Phosphorus dynamics in the soil-sunflower (Helianthus annuus L.) system
as affected by P-enriched biochar from real treated wastewater
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INTRODUCTION

Phosphorous (P), a non-renewable resource, is an essential element for life and an

irreplaceable component of modern agriculture [1]. Being a non-renewable resource,
rational use of P fertilizers and P recovery from waste is desirable [2]. P can be
recovered from aqueous solutions, such as municipal, industrial, and agricultural
wastewater, by its adsorption onto a solid phase [3,4]. Biochar is one of the most
widely used solid materials for P recovery. Biochar once enriched with P can be
reused in agriculture as a slow-release fertilizer, in a circular economy perspective [5].

MATERIALS & METHODS

AIM OF THE STUDY

The aim of this study was to evaluate the effect of P-enriched biochar when used as a

slow-release fertilizer in the soil-plant system. The biochars used in this study were
obtained from the same biomass (wood) but with two different pyrolysis temperature,
440 and 880 °C, respectively. The B440 and B880 were previously nutrient-enriched in
filter columns located in a pilot wastewater treatment plant using real wastewater
from the Water Resource Recovery Facility at the University of Palermo [5]. The
amount of P supplied with fertilizer or enriched biochar was 50 mg P per Kg of dry

soil. The experimental test was carried out over a period of 122 days.
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Figure 3: Effect of fertilizer treatments on
total dry matter yield of sunflower plants.
Values are mean + standard deviation of

four replicates.

unfertilized control (Figure 4).

P uptake
1.0 - P

il

+ +

mg P g* plant
o

0.0

SB_CTR
SR_CTR
p

P
B880

SB_B440
SR_B440
SB_B880

SB_CTR
SR

SR_CTR

Figure 4. Effect of fertilizer treatments on
P uptake of Sunflower plants. Values are
mean +* standard deviation of four
replicates.

CONCLUSIONS

Inorganic P fertilizer increased total extractable and available P in both soils.

P-enriched biochar had no effect on P fractions compared to unfertilized soil.

Alkaline phosphatase increased significantly with inorganic P fertilizer in SR soil. P-

enriched biochar did not influence phosphatase activity.

Inorganic P increased plant dry matter, while P-enriched biochar had no effect.

The introduction of P enriched biochar significantly increased P uptake with SB,

compared to the unfertilized control.

P enriched biochar contributed to a FRVP ranging from 7% to 12% compared to

inorganic P-fertilized soils.

Replacement Value (FRV,)
showed that there were no
significant differences
between B440 and B88&0 in

both SB and SR. The
addition of  P-enriched
biochar contributed to a

FRV ranging from 7 to 12%
compared to the inorganic-P
fertilized soils (Figure 5).
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Figure 5: Phosphorus fertilizer
replacement value on a P uptake basis
for the two different P fertilizers. Values
are mean % standard deviation of four
replicates.
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phosphatase activity compared to the
unfertilized control (Figure 2).
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Figure 2: Effect of
the different
fertilizer
treatments on the
Alkaline
Phosphatase.
Values are mean
+ standard
deviation of four
replicates.
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