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INTRODUCTION
The utilization of agri-food industry residues to produce soil improvers represents an opportunity to reduce waste and chemical fertilization 
in agriculture. Biochar is a carbon-rich material derived from pyrolysis or pyrogasification of biomasses that offers great opportunity as an 
amendment and soil improver in agriculture because of its capacity to retain CO2, water, and nutrients, protect and encourage proliferation 
of rhizospheric microorganisms.

AIM
These biochars were applied to tomato (Solanum lycopersicum cv Heinz 1301) and wheat (Triticum durum cv Svevo) in a greenhouse 
experiment at three concentrations (0.1-0.25-0.5% w/w) to assess their effects on plants in terms of biomass, physiology and expression 
analysis of genes involved in growth and hormone-regulated pathways. Soil health was estimated by assessing the total countable 
microorganisms and enzymes involved in nitrogen mineralization (arylamidase, ARN), cellulose degradation (β-glucosidase, β-GLU), and 
phosphorus release (phosphatases, PHOS). 
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ALL DATA indicated that the materials
are safe to use

2. Characterization of biochars and 
composts

3. Greenhouse experiment on 
wheat and tomato plants

3.1 Effects on 
rhizospheric Soil

All biochars enhanced arylamidase activity 
in tomato; in particular, the one derived 
from vinasses increased up to ten-fold over 
the control. The activity of β-glucosidase is 
enhanced by the same biochar when added 
at 0.5% (w/w) in wheat and tomato, with an 
increase of 20.4% in tomato and 29.5% in 
wheat with respect to the control. In tomato 
plants, the phosphatase activity was 
enhanced by biochar derived from tomato 
peels at 0.5% (+27.5%), in wheat by biochar 
derived from olive at 0.5% (w/w) (+45.4%). Figure 1. Trends in the activity of ARN, ß-GLU, PHOS in tomato 

(A) and wheat (B) at T0 (before transplanting or before sowing), 
T1 (21 DAT for tomato and 30 DAS for wheat), T2 (60 DAT/DAS). 
Data are expressed as average±SD of 3 technical replicates of 
5 biological replicates. 

Figure 2. Box-plots representing the most significant trends, in tomato (A) and wheat (B),
of soil enzymes. CTR: control, without treatment; BC-O: biochar derived from olive
pomaces; BC-V: biochar derived from vinasses; BC-T: biochar derived from tomato peels;
BC-WA4: biochar derived from woody chips. T1 (21 DAT for tomato and 30 DAS for
wheat), T2 (60 DAT/DAS).

• Biochar made from vinasses (BC-V), 
rich in nitrogen, phosphorus, and 
potassium, can enhance plant 
growth (e.g., tomato and wheat), 
stimulate soil activity, and influence 
genes related to nutrient uptake and 
plant development. 

• The circular economy aims to 
reduce waste by turning agri-food 
residues into reusable “secondary 
materials,” such as biochar and 
compost. These materials can 
improve soil health and reduce  
resilience on chemical fertilizers.

6. Conclusions

3.2 Effects on plants

Figure 3. Box-plots represent the most significant values in tomato (A) and wheat (B) of 

biomass with respect to the control 
Figure 4. Heat map showing the extent of fold-change in the target genes 

as determined in leaves at 21 and 60 DAT (A-B) in tomato and at 30 DAS 

and 60 DAS (C-D) in wheat in response to the five different treatments. 
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