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Qué pasa con el C a lo largo del ciclo/ciclos del cultivo de palma?
Cómo es la dinámica de nutrientes?
Cómo se comporta la actividad biológica del suelo?

Principales preguntas



• Muy poca evidencia empírica sobre la expansión de la palma en zonas de sabanas y pasturas en zonas de sabana

• Mucho menor información en cuanto a la huella de C por la conversión de sabanas y pasturas en plantaciones de palma

• Desconocimineto de aspectos fundamentales de la dinámica de C y nutrientes durante ciclos enteros de de producción

• La conversión de  sabana en palma deja una huella positiva de C a nivel del ecosistema lo largo del  1 ciclo del cultivo

• La dinámica del C en el ecosistema palmero a través de un ciclo de producción es mediada por el manejo agronómico

• Plantaciones derivadas de pasturas (indirectamente de sabanas) tienen un balance neutro de C (balance de C no se afecta
por conversion a palma) a nivel del ecosistema a lo largo de dos ciclos de cultivo

• La fertilidad química del suelo aumentó durante el tiempo de cultivo y aún no se acerca al equilibrio

• Mayor estabilización de C y mayor actividad microbiológica del suelo en zonas de palera y plato

• La dinámica del C en el suelo a largo plazo (dos ciclos) se compone de dos tendencias diferentes. Primero se da una fuerte 

pérdida de las stocks/cantidades de C y luego se estabiliza. 

Key/take home messages



Activar la biología del suelo con capacidad de secuestro de C



Top meter soil C:
~2000 Gt C

Tropical forest: 
428 Gt of C (soil 
& vegetation) 

Vegetation:
560 Gt of C
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~10 % lost in the 
last 150 yrs. 

Atmosphere:
760 Gt of C 

44% in tropical soils

Anthropogenic perturbations -> 
Land use Change -> 

Disturb the C cycle -> 
global C balance

Global scale

Hairiah K. et al., 2001. ICRAF publicationJuan Carlos Quezada, September 2022. 
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• One of the highest world’s deforestation rates 0.84 Mha yr-1

• Indonesia produces ~50% of global palm oil, together with Malaysia ~80%
• Since 2000, 70% of OP expansion on forests, peatlands, agroforest
• 4th highest GHG emission rate

Deforestation scenario for OP in SE Asia

Margono B. et al., 2014. NCC
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Deforestation scenario for OP in SE Asia

Ecosystem C stocks:

Alternatives to deforestation?

34

Guillaume T. et al., 2016. Nat. Comm.
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Savanna 
biomass
stocks 

~2.5 Mg C 
ha-1

Pasture 
stocks 

~10 Mg C 
ha-1

OP Time-
averaged 
biomass C 

stocks 
~50 Mg C ha-1

Deforestation-free
Alternatives

Converting ecosystems with low biomass?
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5-20 times increase 
in biomass

Biomass C stocks:

Braz S. et al., 2013. Soil Sci. Soc. Ame.
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Colombia

• OP area: ~450,000 ha
• Minimal deforestation cost
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Converting ecosystems with low biomass?

• ~40% of OP cultivated area
• ~22 million ha (5 time the Swiss territory)
• Savanna ecosystem (dominated by C4 grasses)
• Main land use: Extensive cattle ranching 
• Expansion predicted to continue
• 2.5 million ha of degraded pasture areas 

“Los Llanos” Orientales (Eastern Colombia)

Castiblanco C. et al., 2013. Environ. Sci. Poli.
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• Few studies on pastures/grasslands conversion into OP
• No empirical data on the soil C pool
• SOC dynamic aspects like decomposition and accumulation

Knowledge gaps

Evident increase of biomass C

15

Converting ecosystems with low biomass?

Juan Carlos Quezada, September 2022. 



Assess quantitatively, with field-based measurements, the impacts of 
deforestation-free alternatives on soil biogeochemical properties and 
ecosystem C storage for a more sustainable expansion of OP agriculture in 
the tropics. 

Overall Objective
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EASTERN PLAINS OF COLOMBIA “LOS LLANOS”

Main land use: extensive cattle ranching with almost no management an few external inputs



VISITS TO FARMS 

80 KM

40 KM
80 KM 90 KM

60 KM



CRITERIA FOR SITE SELECTION



SELECTED RESEARCH SITES

OPAL22.November.201621



C3-accumulation

Ecosystem/soil C stocks 

C4-decomposition

Soil chemical fertility

Chronosequence Approach

Plantation Renovation @ ~30 years

A Few General Research Questions/Hypotheses

Methods
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Juan Carlos Quezada, September 2022. 



δ13C signature:~-14 ‰

• Vegetation change (C4 to C3) 
• Natural 13C-labelling
• In-situ estimations of SOC turnover
• Clock for C4 decomposition and C3 

stabilization rates
• Only a handful of studies have used 

the natural abundance δ13C 
approach
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Natural 13C abundance

Methods

δ13C signature: ~-28 ‰Δδ13C signature: ~14 ‰

Juan Carlos Quezada, September 2022. 
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Mechanistic understanding 
of soil C cycling (microbial 
activity)

Themes

Ecosystem C dynamics

One-cycle Chronosequence
&

Long-term Chronosequence 

Theme 1

Theme 2

Management

C4-C3 changes

Soil C and 
Nutrients 
dynamics 

Biomass C dynamics 

Juan Carlos Quezada, September 2022. 



Soil chemical fertility?

C4-decomposition?

Savanna OP cultivation 
time

One full rotation cycle (27 years)/
One cycle Chronosequence

Effect of Management Practices

Mechanisms C accumulation 
and 

decomposition

High-plains
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One-Cycle C Dynamics

Methods

Juan Carlos Quezada, September 2022. 



• 2,4 and 9 year-old plantation, 5 palms
• Path analysis -> Direct and indirect effects of fine roots, microbial activity and 

nutrient application on OP-derived C accumulation
• Fine roots (C inputs)

W > F > IR> H

F > W > H > IZ 
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One-Cycle C Dynamics

Drivers of SOC stabilization by management

Rüegg et al., 2019. Land Deg. & Dev.

Hypotheses

Juan Carlos Quezada, September 2022. 
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One-Cycle C Dynamics

Major Findings 

F H IZ W F H IZ W F H IZ W

W > F > IZ> H

Rüegg et al., 2019. Land Deg. & Dev.

Drivers of SOC stabilization by management

F: Frond pile
W: Weeded Circle
IZ: Interzone
H: Harvest Path

No Priming Effect

Juan Carlos Quezada, September 2022. 



FH IZ W
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One-Cycle C Dynamics

Rüegg et al., 2019. Land Deg. & Dev.

Major Findings 

Drivers of SOC stabilization by management

F: Frond pile
W: Weeded Circle
IZ: Interzone
H: Harvest Path

Juan Carlos Quezada, September 2022. 



SOC
stabilization

R2: 0.71 R2: 0.46R2: 
0.50

R2: 0.69

0.70*** - 0.49°

0.52*

1.06***

SOM 
quality
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0.69*** 0.25°

Soil C inputs
Soil 

microorganisms

Pχ2 = 0.33, RMSEA = 0.09, TLI = 0.97, CFI = 0.99

SOC stabilization is driven by
soil C input

Cascading impact
nutrients ->  root growth -> C inputs SOC 

Nutrient 
application

One-Cycle C Dynamics

Will these findings hold in time as OP-cultivation continues?
Rüegg et al., 2019. Land Deg. & Dev.

Major Findings 

Drivers of SOC stabilization by management

Juan Carlos Quezada, September 2022. 



Soil organic C (SOC) decreases

Positive net ecosystem C balance

Frond Pile (F)

Weeded circle (W)

One-Cycle C Dynamics

30

Hypotheses

Ecosystem C dynamics in Oil Palm on Savanna mediated by Management 

F: Frond pile
W: Weeded Circle
IZ: Interzone
H: Harvest Path

Juan Carlos Quezada, September 2022. 
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One-Cycle C Dynamics

SOC stocks unchanged 

Positive Ecosystem C balance
40.1 Mg C ha-1

Quezada et al., 2022. Global Change Biology

Major Findings

Ecosystem C dynamics in Oil Palm on Savanna mediated by Management 

Juan Carlos Quezada, September 2022. 
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1.9 Mg C ha−1 year−1 (F and W) 

~2 Mg C ha−1 year−1 (F and W) 
~0.7 Mg C ha−1 year−1 (h and IZ) 

2x and 3x more OP-C in input areas F and W 

23% OP-C

One-Cycle C Dynamics

Major Findings

Ecosystem C dynamics in Oil Palm on Savanna mediated by Management 

F: Frond pile
W: Weeded Circle
IZ: Interzone
H: Harvest Path

Quezada et al., 2022. Global Change BiologyJuan Carlos Quezada, September 2022. 
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Management ~5 time > importance (44%) to explain variation in soil biogeochemical
properties than LUC (9%)

One-Cycle C Dynamics

(32.8%)

(2
2.

7%
)

Ecosystem C dynamics in Oil Palm on Savanna mediated by Management 

Quezada et al., 2022. Global Change BiologyJuan Carlos Quezada, September 2022. 



Savanna

Soil chemical fertility

Soil microbial activity

SOC stocks

M
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Ecosystem C stocks
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One-Cycle C Dynamics

Take Home Messages

Ecosystem C dynamics in Oil Palm on Savanna 
mediated by Management 

Juan Carlos Quezada, September 2022. 



Ecologically oriented management > organic inputs ---> greater microbial activity 
---> enhance soil fertility 

Mature plantations findings confirmed over time

> C inputs ---> greater new OP will accumulate

One-Cycle C Dynamics

Theme 1, Major Findings

Juan Carlos Quezada, September 2022. 



0 – 10 cm

10 – 20 cm

20 – 30 cm

30 – 50 cm

Plantation Renovation
@ ~30 years

> Half century OP cultivation (56 years)/Long-term chronosequence

Andian
Piedmont
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Long-term C dynamics
Methods

Pasture OP cultivation time

Nelson P. et al., 2015. Plant and SoilJuan Carlos Quezada, September 2022. 



Hypotheses
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SOC stocks

13C signature

Soil chemical fertility

Long-term C dynamics

Ecosystem C dynamics in Oil Palm on Pasture 
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Breakpoint: 
36 years

New Equilibrium: 
62.6 Mg C ha-1

Long-term C dynamics

Quezada et al., 2019. Sci. Adv.

Major Findings

Ecosystem C dynamics in Oil Palm on Pasture 

Juan Carlos Quezada, September 2022. 



Subsoil (30-50 cm)

77% of pasture derived C loss

C loss rate: 0.25 Mg C ha-1 yr-1

Topsoil (0-10 cm)

Pasture –derived C 

OP-derived C 

Long-term C dynamics

39Quezada et al., 2019. Sci. Adv.

Major Findings

Ecosystem C dynamics in Oil Palm on Pasture 

Juan Carlos Quezada, September 2022. 
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Long-term C dynamics

Quezada et al., 2019. Sci. Adv.

Major Findings

Ecosystem C dynamics in Oil Palm on Pasture 

Juan Carlos Quezada, September 2022. 



Avoid C loss of 173 Mg C ha-1
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Neutral ecosystem C balance

Initial SOC loss, counterbalanced C gains in OP biomass

Long-term C dynamics

Quezada et al., 2019. Sci. Adv.

Major Findings

Ecosystem C dynamics in Oil Palm on Pasture 

Juan Carlos Quezada, September 2022. 
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• 2.5 million ha in Los Llanos
• 18 million ha in Cerrados
• 9 million ha Imperata 

Cylindrica grasslands in 
Indonesia

Long-term C dynamics

Degraded Pastures 

Take Home Messages

Ecosystem C dynamics in Oil Palm on Pasture 

Juan Carlos Quezada, September 2022. 



POM, S+C and rSOC

?

Topsoil C 
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S+C and rSOC: long-term C storage
POM: soil fertility

Long-term C dynamics

Theme 2, Major Findings

There Will Be No Return to Normal

Juan Carlos Quezada, September 2022. 



Conclusions
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Aboveground biomass
Belowground biomass
Soil organic C

Juan Carlos Quezada, September 2022. 
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