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Abstract

Soil salinity restricts normal crop production of coastal areas in Bangladesh, and increases with the desiccation of the
soil. Currently, biochar has attracted great attention as a smart soil amendment for mitigating the adverse effects of
salinity. In this respect, a field experiment was performed to examine the responses of biochars on soil characters and
growth of okra (Abelmoschus esculentus 1..) and to identify a suitable biochar amendment for salt-affected soils. The
experiment was conducted in a completely randomized block design (CRBD) with five replications. Three types of
biochat (produced from rice straw, sawdust and water hyacinth) were applied @ 10 t ha'! in a silt loam soil along with
the control. Results revealed that biochar application to the soil enhanced height of plant, leaf number, largest leaf
area, shoot fresh weight, shoot dry weight and yield of okra as well as improving the soil quality e.g., field capacity
(FC), cation exchange capacity (CEC), organic carbon (OC), total N, available P, S, K, and Ca. Water hyacinth biochar
improved almost all of the growth and yield attributes of okra along with most of the soil properties than that of
others. The results suggest that water hyacinth biochar might be recommended as a suitable soil amendment for better
crop growth and soil quality. Moreover, water hyacinth biochar had significantly (P<0.001) higher surface area (205.40
m?g1); consequently, higher capacity in salt and water adsorption which might prevent soil desiccation. Side by side,
it significantly (P<0.001) increased the soil Ca content which might replace Na* in the root rhizosphere minimizing
the Na* uptake by plants. Taken together, water hyacinth biochar could also be the best choice of organic amendments
to reduce the detrimental effect of salt stress in coastal areas of Bangladesh.
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Introduction

The coastal areas cover nearly twenty percent of Bangladesh and more than thirty percent of the country’s cultivable
lands. Rasel et al. (2013) stated that about 50% of the arable lands of that coastal area was affected by soil salinity. The
mangrove forest of Bangladesh Sundarbans covers around 4,500 km? as the most valuable share in the coastal area.
The other part of the coastal area is used for agricultural production. In general, soils of the coastal regions are very
low in fertility including soil organic matter content (Haque, 20006). In coastal areas, different levels of soil salinity
affected the cultivable lands (Petersen and Shireen, 2001). Unfavorable situations are caused by salinity which affects
normal crop growth and soil salinity increases with the desiccation of the soil. Salinity affects not only the soil
properties also hampers the ecological balance, thus reducing the crop yield and economic output of an area (Parkash
and Singh, 2020).

If an excess amount of Na™ is present in the soil it depreciates the soil’s physical properties, vz, aggregate
stability, permeability, percent of pores, and infiltration rate (Kim et al., 2016). When the salinity is increased, salts are
increasingly accumulated both in soil solution and in root zone. As a result, water uptake of plant roots is inhibited.
The root and shoot growth are declined due to reduced root water uptake which causes decreased enzyme activity,
protein synthesis, and CO- assimilation returns (Parkash and Singh, 2020). The higher saline condition also causes ion
accumulation in the tissues of plants. Toxic effects might be produced by the ions if, it crosses the threshold levels.
The toxic effects of ions result in the senescence of premature leaves, chlorosis, necrosis, and reduction in cellular
metabolic activities (Panuccio et al.,, 2014; Zahir et al., 2012). Due to the decrease in metabolic activities the
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photosynthesis activity might be inhibited (Sahin et al., 2018) and electrolyte leakage. The major electrolyte K is a vital
element for ion balance, enzyme activity, phloem transport, protein synthesis, stomatal regulations, osmoregulation,
and photosynthesis activity (Wang et al., 2013). So, higher soil salinity directly and indirectly hampers plant processes
and ultimately plant growth.

Therefore, to alleviate the impacts of salinity, the potential practices for removing excess dissoluble salts
and/or to remove exchangeable Na* in excess from soil solution should be adopted (Parkash and Singh, 2020).
Different organic amendments #zz3. farm-yard manure, poultry manure, compost, green manutre etc. are used to a great
extent in soil for improving the physical and chemical along with the biological properties of saline soils to enhance
their crop productivity. However, these organic amendments are highly decomposable and necessitate frequent
reapplication to the soil. It is economically unfeasible as well as is not friendly for the environment as greenhouse
gases emission will be increased (Al-Wabel et al., 2019).

Biochar, a carbonaceous black material which is highly recalcitrant to decompose is produced from different
biomasses through the pyrolysis process under the condition of limited or no supply of Oz in a closed furnace. It is
widely applied as a soil conditioner to increase soils’ productivity though improving soil physical properties (water
holding capacity, hydraulic conductivity, porosity, aggregate stability etc.), chemical properties [nutrient availability and
retention, pH, electrical conductivity (EC), CEC etc.] and biological properties (Lehmann and Joseph, 2009). Besides,
the unique characteristic of biochar (soil amendment) which makes it potential for saline soils is its high salt adsorbing
capacity due to its high surface area and CEC. However, biochar being an extremely recalcitrant material has not been
widely studied to explore its potential for improving soil quality to reclaim salt-affected soils for growing plant (Parkash
and Singh, 2020).

In this respect, a field experiment was carried out to examine the responses of biochars on soil properties and
growth of okra (Abelmoschus esculentus 1..) and to identify a suitable biochar amendment for salt-affected soils of coastal
areas in Bangladesh.

Materials and Method

Experimental site

The research was accomplished in a farmer’s field (N 22° 56.758'/E 89° 40.257") situated in Terokhada Upazila, Khulna
(Figure 1). The experimental field belongs to the Agroecological zone (AEZ) 11 with the Ganges River Floodplain
soil. The soil is silt loam in texture.
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Figure 1. Map showing the location of the field experiment (Kabir, 2021)

The soils’ organic matter level was poor and slightly alkaline in reaction. In general, the fertility level is low.
However, the studied soil is medium in CEC, medium to high in K-bearing minerals and low to medium in Zn and B
(FRG, 2012).
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Figure 2. Monthly maximum (Max.), minimum (Min.) and average (Avg.) temperature of the year 2021 (Data
collected from Bangladesh Meteorological Department, Khulna)

The climate of the areas is subtropical with extreme heat during summer with high total rainfall (Figure 2 and Figure
3).
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Figure 3. Monthly average rainfall of the year 2021 (Data collected from Bangladesh Meteorological Department,
Khulna)

Collection and preparation of soil and biochar sample

Soil sampling was done from the 0-15 cm topsoil of the field and a composite soil sample was prepared according to
USDA (1951). The sample was then air dried, sieved (<2 mm) and homogenized and preserved for characterizing
them. Three biochars (Table 1) were produced in Soil, Water and Environment discipline at Khulna University in
Bangladesh. The biochar samples were homogenized, ground with mortar and pestle, then passed through 2.0 mm
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sieve (IBI, 2015) and preserved in separate containers for laboratory analysis and further use as a soil amendment in
the field.

Table 1. General information on the biochars production

Biochars Code Pyrolysis temperature (°C) Residence time (min.)
Rice straw biochar B1 400 10
Sawdust biochar B2 350 20
Water hyacinth biochar B3 400 10

Methods of soil and biochars analysis

The soil textural class was determined by Matshall's Texture Triangle as devised by USDA (1951) followed by patticle
size analysis (PSA) using the modified Bouyoucos hydrometer method (Gee and Or, 2002). Field capacity (FC)
moistute of the soil, soil pH, EC, CEC, soil organic carbon (SOC), total N, and available P, K, S, and Ca were
determined according to the procedures narrated in Huq and Alam (2005).

The pH and EC of the biochars were determined electrochemically with a pH meter and EC meter respectively,
using modified dilution of 1:20 (w:v) biochar: deionized H2O and equilibration at 90 minutes on the shaker, according
to Rajkovich et al. (2012). Surface areas of biochars were estimated according to the procedures described by Dume
et al. (2015). The carbon content of the biochars was determined by Walkley and Black’s wet oxidation method as
described by Jackson (1962). Total nitrogen in biochar was determined by Micro-Kjeldahl’s method following H>SO4
acid digestion as suggested by Jackson (1967). Available P of biochar samples was determined by extraction with 2%
formic acid followed by spectrophotometry (Wang et al., 2012). Available K, Ca, and SO4-S determination were
performed after extraction with 1 M HCI (Camps-Arbestain et al., 2015). The available K in the extract was analyzed
at 589 nm by a flame analyzer and the SO4-S was measured by Spectrophotometer at 420 nm. The available Ca was
determined by complexometric titration method using ethylene diamine tetra-acetic acid (EDTA) (Schwartzenbech et
al., 1940).

Experimental design

The experiment was carried out in a randomized complete block design (RCBD) with five replications. Blocks (8.8m
X 3.2m) of consistent soil type were identified and within these blocks, 2.6m X 1.4m experimental plots were
established. There were twenty experimental plots of equal size. Okra was grown as a test plant. The plant spacing
was 00 cm X 40 cm. There were five rows per plot and five plants per row. During field preparation, chemical fertilizers
wete applied to the soil @ 90-40-40 kg ha'! N, P,Os, KO (FRG, 2012). The total amount of biochar, Triple super
phosphate (TSP), and Muriate of potash (MP) and half the quantity of urea and MOP were applied as basal and the
rest was top-dressed 30 days after planting.

Treatments
There were three types of biochars as treatments »7z. B1 (rice straw biochar), B2 (sawdust biochar), and B3 (water
hyacinth biochar) along with the control (B0). Biochars wete applied @ 10 t ha™! to the field.

Seed sowing
Seeds of BARI Dherosh-2 were soaked in water overnight and were dibbled with 2 seeds hill! on 15 February 2021.

Weeding

Manual weeding was done at regular intervals for keeping the experimental field free from weeds.

Irrigation
The soil moisture level was monitored with the help of a tensiometer and irrigation was done to keep the soil moisture
level within field capacity range.

Harvesting and sampling

Okra was harvested for data collection at the edible stage. The experimental plants were harvested on 18 May 2021.
Different growth and yield attributes were recorded from the inner 5 plants from each plot. Data were collected for
plant height (cm), leaf number, largest leaf area (cm?), shoot fresh weight (g), shoot dry weight (g), fresh biomass (g),
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dry biomass (g) and yield (t ha'). Soil samples were taken from each plot and then analyzed for the same parameters
as was done for the initial soil.

Statistical analysis

Data were analyzed statistically through the SPSS 16.0 statistical package. Significant variations among the treatments
were analyzed through one-way ANOVA by using Tukey’s tests at P<0.05. Other calculations and graphs were
prepared using Microsoft Excel 2010.

Results

Characteristics of soil

The analytical results of some important properties of soil are presented in Table 2. The soil used in the experiment
for plant growth is silt loam in texture, slightly alkaline and non-saline in nature. The soil fertility level is very low for
available P, low for organic matter and total N with a medium level of available K and CEC (Table 2) according to
FRG (2012) of Bangladesh.

Table 2. Important properties of the initial soil

Properties Soil sample value Remarks
Sand (%) 17.06 Silt loam
Texture Silt (%) 61.04
Clay (%) 21.90
% FC 21.89
pH 7.54 Slightly alkaline
EC(dSm?) 1.13 Non-saline
CEC (Cmol.Kg1) 18.20 Medium
% OC 0.64
% Organic matter (OM) 1.10 Low
P (uggh) 7.05 Very low
S (ug 51) 18.9 Medium
K (CmolKg1) 0.23 Medium
Ca (Cmol.Kg1) 21.20 Very high

Characteristics of biochar

Some important properties of the biochars are presented in Table 3. Among the analyzed properties of the biochars,
B1 was significantly (P<0.001, Table 3) higher for pH and total N than that of B2 and B3. B2 was significantly
(P<0.001, Table 3) higher for %OC than that of B1 and B3. B3 was significantly (P<0.001, Table 3) higher for surface
area, EC and available P, S, K and Ca than that of B1 and B2. The biochars are statistically similar for CEC.

Table 3. Characteristics of the biochars

Characteristics Biochars
B1 B2 B3

Surface area (m2g1) 164.87¢ 191.53b 205.402
pH 8.281 7.53¢ 8.06P
EC (dSm) 6.80P 0.30¢ 11.802
OC (%) 75.10b 85.402 55.70¢
Total N (%0) 1.842 0.53¢ 1.37>
CEC (Cmol.Kg") 37.86 34.57» 35.56#
Available P (g kg) 1.43b 0.96¢ 1.87»
Available S (g kg™) 1.68> 0.25¢ 4.312
Available K (g kg™!) 3.82b 1.60< 4.51a
Available Ca (g kg1 10.07¢ 12.47v 21.62

Mean data (n=3) followed by different letter(s) are statistically significant among the biochars; B1=Rice straw biochar, B2=S awdust biochar, B3=W ater hyacinth biochar

Effects of Biochar on plant growth
To evaluate different treatments looking to improve crop performance and yield, in the present study different traits
were usually utilized such as plant height, leaf number, leaf area, fresh weight, dry weight, yield and more. Biochar
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application enhanced all of the studied growth and yield attributes of okra. Plant height was increased for all of the
biochar-applied soils as compared to the control. The increment was significant (p<0.05) for B3 applied soil and
insignificant for B1 and B2 applied soils (T'able 4).

Due to biochar application, the leaf number of okra was significantly (p < 0.05) increased for B1 applied soil
and insignificantly increased for B2 and B3 applied soils (Table 4). The leaf numbers for B1, B2 and B3 applied soils
were statistically not different (Table 4). The leaf area was significantly (p<<0.01) increased for all the biochars applied
soils as compated to the control. But B1, B2 and B3 applied soils were statistically not different in the case of leaf area

(Table 4).

Table 4. Response of biochar application on plant height, leaf number, largest leaf area, shoot fresh weight, shoot
dry weight, and yield of okra

Plant growth Treatments
parameters BO B1 B2 B3

(No biochar) (@10 t ha't) (@10 t ha'!) (@10 t ha'!)
Plant height (cm) 96.56 = 3.91b 110.11 £7.682> 115.67 £ 6.882> 117.89 £ 2.552
Leaf number 37.89%1.65P 46.00£3.753 41.89+£2.34ab 44.221+2.673>
Largest leaf area (cm?) 143.06%2.40b 152.08+4.17 153.4742.42a 159.031£0.992
Shoot fresh weight (g) 241.39£3.81¢ 299.3219.47b 313.32+7.63b 378.70%7.70a
Shoot dry weight (g) 53.02%2.23b 62.44+5.39ab 63.42%2.263b 73.56%3.662
Yield (g plant?) 196.15%7.64b 254.5919.092 211.84+£5.75P 268.6619.042
Yield (t ha) 13.47£0.91b 17.49£1.082 14.55£0.68P 18.45£1.192

Mean values are shown * standard deviation (n = 5); Mean data followed by different letter(s) are statistically significant among the biochars; BO= the control, B1=Rice
straw biochar, B2=Sawdust biochar, B3=W ater hyacinth biochar

Shoot fresh weight was increased significantly (p < 0.001) for all of the biochars applied soils as compared to
the control (Table 4). The shoot fresh weight for B3 applied soil was significantly higher than that of B1 and B2
applied soils (Table 4). Whereas the shoot dry weight was increased for all of the biochar applied soils as compared to
the control but significant (p < 0.05) only for B3 applied soil (Table 4). The shoot dry weight for B1, B2 and B3
applied soils were statistically similar (Table 4).

The yield was increased for all the biochar-applied soils than that of the control but significant (p < 0.01) for
B1 and B3 applied soils (Table 4). The yield was expressed in g plant!and t ha'! but in both cases, the highest average
yield was observed for B3 applied soil and the lowest was observed for the control (Table 4).

Effects of Biochar on soil properties

Post-harvest soil analysis results are summarized in Table 5. With a few exceptions, biochar application results the soil
FC, pH, EC, CEC, OC, total N, available P, S, K and Ca were increased from that of the control. Statistical analysis
of the post-harvest soil properties revealed that for biochars application, the field capacity moisture was significantly
(p < 0.001) increased in compare to the control (Table 5). Among the biochar treatments, field capacity was
significantly higher for B1 than that of B2 whereas for B3 it was statistically similar to that of B1 and B2. The highest
average field capacity moisture (28.58+0.84%) was observed for Bl-applied soil and the lowest (21.50£0.73%) was
observed for the control (Table 5).

Table 5. Important properties of the post-harvest soil

Parameters Treatments
BO Bl B2 B3

(No biochar) (@10 t ha!) (@10 t ha) (@10 t ha))
% FC 21.5020.73¢ 28.5810.841 26.7620.23b 27.060.37
pH 7.80%0.102 7.9740.06 7.9320.06t 7.83%.052
EC (dSm™) 1.0540.02 1.2340.054 1,020,025 1.2140.01
CEC (Cmol.Kg™) 17.00£0.35 22.2141.200 24.2140.69 23.81+1.83
% OC 0.6120.01¢ 0.8740.03 0.8920.01= 0.8320.02
% Total N 0.08120.01= 0.09240.02¢ 0.09120.006 0.096+0.01
P (ug gl 5.2340.20¢ 15.25+0.250 13.76:£0.48> 15.36:£0.568
S (ug g-1) 16.73+0.83P 22.00%0.63 23.97+0.50¢ 24.18+1.26°
K (Cmol Kg-1) 0.21120.0004> 0.240%0.0022 0.23240.0012 0.243%0.0072
Ca (CmolKg) 14.90+0.15¢ 21.4420.58 22.45%0.55% 23.4540.25

Mean valnes are shown t standard deviation (n = 5); Mean data followed by different letter(s) are statistically significant; BO= The control, B1=Rice straw biochar,
B2=Sawdust biochar, B3=W ater hyacinth biochar
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Soil pH insignificantly (p > 0.05) increased due to biochar application. The highest average soil pH (7.97£0.00)
was observed for Bl-applied soil and the lowest (7.80+0.10) was observed for the control (Table 5). Soil EC was
significantly (p < 0.001, Table 5) increased with the application of B1 and B3 and that for B2 was decreased
insignificantly (p > 0.05) than that of the control. Among the biochar treatments, soil EC was significantly higher for
B1 than that of B2 whereas for B3 it was statistically similar to that of B1 and B2. The highest average EC (1.23£0.05
dSm) was observed for the B1 application and the lowest (1.02£0.02 dSm™!) was observed for B2 (Table 5).

The CEC of the post-harvest soil was significantly (p < 0.001) increased with the application of all the biochars
than that of the control (Table 5). Among the biochar treatments, they were statistically similar in the case of soil CEC.
The highest average CEC (24.21£0.69 CmolcKg') was observed for the B2 application and the lowest (17.00£0.35
Cmol Kg') was observed for the control (Table 5).

Soil OC was significantly (p < 0.001) increased with the application of all the biochars than that of the control
(Table 5). Among the biochar treatments, soil OC was significantly higher for B2 than that of B3 where soil OC for
B2 and B1 were statistically similar. The highest average Soil OC (0.89£0.01 %) was observed for B2 application and
the lowest (0.61£0.01%) was observed for the control (Table 5). Therefore, the soil C storage was decreased in the
control and increased with the application of all the biochars from the initial soil. The result illustrated the biochars’
stability against decomposition and also indicated the increased soil C storage capacity.

The total N of the post-harvest soil was insignificantly (p > 0.05) increased with the application of all the
biochars than that of the control (Table 5). The highest average total N (0.096%£0.01%) was observed for the B3
application and the lowest (0.0812£0.01%) was observed for the control (Table 5).

The available P of the soil was increased significantly (p < 0.001) with the application of all the biochars than
that of the control (Table 5). Among the biochar treatments, the available P content of the post-harvest soils was
significantly higher for B1 and B3 than that of B2 where B1 and B3 were statistically similar to that. The highest
average soil available P (15.36£0.56 pgg!) was observed for B3 application and the lowest (5.23£0.20 pgg!) was
observed for the control (Table 5).

The soil available S content was significantly (p < 0.001) increased with the application of all the biochars than
that of the control (Table 5). Among the biochar treatments, they insignificantly differed in the available S content of
the post-harvest soils. The highest average soil available S content (24.18%1.26 pgg') was observed for B3 application
and the lowest (16.7320.83 pgg!) was observed for the control (Table 5).

The available K of the soil was increased significantly (p < 0.001) with the application of all the biochars than
that of the control (Table 5). The biochar treatments were statistically similar to soil available K. The highest average
soil available K was observed for B3 application (0.2431+0.007 Cmol.Kg!soil) and the lowest (0.211£0.0004 Cmol Kg
Isoil) was observed for the control (Table 5).

In the case of soil available Ca content, it was significantly (p < 0.001) increased with the application of all the
biochars than that of the control (Table 5). Among the biochar treatments, soil available Ca was significantly higher
for B3 than that of B1 where available Ca for B2 was statistically similar to that of B1 and B3. The highest average
available Ca (23.45+0.25 CmolKg'soil) was observed for B3 application and the lowest (14.90£0.15 Cmol Kg'soil)
was observed for the control (Table 5).

Discussion

The study was mainly aimed to select a suitable biochar amendment among the three studied biochars for sustainable
crop production which can be applied as a potential soil amendment for salt-affected soils in coastal areas of
Bangladesh. The present study demonstrated that as a result of biochar application, the growth and yield of okra were
increased. The highest values of plant height (117.89£2.55 c¢m), leaf area (159.03£0.99 cm?), shoot fresh weight
(378.70£7.70 g), shoot dry weight (73.56£3.66 g) and yield (18.45+1.19 t ha') were observed for B3 applied soil and
the lowest values of those were observed for the control (Table 4). The highest average leaf number (46.001+3.75) was
observed for Blapplied soil and the lowest (37.8911.65) was observed for the control (Table 4). Farias et al. (2020)
also found enhanced growth and yield of okra for biochar application to soil, and improved soil chemical
characteristics. Inal et al. (2015); Muhammad et al. (2017); Parkash and Singh (2020); Abd El-Azeim et al. (2021);
Hammam et al. (2022) and Almaghamsi et al. (2023) also reported that for different crops the crop production was
increased applying biochar to the soil which is an agreement with the findings of the present study.

The results also illustrated that application of different types of biochar significantly improved almost all the
analyzed soil properties which might increase okra productivity. Due to biochar application the field capacity moisture
level was increased to 32.93%, 24.47% and 25.86%, the OC level was increased to 42.62%, 45.90% and 36.07%, total
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N level was increased to 13.58%, 12.35% and 18.52%, and the available P level was increased to 191.59%, 163.09%
and 193.69% for application of B1, B2 and B3, respectively from that of the control. These are the most important
soil properties for plant growth and the studied soil was deficient for most of them (Table 2) which were increased by
the applied biochars. Previous study reported an increase in soil nutrient content for biochar application (Biederman
and Harpole, 2013). Similar findings were presented by Hamzah and Shuhaimi (2018). Farias et al. (2020) also
observed improved soil chemical characteristics. Faye et al. (2021) explored an increase in soil pH, total N, SOC and
available P for biochar addition to soil. Nepal et al. (2023) also reported increased soil fertility for amending soil with
biochar.

The results of the experiment revealed that among the three biochars, B3 was significantly higher in most of
the nutients (available P, S, K and Ca) than others (Table 3) and when they were applied almost all of the growth and
yield properties of okra along with most of the soil properties were considerably higher total N, available P, S, K and
Ca) in compare to that of Bland B2 (Table 4 and 5). Therefore, the result of the present experiment explored that
water hyacinth biochar (@ 10 t ha') could be a suitable soil amendment for better crop growth and improved soil
quality among the studied three biochars. Moreover, water hyacinth biochar had significantly (P<0.000) higher surface
area (205.40 m?g!) than that of others (Table 3) for which it will be highly capable in salt adsorption. Besides, it
significantly (P<0.000) increased the soil Ca content (Table 5) than that of others which will replace Na* and thus
minimize the Na* uptake by plants.

Parkash and Singh (2020) reported biochar potentiality in mitigating the detrimental effects of soil salinity and
enhanced the growth and yield of eggplant. Farhangi-Abriz and Torabian (2018) reported that under salt stress, Na*
content could be reduced through biochar addition in the roots which is favorable for root growth. Thus, under
salinity stress the root growth could be increased by biochar addition and consequently growth and yield of the plant
might be enhanced. From the result of the current study revealed that water hyacinth biochar could be the best choice
of organic amendments for reducing the harmful effect of salt stress in coastal areas of Bangladesh.

Conclusion

Biochar application to the soil improves the soil quality and enhanced the growth and yield of okra. Water hyacinth
biochar performed the best result among the three studied biochars. This biochar also could be a good choice of
organic amendments to reduce the detrimental effects of salinity stress of coastal areas in Bangladesh. However,
further study using saline soil with different crops should be necessary.
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