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Abstract: The application of an acidic biochar can improve plant growth and soil properties in saline
conditions. In this study, we investigated the effect of acidic biochar on plant growth and nutrients
contents in saline soil. Seven treatments were arranged in a complete randomized design, including
control (CK), 0, 30, and 45 g biochar added to a soil having 1% and 1.5% salts; these treatments were
termed as BySy, B3pS1, B45S1 and BySy 5, B3pS1.5, Ba5S1 5 respectively. Experimental results showed
that the plant height, leaves plantfl, leaf area, and shoot fresh and dry biomass, and root fresh and
dry biomass were increased for the B455; 5, respectively. Similarly, the highest total nitrogen (TN),
total phosphorus (TP), total potassium (TK), and total sodium (Na) concentration in maize shoot
were observed for B3gS;, ByS 5, CK, and B(S 5, respectively. The highest concentrations of TN, TP,
TK, and Na in root were obtained with the treatments ByS1, BgS1, B45S1, and BS;, respectively. Soil
pH, and EC decreased and nutrients concentration improved by the addition of acidic biochar. We
conclude that the use of acidic biochar can be a potential source for the improvement of maize plant
growth as well as mitigate the adverse effect of salt stress.

Keywords: biochar; growth; nutrients concentration; salinity stress; maize seedlings

1. Introduction

Salt stress has become an environmental constraint to crop productivity in the arid
and semi-arid regions of the world. It is one of the abiotic stresses for plant growth and
development, which ultimately causes a reduction in the yield [1]. Salt stress triggers
inhibition in plant development and yield by imposing osmotic stress, causing ion toxicity
and nutrients imbalance in plants [2,3]. Salt stress induces multiple effects on plants,
including morphological, physiological, biochemical, and molecular changes [4,5]. Some of
the effects in various crops include inhibition in leaf expansion, photosynthesis, chlorophyll
contents, plant height, leaf area index, seed production, plant biomass and yield, uptake
of water, and essential nutrients [3,6-8]. Salinity also affects the soil quality and its usage
by deteriorating soil physical, chemical, and biological properties [9-11]. Salinity and
alkalinity problems are most likely to occur under irrigated soils in arid and semi-arid
regions. Saline-alkali soils contain not only an excessive amount of soluble salts but also a
harmful amount of adsorbed sodium. The alkalinity of soil confined the plant growth and
reduced the yield of maize [12].
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Many research studies have reported different strategies to minimize the effect of salt
stress on plants [13,14]. Some of the strategies include leaching of salts, replacement of Na*
application of gypsum (CaSO;), growing of salt-tolerant varieties, phytoremediation, and
application of various organic materials (plant residue, compost, biochar, organic matter,
poultry manure, rice straw manure) [13,15].

In the last two decades, the biochar has received a great attention among researchers
by its positive effects of mitigating salinity stress in plant growth and soil properties [16,17].
Biochar is pyrolyzed product of different organic materials (crop residual, animal and
poultry waste) by heating at various temperatures. Biochar is highly recalcitrant due to
its high aromaticity and is able to sequester carbon for a long time [18]. Its pH is variable
depending upon the material used for its production [19,20]. Biochar is extensively used in
agriculture because of its numerous benefits, for example, it improves soil physical, chemi-
cal, and biological properties [21-24], increases soil water holding capacity, permeability,
and aeration [25,26], enhances soil organic matter content and mineral [26-28], reclaims
the saline soils [13] and increases crops yield [29,30].

The properties of biochar are dependent upon the material used for its production and
pyrolysis temperature [31,32]. The pH of biochar is variable from acidic to alkaline [33].
When the pyrolysis temperature increases, it affects the biochar pH, ash content, total
carbon and nutrients contents [34,35]. Generally, alkaline biochars are applied to the
soils [36,37]. Alkaline biochars have high pH, alkalinity (CaCO3), and EC [36,38]. The high
pH and EC of biochars can increase soil pH and EC. Some studies have reported negative
effect of alkaline biochars on plant biomass and concentration of nutrients (NP) [39], soil
properties [40], and soil biota [41]. A study conducted by Qi et al. [42] revealed that biochar
having a neutral pH (7.0) increased more soil pH and EC when compared to acidic biochar.

However, following the literature review, very limited information is available about
the effect of acidic biochar incorporation in the soil to mitigate salinity stress. Thus, we
hypothesized that acidic biochar may decrease high soil pH, mitigate the salinity stress
and establish plant growth. The study was conducted with aims 1, to evaluate the effect of
acidic biochar on the growth parameters of maize at the seedling stage; 2, to investigate the
effect of acidic biochar on nutrients concentration in plant parts and 3, to determine the
effect of acidic biochar on soil chemical properties.

2. Materials and Methods
2.1. Soil and Salt Analysis

The surface soil layer (020 cm) used in the current experiment was taken from Apple
Orchard of Alar city, Xinjiang Province of China. The soil was ground and passed through
a sieve in order to remove gravels. Physico-chemical properties of soil were analyzed before
initiation of the experiment and are given in Table 1. Soil pH and electrical conductivity (EC)
were measured in 1:5 w/v extract by using pH and EC meter (Fisher Scientific, USA). For soil
texture, the hydrometer method was used [43]; cation exchange capacity of soil was determined
by the ammonium acetate method [44], and total N and P were analyzed by an elemental
analyzer. Salt was also collected from the Alar city of Xinjiang Province, the salt EC value was
~17dSm~! and was analyzed for selected chemical properties, i.e., chloride, potassium, sodium,
calcium, and magnesium, before using for the experiment (Table 1).

2.2. Collection of Biochar and Its Characterization

The acidic wood biochar was collected from Shangqiu SanLi Company, Henan Province,
China, which was pyrolyzed at approximately 250-300 °C in an oxygen-free kiln. The
method proposed by Dai et al. [45] was used for the determination of biochar pH in water
extract with a pH meter (1:10 w/v). Cation exchange capacity was determined by the
ammonium acetate method [46] and total nitrogen (N), phosphorus (P), potassium (K),
and sodium (Na) were measured by acid digestion method [47], and extract of the samples
was run on Continuous Flow-Analyzer AA3. The biochar characteristics are presented
in Table 1.



Sustainability 2021, 13, 3150

30f16

Table 1. Physico-chemical properties of soil, wood biochar and salt used in the experiment.

Parameters Soil Biochar Salt

Texture Silty clay loam - -

pH 8.51 2.52 -

ECdSm™! 3.31 - 17

CEC cmol(+) kg1 3.86 23.7 -

Total nitrogen (mg gfl) 0.50 2.8 -

Total phosphorus (mg g~ ?1) 0.66 64.9 -

Total potassium (mg gfl) - 5.6 -
Chloride (g kg™1) 0.0071 0.03 70.0
Exchangeable K (g kg_l) - - 0.02
Exchangeable Na (g kgfl) 0.018 0.50 4.46
Exchangeable Ca (g kg_l) 50.43 - 0.04
Exchangeable Mg (g kgfl) 18.33 - 1.94

2.3. Experimental Site and Treatments

The experiment was conducted during the year 2020 in a controlled greenhouse at
Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences (CAAS),
Qiliying, Xinxiang. The temperature inside the greenhouse was maintained at 30/25 °C
for day/night with a photoperiod of 14 h. The PVC pots (15 cm width and 25 cm height)
were filled with soil-biochar mixtures. The experimental treatments consisting of two
biochar levels and two salt levels were arranged in a complete randomized design with a
2 x 2 factorial scheme. In this study, seven treatments were arranged, including control
(CK: no biochar and salt), and 0, 30, and 45 g biochar added to a soil having 1% and
1.5% salts; these treatments were termed as BySq, B3gS1, B4sS1 and BySy 5, B3gS1.5, B45S15
respectively. A total number of 35 plants were used during the experiment, with five
plants per treatment. Three seeds of the maize plant (cv. Denghai605) were sown in each
pot, and after one week of successful germination, one plant per pot was maintained.
Fertilization was made with Hoagland solution [48] twice (first and second week after
sowing) throughout the experiment duration.

2.4. Chlorophyll Fluorescence and SPAD Chlorophyll Content

Chlorophyll fluorescence was measured with a portable chlorophyll fluorescence
meter (MINITAB-II) after 30 minutes” dark adaptation [49]. The maximal photochemical
efficiency of photosystem II (F, /Fn) was calculated to tests whether or not plant stress
affects photosystem Il in a dark adapted state. Chlorophyll fluorescence is expressed as
F, /Fn ratio. It was calculated as; (Equation (1))

FV/Fm:Fm_Fo/Fm (1)

where F, and Fj are maximal and minimal fluorescence of dark adopted leaves, respec-
tively, and Fy is variable fluorescence (the difference between Fy, and F,) [50]. Chlorophyll
contents of fully expanded young leaves of three replicates of maize seedlings were mea-
sured using the SPAD-502Minolta Chlorophyll meter (Spectrum Technologies Inc., I11.) [6].

2.5. Seedling Growth Characteristics

Thirty days after sowing, growth parameters such as plant height, leaf area, number
of leaves, shoot fresh weight and dry weight, and root fresh weight and dry weight were
determined. Plant height and leaf area were measured by using a ruler and the number
of leaves were counted manually. Plant height was measured from the ground to the flag
leaf, and leaf area was calculated using the equation (Leaf area cm? = height x width x A)
by taking the average height (cm) and width (cm) of each treatment and a constant
(A = 0.75) [51]. Fresh biomass of shoot was obtained from each pot and was placed
in oven at 70 °C for 72 h to a constant dry weight. Roots were extracted from each replicate,
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rinsed with tap water following de-ionized water. The fresh weight of roots was recorded
and was placed in an oven at 70 °C for 72 h and to a constant weight and weighed to
determine dry weight.

2.6. Nutrients Analysis

Both dried plant tissues (above and below ground) were ground and stored in a sealed
container for nutrients analysis. The samples were digested for N, P, K, and Na by acid
digestion method [46] and the extract of samples was run on Continuous Flow-Analyzer
(Bran and Luebbe AA3, Norderstedt, Germany).

2.7. Post-Harvest Analysis of Soil

After the harvest of maize seedlings, soil samples were collected for post-harvest
chemical properties and nutrient contents. Samples were collected at the depth of 020 cm
with the help of an auger. Collected soil samples were processed and analyzed for pH, EC,
total nitrogen, phosphorus, potassium, and sodium.

2.8. Statistical Analysis

The collected data was subjected to one-way ANOVA and correlations between the
different treatments were determined by Pearson correlation using SPSS software 23.0 (IBM
Corporation, New York, NY, USA). The multiple comparisons between all treatments were
analyzed using Tukey’s test. The data are expressed as the mean (n = 3) £ SE (standard
errors), and Duncan’s multiple range tests were performed at a significance level of <0.05.

3. Results
3.1. Effects of Acidic Biochar on Plant Growth Attributes

The growth parameters of maize seedlings, including plant height, number of leaves,
leaf area, shoot fresh and dry weight of maize seedlings were significantly affected by the
addition of biochar, especially the treatments B3yS; and B45S; compared to control (CK)
(Figures 1-5). The results showed that both biochar levels (30 and 45 g kg’l) enhanced
plant height, the number of leaves, leaf area, shoot and root fresh and dry weight as
compared CK. Under 45 g kg~! biochar with 1 and 1.5% salt application, the plant height
and leaf area were increased by 23.2 and 53.0 and 50.8 and 92.2% in B45S; and B45S1 5,
respectively, as compared to CK (Figures 1 and 3). However, with the same biochar and
salt levels, the above-mentioned growth components increased by 83.6 and 81.9, 11.8, and
40.0 and 182.4 and 151.2% in B45S; and By55 5, respectively, when compared with only salt
applied treatments (ByS; and B(S; 5). Comparatively, the combined application of biochar
and salt increased the corresponding parameters.

The B45S;1 and B4551 5 showed significantly higher shoot fresh weight as compared to
CK and the salt-treated plants without biochar, respectively. B4sS; and BysS; 5 increased
the shoot fresh-weight by 73.1 and, 171.9% and 205.5 and 335.6%, respectively, when
compared with CK and salt-treated plants. The root fresh-weight was increased by 8.3 and
2.4% respectively in B45S1 5 as compared to CK and ByS; 5. Root fresh weight under B35S,
increased by 139.9% compared to ByS;. (Figure 4).

Figure 5 indicated that the higher level of biochar (45 g kg_l) and salt levels (1 and
1.5%) increased shoot dry weight by 90.6 and 221.1% and 225.0 and 395.2% respectively,
for the same said above treatments when compared with CK and ByS; and ByS; 5. Acidic
biochar amendment enhanced root dry weight by 4.3 and 205.1%, respectively, for B4551 5,
while 45 g kg ! biochar increased root dry weight by 123.8% in B45S; compared to ByS;
(Figure 5). At the same time, it can be noticed that plants treated with salt only, responded
negatively to all the above-mentioned growth attributes.
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Figure 1. Effect of acidic biochar and salt stress on plant height of maize seedling. Data are mean =+ standard
error; different alphabets on top of error bars of mean represent significant differences (p < 0.05); CK = control,
BO0S1, B30S1, B30S1.5, B0S1.5, B30S1.5, B4551.5 = 0, 30 and 45 g biochar + 1% and 1.5% salt respectively.
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Figure 2. Effect of acidic biochar and salt stress on the number of leaves of maize seedling. Data are
mean =+ standard error; different alphabets on top of error bars of mean represent significant differ-
ences (p < 005), CK = COI’ltI‘Ol, Bosl, B3081, B3051_5, 3051.5, 33051.5, B4551.5 = 0, 30 and 45 g biochar + 1
and 1.5% salt respectively.
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Figure 3. Effect of acidic biochar and salt stress on the number of leaves of maize seedling. Data are
mean = standard error; different alphabets on top of error bars of mean represent significant differ-
ences (p < 0.05); CK = control, BySy, B30S1, B3gS1.5, BoS1.5, B3gS1.5, B45S1.5 = 0, 30 and 45 g biochar + 1
and 1.5% salt respectively.
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Figure 4. Effect of acidic biochar and salt stress on the fresh weight (FW) of shoot and root of maize
seedling. Data are mean =+ standard error; different alphabets on top of error bars of mean represent
significant differences (p < 0.05),‘ CK = COH‘L‘I‘OI, B()Sl, 33051, B3081,5, 3051.5, 33051.5, B4551,5 = 0, 30 and
45 g biochar + 1 and 1.5% salt respectively.
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Figure 5. Effect of acidic biochar and salt stress on dry weight (DW) of shoot and root of maize
seedling. Data are mean =+ standard error; different alphabets on top of error bars of mean represent
significant differences (p < 0.05); CK = control, ByS1, B3¢S1, B3gS1.5, BoS1.5, B30S1.5, B45S1.5 = 0, 30 and
45 g biochar + 1 and 1.5% salt respectively.

3.2. SPAD Chlorophyll Content and Chlorophyll Fluorescence (Fuv/Fm)

Acidic biochar application positively affected SPAD chlorophyll content under salt
stress (Figure 6). The maximum SPAD chlorophyll content (42.9) was recorded in CK, while
the minimum (27.7) was observed in ByS;. Among biochar and salt-stressed treatments,
biochar addition increased chlorophyll content by 36.9 and 4.6% in B4sS; and BysS1 5
compared to ByS; and ByS; 5.

60
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=40—l be aI T [ |
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CK B S B,S, B,S B S B, S B, S

01 3071 4571 [Ung W) 30715 45715

Treatments

Figure 6. Effect of acidic biochar and salt stress on SPAD chlorophyll of maize seedling. Data are mean
+ standard error; different alphabets on top of error bars of mean represent significant differences
(p < 0.05); CK = control, B()Sl, B3051, B3051,5, B051,5, B305145, B45Sl,5 =0, 30 and 45 g biochar + 1
and 1.5% salt respectively.
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All the treatments under salt stress showed a significant decrease in chlorophyll flu-
orescence over CK and biochar treated treatments, as shown in Figure 7. Under B3(5;,
chlorophyll fluorescence improved by 3.2 and 6.7% over CK and ByS;, respectively. How-
ever, B4551 5 augmented its stimulatory effect by 4.0 and 4.9% as compared to CK and B(S 5,
respectively. However, high levels of biochar under higher salt-stressed plants showed
greater chlorophyll fluorescence.

1.0

ab
bed q od od abc a

0.8

0.6

0.4

Leaf fluorescence (Fv/Fm)

0.2

0.0 -
CK  BS, B,S, B, BS, BS, BS

01 0715 3071.5 4571.5
Treatments

Figure 7. Effect of acidic biochar and salt stress on leaf fluorescence of maize seedling. Data are
mean = standard error; different alphabets on top of error bars of mean represent significant differ-
ences (p < 0.05),‘ CK = control, Bosl, B3081, 33081.5, 3051.5, B3051.5, B45Sl.5 =0, 30 and 45 g biochar +
1 and 1.5% salt respectively.

3.3. Effect of Acidic Biochar on Shoot Nutrients Concentration in Maize Seedlings

Application of acidic biochar under salinity levels insignificantly affected nutrients
concentration in the shoot of maize seedlings in comparison with CK (Table 2). The
highest TN (10.71 mg g~ ') concentration was observed in B3pS; among all the treatments.
The lowest TN concentration (7.39 mg g’l) was recorded in ByS; 5, where only salt was
applied to the plant. Addition of both salt levels had showed insignificant effect on TN
concentration of shoot.

Table 2. Effect of acidic biochar and salt stress on nutrients concentration in the above-ground part
(shoot) of maize seedlings.

Selected Nutrients Concentration in Shoot of Maize Seedlings

Treatments TN (mg g~ 1) TP (mg g~ 1) TK (mg g—1) Na(mgg™1)
CK 9.10 £ 0.67 ab 0.99 £ 0.08 b 3.97 £ 0.58 a 6.85+0.89 c
BpSq 8.41+0.71ab 1.99 £ 0.16 a 0.93 +0.38b 14.07 £ 1.15a
B30S1 1071+ 1.14a 1.38 +0.28b 1.65+047b 9.09 + 1.02 bc
Bys5S; 9.45 £+ 0.89 ab 1.29+021b 1.69+0.17b 7.69 £ 1.39 bc
BpS15 739 +£0.04b 246 £0.32a 0.71+0.25b 10.13 £ 0.44 b
B30S15 9.22 £ 0.65 ab 097 +0.14b 119+ 059b 8.78 £ 0.79 bc
BysS, 5 8.68 + 0.94 ab 138+ 0.09 b 1.74 + 0.40 b 7.10 + 1.21 be

Data are presented as mean =+ SE (n = 3); different alphabets shows significant difference among the treatments.
Abbreviations: TN, total nitrogen; TP, total phosphorus; TK, total potassium; Na, sodium; CK = control. ByS;,
B3()Sl, B305]_5, B051_5, 33051.5, B45Sl_5, 0, 30 and 45 g biochar + 1 and 1.5% salt.
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Biochar application insignificantly effected the TP concentration in shoot compared
to CK (Table 2). Under B45S; and B45515, TP concentration insignificantly increased by
31.1 and 39.9% compared to CK. Interestingly, the highest TP concentration (2.46 mg g~ ?)
was noted in salt applied treatment (ByS; 5) among all the biochar and non-biochar treated
plants. The ByS; and ByS; 5 showed a significant increase in TP concentration by 102.0 and
149.0% when compared with CK (Table 2).

Data presented in Table 2 showed that the concentration of TK was higher in biochar
applied treatments as compared to only salt-treated plants. But control (CK) had shown the
highest TK concentration (3.97 mg g~!) in shoots compared to biochar and salt treatments.

The application of acidic biochar decreased the concentration of Na in the shoot of
maize seedlings under both salinity levels ByS; and ByS; 5 compared to CK (Table 2). The 1%
salt-treated plants (ByS;) showed the highest concentration of Na in shoots (14.07 mg g’l)
among all the treatments. The B4s5S; and B4sS; 5 biochar treated plants showed that Na
concentration significantly decreased compared to ByS;.

3.4. Effect of Acidic Biochar on Root Nutrients Concentration in Maize Seedlings

Data of nutrients concentration (NPK and Na) in the root of maize seedlings with
biochar and salt amendment is presented in Table 3. The maize seedlings accumulated
more nutrients concentration in its roots than shoots. The highest concentration of TN
(33.62 mg g~ ') was observed in ByS;, where only salt (1%) was applied.

Table 3. Effect of acidic biochar and salt stress on nutrients concentration in the under ground part
(root) of maize seedlings.

Selected Nutrients Concentration in Root of Maize Seedlings

Treatments TN (mg g~ 1) TP (mg g~ 1) TK (mg g 1) Na(mgg™1)
CK 26.34 £0.39 ¢ 1.88 +£0.01d 19.46 + 1.22 ab 2641 £ 0.70b
BpS1 33.62£020a 3.02+£0.03a 20.20 = 1.29 ab 38.18 £1.10a
B30S1 2484 +0.16d 241 +£0.04c 20.19 £+ 1.56 ab 21.67 £1.29¢
B4sS1 25.19 +£0.09 d 2.55 £ 0.07 bc 2152 £156a 1525+ 141d
BpSi15 2640 £0.22c¢ 2.03 £0.03d 16.63 £1.30b 21.69 £1.75¢
B3oS1 5 3050 + 0.19 b 2.87+0.05a 1947 +087ab 1775+ 0.55d
B4sS15 2645+ 0.18 ¢ 267 +£0.14b 20.81 £0.71a 9.09 £ 098 e

Data are presented as mean =+ SE (n = 3); different alphabets shows significant difference among the treatments.
Abbreviations: TN, total nitrogen; TP, total phosphorus;, TK, total potassium; Na, sodium; CK = control, ByS;,
B30S1, B30S1.5, BoS1.5, B3oS1.5, BasS1.5, 0, 30 and 45 g biochar + 1 and 1.5% salt.

Both the biochar treatments significantly increased total phosphorus (TP) concentra-
tion in root under salinity conditions. The concentration of TP in roots was increased by
35.6 and 42.0% in B45S; B45S1 5, respectively, as compared to CK. Under the highest level of
biochar (B45S1) treatment, the TP concentration in root was significantly decreased when
compared to the salt-applied plant. Impressively, TP concentration increased by 31.3% in
B4551 5, respectively, as compared to ByS; 5 (Table 3).

The concentration of TK in the roots of maize seedlings insignificantly increased by
10.6 and 7.0%, and 6.5 and 25.2% in B45S; and By551 5 respectively, when compared with
CK, and salt treated plants respectively (Table 3).

Results revealed that Na concentration in root was significantly decreased by the
addition of biochar under salt stress (Table 3). The concentration of Na in root decreased
by 42.3 and 65.6% and 60.1 and 58.1% under B45S; and By55, 5, respectively, as compared
to CK and ByS; and B(S; 5.

3.5. Effect of Biochar on Soil Properties after Harvest (0-20 cm)

Biochar addition had an insignificant effect on soil EC, TK, and Na under salt stress at
0-20 cm depth. Acidic biochar addition decreased soil pH and EC, while it significantly
increased TN and TP (Table 4). In treatment B45S; (45 g kg_1 biochar + 1% salt), the soil
pH and EC decreased by 7.7 and 10.2% and by 25.2 and 32.8% as compared to CK and
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BoS1, respectively. In BysSy 5 (45 g kg~ ! biochar + 1.5% salt), a similar trend was noticed
that the soil pH and EC decreased by 7.6 and 7.8%; 25.3 and 13.7%, compared with CK and
ByS1 5, respectively. Biochar addition to soil significantly increased soil TN as compared
to CK and salt-treated soils (Table 4). The soil treated with 45 g kg~! biochar + 1% salt
showed that TN in soil increased by 27.0 and 16.8% over CK and B(Sy, respectively. Similar
results were found for BysS5 5, it significantly enhanced soil TN 28.6% and 47.3% when
compared to CK and B(S; 5, respectively. The data in Table 4 showed that soil, which
received maximum biochar in the pots increased TP concentration in soil when compared
to non-biochar treated pots. The pots treated with 45 g kg~! biochar + 1% salt (B45S;)
accumulated 2.3 and 1.0 times greater soil TP as compared to CK and ByS;, respectively.
The same trend was recorded in B4sS; 5. It increased soil TP 2.5 and 2.5 times as compared
to CK and BS; 5, respectively.

Table 4. Effect of acidic biochar and salt stress on soil properties after harvest (0-20 cm depth).

Treatments pH EC N P TK Na
(dSm—1) (mgg1) (mgg1) (mgg1) (mgg—1)
CK 8.23 £0.04b 1.69 = 0.18 ab 042+ 0.01c 0.64 £ 0.00 ¢ 0.20 £+ 0.02 ab 1.13£0.10a
ByS; 8.47 +0.08 a 1.87+£0.32a 0.38 £ 0.01 cd 1.05+043c 0.22 £ 0.02 ab 1.33+£0.20a
B35S 7.84 +0.02 ¢ 129 +0.11b 0.49 +£0.02b 1.66 = 0.02b 0.21 £ 0.01 ab 1.07 £0.15a
BysS1 7.61 £0.02d 1.26 = 0.09b 0.53+0.02a 215+0.02a 0.23+0.02a 1.04 £0.18a
BoS15 8.24 £ 0.03b 1.46 £ 0.15 ab 0.37 £0.01d 0.65 +0.01 ¢ 0.18 £0.01b 095+0.13a
B3oS1 5 7.80 & 0.05 ¢ 1.30 £ 0.04 b 0.48 +0.02b 167+004b  0194+000ab  1.08+0.14a
BysSis 7.60 £0.02d 1.26 = 0.04b 0.54 +0.02a 2.25+0.06 a 0.20 £+ 0.01 ab 097 £0.11a

Data are presented as mean + SE (n = 3); different alphabets shows significant difference among the treatments. Abbreviations: EC,
electrical conductivity; TN, total nitrogen; TP, total phosphorus; TK, total potassium; Na, sodium; CK = control, ByS1, B3¢S1, B30S1.5, BoS1.5,
B30S1.5, BasS1.5, 0, 30 and 45 g biochar + 1% and 1.5% salt.

3.6. Relationship between Plant Growth Parameters, and Shoot and Root Na Content

Acidic biochar treatment under salt stress has improved plant growth parameters
and decreased shoot and root Na content. Pearson correlations between seedling growth
parameters and shoot and root Na concentration are shown in Table 5. High significant
positive relationships were observed between plant growth parameters. On the other hand,
except for the number of leaves (NL), plant growth parameters significantly negatively
correlated with the shoot and root Na content.

Table 5. Correlation matrix of plant growth parameters and shoot and root Na content.

NL LA SFW RFW SDW RDW SNa RNa

PH 0.68 ** 0.94 *** 0.87 ** 0.71 ** 0.87 ** 0.66 ** —0.62 ** —0.87 **

NL 0.73 ** 0.78 ** 0.64 ** 0.79 ** 0.57 ** Ns —-0.47*

LA 0.92 ** 0.69 ** 0.92 ** 0.63 ** —0.56 ** —0.86 **
SFW 0.73 ** 0.99 ** 0.68 ** —0.45* —0.79 **
RFW 0.75 ** (0.99 *** —-0.52* —0.58 **
SDW 0.69 ** —0.45* —0.79 **
RDW —0.47 * —0.54 %
SNa 0.65 **

Abbreviation. PH, plant height; NL, number of leaves; LA, leaf area; SFW, shoot fresh weight; REW, root fresh weight; SDW, shoot dry
weight; RDW, root dry weight; SNa, shoot sodium content; RNa, root sodium content. *, **, and *** indicate significance levels of p < 0.05,
p <0.01, and p < 0.001 respectively.

4. Discussion
4.1. Effect of Biochar on Growth Attributes of Maize Seedlings

Plants are affected by a number of abiotic stresses but salinity is a more critical
hindrance for sustainable agriculture, especially at the seed emergence and seedling stage.
The seedling stage is amongst the most important stage of any crop, which is an indicator
of a crop to tolerate abiotic stress. The results of the present study revealed that salinity
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stress not only negatively affected the growth parameters (plant height, number of leaves,
leaf area, shoot fresh- and dry-weight and root fresh- and dry-weight) at the seedling stage
of maize but also deteriorated soil properties (Figures 1-5). The addition of acidic biochar
mitigated the salinity stress and improved plant height, the number of leaves, leaf area,
shoot fresh- and dry-weight, and root fresh- and dry-weight. When plants were subjected
to 1 and 1.5% salt stress, the biochar applied at 30 and 45 g kg ! caused a positive influence
on growth attributes, SPAD chlorophyll, leaf fluorescence, and nutrients concentration in
above and below ground (shoot and root) parts of maize seedlings. Several studies have
reported similar findings in maize, sorghum, and wheat crops [29,52-54]. The reduction
in growth attributes may be caused by the toxic influence of Na* as well as lowering the
water potential for the growth media, thereby causing a reduction in water uptake and
nutrients concentration. Salt stress may reduce the vigor index of maize seedlings [53].
These results correlate with Lashari et al. and Akhtar et al. [16,29]. Amendment of acidic
biochar had shown its effectiveness in alleviating salt stress. Due to large surface area,
cation exchange capacity, high porosity, enriched with nutrients, and useful absorptive
features of biochar [16,29,30,54]. The adsorptive features of biochar could reduce the uptake
of Na or transport to the upper parts of the plants. The positive impact of biochar on growth
is in agreement with Ibrahim et al. [54], who investigated in their pot experiment that 4%
biochar application improved sorghum germination, shoot length, shoot dry weight, root
length, and root dry weight under high salinity stress (3 g NaCl kg ! dry soil). Similar
results were observed by Kanwal et al. [55] in a pot experiment for wheat. They reported
that biochar mitigated the negative effect of NaCl on all growth attributed under saline
conditions. Akhtar et al. [30] also reported in their experiment on residual effect of biochar
for promoting growth of plant and mitigating salinity stress.

4.2. Effect of Biochar on Nutrients Concentration in Shoot

Nitrogen and phosphorus are the elements which are required by the plant in a great
quantity for several functions. Synthetic fertilizers are not only costly but also unfriendly
to the environment reported in various studies [56-58]. For this reason, biochar is in a
great concentration of the researchers, by utilizing it, higher production can be achieved
with a friendly environment. In our pot experiment, biochar addition to the soil increased
TN and TP in the above-ground part of seedlings (shoot) as compared to control, and
highly salt-stressed plants. The increase in TN and TP uptake might be due to high CEC
of biochar and a higher concentration of TN and TP in biochar than soil. Biochar has
great potential to retain more N in the soil, which can easily be taken up by plants’ root
hair [59]. The increased N in plant parts is might be due to the enhanced level of leaf
chlorophyll [30]. Kanwal et al. [55] and Sarfaraz et al. [60] also reported an improved N
uptake by plants, grown in biochar amended soils under saline conditions. A considerable
increase in N concentration was noticed across all the biochar-treated plants under salt
stress. Phosphorus is the second key element that plays various significant roles in plant
nutrition and development. It is very interesting to note that the P supply from biochar
was greatly lower in biochar treated than in only salt-treated plants. It was observed that
P uptake by plants was significantly influenced by biochar under saline conditions. The
results indicated that plants treated with biochar showed lower TP concentration in the
shoots of maize seedlings. The possible reason for the low concentration of TP might
be the slow release and insolubility of P in such a short period of time. The high salt
concentration and high pH of soils in pots can also be the reasons for P uptake. Phosphorus
availability to plants is very slow and most of the part of P remains fixed in the soil [61]. The
plant-available P was very observed low in Suaeda salsa plant in saline-sodic soils because
of a negative interaction that occurred upon addition of biochar and P fertilization [62].
The P availability is highly pH-dependent. The release of P from biochar, P fertilization,
and their combination would determine P availability for plant growth [62]. In our study
is was noticed that the P supply from biochar was greatly lower in biochar treated than
in only salt-treated plants. Potassium is among the macronutrients which is taken up by
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plants in large quantity. Potassium plays a significant and multifunction role in the early
growth of plant. The effect of salinity on the concentration of TK in the shoot is clearly
mentioned. Moreover, TK uptake was significantly increased under the treatments of
biochar (45 g kg_l) (Table 2). The highest amount of K in biochar can bring down SAR by
decreasing relative salt concentrations and producing more favorable salt compositions on
concentrations of soluble salts to alleviate salinity. In such a way, the significantly increased
TK indicated the alleviation of salt stress to maize plants under biochar treatments. As
high sodium and minimum phosphorus could create specific ion toxicity in plant cells [63].
The high TK uptake by shoot could play a vital role in mitigating salt stress which may
damage plant physiology [64].

Dietrich et al. and Bochard et al. [65,66] reported in their pot experiments that biochar
addition to soil increased the availability of potassium due to the excessive competition for
sorption sites [66]. Lashari et al. [67] observed great improvement of major nutrients (NPK)
in wheat and maize grain by the addition of biochar over the control under salt-stressed
treatments. Sodium is not an essential element for plant growth but is required to aid in
a very small quantity in the metabolism and synthesis of chlorophyll. Excess quantity
of Na ion causes soil compaction, which directly deteriorates pore size distribution and
results in poor salt leaching, root penetration as well as seed germination [63,68]. The
concentration of Na in shoot of maize was significantly decreased (43.8%) (Table 2) by
the application of acidic biochar. Biochar particles have the potential to adsorb Na* ion
and do not release to the plants for its uptake [17]. The high CEC results positively in
the reduction of Na uptake and application of biochar reduces the negative effects of
salt stress by adsorbing Na from soil solution [30,63]. Similar results were obtained by
Huang et al. [26] in their greenhouse experiment, who have also reported that biochar
reduced the concentration of Na and enhanced K concentration in the sweet corn plant. The
findings of the present study are in line with the results of other studies [16,63,69]. These
researchers demonstrated that biochar addition could immobilize Na ions from the soil
solution by its high sorption capability, thus decreasing Na uptake and aided ionic balance
by releasing mineral nutrients, which directly improved the growth of maize seedling
under saline conditions.

4.3. Effect of Biochar on Nutrients Concentration in Root

Roots, the first organ to adapt and respond resistively to abiotic stresses in soil (drought
and soil), play an important role in regulating plant growth [70,71]. Root architecture,
particularly those that can entrench deeper with longer root length in the soil, plays an
important role in maximizing the ability of plants to gain soil water and nutrients for plant
growth [72]. The results of the present study showed that biochar retained NPK and Na
in the root of maize seedlings. It was observed that TK concentration was decreased and
Na concentration increased in the root (Table 3). However, Akhtar et al. [30] reported
that salt-induced disorder in growth and physiology of the plants could be alleviated
by biochar application due to its high adsorption capacity, which might have either led
to reduced Na uptake or enhanced Na exclusion or both from the roots. Roots play its
key role in the nutrition of a plant. These results are further supported by the study of
Qiao-Hong et al. [73], who observed a higher concentration of N, P, and K in roots as
compared to shoots of maize plant with biochar addition. Roots are the main entrance
of nutrients transfer to upward parts of the plants. Salinity decreased the transport of
nutrients towards the above parts of maize seedling and accumulated a greater quantity of
nutrients in the root. A similar trend was observed in biochar treated plants. However, the
addition of biochar basically contributes to the cation exchange capacity of soil [74]. The
increased K concentration with biochar application might be directly related to its higher
K content, thereby reducing Na uptake, and this could be another advantage of using
biochar in reducing Na uptake in addition to its high Na adsorption potential [75]. Another
reason for the high TK concentration in roots is due to the local salt, which contained a
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high quantity of exchangeable K. Interestingly, the higher concentration of all nutrients
was observed in the roots of maize seedlings as compared to shoots.

4.4. Effect of Biochar on Soil Properties

Soil degradation through salinization and sodication is the scourge of intensive agricul-
ture and a major environmental threat, caused by an increasing degree of temperature, low
precipitation in arid and semi-arid ecological regions of the world. Soil salinity degrades
soil properties by accumulation and adsorption of sodium (Na) salts on clay particles, it
degrades and disturbs the pore structure of surface soil along with it creates a problem
of soil permeability due to the predominance of sodium salts [67]. Overall, it can be ob-
served that soil properties (pH, EC, N, P and K) improved by the addition of acidic biochar
(Table 4). Soil pH was significantly low in the pots where maximum biochar was added.
The reason for the improvement in the soil pH is due to the acidic nature of biochar. In
contrast, the adsorptive properties of biochar resulted in low EC of the soil. The Na was
adsorbed by the soil particles in high quantity with the application of acidic biochar. The
high concentration of elements in biochar resulted in enhanced nutrient concentration in
the soil. The findings are further supported by the research studies of [20,29,30,76], who
observed the improved soil properties with the addition of different types of biochars.

5. Conclusions

Our study showed that the use of acidic biochar may offer an efficient technique for
alleviating the adverse effect of salt in the root zone. The improvement of the agronomic
growth of maize seedling and nutrients contents in above and below-ground parts (shoot
and root) was observed in B45S; and B4sS; 5. The SPAD chlorophyll and leaf fluorescence
were increased by the addition of acidic biochar. The nutrients content of the soil was
also improved by the addition of acidic biochar under salt stress. Based on our results,
acidic biochar could be the best organic amendment to act as a soil nutrient source to
improve maize seedling growth, plant nutrients, and soil properties under saline conditions.
Therefore, future studies should investigate the effects of acidic biochar on maize seedling
molecular characteristics in order to understand the deeper benefits of acidic biochar
on maize seedling under saline conditions. However, our result shed new light on the
important role of acidic biochar in improving maize seedlings’ physiological characteristics
under saline conditions.
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