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Estudio de Dinamica de MO

* Mayoria del Cy N en los ambientes terrestres
esta presente en forma de materia organica
del suelo.

v'C=1.5x 1018g of C (Post et al., 1982)
v'N = 0.095 x 1018g of N (Post et al., 1985)

* Ambos elementos son claves en definir
atributos estructurales y funcionales de
ecosistemas naturales y manejados.



Importancia de MO

* Formacion de agregados y

estructura

e Capacidad de intercambio
cationico

* Disponibilidad de nutrientes

* Almacenamiento de agua
 Actividad biologica

* Trabajabilidad del suelo

* Muchos mas....a escala

global...flujo CO2....ifuente o

sumidero?

SOM Colorimetric Field Test Using Sodium Hydroxide/EDTA

K-State Soil Test Kit
www.ksre.ksu.edu

Grams CO, / m*
W Water
MWo00-25

W 25-50

W 50-100
I 10.0-20.0
W 200-50.0
N 50.0-100.0
N 100.0 - 150.0
W 150.0 - 250.0
W 250.0 - 500.0
W 500.0 - 800.0
I 800.0 - 1000.0
I 10000 - 1200.0
[ 1200.0 - 1500.0

Oak Ridge National Lab , USA
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Isotopos Establ

Isotope

Abundance

esdeCyN

Nitrogen-14
Nitrogen-15

Carbon-12
Carbon-13

99.63
0.37

98.89
1.11

1“N Nitrogen 14
Stable
- Seven neutrons and seven protons
- Atomic number = 7
- Mass number = 14.00307
- Makes up 99.63% of Earth’s total nitrogen

@ Neutron
O Proton
- Electron

‘5N Nitrogen 15
Stable
- Eight neutrons and seven protons
- Atomic number = 7
- Mass number = 15.0001
- Makes up 0.37% of Earth’s total nitrogen

NATURAL ISOTOPES OF CARBON

6 Protons
= z G Neutrons /

.

’/

———

Carbon-12

(6P + 6N)
Atomic Weight = 12
Isotope Mass: 12u
Abundance: 98.89%

6 Protons 6 Protons
\7 Neutrons / — R‘emrms

) @ )
\\// \\
SO
Carbon-13 Carbon-14
(6P + 7N) (6P + 8N)
Atomic Weight = 13 Atomic Weight = 14
Atomic Mass = 13.00335u  Isotope Mass: 14.003241 u

Abundance: 1.109% Abundance: 1 Part Per Trillion
Half-life: 5,730 * 40 Years
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Principales Aproximaciones
Investigaciéon OM

so de MO marcada con *C o 13C (1-10 a).
so de MO marcada con *°N (1-10 a).

Jso de variacion natural en 13C en la MO (10-

103 a).
* Uso de *C inyectado en la atmosfera en

pruebas nucleares (10-10%a). - ===




13C Aplicaciones

 Carbono en naturaleza 12C=98.89% vs 13C=1.11%

* Variaciones de fraccionamiento isotopico por cambios
Fisicos, Quimicos y/o Bioldgicos.

* Dindmica de MO -
* Fotosintesis C3 ~27°/o0 >>A'3C (13C0O2)>> C4 ~13°/00 efectos en MO
del suelo.

 Sefial de A3C permanece en tejido en descomposicion (Melillo et
al, 1989).

* Reconstruccion de uso pasado del suelo y comunidades
(agricultura, cultivos).

* Dinamica de MO in situ sobre periodos de tiempo, si vegetacion es
estable = MO suelo.

e Cambio de especie de C3 a C4 es un medio de marcaje que
permite evaluar Tasa de Descomposicion de MO en base a pérdida
de A3C por nueva MO suelo de especie C4.

» Efecto del cultivo del suelo en tasa de pérdida de MO (cambio C3-
C4 o C4-C3).



3C Abundance Variation
in Nature

—p 4./
,‘ A Atmospheric CO,
813C -8.5 %o

Tasa de Cambio de MO — e
(C3 vs C4) Sl =

Table 2 - Natural soil “C abundance and proportion of soil C derived from elephant grass under three different soil
management treatments in Misiones. Argentina.

Soil depth 50 year - yerba 6 year - yerba 10 year - yerba
(m) Natural forest mate mate- ﬂlep_ha_nt mate - Elep_lha.nt
monoculture orass association grass association
Average SD Average 5D Average 5D Average SD
Natural soil *C abundance. 8"C (%)
Litter -28.85 0.03 -30.05! ND -11.90 ND
0-005 -26.36a* 0.20 -2247b 0.43 -19.28 ¢ 0.59 -18.35d 0.34
005-015 -254R8a 0.12 -22.60 b 0.52 -21.74 be 0.59 -2143 ¢ 0.36
0.15-030 -2434 0.21
0.30 - 0.60  -21.56 0.18
Proportion of soil C derived from elephant grass. o, (%)
0 - 0.05 0.0 302 39.0
0.05-0.15 0.0 8.0 10.9

SD: standard deviation; |: mean value from leaves and branches of verba mate exported as vield; *means followed by the same letter
within a line do not differ (Student test at P <(0.03).

Piccolo et al, 2008
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A, : Masa de C derivado de planta C3 en el tlempo t post cambio
C39C4

A, : Masa de C derivado de planta C3 en el tiempo t=0

k: fraccion constante de tasa cambio en unidades de tiempo
(pendiente de grafica In(At/A0Q) vs tiempo

t: tiempo desde el cambio de C3—>C4
Vida media (t,,)del C derivado de C3 = 0.693/k

Tiempo medio de residencia de recambio de MO de planta C3 = -
1/k (Paul & Clark, 1989)



Tiempos de Residencia de MO para
Distintos Métodos y Ecosistemas

Table 1 Range and average mean residence times (MRTs) of total soil organic C in various ecosystem types as estimated by four
different methods

MRT (yr)
Method and ecosystem Sites and sources” Low" High" Average +SE"
First-order modeling
Cultivated systems and recovering grassland or woodland 17 15 (14) 102 (15) 67*12
systems
13¢ natural abundance
Cultivated systems 20010 18 (16) 165(17) 61+9
Pasture systems 12/10 17 (18) 102 (19) 387
Forest systems 2/2 18 (20) 25 (21) 22+4
Radiocarbon agin gd
Cultivated systems 21/8° 327 (22) 1770 (23) 280x105
Grassland systems 4/3f Modern (23) 1040 (24) &
Forest systems 4/3 422 (22) 1550 (25) 1005+184
“Bomb” '*C analysis
Cultivated systems 1/1 1863 (13) 1863 (13) 1863
Forest and grassland systems 14/12 36 (26) 1542 (27) 535+134

* First value indicates the number of sites used to calculate average MRT wvalues: second value indicates the number of literature sources surveyed (i.e.,
some sources provided data for multiple sites).

® Number in parentheses indicates reference to literature.

©SE, standard error.

dvalues presented in MRT columns for this technique are radiocarbon ages in years B.P.

®Includes two sites dating as “modern.”

fIncludes three sites dating as “modern.” SlX & JaStrOW 2014
’

£ Only one value available.



Gradiente de empobrecimiento de 13C en
compuestos organicos en suelo vs planta.

Wheat and Soll Organic Components Carbon
| content
Leal Soll
o m Cy nalkanes Saturation
LE-: S:I Cs, h—allum.-.a I Non-protected
LE" s." C,q n-alkanes Biochemically
rotected
‘D :E:B C,; n-alkanes v P
Soil 4
x C,; n-alkanes Physically
m Neutral | |V protected
= Acid |
Leal Fool Stem Soil prot
(] OO ® Organic extract ">
m Humic acid pyr. res. Carbon input
® Humic acld
& Humic acid pyr. som
. Humln Alkali, e.g., 0.5 M NaOH
Leal Siem Root Scils . IW insoluble
(=] (== mm Bulk carbon Humic substances
extracts
(] T T T T T T 1 Acid, e.g., 1 M HCI
-38 -36 =34 -32 30 -28 -26 -24 soluble insolubls
_ Fulvic acid Humic acid
813C (%) Lichtfouse et al, 1995

Hu

mic extracts separation.



Principales Aplicaciones en Ciclaje de °N
* Fijacion de N
* Adicion de >N, a biomasa microbiana o planta

« 15N en aire es distinto de '°N en suelo o fertilizante, proporcién de >N es
diluida por especie fijadora de N.

e Descomposicion y Mineralizacion de MO

* Adicién de >N a biomasa microbiana o planta
* Solucidn o substrato enriquecido para crecimiento de plantas

* Incubacion de residuos para aplicacion directa o para incubacion de
fuente de C labil (glucose) y fuente inorgdnica de 15N (ej: :°NH,SO,).

. Ir_1cubacién aerdbica o anaerdbica para evaluar mineralizacion en el
tiempo.

* Retencion de Nutrientes en Ecosistema

* Depositacion atmosférica (simulada)
Naturales (MO o suelo enriquecido)
Fertilizante (Marcado)
MO de diferente labilidad (C/N)
Lixiviacion



Principales Aplicaciones en
Suelos y Forestales

* Fijacion Simbioticade N
* Tasa de Fijacion: Enriquecimiento de gas enriquecido 15N2( 'Y
evaluacion comparativa de especies fijadoras de N (McNeiﬁ et
al., 1994). Evaluacién en suelos y/o absorcidon en planta.

* Efecto de Especies Fijadoras: Adicion de fertilizante
enrigquecido con N al suelo y evaluaciéon de razon >"N/*N
hojas de especie fijadora comparada a especie no fijadora
(Parrotta et al. 1994).

* Especie no fijadora posee razon distinta dado que no posee acceso
a N atmosférico directamente.

* Proporcién de N fijado es directamente proporcional al N total del
tejido.
* Abundancia Relativa de >N vs 1*N: Medicién directa en tejido

0 savia para evaluacion de influencia fijacidon (Shearer and
Kohl, 1986).



Principales Aplicaciones en

Suelos y Forestales

* Mineralizacion de N (Myriold 1987)

Nitrificacion Bruta desde N,

N Planta

Absdrcion

N organico

NH4

Absorcion

Evaluacion de Disponibilidad de N

Mineralizacion Neta 10%
Mineralizacion Bruta 90%

Inputs organicos

Bruta

Inmovillizacion  NH,
Briita

N
Biomasa Microbiana

Nitrificacion

>

NO3

Inmovifzacion

Bfuta

|Isotopo mas pesado °N
es discriminado en
contra cuando se
descompone Y
mineraliza la MO.



Disponibilidad de N-NH4, N-NO3,
N-NO2

* Medicion en incubaciones
aérobica/anaerébica/ N-inorganico.

* Medicion de tasas brutas de
nitrificacion ( o mineralizacion)

e Técnica de dilucion de N

* Mediante la caida de la abundancia de
5N en el pool de amonio o nitrato post
enriquecimiento. N marcado puede ser
en enriquecido como *NH,* o 1°NO,en
solucion o inyectado como °NH3 gas en
el suelo.

* Posible separar vias de nitrificacion e NS vessers ISR pwon

: L] 1514 '
Nitrogen  [™Mineralization Al Changes ool Biomass

autotrofica de heterotrofica.

Major Soil N Pools and Fluxes

5N isotope pool dilution technique:

BN
;

Net N mineralization

NH,*



Tasas de Mineralizacion y Nitrificacion Bruta en Horizontes
Organicos Bosques de Coniferas y Latifoliadas Bajo Altas
Tasas de Depositacion Atmosféerica Simuladas

(a) mineralization {b) nitrification
1.25 - organic horizon organic horizon 1125
100 T [_] control 4 1.00
T T low-N
0.75 | J_ Il high-N 1075
0.50 - 4 0.50
b
025 | V . %; 0.25
a a a
0.00 '_"'j = 0.00

Gross mineralization rate (ug N g'1 h'1)
Gross nitrification rate (t.gNg” h™)

0.6 mineral horizon mineral horizon 4 0.6
0.5 | 405
04 ~04
0.3 - 4 0.3
02+ T 4 0.2
T
0.1 | 1 % T o b - b b 101
0.0 0.0

Hardwoods Pines Hardwoods Pines

Fig. 2. Rates of (a) gross N mineralization, and (b) gross nitrification in incubating organic horizon soils (upper plates) and mineral horizon
soils (lower plates) from Chronic N Amendments Study plots sampled May—June 2001 (mean £+ 5.E.). Within each forest and soil type, bars
with different letter designation are significantly different based on least significant differences ANOVA (P < (.03). Asterisk indicates that the

mean value is not significantly different from zero. Venterrea et a| 2004
*)



Tasas de mineralizacion y nitrificacion bruta e
inmobilizacion por biomasa microbiana en
bsoques de latifoliadas y coniferas

12 I Cross enneralization L I Ciross nitrification
P 0 Mucrobial consurmplion 5 1 Microbial consumption
a2 10- 2 104
v T
E 4 o — f
; ;
T 01 Ty 6
= I
A r AR
E I £ 1
Y i = —
(0 Coppece Uik Beech proce Douglas Mine Ul Cofipace Lk Beech Sproce Douglas P

Figure 1. Gross mineralization (gross nitrification) and microbial consumption in soils from an old coppice and in five pure stands of oak,

beech, spruce, Douglas fir and Corsican pine planted after the clear-cut of the coppice in 1976. Microbial consumption = gross mineralization -
el mineralization. Means and standard deviation (n = 3,

Zeller et al., 2007



Retencion de N en suelos forestales,
urbanos vy agricolas
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Understanding nitrogen cycling after fertilization with
urea and enhanced efficiency fertilizers
In pine plantations of the southeastern United States

using stable isotopes

Raymond J. et al., 2016
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Initial Transformations of N Fertilizer (urea 50% of world N fertilizers)...

« Transformations of ureain soil
CO(NH,), + 2H* + 2H,0 —fureasey 2NH,H,CO; (urea dissolution)
NH,* — NH; (gas) + H*
H,CO; — CO, + H,0
« Ureadissolution controlling mechanisms - weather
o Relative humidity > Critical Relative Humidity (~80%)
o High Temperatures
o High wind speeds
o Low precipitation after fertilization, small diffusion depth into soil (<0.5 in)
o Low pH buffering capacity

o Organic residues (pine needles)
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North Carolina State University | Virginia Tech| Universidad de Concepcién

...Leading to Potential Fertilizer N Losses

Ammonia (NH3) SN e WL | penitrification
volatilization -~ ¢ <J : ; (wetter,
(anytime of year) Q| 0 <

winter)
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North Carolina State University | Virginia Tech| Universidad de Concepcién

Enhanced Efficiency Fertilizers (EEFS)

Urea

Urea + NBPT (NBPT) - N(n-butyl) thiophosphoric triamide — Agrotain Ultra
MAP Coated Urea + NBPT (CUF) - Arborite EC

Polymer Coated Urea (PCU) - Agrium ESN

£ aa 3o
e

\

Water moves Nutrients Nutrients move
into coating dissolve through coating

www.ipni.net/
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Fertilizer N Retention after Application

Ammonia (NH;)
volatilization

)5
A e

! Forest Floor

Mineral Soil

= ~

- 2

- -

74
S5
~
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N Fertilization Generally Improves Growth

a0 -
£ Soils Group 1 10000
g 9000 -
o L
° 25
5 l 8000 -
9% a0l 7
k > / —~7000 -
o /) ©
© / L=
£5 7 36000
£% 15} d
Ee e 2 E
T % "£5000
: -
8 g g
m
3
£
< 5 %
212 218 412 418 424 624
Treatment
Figure 1. Eight-year average volume growth in soil groups 1 for eight
treatments where nitrogen was applied at different rates and frequencies 1000
across 22 sites in the southeastern United States. Different letters indicate

significant differences in treatment means within a soil group. Error bars are

one standard error. NITROGEN IN SOIL
Albaugh et al. 2015

B Fertilizer Addition @ "Natural" N - Low
O "Natural" N - High
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Basal area
growth response,
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Using Stable Isotopes Can Refine Our
Understanding P,f the Fate of Fertilizer N in a System

Natural |- 8 e 7 L5080 Enriched
bl 2% 3 Y

Aunde b - 14N (99.63%) : 7 e, 7p*, 7n
« 15N (0.3663%) : 7 e, 7 p*, 8n

« &N, %o, permil
5N enriched fertilizers can

assist to distinguish N from

150%, fertilizer vs. native sources
10-
50%o

] ~370% B
= ’9‘ __ rE -
®

M. @ s
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North Carolina State University | Virginia Tech| Universidad de Concepcién

Research Objectives & Hypotheses

Fertilizer N treatment differences for:

. . T
« Season of application?
« N uptake? — bioavailability

of fertilizer N?

Fertilizer N retention in ecosystem?

Effect of understory?
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NH; Volatilization Experiment

 Fertilizer N loss among treatments (CUF, NBPT, PCU, urea)?

 Fertilizer N loss between seasons (spring, summer)?
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North Carolina State University | Virginia Tech| Universidad de Concepcién

NH; Volatilization - Experimental Methods

- NH
15N Enriched s
. Volatilization
Fertilizers
A A

S
—
One Forest floor Analysis of

I5N and %N
0-10
10-20

microcosm
taken from
each site

Total
fertilizer N
recovery

Microcosm

for each
depth

1, 15, 30 increment,
days after 20-30 sum each
T N— T fertilization =™ 7T T T _____? depth 77T N————r

30+
(outside microcosm)




FPc Forest Productivity Cooperative

North Carolina State University | Virginia Tech| Universidad de Concepcién

Distribution of Fertilizer N in Soll

/\ (A) Spring (B) Summer
\/
Forest floor 1 Fo-H-eH—/—
\
: N T
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£ y /////
o //
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___________________________________________ e
/
>30- o
0 20 40 60 0 20 40 60

Raymond et al. 2016a

Percent of Applied °N Fertilizer Recovered
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NH; Volatilization — Fertilizer N Loss — Spring + Summer

Days after fertilization
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Seasonal N Uptake

N uptake after N fertilization for treatments?

N uptake after N fertilization for treatments for spring vs. summer?
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Seasonal N Uptake - Experimental Methods

Weeks After Sori -2 trees in plot center sampled every 6 weeks
Eertilization =prng -Foliage sampled upper 1/3' canopy
0 -Sample divided by flushes (0-3)
-Each flush analyzed for 1°N, %N
Weeks After Summer
O
. | —e
/4
Y/ / /4 12 « 6:« &
24 KK ANN\N
0 V777492 /4%
AN\ 1 N\
0 0
1 2 3 1 2 3
Flushes (Previous year) (Current Year) Flushes (Previous year) (Current Year)
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Seasonal N Uptake — Foliar 1°N Values

Spring Summer
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Ravmond et al. in prep
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System Partitioning and Retention of Fertilizer N

» Fertilizer N retention in ecosystem?

« Season of application (spring vs. summer) for fertilizer treatments?
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System Partitioning and Retention of Fertilizer N

-1tree at plot center harvested

-Sapling strata sampled by species
and 2.54cm class

-Shrubs/vines/herbs sampled in
randomly chosen plot area with
shrubs by species, vines and
herbs composite sampled

-Forest floor, roots sampled from 4
random areas

-Litterfall sampled from 2 traps

-Mineral soil (0-15, 15-30cm)
sampled from 8 random areas

-All samples analyzed for 1°N, %N

>

|
i

*
I—F-rl'l-

Foliage

Fine branches

Coarse branches

Saplings

Vines
Herbaceous

Litterfall
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System Partitioning and Retention of Fertilizer N — Study 2

Spring

100 - Soil
[ Litterfall

Understory
Tree

©0
(=)
|

=2
o
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(=]
I
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Fertilizer N Recovery (% of applied N)

\

a % a a / a /
0 %/ I/ 2 %/ /I/// %//I /// é/ I/ /
CUF NBPT PCU Urea
Fertilizer N Treatment n=12

Raymond et al. 2016 In Review
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Forest Productivity Cooperat
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Summary of Results

 EEFs had lower NH; volatilization than urea

« Foliar N uptake similar for all fertilizer treatments

« Potential stimulation of native N uptake after N fertilization

« EEF fertilizer N recovery similar spring, summer - more variable with urea
 EEFs greater system fertilizer N retention than urea

« Large amount of fertilizer N remained in soil, followed by entire tree

EEFs had lower losses, higher ecosystem recovery of fertilizer N than urea




