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Abstract Soil degradation by salinity and accumulation of
trace elements such as cadmium (Cd) in the soils are expected
to become one of the most critical issues hindering sustainable
production and feeding the increasing population. Biochar
(BC) has been known to protect the plants against soil salinity
and heavy metal stress. A soil culture study was performed to
evaluate the effect of BC on wheat (Triticum aestivum L.)
growth, biomass, and reducing Cd and sodium (Na) uptake
grown in Cd-contaminated saline soil under ambient condi-
tions. Soil salinity decreased the plant growth, biomass, grain
yield, chlorophyll contents, and gas exchange parameters and
caused oxidative stress in plants compared with Cd stress
alone. Salt stress increased Cd and Na uptake and reduced
the potassium (K) and zinc (Zn) uptake by plants. AB-
DTPA-extractable Cd and soil electrical conductivity (ECe)
increased under salt stress compared to the soil without

NaCl stress. Biochar application improved the plant growth
and reduced the Cd and Na uptake except in plants treated
with higher BC and salt stress (5.0% BC + 50 mM NaCl).
Biochar application reduced the oxidative stress in plants and
modified the antioxidant enzyme activities, and reduced the
bioavailable Cd under salt stress. The positive effects of BC
under lower salt stress while the negative effects of BC under
higher BC and salt levels indicated that BC doses should be
used with great care in higher soil salinity levels simultaneous-
ly contaminated with Cd to avoid the negative effects of BC
on growth and metal uptake.
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Introduction

Deterioration of the environment has become an emerging
constraint to crop production worldwide (Nagajyoti et al.
2010; Murtaza et al. 2015). Crop productivity is seriously
affected by abiotic stresses such as soil salinity and heavy
metal contamination (Abbasi et al. 2016; Rizwan et al.
2016a). Cadmium (Cd) is among the most toxic environmen-
tal pollutants for living things which enters in agricultural soils
mainly through anthropogenic activities such as use of phos-
phate fertilizers, industrial activities, and application of sew-
age sludge (Nagajyoti et al. 2010; Murtaza et al. 2015).
Cadmium could easily transfer to the food chain via plants
due to its high mobility in the environment which can cause
serious disorders in living things (Gallego et al. 2012).
Previous studies have revealed that Cd is highly toxic to plants
and inhibits the plant growth and even plant death occurs
(Rizwan et al. 2012, 2016a). Cadmium toxicity has been
shown to reduce the photosynthesis and mineral nutrition in
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plants (Rizwan et al. 2016b). In addition, Cd induces oxidative
stress in plants by enhancing the production of reactive oxy-
gen species (ROS) including malondialdehyde (MDA), elec-
trolyte leakage (EL), and hydrogen peroxide (H2O2)
((Nagajyoti et al. 2010; Gallego et al. 2012). The overproduc-
tion of ROS may damage the biological macromolecules and
disorder the antioxidant system in plants.

On the other hand, about 800 million hectares of land are
affected by salinity worldwide (Munns and Tester 2008).
Agricultural soils are degraded by salinity mainly due to irri-
gation with wastewater, sewage sludge, phosphate fertilizers,
and biosolids (Abbasi et al. 2016; Rehman et al. 2016). Salt
stress has been shown to decrease plant growth, biomass, and
mineral nutrient uptake (Hussain et al. 2015). Similarly, salt
stress decreased potassium (K) and calcium (Ca) concentra-
tions in wheat seedlings (Azeem et al. 2015). Salinity caused
oxidative stress in wheat and reduced the antioxidant enzyme
activities (Khaliq et al. 2015; Mohamed et al. 2017).

Wheat (Triticum aestivum L.) is an important part of human
diet and is the staple food for most of the world population.
Wheat productionwas reported about 318 and 713MT inAsia
and the world, respectively, in 2013. In Pakistan, wheat pro-
duction was about 24.23 MT from an area of 8.69 million
hectares in 2013, which ranked Pakistan among the top ten
wheat-producing countries (FAO 2014). A large number of
reports highlighted that Cd may accumulate in wheat and
could transfer to the food chain via the consumption of
wheat-derived food products (Naeem et al. 2015; Rehman
et al. 2015). In addition, wheat may also grow in marginal
soils to feed the increasing population and is irrigated with
sewage water due to the shortage of good-quality irrigation
(Rehman et al. 2015). Under real field conditions, soils mainly
receiving wastewater or sewage sludge are often subjected to
multiple stresses such as salinity and heavy metals (Bauddh
and Singh 2012). Saline soils have low fertility and have the
high bioavailability of heavy metals (Rady et al. 2016). The
presence of heavy metal and salinity in the soil simultaneously
has negative effects on the crops compared to these stresses
alone (Shafi et al. 2009; Zhang et al. 2016). For example, the
application of NaCl and Cd individually as well as in combi-
nation decreased the growth and chlorophyll and relative wa-
ter contents in plants (Garg and Chandel 2012). Both stresses,
NaCl and Cd, decreased the plant height, root length, MDA
content, and activities of antioxidant enzymes in wheat than
either NaCl or Cd treatments alone (Shafi et al. 2009).
Application of NaCl on the leaves increased the Cd accumu-
lation in durum wheat compared to the control (Ozkutlu et al.
2007). Similarly, halophyte species Carpobrotus rossii accu-
mulated higher Cd concentration in shoots in the presence of
salt stress compared to either salt or Cd stress alone (Zhang
et al. 2016). The combined stress of NaCl and Cd increased
the MDA contents in maize seedlings compared to the relative
Cd or Na stress alone (Abbasi et al. 2016).

Different strategies have been developed to reduce the toxic
effects of heavy metals and salt stresses in plants (Adrees et al.
2015; Rizwan et al. 2015, 2016a). The application of biochar
(BC), a pyrolysed organic material under limited supply of
oxygen, as a soil amendment is currently gaining considerable
interest worldwide (Ok et al. 2015; Rizwan et al. 2016c). A
number of studies have reported the positive effects of BC
under either heavy metal (Younis et al. 2016; Abbas et al.
2017) or salt stress (Akhtar et al. 2015a). The addition of BC
in the soil increased the soil pH and decreased the bioavailabil-
ity and uptake by plants (Zhang et al. 2016). It has been report-
ed that BC was more effective in reducing Cd uptake by wheat
plants compared to other organic amendments (Yousaf et al.
2016). Similarly, BC application increased potato growth, pho-
tosynthesis, and yield under salt stress while it decreased the
Na+ and increased the K+ content in the xylem (Akhtar et al.
2015a). The BC in combination with plant growth-promoting
bacteria increased maize growth and biomass and decreased
the Na+ and increased the K+ content in xylem sap of maize
(Akhtar et al. 2015b). Biochar application reduced the oxida-
tive stress and increased the bean growth under salt stress
(Farhangi-Abriz and Torabian 2017). Subsequently, little infor-
mation is available in the literature regarding the effect of the
BC amendment on Cd uptake in wheat grown in saline soil
despite the fact that wheat is facing both Cd and salt stresses
simultaneously. We hypothesized that BC may alleviate Cd
stress in wheat by reducing Cd bioavailability in the saline soil
and its uptake by plants. Thus, the aim of the present study was
to understand the effect of BC on wheat growth, biomass, Cd,
and other mineral (Na, K, and Zn) uptake under the combined
Cd and salt stress and determine the suitability of BC for re-
ducing Cd and salt stress in wheat.

Materials and methods

Material collection and characterization

Soil used in the present study was sampled from an agricul-
tural field in Multan, Pakistan (30° 12′ N, 71° 28′ E, and
215 m above sea level). The soil used is under crop cultivation
especially wheat, and farmers use mainly raw city effluent due
to shortage of canal water for irrigation. As a result, soil has
been polluted with toxic heavy metals mainly Cd because the
soil has been receiving raw city effluent since more than
20 years. Soil is a sandy loam, alkaline in nature, and free of
carbonates. Soil samples were collected from the surface (0–
20 cm) with the help of a stainless steel spade, air-dried under
shade, ground to a small size, and sieved through a 2-mm
sieve. Detailed information on the characterization methods
and soil properties is available in Rehman et al. (2015). In
brief, total metal contents in the soil were measured by using
1.0 g of air-dried soil in 10 ml of concentrated NHO3 and the
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flasks were kept overnight. After this, the solution was heated
to 200 °C and the samples cooled, and then again, 1.0 ml of
HNO3 and 4 ml of HClO4 were added to the mixture and
heated to 200 °C. Samples were removed from the hot plate
when the fumes of HClO4 appeared and the samples were
cooled, and 1:10 HCl was added and the samples heated to
70 °C for 1 h and again allowed to cool; the final volume of
50 ml was made with 1.0% HCl, and samples were filtered
with paper (Whatman filter paper No. 42) (Amacher 1996).
The Bouyoucos (1962) method was used to measure the soil
particle size, and pH of the soil-saturated paste was measured
by using a pH meter (Jenway, Model 671P). The electrical
conductivity of the soil-saturated paste extract (ECe) and sol-
uble ions and sodium adsorption ratio (SAR) were measured
by standard methods (US Salinity Lab. Staff 1954; Page et al.
1982). For determination of bioavailable metal concentrations
in the soil, 10 g air-dried soil was extracted with ammonium
bicarbonate diethylenetriaminepentaacetic acid (AB-DTPA,
pH 7.6) solution (Soltanpour 1985). The selected soil physi-
cochemical properties are reported in Table 1.

The BC used in the experiment was prepared from rice
straw as feedstock. Rice straw was collected from an agricul-
tural field located in the suburb of Multan, Pakistan, air-dried,
and then ground to pass a 10-mesh sieve. The BC was pre-
pared by the method described in Qayyum et al. (2015). In
brief, laboratory designed scale stainless-steel vertical silo
type furnace (10 kg capacity) equipped with a gas burner
was used for the pyrolysis of the material. The fire was not
in direct contact with the material, and both the time and
temperature were noted during the preparation (450 °C for
2 h), and then the material was allowed to cool in the furnace.
The BCwas characterized for different physicochemical prop-
erties; details of BC characterization can be found in Qayyum
et al. (2015). In brief, the volatile content and total ash of the
BC were determined by burning the BC in the muffle furnace
at 450 and 550 °C, respectively. The pH and EC of BC (1:20,
w/v, weight to distilled water ratio) were measured using pH
and EC meters. An elemental analyzer (Elementar, Germany)
was used to measure total hydrogen, carbon, and nitrogen.
Phosphorus (P), potassium (K), and sodium (Na) concentra-
tions were measured using a spectrophotometer and flame
photometer, respectively, after digesting the BC samples in
di-acid (HNO3/HClO4) mixture. The BC has ash content, vol-
atile matter, EC, and pH values of 22.5%, 24%, 2.4 dS m−1,
and 10.0, respectively. The values of carbon, nitrogen, P, K,
and Na in BC were 42.3, 1.5, 0.3, 2.54, and 1.1%, respective-
ly. The BET surface area of the BC was 2.51 m2/g.

Experimental design

A pot culture experiment was conducted in the wirehouse of
the Government College University, Faisalabad, Pakistan, dur-
ing Rabi season from November 2015 to April 2016 under

ambient conditions. Each plastic pot (height 20 cm, top and
bottom diameter of 18 and 15 cm, respectively) was filled with
3 kg of air-dried soil. Biochar was added at doses of 0, 3.0, and
5.0% w/w in the soil and thoroughly mixed and then incubated
for 2 weeks at 40% of soil water holding capacity. Before
sowing, wheat (Lasani-2008) seeds were sterilized with H2O2

(10%, v/v) solution for 15 min and then thoroughly washed
with distilled water. The selected wheat variety has the ability
to accumulate low Cd concentration in shoots and has the
higher metal tolerance ability (Naeem et al. 2016). Initially,
15 seeds per pot were sown, replicated three times by follow-
ing a completely randomized design. After 7 days of germina-
tion, ten plants in each pot were maintained. After 45 days of
sowing, the seedlings were subjected to three (0, 25, and
50mMNaCl) levels of saline irrigation treatments. The salinity
levels were developed by adding NaCl in water having EC
values of 0.3 dS m−1. Total volume of water used was 2.4 l
in each pot which was obtained by adding 400 ml of saline or
non-saline water two times in a week with a total of six saline
irrigations during 3 weeks. Saline irrigations were stopped as
there was stunted plant growth in pots treated with 5.0% BC +
50 mM NaCl stress. In total, there were nine treatments in the
completely randomized design with three replicates of each
treatment. Treatment without application of BC and salinity
was considered as control (0 mM NaCl + 0% BC).

Each pot was fertilized with NPK fertilizers at 120–50–
25 kg ha−1 as urea, DAP, and K2SO4. Total doses of PK and

Table 1 Physicochemical properties of the soil used in the pot
experiment

Physicochemical properties

Texture Sandy clay loam

Sand (%) 44

Silt (%) 25

Clay (%) 31

pH (1/2.5 soil to water ratio) 7.33

EC (dS m−1) 2.97

CEC (cmolc kg
−1) 4.96

Organic matter (%) 0.68

Available P (mg kg−1) 2.78

CO3 (mmol l−1) 2.13

HCO3 (mmol l−1) 6.45

Cl− (mmol l−1) 4.33

Ca2+ + Mg2+ (mmol l−1) 14

Na+ (mmol l−1) 3.7

K+ (mmol l−1) 0.08

Metal concentrations Total Available

Cd (mg kg−1) 2.86 0.41

Zn (mg kg−1) 47.29 5.52

Mn (mg kg−1) 68.31 8.46

Ni (mg kg−1) 5.33 0.64
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half of N were applied by mixing in 500 ml of water for each
pot before wheat sowing while the remaining half of N was
added after 35 days of sowing. Soil moisture content in pots
was maintained at about 70% of soil water holding capacity,
and weeds were removed regularly.

Plant harvesting and biomass determination

The plant was harvested at physiological maturity (after
130 days of germination) and separated into roots, shoots,
and spikes. Both shoot and spike lengths were measured with
a ruler. Then, plant parts were washed thoroughly with tap
water following washing with distilled water. The samples
of roots were washed with 1% HCl and then thoroughly
washed with distilled water. All the samples were separated
into different parts such as grains, husks, shoots, and roots;
oven was used to dry the samples at 70 °C till constant weight,
and dry biomass was determined for each part separately,
ground, and stored for further analysis.

Photosynthetic pigments and gas exchange parameters

Chlorophyll contents and gas exchange parameters were mea-
sured after 65 days of sowing by uprooting one plant from
each treatment and replicate. Chlorophyll contents were mea-
sured using a spectrophotometer (Halo DB-20/DB-20S,
Dynamica Company, London, UK) at 470, 647, and
664.5 nm after extracting the samples with 85% (v/v, Sigma)
acetone in the dark at 4 °C for 24 h and then centrifugation at
4000×g for 10 min (Lichtenthaler 1987). Gas exchange pa-
rameters including stomatal conductance (Gs), photosynthetic
rate (Pn), transpiration rate (Tr), and water use efficiency
(WUE) were determined using a portable infrared gas analyz-
er (IRGA) (Analytical Development Company, Hoddesdon,
England). These parameters were measured between 10:00
a.m. to 11:00 a.m. when the plants were fully functional.

Determination of EL, MDA, and H2O2 contents

After 65 days of sowing, EL in shoots was determined by
uprooting one plant from each treatment and replication. The
samples were cut into pieces of small size and placed vertical-
ly in the tubes with 8 ml of deionized water, and the initial EC
of the solution was determined after incubating the tubes for
2 h at 32 °C. The samples were again autoclaved for 20 min at
121 °C, final EC of the solution was determined after cooling
the sample to 25 °C, and then EL was determined using the
following equation (Dionisio-Sese and Tobita 1998).

EL ¼ EC1=EC2ð Þ � 100 ð1Þ

Malondialdehyde contents were estimated according to the
method described by Heath and Packer (1968) with little

changes done in the latter (Dhindsa et al. 1981; Zhang and
Kirkham 1994). Briefly, in the 0.25 g fresh sample, 5.0 ml of
0.1% thiobarbituric acid (TBA) was added. The supernatant
was collected after centrifuging the aliquot for 10 min at
12,000×g under 4 °C. Then, 4 ml of 20% TCA (containing
0.5% thiobarbituric acid) was added in 1 ml of the supernatant
and put in boiling water (95 °C) for 30 min, and then the
solution was rapidly cooled down in an ice bath and centri-
fuged at 10,000×g for 10 min. The absorbance of the samples
was taken at 532 nm, and the value for non-specific absorbance
at 600 nm was subtracted, thenMDA contents were calculated
by using an extinction coefficient of 155 mM−1 cm−1.

For the measurement of H2O2, phosphate buffer (50 mM,
pH 6.5) solution (3 ml) was added in 50 mg leaf samples to
make a homogeneous mixture, and then the mixture was centri-
fuged for 30 min at 6000×g under 4 °C. Then, 1 ml of 0.1%
titanium sulfate in 20% (v/v) H2SO4 was mixed in the extracted
solution and the mixture was again centrifuged at 6000×g for
20min in a controlled temperature of 4 °C. The absorption of the
supernatant was measured at 410 nm. The extinction coefficient
of 0.28 μmol−1 cm−1 was used to calculate H2O2 contents.

Determination of antioxidant enzymes

Activities of superoxide dismutase (SOD), peroxidase (POD),
catalase (CAT), and ascorbate peroxidase (APX) were deter-
mined spectrophotometrically. For this, mortar and pestle was
used to ground the shoot samples in liquid nitrogen. Phosphate
buffer (0.05 M, pH 7.8) was used to standardize the samples
and filtered and then the solution was centrifuged for 10 min at
12,000×g under 4 °C, and the supernatant was collected and
used for further analyses. The activities of SOD and PODwere
determined following the method of Zhang (1992).

The CAT activity was assessed following the method of
Aebi (1984). Briefly, 100 μl enzyme extract, 100 μl H2O2

(300 mM), and 2.8 ml 50 mM phosphate buffer with 2 mM
CA (pH 7.0) were added in 3 ml of assay mixture. The de-
crease in absorbance at 240 nm was measured to calculate the
CAT activity. For the determination of APX activity, 100 μl
enzyme extract, 100 μl ascorbate (7.5 mM), 100 μl H2O2

(300mM), and 2.7ml 25mMpotassium phosphate buffer with
2 mM CA (pH 7.0) were added in the reaction mixture. The
ascorbate oxidation activity was measured by determining at
290 nm (ε = 2.8 mM−1 cm−1) (Nakano and Asada 1981).

Metal content analysis in plants

The plant samples (1 g each) were digested in 10 ml of HNO3·
HClO4 (3:1, v/v) in a conical flask and kept overnight and then
placed on a hot plate after adding 5 ml more HNO3 until a
clear solution was obtained (Ryan et al. 2001). An atomic
absorption spectrophotometer (Thermo Electron S series)
was used for the determination of metal contents in the plant
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digests. Shoots and roots and Na and K concentrations were
determined by using a flame photometer after dissolving the
ashed samples in HNO3.

Soil sampling and analyses

Soil samples were taken at the end of the experiment and
oven-dried at 40 °C until constant weight and sieved through
a 2-mm sieve. AB-DTPA-extractable metals in the soil, soil
EC, and soil pH were measured as described in Material col-
lection and characterization.

Statistical analyses

One-way ANOVAwas used to statistically analyze the data at
5% probability level using IBM SPSS Statistics for Windows,
Version 21.0. (IBM Corp, Armonk, NY). Where significant,
the multiple comparisons of means were made using Tukey’s
HSD post hoc test. Two-way ANOVAwas used to analyze the
combined effect of BC and salinity. Pearson correlation coef-
ficients between some of the variables were done using the
above said statistical program.

Results

Plant growth and grain yield

Data related to plant growth, biomass, and grain yield are
presented in Figs. 1 and 2. Shoot and spike lengths of wheat
(Fig. 1) as well as dry biomass of roots, shoots, spikes, and
grains decreased with increasing doses of NaCl in the soil
(Fig. 2). Shoot and spike lengths of 50 mM NaCl treatment
decreased respectively by 19.5 and 28% compared to the

control (0 mM NaCl + 0% BC). Biochar soil amendment
increased the shoot and spike lengths in a dose-additive man-
ner, except in the treatment with 5.0% BC + 50 mM NaCl
stress, compared to the same NaCl treatment without BC sup-
ply. The maximum significant increase in shoot and spike
length (approximately 20 and 23% in shoots and spike, re-
spectively) was observed in 5.0% BC treatment compared to
the control (Fig. 2a, b). Dry weights of roots, shoots, spikes,
and grains significantly (p < 0.05) decreased with increasing
salinity levels in the soil (Fig. 2). At 50mMNaCl treatment, the
decrease in roots, shoots, spikes, and grainweights was about 18,
22, 25, and 25.5% compared to the control, respectively. Biochar
soil usage significantly increased the dry weights of different
parts of wheat plants in a dose-additive manner compared to
the sameNaCl treatment without BC application. Themaximum
significant increase in root, shoot, spike, and grain biomass was
also observed in 5.0% BC supply, which was approximately 42,
12, 31, and 28% compared to the control, respectively. However,
there was not a significant increase (root biomass) or decrease
(shoot and grain biomass) in dry weights at 5.0% BC + 50 mM
NaCl compared to the same salt stress alone.

Chlorophyll contents and gas exchange parameters

Chlorophyll a and chlorophyll b concentrations measured in
leaves significantly decreased with increasing salinity levels
in the soil (Fig. 3a, b). The maximum decrease in both chlo-
rophyll a and b was about 25 and 38% in 50 mM NaCl com-
pared to the control, respectively. Biochar application signifi-
cantly (p < 0.05), except at 5.0% BC + 50 mM NaCl, in-
creased the chlorophyll contents compared to the control and
NaCl treatments without BC application. The maximum chlo-
rophyll a and b contents were observed in 5.0%BC treatment,
which was about 76 and 67% compared to the control. Salt

BC 3% BC 5%BC 0%

Salt (25 mM)Salt (0 mM) Salt (50 mM)

BC 3% BC 5%BC 0%BC 3% BC 5%BC 0%

Fig. 1 Photos of wheat seedlings taken at grain formation stage (80 days of sowing) grown in a historically Cd-contaminated soil and treated with
increasing doses of biochar and salinity
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stress decreased Pn, Gs, Tr, andWUE compared to the control
(Fig. 3c–f). Biochar application significantly affected these
gas exchange parameters compared to the respective treat-
ments without BC supply. The maximum increase in Pn, Gs,
Tr, and WUE was observed in 5.0% BC which was about 56,
51, 94, and 54% compared to the control, respectively.

Oxidative stress and antioxidant enzymes

Data for oxidative stress (MDA, EL, and H2O2) and antioxi-
dant enzymes (SOD, POD, and CAT) in leaves are illustrated
in Fig. 4. NaCl treatments caused an increase in MDA, EL,
and H2O2 contents in leaves compared to the control (0%
BC + 0 mM NaCl) treatment. The maximum increase in
MDA, EL, and H2O2 (approximately 32, 20, and 23.4% com-
pared to the control, respectively) contents was observed in
50mMNaCl treatment. Biochar usage significantly decreased
MDA, EL, and H2O2 contents compared to the same NaCl
treatment without BC application (Fig. 4). The lowest

concentration of MDA, EL, and H2O2 was observed in 5.0%
BC supply. Salt stress decreased SOD and CAT activities and
enhanced POD activity compared to the control. Biochar ap-
plication reduced POD activity and enhanced the SOD and
CATactivities compared to the same NaCl treatments without
BC usage (Fig. 4d–f).

Metal distribution in plants

The Cd concentration increased in shoots, roots, and grains
with increasing salinity levels in the soil (Fig. 5a–c). The
maximum increase in Cd concentration was observed in these
plant parts treated with 50 mMNaCl, which was about 29, 36,
and 44% in shoots, roots, and grains compared to the control,
respectively. Exogenous application of BC significantly
(p < 0.05) decreased Cd concentration in these plant parts
compared to the respective treatments without BC application.
The lowest Cd concentration in shoots, roots, and grains was
observed in 5.0% BC treatment, which was about 50, 48, and
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40% compared to the control, respectively. Salt stress caused a
significant reduction in Zn concentration in shoots, roots, and
grains of wheat in a dose-additive manner (Fig. 5d–f). At
50 mM NaCl stress, the reduction in shoot, root, and grain
Zn concentration was about 26, 30, and 44% compared to
the control, respectively. Biochar soil amendment increased
Zn concentration in different plant parts with a significant
(p < 0.01) increase in 5.0% BC application under different
salinity levels compared to the respective salinity treatments
without BC supply. Cadmium concentration in grains was
positively correlated to Cd concentrations in shoots and roots
while it was negatively correlated to Zn concentrations in
shoots and roots (Table S1). Salt stress significantly
(p < 0.05) increased Na concentrations and decreased K and
K/Na ratio in shoots and roots compared to the control
(Table 2). Biochar soil application significantly increased K
and the K/Na ratio while it decreased Na concentrations in
shoots and roots in a dose-additive manner. The maximum
K and minimum Na concentrations were observed in 5.0%
BC treatment while the opposite trend was observed in
50 mM NaCl stress.

Post-harvest soil properties and available Cd contents

Results related to post-harvest soil pH, EC, and AB-DTPA-
extractable Cd are presented in Table 3. Salinity increased
the soil pH compared to the control, and BC application
further increased the soil pH compared to the respective
treatments without BC application. Salinity significantly
(p < 0.05) increased EC of soil saturated paste. As com-
pared to the control, BC application increased EC of soil
without salt stress. However, BC decreased EC of soil under
25 mM salt stress compared to the respective treatment
without BC supply. Compared to 50 mM salt stress, 3.0%
BC + 50 mM NaCl application decreased and 5.0% BC +
50 mMNaCl increased the EC of the soil. Salinity increased
AB-DTPA-extractable Cd in the soil with a maximum bio-
available Cd at 50 mM salt stress. Biochar soil application
significantly decreased extractable Cd in the soil compared
to the respective treatments without BC application. The
minimum Cd concentration was observed in 5.0% BC treat-
ment (Table 3), and Cd concentration in the soil was nega-
tively correlated to the soil pH (Table S1).
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Fig. 3 Chlorophyll contents (a,
b) and gas exchange parameters
(c–f) of wheat grown in a
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significant difference among
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Discussion

In the present study, wheat growth and biomass were lower in
the control (0% BC + 0 mM NaCl) and salt stress further
decreased the plant growth and biomass (Figs. 1 and 2). The
combined effect of NaCl and Cd on plant height and root
length was larger than both NaCl and Cd treatments alone
(Shafi et al. 2009). Abbasi et al. (2015) reported that Cd +
NaCl decreased or increased maize growth and biomass, de-
pending upon studied cultivars, compared to Na and Cd treat-
ments alone. Decrease in wheat growth and biomass under Cd
and salt stress might be due to the severe structural disorgani-
zation of different plant parts such as nucleus, chloroplast, and
mitochondrial damage (Abbasi et al. 2015). The decrease in
root biomass with salinity stress might be due to the accumu-
lation of Na+ ions in the salinized soil (Akhtar et al. 2015a).
Biochar soil usage increased the plant growth and biomass,
except at 5.0%BC + 50mMNaCl, compared to the respective
treatments without BC (Fig. 2). Under salt stress, increasing
trends of plant growth and biomass with BC application rates

have been reported in wheat (Lashari et al. 2013; Akhtar et al.
2015c), maize (Akhtar et al. 2015b), and potato (Akhtar et al.
2015a). Similarly, several studies showed the growth and bio-
mass improvement with BC under Cd stress (Younis et al.
2016; Yousaf et al. 2016). The increase in plant biomass and
yield with BC under stressful conditions might be due to the
improvement in soil physical and chemical properties under
salt stress (Lashari et al. 2013) or Cd stress (Yousaf et al.
2016). However, no studies reported the effects of BC under
combined Cd and salt stress. The increase in wheat growth
and biomass under combined Cd + salt stress might be due to
the reduction of Na and Cd while it increased K and Zn con-
centrations in different plant parts (Fig. 5, Table 2) which
reduced the oxidative stress (Fig. 4) and improved the photo-
synthesis (Fig. 3). However, reduction in plant biomass and
yield at 5.0% BC + 50 mM salt stress might be due to the
higher EC values (Table 3).

Combined salinity and Cd stress decreased the chlorophyll
contents and gas exchange attributes, and BC application in-
creased these plant parameters either Cd stress alone or
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combined BC + salt stress compared to the respective treat-
ments without BC supply (Fig. 3). The increase in chlorophyll
contents, Pn, and Gs in leaves with BC application under salt
stress has been reported in many plant species such as potato

(Akhtar et al. 2015a), maize (Akhtar et al. 2015b), and wheat
(Akhtar et al. 2015c). Similarly, BC application increased
photosynthesis in plants under Cd stress (Younis et al. 2016;
Yousaf et al. 2016). The increase in photosynthesis with the
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Fig. 5 Cadmium (Cd) and zinc
(Zn) concentrations in shoot,
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Table 2 Potassium (K) and sodium (Na) concentration (mg kg−1 DW) and K/Na ratio in shoots and roots of wheat grown in a historically Cd-
contaminated soil and treated with increasing doses of BC and salt stress

Na treatment Shoot Root

BC 0 BC 3% BC 5% BC 0 BC 3% BC 5%

K 0 mM 29.43 ± 2.54bc 31.95 ± 1.26ab 35.30 ± 1.1a 14.35 ± 1.45c 18.38 ± 1.58b 23.25 ± 1.48a

25 mM 21.60 ± 1.5e 23.65 ± 0.98de 25.90 ± 1.0cd 10.73 ± 0.98de 13.33 ± 0.55cd 14.53 ± 1.03c

50 mM 13.63 ± 0.61g 15.33 ± 0.73fg 17.58 ± 0.95f 7.35 ± 0.84f 9.36 ± 0.56ef 10.02 ± 0.77ef

Na 0 mM 1.60 ± 0.19e 1.33 ± 0.19e 1.2 ± 0.16e 1.35 ± 0.3d 1.24 ± 0.23d 1.18 ± 0.42d

25 mM 13.33 ± 1.79c 10.02 ± 0.83d 7.54 ± 0.81d 10.79 ± 0.47b 8.53 ± 0.74c 7.09 ± 0.5c

50 mM 23.58 ± 1.63a 16.48 ± 1.54b 13.90 ± 1.18bc 17.67 ± 0.93a 11.83 ± 1.21b 10.97 ± 0.75b

K/Na 0 mM 18.67 ± 3.02b 24.79 ± 4.74a 30.11 ± 4.36a 10.95 ± 1.7b 15.12 ± 1.78a 21.76 ± 5.61a

25 mM 1.65 ± 0.26d 2.37 ± 0.12c 3.46 ± 0.26c 1.00 ± 0.14d 1.58 ± 0.2c 2.05 ± 0.16c

50 mM 0.58 ± 0.06f 0.93 ± 0.05e 1.27 ± 0.14d 0.42 ± 0.05f 0.80 ± 0.06e 0.91 ± 0.02e

Values are means ± SD (n = 4). Different lowercase letters indicate a significant difference among biochar treatments at p < 0.05
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BC application under salt and Cd stress might be due to the
ultra-structural improvement of wheat seedlings as Cd and salt
stress caused severe disorganization of the chloroplast (Abbasi
et al. 2015).

Oxidative stress affects many cellular functions in plants by
causing lipid peroxidation and damaging nucleic acids
(Schutzendubel and Polle 2002). In contrast, this ROS pro-
duction in plants is scavenged by key antioxidant enzymes
present in plants such as SOD, POD, and CAT. For example,
SOD converts O2•

− to H2O2, CAT directly converts H2O2 to
H2O and O2, and POD plays a role in catalyzing H2O2. Thus,
in this way, ROS detoxification occurs in plants and overall a
balance is required between production and degradation of
ROS for normal plant functions (Schutzendubel and Polle
2002). However, under stressful conditions, plants fail to de-
toxify the ROS and as a result, oxidative stress occurs in plants
(Abbasi et al. 2016). In the present study, salinity has in-
creased EL,MDA, and H2O2 contents and POD activity while
it decreased SOD and CAT activities in leaves of wheat seed-
lings compared to the control (Fig. 4). This increase of oxida-
tive stress and reduced SOD and CAT activities under salinity
might indicate that salt stress severely damaged the plant
antioxidative system. Mandhania et al. (2006) reported that
salt stress increased the activities of CAT, POD, and ascorbate
peroxidase (APX) and declined the SOD activity in two cul-
tivars of wheat. Published literature reported that salt stress
increased MDA contents and CAT and POD activities in
maize leaves in combined NaCl and Cd stress compared to
the control and respective treatments alone (Abbasi et al.
2016). Salt stress increased MDA contents in Ricinus
communis and Brassica Juncea, and the response depends
upon the species and the duration of the growth period
(Bauddh and Singh 2012). Furthermore, the combined effect
of NaCl and Cd on MDA and activities of antioxidant en-
zymes in wheat plants was larger than both NaCl and Cd
treatments alone (Shafi et al. 2009). Salt stress increased the
MDA, H2O2, O2•

−, SOD, POD, and CAT activities in shoots
and roots of bean in a dose-additive manner compared to the

control (Farhangi-Abriz and Torabian 2017). Overall, the in-
crease or decrease in antioxidant enzyme activities in plants
might be due to variation in plant species and/or cultivars
within the same species. The combined BC + NaCl usage
increased SOD and CAT activities in leaves and decreased
the POD activity as well as EL, MDA, and H2O2 contents
compared to the respective salinity treatments alone (Fig. 4).
Previous study showed that BC + salt treatment decreased the
MDA and H2O2 contents and antioxidant enzyme activities
compared to the plants under salt stress alone (Farhangi-Abriz
and Torabian 2017). Biochar application decreasedMDA con-
tents in spinach under Cd stress (Younis et al. 2016). Overall,
in the present study, the reduction in oxidative stress might be
due to decrease in Cd and Na concentrations in different plant
parts (Fig. 5, Table 3).

Salinity increased Cd and Na and decreased Zn and K
concentrations in different plant parts (Fig. 5, Table 2).
Salinity stress caused a significant increase in Cd concentra-
tions in two cultivars of edible amaranth (Xu et al. 2017).
Salinity enhanced the Cd and Na uptake by soybean and their
accumulation to grains (Ashrafi et al. 2014). Salinity increased
Cd accumulation in B. juncea and R. communis compared to
the Cd treatment alone (Bauddh and Singh 2012). The in-
crease in Cd uptake under salt stress might be due to
salinity-induced osmoregulation which triggered the biogeo-
chemical processes involved in Cd mobilization in the rhizo-
sphere soil as well as Cd absorption and translocation by
plants (Xu et al. 2017). Salt stress decreased K and increased
Na concentrations in wheat leaves depending upon salt-
tolerant and salt-sensitive cultivars (Cheng et al. 2015). Salt
stress increased Na and K concentrations in R. communis and
B. juncea while the response varied with the species and the
duration of the growth period (Bauddh and Singh 2012). Salt
stress increased Zn concentration in Spartina densiflora, a
hylophyte species, grown in hydroponic conditions
(Redondo-Gómez et al. 2011). Salt stress decreased Zn con-
centration in wheat seedlings in a dose-additive manner while
Zn application increased the Zn concentration in wheat

Table 3 AB-DTPA-extractable
Cd, soil pH, and electrical
conductivity of saturated soil
paste (ECe) measured after crop
harvest in a historically Cd-
contaminated soil sown with
wheat plants and treated with
increasing doses of BC and salt
stress

Salt (mM) Biochar (%) Soil pHs ECe (dS m−1) Cd (mg kg−1)

0 mM 0 7.34 ± 0.01e 3.22 ± 0.03g 0.36 ± 0.02cd

3 7.53 ± 0.02c 4.21 ± 0.22f 0.24 ± 0.01e

5 7.67 ± 0.02ab 4.9 ± 0.42e 0.19 ± 0.02e

25 mM 0 7.37 ± 0.01de 8.43 ± 0.21c 0.45 ± 0.03ab

3 7.54 ± 0.02c 7.83 ± 0.2cd 0.39 ± 0.01bcd

5 7.63 ± 0.03b 7.75 ± 0.25d 0.33 ± 0.02d

50 mM 0 7.41 ± 0.01d 11.24 ± 0.26b 0.50 ± 0.03a

3 7.67 ± 0.03ab 10.84 ± 0.18b 0.40 ± 0.03bc

5 7.71 ± 0.04a 12.30 ± 0.26a 0.36 ± 0.02cd

Values are means ± SD (n = 4). Different lowercase letters indicate a significant difference among biochar
treatments at p < 0.05
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seedlings (Saeidnejad et al. 2016). Increasing NaCl stress
caused a significant reduction in dissolved organic carbon
and significantly increased the concentrations of Cu, Zn, and
Cd both in the rhizosphere and fruit/leaf of radish (Ondrasek
et al. 2012). The increased Cd accumulation in C. rossiimight
be due to increased ionic strength in the soil, which may in-
crease Cd solubility in the soil (Zhang et al. 2016). The salt-
induced higher Cd accumulation might be due to the higher
accumulation of Cl by plants, which may mobilize the shoot
Cd and increase its transfer to grains (Ozkutlu et al. 2007). In
the present study, higher Cd concentrations in the plants cor-
related with Cd bioavailable concentrations in the soil
(Table S1), which indicated that higher Cd under salt stress
might be due to higher bioavailable Cd concentrations in the
soil (Table 3). The decrease in Zn uptake by plants under salt
stress (Fig. 5d–f) might be due to increase in bioavailable Cd
in the soil (Table 3) which may decrease Zn uptake by plants
due to competition between Cd and Zn at the root surface
during uptake by the roots (Rizwan et al. 2016a).

Biochar soil amendments decreased Cd and Na and in-
creased Zn and K concentrations in different plant parts com-
pared to the respective treatments without BC supply (Fig. 5,
Table 2). Biochar usage decreased Na and increased K con-
tents in wheat leaves under salt stress (Akhtar et al. 2015c).
The BC application increased P, K, and S concentrations in
leaves of Acacia mearnsii grown in saline sodic soil (Drake
et al. 2016). The increase in K concentration with BC might
enhance salt tolerance in wheat plants (Cheng et al. 2015).
Reduced Na uptake in BC-treated plants might be due to
higher Na adsorption by BC which may reduce the osmotic
stress on plants (Akhtar et al. 2015a). In addition, increased
availability of mineral nutrients in the soil as well as improve-
ment in soil physical and chemical properties in the presence
of BC might also play an important role in reduced Na uptake
by plants (Lashari et al. 2013). At 5.0% BC either alone or
under salt stress (25 mM), the Cd concentrations in wheat
grains were well below the maximum permitted Cd levels
(0.2 mg kg−1 dry weight; FAO 2014) in cereal grains. This
showed that BC might be used to reduce Cd concentrations in
cereals grown on Cd-contaminated saline soils.

Salinity increased the soil pH, EC, and AB-DTPA-
extractable Cd concentrations in the post-harvest soil while BC
application decreased Cd and increased soil pH and EC values
compared to the treatments without BC supply (Table 3). The
reduction in AB-DTPA-extractable Cd contents in the soil might
be due to sorption of Cd to BC, and the sorption process is often
irreversible with low desorption of Cd into the aqueous solution
(Rizwan et al. 2016c). Application of Cd + NaCl increased the
soil pH, EC (1:5 water), and Cd (water-extractable) concentra-
tion in the rhizospheric soil taken after C. rossii harvest com-
pared to the control and respective Cd and NaCl treatments
alone (Zhang et al. 2016). Biochar prepared from poultry ma-
nure decreased the soil pH when applied in the saline soil

compared to the soil with only salinity (Lashari et al. 2013).
Biochar application increased EC of the soil compared to the
soil without BC, and the increasing trend was higher with in-
creasing BC doses in the soil (Akhtar et al. 2015b). However, in
the present study, there were lower EC values with BC treat-
ments under 25 mM salt stress (Table 2). This reduction in EC
values with BC amendments might be due to sorption of Na on
the BC sites (Akhtar et al. 2015a). Lower Na concentration was
found in leachates from columns treated with BC compared to
the non-biochar-treated columns (Akhtar et al. 2015c).

Conclusion

The results of the present study showed that BC soil usage was
an effective strategy with regard to stimulating wheat growth
and biomass and alleviating salt and Cd stress in plants espe-
cially under mild salt stress (25 mM NaCl). The BC usage
decreased the oxidative stress and enhanced the activities of
antioxidant enzymes under combined Cd and salt stress. BC +
NaCl increased the chlorophyll concentrations and gas ex-
change traits compared to the same NaCl treatments alone.
The enhanced Cd and salt tolerance in wheat with the BC
application was at least partly due to the reduction in NaCl-
induced Cd and Na uptake by roots. However, higher BC and
NaCl treatments negatively affected the plant growth, which
indicated that BC doses should be used with great care in
saline soils simultaneously contaminated with Cd to avoid
the negative effects of BC on growth and metal uptake espe-
cially at higher BC and salinity treatments. Thus, more exper-
iments are needed by different BC rates under combined salt
and metal stress especially under field conditions.
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