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REPRESENTS ¼ OF THE GLOBAL BIODIVERSITY

SOIL - amongst the planet most vital resource

Resource Threats



V 2.5 million of potentially contaminated sites in Europe

V 342,000 sites (14 %) are contaminated and in need of remediation measures

Areawith highprobability

Fewdata

No data

increase by 50% in 2025 
(European Environment Agency, 2012). 

van Liedekerke, M. et al. 2014. Progress in the Management of Contaminated Sites in Europe. JRC ReferenceReportof the European Commission

Following over 200 years of industrialization, soil contamination is a widespread problem in Europe
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Phytoremediation - an alternative?  

Belowground 
άƛƴǾƛǎƛōƭŜέ ƛƴǘŜǊŀŎǘƛƻƴǎ 

required for a 
successful restoration 
and a sustainableplant

cover.



ÁWhat kind of services can microorganisms provide?

- Acquisition of nutrients
- Pest and disease resistance
-!ƭƭŜǾƛŀǘƛƴƎ ŀōƛƻǘƛŎ ǎǘǊŜǎǎΥ ŘǊƻǳƎƘǘΣ ǎŀƭƛƴƛǘȅΣ ǇƻƭƭǳǘŀƴǘǎΣ Χ

Role of microbial inoculants in assisting phytoremediation?

Tools to enhance phytomanagementsuccess



Well 
characterised 

organisms 
(no 

pathogens)

Mechanisms 
of action

Adapted to 
field 

practices

Easy 
production 
ς

reasonable 
cost

Shelf-life

Formulations

Bioinoculants ςChallenges
How to deliver these microbial inoculantsin field
conditions?



Challenge: MECHANISMS

Improvement 
of plant 
nutrition

Siderophores

P solubilization

Ammonia

Plant growth 
promotion 

ACC-deaminase 
activity 

Indole acetic acid 
(IAA)

Biocide 
production 

Extracellular 
enzymes

HCN

PLANT GROWTH PROMOTING BACTERIA

V Lesscompetitionfor nutrients

V Protectionfrom highstresssoils
Bacterial endophytes 

Plant Growth Promoting Bacteria (PGPB) 
Play a key role in the establishment of plants in stressed areas



ÁRoot protection against adverse conditions 
- water deficiency
- extreme pH and temperatures
- heavy metal or toxin stresses

Fungi Plant

Water and nutrients

Ectomycorrhiza+

Carbohydrates

Symbiosis between plant root and soil fungi

Mycorrhizal fungi



Inoculaproduction
Inoculation of 

seedlings at nursery 
stage

Transplantation to 
forest

Fungi Isolation 40 Fungi Library Pure Culture

Hunting for production of mycorrhiza fungi



Contaminatedstreams

Industrial sites
Isolamento de bactérias

Bacterial dentification

Field trials

Bacterial collection

Hunting for bacterial bioinoculants - PGPB



ÅPhytoremediation

ÅReforestation

ÅAgriculture

Evidences
and

challenges

Use of bioinoculants - examples



Challenge: size of inoculum and 
different PGPB

Selection of metal resistant PGPR  for the growth and 
accumulation of energy maize  in a mine soil 



Panasqueira Mine

(extendsover2000 ha)

Economic 
exploitation: 

mainly 
wolframite, 

cassiteriteand 
chalcopyrite.

Huge tailing 
piles and two 

mud dams 
exposed to 
atmospheric 
conditions.

Surface runoff 
and water 
percolation 

leach the tailings 
to Casinhas

stream, which 
drains to Zêzere

river.

HM reach hazardous levels in the 

surrounding soils
e.g.: Cd and Zn

Soil: Mine soil (BarrocaGrande, PanasqueiraMine (Castelo Branco district))



Improving mine land valorization by the application of PGPR and AMF for 
growth of energy maize

PGPR

R. 
eutropha

1C2

(B1)

C. humi
ECP37

(B2)

P. 
fluorescens

S3X

(B3)
R. 

radiobacter

(B4)

P. reactans
EDP 28 

(B5)

mg kg-1 AGRICULTURAL RESIDENTIAL COMMERCIAL INDUSTRIAL

Zn 200 200 360 360

Cd 1.4 10 22 22

Canadianguidelines

Selection of PGPB based on site characteristics



B5 increased root biomass Doubling inoculasize: NO EFFECT
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+37%

+25%

Doubling bacterial
inoculum size had
generally no significant
effect in plantsΩbiometric
parameters.

Soil: Mine soil - Maize biomass in the root
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B2, B3 and B5 increased shoot biomass Doubling inoculasize: GENERAL DECREASE

+7%

+17%

+59%

+18%+14%

Soil: Mine soil - Maize biomass in the shoot
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Doubling inoculasize: INCREASE

+17%

Soil: Mine soil - Plant metal accumulation in the roots



Soil: Mine soil - Plant metal accumulation in the shoot
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Doubling inoculasize: INCREASE

+31%

Inoculasize and 
bacteria species 
have different 

outcomes



Na, K, P, N 
accumulation

Plant
Biomass

C- Control
B2- Chryseobacteriumhumi
ECP37
E- Ochrobacterium 
haematophilumZR3-5
FςRhizophagusirregularis
MixςB + E+ F

Saline water
0, 1  e 2 g NaCll1

60 days

Soil
Enzymes

Challenge: mixed formulations

Promotion of sunflower growth under saline water 
irrigation by the inoculation of PGPB

http://www.google.pt/url?sa=i&rct=j&q=sunflower&source=images&cd=&cad=rja&docid=a8arkZa-GXhOkM&tbnid=yd90i9yuNf5VBM:&ved=0CAUQjRw&url=http://webclipart.about.com/od/flowerclipart/ss/Summer-Flower-Clip-Art_14.htm&ei=-Z4xUoGbBYbm7AbXiYCICg&bvm=bv.52109249,d.ZGU&psig=AFQjCNFB6WYakjOb0r725BgVJ77G3iW8Tg&ust=1379069987145969
http://www.google.pt/url?sa=i&rct=j&q=sunflower&source=images&cd=&cad=rja&docid=a8arkZa-GXhOkM&tbnid=yd90i9yuNf5VBM:&ved=0CAUQjRw&url=http://webclipart.about.com/od/flowerclipart/ss/Summer-Flower-Clip-Art_14.htm&ei=-Z4xUoGbBYbm7AbXiYCICg&bvm=bv.52109249,d.ZGU&psig=AFQjCNFB6WYakjOb0r725BgVJ77G3iW8Tg&ust=1379069987145969


C B MIXFE

After 4 weeks, significant growth differences were observed 
between inoculated and non-inoculated plants

After 4 
weeks

Plant Biomass



Plants irrigated with saline water showed reductions in shoot and root biomass

Bioinocula application increased biomass production 

SHOOT ROOT

increasesof 21, 8 and 41% for 0, 1 and 2 g NaCll-1, respectively- all treatments
contributedsimilarly

increasesof 85, 82 and62%for 0, 1 and2 g NaCll-1, respectivelyςrhizobacteria(B)
wasthe bestinoculationscheme

ROOT

SHOOT

Plant Biomass



Maize inoculated with
Pseudomonas fluorescens at
increasingdoses

Maize inoculated with
Pseudomonas reactans at
increasingdoses

Growth of maize under saline water irrigation ς
the effects of inoculum size

Inocula size affects yield
parameters and that can be
determinant for economic
feasibilityof application



Challenge: Bioinoculants must be able to rapidly colonize 
and persist in the rhizosphere of plants?

Phosphate-solubilizing rhizobacteria enhance Zeamays 
growth in P-deficient soils 



Effect of PGPB - PSB inoculation in plant biomass

PSB inoculation enhanced Z. mays biomass 
production in all P-treatments



Bioinoculaapplication increased P availability in soils



Å Inoculatedstrainsweredetectablein the maizerhizospheresoilsafter 2 daysof inoculationandafter 45
daysin all treatments

ÅAt the endof experiment(90days)DGGEprofilesdid not allow to confirmthe presenceof rhizobacteria
in soils

2 days 45 days



BORRALHA MINE 

PHYTOSUDOE ςThe project in BorralhaMine



Sunflower was able to 
establish and grow in spite 

of the high HM 
concentrations in the soil

Inoculation at Sowing

Harvesting 

Plant Growth MF

PGPR

Sunflowersowed
andinoculated
with:
Å AMF
Å PGPR

Establishment of field trial ς1st year

S3: BORRALHA MINE 
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S3: Borralhamine soil ςmixed formulations



Ectomycorrhizal fungi - bioinoculantsfor tree crops in stress 
conditions

Importance of reforestation for ecossystemsǊŜǎƛƭƛŜƴŎŜΧ 
(e.g. control of erosion and water retention)

http://pt.wikipedia.org/wiki/Ficheiro:Fire_in_Algarve.JPG
http://pt.wikipedia.org/wiki/Ficheiro:Fire_in_Algarve.JPG
http://pt.wikipedia.org/wiki/Ficheiro:Fogo_Quintela.jpg
http://pt.wikipedia.org/wiki/Ficheiro:Fogo_Quintela.jpg


10.000

Pinuspinaster

3.000 

Quercusrubra

Viveiro do Cruzeiro 
(Miranda), Concelho 
de Arcos de Valdevez 

Two and five 
years after 

transplantation 
to a post-fire 

site

S. bovinus, 
S. granulatus,
L. laccata, L. 
deliciosus, H. 

crustuliniforme,
P. tinctorius, R. 

vulgaris

VTree height
VRoot colardiameter
VMycorrhizationstatus
VEctomycorrhizal fungal 

community established
VDiversity and Equitability 

indexes

T. terrestris, 
R. vulgaris,

P. tinctorius, S. 
bovinus, L. 

laccata,
L. determinus

ü Impact of nursery inoculation on plant performance after transplantation 
to fire impacted soils



Inoculation of plant seedlings

Production of mycorrhizal plants

Inoculum production
Plant production

Baldio de Vilar do Chão 
(Vieira do Minho)

PinusPinaster

Field Trial



- Inoculatedplantswith higherperformance

Pinuspinaster

Quercus rubra

Nursery stage



- Inoculatedplantsweresignificantlyhigherthan controlplants

- Inoculationwith ectomycorrhizalfungifavoredplant growth understressconditions

Inoculation at nursery stage improved plant growth when transplanted to a post-fire site


