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Summary
Cadmium (Cd) has no defined biological role and may enter the 
food chain from polluted soils. Biochar has been proposed as an 
organic amendment to minimize the toxic effects of Cd for plants 
grown on contaminated soils. In this study, biometric and biochemi-
cal attributes of fenugreek (Trigonella corniculata) grown on arti-
ficially cadmium (Cd) contaminated soil (0, 25, 50, 75 and 100 mg 
Cd/kg soil) at three levels of cotton-sticks derived biochar (CSB; 
0, 3 and 5 %) were studied. Data show significant decline in the 
growth, photosynthetic pigments (chlorophyll a, b and total, caro-
tenoids, anthocyanin and lycopene), and physiological attributes 
(sub-stomatal CO2 concentrations, photosynthetic and transpiration 
rate) in the presence of high Cd concentrations (50 and 100 mg Cd/
kg soil). However, the decline was reduced in the presence of CSB. 
A steady amplification in lipid peroxidation (assessed via Malon-
dialdihyde (MDA)) and ascorbic-acid assembly was noted with 
increasing Cd. The concentration of Cd in the root and shoot also 
decreased with increasing CSB application rates from 3 % - 5 %.   
Overall, the greater production of protein, amino acids and sugar 
contents in response to higher application rates of CSB seems to be 
due to alleviation in Cd toxicity. Thus, cotton-sticks can be safely 
utilized in the form of biochar as amendment with additional benefit 
of reducing Cd bioavailability and toxicity to crop plants.

Introduction
Cadmium (Cd) is a toxic element for crop plants that enters into  
environmental cycle through different anthropogenic activities such 
as electroplating, waste materials of industries, manufacturing of 
Ni-Cd batteries, plastic, pigments, as well as cement and ceramic 
(NRIAGU, 1996). Entry of Cd to agricultural lands and consequently 
in plants is through use of sewage irrigation water and sewage sludge 
(QADIR et al., 2000). There are certain adverse effects of Cd on plants 
when taken up by the roots in large quantity and accumulated in 
the aerial parts (REEVES and BAKER, 2000) such as metabolic, phy-
siological and restricted growth disorders (MARKERT et al., 2003). 
The photosynthetic pigments are very susceptible to Cd toxicity that 
results in disturbed photosynthetic activity (SANDALIO et al., 2001). 
Moreover, the structure and functions of various membranes are de-
stroyed by Cd as it facilitates partial reduction of oxygen molecules 
by restricting the activity of photosynthetic electron transport which 
produces free radicals (DHIR et al., 2004). High levels of Cd also be-
come one of major contributors in the oxidative damage as in higher 
plants it is engaged in lipid peroxidation.
The accumulation of Cd and other heavy metals in plants can be 
minimized by the addition of organic amendments such as biochar (a 
black carbon compound produced by pyrolysis of biomass). Biochar 
can immobilize heavy metals in soil through various stabilization 
mechanisms (VERHEIJEN et al., 2010). Biochar derived from vari-

ous feedstocks can improve soil physicochemical properties (tex-
ture, structure, bulk density pH, electrical conductivity, and cation 
exchange capacity), biological as well as fertility status (AMONETTE 
and JOSEPH, 2009; GUNDALE and DELUCA, 2007). Besides, the most 
important use of biochar is the safe utilization of organic wastes 
and carbon-sequestration through reduction of greenhouse gases 
into atmosphere (KAMMANN et al., 2012). Due to high surface area 
and organic functional groups, biochar can immobilize heavy met-
als in soils through sorption (BEESLEY et al., 2010; LIU and ZHANG, 
2009; UCHIMIYA et al., 2010; ZHANG et al., 2013). BUSS et al. (2012)  
reported better performance and reduced uptake of Cu by Cheno-
podium quinoa after biochar application at 4 %. They reported ad-
sorption of Cu to biochar surfaces as possible mechanism of reduced 
Cu uptake.
In Pakistan, most of the vegetables are grown using sewage water 
irrigation that poses serious threat of heavy metals accumulation 
(HOSSAIN et al., 2010; QADIR et al., 2000). In this scenario, there is 
need of research to minimize the bioavailability of metals to crop 
plants especially vegetables. The objective of our research was to 
study the impact of Cd and biochar on biochemical activities of fenu-
greek (Trigonella corniculata). It was hypothesized that biochar can 
minimize the stress effects of Cd by minimizing its bioavailability 
to T. corniculata. Biochar was prepared using cotton-sticks because 
of their easy and cheap availability in the farming community. The 
changes in growth, chlorophyll, MDA, sugar, protein, amino con-
tents and bioaccumulation of ions and Cd were investigated in tis-
sues of fenugreek seedlings grown in metal-contaminated soil and 
amend with biochar.

Materials and methods
The experiment was conducted at the botanical garden of Bahauddin 
Zakariya University Multan, using a completely randomized facto-
rial design involving fenugreek (Trigonella corniculata) and two 
treatment factors: biochar (0, 3, and 5 % w/w) and cadmium addi-
tions (0, 25, 50, 75 and 100 mg Cd/kg air dry soil using CdCl2). Each 
treatment was replicated four times. The biochar (CSB) was prepared 
using pyrolysis of cotton-sticks at 450 °C in vertical-silo kiln-type 
reactor. The physicochemical properties of the cotton-sticks derived 
biochar (CSB) are provided in Tab. 1. The soil was collected from 
the agricultural field of the Bahauddin Zakariya University and had 
following characteristics (texture, Sandy loam; pH, 6.5; AB-DTPA 
extractable Cd, 0.742 ppm). The plants were grown in clay pots 
filled with mixture of 5 kg soil and respective treatments (CSB and 
Cd). Twenty seeds of fenugreek (T. corniculata) were sown and later 
thinned to ten seedlings per pot. The plants were irrigated on regular 
basis to maintain 50 % of soil’s water holding capacity.
At maturity, the plants were harvested and fresh and dry biomasses 
(shoots and leaves) were determined. The concentration of Cd in the 
plant samples was determined using di-acid digestion followed by 
measurement on Atomic Absorption Spectrophotometer (RASHID 
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Tab. 1:  Physiochemical properties of biochar used in the experiment

 pH(1:10)  EC(1:10) Total Carbon Total Nitrogen Hydrogen Phosphorus Potassium Ash content Volatile matter

  dS/m     % (w/w)

 9.51 1.52 46.3 1.7 3.6 0.4 1.6 15 20

1986). The total soluble protein and amino acids were determined 
following BRADFORD (1976). For ascorbic acid determination,  
the formula of KELLER and SCHWAGER (1977) was used. Plant ma-
londialdihyde contents were assayed as thiobarbituric acid (TBA) 
method and soluble sugar was determined with the anthrone reagent 
(CAKMAK and HORST, 1991). The gas exchange attributes were 
determined by an open system LCA-4 ADC portable infrared gas 
analyzer (Analytical Development Company, Hoddeson, England). 
It was used for measurements of photosynthetic rate, transpiration 
rate (E) and sub-stomatal CO2 concentration (Ci). The photosyn-
thetic pigments were determined by following the method of ARNON 
(1949).

Statistical analysis
The data were analyzed for statistical differences by performing 
analysis of variance (ANOVA) test using statistical software pack-
age SPSS version 18.0. The Tukey-HSD Test was used to find sig-
nificant differences between various treatments.

Results
Plant growth attributes
The results show significant reduction in the fresh and dry biomass 
of fenugreek (T. corniculata) by increasing Cd application rates but 
this retardation was less pronounced in CSB treated soil (Fig. 1). In 
the absence of Cd, plants produced more fresh-biomass (32.35 g) 
than at 3 % CSB (23.3 g) and 0 % CSB (20.4 g). At all the levels of 
Cd (25, 50 and 100 mg Cd/kg soil) with CSB applications at 3 % and 
5 %, the plants had highest values of fresh biomass than at sole 5 % 
CSB treatment. The plants which received 100 mg Cd/kg soil had 
lowest biomass (13.25 g).

Photosynthetic pigments
The effect of Cd with various application rates of CSB on photo-
synthetic pigments is depicted in Tab. 2. The increase in chlorophyll 
(a, b, total), carotenoids and anthocyanin content was observed by 
increasing the CSB application from 0 % to 5 %. The lycopene con-
tents were not significantly affected by any of the CSB application 
rate. Similar results were observed at 50 and 100 mg Cd/kg soil +  
5 % CSB for chlorophyll b, total chlorophyll, carotenoids and antho-
cyanin but significantly higher chlorophyll a and lycopene content 
were noticed at 100 mg Cd/kg soil.

Physiological attributes
The increasing application rates of Cd significantly decreased the 
physiological attributes of plants (Fig. 2). The lowest values of all 
the physiological attributes were observed at 100 mg Cd/kg soil. 
However, at different combinations of Cd (25, 50, and 100 mg Cd/kg 
soil) and CSB, the reduction in physiological parameters was very 
less which demonstrates the role of biochar in increasing photosyn-
thetic pigments at various percentages. The maximum increase in 
photosynthetic rate, transpiration rate and sub-stomatal CO2 concen-
tration was observed at 5 % CSB. 
The concentration of ascorbic acid was increased with an increase in 
Cd application from 0 to 100 mg Cd/kg soil which were significantly 
lower at 3 % and 5 % CSB amended soil at the same Cd levels. 
At 100 mg Cd/kg soil + 5 % CSB, the ascorbic acid concentration 
was not significantly different from plants treated with 100 mg Cd/
kg soil. 3 % CSB + 0 mg Cd/kg soil treatment exhibited the lowest 
values of ascorbic acid. 
The concentrations of MDA were also increased by increasing Cd 
level from 25-100 mg Cd/kg soil as compared to the control (0 mg  
Cd/kg soil). By applying CSB, the MDA concentration was signi-

Fig. 1:  Effect of various application levels of cadmium (0, 25, 50 and 100 mg Cd/kg soil) and cotton sticks biochar (CSB, 0 %, 3 % and 5 %) on fresh and dry 
biomass of fenugreek (Trigonella corniculata). The different letters on bars show significant differences (P ≤ 0.05) between biochar application levels 
within a cadmium application.
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ficantly decreased at various levels of Cd. A similar trend was also 
observed in the case of sugar concentrations at various levels of Cd 
and biochar percentages (Fig. 3).
The protein concentration was increased with an increase CSB appli-
cation from 3 % to 5 %. However, at different concentrations of Cd, 
the protein concentrations were decreased by increasing the Cd ap-
plication. The CSB + Cd treatments showed significant differences 
from all other treatments. Similarly, soluble amino acids concentra-
tions were also decreased by Cd stress but this decrease was less 
pronounced in biochar treated soil (Fig. 3).

Cadmium concentration in plants
The application of 5 % CSB significantly reduced the Cd concentra-
tion in T. corniculata. Whereas, in the absence of CSB, Cd uptake 
was increased from 2.55 to 3.82 mg/kg DM by increasing the Cd 
level from 25 to 100 mg Cd/kg soil (Tab. 3).

Discussion
The results of our study clearly depict the toxic effects of Cd on 
growth of fenugreek (T. corniculata) in terms of fresh and dry bio-
mass of plants. However, the decline in growth due to Cd-toxicity 
was very less in plants grown in biochar-amended soil. JIANG et al. 
(2000) also reported high reduction in growth parameters such as 
biomass and leaf area after application of Cd to the garlic. The de-
cline in growth in our study may be attributed due to toxic effects 
of Cd on various biochemical attributes of the plants (Fig. 2 and 
3). PARK et al. (2011) noted an increase in dry biomass of mustard 
plants by 1 % application of chicken manure-derived biochar. More-
over, they found a significant decrease in Cd and Pb uptake by plants 
in biochar amended soils. Our results show no significant effect of 
higher application rates (3 % and 5 %) of CSB on the dry biomass 
of shoots and roots in the control (Cd free) treatment. However, 
when CSB was applied along with Cd-stress, the growth parameters 
were significantly enhanced. In our study, the photosynthetic rate 
of plants grown in CSB treatments along with Cd stress was not 
reduced. Chlorophyll contents were comparatively higher at 3 % and 
5 % CSB applications with Cd. Decrease in pigment production by 
high Cd could be attributed to decrease in chlorophyll biosynthesis 

Tab. 2:  Effect of various application levels of cadmium (0, 25, 50 and 100 mg Cd/kg soil) and cotton sticks biochar (CSB, 0 %, 3% and 5 %) on photosynthetic 
attributes of T. corniculata. The different letters within column show significant differences (P ≤ 0.05) between biochar application levels within a 
cadmium application.

 Cd Treatment Biochar  Chlorophyll a  Chlorophyll b Total Carotenoids Lycopene  Anthocyanin
  application    Chlorophyll

 mg Cd/kg soil (%)   (mg /g fresh mass)   (umol/ml)

 Control 0  2.26 c 0.71 c 2.96 c 0.51 c 0.12 a 0.12 c

  3  2.47 b 1.13 b 3.60 b 0.94 b 0.12 a 0.19 b

  5  2.73 a 1.37 a 4.09 a 1.19 a 0.10 a 0.23 a

 25  0  1.63 b 0.99 c 2.63 c 0.69 b 0.10 a 0.14 b

  3  1.09 c 1.20 b 3.08 b 0.28 c 0.06 b 0.14 b

  5  2.25 a 1.21 a 3.45 a 1.09 a 0.10 a 0.20 a

 50  0  1.89 b 0.70 c 2.59 c 0.53 c 0.08 b 0.11 c

  3  1.88 c 0.84 b 2.71 b 0.68 b 0.07 b 0.14 b

  5  2.08 a 1.18 a 3.25 a 0.89 a 0.09 a 0.18 a

 100  0  1.74 a 0.44 a 2.18 b 0.46 b 0.09 a 0.10 b

  3  1.67 c 0.52 a 2.19 b 0.11 c 0.08 c 0.10 b

  5  1.73 b 0.88 a 2.61 a 0.62 a 0.09 b 0.13 a

Fig. 2:  Effect of various application levels of cadmium (0, 25, 50 and  
100 mg Cd/kg soil) and cotton sticks biochar (CSB, 0 %, 3 % and  
5 %) on photosynthetic rate, transpiration rate and sub-stomatal CO2 
concentrations of fenugreek (Trigonella corniculata). The different 
letters on bars show significant differences (P ≤ 0.05) between bio-
char application levels within a cadmium application.
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Fig. 3:  Effect of various application levels of cadmium (0, 25, 50 and 100 mg Cd/kg soil) and cotton sticks biochar (CSB, 0 %, 3% and 5%) on biochemical 
attributes (Ascorbic acid, malondialdihyde, sugar, amino acids and protein) of fenugreek (Trigonella corniculata). The different letters on bars show 
significant differences (P ≤ 0.05) between biochar application levels within a cadmium application.

by restriction of important enzymes (δ aminolevulinic acid dehy-
dratase and protochlorophyllide reductase) involved in the produc-
tion of chlorophyll.  Similarly, Cd destructs the supply of Mg and 
Fe that are essential for chlorophyll manufacturing (KUPPER et al., 
1996) and that would decrease photosynthetic rate, transpiration and 
sub-stomatal CO2 concentrations. 
The transport and bioaccumulation of metals in the plants could be 
affected by many factors such as light, temperature, transport mecha-
nism, ionic strength and anoxic conditions (JOHN et al., 2009). High 
production of MDA is an indication of oxidative stress by heavy 
metals. An increased level of lipid peroxidation (high MDA produc-
tion) at high concentrations of Cd can be an expression of metal tox-
icity due to the generation of alkoxy and peroxy radicals that cause 

oxidative damage to biological membranes through destruction of 
polyunsaturated fatty acids (DHIR et al., 2004). In our study, high 
production of amino acids and proteins was promoted by CSB ap-
plication under toxic levels of Cd in tissues that indicates the activa-
tion of defensive mechanism against oxidative damage. Production 
of such compounds is an evolutionary comeback of plants to stress 
which has been observed in diverse groups of organisms (CHEN  
et al., 2001; WU et al., 1995).
The observed variations in the analyzed parameters clearly depict 
that increasing levels of Cd affect the growth and chlorophyll pro-
duction in fenugreek (T. corniculata). Moreover, the enhanced pro-
duction of MDA showed oxidative damage as a result of Cd toxic-
ity. Biochar derived from cotton sticks has shown the capability to 
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Tab. 3:  Effect of various application levels of cadmium (0, 25, 50 and  
100 mg Cd/kg soil) and cotton sticks biochar (CSB, 0 %, 3 % and 
5 %) on concentrations of cadmium in T. corniculata. The different 
letters within column show significant differences (P ≤ 0.05) between 
biochar application levels within a cadmium application.

 Cd Treatment Biochar %age Cadmium concentration
 mg Cd/kg soil  (mg Cd/kg dry mass)

   Root Shoot

  0 0.199 a 0.166 b

 Control 3 0.133 c  0.173 a

  5 0.143 b 0.129 c

  0 2.553 a 2.613 b

 25 3 1.679 c 2.697 a

  5 1.743 b 0.455 c

   0 2.521 b 2.031 b

 50 3 2.546 a 2.885 a

  5 1.777 c 1.480 c

   0 3.823 a 3.032 a

 100 3 3.029 b 2.964 b

  5 1.698 c 1.299 c

sequester metals in the rhizosphere and to inhibit its transfer to the 
aerial parts of plants. Protein and amino acids appeared to play a key 
role in the defense against cadmium toxicity under biochar appli-
cation.  Therefore, biochar can be a choice in situations where irriga-
tion water contains appreciable amounts of cadmium as well as for 
utilization in abandoned soils contaminated with Cd.

Acknowledgments 
Financial support from Higher Education Commission Pakistan 
under scheme ‘indigenous scholarship program’ is highly acknow-
ledged.”

References
AMONETTE, J.E., JOSPEH, S., 2009: Characteristics of Biochar: Microchemi-

cal Properties. In: Lehmann, J., Joseph, S. (eds.), Biochar for environ-
mental management science and technology, 33-43. Earthscan, London.

ARNON, D.I., 1949: Copper enzymes in isolated chloroplasts: Polyphenol-
oxidases in Beta vulgaris. Plant Physiol. 24, 1-15.

BEESLEY, L., MORENO-JIMENEZ, E., GOMEZ-EYLES, J.L., 2010: Effects of 
biochar and greenwaste compost amendments on mobility, bioavailabil-
ity and toxicity of inorganic and organic contaminants in a multi-element 
polluted soil. Environ. Pollut. 158, 2282-2287.

BRADFORD, M.M., 1976: A rapid and sensitive method for quantification of 
microgram quantities of protein utilizing the principle of protein-dye 
binding. Anal. Biochem. 72, 248-284

BUSS, W., KAMMANN, C., KOYRO, H., 2012: Biochar reduces copper toxic-
ity in Chenopodium quinoa Willd. in a Sandy soil. J. Environ. Qual. 40, 
1157-1165.

CAKMAK, I., HORST, W.J., 1999: Effect of aluminium on lipid peroxidation, 
siiperoxide dismutase, catalase, and peroxidase activities in root tips of 
soybean (Glycine max). Physiol. Plant. 83, 463-468. 

CHEN, C.T., CHEN, L.M., LIN, C.C., KAO, C.H., 2001: Regulation of proline 
accumulation in detached rice leaves exposed to excess copper in plants. 
Plant Sci. 160, 283-290.

DHIR, B., SHARMILA, P., SARADHI, P., 2004: Hydrophytes lack potential to 
exhibit cadmium stress induced enhancement in lipid peroxidation and 

accumulation of proline. Aquat. Toxicol. 66, 141-147.
GUNDALE, M.J., DELUCA, T.H., 2007: Charcoal effects on soil solution chem-

istry and growth of Koeleria macrantha in the ponderosa pine/Douglas-
fir ecosystem. Biol. Fertil. Soils. 43, 303-311.

HOSSAIN, M.K., STREZOV, V., CHAN, K.Y., NELSON, P.F., 2010: Agronomic 
properties of wastewater sludge biochar and bioavailability of metals in 
production of cherry tomato (Lycopersicon esculentum). Chemosphere. 
78, 1167-1171.

JIANG, W., LIU, D., HOU, W., 2000: Hyperaccumulation of cadmium by 
roots, bulbs and shoots of garlic (Allium sativum L.). Biores. Technol. 
76, 9-13.

JOHN, R., AHMAD, P., GADGIL, K., SHARMA, S., 2009: Cadmium and lead-
induced changes in lipid peroxidation, antioxidative enzymes and metal 
accumulation in Brassica juncea L. at three different growth stages. 
Arch. Agron. Soil Sci. 55, 395-405.

KAMMANN, C., RATERING, S., ECKHARD, C., MÜLLER, C., 2012: Biochar and 
hydrochar effects on greenhouse gas (Carbon Dioxide, Nitrous Oxide, 
and Methane) fluxes from soils. J. Environ. Qual. 41, 1052-1066.

KELLER, T., SCHWAGER, H., 1977: Air pollution and ascorbic acid. Eur. J. 
For. Pathol. 7, 338-350.

KUPPER, H., KUPPER, F., SPILLER, M., 1996: Environmental relevance of 
heavy metal substituted chlorophylls using example of water plants. J. 
Exp. Bot. 47, 259-266.

LEHMANN, J., GAUNT, J., RONDON, M., 2006: Bio-char sequestration in ter-
restrial ecosystems – a review. Mitig. Adapt. Strat. Glob. Change. 11, 
403-427.

LIU, Z., ZHANG, F.S., 2009: Removal of lead from water using biochars pre-
pared from hydrothermal liquefaction of biomass. J. Hazard. Mater. 167, 
933-939.

MARKERT, B., BREURE, A.M., ZECHMEISTER, H.G., 2003: Bioindicators and 
Biomoniters-Principles, Concepts and Apllications. Elsevier, Amster-
dam.

NRIAGU, J.O., 1996: A history of global metal pollution. Science, 272, 223-
230.

PARK, J.H., CHOPPALA, G.K., BOLAN, N.S., CHUNG, J.W., CHUASAVATHI, 
T., 2011: Biochar reduces the bioavailability and phytotoxicity of heavy 
metals. Plant Soil 348, 439-451. 

QADIR, M., GHAFOOR, A., MURTAZA, G., 2000: Cadmium concentration in 
vegetables grown on urban soils irrigated with untreated municipal sew-
age. Environ. Dev. Sustain, 2, 11-19.

RASHID, A., 1986: Mapping zinc fertility of soils using indicator plants and 
soils-analyses. PhD Dissertation, University of Hawaii, HI, USA.

REEVES, R.D., BAKER, A.J.M., 2000: Metal-accumulating plants. In: Raskin, 
I., Ensley, B.D. (eds.), Phytoremediation toxic metals: Using plants clean 
up environment, 193-229. John Wiley and Sons, New York.

SANDALIO, L.M., DALURZO, H.C., GOMEZ, M., ROMERO-PUERTAS, M.C., 
DELRIO, L.A., 2001: Cadmium-induced changes in the growth and oxi-
dative metabolism of pea plants. J. Exp. Bot. 52, 2115-2126.

UCHIMIYA, M., LIMA, I.M., KLASSON, K.T., CHANG, S., WARTELLE, L.H., 
RODGERS, J.E., 2010: Immobilization of heavy metal ions (CuII, CdII, 
NiII, and PbII) by broiler litter-derived biochars in water and soil. J. 
Agric. Food Chem. 58, 5538-5544. 

VERHEIJEN, F., 2010: Biochar application to soils: A critical scientific review 
of effects on soil properties, processes and functions. JRC Scientific and 
Technical Reports, Ispra, Italy.

WU, J.T., CHANG, S.J., CHOU, T.L., 1995: Intracellular proline accumulation 
in some algae exposed to copper and cadmium. Bot. Bull. Acad. Sinica. 
36, 89-93.

ZHANG, X., WANG, H., HE, L., LU, K., SARMAH, A., LI, J., BOLAN, N.S., 
PEI, J., HUANG, H., 2013: Using biochar for remediation of soils con-
taminated with heavy metals and organic pollutants. Environ. Sci. Pollut. 
Res. 20, 8472-8483.

Address of the corresponding author:
E-mail: farooq.qayyum@bzu.edu.pk


