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osmoprotectants and the enzymatic activities of SOD 
and CAT, while significantly decreasing the concen-
tration of H2O2. Conversely, the combined addition 
of compost and biochar significantly reduced the con-
centrations of osmoprotectants, the enzymatic activi-
ties of CAT and APX as well as the levels of H2O2. 
At the molecular level, the compost and biochar sig-
nificantly upregulate stress-responsive genes (such as 
HvDREB, HvHSP, HvP5CS and HvPIP genes), while 
their combination moderates gene expression, sug-
gesting a balanced and effective regulation of stress 
response pathways.
Conclusion  Adding compost or biochar alone offers 
optimal protection against saltinity. In contrast, the 
combination of amendments appears to mitigate the 
effects of salinity, thereby reducing the need for the 
plant to develop a strong stress response and express 

Abstract 
Background and aims  Salinity is a global issue that 
adversely affects crop yield and soil fertility. This 
study aimed to evaluate the impact of compost and 
biochar on mitigating salt stress in barley.
Methods  Barley (Hordeum vulgare L.) seeds were 
grown under controlled conditions with additions of 
amendments separately or combined. When plants 
were 45 days old, salt stress was applied for 16 days 
and then the different parameters were studied.
Results  The use of amendments enhanced plant 
growth under salinity stress, increasing RWC and 
chlorophyll levels while reducing electrolyte leak-
age. In general, the addition of compost or bio-
char separately increased the concentrations of 
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high levels of stress response genes to combat oxida-
tive stress. These results underscore the complemen-
tary roles of compost and biochar in enhancing plant 
resilience in arid and semi-arid environments.

Keywords  Antioxidant enzymes · Barley · Biochar · 
Compost · Gene expression · Salt stress

Introduction

Climate change significantly impacts environmental 
systems, particularly agriculture, where it reduces 
crop yields due to alterations in temperature, precip-
itation patterns, and an increase in extreme weather 
events (Antonopoulou 2022; Baldi 2017). Elevated 
global temperatures enhance water evaporation from 
soil and plant surfaces, resulting in salt accumulation 
and increased soil salinity (Shaygan & Baumgartl 
2022; Yao et  al. 2020). This accumulation induces 
osmotic stress, which restricts plant water uptake and 
disrupts metabolic processes (Shaygan & Baumgartl 
2022). Furthermore, modified precipitation patterns 
lead to extended drought periods, reducing water 
availability and limiting salt leaching, thereby inten-
sifying soil salinity (Arif et al. 2020; Chhabra 1996). 
Salt stress is thus a significant abiotic factor, intensi-
fied by climate change, and is known to compromise 
plant growth and productivity (Corwin 2021; Eswar 
et  al. 2021; Mukhopadhyay et  al. 2021). Globally, 
salt-affected soils cover approximately one billion 
hectares (Kumawat et  al. 2022), posing a serious 
threat to food security and sustainable agriculture, 
particularly in arid and semi-arid regions (Mehdi 
et al. 2018; Omar et al. 2023). Salt stress limits seed 
germination in plants such as Arabidopsis thaliana, 
broccoli (Brassica oleracea L.), and cauliflower 
(Brassica oleracea L.) (Nasri et  al. 2016; Wu et  al. 
2019) and negatively impacts plant growth at vari-
ous development stages, reducing both crop yield and 
quality (Arif et  al. 2020; Nawaz et  al. 2023; Nefissi 
Ouertani et  al. 2022a). Furthermore, the large accu-
mulation of Na+ and Cl− ions inhibits the uptake of 
K+ and Ca2+, creating an ionic imbalance (Arif et al. 
2020). Physiologically, salt stress affects ion homeo-
stasis leading to osmotic and ionic stress resulting in 
water and nutrient imbalance (Arif et al. 2020; Nawaz 
et  al. 2023). Indeed, it causes morphological, physi-
ological, and biochemical changes, such as reduced 

shoot and root length and dry weight, photosynthe-
sis, stomatal closure, and increased accumulation of 
reactive oxygen species (ROS) causing damage to 
cell membranes, proteins, and DNA (Arif et al. 2020; 
Nawaz et al. 2023; Nefissi Ouertani et al. 2022a).

Plants respond to salinity stress through a sophis-
ticated interplay of physiological responses, meta-
bolic pathways, molecular networks, and integrated 
responses (Gupta & Huang 2014; Pandita 2023). 
Physiologically, plants perform osmotic adjust-
ments by accumulating osmolytes such as proline 
and sugars to maintain cell turgor and protect cellu-
lar integrity, which also regulates water uptake and 
transport by modifying root architecture and aqua-
porins expression (Parihar et  al. 2015; Zhao et  al. 
2021). To maintain ion balance, plants employ spe-
cific transporters to exclude Na+ and retain K+, with 
excess Na+ sequestered into vacuoles to prevent cyto-
toxicity (Parihar et  al. 2015). Growth reduction and 
stomatal closure minimise water loss and conserve 
energy (Arif et  al. 2020; Nawaz et  al. 2023). Meta-
bolically, plants enhance their antioxidant defence 
mechanisms to scavenge ROS, utilising enzymes such 
as superoxide dismutase (SOD), catalase (CAT) and 
peroxidases (POD), as well as non-enzymatic anti-
oxidants such as ascorbate and glutathione (Mbarki 
et al. 2018). Photosynthetic and nitrogen metabolism 
adjustments optimise energy use (Rasool et al. 2022). 
At the molecular level, signal transduction pathways 
involving calcium signalling and hormonal regulation 
activate stress-responsive gene expression, mediated 
by various transcription factors such as DREB, MYB 
and NAC, while epigenetic modifications such as 
DNA methylation and histone modifications further 
fine-tune gene expression (Arif et al. 2020; Gupta & 
Huang 2014; Jin et  al. 2018; Nefissi Ouertani et  al. 
2022a). Proteomic adjustments through post-transla-
tional modifications and targeted protein degradation 
help to maintain cellular functions (Dzinyela et  al. 
2023). These molecular networks ensure a coordi-
nated response to salinity stress by orchestrating a 
range of biochemical and physiological adjustments, 
thereby enhancing plant resilience and adaptation. 
These processes are integrated through cross-talk 
between signalling pathways, feedback mechanisms 
for fine-tuning responses and developmental plastic-
ity, allowing plants to survive and adapt to challeng-
ing stress environments (Pandita 2023).
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The sustainable management of salinity is cru-
cial to ensure farmers’ prosperity in concerned 
areas. Reclamation methods commonly include salt 
leaching, adding amendments, revegetation with 
halophytes, and salt scraping (Shaygan & Baum-
gartl 2022). Rusan (2023) explained that integrat-
ing soil and crop nutrient management, including 
4R nutrient stewardship (Right Source, Right Rate, 
Right Time, and Right Place), is essential. Organic 
amendments, such as compost and biochar, improve 
the structure of the soil and facilitate salt leaching 
(Ali et  al. 2017; Rusan 2023). The use of compost 
and biochar has been shown to enhance the physi-
cal and chemical properties of sandy soils (Kavva-
dias et  al. 2024). Compost improves soil physical 
properties and can partially replace mineral fertilis-
ers, leading to increased crop yields under normal 
conditions (Ghouili et al. 2024a; Mehdi et al. 2018). 
Compost also enhances soil fertility and crop pro-
duction under saline conditions (Meena et al. 2019). 
Our previous studies demonstrated that applying 
date palm (Phoenix dactylifera L.) waste compost 
increased the expression of stress-related proteins 
in barley (Hordeum vulgare L.) leaves and roots 
(Ghouili et  al. 2022a; 2023a). These results sug-
gest that compost can improve stress adaptation. On 
the other hand, biochar application has been shown 
to increase plant growth, photosynthetic activity, 
nutrient uptake, and yield under salt stress (Ali et al. 
2017; Helaoui et al. 2023; Huang et al. 2022; Mur-
taza et  al. 2024). Indeed, biochar can mitigate the 
negative effects of salt stress on plant physiology by 
reducing salt accumulation and improving adapt-
ability to saline soils (Ali et al. 2017). Biochar also 
decreases Na⁺ uptake while increasing K⁺ uptake, 
thereby enhancing salt tolerance and improving 
plant water status (Akhtar et al. 2015).

The present study aimed to investigate the impact 
of salt stress on barley (Hordeum vulgare L.) plants 
and elucidate the role of biochar and date palm 
waste compost as soil amendments in alleviating 
the adverse effects of salt stress. This research seeks 
to provide practical solutions for enhancing barley 
productivity in saline-affected areas. To the best 
of our knowledge, this is the first comprehensive 
and multifaceted investigation exploring the syner-
gistic effects of biochar and compost under saline 
conditions.

Materials and methods

Plant material and growth conditions

This experiment was conducted in a glasshouse at the 
Experimental Station of the Biotechnology Center 
of Borj Cedria (Tunisia) under controlled condi-
tions (temperature of 23 ± 2  °C, relative humidity 
65%−70%, light 270  μmol of photons m−2·s−1 pho-
tosynthetic active radiations and a 14/10 h day/night 
photoperiod). Barley seedlings were grown in plastic 
pots with a capacity of 5 L. The experiment was con-
ducted in a completely randomised design with ten 
replications.

Eight treatments were applied namely CK: con-
trol (only soil); B: soil + Biochar (6% w/v = 300  g/
pot); C: soil + Compost (1.9% w/v = 96  g/pot); CB: 
soil + Compost (96  g/pot) + Biochar (300  g/pot); S: 
Salt stress (200 mM); SB: Salt + Biochar (300 g/pot); 
SC: Salt + Compost (96 g/pot); SCB: Salt + Compost 
(96 g/pot) + Biochar (300 g/pot).

Ten pots were employed in every treatment. The 
main specifics of the experimental soil and the phys-
icochemical characteristics of date palm waste com-
post used in this study were reported by Ghouili et al., 
(2024b). Briefly, the aerobic compost was made from 
date palm waste and sheep manure and prepared fol-
lowing the Turned Windrow method at the compost-
ing station of NGmOASOC (Association for Sav-
ing Oasis of Chenini, Gabes, Tunisia). The biochar 
provided by the Biofire Society (Tunisia), is derived 
from the pyrolysis of pine (Pinus halepensis L.) wood 
in an oxygen-poor environment for 10  h at 450  °C. 
It is characterised by an organic matter content of 
81.2%, pH of 7.63 and EC of 1.3 dS.cm−1 as reported 
by (Rajhi et al. 2024).

In this study, we used the Sahli barley cultivar, the 
most commonly grown variety in Tunisia’s organic 
farming systems. Sahli is a local spring six-row cul-
tivar, provided by the Technical Centre of Organic 
Agriculture (TCOA) in Tunisia. Ten seeds were sown 
in each pot at a depth of 0.5 to 1 cm. The seeds were 
irrigated twice weekly with tap water for 45 days to 
ensure ordinary growth. Then, the seedlings were 
progressively exposed to salt stress. Salt stress was 
gradually applied for 16  days with four equal dura-
tions; plants were irrigated with 50  mM NaCl solu-
tion in the first duration (4  days), and then the salt 
concentration was increased by 50  mM in each of 
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the next durations until it reached a concentration of 
200 mM NaCl. At the tillering stage, various growth 
and physiological parameters were recorded. For fur-
ther biochemical and molecular analyses, leaves were 
collected randomly for each treatment from different 
plants, snap-frozen in liquid nitrogen, and then stored 
at −80 °C.

Evaluation of agronomic parameters: shoot and root 
lengths and dry weights

Growth traits were recorded to evaluate the impact 
of compost and biochar application on plant perfor-
mance. Ten plants were sampled from each treatment 
at the tillering stage, and the shoot (SL) and root 
(RL) lengths were measured. Shoot length (SL) and 
root length (RL) were measured as the distance from 
the crown to the leaf tip and from the crown to the 
root tip, respectively, both in centimetres. The shoot 
(SDW) and root (RDW) dry weights were measured 
after being oven-dried at 65 °C for 72 h.

Evaluation of physiological parameters: relative 
water content (RWC), chlorophyll pigments (Chl), 
and electrolyte leakage (EL) content

The RWC was determined according to Barrs and 
Weatherleyt (1962) method. The fresh mass (FW) 
of the leaves was determined immediately after 
sampling, and the turgid mass (TW) was deter-
mined after soaking the leaves in distilled water for 
24 h. The dry mass (DW) was then determined after 
drying the saturated leaves at 70  °C for 72  h. The 
RWC was calculated using the following equation: 
RWC = [(FW − DW)∕(TW − DW)] × 100%.

As described by Ghouili et al. (2022b), chlorophyll 
pigments were extracted from fresh leaves with cold 
acetone (80% v/v). After centrifugation at 12,000 rpm 
for 15 min, the absorbance of extracts was read spec-
trophotometrically, and total chlorophyll (Chl tot), 
Chl a and Chl b were calculated.

For electrolytes leakage, which reflects the perme-
ability of cellular membranes, the Abid et al. (2020a) 
protocol was applied. The initial (Ci) and the final 
conductivity (Cf) obtained from each sample were 
transformed into a percentage using the formula: 
EL (%) = (Ci∕Cf) × 100%.

Evaluation of biochemical parameters: hydrogen 
peroxide (H2O2), malondialdehyde (MDA), proline, 
soluble sugar content and antioxidant activity

H2O2 level in fresh tissues was evaluated as reported 
by Velikova et  al. (2000). Briefly, fresh leaf tissue 
was homogenised in trichloroacetic acid (TCA) and 
then centrifuged. Potassium phosphate buffer and KI 
were added to the supernatant and then the absorb-
ance was read at 390 nm.

To estimate lipid peroxidation levels using MDA 
content in plant tissues, the Dhindsa et al. (1981) pro-
tocol was used. For the essay, fresh leaf samples were 
homogenised in trichloroacetic acid, centrifuged, and 
then mixed with thiobarbituric acid before heating at 
100 °C for 30 min and cooling to room temperature. 
The absorbance was recorded at 532 nm and 600 nm.

Proline was extracted from dry leaf by ninhydrine 
reaction according to Bates et al. (1973), with minor 
modifications as described by Abid et  al. (2020b). 
Dry leaf samples were homogenised in sulfosalicylic 
acid solution, centrifuged, mixed with glacial acetic 
acid and ninhydrin reagent, incubated at 100  °C for 
1  h, cooled on ice, and then extracted with toluene, 
separating the upper phase. Then, proline content was 
assessed spectrophotometrically at 520 nm using the 
L-proline standard.

The total soluble sugar content was quantified fol-
lowing the phenol sulfuric acid method reported by 
Abid et  al. (2020a). About 100  mg of dry leaf was 
homogenized in 5  ml of 80% ethanol, filtered, and 
mixed with phenol and sulfuric acid before incuba-
tion for 1 h and measuring absorbance at 490 nm.

Total soluble proteins were extracted as detailed 
by Ghouili et al. (2021). Briefly, 1 g of frozen pow-
dered leaf and root tissues were mixed in 1 ml of an 
ice-cold potassium phosphate buffer (50 mM, pH 7.8) 
and then the mixture was centrifuged at 12,000 rpm 
for 15  min at 4  °C. The supernatant was used to 
estimate antioxidant enzyme activities and the total 
protein concentrations were quantified according to 
Bradford (1976).

Catalase (CAT) activity was measured using the 
method described by Cakmak and Marschner (1992) 
by following the decomposition of H2O2 at 240 nm. 
The CAT activity was expressed in mmol H2O2 mg−1 
protein min−1.

Superoxide dismutase (SOD) activity was eval-
uated through its capacity to inhibit nitro-blue 
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tetrazolium (NBT) photoreduction at 560  nm in 
a mixture according to the method by Del Longo 
et al. (1993). As mentioned by Ghouili et al. (2021), 
one unit (U) of SOD inhibited 50% of NBT photore-
duction. The SOD activity was expressed in Units 
SOD mg−1 protein.

Ascorbate peroxidase (APX) activity was assayed 
by monitoring the breakdown of ascorbate with 
enzyme extract at 290  nm, as reported by Nakano 
& Asada (1981). At 25  °C, the amount of enzyme 
required for the oxidation of 1  µmol of ascorbate 
per min corresponding to one unit of APX activity 
was defined. APX activity was expressed in mmol 
H2O2 mg−1 protein min−1.

Guaiacol peroxidase (GPOX) activity was quan-
tified spectrophotometrically by monitoring guai-
acol oxidation according to the protocol reported 
by Polle et  al. (1994). The GPOX activity was 
expressed in mmol guaiacol mg−1 protein min−1.

Total RNA extraction, cDNA synthesis, and analysis 
of gene expression by qRT‑PCR

The barley leaves stored at −80  °C were used for 
total RNA extraction following the protocol detailed 
by Chang et al., (1993) and treated with RNase-free 
DNase I (Biomatik) to remove any residual genomic 
DNA. RNA was then quantified by Nanodrop spec-
trophotometer. First-strand cDNA was synthesised by 
First Strand cDNA Synthesis Kit (Biomtik) follow-
ing the manufacturer’s instructions. Genes of inter-
est were quantitatively amplified in a 7300 Real-Time 
PCR Detection System (Applied Biosystems, Foster 
City, USA) using specific primers (Table 1) and using 
the Maxima SYBR Green/ROX qPCR Master Mix 
(Biomatik) based on the protocol detailed beforehand 
by Abid et  al. (2020b). The Primer3 Input (version 
0.4.0) software (Rozen & Skaletsky 2000) (http://​
frodo.​wi. mit.edu/primer3/) was used to design the 
specific primers and the internal actin gene control 

Table 1   List of gene-
specific primers used for 
real-time RT-PCR analysis

Gene name GenBank accession ID Primer pair sequence (5´ → 3´) Product 
size 
(bp)

HvP5CS BK007070.1 HvP5CSF: GAG​ACA​AGT​CCC​GTG​TTG​GT
HvP5CSR: CCC​ACG​GAG​AAC​CTT​AAC​AA

134

HvHSP L32165.1 HvHSPF: CAA​GAT​CAA​GGA​TGG​GGA​GA
HvHSPR: GTA​CGC​AGG​AAC​AGT​GAC​GA

136

HvMYB X70877.1 HvMYBF: ATC​TAA​AGC​GAT​GGG​GAG​GT
HvMYBR: CCT​TGA​TGT​AGG​CGG​TGA​GT

101

HvHKT1 DQ912169.1 HvHKT1F: TAT​GGA​GCA​AGG​GTT​CAA​GG
HvHKT1R: ACG​CTC​AGG​TAG​ACC​AGC​AT

135

HvWRKY AY541586.1 HvWRKYF: CAA​GCT​TCT​CTC​CCC​CTC​TT
HvWRKYR: TGT​TCA​CTT​CCT​TCC​GGT​TC

81

AP2/ERF AK364030.1 AP2/ERFF: GAT​GAG​CAT​GGG​ATC​GAA​CT
AP2/ERFR: TCG​ATG​GAT​TTC​CTC​TGG​AC

141

HvNAC DQ869678.1 HvNACF: CCG​AGG​TGG​ACC​TCT​ACA​AG
HvNACR​: CAA​GCA​CGA​TCG​ACG​AGA​TA

95

HvDREB DQ012941.1 HvDREBF: TTG​AGT​CTG​CAG​GGA​CTG​TG
HvDREBR: CCT​TCC​CTT​TTG​GTT​GGA​AT

111

HvbHLH AK363663.1 HvbHLHF: TCA​TCT​CCA​ACC​ACC​TCA​CA
HvbHLHR: CAG​AGG​CCC​TTG​TTC​TGA​AG

137

HvPIP AB286964.1 HvPIPF: CTG​CTC​GTT​GTT​GTG​CAA​AT
HvPIPR: TTT​CTA​CCG​CGC​GAT​AAC​TT

124

HvCAT​ U20777.1 HvCATF:TGG​ACG​GAT​GGT​ACT​GAA​CA
HvCATR​: AGT​GGA​TTC​CAG​GGA​CAG​TG

95

HvSOD KU179438.1 HvSODF: CCC​TCC​CCA​AGT​CAG​TCA​TA
HvSODR: CAC​AGC​TAC​AGC​CTT​CAC​CA

134

HvAPX AJ006358.1 HvAPXF: CCA​AGG​GTT​CTG​ACC​ACC​TA
HvAPXR: AGC​CAG​ACC​TCT​CCT​TGT​GA

120

http://frodo.wi
http://frodo.wi
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used to normalise the data using the 2−ΔCt method 
(Schmittgen & Livak 2008). Finally, the R-package 
(http://​www.r-​proje​ct.​org/) was used to generate the 
heat maps in order to compare the expression profil-
ing in different treatments.

Statistical analysis

For all experimental data, the significance of the 
difference between mean values was determined 
at (p < 0.05) using a one-way analysis of variance 
(ANOVA). Treatment means were separated using 
Duncan’s multiple range test at the 5% level of sig-
nificance using the SPSS 19.0 program. Moreover, a 
principal component analysis (PCA), correlation test 
and a hierarchical ascending clustering (HAC) were 
performed using XLSTAT.

Results

The effect of compost and biochar on plant growth 
and physiological parameters under salt conditions

The effects of different treatments on plant growth 
and physiological parameters are presented in 
Table 2. The amendment treatments (B, C, and CB) 
significantly increased SL and SDW compared to the 

CK treatment. Notably, B plants showed the high-
est increase in SL, while CB plants had the great-
est increase in SDW. The growth parameters of S 
plants have decreased significantly due to salt stress. 
The SL and SDW of CK plants in comparison to S 
plants ranged from 39 to 32 cm and from 363.67 mg 
to 213  mg, respectively. However, amendments 
have a significant impact on the negative effects 
of salt stress. The SL (16%, 33%, and 29%) and 
SDW (145%, 102%, and 120%) reflected significant 
increases in SB, SC, and SCB plants compared with S 
plants, respectively. The negative impact of salt stress 
on SDW was reduced by the amendment treatments.

Similarly, the amendment treatments (B, C, and 
CB) increased RL and RDW compared to the CK 
treatment, except for RL under the CB treatment. 
Salt stress negatively affected root growth. Overall, 
amendments increased RL (105%, 132% and −5%) 
and RDW (55%, 89% and 136%) reflected signifi-
cant increases in SB, SC, and SCB plants respec-
tively compared with S plants. Overall, SB and SC 
treatments increased RL by 105% and 132% respec-
tively however SCB decreased RL by 5%. Our results 
reflected significant increases of RDW in SB, SC, and 
SCB plants by 55%, 89% and 136% respectively com-
pared with S plants.

The RWC increased from 76.80% in CK plants to 
96.87%, 93.48%, and 95.86% in plants B, C, and CB 

Table 2   Effect of different treatments on shoot length (SL), 
root length (RL), shoot  (SDW) and root dry weight (RDW), 
leaf relative water (RWC), electrolytes leakage (EL) level, 

chlorophyll a (Chl a), chlorophyll b (Chl b) and total chloro-
phyll (Chl tot) content at the tillering stage

With CK: control (only soil); B: soil + Biochar; C: soil + Compost; CB: soil + Compost + Biochar; S: Salt stress; SB: Salt + Biochar; 
SC: Salt + Compost; SCB: Salt + Compost + Biochar. Different letters indicate significant difference at P < 0.05 based on multiple 
comparisons (Duncan test) in ANOVA

Parameters CK B C CB S SB SC SCB

SL (cm) 39.00 ± 0.67de 54.16 ± 0.56a 49.00 ± 0.67b 41.03 ± 2.64 cd 32.00 ± 0.67f 37.33 ± 1.11e 42.67 ± 0.56c 41.50 ± 1.33 cd

RL (cm) 20.33 ± 1.53d 24.50 ± 1.32c 22.83 ± 1.04c 12.03 ± 0.25f 15.5 ± 0.50e 31.83 ± 1.04b 36.00 ± 2.00a 14.73 ± 0.93e

SDW (mg 
plant−1)

363.67 ± 11.59f 443.33 ± 4.04e 545.00 ± 8.54b 628.00 ± 13.11a 213.00 ± 6.00 g 523.00 ± 1.00c 430.33 ± 2.52e 470.33 ± 4.93d

RDW (mg 
plant−1)

40.83 ± 1.61e 46.57 ± 1.50d 66.00 ± 2.00a 59.67 ± 1.53b 22.40 ± 1.35f 34.73 ± 1.42f 42.40 ± 1.57e 53.00 ± 2.00c

EL (%) 8.47% ± 0.64e 5.19% ± 0.58f 12.33% ± 0.79d 8.85% ± 1.33e 23.83% ± 0.45a 16.70% ± 0.99b 14.35% ± 2.50c 9.10% ± 1.12e

RWC (%) 76.80% ± 0.82e 96.87% ± 0.52a 93.48% ± 0.30c 96% ± 0.7ab 74% ± 1.43e 76% ± 1.29e 80% ± 2.84d 94% ± 0.91bc

Chl a (mg 
g−1 FW)

38.65 ± 0.51c 37.68 ± 2.42 cd 50.31 ± 8.53b 57.08 ± 2.04a 17.49 ± 1.56f 25.12 ± 0.37e 32.03 ± 0.01d 24.44 ± 0.80e

Chl b (mg 
g−1 FW)

16.20 ± 0.19c 16.14 ± 0.84c 21.67 ± 0.23b 24.24 ± 0.81a 7.37 ± 0.63f 12.3 0 ± 0.81d 13.05 ± 0.71d 9.80 ± 0.32e

Chl tot (mg 
g−1 FW)

54.83 ± 0.6c 53.81 ± 3.26c 78.18 ± 2.46b 81.30 ± 1.26a 24.86 ± 0.94 g 37.41 ± 0.69e 45.08 ± 0.70d 34.24 ± 0.82f

http://www.r-project.org/
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respectively (Table  2). Salt stress slightly reduced 
the RWC without being significantly different com-
pared to the CK plants. The addition of amendment 
improved the RWC compared to the S plants. This 
improvement is significantly different in the SC 
and SCB plants (the RWC is equal to 79% and 93% 
respectively). The impact of salt stress on RWC was 
eliminated in SC and SCB plants.

The chlorophyll content (chl tot, chl a and chl 
b) increased significantly in the C and CB plants, 
by 42% and 48% for chl tot respectively. Salt stress 
resulted in a 55% decrease in each of chl a, chl b, and 
chl tot (Table 2). The chlorophyll content was high-
est in SC plants, followed by SB plants and then SCB 
plants, compared with the S plants. The SC plants 
reflected a significant increase in chl a (77%), chl b 
(83%), and chl tot (81%) compared with the S plants. 
Compared with the same control, SB and SCB plants 
showed a significant increase in chl a (43% and 39%), 
chl b (66% and 32%), and chl tot (50% and 37%) 
respectively.

The EL level increased significantly in B plants, 
decreased in C plants, and was not significantly dif-
ferent in CB plants compared to CK plants (Table 2). 
Salt stress drastically increased EL content from 
8.47% in CK plants to 23.83% in S plants. Applying 
amendments reduced the negative effect of salt stress 
on RWC, chlorophyll content and EL level. Indeed, 
the EL level significantly decreased to 16.70%, 
14.35% and 9.10% in SB, SC, and SCB plants respec-
tively. Statistical analysis showed that the difference 
in EL level between CK plants and SCB plants was 
not significant.

The effect of compost and biochar on hydrogen 
peroxide, malondialdehyde, proline and soluble 
sugars content under salt conditions

The content of H2O2, a reactive oxygen species, 
decreased consecutively in B, C, and CB plants in 
response to the addition of amendments (Fig. 1.A) 
compared to the control, with a higher decrease 

Fig. 1   Effect of different treatments on H2O2 (A), MDA (B), 
proline (C), and soluble sugars (D) under salt conditions. With 
CK: control (only soil); B: soil + Biochar; C: soil + Compost; 
CB: soil + Compost + Biochar; S: Salt stress; SB: Salt + Bio-

char; SC: Salt + Compost; SCB: Salt + Compost + Biochar. Dif-
ferent letters indicate significant difference at P < 0.05 based 
on multiple comparisons (Duncan test) in ANOVA
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being observed in CB plants. Consistently, salt 
stress elevated the H2O2 concentration by 181%. 
H2O2 accumulation decreased by 80% to 72% and 
66% in B, C, and BC plants, respectively, compared 
with the values recorded for S plants.

As an indicator of lipid peroxidation, MDA 
content almost doubled (86%) in B plants, but 
decreased however in C and CB plants (52% 
and 27% respectively) compared with CK plants 
(Fig.  1.B). Salt stress has no significant effect on 
MDA content. MDA content was increased in both 
SB and SC plants by 12% and 4% and decreased by 
3% in SCB plants compared to S plants. Statistical 
analysis showed no significant effect between CK 
and SCB plants.

Proline increased by 21% in B plants, did not sig-
nificantly change in C plants, and decreased by 6% 
in CB plants compared to CK plants (Fig.  1C). Salt 
stress significantly increased the proline content, and 
only SCB treatment significantly and remarkably 
attenuated this increase by 58% compared to S plants.

Soluble sugars significantly decreased in B, C, 
and CB plants. On the other hand, it increased by 
20% under stress conditions (Fig. 1D). In SB and SC 
plants, the sugar content increased by 6% and 21% 
respectively, compared to S plants. Under the same 
stress conditions, this content decreased by 70% in 
SCB plants.

The effect of compost and biochar on antioxidant 
activity under salt conditions

The enzyme activities of the barley plant are pre-
sented in Fig.  2. For SOD activities (Fig.  2A), our 
result showed a significant and progressive decrease 
in B, C, and CB plans respectively, and values vary 
between 11.91 ± 0.08, and 5.99 ± 0.13 Units mg−1 of 
protein against a control value of 18.93 ± 0.08 Units 
mg−1 of protein. In the presence of saline condi-
tions, SOD activity decreased by 53% compared to 
the control CK plants. Amendments supply increased 
SOD units compared to S plants by 16%, 15%, and 

Fig. 2   Effect of different treatments on the activities of SOD 
(A), CAT (B), APX (C) and GPOX (D) under salt condi-
tions. With CK: control (only soil); B: soil + Biochar; C: 
soil + Compost; CB: soil + Compost + Biochar; S: Salt stress; 

SB: Salt + Biochar; SC: Salt + Compost; SCB: Salt + Com-
post + Biochar. Different letters indicate significant difference 
at P < 0.05 based on multiple comparisons (Duncan test) in 
ANOVA
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53% in SB, SC, and SCB plants, respectively. In B 
and CB plants, CAT activity decreased by 72% and 
27%, respectively and increased by 6% in C plants 
compared to CK plants (Fig. 2B). Salt stress sharply 
increased CAT activity by 305% compared to nor-
mal conditions. As shown in Fig. 2A, the interaction 
between salinity and treatment with amendments was 
significant. Indeed, SB and SC plants showed a sig-
nificant increase in CAT activity by 19% and 39%, 
respectively, however SCB plants showed a signifi-
cant drop in CAT activity by 81% compared to the S 
plants. As shown in Fig. 1C, APX activity decreased 
progressively and significantly in B, C, and CB plants 
compared to CK plants. However, the highest APX 
activity was observed in the S plants with a value of 
0.788 ± 0.014  mM. mg−1 protein. min−1. There was 
no significant difference compared to the control 
treatment. Compared to CK plants, SB, SC, and SCB 
plants showed a significant decrease in APX activity 
by 15%, 14%, and 23%, respectively. GPOX activities 
in maize plants are presented in Fig. 2.D. The APX 
activity was lower in B and C plants by 39% and 15% 
respectively but higher in CB plants by 32% com-
pared to CK plants. Unlike the control condition, no 
significant change was noticed between S, SB, and 
SCB plants. However, GPOX activity decreased in 
SC plants by 70% compared to CK plants.

Principal component analysis

The parameters obtained were subjected to principal 
component analysis (Fig. 3). Results showed that the 
first axis explained 53.39% of the variability. This 
axis consisted primarily of shoot and root weight, 
EL, chlorophyll (a, b, and tot), CAT, APX, H2O2, 
proline, and soluble sugars. The second axis varied 
by 15.96%, including shoot and root lengths, GPOX, 
and MDA. The data clearly separated the salt stress 
treatment from the other treatments. There was also 
a clear separation between the combined applica-
tion and the sole application of biochar and compost 
under salt stress.

Correlation analysis of different parameters

Estimates of correlation between different parameters 
are presented in Table  3. Based on the correlation 
analysis, it is observed that (i) the RDW had a signifi-
cant positive correlation of 0.797 with the SDW; (ii) 
EL had a significant negative correlation of −0.721 
with SL, (iii) RWC had a significant positive correla-
tion of 0.827 with the RDW, and a negative correla-
tion of −0.710 with EL; (iv) Chl a had a significant 
positive correlation of 0.803 with RDW; (v) Chl b 
had a significant positive correlation of 0.738, 0.781, 

Fig. 3   Principal com-
ponent analysis (PCA). 
With CK: control (only 
soil); B: soil + Biochar; 
C: soil + Compost; CB: 
soil + Compost + Bio-
char; S: Salt stress; SB: 
Salt + Biochar; SC: 
Salt + Compost; SCB: 
Salt + Compost + Biochar
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and 0.993 with SDW, RDW, and Chl a, respectively; 
(iv) Chl tot had a significant positive correlation of 
0.709, 0.818, 0.994, and 0.993 with SDW, RDW, Chl 
a, and Chl b, respectively; (vii) CAT had a significant 
positive correlation of 0.760 with EL, and a negative 
correlation of −0.754 with RWC; (viii) APX had a 
significant negative correlation of −0.870, −0.857, 
−0.801, −0.804, and −0.809 with SDW, RDW, Chl 
a, Chl b, and Chl tot, respectively; (ix) GPOX had a 
significant negative correlation of −0.783 with RL; 
(x) H2O2 had a significant negative correlation of 
−0.902 with SDW; (xi) proline had a significant cor-
relation of 0.960 with CAT and 0.802 with EL, while 
negative correlation of −0.763 RDW and −0.739 
with RWC; and (xii) soluble sugars had a significant 
positive correlation of 0.913 with CAT and 0.868 
with proline, while it had a significant negative cor-
relation of −0.755 with RDW and −0.930 RWC.

Hierarchical Ascending Clustering (HAC): insights 
into treatment groupings

To determine the effect of compost and biochar alone 
or combined on reducing the salt stress effects, a hier-
archical ascending clustering (HAC) was carried out 
for the salt treatments (S, SC, SB, and SCB) only 
(Fig. 4). The dendrogram shows the hierarchical clus-
tering of items S, SB, SC, and SCB, illustrating how 
these items are grouped based on their dissimilari-
ties, with the height of the lines indicating the level of 
dissimilarity at which clusters are formed. The den-
drogram presents two classes. The first class consists 
solely of saline stress (S). The second class includes 
salt treatments with the addition of amendments and 
is arranged in two sub-classes. The first sub-class 
contains the saline stress treatment with biochar 
application (SB), while the second sub-class contains 
the saline stress treatment with compost application 
(SC) and the saline stress treatment with combined 
biochar and compost application (SCB).

The effect of compost and biochar on gene expression 
under salt conditions

An in silico analysis was performed to identify genes 
involved in barley’s stress response metabolism. 
Table 1 highlights 13 genes in barley that share signif-
icant similarities with those of other plants, including 
Arabidopsis. Specific primers were assigned to each 

of the 13 selected genes (HvP5CS, HvHSP, HvMYB, 
HvHKT1, HvWRKY, AP2/ERF, HvNAC, HvDREB, 
HvBHLH, HvPIP, HvCAT, HvSOD and HvAPX). 
Quantitative real-time PCR was used to investigate 
the expression patterns of these transcripts to eluci-
date their potential roles in stress response to CK, B, 
CB, S, SB, SC, and SCB treatments. Log2 fold signal 
intensities were used to visualise the gene expression 
as a heat map. The heatmap (Fig.  5) illustrated the 
expression levels of genes involved in the plant stress 
response. The CK, C, B, and CB treatments represent 
gene expression in normal conditions, where vary-
ing shades of blue indicate baseline expression lev-
els. In contrast, the S, SC, SB, and SCB treatments 
represent expression under salt stress, with shades of 
yellow indicating changes in gene activity. The shift 
from blue to yellow suggests that these genes are dif-
ferentially expressed in response to salt stress, with 
brighter yellow signifying greater upregulation as 
part of the plant’s adaptive response. This visualiza-
tion demonstrates that these genes are particularly 
responsive to salt stress. The heatmap classified these 
genes into 6 clusters. Cluster 1 contains 2 members 
(HvHKT1 and HvCAT​, 15.38%) of the 13 genes being 
studied. The 2 genes in this cluster showed limited 
expression under CK, low expression under C, B, and 
CB, high expression under S and SC, and high expres-
sion under SB and SCB for HvHKT1 and HvCAT​ 

Fig. 4   Hierarchical ascending clustering (HAC). With CK: 
control (only soil); B: soil + Biochar; C: soil + Compost; CB: 
soil + Compost + Biochar; S: Salt stress; SB: Salt + Biochar; 
SC: Salt + Compost; SCB: Salt + Compost + Biochar
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respectively. Cluster 2 contains 2 members (HvDREB 
and HvPIP, 15.38%). The genes in this cluster tend 
to show no change or low expression difference under 
CK, C, B, and CB but also salt stress (S). In contrast, 
bioamendment application combined with salt stress 
(SC, SB, SCB) induced particularly high expression 
of the HvDREB and HvPIP genes. Cluster 3 contains 
only 1 member (HvMYB, 7.69%). The HvMYB gene 
revealed low expression under C, B, and SB, mod-
erate expression under CK, SC, and SCB, and high 
expression under S and SB. Cluster 4 contains 3 
members (HvP5CS, HvBHLH and HvAPX, 23.07%). 
These genes are weakly to moderately expressed 
under CK, C, B, and CB conditions, whereas they are 
generally highly expressed under S, SC, SB, and SCB 
conditions. Cluster 5 contains 3 members (HvWRKY, 
HvHSP, and AP2/ERF, 23.07%). These genes are 
poorly expressed under CK and C, low to moder-
ately expressed under B and CB, and usually highly 
expressed under salt stress with or without bioamend-
ment applications (S, SC, SB, and SCB). Cluster 6 
contains 2 members (HvNAC and HvSOD, 15.38%). 
The genes have a too-low expression in CK, relatively 
constant and low in C, B, and CB, and constant and 
slightly high in S, SC, SB, and SCB. Overall, both SC 
and SB treatments appear to result in mostly yellow 
tones, indicating that many genes are upregulated in 

the presence of either compost or biochar under salt 
stress. This could imply that both amendments help 
plants activate stress response genes under salt con-
ditions. However, under SCB treatment, while the 
expression of some genes remains high (yellow), the 
majority of genes show reduced or minimal expres-
sion (white or light shades). This suggests that the 
combination of both amendments may result in a bal-
anced response, with some genes not requiring fur-
ther upregulation.

Discussion

Compost and biochar prove plant growth and 
physiological parameters under salt conditions

Salt stress significantly affects plant growth, particu-
larly by reducing the length and dry mass of barley 
shoots and roots, chlorophyll pigments (chl a, b, and 
tot), RWC and increasing EL. Our results align with 
previous research showing that salt stress reduces 
growth traits in barley (Nefissi Ouertani et al. 2021; 
2022b) and faba bean (Vicia faba L.) (Nasrallah et al. 
2022), as well as chlorophyll content in various plants 
(Nefissi Ouertani et  al. 2022a; Parihar et  al. 2015). 
Salt stress also decreases water availability to plants 

Fig. 5   Heat map repre-
sentation of the effects of 
different treatments on the 
gene expression in the bar-
ley leaves. Blue and yellow 
indicate lower and higher 
expression values, respec-
tively. The intensity of the 
colors is proportional to the 
absolute value of log2 of the 
fold difference in expres-
sion. With CK: control 
(only soil); B: soil + Bio-
char; C: soil + Compost; 
CB: soil + Compost + Bio-
char; S: Salt stress; SB: 
Salt + Biochar; SC: 
Salt + Compost; SCB: 
Salt + Compost + Biochar
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and affects cell turgidity (Parihar et al. 2015). Addi-
tionally, similar to our findings, EL increased in let-
tuce (Hniličková et al. 2019) and faba bean (Ghouili 
et  al. 2021) under salt and osmotic stress, respec-
tively. Parihar et  al. (2015) explained that salt ions 
(Na+ and Cl−) can interfere with the absorption of 
essential nutrients, leading to nutritional deficiencies 
that hamper plant growth. They added that the excess 
accumulation of these ions in chloroplasts disrupts 
chlorophyll production, causing chlorotic toxicity. 
Additionally, salt stress alters the ionic and osmotic 
balance of the cells, damaging cell membranes and 
resulting in electrolyte leakage (Demidchik et  al. 
2014).

In our study, the application of biochar and com-
post, whether alone or in combination under salt 
stress (SB, SC, and SCB), significantly improved 
growth traits (except RL under SCB), chlorophyll 
content, and relative water content (RWC) compared 
to the salt-only treatment. Furthermore, the amend-
ments (SB, SC, and SCB) reduced EL under salt 
stress. Similar to our results, several studies have 
reported the beneficial effects of compost and bio-
char application on growth and physiological param-
eters in various plants, both under normal (Ghouili 
et al. 2022b; 2024b) and stressed conditions (Nadeem 
et al. 2017; Rahayu et al. 2019; Rekaby et al. 2020; 
Zulfiqar et  al. 2022). The combined application of 
compost and biochar (SCB) given the highest RWC 
and the lower EL. Ud Din et  al. (2023) found that 
compost and biochar, either alone or combined, 
improved relative water content (RWC) in tomatoes 
(Solanum lycopersicum L.) under salt stress. Nadeem 
et al. (2017) reported that the synergistic use of bio-
char, compost, and plant growth-promoting rhizo-
bacteria (PGPR) significantly increased chlorophyll 
content and reduced EL in cucumber under water 
deficit. Sandy soils in arid and semi-arid regions are 
characterised by their low organic carbon content and 
low water-holding capacity (Le Guyader et al. 2024). 
Using organic amendments can greatly improve soil 
characteristics and plant growth even under stress by 
providing them with a continuous source of moisture 
and nutrients. On the one hand, compost enriches soil 
with organic matter, enhancing its structure, aeration, 
and water-retention capacity (Scotti et  al. 2015). It 
promotes root growth and nutrient uptake (Ghouili 
et al. 2022b; 2024b; Janati et al., 2022) and gradually 
releases essential nutrients, improving plant nutrition 

even in saline conditions (Ait-El-Mokhtar et  al. 
2022; Savy et  al. 2022). This explains the improved 
values observed especially for shoot (SL) and root 
(RL) length as well as chlorophyll contentment under 
SC treatment compared to salt treatment. Compost 
also supplies nutrients to beneficial microorgan-
isms, improving plant health and increasing nutri-
ent availability (Ghouili et al. 2023a; 2022b). On the 
other hand, biochar is characterised by its high cat-
ion exchange capacity, which enables it to sequester 
Na + and Cl- ions, thereby reducing their toxicity to 
plants (Murtaza et  al. 2024). Biochar is also carca-
terised by its porous structure that improves porosity, 
structure and water-holding capacity of the soil (Chi 
et al. 2024). This water can then be released slowly, 
providing a continuous source of plant moisture. 
This is particularly beneficial in sandy soils, such as 
the soil used in this study. The improvement of soil 
porosity and structure facilitate also root growth and 
water infiltration, which reduces plant stress (Zulfiqar 
et  al. 2022). These benefits of compost and biochar 
explain the improvement in plant growth and physi-
ological responses observed under salt stress when 
compost is applied, compared to stress plants without 
compost. The combined use of compost and biochar 
can have synergistic effects, allowing the benefits of 
both amendments to be fully realised. Together, they 
can reduce the negative impacts of salt stress on bar-
ley plants (Sharma et al. 2021). Compost enriches the 
soil with essential nutrients and organic matter, while 
biochar enhances nutrient retention and stabilizes soil 
structure. This combination creates an optimal envi-
ronment for root growth, nutrient uptake, and water 
use efficiency, leading to improved plant growth, 
chlorophyll production, and to reduced EL. Further-
more, biochar and compost work synergistically to 
improve nutrient availability and water retention in 
the soil, which is particularly reflected in SL, RDW, 
RWC and EL of the SCB plants.

The effect of compost and biochar on oxidative stress 
markers and metabolite accumulation under salt 
stress

The results show that salt stress induces elevated 
H₂O₂ production, proline and soluble sugars accu-
mulation, which is a typical response to oxidative 
stress caused by saline conditions (Nasrallah et  al. 
2022). Our results align with other research on 
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barley (Nefissi Ouertani et  al. 2021) and faba bean 
(Nasrallah et  al. 2022). However, MDA levels has 
not changed compared with the control, suggesting 
that plants can tolerate this level of salt stress. Bio-
char (SB) and compost (SC) reduced H₂O₂ levels, 
with biochar being particularly effective, in contrast 
they slightly increase MDA compared with salinity 
conditions. These overall effects suggests that these 
amendments are effective in improving the plant’s 
ability to handle oxidative stress caused by salt, but 
they do not entirely eliminate the negative impacts of 
salinity. Biochar reduces the toxicity of salt to plants 
by adsorbing excess sodium and chlorine ions from 
saline soil (Chi et al. 2024), while compost enriches 
the soil with organic matter and nutrients, improv-
ing soil structure and water retention capacity. These 
improvements reduce the impact of oxydative stress 
as reflected by H₂O₂ levels. The slight increase in 
MDA could reflect a minor trade-off in metabolic 
pathways, where the plants balance between ROS 
scavenging and membrane stability. Compared to pre-
vious studies, MDA content increased in faba bean 
plants when subjected to salt treatment (Nasrallah 
et al. 2022) and barley (Nefissi Ouertani et al. 2021) 
and also in date palm trees even in presence of com-
post (Ait-El-mokhtar et al. 2022). This indicates that 
while the amendments are beneficial, they do not 
entirely eliminate the stress but help the plants cope 
more effectively with the salinity-induced oxidative 
damage.

Compared to S, compost increases proline and sol-
uble sugars synthesis under salt stress, whereas bio-
char tends to reduce proline and increase soluble sug-
ars synthesis. Previous studies reported that compost 
application (Ait-El-mokhtar et  al. 2022) and com-
bining biochar and Pseudomonas sp. (Abideen et  al. 
2022) improved proline content under salt conditions. 
In contrast, Abdel-Ati & Eisa, (2015) found that pro-
line content decreased in barley plants amended by 
compost under saline conditions. The differing effects 
of proline between compost and biochar suggest that 
while both amendments help the plant cope with salt 
stress, they might do so through slightly different 
mechanisms. Compost enhances the plant’s ability to 
accumulate proline as an osmotic regulation. Indeed, 
plants accumulate compatible solutes such as proline 
in order to maintain cell turgor pressure and stabilise 
cellular structures to counteract stress (Szabados & 
Savouré, 2010). Biochar seems to reduce the need 

for proline by improving overall soil conditions and 
reducing stress on the plant. The increase in soluble 
sugars under both SB and SC treatments is a positive 
response to reduce the negative effects of salt stress, 
as these sugars help balance osmotic pressure, protect 
cellular structures, and support metabolic activities 
under stress. Previous studies recorded high levels 
of soluble sugars in faba bean plants under osmotic 
stress (Ghouili et  al. 2021) and also in the presence 
of compost under salt conditions in date palms and 
tomato plants (Ait-El-mokhtar et al. 2022; Savy et al. 
2022). Indeed, soluble sugars, such as glucose, fruc-
tose, and sucrose, help maintain the osmotic balance 
of plant cells (Ghouili et al. 2021). In summary, com-
post and biochar both help plants cope with salt stress 
by improving soil conditions, but they affect osmotic 
regulators like proline and soluble sugars differently.

The SCB treatment decreased H₂O₂ levels, main-
tains MDA content similar to that of the control, and 
reduced the synthesis of proline and soluble sugars 
compared to S treatment. Our result suggests that a 
synergetic effect of compost and biochar treatments 
on salt stress response. This combination effectively 
reduces oxidative stress, as indicated by the decrease 
in H₂O₂ levels and the maintenance of MDA content 
at control levels. It could modify the plants’ percep-
tion of salt stress or their ability to cope with the 
stress thereby reducing the need to accumulate high 
levels of proline and soluble sugars, typically syn-
thesised in response to stress. This suggests that the 
amendments create a more favourable growing envi-
ronment by improving soil conditions, thus allevi-
ating the plant’s need to rely heavily on these stress 
metabolites. In essence, the combination of compost 
and biochar helps the plant handle salt stress more 
efficiently, reducing the severity of oxidative dam-
age and limiting the accumulation of stress-related 
metabolites.

Role of compost and biochar in modulating 
antioxidant activity under salt stress

SOD, CAT, GPOX, and APX enzymes play a cru-
cial role in defending plants against oxidative 
stress caused by abiotic conditions, such as salinity. 
Our analyses revealed that salt stress significantly 
increased the activity of CAT and APX, decreased 
SOD activity, and had no effect on GPOX activity 
compared to the control. This indicates that plants 
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are capable to reduce the oxidative stress induced by 
salt. On the light of our results, salt stress increased 
the activity of these antioxidants on barley (Nefissi 
Ouertani et  al. 2021; 2022a; 2022b) and faba bean 
(Abid et al. 2020a; Nasrallah et al. 2022). Overall, SB 
and SC treatments increased SOD and CAT activities, 
while decreasing APX and GPOX activities com-
pared to the salt-only treatment. The increase in SOD 
and CAT activities indicates that biochar and com-
post enhance the plant’s ROS scavenging capabilities, 
likely improving its overall salt tolerance and oxida-
tive stress management. By scavenging ROS, anti-
oxidant enzymes protect membrane lipids, proteins, 
and DNA from oxidative damage, which is crucial 
for maintaining cellular integrity and plant survival 
(Hanana et  al. 2011; Nasrallah et  al. 2022). At the 
same time, the reduction in APX and GPOX activities 
suggests that the plant’s defense system is becoming 
more efficient and balanced, as it can manage ROS 
effectively with fewer resources. SB and SC treat-
ments seem to support the plant’s ability to handle 
oxidative stress in a more coordinated manner, ensur-
ing that the plant’s antioxidant defences are tuned to 
the appropriate levels for coping with salt stress.

SCB treatment increased SOD activity, decreased 
CAT and APX activities and has not affect GPOX 
activity compared to salt treatment. SOD plays a 
critical role in the first line of defense against oxida-
tive stress by converting superoxide radicals (O₂⁻) 
into hydrogen peroxide (H₂O₂), which is then fur-
ther detoxified by other enzymes like CAT and APX. 
The increase in SOD activity under the SCB treat-
ment suggests that the combination of compost and 
biochar enhances the plant’s ability to manage super-
oxide radicals generated by salt stress. This could be 
due to improvements in soil conditions provided by 
biochar and compost, such as better nutrient availabil-
ity (Ghouili et al. 2022b; 2023b), moisture retention, 
and soil aeration (Ud Din et al. 2023), which help the 
plant grow more robustly and improve its defense 
responses. The decrease in CAT and APX activities 
and the lack of effect on GPOX activity could be an 
indication that the plant, due to the improved soil 
conditions from biochar and compost, is better man-
aging oxidative stress at an earlier stage in the ROS 
cascade. Since SOD activity is increased, more super-
oxide radicals are being converted into H₂O₂, but the 
reduced activity of CAT and APX indicates that less 
hydrogen peroxide is being generated overall or that 

other mechanisms are compensating for the need for 
H₂O₂ detoxification. Overall, these findings imply 
that SCB treatment enhances the plant’s ability to 
manage salt-induced oxidative stress by improving 
early-stage antioxidant defense (via SOD), but the 
need for later-stage H₂O₂ detoxification (via CAT and 
APX) is reduced, possibly due to improved overall 
plant health and stress resilience.

Role of compost and biochar in regulating gene 
expression in response to salt stress

In this work, we studied the expression of certain 
genes involved in different metabolic responses to salt 
stress, as shown by the heat map. These genes dem-
onstrate a coordinated and differential response to 
stress conditions.

Genes involved in ion homeostasis

Four genes are involved in maintaining ionic balance 
and osmosis in cells namely HvHKT1 transporter 
and HvMYB, HvNAC, and HvAP2/ERF transcrip-
tion factors. The HvHKT1 transporter is primarily 
involved in the transport of Na + and K + ions (Horie 
et  al. 2009). Under salt stress, HvHKT1 expres-
sion has been upregulated to reduce sodium toxic-
ity and manage competition between Na + and K + . 
By promoting selectivity for K + at the root level, 
HvHKT1 enables the plant to maintain adequate lev-
els of K + despite the high presence of Na + (Munns 
& Tester 2008). Then, HvHKT1 transports ions from 
the roots to the leaves and limits excessive Na + accu-
mulation in aerial plant parts by sequestering Na + in 
cell vacuoles (Hauser & Horie 2010; Ud Din et  al. 
2023). Based on our results, SB particularly and SC 
upregulated HvHKT1 expression. Biochar or compost 
application can modulate the expression of HvHKT1, 
by improving the soil’s physical and chemical prop-
erties, thereby reducing the uptake of toxic ions and 
enhancing nutrient availability (Bagues et  al. 2024; 
Ghouili et al. 2022b). In tomato, the combined appli-
cation of compost and biochar significantly enhanced 
plant growth and yield under salinity stress by reduc-
ing Na⁺ levels in plant tissues and improving overall 
nutrient uptake (Ud Din et al. 2023).

In S plants exposed to salt stress, transcription fac-
tor HvMYB expression increased. These outcomes 
resonate with the work of He et al. (2019), who found 
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that in D. candidum genome, nine genes of DoMYB 
were up-regulated under salinity stress. This upregu-
lation is an adaptive response aimed at activating 
genes involved in stress defence mechanisms, such as 
antioxidants, heat shock proteins and ionic transport 
systems that help maintain ionic balance and osmo-
sis in cells (Cao et  al. 2020). Amendments applica-
tion modulated the expression of HvMYB, this effect 
is generally less pronounced than that observed under 
salinity stress. This may be due to the improvement 
of soil fertility, water and nutrient availability follow-
ing compost and biochar input (Ghouili et al. 2023a; 
Sharma et  al. 2021). The combined use of amend-
ments can have a synergistic effect on the expres-
sion of stress-related genes, including HvMYB and 
HvHKT1, further improving salt stress tolerance 
by improving nutrient availability and soil physico-
chemical properties.

The HvNAC transcription factor plays a part in the 
regulation of numerous genes involved in the biosyn-
thesis of osmolytes, the synthesis of protective pro-
teins and antioxidant molecules. These osmolytes 
help cells cope with the damage caused by salt (Chen 
et  al. 2019; Nefissi Ouertani et  al. 2022a). Plants 
overexpressing HvNAC show improved growth and 
survival under high salinity conditions compared 
to wild-type plants (Xue et  al. 2011). This is due to 
the activation of adaptive mechanisms such as regu-
lating ion balance, reducing sodium accumulation 
in cells, and increasing antioxidant capacity. In this 
study, HvNAC was enhanced under salinity, slightly 
upregulated when amendment was applied (SB, SC), 
and was reduced in combined treatment SCB. While 
the specific studies on NAC gene expression under 
these amendments are limited, it is understood that 
improved soil conditions and nutrient availability can 
influence the expression of stress-responsive genes 
such as NACs.

HvAP2/ERF has been slightly upregulated under 
salinity. Ma et  al. (2024) reported that in rice the 
OsERF19 expression was inhibited by salt stress. 
However, overexpressing the same gene in line 
increased the tolerance of plants to salt stress and 
upregulated Late embryogenesis abundant protein 
gene (OsLEA3), Vacuolar Na + /H + antiporter gene 
(OsNHX1), Low-affinity Na + transporter (OsHKT6), 
and Overly tolerant to salt 1 (OsOTS1) genes under 
salt stress. Indeed, HvAP2/ERF factors regulate the 
expression of key genes involved in the salt stress 

response. In the presence of salt stress, these factors 
can activate metabolic pathways that increase the pro-
duction of osmoprotective compounds and enhance 
ROS detoxification mechanisms (Licausi et al. 2013; 
Ma et al. 2024; Mizoi et al. 2012). Our results showed 
that although the expression of this factor increased 
slightly under SB and SCB, it increased more under 
SC. Amendments, especially compost, could modu-
late the expression of HvAP2/ERF-regulated genes by 
influencing hormonal signalling pathways and ROS 
levels.

Genes involved in the production of osmoprotectants

Three genes are involved in the mechanisms of osmo-
protectant production namely HvP5CS HvDREB, and 
HvWRKY. The HvP5CS gene encodes the enzyme 
P5CS, which catalyses an essential step in proline 
biosynthesis (Szabados & Savouré, 2010). In our 
investigation, the overexpression of HvP5CS in S, 
SC, and SB is reflected by the elevation of proline 
levels under the same treatments. Similar to our 
results, P5CS increased under salt stress in barley 
plants (Nefissi Ouertani et  al. 2022a). Other studies 
demonstrate that transgenic plants over-expressing 
this enzyme show better growth and reduced cell 
damage in saline conditions (Szabados & Savouré, 
2010). These results may be strongly linked to an 
increased tolerance of salt stress in barley. In addi-
tion, a proteomic analysis carried out in barley plants 
grown in the presence of compost found that the rela-
tive abundance of the P5SC protein increased in leaf 
and root tissue compared to the control (Ghouili et al. 
2022a; 2023a). Our results showed that HvP5CS gene 
expression was stable in SCB. When the conditions 
are not severely stressful, the combined application 
of amendments in saline conditions can indirectly 
decrease the expression of HvP5CSby improving the 
physicochemical and nutritional characteristics of the 
soil (Hazman et  al. 2023). These amendments can 
therefore potentially increase or stabilise HvP5CS 
expression, thereby facilitating better proline accumu-
lation under salt stress.

HvWRKY is a transcription factor involved in vari-
ous physiological processes, especially in responses 
to biotic and abiotic stress. Under salinity, they can 
activate or repress the expression of genes involved in 
osmoprotectants biosynthesis to help the plant adapt 
to unfavourable conditions (Isah 2019; Karam et  al. 
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2022; Li et al. 2021; Nakashima et al. 2009). WRKYs 
can also interact with other transcription factors and 
regulators, such as bZIP, which are known to regulate 
the stress response and osmolyte synthesis (Rushton 
et al. 2010). Increased under SC, and SB, the expres-
sion of HvWRKY can be modulated by these amend-
ments, indicating an activation of defence mecha-
nisms to improve stress tolerance. Similar to the 
HvP5CS gene, HvWRKY gene expression was stable 
in SCB. The over-expression of WRKY genes in vari-
ous plant species enhances their resistance to saline 
conditions by promoting their capacity to maintain 
a lower Na + /K + ratio (Li et al. 2021; Nefissi Ouer-
tani et  al. 2022a). Compost and biochar are known 
to improve soil health and plant resilience, poten-
tially leading to more stable gene expression profiles 
under stress conditions (Chi et al. 2024; Sharma et al. 
2021).

The HvDREB transcription factor is involved in the 
regulation of responses to abiotic stresses. It can acti-
vate or represse the expression of genes involved in 
adaptation to stress (Agarwal et al. 2006). The trans-
genic plants overexpressing DREB1A/CBF3 exhib-
ited an accumulation of osmoprotectants, including 
proline and various sugars, under control and drought 
conditions (Rushton et  al. 2010). Our findings indi-
cate that HvDREB expression is increased in response 
to the provision of amendments. This observed adap-
tation may occur as a result of improvements in the 
microenvironment of the root.

Genes involved in antioxidant enzymes

Antioxidant enzymes work in orchestrated synergy to 
protect plant tissue from oxidative damage that can 
be generated by ROS. In H. vulgare, genes encod-
ing enzymes such as HvSOD, HvCAT​, and HvAPX 
play an essential role in protecting cells against ROS 
generated in response to salt stress (Nefissi Ouer-
tani et  al. 2022b). Several studies reported that salt 
stress increases antioxidant gene expressions (Nefissi 
Ouertani et al. 2021; 2022a; 2022b). In our research, 
HvSOD is upregulated in response to salt stress to 
better manage the increased ROS levels produced by 
osmotic and ionic stress caused by salinity. Its slight 
overexpression in the presence of amendments (SB, 
SC, and SCB) suggests that HvSOD is not strongly 
regulated by these amendments, perhaps as a result 
of sufficient antioxidant mechanisms provided by 

other genes or soil organic matter. HvCAT​ expression 
increased under S. This increase was less pronounced 
in SC and SCB. The presence of soil amendments 
may attenuate the salt effect, hence the decrease in 
HvCAT​ expression compared with S plants. In sup-
port of this, the abundance of CAT protein was signif-
icantly lower under compost treatment (Ghouili et al. 
2022a). HvCAT​ expression remained relatively sta-
ble under SB where biochar may have mixed effects 
on plant response to stress (Bagues et  al. 2024). 
HvAPX expression increased slightly in S and SC 
but increased more in SB and SCB. The high expres-
sion of HvAPX suggests an active response in order to 
manage oxidative stress, potentially increased by salt 
stress but also microbial interactions or decomposi-
tion of organic matter.

Transport proteins

The HvPIP gene was down-regulated in S plants 
and over-expressed in SC, SB, and SCB plants. This 
variation is reflected in the RWC. Indeed, proteins 
of the aquaporins (PIPs) family form channels in 
the cell membrane to facilitate the transport of water 
and, in some cases, small solutes across the mem-
brane (Ghouili et al. 2023a; Horie et al. 2011). Under 
saline conditions, maintaining a water balance is cru-
cial for plant survival. The upregulation of HvPIPs 
under amendments in salt conditions helps regulate 
water uptake and transport. So, plant cells can main-
tain turgor pressure and avoid dehydration. In barley 
roots, compost treatment increased the abundance of 
proteins involved in the transport of water and other 
small neutral molecules across membranes, including 
PIP (Ghouili et al. 2023a).

Regulation of genes involved in salt tolerance

The bHLH transcription factors regulates various 
genes involved in salt tolerance (Wang et  al. 2023). 
The HvbHLH has been upregulated in S, SC, SB, and 
SCB plants. Quan and colleagues (2023) report sev-
eral ways in which bHLH TFs influence plant stress 
reactions. They can confer drought tolerance, some 
can improve plant growth under nutrient deprivation, 
and others, when overexpressed, can improve salt 
stress in plants (Quan et al. 2023). Compost and bio-
char can enhance this response under salt conditions 
by modifying soil conditions and providing nutrients 
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and microbial support, which can also influence the 
expression of HVbHLH genes and enhance plant 
resilience.

Gene involved in protein protection

HSPs function as molecular chaperones, playing a 
vital role in the stabilisation of proteins under both 
normal and stressful conditions (Timperio et  al. 
2008). In the present study, HvHSP expression was 
slightly upregulated under salinity, upregulated under 
SB and SC treatment, and stable under SCB treat-
ment. The OsHSP 17.9 overexpression in rice plants 
increases antioxidant activity under heat and salt 
stress (Wang et  al. 2023). The increased expression 
of HvHSP under salt stress is an adaptive response by 
plants to protect and stabilise their proteins and cel-
lular structures. Several studies reported that HSPs 
reduce intracellular levels of reactive ROS and main-
tain membrane integrity by facilitating protein fold-
ing, degradation, complex assembly, and transloca-
tion (Do et al. 2023; Ghouili et al. 2022a; Yer et al. 
2018). Compost application induces the accumula-
tion of HSP in barley leaves (Ghouili et  al. 2022a), 
and also heat shock protein (HSP 70) and small heat 
shock protein (sHSP) in barley roots (Ghouili et  al. 
2023a). The combination of compost and biochar can 
improve soil conditions, reducing the impact of salt 
stress and helping plants to tolerate such conditions.

The different molecular mechanisms of salt stress 
tolerance induced by the separate or combined 
application of biochar and compost

Our results show that biochar and compost influ-
ence the expression of defence genes differently in 
response to salt stress, each modulating specific toler-
ance mechanisms that can be exploited depending on 
the specific needs of the plant and the environmental 
conditions.

In fact, biochar mainly promotes ion regula-
tion (HvHT1) and the stabilisation of cell structures 
(HvP5CS, HvDREB, HvBHLH and HvHSP), probably 
reducing the need for certain antioxidant enzymes 
(HvSOD and HvCAT​) by compensating for stress 
by other mechanisms. In this way, biochar appears 
to trigger proactive defence mechanisms, help-
ing the plant to manage salt stress more effectively, 

thereby reducing the need for additional antioxidant 
responses.

Compost activates genes related to transcription 
factors (HvDREB and HvAP2/ERF), proline accu-
mulation (HvP5CS) and water regulation (HvPIP), 
but decreases the expression of genes related to ion 
regulation (HvHT1), targeted transcription factors 
(HvMYB and HvBHLH), and antioxidant enzymes 
(HvAPX, HvSOD and HvCAT​), suggesting a different 
modulation of the stress response. Compost seems to 
offer a more favourable environment, where the plant 
experiences less oxidative stress, reducing the need to 
trigger its antioxidant mechanisms intensively.

The combined application of compost and bio-
char under salt stress has a particular effect on the 
expression of plant genes. It stimulates the expres-
sion of HvPIP and HvAPX, but reduces that of many 
other stress response genes compared with S-stressed 
plants. The increase in HvPIP indicates that the plant 
benefits from better water management, a crucial 
aspect under salt stress conditions. This helps the 
plant to avoid dehydration by facilitating the circula-
tion of water through the cell membranes, an effect 
that is amplified by the presence of the two amend-
ments. The increase in HvAPX indicates that the bio-
char-compost combination helps to activate a specific 
antioxidant defence, probably to eliminate moder-
ate levels of free radicals without requiring activa-
tion of the full range of antioxidant enzymes. The 
expression of many other stress response genes was 
reduced. The combined input of compost and biochar 
seems to create a sufficiently stable environment for 
the plant to perceive less salt stress. This reduces the 
need to stimulate genes associated with responses to 
severe stress, such as those involved in ion manage-
ment (HvHT1), protection against oxidative stress 
(HvHSP, HvSOD, and HvCAT​), and the activation 
of intense response signals via transcription factors 
(such as HvDREB, HvWRKY, and HvNAC). Further-
more, compost and biochar combined can provide 
complementary benefits: compost improves soil 
nutrition and structure, while biochar stabilises water 
and ion levels. This combination reduces the need to 
activate defence genes intensively. The plant activates 
only certain specific genes (HvPIP and HvAPX) to 
respond moderately to stress, which is probably suffi-
cient given the benefits provided by the amendments. 
Thus, in the absence of high stress levels, the plant 
can devote more of its energy resources to growth and 
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metabolism, rather than mobilising energy-intensive 
defence mechanisms.

Conclusion

The application of date palm waste compost and 
biochar, either individually or combined, effectively 
mitigates the negative effects of salt stress on barley 
plants. These treatments enhance plant growth, RWC, 
and chlorophyll levels while reducing oxidative stress 
markers such as EL and H2O2. Compost and biochar 
alone increase antioxidant activity, soluble sugar con-
tent, and maintain proline levels, while their com-
bined use stabilizes MDA levels and balances anti-
oxidant activities. Gene expression analysis shows 
that both amendments significantly upregulate stress-
related genes, with the combination treatment pro-
viding a moderated effect that may selectively acti-
vate specific responses. This synergy reduces ROS 
production, limiting the need for intense antioxidant 
mechanisms and reallocating plant resources more 
efficiently. The combined application of compost and 
biochar proves more advantageous by improving soil 
moisture, nutrient availability, and stress tolerance 
mechanisms. This strategy holds potential for enhanc-
ing crop resilience in arid and semi-arid regions, 
though field studies are recommended to confirm 
these findings. The results underscore the comple-
mentary effects of compost and biochar in reducing 
stress perception and optimizing plant resource use.
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