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Land-use and trade-offs of ecosystem services
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Source: J.A. Foley et al., (2005) Science, 309, 570



Ecologically intensive agriculture = Agroecology: 
A new paradigm?
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• Maximising the biomass 
production.
• Optimising functional 

biodiversity.
• Supporting  

biogeochemical cycles.
• Anticipating the social, 

economic and political 
implications.

Role of soil microorganisms?
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- Low sustainability of tropical soils (low fertility 
and limited availability of nutrients),

- Mono-cropping increasing soil erosion,
- Massive application of polluting pesticides and 

mineral fertilizers

• There is needs for restoring degraded soils by 
an enhancement of soil biodiversity/soil 
health,

• Promotion of agro-ecology (no/low tillage, 
low or null inputs agriculture, intercropping 
legumes-crops, agroforestry…)

• Utilization of beneficial microbial products

Relevance of using microbial biotechnologies in Asian 
Agriculture: 
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Economical impact of the mineral fertilization of 
perennial plantations

Options to sustain the production at a lower cost
* Cover crops at the early stage of the plantations
* Recycling of the remaining products
* Potential of the biofertilisers for partially taking the mineral
fertilisers over



Roles played by the native soil microbial 
communities
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We have to investigate! 
Example of the Laetitia’s PhD entitled «The role of the 
soil microbial communities in sustainable rubber tree 

cultivation in North-Eastern Thailand »



Example of the rubber plantations in Thailand
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§ Chronosequence: 9 plantations of different ages in Ban Don Chang

- 3 « Young » plantations: 3 years old
- 3 « Medium » plantations: 6 years old
- 3 « Old » plantations: 16 years old

+  3 Fields of Cassava (no rubber tree history)

à Similar management practices: absence of cover crops, similar fertilization rates, 
reduced soil type variation (area of less than 2 km²)… 



Example of the rubber plantations in Thailand
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§ AMF communities in roots: 
à Intensity of colonization (root staining): 

- Very high colonization in all sites (>73%)
- Intensity not affected by the species, the age of the plantations, or the soil 

characteristics
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Herrmann et al. 2016, Archives of Agronomy and Soil Science



Example of the rubber plantations in Thailand
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§ AMF communities in roots: 

à 454 sequencing: 

- Identification of new Virtual Taxa (VT)
- High diversity : 111 VT in total

- Strong separation of cassava and 
rubber AMF communities

- Gradual shift with time from young to 
old plantations

Herrmann et al. 2016, Mycorrhiza 26, 863-877



Example of the rubber plantations in Thailand
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§ Total bacterial and fungal communities in soils: 

à 454 sequencing
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Composition of the bacterial community at the phyla level  in the different site types.

Within each bacterial phyla, means accompanied by the same letter do not differ significantly at P ≤ 0.05 (pairwise 

comparisons using the Tukey (HSD) test. 

Pairwise comparisons of the bacterial class means using the Tukey (HSD) test did not show any significant difference at 

P ≤ 0.05

Non-metric multi-dimensional scaling 
(NMDS) plots displaying the bacterial 
communities (OTU level) associated to the 

roots of rubber tree or cassava.
Ellipses indicate one standard deviation 

around the centroid position of each site 
group. 

Herrmann et al. Sciences for the total Environment (submitted)



-20

0

20

40

60

80

100
N-Balance

P-Balance

N-NCI

P-NCI

N-NRI

P-NRI

D 

Scenario1

Scenario2

Scenario3
-100

0

100

200

300

400

500

600
N-Balance

P-Balance

N-NCI

P-NCI

N-NRI

P-NRI

M 

Scenario1 Scenario2 Scenario3

N and P cycling efficiency GHG emissionsWater productivity

→ identification of GHG mitigation options
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LWF = WFfeed + WFdrink + WFserv

WFfeed = [∑(Qfeed * WFingr) + WFcooking + WFmixing] / Pop

→ identification of water saving options

→ identification of efficient nutrient management options at farm level for different farm types

Research topics around mixed farming systems – biophysical studies



Regional platform of forage legumes
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Integration of Canavalia brasiliensis into a hillside crop-livestock system: environmental adaptation and nitrogen
dynamics

Douxchamps et al. (2010) Nutrient Cycling in Agroecosystems, 88: 447-462 

Assessment of net N input into the system: N budgets and fertilizer value, using isotope techniques

NH4+
NO3-

N2

δ15N δ15N <

δ15Nnon-fixing - δ15Nfixing bnf only

δ15Nnon-fixing - δ15Nfixing% Ndfa  =

Douxchamps et al. (2011) Plant and Soil, 341: 179-192 

unlabelled: 14N

labelled: 15N 

DLT – direct labeling technique
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N balance [kg N ha-1] = (N fert + N seed + N fix)  – (N export)

15N natural abundance method
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Harnessing microbial biotech tools for 
sustainable agricultural systems & 

landscapes: Common Microbial 
Biotechnology Platform (CMBP) in Hanoi



1. Quality Control approach: Technical quality assurance for commercial microbial products 
such as the ones manufactured by AGI through ATQ (Agricultural Technology Quality 
Limited Company). The CMBP will establish quality control processes and train AGI staff 
for enabling the Institute to undertake this as its long-term function.  

1. Formulation of rhizobial and mycorrhizal inoculants – Enhancing AGI staff and students’ 
capacity, as well as the Institute’s physical facilities, in the fields of biological materials, 
soil inoculants and soil microbiology. The CMBP will likewise facilitate opportunities for 
expanding the range of products and derivative formulations in the routine testing cycle.

1. Microbial biotechnology methodologies for assessing the role of microorganisms in the 
sustainability of cultivated soils - Developing biotechnology methodologies for assessing 
microbial communities playing a key role in N, P and C cycles and also identification of 
microbial parameters as soil indicators. 

Three programmatic areas of CMBP:
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Research, Training and Publication at CMBP:
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Ongoing projects/proposals about Soils and Landscape for 
sustainability with Chinese partners of CATAS

1. Asian Regional platform on forage legumes launched in December in CATAS.
Research activities are going to be launched in China, Vietnam, Cambodia and Bangladesh.
Posting of Dr Zhong (CATAS) at CIAT-Asia in Hanoi for 6 months.

2. Soil microbial diversity and functions of rubber plantations in Vietnam and
China. Research activities are going to be launched in both countries but ongoing
collaboration with the publication of a common scientific paper (Lan et al, 2018 Sciences for
the Total Environment, Seasonal changes impact soil bacterial communities in a rubber
plantation on Hainan Island, China).

3. Importance of the mycorrhizae in the farming systems in SEA: example of
cassava and legume species such as cowpea widely used in agro ecological
systems.

4. H2020 for 2020: Call Europe-China on Soil Health. Chinese consortium
requested as to contain 3 different partners.
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Collaboration to build up with CAAS:

Through the 3 megaprograms
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Through CAAS’ visiting scientists at CIAT-Hanoi
1. Regional platform on forage legumes
2. CMBP Platform




