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Abstract

Drought is one of the most harmful abiotic stresses in arid and semiarid regions, so, field experiments
were performed to examine biochar impact (15 or 20 t ha™) on soil properties, physiological, morphological,
and yield of barley under drought conditions. Our results displayed that drought caused a remarkable decrease
in stem height and leaf arca. Additionally, relative water contents (RWC%), chlorophyll a and b
concentrations, as well as yield parameters were significantly reduced under drought. Conversely, lipid
peroxidation (MDA), electrolyte leakage (EL%), and enzymatic activity were significantly augmented in the
stressed plants during both seasons. Application of biochar led to improve leaves number (15.3), stem height
(57%) and leaf area. Also, physiological characters like chlorophyll (72%) and RWC (33%), as well as yield,
were increased considerably. Contrariwise, MDA and EL were reduced significantly (47 and 54%) under
biochar application; furthermore, biochar led to regulate peroxidase and catalase activity in the stressed plants.
It is concluded that biochar treatment can significantly improve soil properties, particularly soil EC (dSm™),
soil organic matter % and soil pH as well as increase yield characters via improving stress tolerance of barley
under drought conditions; the best treatment was 20 t biochar ha™ in the plants irrigated twice.
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Introduction

Barley (Hordeum vulgare L.) is one of the most important crops belonging to Poaceac family. There are
numerous environmental stress factors that affect the growth characters and yield, such as biotic (Hafez ez 4/,
2014; 2016; Abdelaal ez 4l., 2018; Esmail ez al., 2019; Omara et al., 2019; El-Nashaar ez 4/., 2020) and abiotic
factors (EL-Sabagh ez al., 2017; Abdelaal ez 4l., 2021a; Arafa et al., 2021). Among the abiotic, chilling, heat,
salinity, and drought are the most common factors (EL-Sabagh ez al., 2019; Elkelish ez al., 2020; Abdelaal ez al.,
2020a and b). Drought is one of the maximum problematic stresses, particularly in semi-arid or arid
environments (IPCC, 2014). Under water deficit, many changes were shown in physiological, biochemical,
and anatomical characters linked with oxidative damages in plants. Morphological characters; leaves number,
stem height, and leaf area were decreased (Samarah, 2005; Abdelaal, 2015), also physiological characteristics
such as relative water content, chlorophyll a and b were reduced under water deficit conditions (Abdelaal ez 4/.,
2017; Rashwan and Abdelaal, 2019). Reactive oxygen species (ROS) are very important signals that accumulate
under stress (Abdelaal ez al., 2017). They are very effective molecules in the plant defence system under various
stresses. However, the high concentration and accumulation of ROS can cause oxidative stress to plant cells
and, finally, cell death (Abdelaal ez 4/, 2021b). Stem height and yield components were reduced (Abdelaal,
2015), however, electrolyte leakage (EL%) was increased under drought (Arafa ez 4/.,2021). In order to improve
the growth and production of plants, some compounds can be used like biochar, it is a safe and natural
compound, it is a significant soil improvement that contains various elements, mainly nitrogen, carbon, and
sulfur (Hafez ez al., 2020). In agricultural production, biochar plays a pivotal role in enhancing composting
processes (Sanchez-Monedero ez al., 2018), alleviating water and salt stress (Ali ez 4l., 2017), improving plant
growth and production (Agegnehu ez al., 2017; El Nahhas ez al., 2021). Also, chlorophylls and relative water
contents (RWC%) were improved with biochar treatment under drought (Hafez ez 4/, 2020) and salinity (El
Nahhas ez al., 2021). Nutrient absorption in kiwi plants was enhanced (Sorrenti ez 4/.,2016), and a considerable
increase of nitrogen, phosphorus, and magnesium was observed in maize with biochar application (Chng ez al.,
2015). Under drought conditions, biochar treatments led to increased chlorophyll concentrations and
improved plant growth characters in maize (Chng ez /., 2015) and barley (Hafez et al., 2020). Application of
biochar + jasmonic acid led to improve growth characters of faba bean plant under salinity stress conditions
(EINahhas ez al., 2021) mitigated the negative impacts of salinity, and improved the plant height, relative water
content, and chlorophyll concentration. Furthermore, biochar + jasmonic acid gave the best results of seeds
number and weight of 100 seeds in the two scasons (El Nahhas ez 4/., 2021). Soil pH is one of the main soil
properties to manage plant phosphorus (P) availability (Penn and Camberato, 2019) and it is an essential factor
in regulation P availability in plants (Cerozi and Fitzsimmons, 2016). So, the decrease in soil pH may cause
decrease P adsorption and increase bioavailability in alkaline soils (Naeem ez /., 2013). Likewise, biochar is an
important source for nutrients and could release large amounts of N (23-635 mgkg™) and P (46-166 mgkg ™)
(Zhenger al., 2013). So, the biochar has great potential as available nutrients.

Previous studies indicated that organic compounds could alleviate the adverse effects of many stresses
and improve yield production (Ali ez 4/., 2017; 2019). Recently, there is a universal trend to use natural
products of agricultural output to protect human health and the ecological system. Hence, the objective of this
study was to evaluate the role of biochar in improving the soil properties, physiological, morphological, and
yield parameters of barley under drought conditions.
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Materials and Methods

Experimental site, plant materials and biochar preparation

The experiments were carried out in a private farm (El-Mahalla EI-Kubra, Egypt) under field conditions
during 2019/2020 and 2020/2021 growing seasons. The biochemical and physio-logical characters were
recorded at PPBL Lab. and Excellence Centre (EPCRS), Kafrelsheikh University. The grains of batley
(Hordeum vulgare L. var. ‘Gizal23’) (120 kg grains ha') were sown on 4™ and 7" Nov. in 2019/2020 and
2020/2021, respectively. The design of experiments was in a randomized complete block design (five
replicates), with the experimental unit (4 x Sm). The irrigation system was surface irrigation, and the amount
of water was 650 m® ha' for each irrigation. The experimental soil was analysed to study the physical and
chemical characteristics according to A.O.A.C (2015) as follows: electrical conductivity 1.7 dS m™, available P
10.3 ppm, available K 286 ppm, available N 33.1 ppm, sand 17.6%, silt 35.8%, clay 47.6%, pH (water) 8.1, and
texture clay. The chemical fertilizers were added as recommended of the ministry of agriculture and land
reclamation. The super phosphate fertilizer was used as phosphorus source (15.5 kg phosphor) with the soil
preparation while, ammonium nitrate was used as nitrogen source (45 kg nitrogen) divided into two doses
before the irrigation. The biochar was produced during the pyrolysis process at 500 °C for 20 min from rice-
straw, the analysis of biochar indicated that it is a rich source of some vital elements such as carbon 463.6 g kg
!, nitrogen 9.7 gkg", phosphorus 1.7 gkg”, potassium 19.7 gkg ", magnesium 3.9 gkg'. The irrigation was one,
twice and three times after germination, the treatments were done as follow:

1. Plants irrigated three times (control), well-watered (650 m® water every one irrigation).

2. Plants irrigated one irrigation only after germination (D1).

3. Plants irrigated two irrigations after germination (D2).

4. Plants irrigated one irrigation and treated with 15 t biochar ha™' (D1 + biochar 1).

5. Plants irrigated one irrigation and treated with 20 t biochar ha™ (D1 + biochar 2).

6. Plants irrigated two irrigations and treated with 15 t biochar ha™ (D2 + biochar 1).

7. Plants irrigated two irrigations and treated with 20 ¢ biochar ha™ (D2 + biochar 2). The harvest date
was at 5™ and 3" Apr. 2020 and 2021 respectively.

Morphological characters
At the anthesis stage, ten plants were randomly selected from each plot to study leaves number, stem

height, and leaf area/plant.

Physio-biochemical characters

Concentrations of chlorophyllaand b

To estimate chlorophyll a and b, one g fresh leaves (flag) were placed in 5 ml N,N-Dimethyl formamide
overnight. The absorbance was measured according to Moran and Porath (1982) at 663 and 647 nm using
UV/VIS spectrophotometer (Japan).

Proline content and relative water content (RW<C %)

For proline determination, 0.5 g fresh leaves from each treatment were ground in liquid nitrogen and
homogenized with 10 mL of 3% sulphosalicylic acid. Proline was recorded as pg g! FW at 520 nm (Bates ez a/.,
1973).

To determine the relative water content (RWC%), fresh weight (FW) of the fully expanded leaves was
taken and turgid weight was recorded (TW), after drying at room temperature and in oven at 70 °C for 48

hours, dry weight was measured (DW). Relative water content was recorded as follow (Levite, 1980):
RWC% = (FW — DW)/ (TW - DW) x 100
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Estimation of lipid peroxidation as MDA and electrolyte leakage (EL%)
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