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ARTICLE INFO 

 
ABSTRACT - Faba bean, although, is widely cultivated, its yield is affected by drought 

and salinity stresses. Biochar can potentially reduce the negative effects of drought and 

salinity stress. In this study, the interaction effects of biochar, irrigation water regimes, 

and irrigation water salinities on faba bean yield, crop water use efficiency (CWUE), and 

ion concentrations were evaluated under greenhouse conditions. The treatments included 

0, 1.25, and 2.5% w/w biochar (as B0, B1.25, and B2.5 treatments, respectively), irrigation 

water regime (50, 75, and 100% of crop water requirement, as I50%, I75%, and I100%, 

treatments, respectively) and irrigation water salinity (0.6, 4, and 8 dS m-1, as S0.6, S4, 

and S8 treatments, respectively), that were arranged in a factorial arrangement using a 

complete randomized design with four replications. Biochar applied at 2.5% w/w 

significantly decreased actual crop evapotranspiration by 11% in comparison with that 

obtained in B0. The maximum dry seed yield (14.4 g pot-1) was obtained under 

B2.5S0.6I100% treatment. The value of CWUE in the B2.5S8I50% treatment was 0.47 kg m-3, 

which was 1.27 times the CWUE in the B0S0.6I100% treatment. Seed sodium concentration 

under B2.5S8I50% treatment (0.34 g kg-1) was significantly lower than that obtained in 

B0S8I50% treatment (0.55 g kg-1). Biochar application increased the plant tolerance to 

salinity, as the maximum threshold of soil-saturated electrical conductivity of 5.2 dS m-1 

was observed under B2.5I50% treatment, which was higher than 2.5 dS m-1 obtained in 

B0I50% treatment. Finally, cultivation of the faba bean using 2.5% w/w biochar and full 

(100%) irrigation with non-saline water is recommended for maximum production of the 

faba bean. 
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INTRODUCTION 

Water stress and salinity are two main abiotic stresses 

that adversely affect crop growth and yield, and 

influence crop productivity worldwide (Athar and 

Ashraf 2009). Both water stress and salinity stresses 

reduce soil water potential, water and nutrient uptake, as 

well as leaf water potential followed by stomatal closure 

and, finally, crop yield (Athar and Ashraf 2009). The 

water stress and salinity effect on crops occurs with 

different intensities depending on their physiological, 

biochemical, and tolerance mechanisms (Mariani and 

Ferrante 2017).  

Plants use a variety of mechanisms to overcome 

water stress. These mechanisms include recovery 

(plants’ ability to continue growth after water stress 

damage; Khan et al. 2018), prevention (through 

physiological processes e.g. regulation of stomata to 

reduce water loss via transpiration; Zhang et al. 2017), 

tolerance (through osmotic and osmo-protective 

adaptation; Luo 2010) and drought escape (through 

regulation of the growth period to avoid water stress; 

Manavalan et al. 2009). Further, plants adapt to salinity 

by adjusting ion uptake and transport and biochemical 

responses (Acosta-Motos et al. 2017). 

Previous studies illustrate that adding organic 

amendments to soil improves soil structure, and 

increases water-holding capacity, and plant available 

water (Abiven et al. 2009; Paz-Ferreiro et al. 2013; 

Poormansour et al. 2019). Together, these 

improvements result in a better environment for plant 

growth under water-stress conditions. One of such 

amendments is biochar, a carbon-rich organic material, 

and a by-product derived from biomass pyrolysis under 

high-temperature and low-oxygen conditions.  

Biochar enhances the quality of soil by increasing 

soil pH, water-holding capacity, and cation exchange 

capacity (Mensah and Frimpong 2018; Rawat et al. 

2019) and therefore, promotes plant growth (Videgain-

Marco et al. 2020). Biochar mitigates water stress in 

plants by enhancing soil water availability due to its 

high porosity and large surface area (Razzaghi et al. 

2020; Ali et al. 2017a; Agbna et al. 2017; Faloye et al. 

2019). In addition, biochar improves salinity stress in 

plants by high transient Na
+
 binding, decreasing osmotic 

stress, and releasing mineral nutrients into the soil 

solution (Akhtar et al. 2015a). It is also well 

documented that the growth, physiology, and yield of 

plants under water stresses are positively affected by 

biochar (Akhtar et al. 2015b).  
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There has been an increase in the use of biochar to 

enhance the yield and irrigation water use efficiency of 

several crops (Yang et al. 2020; Zhang et al. 2020). One 

crop that has received much less attention in 

investigations of the impact of biochar, salinity, and 

drought on its productivity is the faba bean. Faba bean 

(Vicia faba L.) is cultivated in more than 61 countries 

with a total production of 4.84 million tons of dry grain, 

while the cultivated area and production of faba bean in 

Iran are 8.2 thousand ha and 18 thousand tons, 

respectively (FAOSTAT 2017). Humans consume both 

fresh and dry seeds of faba bean due to their high 

nutritional value (Lizarazo et al. 2015). Faba bean also 

has a positive role in enhancing soil fertility through its 

rotation with cereal crops (Siddiqui et al. 2015). It has 

been shown that faba bean growth and production are 

significantly decreased under soil water stress (Ricciardi 

et al. 2001) and salinity (Bulut et al. 2011) conditions, 

however, the response of different cultivars to water and 

salinity stresses varies widely (Afzal et al., 2022; 

Ricciardi et al. 2001).  

This work was motivated by (i) the documented 

ability of biochar to increase soil water availability and 

decrease the negative impacts of salinity, (ii) the large 

geographical extent and nutritional importance of faba 

bean, (iii) the negative impact of water and salinity 

stresses on faba bean yield, and (iv) the paucity of 

information on the potential of biochar to alleviate these 

stresses and increase faba bean yield. Based on the 

above, the objectives of this study were to investigate (i) 

the effect of biochar on faba bean evapotranspiration, 

and soil evaporation, (ii) the interaction effects of 

biochar, salinity, and irrigation water on faba bean 

yield, crop water use efficiency and seed and soil Na
+
, 

K
+
, Ca

++
 and Mg

++
 concentration and their relations. 

MATERIALS and METHODS 

A greenhouse experiment was performed at the Drought 

Research Center, Shiraz University, Shiraz, Iran. The 

latitude, longitude, and altitude of the research location 

are 29º 36´ N, 52º 32´ E, and 1810 m above mean sea 

level, respectively.  

The soil used for the experiment was a sandy loam 

(clay, silt, and sand in proportions of 12%, 18%, and 

70%, respectively) with organic carbon of 40%, bulk 

density of 1.53 g cm
-3

, pH of 7.52 and electrical 

conductivity (EC) of 0.66 dS m
-1

 (EC of soil was 

measured in saturated extract). The applied biochar was 

produced through pyrolysis of wheat straw at 550°C 

under low oxygen conditions and had a bulk density of 

0.25 g cm
-3

, pH of 8.19, and EC of 9.30 dS m
-1

 (pH and 

EC of biochar were measured in 1:10 biochar: water). 

The nutritional characteristics of the soil and biochar are 

presented in Table 1. To simulate the water salinity 

levels, the saline water was prepared by adding 50% 

NaCl and 50% CaCl2 (by weight) to fresh water that 

originally had an EC of 0.6 dS m
-1

. 

The soil and biochar were mixed thoroughly and 

filled into pots (22 and 30 cm diameter and height, 

respectively) at the treatment levels described below. 

Three levels of each treatment including biochar, 

irrigation water regime, and irrigation water salinity 

were applied to 108 pots under a factorial arrangement 

in a complete randomized design with four replications. 

The biochar levels were 0, 1.25, and 2.5 weight percent 

(denoted as B0, B1.25, and B2.5, respectively) equivalent 

to 0, 12.5, and 25 g biochar kg 
-1 

dry
 
soil. The three 

irrigation levels were 100, 75, and 50 % of the crop 

water requirement (denoted as I100%, I75%, and I50%, 

respectively). The irrigation water salinity levels were 

0.6, 4, and 8 dS m
-1

 (designated as S0.6, S4, and S8, 

respectively). Before cultivation, the gravimetric soil 

water content at pot water-holding capacity (pot weight 

after drainages of gravimetric water) for the 0, 1.25, and 

2.5 % w/w biochar treatments were 19.0, 20.9, and 23.0 

% w/w, respectively. 

Prior to sowing, 43.2 mg P kg
-1

 soil in the form of 

triple super-phosphate was added to each pot. Five 

seeds of faba bean (Barkat cv.) were sown in each pot 

and thinned to three seedlings after emergence. At the 

vegetative and flowering stages of faba bean, 81 mg N 

kg
-1

 soil in the form of urea fertilizer was applied.  

To ensure good germination and full plant 

establishment, all pots were irrigated manually every 

other day to pot water-holding capacity. Application of 

the salinity treatments and irrigation water regimes was 

started 36 days after sowing (DAS). All pots were 

weighed every other day throughout the experiment and 

the amount of irrigation water for I100% was determined 

based on the amount of water that was needed to 

increase the soil water content to 100% of pot water-

holding capacity plus 15% as leaching fraction. In 

addition, the amounts of irrigation water required for 

I75%, and I50% were calculated based on the amount of 

irrigation for I100% at each biochar level. The average 

temperature and relative humidity in the greenhouse 

during the growing season were determined to be 19 
o
C 

and 57%, respectively using KLIMALOGG Pro, TFA-

Germany.  

Measured parameters 

Actual crop evapotranspiration and soil evaporation 

Actual crop evapotranspiration (ETa) was determined by 

using the water balance equation (Eq. 1) as follows: 

a pET I P D R S               Eq. (1) 

where ETa is the actual crop evapotranspiration (mm), I 

is the depth of irrigation water (mm), P is the depth of 

rainfall (mm), Dp is the drainage water (mm), R is the 

runoff (mm), and ΔS is the change in water content 

(mm). As this study was performed in the greenhouse, 

the depth of rainfall and runoff was considered equal to 

zero. Drainage water was determined by measuring the 

volume of water leached from each pot. 

For each level of biochar, three pots were filled with 

the same mixture of soil and biochar, without any faba 

bean seed, to measure soil surface evaporation. These 

pots were located between the experiment’s main pots. 

All three pots were irrigated to 100% pot water-holding 

capacity according to their biochar level using fresh 

water. The plant transpiration was calculated by 

subtracting soil evaporation from actual crop 

evapotranspiration.  

 

https://www.sciencedirect.com/science/article/pii/S2352550915000172#br000045
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                       Table 1. Nutritional properties of biochar and soil used in this study 

Properties Unit Biochar Soil 

Cation exchange capacity meq 100 g-1 soil 25.76 13.59 

Nitrogen % 0.25 0.02 

Calcium meq L-1 2.3 2 

Potassium meq L-1 67.52 0.63 

Magnesium meq L-1 5.80 5.1 

 

Crop yield 

Fresh faba bean seed yield of all plants in each pot was 

harvested gradually when the seeds were fully ripened, 

while straw yield was harvested at 165 DAS. Fresh seed 

yield and straw yield were dried at 70 ° C for 48 h to 

determine their dry weight.  

Crop water use efficiency (CWUE) 

CWUE (kg m
-3
) was calculated using Eq. 2 as follows: 

     
  

   
                                                      Eq. (2) 

where GY is the dry seed yield (kg) and ETa is the actual 

plant evapotranspiration (m
3
) for each treatment. 

Ions concentration in soil and faba bean seeds 

After harvest, 400 grams of dried soil from each treatment 

were taken to prepare saturated extract to determine the 

concentration of sodium (Na
+
), potassium (K

+
), calcium 

(Ca
2+

), and magnesium (Mg
2+

) in the soil. Two grams of 

dried faba bean seeds from each treatment were used to 

determine the concentration of these elements except 

magnesium in the seeds. The concentration of seed Na
+
 

and K
+
 for all treatments was determined using a flame 

photometer (Richards 1954), and EDTA titration was used 

for the determination of Ca
2+

 concentration in the soil and 

in the seed and Mg
2+

 concentration in the soil (Knudsen et 

al. 1982). 

Sodium adsorption ratio (SAR) 

Sodium adsorption ratio [(meq L
-1
)
0.5

] was calculated based 

on the measured concentrations of sodium (Na
+
), 

magnesium (Mg
2+

), and calcium (Ca
2+

) in the soil using 

Eq. 3 as follows: 

2 2

2

Na
SAR

Ca Mg



 




                                              Eq. (3) 

Soil Saturated Electrical Conductivity (ECe) 

The dried soil samples from all treatments were used to 

prepare the saturated extract and thereafter, the soil 

saturated electrical conductivity (ECe) of all treatments was 

measured using an EC meter (Rhoades 1996). 

Statistical analysis 

Statistical analysis was performed using the PROC GLM 

of SAS (SAS Institute Inc. 2007). All the data satisfied the 

normality and homogeneity of variance tests. Interaction 

effects between irrigation water salinity levels, irrigation 

water regimes, and biochar levels on the measured 

parameters were evaluated by analysis of variance 

(ANOVA). Means were compared using Duncan’s 

Multiple Range Test (DMRT) at the 5% level of 

probability. 

RESULTS  

Irrigation water, soil evaporation, and actual 

evapotranspiration 

The seasonal depth of applied irrigation water decreased 

with increasing biochar application and deficit irrigation 

treatment (Fig. 1). The maximum and minimum depth of 

irrigation water was 1098 mm in B0I100% and 486 mm in 

B2.5I50%, respectively. On average for all irrigation levels, 

biochar reduced the irrigation water depth by 12.0%, 

indicating the ability of biochar to enhance water holding 

capacity (Fig. 1). 

Application of biochar from zero to 2.5% w/w under 

full irrigation and no saline conditions significantly 

decreased irrigation water depth, soil evaporation, plant 

transpiration and actual crop evapotranspiration (ETa) by 

13.0, 27.5, 3.4, and 11.0 %, respectively (Fig. 2). 

Moreover, the application of saline irrigation water and 

deficit irrigation reduced crop evapotranspiration at each 

biochar level (Table. 2); however, no significant difference 

was observed between crop evapotranspiration of 

B1.25S0.6I50% and B1.25S4I50% and also between B2.5S0.6I50% 

and B2.5S4I50%. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Total amount of irrigation water depth for tested biochar (B0, B1.25, and B2.5) and irrigation water levels (50, 75, and 100 %). 

Different letters indicate significant differences at a 5 % level of probability. 
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Fig. 2. Irrigation water depth, total actual evapotranspiration, plant transpiration, and soil evaporation in tested biochar levels (B0, B1.25, 

and B2.5) under full irrigation and 0.6 dS m-1 salinity level. For each trait, different letters represent significant differences at a 5 

% level of probability. 

 

Yield and dry matter 

Decreasing irrigation water from 100% to 50% 

significantly reduced dry seed yield (DSY) at all biochar 

and salinity levels (Fig. 3 a-c). Also, an increase in 

salinity levels from 0.6 to 8 dS m
-1

 significantly reduced 

DSY. Under full irrigation, the application of biochar 

significantly increased DSY (Fig. 3 a-c). In addition, 

increasing biochar resulted in higher DSY under 75% 

and 50% crop water requirement and salinity level of 

0.6 dS m
-1

. At salinity level of 4 dS m
-1

 and irrigation 

water levels of 75% and 50%, the application of biochar 

reduced the DSY in comparison with that obtained in 

B0. This trend was not observed for salinity level of 8 

dS m
-1

 and irrigation water levels of 75%, as DSY 

increased by application of biochar. Maximum and 

minimum DSY and dry matter (DM) were observed in 

B2.5S0.6I100% (14.4 g pot
-1

 and 75.6 g pot
-1

) and 

B1.25S8I50% (6.1 g pot
-1

 and 39.2 g pot
-1

), respectively 

(Fig. 3 b-c and Table 2). However, the DM of 

B1.25S8I50% was not significantly different from the DM 

of B2.5S8I50% at a 5% level of probability (Table 2). 

Application of saline water and lower irrigation 

water regimes resulted in decreasing the DM at all 

biochar levels (Table 2). Despite an exception in which 

DM was significantly increased with the application of 

more saline water in B2.5S8I75% (52.2 g pot
-1

) compared 

to B2.5S4I75% (48.3 g pot
-1

). Similar to DSY, the 

application of biochar at a salinity level of 0.6 dS m
-1

 

significantly increased DM in all irrigation water levels. 

Application of 1.25% and 2.5% biochar under salinity 

levels of 4 and 8 dS m
-1

 decreased DM in comparison 

with S0.6 at the same level of biochar. (Table 2). 

Crop water use efficiency 

The maximum and minimum crop water use efficiency 

(CWUE) was obtained in B2.5S0.6I50% (0.72 kg m
-3

) and 

B0S8I100% (0.21 kg m
-3

), respectively (Fig. 3 d-f). At a 

salinity level of 0.6 dS m
-1

, increasing biochar from zero 

to 2.5% w/w significantly increased CWUE in all three 

levels of irrigation. Moreover, increasing biochar from 0 

to 2.5% w/w significantly increased CWUE in all three 

salinity levels under full irrigation conditions (Fig. 3 d-

f). Decreasing irrigation water levels from 100 to 50%, 

significantly increased CWUE at all biochar and salinity 

levels.  

 

Table 2. Faba bean dry matter, crop evapotranspiration, and seed ion concentration in tested treatments. Biochar levels (B0, 

B1.25, and B2.5), irrigation water levels (I50%, I75%, and I100%), and irrigation water salinity levels (S0.6, S4 and S8).  

Characteristics 
B0  B1.25  B2.5 

S0.6 S4 S8  S0.6 S4 S8  S0.6 S4 S8 

Dry matter (g pot-1)         

I100% 66.4c 56.6fg 55.9gh  70.4b 49.67kl 49.8kl  75.6a 54.0hi 53.7hi 

I75% 59.8de 50.3jk 47.9klmn  61.7d 45.9mno 47.4lmn  64.9c 48.3klm 52.2ij 

I50% 53.6hi 46.4mno 44.3o  53.3i 49.1kl 39.2p  58.4ef 45.6no 40.8p 

Crop evapotranspiration (mm)         

I100% 1073.0a 1050.1b 1022.7c  1013.9d 998.7e 852.8h  954.7f 945.3g 794.2k 

I75% 813.3i 802.3j 691.7p  764.1l 762.9m 690.1q  719.0n 718.4o 646.6r 

I50% 549.0s 548.0t 468.4w  514.8u 514.8u 387.4z  485.8v 485.8v 434.8x 

Potassium concentration (g kg-1)         

I100% 11.3def 10.4g 9.8hi  12.0b 11.4cde 10.5g  12.4a 11.6c 11.1ef 

I75% 10.6g 10.4g 9.6i  11.5cd 11.0f 9.9h  11.9b 11.1ef 11.1ef 

I50% 10.5g 10.0h 9.8hi  11.2def 10.4g 9.9hi  11.4cde 10.4g 10.0h 

Calcium concentration (g kg-1)         

I100% 1.20p 1.36mn 1.89bc  1.76efg 1.82cde 1.88bcd  1.81def 1.94b 2.04a 

I75% 1.18p 1.50kl 1.79ef  1.42m 1.66hi 1.59ij  1.74fgh 1.69gh 1.91b 

I50% 1.08q 1.29no 1.56jk  1.39m 1.24op 1.39m  1.43lm 1.39m 1.39m 

* For each characteristic, means with the same letters are not significantly different at a 5% level of probability 
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Fig. 3. Dry seed yield (a-c), crop water use efficiency (d-f), and seed sodium concentration (g-i) as affected by irrigation water 

regimes (I50%, I75%, and I100%), irrigation water salinity (S0.6, S4 and S8) and biochar levels (B0, B1.25, and B2.5). The solid, 

dashed, and dotted lines represent the amount of each variable at B0S0.6I100%, B0S0.6I75%, and B0S0.6I50%, respectively, for 

the three irrigation regimes (I100, I75, and I50), without biochar (B0) and low salinity irrigation water (S0.6) 

 

Ion concentration in seeds 

Increasing irrigation water salinity from 0.6 to 8 dS m
-1

 

at each biochar and irrigation water level significantly 

increased the sodium concentration in seeds (Fig. 3 g-i). 

A similar result was observed for irrigation water levels; 

declining irrigation water levels from 100% to 50% at 

each salinity and biochar level increased the sodium 

concentration in seeds. Application of 2.5% w/w 

biochar significantly reduced seed sodium concentration 

in comparison with that obtained in no biochar 

application at each salinity and irrigation water level 

(Fig. 3 g-i).  

Increasing salinity levels decreased potassium 

concentration under each biochar level and irrigation 

water regime (Table 2). On the other hand, increasing 

biochar from B0 to B2.5 significantly increased 

potassium concentration at each salinity and irrigation 

water level (Table 2) as used biochar had high 

potassium concentration (67.5 meq L
-1

).  

Increasing salinity from 0.6 dS m
-1

 to 8 dS m
-1

 

significantly increased calcium concentration in seeds 

(except in B1.25I50%), while the application of deficit 

irrigation significantly decreased calcium concentration 

in seeds (Table 2). Saline water was prepared by 

dissolving NaCl and CaCl2, therefore it was enriched 

with Ca. This resulted in seed Ca increase in saline 

irrigation water. Whereas, deficit irrigation decreased 

the seed Ca. Maximum and minimum concentration of 

calcium in seeds was observed in B2.5S8I100% (2.04 g kg
-

1
) and B0S0.6I50% (1.08 g kg

-1
), respectively (Table 2). 
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Soil chemical parameters 

Increasing irrigation water salinity from 0.6 dS m
-1

 to 8 

dS m
-1

 significantly increased potassium, sodium, 

calcium, and magnesium concentrations in soil under all 

biochar and irrigation water levels (Table 3). 

Application of tested irrigation water levels (i.e. I75% and 

I50%) significantly increased sodium, calcium, and 

magnesium concentrations in all biochar, and irrigation 

water salinity levels compared to full irrigation levels 

except the salinity level of 0.6 dS m
-1

 in all biochar 

levels. Under 2.5% w/w biochar and the salinity level of 

8 dS m
-1

 conditions, the application of 50% irrigation 

water level significantly reduced soil potassium 

concentration in comparison with that obtained in full 

irrigation. Maximum potassium concentration was 

observed in B2.5S4I50% as the amount of 21.68 meq L
-1

, 

which was 48.2 times the minimum value of potassium 

concentration in B0S0.6I50%, although no significant 

difference was observed in potassium concentration 

among irrigation water levels under 0.6 dS m
-1

 salinity 

and zero biochar application. The sodium and calcium 

concentrations in the B2.5S8I50% were 19.2 and 9.4 times 

those corresponding element concentrations in the 

B0S0.6I100%, respectively (Table 3).  

Sodium adsorption ratio (SAR) in soil after harvest 

varied between 1.72 (meq L
-1

)
0.5

 (minimum value) in 

B1,25S0.6I50% and 13.85 (meq L
-1

)
0.5

 (maximum value) in 

B1,25S8.0I50% (Table 3). The addition of 1.25% w/w 

biochar under salinity level of 8 dS m
-1

 and all irrigation 

water levels significantly increased SAR in comparison 

with those corresponding treatments obtained in B0, but 

further application of biochar (to 2.5% w/w) 

significantly declined the SAR under salinity level of 4 

and 8 dS m
-1

 and all irrigation water levels in 

comparison with those corresponding treatments 

obtained in B1.25. 

The maximum saturated electrical conductivity 

(ECe) was obtained in B1.25S8I75% (18.12 dS m
-1

) and the 

minimum value of this parameter was seen in B0S0.6I100% 

(1.42 dS m
-1

) (Table 3). Increasing both salinity and 

biochar levels resulted in increased ECe (Table 3). 

Application of 50% irrigation water level increased ECe 

in comparison with those obtained in I100% under salinity 

levels of 4 and 8 dS m
-1

 and biochar levels of 0, 1.25, 

and 2.5% w/w, except in salinity level of 8 dS m
-1

 and 

2.5% w/w biochar that ECe was not changed 

significantly. 

Relationship between seed and soil ion concentration 

The relationship between seed and soil potassium 

concentration for tested biochar levels (Fig. 4 a and 

Table 4) showed that seed potassium concentration 

decreased by increasing soil potassium concentration 

under all biochar levels; however, the rate of decrease 

(according to the slope of the regression equations 

(Table 4) under B2.5 was lower than B0. Good 

correlations were observed between seed and soil 

sodium concentration (R
2 

of 0.93, 0.90, and 0.74 for B0, 

B1.25, and B2.5, respectively; Fig. 4 b and Table 4). The 

highest Na
+
/K

+
 ratio in soil under B0 was 30 meq meq

-1
, 

while by applying 2.5% w/w biochar, the ratio 

decreased to 5.4 meq meq
-1

 (Fig. 4 c). A similar trend 

was observed in seeds as lower Na
+
/K

+
 ratios were 

obtained under higher biochar application.  

  
 

Table 3. Soil chemical parameters as affected by biochar (B0, B1.25, and B2.5), irrigation water (I50%, I75%, and I100%), and water 

salinity (S0.6, S4 and S8) treatments 

Characteristics 
B0  B1.25  B2.5 

S0.6 S4 S8  S0.6 S4 S8  S0.6 S4 S8 

Potassium (meq L-1)         

I100% 0.69n* 1.81m 2.60lm  7.23i 9.49h 15.83d  15.87d 20.12b 19.95b 

I75% 0.59n 2.01m 3.20kl  4.89j 9.22h 16.19d  11.92f 17.82c 21.97a 

I50% 0.45n 3.50k 3.29kl  4.37j 14.01e 16.63d  10.93g 21.68a 18.05c 

Sodium (meq L-1)         

I100% 4.87m 31.36l 50.96i  5.79m 46.67j 63.67g  5.88m 40.33k 60.00h 

I75% 4.07m 59.13h 69.07f  4.08m 61.08gh 97.67b  5.19m 52.17i 80.00d 

I50% 3.37m 64.14g 76.43e  3.65m 82.67d 105.17a  4.47m 68.00f 93.33c 

Calcium (meq L-1)         

I100% 5.84lmn 17.62j 25.48g  7.10klm 19.61i 22.96h  8.32k 35.99e 35.29e 

I75% 4.81no 33.22f 34.53ef  5.26mno 25.66g 35.26e  7.53kl 47.42c 47.06c 

I50% 4.47o 36.03e 38.22d  4.81no 34.73ef 37.97d  6.66klmn 61.00a 54.90b 

Magnesium (meq L-1)         

I100% 4.51m 19.04l 30.33k  5.40m 28.21k 38.95i  5.57m 37.34i 55.56ef 

I75% 3.76m 34.75j 46.47g  4.49m 41.56h 70.43c  4.99m 48.30g 74.07b 

I50% 3.12m 39.38hi 54.67f  4.17m 57.36e 77.38a  4.76m 62.96d 78.00a 

SAR (meq L-1)0.5        

I100% 2.14lmn 7.32j 9.65h  2.31l 9.54h 11.44d  2.23lm 6.66k 8.90i 

I75% 1.96lmn 10.14g 10.85ef  1.85mn 10.53fg 13.43b  2.07lmn 7.54j 10.28g 

I50% 1.86mn 10.44g 11.22de  1.72n 12.18c 13.85a  1.87mn 8.64i 11.45d 

ECe (dS m-1)       

I100% 1.42n 7.57i 7.29i  4.31l 8.77h 10.32e  5.91jk 7.83i 14.09c 

I75% 2.11m 8.96h 7.68i  4.36l 9.62g 18.12a  6.36j 9.62g 14.82b 

I50% 2.08m 9.56g 10.21ef  3.91l 9.69fg 14.11c  5.42k 11.96d 14.08c 

* For each characteristic, means with the same letters are not significantly different at 5% level of probability  
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Fig. 4. Relationships between the (a) seed and soil potassium 

concentrations, (b) seed and soil sodium 

concentrations, and (c) seed and soil Na+/K+ ratios for 

three tested biochar levels (B0, B1.25, and B2.5) 

Yield-salinity function 

Increasing relative ECe (ECe/ECe-0: ratio of ECe of any 

treatments to ECe of B0S0.6I100%) decreased the relative 

yield (Y/Y0: ratio of yield of any treatments to yield of 

B0S0.6I100%) (Fig. 5), however, the application of 2.5% 

w/w biochar increased Y/Y0 to greater than 1.0 for 

ECe/ECe-0 ≤3.8 dS m
-1

. The 50% yield reduction (Y/Y0 

equal to 0.5) was observed at ECe/ECe-0 of 9.3, 11.7 and 

11.0 for B0, B1.25 and B2.5, respectively (Fig. 5). 

Fig. 6 provided the relationship between relative dry 

seed yield (Y0 in Fig. 6 is the average of dry seed yield 

under 0.6 dS m
-1

 salinity level at each irrigation water 

level and each biochar level) and soil saturated electrical 

conductivity for different irrigation levels and biochar 

levels. At zero biochar, the application of 50% of full 

irrigation increased the threshold value (Table 5) and 

decreased the slope of yield reduction in comparison 

with that obtained under 100% irrigation water. Under 

full irrigation conditions, the plants continued to take up 

more water and hence, more ions (such as Na+) resulted 

in increasing the slope of yield reduction and declining 

the threshold of soil-saturated electrical conductivity. 

Increasing biochar rates under different water regimes 

increased the threshold of saturated electrical 

conductivity in comparison with that obtained in B0. 

Under biochar levels of 2.5%, the slope of yield 

reduction increased by application of 50% of full 

irrigation in comparison with that obtained under full 

irrigation (Table 5), however, this trend was not 

observed at B0 and B1.25 

DISCUSSION 

In the current study, the addition of biochar declined 

irrigation water depth, limited soil evaporation, and 

decreased actual evapotranspiration by enhancing soil 

porosity and water permeability, thus improving the soil 

water holding capacity. Also, water stress treatments in 

the current study reduced crop evapotranspiration due to 

lowered soil water potential at each biochar level. 

Similar results were reported by Wong et al. (2017) and 

Akhtar et al. (2015a). Ibrahim et al. (2017) showed that 

the application of 15 g kg
−1

 conocarpus biochar 

(produced at 400 °C) lowered cumulative evaporation 

by 17% compared to that of the control (no application 

of biochar). Similarly, Xu et al. (2016) indicated that the 

application of 5% w/w biochar effectively reduced soil 

evaporation. Moreover, the application of 2% w/w 

biochar (softwood pellets produced at 550°C) to sandy 

loam soil significantly reduced (21% lower) 

evapotranspiration of maize in comparison with that 

obtained in the control treatment (Wang et al. 2018).  

In this study, the application of water stress 

treatments decreased the DSY and DM at all biochar 

levels, however, the addition of biochar to soil increased 

DSY and DM under all irrigation water regimes and 0.6 

dS m
-1

 salinity. Similarly, Agbna et al. (2017) and 

Faloye et al. (2019) indicated that biochar can enhance 

yield under low irrigation water levels due to its 

capacity to retain soil water and therefore, mitigate 

water stress. An increase in soil salinity to 4 dS m
-1

 in 

the current study prevented biochar from positively 

influencing DSY under 50% deficit irrigation 

treatments. However, a further increase in salinity to 8 

dS m
-1

 caused DSY to increase when combined with 

biochar under irrigation water levels of 75%, which 

could be due to the availability of more nutrients in soil 

under higher biochar levels. Similar to this study, the 

application of saline irrigation water (10 dS m
-1

) and 

straw biochar at the rate of 10 and 20 Mg ha
−1

 

significantly increased wheat grain yield by 8.6 and 

8.4%, respectively, in comparison with that obtained in  
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Table 4. Relationship between seed and soil concentrations of potassium and sodium and Na+/K+ ratio in seed and soil for tested 

biochar levels (B0, B1.25, and B2.5) 

Characteristics 
B0  B1.25  B2.5 

Regression equation R2  Regression equation R2  Regression equation R2 

Seed and soil 

potassium 

concentration 

y=-0.36x+11.01* 0.62  y=-0.12x+12.18 0.65  y=-0.07x+12.45 0.16 

Seed and soil sodium 

concentration 
y=0.004+0.20 0.93  y=0.003x+0.18 0.90  y=0.001x+0.20 0.74 

Na+/K+ ratio in seed 

and soil 
y=0.001x+0.013 0.62  y=0.001x+0.015 0.63  y=0.003x+0.016 0.78 

* y and x represent the amount in seed and soil, respectively 
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Fig 5. Relationships between the relative dry seed yield of faba bean and relative soil saturated electrical conductivity for tested 

biochar levels (B0, B1.25, and B2.5) 

 

Table 5. Threshold of soil saturated electrical conductivity and slope of yield reduction for tested biochar levels (B0, B1.25, and 

B2.5) and irrigation water regimes (I50%, I75%, and I100%) 

Treatments 

Threshold of soil saturated electrical 

conductivity (dS m-1) 
 

Slope of yield reduction 

 [% (dS m-1)-1] 

B0 B1.25 B2.5  B0 B1.25 B2.5 

I100% 1.29 4.51 4.28  5.2 6.78 4.72 

I75% 1.19 4.34 4.45  3.15 5.09 3.81 

I50% 2.50 4.50 5.18  2.59 3.61 5.00 

 

The application of saline irrigation water without 

biochar (Huang et al. 2019). In the same study, it was 

reported that yield enhancement under biochar 

application of 30 Mg ha
-1

 was not significant due to 

increased soil salinity and limited N availability.  

Similar to DSY, CWUE increased by application of 

biochar under 0.6 dS m
-1

 salinity level and all irrigation 

water treatments (Fig. 3 d-f), as biochar increased the 

soil nutrient and water holding capacity. Consequently, 

the DSY increased and ETa declined (Fig. 2), both of 

which were reported to have resulted in greater CWUE 

(Uzoma et al. 2011). In agreement with this study, the 

application of 2% w/w biochar (produced from 

softwood pellets at 550°C) lowered maize 

evapotranspiration by 21% and increased CWUE by 

35% in comparison to the control (Wang et al. 2018). 

Decreasing soil water potential under deficit irrigation 

and salinity conditions reduced DSY and therefore, 

CWUE also declined (Fig. 3). In another study, it has 

been shown that deficit irrigation and salinity reduce 

plant water use efficiency, because of higher decreases 

in yield than the amount of water use in deficit irrigation 

as compared to full irrigation (Yang et al. 2019). 

Sodium and potassium concentrations in seeds 

increased and decreased with increasing irrigation water 

salinity up to 8 dS/m at each level of biochar and 

irrigation water. (Fig. 3, Table 2). Similarly, the 

application of deficit irrigation increased seed sodium 

concentration, at each salinity and biochar level, which 

could be a mechanism to lower osmotic potential (more 

negative) to take up more water (Xi et al. 2018). 

Application of saline water to soil negatively affects the 

plant’s water relations due to a reduction in soil water 

availability, lower osmotic potential (Munns, 2005), and 

higher SAR (Singh et al. 1992). Under mild water stress 

conditions, it has been shown that plants increase the 

seed’s sodium concentration to decrease the seed’s 

osmotic potential (more negative) and enhance water 

uptake, due to an increase in the water potential gradient 

as a mechanism, to resist water stress (Yue et al. 2012). 

Application of biochar significantly reduced seed 

sodium concentration due to lower water uptake, while 
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it increased potassium concentration in seed as a result 

of high potassium concentration in applied biochar, 

resulting in salinity tolerance. Similar findings were 

stated by Ali et al. (2017b), Phuong et al. (2020), and 

Khan et al. (2020). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6. Relationships between relative dry seed yield (Y/Y0) and 

soil saturated electrical conductivity (ECe, dS m
-1

) for 

tested irrigation levels (I50%, I75%, and I100%) and biochar 

levels of B0 (a), B1.25 (b) and B2.5 (c). Y0 is the average 

dry seed yield under 0.6 dS m-1 salinity level at each 

irrigation water level and each biochar level. The big 

circle in (b) showed the outlier data, which was not 

considered for regression 

Sodium and potassium concentrations in seeds, 

increased and decreased, respectively, with increasing 

irrigation water salinity up to 8 dS m
-1

 at each level of 

biochar and irrigation water (Fig. 3, Table 2). Similarly, 

the application of deficit irrigation increased seed 

sodium concentration, at each salinity and biochar level, 

which could be a mechanism to lower osmotic potential 

(more negative) to take up more water (Xi et al. 2018). 

Application of saline water to soil negatively affects the 

plant’s water relations due to a reduction in soil water 

availability, lower osmotic potential (Munns, 2005), and 

higher SAR (Singh et al. 1992). Under mild water stress 

conditions, it has been shown that plants increase the 

seed’s sodium concentration to decrease the seed’s 

osmotic potential (more negative) and enhance water 

uptake, due to an increase in the water potential gradient 

as a mechanism, to resist water stress (Yue et al. 2012). 

Application of biochar significantly reduced seed 

sodium concentration due to lower water uptake, while 

it increased potassium concentration in seed as a result 

of high potassium concentration in applied biochar, 

resulting in salinity tolerance. Similar findings were 

stated by Ali et al. (2017b), Phuong et al. (2020), and 

Khan et al. (2020). 

Considering the relationship between the ions 

concentration in seed and soil (Table 4), the intercept 

for the equation between seed and soil potassium 

concentration under 2.5% w/w biochar application was 

higher due to the higher potassium concentration and 

lower Na
+
/K

+
 ratios. Interestingly, the significant 

intercept in all equations relating seed and soil 

potassium and sodium concentrations (Table 4) 

indicated that some ion absorption may be from 

adsorbed ions on the soil clay particles and some ions 

are absorbed from aqueous solutions as it has been 

stated by Jia et al. (2016). 

The slope of the relationship between Y/Y0 and 

ECe/ECe-0 was steeper for 2.5% w/w biochar level, as 

the biochar had an ECe of 9.3 dS m
-1

 and therefore, this 

also increased the stresses to plants under both water 

stress and salinity stress conditions (Fig. 5). Deficit 

irrigation decreased soil water potential (more negative) 

and reduced the water uptake, while under full irrigation 

conditions, the plants continued to take up more water 

and hence, more ions (such as Na
+
) resulted in 

increasing the slope of yield reduction and decline the 

threshold of soil saturated electrical conductivity (Fig. 

6). Similar to what Rezaie et al. (2019) have reported, a 

higher threshold of saturated electrical conductivity 

under biochar application indicated that biochar can 

increase the plant tolerance to salinity (Tabs. 1) by 

increasing the potassium concentration in soil and 

lowering Na
+
/K

+
 ratios. Hillel (2000) indicated that the 

salinity threshold value based on the threshold-slope 

linear response function for faba bean is 1.6 dS m
-1

 and 

Katerji et al. (2003) obtained 2.8 dS m
-1

 for lysimeter 

experiment, while Rezaie et al. (2019) obtained salinity 

threshold value of 3.39 dS m
-1

 for a similar cultivar of 

faba bean as used in this study under no biochar and no 

irrigation water salinity. In this study, the salinity 

threshold value of 1.29 dS m
-1

 was obtained under no 

biochar, no irrigation water salinity, and full irrigation 

condition. 

CONCLUSIONS 

Application of biochar, by increasing soil water holding 

capacity, reduced the seasonal irrigation water depth 

and reduced the soil and crop water loss through less 

evaporation and evapotranspiration, respectively. 

Moreover, 2.5% w/w biochar application resulted in 

maximum dry seed yield (14.4 g pot
-1

) and dry matter 

(75.6 g pot
-1

) under 100% irrigation water level and 

non-saline irrigation water application. Also, the 

application of 2.5% w/w biochar increased crop water 

use efficiency to 0.72 kg m
-3

 under 50% of full 
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irrigation water level and non-saline irrigation water 

application. The maximum threshold of soil-saturated 

electrical conductivity of 5.2 dS m
-1

 was observed in 

B2.5I50% treatment due to the absorbance of ions on the 

biochar surface and prevention of ion transport to the 

plant. Finally, cultivation of faba bean under 2.5% w/w 

biochar application and 100% non-saline irrigation 

water level is recommended for maximum faba bean 

production. 
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 یزتحت تأثهیشاى هحصَل آى ضَد، یثِ طَر گستزدُ وطت ه یٌىِثبللا ثب ٍجَد ا - چکیذه

ٍ  یتٌص خطى یتَاًذ اثزات هٌفیثِ طَر ثبلمَُ ه یَچبر. ثداردلزار  یضَرّبی خطىی ٍ تٌص

ٍ  یبریآة آث ّبی ینرص یَچبر،اثزات هتمبثل ث یبثیارسدر ایي تحمیك، را وبّص دّذ.  یضَر

در یَى ٍ غلظت  (CWUEل )هصزف آة هحصَ ییثز ػولىزد ثبللا، وبرا یبریآة آث یضَر

یَچبر ث یدرصذ ٍسً 5/2ٍ  25/1صفز،  ضبهل یوبرّب. تهَرد ارسیبثی لزار گزفت ضزایط گلخبًِ

 یبسدرصذ ً 100ٍ  75، 50) یبریآث یّب ینرص (،B0 ،B1.25 ٍ B2.5 یوبرّبیتثؼٌَاى  یتثتزت)

 8ٍ  4، 6/0) یبریآة آث یٍ ضَر( I50%، I75%  ٍI100%یوبرّبی ت ثؼٌَاى تزتیتهحصَل، ث یآث

 آسهبیص ( ثَد وِ ثِ صَرتS0.6 ،S4  ٍS8 یوبرّبیت ثؼٌَاى یتهتز، ثتزت ثز یوٌسسیدس

درصذ  5/2 یَچبرث وبرثزد. هٌظَر ضذًذثب چْبر تىزار  یدر لبلت طزح وبهلاً تصبدف یلفبوتَر

 هحصَل. حذاوثز ضذ یتؼزق ٍالؼ -یزتجخ درصذی 11سجت وبّص  B0ثب  یسِدر همب یٍسً

در  CWUE همذار ثذست آهذ. B2.5S0.6I100% یوبر( تحت تگلذاىگزم در  4/14داًِ خطه )

 تیوبر در CWUEثزاثز  27/1ثذست آهذ وِ هتزهىؼت ثز  یلَگزموB2.5S8I50 47/0تیوبر 

B0S0.6I100% تیوبر در ثذر ینثَد. غلظت سذ B2.5S8I50% (34/0 ثِ طَر یلَگزمو ثزگزم )

ثَد. وبرثزد یلَگزم( و ثزگزم  55/0) B0S8I50% در تیوبر ثذر ینسذ ووتز اس غلظت داری هؼٌی

اضجبع خبن  یىیالىتز یتحذاوثز آستبًِ ّذا یزاس ،داد یصافشا ی راثِ ضَر یبُتحول گ یَچبرث

ثز  یوٌسس یدس 5/2 هطبّذُ ضذ وِ ثبلاتز اس B2.5I50% یوبرثز هتز در ت یوٌسس یدس 2/5

درصذ ٍسًی ثیَچبر ٍ آثیبری  5/2 وبرثزد در ًْبیت، وبضت ثبللا ثبثَد.  B0I50% یوبرهتز در ت

 .ضَد تَصیِ هی ثبللا وبهل ثب آة غیز ضَر ثزای تَلیذ حذاوثزی
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آب  یو شدور  یداری آبآب گندذ  بدا    و کلش کاه یوچارکنش ببرهم

 باقلا محصولمصرف آب و  رانذمانبهبود  یبراآبیاری 
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