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Abstract: To investigate the changes in the anatomical and physiological characteristics of mung bean roots in response to
biochar treatment during salt stress, a pot experiment was conducted. Mung bean plants were subjected to three biochar
concentrations (0, 50 and 100 g kg™’ soil) and three salinity treatments (0, 5 and 10 dSm™* NaCl). Salinity decreased root
growth, vascular cylinder (VC) and cortical parenchyma (CP) areas, affecting the VC/CP ratio, shoot dry weight, the rela-
tive water content (RWC) of roots and leaves, and the root indole-3-acetic acid (IAA) content. It increased specific root
length, the shoot/root ratio and root abscisic acid (ABA), and 1-aminocyclopropane-1-carboxylic acid (ACC) contents.
Plant growth, RWC, the shoot/root ratio, specific root length, total root area, VC and CP areas, and the IAA/ABA and TAA/
ACC ratios were increased by biochar under saline media. Biochar improved xylem structure, the plant growth regulator
IAA, and decreased stress hormones, ABA and ACC, which accelerate plant senescence, consequently increasing mung

bean growth under salt stress.
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INTRODUCTION

Environmental factors influence both root and shoot
growth [1]. Plant survival under normal and stress
conditions depends on the ability of the root system
to establish itself in locations where water and nutri-
ents are available for uptake and translocation [2-3].
A significant part of the world’s land area is affected
either by salinity or sodicity [4]. A salt concentration
of 4 dS m™! causes an osmotic pressure of about 0.2
MPa and affects the ability of plants to take up water,
reducing the rate of cell expansion. The root system
influences crop productivity through uptake of water
and nutrients [5]. Root anatomical and morphological
parameters are affected by salt stress, especially sodium
chloride [6-8]. It is obvious that under environmental
stress, root biomass decreases but the anatomical and
morphological alterations under saline conditions
are still unclear. Salinity diminishes root diameter
and length [9], affects expansion processes and cell
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division [10,11], and reduces the size of apical meri-
stems, the VC and cortex. Furthermore, exodermis
and endodermis suberization processes are expedited
by salt stress [12,13]. The main anatomical response
to salinity is cell-wall alteration. In cotton plants, ac-
celerated accumulation of suberin in the cells of the
Casparian strip was observed [14]. These modifications
cause substantial changes in the relative proportion of
root tissue, altering its form and function. Anatomical
variations could adjust the ability of a crop to absorb
water and nutrients under salinity.

Under increased saline and non-saline conditions,
hormonal signaling of plants is a critical factor in the
regulation of plant growth and development, and the
synthesis of stress hormones such as abscisic acid
(ABA) and ethylene increases, while growth hormones,
especially indole-3-acetic acid (IAA), decrease [15]. The
ratio between growth and stress hormones specifies root
growth in plants [16]. In recent years, many reports
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have indicated that the use of carbon-rich materials
such as biochar, lignite and compost can alleviate the
harmful effects of salt toxicity in plants [17- 20].

Biochar is a carbon-rich material obtained from
heated biomass such as wood, manure or leaves under
oxygen-limited conditions. The adjustment of the effects
of biochar on soil water balance, nutrient cycling, soil
fertility, ecology and other related valuable properties
are still emerging [18]. The physicochemical proper-
ties of biochar contribute to its role as an instrument
for ecological management. The addition of biochar
to the soil alters soil texture, structure, porosity and
consistency by changing the physicochemical char-
acteristics of the soil. Additionally, it can decrease
and mitigate the adverse effects of salt stress. Biochar
alleviates the salinity-induced reduction in mineral
uptake and might be a novel technique to attenuate the
salinization effects in arable and contaminated soils
[1,20]. Farhangi-Abriz and Torabian [18] observed
that biochar could increase the resistance of common
bean seedlings against NaCl stress by oxidative stress
abatement.

Mung bean productivity is limited by the salinity
of soil and water. Although there have been several
studies into the positive impacts of biochar on crops
under unfavorable conditions, no study has been per-
formed into the effects of biochar on the anatomical and
physiological features of root such as the VC area and
CP area and the VC/CP ratio, as well as the contents
of IAA, ACC and ABA in roots. Therefore, the cur-
rent study was conducted to assess these parameters
in mung bean under increased salinity-induced stress.

MATERIALS AND METHODS
Preparation of biochar

The pyrolysis process was set according to the method
of Qian and Chen [21]. Maple (Acer pseudoplatanus L.)
residues were chopped and passed through a 0.5-mm
mesh and heated at 560°C for 6 h under non-oxygen
conditions, at a rate of 7°C min™'. The ion content
of the biochar was assayed by an elemental analyzer
(vario MACRO CHNS analyzer, Elementar group,
Hanau, Germany). The main biochar properties are
shown in Table 1.
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Experimental conditions

This experiment was conducted in a glass greenhouse
with a factorial design on the basis of a completely
randomized design with four replications. Three levels
of salt stress (non-saline, 5 (moderate) and 10 (severe)
dS m™ of NaCl)) and three levels of biochar treatments
(no biochar, 50 and 100 g kg soil) were used for testing
mung bean plants (Vigna radiata cv. MN92). Salinity
levels were chosen according to the salinity threshold
of the mung bean plants, and biochar levels were se-
lected based on previous studies. Soil was thoroughly
mixed with biochar and pots (30 cm radius and 50 cm
height) were filled with 12 kg soil. Some properties of
the soil are shown in Table 1. Three mung bean seeds
were sown in each plastic pot. The pots were kept in the
greenhouse under controlled conditions at 25/23°C day/
night temperatures, respectively, 55-60% relative humid-
ity, 150 W m™ light intensity and a 13-h photoperiod.
After sowing, NaCl was added to the irrigation water.
During the experiment, the electrical conductivity of
each pot was measured via a digital conductivity meter
(Inolab Model, Weilheim, Germany). Conductivity
was preserved at the determined level by adding water
or concentrated NaCl to the pots. During the growth
period, pots were irrigated every day with tap water to
maintain the soil water content near field capacity. At the
seedling establishment stage, 10 g of a fertilizer (Master
20-20-20-Valagro-Italy) was dissolved in 1 L of water
(EC 0.8 and pH 7.3) and added to the pots. Shoot and
root dry weights were measured after oven-drying at
80°C for 48 h and specific root length was determined
as the ratio between total root length and root dry mass.

Table 1. Some physicochemical properties of the experimental
soil and biochar.

Soil Biochar

Texture Silty loam N (%) 0.75
pH 77 C(%) 32.96
EC (dSm™) 1.38  H (%) 1.7
Organic carbon (gkg?) 13.1 0O (%) 28.43
Total N (%) 0.08 Na (mg kg!) 5.3
P (mgkg") 37 K (mgkg?) 3210
K (mgkg") 157 Ca (mgkg") 3470

Cation exchange .

capacity (cmol kg!) 178 Mg(mgkg?) 960
Cation exchange
capacity (cmol kg!)

pH 7.3

20.8




Arch Biol Sci. 2019;71(2):321-327
Morphological and anatomical analyses

Fifty-eight days after sowing at the full flowering stage,
the plants were harvested for morphological and ana-
tomical measurements. Samples were stored under a
liquid paraffin layer to minimize evaporation in 0.2-
mL centrifuge tubes at 4°C for up to 3 days. The total
root length, diameter, root area and root volume were
quantified by scanning the roots and then analyzing
the images with WinRHIZO Pro (Regent Instruments,
Quebec, Canada) software.

Root fragments from the absorption zone (1.5
cm from the tip) were sampled to perform the an-
atomical analysis. Tissues were fixed in an acetic
acid:formaldehyde:ethanol:water solution (FAA,
5:10:52:33) at 10:1 (w:v) for a 4-6 day period, and then
dehydrated with butyl alcohol, followed by embedding in
paraffin. Digital images from the absorption zone were
analyzed using the Cell-o-Tape V 0.7.7 software (Center
for Plant Integrative Biology, University of Nottingham,
UK), and the areas of the CP and VC were determined.
Root density was calculated as root weight/root volume.

RWC

At the flowering stage, the fresh weight (FW) of the
leaves and roots was recorded. Leaves and roots were
waterlogged for 3-4 h in distilled water under normal
room light and temperature, and the turgid weight
(TW) was obtained. The DW was obtained after dry-
ing at 80°C for 24 h. RWC was calculated using the
equation: RWC=[(FW-DW)/(TW-DW)]x100.

IAA, ABA and ACC contents

The endogenous content of IAA and ABA was deter-
mined by the ELISA method [22]. Root samples (1 g
FW) were extracted in 10 mL of 80% cold methanol
and butyl-hydroxy-toluene for 24 h at 4°C in the dark.
The prepared samples were then centrifuged at 7000
x g for 15 min and the supernatant was collected and
colored using Sep-Pak C18 cartridges. Methanol was
removed with a rotary evaporator at 40°C and the
residue of each sample was dissolved in a buffer with
1 mM Tris, 150 mM NaCl, 1 mM MgClz, 0.1% gelatin
and 0.1% Tween 20. The contents of IAA and ABA
were determined by ELISA [22]. The antigens and
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antibodies were obtained from Sigma Chemical Co.
(Missouri, USA). For measuring the ACC content
in root, 0.5 g of root samples were homogenized in
70% ethanol and centrifuged for 30 min at 2500 x g
at 4°C. The ethanol was evaporated under vacuum at
40°C and the residue was dissolved in 1 mL water and
prepared for the assay of ACC according to the method
of Concepcion et al. [23] with a gas chromatograph
(CP-3800 Varian, California, USA).

Analysis of variance

Data was analyzed using MSTATC software. The means
were compared with Duncan’s multiple range test at
p<0.05. The figures were drawn using Microsoft Excel
Software 2016.

RESULTS
Root growth

Mung bean root length, diameter, DW and density were
reduced by salinity as can be seen from the significantly
lower values of these parameters measured at moderate
and high levels of salt stress; in contrast, the specific root
length was increased (Table 2). Root length, diameter,
DW, density and specific root length of treated plants
were considerably increased by biochar at 5 and 10 ds
m™. The application of biochar did not show a significant
effect on root diameter and density under the non-saline
conditions, but increased the root length, root DW and
specific root length. Both biochar treatments produced
a similar effect on root growth under salt stress.

Root anatomy

The total area, the VC area, the CP area and VC/CP of
mung bean roots were reduced when the salt concen-
tration increased (Table 3). According to our results,
biochar applications improved the anatomical char-
acteristics of mung bean roots under 5 and 10 ds m*,
but biochar treatments did not alter these parameters
under non-saline conditions. CP area was increased
by biochar only under severe salt stress. Moreover,
increasing biochar application from 50 to 100 g kg soil
did not have any effects on the anatomical parameters
of mung bean roots.



324

Arch Biol Sci. 2019;71(2):321-327

Table 2. Root characteristics of mung bean plants under different biochar treatments and salt stress.

Salinity con]ile(:lctl:::ion Root length Root diameter  Root dry weight  Root density Spelzlliigctlrloot
(dSm™ NaCl) (g kg'soil) (mm) (g plant?’) (g cm?) (mm g')

Non-biochar 410.27+6.64b 0.7+£0.06a 5.14+0.15b 0.4+0.08a 79.78+1.01e

0 50 463.16+8.34a 0.7+0.05a 5.96+0.14a 0.4+0.07a 83.73+1.01d

100 459.40+5.43a 0.7+£0.03a 6.04+0.11a 0.4+0.07a 84.09+1.03d

Non-biochar 330.30+4.58¢ 0.5+0.04b 3.62+0.11d 0.2+0.05¢ 88.80+0.88¢

5 50 406.10+7.44b 0.7+0.02ab 3.95+0.10c 0.3+0.04b 102.8+0.70a

100 389.76+7.26b 0.8+0.07a 4.01+0.07¢ 0.3+0.03b 99.12+1.23a

Non-biochar 287.20+5.74d 0.240.04b 3.01+0.10f 0.1£0.05d 92.74+0.58b

10 50 322.86%8.24c 0.310.02b 3.45%0.07e 0.2+£0.02¢ 93.58+0.91b

100 332.56%6.55¢ 0.310.03b 3.35+0.12¢ 0.2+0.06¢ 93.67+0.92b

Data are presented as the meanzstandard error of four replicates (n=4). Different letters in the columns indicate significant differences by Duncan’s

multiple range test at (p<0.05).

Table 3. Root anatomical characteristics of mung bean plants under different levels of salt stress and biochar treatments.

Salinity Biochar concentration Total root area cyl}lzflzl:l?\i ) Coiiter ([éa;";enchyma VC/CP
(dSm NaCl) (g kg'soil) (mm?)
Non-biochar 0.69+0.04a 0.20+0.003a 0.47+0.11a 0.43+0.08a
0 50 0.68+0.04a 0.21£0.005a 0.45+0.09a 0.46+0.07a
100 0.71£0.07a 0.22+0.003a 0.48+0.08a 0.45+£0.07a
Non-biochar 0.56+0.08¢ 0.11+0.004c 0.44+0.06a 0.24+0.05¢
5 50 0.63+0.04b 0.14+0.002b 0.47+0.07a 0.29+0.11b
100 0.64+0.06b 0.15+0.007b 0.47+0.06a 0.31+0.08b
Non-biochar 0.40+0.07¢ 0.06+0.004e 0.30+0.07¢ 0.21+0.12¢
10 50 0.47+0.09d 0.09+0.002d 0.35+0.05b 0.27+0.10b
100 0.48+0.05d 0.10+0.003d 0.36+0.09b 0.28+0.09b

Data are presented as the meanz+standard error of four replicates (n=4). Different letters in the columns indicate significant differences by Duncan’s

multiple range test at (p<0.05).
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Shoot DW of plants exposed to salinity
was decreased (Fig. 1). Biochar application
increased shoot DW under moderate and
severe salinities, but did not show a consid-
erable effect in non-saline conditions. The
shoot/root ratio was affected by salt stress
and biochar applications and was signifi-
cantly decreased by salt stress. Similarly, the
shoot/root ratio was not changed by biochar
application in non-saline conditions. How-
ever, the shoot/root ratio was considerably

Fig. 1. Changes in shoot dry weight (DW), shoot/root
ratio and relative water content (RWC) of mung bean
roots and leaves under different levels of salt stress and
biochar treatments. Different letters indicate significant
differences by Duncan's multiple range test at (p<0.05).
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described by Farhangi-Abriz and Torabian
[18] in bean plants. Growth reduction is a
general response of plants to salinity. Salinity
inhibited root growth by enhancing ACC
and ABA production and by reducing the
content of growth hormones such as IAA.
Decreasing root density was attributed to
diminishing root DW under salt stress. The
application of biochar improved root growth
by decreasing oxidative damage [18] and
increasing JAA/ABA and IAA/ACC ratios

Fig. 2. Changes in abscisic acid (ABA), 1-aminocyclopropane-1-carboxylic acid

under salt stress.

(ACC), indole-3-acetic acid (IAA), IAA/ABA and IAA/ACC contents in mung

bean roots under different levels of salt stress and biochar treatments. Different
letters indicate significant differences by Duncan’s multiple range test at (p<0.05).

increased under 5 and 10 dS m™ salinities in response to
biochar applications. There was no difference between
the two levels of biochar use in mung bean shoot DW
and the shoot/root ratio. The RWC of leaves and roots
was significantly influenced by the interaction effects
of salinity and biochar. Biochar usage under non-saline
conditions did not affect the RWC of roots and leaves
(Fig. 1), however, biochar treatments under moderate
and severe salinities considerably increased it.

IAA, ABA and ACC contents

The contents of ABA and ACC were increased, while
the TAA content and the JAA/ABA and TAA/ACC

A significantly higher shoot/root ratio
at severe salinity showed that the root DW
of mung bean was affected by salinity more
than its shoot. The increase of the shoot/root
ratio might be due to the adjustment of root mechanisms.
Our results clearly indicate that the specific root length
increased under salt stress as a result of adaptions to
salt stress in mung bean. This adaptive system was also
defined by Miller [24] as caused by root growth and ex-
pansion. The addition of biochar to the soil decreased the
harmful effects of salt stress and increased the shoot/root
ratio and specific root length. These results revealed that
biochar application under salt stress had more positive
effects on the growth of shoots than on roots. Biochar
enhanced shoot growth and consequently improved
the shoot/root ratio and specific root length under salt
stress by providing mineral nutrients for shoot growth
and by decreasing oxidative and osmotic stress in roots
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[18]. Biochar increases plant growth by directly sup-
plying mineral nutrients, and indirectly, by improving
the physical, chemical and biological characteristics
of the soil [1,20,26]. Moreover, biochar influences soil
pH, nutrient availability, nutrient cycling, ion exchange
capacity and buffering capacity, which have not been
assessed in the present study.

One of the main consequences of salt toxicity is
increased ethylene production, which at high levels
prevents root and shoot growth and limits plant growth
overall [25]. Production of ethylene in crops is directly
associated with endogenous ACC levels. When plants
were treated with biochar, the contents of ABA and
ACC were reduced; however, IAA was increased. In
other words, using biochar decreased hormones, such
as ABA and ACC, which are involved in the stress re-
sponse; in contrast, increased plant growth promoter
IAA reduced sodium uptake [20].

Some root morphological characteristics and ana-
tomical parameters were adversely affected by salt stress,
which was previously described in cotton [27]. Salt stress
causes reductions in root elongation and the develop-
ment of xylem through changed osmotic pressure and
ion toxicity [28]. In the root, the width and features of
xylem components of terminal cell walls are the key
determinants of xylem hydraulic activity [29,30]. The
observed increase in the areas of the VC and CP under
salt stress after biochar treatment was related to the
enhancement of root growth and reduction of Na ion
toxicity in the root. Our findings are in agreement with
the result observed after application of biochar, which
significantly decreased Na concentrations in the xylem
sap of potato [31]. Likewise, biochar decreased Na up-
take by lettuce under salt stress [32]. The reduction of
the RWC may be associated with the decrease in root
growth, plant vigor, xylem component areas (VC and
CP) and root density under increased salinity [18,33].
The increase in the RWC in roots and leaves brought
about by biochar was closely associated with higher
root growth under salt stress, which was due to the
increase of total root area and xylem component area.

CONCLUSIONS

Salinity reduced root and shoot growth, total root area,
VC area, cortical parenchyma area, RWC and the IAA
content in roots of mung bean plants. Biochar applica-
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tion increased specific root length, shoot/root ratio and
ABA and ACC production. The use of biochar under
non-saline conditions did not show a noticeable effect
on root anatomy; however, it increased root length
and weight by increasing IAA/ACC and IAA/ABA
ratios. Biochar under moderate and severe salinities
enhanced root and shoot growth, the shoot/root ratio,
specific root length, total root area, VC area, CP area,
the IAA content and IJAA/ACC and TAA/ABA ratios.
Our results show that biochar enhanced water avail-
ability by improving hormonal and root anatomical
characteristics under salt stress and consequently
increased mung bean growth.
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