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Abstract 

 

It is important to study the factors which inhibit the cultivation of major crops which serve as a source of food 

and feed, with various other medicinal values as well. One of these factors is soil degradation and infertility 

which could be due to high amounts of toxic elements or unfavourable pH conditions. Faba bean is one such 

crop and is widely affected by the acidity and aluminium toxicity in soil. In this study, an effort has been made 

to observe the varying tolerance of faba bean accessions and understand the underlying mechanisms used by 

them under stress conditions. The accessions selected were Aurora, Babylon and Kassa. Each accession was 

subjected to three treatments and were grown in pH 7 (control), pH 4.5 (acid treatment) and pH 4.5 + Al3+ 

(aluminium treatment). The pH of peat for acidic treatment was reduced to 4.5 using Sulphuric acid (H2SO4) and 

for aluminium treatment, Aluminium sulphate (Al2(SO4)3) was added in addition to the acid. At 16 Day after 

Sowing (DAS) and 30 DAS the physiological data was collected which comprised of chlorophyll concentration 

(SPAD value), stomatal conductance, leaf temperature and photosynthesis rate. At 35 DAS, the experiment 

terminated and the shoot data (fresh and dry weights of leaves and stem; and leaf area) of each plant was 

recorded. Then the root data (tap root length, quality and quantity of nodules and photographs of roots) was 

taken for each plant. ICP samples for peat, shoot and shoot were also analysed. The data collected were subjected 

to analysis of variance using R version 4.0.3. (means separated by 5% significance level). From the plant data, 

Aurora was found to be tolerant. Kassa was sensitive (especially the roots) and Babylon was sensitive to both 

acid and aluminium treatments. The ICP results provided the reason for this tolerance pattern and a higher 

concentration of elements needed for plant growth such as P and S were found to be higher in aluminium and 

acid treatments. 
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1.0 Introduction 

 

In Asia and Europe, one of the agricultural problems is infertility of soils due to contamination 

with acidic compounds or element toxicity as these regions have the highest fertilizer 

consumption per hectare (William et al., 2012).  It could be due to man-influenced factors or 

the natural composition of the rocks which form the soil. There are various reasons due to 

which the soil becomes acidic like leaching of basic ions like calcium and sodium, and addition 

of fertilizers and pesticides (William et al., 2012). The Sulphur fertilizers and organic matter 

oxidize to form strong acids. Hence, it affects the plant growth. The growth can also be 

hindered as the soil microorganism are also affected by stress conditions (ESF, SUNY College 

of Environmental Science and Forestry). Moreover, acidity affects legumes more as they 

themselves make the soil more acidic through nitrogen fixation (McLay et al., 1997). In pea, it 

has been found that low pH reduces the growth of nodules by more than 90% (Evans et al., 

1990).  

 

Vicia faba is considered important as a cash crop and in agricultural food crop as it has high 

protein content (Merga et al., 2019). It has been found to have a critical soil pH of 6 (MAFF, 

1981) and grows very poorly below pH 5 (French and White, 2005). It has been observed in 

faba beans that soil acidity reduces the root hair growth (Burns et al., 2017). Another 

widespread element affecting the growth of plants is the presence of aluminium ions which 

exists in most soils but is harmless at neutral or basic pH. Aluminium toxicity increases when 

the soil pH is very low as at low pH (below 5), it becomes soluble in the soil (Kinraide TB, 

1991). The most known symptom of aluminium (Al) toxicity is inhibition of root growth as it 

is the main target for Al (Delhaize and Ryan, 1995). The soluble aluminium decreases the 

formation of root nodules in leguminous plants by affecting the roots and decreasing rhizobia 

growth. As this toxicity increases, it reduces the elongation and branching of roots. (Govt of 

Western Australia, 2017). Many crops are affected by aluminium toxicity but some genotypes 

of wheat, soybean etc. have been found to be tolerant as well. (Panda et al., 2009). Several 

other effects of Al toxicity, both positive and negative, have been observed on legumes. These 

include reduction of nutrient uptake by the plant (Haynes et al., 2001) but on the other hand, it 

also protects the plant from some abiotic stresses and fungi (Barabasz et al., 2002). In acidic 

soils, liming can also be done to raise the pH, but this method is not economical (Tadele, 2020).  
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1.1 Objectives of the Study 

 

It is hence important to study the tolerance of different accessions of faba beans to understand 

how to improve its cultivation in stress affected areas to increase food security as it forms a 

major market. To under the reasons for physiological changes in the shoots as well as the effects 

on root structure and nodule formation. It is essential to observe the elements present in the 

plant parts and the growing medium as their accumulation or absence produce different growth 

patterns (Ahmed et al., 1998). ICP analyses of the medium, roots and shoots would give a good 

insight into it. 
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2.0 Literature Review 

2.1. Faba bean 

Vicia faba (faba bean or broad bean) belongs to the Fabaceae family. It holds a very important 

historical significance as It is thought to be the first agricultural crop of the Near East which 

gave rise to the concept of cultivation (Weiss et al, 2012). Under this genus, there is no other 

species (Maxted, 2008). Today, it is still an important legume globally. It is the third most 

important feed crop after soybean and pea (Mihailović et al, 2005). This single species has 

three varieties based on the size of the seeds, i.e., large-seeded V. faba var. major 

(windsorbeans), medium seeded V. faba var. equina (horsebeans) and small seeded V. faba var. 

minor (pigeon bean) (Crépon et al, 2010). It is a diploid which 12 chromosomes (Cubero and 

J.I. 1974). The flowers of faba bean are arranged in an inflorescence and are usually white in 

colour (Bond et al, 1985) and requires vernalisation to flower (Patrick and Stoddard, 2010). It 

undergoes both self-pollination and cross-pollination (Suso et al, 1996).  

In tropical and sub-tropical regions, it is grown as a winter annual while, in temperate regions, 

it is grown as a summer annual (Kopperl, 2019) and requires a soil pH of 6.5 to 8 (Rajan et al., 

2012). Faba bean have nitrogen fixing bacteria, Rhizobium leguminasarum bv. Vicae, forming 

root nodules (Jensen et al., 2010). Plant development also depends on the growth stage of the 

plant and required specific conditions and supplements at every stage (Schubert et al., 1990). 

The elements concentrations present in the plant also changes with environment (Cazzato et 

al., 2012). At germination stage, faba bean requires an optimal temperature of 20°C (Khamassi 

et al., 2013) and requires good irrigation at seed filling stage (Mwanamwenge et al., 1998). It 

is a low input crop and does not need sulphur, potassium and nitrogen to be applied in the soil. 

However, it does need a large amount of phosphorous (Adak and Kibritci, 2016).  

 

2.2. Nutritional and Economic Importance 

V. faba is one of the most important crops as it can be grown in a range of different 

environmental conditions and has many uses in different countries. For human consumption, it 

holds nutritional advantage as it is rich in proteins, carbohydrates and fibres (Crépon et al., 

2010); and has low fat and sodium contents (Adamu et al., 2015). It also constitutes of amino 

acids like lysine and arginine (Koivunen et al., 2016) and nutrients like iron, potassium, 

magnesium and calcium (Etemadi et al., 2018). Moreover, as feed for the animals, it is found 
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to have a high relative feed value of 123 – 150% (Tallman and S., 2016). Although faba also 

contain antinutritional compounds like tannins, vicine and convicine, but their amounts can be 

reduced by soaking, boiling or pressure-cooking the beans (Patterson et al., 2016). About 25% 

of soybean meal (which is usually for an expensive part of the import) can be replaced by faba 

bean for feed and it would lead to more economical agriculture for developing countries 

(Stanek et al., 2005). 

It helps in carrying out economical agricultural practice of crop- rotation with other crops. 

Having nitrogen-fixing bacteria, it adds nitrogen in the soil, which can be used by other plants 

as well (Kopke et al., 2010). Intercropping of various cereals like maize and wheat is done with 

faba bean as it improves the yield of these crops (Salahin et al., 2015). It also serves as a break 

between pest disease cycles (Stoddard et al., 2010). It was estimated that planting faba bean 

lowers the expenditure on nitrogen fertilizers for subsequent crops by reducing the N required 

to be applied by up to 100–200 kg N/ha (Jensen et al., 2010). Hence, it also benefits the 

environment as decrease in production of inorganic fertilizers reduces CO2 emissions (Jensen 

et al., 2011). Moreover, it improves the overall properties of the soil like fertility and texture 

(Mandal et al., 2003). Due to these reasons, the use of faba bean has been employed by both 

developed and developing countries.  

It can be seen (Figure 1-A) that China (40%) is the leading producer of faba bean, and the 

second-highest producer is Ethiopia (24%). Also, it was found (Figure 1-B) that although the 

area under cultivation has decreased but the yield per area has increased over the years. The 

increase in yield has been due to the replacement of landraces by improved cultivars (Singh et 

al., 2013). But the area has been decreasing due to biotic and abiotic stresses. More focus and 

investment need to be put on faba bean which is much less researched on than cereals (Duc et 

al., 2015). Major biotic stresses affecting the crop are parasitic weeds like Phelipanche spp., 

and chocolate spot caused by Botrytis fabae etc (El-Sayed et al., 2011). Diseases such as 

Aschochyta blight can reduce its yield by up to 30% (Stoddard et al, 2010; Omri et al, 2012). 

Also, specific diseases dominate in each region. Another newly emerging major fungal disease 

is the faba bean gall disease. Usually, fungicides are used for disease management, but the time 

of application and the dosage is critical (Teferi et al., 2018). Due to these stresses, many 

countries (Figure 2) are compelled to invest a lot in importing faba bean to meet their 

requirements. Apart from pests and diseases, this crop is also affected by abiotic stresses. 
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Figure 1:  (Top) Relative proportions of faba bean produced by the 10 leading faba bean 

producer countries during 2017 (FAO 2019). (Bottom) Area under cultivation 

and amount of production of faba bean from 1961 to 2017 (FAO 2019). 
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Figure 2:  Relatives amounts of faba bean imported by the top 5 importer countries 

globally in 2012- 16 (FAO, 2019). 

 

2.3. Abiotic Stresses 

Major abiotic stresses on faba bean include stress from heat, drought, salinity, frost etc (Nader 

et al., 2011; Fana et al., 2014; Maqbool et al., 2009; Bulut et al., 2011). About 50% of the 

potential arable land is affected by acidic soil (Kochian et al., 2004). Faba bean growing in 

such soils could have low yield due to unavailability of elements like phosphorous, magnesium, 

potassium and calcium or toxicity of elements like aluminium and manganese (Dodd and 

Mallarino, 2005; Sharma et al., 2004). Various methods like using lime to increase the pH of 

soil or using phosphorous to reduce the effect of aluminium toxicity (Achalu et al., 2013; 

Atemkeng et al., 2011). Also, in acidic soils, the multiplication of rhizobium and hence 

nodulation in the roots are reduced (Moore, 2001). It has also been observed that different 

species of rhizobium requires different pH with Rhizobium leguminasarum bv. viciae. 

Requiring a pH of around 6.5. The legumes, under stress, produce ethylene, which also inhibits 

nodule formation (Gresshoff et al., 2009) as it decreases the infection by rhizobia and also the 

cell division in the zone of nodulation is affected. To cope with acidity stress, some strains 

have been found to contain 15-20 genes with give tolerance against acidity (Vinuesa et al., 

2003). In acidic soils, Al3+ toxicity is the major cause of inhibition (67% of all acidic soils) of 

plant development (Eswaran et al., 1997).  
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Figure 3:  Effect on nodulation in low pH conditions (Lin et al., 2012) 

 

The presence of H+ ions leads to a series of processes which affects the plants negatively 

(Figure 10). The Al3+ ions are activated in low pH (Kisnieriené and Lapeikaité, 2015). 

Flavonoids are normally exuded by the roots which help in the synthesis of nod genes by the 

rhizobia and hence nodulation (Weston and Mathesius, 2013) and they also cause auxins to 

accumulate in the roots which helps promote cell division at nodulation sites (Wasson et al., 

2006) but in acidic soils, the synthesis of flavonoids is inhibited (Wojtaszek and 

Peretiatkowicz, 1992). Hence, nodulation is hampered. Presence of H+ ions and Al3+ induces 

various stress responses in the plant. Nodule Autoregulation Receptor Kinase (NARK) genes 

help in autoregulation of nodulation (AON). In the presence of pre-existing nitrogen, AON and 

hence NARK genes are activated. In the shoot, NARK genes help is production of Shoot-

Derived Inhibitor (SDI) which is transported to the roots and inhibits nodulation (Reid et al., 

2011). The same scheme is followed even in low pH soils (Lin et al., 2012). The role of reactive 

oxygen species (ROS) has also been found to be essential during the initial steps of the 

symbiotic association (Puppo et al., 2013). Decrease in ROS as a stress response inhibits the 
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formation of infections thread (ITs) (Damiani et al., 2016). Salicylic acid (SA) is produced by 

the plants in a defense pathway which inhibits nodulation (Lian et al., 2000). Moreover, 

production of ethylene (C2H4) as a plant defense has been observed to act as a negative 

regulator of nodulation (Larrainzar et al., 2015; Lorenzo et al., 2003; Oldroyd et al., 2001). All 

these responses ultimately restrict nodulation signaling and therefore, nodule development is 

reduced. 

 

Figure 4:  Effects of aluminium toxicity on soil and plants (Rahman et al., 2018). 

 

The toxicity of aluminium ions affects the soil and the plant in acidic pH (Figure 4) and can be 

observed with damaged roots as an indicator of this toxicity (Kopittke and Blamey, 2016). The 

pH of the soil is lowered due to many natural and anthropogenic factors which increase SO4, 

HCl, S etc. and also due leaching of positively charged ions which are basic in nature 

(Goulding, 2016; Bolan et al., 1991) like K and Ca which are also important plant nutrients. 

As a result of the depletion of beneficial elements, deficiency symptoms are also shown by the 
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plant. The aluminium ions are hydrolysed continuously to produce more hydrogen ions and 

toxic aluminium species like Al(OH)2+ and Al(OH)3
− (Grevenstuk and Anabela, 2013). This 

toxic element impacts both the roots and the shoot. It reduced nodulation in the roots 

(Mendoza-Soto et al., 2015). It deteriorates the morphology of the roots (Vardar et al., 2006). 

Surprisingly, it can also retard cell elongation in tolerant legumes (Rangel et al., 2009). In the 

studies of Rahman et al, 2018, various other effects on the plant were discussed. In this study, 

more such effects under acidic and aluminium toxicities have been studied.  
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3.0 Materials and Methods 

3.1. Plant Material and Chemicals 

Three faba bean accessions were used for this experiment which are Kassa, Babylon and 

Aurora. Thirty-six pots of a capacity of five litres each were used for growing these plants. 

Kekkila peat (2:1 mix of peat: vermiculture) was used as the growing medium instead of soil. 

The chemicals used for adjusting the pH were Dolomite (CaMg(C03) and Sulfuric acid 

(H₂SO₄). Rhizobium leguminosarum biova viciae was used as the Nitrogen fixing bacteria. 

Sulphuric acid (H2SO4) and Aluminium sulphate (Al2 (SO4)3) were used for creating the 

treatment conditions of pH 4.5 and pH 4.5 + Al3+ respectively. Plant stakes were used to 

facilitate plant growth. 

 

3.2. Experimental Design 

The experiment involved the study of three accessions, each with the treatments of pH 7, pH 

4.5 and pH 4.5 + Al3+. Each accession of each treatment had four replications (total thirty-six 

pots) and arranged randomly. The experimental design was a 3 x 3 split-plot design. The 

treatments were designated as the main plot and the accessions as the sub-plots. Coloured labels 

were put (different colour for each treatment) with written accession name and treatment name.  

 

3.3. Preparation of pots 

The peat-based medium was sieved to remove any type of fibres and lumps to get a fine 

composition. Each pot was filled with 1.6 kg of peat. Conditions for the three treatments were 

made in the pots, one for aluminium toxicity (aluminium in a pH of 4.5), one for acidity (at pH 

4.5) and one with neutral pH of 7. For the treatment with neutral pH, the peat was adjusted to 

the pH of 7 using 230 g of dolomite (CaMg(CO3)2) diluted in 1.5 L of water and was added in 

the first 12 pots. Then for preparation of the other two treatments, the quantity of acid to be 

added in the peat was calculated by conducting a pre-experiment. 10 g of peat was adjust to the 

pH of 4.5 in accordance with the study from Ryan, 2014. In a beaker 10 g of peat was taken 

and mixed with 50 ml of water. A concentration of sulphuric acid of 13.9 mMol was obtained. 

Different amounts of this acid were added in the peat to bring the pH to 4.5 over two days. It 

was concluded that 2 ml of sulphuric acid was needed for 10g of peat to achieve a pH of 4.5. 
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Subsequently, it was calculated that each pot would require 160 mL of 0.25 Mol Hydro 

sulphuric acid (H2SO4) diluted in 1.5 l of water. 12 pots were filled with this acidic peat for 

acid treatment. For the aluminium treatment, in addition to the same amount of acid 0.094 g of 

100 µM Aluminium sulphate Al2(SO4)3.14H2O in 1.5 l of water was added in each pot. This 

solution was added to 1.6 kg of peat in the remaining 12 pots. The seeds were cleaned with 

water and disinfected with 1% of sodium hypochlorite (NaClO). NaClO was removed by 

washing the seeds with water. They were then soaked for 12 hours to initiate germination. Then 

the seeds were inoculated with Rhizobium leguminosarum biova viciae. They were then sown 

in the peat (2 of each accession in every pot) at a depth of 2 cm. The pots were watered (tap 

water for neutral pH and acid water for other two treatment) in the following manner: 100ml 

of water every 2 days upto 10 days after sowing (DAS), then 200 ml of water every 2 days upto 

20 DAS and then 250 ml of water upto 35 DAS. 

 

3.4. Data collection 

ICP samples of the peat (a small amount of peat taken from every pot, separately for each 

treatment) were collected at an interval of 10 days after sowing. pH of all the pots was observed 

and recorded after every 5 days. This was performed to ensure the respective pH stabilities. At 

15 and 30 DAS, data was collected for SPAD values, stomatal conductance, photosynthesis 

rate and leaf temperature. Chlorophyll concentration (SPAD value) was recorded from one leaf 

of each plant using SPAD-502 (Minolta Camera Co, Ltd., Tokyo, Japan). LI-6400 Portable 

Photosynthesis System (LI-COR, Lincoln, NE, USA) was used to measure stomatal 

conductance and photosynthesis rate at 1.400 μmol/m²/s radiation level and temperature 25-

degree Celsius. It was performed during the morning using the upper part of a leaf which has 

received good sunlight from each plant. Two recordings were taken for each leaf and average 

calculated. Fluke 572 Infrared Thermometer was used to measure the leaf temperature of two 

leaves from each plant. At 34 DAS, the shoot parts of the plants were cut at the collar region 

(region that joins the root of the plant to its stem). From the separated shoot, leaves were 

plucked and surface area of all the leaves of a plant was measured. Then, the wet weight of the 

leaves was measured, and the wet weight of the stem was also measured. The leaves and the 

stem of each plant were then placed in labelled paper bags for drying. These bags were put in 

an oven for 48 hours at 72-degree Celsius for drying and then the dry weight the of leaves and 

the stem was measured separately for each plant.  
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At 35 DAS, the roots of each plant were taken out of the pots and the peat was dusted off 

manually. Then the roots were washed properly to remove all the peat particles. The tap root 

length was measured before and after washing. The quality and quantity of root nodules were 

assessed by groups of two people as described in Tables 1 and 2. The roots were then paper-

dried and spread out on a plain black cloth to photograph the root structure. The roots were 

then placed in labelled paper bags and put in an over at 72-degree Celsius for 48 hours for 

drying. The weight of the dried roots was then measured and recorded. The images of the roots 

taken were used to calculate the length of the roots. The dried roots and shoot (leaves and stem) 

of each accession and treatment were milled separately for ICP analysis. ICP analysis for 

elements present in the root, shoot and peat samples was done using ICP spectrometer iCAP 

6000 Series Hosmed Oy. 

Table 1: Root nodule quantity assessment system and associated score (Belachew, 

2020): 

Nodule quantity Associated score 

No nodule 0 

A few nodules 1 

Moderate 2 

Prolific 3 

 

Table 2: Root nodule quality assessment system and associated score (Belachew, 2020): 

Nodule quality Associated score 

White 0 

>50% nodules are white 1 

Half pink half white 2 

>50% nodules are pink 3 
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3.5. Data Analysis 

 

All the data collected (SPAD value, stomatal conductance, photosynthesis, leaf temperature, 

root lengths, the nodule data and the shoot data) was analysed for statistical difference using 

ANOVA in RStudio. It was performed at 95 % confidence internal. The root images were 

analysed for the length of tap root and total root length of the accessions at different treatments 

with the help of the software ImageJ, using the plugin SNT. The ICP results obtained were 

analysed using ANOVA in RStudio. 
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4.0 Results 

4.1 Shoot Biomass Data 

Rootzone treatments did not affect dry weight of stems or leaves, but leaf area was lower in the 

neutral than in the acid treatment (P < 0.05) (Table 3). Kassa produced more dry weight in 

stems than the other two cultivars (P < 0.001). The accession x treatment interaction was not 

significant. 

 

Table 3: Dry mass of plant parts and leaf area as affected by rootzone treatment and accession 

Treatment Dry weight of stems (g) Dry weight of leaves (g) Leaf area (cm2) 

Rootzone     

pH 7 1.52 1.52 540 

pH 4.5 1.71 1.70 694 

pH 4.5 + Al3+ 1.57 1.63 616 

RSE 0.09 0.09 37.45 

Significance ns ns * 

Accession 
   

Aurora 1.46 1.60 648 

Babylon 1.41 1.58 581 

Kassa 1.93 1.66 621 

RSE 0.2 0.17 74.63 

Significance *** ns ns 

Note: * Sig. (P < 0.05), ** Sig. (P < 0.01), *** Sig. (P < 0.001), ns Sig. (P > 0.05). RSE is 

residual standard error. 
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4.2 Physiological Data 

Physiological data at 30 Days after Sowing (DAS): 

The data collected at 16 DAS did not show any significance except for the chlorophyll 

concentration in which a low significance was observed when comparing amongst the 

accessions. Babylon, which was expected to be sensitive, produced the highest chlorophyll 

concentration, Kassa produced the lowest. Significant observations were made at 30 DAS. The 

different treatments (Table 4) did not give significant results for chlorophyll concentration and 

stomatal conductance as the p-value was observed to be more than 0.05. Leaf temperature 

showed low significance (p-value < 0.05) and was observed to be the highest at pH 4.5. 

Interestingly, photosynthesis showed a high significance (p-value < 0.001) was observed to be 

the highest in the treatment of acid + Al3+ and the lowest in pH 7. Significant results were 

obtained for all traits with respect to the accessions. Chlorophyll concentration and 

photosynthesis showed a low significance with Kassa showing the maximum value in both the 

traits. Stomatal conductance and leaf temperature showed a high significance. Aurora showed 

a very high stomatal conductance when compared to other accessions and lowest was shown 

by Babylon. Not much difference was observed between the leaf temperatures of different 

accessions. When analysing the interaction between accessions and treatments (Figure 5), 

chlorophyll concentration showed a low significance with maximum value shown by Babylon 

in aluminium treatment and minimum by Aurora pH 7 which was not expected in this study. 

The rest of the traits showed no significance. 
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Table 4: Study of physiological traits at 30 Days after Sowing with respect to treatment. 

Treatment 

Chlorophyll concentration  

(SPAD units) 

Stomatal conductance  

(mmol H2O/m2 /s) 

Leaf temperature  

(°C) 

Photosynthesis  

(µmol/m2 /s) 

Rootzone     

pH 7 36.9 113 21.2 5.62 

pH 4.5 38.4 110 21.4 6.66 

pH 4.5 + Al3+ 38.9 155 21.1 6.93 

RSE 0.90 20.21 0.07 0.18 

Significance ns ns * *** 

Accession 
    

   Aurora 36.4 198 20.6 5.76 

Babylon 38.7 78 21.4 6.42 

Kassa 39.2 102 21.7 7.03 

RSE 1.61 32.29 0.37 0.70 

Significance * *** *** * 

Note: * Sig. (P < 0.05), ** Sig. (P < 0.01), *** Sig. (P < 0.001), ns Sig. (P > 0.05). RSE is residual standard error. 
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Figure 5: Study of physiological trait (SPAD value) at 30 Days after Sowing with respect 

to the interaction between the treatment and accession. 

 

4.3 Root data 

With respect to the treatment (Table 5), very unusual results were obtained. The length of tap 

root showed a moderate significance, with maximum length shown in aluminium stress and the 

minimum at neutral pH. Total length of the root showed a low significance with the maximum 

value shown in acidity stress (pH 4.5) and minimum at neutral pH. The quality of root nodules 

did not show any significance for treatment and the quantity of root nodules showed a moderate 

significance with the maximum number of nodules at pH 4.5 and the minimum in aluminium 

treatment. With respect to the accession, the length of tap root and the total root length did not 

show any significance. But both the quality and quantity of root nodules showed a high 

significance with the maximum value shown by Aurora and the minimum by Kassa in both. 

 

The interaction between the accessions and treatments (Figure 6) showed that the length of tap 

root and the total root length did not give significant results, while the quality and quantity of 

root nodules showed a low significance. The highest quality of root nodules was observed in 
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Aurora at neutral pH while the lowest for Kassa in neutral and aluminium treatment. The 

highest number of nodules were observed in Aurora at pH 7 and pH 4.5 and the lowest in Kassa 

in neutral and aluminium treatment. 

 

Table 5: The study of root traits with respect to treatment 

Treatment 

Length of tap root  

(cm) 

Total length of all  

roots (cm) Nodule Quality Nodule Quantity 

Rootzone     

pH 7 93 863 1.50 1.67 

pH 4.5 135 1580 1.58 1.83 

pH 4.5 + Al3+ 138 1393 1.25 1.08 

RSE 8.88 165 0.30 0.16 

Significance ** * ns ** 

Accession     

Aurora 121 1016 2.17 2.25 

Babylon 122 1318 1.83 2.00 

Kassa 122 1501 0.33 0.33 

RSE 18.54 369.48 0.36 0.40 

Significance ns ns *** *** 

Note: * Sig. (P < 0.05), ** Sig. (P < 0.01), *** Sig. (P < 0.001), ns Sig. (P > 0.05). RSE is 

residual standard error. 
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(a.) 

 

(b.) 

 

Figure 6: The study of root traits (a.) nodule quality and (b.) nodule quantity with respect 

to the interaction between the treatment and accession. 
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Figure 7:  Representative roots of each accession at each treatment. The white square has 

been put for reference of which each side measures 1m in length. (A) Roots of 

Aurora at pH 7, (B) at pH 4.5 and (C) in the treatment acid + Al3+. (D) Roots of 

Babylon at pH 7, (E) at pH 4.5 and (F) in the treatment of acid + Al3+. (G) roots 

of Kassa at pH 7, (H) at pH 4.5 and (I) in the treatment of acid + Al3+. 
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Comparison 

To compare all the traits together, to observe the best faring accessions and treatments, the 

latter were ranked with one point received by the accession of treatment showing the highest 

value for a particular trait and then the points were added. It was concluded that with respect 

to the treatments (Table 6), plants performed best at pH 4.5 (not much different from aluminium 

treatment) and with respect to the accessions (Table 7), Aurora performed the best and Babylon 

was the most sensitive. 

 

Table 6: Points received by the best performing treatment for each trait studied. 

 Points received by the treatments 

Traits pH 7 pH 4.5 pH 4.5+Al3
+ 

Dry weight of stems (g)   1 

Dry weight of leaves (g)  1  

Leaf area (cm2)  1  

Chlorophyll concentration  
 

1 

Stomatal conductance (mmol H2O/m2 /s)   1 

Leaf temperature (oC)  1 
 

Photosynthesis (µmol/m2 /s)  
 

1 

Length of tap root (cm)   1 

Total length of all roots (cm)  1 
 

Nodule Quality  1  

Nodule Quantity  1  

Total Score 0 6 5 
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Table 7: Points received by the best performing accession for each trait studied. 

 Points received by the accessions 

Traits Aurora Babylon Kassa 

Dry weight of stems (g)   1 

Dry weight of leaves (g)   1 

Leaf area (cm2) 1   

Chlorophyll concentration   1 

Stomatal conductance (mmolH2O/m2 /s) 1   

Leaf temperature (oC)   1 

Photosynthesis (µmol/m2 /s)   1 

Length of tap root (cm)  1  

Total length of all roots (cm)   1 

Nodule Quality 1   

Nodule Quantity 1   

Total Score 4 1 6 
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4.4 ICP Data 

4.4.1 ICP of Peat 

Analysing the ICP samples of the peat of different treatments (Table 8) gave an important insight for forming conclusions of this study and the 

results obtained were significant. Commenting on the comparison between the different treatments, Aluminium (Al), Calcium (Ca), Iron (Fe), 

Magnesium (Mg), Potassium (K), Sodium (Na), Sulphur (S) and Zinc (Zn) showed a high significance (P<0.001) and Manganese (Mn) and 

Phosphorous (P) showed moderate significance (P<0.01). Al, Fe, Mg, K, Mn P, S and Zn were present in maximum concentrations in pH 4.5 + 

Al3+ treatment, while Ca and Na were present in maximum amount in pH 7. Peat with pH 4.5 possessed the lowest concentrations of all elements 

except Sulphur (very high as compared to pH 7). 

 

Table 8: ICP analyses of peat with respect to the treatment 

 
 Elements Concentration (mg/kg) 

Treatment Aluminium Calcium Iron Potassium Magnesium Manganese Sodium Phosphorous Sulphur Zinc 

pH 7 3597.18 45888.26 3086.47 1138.56 15771.52 105.64 153.66 296.86 583.85 10.92 

pH 4.5 2618.95 10247.08 2317.62 1183.87 2900.94 85.71 188.03 433.08 6780.32 9.39 

pH 4.5 + Al3+ 5950.38 6705.72 3770.61 1382.20 2939.08 96.00 137.88 384.09 3325.11 12.29 

RSE 715.9 3462.7 420.5 197.3 792.7 16.5 32.5 51.1 1469.4 2.0 

Significance ** *** * ns *** ns ns * ** ns 

Note: * Sig. (P < 0.05), ** Sig. (P < 0.01), *** Sig. (P < 0.001), ns Sig. (P > 0.05). RSE is the residual standard error. 
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4.4.2 ICP of Shoot 

The ICP analysis of the shoot biomass also helped observe the concentration of element in the 

shoot part of the plant. Among all the treatments (Table 9), pH 7 contained the highest amounts 

of Al, Ca, Mg, Mn and Na. K and P were highest in pH 4.5 while S and Zn were highest in 

aluminium treatment. While comparing between the accession, the amounts of Al, Ca, K, Mg 

and P were highest in Aurora and Fe, Mn, S and Zn were highest in Kassa. Only Na was found 

to be in maximum amount in Babylon. Otherwise, Babylon contained the lowest concentrations 

for most of the elements.  

The interaction between the accessions and the treatments (Figure 7) were not significant for 

any element except Ca (P < 0.05), Na (P < 0.05) and Zn (P < 0.01). Ca, Na and Zn were most 

concentrated in Aurora pH7, Babylon pH 7 and Kassa pH 4.5 respectively. Shoots in treatment 

of pH 7 had high relative concentrations of Ca, Mg, Na and Mn for all accessions. Not much 

difference was observed in the amount of Mg, P, Na and Mn between shoots of all accessions 

present in acid and aluminium treatments. S was seen to be very high in all accessions in acid 

and aluminium treatments. The amount of Fe was -high in Aurora pH 4.5 and in Kassa in both 

acid (higher) and aluminium treatments. Al was very much concentrated in the shoots of Aurora 

in aluminium treatment but were very low in rest of the accessions.  
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Table 9: ICP analyses of shoot biomass with respect to the treatment 

 
Elements Concentration (mg/kg) 

Treatment Aluminium Calcium Iron Potassium Magnesium Manganese Sodium Phosphorous Sulphur Zinc 

Rootzone           

pH 7 13.7 17823 76 28858 8122 163 731 3412 2248 21.3 

pH 4.5 5.8 12015 100 31997 4400 94 436 5364 2832 35.4 

pH 4.5 + Al3+ 9.5 11972 103 30668 4263 107 358 5168 3123 47.8 

RSE 1.5 890.8 8.1 1426.3 321.6 6.9 23.5 228.2 188.6 2.7 

Significance ** *** * ns *** *** *** *** ** *** 

Accession           

Aurora 12.1 16929 84 32119 6055 109 418 4896 2775 30.1 

Babylon 8.5 11824 79 30132 5663 97 616 4201 2433 27.6 

Kassa 8.5 13057 116 29271 5067 160 490 4846 2995 47.0 

RSE 3.5 1669.1 15.9 2251.3 703.0 24.5 73.1 487.6 234.4 4.1 

Significance ns *** ** ns ns *** *** * ** *** 

Note: * Sig. (P < 0.05), ** Sig. (P < 0.01), *** Sig. (P < 0.001), ns Sig. (P > 0.05). RSE is Residual standard error. 
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Figure 7:  ICP analyses of shoot biomass with respect to the interaction between the 

treatment and accession. 
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4.4.3 ICP of Root 

Studying how the element concentration was affected by different treatments in the roots (Table 

10), it was observed that Ca, Mg and Na were present in highest amounts in pH 7, and P and 

Zn were highest in acidic peat treatment. This result was very similar to the concentrations in 

the shoots. The rest of the elements were not significant. Also, the roots of Kassa have 

maximum amounts of K (high significance), P (moderate significance) and S (high 

significance) and Babylon had Mn (high significance) and Na (moderate significance) in 

highest concentrations. 

The interactions (Figure 8) did not show significance for any element except S (P < 0.05) which 

was most concentrated in Babylon pH 4.5 and least in Aurora pH 7. The amount of Sulphur in 

root (Figure 8) is higher than the amount in shoot (Figure 7) in acid and aluminium treatments. 

The relative amount of P in all three accessions was much higher in acid and aluminium 

treatments as compared the pH 7. Not much different was observed in the concentrations of 

Zn, Al and Fe in all three treatments in all three accessions. The quantity of K was relatively 

higher in Babylon in all three treatments as compared to Aurora and Kassa.  
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Table 10: ICP analyses of root biomass with respect to treatments 

 
Elements Concentration (mg/kg) 

Treatment Aluminium Calcium Iron Potassium Magnesium Manganese Sodium Phosphorous Sulphur Zinc 

Rootzone           

pH 7 637.96 15540.21 807.28 32250.50 6020.27 183.98 4888.70 2489.11 4751.82 22.73 

pH 4.5 460.50 11053.62 766.86 33040.98 2467.35 150.97 4819.57 4654.84 5717.88 31.37 

pH 4.5 + Al 757.63 13008.19 1156.21 30559.30 2349.83 205.78 4245.30 4662.20 5620.74 31.30 

RSE 103.4 878.1 156.6 2237.5 347.8 10.6 311.6 305.2 391.8 1.8 

Significance ns ** ns ns *** ** ns *** ns ** 

Accession           

Aurora 636.65 12673.73 851.06 28836.59 4133.94 129.34 4441.10 4213.18 4581.37 28.50 

Babylon 461.28 12256.80 729.77 39650.70 3613.06 144.83 4160.07 4326.48 6264.24 28.49 

Kassa 758.16 14671.48 1149.50 27363.49 3090.45 266.57 5352.40 3266.49 5244.83 28.41 

RSE 236.5 2615.2 346.5 3563.8 807.8 41.6 593.2 528.6 392.9 5.5 

Significance ns ns ns *** ns *** ** ** *** ns 

Note: * Sig. (P < 0.05), ** Sig. (P < 0.01), *** Sig. (P < 0.001), ns Sig. (P > 0.05). RSE is Residual standard error. 
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Figure 8:  ICP analyses of root biomass with respect to the interaction between the 

treatments and accession. 
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5.0. Discussion 

It was found that out of all the treatments, considering all the traits, the accessions grew best in 

pH 4.5 and the least at neutral pH. This result was not consistent with previous studies which 

showed that the optimal pH for growth of faba bean is around pH 7 (Jensen et al 2010; Mohebbi 

and Mahler, 1989). The probable reason for better growth of plants in acidic pH could be the 

availability of sulphate ions. To bring down the pH of the peat to 4.5, Sulphuric acid (H2SO4) 

was used for acid treatment and aluminium treatment which could have released sulphate ions 

and aided the plant physiological growth. Sulphur improves plant growth and has also been 

found to promote nodulation (Varin et al, 2009). It was also found from this study, as accessions 

grown in acid conditions showed higher quality and quantity of nodules. The accessions growth 

in neutral pH had lesser developed root structures. Sulphur plays a role in the formation of 

chlorophyll (Hu et al, 2017). This could also be observed by the higher chlorophyll content 

(taking in account both the leaf area and chlorophyll concentration) in accessions grown in the 

treatment of pH 4.5. Another probable reason for the obtained results could be over liming. 

Too much lime in the growing medium is found to reduce plant growth (Farina et al, 1980) and 

causes a reduction in the leaf size (Gilbert, 1951). Ca present in the ICP samples of the peat 

were relatively much higher in pH 7 as compared to the other treatments at Days After Sowing 

(DAS).  Maximum leaf area of accessions grown in acidic medium could be an indication of 

overliming. Maximum growth of roots and nodules was also observed at pH 4.5. 

It was observed that the results obtained at 16 Day After Sowing (DAS) with respect to 

accession, the stress factors and their interaction showed low influence on the physiological 

traits, probably due to the the effect was not being evident at the early growth stage of the plant. 

But, at 30 DAS, considering all the traits, it was found that the accessions Aurora and Kassa 

showed superior physiological growth and nodulation as well as tolerance to acid and Al3+ 

toxicity under stress (tolerant), whereas Babylon was sensitive. Similarly, this result is 

supported by the findings of Belachew and Stoddard (2017), who reported tolerance to acid 

and aluminum stress for Aurora and Babylon. No nodule development was seen in Kassa in 

the treatments of pH 7 (could be due to over liming) and pH 4.5 + Al3
+. Kassa is sensitive to 

aluminium (Belachew and Stoddard, 2017) and maximum nodulation was observed in Aurora 

which is tolerant to aluminium stress. Al3+ ions also inhibit the uptake of beneficial ions like 

Ca and Mg (Horst, 1987) and hence we observed a lower concentration of Ca and Mg in the 

shoot biomass of the plants grown under aluminium toxicity. 
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6.0. Conclusion 

It was concluded from the study that due to experimental mistakes, the control, i.e., accessions 

at pH 7, were not reliable as the plants fared better in acidic pH even though, it has been seen 

in previous studies that faba bean grow best at neutral pH. The results of this study for Aurora 

(tolerant) and Babylon (sensitive) coincided with those of the previous studies. The plants 

performed best under pH 4.5 due to the presence of Sulphur which enhanced their growth. 

Also, nodule development decreased in pH 4.5 and pH 4.5 + Al3+ for all accessions and hence 

this result was coherent with the objective. 
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