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Abstract Salinity seriously disrupts the growth and physi-
ology of plants, whereas phytohormones play an important
role in regulating plant responses to salinity stress. Bio-
char is attracting increasing attention in recent years as a
potential soil amendment under stress condition. This study
addressed the use of biochar to mitigate salt-stressed soil
and evaluated the levels of some phytohormones in bean
(Phaseolus vulgaris L.) seedlings. A pot experiment was
conducted in a climate-controlled greenhouse with three
biochar ratios (control, 10, and 20% mass), three salt stress
treatments (non-saline, 6, 12 dS m™! NaCl), and four replica-
tions. The results indicated that sodium (Na) concentration,
polyamine oxidase (PAO) activity, the contents of polyam-
ines (putrescine, spermidine, and spermine), abscisic acid
(ABA), 1-aminocyclopropane-1-carboxylic acid (ACC),
jasmonic acid (JA), and salicylic acid (SA) in bean leaf
and root increased under salt stress. However, endogenous
indole-3-acetic acid (IAA) content was decreased by salinity
compared to the non-saline treatment. On the other hand,
we observed decreases of Na concentration, PAO activity,
polyamines, ABA, ACC, and JA contents in plants treated
by biochar. In contrast, biochar enhanced IAA content and
the growth of roots and shoots. As a result, the effectiveness
of 20% biochar was superior to the 10% treatment in terms
of polyamine contents, especially under saline conditions.
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Interestingly, there were no considerable changes in phyto-
hormone contents by use of biochar under non-saline condi-
tions. Overall, biochar alleviated the negative effects of salt
stress on bean seedlings by reduction of Na concentration,
endogenous stress hormones, and improvement of growth
hormones.
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Introduction

Salt stress is the one of the most important environmental
problems in arid and semi-arid regions where poor ground-
water quality and agricultural practices gradually allow the
buildup of salts in the soil, posing serious limitations to
plant growth and productivity (Hasanuzzaman and others
2013; Xu and others 2016). The response of plants to the
adverse effects of salinity is regulated by different external
and internal factors. Among the internal plant factors, some
phytohormones have important roles in salt stress tolerance
and adaptation (Cao and others 2007). It has been proposed
that abscisic acid (ABA) acts as a mediator and the major
internal signal in the plant response to abiotic stresses (Javid
and others 2011). ABA content raised correspondingly with
salt stress related to leaf water potential, suggesting that
increased ABA content is due to water deficit produced by
salts rather than a salt-specific effect (Ghanem and others
2008). Out of all the plant hormones that indicate environ-
mental stress, special attention should be given to ethylene,
which is known to be a stress hormone involved in various
physiological and molecular plant reactions. Ethylene also
regulates several growth and cellular defense mechanisms
in response to stress (Van de Poel and others 2015). This
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implies a synergistic effect between the biosynthesis of reac-
tive oxygen species (ROS) and ethylene (Djanaguiraman and
others 2009).

Moreover, the production of ethylene in plants is directly
related to endogenous ACC (1-aminocyclopropane-1-car-
boxylic acid) levels (Shaharoona and others 2006). The phy-
tohormone indole-3-acetic acid (IAA) may also be involved
in stress signaling and defense responses (George and others
2010). Recent research has shown that IAA makes some
morphogenic responses (Monteiro and others 2012), which
may alleviate adverse effects of environmental stresses (Tog-
netti and others 2011). Polyamines (PA) are naturally active
compounds involved in different physiological processes,
and it has been suggested that changes in polyamine metabo-
lism under salt stress may be a part of an integrated plant
defense mechanism (Flores 1991). The most abundant PAs
in plants are putrescine (Put), spermidine (Spd), and sper-
mine (Spm). Because polyamine levels increase significantly
upon exposure to saline stress, it has been suggested that
this component could be a defensive mechanism of plants
against saline stress, thus conferring tolerance against stress
(Jimenez-Bremont and Ruiz 2007). PA oxidase (PAO) is one
of the main enzymes that adjust the PA metabolic pathway in
different model plant systems (Groppa and Benavides 2008).

On the other hand, salicylic acid (SA) is a natural signal-
ing molecule activated by the plant’s defense mechanism in
response to environmental stresses such as salinity (Malamy
and others 1990). SA mediates the oxidative burst that may
lead to cell death in the hypersensitive response and acts as
a signal for the development of systemic acquired resist-
ance. In recent years, it has been shown that the endogenous
content of SA increased significantly under environmental
stresses (Shim and others 2003). Jasmonates are ubiqui-
tously occurring lipid-derived compounds with signal func-
tion in plant responses to abiotic and biotic stresses, as well
as in plant growth and development (Wasternack 2007).
This growth regulator induces a wide-range of physiologi-
cal and biochemical responses in plants (Kovac and others
2003). In addition, Moons and others (1997) indicated that
jasmonic acid (JA) antagonistically adjusts the expression
of salt stress-inducible proteins, associated with salt stress
in rice. Various tactics such as increasing soil carbon con-
tent have been developed to decrease the adverse effects of
salinity and other environmental stresses in plants (Lashari
and others 2015; Ali and others 2017; Farhangi-Abriz and
Torabian 2017; Ramzani and others 2017).

Biochar is made from organic materials through thermal
degradation under anoxia conditions. It has been suggested
as a soil conditioner to enhance plant growth by supplying
and, more importantly, retaining nutrients and by improving
soil physical and biological properties (Downie and others
2009). Organic materials such as biochar with pH adjusting
and cation exchange capacity of soil, improved the growth of
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plants under salt and cadmium toxicities (Abbas and others
2017). Moreover, addition of biochar to the soil increased
potassium availability in growth medium (Lashari and oth-
ers 2013). This increment of cation exchange capacity of
soil is related to the improvement of soil carbon content
and pH, because these factors have a positive correlation
with the cation exchange capacity of soil (Lehmann and
Joseph 2015). Biochar not only improves crop productivity
under normal conditions but also improves crop yield under
adverse conditions such as salinity and drought. Applica-
tion of biochar can decrease adverse effects of salt stress for
plant growth (Lashari and others 2013, 2015; Akhtar and
others 2015; Kim and others 2016). For instance, biochar
mitigated salt-induced mortality in Abutilon theophrasti and
extended the survival rate of Prunella vulgaris. The growth
rates of A. theophrasti by adding both biochar and salts were
similar to plants devoid of salt addition (Thomas and others
2013). Akhtar and others (2015) demonstrated that biochar
enhanced crop productivity in salt-affected soils; biochar
application ameliorated salt stress by adsorbing Na and
increasing xylem K* content thereby increasing tuber yield
in potato. Also, these researchers stated that ABA concentra-
tion of plants was decreased by biochar treatments under dif-
ferent levels of salt stress. In fact, biochar has the potential to
alleviate salinity-induced reductions in mineral uptake, and
may be a novel technique to diminish the effects of saliniza-
tion in arable and contaminated soils (Thomas and others
2013; Kim and others 2016). Recently, Farhangi-Abriz and
Torabian (2017) also reported that biochar could contribute
to protect common bean seedlings against NaCl stress by
alleviating oxidative stress. However, until now the interac-
tion between biochar and phytohormones involved in salt
tolerance has not been addressed in the literature. The objec-
tives of this study were to investigate the effects of biochar
on common bean endogenous hormones such as polyamines,
ABA, ACC, TAA, JA, and SA under salinity stress.

Materials and Methods
Preparation of Biochar

The biochar was made according to the methods by Qian
and Chen (2013). Maple residues (Acer pseudoplatanus
L.) were chopped and passed through a 0.5 mm sieve,
then heated at 560 °C for 6 h under oxygen limited con-
ditions, with the rate of 5 °C min~'. Elemental content
of biochar including carbon (C), hydrogen (H), nitrogen
(N), and oxygen (O) were measured with an elemental
analyzer (Elementar, Germany). The pH of biochar was
measured electrometrically (Ahmed and others 2015) and
cation exchange capacity was determined according to the
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ammonium acetate method (Chapman 1965). The main
biochar properties are shown in Table 1.

Experimental Conditions

This experiment was conducted in a glass greenhouse
with a factorial arrangement on the basis of a randomized
complete block design with four replications in 2016. In
this experiment, three levels of salinity (non-saline, 6, and
12 dS m~! of NaCl) and three biochar treatments (non-
biochar, 10, and 20% total pot mass) were used for testing
bean seedlings (Phaseolus vulgaris L. cv. Derakhshan).
Salinity levels were selected according to the range of
the salt stress tolerance of bean plants (Grieve and oth-
ers 2012) and biochar values were chosen for testing the
physiological performance of bean seedlings, especially
endogenous contents of phytohormones under different
values of this organic matter (non-biochar, 10, and 20%
total pot mass). Initially, the soil was mixed well with pre-
pared biochar and sieved by passing through a 2-mm mesh,
then filled to pots (7 cm radius and 20 cm height), which
contained 2.5 kg soil. Physical and chemical properties
of the experimental soil are presented in Table 1. In each
plastic pot five bean seeds were sown. The plants were
kept under a glass greenhouse with 25/20 °C day/night
temperature, 65-70% relative humidity, and under natural
light intensity and photoperiod. For plant nutrition, 10 g of
a fertilizer (Master 20-20-20-Valagro-Italy) was dissolved
in a liter of water (with EC 0.8 and pH 7.1) and added to
the pots (a week after the sowing). Plants were irrigated
daily with tap water during the period of emergence and
seedling establishment to keep the soil water content near
field capacity. After exposure of the first trifoliate leaf, salt
was added to irrigation water for saline treatments.

Table 1 Some physical and chemical characteristics of the experi-
mental soil and biochar

Soil Biochar
Texture Silty loam N (%) 0.75
pH 8.1 C (%) 32.96
EC (dSm™) 1.23 H (%) 1.7
Organic carbon (g kg_l) 14.1 0O (%) 28.43
Total N (%) 0.05 Na (mg kg_l) 8.3
P (mg kg™ 33 K (mg kg™ 3210
K (mg kg™ 165 Ca (mgkg™) 3470
Cation exchange capacity 17.4 Mg (mg kg1 960
(cmol kg™)
Cation exchange 20.8
capacity
(cmol kg_l)
pH 7.8

Sampling Method and Plant Growth

Four weeks after the sowing, five plants from each pot were
harvested and these plants were randomly selected for meas-
uring different biochemical traits (each measurement was
repeated four times according to the number of replications).
The dry weights of roots and shoots were determined after
oven drying at 70 °C for 72 h.

Assaying Polyamine Contents

Free polyamine contents of roots and leaves were measured
by the method of Aziz and Larher (1995). Plant samples
(1 g) were homogenized in 1 ml perchloric acid 6% (v/v)
and homogenized samples were centrifuged at 20,000g for
45 min. After that, the supernatant was collected and ben-
zoylated. The prepared samples were analyzed by an HPLC
equipped with a C18 reverse-phase column with 5 um par-
ticle size (Model Waters 600E, Waters Inc., USA). From
each sample, a 10 pl acetonitrile solution of benzoyl polyam-
ines, was injected into the column with 30 °C temperature.
Prepared samples were eluted from the column with 40%
acetonitrile at a flow rate of 1 ml min~". The eluent peaks,
with their retention time and area, were recorded using an
attached integrator. The standard reagents (putrescine, sper-
midine, and spermine) were bought from Sigma Chemical
Co (Missouri, USA).

Assaying Polyamine Oxidase Activity

For polyamine oxidase (PAO) extraction, potassium phos-
phate buffer (1.6 ml; 0.1 M) with adjusted pH 6.7 was added
to the root and leaf samples. Then the samples were cen-
trifuged at 4 °C for 15 min at 12,000g. The supernatants
were collected from surface area and were used for enzyme
assays with a UV visible spectrophotometer at 550 nm (100
Conc. UV Visible Spectrophotometer, Varian, California,
USA) according to the method by Smith (1972). One unit
of enzyme activity is described as 0.001 absorbance units of

change in the optical density at 550 nm min~".

Assaying Endogenous Contents of IAA, ABA, JA, SA,
and ACC

For measuring endogenous content of plant hormones,
including TAA, ABA, JA, and SA we used the ELISA
method (Li and Meng 1996; Wang and others 2002). Fresh
samples from roots and leaves with 1.5 g weight were used
to measure the contents of the endogenous levels of hor-
mones. Initially powdered tissues were extracted in 10 ml
of 80% cold methanol, including butyl-hydroxy-toluene
(1 mm) as an antioxidant for 24 h in a dark place at 4 °C.
The prepared samples were then centrifuged for 15 min at
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10,000 rpm and the supernatant was transferred to a micro-
tube. The residues of samples were extracted with 2 ml of
cold methanol for 12 h, and centrifuged again in the same
conditions. The supernatants achieved from each step were
combined and colored using Sep-Pak C18 cartridges. For
exhausting methanol, after filtration the prepared samples
were dried with a rotary evaporator at 40 °C. The residue
of each sample was dissolved in a buffer with 1 mM Tris,
150 mM NaCl, 1 mM MgCl,, 0.1% gelatin, and 0.1% Tween
20. After that, the hormone content was determined by
ELISA according to the guide of testing set (Li and Meng
1996). The antigens and antibodies were obtained from
Sigma Chemical Co (Missouri, USA). For the determina-
tion of ACC content, the plant tissues were homogenized
in 70% ethanol, and after centrifugation at 4000 rpm for
30 min, the ethanol was evaporated under vacuum at 40 °C.
The residue was dissolved in 1 ml water, and prepared for
assay of ACC according to the method of Concepcion and
others (1979) with a gas chromatograph (CP-3800 Varian,
California, USA).

Sodium Content

For determination of sodium (Na), 100 mg of dried plant
material (leaf and root) was weighed from each pot. Plant
material was dry-ashed at 550 °C for 6 h then digested in
5 M HNO;. Flasks were filled up to volume (50 ml) with
double-distilled water and analyzed for Na concentration
(mg g~! dry weight) with atomic absorption spectropho-
tometry (Shimadzu AA-7000, Kyoto, Japan).

Statistical Analysis

Each measurement was repeated four times according to
the number of replications and MSTATC 1.0.0 software
(MSTATC Inc., East Lansing Michigan, USA) was used
for the normality test and variance analyzing of the data.

Means were compared with the least significant difference
test (LSD test) at p <0.05 and described as mean + standard
error. The figures were drawn by Microsoft Excel Software.

Results
Shoot and Root Dry Mass

With raising salinity levels to 12 dS m~" with NaCl, shoot
and root dry masses of beans declined; salinity appeared to
affect roots more than shoots (Fig. 1). Shoot and root dry
mass increased by biochar usage under saline and non-saline
conditions. Application of 20% biochar to the soil showed a
better effect than 10% biochar for increased shoot and root
growth of bean plants under non-saline and salinity condi-
tions (Fig. 1).

Polyamine Contents

The mitigation effect of salt stress and biochar on polyamine
contents of common bean seedlings was assessed by leaf
and root Put, Spm, and Spd contents (Table 2). In the leaf
and root of the NaCl-treated bean plants, there was a sig-
nificant increase in Put, Spm, and Spd contents. Although,
when biochar was added to the soil, polyamine contents
were reduced compared to control. Additionally, there was
no considerable change of polyamine contents by use of
biochar under non-saline conditions. The highest value of
Put/Spm + Spd ratio in leaves belonged to the non-biochar
treatment under 12 dS m~'; however, there was no remark-
able difference among other treatments. Under 12 dS m™!
with 20% biochar, the highest Put/Spm + Spd ratio in roots
was observed. The Put/Spm + Spd ratio of leaves and roots
under non-saline conditions remained stable when biochar
was applied (Table 2).

Fig. 1 The effects of different 200 -
levels of biochar treatments
(non-biochar, 10% biochar, and a
20% biochar) on root and shoot 160 1 b ab
growth of bean seedlings under
non-saline and saline condi- e c
tions. Different letters indicate g 120 4 d
significant differences by LSD a
test at p <0.05. DW dry weight -
s 80 4
=
40
0 -
0 6

Salinity (dS m™)
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Table 2 Means of putrescine (Put), spermine (Spm), spermidine (Spd), and polyamine oxidase activity (PAO) of common bean seedlings under different levels of salinity and biochar applica-

tion

Put (mg g~! DW) Spm (mg g~! DW) Spd (mg g~! DW) Put/Spm + Spd PAO (Ug™! DW)

Biochar

Salinity

Root

Leaf

Root

Leaf

Root

Leaf

Root

Leaf

Root

Leaf

93.66+0.45¢
110.66 +0.89b
109.33+1.07b

116.00+0.89cd  91.33+1.15¢

110.66 +1.35d
120.00+1.23¢

0.58+0.016b 0.58+0.013d

0.60+0.010b 0.59+0.007d

60.90+0.23¢ 69.66+0.93d 38.16+0.77¢

59.93+041e 69.35+0.84d 39.00+0.64¢

81.40+0.35¢
81.13+0.67¢
79.36+0.94¢

58.90+0.97e
58.93+0.84e
58.63+1.04e

91.46+0.80e
88.93+0.73e
91.00+0.54¢

Non-saline Non-biochar

122.66 +1.45¢

0.60+0.009b 0.58 +0.005d

61.70+0.65¢ 69.81+1.05d 39.01+0.36¢e

10% biochar

0.58+0.017b 0.69+0.011ab

20% biochar

106.33+1.21b

134.33+1.23b
136.33+1.09b

0.67+0.008a 0.63+0.005bcd 154.33+1.55a

89.40+0.82d 67.60+0.23d 81.86+1.34b 42.30+0.56d 0.59+0.011b 0.64+0.007bc

71.46+1.02d

113.40+1.21b 85.36+1.23c 100.26+1.76ab 76.56+0.54c 89.70+0.91a 47.26+0.83c
103.43+0.95¢c

Non-biochar

6dSm™!

106.66+0.51b

89.03+0.45d 67.33+£0.95d 76.83+0.67c 42.00+0.72d 0.57+0.019b 0.61+0.012cd

10% biochar

133.00+0.66a
132.64 +0.66a
134.60+0.98a

96.00+1.12a 91.30+0.73a 55.16+0.27a

96.37+2.11a 104.90+0.95a

94.80+0.43de 72.66+1.34d
131.66 +1.78a

20% biochar

83.33+0.85b 82.03+0.91b 50.93+0.54b 0.58+0.014b 0.65+0.023abc 155.56+1.93a

89.37+1.03b 95.56+0.98¢c

103.66 +1.23¢

Non-biochar

12dS m™

153.00+1.02a

101.00+0.83cd 89.73+1.12b  95.60+0.76bc 77.66+0.43c 77.26+0.79c 48.23+0.86bc 0.58+0.011b 0.71+0.0.12a

10% biochar

20% biochar

Different letters in each column indicate significant difference at p <0.05. Data represent the average of four replicates + standard error

PAO Activity

The results related to PAO activity of leaves and roots are
shown in Table 2. The data indicate that increased salinity
led to an increment in PAO activity. Although PAO activ-
ity did not vary by biochar application under non-saline
conditions, biochar usage increased it at 6 and 12 dS m™!
compared to the non-biochar treatment. Moreover, there
was no conspicuous difference between the two biochar
doses in the case of PAO activity (Table 2).

ABA Content

Endogenous leaf and root ABA contents were enhanced
significantly in the medium supplemented with NaCl.
However, when biochar was applied, ABA content in the
two tissues decreased. The highest value of ABA in leaf
and root tissues was observed under 12 dS m~! without
biochar (2.93 and 4.8 pg g~! FW, respectively). As shown
in Fig. 2, no appreciable changes in ABA contents were
found under non-saline conditions by biochar usage. Fur-
thermore, the effects of the two biochar treatments on
ABA content were the same in stressed and non-stressed
plants (Fig. 2).

ACC Content

The results indicated that salt stress stimulated the ACC
content in leaves and roots of common bean plants. The
ACC content rapidly increased after exposure to 12 dS m~!
(Fig. 3). Conversely, ACC content was substantially dimin-
ished when biochar was added to the soil, although, ACC
content did not change by biochar application under the
non-saline treatment. The highest ACC contents were 12.9
and 11.7 nmol g~! FW in leaf and root, respectively, which
belonged to the non-biochar treatment under 12 dS m~". The
results also showed that there was no remarkable discrep-
ancy between the two biochar levels in case of ACC content
(Fig. 3).

JA Content

A positive trend between JA contents of leaf and root was
observed with rising NaCl concentration in the growth
medium. The levels of endogenous JA in response to biochar
application significantly decreased as compared to control
(Fig. 4). Under 12 dS m~! without biochar, the highest val-
ues of leaf and root JA contents were recorded. JA contents
of leaves and roots in the presence of biochar were stable
under the non-saline treatment (Fig. 4).
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Fig. 2 Means of abscisic acid
(ABA) content in roots and
leaves of bean seedlings under
different levels of salt stress and
biochar treatments (non-biochar,
10% biochar, and 20% biochar).
Different letters indicate signifi-
cant differences by LSD test at
p<0.05. FW Fresh weight

Fig. 3 Means of 1-aminocy-
clopropane-1-carboxylic acid
(ACC) content of roots and
leaves of bean seedlings under
different levels of salt stress and
biochar treatments (non-biochar,
10% biochar, and 20% biochar).
Different letters indicate signifi-
cant differences by LSD test at
p<0.05. FW fresh weight

Fig. 4 Means of jasmonic

acid (JA) content of roots and
leaves of bean seedlings under
different levels of salt stress and
biochar treatments (non-biochar,
10% biochar, and 20% biochar).
Different letters indicate signifi-
cant differences by LSD test at
p<0.05. FW fresh weight

SA Content

The data revealed that NaCl increased the SA content.
The effects of salt stress on SA content were also related
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to the magnitude of the NaCl concentration (Fig. 5). In
comparison with the non-saline condition, the extent of

increment for SA content in leaves was about 0.7 and 1.7
fold, respectively, under 6 and 12 dS m~'. Additionally,
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Fig. S Means of salicylic

acid (SA) content of roots and
leaves of bean seedlings under
different levels of salt stress and
biochar treatments (non-biochar,
10% biochar, and 20% biochar).
Different letters indicate signifi-
cant differences by LSD test at
p<0.05. FW fresh weight

SAcontentof root (pg ¢! FW)

these improvements for root SA content were 0.7 and 2.3
fold, respectively, under 6 and 12 dS m~' compared to
the non-saline condition. On the other hand, the SA data
obtained from the experiment showed that biochar had no
notable influence on that (Fig. 5).

TAA Content

The presence of NaCl in the culture medium significantly
affected the IAA content of bean leaves and roots. A cross
over the biochar, leaf IAA content decreased 29 and 39%,
and root IAA content declined 26 and 38% under 6 and
12 dS m~!, respectively. Arranged over the salt stress, the
IAA content of roots slightly (p <0.05) increased about
3 and 10% when plants were exposed to 10 and 20% bio-
char, respectively. However, the increased IAA content
in leaves when biochar was added was not significant
(Fig. 6).
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Na Concentration

The Na concentrations of roots and leaves of bean seedlings
were significantly influenced by salinity and biochar applica-
tion. Enhancing salinity level increased Na content in roots
and leaves. In contrast, mixing biochar to soil reduced the
Na concentration in comparison with the non-biocar treat-
ment; however, there was no substantial difference between
the 10% biochar and the no-biochar treatment in decreasing
Na content of roots under 6 dS m~! salinity. Application of
biochar did not show a tangible effect on Na content in roots
and leaves (Fig. 7).

Discussion

Salt stress is one of the most communal environmental
stress factors in modern agriculture, having harmful effects
on crop growth and development. It can unbalance the
cellular redox state by generating reactive oxygen spe-
cies (ROS) such as superoxide radicals (O,".), hydroxyl

Fig. 6 Means of indole-3-acetic 50 - @ Non-biochar 50 -
acid (IAA) content of roots and o 10‘7: blPChaf a a 3_
leaves of bean seedlings under E 2 a 020 % biochar g =
different levels of salt stress and — 40 1 a - £ 40 A
biochar treatments (non-biochar, ; o be P
10% biochar, and 20% biochar). S bcdbc—g- E: %0 od gad
Different letters indicate signifi- g 30 1 de od -
cant differences by LSD test at = ¢ =
p<0.05. FW fresh weight = 20 4 S 204

= £

3 10 1 = 10 -

0 - 0 -
0 6 12 0 6 12
Salinity (dS m™) Salinity (dS m-Y)
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Fig. 7 The effect of biochar 20 - B Non.biochar

treatments (non-biochar, 10% 010% biochar
biochar, and 20% biochar) on § 020% biochar g i
sodium (Na™) content of roots a a
and leaves of bean seedlings N 154 T 15 b b
under different levels of salt = 4 a =0 £
stress. Different letters indicate < s b b E d 4
significant differences by LSD 'E' i ?} g
test at p<0.05. DW dry weight < 10 1 ~ 10 1 e e ¢

-} =}

= ¢ ¢ g E

] e

§ 51 g 5

v L]

0 - 0 -
0 6 12 0 6 12
Salinity (dS m™) Salinity (dS m?)

radicals (OH'), and hydrogen peroxide (H,0,) (Munns
and Tester 2008). These active radicals exert serious toxic
effects on the biochemical, physiological, molecular, and
cellular level through lipid peroxidation and damage to
proteins and nucleic acids (Nazar and others 2011). Phy-
tohormones are of great significance for the plant’s stress
responses and adaptation. To determine the influence of
salinity and biochar influence on phytohormones in bean
seedlings, the levels of polyamines, ABA, ACC, JA,
TAA, and SA were measured. Results showed that salin-
ity induced increased phytohormones in bean plants in
terms of increased polyamines, ABA, ACC, JA, and SA.
However, the IAA content of bean plants was diminished
by salinity compared to the non-saline condition. Phyto-
hormones can participate and interact with redox signaling
to control responses to abiotic stresses (Bankaji and others
2014). They regulate salinity tolerance by inducing several
protective mechanisms such as the production of proline
(Igbal and others 2014) or enhancing the antioxidant sys-
tem (Nazar and others 2014) by increasing the accumula-
tion of nutrients. ABA is proposed to serve as a mediator
in plant responses to a range of abiotic stresses including
salt and drought (Keskin and others 2010). Babu and oth-
ers (2012) reported that the ABA concentration of tomato
increased significantly with increasing NaCl stress as a
result of osmotic effects of salt stress. The current study
presents evidence that leaf and root ABA levels increase
when common bean seedlings are exposed to salinity,
especially under 12 dS m~!. Interestingly, the extent of
increment in the root was more than the leaf. We think
because the root is the first part of the plant exposed to
salt stress and the source of ABA production is in the root
therefore the level of root ABA is higher than the leaf. Jia
and others (2002) suggest that the salt stress-induced ABA
accumulation in roots, which may also be triggered by an
osmo-sensing mechanism, leads to ABA accumulation in
leaves. Furthermore, ABA up-regulates several genes that
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are responsible for osmotic adjustment (Rhodes and others
2004) and for the mitigation of oxidative stress (Ashraf
2009).

One of the most important consequences generated by
salt stress is stimulated ethylene production, as an increased
level of ethylene can inhibit root and shoot length and overall
plant growth (Nadeem and others 2010). Ethylene, a gase-
ous plant hormone, plays an important role in tolerance to
abiotic stress (Khan and Khan 2014). Production of ethyl-
ene in plants is directly correlated with endogenous ACC
(1-aminocyclopropane-1-carboxylic acid) levels (Shaha-
roona and others 2006). As shown in Fig. 3, ACC content
in leaves and roots was enhanced with increasing salinity.
Wang and others (2009) detected enhanced ethylene synthe-
sis and decreased salt-induced Na content with application
of ACC under salinity, and they stated that ethylene might
be involved in ion homeostasis under salinity by increasing
plasma membrane H"-ATPase activity. Our results indi-
cate that the 6 and 12 dS m™! salinity treatments conspicu-
ously increased endogenous JA in leaves and roots of bean
seedlings relative to the non-saline treatment. There was a
similar improvement trend in the JA content of leaves and
roots under salt stress. Kramell and others (1995) found a
quick rise in endogenous JA content in barley leaf segments
exposed to osmotic stress. Moons and others (1997) indi-
cated that jasmonate antagonistically adjusts the expression
of salt stress-inducible peptides and proteins, associated with
salt stress in rice.

Auxin is one of the famous plant growth regulators that
is involved in various plant growth processes and stress
responses. Zorb and others (2013) stated that NaCl stress
reduced IAA levels in a salt-sensitive maize cultivar. In a
study from Shi and others (2014), endogenous [AA nega-
tively modulated H,O, and O,~ contents, but positively
regulated four enzymatic antioxidant enzymes in Arabidop-
sis under drought stress conditions. Our statistical analysis
clearly revealed that salt stress decreased IAA content in
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leaves and roots of bean. A similar trend was seen in leaves
and roots in terms of IAA levels. Cross-talk has been found
between auxin and other plant hormones such as SA and
ABA (Kazan and Manners 2009). Du and others (2013)
stated that the change in auxin content could alter ABA syn-
thesis, and that the balance of auxin and ABA homeostasis
played a key role in diverse stress responses.

In the present study, SA contents of leaves and roots in
bean were increased by raising salt stress, similarly. SA
improves plant tolerance to different environmental stresses
by changing the activities of enzymatic antioxidants and
decreasing the generation of ROS (Horvath and others
2007). It also regulates various aspects of plant responses
to stress through extensive signaling cross-talk with other
plant hormones such as ABA and ethylene. SA can increase
the concentration of ABA and ABA may promote the bio-
synthesis of SA in a developing phase- and tissue-specific
manner (Seo and Park 2010).

Polyamines are important growth regulators that are
essential for plant cell growth and development. They
are classified as secondary messengers in plant signaling
pathways, and can bind strongly with proteins, phospholip-
ids, and nucleic acids (Alcazar and others 2010), and are
involved in stabilizing chromosomes, retarding lipid per-
oxidation, and preserving membrane integrity. Under stress
conditions, plants produce more endogenous PA (Duan and
others 2008). In the current study, endogenous Put, Spd, and
Spm contents of bean seedlings were enhanced by salinity
compared to the non-saline treatment. As an average, the
level of PAs in the leaves were higher than those in the root.
Among the three major PAs, Put accumulated more than
Spd and Spm in both parts of the plant. Polyamine oxidase
is a main catabolic enzyme involved in the stress response
(Papadakis and Roubelakis-Angelakis 2005). As presented
in Table 2, there is a parallel increase in the concentrations
of the three PAs and the increase in PAO activity under salt
stress. Zhang and Huang (2013) indicated that PAO activity
in the roots and leaves of tomato seedlings was generally
higher under drought stress than the control. They also found
a significant positive correlation between the concentrations
of endogenous polyamines and PAO activity.

When plants were treated with biochar, Na concen-
tration, the contents of polyamines, ABA, ACC, and JA,
decreased; however, IAA increased. In other words, using
biochar reduced the content of the phytohormones involved
in the plant stress responses (PA, ABA, ACC, and JA) and
increased the phytohormone that regulates plant growth
(IAA). Additionally, the content of JA was stable under
biochar treatment. The content of SA was not altered by
biochar treatments under saline or non-saline conditions;
this response may be related to the gene expression in this
plant and can be different in other cultivars and plant spe-
cies. Studies have also shown that biochar can enhance plant

growth either by direct or indirect mechanisms of action.
Direct growth promotion under biochar amendment involves
supplying mineral nutrients, that is, Ca, Mg, P, K, and S
and so on, to the plant, whereas, the indirect mechanism
involves improving the soil’s physical, chemical, and bio-
logical characteristics (Cheng and others 2012; Enders and
others 2012; Peng and others 2012). The increased availabil-
ity of such minerals in the soil solution may result in reduced
Na uptake thereby reducing salinity stress in plants (Grattan
and Grieve 1998), which leads to the alleviation of salt stress
in plants. In the present experiment, biochar enhanced shoot
and root growth and decreased Na concentrations of bean
seedlings compared to the non-biochar treatment. In a previ-
ous study, we have stated that incorporation of biochar into
salt-affected soil could mitigate salinity stress in common
bean (Farhangi-Abriz and Torabian 2017) by reducing ROS
levels. Biochar can also be used to ameliorate salinity stress
by reducing the Na uptake in plants, which is quite stable in
soil (Lashari and others 2014). In fact, application of bio-
char reduces the negative effect of salt stress by adsorbing
Na from the soil solution (Akhtar and others 2015), which
alleviates salinity impacts. Our results clearly showed that
decreasing the Na concentration of plant tissues by adding
biochar to the soil increased plant growth promoting hor-
mones in roots and leaves of bean.

Conclusion

In the present study, the relationship between biochar and
salt stress with regard to phytohormones has been demon-
strated in common bean seedlings. Our results revealed that
salinity increased Na concentrations, ACC content, the activ-
ity of PAO, polyamines, ABA, JA, and SA contents as stress
hormones; whereas it decreased IAA in bean leaves and
roots. When biochar treatments at two rates were applied, an
antithetical trend was observed in phytohormones compared
to salinity stress. In fact, biochar could reduce the effects of
salt on bean seedlings, which is obvious in levels of phyto-
hormones. We concluded that biochar alleviated the negative
effects of NaCl on common bean seedlings by reducing Na
concentrations in the leaves and roots of bean plants, which
could change the levels of phytohormones indirectly, under
non-optimal conditions.
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