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56,1 mi haa 

Degraded or under 
degradation pasture:

> 30 mi haa  ~24 mi ha
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Methane and forest-to-pasture conversion in the Amazon

1976 – CH4 is a greenhouse gas

1986 –Tropical forest soils sink atmospheric methane

1988 – Forest-to-pasture conversion can result in soil emissions

1996 – Consistent measurements of pasture emissions

Ambio. 1988. 
17(4): 275-281

*



  

Methane and forest-to-pasture conversion in the Amazon

2000 – Importance of seasonality in soil CH
4 
fluxes (east)

2002 – Importance of seasonality in soil CH
4 
fluxes (west)

2015 – First insights on Amazon soil methane microbiota

*

*



  

Methane producers and consumers
(best characterized)

Methane oxidation

Methane synthesis

Nitrogen fixation

Methanogens
✔ Euryarchaeota

✔ Methanomicrobiales
✔ Methanocellales
✔ Methanosarcinales
✔ Methanobacteriales
✔ Methanococcales
✔ Methanopyrales

✔ Bathyarchaeota (2015)

Methanotrophs
✔ Alfaproteobactérias

✔ Methylocystaceae
✔ Beijerinckiaceae

✔ Gamaproteobactérias
✔ Methylococcaceae
✔ Methylothermaceae
✔ Crenotrichaceae

✔ Verrucomicrobia
✔ Methylacidiphilaceae K

ni
ef

. 2
01

5.
 F

ro
n.

 M
ic

r. 
6:

 1
34

6
E

va
ns

 e
 c

ol
. 2

01
5.

 S
ci

en
ce

 3
50

(6
25

9)
: 4

34
-4

38



  

Methane producers and consumers
(best characterized)

Methane oxidation

Methane synthesis

Nitrogen fixation

Methanogens
✔ Euryarchaeota

✔ Methanomicrobiales
✔ Methanocellales
✔ Methanosarcinales
✔ Methanobacteriales
✔ Methanococcales
✔ Methanopyrales

✔ Bathyarchaeota (2015)

Methanotrophs
✔ Alfaproteobactérias

✔ Methylocystaceae
✔ Beijerinckiaceae

✔ Gamaproteobactérias
✔ Methylococcaceae
✔ Methylothermaceae
✔ Crenotrichaceae

✔ Verrucomicrobia
✔ Methylacidiphilaceae K

ni
ef

. 2
01

5.
 F

ro
n.

 M
ic

r. 
6:

 1
34

6
E

va
ns

 e
t a

l. 
20

15
. S

ci
en

ce
 3

50
(6

25
9)

: 4
34

-4
38

E
va

ns
 e

t a
l. 

20
19

. N
at

 R
ev

 M
ic

. 1
7:

 2
19

-2
32

Growing evidence of 
multiple methane 

producers by secondary 
pathways

Growing evidence of 
multiple methane 

producers by secondary 
pathways

Growing evidence of 
relevance of anaerobic 

methane oxidation

Growing evidence of 
relevance of anaerobic 

methane oxidation



  

Methanogenesis

HidrogenotrophicHidrogenotrophic

AcetoclasticAcetoclastic

mcrA gene

MethilotrophicMethilotrophic

K
al

lis
to

va
 e

 c
ol

. 2
01

7.
 M

ic
ro

bi
ol

og
y 

86
(6

):
 6

71
-6

91



  

Methanotrophy
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Type I MethanotrophsType I Methanotrophs
GamaproteobacteriaGamaproteobacteria

RUMP pathwayRUMP pathway



  

How does grass coverage and soil liming influence 
methane fluxes in pastures?



  

02 de julho de 2020

Experiment 1

Field Study

CH
4 
fluxes

qPCR – pmoA and mcrA 

Sequencing 16S rRNA

Amazon West
~250 dias

Experiment 2

Amazon East
~80 dias

Belterra/PA

Methodology – Study 1



  

Methodology – Experiment 1

P72

FP Ariquemes/RO
Amazon West

● Pastureland – 1972
● Fazenda Nova Vida
● Forest fragment
● Smallholding
● Soil type: Yellow–red 

Oxisols
● Texture: medium clay to 

sandy
● Sampling (0–10 cm): 

Apr/2017 (rainy season)
● Transect sampling: 5 

points, 50 m apart



  

Methodology - Experiment 2

Belterra-Santarém/PA
Amazon East

● Pastureland – 1989–
1994

● Smallholding
● National forest
● Conservation area
● Texture: medium clay to 

sandy
● Sampling (0–10 cm): 

Aug/2019 (end of the 
rainy season)

● Transect sampling: 5 
points, 50 m apart

FP

P



  

Methodology – Field Study

Belterra-Santarém/PA
Amazon East

● Pastureland – 1989–1994
● Smallholdings
● Texture: sandy
● Sampling period: Aug/2019 

(rainy season)
● Sampling design: 5 points 

forming a quadrilateral plus 
a central point; 100 m side 
length

● Pasture condition: few 
signs of degradation

● Samples: bulk soil, 
rhizosphere, and adjacent 
soil

Tapajós National Forest

Pasture 2

Pasture 1



  

Methodology - Experiments 1 and 2

pH ~ 6,0 (CaCl
2
) pH natural 

Brachiaria

Pasture soil

Forest Soil

● 10 L clay pots
● 5 kg of soil sieved to 5 mm
● 10 cm soil layer
● Moisture: 70% of water-holding 

capacity
● Adjustment: every 2–4 days



  

Methodology – soil gas fluxes

✔ CH₄, CO₂, and water vapour
✔ No daily calibration required
✔ Cylindrical chambers: 12 cm radius 

× 30 cm height; volume ~6 L
✔ Measurement time: 10 min; one 

data point every 10 s
✔ Linear fitting model to estimate the 

rate of change
✔ Measurement times (days):
✔ Exp 1: 7, 18, 28, 84, 96, and 108
✔ Exp 2: 7, 13, 21, 28, and 35 Laser spectroscopic analyser (ABB, 

Switzerland)



  

Methodology – qPCR

mmoXmcrA pmoA

* linreg



  

Methodology – Sequencing

Sequencing
● University of Sao Paulo
● Illumina MiSeq v3 (2x250pb) 
● Paired-end
● 16S rRNA (v4)
● 515F (Parada)/ 806R (Apprill)

Data processing
● Qiime2 
● Dada2 (ASVs)
● SILVA 132 
● RDA/ PCA 
● PERMANOVA 
● DEICODE/ QURRO – differential 

abundance of taxa
● ANOVA anda Tukey HSD



  

Forest soils sink more CH4. Liming does not help, but grass does.



  

Less methanogens in the grass rhizosphere

● mcrA is more abundant in 
pasture soils

● pmoA tends to decrease in 
forest soils under liming 
(ns)

● mcrA is significantly 
reduced in the rhizosphere 
of pasture soils

● mmoX shows no significant 
changes



  

Less methanogens in the grass rhizosphere



  

Methanotrophs are resilient to most soil changes



  

Conclusions – Study 1

• Grass coverage increases methane uptake in pasture 
soils compared to bare soils.

• Methanogens were reduced by 10 fold in the grass 
rhizosphere compared to bulk soil.

• Soil liming can compromise the capacity of forest and 
pasture soils to sink methane.

• Pasture management strategies have potential to 
mitigate soil methane emissions.



  

First study opened new questions

Methanogens are reduced in pasture grass 
rhizosphere, and explain at least part of the 
changes in CH

4
 fluxes.

What about the forest soils? They change in flux 
with liming, but not much the abundance of 
microbes.

Maybe the activity?



  

How do methanotrophs activity respond to soil pH shifts?



  

Preliminary experiment

Experiment design
● Microcosms

● Hermetically sealed 1.65 L jars (5 
replicates)

● 400 g of soil
● Temperature: 25 °C (BOD)
● Moisture: 70–80% of water-holding capacity
● 12CH₄ concentrations:

● ~2 ppm
● ~200 ppm
● ~2,000 ppm
● ~20,000 ppm (forest soils only)

● Duration: 24 days
● CH₄ flux measurements: weekly



  

Methodology – SIP

Experiment

✔ Microcosms sealed with rubber lids
● 120 mL
● 10 g of soils
● Temperature: 25 ºC BOD

✔ Moisture: 70-80% 
✔ Concentration of 13CH

4

● ~10,000 ppm
✔ 24 days
✔ Readings and replacement of 13CH

4 
every 

2-4 days



  

Methodology – SIP

● Solution of CsCl + buffer (1,725 g/mL)
● 1µg of DNA



  

Methodology – SIP

Fractionation

● Pump

● Blue solution (resazurine 0.1 %)

● Drops sampled at the bases, 100 µL 
fractions

● Density measurement

● DNA quantification



  

Methodology - SIP



  

Pasture and pasture limed soils incorporated 13C

Incorporation of 
13C happened 
according in 

pasture soils, but 
not in forest soils

Incorporation of 13C 
to biomass



  

Methanotrophs were active in pasture and limed pasture soils

qPCR of pmoA 
between H/L 

The abundance 
of ACTIVE 

methanotrophs 
(pMMO) 

increased only in 
pasture soils.



  

The active methanotrophs were from Types I and II

*

*

Active microbial 
groups on 13C 

incorporation in 
limed pasture soils



  

Conclusions

✓Under High CH
4
, Methylocaldum sp. (type I) e Beijerinckiaceae 

(type II) are active. Under atmospheric concentrations, soil 
sinks less methane.

✓Methane sinking in forest soils depend on its acidic pH.

✓Liming pastures and conserve grass coverage can mitigate soil 
methane emissions, depending of methane concentrations.



  

Last research

Soil quality and biolodiversity in Coffee cultivation 
comparing conventional and agroforestry 

systems to forest soil
● Biodiversity
● Soil fertility
● Soil biological quality



  

Last research

● Target
● Couple long-reads and short-reads to 

biodiversity evaluation of multiple 
taxonomic groups.

● Challenges
● Optimize methodology to use nanopore 

long-reads to target soil meso and 
macroorganisms (cluster 18S-ITS-28S)

● Create database and adjust to use with 
current bioinformatics amplicon tools



  

Last research

Conventional
Coffea arabica

Agroforestry
Coffea arabica

Atlantic Forest fragment



  

Last research

β-glucosidase

Arylsulfatase

Forest Agroforestry Conventional Forest Agroforestry Conventional

Acidic Phosphatase

Alkaline Phosphatase
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