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Abstract

Benkova, M., Atanassova, 1., Nenova, L. & Elenova, E. (2026). Long-term effects of biochar application on the
wheat yield and nutrient uptake on Fluvisol. Bulg. J. Agric. Sci., 32(1), 68-76

A field experiment with an indicator wheat crop in 2022 was carried out on Fluvisol, in the experimental field of “Nikola
Poushkarov” Institute of Soil Science, Agrotechnologies and Plant Protection, of the village of Tsalapitsa (Plovdiv region).
Variants were set with two rates of biochar (5 and 10 t.ha') and nitrogen fertiliser (130 and 260 kg.ha') in 2019 and 2020, and
are left for observation to determine the aftereffect of biochar. The purpose of this study was to assess the yield of wheat, the
uptake of macronutrients with biomass and some soil characteristics on the 3™ and 4" year following application of biochar and
nitrogen fertilizer. Plant samples were taken in the full maturity phase of wheat in three replications, and the concentrations of
N, P, K, Ca and Mg were determined.

The obtained results show that the time of biochar application has a significant effect on the yield of wheat, a higher yield
was reported by the variants when biochar was applied at the 3™ year. For the B;5N130 and B, 10N260 variants, the increase
was 12% and 13% compared to controls. The data showed that biochar residing in soil at two rates (5 and 10 t/ha) for four years,
had no significant effect on wheat yield, growth, macronutrient uptake and soil nutrient content compared to the control variants.
However, the more pronounced effect of biochar aftereffect was observed on the physicochemical characteristics (pH, CEC and
OC) at the 3™ and 4" year compared to the control in the variants with the lower nitrogen rate and the higher levels of biochar.

Keywords: after-effect of biochar; nitrogen fertilizer; wheat; macroelements

Introduction

The challenges facing agriculture are related not only to
identifying effective measures to improve crop production,
but also to protect soil fertility against the background of con-
stantly changing climatic conditions. Wheat is the main field
crop and is grown on an area of between 10 and 15 million
acres in Bulgaria. The most widespread in the country is the
so-called winter wheat, which is used for the production of
bread grain and fodder. Increasingly visible climate change is
putting wheat production to the test, which could drop dra-
matically. Biochar as a soil amendment produced from organ-

ic feedstock in the pyrolysis process, is one of the promising
strategies for protecting and improving vital soil characteris-
tics and agro-ecological technology, necessary for the sustain-
able development of cultivated plants. Studies have shown that
the use of biochar improves physicochemical, water-physical,
biological properties and increases yields, as well as being a
potential tool for soil carbon sequestration (Bista et al., 2019;
Lehmann and Joseh, 2015). In our previous studies, Benko-
va et al. (2020) found that applying different rates of biochar
obtained from different plant materials, lead to an increase in
the reserves of mineral nitrogen and available potassium in
the soil, pH and total organic carbon values increase on Flu-
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visol, but the expected effect on wheat yield is not observed.
A meta-analysis of studies evaluating the effects of biochar
on soil and plant properties varies widely, depending on the
characteristics of both soil and biochar, and on the levels of
application (Jiang et al., 2024). They reveal that the effects
of biochar application on yield vary between crops, biochar
significantly increases wheat yield by an average of 17% in
all years except the third year. Most of the current research on
the effect of biochar on crop growth and nutrient uptake was
examined within a growing season (Mete et al., 2015; Yeboah
et al., 2016; Malik et al., 2018). There are fewer studies that
look at the impact of biochar in long-term experiments. Stud-
ies by Zhang et al. (2020) and Hu et al. (2021) show that one
time application of biochar can improve the growth and yield
of wheat and maize over four years.

Therefore, it is necessary to study the long-term effect
of biochar on crops under different soils and climatic condi-
tions. Our research was conducted on a soil, that is character-
ized by a light soil texture, a flushed water regime, and was
vulnerable to the leaching of nitrate nitrogen. The purpose
of this study was to assess the yield of wheat, the uptake of
macronutrients with biomass and some soil characteristics
on the third and fourth year after application of biochar and
nitrogen fertilizer on Fluvisol.

Material and Methods

During vegetation season 2021 and 2022, an experiment
with winter wheat without fertilization was conducted on the
area of a three-year experiment with maize, in the experimen-
tal field of the village of Tsalapitsa (Plovdiv). The soil texture
is sandy clay loam, classified as Fluvisol (WRB 2015). The
basic properties of the topsoil: pH (H,0)6.1, CEC 16.7 cmol.
kg soil organic carbon (SOC) 0.68% and total N 0.052%.

Table 1. Scheme of variants

Year of BC aplication Variants BC tha! | Nkgha'!
KIN130 0 130
K2N260 0 260
B, 5N130 5 130
igégtime application By [ON139 10 130
BC four years ago B, 10N260 5 260
B, 5N260 10 260
5020 B(3)5N130 5 130
one time BC B;)10N130 10 130
:gghcatlon three years B<3)5N26O 5 260
B ; 10N260 10 260

Source: Authors’ own elaboration

The variants of the grown maize have two doses of biochar (5
and 10 t.ha) and two doses of nitrogen fertilizer (130 and 260
kg.ha!) from the first and second years of the experiment, and
are left for monitoring of the aftereffect of biochar (Table 1).

The experiment began in 2019, using a randomized
block design with following treatments: K1N130, K2N260
(two controls only with fertilisers), B(4)5N130, B(4)10N130,
B, JON260 and B 5N260. Biochar rates were one-time
application in 2019, and 4 new variants were set in 2020
year according to the same scheme: B(3)5N130, B(3)10N130,
B ; 10N260 and B ;5N260. Biochar was produced from oak
at a pyrolysis temperature of 450 °C. Biochar properties
were: pH (H,0) 9.7, organic C content 49 %, total N 0.59%,
available N 72 mg. kg, K 499.6 mg.100"! g, available P 43.4
mg.100" g. Wheat (Triticum aestivum, L.) was sown in Octo-
ber. Seeding density ensured 600 germinated seeds per 1 m?.
The experimental plot area was in three replicates of each
variant with 12.5 m? The agrotechnical activities were car-
ried out in accordance to the requirements for cultivation of
the tested crop. After harvesting of wheat (early July), plant
samples were taken (grain, chaff and straw). The following
biometric data were determined for the characterization of
plant growth and development: weight of bunches, weight of
spikes, count of spikes and height of plants (cm/m?). Abso-
lute dry weight (kg.ha') and content of nutrients N, P, K, Na,
Ca and Mg (%) were determined in all of the plant samples.
The yield of wheat (kg.ha') and the export of macro-ele-
ments with plant biomass are calculated. Soil samples were
taken 0-20 cm depth after harvesting of wheat.

The main agrochemical parameters of the soil were ana-
lyzed by the following methods: nitrogen (N) — by the meth-
od of Bremner (1965), available phosphorus and potassium
(P and K) — by the oxalate-lactate method of Ivanov (1984),
calcium and magnesium by ICP-OES. The physicochemical
soil properties were determined by the method of Ganev and
Arsova (1980). Electrical conductivity was determined in
soil: water (1: 5), ISO 11265 : 2002. Soil pH/Eh was mea-
sured in a soil: water of 1: 2.5. Total organic carbon (TOC)
and composition was determined by the methods of Konon-
ova (1966). Statistical data were analyzed by making use of
STATGRAPHICS Centurion XV, one-way ANOVA meth-
ods, one-factor variance analysis.

Results and Discussion

Meteorological conditions

Rainfall, temperature and soil moisture are essential to
obtain optimal wheat yields. A climatic characteristic of the
territory of Tsalapitsa, Plovdiv region for 2022 was present-
ed in Fig.1.
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The period was characterized by temperatures, higher
than the climatic norm. This, as well as the sufficient amount
of rainfall in October and December 2021, allowed the ger-
mination of wheat and the formation of one levelled crop,
which reached the tillering phase in less than a month. Win-
ter was dry and warm, with temperatures much higher than
usual. In March, precipitation was almost twice lower than
normal. This makes the spring moisture supply unsatisfacto-
ry. Spring was warm and dry. In the critical period for wheat
in terms of moisture (10.04—10.05), the combination of tem-
perature and moisture was not favourable for it. A higher
amount of precipitation was reported only in June 2022. The

Table 2. Mean values of biometric parameters of wheat

2021-2022 t°C mean —@—1961-1990 t°C mean

30,00
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temperature © C

Fig. 1. Average temperature
and precipitation for investigation
period (2021-2022) compared
to the climatic norm (1960-1990)
Source: Authors’ own elaboration

amount of precipitation in the summer months is lower than
the climatic norm. The observed climatic trends have their
impact on the cultivated crop, as they were less favorable
with higher recorded temperatures and less rainfall.

Growth parameters

Statistical processing of the data (Table 2) shows that
the control with a low rate N (130 kg.ha') and the variants
B4 (four years after BC application) in the studied biomet-
ric indicators form a homogeneous group, i.e. there were
no statistically significant differences with 95% confidence.
There were differences between the fertilizer variants of

Variants Weight of Weight spikes, Count spikes Height

bunch, g/m? g/m? per m? cm/m?
KIN130 720 a 444 a 446 a 44.5
K2N260 920 c 600 d 616 be 49.6
B(3)5N13O 760 ab 510 b 480 a 49.8
B, 10N130 830 be 540 c 650 c 48.8
B ,5N260 740 ab 480 ab 630 be 51.0
B ; 10N260 870 c 620 d 540 b S1.1
B, 5N130 760 ab 440 a 538 ab 47.6
B, 10N130 740 ab 480 ab 482 a 50.6
B, 5N260 750 ab 490 ab 532 ab 51.8
B, 10N260 740 ab 450 ab 594 be 48.8
Ccv 10.03% 13.77% 15.17% 5.99%
SD 78.53 69.60 83.58 2.96
p<0.05 0.002 0.001 0.004 0.08
LSD 95% 91 68 102

a,b, — means in the same column followed by the same symbol are not significantly different at P < 0.05 level based on test one — way ANOVA.

Source: Authors’ own elaboration
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the previous crop with the high nitrogen rate (260 kg.ha™)
and the variants three years after the application of BC (B,)
(B;,10N260), including the control K2N260 and the remain-
ing variants. It can be noted that the quantity of nitrogen
fertilizer and the time of BC application influence the indi-
cators.

Chemical elements content of biomass

The content of the main macronutrients in the cultivated
crop (wheat) was presented in Figure 2 and Figure 3. The
data given in the tables refer to the period of harvesting of
the experiment on plant organs, on which a complete chemi-
cal analysis was made.

It was found that the nitrogen content was higher in wheat
grain between 1.63 and 2.07 % compared to chaff (0.37-0.87
%) and straw (0.21-0.33 %) in all studied variants. ANOVA
of the N content data showed that the 5 homogenous groups
were formed with significant differences between them

(LSD + 0.193, p < 0.05, respectively) (Fig. 2) The nitrogen
content in wheat grain was higher in the control variant with
the high nitrogen dose K2N260 (1.91 %) and the biochar and
high nitrogen dose variants (B ;5N260, B, 10N260) after
the third year of application. Expected in the variants of the
predecessor, fertilizers with the higher N norm (260 kg.ha!)
reported higher amounts of N compared to fertilizers with
130 kg. N.ha!, and the differences were statistically proven
with 95% certainty.

The phosphorus content was also the highest in the grain
in a narrow range (0.34-0.37%). Statistical analysis of the
P content also showed that 5 homogeneous groups formed,
with significant differences between controls and all test-
ed variants (LSD £ 0.044, p < 0.05) (Fig. 2). In the wheat
biomass, the tendency of accumulation of potassium in the
straw in greater quantity than in the grain of the plants was
shown. The potassium content was highest in the straw of all
studied variants, and was in the range of 0.65—0.79%. The
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Table 3. Multi-factor ANOVA analysis of variance data for N % and P% content in wheat biomass

Content N Content P
Source Sum of Squares | P-Value | % Sum of Squares | P-Value | %
MAIN EFFECTS
A:BC 0.455491 0.0045 21.11 0.0202417 0.0002 37.21
B:N 0.111005 0.0803 5.15 0.000474074 0.4392 0.87
C:Year 0.942084 0.0000 43.67 0.00106667 0.2499 1.96
INTERACTIONS
AB 0.0102861 0.0052 18.91
BC 0.021125 0.4335 0.97 0.00326667 0.0506 6.00
RESIDUAL 0.798884 30.03 0.0168 30.88
TOTAL (CORRECTED) 2.15717 0.0543867

Source: Authors’ own elaboration

potassium content data formed 3 homogeneous groups with
significant differences between them (LSD £1.122, p <0.05)
(Fig. 2), according to ANOVA analysis.

Magnesium values decrease from the grain to the straw,
and for calcium the highest values are observed in the straw,
but their content is relatively stable and no significant differ-
ences are observed in the variants of fertilization and intro-
duction of biochar (Fig. 3).

To follow the influence of the studied factors — after ap-
plication of BC for three and four years (factor C), amount
of BC (factor A) and N (factor B) on the content of the ele-
ments in the biomass of wheat — a Multi factor analysis was
performed. The data were summarized in a Table 3.

The analysis showed that the impact on nitrogen content
of biochar applications and the timing of its application was
15% and 39%, respectively. A higher content was reported
for variants B3, i.e. when applying BC three years ago. The
effect of biochar on nitrogen content four years ago was very
weak, as the controls had a higher content. Biochar had an in-
fluence on the phosphorus content — 37.21%. The interaction
of the two factors (A-the amount of BC imported and B -the
time of its application) together was the greatest (18.91%) on
the P content, and the total effect of the two factors on the N
content was not significant (Table 3).

The obtained data show that the content of the main nu-
trients in wheat ranges within the limits characteristic of the
corresponding crop, and was affected by timing of the bio-
char application. The N content of the fertilized variants with
a high dose of the previous crop (maize) had only a slight
increase of 8%. In the study of Benkova et al. (2022), the
co-application of nitrogen fertilizer with biochar revealed
negligible effect on the N, P, K, Mg and Ca concentration
in plant tissues of the previous crop (maize) in the first year.
There were significant differences in N content of plants in
all treatments compared to controls only in the early plant
growth stages. Similar results have been obtained by other

authors (Jones et al., 2012). In other our research, Benko-
va et al. (2020) found that there is no statistically signifi-
cant effect of different type and rates biochars application
on the content of major macroelements in the different parts
of wheat by variants. In a four-year study on the effect of
biochar on wheat growth, nutrient concentrations in straw
and grain did not differ depending on biochar applications
(Erdal et al., 2024).

On the basis of the determined amount of formed total
above-ground biomass and the percentage of elements in it,
the export of nitrogen and ash elements and their permanent
removal from the field was determined. In wheat, the total
biomass ranges from 6038 to 7117 kg.ha! and exports from
62.26 to 101 kg.ha' of nitrogen. The lowest biomass was in
variant B ;5N260, and the highest — in variant B ; 10N260,
which imported double the amount of nitrogen in corn and
biochar three years ago (Table 4). There were no significant
differences between the controls and the other variants with
biochar applied 3 and 4 years ago, which shows that there
was no residual influence of biochar on the total biomass of
wheat, only fertilization of the previous crop.

Phosphorus export was relatively low — from 12.52 to
16.56 kg.ha'. The export of potassium with wheat varies
from 21.74 to 31.08 kg.ha'. The amount of exported calci-
um with the total biomass of wheat was low and without dif-
ferences in the variants, varying between 3.74-5.05 kg.ha™'.
Magnesium export was 6.91-9.16 kg.ha!. The export of the
main macronutrients with the biomass of wheat depends on
the reported content in the vegetative organs, but since it
varies within narrow limits, exports depend to the greatest
extent on the quantities of absolutely dry biomass obtained.

Wheat grain yield

The yield of wheat grain obtained during the experiment
in 2022 is presented, ranging between 3285 and 4423 kg.ha'!
(Fig.4). Variants B, 5N130 and B ; 10N260 with biochar in
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Table 4. Absolute dry weight and nutrient uptake (kg.ha') with wheat, 2022

Variants Organs DW Nutrient uptake (kg.ha™)
kg.ha-! N P K Ca Mg
grain 3554 59.44abc 12.93ab 13.98ab 1.26 5.94
chaff 190 8.60 1.75 3.40 0.65 0.95
KIN130
straw 2760 2.10 0.40 6.50 1.88 1.05
total 6504 70.14 15.08 23.88 3.78 7.94
grain 3384 63.83bc 11.52ab 12.37a 1.34 5.52
chaff 146 5.85 0.75 3.00 0.76 0.60
K2N260
straw 3200 2.65 0.55 6.60 2.05 1.15
total 6729 72.33 12.82 21.97 4.14 7.27
grain 4218 74.22d 13.94bc 21.33d 1.99 6.65
chaff 164 8.65 1.30 3.05 0.69 0.80
B, 5N130
© straw 2500 2.55 0.35 6.70 1.93 0.80
total 6882 85.42 15.59 31.08 4.60 8.25
grain 3714 62.61bc 13.35bc 14.26bc 1.33 6.04
chaff 165 8.20 1.50 3.10 0.56 0.85
B, 10N130
@ straw 2900 2.60 0.30 6.85 1.85 0.75
total 6779 73.41 15.15 24.21 3.74 7.64
grain 3321 66.96¢cd 11.63ab 12.46a 1.40 5.58
chaff 175 7.75 1.00 2.90 0.72 0.75
B, SN260
@ straw 2600 2.45 0.35 7.00 1.75 0.75
total 6096 77.16 12.98 22.36 3.87 7.08
grain 4423 90.27d 15.01c 16.13¢ 1.90 7.41
chaff 194 8.25 1.15 3.15 0.94 0.90
B, 10N260
® straw 2500 2.95 0.40 7.85 2.21 0.85
total 7117 101.47 16.56 27.13 5.05 9.16
grain 3405 57.05ab 11.22a 13.05a 1.56 5.53
chaff 122 5.25 0.85 3.15 0.75 0.65
B, 5N130
@ straw 3200 2.40 0.45 6.70 1.68 0.85
total 6728 64.70 12.52 22.90 3.98 7.03
grain 3659 60.98abc 12.53ab 14.01ab 1.42 5.90
chaff 161 7.65 1.30 3.10 0.64 0.80
B, 10N130
@ straw 2600 2.25 0.30 6.40 1.71 0.90
total 6420 70.88 14.13 23.51 3.76 7.60
grain 3285 55.51a 12.08ab 13.26ab 1.38 5.61
chaff 153 3.70 0.60 2.90 0.70 0.55
B, 5N260
@ straw 2600 3.05 0.45 7.50 2.01 0.75
total 6038 62.26 13.13 23.66 4.08 6.91
grain 3445 62.53bc 11.98ab 12.14a 1.55 5.83
chaff 170 6.95 1.05 2.75 0.83 0.80
B, 10N260
@ straw 2900 3.25 0.55 6.85 2.05 0.95
total 6516 72.73 13.58 21.74 4.43 7.58

a,b, — means in the same column followed by the same symbol are not significantly different at P < 0.05 level based on test one — way ANOVA.
Source: Authors’ own elaboration
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combination with nitrogen fertiliser showed a significant in-
crease (p < 0,05) in wheat yield compared to non-biochar
controls and other variants. The increase is 12% and 13%
compared to the no biochar controls. It was observed that

Table 5. Agrochemical characteristic of the soil from the
field experiment, after wheat sowing in the autumn of
2022

: : Variant Y N-NH,NO.| PO K,0 C
the effect of biochar (B4) on yield decreased after the fourth ariants SRR 2 2
. A . mg.kg! mg.100g! %
year, only nitrogen fertilization from the previous crop had
an effect. KIN130 10.94 1541 | 19.18 0.69
K2N260 10.94 11.75 20.8 0.74
5000 b
4500 Ib I B,,SN130 9.22 1553 | 1595 | 0.69
a a a a
E i‘iﬁﬁ le o L T I 1 B, 10N130 9.79 13.76 19.57 0.76
< 30w ' N RN E N NN N B, 5N260 12.67 9.62 13.05 | 0.69
k3 ;;gg TR B EREERE § R R R B, 10N260 12.67 12,68 | 16.06 0.76
5 A N N E BN BERBERERE
20— B = BB B,SN130 12.10 1468 | 17.29 0.84
2l il BN BN B B B S B B B N
ol H Il B BB ENEND B, 10N130 11.52 1133 | 1506 | 081
0 A E s B8 S SEB B,,SN260 11.52 10.92 12.38 0.66
Q&Q & LSLFSFH P B, 10N260 8.06 1122 | 145 0.71
& Q;@ Q,@\ 42,@ Q;@ Q:@ Q,@\ Q,Q‘\\ <b® Source: Authors’ own elaboration

Fig.4. Wheat grain yield (kg. ha) at 14% humidity 2022
Source: Authors’ own elaboration

A multi -factor analysis was made to evaluate the effect
of the factors nitrogen fertilizer, biochar and year on the
yield of wheat, depending on the fertilization variants of the
previous crop. The factor nitrogen fertilization only had the
significant effect (60%) on the yield for 2022, at a confidence
level P >95%.

According to data from Agro-statistics of the Ministry
of Health, survey “Yields from field crops — harvest 20227,
the average yields for the country for wheat grain are 5146
kg.ha'!, and our obtained yields in variants were lower than
the average for the country, respectively, 4423 kg.ha'!. This
is mainly due to growing the wheat without fertilization and
the relatively unfavorable climatic conditions during the ex-
perimental year. The positive impact of the amount of bio-
char on grain yield depends on adequate nitrogen fertiliza-
tion. In many studies, increased yield was observed when
biochar and inorganic fertilizers were applied together. Bio-
char improves the efficiency of inorganic fertilizers through
microbial functions and reduces nutrient loss, thereby mak-
ing nutrients more accessible to plants (Yeq et al., 2019;
Peng et al., 2021). The application of biochar and inorganic
fertilizers, especially nitrogen fertilizers in general, provides
better nutrient management and crop yield in most soil types.

Agrochemical analysis of the soil after wheat harvest
The results obtained in autumn of 2022, show that there
were no significant variant differences in the mineral nitro-

gen content, which ranges from 8.06 to 12.67 mg.kg™'. This
indicates a low supply of this nutrient. Phosphorus values
show average storage and also range from 9.62 to 15.41
mg per 100 g! soil. The content of mobile potassium var-
ies slightly between 13.05-20.80 mg per 100 g! soil (Table
5) without pronounced variant differences. Our results also
confirmed that the application of biochar after 3-4 years does
not increase the nutrient content of the soil. One of the rea-
sons may be the aging of biochar, which changes its surface
functional groups, affecting its specific surface and weaken-
ing of the adsorption of macroelements in the soil. On the
other hand, biochars do not increase soil nutrients if the soils
already have enough nutrients (Erdal et al., 2024).

The results obtained after harvesting the experimen-
tal crop, show that higher values of the soil reaction were
found in almost all variants compared to the controls (Table
6). Biochar is known to reduce soil acidity from the appli-
cation of nitrogen fertilizers and thus increase soil fertility.
It is interesting to note the more pronounced effect of bio-
char in variants with lower nitrogen norm and both doses of
biochar compared to controls as the pH values increased by
0.2—0.4 units. The highest values of cation-exchange capac-
ity were reported in the post-effect variants B, SN130 and
B, 10N130 — 15.3 cmol.kg" compared to the other variants
studied. The degree of base saturation increases compared
to the controls, and this trend was more noticeable in the
variants with a lower dose of nitrogen and imported BC in
both years. While the total acidity (Hy,), which covers all
adsorbed cations with acidic functions, decreases compared
to the controls with increasing pH values. For the electrical
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Table 6. Soil physicochemical characteristics by variants after harvesting of wheat

Variants pH EC CEC CEC_, CEC, H,, Exch. Al Ca Mg BS
Ms/cm cmol kg! v

KIN130 5.7 0.120 14.9 12.4 2.5 2.7 0.3 10.5 1.7 81.88
K2N260 5.7 0.190 14.9 12.4 2.5 2.8 0.3 10.3 1.7 81.21
B(3)5N130 6.0 0.090 153 12.7 2.6 2.4 11.0 1.9 84.31
B(3)10N130 6.0 0.090 15.3 12.8 2.5 2.3 11.2 1.8 84.97
B(3)5N260 5.9 0.310 14.8 12.8 2.0 2.1 0.1 10.8 1.8 85.81
B(3)10N260 5.7 0.150 14.8 12.4 2.4 2.6 0.3 10.4 1.7 82.73
B(45N130 5.9 0.080 15.0 12.8 2.2 2.4 0.2 10.8 1.8 84.00
B(4)10N130 6.1 0.130 15.3 12.9 2.4 2.0 0 11.3 2.0 86.93
B(4}5N260 5.8 0.120 15.0 12.7 2.3 2.5 0.2 10.6 1.9 83.33
B(4)10N260 5.8 0.160 15.0 12.8 2.2 2.6 0.3 10.7 1.8 82.67

Source: Authors’ own elaboration

conductivity, there were no significant differences in variants Conclusions

ranging from 0.08-0.19 ms/sm.

From the results on total carbon content and organic
matter composition (Fig. 5), a slight increase in carbon was
observed, with the largest change (0.89 and 0,91 %) in the
third year, at low dose N post-effects variants B ; SN130 and
B,;,10N130, and the fourth year variant B, 5N130. In these
variants, the C,,/C, ratio does not increase and, accordingly,
the quality of soil organic matter does not change compared
to the controls.

TOC E=mHA+FA =EEmO0Cres —O—Ch/Cf

Ch/Cf

TOC, YHA +FA and OC res , %

Variants

Fig. 5. Content and composition of TOC in Fluvisol

by variants
Source: Authors’ own elaboration

The impact of biochar application on the agrochemical
and physicochemical properties of the soil and, according-
ly, on crop yields, may change over time due to the biogeo-
chemical interactions that take place in the soil.

The obtained results conclude that the time of biochar
application has a significant effect on the yield of wheat — a
higher yield was reported by the variants when biochar was
applied in the third year. For the B, 5N130 and B ; 10N260
variants, the increase was 12% and 13% compared to con-
trols. The data showed that biochar residing in soil at two
rates (5 and 10 t.ha'), for four years, had no significant effect
on wheat yield, growth, macronutrient uptake and soil nutri-
ents content compared to the control variants. The nitrogen
content in wheat grain was higher in variants with high ni-
trogen doses and biochar applied three years ago. Biochar’s
influence on phosphorus content was significant, with the
interaction of biochar amount and application timing having
the greatest effect. The more pronounced effect of biochar
aftereffect was observed on the physicochemical characteris-
tics (pH, CEC and OC) in the third and fourth year compared
to the control, in the variants with the lower nitrogen rate and
the higher levels of biochar.

Acknowledgments

This research was funded by project BG16RFPR002-
1.014-0012-C01 ,,Establishment and sustainable develop-
ment of a Center of Competence ,,Agrifood Systems and
Bioeconomy”, financed by the European Regional Develop-
ment Fund through the ,,Program for Research, Innovation
and Digitalisation for Smart Transformation* (PRIDST).

References

Benkova, M., Nenova, L., Simeonova, Ts. & Atanassova, I.
(2020). The effect of biochar on wheat yield and nutrient uptake



76 Maya Benkova, Irena Atanassova, Lyuba Nenova and Emiliya Elenova

by production. Bulg. J. Agric. Sci., 26(1), 84 — 90.

Benkova, M., Nenova, L., Simeonova, T., Harizanova, M. &
Atanassova, L. (2022). Effect of the co-application of biochar
and nitrogen fertiliser on the nutrient uptake and corn yield on
the alluvial — meadow soil. Journal of Environmental Protec-
tion and Ecology, 23(8), 2389 — 2400.

Bista, P., Ghimire, R., Machado, S. & Pritchett, L. (2019).
Biochar Effects on Soil Properties and Wheat Biomass vary
with Fertility Management. Agronomy, 9(10), 623. https://doi.
org/10.3390/agronomy9100623.

Bremner, J. M. (1965) Organic nitrogen in soils. In: Bartholomew,
W.V.,, Clark, FE., eds. Soil Nitrogen, Madison, WIl: American
Society of Agronomy, 93 — 149. DOI: https://doi,org/10,2134/
agronmonogrl0,c3.

Erdal, i., Alaboz, P., Ekinci, K., Tiirkan, S. A., Yaylaci, C. &
Sener, A. (2024). Effect of biochar on some soil properties af-
ter 4-year application and its effect on growth, yield and nu-
trient uptake of wheat grown on an alkaline soil. Rendiconti
Lincei. Scienze Fisiche e Naturali, 35(1), 223 —235. https://doi.
org/10.1007/s12210-023-01221-w.

Ganeyv, S. & Arsova, A. (1980). Methods for determining the
strongly acidic and the slightly acidic cation exchange in soil.
Soil Science and Agrochemistry, 15(3), 22 — 33 (Bg).

Hu, Y., Sun, B., Wu, S., Feng, H., Gao, M., Zhang, B. & Liu,
Y. (2021). After-effects of straw and straw-derived biochar ap-
plication on crop growth, yield, and soil properties in wheat
(Triticum aestivum L.)-maize (Zea mays L.) rotations: 4 four-
vear field experiment. Science of the Total Environment, 780,
146560. doi: 10.1016/J.SCITOTENV.2021.146560.

IUSS Working Group WRB (2015). World Reference Base for
Soil Resources 2014, Update 2015. International Soil Classifi-
cation System for Naming Soils and Creating Legends for Soil
Maps. World Soil Resources Reports No. 106. FAO, Rome.

Ivanov, P. (1984). New Acetate-lactate Method for Determination
of Available Forms of P and K in Soil. Soil Science and Agro-
chemistry, 19(4), 88 — 98 (Bg).

Jiang, Y., Li, T., Xu, X., Sun, J., Pan, G. & Cheng, K. (2024). A
global assessment of the long-term effects of biochar applica-
tion on crop yield. Current Research in Environmental Sustain-
ability, 7, 100247. ISSN 2666-0490. https://doi.org/10.1016/].
crsust.2024.100247.

Jones, D. L., Rousk, J., Edwards-Jones, G., DeLuca, T. H. & Mur-
phy, D. (2012). Biochar-mediated changes in soil quality and
plant growth in a three-year field trial. Soil Biology & Biochem-
istry, 45, 113—124. https://doi.org/10.1016/j.s0ilbio.2011.10.012.

Kononova, M. (1966). Soil Organic Matter: its nature, its role in
soil formation and in soil fertility. 2nd edition. Oxford: Perga-
mon Press, 544.

Lehmann, J. & Joseph, S. (2015). Biochar for Environmental Man-
agement: Science, Technology and Implementation. London
and New York: Taylor & Francis. doi:10.4324/9780203762264.

Malik, Z., Yutong, Z., Sheng Gao, L., Abassi, G. H., Ali, S., Im-
ran khan, M., Kamran, M., Jamil, M., Al-Wabel, M. 1. &
Rizwan, M. (2018). Effect of biochar and quicklime on growth
of wheat and physicochemical properties of Ultisols. Arabian
Journal of Geosciences, 11,1 —12.

Mete, F. Z.., Mia, S., Dijkstra, F., Abuyusuf, A., Hossain, A. S. M.
I. (2015). Synergistic effects of biochar and NPK fertiliser on
soybean yield in an alkaline soil. Pedosphere, 25(5), 713 —719.

Ministry of Agriculture and Food, Department of Agrostatistics,
Observation “Yields of Field Crops — Harvest 2022”. https://
www.mzh.government.bg/media/filer public/2023/06/29/
ra_427 publication_crops_2022.pdf.

Peng, J., Han, X,, Li, N., Chen, K., Yang, J., Zhan, X,, ... & Liu,
N. (2021). Combined application of biochar with fertilizer pro-
motes nitrogen uptake in maize by increasing nitrogen reten-
tion in soil. Biochar, 3(3), 367 — 379. https://doi.org/10.1007/
s42773-021-00090-6.

Yeq, L., Camps-Arbestain, M., Shen, Q., Lehmann, J., Singh,
B. & Sabir, M. (2019). Biochar effects on crop yields with and
without fertilizer: A meta-analysis of field studies using sepa-
rate controls. Soil Use and Management, 36(1), 2 — 18. https://
doi.org/10.1111/sum.12546.

Yeboah, E., Asamoah, G., Kofi, B. & Abunyewa, A. A. (2016).
Effect of biochar type and rate of application on maize yield
indices and water use efficiency on an ultisol in Ghana. Energy
Proc., 93, 14— 18. doi: 10.1016/j.egypro.2016.07.143.

Zhang, Q. Q., Song, Y. F., Wu, Z., Yan, X. Y., Gunina, A., Kuzya-
kov, Y. & Xiong, Z. Q. (2020). Effects of six-year biochar
amendment on soil aggregation, crop growth, and nitrogen and
phosphorus use efficiencies in a rice-wheat rotation. J. Clean.
Prod., 242, 118435.

Received: January, 08, 2025; Approved: February, 10, 2025; Published: February, 2026



