\ T
p ‘a\ k.

ISTRC
S m

15" Trlennlal of the Symposlum of the

2_6 November, 2009 Internatlonal Soclety for Troplcal Root Crops

e INTERNACIONAL -

*CENTROS®
eVdVv¥d V1 3d

Using rhizobacteria to
Improve productivity
of potato

Andreas Oswald and Pamela Calvo
Integrated Crop Management Division, CIP, Lima



Using rhizobacteria to improve productivity of potat

Objectives

Improve the productivity of low-input systems
increasing nutrient use efficiency

Stimulate plant growth to increase robustness
In stress events

Develop a low-cost bio-stimulant
Control pathogens

Improve productivity in high input systems
Increasing fertilizer use efficiency
Control pathogens
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Using rhizobacteria to improve productivity of potat

Plant Growth Promoting Rhizobacteria

(free living) soil bacteria colonizing plant roots
stimulate plant growth
control pathogens

Bacillus - producing spores
Actinomycetes - producing spores

Azotobacter - fix nitrogen

Azospirillum - endophytic bacteria / fix nitrogen
Pseudomonas - root biofilm

Acetobacter, Burkholderia, Enterobacter, Serratia,
Paenibacillus spp




Products with bacteria




Mechanisms

produce phytohormons
solubilize of P
fix nitrogen
antagonistic effects
direct competition for ‘rhizosphere space’
production of antibiotics
siderophores
lytic enzymes
induce systemic resistance



Sampling, isolation, identification

Bacillus 29 34 63
Azotobacter 19 30 9 9 25 112
Actinomycetes 17 36 3 21 5 45
[ ) ® Azospirillum 10 4 30 14 58
Pseudomonas 13 26 5 24 68
®

Potato crop

Altitudinal level: 2,800 m to 4,000m asl
Precipitation: 600 mm to 800 mm
Soil pH: 35-75

SOM: 2% -11%



Evaluation with in-vitro tests

antagonism to fungi
solubilization of P

production of IAA

root colonization

production of volatile metabolites



PGPR Test Results

Bacillus 63 43 39 25 36 20
Azotobacter 112 44 10 55 57 27
Actynomicetes 82 33 21 12 49
Azospirillum 58 17 10 16 30
Pseudomonas 68 23 44 47 29 21
__ agonst  SolbiizatinofP 1A Combined
Bacillus +++ + + +++
Azotobacter + ++ + ++
Actynomicetes + + + +
Azospirillum -- ++ +++ +

Pseudomonas - +++ - +++
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Crop diversity
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all crops showed increments in fresh and dry matter

- plant weight increased between 40% - 140%
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earlier and more intense tuberization
faster leaf area development
bacteria have effect on a variety of crops

Inoculation with less than 106 cfu/ml affects PGPR
efficiency

a wide range of carrier material are effective



PGPR use in different production systems
|. Aeroponics

Variety Peruanita with PGPR Variety Peruanita without PGPR Tubers production from
inoculated plants

1.00E+10 :
Planting 60 days
1.00E+08 1 — better growth of inoculated plants;
f1.00E+06 - the growth period of inoculated plants
Cru

was extended by up to 30 days;

adequate bacteria populations could be
maintained in the irrigation water and on

100E+00 T T T T T T potato roots’
Inocul. Water Water Water Canchan Inocul.  Non-
inoc.

1.00E+04 -

1.00E+02 -

[ Total bacteria —¢— Bacillus == Azotobacter



(20)

100

(6)

80
(78)

60 1
401

20 4

e

Des Revo Cruza Conde Unica Capiro Peri  Yun

Number of tubers/plant

Can

Des Revo Cruza Conde Unica Capiro  Peri Yun

Mean tuber weight in g

W with bacteria @ without bacteria

Can

500

400

300 1

(-1 (-5
{(e65) | (i’i‘)

200

100

(-12)

YAPWLY
1)

(42)

72) (82)

Des Revo Cruza Conde Unica Capiro Perri  Yun Can

Tuber yield in g/plant

inoculated plants produce more
tubers and often greater tuber
weights;

tuber size is similar or greater
with non-inoculated plants



Farmers’ greenhouse

Yields in kg/m2 of horticultural crops in 3 greenho uses in Puno, Peru

Chard 3.28 + 60% 4.69 +41% 4.88 + 60%
Spinach 3.63 + 14% 3.44 + 2% 3.88 +29%
Beetroot 4.38 + 3% 4.69 + 3% 7.81 - 20%
Radish N N 4.38 - 13% 531 - 29%
Pumkin - - 1.62 + 42% - -




Yield increase of coriander
or beetroot inoculated with
PGPR strains over control
without bacteria at farmers
fields in Huachipa, Lima.



Field trials with potato

Field evaluation: cultivars, agro-ecologies, crops

Trials implemented: Lima (0 m asl), Huancayo (3,300m  asl);
Aymara (3,900m asl), Puno (3,900m asl)

Varieties: Unica, Revolucién, Yungay, Amarillis,
Ccompis, Amarillo del Centro, Andina,
Queccorani

Crops: potato and maize

2007 — 2009 14 trials with and potato and 1 trial with maiz e

64 strains used: 21 Bacillus, 8 Azospirillum,13 Azot  obacter,
8 Pseudomonas, 14 Actinomycetes

13 positive strains: 4 Bacillus 19%
1 Azospirillum 13%
4 Azotobacter 31%
3 Actinomycetes 21%

1 Pseudomonas 13%



Population dynamics of PGPR
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Results of fields trials 2006-2009

A1-30/06 Actinomycetes 10 3 11-30
A1-30/08 2 1 19
Al1-45/08 1 1 16
A2-18/08 Azospirillum 1 1 10
A3-15/06 Azotobacter 5 2 10
A3-16/08 3 2 9-13
A3-39/08 3 2 10-23
B1-04/06 Bacillus 2 1 14
B1-05/06 2 1 8
B1-21/06 8 1 38
B1-22/06 5 2 11-17
B1-29/06 3 1 28
B1-35/06 4 1 18
P1-20/08 Pseudomonas 2 1 16
B1-35/06+P1-20/08 1 1 9
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In-vitro tests and pot trials results of limited va lue for field
conditions — screening method needed;

Aeroponics : increases of up to 125% in tuber production;
Greenhouses : in farmers conditions up to 60% yield increase;
Urban systems :in farmers conditions up to 20% yield increase;

Field : up to 40% in potato yield but variable results;
variability increases with decreasing control of gr owth conditions;

better understanding of the mode of action of PGPR,;

better understanding of the population dynamics of rhizobacteria
and their competitive ability

development of management techniques for PGPR;
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