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Abstract 
 Seeds of Pisum sativum  var. Arikil were treated for 6 hrs with different concentrations of aluminum 
sulfate varying from 25, 50, 75, 100, 125 and 150 ppm. By observing the percentage of seed germination 
(PSG), radicle length (RL), mitotic index (MI) and chromosomal aberrations (CAs) in root tips of P. sativum  
the effect of Al was evaluated. Reduction in PSG and RL compared to that of part of control reveals that Al 
had substantial inhibiting effect on the root meristem activity of P. sativum. However, Al treatment also 
reduced MI in a dose-dependent manner when compared with control. With increasing concentrations of Al 
treatment, the overall percentage of aberrations usually increased. Sticky chromosome (STC), C-mitosis (C-
M), Fragment (FR), Precocious Separation (PS) and Bridges (BR) were the most common aberrations 
observed in the present study. 
 

Introduction 
 It is generally assumed that Al has no harmful effect on living organisms. Since Al rapidly 
forms insoluble compounds due to its reactivity, it is unable to penetrate into cells and tissues and 
so it is harmless to living organisms. However, in case of acid rains, Al may become soluble and 
react with DNA structure and thus can change their functions similar to calcium and magnesium 
(Wang and Kao 2004). Al is the most abundant metallic element in the earth crust after silicon and 
oxygen (Matsumoto and Motoda 2012, Silva 2012). 
 In the environment, main consideration should be given to assess potential Al toxicity. It is 
reported that in cultured human lymphocytes, Al treatment increased chromosomal aberrations, 
sister chromatid exchanges and micronuclei (Lankoff et al. 2006, Lima et al. 2007). Al treatment 
caused cell death in barley and S. cerevisiae  (Pan et al. 2001, Zheng et al. 2007). 
 In order to identify the genotoxic effects of environmental pollutants, Plant bioassays are 
simpler and sensitive as compared to most other systems (Maluszynska and Juchimiuk 2005, 
Siddiqui  2012, 2015). 
 Pisum sativum (2n = 14) is a self-pollinated and dicotyledonous plant belonging to the family 
Fabaceae. It is a short duration crop and is used mainly as vegetable and manure. It is also used in 
the preparation of various ayurvedic medicines (Duke 1981, Davies et al. 1985). In India, it is 
used as an important source of protein in the diet. Though it is a multipurpose crop but only a few 
studies are available of the toxic effects of Al on P. sativum var. Arikil. In the present study, P. 
sativum var. Arikil was used to investigate the cytogenetic toxicity of aluminum sulfate in root tip 
of germinated seed. 
 

Materials and Methods 
 Certified seeds of Pisum sativum var. Arikil were obtained from Agriculture seed bank, Govt. 
of Uttar Pradesh, Jhansi, India. Aluminum  sulfate  Al2  (SO4)3,  molecular weight (342.131 g/mol)   
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was procured  from Central Drug House (P) Ltd., New Delhi. Dry and healthy seeds of P. sativum 
of equal size and selected, were surface sterilized with 0.5% of sodium hypochlorite solution for 
15 min and washed thoroughly with distilled water. They were finally soaked in double distilled 
water for 6 hrs. The seeds were then soaked in a glass beaker of 500 ml having 250 ml of Al 
solution of different concentrations {CN (Control), 25, 50, 75, 100, 125 and 150 ppm} for 6 hrs. 
Thirty seeds were taken from each group. The seeds were thoroughly washed 2 - 3 times in 
running tap water, in order to remove traces of Al sticking to the seed coat. The seeds were then 
spread over moist cotton which was kept in Petri dishes of 15 cm diameter. Next they were placed 
for further observation in a Biological Oxygen Demand Incubator (BOD) at 24 ± 20C. At every 24 
hrs interval, the germination potential of seeds and radicle length  were analyzed. This experiment 
was repeated thrice under similar conditions. 
 For cytogenetic analysis, root tips of germinated seeds were treated with different 
concentrations of Al. By using the method of Qian (1998) with minor  modifications, chromosome 
preparations were made. The root tips were cut and fixed for 24 hrs in Carnoy’s fixative (3 : 1, 
anhydrous alcohol : glacial acetic acid). They were transferred to 70% alcohol and stored in the 
refrigerator for further use. For 20 min, root tips were hydrolyzed at room temperature in 5N HCl. 
They were stained for one hr in 2% acetocarmine solution. By using squash technique as 
illustrated by Savaskan and Toker (1991), chromosome spreads were prepared. All slides were 
coded and examined blind, in order to overcome the observer biasness. For studying mitotic index 
(MI), from each preparation, a total of 500 cells was scored and it is expressed in terms of 
percentage. In minimum of 100 metaphase-anaphase plates, different types of chromosomal 
aberrations such as sticky chromosome, C-mitosis, fragment,  precocious separation and  bridges 
were studied. 
 By employing one way ANOVA test using GPIS software 1.13 (GRAPHPAD, California, 
USA), statistical analysis was performed in order to detect the significance of differences of 
variables. All values are expressed  in terms of mean ± SE. 
 
Results and Discussion 
 The effect of different concentrations of Al on germination of P. sativum seeds is shown in 
Fig. 1. A dose-dependent inhibitory effect on seed germination was found. At 48 hrs after the 
treatment, Al induced a significant reduction in seed germination at all the doses (75-150 ppm) 
compared to control group (p < 0.05 and p < 0.01). In group treated with  (100 - 150 ppm) of Al, 
only 30% seeds germinated at 24 hrs. When the seed germination was observed at 24 and 72 hrs 
after treatment, a similar trend was observed, although at the lowest dose (25 ppm) it had a non-
significant effect on seed germination. At 72 hrs after treatment 100% of the seeds germinated in 
control group which was only 93 and 90% in seeds treated with 100 ppm and 125-150 ppm of Al, 
respectively.  
 As shown in (Fig. 2) in untreated seeds (control group) of P. sativum radicle length increased 
with the increase in time interval and that were 0.3 ± 0.08 at 24 hrs, 1.26 ± 0.36 at 48 hrs and 3.22 
± 0.65 at 72 hrs. Al did not have any significant effect on radicle length when compared to control 
group at lower concentrations (25 and 50 ppm) at all time intervals (24, 48 and 72 hrs). A 
significant reduction was observed in radicle length when compared to control, at higher 
concentrations (100, 125 and 150 ppm) at all time intervals (24, 48 and 72 hrs). In treated seeds, at 
25 ppm maximum radicle length was recorded (0.03 ± 0.06) at 24 hrs, (1.26 ± 0.36) at 48 hrs and 
(2.1 ± 0.52) at 72 hrs time interval. At 150 ppm, no radicle length was recorded at 24 hrs and 
minimum radicle length recorded (0.69 ± 0.20) was at 48 hrs and (1.12 ± 0.66) at 72 hrs time 
interval. 
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Fig. 1. Effect of different concentrations of Al on the germination of P. sativum var. Arikil seeds at various 

time intervals. b = p < 0.01 highly significant; c = p < 0.05 significant compared to control; CN = 
Control. 

 
 The cell division frequency is determined in the form of mitotic index (Fig. 3). The control 
group showed a mitotic index  of 13.33 ± 2.3. In seeds treated with Al, mitotic index was observed 
to decrease with the increase of concentrations in a dose-dependent manner. As compared to 
control (p < 0.01), Al treatment resulted in a significant reduction in mitotic index in all 
concentrations (25 to 150 ppm). Mitotic index was five times lower than the control group (2.66  ± 
1.15), when the seeds were treated with 150 ppm of Al. 
 Treatment of Al induced numerous mitotic aberrations in root tips of P. sativum at 72 hrs after 
treatment (Table 1). Several chromosomal abnormalities such as STC, C-M, FR, PS and BR were 
meta-anaphase plate in mitotic preparations from root tip cells of seeds treated with Al. In control, 
no such chromosomal abnormalities were observed. Increased prevalence of  STC, C-M, FR and 
PS were observed after Al treatment (Fig. 4). 
 Increased frequency of STC (0.8 ± 0.04) was recorded in all concentrations except 125 ppm 
where it was absent. Maximum occurrence of C-M (0.8 ± 0.21) was observed at 150 ppm 
concentration of Al. 
 Maximum frequency of FR (0.8 ± 0.04) was found in 100 and 125 ppm of Al. Increased 
frequency of PS (0.4 ± 0.02) was obtained in all concentrations except 150 ppm where it was not 
found. BR was not found in all concentrations (25 to 100 ppm and 150 ppm) except 125 ppm (0.8 
± 0.24). Significant increase in occurrence of STC, C-M, FR, PS and BR was observed as 
compared to control. 
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Fig. 2.  Effect of different concentrations of Al on radicle length of P. sativum var. Arikil seeds at various 

time intervals. b = p < 0.01 highly significant; c = p < 0.05 significant as compared to control group; CN 
= Control. Data are mean of three replicates ± SE. 
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Fig. 3. Effect of Al treatment on mitotic index of root tip cells of P. sativum var. Arikil at 72 hrs after 
treatment. b =  p < 0.01 highly significant compared to control; CN = Control. Data are mean of three 
replicates ± SE. 
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Table 1. Frequency of chromosomal aberrations at metaphase and anaphase stages of P. sativum var. 
Arikil seeds treated with different concentrations of Al at 72 hrs after treatment. 

 
Aberration in                                      Concentration of Al (ppm)                                                                                       
100 plates/cells 
    CN   25    50     75    100    125    150 
 
Stickiness 0.0±0.0 0.8±0.22 0.8±0.22b 0.8±0.24b 0.8 ±0.24b 0.0±0.00 0.8±0.32b 
C-mitosis 0.0±0.0 0.0±0.00 0.0±0.00  0.4±0.02b   0.4±0.02b     0.0±0.00    00.8±0.21b 
Fragment 0.0±0. 0.4±0.16b 0.4±0.03b  0.0±0.00   0.8±0.04b   0.8±0.22b    0.4±0.20b 
Precocious Se. 0.0±0.0 0.4 ±0.01b 0.4±0.15b  0.4±0.02b  0.4±0.01b  0.4±0.02b    0.0±0.00 
Bridge 0.0±0.0 0.0±0.00    0.0±0.00   0.0±0.00  0.0±0.00 0.8±0.24b      0.0±0.00 
Total aberrant plates  0.0±0.0 1.6±0.39b   1.6±0.40b  1.6±0.28b 2.4±0.31b  2.00±0.48b    2.0±0.73b 
 
b =  p <0.01 highly significant compared  to control; CN = Control. Data are mean of three replicates ± SE. 
 

 
Fig. 4.  A. Sticky metaphase chromosome, B. C-mitosis, C. Fragment at anaphase, D. FR  

Fragment at metaphase, E. Precocious separation and  F.  Bridge at late anaphase. 
 
 In different plants, inhibition in seed germination is shown by Al for example white spruce, 
pigeon pea and wheat (Nosko et al. 1988, Narayanan and Sayamala 1989, Lima and Copeland 
1990). While working with different germplasms of wheat, Lima and Copeland (1990) accounted 
that seedling growth was more sensitive to Al than seed germination. Decrease in metabolic 
activity, inhibition of cell divisions, retarded water uptake and embryo enlargements may be the 
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reason leading to the failure of seed germination at high concentrations of Al treatment. Inhibition 
of the process of germination may be due to the blockage of any one of the phases.  
 After Al treatment, the growth inhibition of radicle length may be resulted from various 
possible mechanisms such as inhibition of cell elongation, cell division or uptake of nutrients 
(Delhaize and Ryan 1995, Siddiqui et al. 2009, Siddiqui 2015). Another hypothesis to elucidate 
this reduction may be related to Al binding with DNA, that may result in inhibition of cell division 
(Matsumoto et  al. 1976).  
 A few authors have the opinion that the main reason for root growth inhibition was inhibition 
of cell elongation (Iamporova 2002, Zheng and Yang 2005). The  main cause  is that  root growth 
inhibition may occur shortly  in maize treated with Al  (Llugany et al. 1995) whereas cell division 
is a bit slow process and it takes several hours to be completed.  
 Reduced mitotic index has been reported in current study.  Reduction of mitotic index could 
be due to Al induced DNA synthesis blockage (Minocha et al. 1992, Mohanty et al. 2004). Total 
inhibition of mitosis in root meristematic cells of P. sativum reveals Al induced pycnosis 
formation (Rout et al. 2001). Al interrupts entry of 3H-thymidine and inhibits DNA synthesis as 
reported by Wallace and Anderson (1984). In root tips of various species for example bean, wheat, 
barley and  maize  decrease of mitotic activity was reported as a result of Al treatment (Marienfeld 
et al. 2000, Frantzios  et al. 2001, Doncheva et al. 2005, Li  et al. 2008). 
 In the present study, STC, C-M, FR, PS and BR are reported in P. sativum root tips treated 
with Al. Latest study has confirmed that Al toxicity is related with production of reactive oxygen 
species (ROS) and mitochondrial dysfunction in plant cells (Yamamoto et al. 2002, Pan et al. 
2001). Breaking of DNA single and double strands might be due to the interaction of reactive 
oxygen species with purine, pyriminide-bases and deoxyribose in DNA that may increase the 
possibility of the formation of chromosomal aberrations and micronucleus. Fragments and bridges 
were related to distrurbances caused by Al on spindle and DNA organization  (Matsumoto et al. 
1976,  Frantzios et al. 2000). 
 Al treatment caused a considerable increase in fragments in P. sativum var. Arikil root tips 
which showed that Al is a clastogen which caused chromosome/chromatid breaks. Additional 
increase in Al treatment resulted in the reduction of structural chromosomal aberrations that might 
be due to the cytotoxic effect of Al metal which led to the suppression of cell division. 
 As found in the present study, the occurrence of different kinds of chromosomal abnormalities 
might be due to the fact that Al may reveal clastogenic effect on pea plant at higher 
concentrations. In crop plants for example pea, an advanced study of the mechanism of Al toxicity 
is essential.  
 
Acknowledgments  
 The author would like to express their gratitude to King Khalid University, Saudi Arabia for 
providing administrative and technical support. I am are also thankful to Deanship of Scientific 
Research, King Khalid University. I am also grateful to Head of the Department of Biology, 
College of Science, King Khalid University, Abha, Saudi Arabia for providing facilities to carry 
out the research work. 
 
References  
Davies DR, Berry GJ, Heath MC and Dawkins TCK 1985. Pea (Pisum sativum L.). In: Summerfield RJ, 

Roberts EH (eds) Grain legume crops. Williams Collins, London. pp. 147-198. 
Delhaize E and Ryan PR 1995. Aluminum toxicity and tolerance in plants. Plant Physiol. 107:315-321. 



CYTOTOXICITY INDUCED BY ALUMINUM SULFATE IN CELLS OF ROOT 225 

 

Doncheva S, Amenos M, Poschenrieder C and Barcelo J 2005. Root cell patterning: a primary target for 
aluminium toxicity in maize. J.  Expt. Bot. 56: 1213-1220. 

Duke JA 1981. Hand book of legumes of world economic importance. Plenum Press. New York. pp.199-265. 
Frantzios G, Galatis B and Apostolakos P 2001. Aluminum effects on microtubule organization in dividing 

root tip cells of Triticum turgidum. II. Cytokinetic cells. J. Plant Res. 114: 157-170. 
Frantzios G, Galatis B and Apostolakos P 2000. Aluminium effects on microtubule organization in dividing 

root-tip cells of Triticum turgidum. I. Mitotic cells. New Phytol. 145: 211-224. 
Iamporova MC 2002. Morphological and structural responses of plant roots to aluminium at organ, tissue, 

and cellular levels. Biol. Plant. 45: 161-171. 
Lankoff A, Banasik A, Duma A, Ochniak E, Lisowskaa H, Kuszewski T, Gozdz and Wojcik A 2006. A 

comet assay study reveals that aluminium induces DNA damage and inhibits the repair of radiation-
induced lesions in human peripheral blood lymphocytes. Toxicol. Lett. 161: 27-36. 

Li Y, Yang GX and Luo LT 2008. Aluminium sensitivity and tolerance in model and elite wheat varieties. 
Cereal Res. Comm. 36: 257-267. 

Lima De ML and Copeland L 1990. The effect of aluminium on the germination of wheat seeds. J. Plant 
Nutr. 13:1489-1497. 

Lima PDL, Leite DS, Vasconcellos MC, Cavalcanti BC, Santos RA, Costa-Lotufo LV, Pessoa C, Moraes 
MO and Burbano RR 2007. Genotoxic effects of aluminum chloride in cultured human lymphocytes 
treated in different phases of cell cycle. Food. Cheml. Toxicol. 45: 1154-1159.  

Llugany M, Poschenrieder C and Barcelo J 1995. Monitoring of aluminium-induced inhibition of root 
elongation in fourmaize cultivars differing in tolerance to aluminium and proton toxicity. Physiol. Plant. 
93: 265-271. 

Marienfeld S, Schmohl N, Klein M,. Schroder WH, Kuhn AJ and Horst WJ 2000. Localisation of aluminium 
in root tips of Zea mays and Vicia faba. J.  Plant Physiol. 156: 666-671. 

Matsumoto H and Motoda H 2012. Aluminum toxicity recovery processes in root apices; possible association 
with oxidative stress. Plant. Sci. 186: 1-8. 

Matsumoto H, Hirasawa F, Torikai H and  Takahashi E 1976. Localization of absorbed aluminum in pea root 
and its binding to nucleic acid. Plant and Cell Physiol. 17: 127-137. 

Maluszynska J and Juchimiuk J  2005. Plant genotoxicity: A molecular cytogenetic approach in plant 
bioassays. Arh Hig Rada Toksikol. 56: 177-84. 

Minocha R, Minocha SC. Long SL and Shortle WL 1992. Effects of aluminium on DNA synthesis, cellular 
polyamines, polyamine biosynthetic enzymes and inorganic ions in cell suspension cultures of a woody 
plant, Catharanthtts  rosettes. Physiol. Plant. 85: 417-424. 

Mohanty S, Das AB, Das P and Mohanty P 2004. Effect of a low dose of aluminum on mitotic and meiotic 
activity, 4C DNA content, and pollen sterility in rice, Oryza sativa L. cv. Lalat. Ecotoxicol. Environ. 
Saf. 59: 70-75. 

Narayanan and Sayamala 1989. Response of pigeon pea (Cajanus cajan L.) genotypes to aluminium toxicity. 
Indian J. Plant Physiol. 32: 17-24. 

Nosko P, Brassard P, Kramer JR and Kershaw KA 1988. The effect of aluminium on seed germination and 
early seedling establishment, growth and respiration of white spruce (Picea glavca). Can. J. Bot. 66: 
2305-2310. 

Pan JW, Zhu MY and  Chen H 2001. Aluminum-induced cell death in root-tip cells of barley. Environ. Exp. 
Bot. 46: 71-79. 

Qian XW 1998. Improvement on experiment method of micronucleus in root tip cell of Vicia faba. J. 
Wenzhou. Norm. Coll. 19: 64-65. 

Rout GR, Samantaray S and Das P 2001. Aluminium toxicity in plants: A review. Agronomie 21: 3-21. 
Savaskan C and Toker MC 1991. The effects of various doses gamma irradiation on the seed germination and 

root tips chromosomes of rye (Secales cereals L). Turk J. Bot. 15: 349-359. 
Siddiqui S 2012. Lead induced genotoxicity in Vigna mungo var. HD-94. J. Saudi Soci. Agri. Sci. 11:              

107-112. 



226 SIDDIQUI 

Siddiqui S 2015. DNA damage in Cicer plant grown on soil polluted with heavy metals. J. King Saud Uni. 
Sci. 27: 217-223. 

Siddiqui S, Mukesh MK, Mushtaq AW and Farah J 2009. Evaluating cadmium toxicity in the root meristem 
of Pisum sativum L. Acta. Physiol. Plant. 31: 531-536. 

Silva S 2012. Aluminium toxicity targets in plants. J. Bot. 8: 219462. 
Wallace SU and Anderson IC 1984. Al toxicity and DNA synthesis in wheat roots. Agronomie J. 76: 5-8. 
Wang JW and Kao CH 2004. Reduction of aluminum-inhibited root growth of rice seedlings with 

supplemental calcium, magnesium and organic acids. Crop Environ. Bioinfor. 1:191-198. 
Yamamoto Y, Kobayashi Y, Devi SR, Rikiishi S and Matsumoto H 2002. Aluminum toxicity is associated 

with mitochondrial dysfunction and the production of reactive oxygen species in plant cells. Plant 
Physiol. 128: 63-72. 

Zheng K, Pan JW, Ye L, Fu Y, Peng HZ, Wan BY, Gu Q, Bian HW, Han N, Wang JH, Kang B, Pan JH, 
Shao HH, Wang WZ and Zhu MY 2007. Programmed cell death-involved aluminum toxicity in 
Saccharomyces cerevisiae alleviated by antiapoptotic members with declined calcium signals. Plant 
Physiol. 143: 38-49. 

Zheng SJ and Yang JL 2005. Target sites of aluminum phytotoxicity. Biol. Plant. 49: 321-331. 
 
 

(Manuscript received on  1 April, 2017; revised on 1 April, 2018) 
 

 
 
 
  


