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SO| |_- amongstithe planetmost vitatfesource

Resource Threats

BASIS FOR FOOD PRODUCTION EROSION

BASIS FOR FUEL AND FIBER PRODUCTIONCOMPACTION

CRUTIAL FOR WARBSRILABILITY NUTRIENT MINING

NUTRIENRECYCLING LOSS OF ORGANICA MATTER

CRUTIAL FOR ORGANIC CARBON STOCKS SALINIZATION

REPRESENTS Y2 OF THE GLOBAL BIODIVERSDNTAMINATION
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Followingover:200 yearsioh industrialization; soil.contaminationis,alwidespread;problemin ku

V 2.5 million of potentially contaminated sites in Europe

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

increase by 50% in 2025

(European Environment Agency, 2012

[ | Areawith highprobability

vanLiedekerke M. et al. 2014.Progress in the Management of Contaminated Sites in EuiBfiReferencdreportof the European Commission
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SOURCES OF
CONTAMINATION
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Phytoremediation - an alternative?

Belowground
GAYOAAAOE S[E A
required for a
successful restoratior
and a sustainabl@lant
cover.
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Toolsto cenhanca@hytomanagementsuccess
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Tree Intercropping Agricultural Amendments Bioaugmentation
plantations crops

Role of microbial inoculants in assisting phytoremediation?

AWhat kind of services can microorganisms provide?

- Acquisition of nutrients
- Pest anAd QIisease resistance . X .
D ffSOALGAYT 0oA20A0 aiNBaayY RNRIdAKGIZ al €
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Bioinoculants¢ Challenges

Well
: : S : . characterised
How to deliver these microbial inoculantsin field organgsms
conditions? pathogens)

Mechanisms
of action

. Adapted to
Formulations field

practices

Easy
production

C
reasonable

cost

Shelflife
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Plant GrowthPromoting:Bacteria’(PGPB)

Play :alkey rolerinithe establishment of plants instressed:areas

Challenge: MECHANISMS

Plant growth

promotion

—— _—

" Indole acetic acid |
(1AA)

"

" ACCGdeaminase

activity

—— =

CATOLICA

Improvement

of plant
nutrition

Siderophores

Biocide

production

HCN

P solubilization

Extracellular
enzymes

3

ESCOLA SUPERIOR DE BIOTECNOLOGIA

Ammonia

V Lesscompetitionfor nutrients

V Protectionfrom highstresssoils




Mycorrhizal fungl

Symbiosis-between plantdoot and-soil fungi

Water and nutrients

Carbohydrates

ARpbot protection against adverse conditions
- water deficiency

- extreme pH and temperatures

- heavy metal or toxin stresses
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Huntlng for producUon of mycorrhiza fungl

Inoculation of
seedlings at nursery
stage

Transplantation to
forest
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Hunting for bacterialbioinaculants PGPB

Isolamento de bactérias ; R
} Contammatedstreams

I

£l

Bacterialdentification Bacterialcollection

i
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g Fieldtrials
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Use cofibioimoculants examples

APhytoremediation
AReforestation

AAgriculture
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Evidences
and

challenges
y




Selectioncofrmetal resistant PGPR r for-the) growth-ar
accumulation cofcenergyrmaizen inraimineisoill

Challenge: size of inoculum and
different PGPB
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Soil: Mine SOikBarrocaGrande,Panasqueird\/line (Castelo'Branco district))

Panasqueira Mine
(extendsover2000ha)

pasqueira’Mine

Surface runoff
Economic Huge tailing and water
exploitation: piles and two percolation
mainly mud dams leach the tailings
wolframite, exposed to to Casinhas
cassiteriteand atmospheric stream, which
chalcopyrite. conditions. drains toZézere
river.

HM reach hazardous levels in the

surrounding soils
e.g.: Cd and Zn
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Selection-offPGPB:based onssite:characteristics

R.
eutropha

1C2

( .\\\\\\Ql\" AL

Table 1
Physicochemical properties of the Panasqueira mine soil.
pH (1:2.5) 5.09 £ 0.02 (potentiometric)
Organic content (%) 089 + 0.12 (Walkey-Black) R.
Total N (mg kg ™) 560 + 89 (Kjeldahl) radiobacter
Total P (mg kg ™!) 1508 + 18 (colorimetric-ascorbic acid)
Extractable K (mg kg ™) 74.7 4+ 11 (Egner-Rhien) (B4)
Extractable Mg (mg kg ™) 99.3 £ 15.1 (ammonium acetate)
Pseudo-total Zn (mg kg ™) 286 £ 15 (aqua regia-FAAS)
Pseudo-total Cd (mg kg™") 9.7 £ 0.78 (aqua regia-FAAS)

Canadianguidelines

AGRICULTURAL RESIDENTIAL COMMERCIAL INDUSTRIAL

200 200 360

of PGPR and AMF for

1.4 10 22
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Soll: Mine soll Maize biomassiin:the root

2.5 - Root NSH0.578
**FB=7.807
**FIxB=3.788
2.0 - '
E BO
“‘8‘_ 1.5 - H Bl
(@)
NS H B2
7
£ 1.0 - m B3
3 H B4 Doubling bacterial
W B5 Inoculum  size had
0> generally no significant
effect in plantbiometric
0.0 - parameters
(&) 10 mL 20 mL .

B5 increased root biomas
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Soll: Mine soll Maize biomassiintthe:shoot
3.0 - * | Shoot L FI=SSA54 .

a ***EB=49.923
251 e

'|' ***E£|xB=14.083

* * ¥ BO
a

T M Bl
W B2
E B3
H B4
L B5

2.0

.0 - c,d b.c b
d T d
1.5 -
1.0 -
0.5 -
0.0 - —

(b) 10 mL 20 mL

B2, B3 and B5 increased shoot biomass _

Biomass (g pot)
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Soll: Mine soll Plant metal -accumulationrinithedoots

Cd .iw A
80 4 ***F1=238.066 ®
**FB=18.054 a Xt
**F|xB=11.655 « | 2

60

Cd accumulation (mg k§
D
o

20 -

10 mL 20 mL




Soll: Mine soil Plant metal -accumulationrinithelshoot

Cd
—
60 - Shoot v ***E|1=232.748
*»**EB=141.264
* *»**EIxB=20.161
50 -
2
(@))
E 40 ® BO
S 4 B1
(]
5 30 E B2 '
£ Inoculasize and
S 20 - B3 bacteria species
S B4 have different
10 - W B5 outcomes
0 -

10 mL 20 mL
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Promotion of sunflower:growth.under: saline,water
irrigation by the inoculation«offPGPB

Challenge: mixed formulations

- Salinewater
w47 :_, 0,1 e 2 dNaCll*

Soll
Enzymes
Plant
Biomass
Na, K, P, N
accumulation
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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

Plant Blomass

After 4
weeks

After 4 weeks, significant growth differences were observed
between inoculated and nonAnoculated plants
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Plant Blomass

2.0 -
SHOOT 0.8 - ROOT
1.6 -
0.6 a a
g12- C =~
20 =B §_ mC
Z 204 =B
£ 0.8 =
S F
sML <
= MIX
0.4 0.2
0.0 -
0 1 2 0
NaCl (g1 A NaCl g 1Y) (B)

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

ROOT increase®f 85, 82 and 62%for 0, 1 and 2 g NaCll-, respectivelyg rhizobacteria(B)
wasthe bestinoculationscheme

CATOLICA
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Growth of maize.under saline/waterirrigatioq

the effects of inoculum:ssize
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Maize inoculated with
Pseudomonas fluorescens at
increasingloses

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

Maize inoculated with
Pseudomonas reactans  at
increasingloses




Phosphatesolubilizing rrhizobacteria: enhanc2eamays
growth in Rdeficient soils

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

Root Shoot

0,60 ¢ 1,20

0,50 - 1,00 -
S 040 - 3 080 -
» EBO0 o EBO
7)) 1)
g 030 - “B1 g 060 - uB1
2 . B2 2 uB2
> 0,20 - a3  040- uB3
(=) =)

0,10 - S 0,20 - mEM

0,00 -+ : : : 0,00 -

control soluble P insoluble P control soluble P insoluble P
Treatments Treatments

PSB inoculation enhanced Z. mays biomas
production in all Rreatments
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P availability in soils

Available P (mg kg™)

Control Soluble P Insoluble P
BO 243+09° 36510  27.6+0.7
B1 202+06° 36609 315+01°
B2 259+0.2° 491+04° 408:09°
B3 289+10° 450201° 29513
BM 303+01°  41.0203" 37.2+06°

Bioinoculapplication increased P availability in soils
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Bioinoculants persistence in soils

A Inoculatedstrainswere detectablein the maizerhizospheresoilsafter 2 daysof inoculationandafter 45
daysin all treatments

A Atthe end of experiment(90 days)DGGHrofilesdid not allow to confirmthe presenceof rhizobacteria
In soils

Contral Soluble P TCP Centrol Solukle P TCP
L L) 1

[ ——

T 1 LB L Ll 1
1 2 3 4 5 &6 F 08 % 101! 12 1214 1 2 3 4 = A F & 9 10 11 12 13 14

45days
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PHY TOSUDGEThe projecti inBorralhaMine

BORRALHA MINE

Mina da Borralha (Salto - Montalegre)

cBEcRHE -
— _“‘I’ ’
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S3: IBORRALHAIMINE

Establishmentof field triak 1st year

Inoculation at Sowing Plant Growth

Sunflowersowed
andinoculated
with:

A  AMF

A PGPR

Harvesting

®1999 INV AM
vesicles

Sunflower was able to

establish and grow in spite
of the high HM

concentrations in the soil
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Ectomycorrhizal fung: bioinoculantsfor tree cropsiin:stress

conditions X -
Importance of reforestation forecossystemfNS a A f A SYy OS |

(e.g. control of erosion and water retention)
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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

U Impact of nursery inoculation on plant performance after transplantation

to fire Impacted soils

3.000 10.000
Quercusubra Pinuspinaster

4 -

™

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

-

T. terrestris,
R.vulgaris

P.tinctorius, S. S.bovinus
bovinus L S.granulatus
| u? ' L.laccata, L.
o~ deliciosus H.

L.determinus crustuliniforme

P.tinctorius, R.
vulgaris
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Two and five
years after
transplantation
to a postfire
site

« _ N
V Tree height

V Rootcolardiameter

V Mycorrhizationstatus

V Ectomycorrhizal fungal
community established

V Diversity and Equitability
indexes
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Production of mycorrhlzal plants

Baldio de Vilar do Chao
(Vieira do Minho)
PinusPinaster

Field Trnal
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Nursery stage

Pinuspinaster

[
INOCULADO CONTROLO

- Inoculatedplants with higher performance

, CATOLICA
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Inoculation at nursery stage improved plant growth when transplanted to a pasg¢ site

- Inoculatedplantswere significantlyhigherthan control plants

- Inoculationwith ectomycorrhizafungifavoredplant growth understressconditions




