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Abstract 

Changes in growth and phosphorus content in plants and seeds of fenugreek with 
increasing cadmium concentration was evaluated. Root length and shoot length 
ranged from 11.63 to 27.72 and from 9.70 to 54.78 cm, respectively. With the 
increasing Cd 2§ concentration there was a significant decrease in root and shoot 
length, and fresh mass. Various phosphorus fractions of shoot decreased with 
increasing Cd 2§ concentration except lipid P and nucleic acid P which increased at 
65 and 95 d after sowing and protein P only increased at vegetative stage. In seeds 
(60 d after flowering) lipid P increased except at 2.5 lag(Cd 2+) g-I (soil) while 
protein P decreased. 
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Increased industrialisation and urbanisation have resulted in the addition of large 
amounts of heavy metals in the environment. Among these, cadmium is more toxic 
than others because it not only disturbs various biochemical processes of plants but 
also posses a great threat to the health of animals and human beings. 

Fenugreek seeds and leaves are rich in minerals, proteins and carbohydrates, but 
low in oil (Gad et al. 1982) and used as a new potential source for production of 
corticosteroids (Fazli and Hardman 1968). Therefore, the present study was 
undertaken to investigate the effect of different levels of cadmium on growth and 
prosphorus content of fenugreek. 

Fenugreek (Trigonella foenum-graecum L.) cv. PEB (Pusa early bunching) was 
raised in earthenware pots filled with 5 kg of loamy soil in a naturally lit net house. 
Cadmium was applied in different concentrations i.e. 0 (control), 2.5, 5.0, 7.5, 10, 15 
and 20 lag g-I (soil) in the form of cadmium chloride. Shoot were taken at 65, 95 and 
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125 d after sowing (DAS) and seeds were taken at 40, 60 and 70 d after anthesis 
(DAF). The length of roots and shoots was recorded and the fresh mass of roots. 
shoots and seeds was determined. Then the sample was dried in an oven maintained 
at 70 ~ to constant mass. Samples were pooled, ground and stored in air tight plastic 
bottles for estimation. Total phosphorus was estimated (Thomas and Chamberlin 
1974) and phosphoras fractions were separated (Snell and Snell 1962). 

At vegetative stage (65 DAS), root length initially increased reaching a maximum 
value at Cd 2+ concentration 2.5 lag g-l(soil) and then decreased. With the increasing 
Cd 2~ concentration root length decreased significantly at 95 and 125 DAS (Table 1). 
Root branching reduced and the colour changed from brownish to cream colour. This 
decrease may be due to inhibition of root cell division (Vazduez et al. 1992). 
Branching of treated plants found to be more delicate. Fresh mass of root (per plant) 
decreased with increasing levels of Cd 2+ at vegetative, flowering and maturity stage. 
Dry mass of root decreased by 93.4, 97.8 and 81.0 % at 65, 95 and 125 DAS, 
respectively. 

The length of shoots decreased significantly with the increasing concentration of 
Cd 2§ at all the three stages of growth. Cd 2- inhibited root elongation 
(Wojciechowska and Kouk 1987, Shaw 1995) and shoot growth (Salim et al. 1992) 
of different plants. The fi'esh mass of shoots also decreased with increasing Cd 2* 
concentration at vegetative, flowering and harvest stage. Similar trend was seen in 
dry mass of shoots which conesponded to results observed in roots and shoots of Zea 

mays  (Nussbaum et al. 1988). 
No regular trend in fi'esh mass of seeds was observed upto 10 lag(Cd 2+) g-t(soil) at 

40 DAF and then decreased to 150 mg per pod at 15 and 20 lag(Cd 2+) g-l(soil). At 60 
DAF, fresh mass was higher in all Cd 2+ treatments as compared to control with a 
maximum value of 313 mg pod -I at 10 lag(Cd z+) g-l(soil). At maturity, except at 2.5 
and 7.5 lag(Cd 2+) gq(soil), it decreased with increasing Cd 2+ concentration. Dry 
matter increased at 2.5 lag(Cd 2.) g-I(soil) at all three stages and decreased later. Cd 2+ 
severely affected fi-esh and dry mass of soybean pods (Huang et al. 1974). 

At vegetative stage, total P decreased from i.97 (control) to 1.32 and then 
increased to 1.86 mg g'l(d.m.) at 20 lag(Cd 2+) g-l(soil). Similarly at flowering and 
harvesting stage, total P decreased significantly from 2.22 to 1.76 and from 1.83 to 
1.28 mg g-l(d.m.) with the increase ofCd 2+ concentration (Table 2). 

Among phosphorus fractions, acid soluble P also decreased (with the increase of 
Cd 2§ concentration) from 1.45 to 1.35, 1.87 to 1.15 and 1.39 to 0.95 mg g-l(d.m.) at 
65, 95 and 125 DAS. Maximum acid soluble P was present in control at flowering 
stage. At vegetative stage, acid soluble P decreased whereas lipid P, nucleic acid P 
and protein P increased At flowering stage protein P and acid soluble P decreased. 
At maturity all P fractions decreased. 

In seeds, total P content ranged from 2.18 (control; 70 DAF) to 3.41 mg g-~(d.m.) 
(10 p.g(Cd 2~) g-l(soil), 70 DAF). With increasing Cd 2+ concentration the total P at 70 
DAF increased fiom 2.18 (control) to 2.68, while decreased at 60 DAF fiom 3.35 to 
3.18 and at 40 DAF from 3.18 to 2.73 mg g-l(d.m.) at 10 lag(Cd 2") g-t(soi[) and 
increased to 3.34 mg g-l(d.m.) at 20 lag(Cd 2+) g-l(soil). Cd 2+ mostly adverselv 
effected the total P contents of the seeds similarly as that in shoots. 

310 



PHOSPHORUS CONTENT AND GROWTH OF GROWTH OF FENUGREEK 

o 

i 

e~ 
~5 

u~ 

_.N 

I.- 

,k., 

- . . . ,  

- . . -  

_= 

~:--. 

~ - ~ o g . , . , _  _ o ~  _ " ~ ~  ~ o ~  ~ , ,  

- ~ ~ 

~ g ~ ~  ~ - ~  

u~ 

~ q-~ ~ ,,r ~ ~ ~ ~,~ tr ~ ~-'~ ~ o ~ ~,~ Le'~ ~ ~*-~ ~ ~ ~ ~ 

311 



N. SINGHAL et al. 

Table 2. Effect of Cd 2§ on phosphorus content [mg gq(dm.)] in developing fenugreek shoot. 

DAS Treatment Total P Acid soluble P Lipid P Nucleic acid P Protein P 
[/ag(Cd 2+) gl(soil)] 

65 0.0 1.973 1.455 0.033 0.206 0.012 
2.5 1.837 1.455 0.045 0.159 0.026 
5.0 1.537 1.259 0.046 0.178 0.010 
7.5 1.570 1.247 0.027 0.208 0.014 

10.0 1.319 0.903 0.076 0.241 0.024 
15.0 1.760 1.236 0.175 0.215 0.071 
20.0 1.861 1.351 0.112 0.221 0.025 

95 0.0 2.224 1.867 o. 116 0.090 0.076 
2.5 2.050 1.587 0.138 0.134 0.080 
5.0 1.800 1.293 0.122 0.174 0.081 
7.5 1.982 1.512 0.191 0.125 0.074 

10.0 1.852 1.455 0.084 0.092 0.037 
15.0 1.919 1.618 0.090 0.133 0.045 
20.0 1.762 1.152 0.117 0.172 0.040 

125 0.0 1.831 1.387 0.163 0.132 0.047 
2.5 1.079 0.804 0.041 0.042 0.023 
5.0 1.344 1.024 0.085 o. 146 0.015 
7.5 1.762 1.020 0.066 0.079 0.027 

10.0 1.796 1.336 0.155 0.097 0.047 
15.0 0.972 0.751 0.100 0.037 0.010 
20.0 1.284 0.948 0.140 0.120 0.041 

CD 1 (P < 0.05) stages 0.041 0.025 0.010 0.010 0.005 
CD~ treatments 0.062 0,038 0~016 0.015 0.008 
CD 3 stages x treatments 0.107 0.066 0.028 0.025 0.014 

At 40 DAF with the increase in Cd 2+ concentration [upto l0 p.g g-l(soil)] acid 
soluble P content decreased and at higher concentration of Cd 2+ acid soluble P 
increased. At 60 DAF, acid soluble P decreased from 2.29 (control) to 1.75, nucleic 
acid P increased from 0.25 to 0.86, lipid P increased from 0.21 to 0.30 and protein P 

decreased from 0.33 to 0.18 mg g-l(d.m.) at 20 ~tg(Cd 2+) g-l(soil). At 70 DAF, the 

results were just  reverse i.e. acid soluble P increased from 1.28 to 1.55, lipid P 
decreased from 0.33 to 0.06, protein P increased from 0.04 to 0.37 and nucleic acid P 

increased from 0.43 to 0.62 mg g-l(d.m.) at 20 lag(Cd 2+) g-l(soil). The interactions 

between stages and treatments were significant in both shoots and seeds. 
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Table 3. Effect of Cd 2. on phosphorus content [mg g-l(d.m.)] in fenugreek seeds. 

DAF Treatment Total P Acid soluble P Lipid P Nucleic acid P Protein P 
[lag(Cd 2~) g-l(soil)] 
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