30opHuK Marune cprcke 3a npupoaHe Hayke / Matica Srpska J. Nat. Sci. Novi Sad,
Ne 138, 61—69, 2020

UDC 631.878(497.113)
UDC 631.452(497.113)
https://doi.org/10.2298/ZMSPN2038061Z

Milorad S. ZIVANOV'", Srdan I. SEREMESIC?,
Dragana D. BJELIC! Jelena B. MARINKOVIC,
Jovica R. VASIN', Jordana M. NINKOV',
Stanko B. MILIC'

!Institute of Field and Vegetable Crops,

Maksima Gorkog 30, Novi Sad 21000, Serbia

2 University of Novi Sad, Faculty of Agriculture,
Trg Dositeja Obradovi¢a 8, Novi Sad 21000, Serbia

RESPONSE OF CHEMICAL AND MICROBIAL
PROPERTIES TO SHORT-TERM BIOCHAR AMENDMENT
IN DIFFERENT AGRICULTURAL SOILS

ABSTRACT: The objective of this study was to assess the effect of biochar soil amendment
(BSA) on chemical and microbial properties in different agricultural soils in Vojvodina Prov-
ince. Short-term pot experiment consisted of five biochar application doses (0, 0.5, 1, 2, and
3%) and five contrasting soil types (Mollic Gleysol, Eutric Cambisol, Calcaric Fluvisol,
Gleyic Chernozem, and Haplic Chernozem), planted with sunflower (Helianthus annuus L.)
and winter wheat (Triticum aestivum L.). The examined chemical and microbial properties
were significantly influenced by soil type and interaction of experimental factors. Significant
influence of biochar on the contents of calcium carbonate (CaCO;), total nitrogen (N), total
carbon (C), soil organic carbon (SOC), humus and potassium (K) of the tested soils was observed.
Biochar also significantly affected the number of azotobacters (AZB), fungi (FNG), actino-
mycetes (ACT) and copiotrophic bacteria (CB). The effect of BSA varied depending on the
applied dose, with higher values of the examined chemical and microbial parameters at higher
doses of application. Further studies on using biochar in soils with low fertility will be neces-
sary to establish its efficiency as an enhancer for agricultural production in Serbia.
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INTRODUCTION

Biochar is a stable C-rich material produced by thermal degradation of
plant-derived biomass under oxygen-free to oxygen-deficient conditions (Sohi
et al., 2009). Application of biochar into agricultural soils can improve soil fertil-
ity, increase carbon sequestration and mitigate greenhouse effects (Brassard
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et al., 2016). Numerous studies confirmed that biochar soil amendment (BSA)
changes physical and chemical soil properties (water holding capacity, soil
aeration and pH, soil structure, nutrient retention and availability, release of
soluble C and availability of micronutrients), decreases fertilizer requirements,
and increases sorption of toxic compounds (Lehmann and Joseph, 2009). Positive
priming effects of biochar on crop biomass and yield have also been reported
(Castaldi et al., 2011).

Studies of BSA have mainly been conducted in regions with tropical and
humid climate, on soils which are more degraded, while the possibility of bio-
char application on soils in regions with temperate climate remains unexplored
(Jeffery et al., 2011; Liao et al., 2016). There is no experimental confirmation
on using biochar and its effects on soil properties in the environmental condi-
tions of Vojvodina Province (South Pannonian Plain), Serbia. The soils in
Vojvodina are potentially fertile. However, a downward trend in the content of
humus and soil organic carbon (SOC) has been observed over the past few
decades as a result of tillage, insufficient fertilization, removal and burning of
crop residues (Seremesic¢ et al., 2013).

For the long-term preservation of soil fertility and protection of agroeco-
logical systems, it is necessary to enable intensification of microbiological
activity by applying appropriate measures, such as BSA. Soil microorganisms
can be affected by BSA because of their role in mineralization of organic matter
and involvement in nutrient cycles (Ferrell et al., 2013). Improved understand-
ing of the dynamics and interrelationship between chemical and microbial
properties in response to biochar amendment can provide valuable information
on soil fertility potential and assessment of strategic biochar application to
agricultural soils (Quilliam et al., 2013). Therefore, the objective of this study
was to assess the effect of biochar amendment on chemical and microbial
properties in different agricultural soils in Vojvodina Province (Serbia).

MATERIAL AND METHODS
Soil description

Soil types were selected based on the most common use by farmers in the
study area (Vojvodina Province): Mollic Gleysol (clayic): GL-mo-ce (Novi
Becej, 45° 58’ N; 20° 08’ E; 70 m), Calcaric Fluvisol (arenic): FL-ca-ar (Sangaj,
45° 29’ N; 19° 87" E; 75 m MASL), Eutric Cambisol (clayic): CM-eu-ce (Buko-
vac, 45° 20’ N, 19° 90’ E, 198 m MASL), Gleyic Chernozem (arenic): CH-gl-ar
(Futog, 45° 24’ N; 19°70” E; 78 m MASL) and Haplic Chernozem (loamic):
CH-ha-lo (Cenej, 45° 35’ N; 19° 79 E; 79 m MASL). Soils were classified ac-
cording to the World Reference Base for Soil Resources (IUSS Working Group
WRB, 2014). Vojvodina Province extends in the Pannonian Plain, characterized
by typically temperate, continental climate.
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Biochar

Biochar was purchased from a local company in Serbia. Chemical prop-
erties of biochar were analyzed according to the methods applied in soil anal-
ysis. Ash content of biochar was < 4 %, with the density of 0.402 g cm?, and
moisture of 4—10%. Biochar contained 74.51% carbon (C), 95.03% organic
carbon (C,,), and 0.547% nitrogen (N). Available phosphorus (P) content was
53.8 mg/ 100 g, available potassium (K) content was 291 mg / 100 g, whereas
pH of biochar was 7.54 (in KCI) and 8.24 (in H,O). Before application into the
soil, biochar was milled and passed through a brass sieve with a 2 mm aperture
size and weighed in bags with the planned amount for each pot.

Pot experiment

The experiment was conducted in a greenhouse under semi-controlled
conditions, characterized by the complete control of soil moisture, partial control
of light and protection from adverse mechanical influences, without controlling
the air temperature. Soils and biochar were simultaneously distributed in pots
(v/w 10 1) in the amount of 5 kg per pot. The experiment consisted of five biochar
application rates: 0 (0%), 25 (0.5%), 50 (1%), 100 (2%) and 150 (3%) g pot
(w/w). Treatments were arranged in a randomized block design with four rep-
lications. The experimental crops were winter wheat (Triticum aestivum L.)
and sunflower (Helianthus annuus L.). Sunflower was sown in early April and
matured in late August. Winter wheat was sown in early October and harvested
in early June of the following year.

Soil sampling

After harvesting winter wheat at the end of the experiment, the samples
were collected from the experimental pots assembled for each soil type and
biochar dose in order to examine the effect of biochar application. After removing
approximately 3 cm of the soil surface, about 0.5—-1 kg of soil was taken from
each pot. The samples were placed into polyethylene bags and transported
to the laboratory. The samples were sieved at <2 mm and stored at room tem-
perature for chemical analysis. An aliquot of each soil sample was stored in
refrigerator at 4 °C before microbiological analysis. All chemical and microbial
analysis were performed in four replicates.

Soil chemical analysis

The main chemical properties of examined soils were determined using
standard methods. pH in soil suspension with water or 1M KCl was analyzed
potentiometrically (Mettler Toledo SevenCompact pH/ion). The content of
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calcium carbonate (CaCOs) (%) was determined with a Scheibler calcimeter.
Humus content (%) was determined by oxidation of organic matter by the
method of Tyurin. Contents of total nitrogen (N) and total and organic carbon
(C and C,y) (%) were analyzed on elemental CHNS analyzer (Vario EL III,
Elementar). C,, (%) content was expressed in the SI unit as g C/kg soil (SOC
g/kg). Available K,0 and P,Os (mg/100 g) were analyzed by AL-method ac-
cording to Egner-Riehm, by extraction with ammonium lactate. Potassium
content (K) was determined by the flame photometer (Evans Electroselenium
Ltd.) and phosphorus (P) content was assessed using the blue method in a
spectrophotometer (Agilent Cary 60, Agilent Tehnologies).

Soil microbial analysis

Total cultivable bacterial and fungal colony forming units (CFU) were
measured by the dilution plate method on the appropriate nutritive media. The
total number of microorganisms (TNM) was determined on a soil agar (5 days,
at 28 °C), the number of Azotobacter sp. (AZB) and free N,-fixers (NFB) on
nitrogen-free medium (Fyodorov’s medium) (48 h and 5 days, respectively, at
28 °C). The number of ammonifiers (AMN) was determined on a meat peptone
agar (3 days, at 28 °C), actinomycetes (ACT) on Krasilnikov’s agar (7 days, at
28 °C), fungi (FNG) on Czapek-Dox agar (5 days, at 28 °C), copiotrophic (CB)
and oligotrophic (OB) bacteria on high and low C content medium (7 and 14 days,
at 28 °C). The average number of colony forming units (CFU) was calculated
per 1.0 g of soil dry weight.

Statistical analysis

Data were subjected to analysis of variance (ANOVA) using software
STATISTICA 12.6 (Statsoft, Tulsa, Oklahoma, USA). Means were separated
using Tukey’s HSD (honest significant difference) test at the P < 0.05 level.

RESULTS AND DISCUSSION

Chemical properties of the examined agricultural soils varied significantly
depending on the type of soil (Table 1). Investigated soil types had a slightly
alkaline pH reaction, which is a favorable environment for the growth and de-
velopment of most plants and microorganisms. Variability of the other tested
chemical properties was very apparent because of differences between the stud-
ied soil types. The highest contents of total N, total C, SOC, and humus were
observed in Haplic Chernozem, followed by Mollic Gleysol. The lowest values
of these parameters were detected in Gleyic Chernozem, where the highest con-
tents of available P and K were found. Lower contents of humus, N and SOC
were also determined in Eutric Cambisol and Calcaric Fluvisol (Table 1).
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Biochar had significant influence on the content of CaCOs;, total N, total C,
SOC, humus and K. Interaction of soil type and biochar doses significantly
affected the pH, total N, total C, SOC humus and K. Except pH and CaCOQO;,
concentration of all the examined chemical properties showed an upward trend
after applying an increased dose of biochar (Table 1). The highest increase of
examined chemical properties was recorded at 2% and 3% biochar treatments.
The results are in accordance with those presented by Ippolito et al. (2014),
who reported positive effects of BSA on chemical properties in calcareous
soils. A significant increase in humus content along with increased doses of
BSA could be explained by chemical content of BSA and high content of total
C (74.51%). The positive effects of BSA on C and humus content suggested
that application of biochar may promote the formation of stable soil organic
matter (SOM) (Muhammad et al., 2014; Prayogo et al., 2014).

Table 1. Chemical properties depending on examined soil types and biochar doses

CaCO; Total N Total C SOC  Humus P K
(%) (%) (%) (gkg) (%) (mg)*  (mg)*
GL-mo 723e¢ 0.68d 025b 434a 355a 374b 1442c 2578b
CM-eu 742d 067d 015d 20lb 142c 18d 916d 16.13d
Soil (S) FL-ca 775a 21.66a 0.17c¢ 435a 178b 221c 1507c¢c 74le
CH-gl 76lb 540c 0l4e 179b 132c 171d 4095a 39.67a
CH-ha 749c 735b 030a 4.68a 363a 475a 2345b 19.03¢
0% 75la 757a 018d 260b 17.3c¢ 2.38d 2030b 2061b
Bio- 0.5% 750a 718ab 0.19c 296b 193¢ 2.56c 2048ab 21.26b
a};‘;‘r 1%  752a 7.09ab 020b 3.3b 228b 28lb 20.57ab 21.56b
2%  747a 683ab 022a 4.12a 284a 3.16a 20.62ab 21.14b
3%  749a 708b 023a 436a 292a 332a 21.08a 2345a
S 0.000 0.000 0.000 0000 0000 0000 0.000  0.000
P B 0069 0008 0000 0000 0000 0000 0076  0.000
SxB 0024 0085 0000 0012 0000 0000 0.115 0007

Factor/Variable pH

Values are the means of 4 replicates. Values in a row with different letters are statistically
different (P < 0.05), according to Tukey’s HSD test. GL-mo: Mollic Gleysol, CM-eu: Eutric
Cambisol, FL-ca: Calcaric Fluvisol, CH-gl: Gleyic Chernozem, CH-ha: Haplic Chernozem.
“Ina 100 g sample of soil.

Soil properties have a strong impact on a range of processes influencing
crop yield, including microbial diversity (Coleman, 2011). The abundance and
activity of certain microbial groups are positively or negatively correlated with
soil chemical properties (Falkowski et al., 2008; Liang and Balser, 2011). Soil
microorganisms can be affected by BSA because of their role in maintaining
crop productivity through mineralization of complex organic compouds in soil,
as well as their sensivity to environmental change (Ferrell et al., 2013; Muhammad
et al., 2014). The analysis of variance revealed that the soil type significantly
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influenced the number of all investigated microbial groups (Table 2). The TNM,
NFB, AMN, CB and OB were significantly higher in Mollic Gleysol compared
with other soil types. AZB and ACT were most abundant in Chernozem soils,
while the number of FNG was the highest in Calcaric Fluvisol (Table 2).

BSA had significant influence on the number of AZB, FNG, ACT and
CB. Interaction of experimental factors significantly affected the number of
all the examined microbial groups (Table 2). The effect of BSA depended on
microbial group and the applied dose. Better effects on the tested microbial
parameters were obtained with higher doses of biochar (1-3%). The treatments
negatively affected the number of AMN and FNG.

Table 2. Microbial properties depending on examined soil types and biochar doses (g soil)

Factor/ AZB TNM AMN NFB FNG  ACT OB CB
Variable  (CFUx109) (CFUx10°) (CFUx10%) (CFUX10%) (CFUx10%) (CFUx10%) (CFUx10°) (CFUx10°)

GL-mo 46 ab 467 a 242 a 637 a 67b 2d 371 a 371 a
CM-eu 12¢  255b  1l11b  402bc  62b 4cd  294b  224c¢
FL-ca 40b  325b  153b  500b  85a 7bc  389a 283 bc
CH-gl 60a  149¢  90b  327c¢  29c¢ 11b  156c  302ab
CH-ha 54ab  137¢  117b  36lc  35c¢ 19a  160c 256 be

0%  38b 270ab 172a 454a  7T5a 6b 2702 250b

Bio. 05% 36b  27lab 162a  430a  45b 12a  255a  247b
char 1% 42 ab 254 ab 125a 428 a 50 b 12 a 295 a 373 a
B) 29  39ab  313a 152a  475a  52b 6b 3042  336a
3% 57a  225b  100a  439a  56b 7b 247a  229b

S 0.000  0.000 0.000 0.000 0000 0000 0.000 0.000

P B 0019 0052 0076 0.68 0000 0000 0.124  0.000
SxB 0012 0000 0008 0004 0000 001 0000 0.000

Soil
®)

Values are the means of 4 replicates. Values in a row with different letters are statistically
different (P < 0.05), according to Tukey’s HSD test. GL-mo: Mollic Gleysol, CM-eu: Eutric
Cambisol, FL-ca: Calcaric Fluvisol, CH-gl: Gleyic Chernozem, CH-ha: Haplic Chernozem.
AZB: azotobacters, TNM: total microbial number, AMN: ammonifiers, NFB: N,-fixers,
FNG: fungi, ACT: actinomycetes, OB: oligotrophs, CB: copiotrophs.

Our results are similar to those reported by Hu et al. (2014) who found 12%,
30%, 37% higher bacterial diversity, and 17%, 40%, 23% lower fungal diversity
in biochar amended soil. Similarly, biochar application to a calcareous soil caused
an increase in soil C content, soil respiration rates and bacterial populations
(Ippolito et al., 2014). Prayogo et al. (2014) observed that the amount of bacterial
biomass was increased by BSA, providing evidence of stimulated abundance
of Gram-negative bacteria and actinobacteria. Anderson et al. (2011) discovered
that BSA had a positive influence on the abundance of bacterial families involved
in nitrate denitrification, while organisms involved in nitrification were less
abundant.
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AMN participate in the processes of decomposition and transformation
of organic nitrogen compounds in the soil, while NFB have the ability to reduce
atmospheric nitrogen, transform it into plant-available forms, and thus enrich
the soil with this important element. CB and OB were selected to determine
bacterial response to alteration in C availability. As active decomposers of
organic matter, ACT and FNG are included in the cycle of C, N, P, and other
nutrients. Positive effects on the analyzed chemical and microbial properties
revealed that BSA could potentially affect soil C and N cycling in the examined
agricultural soils. Although it is accepted that most of the biochar-C is largely
unavailable to microbes (Thies and Rillig, 2009; Farrell et al., 2013), it is clear
that BSA can have positive influence on microbial community structure and soil
fertility (Sun et al., 2013; Gul et al., 2015), which was confirmed by this research.

CONCLUSION

The examined soil properties were significantly influenced by soil type
and interaction of experimental factors. Biochar amendment significantly af-
fected the contents of calcium carbonate, total nitrogen, total and soil organic
carbon, humus, potassium, as well as the number of azotobacters, fungi, actino-
mycetes and copiotrophic bacteria of tested soils. This was the first experiment
examining biochar implementation in Serbia, in the continental ecological
conditions of Vojvodina Province, and presents the preliminary results of its
effect on the chemical and microbial properties of agricultural soils. Further
research will include testing the effect of biochar application in field conditions,
on a range of crop species and soil types. In addition to soil properties, it will
be necessary to establish the effect of biochar application on yield components
and quality of agricultural products.
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[MNPOMEHE XEMUNICKNX U MUKPOBHNOJIOIIKNX CBOJCTABA
HAKOH ITPUMEHE BUOYTJbA HA PA3JIMYUTE THUIIOBE
OBPAJIBOI" 3BEMJBUILTA

Murnopan C. )KUBAHOB', Cphan U. INEPEMEIINR?,
Jparana B. BJEJIUR!, Jenena b. MAPI/IHKOBI/ITH JoBuna P. BACI/IHI
Jopnana M. HUHKOB', Cranxko B. MI/IJ'H/ITl]

"MucTuTyT 32 paTapcTBO M HOBPTAPCTBO,
Maxcuma I'opkor 30, Hoeu Cax 21000, Cpouja
> VausepsuteT y HoBom Caﬂy, [oseonpuBpenan haxkymnTer,
Tpr Hocuteja O6pamosuha 8, Hosu Cax 21000, CpOuja

PE3UME: L1usb 0BUX HCTpaXKuBatba OO je 1a Ce MPOLCHH yTHLE] OHOYTIba, Kao
oIJIeMembUBaya 3eMJbHILTA Ha XeMHUjcKa 1 MUKPOOHOJIOIIKA CBOjCTBA HA Pa3IMUUTHM
TUIIOBUMA [OJbONIPUBPEAHOT 3eMJbUIITa Y BojBoauuu. KpaTkopouHu ekcriepuMeHT y
CyIOBHMa CacTojao ce oz et 1o3a npumene onoyrsba (0, 0.5, 1, 2 1 3%) n niet pasnuan-
THX TUTIOBA 3eMJBHINTA (PUTCKA IIPHHIIA, €y TPHYHU KaMOKCOJI, aJTyBHjaJTHO 3EMJBHIIITE,
YEPHO3EM Ha allyBHjaIHOM HAHOCY M YEPHO3EM Ha JIECHO] TePacH), e Cy y ABE IPO-
M3BOJIHE TOJIMHE T'ajeHH 03MMa IIICHUIA U CYHUOKpeT. Ha nenutnsana xemujcka u
MHKPOOHOIOIIKA CBOJCTBA 3HAYAJHO Cy Y THLAJIM THII 3¢MJBUIITA M MHTEPAKLIMja eKCIIe-
puMeHTaTHHX (hakTOpa. YOUeH je 3Ha4ajaH yTHLAj OMOYTJba Ha capikaj KaJIlujyM-Kap-
6onara (CaCOs), ykymHor asora (N), ykynHor yribeHuka (C), opraHckor yribeHuKa
(SOC), xymyca u kanujyma (K) y ucnutuanom 3emsbuiity. buoyrass je rakohe 3Hauaj-
HO yTHUIa0 Ha Opoj azoTobakTepa (AZB), rpuBa (FNG), aktunomutiera (ACT) u kormo-
tpoduux 6axTepuja (CB). Edexar Onoyriba Bapupao je y 3aBUCHOCTH O IPUMEHCHE
J103€, ca BULIIMM BPEIHOCTUMA UCIIUTUBAHUX XEMH]CKUX U MUKPOOHOJIOLIKUX ITapamMe-
Tapa IIpU BUIIKUM J03aMa puMeHe. [la 01 ce yTBpAUIIa BeroBa e(uKacHOCT, Kao OIule-
MEHBaya 3eMJBUIIITA U yHATpelema MoJboIpruBpeaHe Mpon3Bomke y CpOuju, moTpedHo
j€ YpaJMTH jOoUI UCTPaXKUBamka ca KOpUIIhemeM OHOyTIiba Ha 3eMJBUIITHMA JOIIHjUX
MIPOU3BOJIHUX CBOjCTABA.

KJbYYHE PEYMU: a3ot, 6royrasb, OpojHOCT MUKPOOPTaHU3aMa, THIT 3eMJBHIITA,
YIIJbEHUK, XyMYC
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