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The Andean mountain range, due to 
geodynamic processes, is a scenario of 
mineralization generating sites with significant 
mineral wealth, historically exploited, and 
many countries constituted an economic 
source.

Mining activity has also generated 
toxic waste dumped on the soil 
causing the imbalance of its 
components

New bioremediation 
techniques are being studied

UE, 2016



Lupinus sp (shurb)

Flores and leaves Root an nodules

Rise husk Biochar

Species with a good characteristics 
for phytostabilization of pollutants 
like toxic heavy metals.

Biochar works as a carrier of microorganisms, and the addition to the 
soil can increase the population Rhizobium infection levels 

(Amonnette, 2009). 

Biochar (biocarbon). 
Research said: It reduces 
metal availability

Fabaceae, typically 
from high Andean 
areas.



Methodology
Soil collected: 
from Ancash 
(Peru) at 4280 m 
of elevation

Samples pH E.C. CaCO3 O.M.

Units ue dS/m %

Altered soil 

(RECU)
3.2 2.67 0 0.94

Agricultural 

Soil (SNAT)
6.89 1.14 0.5 2.38

BIOCHAR (of Rise husk ):
Were subjected to a 
pyrrolytic oven for 3 

hours at 500 °C

GREEN HOUSE
LEMYB - UNALM

85% RECU SOIL + 15% 
OF BIOCHAR (v/v)

Was screened: passed 
through a 2 mm sieve

RECU 
SOIL



Seeds of Lupinus

Surface disinfected 
with 70% alcohol (3 min) 

and 1% of sodium 
hypochlorite (2 min) 

Methodology

LMHZ-L6 LSHZ-L8

108 CFU/ml. 

were inoculated 
with 1.5 ml

TREATMENTS

L6 + BIO

L6

L4 + BIO

L4

CTL+BIO

CONTROL (RECU)

SNAL 
(Agricultural soil

Re-inoculated with 1.5 ml 
(15 days later)Germination of L. mutabilis (6 days later)

Tree plants for each pot
Tree repetition for each treatments



Results and discussion
Substrate with Biochar

Substrate without Biochar

Inoculated Treatments 

with Bradyrhizobium

showed significantly 

greater growth of aerial 

parts and root of plants, 

than their respective 

controlsTreatments with Biochar 

addition, and inoculated 

showed significantly greater 

growth of aerial part and 

root of plants, than their 

respective controls



Treatments N (%) P (%) K (%)

Control 21.72 b 0.71 e 8.99 d

Ctl+BIO 15.75 d 1.26 c 4.21 e

L4 24.76 a 0.64 e 16.86 b

L4+BIO 18.47 c 1.1 d 14.24 c

L6 19.11 bc 1.12 cd 87.58 a

L6+BIO 25.33 a 1.42 b 10.19 d

SNAT 26.25 a 2.41 a 3.85 e

Table 1. Effect of inoculation and addition of biochar, 

on macronutrient concentration in aerial part

Treatments 
Aerial 

length (cm)

Aerial fresh 

weight (g)

Aerial dry 

weight (g)

Fresh root 

weight (g)

Dry root 

weight (g)

Number of 

root nodules 
Leaf cover (cm2)

Control 42.99 bc 5.44 b 0.89 c 1.98 cd 0.24 d 0 b 183.54 bcd

Ctl+BIO 40.84 c 4.51 c 0.74 d 1.78 d 0.26 cd 0 b 153.2 d

L4 45.83 ab 6.03 b 1.07 b 2.02 cd 0.3 bc 2.78 ab 251.02 ab

L4+BIO 44.37 bc 5.34 bc 0.85 c 2.65 abc 0.33 ab 5.11 ab 169.1 cd

L6 46.41 ab 5.99 b 0.94 c 2.26 bcd 0.26 cd 3 ab 231.3 bc

L6+BIO 46.39 ab 6.1 b 0.89 c 3.03 ab 0.37 a 3.78 ab 225.15 bc

SNAT 49.16 a 8.58 a 1.2 a 3.27 a 0.34 ab 17.11 a 312.09 a

Table 2. Effect of inoculation and addition of biochar, on the growth of Lupinus mutabilis

Root with Biochat Root without Biochar

Fig. 1. Presence of nodules in the root of Lupinus

p=0.05

(p=0.05)



Fig. 2. 

Concentration of 

Pb, Cd, Cr and Fe 

in aerial and root 

parts by evaluated 

treatments (p=0.05)

The concentration of 

lead, chromium and 

iron in plant´s root 

were 123%, 180% and 

186% higher than their 

respective Control

and 48%, 217% and 

76% hight than the 

inoculated treatments 

without biochar)

In contrast, less 

concentration of 

lead, chromium 

and iron in aerial 

part.



Fig. 3. Mean representativeness of metals and 

nitrogen in root of L. mutabilis

Fig. 4. Mean representativeness of metals and 

nitrogen in aerial part of L. mutabilis



Conclusions

• The treatments with and without biochar, and inoculated with
Bradyrhizobium showed significantly greater growth of aerial and root parts
of plants, than their respective controls.

• The treatments that were inoculated and with biochar allowed significantly
higher concentration of lead, chromium and iron in the root of plants, and
lower concentration of these metals in aerial parts. The LMHZ-L6 strain
allowed lower concentrations of lead and iron in aerial and root parts.

• It is recommended to carry out field tests applying this biotechnology that
includes Bradyrhizobium strains and an organic support as an alternative to
improve the vegetation cover of soils contaminated by heavy metals and acid
conditions in high Andean areas.
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your attention


