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Abstract 
The ability of green seaweed Codium iyengrii was analyzed to biosorb toxic metal mercury from 
Trigonella foenum-graecum. Plants were grown in randomized block design, supplied with varying 
concentrations of mercury (0, 5, 10, 15, 20, 25ppm Hg) in the soil separately and at the same time with 
seaweeds. Toxic effects of mercury and its biosorption by green seaweeds were examined on stress 
indicators such as phenol and proline contents. The anatomy of shoots was observed under scanning 
electron microscope (SEM). It was found that stress caused by Hg stimulate synthesis of phenolic 
substances and proline contents. Micrographs of shoots under mercury stress showed damaged internal 
structures, thick walled and blocked cell lumen. Application of Codium iyengrii powder in mercury 
contaminated soil enhanced the normal conditions of plant body by lowering the amount of stress 
indicators, and controlling thickening and blocking of cell wall in vascular tissues of shoot. 
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Introduction 
Agricultural lands are being devastated with numerous hazardous compounds, causing serious 
health problems (Patra et al., 2004; Askari et al., 2007; Askari and Azmat, 2013) [1, 2, 16]. The 
contaminants  include microbes, metals or heavy metals of which heavy metals like mercury 
are the first and foremost concerns because they are persistent and non-biodegradable (Askari 
and Azmat, 2015) [19]. According to Ramachandra et al., (2003) [20] contaminants may be 
classified as, particulate contaminants, thin film contaminants, microbial or biological ones. 
Pakistan is facing serious environmental threats like water pollution from raw sewage, 
industrial waste, and agricultural runoff. A majority of the population does not have access to 
potable water, deforestation, as well as soil erosion are the current issues. Biosorption is a 
property of certain types of inactive, dead, microbial biomass to bind and concentrate heavy 
metals or other types of molecules or ions from even very dilute aqueous solutions 
(Volesky,1986) [28]. It is the ability of biological material to accumulate heavy metals from 
waste water through metabolically mediated or physico-chemical pathways of uptake (Fourest 
and Roux, 1992) [9]. This process is characterized as less disruptive and can be often carried 
out on sites, eliminating the need to transport the toxic material to treatment sites (Gavrilescu, 
2004) [11]. The biosorbents should be low cost, highly efficient, contain minimum amount of 
chemical and biological sludge (Kratochvil and Volesky, 1998a) [14]. Present study was based 
on question that whether Codium iyengrii could alleviate Hg stress by improving anatomical 
structure in Trigonella foenum-graecum. 
  
Materials and Methods 
Three sets of soil bags were prepared, each with 1 kg of garden soil. First set named control 
plants was provided with distilled water only, second set named experimental plants was 
provided with different concentrations of mercury (0,5,10,15,20 & 25ppm Hg) and third set of 
soil bags was provided with different concentrations of mercury along with 3gm of 
seaweeds/kg soil (Askari and Azmat, 2013 & 2015) [1, 19]. Seeds of Trigonella foenum-
graecum were surface sterilized with bleach followed by repeated washing with distilled water. 
The soaked seeds were carefully sown. The plants were harvested after 15 days of germination 
for analysis of Proline contents by Bates et al. (1973) [4] method and Phenols by Swain and 
Hillis (1959) [25] method. Anatomical analysis of vascular tissues was done under scanning 
electron microscope (SEM). Transverse sections of fresh plant material were gold coated in an 
auto coater and were observed under SEM ,their images were saved 
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The aim of present work was to develop a better understanding 
about the capabilities of green seaweed, the Codium iyengarii 
to biosorb toxic levels of mercury in plants. Stress indicators 
such as phenol and proline contents of experimental and 
treated plants of Trigonella foenum-graecum were determined 
and compared for anatomical features of shoot after its 
interaction with mercury and seaweeds. 
 
Result 
Changes in Phenol and Proline Contents 
Results obtained from biochemical analysis of Trigonella 
foenum-graecum indicated a proportional increment in Phenol 
contents of Trigonella foenum-graecum increased significantly 
up to5.436±0.0145, 5.553±0.0233, 6.540±0.0152, 6.550±0.023 
and 6.753±0.0088µmol/gm f.wt respectively at all applied 
levels of mercury over control which was 
5.126±0.012µmol/gm f.wt. The toxic effects of mercury were 
significantly improved by the application of green seaweeds as 
5.286±0.0032, 5.423±0.0088, 6.216±0.0088, 6.460±0.01 and 
6.716±0.0259µmol/gm f.wt respectively. Results given in table 
revealed that proline contents increased upto 1.826±0.012, 
2.133±0.0881, 2.160±0.0208, 2.416±0.0176 and 
2.510±0.01527µmol/gm f.wt respectively at all applied 
concentrations of mercury whereas control was 
1.453±0.0202µmol/gm f.wt. Toxicity of mercury was 
significantly adsorbed in Trigonella foenum-graecum by the 
application of green seaweedsupto1.543±0.0088, 
1.546±0.0088, 1.736±0.0066, 2.066±0.0185 and 2.413±0.0145 
respectively (Azmat et al., 2006) [3]. 
 
Histomorphology of Trigonella foenum-graecum shoot 
under scanning electron microscope (SEM) 
Trigonella foenum-graecum is a dicot plant belongs to family 
Fabaceae. Collateral, conjoint and open vascular bundles and 
large pith is the characteristic feature of dicot stem. The 
micrograph of Trigonella foenum-graecum stem at 0ppm Hg 
under scanning electron microscope (SEM) exhibited normal 
conditions (Figure, a) like thin walled alive cortical cells, 
prominent vascular tissues especially xylem and large pith 
with thin walled and opened cell lumen. Plants grown in 
mercury contaminated soil exhibited various anatomical 
anomalies such as disintegrated and disorganized cortical cells, 
collapsed and blocked vascular tissues (Choudhry and 
Khan,2007) [6] deformed and thick walled pith cells (Figure, b, 
d, f, h & j). These abnormalities in internal tissues may be due 
to shortage of water, oxidative stress, and off course due to 
synthesis of stress indicator lignin which is obvious in 
micrographs of all experimental plants. Lignin is a phenolic 
compound (Table) which increase in stress and provide 
mechanical support to the cells (Roy and Bera, 2002b; 
Pedersen, 1984) [5, 18]. Almost all micrograph of Trigonella 
foem graecum indicated a pronounced progress by green 
seaweed treatment (Figure, c, e, g, i & k). Cortical cells are 
thin walled, lively and organized. Vascular tissues especially 
xylem is prominent with open lumen. Parenchymatous cells of 
pith are thin walled and loosely arranged with large cell lumen. 
Seaweed have a potential to biosorb on its surface a heavy 
amount of toxic metal mercury and makes the soil free of 
contaminations (Patra and Sharma, 2000; Staden et al., 2002; 
Askari et al., 2007; Azmat et al., 2006; Igwe et al., 2008; 
Kumar et al, 2009; Askari and Azmat 2013; Askari and 
Azmat, 2015) [17, 24, 2, 3, 12, 15, 1, 19]. 
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Fig: a (Control plant) Showing thin walled parenchymatous pith with large cell lumen. Figures: b, d, f, h, j (Experimental plant supplied with 
Hg) showing most of the parenchyma cells especially in pith region became thick walled or blocked and deformed with reduced cell lumen. 
Figures: c, e, g, i, k (Treated plant supplied with Hg+SW) showing thin walled loosely arranged parenchyma cells in pith region with large cell 
lumen. 
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Table: effect of Hg and seaweed on phenol and proline (µmol/gm f.wt) 
 

Hg.[ppm] Experimental Plants Treated Plants 
 Proline Phenol Proline Phenol 

0 1.453±0.0202 5.126±0.012 1.453±0.0202 5.126±0.012 
5 1.826*±0.012 5.436*±0.0145 1.543**±0.0088 5.286**±0.0032 
10 2.133*±0.0881 5.553*±0.0233 1.546**±0.0088 5.423**±0.0088 
15 2.160*±0.0208 6.540*±0.0152 1.736**±0.0066 6.216**±0.0088 
20 2.416*±0.0176 6.550*±0.023 2.066**±0.0185 6.460**±0.01 
25 2.510*±0.01527 6.753*±0.0088 2.413**±0.0145 6.716±0.0259 

Result express as Mean ± SEM of triplicate. Marked effects are significant at p < 0.05000 (*indicated significant 
values of experimental plants over control ones, whereas ** shows significant values of treated plants over 
experimental). n=3

 
Discussion 
Plants produce phenolic compounds in response to 
environmental stress such as contaminated soil due to salts and 
heavy metals, microbes and insect attack (Klepacka et al., 
2011) [13]. They are antioxidant compounds which protect 
plants from oxidative damages. The increment in phenol was 
proportional to mercury concentrations. Accumulation of 
phenol in response to mercury is observed by many 
researchers (Roy and Bera, 2002; Esteban et al., 2008; 
Umadevi et al., 2009) [22, 8, 27]. Increased synthesis in phenols 
minimizes the oxidative stress of Hg. Here one striking point 
is to be noted that reduction in phenol content by seaweed at 
25 ppm Hg is not significant showing drastic effects of 
mercury toxicity. Proline is an osmo protectant imino acid. It 
is a major constituent of cell wall structural proteins in plants. 
Our results coincide with various authors who also reported 
that proline synthesis is directly proportional to the mercury 
concentration (Zengin and Munzuroglu, 2005; Gauba et al., 
2007; Ravikumar et.al, 2007; Esteban et al., 2008; Umadevi et 
al. 2009; Tantrey and Agnihotri, 2010; Sharma and Subhadra, 
2010) [29, 21, 8, 27, 26, 23]. Proline protects membranes and proteins 
against the adverse effects of high concentrations of inorganic 
ions like Hg and temperature extremes also. Proline may also 
function as a protein-compatible hydrotrope and as a hydroxyl 
radical scavenger. Heavy accumulation of proline protects 
plant against damage by binding with metal ions. Accretion of 
free proline may attribute as a mechanism designed to alleviate 
mercury toxicity (Ciobanu and Cristina, 2006) [7]. Biosorption 
by green seaweeds at 5ppm Hg (1.543±0.0088) was very close 
to control (1.453±0.0202). According to Zerouala, et al., 2003; 
[30] Askari et al., 2007; [2] Kumar et al., 2009; [15] Askari and 
Azmat, 2015 [19] etc ‘green seaweeds are excellent, ecofriendly 
and cost-effective biosorbent material for the removal of heavy 
metals’. 
 
References 
1. Askari S, Azmat R. Biosorption of Hg: II. Repairing of 

epidermal layer of leaves through nutrients of seaweeds in 
Hg distorted seedlings of Cicer arietinum. Pak J Bot. 
2013; 45:1721-1727. 

2. Askari S, Uddin F, Azmat R. Biosorption of Mercury: I. 
significant improvement with marine green algae in the 
anatomy of hypocotyls of Trigonella foenum-graecum 
under mercury stress. Pak. K. Bot 2007; 39:1089-1096. 

3. Azmat R, Hayat A, Khanum T, Talat R, Uddin F. The 
Inhibition of Bean Plant Metabolism by Cd Metal and 
Atrazine III: Effect of Seaweed Codium Iyengarii Metal, 
Herbicide Toxicity and Rhizosphere of the Soil. 
Biotechno 2006; l5(4):85-89. 

4. Bates L, Waldren RP, Teare ID. Rapid determination of 
free proline for water-stress studies. Plant and Soil 1973; 
39:205-207. 

5. Bera AK. Individual and combined effect of mercury and 
managenese on phenol and proline content in leaf and 
stem of mung bean seedlings. J Environ Bio. 2002b; 
23:433-435. 

6. Chaudhry NY, Khan AS. Role of mercury and exogenous 
IAA on xylem vessels and sieve elements in Cucumis 
sativus L. Pak. J. Bot. 2007; 39:135-140. 

7. Ciobanu G, CristinaB. Effects of mercury on 
photosynthesis and oxidative status in wheat plants. 
Analele Universitatii din Craiova, Seria Chimie 2006; 
35:32-35. 

8. Esteban E, Moreno E, Penalosa J, Cabrero JI, Millan R, 
Zornoza P. Short and long-term uptake of Hg in white 
lupin plants: Kinetics and stress indicators. Environ and 
Experi Bot 2008; 62:316-322. 

9. Fourest E, Roux JC. Heavy metal biosorption by fungal 
mycelia byproduct mechanisms and influence of pH. 
Appl. Microbiol Biotech, 1992; 37:399-403. 

10. Nidhi G, Mahmooduzzafar Siddiqi TO, Umar S, Iqbal M. 
Leaf biochemistry of Lycopersicon esculentum Mill. at 
different stages of plant development as affected by 
mercury treatment. J Environ Biol. 2007; 28:303-306. 

11. Gavrilescu M. Cleaner production as a tool for sustainable 
development. Environ Eng Manag J. 2004; 3:45-70. 

12. Igwe JC, Abia AA, Ibeh CA. Adsorption kinetics and 
intraparticulate diffusivities of mercury, as and pb ions on 
unmodified and thiolated coconut fiber. Intern J of 
Environ Sci and Tech. 2008; 5:83-92. 

13. Klepacka J, Gujska E, Michalak J. Phenolic compounds as 
cultivar- and variety- distinguishing factors in some plant 
products. Plant Foods for Hum Nutri 2011; 66:64-69. 

14. Kratochvil D, Volesky B. Advances in the biosorption of 
heavy metals. Trends in Biotech 1998a; 16:291-300. 

15. Kumar JIN, Oommen C, Kumar RN. Biosorption of 
Heavy Metals from Aqueous Solution by Green Marine 
Macroalgae from Okha Port, Gulf of Kutch, India. 
American-Eurasian J Agric & Environ Sci. 2009; 6:317-
323. 

16. Patra M, Bhowmik N, Bandopadhyay B, Sharma A. 
Comparison of mercury, lead and arsenic with respect to 
genotoxic effects on plant systems and the development of 
genetic tolerance. Environ and Experi Bot 2004; 52:199-
223. 

17. Patra M, Sharma A. Mercury toxicity in Plants. The 
Botanical Review 2000; 66:379-409. 

18. Pedersen A. Studies on phenol content and heavy metal 
uptake in fucoids. Developments in Hydrobiology 1984; 
22:498-504. 



 

~ 174 ~ 

Journal of Pharmacognosy and Phytochemistry 

19. Rafia Azmat, Shaban Askari. Improvement in the 
bioenergetics system of plants under Hg stress 
environment via seaweeds, Pak J Bot. 2015; 47(3):851-
858. 

20. Ramachandran A, Zhang M, Goad D, Olah G, Malayer 
JR, El Rassi Z.  
Capillaryelectrophoresisandfluorescencestudiesonmolecul
arbeacon-
basedvariablelengtholigonucleotidetargetdiscrimination. 
Electrophoresis 2003; 24:70-77. 

21. Ravikumar S, Prakash G, Williams S, Shanthy Anitha 
Anantha N, Gracelin Babu S, Parimala PS. Effect of 
heavy metals (Hg and Zn) on the growth and phosphate 
solubilizing activity in halophilic phosphor bacteria 
isolated from Manakudi mangrove. J of Environ Biol. 
2007; 28:109-114. 

22. Roy SB, Bera AK. Amelioration of mercurial toxicity by 
manganese I. A case study in mung bean seedling. J of 
Environ Biol. 2002; 23:321-323. 

23. Sharma J, Subhadra AV. The Effect of Mercury on Nitrate 
Reductase Activity in Bean Leaf Segments (Phaseolus 
vulgaris) and its chelation by phytochelatin synthesis. Life 
Sci and Med Research, 2010. LSMR-13. 

24. Staden JV, Stirk WA, Nigro SA. Optimizing heavy metal 
absorbance by dried seaweeds. South Afri. J of Bot. 2002; 
68:333-341. 

25. Swain T, Hillis WE. The phenolic constituents of Prunus 
domestica. J of the sci of food and Agri. 1959; 10:63-68. 

26. Tantrey MS, Agnihotri RK. Chlorophyll and proline 
content of gram (Cicer arietinum l.) under cadmium and 
mercury treatments. Res J of agri sci. 2010; 1:119-122. 

27. Umadevi P, Kannikaparameswari N, Selvi S, Murugan S. 
Effect of mercury exposure on Vigna unguiculata 
(cowpea) seeds. Nature, Environ and Pollu Tech 2009; 
8:53-58. 

28. Volesky B. Biosorbent materials, biotechnological 
bioengineering symposium, 1986; 16:121-126. 

29. Zengin FK, Munzuroglu O. Effects of some heavy metals 
on content of chlorophyll, proline and some antioxidant 
chemicalsin bean (phaseolus vulgaris l.) Seedlings acta 
biologica cracoviensia series botanica, 2005; 47:157-164. 

30. Zerouala Y, Moutaouakkila A, Dzairi FZ, Mohamed 
TalbiChung PU, Lee K, Blaghena M. Biosorption of 
mercury from aqueous solution by Ulva lactuca biomass. 
Biores Techn 2003; 90:349-351. 


