
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tnzc20

New Zealand Journal of Crop and Horticultural Science

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tnzc20

Biochar derived from hazelnut shells mitigates the
impact of drought stress on soybean seedlings

Mehmet Kerim Gullap, Sedat Severoglu, Tuba Karabacak, Abdullah Yazici,
Melek Ekinci, Metin Turan & Ertan Yildirim

To cite this article: Mehmet Kerim Gullap, Sedat Severoglu, Tuba Karabacak, Abdullah Yazici,
Melek Ekinci, Metin Turan & Ertan Yildirim (2022): Biochar derived from hazelnut shells
mitigates the impact of drought stress on soybean seedlings, New Zealand Journal of Crop and
Horticultural Science, DOI: 10.1080/01140671.2022.2079680

To link to this article:  https://doi.org/10.1080/01140671.2022.2079680

Published online: 23 May 2022.

Submit your article to this journal 

Article views: 490

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tnzc20
https://www.tandfonline.com/loi/tnzc20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01140671.2022.2079680
https://doi.org/10.1080/01140671.2022.2079680
https://www.tandfonline.com/action/authorSubmission?journalCode=tnzc20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tnzc20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01140671.2022.2079680
https://www.tandfonline.com/doi/mlt/10.1080/01140671.2022.2079680
http://crossmark.crossref.org/dialog/?doi=10.1080/01140671.2022.2079680&domain=pdf&date_stamp=2022-05-23
http://crossmark.crossref.org/dialog/?doi=10.1080/01140671.2022.2079680&domain=pdf&date_stamp=2022-05-23


RESEARCH ARTICLE

Biochar derived from hazelnut shells mitigates the impact of
drought stress on soybean seedlings
Mehmet Kerim Gullapa, Sedat Severoglua, Tuba Karabacaka, Abdullah Yazicia,
Melek Ekinci b, Metin Turan c and Ertan Yildirim b

aDepartment of Field Crops, Ataturk University, Erzurum, Turkey; bDepartment of Horticulture, Ataturk
University, Erzurum, Turkey; cDepartment of Genetics and Bioengineering, Yeditepe University, Istanbul,
Turkey

ABSTRACT
This study investigated the interactive effects of drought stress with
biochar on plant growth, the physiological and biochemical
attributes of soybean seedlings. A pot trial tested the effect of
amending a loamy sandy soil with biochar at three doses: 0%, 3%
and 6% in the alleviation of drought stress, imposed by adjusting
soil moisture content at three levels (in terms of soil field
capacity, FC): 100% FC, 75% FC and 50% FC. Water deficit
negatively influenced the growth of soybean seedlings and
chlorophyll content of leaves, particularly in non-amended plants
whereas biochar amendment boosted the growth and
chlorophyll content, particularly under drought stress. Drought
stress elevated malondialdehyde (MDA), hydrogen peroxide
(H2O2), proline, sucrose and abscisic acid (ABA) contents as well
as the antioxidant enzyme activity [peroxidase (POD), catalase
(CAT) and superoxide dismutase (SOD)] of soybean leaves but
reduced the contents of indole acetic acid (IAA) and gibberellic
acid (GA); biochar amendment counteracted the impact of
drought. The findings of the study indicate that biochar
amendment can enhance soybean growth by modulating the
plant physiology and biochemistry under drought stress.
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Introduction

Drought stress is a major problem for agriculture worldwide. Yield and quality losses
occur in many agricultural crops due to water scarcity. Almost 41% of the world’s agri-
cultural lands are under constant drought stress, which directly influences 2 billion
people worldwide (Mortimore 2010). The shortage in water resources, which is one of
the negative consequences of global warming and climate change, has hampered sustain-
able agriculture. The decrease in water resources, the consequences of global warming
and climate change are themselves environmental impacts.

Under the impact of drought stress, loss of leaf turgor, with consequent leaf wilting,
chlorosis and premature leaf fall can be observed (Sahin et al. 2018). Drought, which
is basically a climatic phenomenon, negatively affects the water holding capacity of the
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soil and water balance of the plant. Intermittent precipitation triggers drought stress,
which impacts several plant processes including ion uptake and synthesis of carbo-
hydrates, lipids, phytohormones and nucleic acids, via production of free radicals (Quar-
tacci et al. 1995). These alterations in plant metabolism are manifested as loss of
photosynthetic yield, acceleration of leaf senescence, hindered plant growth and
reduced resistance to other stresses (Alonso et al. 2001). Photosynthetic activity of
plants under water deficit conditions is inhibited due to stomatal closure and decreasing
CO2 acquisition (Jaleel et al. 2009).

One of the reasons of low soil fertility of arid lands is the low organic matter content,
which seriously affects the soil holding capacity for water and nutrients (Tarakcioglu
et al. 2019). Biochar, with its high surface area and porosity, allows retention of water
and nutrients within the soil, and also creates a favourite habitat for the development
of the beneficial soil microflora; therefore, it can be considered a soil conditioner
(Warnock et al. 2007; Tarakcioglu et al. 2019).

Turkey yields most of the world hazelnut production with an annual amount of 600–
650 thousand tons, based on estimates of the last ten years. The hard-outer shells of
hazelnut can provide a very important agricultural product, although it is currently
wastefully incinerated for heating or left on the ground for slow decay. Alternatively,
hazelnut shells represent a valuable source of carbon and can be manipulated to
furnish the soil with high quality organic matter in the form of biochar (Tarakcioglu
et al. 2019).

Recycling of plant wastes in the soil is an interesting topic because it enriches the soil
with organic matter. Biochar has gained considerable importance in the improvement of
degraded agricultural areas, waste management, and renewable energy
production (Afshar et al. 2016). Biochar is a carbon-rich organic material formed by
pyrolysis of plant wastes in an oxygen-free or low-oxygen environment (Ahmad et al.
2014). Biochar production and application to the soil can aid in reducing pollution,
increasing soil fertility and sequestering of carbon within agricultural soils (Tomczyk
et al. 2020).

Hot climates, when combined with low precipitation rates, can limit the accumulation
of organic matter in the soils of arid and semi-arid regions, thus reducing fertility and
water holding capacity of the soil (Artiola et al. 2012). Biochar application to the soil
can alleviate the negative impacts of water deficit on the plant and increase photosyn-
thetic activity and nutrient uptake, with overall improvement of plant growth and
yield (Ali et al. 2017). Therefore, biochar deserves extensive studies to investigate its
potential to improve agricultural productivity through soil improvement, and conserva-
tion of water resources and sequestration of carbon (Omotade et al. 2020).

The fragility of soybean to water deficit reduces crop productivity and quality.
Soybean is one of the richest crops in oils and proteins, with marked susceptibility to
drought stress (Raza et al. 2018). Biochar as a soil amendment is suggested to improve
the water use efficiency of the plant (Singh et al. 2019). It has been reported that
biochar derived from hazelnut shells improved the contents of N, P, K and organic
matter of the soil (Tarakcioglu et al. 2019). This study aims to evaluate the efficiency
of biochar derived from hazelnut shells in mitigation of the impact of water deficit on
the physiological and biochemical attributes of soybean seedlings.
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Materials and methods

Plant material and growth media

Soybean seeds (Glycine max L.), cv. Yeşilsoy was kindly provided by Infta company, a
private company. The hazelnut-derived biochar used in the present study was processed
from hazelnut shells of orchards in the Black Sea region of Turkey in 2020. Biochar was
produced by slow pyrolysis of shells at 500°C in an improved reactor. The obtained
biochar was grinded to a size of approximately 2 mm before mixing with the soil. The
biochar produced has the following composition (%): moisture 2.22, volatile substances
1.59, ash 2.14, sulphur <0.05, fixed carbon 80.5, humic substances (humic acid + fulvic
acid) 5.41, nitrogen 1.25, oxygen 2.25, hydrogen 1.34, and caloric value (kcal kg−1)
7955-7751.

The soil used in this study is loamy sand, with the following characteristics: pH 7.45,
organic matter 0.93%, EC 116.5 dS m−1, CaCO3 2.68%, NH4

+–N 3.33 mg kg−1, NO3
--N

1.81 mg kg−1, P 4.15 mg kg−1, K+ 234 cmolc kg−1, Ca2+ 1666 cmolc kg−1, Mg2+ 99
cmolc kg−1, Na+ 19.72 cmolc kg−1, B 0.05 mg kg−1, Cu 0.95 mg kg−1, Fe 6.36 mg
kg−1, Zn 0.16 mg kg−1 and Mn 0.26 mg kg−1.

Plant growth and experimental design

The experiment was performed to evaluate the effect of biochar on the biochemical and
morpho-physiological parameters of soybean seedlings under different irrigation levels.
The loamy sandy soil was divided into three equal portions, the first portion was left
native while biochar was thoroughly mixed with the second and third portions at a
rate of 30 and 60 g per kg soil, respectively. The soil was dispensed into 2.5-L plastic
pots, and five seeds of soybean (Glycine max L. cv. Yesilsoy) were sown in each pot
and watered regularly until emergence of seedlings up to 4–5 cm. After emergence,
plants were thinned to three vigorous seedlings per pot; meanwhile they received ade-
quate watering. After one week of seed emergence days of adequate irrigation, the
drought treatment started, where the plants in each biochar treatment were divided
into three equal groups; the first one received adequate regular irrigation up to the
field capacity of the soil, while the second and third groups received irrigation up to
75% and 50% FC, respectively. The experiment was factorial, laid out in a completely ran-
domised design (CRD) with three replications, each of five pots. There were 135 plants in
total. The main factors were: (1) biochar with three levels (0%, 3% and 6% soil weight)
and (2) soil moisture with three levels (100%, 75% and 50% FC). Soil moisture levels
were adjusted by using a moisture meter (HH2 Moisture Meter, Delta-T Devices, Cam-
bridge, England). Plants were grown under controlled greenhouse conditions (14 h day
and 10 h night), with average temperature and relative humidity of 31 ± 2.5°C and 54 ±
3.2%, respectively.

Plant harvest and analysis

Plants were harvested after 45 days from sowing (35 days from imposing of drought
stress), where plant height, fresh weights of shoots and roots were determined. Dry
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weights were determined after drying of fresh plant material in an oven at 67°C for 48
h. Aliquots of fresh leaves were stored at −80°C for biochemical analyses.

Leaf area

Leaf area was determined with a CI-202 Portable area meter (CID, Inc USA).

Chlorophyll content

Chlorophyll a, chlorophyll b and total chlorophyll (mg g−1) were determined according
to Lichtenthaler and Wellburm (1983).

Mineral elements

The contents of P, K, Ca, Mg, S, Mn, Fe, Zn and B in the leaf samples were determined by
using Optima 2100 DV, ICP/OES; Perkin-Elmer, Shelton, CT spectrophotometer
(Mertens 2005a, 2005b). The nitrogen content was determined according to the Micro
Kjeldahl wet combustion method (Bremner 1996). Properties of starting soil sample
(pH, organic matter, EC, CaCO3 and mineral content) analyses were determined by
McLean (1982), Nelson and Sommers (1982) and Rhoades (1982).

Hormone analysis

Extraction and purification procedures for hormone analysis were conducted according
to the method of Battal and Tileklioglu (2001). Indoleacetic acid (IAA), abscisic acid
(ABA) and gibberellic acid (GA) were analysed by high-performance liquid chromato-
graphy (HPLC) through a Zorbax Eclipse-AAA C-18 column (Agilent 1200 HPLC)
coupled with a UV detector of absorbance at 265 nm.

MDA and H2O2 contents

Lipid peroxidation was estimated as the malondialdehyde (MDA) content of leaves
according to Heath and Packer (1968). H2O2 was determined according to Ohkawa
et al. (1979).

Antioxidant enzyme activities

The activities of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT)
were assayed according to Havir and Mchale (1987), Angelini et al. (1990) and Yorda-
nova et al. (2004), respectively and determined as eu g FW−1.

Proline and sucrose content

The sucrose content in the leaves was determined using by HPLC method. Sucrose con-
centration was measured by a method given by Chopra et al. (2000). Proline concen-
tration was assayed spectrophotometrically at 520 nm (Bates et al. 1973).

4 M. K. GULLAP ET AL.



Statistical analysis

The experiment was established by three replications and 5 pots in each replication, with
two-factor (drought and biochar levels), in completely random design (CRD). For stat-
istical analysis, an ANOVA (two-way ANOVA) technique for completely randomised
design was carried out using the SPSS 20.0 (SPSS 140 Inc.), and the mean differences
were compared by Duncan’s Multiple Range Test using.

Results

The variation analysis results were given Tables 1 and 2. According to the results, it was
determined that the effects of biochar, drought and their interaction were significant.
Data in Tables 3 and 4 show that the growth measurements such as plant height, stem
diameter, leaf number, leaf area, shoot fresh weight, root fresh, shoot dry weight and
root dry weight were negatively affected by water deficit treatments. Fifty per cent FC
reduced the plant height, stem diameter, leaf number, leaf area, shoot fresh weight,

Table 1. Two-way ANOVA showing the effect of the main factors (biochar and drought) and their
interaction on morphological and physiological attributes of soybean (Glycine max L. cv. Yesilsoy)
seedlings.
Variable and source of variation df F P Variable and source of variation df F P

Plant height (cm) Stem diameter (mm)
Biochar 2 3.729 0.044 Biochar 2 2.880 0.032
Drought 2 323.301 0.000 Drought 2 345.722 0.000
Biochar x Drought 4 84.634 0.000 Biochar x Drought 4 88.114 0.000
Leaf number (per plant−1) Leaf area (cm2 plant−1)
Biochar 2 6.219 0.009 Biochar 2 184.933 0.000
Drought 2 179.161 0.000 Drought 2 2113.057 0.000
Biochar x Drought 4 47.415 0.000 Biochar x Drought 4 590.155 0.000
EL (%) Chlo – a (mg g−1)
Biochar 2 279.354 0.000 Biochar 2 200.708 0.000
Drought 2 198.322 0.000 Drought 2 60.457 0.000
Biochar x Drought 4 154.503 0.000 Biochar x Drought 4 79.593 0.000
Chlo – b (mg g−1) Total – Chlo (mg g−1)
Biochar 2 92.372 0.000 Biochar 2 255.983 0.000
Drought 2 55.170 0.000 Drought 2 109.476 0.000
Biochar x Drought 4 38.735 0.000 Biochar x Drought 4 101.330 0.000
Chlo – a/Chlo-b Shoot fresh weight (g plant−1)
Biochar 2 15.113 0.000 Biochar 2 53.484 0.000
Drought 2 9.221 0.002 Drought 2 886.053 0.000
Biochar x Drought 4 7.373 0.000 Biochar x Drought 4 237.967 0.000
Shoot dry weight (g plant−1) Root fresh weight (g plant−1)
Biochar 2 70.625 0.000 Biochar 2 94.001 0.000
Drought 2 1109.990 0.000 Drought 2 1821.108 0.000
Biochar x Drought 4 296.544 0.000 Biochar x Drought 4 503.254 0.000
Root dry weight (g plant−1) Root dry weight /shoot dry weight
Biochar 2 86.520 0.000 Biochar 2 7.021 0.006
Drought 2 491.823 0.000 Drought 2 28.761 0.000
Biochar x Drought 4 147.092 0.000 Biochar x Drought 4 10.220 0.000
H2O2 (mmol kg−1) MDA (mmol kg−1)
Biochar 2 252.473 0.000 Biochar 2 324.342 0.000
Drought 2 883.570 0.000 Drought 2 784.062 0.000
Biochar x Drought 4 301.215 0.000 Biochar x Drought 4 381.963 0.000
Proline (mmol kg−1) Sucrose (mmol kg−1)
Biochar 2 131.485 0.000 Biochar 2 11.240 0.001
Drought 2 1155.164 0.000 Drought 2 38.347 0.000
Biochar x Drought 4 332.798 0.000 Biochar x Drought 4 15.130 0.000

NEW ZEALAND JOURNAL OF CROP AND HORTICULTURAL SCIENCE 5



root fresh weight, shoot dry weight and root dry weight by 40%, 21%, 32%, 48%, 56%,
61%, 60% and 55% compared to full irrigation treatment. However, biochar amendments
caused a marked positive effect on vegetative growth measurements of soybean seedlings

Table 2. Two-way ANOVA showing the effect of the main factors (biochar and drought) and their
interaction on antioxidant activity, hormone and mineral content of soybean (Glycine max L. cv.
Yesilsoy) seedlings.
Variable and source of variation df F P Variable and source of variation df F P

CAT (eu g leaf−1) POD (eu g leaf−1)
Biochar 2 427.291 0.000 Biochar 2 20.764 0.000
Drought 2 1517.043 0.000 Drought 2 291.780 0.000
Biochar x Drought 4 507.617 0.000 Biochar × Drought 4 84.829 0.000
SOD (eu g leaf−1) IAA (ng mg tissue−1)
Biochar 2 43.578 0.000 Biochar 2 32.025 0.000
Drought 2 1557.953 0.000 Drought 2 194.381 0.000
Biochar × Drought 4 411.188 0.000 Biochar × Drought 4 58.353 0.000
ABA (ng g DW−1) GA (ng g DW−1)
Biochar 2 143.789 0.000 Biochar 2 134.302 0.000
Drought 2 963.708 0.000 Drought 2 204.627 0.000
Biochar × Drought 4 308.177 0.000 Biochar × Drought 4 104.335 0.000
N (%) P (%)
Biochar 2 113.614 0.000 Biochar 2 358.747 0.000
Drought 2 397.245 0.000 Drought 2 55.919 0.000
Biochar × Drought 4 128.673 0.000 Biochar × Drought 4 104.465 0.000
K (%) Ca (%)
Biochar 2 339.150 0.000 Biochar 2 46.464 0.000
Drought 2 279.905 0.000 Drought 2 273.282 0.000
Biochar × Drought 4 158.674 0.000 Biochar × Drought 4 80.177 0.000
Mg (%) S (%)
Biochar 2 20.181 0.000 Biochar 2 343.525 0.000
Drought 2 171.797 0.000 Drought 2 11.425 0.001
Biochar × Drought 4 48.129 0.000 Biochar × Drought 4 113.800 0.000
Mn (mg kg−1) Fe (mg kg−1)
Biochar 2 44.270 0.000 Biochar 2 159.297 0.000
Drought 2 46.977 0.000 Drought 2 1064.739 0.000
Biochar × Drought 4 23.313 0.000 Biochar × Drought 4 309.671 0.000
Zn (mg kg−1) B (mg kg−1)
Biochar 2 17.647 0.000 Biochar 2 47.797 0.000
Drought 2 50.475 0.000 Drought 2 797.334 0.000
Biochar × Drought 4 17.130 0.000 Biochar × Drought 4 221.417 0.000

Table 3. Interaction of biochar and drought on morphological attributes of soybean (Glycine max L. cv.
Yesilsoy).
Biochar (g 100 g−1 soil) and
moisture (% of soil FC)

Plant height
(cm)

Stem diameter
(mm)

Number of leaves
(plant−1) Leaf area (cm2)

0% biochar
100% FC 51.41 ± 3.40 a 2.63 ± 0.06 a 12.22 ± 0.75 b 441.26 ± 7.15 b
75% FC 36.35 ± 0.84 d 2.34 ± 0.02 b 11.17 ± 0.029 c 275.86 ± 6.00 e
50% FC 31.08 ± 1.36 e 2.07 ± 0.05 d 8.33 ± 0.58 d 228.67 ± 5.86 f
3% biochar
100% FC 51.02 ± 1.51 a 2.64 ± 0.01 a 11.67 ± 0.29 bc 444.64 ± 8.77 b
75% FC 39.68 ± 0.39 c 2.35 ± 0.04 b 10.83 ± 0.28 c 327.67 ± 4.04 c
50% FC 33.87 ± 1.41 d 2.08 ± 0.04d 8.17 ± 0.28 d 263.85 ± 2.89 e
6% biochar
100% FC 48.23 ± 1.03 b 2.61 ± 0.07 a 13.22 ± 0.63 a 527.19 ± 12.31 a
75% FC 41.23 ± 1.01c 2.39 ± 0.01 b 11.67 ± 0.60 bc 318.11 ± 6.29 c
50% FC 30.93 ± 0.78e 2.17 ± 0.02 c 8.17 ± 0.29 d 295.16 ± 6.90 d

Notes: Each value is the mean of three replicates ± SE. Different letters in each column indicate a significant difference at
p≤ 0.05.
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(Figure 1). The increase in the biochar dose led to an increase in the values of these
measurements and the maximum increase was generally at 6% biochar. 3% biochar
increased plant height, root fresh and root dry weight by 9%, 40% and 50%, whereas
6% biochar increased stem diameter, leaf area, shoot fresh weight and shoot dry
weight by 5%, 29%, 31% and 44% compared to the control at 50% FC without
biochar. The biochar × drought interaction on shoot dry weight was manifested as
greater beneficial effect of biochar (44% above non-amended plants) under severe
drought of 50% FC relative to either moderate drought (75% FC) or full irrigation
(100% FC) with only 14% average improvement. In turn, the adverse effect of drought
was more severe in non-amended plants (61% reduction below the control) than in
biochar-amended plants (an average 52% reduction). Root dry weight exhibited a some-
what different pattern, of slightly greater beneficial effect of biochar (40%) under severe
drought relative to either moderate drought or full irrigation (only 33% average increase);

Table 4. The interaction of biochar and drought on biomass on shoot and root of soybean.
Biochar (g 100 g−1

soil) and moisture
(% of soil FC)

Shoot fresh
weight (g plant−1)

Shoot dry
weight (g
plant−1)

Root fresh
weight (g
plant−1)

Root dry weight
(g plant−1)

R/Sh DW ratio (g
plant−1)

0% biochar
100% FC 28.46 ± 0.88 c 5.08 ± 0.06 c 7.24 ± 0.16 c 0.72 ± 0.01 c 0.14 ± 0.003 cd
75% FC 21.55 ± 033 e 3.76 ± 0.08 e 4.96 ± 0.26 d 0.45 ± 0.03 e 0.12 ± 0.009 e
50% FC 12.54 ± 0.25 g 1.97 ± 0.13 g 2.83 ± 0.08 g 0.32 ± 0.02 f 0.16 ± 0.005 ab
3% biochar
100% FC 30.69 ± 1.06 b 5.66 ± 0.17 b 7.80 ± 0.17 a 0.86 ± 0.03 b 0.15 ± 0.010 bc
75% FC 24.49 ± 0.41 d 4.30 ± 0.11 d 5.98 ± 0.14 c 0.58 ± 0.03 d 0.14 ± 0.004 d
50% FC 13.93 ± 0.31 g 2.71 ± 0.08 f 3.90 ± 0.06 e 0.48 ± 0.02 e 0.18 ± 0.006 a
6% biochar
100% FC 34.64 ± 1.64 a 5.92 ± 0.24 a 7.81 ± 0.10 a 0.97 ± 0.03 a 0.16 ± 0.008 ab
75% FC 24.05 ± 0.33 d 4.19 ± 0.18 d 4.00 ± 0.18 e 0.59 ± 0.03 d 0.14 ± 0.010 cd
50% FC 16.37 ± 1.21 f 2.83 ± 0.09 f 3.65 ± 0.07 f 0.45 ± 0.06 e 0.16 ± 0.019 ab

Notes: Each value is the mean of three replicates ± SE. Different letters in each column indicate a significant difference at
p≤ 0.05.

Figure 1. Effects of biochar on plant growth of soybean seedlings grown under different irrigation
conditions.
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while the adverse effect of drought was slightly more severe in non-amended and highly
amended plants with average 61% reduction than in moderately amended plants with
56% reduction. While the R/Sh dry weight ratio decreased by 75% in control and
biochar treatments compared to the 100% FC level, it increased by 50% FC. The increase
in R/Sh dry weight ratio of 50% FC with 3% biochar treatment was higher than other
treatments (Table 4). The effects of biochar and drought as well as the biochar ×
drought interaction were weakly evident on leaf area where the beneficial effect of
biochar (29%) was more evident under severe drought relative to either moderate
drought or full irrigation, with only 17% average increase; while the adverse effect of
drought amounted to 44% average reduction, irrespective of the biochar dose (Table 3).

Water deficit negatively influenced chlorophyll content of soybean seedlings. Biochar
amendment treatments improved chlorophyll a, chlorophyll b and total chlorophyll
content of soybean seedlings under both non-drought and drought conditions. Three
per cent biochar elevated chlorophyll a and total chlorophyll content of soybean seedlings
by 53% and 49%, respectively, 6% biochar elevated chlorophyll b content of soybean
seedlings by 42% at 50% FC compared to the control. Chlo a/Chlo b ratio increased
with both biochar amendment and increasing water stress, while Chlo a/Chlo b ratio
increased by 75% in FC and decreased by 50% FC in the control (non-biochar) (Table 5).

Irrigation quantity noticeably affected the EL (Table 6). The EL significantly increased
under lower irrigation levels whereas biochar amendment treatments reduced the EL
values compared to the non-treated ones. Six per cent biochar treatment was more
effective in a decrease of the EL of soybean plants under water deficit than 3%
biochar. While EL increased 119% with 50% FC in the control without biochar amend-
ment, this increase was 6% with 6% biochar. Biochar x drought interaction showed a sig-
nificant effect on EL reduction.

Biochar amendment and drought levels significantly affected the MDA, H2O2, proline
and sucrose content, and antioxidant activities of soybean seedlings (Table 6). Water
deficit conditions elevated the MDA, H2O2, proline and sucrose content whereas
biochar applications reduced MDA, H2O2, proline and sucrose content of the soybean
seedlings under drought stress. In 75% FC, the content of H2O2, MDA, proline and

Table 5. The interaction of biochar and drought on photosynthetic pigments (Chl a, Chl b, total Chl
and Chl a/Chl b ratio).
Biochar (g 100 g−1 soil) and
moisture (% of soil FC)

Chlo – a (mg
g−1)

Chlo – b (mg
g−1)

Total-Chlo (mg
g−1)

Chlo – a/ Chlo – b (mg
g−1)

0% biochar
100% FC 2.39 ± 0.02 b 1.04 ± 0.03 d 3.43 ± 0.05 c 2.29 ± 0.07 abc
75% FC 2.16 ± 0.03 c 0.84 ± 0.06 e 3.01 ± 0.07 d 2.58 ± 0.21 a
50% FC 1.75 ± 0.09 d 0.79 ± 0.08 e 2.54 ± 0.04 e 2.22 ± 0.29 bc
3% biochar
100% FC 2.63 ± 0.06 a 1.31 ± 0.03 b 3.95 ± 0.06 b 2.01 ± 0.06 cd
75% FC 2.72 ± 0.05 a 1.15 ± 0.03 cd 3.87 ± 0.07 b 2.36 ± 0.07 ab
50% FC 2.67 ± 0.04 a 1.11 ± 0.04 cd 3.79 ± 0.08 b 2.39 ± 0.05 ab
6% biochar
100% FC 2.73 ± 0.09 a 1.55 ± 0.04 a 4.28 ± 0.13 a 1.75 ± 0.02 d
75% FC 2.37 ± 0.09 b 1.17 ± 0.13 c 3.54 ± 0.14 c 2.04 ± 0.26cd
50% FC 2.36 ± 0.05 b 1.12 ± 0.07 cd 3.48 ± 0.12 c 2.12 ± 0.09 bc

Notes: Each value is the mean of three replicates ± SE. Different letters in each column indicate a significant difference at
p≤ 0.05.
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sucrose content increased by 183%, 307%, 89% and 117%, respectively, compared to the
control. In 50% FC, these values increased by 254%, 672%, 394% and 162%, respectively.
The increase in these values was less with the biochar x drought interaction. Especially,
6% biochar caused less increase by 107%, 83%, 205% and 126% respectively in H2O2,
MDA, proline and sucrose content compared to the control at 50% FC (Table 6).

Drought stress elevated antioxidant activity. Nevertheless, biochar amendment treat-
ments reduced the antioxidant activity of soybean plants under drought stress. CAT,
POD and SOD enzyme activity were increased statistically, with increasing water
stress. While there was a 56% increase in CAT activity at 50% FC compared to the
control, there was a 137% increase in POD activity, and the increase in SOD activity
reached a very high value. Significant changes occurred in the enzyme activity in
biochar treatment, and the increase occurred with water stress was less compared to
the control (Table 2 and Table 7).

Irrigation levels and biochar treatments significantly affected ABA, IAA and GA
content of soybean seedlings. IAA and GA content reduced with drought stress while
ABA content increased. However, biochar treatments increased IAA and GA content

Table 6. The interaction of biochar and drought on some physiological attributes (sucrose, proline,
H2O2, MDA and EL).
Biochar (g 100 g−1 soil) and
moisture (% of soil FC) Sucrose (%)

Proline (mmol
kg−1)

H2O2 (mmol
kg−1)

MDA (mmol
kg−1) EL (%)

0% biochar
100% FC 0.62 ± 0.02 de 0.18 ± 0.01 ef 14.76 ± 0.30 f 3.28 ± 0.24g 23.84 ± 0.82 de
75% FC 1.35 ± 0.05 ab 0.34 ± 0.02 d 41.75 ± 1.09 b 13.35 ± 0.29 c 38.90 ± 2.80 b
50% FC 1.63 ± 0.06 a 0.89 ± 0.05 a 52.28 ± 3.01 a 25.32 ± 1.15 a 52.13 ± 1.87 a
3% biochar
100% FC 0.84 ± 0.06 cd 0.15 ± 0.01 fg 13.05 ± 0.44 f 2.55 ± 0.30 g 22.45 ± 1.35 e
75% FC 1.16 ± 0.05 bc 0.20 ± 0.01 e 28.60 ± 1.18 d 10.63 ± 0.20 d 25.78 ± 0.93 d
50% FC 1.39 ± 0.03 ab 0.66 ± 0.01 b 36.20 ± 0.44 c 16.84 ± 1.51 b 29.67 ± 0.97 c
6% biochar
100% FC 0.57 ± 0.02 de 0.11 ± 0.01 g 10.03 ± 0.77 g 2.40 ± 0.21 g 22.49 ± 1.03 e
75% FC 0.42 ± 0.57 e 0.18 ± 0.01 ef 24.82 ± 0.53 e 9.15 ± 0.29 e 23.79 ± 0.37 e
50% FC 1.40 ± 0.01 ab 0.55 ± 0.06 c 30.6 ± 2.18 d 5.99 ± 0.37 f 25.99 ± 0.66 d

Notes: Each value is the mean of three replicates ± SE. Different letters in each column indicate a significant difference at
p≤ 0.05.

Table 7. The Interaction of biochar and drought on antioxidant enzymes activity of soybean leaves.
Biochar (g 100 g−1 soil) and moisture (% of soil
FC) CAT (eu g−1 leaf FW) POD (eu g−1 leaf FW) SOD (eu g−1 leaf FW)

0% biochar
100% FC 124.77 ± 6.22g 1283.68 ± 46.12 d 76.88 ± 2.36 f
75% FC 226.59 ± 5.68 c 1530.58 ± 46.53 c 471.21 ± 7.71 d
50% FC 295.56 ± 4.06 a 2002.56 ± 78.27 a 1085.43 ± 89.56 a
3% biochar
100% FC 110.02 ± 1.30 h 1329.81 ± 34.08 d 65.54 ± 3.04 f
75% FC 182.67 ± 3.89 e 1325.19 ± 68.64 d 443.37 ± 8.47 de
50% FC 250.45 ± 3.36 b 1742.59 ± 35.16 b 894.44 ± 23.67 b
6% biochar
100% FC 97.83 ± 3.15 ı 1344.37 ± 25.09 d 56.11 ± 5.72 f
75% FC 136.50 ± 3.73 f 1457.04 ± 22.62 c 406.18 ± 14.83 e
50% FC 195.56 ± 3.57 d 1739.22 ± 31.85 b 747.87 ± 17.24 c

Notes: Each value is the mean of three replicates ± SE. Different letters in each column indicate a significant difference at
p≤ 0.05.
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but reduced ABA content of soybean under drought stress. While IAA and GA decreased
by 75% FC by 42% and 39%, respectively, they decreased by 73% and 82%, respectively
with 50% FC. While biochar applications alone increased IAA and GA, the interaction of
biochar x drought also had a significant effect on these hormones. In particular, 6%
biochar caused a decrease in IAA and GA in FC by ratio of % 34 and 7% less than the
control (Table 8).

Drought and biochar amendment treatments significantly impacted the mineral
element content of soybean seedlings (Figures 2 and 3). Lower irrigation levels
reduced the leaf mineral element content whereas biochar amendment treatments elev-
ated the mineral element content of leaf of soybean plants under water deficit conditions.
Six per cent biochar was more effective in increasing the mineral element content under
drought stress.

Discussion and conclusion

The present study reveals that drought stress imposed by lowering the moisture content
of the soil can drastically influence all growth characteristics of soybean seedlings. These
results are in agreement with Iqbal et al. (2019) who reported negative effects of simu-
lated drought stress, induced by PEG, on growth of soybean. Generally, impairment of
crop growth under the impact of drought stress has been reported (Ekinci et al. 2015;
Ors et al. 2016; Ekinci et al. 2020). Drought stress, induced by lowering of soil water
potential, influences many physiological processes such as opening and closing of
stomata and photosynthesis rate (Ors et al. 2021), which eventually retards plant
growth. Prolonged drought can regress stem and leaf development, via reducing the
number and area of leaves, with leaf yellowing and fall and reduced yield and quality
of crops (Samancioglu et al. 2016; Sahin et al. 2018). Under drought stress, plants
close stomata, in a way to minimise water loss through transportation; but this can una-
voidably lead to reduced CO2 uptake and photosynthesis rate. Retarded photosynthesis
lowers the supply of available metabolites necessary for sink sites which well retard
overall plant development.

Table 8. The interaction of biochar and drought on the content of growth hormones of soybean
leaves.
Biochar (g 100 g−1 soil) and moisture (% of soil
FC) IAA (ng mg tissue−1) ABA (ng g−1 leaf DW) GA (ng g−1 leaf DW)

0% biochar
100% FC 1.95 ± 0.03 b 254.27 ± 4.64 f 2.67 ± 0.20 ab
75% FC 1.03 ± 0.02 e 769.54 ± 19.91 d 1.62 ± 0.09 d
50% FC 0.52 ± 0.01 f 2315.44 ± 126.45 a 0.48 ± 0.07 e
3% biochar
100% FC 2.32 ± 0.45 a 252.99 ± 5.34 f 2.74 ± 0.11 a
75% FC 1.55 ± 0.05 c 481.52 ± 11.73 e 2.35 ± 0.04 c
50% FC 0.67 ± 0.03 f 1369.51 ± 100.81 b 1.44 ± 0.26 d
6% biochar
100% FC 2.49 ± 0.10 a 258.06 ± 3.19 f 2.80 ± 0.12 a
75% FC 1.50 ± 0.05 cd 355.54 ± 13.62 f 2.56 ± 0.05 abc
50% FC 1.27 ± 0.06 de 1148.77 ± 127.05 c 2.49 ± 0.10 bc

Notes: Each value is the mean of three replicates ± SE. Different letters in each column indicate a significant difference at
p≤ 0.05.
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The chlorophyll content of soybean plants was reduced in lower irrigation levels. The
reduced chlorophyll content of soybean leaves and the consequent retardation of photo-
synthesis, under the impact of drought, can be considered as a typical manifestation of
oxidative stress (Anjum et al. 2011; Hajihashemi and Ehsanpour 2013; Yildirim et al.
2021). Decreased leaf growth and enhanced leaf senescence, along with reduced leaf
water content under drought conditions can negatively influence photosynthetic activity
(Grant 2012)

It is recorded in this study that the plants exposed to drought stress displayed momen-
tous increase in EL. The amount of electrolyte leakage from the cells indicates the cell
membrane damage caused by water stress (Yildirim et al. 2021). The increase in EL
with the water deficit shows severity of damage of membrane cell.

Our study showed that drought stress conditions also led to increased content of
H2O2, MDA, proline and sucrose content of soybean seedlings (Table 6). Plants have
developed morphological, physiological, biochemical and molecular mechanisms for

Figure 2. Effects of biochar on N, P, K, Ca, Mg and S content of leaves of soybean seedlings grown
under different irrigation conditions. Each value is the mean of three replicates ± SE. Different
letters in each bar indicate a significant difference at p≤ 0.05.
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resistance to drought stress. The presence of these mechanisms in plants creates many
cellular responses such as the production of stress proteins, the increase in antioxidants,
and the accumulation of osmolytes (Zhu 2002). Stress conditions have been reported that
the plant cell membrane structure and function are first destroyed. Our study findings
indicated that MDA production was increased due to membrane lipid peroxidation in
soybean seedlings under salt stress conditions. Oxidative stress derived by stress
factors causes the formation of reactive oxygen species (ROS). ROS, caused by biotic
and abiotic stress factors, have an important role in lipid peroxidation and membrane
damage. ROS accumulation has a negative effect on plant metabolism. ROS disturb
the cell membrane, chlorophyll pigments, lipids, protein, and DNA, causing cell death
(Yildirim et al. 2021). Plants under stress conditions synthesise and accumulate some
osmolytes, which they help maintaining cell turgor. These osmolytes can be from
different groups such as free amino acids such as asparagine, proline and glycine,
betaine, organic acids and carbohydrates (Streeter et al. 2001). The increase in proline
and sucrose content is one of the most common responses observed in plants under
drought. Krüger (2002) suggested that proline ameliorated drought stress impact by reg-
ulating osmotic potential in soybean. Thanks to osmolytes such as proline and sucrose,
the preservation of water balance and the ability to continue cell metabolic activities
provide tolerance to plants in water deficit conditions (Liang et al. 2013; Kishor and Sree-
nivasulu 2014).

Lower irrigation levels enhanced antioxidant activity of soybean (Table 7). Plants
produce enzymes such as CAT, POD and SOD in response to ROS and to protect them-
selves. Antioxidant enzymes (SOD, CAT and POD) serve in the scavering of ROS in

Figure 3. Effects of biochar on Mn, Fe, Zn and B content of leaves of soybean seedlings grown under
different irrigation conditions. Each value is the mean of three replicates ± SE. Different letters in each
bar indicate a significant difference at p≤ 0.05.
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plants (Gong et al. 2005; Morsy et al. 2007). Similarly, Devi and Giridhar (2015) stated
that soybean plants increase antioxidant enzyme activities to protect plants from
drought.

In the study, drought stress conditions elevated the ABA content, but IAA and GA
content of soybean seedlings decreased (Table 8). Earlier studies pointed out that the
accumulation of ABA in plants is an important signal in response to abiotic stress con-
ditions. Abscisic acid (ABA) is a key phytohormone that mediates drought stress
responses and resistance by regulating stomatal closure and stress-responsive gene
expression (Cutler et al. 2010). ABA accumulation increases mainly in the vascular struc-
ture of leaves under drought stress (Takahashi et al. 2020). Iqbal et al. (2021) suggested
that a decrease in the level of IAA under stress conditions can increase the level of ABA in
plants to stimulate growth by auxins. Furthermore, earlier studies showed that decreased
GA content in plants improves drought tolerance (Ullah et al. 2018).

We recorded that drought imposition lowered the mineral element content of soybean
seedlings. Similarly, previous studies reported that lower irrigation levels lessened the
mineral content in plants (Ahanger et al. 2016; Ors et al. 2021). Drought affects
normal root development, nutrient uptake and mobility in the soil, which may require
accumulation of mineral elements in plant tissues (Luo et al. 2011). Water deficit con-
ditions led to decreased nutrient uptake by roots and reduced amounts of nutrients avail-
able for transport to the shoots (Garg 2003).

The findings of the current study exhibited that biochar incorporation lessened the
negative impacts derived by water deficit conditions on growth of soybean seedlings
(Tables 3 and 4). Previous authors reported that biochar applications enhanced the
soil water content at field capacity (Abel et al. 2013). Biochar influences soil water and
nutrient retention. It has been determined that biochar applications obtained from
different sources have a positive effect on plant growth and yield in several plants
grown under drought (Agbna et al. 2017; Langeroodi et al. 2019; Li et al. 2020).
Results further confirmed that biochar amendment could alleviate the effect of
drought stress on growth and yield of crops by improving soil physical and chemical
properties, plant nutrient availability (Trupiano et al. 2017).

Biochar amendments mitigate the effect of drought on chlorophyll content in different
crops (Youssef et al. 2018; Zhang et al. 2020). Biochar has been also reported to enhance
photosynthetic activity. With the application of biochar under drought stress, the
increased chlorophyll content of Soybean leaves and the consequent increase in photo-
synthesis may be due to increased soil water holding capacity, porous structure and
high biochar surface area (Kammann and Graber 2015).

The results of the study showed that plants treated with biochar under water deficit
conditions had lower MDA and H2O2 content than the non-treated ones (Table 6),
which was consistent with previous results reported by Rondon et al. (2007), who indi-
cate that biochar reduced ROS derived by drought stress. Similarly, it has been proved by
previous researchers that the increased MDA and H2O2 content of various plants grown
under drought stress conditions decreased with the application of biochar, and this
decrease could be due to the reduction of the effect of drought stress on plants by
biochar (Yildirim et al. 2021; Yildirim and Turan Ekinci 2022).

Biochar incorporation reduced the content of proline and sucrose caused by drought
in the study (Table 6). The decrease in proline and sucrose content may be due to the fact
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that biochar reduces the negative effects of drought on soybean seedlings. Indeed, Hafeez
et al. (2017) pointed out that biochar incorporation into soil reduced sucrose and proline
content in plants grown under drought stress.

Biochar applications decreased the increased antioxidant enzyme activities caused by
drought stress in soybean seedlings (Table 7). In parallel with the results obtained from
our research, it has been shown that biochar applications reduce the increased antioxi-
dant enzyme activity caused by the stress conditions. Biochar applications have been
shown to reduce the ROS in salinity stressed-bean plants (Torabian et al. 2018).

Biochar treatments increased the plant nutrient element content of soybean seedlings
under water deficit conditions (Figures 2 and 3). Since the surface of biochar is formed or
attached with carboxylate or other ionisable functional groups and on oxidation, it
enhances the cation exchange capacity of biochar (Liang et al. 2006). Nguyen et al.
(2017) pointed out that biochar enhances the soil absorption capacity for plant nutrient
elements and thus enriches the efficiency of use by plants. Similarly, biochar applications
enhanced plant nutrient uptake by plants, and ameliorated soil physical and chemical
characteristics (Walter and Rao 2015). It has been reported that biochar applications
improve the physical, chemical and biological properties of the soil and have a positive
effect on the root development of the plants and therefore on the physiology of the
plant (Lehmann et al. 2011; Zhang et al. 2013). Trupiano et al. (2017) suggested that
the positive impacts of biochar treatments on plant productivity are related to the
improvement of specific surface area, cation exchange capacity, bulk density, pH,
water and nutrients within the soil matrix.

The features of biochar influence the stress tolerance level of the plant. As a matter of
fact, the effect of biochar obtained from materials such as poultry litter (Mannan et al.
2016, 2021), dried cattle manure (Gavili et al. 2019) and corn cobs (Hafeez et al. 2017)
on soybean grown under drought stress also differed depending on the dose. In our
study, when the effect of biochar obtained from the hazelnut shell, which is a waste, is
taken into consideration, results were obtained that it may have positive effects on
plant development in abiotic stresses such as drought. Hazelnut shell is effective in the
formation of microporous structure for biochar. Also, the high cellulose content of
woody hazelnut shell waste, which occurs in significant amounts in hazelnut production,
is important in the conversion of biochar by pyrolysis, which has economic value (Zhao
et al. 2017). The use of hazelnut shell in the production of biochar can improve the
adsorption capacity of biochar, since it increases the specific surface area and porosity.
In addition, hazelnut shells can reduce the content of heavy metals in raw biochar
materials, thus contributing to increasing ecological safety (Chen et al. 2020). Re-evalu-
ation of various wastes, especially agricultural wastes, is emphasised in order to prevent
environmental pollution problems. Agricultural wastes, especially as activated carbon
precursors, are an important renewable and inexpensive resource. The hazelnut shell
used as biochar in this study will be important in this context. Harvest waste of hazelnut
as a good carbon source and amendment rich in organic matter is unfortunately not
recycled in Turkey.

It can be concluded from the findings of the study that biochar treatments derived
hazelnut waste improved growth of the soybean seedlings under drought stress.
Biochar as amendment can be used to mitigate moisture stress in agricultural lands.
The hazelnut shell can be used as a source in the production of biochar.
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