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ABSTRACT 
 

 

Heavy metal poisoning and its accumulation in food chains are one of modern societies' main 

bioenvironmental and health problems. This study was conducted to investigate the effect of arsenic 

contamination in soil on the physiological characteristics of pistachio and alfalfa in the form of a 

completely randomized design. Plant and soil sampling was done in 8 regions of the Kerman province. 

The results related to the pigments showed that they were influenced in both pistachio and alfalfa by the 

region. The highest levels of chlorophyll a, chlorophyll b, and total-chl in the alfalfa plant were related to 

the Shahr-e-Babak region where a similar result was seen for pistachio. chl a (alfalfa (28.50±0.37), 

pistachio (30.33±0.32)), Chl b ((Alfalfa: 0.13±0.23), pistachio (9.10±0.11)), total-chl (Alfalfa (8.63±0.38 

(pistachio: 39.43±0.17)). The results of the regression trend of intra-tissue and peripheral arsenic changes 

also showed that the amount of peripheral arsenic was able to account for a higher percentage of changes 

in chl an in both plants and the changes model of chl due to changes in peripheral arsenic was as the 

second degree. But, the amount of chl b was affected by the amount of intera-tissue arsenic. The highest 

amount of flavonoid in pistachio was observed in Shahr-e-Babak and Bayaz regions (alfalfa (71.50±0.65), 

pistachio (74.50±1.32)) and the highest amount of carotenoid was obtained from Shahr-e-Babak, Bayaz, 

and Anar in alfalfa and pistachio. The amount of alfalfa flavonoid was more affected by intra-tissue 

arsenic, while in pistachio, the peripheral arsenic had more impact on flavonoids than intra-tissue arsenic. 

The highest amount of total carbohydrates in alfalfa and pistachios was observed from Shahr-e-Babak and 

Zarand regions, while the highest amount of protein was observed from Anar, Bayaz, and Kabutar-khan 

regions. In general, alfalfa is a more arsenic-accumulating plant, shows better resistance to it, and is less 

affected. 

  
DOI: 10.22126/ATIC.2022.8289.1064                                                 © The Author(s) 2022. Published by Razi University 

1. Introduction 

Increasing soil pollution due to heavy metals 

because of agricultural and industrial activities has 

become a serious environmental problem in today's 

world and caused concern around the globe (Alavi et al., 

2022; Khan et al., 2016; Shaban et al., 2015). Heavy metal 

poisoning and its accumulation in food chains are one 

of the main environmental and health problems of 

modern societies (Rasouli et al., 2020; Rizwan et al., 

2016). Although arsenic is found in a variety of soils, it 

usually occurs in a small quantity in most soils (Gupta 

et al., 2017). The concentration of arsenic in natural soils 
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around the world is about 5 mg/kg, and can vary 

depending on the source of the soil (Mitra et al., 2017). 

According to some reports, the arsenic content in 

agricultural soils has increased significantly in recent 

decades (Gupta et al., 2017). Its levels have been 

significantly increased by industrial activities such as 

melting heavy metals, coal fuel, glass production, and 

the current use of arsenic compounds in the production 

of fertilizers, pesticides, desiccants, and growth 

enhancers for poultry and other animals (Mitra et al., 

2017). Increasing the amount of arsenic is seriously 

worrying for humans and the environment (Mitra et al., 

https://doi.org/10.22126/atic.2022.8289.1064
https://creativecommons.org/licenses/by/4.0/
https://atic.razi.ac.ir/
https://atic.razi.ac.ir/
https://orcid.org/0000-0002-0354-4842
https://orcid.org/0000-0001-5879-0613
https://orcid.org/0000-0001-5281-4274
https://orcid.org/0000-0001-7210-5686


141  Yazdanpanah-Ravari et al / Agrotechniques in Industrial Crops, 2022, 2(3): 140-155 

 

  

2017). Threats and dangers of arsenic to animal and 

plant lives, as well as human health, are exacerbated by 

its long-term presence in the biosphere (Gupta et al., 

2017). 

The US Environmental Protection Agency (EPA) 

has classified arsenic as one of the most harmful 

elements in nature because it can cause countless 

serious diseases and disorders (Gupta et al., 2017; Mitra 

et al., 2017). In addition, the transfer of arsenic from soil 

to crops is a serious issue that causes significant human 

exposure (Rahman and Hassler, 2014). Researchers have 

reported that arsenic may be absorbed by plants and 

eventually passes into human food (Liu et al., 2014). It 

is obvious that arsenic at high concentrations inhibits 

the main phenomena of plant metabolism (Gupta et al., 

2017; Mitra et al., 2017). 

The toxic effects of arsenic cause physiological 

changes in plants, including chlorophyll depletion, 

transpiration, and photosynthetic capacity. It also 

causes chlorosis, dry and yellow leaves, and reduces 

reproductive capacity and yield (Liu et al., 2014). It has 

also been reported that major parts of plant roots are 

exposed to accumulation of arsenic, which their 

propagation may directly be affected. It is mostly due 

to displacement in plants, with reduced accumulation 

from the roots to parts above the ground (Pigna et al., 

2010). The most important causes of heavy metal 

toxicity are oxidative stress, dysfunction of pigments 

and changes in the activity of proteins (Rastgoo et al., 

2014). Arsenic can inhibit plant growth and also cause 

metabolic and physiological disorders (Kohli et al., 

2019). In an experiment, the effect of cadmium on 

alfalfa was investigated by another researcher 

(Mahmood et al., 2014). That the results showed that the 

growth, photosynthesis and content of photosynthetic 

pigments (chl a, b and total) were remarkably 

decreased by the presence of cadmium (90 and 120 

µML-1). 

Pistachio (Pistacia vera L.) is a subtropical plant of 

the Anacardiaceae family and is one of the major non-

oil export crops grown in arid and semi-arid regions. 

Pistachio is an important horticultural product. Iran is 

considered the main producer of pistachios. Evaluation 

of heavy metals in this export fruit is necessarily vital 

to protect public health (Karcı et al., 2022; Malakhov and 

Islamgulova, 2021). 

 Alfalfa (Medicago sativa L.) is also an important 

forage crop that is widely cultivated in several parts of 

the world. In addition, the increasing demand for 

protein-rich raw materials for livestock increases the 

tendency to plant forage communities to support small 

ruminants such as sheep and goats (Kovács et al., 2021). 

The issue of heavy metals pollution in alfalfa and 

pistachios can be important because these two plants 

are widely used in animal and human nutrition. Various 

studies have been performed on the effect of 

wastewater, solid waste and sludge on alfalfa growth 

and the accumulation of heavy metals in soil and their 

transfer to plants (Elfanssi et al., 2018). However, few 

researchers have addressed the issue of the 

accumulation of heavy metals in alfalfa and pistachios 

in industrial and non-industrial regions (Abid et al., 

2016). Kerman province is located in the southeast of 

Iran and in a region with the development of various 

industries and mines. This province occupies 11% of 

Iran's territory. In this regard, the aim of our work was 

to evaluate the accumulation of the heavy metal arsenic 

of alfalfa and pistachios in agricultural soils. 

 

2. Materials and methods  

This experiment was carried out in 2021 in Kerman 

province (54º, 21' – 59º, 34' E and 26º, 29' – 31º, 58' N). 

First of all, surface soil, the soil around the roots and 

the irrigation site soil were sampled from eight regions 

of Sirjan, Shahr-e-Babak, Bayaz, Anar, Kabutar-khan, 

Kazem-Abad, Zarand and Ravar, all located in the 

south and east of the province. Then, the air-dried 

samples were passed through a 2 mm sieve for 

laboratory analysis. 

 

2.1. Sampling of alfalfa and pistachios 

Samples of alfalfa (Bam cultivar) and pistachio 

(Bam cultivar) were collected in the growth stage in 

July, 2021. Three farms from each region and three 

samples from each farm were collected. Each farm was 

divided into three parts. From each section, three 1m2 

sites were randomly selected. All plants were collected 

from each location at a distance of 10 cm from the 

ground alfalfa with a knife and pistachio trees by hand. 

Then a 3 kg sample was taken from each site. Finally, 

three samples from each site were mixed and a 3kg 

sample was isolated from the total mixture (9 kg). 

Samples were sent to the laboratory to measure 

physiological traits and other chemical parameters in 

clean plastic bags. 
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2.2. Soil sampling 

Seventy-two soil samples were taken from alfalfa 

and pistachio fields. At each stage, three soil samples 

were collected from each field (Table 1). Soil sampling 

was performed from a depth of 30 cm. Before that, the 

soil surface containing fertilizer and 5cm solids was 

crushed using a steel shovel. Then 10 kg of soil samples 

from each field was mixed in a plastic bucket. Then a 3 

kg sample was isolated from the whole mixture (10 kg). 

The samples were then placed in a clean plastic bag and 

sent to the laboratory for further preparation. 

 

 

2.3. Plant sample preparation in the laboratory 

Alfalfa samples were placed in an oven at 105 °C for 

24 h to determine their dry matter. After calculating the 

dry matter, the dried samples were filtered through a 2 

mm diameter mesh sieve (Christy and Norris X26 

Hammermill). Then the samples were stored in a 

desiccator to determine nutrients. In order to prepare 

the ash for arsenic assay, 2 g of the dried sample was 

placed in a desiccator in a washable material and placed 

in an electric oven at 550 °C for 24 h. In the next step, 

acid digestion was performed by transferring the 

samples to 50 ml Erlenmeyer and then 5 ml of 

concentrated nitric acid was added. The solution was 

placed on a hot plate to complete dry digestion. The hot 

plate temperature was initially set at 25°C and slowly 

increased to 60, 105 and 120 °C. The samples were 

heated until the acid evaporated. Next, 10 ml of DDW 

containing 1% nitric acid was added. Finally, 

purification of the samples was accomplished by 

pouring solutions using Whatman paper into previously 

weighed beakers.  

 

2.4. Soil sample preparation in the laboratory 

Soil samples were dried in an oven at 105 °C to 

homogenize. Stones and other solids were removed via 

a 2-mm mesh diameter sieve. Next, 50 g of each sieved 

sample was weighed. In order to remove organic 

materials from soil samples, they were placed in an 

electric oven at 550 ° C for 30 min. To evaluate the 

heavy metals, 2 g of the samples were transferred into 

50-ml Erlenmeyer and about 12.5 ml of 4-ml nitric acid 

was added. The solution was then placed in an oven at 

80 °C for 24 h. After the acid evaporated, 10 ml of 

DDW containing 1% nitric acid was added up. The 

following steps were similar to the soil preparation 

steps (Pinto Vilar and Ikuma, 2022). 

 

2.5. Arsenic assay 

To measure arsenic, standard solutions (1000 mg/L) 

were purchased from Merck company, Germany. This 

solution was diluted sequentially using DDW to obtain 

the required concentration and standards. All samples 

were kept in 10% nitric acid solution for 24 h and 

washed with DDW. After the preparation of the 

samples, Australian Plasma Light Emission 

Spectroscopy (ICP-OES Vista-MPX) was used to 

Table 1. The details of soil samples were taken from alfalfa and pistachio fields. 

 Clay (%) Silt (%) Sand (%) 
Organic 

matter (%) 
pH EC (ds/m) 

Total As 

(mg/kg) 
P (mg/kg) 

Sirjan 26.03 ± 2.95b 
32.07 ± 

2.10bc 

39.07 ± 

3.00c 
0.74 ± 0.03cd 

8.23 ± 

0.15a 

1.02 ± 

0.07c 
1023 ± 42bc 12.83 ± 0.75e 

Shahr-e Babak 44.00 ± 3.50a 39.10 ± 3.85a 
17.00 ± 

1.70d 
0.56 ± 0.02f 

8.50 ± 

0.21a 

0.58 ± 

0.04e 
1200 ± 62a 21.23 ± 0.70a 

Bayaz 28.00 ± 3.00b 
36.00 ± 

1.51ab 

36.00 ± 

3.00c 
0.78 ± 0.04bc 

8.47 ± 

0.15a 

0.71 ± 

0.04d 
1055 ± 44b 

18.43 ± 

0.45b 

Anar 26.03 ± 2.45b 37.00 ± 2.03a 
36.00 ± 

2.60c 
0.97 ± 0.05a 

8.53 ± 

0.25a 

0.52 ± 

0.03e 
998 ± 36bc 

19.27 ± 

0.65b 

Kabootarkhan 24.07 ± 1.90b 29.07 ± 2.91c 
46.03 ± 

2.93b 
0.71 ± 0.04de 

8.20 ± 

0.21a 

0.69 ± 

0.04d 
989 ± 27c 

15.37 ± 

0.43d 

Kazem Abad 27.03 ± 1.95b 39.03 ± 2.92a 
35.07 ± 

2.91c 
0.81 ± 0.03b 

8.27 ± 

0.14a 

0.77 ± 

0.03d 
551 ± 27d 17.23 ± 0.57c 

Zarand 14.07 ± 1.41c 22.07 ± 1.89d 
62.07 ± 

2.93a 
0.68 ± 0.04e 

8.33 ± 

0.23a 

1.33 ± 

0.05b 
34 ± 2e 12.27 ± 0.66e 

Ravar 16.03 ± 1.93c 20.03 ± 1.94d 
61.00 ± 

3.00a 
0.74 ± 0.05cd 

8.30 ± 

0.20a 

1.72 ± 

0.07a 
15 ± 2e 9.63 ± 0.46f 

Values marked with the same letters are not significantly different (LSD, p < 0.05). All the values are means of four replicates ± SD. 
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determine the concentration of arsenic in alfalfa, 

pistachio and soil samples. 

 

2.6. Photosynthetic pigments assay 

Measurement of photosynthetic pigments was 

performed with 80% acetone according to the 

Lichtenthaler method (Lichtenthaler, 1987). The 

adsorption intensities of the solutions were read at 

663.2, 646.8 and 470 wavelengths for chl a, b and 

carotenoids by spectrophotometer (1240 UV/min 

model of Shimadzu, Japan), respectively. 

 

2.7. Soluble carbohydrates assay 

The amount of carbohydrates was measured using 

the method by previous research (Irigoyen et al., 1992). 

 

2.8. Total protein assay 

To measure the amount of protein, 0.5 g of the 

powdered sample by liquid nitrogen was taken and then 

3 ml of extraction buffer was added. Next, the prepared 

mixture was centrifuged at 11500 rpm and 4 °C for 21 

min. The upper part of the extract was removed and the 

extract was subsequently centrifuged again at 4,000 

rpm for 20 min. After this step, 5 ml of Bradford 

reagent and 290 μl of extraction buffer were mixed 

together and then 10 μl of the prepared extracts was 

added. Afterward, the final mixture was placed in the 

spectrophotometer at 590 nm to determine the 

absorption value (Bradford, 1976). 

 

2.9. Flavonoids assay 

To measure the total flavonoid content, first 0.5 ml 

of previously prepared methanolic extract (1 g of dried 

fruit sample in 10 ml of 80% methanol) was mixed with 

1.5 ml of methanol, 0.1 ml/L of 10% aluminum 

chloride in ethanol (10 g of aluminum chloride in 100 

ml of ethanol and DDW), 0.1 ml of 1 M potassium 

acetate (2.41g per 10 ml of DDW) and 2.8 ml of DDW. 

Instead of methanolic extract, only pure methanol was 

used as the control. The mixture was kept in the dark 

for 30 min and then its absorption was immediately 

read at 415 nm by spectrophotometer (UV / VIS 2800). 

Total flavonoid content was determined according to 

the standard quercetin line (Chang et al., 2002). For this 

purpose, different concentrations of quercetin standard 

were made and after reading the adsorption numbers, 

the amount of flavonoid was calculated using Equation 

below: 
 

Y=0.012x+0.0722                                                                (1) 
 

2.10. Statistical analysis 

Statistical analysis of data was performed using SAS 

software version 9.2 and graphs were drawn with 

Excel. The mean comparison was calculated based on 

Duncan's test at the level of 5%.  

 

Table 2. Results of variance analysis of photosynthetic pigments in alfalfa and pistachio in different regions of 

Kerman province. 

Sources of 

Variation 
df 

Mean Square 

Chl a)mg/l) Chl b(mg/l) Total-chl(mg/l) 

alfalfa pistachio alfalfa pistachio alfalfa pistachio 

Region 7 72.65* 23.62** 5.73** 6.37** 101.5** 48.3** 

Error 24 25.07 3.51 0.484 0.182 25.62 3.414 

CV (%)  20.4 6.6 8 5.3 15.2 5.1 
ns, * and ** are non-significant, significant at the 5 and 1% levels respectively. 

 

Table 3. Mean comparison results of photosynthetic pigments in alfalfa and pistachio in different regions of Kerman province. 

Region 
Chl a (mg/g) Chl b (mg/g) Total-chl (mg/g) 

alfalfa pistachio alfalfa pistachio alfalfa pistachio 

Sirjan 24.93±.0.32a 29.88±0.32a 9.28±0.34ab 7.15±0.27c 34.20±0.60ab 37.03±0.53ab 

Shahr-e-Babak 28.50±0.37a 30.33±0.32a 10.13±0.23a 9.10±0.11a 38.63±0.38a 39.43±0.17a 

Bayaz 27.98±0.14a 29.15±0.10a 9.85±0.24a 9.65±0.19a 37.83±0.17a 38.8±0.11a 

Anar 28.30±0.58a 29.65±0.16a 9.35±0.47a 9.18±0.15a 37.65±0.30a 38.83±0.28a 

Kabootar-Khan 22.13±0.24ab 24.20±0.39b 7.13±0.14c 6.93±0.08c 29.25±0.32bc 31.13±0.43c 

Kazem-Abad 16.33±7.02b 27.43±1.34a 8.28±0.198b 7.47±0.21c 24.60±7.06c 34.9±1.21b 

Zarand 26.23±0.25a 29.58±0.26a 7.23±0.23c 8.30±0.19b 33.45±0.27ab 37.88±0.43a 

Ravar 21.50±0.35ab 24.65±2.20b 7.63±0.60c 6.10±0.37d 29.13±0.77bc 30.75±2.1c 

The different letters in each column indicate a significant difference by Duncan's multiple range test at the 5% level.  
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3. Results and discussion 

3.1. Pigments 

The results of the main pigment, such as chl a, chl b 

and total-chl, showed that these pigments in both plants 

had been affected by the region (Table 2). Means 

comparison results displayed that the highest level of 

chl a (28.5 mg/g) in alfalfa belonged to the Shahr-e-

Babak region, which was not significantly different 

from other regions except Kazem-Abad. The trend of 

changes of this pigment in pistachio was similar to 

alfalfa and its highest level, with an average of 30.33 

mg/g was observed from the same region (Table 3). 

The results of chl b and total-chl also showed that the 

highest amount of which in both alfalfa and pistachio 

related to Shahr-e-Babak region with averages of 10.13 

and 9.10 mg/g for chl b, and 38.6 and 39.4 mg/g for 

total-chl, which were not significantly different in 

Bayaz and Anar regions and were placed in a similar 

statistical class. The lowest level of chl b in both plants 

was related to the Kabutar-Khan region, which was in 

the same statistical class as the Kazem-Abad region 

(Table 3). 

The results of the regression trend of intra-tissue and 

peripheral arsenic changes with changes in pigments 

also showed that the level of peripheral arsenic could 

account for a higher percentage of changes in chl a in 

both plants and the coefficient of determination of this 

model was 0.908 and 0.848. While the coefficient of 

determination of the intra-tissue arsenic model was 

lower (Fig. 1). The model of changes in chl a due to 

changes in the level of peripheral arsenic was as the 

second degree. At low concentrations of arsenic, the 

amount of chl a decreased, but at concentrations of 600 

mg/kg and above that, the amount of Chl a conversely 

increased, and this change was more severe in alfalfa 

than in pistachios (Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Regression model between the change of Chl a in alfalfa and pistachio due to the effect of intra-tissue arsenic (a) and total soil arsenic (b) in 

different regions of Kerman. 
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The results also showed that the amount of chl b in 

comparison to chl a was more affected by the amount 

of intra-tissue arsenic than peripheral arsenic. The trend 

of changes of this pigment due to intra-tissue arsenic in 

alfalfa was as the second degree and in pistachio was 

linear, but due to peripheral arsenic in both plants, it 

was linear. It was also found that in both conditions, the 

coefficient of determination in alfalfa was higher than 

that of pistachios (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Regression model between changes in the level of chl b in alfalfa and pistachio due to the effect of intra-tissue arsenic (a) and total soil 

arsenic (b) in different regions of Kerman. 
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Figure 3. Regression model between changes in the level of total-chl in alfalfa and pistachio due to the effect of intra-tissue arsenic (a) and total soil 

arsenic (b) in different regions of Kerman. 
 

3.2. Accessory pigments 

The results of flavonoid and carotenoid content in 

the studied plants also showed that flavonoids were 

affected only in pistachio by the region. In contrast, the 

content of carotenoids in both plants was affected by 

the region (Table 4). Mean comparison showed that the 

highest content of flavonoids in pistachio was related 

to Shahr-e-Babak and Bayaz regions which were not 

statistically different from each other and pistachio 

leaves of the mentioned regions had about 74.5 and 76 

µg/g of flavonoids. The range of flavonoid fluctuations 

in alfalfa was 61.2 to 71.5 μg / g (Table 5). The results 

of carotenoid also showed that Shahr-e-Babak, Bayaz 

and Anar regions had the highest level of carotenoid in 

both alfalfa and pistachio. The lowest amount of this 

pigment was related to the Ravar region (Table 5).

 

Table 4. Results of variance analysis of accessory pigments in alfalfa and pistachio in different regions of Kerman province 

Sources of Variation 
Degree of Freedom 

(df) 

Mean Square 

Flavonoids(µg/l) Carotenoids(µg/l) 

alfalfa pistachio alfalfa pistachio 

Region 7 66.138 131.14 8.411 9.79 

Error 24 36.51 1.83 0.077 0.165 

Coefficient of Variation (CV) 

(%) 
 9.1 1.97 5.4 5.71 

ns, * and ** are non-significant, significant at the 5 and 1% levels, respectively. 

 

Table 5. Mean comparison results of accessory pigments in alfalfa and pistachio in different regions of Kerman province. 

Region 
Flavonoids (μg/g) Carotenoids (μg/g) 

alfalfa pistachio alfalfa pistachio 

Sirjan 65.50±0.29ab 70.00±0.41b 5.40±0.16b 7.23±0.11b 

Shahr-e-Babak 71.50±0.65a 74.50±1.32a 6.75±0.09a 8.78±0.22a 

Bayaz 63.25±8.44ab 76.00±0.71a 6.73±0.16a 8.70±0.09a 

Anar 69.25±0.48ab 69.77±0.63b 6.33±0.17a 8.43±0.28a 

Kabootar-Khan 61.25±0.48b 60.75±0.48b 3.35±0.12d 6.03±0.11c 

Kazem-Abad 65.00±0.41ab 64.00±0.41c 3.83±0.13c 6.28±0.28c 

Zarand 69.50±0.50ab 71.25±0.48b 5.45±0.13b 7.33±0.09b 

Ravar 61.50±0.65ab 61.75±0.48d 3.38±0.16d 4.25±0.29d 

The different letters in each column indicate a significant difference by Duncan's multiple range test at the 5% level. 

 

Table 6. Results of variance analysis of protein and total carbohydrate in alfalfa and pistachio in different regions of Kerman 

province. 

Sources of Variation 
Degree of Freedom 

(df) 

Mean Square 

Protein(mg/l) Carbohydrate(mg/l) 

alfalfa pistachio alfalfa pistachio 

Region 7 52.35 164.83 4.73 4.32 

Error 24 1.208 1.791 1.505 0.501 

Coefficient of Variation (CV) (%)  2.01 1.8 8.3 13.05 
ns, * and ** are non-significant, significant at the 5 and 1% levels, respectively. 

ya = 3E-05x2 - 0.025x + 31.65

R² = 0.6677

yp = 0.0031x + 33.799

R² = 0.1826

0

5

10

15

20

25

30

35

40

45

0 200 400 600 800 1000 1200 1400

T
o

ta
l 

ch
o

lo
ro

p
h

y
ll

 (
m

g
/g

 w
et

 W
)

Peripheral arsenic level (mg/kg)

(b)

Alfalfa 

Pistachio 

Alfalfa Poly 

Pistachio Linear 



147  Yazdanpanah-Ravari et al / Agrotechniques in Industrial Crops, 2022, 2(3): 140-155 

 

 

The results of the regression model of these traits in 

the amount of intra-tissue arsenic and peripheral 

arsenic were also determined. The amount of alfalfa 

flavonoids were more affected by intra-tissue arsenic 

while the content of pistachio flavonoids was more 

affected by peripheral arsenic. Changes in this pigment 

in both plants were the second degree in both 

conditions (Fig. 4). It was also found that carotenoids 

in both plants were more affected by the level of intra-

tissue arsenic and the coefficient of determination of 

their equations was higher than that of peripheral 

arsenic. Changes of this pigment in alfalfa were as the 

second degree, but in pistachio in intra-tissue arsenic 

conditions and peripheral arsenic were linear and as the 

second degree, respectively (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Regression model between changes in flavonoid content in alfalfa and pistachio due to the effect of intra-tissue arsenic (a) and total soil 

arsenic (b) in different regions of Kerman. 
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Figure 5. Regression model between changes in carotenoid content in alfalfa and pistachio due to the effect of intra-tissue arsenic (a) and total soil 

arsenic (b) in different regions of Kerman. 

 

3.3. Total carbohydrates and protein  

Leaf protein and carbohydrate levels in alfalfa and 

pistachios, like most other traits, were significantly 

different in the studied reigns (Table 6). According to 

the results shown in Table 7, Shahr-e-Babak and 

Zarand regions had the highest amount of TCARB in 

alfalfa and pistachio, but the highest amount of protein 

was observed from Anar, Bayaz and Kabutar-khan 

regions. The lowest amount of TCARB in both plants 

was relevant to the Ravar region. While the lowest 

amount of protein was obtained from the Zarand 

region.

 

Table 6. Results of variance analysis of protein and total carbohydrate in alfalfa and pistachio in different regions of Kerman 

province. 

Sources of Variation 
Degree of Freedom 

(df) 

Mean Square 

Protein(mg/l) Carbohydrate(mg/l) 

alfalfa pistachio alfalfa pistachio 

Region 7 52.35 164.83 4.73 4.32 

Error 24 1.208 1.791 1.505 0.501 

Coefficient of Variation (CV) 

(%) 
 2.01 1.8 8.3 13.05 

ns, * and ** are non-significant, significant at the 5 and 1% levels, respectively. 

 

Table 7. Mean comparison results of protein and total carbohydrate in alfalfa and pistachio in different regions of Kerman 

province. 

Region 
Protein (mg/g) Total carbohydrate (mg/g) 

alfalfa pistachio alfalfa pistachio 

Sirjan 55.00±0.71c 72.25±0.48cd 13.88±0.18b 4.68±0.20c 

Shahr-e-Babak 58.75±0.48a 76.00±0.71ab 13.45±0.23b 5.23±0.28bc 

Bayaz 51.50±0.65e 61.00±0.71e 15.4±0.56ab 4.95±0.74bc 

Anar 57.00±0.41b 74.00±0.41bc 15.9±0.78a 6.03±0.36ab 

Kabootar-Khan 53.50±0.65cd 74.00±0.91bc 15.08±1.07ab 5.95±0.25ab 

Kazem-Abad 53.25±0.48d 71.25±0.63d 13.95±0.32b 6.83±0.38a 

Zarand 59.25±0.48a 77.25±0.48a 13.83±0.43b 3.43±0.05d 

Ravar 48.75±0.48f 60.75±0.85a 16.33±0.75a 4.75±0.09c 

The different letters in each column indicate a significant difference by Duncan's multiple range test at the 5% level. 

The results of the regression model of changes in 

protein and total carbohydrate in intra-tissue and 

peripheral arsenic also showed that changes in total 

carbohydrate had no significant and acceptable 

relationship with intra-tissue and peripheral arsenic 

changes, but this model was able to predict changes in 

pistachio protein better than in carbohydrates. In a way, 

the coefficient of determination between changes in 

pistachio protein and peripheral arsenic was 0.630 (Fig. 

6 and 7). 
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Figure 6. Regression model between changes in total carbohydrate content in alfalfa and pistachio due to the effect of intra-tissue arsenic (a) and total 

soil arsenic (b) in different regions of Kerman. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7. Regression model between changes in protein content in alfalfa and pistachio due to the effect of intra-tissue arsenic (a) and total soil 

arsenic (b) in different regions of Kerman. 
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Among the processes that are affected by stress 

caused by heavy metals are photosynthesis and 

photosynthetic pigments. Photosynthesis is one of the 

most sensitive metabolic processes to heavy metal 

toxicity and several studies have reported 

photosynthetic inhibition in various plants grown under 

heavy metal stress (Reddy et al., 2005b). Heavy metals 

cause iron deficiency in shoots by disordering metal 

homeostasis (Fodor et al., 2005). Subsequently, the 

biological synthesis of chlorophylls, the formation of 

protein-chlorophyll complexes, and the formation of 

thylakoid membranes would be disrupted (Basa et al., 

2014). Arsenic may reduce photosynthesis by opening 

stigmas, damaging the ultrastructural organization of 

chloroplasts, altering photosynthetic metabolites, 

replacing ions such as magnesium and manganese, etc. 

with heavy metals such as arsenic in chloroplasts, and 

preventing inductive photosynthetic pigments 

formation or degradation. 

Heavy metals stresses such as arsenic also induce 

oxidative stress through the overproduction of reactive 

oxygen species, including superoxide radicals, 

hydroxyl radicals, and hydrogen peroxide (Hamidi et al., 

2020; Reddy et al., 2005a). Heavy metal stresses have a 

direct effect on photosynthesis, mainly by reducing 

chlorophyll synthesis (Boddu et al., 2008). The reduction 

of pigments is due to the increase in the production of 

oxygen-free radicals, which cause peroxidation and, 

consequently, the decomposition of chlorophylls 

(Schutz and Fangmier, 2001). In an experiment (Amini and 

Amirjani, 2012), the results showed that total-chl content 

was significantly reduced by nickel and lead treatments 

(4replications) in alfalfa compared to the control plant. 

In a study of the stress of different concentrations of 

nickel, lead, and zinc in maize, net photosynthesis 

decreased and the rate of reduction was higher at high 

concentrations and long treatment times (Heckathorn et 

al., 2004). Also, the reduction of chlorophyll content by 

another heavy metal, such as cadmium in Riccia sp. has 

been reported by previous research (Prasad et al., 2004). 

The results showed (Babaakbari-Sari et al., 2013) that the 

chlorophyll index of leaves in plants grown in arsenic-

contaminated soil, compared to non-contaminated soil, 

resulted in a significant decrease at the level of 1%. 

Research (Shaibur et al., 2009) by planting rice in an 

aqueous culture medium showed that by increasing the 

concentration of arsenic in the nutrient solution from 0 

to 26.8 µML-1, the leaf chlorophyll index decreased 

from 30 to less than 10. 

Arsenic and iron showed a negative interaction. 

With increasing the concentration of dissolved arsenic, 

the concentration of iron in the aerial part of the plant 

decreased, but it was the opposite in the roots. Also, the 

plants became yellow and chlorinated. The stress of 

heavy metals such as arsenic has destructive effects on 

photosynthetic rate and intracellular CO2 

concentration and can interfere by replacing the 

manganese ions with cadmium ions in chlorophyll 

molecules, production of fluorescent dyes in 

magnesium chlorophylls, with photosynthetic 

pigments (Jing et al., 2005). The toxic effects of heavy 

metals can reduce chlorophyll and, consequently, 

photosynthesis, which can lead to cell aging and death 

(El-Mahrouk et al., 2019; Fatima et al., 2021). In an 

experiment, arsenic toxicity led to a decrease in relative 

water content, photosynthesis rate, stomatal 

conductance, transpiration, and chlorophyll content in 

wheat (Maghsoudi et al., 2020). It was reported (Gill et al., 

2012) that higher concentrations of cadmium resulted in 

a reduction of photosynthesis and nitrogen metabolism 

in Lepidium sativum L. Similarly, in tomato 

(Lycopersicon esculentum), low cadmium 

concentrations (10 mM) had no effect on 

photosynthesis, but higher concentrations (100 μM) in 

nutrient solution reduced photosynthesis and 

photosynthetic pigment concentrations (López-Millán et 

al., 2009). 

The biological synthesis of several cellular 

biomolecules is the main mechanism for tolerating or 

neutralizing metal toxicity which involves the 

induction of many components such as amino acids, 

organic acids, hormones and phenolic compounds 

(Viehweger, 2014). It was related (Bizzo et al., 2014) that 

Salvinia auriculata Aubl electrolyte leakage ranged 

from 14 to 82% and lipid peroxidation ranged from 7 

to 46 nmol / m2, while soluble flavonoids and 

carbohydrates decreased with increasing copper 

concentration. Also, anthocyanins, phenolic 

compounds and proline were increased to 0.1 mm of 

copper, indicating the adaptation of plants to stress 

caused directly by reactive oxygen species. In an 

experiment on bean, the main and accessory pigments 

in seedlings treated with lead metal gradually 

decreased with increasing the lead concentration. 



151  Yazdanpanah-Ravari et al / Agrotechniques in Industrial Crops, 2022, 2(3): 140-155 

 

  

The decrease in chlorophyll and carotenoid content 

in seedlings under lead stress may be due to the 

inhibitory effect of lead on an enzyme involved in 

pigment biosynthesis (Singh et al., 2017). It was shown 

(Tegelberg et al., 2004) that there is a relationship 

between the amount of phenol and flavonoid in plants 

and the activity of the polyphenol oxidase enzyme. So, 

by increasing the concentration of total soluble phenol, 

the activity of the polyphenol oxidase enzyme 

increases and makes the plant resistant to stress. 

Carotenoids, flavonoids and anthocyanins are 

protective mechanisms that protect the plant from 

oxidative stress by scavenging free radicals (Woodson 

and Lawton, 1988). Carotenoids generally play an 

important role in inactivating reactive oxygen species 

and inhibiting free radicals due to their ability to 

transfer energy to photosynthesis and their role in light 

protection (Jithesh et al., 2006). The results of treatment 

with heavy elements in common beans (Phaseolus 

vulgaris) showed a significant increase in flavonoids 

(Sakihama and Yamasaki, 2002). In general, flavonoids 

are believed to prevent oxidative damage by 

scavenging several types of reactive oxygen species 

and disrupting radical chain reactions during lipid 

peroxidation. 

Heavy metals such as arsenic have a detrimental 

effect on the physiological processes of plants. 

Therefore, they have an impact on growth and 

productivity. It is evident that heavy metal affects the 

content of photosynthetic pigments, sugars and 

proteins (Bhardwaj et al., 2009). Various enzymes can be 

inactivated by connecting the heavy metals with the 

enzymes (Pinho and Ladeiro, 2012). Sugars and proteins 

are energy-rich compounds that provide the necessary 

energy for the biosynthesis of compounds required by 

plants. The sugar and protein content in plants that are 

exposed to adverse conditions can be different. Thus, 

membrane permeability would be influenced and 

changes (Singh et al., 2017). Heavy metal reduces 

protein content which may be due to the inhibition of 

protein synthesis or protein degradation (Palma et al., 

2002). It was reported (Costa and Spitz, 1997) a decrease 

in protein levels in Lupinus albus under heavy metal 

stress. 

Heavy metal oxidative stress, such as arsenic, may 

cause a decrease in protein content (Bharwana et al., 

2013). Heavy metals in plants disrupt metabolic 

activities and gradually reduce the sugar content. The 

reduction of photosynthetic pigments inhibits 

photosynthetic activity, which directly reduces the 

sugar content (Hussain et al., 2013). In a study 

(Maghsoudi et al., 2020), the toxicity of arsenic increased 

the accumulation of osmotic active molecules such as 

proline, soluble proteins and soluble sugars in wheat. 

There is no question that increasing the amount of 

proline and soluble sugars in plants due to their active 

role in membrane stabilization, protection of enzyme 

structure, osmotic regulation and defense against 

hydroxyl radicals, is necessary to withstand the stress 

of heavy metals (Ghodke et al., 2018). It was conducted 

(Stiborová et al., 1987), heavy metals interact with the 

ribulose-bis-phosphate carboxylase reaction center and 

have a negative effect by inhibiting carboxylation. 

It was conducted (Singh et al., 2017) that 

photosynthetic pigments, soluble sugar and protein 

were reduced in the presence of arsenic, which was in 

line with the findings of previous research (Bhardwaj et 

al., 2009). It has also been reported that the amount of 

reducing sugars in rice seedlings under cadmium stress 

increased from 5 to 20 days, while the amount of non-

reducing sugars decreased (Ramos et al., 2002). 

Furthermore, proteins, as one of the dominant 

constituents in the cell, can be attacked by free radicals. 

They play a variety of structural, catalytic, and 

functional roles in the cell. And the oxidation of them 

influences their function (Valko et al., 2016). Oxidative 

damage due to heavy metals, including cadmium, has 

many destructive consequences in plants. 

Due to the abundance of proteins in living systems, 

they undergo a wide range of changes by the influence 

of stress. Oxidation of proteins and their sensitivity to 

protease are from the changes and kind of oxidative 

stress caused by heavy metals (Romero-Puertas et al., 

2002). It was conducted (Bafeel, 2010; Pourrut et al., 2011) 

that increasing the concentration of lead stress resulted 

in a reduction of the protein content in the plant. Protein 

biosynthesis reduction in plants due to oxidative stress 

caused by lead may cause changes in cell membranes 

and their effect on protein and sugar metabolism in the 

total plant metabolism, which can be a justification for 

the reduced growth observed in plants (Bafeel, 2010). In 

another study, the treatment of cadmium chloride 

increased the amount of total protein and soluble sugar. 

Also, with increasing the cadmium concentration, the 

activity of catalase, peroxidase and polyphenol oxidase 

enzymes increased (Raeesi Sadati et al., 2016). 
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 Moreover, an increase in the amount of soluble 

sugar due to the treatment with cadmium chloride in 

canola, safflower and lentil plants has been reported by 

other researchers (Nooranizadeh and Kafilzadeh, 2011). 

They reported that the total leaf protein content of the 

bean plant decreased with increasing the cadmium 

concentration (6 and 8 g/kg soil) compared to the 

control plants (Bhardwaj et al., 2009). Heavy metal 

stresses with the production of oxygen-free radicals 

have a high affinity for protein and cause them to 

oxidize (Khudsar et al., 2001). 

 

4. Conclusion  

The results of the present study illustrated that the 

main and accessory pigments, total protein and 

carbohydrates, in both plants were affected by the 

region. In a way that the highest main pigments in 

alfalfa and pistachio were related to Shahr-e-Babak 

region. The amount of peripheral arsenic could allocate 

more proportion of changes in Chl a in both plants. The 

trend of changes in alfalfa was as the second degree and 

it was linear in pistachios. The level of alfalfa 

flavonoids was more affected by intra-tissue arsenic, 

while the level of pistachio flavonoids was more 

influenced by peripheral arsenic. It was also found that 

the values of carotenoids in both plants were more 

influenced by the amount of intra-tissue arsenic. In 

general, the best region from the point of view of 

adaptation to arsenic and in terms of main and 

accessory pigments was Shahr-e-Babak which most of 

the traits were found to be affected by intra-tissue 

arsenic. 

 

Abbreviation 

Chl a: Chlorophyll a 

Chl b: Chlorophyll b 

Total chl: total chlorophyll 

DDW: Double Distilled Water 

TCARB: Total carbohydrates 
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