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ABSTRACT

Many studies have confirmed positive effect of biochar as a soil conditioner that can increase in a short time
the amount of organic matter (SO) and the reserves of organic carbon (OC) in the soil. The use of biochar
also contributes to eliminating the effects of soil fatigue, especially in perennial fruit crops. In our study,
biochar was applied in the spring of 2014 in the cultivation of one-year-old peach trees of the cultivar Mer-
edith. Biochar, an organic fertilizer, and microbiologically enriched compost were applied to the arable soil
layer. In the experiment, three combinations with biochar were used: (1) biochar at 1.6 kg/tree, (2) biochar at
1.6 kg/tree + microbiologically enriched compost at 0.3 kg/tree, (3) biochar at 1.6 kg/tree + an organic
fertilizer at 0.2 kg/tree. In the first growing season, no positive changes were found after the use of
biochar. The highest number and yield of fruits in 2015 were obtained from the trees that were treated with
microbiologically enriched compost, and the lowest in the combination where biochar + organic fertilizer
were used to treat the peach trees. In 2016, the largest number of fruits and their greatest weight were re-
corded for the trees treated with biochar + organic fertilizer, whereas the control trees produced the lowest
yields. The use of biochar with microorganisms and biochar with organic fertilizer improved the

vegetative growth of trees compared to the growth of control trees.
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INTRODUCTION

Biochar is a product made from organic matter in
the process of pyrolysis, without oxygen, in a high
temperature range (250-1000°C). The organic mat-
ter subjected to carbonification includes wood chips,
post-production residues, sewage sludge, food indus-
try waste, and plant waste [Chan et al. 2007, Sohi et al.
2010, Farrell et al. 2013, Marks et al. 2014, Hosseini
Bai et al. 2015]. Research results obtained by many
authors [Bridgwater 2003, Jones et al. 2011, Scheer et
al. 2011, Masek et al. 2013, Tan et al. 2017] indicate
that biochar stability varies depending on the type of
biomass subjected to pyrolysis at a given temperature.
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Tan et al. [2017] state that biochars obtained from oak
and larch wood have similar properties, and that their
specific surface area and volume of micropores are
greater by 145.5% and by about 762%, respectively,
than those of biochar obtained from grass. The high
quality of the raw material subjected to pyrolysis
significantly affects the quality of biochar. Biochar,
thanks to its structure and properties, can be a valuable
soil conditioner for all arable soils especially degrad-
ed ones, it also positively influences the bio-physi-
co-chemical processes taking place in the rhizosphere
of many plant species [Gluszek et al. 2017]. Matsubara
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et al. [2002] draw attention to the beneficial effect of
biochar in controlling infections by pathogens in crop
plants. As a result of biochar applications, the phys-
ico-chemical properties of the soil improve, the soil
density is reduced to 31% and its porosity improves to
64% [Tammeorg et al. 2016], and the water capacity
to 42%, regardless of the type of soil [Hansen et al.
2016]. The use of biochar derived from various types
of organic matter improves the density and porosity
of sandy soils and increases the availability of wa-
ter in the soil [Omondi et al. 2016, Blanco-Canqui
2017]. Long-term use of biochar also contributes to
increasing soil aeration and water abundance, and
favourably modifies soil biological activity [Glaser
et al. 2002, Chan et al. 2007, Atkinson et al. 2010,
Lehmann et al. 2011]. The addition of biochar to the
soil reduces its bulk density [Abel et al. 2013, Bay-
abil et al. 2015, Castellini et al. 2015, Andrenelli et
al. 2016, Liu et al. 2016, Obia et al. 2016, Ahmed et
al. 2017]. Climatic and soil conditions can also sig-
nificantly affect the diverse processes that occur in
the soil following biochar application [Verheijen et
al. 2012, Street et al. 2014].

Most studies on the effectiveness of biochar have
been conducted in open-field conditions on annual
plants [Steiner et al. 2007, Uzoma et al. 2011, Rajkov-
ich et al. 2012, Thomas et al. 2013, Kraska et al. 2016,
Gonzaga et al. 2018, Majeed et al. 2018]. Due to the
beneficial effect of biochar on the growth and yield-
ing of perennial plants, interest in the application of
biochar in field cultivation of fruit crops has increased
in recent years. Research conducted by Abujabhah et
al. [2016] had shown that the use of biochar at a dose
of 5 kg per apple tree (47 t/ha) increased soil organ-
ic carbon content by 23%, compared with the control
(without biochar application). The use of biochar in
a dose 2-5 t/ha positively influenced the growth and
yielding of arable crops [Rajkovich et al. 2012, Gon-
zaga et al. 2018].

Schaffert and Percival [2016] had noted a marked
increase in the yielding of pear trees and an improve-
ment in their health after using biochar in combination
with organic fertilization. The use of biochar in peren-
nial fruit crops can significantly reduce the effects of
soil fatigue [Atucha and Litus 2015]. The most sus-
ceptible to replant disease (soil fatigue) are apple, sour
cherry, sweet cherry, and peach trees, and, to a less-
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er extent, pear trees and strawberry plants [Rebandel
1987, Pacholak et al. 1996, Sienkiewicz 2006]. The
main objective of the study was to determine the effect
of biochar on the growth and yielding of young peach
trees grown in open-field conditions.

MATERIALS AND METHODS

The experiment was established in 2014 in the
Experimental Orchard of the National Institute of
Horticultural Research in Dabrowice (51°54'51.5"N
20°06'29.8"E). The objects of the study were peach
trees of the cultivar Meredith planted in the spring of
2013 at a spacing of 4 x 2 m. The experiment was
designed in a random block arrangement, in four rep-
licates with three trees per plot. The peach trees that
were the objects of the study were planted on a san-
dy-loam podzolic soil of quality class III b, used for
many years for fruit growing. The soil pH was slightly
acidic at pH 6.2, and the average soil humus content
was 1.4%.

The experiment involved the use of biochar pro-
duced by the Polish company Fluid S.A., with the
composition shown in Tables 1 and 2. In the spring of
2014, the following combinations of plant fertilization
treatments were applied:

1) control without fertilization (K);

2) microorganisms (M) — strains of bacteria be-
longing to the species Pseudomonas fluorescens
(Ps1/2) and to the genus Pantoea (N52AD). Each
strain was applied in a single treatment in the form of
an aqueous suspension in the amount of 200 ml. The
concentration of the bacteria in the suspension was
2 x 10° cfu'ml™ for strain Ps1/2, and 1.5 x 10° cfu-ml™!
for strain N52AD. Arbuscular mycorrhizal fungi were
applied in compost with the composition given in Ta-
ble 3, at a dose of 0.3 kg of compost per tree. The
mycorrhizal substrate contained Glomus caledonium,
G. intraradices, and G. coronatum.

3) organic fertilizer (O) produced by Grupa Inco —
Florovit NPK (N - 5%, P,O, — 3%, K,O — 2%, organic
matter — 30%), applied at a dose of 0.2 kg/tree;

4) microorganisms plus organic fertilizer (M + O)
— a strain of the species Pseudomonas fluorescens
(Ps1/2) and a strain belonging to the genus Pantoea
sp. (N52AD), and also arbuscular mycorrhizal fungi in
compost were applied at a dose of 0.3 kg of compost
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Table 1. pH and mineral content of the biochar used in the experiment

pH P K Mg B Cu Fe Mn Na Zn N tot. C SO
KCl mg/100 g mg/kg %
6.05 85.7 583 229 149 6.19 219 972 763 813 096 759 100

Table 2. Concentration of heavy metals in the biochar used in the experiment

Cd Pb As Hg
mg/kg
025 064 1.63 0.03

Table 3. pH and mineral composition of the compost used in the experiment

pH P K Mg B Cu Fe Mn Na Zn Ntot. C SO
KCl mg/100 g mg/kg %
6.37 103 215 119 193 3.13 1064 539 575 6.51 0.18 205 35

per tree together with the organic fertilizer Florovit
NPK at a dose of 0.2 kg/tree;

5) biochar (B) — produced by rapid pyrolysis at
280°C for 5 minutes from coniferous wood chips con-
taining 80% organic matter and 20% organic carbon,
applied at a dose of 1.6 kg/tree;

6) biochar, with the composition as described
above, at a dose of 1.6 kg/tree applied together with
microorganisms (B + M) including a strain of the spe-
cies Pseudomonas fluorescens (Ps1/2) and a strain be-
longing to the genus Pantoea sp. (N52AD), and also
arbuscular mycorrhizal fungi in compost applied at
a dose of 0.3 kg of compost per tree;

7) biochar, with the composition as above, at a dose
of 1.6 kg/tree applied together with the organic fertil-
izer Florovit NPK at a dose of 0.2 kg/tree (B + O).

All of the products were applied in May 2014
by sprinkling them around tree trunks in the form of
a 0.5 m diameter ring, and then mixing them with
topsoil to a depth of 20 cm. Application of microor-
ganisms and organic fertilization were repeated in the
spring of 2015 and are to be carried out in the subse-
quent years of the study.

https://czasopisma.up.lublin.pl/index.php/asphc

After planting, the young peach trees were pruned
to ensure proper rooting. During the growing season,
plant care treatments consisted of shortening and
bending back the shoots to ensure proper formation
of the crown. The trees in the experimental orchard
were drip-irrigated during dry spells. Plant protection
treatments against diseases and pests were carried out
in accordance with the existing recommendations for
commercial peach orchards.

Peach fruitlets, at the size of a hazelnut, were thinned
by hand in late May. On shoots, they were left at a dis-
tance of about 20 cm from each other. During harvest,
fruit yield and the number and average weight of the
fruits were assessed. Leaf surface area and leaf fresh
weight were determined with a sample of 50 randomly
picked leaves from each treatment, in four replicates.
Leaf surface area was measured using an image analy-
sis system with WinDias 2.0 software (Delta-T Devices
UK) [Jonckheere et al. 2003]. A laboratory balance was
used to measure leaf fresh weight. Tree trunk diame-
ter was measured with an electronic vernier calliper
gauge, 30 cm above the graft union. The obtained
results were statistically analyzed with Statictica 10.

63



Frac, M., Sas-Paszt, L., Sitarek, M. (2022). Influence of biochar on the vegetative and generative growth of ‘Meredith’ peach trees. Acta
Sci. Pol. Hortorum Cultus, 21(5), 61-69. https://doi.org/10.24326/asphc.2022.5.6

One-way analysis of variance was carried out using
the Tukey test at a significance level of a = 0.05. The
results not significantly different from each other were
marked with the same letters.

RESULTS

During the research period, the climatic conditions
were favourable to the growth and yielding of peach
trees. There was no evidence of frost damage to the
trees, buds or flowers. The average temperatures for
the months May—August were higher and the rainfall
lower than the long-term averages for central Poland.

There was no measurable effect of the preparations
on the number and yield of fruits in the first year af-
ter their application, i.e. in 2014. The treatment com-
binations used in the experiment modified the yields
obtained in 2015 and 2016. The highest number and
yield of fruits in 2015 were obtained from the trees

treated with microbiologically enriched compost, and
the lowest in the combination where the trees were
treated with biochar together with the organic fertil-
izer. Good productivity was shown by the peach trees
when they were treated with microorganisms, organ-
ic fertilizer, microorganisms + organic fertilizer, bio-
char alone, and biochar + microorganisms. In 2016,
the largest number of fruits and the highest weight of
fruits were obtained from the trees treated with bio-
char + organic fertilizer. The control trees produced
the lowest yields. Considering the cumulative yields
for the three years of fruiting, it should be stated that,
except for the use of biochar + organic fertilizer, all the
experimental treatments had a positive effect on the
yielding of peach trees (Tabs. 4 and 5).

In 2014 and 2015, the average fruit weight ranged
from 65.2 g to 85.5 g. The lowest value was for the
control combination, and the highest for the trees
treated with biochar + organic fertilizer. In 2016, no

Table 4. Number of fruits harvested from ‘Meredith’ peach trees, depending on tree fertilization

Number of fruits (per tree)

Treatment
2014 2015 2016 Total 2014-2016

Control 46.3 a* 212.0 ab 182.9 a 4412 a
Microorganisms 300 g/tree 60.6 a 285.8b 220.9 a-c 567.3b
Florovit NPK organic fertilizer 200 g/tree 60.4 a 2513b 245.0 be 556.7b
Microorganisms + organic fertilizer 644 a 277.7b 218.1 ab 560.2 b
Biochar 1.6 kg/tree 60.1 a 266.7b 220.8 a-c 547.6b
Biochar + microorganisms 498 a 2593 b 2222 a-c 531.3b
Biochar + organic fertilizer 585a 156.7 a 2644 c 479.6 a

*Means followed by the same letter do not differ at p = 0.05

Table 5. Peach fruit yield in the first three years of biochar application and different tree fertilization treatments

Fruit yield (kg/tree)
Treatment
2014 2015 2016 Total 20142016

Control 5.1 a* 14.1 ab 215a 40.7 a
Microorganisms 300 g/tree 63a 20.7b 23.7 ab 50.7 be
Florovit NPK organic fertilizer 200 g/tree 64a 17.2 ab 25.7 ab 49.3 be
Microorganisms + organic fertilizer 7.1a 19.7 ab 25.7 ab 525¢
Biochar 1.6 kg/tree 6.1a 18.8 ab 253 ab 50.2 be
Biochar + microorganisms 54a 17.5 ab 24.6 ab 47.5b
Biochar + organic fertilizer 53a 13.1a 26.7b 45.1 ab

*Means followed by the same letter do not differ at p = 0.05
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significant effect of the experimental combinations on
the average weight of peach fruit was found. The av-
erage results from the three years of the study indicate
that, compared with the control trees, the trees treated
with microorganisms + organic fertilizer, biochar only,
and biochar + organic fertilizer produced larger fruits
(Tab. 6). However, fruit weight should be considered
in relation to tree growth vigour and tree productivity.

Measurements of leaf fresh weight and leaf surface
area made in 2015 and 2016 showed that the leaves of

the trees treated with biochar + microorganisms and
also biochar + organic fertilizer were larger than those
of the control trees (Tab. 7). Better tree growth vig-
our after the application of biochar + microorganisms
and biochar + organic fertilizer, as compared with the
control trees, was also found when tree trunk diameter
was taken as a measure of growth vigour. During the
three years of the study, those trees had the largest in-
crease in trunk thickness (Fig. 1).

Table 6. Average weight of fruits harvested from peach trees after applying biochar and organic fertilization in the first

three years

Fruit weight (g)
Treatment
2014 2015 2016 Mean 2014-2016
Control 65.4 a* 652 a 1192 a 833a
Microorganisms 300 g/tree 74.2 ab 74.3 ab 109.6 a 86.0 ab
Florovit NPK organic fertilizer 200 g/tree 71.1 ab 71.2 ab 1054 a 82.6a
Microorganisms + organic fertilizer 70.0a 705 a 1203 a 86.9b
Biochar 1.6 kg/tree 70.6 a 70.8 a 117.8 a 86.4b
Biochar + microorganisms 67.6 a 673 a 113.8a 829a
Biochar + organic fertilizer 85.1b 855D 1029 a 912¢
*Means followed by the same letter do not differ at p = 0.05
® 2014
Increase in trunk diameter =20
®2016

[mm]

B+M

B+0

Fig. 1. Increase in trunk diameter of peach trees resulting from treatments with biochar,
microorganisms, and organic fertilization (2014-2016)
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Table 7. Effect of different fertilization treatments and biochar on the surface area and fresh weight of peach tree leaves

Leaf fresh weight (g) Leaf surface area (cm?)
Treatment mean mean
2015 2016 20152016 2015 2016 20152016

Control 0.67 a* 0.79 a 0.73 a 50.1a 51.3 ab 50.7 a
Microorganisms 300 g/tree 0.70 ab 0.74 a 0.72 a 51.2 ab 46.1 a 48.7 a
Florovit NPK organic fertilizer 200 g/tree 0.74b 0.83 ab 0.79b 52.4 ab 471 a 498 a
Microorganisms + organic fertilizer 0.70 ab 0.82 ab 0.76 ab 51.9 ab 502 a 51.1a
Biochar 1.6 kg/tree 0.72 ab 0.80 a 0.76 ab 509 a 514a 512a
Biochar + microorganisms 0.74 b 091b 0.83 ¢ 56.3b 6120 58.8b
Biochar + organic fertilizer 0.76 b 0.93b 0.85¢c 584c 60.3b 59.4b

*Means followed by the same letter do not differ at p = 0.05

DISCUSSION

Soil microorganisms play a very important role
in the mineralization processes of organic matter.
Application of biochar can be an effective method of
increasing the carbon (C) content in orchard soils, as
confirmed by Street et al. [2014]. Literature data indi-
cate that NPK fertilization combined with biochar has
a more favourable effect on plant growth and yielding
than NPK without biochar [Steiner et al. 2007]. That
experiment had been carried out on sorghum and rice
plants, growing on very poor soils.

Schaffert and Percival [2016], investigating the
effects of organic fertilization, molasses, and biochar
on the yielding and growth of ‘Bonkreta Williamsa’
(Pyrus communis ‘Williams”) pear trees demonstrated
that the use of biochar in combination with organic
fertilization, and biochar with molasses pellets signifi-
cantly improved the growth and yielding of the trees
(by 24% and 20%, compared with control tree yields).
The use of molasses alone did not give an increase
in yield, whereas organic fertilization increased fruit
yield by 1 kg per tree, compared with non-fertilized
control. This yield was lower by 0.4 kg per tree than
the yield obtained from the trees fertilized with bio-
char + organic fertilizer. The authors of this study also
observed a positive effect of the combined use of bio-
char and organic fertilization, but only in the third year
of the study. The yield of trees treated with biochar
varied greatly depending on whether biochar was used

66

alone or in combination with other products. The total
yields for the period of three years of fruiting allow us
to state that, except for the use of biochar with organic
fertilizer, all experimental combinations had a positive
effect on the yield of peach trees.

The authors of this study, analyzing the dynam-
ics of tree growth, observed that over the course of
3 years each year, the diameter of the trunk of trees
treated with biochar was greater than the diameter of
trees where biochar was not used. The benefits of ap-
plying biochar to the soil were more and more visible
in the following years. Schaffer and Percival [2016]
obtained similar dependencies. In their research, the
volume of the crown was taken as the measure of tree
growth vigour. Biochar used in this experiment signifi-
cantly increased the volume of the crown of the stud-
ied trees compared to the volume of the crown of trees
where it was not used.

The use of biochar in the experiments conducted
by Gale and Thomas [2019] at doses of 8 and 30 t/ha
had resulted in an increase in leaf surface area of vel-
vetleaf (Abutilon theophrasti) by 30% and 33%, re-
spectively, in comparison with the plants growing in
a substrate without the addition of biochar. A similar
effect of the use of biochar + organic fertilization and
biochar + microbiologically enriched compost was
observed in our study. Leaf surface area of the peach
trees treated with biochar increased by 15% relative
to the size of the leaves of control plants in both 2015
and 2016.
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Studies conducted by Atucha and Litus [2015] con-
firm the beneficial effect of biochar addition to the soil
in significantly reducing the adverse effects of replant
disease. Elmer and Pignatello [2011] indicate that the
use of biochar can be a beneficial factor in helping to
counter the harmful effects of allelopathic residues in
replanted soils in asparagus cultivation.

Many researchers have observed a very low level
of mineral leaching from the Amazonian Terra pre-
ta (black earth) soils after biomass carbonification,
which without biochar application occurs very quickly
in the natural conditions of the Amazon basin. Confir-
mation of the high effectiveness of biochar has been
looked for in those soils in which organic matter from
charcoal has been accumulating for hundreds or even
thousands of years [Atkinson et al. 2010, after Leh-
mann et al. 2003a, b].

The very large variations in the results of research
on biochar effectiveness may result from the differenc-
es in the pyrolysis process during biochar production
and the type of raw material that is used to produce
biochar. These differences also result from and depend
on the type of crop and soil to which biochar is ap-
plied, and also on the type of substrates of which it is
a component. In general, biochar, by effecting
bio-physico-chemical changes in the soil or growth
substrate, exerts a positive influence on the growth
and yielding of plants, and also on their resistance/
tolerance to diseases and abiotic stress. The field ex-
periment carried out by the authors of this study with
peach trees showed a positive effect of the use of bio-
char. Better fruiting of trees where biochar was applied
to the soil were most visible in the third year after ap-
plication. It was probably because of the fact that the
biomass subjected to pyrolysis in the high-temperature
process needs time to properly integrate with the soil.

CONCLUSIONS

The effectiveness of the use of biochar in peach or-
chard begins to be visible in the second and third grow-
ing seasons. In the experiment, very good effects of
improving the growth and fruiting of peach trees were
obtained after the combined use of biochar and organic
fertilization. Biochar can be recommended for improv-
ing the growth and yielding of fruit trees, especially
those growing in soils that are not rich in organic matter.

https://czasopisma.up.lublin.pl/index.php/asphc
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