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Abstract: A pot study was conducted to understand the effects of biochar on the growth, physiology, and
yield of soybean under salt stress. Different biochar application rates (0, 5, 10, 15, and 20 tons ha) were
applied to the soil before soybean seeds were sown into pots. Salinity treatment was applied at the flowering

stage by irrigating soybean plants with 100 ml of NaCl (100 mM) once every 3 days. The treatment lasted 30
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days, and a total of 1000 ml of NaCl solution was applied to each pot. Salinity significantly decreased the
growth and yield of soybean. Biochar application at 10 tons ha™ significantly increased the growth and yield

components including root length, leaf area, plant fresh and dry weight, nodule number plant™, Fv/Fm, leaf
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chlorophyll content, pod number plant™, 100-seed weight, and grain yield whereas the leaves' relative ion
leakage and water saturation deficit both decreased. Our findings suggested the application of 10 tons ha™

biochar can promote an optimal growth, physiology and high yield of soybean.
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Introduction

The global estimates from various scientists reported that
around 1 billion hectares of land are affected by salinity in the
world (Qadir et al., 2014; Dagar and Minhas, 2016; Shahid et al.,
2018). Particularly, in arid and semi-arid areas, salt-affected soils
are widely and extensively distributed (with more than 100
countries) (Saifullah et al., 2018). As most of the crops are highly
sensitive and vulnerable to the high concentration of salts in soil,
salinity has become one of the most severe abiotic factors which
negatively affect crop productivity worldwide (Shrivastava and
Kumar, 2015).

Biochar is a carbon-rich material produced from pyrolyzing
biomass in a confined container with limited O2 (Lehmann and
Joseph, 2015). Recently, the use of biochar as an effective soil
amendment has gained a lot of attention (Saifullah et al., 2018).
Many studies have shown that biochar application on the salt-
affected soils is effective in improving physical, chemical and
biological properties (Saifullah et al., 2018; Thomas et al., 2013;
Chaganti and Crohn, 2015; Kim et al., 2016; Akhtar et al., 2015;
Amini et al., 2016; Ali et al., 2017). One of the direct influences of
biochar is that it helps to decrease Na* absorption; thereby,
enhancing the availability of other essential nutrients such as K*
in the soil (Chintala et al., 2014). Thus, biochar has been shown
in numerous studies to enhance crop productivity and soil
quality in a variety of agricultural soils (Huang et al., 2013;
Lashari et al., 2013). For example, Xu et al. (2015) stated that yield
of groundnuts significantly increased in the soils treated with
biochar. Chintala et al. (2014) and Akhtar et al. (2014) noted the
positive effects of biochar as seen by the increase in soil water
holding capacity, enhanced plant physiological responses
including leaf chlorophyll content, leaf relative water content,
stomatal conductance, and photosynthetic capacity. Vu et al.
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(2023) revealed the positive influences of biochar on growth and
physiology of sugarcane subjected to a salinity stress at an early
growth stage. In addition, Farhangi-Abriz and Torabian (2018)
found that nodulation as well as nitrogen metabolism in soybean
treated with biochar was improved under salt stress.

Soybean [Glycine max (L.) Merrill] is one of the most important
food and oil crops with a great source of edible oil and vegetable
protein (Guo et al., 2022). Despite being a crop with high
adaptation to a wide range of soils and climates, soybean is
considered as a salt-sensitive crop (Luo et al., 2005), as shown by
its high sensitivity to saline conditions. Several studies have
reported that growth characteristics and yield of soybean
reduced significantly in saline conditions (Talib and Dawood,
2001; Katerji et al., 2003; Hamayun et al., 2010; Khan et al., 2016).
Although soybean is a valuable crop, its high sensitivity to
salinity has limited its production globally, including in Vietnam.
Therefore, additional studies are required to deepen our
understanding of the roles of biochar in minimizing the
detrimental effects caused by salinity on the growth and yield of
soybean.

Results
Effect of biochar on growth characteristics of soybean

Effect of biochar rates on plant height, root length and leaf
area

Salinity  significantly ~decreased soybean growth-related
characteristics including root length and leaf area. However,
there was no statistical differences in plant height between non-
salt stress and salt stress conditions. Biochar application
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Table 1. Plant height, root length and leaf area of soybean in response to different rates (0, 5, 10, 15, and 20 tons ha") of biochar application

under non-salt stress and salt stress.

Treating Biochar rate Plant height Root length Leaf area
condition (tons ha) (cm) (cm) (dm? plant)

0 51.70 b 28.53 bc 597 ¢

5 52.03 b 29.53 bc 6.60 bc
Non-salt stress 10 5540 a 31.77 a 8.00 a

15 53.15 ab 29.80 b 7.37 ab

20 52.80 b 29.67 b 6.95 b

0 50.60 b 26.10 ¢ 4.58 d

5 50.83 b 26.48 ¢ 4.88 d
Salt stress 10 53.74 ab 28.63 bc 6.75b

15 52.03 b 27.67 ¢ 597 ¢

20 51.88 b 27.53 ¢ 543 ¢
CVz 3.4 4.7 9.1
LSD7xB 0.05 2.55 1.92 0.96
Average of treating Non-salt stress  53.02 A 29.86 A 6.98 A
condition Salt stress 51.81 A 27.28 B 5.52 B
LSDt .05 1.28 0.86 0.43

0 51.15B 27.31 C 5.27 C
Average of biochar 5 51.43 B 28.00 BC 5.74 C
rates 10 54.57 A 30.20 A 7.38 A

15 52.59 B 28.73 B 6.67 B

20 52.34 B 28.60 BC 6.19 BC
LSD B 0.0 I 1.87 1.36 0.68

CV: Coefficient of Variation; LSD: Least significant difference; T: Treating conditions (non-salt stress and salt stress); B: Biochar rates. Mean
within a column followed by the same lowercase letters are not significantly different among biochar rates and treating conditions at p <
0.05. Mean within a column followed by the same capital letters are not significantly different among biochar rates or not significantly
different between treating conditions by Duncan’s multiple range tests at p < 0.05.

improved growth characteristics such as plant height, root
length and leaf area of soybean in both non-salt stress and salt
stress conditions. However, there was no statistical differences
in plant height among soybean plants applied with 0, 5, 15, and
20 tons of biochar ha™ or in root length and leaf area among
soybean plants applied with 0, 5, and 15 tons of biochar ha™
(Table 1). The highest values of plant height, root length and leaf
area were recorded in soybean plants treated with a rate of 10
tons of biochar ha.

Effects of biochar rates on plant fresh and dry weight of
soybean

Plant fresh and dry weight of soybean were significantly
declined under the salt stress. However, biochar application
significantly increased the fresh and dry weight of roots, shoots
and leaves of soybean growing under both non-salt stress and
salt stress conditions. The highest values of fresh and dry weight
of roots, shoots and leaves of soybean were found in soybean
plants treated with 10 tons of biochar ha™ (Table 2).

Effect of biochar on physiological characteristics of
soybean

Effect of biochar rates on photosynthetic efficiency
(Fv/Fm)

The changes in photosynthetic efficiency (Fv/Fm) of soybean
from pre-treating to after treating periods of saline conditions
were measured to examine the effect of salinity on physiological
performance. Fv/Fm of soybean was significantly affected by
salinity and decreased after the saline stress treatment. Biochar
application improved Fv/Fm of soybean in saline condition.
However, no significant difference in Fv/Fm of soybean was
found among the plants treated with 5, 10, 15, and 20 tons of
biochar ha™ (Fig. 1).

Effect of biochar rates on chlorophyll content

The SPAD values in leaves of soybean plants revealed that
chlorophyll content ranged from 36.9-38.3 and 36.6-38.3 at the
pre-treating period for the non-salt stress and salt stress
conditions, respectively, indicating no significant differences.
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SPAD values increased and finally reached 47-48 in the non-salt
condition while these values increased until 25th day of the salt
stress treatment and then decreased at the end of the treating
period and after-treating period. However, SPAD values did not
significantly vary in plants at 5, 10, 15, and 20 tons biochar ha™!

(Fig. 2).

Effect of biochar on water saturation deficit and relative
ion leakage

The results from this study revealed that the saline condition
increased water saturation deficit and relative ion leakage in
soybean leaves while biochar application decreased them (Fig 3).
Under the saline treatment, the use of 20 tons of biochar ha™ has
resulted in the lowest values of both water saturation deficit and
relative ion leakage in leaves. However, these were not
significantly different with values recorded in plants under 5, 10,
and 15 tons of biochar ha.

Under the non-salt stress condition, the lowest values of water
saturation deficit and relative ion leakage were recorded for the
biochar treatment of 10 tons ha, and the highest values were
observed in plants growing in 0 tons ha™ of biochar treatment
under salt stress. However, no significant difference in either
water saturation deficit or relative ion leakage was noted among
the plants treated with 10 and 15 tons of biochar ha™ (Fig. 3).

Effect of biochar on nodule number, nodule mass of
soybean

Biochar significantly affected nodule number and nodule mass
(p =< 0.05) in the saline stress condition. The nodule number and
nodule mass were significantly reduced under the saline
condition while the application of biochar increased nodule
number and nodule mass. The lowest values of nodule number
and nodule mass were recorded in the untreated soil (without
biochar) under both non-salt stress and salt stress conditions.
The highest values of nodule number and nodule mass were
observed in plants grown in 10 tons ha of biochar treatment
under both non-salt stress and salt stress conditions. However,
there were no significant differences in nodule number and
nodule mass between biochar treatments of 10 and 15 tons ha™
under both non-salt stress and salt stress conditions (Table 3).



Table 2. Fresh and dry biomasses of roots, shoots and leaves of soybean in response to different rates (0, 5, 10, 15, and 20 tons ha™) of

biochar under non-salt stress and salt stress.

Treating Biochar rate Fresh weight (g plant) Dry weight (g plant)
condition (tons ha™) Root Shoot Leaf Root Shoot Leaf
0 2.83b 352b 2.37 cd 0.78 e 1.20b 0.59 d
Non-salt 5 3.09 ab 391 b 2.95 bc 0.84 d 1.25 ab 0.62 cd
stress 10 3.52a 4.53 a 4.27 a 1.20 a 1.35a 0.80 a
15 3.49 ab 4.48 ab 3.68 ab 117 a 1.31a 0.72b
20 3.47 ab 4.16 ab 355b 1.10 b 1.28 ab 0.64 cd
0 2.72b 212 ¢ 1.98 d 0.63 g 0.76 d 0.36 g
5 2.85b 2.22 ¢ 2.10 cd 0.71 f 0.90 ¢ 0.41f
Salt stress 10 3.27 ab 4.19 ab 2.73 ¢ 0.92 ¢ 1.15b 0.66 ¢
15 293 ab 359b 222 cd 0.73 e 111b 0.54 e
20 291b 3.42b 219 cd 0.71f 0.99 c 0.51e
CVy 11.2 9.4 13.5 3.9 6.3 5.6
LSDBxT 0.05 0.60 0.57 0.64 0.05 0.1 0.04
Average of Non-salt stress 3.28A 412 A 336 A 1.02A 1.28 A 0.67 A
treating Salt stress 293 B 3118 2.24 B 0.74 B 0.98 B 0.50 B
condition
LSDr 0.05 0.26 0.25 0.28 0.02 0.04 0.02
0 2.77 B 2.82C 2,17 C 0.71 E 0.98 C 0.47 E
Average of 5 297 AB 3.07C 2.52 BC 0.77D 1.08 B 0.52D
biochar rates 10 3.39A 4,36 A 3.50 A 1.06 A 1.25 A 0.73 A
15 3.21 A 4.04 AB 295B 0.95B 1.21 A 0.63B
20 3.19 AB 3.79B 2.87 B 0.90 C 1.14 AB 0.58 C
LSDg .05 0.42 0.40 0.45 0.04 0.07 0.03

CV: Coefficient of Variation; LSD: Least significant difference; T: Treating conditions (non-salt stress and salt stress); B: Biochar rates. Mean
within a column followed by the same lowercase letters are not significantly different among biochar rates and treating conditions at p <
0.05. Mean within a column followed by the same capital letters are not significantly different among biochar rates or not significantly
different between treating conditions by Duncan’s multiple range tests at p < 0.05.
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Fig 1. The quantum efficiency of photosystem Il (Fv/Fm) of soybean in response to different rates (0, 5, 10, 15, and 20 tons ha™) of biochar
under non-salt (A) and salt (B) stresses. Vertical bars represent £ SD, n = 15.

Effect of biochar on yield and yield component of soybean
Effect of biochar were assessed on the yield and its components
in soybean under non-salt stress and salt stress conditions. Pod
number, 100 seed weight, and grain yield were determined in
response to biochar and saline treatments. In general, salt stress
significantly reduced pod number, 100 seed weight, and grain
yield of soybean. However, applying biochar improved pod
number, 100 seed weight, and grain yield of soybean in both non-
salt stress and salt stress conditions. The biochar treatment of 10
tons ha™ showed the highest values of pod number, 100 seed
weight, and grain yield under both non-salt stress and salt stress
conditions (Table 4). However, no significant difference was
noted in grain yield for different rates of biochar including 5, 10,
15, 20 tons and 10, 15, 20 tons of biochar ha™, under the non-salt
stress and salt stress conditions, respectively.
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Discussion

Salinity has become one of the most crucial environmental
factors which negatively affected crop productivity worldwide
(Shrivastava and Kumar, 2015). Soybean is considered as a salt-
sensitive crop (Luo et al., 2005), as shown by its high sensitivity
to saline conditions. Here, we showed that salt stress inhibited
the growth characteristics of soybean like root length, leaf area,
plant fresh and dry weight, nodule number and nodule mass.
These results are in alignment with the previous studies which
reported that saline conditions reduced the growth of soybean
(El Sabagh et al., 2015), and compromised root and shoot growth.
In addition, a study of Farhangi-Abriz and Torabian (2018) also
revealed that the number of nodules and nodule masses of
soybean decreased under saline condition.



Table 3. Nodule number, nodule weight of soybean in response to different rates (0, 5, 10, 15, and 20 tons ha™) of biochar under non-salt

stress and salt stress.

Treating condition Biochar rate

Nodule number

Nodule mass (g/plant)

(tons ha') (Nodules/plant)
0 25.00 b 1.90 ¢
5 25.25b 2.05b
Non-salt stress 10 27.50 a 2.46 a
15 26.75 a 243 a
20 26.00 ab 2.16 b
0 11.75 e 1.39 e
5 14.50 d 143 e
Salt stress 10 18.00 ¢ 1.60 d
15 17.75 ¢ 1.55 de
20 15.25d 1.46 e
CVy 5.9 5.5
LSDBxT 0.05 1.78 0.14
Average of treating Non-salt stress 26.10 A 2.20 A
condition Salt stress 15.45 B 1.49B
LSDcr 0.05 0.79 0.07
0 18.38 C 1.65C
. 5 19.88 B 1.74 BC
’;"tirsage of biochar 10 22.75 A 2.03 A
15 22.25 A 1.99 A
20 20.63 B 1.81B
LSDs 0.05 1.26 0.10

CV: Coefficient of Variation; LSD: Least significant difference; T: Treating conditions (non-salt stress and salt stress); B: Biochar rates. Mean
within a column followed by the same lowercase letters are not significantly different among biochar rates and treating conditions at p <
0.05. Mean within a column followed by the same capital letters are not significantly different among biochar rates or not significantly
different between treating conditions by Duncan’s multiple range tests at p < 0.05.
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Fig 2. Chlorophyll content of soybean in response to different rates (0, 5,
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Saline stress disturbs plant water relations including water
potential in the root zone (Hasanuzzaman et al., 2013) causing
imbalance in osmotic potential, ionic equilibrium and nutrient up
take (Niu et al., 1995). Therefore, in this study, salinity affects the
photosynthetical capacity of soybean mainly through a
reduction in Fv/Fm value and chlorophyll content, but it
heightened the water deficit and relative ion leakage in the
leaves. These results are supported by previous studies which
reported that the reduction in photosynthesis under salinity
attributed to a decrease in chlorophyll content (Jamil et al., 2007)
and the activity of photosystem Il (Ganivea et al., 1998; Netondo
et al., 2004). In addition, Reddy and Vora (1986) also showed that
salt stress decreased chlorophyll content, which may be
attributed to the increased degradation and inhibited the
synthesis of pigment.

Our findings revealed the reduction in yield and its components
of soybean under the salt stress. This may be a consequence of
the poisonous effect caused by increasing in sodium (Na*) and
chloride (CI") ions, the breakdown of plant ion balance, and a

5 days 10 days15 days20 days25 days 30 days 31 day 35 days
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decrease in nutrient uptake and physiological processes (Levitt,
1980; Yeo and Flowers, 1983; Leopold and Willing, 1984;
Marschner, 1995). On the other hand, the high salt
concentrations negatively impact soils properties, potentially
affecting the degree of legume nodulation (Slattery et al., 2001).
All those parameters can be enhanced with the application of
biochar in the soil (Jones et al., 2012). For instance, Farhangi-
Abriz and Torabian (2017) indicated that biochar could
improve plant growth by reducing oxidative stress in plant
tissues of bean under salt stress. Therefore, despite the negative
effects of salt stress observed in our study, biochar application
enhanced plant growth, photosynthetic efficiency, and soybean
yield. However, our findings also revealed a decline in growth,
yield components, and grain yield at higher biochar application
rates (15 and 20 tons ha™) compared to the optimal rate (10 tons
ha™") under both non-salt stress and salt stress conditions. This
may be attributed to an increased drainage at higher biochar
application rates, which may promote nutrient leaching and
result in nutrient deficiencies which then adversely affect crop
growth and photosynthetic capacity (Ngulube et al., 2018).



Table 4. Yield and its component of soybean in response to different rates (0, 5, 10, 15, and 20 tons ha™) of biochar under non-salt stress

and salt stress.

Treating Biochar rate Number of pods/plant 100 seed weight Grain yield
condition (tons ha) (pods) (g) (g/plant)
0 14.60 d 18.70 bc 8.52b
5 16.40 ¢ 19.48 b 8.84 a
Non-salt stress 10 19.29 a 22.10 a 10.00 a
15 17.86 b 19.77 b 9.15a
20 17.13 b 19.60 b 9.13 a
0 13.57 e 18.25 ¢ 7.30 b
5 14.17 de 18.93 bc 8.37b
Salt stress 10 18.50 a 19.70 b 9.68 a
15 17.43 b 19.60 b 9.08 a
20 15.14d 19.20 b 8.70 a
CV4 8.2 4.9 7.5
LSD7xB 0.05 0.79 1.06 1.31
Average °f Non-salt stress 17.06 A 19.93 A 9.13 A
treating
condition Salt stress 15.56 B 18.93 B 8.57 B
LSDT 0.05 0.38 0.95 0.52
0 13.59 E 17.98 C 7.78 B
Average of 5 15.29 D 19.21 B 8.61 AB
biochar rates 10 18.89 A 20.90 A 9.84 A
15 17.65 B 19.67 B 9.12 A
20 16.13 C 19.40 B 8.92 A
LSDg .05 0.56 0.75 1.12

CV: Coefficient of Variation; LSD: Least significant difference; T: Treating conditions (non-salt stress and salt stress); B: Biochar rates. Mean
within a column followed by the same lowercase letters are not significantly different among biochar rates and treating conditions at p <
0.05. Mean within a column followed by the same capital letters are not significantly different among biochar rates or not significantly
different between treating conditions by Duncan’s multiple range tests at p < 0.05.
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Overall, all biochar treatments significantly improved plant
growth, photosynthetic efficiency, and soybean yield under salt
stress conditions.

Materials and methods

Soil condition

DT84 soybean cultivar was obtained from the Industrial Plant
Department, Faculty of Agronomy, Vietnam National University
of Agriculture (VNUA). Oak wood biochar (imported from
Gangwon Charmsoot Company, Gangwon, Korea) with
specifications described by Rajapaksha et al. (2019) was used.
The biochar had a pH of 10.17, an EC of 2.15 dSm-', with a total
mobile matter content of 31.42%, a fixed matter content of
56.04%. In addition, its dissolved organic carbon content was
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recorded with 14.6 mg L', ash content was of 5.03% and the
content of C, H, N and O were 88.71%, 1.21%, 0.36%, and 9.72%,
respectively.

In this experiment, we used the soil collected from the upland
crop experimental field of VNUA. The soil had an organic matter
of 1.65%, a pH of 6.35, and total content of N, P, and K of 0.09%,
0.18%, and 1.33%, respectively, of which the exchangeable
content of these elements was 4.25 mg/100 g, 50.05 mg/100 g,
11.75 mg/100 g.

Experimental design

A pot experiment with a split-plot design was conducted under
a greenhouse condition at VNUA. The rate of applied biochar (0,
5, 10, 15 and 20 tons ha™') was used as the main factor while the
treatment condition (salt stress and non-salt stress) was the sub-
factor. Under non-salt stress (control), soybean plants were fully



irrigated by tap water from sowing until harvest. For the salt
stress, plants (2 per pot) were watered with 100 ml of 100 mM
NaCl once every 3 days, when reached the flowering stage. The
salinity treatment lasted for 30 days with a total of 1000 ml of
100 mM NaCl solution given to each pot. The experiment
employed a total of 270 plastic pots. Each pot (26 cm in diameter,
21 c¢m in height and a surface area of 0.0051 m?) was filled with
5 kg of alluvial soil collected from VNUA. Before sowing the
seeds, biochar was mixed with the soil. The detailed amount of
applied biochar in each pot were of 0, 26.5, 53.1, 79.6 and 106.1 g
(equivalent to 0, 5, 10, 15 and 20 tons ha’, respectively). One
week after germination, each pot was fertilized on a week basis
with 100 mL of a modified Hoagland’s nutrient solution
following the instructions given in our previous study (Vu et al.,
2023).

Growth parameters

Nine plants per each treatment at 5 days after the final treatment
day were randomly selected for measurement of plant height
(cm) and root length (cm). Root samples were cleaned with tap
water. The number of nodules was counted and then collected to
measure nodule weight. Plants were also collected to measure
fresh biomasses of roots, shoots and leaves, and then dried at
80°C for 72 h to record the dry biomasses of roots, shoots and
leaves. Leaf area (cm?) was measured using the LI-3100C Area
Meter (LI-COR Inc., USA).

Physiological parameters

Fifteen plants per each treatment were randomly selected to
measure the chlorophyll content (SPAD) and max quantum
efficiency of photosystem Il (Fv/Fm) before, during and after the
salinity treatment was applied. SPAD readings were performed
at the second fully developed leaf from the shoot apex of the
sample plant using a chlorophyll meter (SPAD-502 Plus, Konica,
Minolta Sensing Inc., Osaka, Japan), while the Fv/Fm was
determined using the OS- 30p portable fluorometer (Opti-
Sciences, Hudson, USA). Nine plants per treatment at the final
treatment day were randomly selected to determine the water
saturation deficit and relative ion leakage in leaves. The relative
ion leakage in the leaf of soybean was measured following the
instructions given in our previous study (Vu et al., 2023). Water
saturation deficit (WSD) was measured following a method
described by Slavik (1963) in a 1 cm leaf segment, and calculated
as follows:

EM1- FMO

WSD (%) = eviom X 100
With FM1 is the mass of the full water-saturated leaf segment,

FMO0 and DM are the initial fresh weight and dry weight of the
same leaf segment, respectively.

Yield components

Fifteen plants per treatment at harvest were gathered from
randomly selected for measurement of yield components
including the pods/plant (pods); grain yield/plant (g); 100 seed
weight (g).

Statistical analysis

Data was processed by Excel and statistically analyzed using
CropStat (v. 7.2). Comparisons among means of data were done
using Duncan’s multiple range tests and t-test at p < 0.05.

Conclusions

Salinity stress negatively affected the growth, physiology and
yield of soybean. Biochar application to the soil at rates of 10
tons ha™ significantly increased root length, leaf area, fresh and
dry plant, and nodule number, Fv/Fm, the chlorophyll content
and grain yield. Additionally, the biochar application rate with
10 tons ha' decreased the water saturation deficit and the
relative ion leakage in the leaves. The outcomes of the current
study suggest that biochar application at 10 tons ha™ could be
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recommended as the optimal dose for soybean in saline-affected
soil.
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