 10 %o
different than O.




3N of Input: Atmospheric Deposition

Table 1. "¥N/'*N ratios and concentrations of NO, and NH, gas samples SCIentIStS hoped

SN Conceotration to identify sources of

Sample ) Licoll pollutants based on
NN (rom coal-fired power station: . + 5.2* 395

"rom test-bed diesel engine working their 815N Va|ueS.
465 Nm (2800 rpm}) ~ 1.6* 1720

ﬁ?) from idling diesel mini-bus (1000 rpm): -13.2¢ 130
NO, from idling diesel truck (1000 cpm} _ - 11.5¢ 70
NO. from idling petrol car (1500 rpm) - 1.3t 105
NO, from stack of nitnic acid plant: —150% 2800
NH, in sheep shed: -15.2* 08

NH, in chicken shed: - B.9* 1.2
NH, or NH; from sicel factory coking plant

*1st condensate’ (cooling of gases) +214

‘liquor” (waler scrubbing of non-condensates) + 1.6

(NH,); SO, (by-product of liquor’) - 05§

gas from stack: -20.1

* Showan in Fig. 6.
t An average valuc for these samples shown in Fig. 6.
{ Formation of HNO, by the incremental solution of NO, in water absorbtion towers, if

accompanied by a large exchange isotopic fractionation, could leave NO, with this low
§'?N value. The 8'*N value of the nitric acid was —6.09,,

§ Taken to represent the bulk of coking-derived NH,, and shown in Fig. 6.

From: Heaton (1987)



3N of Input: Atmospheric Deposition

Wet deposition is
usually negative

i | & L
oz ®agee ¢ ee ®e9 AEROSOL NO3
PARTICULATE F 4 4+ ¢4+ DRY DEPOSITIO

Dry deposition is
usually positive

[

PARTICULATE ]

From: Heaton (1986)



3N of Input: Atmospheric Deposition

Table 4. Estimates [or the annual inputs and
8'*N values for nitrate and ammonium in
deposition at the CSIR®

Input 8'*N
Deposition (kg Nbha 'y ') (%)

Dry NOj; 0.5
Dry NH; 0.5

Wet NO; 2.1
Wet NH; 2.1

Wet +dry NOy 2.6
Wet +dry NH/! 26

* Using mean vafues from Table 2 (with a
dry deposition rate of 10 pueq ionm~?d"?")
and Table 3 (with a mean annual CSIR rainfall
of 640 mm).
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3N of Input: Atmospheric Deposition

6.0 Precipitation N, Pretoria

4.0 | | o NO;3
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2.0 | | ® NHy
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-8.0 |
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Data from Heaton, 1987
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Seasonal Variation

1. Change in source?
2. Change in intensity?
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3N of Input: Atmospheric Deposition

=10
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Seasonal Variation

1. Change in source?
2. Change in intensity?

From: Heaton (1986)




3N of Input: Atmospheric Deposition

Bragazza et al. (2004, 2005)

-Sixteen sites across 11 European countries
-Atmospheric deposition gradient from 1 to 20 kg N ha' y-'
-Measured 8'°N of mosses

Parameter P-Value
Total Deposition 0.13
Annual Temperature 0.87
Annual Precipitation 0.63

Fig. 1 Geographic location of the mies investigated, with
Identification codes as in Table 1.




3N of Input: Atmospheric Deposition

NHx | NOx quotient in atmospheric deposition
0 1 2 3

>

G2 g AT @ N / NOX iy
o ® UKt & NF / NOx wet

" o A Parameter P-Value

NH, / NO, Quotient <0.01

1.
g ,
&
.

Lawn Sphagnum "N signature

Bragazza et al. (2005)



3N of Input: Atmospheric Deposition

Attempt to reconstruct
sources of nitrate in
atmospheric deposition

Correlate ratios with known
storm tracks

Fig. 1. Sulfate. nmitrate and organmic carbon concentration-. and SMNAZAD isotope rabi
:Ir uterivm excess (d)- :I-*; th profiles 1 mn the L092/100% snow pack at the s 1||||:-||r|,.. site ol
monnblic &0 ajectorie |1|'|rlr:|r. vents are shown in the attacl

"IIhF'LI Sy |"|'||:-IITFJ.|I‘|: iy 15 indicated by a contimuous (dashed /do trr::hllnﬂlthlu irkers every l h.

Pichimayer et al. (1998)




3N of Input: Atmospheric Deposition

soiated with back trajectories passing through grid elements
cated on the axes).

Pichimayer et al. (1998)




3N of Input: Atmospheric Deposition

Throughfall Canopy (calculated) Rainfall
NO, 4.7 12.0 0.9
NH; 2.6 4.0 -5.6

From: Heaton (1997)
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3N of Input: Atmospheric Deposition
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Durka et al. Nature 372:765



3N of Input: Fertilizer

—
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M &l lertilizers
W of fertilizers
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FIGURE 1. Histograms of total nitrogen (3N, ammonium (3%Nww ), and nitrate (3*Nuo, and 5™0no,) isotopic compositions of fertilizers I I ( )
including compiled data from different publications and the presemt analyses. Vlto rla et al - 2004




General Trends in Soil 8'°N

Observation: Soil 8N is usually positive and increases with depth

Mechanisms

1. "N of nitrogen inputs into soil

2. Fractionation during internal transformations
3. Fractionation during nitrogen loss



Soil 3'°N

Lecture — Part 1
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Soil Nitrogen Transformations

NH3  NyO,NO NO, N5O, Ny

[Active Pool ) Volatilization T TDenitrification

. I Slow Pool
P Mlnerallzatlon

NO3
N|tr|fcat|on
Passive
Pool \[
> Amino
N . Acids

Qnil Ora

Plants Mlcrobes

Process Observed Discrimination
(%o)
Mineralization 0
NH,* : NH; Equilibrium 20 to 27
Volatilization 29
Diffusion in Solution 0

o : Hogberg (1997)
Nitrification 0 to 35 Shearer and Kohl (1990}

Denitrification 0to 33




Soil Nitrogen Transformations

NH3  NoO,NO NO, N0, Ny
A

\

Active Pool

Volatilization T TDenitrification

Slow Pool >[ NHg4* ]__’[ NO3 ]
P\ 4| Mineralization Nitrification *

Passive
Pool
Amino

N # Acids

Snil Oraani

Plants ] l Microbes ]

Why the variation (Shearer and Kohl, 1990)?
1. Processes limited by substrate availability (diffusion)

2. Multiple substrates for same product (N,O, NO)
3. Multiple fates for each substrate (NH,*, NO;)



Soil Nitrogen Transformations: 6'°N of Inorganic N

Assumption Made in Many Studies

‘\»0_

> NH,* > NO;

5"°N

Organic N



Soil Nitrogen Transformations: 8'°N of Inorganic N

Assumption Made in Many Studies

‘\»0_

Organic N > NH,* > NOj

5"°N

unc ul inated sod
cullmglted fod
lorest woel

Fig. 4. Nirogen isotope relationship between total soil
nitrogen, soil ammonium and soil nitrate in locts soils
(surface samples) sampled in the surroundings of Jilich
(measurements by H. D. Freyer and G. Kasten, un-
published).




Soil Nitrogen Transformations: 8'°N of Inorganic N
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Soil Nitrogen Transformations: 8'°N of Inorganic N

:.'i‘.‘:'t: szl .. i
] ] A

Maonths in 1972

Fig. 1.3 The conversion of NI, 1 NO, and changes in the AN valucs of ihese 1o silragen
forms following spplication of sahydrous NI, fortilizer w0 s sgriculsural fcld. (From
Feigia ev al., 1974b)

Herman and Rundel (1989)



Soil Nitrogen Transformations: 6'°N of Inorganic N

Role of Extractant

DDI Extract KCI Extract Bound (calculated)

Site One
NO,- Concentration 5.1ug/g 6.4ug/g 1.3ug/g
NO3' I\ 6.4 %o 4.5 %o -2.9 %o
Site Two
NO,- Concentration 8.6ug/g 10.5ug/g 19ug/g
NO,- 8"°N 9.3 %o 1.4 %o -16.3 %o

From: Herbel and Spalding (1992)



Soil Nitrogen Transformations: 6'°N of Inorganic N
Observations by Robinson (2001) on 6'°"N Measurements of Inorganic N

1. Methods developed for enriched samples may not be
appropriate.

2. It is critical to avoid fractionation during isolation
(ex. Diffusion or ion exchange may not be appropriate).

3. Avoid contamination. Organic N will be included in most
methods developed for ammonium.

4. Use methods developed explicitly for natural abundance.
Three are available for nitrate, none for ammonium.



General Trends in Soil 8'°N

Observation: Soil 8N is usually positive and increases with depth

Mechanisms

1. "N of nitrogen inputs into soil
2. Fractionation during internal transformations

3. Fractionation during nitrogen loss
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Nitrogen Loss: Volatilization
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How can grazers
increase soil 81°N?

00

(84

s
2
oLy
=
)
=]
(-
=
O
n

From: Frank and Evans (1997)



Nitrogen Loss: Volatilization

Elk and bison urine leads
to an increase In
volatilization

NH; is becomes enriched
over time
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Day after urine addition

From: Frank and Evans (2004)
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Nitrogen Loss: Volatilization
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Nitrogen Loss: Volatilization

Fractionation during
_ Vvolatilization enriches

_~~ remaining ammonium
Model - Ammonium in Soil - in soil, and this enriched
- ammonium is immobilized
—_— . .
_—— by soil microbes,
e . iy ow .
retaining it in the soill
- -
Model - Instantaneous _~
Ammonia Production -
- -
- - —
—_— Model - Cumulative Ammonia

From: Frank and Evans (2004)



Nitrogen Loss: Nitrification and Denitrification

Same pattern observed
for nitrification and
denitrification

_,.r. ‘
P

From: Perez et al. (2001)
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Nitrogen Loss: Nitrification and Denitrification

Same pattern observed
for nitrification and
denitrification

_,.r. ‘
P

From: Perez et al. (2001)
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General Models of Soil §'°N

NH,", NO;~
deposition

Loss
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30~
Fig. 2.4 A hypothetical model of isotope fractionations during nitrogen transformations in

forest ecosystems. See text for discussion,

From: Nadelhoffer and Fry (1994)
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General Models of Soil §'°N

0.05 0.10 0.15 020 0.25

%N IN SOIL

3.0 4.0 2.0
%C IN SOIL

From: Nadelhoffer and Fry (1988)

0.35

6.0

0.4C

Role of differential preservation of
compounds that have different
iIsotope composition?

Long-term incubation
No difference in '°N of nonpolar

extracts, hot water solubles,
holocellulose, and lignin



General Models of Soil §'°N

Fresh plant material
Organic horizon
B,. light fraction

B,, heavy fraction Aliphatic / O-Alkyl is a measure of
humification

04 0.8 1.2 1.6
Aliphatic/O-Alkyl

Fic. 1.
47 P <0

UNppg abundance vs. aliphaticity (R? =
01). Nuclear magnetic resonance

were obtained for solid-state samples from fresh
terials and from sequentially deeper ]

eral-soi1l (B;) horizons. which were phy
based on particle density at the Unmivers

Seattle, Washington, USA. ’ Kramer et al- (2003)




General Models of Soil §'°N
Steady-State Conditions

N,-Fixation Deposition

Vo

Soil and Plant N

Storage

|sotope
Ratio

N.: Soil N (kg / m?)
lo,» ls: INputs from deposition and fixation (kg m=2y-)
l K.,: Fractional rate of loss (y')
R.: Isotope ratio of soil organic matter
N Losses R.,, Rs,: Isotope ratio of inputs

- €X?

Riotar Weighted mean isotope ratio of inputs

oy Apparent fractionation factor”

From: Brenner et al. (2001)



General Models of Soil §'°N
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Fig. 2.4 A hypothetical model of isotope fractionations during nitrogen transformations in

forest ecosystems. See text for discussion.



PDF download

* https://nextcloud.bgc-
jena.mpg.de/s/yP83SARMDSQjBAQ
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What Controls Plant §1°N?
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Tmlnuatinn

Assimilation

-Nitrogen Form

-Active Rooting Depth

-Mycorrhizae vs Root

-Seasonal Changes
~==~.-Procedures (Extractant)




What Controls Plant §1°N?

Buffalo National River, Ozark Highlands

21 e The Perfect World
O
% 1. No observed discrimination
§10 with uptake of N
g 2. Leaf 5'°N reflects that of the
g 5 entire plant.
prd
3. If 1 and 2 are true, then leaf
0 &1°N reflects that of the N
60 -40 -20 00 20 40 60 80 source, and leaf 8'N can be

Plant 8"°N (%) used as a tracer.

Kinsey and Evans, Unpublished Data



What Controls Plant §1°N?

Buffalo National River, Ozark Highlands

21 e The Perfect World
ks,
©
%10 1. No observed
2] . . . .
o) discrimination
© with uptake of N
3 s |
5 2. Leaf 5'°N reflects that of the
< entire plant.
(-)6.0 40 -20 00 20 40 60 80 3. If 1 and 2 are true, then leaf

&1°N reflects that of the N
source, and leaf 8N can be
used as a tracer.

Plant 8"°N (%o)

Kinsey and Evans, Unpublished Data



What Controls Plant §1°N?

External
j——Root —@M@M@8@M@™
Solution

Plasma
Membrane Cytoplasm Xylem

AA
D
NH; s==NHs s——==\_ Assimilation
1
+
= |Ni

+
H R
33: TNH

Low [NO, NO.
i 3 @ Transport "

High [NO;] NDiE wﬁ—

Adapted from Ullrich, 1992

Steps

1. Absorption

2. Translocation
3. Assimilation



What Controls Plant §1°N?

Rate of Uptake

>

Membrane

-
N— >N
—

ExternaII Internal

Uptake by Low-
Affinity Channe

02 04 06 08 1.0 .

Nitrogen Concentration (mM) \

External Internal

Uptake by High-
Affinity Carrier



What Controls Plant §1°N?

Ammonium Nitrate
mM A (%0) mM A (%0)
O. sativa 1.4 4.1 P. americanum 0.5 0.0
7.2 12.6 6.0 1.4
O. sativa 1.4 4.6 12.0 1.4
7.2 11.2 P. mollissimum 0.5 0.1
6.0 2.5
12.0 3.3
G. max 5.0 5.0
7.5 3.7

L. perenne 7.5 6.5
T.erecta 7.5 5.8

B. campestris 1.2 0.2
3.0 0.0

12.0 0.2



What Controls Plant §1°N?

Substrate Depletion Experiments

Simultaneously measure nutrient solution
concentration and isotope composition as plants
deplete the nutrient in solution

R The isotope ratio of the solution should increase
if fractionation occurs during uptake and
assimilation

Plot 8'°N of solution versus concentration according
to Rayleigh distillation model. The slope is the
observed discrimination

[
=
-
o
+
=
-
=

=5l

Pritchard and Guy (2005)



What Controls Plant §1°N?

Solution | Root

|
Fq1 1 F3
(N)out 4:I_"> (N)in —— (N)reduced

Fo |

1
Uptake  Assimilation

Mariotti et al. (1981)
based on Sharkey
and Berry (1985)

F1 >>F3 : Discrimination will be observed
F1=F3 : Nodiscrimination will be observed
No enzyme in root : “b” not expressed



What Controls Plant §1°N?

IAIIunatiun

Assimilation

_-- -HATS & LATS
-Location of Assimilation
-Influx (F,) versus Root
Assimilation (F,)

-Nitrogen Form

-Active Rooting Depth
-Mycorrhizae vs Root
-Seasonal Changes
-Procedures (Extractant)




What Controls Plant §1°N?

Buffalo National River, Ozark Highlands

215 e The Perfect World
O
% 1. No observed discrimination
§10 with uptake of N
s
5 2. Leaf 5'°N reflects that
E > of the entire plant.
prd
3. If 1 and 2 are true, then leaf

0] 15
60 -40 -20 00 20 40 60 80 6°N reflects that of the N
" source, and leaf 8N can be
Plant 5N (%o) used as a tracer.

Kinsey and Evans, Unpublished Data



What Controls Plant §1°N?

Mean (xSE) 615N values (%o) for Lycopersicon esculentum
plants grown with a continuous supply of 0.050 mM NHj; or

NO->
. .i........ R
Plant Age (d Leaf Root Difference

NH;

37 3.3+0.3 3.1+0.2 0.2

NO3
28 42403  -16%0.2 5.8
36 37+06 -1.1+04 4.8
45 33+06  -0.1+0.4 3.4
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External

Solution Pt
Plasma

Membrane Cytoplasm

Low [NH?] ﬁ:(’) GS , GOGAT, ,,
High [NH7] NH; ——..-—~—“N}~la

Assimilation

f NiR

.E
TNFI
Low [NO; NO:
s 3 @ Transport
High [NO; ] : - P

NO, =

Adapted from Ullrich, 1992

The 8'°N (mean * standard error) of source NO;-, whole-plants, roots, leaves, and
root and leaf NOj5™ for Brassica campestris and Lycopersicon esculentum.

Species Source Plant Root Root NO; Leaf Leaf NO5
Brassica 10.3 10.1 4.9 12.4 10.6 25.0
Lycopersicon 1.8+ 012504 -01x04 MA1x17 33x06 140=*46

From: Evans (2001)
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External I Root I

Solution
Plasma

Membrane Cytoplasm Xylem

AA
(-> _GS , GOGAT, 4
NH; === NHa Assimilation
e o

Low [NO; ] 05 ('\ e
3

G
E;
E
& N

Adapted from Ullrich, 1992




What Controls Plant §1°N?

AG™N [ldamn,

Intracellular

NO,

Gln
. /
Phenylpropanoid / “

biosynthesis and

heieroaromatic

Proteins

/
NO, \\

. ~_] Llpld&

| g -..'Itll- | / ‘

E (x5 ! \ | other

—

// l — Glu Oxoacids —a | Alkaloids
L Aminosugars ——
- Cell wall ecompounds [f-‘lﬂ-"'uph}'"

—

a4 B = Gln GOGAT \ . .f"“"*
o
8

Glu —=—e=— (M
i GDH

Fig. 3. Generalised mean §'3N-value shifts between organic compounds within the system plant. The first intrinsic precursor with a small metabolic
pool, but large turnover is NH, originating from different sources. From here, the plant can be more or less regarded as a “‘closed system™ (except
for losses of NH;). The display does not integrate the effects of compartmentation, pools and metabolite transports. Central reaction of nitrogen
isotope discrimination is the GOGAT reaction, involved in the net primary production of a-amino-N, but also in the N-recycling processes phe-
nylpropanoid biosynthesis and photorespiration. Enzymes: NR=nitrate (+ nitrite) reductase, GS=glutamine synthetase, GOGAT = glutamine:2-
oxoglutarate amino transferase, GDH = glutamate dehydrogenase, TA = transaminases, GF= glutamine:fructose-6-P amino transferase. Substrates:
OG = 2-oxoglutarate, OA = oxoacids, AA = amino acids.

Werner and Schmidt (2002)



Table 3

What Controls Plant §1°N?

31 N-Values [%e]a1r.Nn2 Of secondary natural compounds

Compound
(n in parentheses)

Origin, plant (reference
and its 8" N[%o]s1r-n;,)

Biosynthetic N-precursor
(8'°N[%]aqg-n, in proteins)

8" N[%alair-N;

Reference

Heroin®

Heroin®, Morphine

Cocaine

Nicotine

Caffeine

Methyl-N-methyl-anthranilate

(3
4]
(20)
™

(20)
(4)
]
(20)
(20)

1

(22)

™
(20

Papaver somniferum

Erythroxylon coca
(coca leaves +6.5%)®

Nicotiana tabacum
(tobacco leaves +2.9%.)°

Coffea arabica,
Theobroma sinensis
Mandarin essential oil
(fruit pulp + 6%.)¢

Tyrosine (~ + 6.0%)

Ornithine (-amino N)
(~—4.0%)

Ornithine (- + é-amino N)
(0%e), aspartic acid (+ 8.5%e)

Glycine (+ 2.5%.), glutamine
(2 *+ 6%o), aspartic acid (—5%«)

glutamine (+ 11%)

=36to +1.7
-8.5t0 -1.5
~l6to +1.3
—43to +0.5

-25t0 +2.5
-13.7t0 =54
=13.0to -5.5
=120to0 -3.5
~12.0to -5.0

-5.240.5

+2642.0

+30to +50
+4210 +83

Thle and Schmidt, 1996
Avak et al., 1996
Zimmer, 1999

Besacier and
Chaudron-Thozet, 1999
Ehleringer et al., 1999

Ihle and Schmidt, 1996
Avak et al., 1996
Zimmer, 1996
Ehleringer et al., 1999

Jamin et al., 1997

Danho et al., 1992

Weilacher et al., 1996
Faulhaber et al., 1997

Mean 8'*N-values used in text are calculated from the references.
* Semisynthetic from morphine.
b §15N-Values of coca leaves: +0.1 to + 13.0%s (Ehleringer et al., 2000).
¢ 3'N-Values of leaves from the same tobacco plants: 0 to + 10.3%. (Jamin, pers. commun.).
4 §'5N-Values of pulp from orange juices: +4 to + 8% (Kornexl et al., 1996),

Werner and Schmidt (2002)
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Table 2

A§'*N-Values [%elair-n, Of amino acids from protein hydrolysates and of free amino acids from defined origin, normalized by difference to Glu (for
Triticum aestivum | to Ala)=0%e. Triticum aestivum | =soluble protein extracted at the two-leaf stage, Triticum aestivum 11 at the anthesis stage

Protein and origin A8 N[%o)atn-n, in a-amino-N and total N of amino acid Reference
Asp Gly Ala Val Leu lle Ser Thr Phe Tyr Lys His Arg Trp Pro

Anabaena sp. strain IF on N, +15-35 -30 -25 -85 -75-100-25 -10 -50 -45-60 -7.5 nd. nd. Mackoetal, 1987
Anabaena sp. strain IF on NOy +2.0 -20 -15 -25 -95 -45-80 -25 +20-15 -25-65 -5.0 nd. nd. Mackoetal, 1987

Triticum aestivum, 1, greenhouse +2.0 -55 00 00 -20 00 -30 (+120]nd. +45 -30nd. nd. nd nd Hofmannetal,
1997

Triticum aestivum, 11, greenhouse +10 —60 +10 =35 -50 -20-45 +30 nd +30 —45nd -10 nd. -35 Hofmann etal,
1997

Glycine max. (10%)/ +1.5 <21 +03 nd. nd. nd. -41 ; nd nd. nd nd d. nd. +1.2 Hareetal, 1991
Hordeum vulg. (78%)

Mean C;-plants, homotroph +1.6 =38 065 -2.1 —-6.25 =-1.5 -59 5 +0.5 +0.25 =36 —-6.25
Zea mais +23 +25 +14 Snd nd +10 . g od: nd d. . +3.5 Harcetal, 1991

Vibrio harvey strain B-352 -90 —50 =35 =55 -60 =35 -65
on Glu

- . i 1 . i
4. b i n.c n Macko et a

Bovine collagen -23 -55 -38 -08 -20 -1.3 -65 5 -18 -62 -53-75 nd. -5.5 -0.5 Hiirzeler, 1997

Achilles tendon collagen nd. -38 nd +1.1-12 nd. nd nd n.d. 8 -57nd. -48 nd. 00 Minagawaetal,
1992

Free amino acids from pea +71 +04nd. +75nd. nd. nd =01 nd nd nd nd +81nd nd Yoneyamaetal.,
(Pisum sativum) nodules 1998b

The mean absolute §'°N-value of Glu from plant proteins is ~ + 7.0%., that of total proteins ~ +5%. n.d.=not determined. 5'>N-value in [ ] is not
considered for mean §'’N-value calculation. Some of the §'*N-values have been taken from § ;

Werner and Schmidt (2002)
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IAIIunatiun

Assimilation -NR:NiR 15%.
-GS:GOGAT 8 to 12.5 %

_-- -HATS & LATS
-Location of Assimilation
-Influx (F,) versus Root
Assimilation (F,)

-Nitrogen Form

-Active Rooting Depth
-Mycorrhizae vs Root
-Seasonal Changes
-Procedures (Extractant)




What Controls Plant §1°N?

Resorption and Reallocation of N

Fractionation with Effect of % Contribution of
resorption? resorption? Stored N?

Y Y WA

T ég
/ I\ / I\
No Fertilizer NH,* NO.- 15NH,* 15NO,

From: Kolb and Evans (2002)



What Controls Plant §1°N?

Resorption and Reallocation of N

B Current Uptake
[ Storage

Discrimination Is
observed when
stored N is the only
N source

E. farinosa

From: Kolb and Evans (2002)



What Controls Plant §1°N?

Resorption and Reallocation of N

However, the contribution
of stored N is minimal

From: Kolb and Evans (2002)
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Resorption and Reallocation of N

Discrimination not
observed with:

QO E. frutescens

1. Resorption
2. Reallocation

Leaves Before Abscised Leaves After
Abscission Leaves Abscission

From: Kolb and Evans (2002)
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Leaf
= -Location of Assimilation

-Resorption 0 %. 77
_.-Reallocation <2 %. 7?7

IAIIunatiun

Assimilation -NR:NiR 15%.
-GS:GOGAT 8 to 12.5 %

_-- -HATS & LATS
-Location of Assimilation
-Influx (F,) versus Root
Assimilation (F,)

-Nitrogen Form

-Active Rooting Depth
-Mycorrhizae vs Root
-Seasonal Changes
-Procedures (Extractant)







What Controls Plant §1°N?

Mycorrhizae

From: Hogberg (1990)
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Ekto-
Basidiomycetes
Ascomycetes
(Gymnospermae)

Endo-
Basidiomycetes
Ascomycetes
{Orchid Ericoid)

Mycorrhizae

Ektendo-
Ascomycetes
(Pinaceae
Picea, Larix)

Endo-
Arbuskular:
Glomales
(Gymnospermae
Angiospermae)

From: Hogberg (1990)
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N. Sweden N. Sweden E. Siberia M.E. Greenland

Heath tundra Forest tundra Forest tundra Heath tundra
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g |
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o S . L e
Fig. 2 Mean 8"N (+SE) of plant species without mycorrhiza
(NON), with ectomycorrhizal (ECM) fungi or with encoid my-
corrhizal (ERI) fungi at the four heath and forest tundra sites n
Fig. 1. The means within each functional group and site are based on
the means of the species presented in Fig. 1; n 1s the number of
replicates (plant species)

From: Michelsen et al. (1998)
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Mycorrhizae — Fractionation with transfer to plant

NO; -source

SN abundance
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;1 Fig. 7. Schematic drawing of changes in the natura

abundance during the flux of soil-derived N (source)t
plant through an ectomycorrhizal fungus.

From: Hogberg et al. (1999)
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Mycorrhizae — Fractionation with transfer to plant
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5 is. Fl |n,_1I I:|| OMass in |:w|1|tr ¥ 1I| |I|J.tl"l:| T| 0

r|||:|| t|11|| I-- §; squares, Thelfephaora

Greater fungal biomass leads to T, is the fraction of total system
greater fractionation nitrogen in the plant

From: Hobbie and Colpaert (2003)
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Mycorrhizae — Fractionation with transfer to plant

a. High N availability b. Low N availability

&N of foliage comparable to available N "N of foliage depleted relative to available N

fungi fungi

little F | \

Mycorrhizal ‘ Mycorrhizal ;
II'|

little

] \
fractionation | \ fractionation

\ large large
y fractionation fractionation

| Available N Vegetation | | Available N|
fittle —_— I

fractionation )
litlle

fraction atmn i :
A Vegetation

From: Hobbie et al. (1999Db)
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Patterns and Gradients of Plant §'°N
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_——

NH,*
limited competition,
net mineralization becomes
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Schimel and Bennett (2004)
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Case A: amino acids are
used, not mineralized
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Plant 3N Patterns and Gradients

Nutrient availability
varies inversely with
precipitation

N cycles in arid sites
are more open

Z
C:

600 00 1000 1200
Mean Annual Ramfall (mm)

Swap et al. (2004)



Plant 3N Patterns and Gradients

Hawaii

] Soil
] Metrosideros

200 1500 2000 3500

Annual precipitation (mm)

Fig. 5 Vanation m o "N values (") tor soil and tohar M. pelymorpha
from all sites across precipitation gradient. Data are mean values
(n = 35) = SE

Austin and Vitousek (1998)
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Fig. 4. Latitudinal changes of specific leaf area (SLA, m? kg™), leaf nitrogen concentration (mg g~), '3C-isotope
discrimination (%), and of the 3!N-isotope ratio (%) in the plant functional types: potentially N, fixing deciduous and
evergreen trees (d + N, ev + N) and non-N, fixing deciduous and evergreen trees (d-N, ev-N), spinescent species (spin),
Adansonia (Ad), Allocasuarina (Allocas), and evergreen cultivated fruit tree plantations (cv.plant).

Schulze et al. (1998)

Australia
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Australia

Table, 3. Effects of burning and grazing intensity on specific leaf area (SLA: m? kg™,
N-concentration (N: mgN g”!), carbon isotope discrimination (A:%c), and the 5!5N-values
(%) of expanded leaves of evergreen non- N, fixing species
Small letters indicate significant differences within each column (Student 7-Test, P<0.05)

Treatment Location SLA N A 515N
Buming
unburnt Kapalga C,Q, M,S 551° 11.46" 20.04* -0.89*
burnt Kapalga K M,P.S 5.50 11.20"2 0.46" ~1.44*
Grazing
low Melville-Kapalga 6.17° 12,738 20.03* -1.54*
Tyler Pass 387" 11.632 18.13° -1.27°
medium Kintore/Giles 3.44° 11.58* 18.17° 4.96°
high Kidman/Mt.Sanford 3.24° 8.16° 19.84% 7.09°

Schulze et al. (1998)
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Austin and Sala (1999)
response to Schulze
GUEN = 461-0.0035 MAP et al (1998)

f=-064 P 0001
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500 18&0 1500

Median Annual Precipitation (MAF) (mm)

Fig. 1. Correlation of foliar 8N with median anmeal rainfall along the
Australian |GBP transect. Each symbol represents average values of 85N
tor each species sampled (data from Schulze o @, [99E)
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Rain ¢

direct effects « L

» indirect effects
water seepage | grass/tree ratio —;
erosion | salinity §  tree 8'5N f l grass 8'°N |}

15N enrichment denitrification grazing ?
at soil surface ‘!' in saline flats ? subarid > arid

| | 5'"N of young tissue < old tissue §

grazing of young tissuef

biotic soil crusts §  denitrification il 55N inwater T animal 8'°N{

\ v +

nitrification by , 15N in soil J, or constant saline water as $
cyanobacteria ¢ resource for animals

volatilization of 5"NT
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soil disturbance by trampling §

animals migration ?
seepage along tree roots T

55N in soil J

soil 5'N in %

non-saline areas = —» tree 5'°N §4—— soil 5"°N ¢

Fig. 1. Schematic presentation of some processes that affect 5'*N in foliage under arid conditions and grazing. The direction of the arrow after the process

indicates the response of the process (increase or decrease) to a decrease in rainfall. For more explanations see text.
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From Fry, 1991
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Plant 3N Patterns and Gradients

Observations from Fry (1991)

1. Large variation
2. No correlation with precipitation
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Atmospheric N o
Deposition {bl:? ll:llxa:cn,
“EX: IéXR&){] e M M

| :
SOIL PLANTS

Plant N uptake from soil >
« 15
(Ngk,: PNgkjop)

Plant N return to soil

(Npks; PNoke)

Effect on Soil 8°N Values (0/00)

i

N Losses to
EI‘N’il onment

{NsKey: y 5”5 Kex®ex)

Topography

Figure 1. Schematic diagram of soil and plant N and "°N =2 2 5 : = e T
“black box™ mass balance model. Terms in parentheses are Figure 3. Estimated range in the effect of individual state

the flux terms for N and SN, respectively, and are defined factors [Jenny, 1941] on the &' °N value of soil N. Sources of
in text. values illustrated are discussed in the text.

Amundson et al. (2003)
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Nutrient cycles in arid or
warm regions are more
open leading to greater
N loss

Cooler or colder regions
retain relatively more N

% 0.5

mean annual temperature and precipitation (0.5

phical trends in Ad . ten
data are obtained fron nott and Matsuura [2000].

Amundson et al. (2003)



What about higher tropic levels?

* You are what you eat

* Plus a few permil



Throphic enrichments
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Hobson and Welch, 1992
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Trophic level
3
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Fig. 3. Ranges of 4'*N values for marine organisms from Barrow Strait-Lancaster Sound and their associated trophic positions

according to an isotopic model using a trophic enrichment value of + 3.8 % (ool applicable to marine birds)




Throphic enrichments

f' M fractionation

fractionution

Comparison

Fig.1. Comparison of mean Aé*N and A&C (trophic fraction-
ation; error bars represent 1 S0)) values for taxon, habitat, estimate
type, and diet. Significance based on Mann-Whitney [ statistic for
A&vN and ANOVA for A8C. One asterisk mdicates mean differ-
ence significant at p <2 0.05. Two astenisks indicate difference sig-

nificant at [

Vander Zanden and Rasmussen, 2001
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