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Extended abstract
Introduction
In many arid and semi-arid regions of the world, including Iran, soil salinization is considered an
important obstacle to optimizing the use of agricultural lands. Salinity stress affects the main plant
processes, including photosynthesis and the production of photosynthetic process, and with negative
effects on these processes, it causes a decrease in plant production. Salicylic acid plays an important role
in regulating plant growth, development, ripening and plant defense responses. Application of
appropriate concentration of salicylic acid increases tolerance to abiotic stresses, thus not only reducing
the destructive effects of stress but also increasing tolerance to biotic stress. However, the concentration
of salicylic acid used and its method of application, including foliar spraying, depend on the plant
species, and therefore contradictory results can be reported. One of the management strategies for
improving the conditions of saline soils is the use of organic amendments, including biochar. In most of
the studies, it has been stated that biochar increases the availability of micro and macronutrient
elements (directly) and improves physical, chemical and biological characteristics such as increasing
cation exchange capacity, dispersion, improving soil structure (indirectly), so increasing microbial
biomass and improving soil fertility cased to increasing growth.

Materials and methods

The experiment was carried out factorial experiment in the form of a randomized complete block design
with four replications. Factors include biochar in four levels (control without biochar, simple biochar
2.5% by weight in soil and biochar 25% modified with phosphoric acid and sulfuric acid by weight in
soil) and salicylic acid foliar spraying in three levels (control, 0.5 and 1 mM) and soil at three levels
(normal soil as a control, saline soil at two levels of 4 and 8 dS m-). Salinity treatment was applied in
two stages of planting, at the same time as the first irrigation and when the seedlings were fully
established in the soil. To prepare modified biochar, 10 grams of biochar were added with 200 ml of
phosphoric acid and one molar sulfuric acid. Foliar spraying with salicylic acid was done based on the
determined levels, in two phases, early and late flowering. The desired traits were selected by choosing
the number of plants randomly after applying the treatments, and the samples were weighed to evaluate
the dry weight after drying in the oven.
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Results and discussion

The results of variance analysis showed that the highest plant height in the first and second year of the
experiment was obtained from the treatment of 0.5 and 1 millimolar salicylic acid, respectively,
combined with the application of simple biochar of 2.5% by weight in the condition of no soil salinity
stress. The application of 0.5 mM salicylic acid with biochar modified with phosphoric acid caused the
highest number of leaves per plant in the absence of salinity. With increasing soil salinity concentration,
the dry weight of bean plants decreased significantly. The application of biochar, especially simple
biochar of 2.5% by weight, reduced the negative effects of salinity on these traits. In high soil salinity,
the application of salicylic acid, especially combined with the application of simple biochar, improved
the grain in the pod. The application of biochar modified with sulfuric acid in all treatments resulted in
a significant decrease in grain yield; however, salicylic acid at different levels of salinity combined with
the application of simple biochar showed a significant positive effect on grain yield. The highest level of
salicylic acid with biochar modified with sulfuric acid showed negative results at different salinity levels
on the number of root nodules and root dry weight.

Conclusion

By increase of soil salinity, the dry weight of bean plant decreased significantly, although at high
concentrations with the application of biochar, especially simple biochar of 2.5% by weight, the negative
effect of salinity on the plant weight decreased to some extent. The application of different levels of
biochar in extreme salinity conditions not only did not improve the condition of this trait, but also caused
a decrease in this trait compared to the absence of biochar application. Biochar, especially simple
biochar, had a positive effect on increasing the number of pods in the plant in conditions of no salinity
or moderate salinity. It was concluded that the positive and significant effects of different levels of
salicylic acid on the morphological characteristics of the root, including its length, volume and weight,
were particularly evident in high soil salinity stress.
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Table 1. Properties of the biochar used in the experiment.
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Table2. Physical and chemical properties of the soil used in the experiment
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Table3. Variance analysis of the effect of soil salinity, biochar and salicylic acid on growth characteristics of beans
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Fig. 1. Interaction effect of soil salinity, biochar and salicylic acid on plant height in the first and second year of
the experiment. SS0, SS4, and SS8 refer to control, salt stress at 4 dS m™!, and salt stress at 8 dS ml. SA0, SA0.5,
and SA1 represent control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid,
respectively. B0, Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar,

modified biochar using phosphoric acid, and modified with sulfuric acid respectively
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Fig. 2. Interaction effect of soil salinity and biochar on number of leaves per plant in two years of experiment.
SS0, SS4, and SS8 refer to control, salt stress at 4 dS m’!, and salt stress at 8 dS m™'. B0, Rb, Pb, and Sb refer to
control treatment without biochar application, regular biochar, modified biochar using phosphoric acid, and
modified with sulfuric acid respectively.
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Table 4. Mean comparison of Salicylic acid (millimolar)on leaf number at two years studied

Year Jle 2022 1F4) 2023 \f.¥
Salysilic acid control 0.5 1 control 0.5 1
n_f).g KKy

Leaf number

13.0+1.57° 16.2+2.03° 17.7+1.983 147+172° 158+214% 142+167°

Wgr SS9

plant dry weight (gr)

2.5
2.0
15
1.0
0.5
0.0
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Fig. 3. Interaction effect of soil salinity and biochar on plant dry weight in two years of experiment. SS0, SS4,
and SS8 refer to control, salt stress at 4 dS m’!, and salt stress at 8 dS m’'. B0, Rb, Pb, and Sb refer to control
treatment without biochar application, regular biochar, modified biochar using phosphoric acid, and modified
with sulfuric acid respectively.
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Table 5. Variance analysis of the effect of soil salinity, biochar and salicylic acid on yield and yield components in beans

Mean Square Olay o (puSilbeo
a0 30 SE olaws BEXHERIREY
SOV oyl &g e &ld o )9 Al 8 Slos
df Pod per plant Seed per pod 100-seed weight Seed yield

Year (Y.) Juw 1 597.1™ 13.56 ™ 568.6 ™ 7013”7
Block (BY) (JLw) Sl 6 8.494 " 0.109 " 22,15 82.79 ™
Salt g 2 27.86" 0.274 ™ 20.53" 155.3"
Biochar (B.) e 3 120.3 ™ 1.355 * 187.9" 7119
Salicylicacid (S.)  vww! Sodbewdles 2 13.01" 0.299 " 69.73" 2229™
Salt x B Sosux gy 6 23.32 " 0.325* 4444 195.6
SAEXS el Sbonndlus x (59 4 0.889 ™ 0.004 ™ 0.282* 4.896"
BxS Sl bl x Hlog 6 2.659 ™ 0.046 ™ 17.82™ 4393~

Sl Selowdbo s lzgm < od gy 2.815 ™ 0.039 ™ 8.585 ™ 25.86 ™
SaltxB xS
Y xS Gogo x Jlw 2 0.44 ™ 0.022 " 1.088 ™ 6.39 ™
Y xB sl x Jlw 3 1.861" 0.051" 11.138 ™ 23.21"
Y xS ol Sl x Jlo 2 0.314 " 0.004 4.129 0.02
YxSaltxB ,legux gyeix Jlw 6 0.381™ 0.008 " 2.298 " 4249

el Kbl gygbx Jlo -y 0.013 ™ 0.003 ™ 0.039 0.326 ™
Y x Salt x S
Sl Sebomdbnlzgmx Jlo g 0.045 1 0.004 s 1.946 " 1.107 "

Y x B xS
Solowad b > W L

el X lrgm a9l J 12 0.043 ™ 0.003 " 1.071 ™ 0.967 ™
Y x Salt x B x S Koow|
Error Fes 210 0.301 ™ 0.004 s 0.887 " 2,777 "™
C.V (%) (M0 38) Ol i i 2.54 1.59 3.63 7.291

o0 ) 90 izl mlaw o (gl pxe 5 (5 0 e pae oS 4 i g % NS
ns, * and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Fig. 4. Interaction effect of soil salinity, biochar and salicylic acid on number of pods per plant means in two
years of experiment. SS0, SS4, and SS8 refer to control, salt stress at 4 dS m™!, and salt stress at 8 dS m™!. SA0,
SAOQ.5, and SA1 represent control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic
acid, respectively. B0, Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar,
modified biochar using phosphoric acid, and modified with sulfuric acid respectively.
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Fig. 5. Interaction effect of soil salinity, biochar and salicylic acid on number of seeds per pod in two years of
experiment. SS0, SS4, and SS8 refer to control, salt stress at 4 dS m’!, and salt stress at 8 dS m™'. SA0, SA0.5,
and SA1 represent control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid,
respectively. B0, Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar,
modified biochar using phosphoric acid, and modified with sulfuric acid respectively.
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Table6. Mean comparison of soil salt and Biochar
interaction on pod number per plant at two years studied

S G e Jgl Jlw p9d Jlw
Soil salt Biochar First year Second year
B-1 204+091° 235+1.15°¢
salt-1 B-2 22.0+0.88¢% 255+0.58¢2
B-3 21.1+0.60° 24.4+1.08°
B-4 18.8+0.44°  21.3+050°f
B-1 21.4+0.58° 24.6 +0.66 P
Salt-2 B-2 19.6+0.81¢ 22.4+0.58 ¢
B-3 204+0.86° 234+1.14°
B-4 185+0.66™ 20.9+043f
B-1 20.4+0.38° 23.4+0.95°
salt-3 B-2 214+041° 246 +0.64°¢
B-3 189+046° 21.5+0.32¢
B-4 18.3+0.43% 20.6£0.478
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The means have a common letter of no significant difference
with Dankan test at 5% level.

SS0, SS4, and SS8 refer to control, salt stress at 4 dS m?,

and salt stress at 8 dS m%. SA0, SA0.5, and BO, Rb, Pb, and

Sb refer to control treatment without biochar application,

regular biochar, modified biochar using phosphoric acid,
and modified with sulfuric acid respectively.
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Fig. 6. Interaction effect of soil salinity, biochar and salicylic acid on 100-seed weight in two years of experiment.
SS0, SS4, and SS8 refer to control, salt stress at 4 dS m'1, and salt stress at 8 dS m’l. SA0, SA0.5, and SA1
represent control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid,
respectively. B0, Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar,
modified biochar using phosphoric acid, and modified with sulfuric acid respectively.
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Table7. Mean comparison of soil salt and Biochar
interaction on seed yield at two years studied

S sy Hleew 1f4 VfeY
Soil salt  Biochar 2022 2023
B-1 20.3+1.97F 245+295¢
Salt-1 B-2 25.8+2.42%2 31.0+2.33¢%
B-3 25.6+1.89%  28.8+3.28"
B-4 19.8+1.039 17.6+2.129
B-1 22.0+1.81% 27.0+2.42¢
salt-2 B-2 20.9+ 2.54 ¢f 23.1+1.88f
B-3 24.3+259P 26.7+351
B-4 19.3+0.929  17.6+2.3509"
B-1 18.3+1.69°  20.3+1.87 b
salt-3 B-2 23.5+0.41% 24.6+0.64 %
B-3 189+0469 2150329
B-4 18.3+0.43" 20.6+047"
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The means have a common letter of no significant difference
with Dankan test at 5% level.
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Fig. 7. Interaction effect of soil salinity, biochar and salicylic acid on seed yield in two years of experiment. SS0,
SS4, and SS8 refer to control, salt stress at 4 dS m!, and salt stress at 8 dS m'l. SA0, SA0.5, and SA1 represent
control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid, respectively. B0,
Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar, modified biochar using
phosphoric acid, and modified with sulfuric acid respectively.
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Table 8. Variance analysis of the effect of soil salinity, biochar and salicylic acid on root characteristics in beans

Mean Square Ol po (il
e R s T Ve S e
¥ @b 0l =3) Node ) root Root dry
S.0.vV df  Node per root weight Root length ~ Volume weight
Year (Y.) Jw 1 4.807 ™ 00032™  6591™  0126™  0.0107 "
Block (BY) o) Ssb 6 11.933™  0.0153™  8089™  0.139™  0.0053"
salt g 2 0.151 ™ 0.0045™  1.804*  0.205™  0.0069"
Biochar (B.) s 3 2805 " 02604*  1679%  0.654" 0.0112"
Salicylicacid (S) vl Sbowcdles 2 10.686™  0.0109™  37.53™  0.1889™  0.0438 "
Saltx B Joawx sysd 6 301.9 " 02601*  1829*  1442*  0.0247*
SAItXS sl Skl x 5y55 4 10.30 ™ 00182*  0318*  0274*  0.0003"
BXS el Sebowdlux ylzgn 6 31.96 ™ 00349*  2536™ 0377  0.0013™
Sl Sebocdlo xlzgm x 5380 19 4519 ™ 0.0089*  1.006™  0108™  0.0014"
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Fig. 8. Interaction effect of soil salinity, biochar and salicylic acid on the number of nodules per root in two years of
experiment. SS0, SS4, and SS8 refer to control, salt stress at 4 dS m™, and salt stress at 8 dS m. SA0, SA0.5, and SA1
represent control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid, respectively.

BO, Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar, modified biochar using
phosphoric acid, and modified with sulfuric acid respectively.

Salojl JLw 98 50 Lugh alny 53 0,5 dlawi 1yl P1 (aSilo dunlio A Jgur
Table 9. Mean comparison of biocharon node humber per root at two years studied
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Year JL»; J,‘ P9
VATAR ATMES
Si3TYID el Sy VYO S33TYID sl S TS

P saly 2.5% 1.25% el Sojedlew  wald 2.5% 1.25% Sl S 598 g
Biochar  control simple HsPo4 1.25% H2So4 _ control simple HsPos4 1.25% H2S04
Al yd 0
node per 5.4+0.46° 7.0+1.52% 6.3+1.16° 3.3x0.65% 6.6+1.23" 8.1+2.16* 6.1+1.17° 2.4+2.5°

root
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The means have a common letter of no significant difference with Dankan test at 5% level.
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Fig. 9 nteraction effect of soil salinity, biochar and salicylic acid on the nodule weight in two years of experiment.
SS0, SS4, and SS8 refer to control, salt stress at 4 dS m™, and salt stress at 8 dS m''. SA0, SA0.5, and SA1 represent
control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid, respectively. B0, Rb,
Pb, and Sb refer to control treatment without biochar application, regular biochar, modified biochar using
phosphoric acid, and modified with sulfuric acid respectively.
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Table1l0. Mean comparison of soil salt and Biochar
interaction on root length at two years studied

SBGsh e Jol JLw p9 JLw
Soil salt ~ Biochar First year Second year
B-1 52+041% 56+0.73%f
salt-1 B-2 7.1+£048° 7.7+£1.17¢%
ar B3  64+058% 6.6+1.35
B-4 53+0.69% 53+0.60°
B-1 6.4+070% 71+136%
Salt-2 B-2 56+092¢ 6.0+1.030®
at B-3 6.1+0.73¢ 6.1 +0.89 ¢
B-4 6.0+0.66° 6.3+0.53bx
B-1 6.7+047% 76+1.29°b
Salt-3 B-2 6.4+045%® 60+0.93°2
B-3 50£055¢ 6.5+1.03f
B-4 5.1+£0.58¢ 52+0.79f
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The means have a common letter of no significant difference
with Dankan test at 5% level.
SS0, SS4, and SS8 refer to control, salt stress at 4 dS m?,
and salt stress at 8 dS m™* and BO, Rb, Pb, and Sb refer to
control treatment without biochar application, regular
biochar, modified biochar using phosphoric acid, and
modified with sulfuric acid respectively.
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Fig. 10. Interaction effect of soil salinity, biochar and salicylic acid on root length in two years of experiment.
SS0, SS4, and SS8 refer to control, salt stress at 4 dS m™', and salt stress at 8 dS m™'. SA0, SA0.5, and SA1 represent
control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid, respectively. B0, Rb,
Pb, and Sb refer to control treatment without biochar application, regular biochar, modified biochar using
phosphoric acid, and modified with sulfuric acid respectively
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Fig. 11. Interaction effect of soil salinity, biochar and salicylic acid on root volume in two years of experiment.
SS0, SS4, and SS8 refer to control, salt stress at 4 dS m!, and salt stress at 8 dS m™'. SA0, SA0.5, and SA1
represent control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid,
respectively. B0, Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar,
modified biochar using phosphoric acid, and modified with sulfuric acid respectively.
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Table 11. Mean comparison of soil salt and Biochar
interaction on root volume at two years studied

Sobewadlo Je! Jlw red Jlw
Hlrew W First year Second year
Biochar  galicylic

acid

S-1 0.91+0.12° 1.10 £ 0.27°
Bio-1 S-2 0.76 £0.11%¢ .71 + 0.22¢f

S-3 1.06+0.148 1.28+0.232

S-1 0.87 £0.07° 0.89 +0.12¢d
Bio-2 S-2 0.91+0.13° 0.97+0.25°%

S-3 0.90+0.07¢ 0.95+ (.10 bed

S-1 0.88+0.08¢ 0.87+0.13¢f
Bio-3 S-2 0.93+0.09¢ 1.0+0.13%

S-3 0.86+0.10¢ 0.86+0.16¢f

S-1 0.84+0.09P¢ 0.77 £0.13 %
Bio-4 S-2 0.72+0.10¢ 0.69+0.17F

S-3 0.72+0.07¢ 0.75+0.07 ¢
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The means have a common letter of no significant
difference with Dankan test at 5% level.

SA0, SA0.5, and SA1 represent control treatment without
salicylic acid, 0.5 mM of salicylic acid, and 1 mM of
salicylic acid, respectively.
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Fig. 12. Interaction effect of soil salinity, biochar and salicylic acid on root dry weight in two years of experiment.
SS0, SS4, and SS8 refer to control, salt stress at 4 dS m™!, and salt stress at § dS m™'. SA0, SA0.5, and SA1
represent control treatment without salicylic acid, 0.5 mM of salicylic acid, and 1 mM of salicylic acid,
respectively. B0, Rb, Pb, and Sb refer to control treatment without biochar application, regular biochar,
modified biochar using phosphoric acid, and modified with sulfuric acid respectively.
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