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Abstract 
 

The growth performance and metals depuration abilities of Zn+Pb+Ni stressed five fish species viz. Cirrhina mrigala, 

Hypophthalmichthys molitrix, Labeo rohita, Ctenopharyngodon idella and Catla catla were studied under composite pond 

culture conditions. All fish species were stressed with metals mixture at their 1/3
rd

 LC50 for one month. After stress, the fish 

were grown in ponds under composite culture conditions for 120 days to realize their growth and metals depuration potentials 

when grown in stress-free environment. Among treated fish, C. mrigala exhibited significantly better growth, followed by L. 

rohita, C. idella, H. molitrix and C. catla while growth in control fish followed the order: C. catla ≥ L. rohita > C. mrigala > 

C. idella > H. molitrix. Both control and treated fish species displayed significant variations in their weight, length, condition 

factor and specific growth rates that correlated positively (p<0.01) with water temperature and feed conversion efficiency 

(FCE). Rearing of treated fish in metals deprived environment caused variable retention of selected metals in their body organs 

as kidney > liver > skin > muscle > fins ≥ gills ≥ bones. C. idella retained significantly higher metals in its body, followed by 

C. catla and H. molitrix with non-significant differences. Pb retention was significantly higher in fish body, followed by Zn 

and Ni. The liver of treated fish showed significantly higher depuration of metals (94.06%) while it was lowest (66.06%) in 

bones. C. catla exhibited significantly higher metal’s depuration tendency (96.44%), followed by L. rohita (93.11%), C. idella 

(93.02%), C. mrigala (89.35%) and H. molitrix (82.60%) with significant differences at p < 0.05. The tendency of fish to 

depurate Pb from its body was significantly higher (177.94%), followed by Zn (131.13%) and Ni (38.26%). © 2015 Friends 

Science Publishers 
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Introduction 
 

Importance of toxicological research on animals, 

particularly of fish, cannot be denied because of continuous 

contamination of aquatic habitats with metals in Pakistan. 

Toxicological studies describe and predict the performance 

of a variety of toxic compounds in a broadened aquatic 

environment and their uptake by the fish (Kousar and Javed, 

2014). It also envisages biological response of animals, as 

exposed to various toxicants and the associated risks besides 

ascertaining their lethal impacts and stress response induced 

by the biological systems and defensive/adaptive 

mechanisms exhibited by the animals inhabiting these 

aquatic environments (Jabeen et al., 2012). Therefore, the 

most significant aspect of toxicological research is to 

determine and identify various causes and remedies of 

toxicity for sustainable conservation of aquatic habitats for 

fish and other animals. 

Comparative studies (Bagdonas and Vosyliene, 2006; 

Naz et al., 2013) demonstrated the impacts of metals 

mixture on fish that is different from the effect of individual 

metals, whereas mixtures are categorized by their unique in 

compatible properties (Kazlauskiene and Stasiunaite, 1999; 

Bagdonas and Vosyliene, 2006; Naz and Javed, 2013) while 

others are due to their synergistic impacts (Cicik and 

Karayakar, 2004). Both non-essential and essential metals 

are taken up by the aquatic animals through similar 

mechanisms while they differ significantly due to their 

ability to bio-accumulate in the bodies that describes their 

inherent ability of tolerance against different metallic ions, 

which differ among various fish species (Kousar and Javed, 

2014). 
The metabolic behavior, breeding and growth 

potentials of organisms are significantly affected by the 

interactions among aquatic organisms and the nature of 

exposed toxicants (Adhikari et al., 2009). Fish growth, 

therefore, represents a high degree of variations for metallic 

ions toxicity and serves as a subtle indicator to monitor 

stress of environment that could offer invaluable evidence 

regarding toxicity of metals (Azmat et al., 2012). Chronic 

exposure of metals can cause physiological and behavioral 

stress to the fish resulting into reduced growth (Hansen et 
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al., 2002). Release of metals from multiple pollution sources 

is usually composed of mixture rather than individual 

metals. Nevertheless, in the natural aquatic habitats, 

organisms are usually exposed to the mixture of various 

pollutant/metals. It is plausible that interactions amongst 

several metals are correlated to their competitive uptake 

from the aquatic environment. Therefore, these interactions 

among different metals may exhibit variably significant 

impacts on fish endurance (Jezierska and Witeska, 2001). 

Studies regarding the effects of metal mixtures on the 

growth performance of major and Chinese carps and their 

tendencies to bio-accumulate metals in their body organs 

and metals deputation tendencies of fish when reared under 

metal free environment have been scarcely conducted. 

Therefore, keeping in view the synergistic effects of various 

metals in aqueous medium, the present work was conducted 

to evaluate fish growth and depuration of metals in 

chronically Zn+Pb+Ni stressed fish when reared in metal 

deprived pond water. This research would help in 

sustainable culture practices of cyprinids in Pakistan. 

 
Materials and Methods 

 
Seven months old fingerlings of C. mrigala, H. molitrix, L. 

rohita, C. idella and C. catla (induced bred) were exposed, 

separately, to 1/3
rd

 of their Zn+Pb+Ni mixture LC50 i.e. 

22.05, 19.82, 28.93, 24.14 and 25.73 mg L-1, respectively (Javed, 

2012), for one month. Completely randomized factorial 

design was used, with repeated sampling for each treatment, 

to rear all five fish species in earthen ponds (0.012 ha each) 

under composite culture system. Both treated and control 

fish were stocked separately @ 64 fish/pond. However, 

inter-species ratios in each pond were 15, 40, 20, 10 and 

10% for C. mrigala, H. molitrix, L. rohita, C. idella and C. 

catla, respectively. The control fish were not stressed with 

any metal. At the time of stocking, 3 groups (n=5) from the 

same stocking population (other than the stocked) were 

analyzed for the concentrations of selected metals in their 
body organs (APHA, 1998). 

At the time of stocking, the morphometric 

characteristics i.e. wet weights; fork and total lengths of fish 

were measured and recorded. The next day of stocking, 

fertilization of pond’s water was started with broiler droppings at 

the rate of 0.17 g N per 100 g of fish weight daily to augment 

pond biota. Supplementary feed (32% DP and 300 kcal/100 

g DE) was provided to the fish during warmer months of the 

study period when water temperature exceeded 25°C. Fish 

were reared in un-chlorinated ground water under composite 

pond culture conditions for 210 days. After every 14 day 

interval, all fish species were captured, randomly (n=7), 
from each of the ponds by using a drag net. After obtaining the 

data, fish were released back into their respective ponds. 

Increase in wet weight, fork and total lengths, specific 

growth rate (SGR), condition factor (K) and feed conversion 
ratios (FCR) of fish were determined on fortnightly basis. After 

210 days of rearing, the treated and control fish organs viz. 

kidney, liver, skin, muscle, fins, gills and bones were 

isolated and analyzed for Zn, Pb and Ni concentrations 

(APHA, 1998). 

The means of all parameters were compared to 

determine statistical differences among them as described 

by Steel et al. (1996). Relationships among defined 

variables were computed by using Pearson correlation 

coefficients and regression analyses method to explain 

relationships among them. 

 

Results 
 

Effects of Zn+Pb+Ni mixture stress on the growth 

performance of five fish species, measured in terms of 

increase in weight, fork and total lengths, specific growth 

rate and condition factor are given in Tables 1 and 2. All 

five fish species exhibited significantly variable growth 

during this study period. However, control fish attained 

significantly better growth than metals mixture stressed fish. 

Among treated fish, C. mrigala gained significantly higher 

average weight (439.75 g), closely followed by that of L. 

rohita (418.20 g) while C. catla showed significantly lower 

average weight gain (348.17 g). At final harvest, increase in 

weight of treated fish varied significantly as C. catla ≥ L. 

rohita > C. mrigala > C. idella > H. molitrix. Condition 

factor values of C. idella, C. catla and H. molitrix did not 

vary significantly while the difference between C. mrigala 

and L. rohita was non-significant also. Fortnightly increase 

in fish biomass (all species) and FCR of both treated and 

control fish increased linearly with concomitant increase in 

water temperature of ponds (Table 2). Treated fish exhibited 

significantly higher FCR of 1: 32.55 during first fortnight 

while it was lowest (1: 2.03) in 7
th
 fortnight. Control fish 

showed marked variations in their FCR during all the 

fortnights except between 6
th
 and 7

th
 fortnights while it was 

significantly higher during 1
st
 fortnight. The overall Feed 

conversion efficiency of treated and control fish were 

168.29 and 98.33%, respectively with statistically 

significant difference. 

Table 3 represents Zn, Pb and Ni loads in five treated 

fish species. Fish kidney and liver retained significantly 

higher quantities of all three metals while they were 

significantly least in bones. Among five fish species, C. 

idella retained significantly higher metals in its body, 
followed by C. catla, H. molitrix, C. mrigala and L.rohita. 

The overall pattern of metals retention in fish organs 

followed the order: kidney > liver > skin > muscle > fins > 

gills > bones. Fish contained significantly higher Pb (177.94 

µg g
-1

), followed by Zn (131.13 µg g
-1

) and Ni (38.26 µg g
-

1
). All treated fish species showed significant depuration of 

metals after 210 days rearing that followed the order: C. 

catla > L. rohita > C. idella > C. mrigala > H. molitrix. 

However, depuration of Pb was significantly pronounced 

(177.94%), followed by Zn (131.13%) and Ni (38.26%). 

At stocking, the control (un-stressed) fish showed 
significantly variable contents of Zn, Pb and Ni in their body 
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organs. Fish kidney and liver had significantly higher quantities 

of metals while these were significantly lower in bones. 

After 210 days of rearing, C. catla had significantly higher 

metals while C. mrigala contained least metals in its body. 

However, there existed non-significant differences among 

H. molitrix, L. rohita and C. idella for their ability to 

concentrate metals (Table 4). All control fish species 

amassed metals in their body organs during this growth 

period. However, Ni amassing was significantly higher than 

Pb and Zn. The pattern of metals buildup in fish body 

followed the order: L. rohita > C. idella > C. catla > C. 

mrigala > H. molitrix. 
 

Discussion 
 

Fish sensitivity to different metals and mixtures is 

decreased with age due to their ability to concentrate 

metals in the body that resulted into variable tolerance 

limits against different metals (Giguere et al., 2004). 

Chronic Pb exposure has been reported to cause 

imbalance of sodium, chlorides and Ca
2+

 and ultimately 

disrupt hemoglobin synthesis and growth in fish 

(Dallinger et al., 1987). Fish intestine has been reported 

to accrue higher amounts of Pb indicating its uptake 

route within the body. Zinc as an essential element 

which is needed for structural components and having 

specific properties crucial for life (Abdel-Baki et al., 2011). 

The deleterious effects of Zn are augmented due to its 

indefinite persistence in the aquatic environments and its 

biological non-degradability. However, it can form organic 

complexes or oxidation state to another. Exposure of Nito 

the fish may cause significantly adverse effects on the 

growth of C. mrigala (Shafiq et al., 2012) causing 

disturbance in its ionic and acid-base regulations, disruption 

of gill tissue and hypoxia (Hogstrand et al., 1994) and 

ultimately causing adverse effects on growth and bio-

energetics (Abdel-Baki et al., 2011; Godwin et al., 2011; 

Azmat et al., 2012; Javed, 2012). However, metallic ions 

toxicity in water does not happen due to single metal only 

but establish in a mixture form (Faust et al., 2001; Jabeen, 

2012) and their effects are enhanced due to interactions 

among constituent metals to compete for binding sits in the 

organisms (Otitoloju et al., 2009). 
All treated fish species exhibited pronounced 

growth during initial fortnights of their rearing in metal 

deprived pond environment revealing an immediate 

positive response of fish after relief from chronic metal 

mixture stress (Naz and Javed, 2013). This shows 

physiological functions of different fish species in 

metal-free environment that exerted significantly 

positive impacts on fish growth to compensate internal 

body stress. During stressful conditions, fish starts 

producing metallothionein in the body. Metallothionein 

is always present in a metal-saturated form that binds the 

metals with proteins (Hogstrand and Haux, 1991). 

Dethloff et al. (2001) reported non-significant difference 

for condition factor values of rainbow trout collected 

from diverse locations contaminated with cadmium, 

chromium and selenium. However, during this 

investigation the factors other than metal stress, such as 

habitat and quality of food available in each pond may also 

have affected the condition factor of fish (Lobon-Cervia et 

al., 1991). Increase in fish biomass and FCR of both treated 

and control fish increased linearly with concomitant 

increase in water temperature of ponds. Treated fish species 

showed significantly higher FCE (168.29%) than control 

(98.33%). Differential response of treated fish towards FCE 

shows synergistic effects of metals supplemented by 

variable planktonic productivity indices of each pond to 

Table 1: Growth performance of metals mixture stressed fish in ponds 
 

  Cirrhina mrigala Hypophthalmichthys 

molitrix 

Labeo rohita Ctenopharyngodon 

idella 

Catla catla All Species 

Means±SD 

Increase in Weight (g) Treated 439.75±14.00a 387.32±17.32c 418.20±22.05ab 412.95±32.00b 348.17±15.02d 401.28±35.06b 

Control 593.32±10.31b 506.10±20.10d 641.32±20.32a 571.44±14.44c 642.49±14.01a 590.93±56.52a 

Increase in Fork Length (mm) Treated 351.50±18.00a  287.75±16.25d 333.17±31.17b 296.01±21.00c 267.23±16.23e 307.13±34.42b 

Control 497.13±20.13a 375.80±21.05e 449.63±25.03c 426.44±32.22d 468.23±25.13b 443.45±45.82a 

Increase in Total Length (mm) Treated 370.03±10.02a 311.65±19.00c 352.67±22.00b 319.71±20.20c 286.56±11.02d 328.12±33.27b 

Control 512.20±13.10a 398.70±16.02e 467.86±21.00c 452.81±19.01d 486.92±13.02b 463.70±42.58a 

Specific Growth Rate Treated 209.40±8.10a 184.54±22.10c 199.14±20.02b 197.12±11.02b 165.80±10.10d 191.20±16.72b 

Control 282.69±14.00c 241.00±21.00d 305.39±17.02a 272.11±13.00b 305.95±11.02a 281.43±26.92a 

Condition Factor (K) Treated 0.46±0.01b 0.67±0.02a 0.49±0.01b 0.74±0.01a 0.74±0.02a  0.62±0.14a 

Control 0.26±0.01c 0.53±0.02a 0.36±0.03b 0.46±0.03a 0.36±0.03b 0.39±0.10b 

 Treated Fish Control Fish 

Increase in fish biomass of all species (kg) 28.02b 41.22a 

Fish consumed by all species (kg) 16.65b 41.92a 

Feed Conversion Efficiency (%) 168.29a 98.33b 

The means with similar letters in a single row and *column means for treated and control (all fish species) are statistically similar at p< 0.05 

Regression Equations 

Treated Fish: Increase in Fish biomass (g) =230.66 + 54.04 (Water Temperature) r = 0.563* 

Control Fish: Increase in Fish Biomass = - 1335.53 + 137.58 (Water Temperature) r = 0.545* 

Treated Fish: Feed Conversion Ratio = - 10.80 + 0.60 (Water Temperature) r = 0.644* 

Control Fish: Feed Conversion Ratio = - 17.36 + 0.83 (Water Temperature) r = 0.479* 
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foster the needs of fish according to their feeding habits 

(Mahboob et al., 1995). 
The rearing of treated fish in metals deprived pond 

environment caused significant retention of metals in kidney 

and liver while bones had least metals. Among the five fish 

species, C. idella, C. catla and H. molitrix showed 

significantly lower ability to depurate metals from their 

bodies with statistically non-significant differences among 

them. Pb depuration was significantly higher that Zn and Ni 

from fish body. Ni compounds are toxic to the fish due to 

Ni-induced toxicological, physiological and 

histopathological alterations in fish (Gupta et al., 2006; Naz 

and Javed, 2013). Bio-accumulation of metals reflects the 

amount ingested by the organism, the way by which metals 

are distributed among different tissues and the extent of 

metals retention in each tissue type (Murugan et al., 2008). 

The overall pattern of metals depuration in treated fish body 

followed the order: bones < gills < fins <muscle < skin < 

liver < kidney. The depuration of Pb, Zn and Ni from the 

treated fish varied significantly as 177.94, 131.13 and 

38.26%, respectively. However, this depuration ability of 

five species varied significantly as C. catla > L. rohita ≥ C. 

idella > C. mrigala > H. molitrix. The control fish showed 

amassing of Zn, Pb and Ni as 20.39, 1.94 and 0.25%, 

respectively. The amassing of metals in control fish varied 

significantly among organs as: fins > bones ≥ liver ≥ gills ≥ 

kidney > muscle. However, treated fish retained 

significantly higher quantities of all metals than control. 
Catecholamines induce gluconeogenesis (Morata et al., 

1982), glycogenolysis (Klee et al., 1990) and lipid 

mobilization (Sheridan, 1987), and cause adaptive changes 

in the liver tissues under chronic stress of metals. Thus, 

fluxes of different metallic ions might be taken place as a 

result of stress-induced discharge of hormones, and hence, 

resulting in the ejection of naturally destined metals in the 

liver. These metallic ions have, possibly, been depurated via 

bile excretion into the intestine and hence resulted into 

significant depletion of all metals from the fish body when 

placed in metal deprived pond’s water. This mechanism 

would have also been resulted in significant decrease of 

metals in fish liver with concomitant increase in rearing time 

as reported during present investigation (Kim et al., 2004). 
 

Conclusion 
 

Fish growth has shown a high degree of variations for 

metallic ions toxicity and serves as a subtle indicator to 

Table 2: Metal concentrations (µgg
-1

) in Zn + Pb + Ni mixture stressed fish at final harvest 

 
Species × Organs Fish Organs 

 Kidney Liver Skin Muscle Fins Gills Bones *Overall 

Means ±SD 

Cirrhina mrigala 253.56±83.82a 225.72±73.60b 104.51±19.86c 71.68±17.68 d 44.36±12.29e 29.29±14.7 f 10.93±1.53g 105.72±96.62c 

Hypophthalmichthys molitrix 252.67±75.92a 209.22±38.05b 175.17±49.24c 95.66±14.16d 59.04±24.11e 32.16±16.6 f 20.44±1.19g 120.62±91.78b 

Labeo rohita 243.58±98.50ab 222.75±70.87b 110.88±42.90c 69.53±38.50d 39.40±13.67ef 27.30±13.1 f 14.60±1.22g 104.01±93.87c 

Ctenopharyngodon idella 270.24±15.10a 236.82±93.53b 159.71±95.62c 93.05±33.65de 72.63±18.10e 41.94±11.63f 13.03±1.17g 126.77±98.30a 

Catla catla 263.70±28.78a 243.45±98.27b 138.54±77.37c 96.29±30.26d 60.59±29.93e 37.05±13.38f 12.83±1.16g 121.78±98.88b 

Overall Means ±SD 256.75±10.37a 227.59±13.24b 137.76±30.45c 85.24±13.44d 55.20±13.37e 33.55±5.95f 14.37±3.64g  

Metals × Organs         

Zn 270.78±82.38a 245.59±47.49b 157.79±16.20c 111.06±13.11d 68.69±11.3 ef 47.61±11.99f 16.40±4.40g 131.13±98.11b 

Pb 401.50±31.89a 356.10±18.34b 210.15±17.16c 124.55±12.69d 83.01±21.9 e 46.92±23.36f 23.36±7.88g 177.94±150.38a 

Ni 97.97±13.36ab 81.09±20.29b 45.33±19.51c 20.11±8.30d 13.87±11.5 e 6.11±3.33e 3.33±1.70f 38.26±37.92c 

Overall Means ±SD 256.75±152.25a 227.59±138.39b 137.76±84.22c 85.24±56.81d 55.19±36.49e 33.55±23.76f 14.36±10.17g  

Metals at stocking 478.48±31.77a 429.69±28.42b 243.43±35.51c 159.24±27.10d 96.52±20.66e 59.90±12.02f 21.45±4.43g  

Metals at harvest 256.75±79.70a 227.59±26.25b 137.76±50.43c 85.24±21.20d 55.19±21.05e 33.55±15.12f 14.36±3.77g  

Metal Depuration ( - ) or 

Increase ( + ) % 

- 92.68b - 94.06a - 86.82c - 92.94b - 85.64c - 87.98c - 66.06d  

 (Means with similar letters in a single row and *column are statistically similar at p<0.05) 

Metals × Species Fish Species 

 Cirrhina mrigala Hypophthalmichthys molitrix Labeo rohita Ctenopharyngodon idella Catla catla  

Zn 122.49±18.20b 127.38±18.42b 117.79±13.82b 136.48±86.88b 151.52±20.63b  

Pb 165.70±22.16a 195.49±19.16a 164.37±28.23a 193.85±26.15a 170.30±62.76a  

Ni 28.97±15.50 c 39.00±11.02c 29.82±18.50 c 49.99±22.18 c 43.51±26.15c  

Metals at stocking 191.09±213.39 a 205.48±197.88a 194.58±216.81a 237.02±229.27a 235.18±233.08a  

Metals at harvest 105.72±174.17 b 120.62±169.14b 104.01±177.51b 126.77±195.59b 121.78±199.22b  

Metal Depuration ( - ) or 

Increase ( + ) % 

- 89.35c - 82.60d - 93.11b - 93.02b - 96.44a  

Source × Metals Metals  

 Zn Pb Ni  

Metals at stocking 255.88±86.56a 312.27±60.97a 69.87±34.24a  

Metals at harvest 131.13±81.51b 177.94±31.00b 38.26±6.27b  

Metal Depuration ( - ) or 

Increase ( + ) % 

- 131.13b - 177.94a - 38.26c  

(Means with similar letters in a single column are statistically similar at p<0.05). 
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monitor metals stress that offers invaluable evidence 

regarding toxicity of metals in five fish species. Rearing 

of metals mixture stressed fish in ponds (metals deprived 

water) caused variable retention of all metals in fish organs 

as: kidney > liver > skin > muscle > fins ≥ gills ≥ bones. 

The liver of treated fish showed highest while bones showed 

the lowest depuration of metals. C. catla exhibited a greater 

tendency to depurate metals. The tendency of fish to 

depurate Pb from its body was higher than Zn and Ni. 
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Labeo rohita 107.56±45.21a 97.16±44.55ab 85.37±46.64b 75.46±48.32c 70.62±49.86d 55.79±23.99e 30.61±29.15f 74.65±25.87b 

Ctenopharyngodon idella 108.13±39.82a 101.10±39.89b 88.30±41.45c 77.14±44.22d 66.40±44.49e 59.80±23.78f 32.36±27.93g 76.18±26.06b 

Catla catla 116.10±46.18a 104.41±53.6 b 92.02±45.32c 79.07±50.34d 62.51±49.91e 64.53±26.74e 32.52±12.44f 78.74±28.38a 

Overall Means ±SD 110.79±3.54a 101.06±2.60b 89.01±2.52c 77.76±4.05d 59.84±9.71e 58.08±4.10e 32.19±2.19f  

Metals × Organs         

Zn 136.61±15.11 a 119.24±19.10b 121.30±5.92b 108.39±12.64c 69.87±27.33d 77.05±23.14e 28.73±5.90f 94.46±39.78a 

Pb 120.01±13.27bc 107.64±9.41cde 102.19±9.92de 97.05±9.67e 72.90±23.11a 75.23±13.57f 25.05±7.27g 85.72±31.65b 

Ni 104.18±12.69 ab 98.68±43.27b 58.92±15.91c 35.95±9.58 de 18.35±4.23ef 13.29±4.57f 5.86±3.80f 47.89±40.51c 

Overall Means ±SD 120.27±16.22a 108.52±10.31b 94.14±31.96c 80.46±38.96d 53.71±30.66e 55.19±36.30e 17.55±10.26f  

Source × Organ         

Metals at  Stocking 103.83±39.05b 93.77±39.57b 84.19±43.05b 74.59±44.7bc 66.57±45.33a 54.24±42.21b 29.66±37.16a  

Metals at harvest 110.79±41.22a 101.05±42.04b 89.01±42.32c 77.75±43.89d 83.84±128.96cd 58.08±41.96e 32.19±36.82f  

Metal Depuration ( - ) or 

Increase ( + ) % 

+ 6.70b + 7.76b + 5.72b + 4.24c +25.94a +7.08b + 8.53b  

(Means with similar letters in a single row and *column are statistically similar at p<0.05) 

Metals × Species Fish Species 

 Cirrhina mrigala Hypophthalmichthys molitrix Labeo rohita Ctenopharyngodon idella Catla catla  

Zn 91.80±41.33c 92.92±40.37c 96.80±35.09b 103.12±35.73a 96.92±48.69b  

Pb 148.84±224.72a 98.02±29.49b 87.10±35.89bc 78.05±24.96c 88.03±30.79bc  

Ni 47.34±43.19a 47.23±35.09a 43.46±39.12c 48.16±37.69a 53.24±56.19b  

Source × Species       

Metals at stocking 69.89±26.58b 74.99±32.36b 70.35±39.67b 71.96±45.75a 74.85±49.59b  

Metals at harvest 72.61±11.68a 75.50±26.82a 74.65±29.72a 76.18±46.69a 78.74±52.89a  

Metal Depuration ( - ) or 

Increase ( + ) % 

+ 3.89c + 0.68d + 6.11a + 5.86a + 5.20b  

Source × Metals Metals 

 Zn Pb Ni 

Metals at stocking 94.22±37.31b 84.09±29.92b 39.78±32.40b 

Metals at harvest 94.46±42.11a 85.72±43.62a 47.89±28.52a 

Metal Depuration ( - ) or 

Increase ( + ) % 

+ 0.25c + 1.94b + 20.39a 

(Means with similar letters in a single column are statistically similar at p<0.05) 
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