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Isotopos de nitrogeno en plantas

Conceptos generales
* Fuentes de variacion: sustratos y procesos
« Fijacion de nitrogeno y uso de nutrientes

Aplicaciones
« Contribucion de especies fijadoras
 Experimentos de marcaje

Hobbie et al. 2009



Principales isotopos estables en la biosfera

Par de isotopos

13C/12C 15N/14N 180/160 ZH(D)/lH

Estandar PDBP  N,aire  SMOWe¢ SMOWe
. 013C O0°N 0180 6°H /8D
Notacion
(%) (%) (%) (%)
Abundancia (%)? 1,1 0,37 0,20 0,015

a Abundancia del is6topo pesado respecto al total del elemento
b PDB, Pee-Dee Belemnite (calcarea)
¢ SMOW, Standard Mean Ocean Water

Mateo et al., 2004
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Isotopos de nitrogeno en plantas
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Isotopos de nitrogeno en plantas
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IsOtopos de nitrogeno en plantas
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Isotopos de nitrégeno
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Ciclo del Nitrogeno y 3'°N en plantas

Reallocation of Organic N
Reallocation of NO,"
Assimilation of NO,~

£\

TRANSFORMATIONS
=

TRANSFORMATIONS

Uptake and assimilation of NH,*, 9 to 18 %.
Uptake and assimilation of NO,~, 0 to 19 %0
Uptake and assimilation of Ny, 0 %
Uptake and assimilation of organic N
Mycorrhizal associations

Soil Microbial Biomass
Soil Fungal Biomass

N,O (Denitrification)
N; (Denitrification)
NH, (Volatilization)

Animal Waste
Plant Organic Matter
Fertilizers

SiLNd1no

TRANSFORMATIONS

V4

Mineralization/Ammonification
(Organic Matter — NH,*), 0 to 5 %o
Ammonia Volatilization
(NH,* 0y — NHy..), 30 to 60 %

e ngﬂmn
(NH,* — NO;"), 15 10 35 %
Denitrification
(NO;~— N,O + N,), 28 to 33 %

Szpak 2014



Ciclo del Nitrogeno y 3'°N en plantas
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Dawson et al. 2002; Handley and Raven 1992



Ciclo del Nitrogeno y 3'°N en plantas
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Fuentes de variacion de &'°N en plantas

* Fuente de nitréogeno
* N,, NH,, NO,;, SOM
» Pérdidas de nitrogeno en el suelo
—mayor pérdida, mayor enriquecimiento

 Fraccionamiento durante la asimilacion
« Concentracion en el suelo
—mayor concentracion, mayor discriminacion
* Presencia de micorrizas



Plantas usan sobretodo N mineral

Fig. 3 Relationship between 8"N of soil inorganic nitrogen and

. foliage 6'°N. Data derived from multiple sources (Boddey et al.
' 2000; Cheng etal. 2010; Garten and Van Miegroet 1994; Pate et al.
1993; Takebayashi et al. 2010). When 5"°N of soil inorganic
nitrogen was not provided in the reference, it was calculated as
the mean value of 615N-NH4+ and 615N-N()3_, weighed by the
size of these two N pools. Shown are the orthogonal fit (solid line;
y=1.35+1.05x; 95% CI for slope=0.69-1.62, r=0.74, P<0.001).
Identity line is shown dashed
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Craine et al. 2015



Plantas usan sobretodo N mineral
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De |la hojarrasca a la fraccidn organica

Fig. 5 Patterns in '°N and C:N concentrations of leaf litter and
SOM physical density fractions across forests and pastures on
highly-weathered Oxisols (0—10 cm) in the wet subtropical forest
life zone of Puerto Rico. The degree of microbial decomposition
generally increases from plant litter, Free LF (FLF; light fraction or

particulate organic matter); occluded or intra-aggregate light frac- oo —
tion (OLF); and heavy fraction (HF; > 1.85 g/ml density. Data §
from Marin-Spiotta (2008) 1
o
Carbono (CO,) se pierde L
mas rapido que nitrogeno 1
= )
Durante el proceso la6™®>N =z 7]
se vuelve mas positiva o ]
(enriguecimiento) o -
o~
I -
< ]

|

Craine et al. 2015



De |la fraccion organica a la mineral

Fig. 2 Relationship between bulk soil §'°N and the §'°N of

|
= | | = EON |Nitrégeno organico organic N (closed squares), NHy" (closed circles),and NO5~ (open
* NH." [ Amonio circles) across a range of soil depths from a subtropical forest in
71 | @ NOs: |Nitrato = China (Koba et al. 2010). Each point represents a value derived

from a particular soil depth (O horizon-100 ¢m) from three differ-
ent locations within the forest

Organico
a mineral

8"°N (%)
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Craine et al. 2015



Efecto de las micorrizas en 8*°N

FIGURE 2 | Foliar N isotopic compositions of plants according to

mycorrhizal associations (Craine et al., 2009b). Boxes reprasant

intergquantile (25-75%) ranges, bars dividing boxes represent means,
vertical lines represent 95% of the data. As described in Craine et al.

[20090) data were normalized to a common temperature, precipitation, and

foliar [N]. ERM, ericoid; ECM, ectomycorrhizal; AM, arbuscular; Mon,

non-mycorrhizal.

ERM: micorrizas tipo ericoide
(ericaceas)

ECM: ectomicorrizas
(fagaceas, coniferas)

AM: micorrizas arbusculares
(gramineas)

Non: sin micorrizas

Szpak 2014
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Incendios y disponibilidad de nitrégeno
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FIGURE & | Effects of fire on plant 4'°N values. (A) Comparisons
between plants growwn on mature and recently burmed California pine
forests (Grogan et al., 2000). (B} Change over time in three different
Australian ecosystems following substantial wildfires. Values above indicate
number of months prior to or after the wildfires. The broken vertical line
separates the pre- and post-fire samples (Huber et al., 2013). In both (A,B)
bars represant means + one standard dewviation.

Szpak 2014



Algunas tendencias generales

Exceso de N en suelo conlleva pérdidas
y un aumento de 81°N

Fertilizacion animal: aumenta §'°N

Incendio: aumenta 38'°N de forma temporal

Forrageo: aumenta &'°N

Micorrizas: disminuyen 6'°N



Fijacion de nitrogeno atmosfeéerico

Promociion de crecimiento vegetal por parte de
microorganismos. Existen microorganismos que
pueden proporcionar nitrdégeno (bacterias como
rhizobium y azospirillum), solubilizar fésforo
(micorrizas) y aportar hierro a las plantas.

Bacterias Hierro
fijadoras de N insoluble

~ Micorrizas

"ms'pluh!e : e e e s Lsideratondse



Fijacion de nitrégeno y 8*°N

N,-fixing legume N,-fixing legume non N,-fixing plant

I | I 11
HTN - 1D [ O™ - 4%

Pot with sand Pots with soil

A) Leguminosa sin nitrogeno en suelo. N planta = 100% N aire
B) Leguminosa con nitrogeno en suelo. N planta = mezcla de N aire y N suelo
C) No fijadora unicamente depende del suelo



Fijacion de nitrégeno y 8*°N

Porcentaje de N fijado del aire
(abundancia natural)

SN, SN, SHN.
‘llllll‘lll.ill‘.l.ll
. . I“lll'l'l"l'l"l'li'l'l'l'li'll’ .
Solo N, N total en N de otras
f1jado la muestra fuentes

Mateo et al. 2004
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Aljazairi et al. (en prep)
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Patron de uso del nitrégeno

Marcaje isotépico con abono rico en °N
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|dentificacion de f|UjOS externos de N
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|dentificacion de f|UJOS externos de N
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|deas finales

Fuentes de variacion de 8N en plantas

* Fuente de nitréogeno
* N,, NH,, NO,;, SOM
» Pérdidas de nitrogeno en el suelo
—mayor perdida, mayor enriquecimiento

 Fraccionamiento durante la asimilacion
* Concentracidn en el suelo
—mayor concentracion, mayor discriminacion
* Presencia de micorrizas

* iMuy complejo!
—marcaje isotopico vs. abundancia natural



|deas generales isotopos en plantas

Terminologia: fraccionamiento, enriquecimiento,
empobrecimiento, dlscrlmlnaC|on marcaje
Isotopico, abundancia natural

Carbono: discriminacion isotopica, respuesta
ambiental en C,, diferencias C;y C,

Oxigeno / hidréogeno: agua fuente,
enriguecimiento en la hoja

Nitrogeno: fuente de nitrégeno,
fraccionamiento en la asimilacion

General: Integracion temporal y espacial
segun el tipo de muestra
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