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Abstract: Aluminum (Al) toxicity is one of the most critical abiotic factors limiting crop productivity 

in acid soils throughout the globe. Groundnut (Arachis hypogaea L.) is one of the oilseed crops grown 

in such soils by smallholder farmers in India. India is the second-largest producer of groundnut after 

China. This oilseed crop plays a major role in the Indian agricultural economy. This study aims to 

develop a simple and quick screening method for analyzing Al stress on different varieties of groundnut 

(BG-4, Girnar-3, ICGV-9114, and Birsa bold) grown in the Jharkhand State of India. The results of this 

screening experiment show that at neutral pH (7.0) soil conditions, Al stress does not affect seed 

germination, seedlings growth, chlorophyll, and carotenoid content in any of the varieties. But 

groundnut seedlings grown in acidic pH (4.5) medium with Al stress showed significant changes in 

germination percentage, root and shoot growth, chlorophyll and carotenoid content, and an increase in 

Ch a/b ratio. The four varieties also responded differently to Al toxicity in the acidic soil environment. 

The overall results confirmed that the order of Al sensitivity among four selected varieties was, Girnar-

3> BG-4 > ICGV9114 >Birsa bold.  
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1. Introduction 

Groundnut (Arachis hypogaea L.) is one of the principal economic crops cultivated 

across the globe and is considered the ‘King of oilseeds’ [1,2]. Although it is native to South 

America, Mexico, and Central America, this crop is largely produced in China, India, and the 

USA. India has the largest growing area of groundnut, covering 7.26 million hectares of arable 

land, and is the 2nd largest producer of groundnut next to China [3,4]. Almost every part of the 

groundnut has nutritional, medicinal, and industrial value [5-7]. It is a rich source of vitamins 

like Vitamin-A and B complex like thiamine, riboflavin, niacin, and minerals such as calcium, 

iron, etc. [5]. Groundnut is used in the industry to manufacture soap, cosmetics, beauty creams, 

medical ointments, shaving cream, lubricants, etc. [5]. The above-ground parts, rich in 

nitrogen, provide a rich fodder and organic fertilizer source. Being a leguminous crop, 

groundnut plants add about 100-125 kg/ hectare of nitrogen to the field [6]. But soil acidity, 

which covers almost 40% of arable land, severely affects the productivity of crops worldwide 

[3,7,8]. The Indigenous people of the Indian state of Jharkhand traditionally grow groundnut 
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mainly as a cash crop [7]. But low soil fertility, soil-borne fungal diseases, predominantly 

acidic soil (90% of total land), deficiencies of zinc, molybdenum, and boron, as well as many 

biotic and abiotic stresses are major constraints to groundnut production [4,7]. Al toxicity 

severely affects and hampers groundnut plant growth and productivity [9-11]. 

India is an agriculture-based country, and the majority depended directly or indirectly 

on agriculture for their basic livelihood. With the advancement of science and technology, 

newer chemical fertilizers, pesticides, and insecticides have been introduced into our 

agricultural lands. These, in turn, increase the production of crops at the first instance but 

gradually interferes with the normal soil and change their various important components, viz. 

acidity, nutrient availability, and water holding capacity. In addition, the rise of atmospheric 

pollution (water, soil, and air) also affects soil quality. The change in soil acidity is one of the 

most common problems of food production limitations. In acidic conditions, the third most 

abundant metal, aluminum (7%), shows its phytotoxic activity leading to adverse effects on a 

plant root, shoot, and overall production. Under normal physiological conditions, aluminum 

has no toxic effect as it remains mostly insoluble alumina-silicate or oxide at neutral or weakly 

acidic pH [9-12]. But when the soil becomes more acidic for various reasons, the Al is 

solubilized into a phytotoxic form [9-11,13,14]. Al(H2O)6
3+, known as Al3+, is dominant in acid 

soil below pH 5.0 and is the most toxic form for plants. Al toxicity becomes more severe in 

soils with low base saturation and poor in Ca and Mg [9-12,14]. The most common responses 

against Al toxicity include its morphological changes in root and shoot growth, reduction in 

chlorophyll and carotenoid contents, and decreased photosynthetic activity [9,10]. Inhibition 

of root and shoot growth is a primary symptom of Al toxicity. Al toxicity and tolerance 

mechanisms differ by changing their chemical form, and the study of Al-related processes is 

more complicated by the complex chemistry of Al [11]. Therefore the experimental results may 

differ with different sets up of experimental conditions, such as differential pH and coexisting 

ions, even in the similar aluminum concentration [11]. Hence due to the complex chemistry of 

Al, molecular, genetic, and physiological bases are still not well understood.  

Screening different groundnut varieties and identifying tolerant varieties may provide 

a window of opportunity for marginal and small farmers with limited resources to produce 

satisfactory yields in acid soils. Taking together, the present study aimed to examine cultivars 

for tolerance to Al toxicity in different conditions and develop a quick and simple screening 

method for Al toxicity in groundnut. 

2. Materials and Methods 

In this section, we design a simple, quick, and efficient screening protocol for growing 

groundnuts and assessment of Al-stress in different soil pH conditions. 

2.1. Plant materials. 

The seeds of four varieties of Groundnut (Arachis hypogaea L.), namely Girnar-3, BG-

4, ICGV-9114, and Birsa bold, were collected from ICAR-Directorate of Groundnut Research, 

Junagadh, Gujarat, and the Department of Plant Breeding and Genetics, Birsa Agriculture 

University (BAU), Kanke, Ranchi, Jharkhand (India). The pod size, seed size, and color 

variations of the groundnut varieties are shown in Fig. 1. 
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Figure 1. Seeds of four varieties of groundnut (Arachis hypogaea L.). 

2.2. Pre-treatment and germination of seeds. 

The groundnut seeds were the first surface sterilized with 0.5% ‘NaOCl’ for 15 min and 

washed under running tap water several times (4-5 times), followed by rinsing with distilled 

water and then soaked in distilled water at room temperature (25°C) overnight. The healthy 

imbibed seeds were selected, and a plant growth chamber (ACMAS Technology Pvt. Ltd) was 

used for the germination of the seed and proper plant growth. Twenty-five seeds were placed 

at equal distances per sterile disposable square plastic Petri plates (120mm×120mm Himedia) 

containing a triple layer of filter paper. The filter paper was moistened by sprinkling 25ml 

aqueous solution of anhydrous aluminum chloride (MW = 133.34; purity = 99.99%; Merck 

Ltd., Mumbai, India) each on alternate days. After 4 (four) days of germination, when the 

plumule and radicle length were 2 mm, the germinated seeds were counted and calculated 

germination percentage (15).  

2.3. Growth conditions.  

Vermiculite was used for the pot culture experiment. After germination, the uniform 

seedlings were transferred to plastic pots filled with an equal amount of vermiculite (Fig. 2) 

and grown under two different growth conditions: 

(i) at neutral pH (7.0) 

(ii) at acidic pH (4.5)  

2.4. Pot Culture experiment in controlled laboratory conditions. 

After 24 h of transfer, different treatments were given when plants adapted to normal 

conditions. A preliminary screening experiment was performed with different concentrations 

of aluminum chloride (AlCl3). The different aluminum (Al) stress treatments were imposed by 

an aqueous solution of AlCl3 (0, 50, 250, 500, and 1000µM). The pots were also irrigated 

regularly with dilute Hoagland solution (1/10th). The whole experiment was conducted 

according to a simple randomized complete block design using different Al concentrations. 

Each treatment was replicated three times, and 12 hr (day/night) photoperiod was maintained. 

The light intensity was 125 µmole.m-2s-1, and the room temperature was 27±1oC.    Roots and 

shoots were harvested from the pot culture experiments on the 14th and 25th day after sowing 

and analyzed for a screening test to select the most Al-sensitive variety of groundnuts. 
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Figure 2. Groundnut plants growing under Al stress. 

2.5. Screening parameters.  

The impact of Al-stress on groundnut seedlings was achieved by analysis of the 

following parameters. 

2.5.1. Germination percentage. 

The germination percentage (GP) was recorded after 4th day when the plumule and 

radicle length were 2 mm, and several seeds germinated were expressed as a percentage. The 

GP was calculated using the formula [15] as stated below 

Germination percentage (%) =
No. of germinated seeds

No. of seeds kept for germination
× 100 

2.5.2. Root length and shoot length. 

The length of the root and shoot was measured after imposing different aluminum (Al) 

stress treatments. Five plants were randomly selected for recording the root length and shoot 

length of control and treated plant seedlings. The seedlings' root was measured from the base 

of the stem to the tip of the longest root and expressed in cm. The length of the shoot was 

measured from the collar region to the tip of the longest leaf and expressed in cm. The effect 

of different concentrations of aluminum stress on the root length (cm/plant) and the shoot 

length (cm/plant) of groundnut seedlings was recorded with the help of a centimeter scale. The 

average length of five seedlings was calculated per-plant basis and expressed in cm.   

2.5.3. Fresh weight of root and shoot. 

The five freshly harvested plant samples were randomly selected, washed with distilled 

water, blotted on blotting paper to remove excess water and separated into root and shoot. Their 

Fresh weight was recorded by digital balance (Mettler Toledo, ME 204), and values were 

expressed in gm. 

2.5.4. Dry weight of shoot and root. 
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The freshly harvested plant samples were washed with distilled water and blotted on 

blotting paper to remove excess water and separated into roots and shoots. Then the root and 

shoot were cut into tiny pieces and kept for drying in a hot air oven at 70°C for 48 hr (30). The 

dry weight of the shoot and root was determined by using a digital balance (model IN 201 L) 

and values expressed as mg. 

2.5.5. Vigour index of the seedlings (VI). 

The vigor index of the control and treated seedlings was calculated using the formula 

proposed by [16] and expressed as a percentage.  

Vigour Index = (Shoot length + Root length) x Germination percentage. 

2.5.6. Stress tolerance index (STI). 

The stress tolerance index was calculated using the following formula proposed by 

[15,16] and expressed as a percentage. 

Stress tolerance index =
Vigour index of the treated seedling

Vigour index of the control seedling
× 100 

2.5.7. Determination of chlorophyll (chl) and carotenoid (car) contents.  

Chlorophyll and carotenoid content measurement are the most commonly used 

parameters to assess plant growth and vigor, as their concentration is highly correlated with the 

rate of photosynthesis [17]. The fresh leaf samples (0.5g) of control and Al treated plants were 

cut into small pieces and placed in well-labeled test tubes; then, 5ml of dimethyl formamide 

(DMF) solution was added to each test tube and covered with aluminum foil. The test tubes 

were kept in the fridge at 4 ˚C for 24 hrs. When the liquid becomes green, the absorbance was 

recorded at 663, 647, and 480 nm by using Perkin Elmer UV/Vis Spectrometer (λ35) against 

DMF, as a blank. The amounts of Chl a, Chl b, total Chl, and carotenoid were determined using 

the equation of [18] and expressed as mg g-1 FW. 

Chla = 11.65OD664 - 2.69OD647 

Chlb = 20.81OD647 - 4.53OD664 

Car = (1000 x OD480 - 0.89 x chla – 52.02 chlb)/245 

3. Results and Discussion 

3.1. Seed germination and seedling growth. 

Germination percentage is an important index for assessing the stress tolerance of crop 

plants. Figure 3 shows the changes in the germination percentage of groundnut seeds under 

neutral pH (7.0) and acidic pH (4.5). Germination percentage (GP) was not significantly 

affected at neutral pH(7.0) under different concentrations of Al stress in all four selected 

varieties (Fig. 3a). The germination percentage decreased gradually with an increase in Al 

concentration at acidic pH (4.5) (Fig. 3b). But the pattern of a gradual reduction in germination 

percentage was different in varieties wise. The maximum decrease was observed in the Girnar-

3 variety (24.95% reduction at 1000µM of Al treatment as compared with control.), whereas 

in Birsa bold variety, only a 1.42 % reduction was observed. The present results based on 

germination % showed that the order of Al sensitivity is Girnar-3, BG-4, ICGV-9114, and Birsa 

bold, respectively. 
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Figure 3. Effects of Al stress on germination percentage in 4 selected varieties of groundnut at (a) neutral pH 

(7.0) & (b) at acidic pH (4.5). 

 
Figure 4. Effect of Al stress on Girnar-3 roots and shoots growth at acidic pH (4.5). 

Seedling growth is important for seedling establishment under problem soils (15-17). 

A representative growth picture of the seedlings under Al stress is shown in Fig. 4. The root 

and shoot length was not significantly affected at neutral pH(7.0) under different concentrations 

of Al treatments in all four selected varieties (Girnar-3 BG-4, ICGV-9114 & Birsa bold) on 

both at 14th  day and 25th  day of treatment; rather, there was a marginal increase in root and 

shoot length at higher concentration of AlCl3 (Fig.5, 6) under neutral pH condition. 

The shoot length and root length were measured on the 14th day and 25th day of Al 

treatment, and it was observed that the length of the shoot and root gradually decreased when 

the concentration of aluminum chloride increased in all the tested varieties (Fig. 7, 8). The 

maximum reduction in root and shoot length was found in the Girnar-3 variety, and Birsa bold 

remained the least affected variety. Al treatments of 1000μM on Girnar-3 decreased root and 

shoot length by 34.45 % & 32.90 % on the 14th day and 45.83 % & 62.85% on the 25th day, 

respectively. That in Birsa bold variety decreased by 22.5 % & 28.62 % on the 14th day and 

16.64 % & 25.67% on the 25th day, respectively, compared with control. 

Shoot and root fresh and dry weight is one of the parameters for seedling vigor, which 

determines the seedling establishment capacity in adverse soils (15, 16, 17). The variation in 

fresh weight of roots and shoots under aluminum toxicity under neutral or acidic pH is shown 

in Figures 5 to 8.  

https://doi.org/10.33263/LIANBS124.163
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS124.163  

 https://nanobioletters.com/ 7 of 13 

 

 

Figure 5. Effects of Al stress on the 14th day at neutral pH (7.0) on (a) Root length (b) Shoot length (c) Root fresh 

wt. (d) Shoot fresh wt. (e) Root dry wt. and (f) Shoot dry wt. The mean (±SE) data were calculated from three 

replications for each treatment. All data were subjected to Tukey’s multiple comparison test of one-way ANOVA, 

and P-values less than 0.05 were considered significant. 

 
Figure 6. Effects of Al stress on 25th day at neutral pH (7.0) on (a) Root length (b) Shoot length (c) Root fresh 

wt. (d) Shoot fresh wt. (e) Root dry wt. and (f) Shoot dry wt. Data representing the mean (±SE) was calculated 

from three replications for each treatment. All data were subjected to Tukey’s multiple comparison test of one-

way ANOVA, and P-values less than 0.05 were considered significant. 
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The fresh and dry weight of leaf and root followed a similar pattern as that of the fresh 

weight of root and shoot. No significant changes were observed at neutral pH (7.0) (Fig.. 5, 6). 

The maximum and minimum reduction was observed in Girnar-3 and Birsa bold varieties, 

respectively (Fig. 7, 8). 

 
Figure 7. Effects of Al stress on the 14th day at acidic pH (4.5) on (a) Root length (b) Shoot length (c) Root 

fresh wt. (d) Shoot fresh wt. (e) Root dry wt. & (f) Shoot dry wt. Data representing the mean (±SE) was 

calculated from three replications for each treatment. All data were subjected to Tukey’s multiple comparison 

test of one-way ANOVA, and P- values less than 0.05 were considered significant. 

 
Figure 8. Effects of Al stress on 25th day at acidic pH (4.5) on (a) Root length (b) Shoot length (c) Root fresh 

wt. (d) Shoot fresh wt. (e) Root dry wt. and (f) Shoot dry wt. Data representing the mean (±SE) was calculated 

from three replications for each treatment. All data were subjected to Tukey’s multiple comparison test of one-

way ANOVA, and P-values less than 0.05 were considered significant. 
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3.2. Effect of Al toxicity on Stress tolerance index (STI) of groundnut seedlings. 

The stress tolerance index (STI) was worked out based on the vigor index of the 

seedlings as a percent ratio between the values under different stress treatments and control. 

The results revealed that with the increase in Al toxicity level, there was a significantly 

decreasing trend in STI in all the varieties, indicating that the higher the stress lesser the 

tolerance (Fig. 8). Individual varieties responded differentially with various tolerant indices. 

The final result was confirmed by STI of groundnut seedlings in the order of 

AlsensitivityisGirnar-3, BG-4, ICGV-9114 & Birsa bold, respectively. 

 
Figure 9. Effects of Al stress on stress tolerance index of groundnut varieties after (a) 14 days at neutral pH 

(7.0) (b) 14 days at acidic pH (4.5) (c) 25 days at neutral pH (7.0), and (d) 25 days at acidic pH (4.5). 

3.3. Changes in chlorophyll and carotenoid content. 

The total chlorophyll and carotenoid content is an indicator of plants' photosynthetic 

and metabolic activity. The changes in photosynthetic pigment content under neutral pH (pH 

7.0) and acidic pH (pH 4.5) are shown in Fig. 10 and 11, respectively. 

No significant change was observed in total chlorophyll, Ch a/b ratio, and carotenoid 

content in all selected groundnut varieties when seedlings were grown under different 

concentrations of AlCl3 at neutral pH (7.0) (Fig.) on either the 14th day or 25th day. The total 

amount of chlorophyll and carotenoid content was found to be highest in Birsa bold. 

The total chlorophyll and carotenoid contents decreased gradually with an increase in 

Al concentration at acidic pH (4.5) (Fig. 11), but the degree of gradual reduction was different 

among the tested varieties. The maximum decrease in total chlorophyll and carotenoid content 

was observed in the Girnar-3 variety. In contrast, the least affected variety was Birsa bold (Fig. 

11). The maximum reduction in chlorophyll and carotenoid content was 16.50% and 37.68 %, 

respectively, at 1000µM concentration of Al against control in acidic pH. The Chl a/b ratio 

increased gradually with an increase in the Al concentration in acidic pH (Fig. 11). The order 

of pigment reduction in varieties was: Girnar-3> BG-4 > ICGV9114 >Birsa bold. 
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Figure 10. Effects of Al stress on chlorophyll and carotenoid content at neutral pH (7.0) (a) Total Chl, 14 days 

(b)Total Chl, 25 days (c)Chl a/b,14 days (d) Chl a/b,25 days (e) Car. content,14 days, and (e) Car.content,14 

days. Data representing the mean (±SE) was calculated from three replications for each treatment. All data were 

subjected to Tukey’s multiple comparison test of one-way ANOVA, and P-values less than 0.05 were 

considered significant. 

 
Figure 11. Effects of Al stress on chlorophyll and carotenoid content at acidic pH (7.0) (a) Total Chl, 14 days 

(b)Total Chl, 25 days (c)Chl a/b,14 days (d) Chl a/b, 25 days (e) Car. content, 14 days, and (e) Car.content, 14 

days. Data representing the mean (±SE) was calculated from three replications for each treatment. All data were 

subj0ected to Tukey’s multiple comparison test of one-way ANOVA, and P-values less than 0.05 were 

considered significant. 
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3.7. Discussion. 

The results of the screening experiment indicated that at neutral pH (7.0) soil conditions 

aluminum (Al) stress does not affect seed germination, seedlings growth, or photosynthetic 

pigment content. Possibly, at neutral pH conditions, aluminum is not available in solubilized 

forms (Al3+) and minimizes the possibility of absorption through the root system of plants [9-

11]. In contrast, root and shoot growth and chlorophyll and carotenoid content slightly 

increased in Al treatments in the neutral pH. These observations can be explained as ideal pH 

facilitates other nutrient uptake and enhanced growth of plants [12]. 

But when groundnut seedlings were grown in acidic soil conditions with Al stress, a 

gradual decrease in root and shoot elongation rate was observed with the increase in Al 

concentrations. A similar observation was also reported in a wide range of crops and the first 

sign of soil stress to the root system [15-17,19-23]. Plants generate reactive oxygen species 

(ROS), which can cause the inactivation of enzymes, oxidation of protein, peroxidation of 

lipids, damage of DNA, and interaction with other damage to the plant cells [21-23]. The Al 

stress also negatively affects the chlorophyll and carotenoid content of plants. The decrease in 

chlorophyll contents in this study might be due to the interference of toxic metal ions with Mg 

uptake and transport of Mg [21,23], thereby affecting the synthesis of the chlorophyll molecule. 

The decrease in the Chl content can be due to enzymatic and oxidative degradation processes 

of Chl and carotenoid pigments under stress ([15-17,19-23].   

The Chl a/b ratio also significantly gradually increased with increasing concentration 

of Al. This also confirmed that the amount of Chl b was reduced compared to Chla with 

increasing Al stress condition. The chlorophyll ratio has been used as a stress indicator, and 

various researchers reported a higher Chl a/ b ratio during abiotic stress conditions [23,24]. A 

simultaneous decrease in Chl (Chl a and Chl b) and carotenoids indicates that all the 

photosynthetic pigment-protein complexes might be affected by Al toxicity under low pH. Still, 

the light-harvesting complexes to which most of the carotenoids and Chl b is attached might 

be more affected than the antenna Chl-pigment complexes of both photosystems (23, 24), 

thereby affecting photosynthesis and growth of groundnut seedlings under Al stress in acidic 

pH. The four varieties also responded differently to Al toxicity in the acidic soil environment. 

The overall results confirmed that the order of Al sensitivity among four selected varieties was, 

Girnar-3> BG-4 > ICGV9114 >Birsa bold. 

4. Conclusions 

      Four varieties of groundnut, namely Girnar-3, BG-4, ICGV-9114, and Birsa bold, 

were screened for their sensitivity toward aluminum. As expected, the neutral pH does not 

affect any of the parameters related to Al toxicity. Still, at the acidic pH, all plants showed 

varied tolerance toward aluminum. The most sensitive plant of the four varieties is Girnar-3. 

This screening of Al-sensitivity is very simple and quick and can be adapted to other plants for 

sustainable agriculture. Nevertheless, this study provides the basis for other studies to find out 

the mechanism involved during this process. 
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