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Abstract 
 Phosphorus deficiency caused a decrease in the accumulation of reducing sugar in the leaves and stems 
but increased in the roots of lentil (Lens culinaris Medik.). Accumulation of insoluble protein was depressed 
in lentil following  P-deficiency. Phosphorus deficiency increased proline and phenolic compounds in roots 
and stems and anthocyanin in leaves compared to control. 
 

Introduction 
 Phosphorus is needed by young tissues and it performs a number of functions related to 
growth, development and metabolism. Despite its ubiquitous importance to plant metabolism, iP is 
one of the least available nutrients in many natural ecosystems (Barber 1980). Total soil 
phosphorus is often hundred fold more than the fraction of inorganic phosphorus available for 
uptake by crop plants and most of the phosphorus applied to field form complexes with iron and 
aluminum in acidic and calcium in alkaline soil and thus becomes unavailable to plants.  Low 
phosphorus availability strongly limits plant productivity in tropical soils. The world phosphate 
institute classified 65% of 500 soil samples collected from 42 countries in the tropics as acutely 
deficient in phosphorus, 27% as moderately deficient. But only 8% of sample were classified as 
not deficient (Koala et al. 1988).  
 An increase in carbohydrate concentration in the root of bean is one of the first observed 
effects of phosphate starvation (Ciereszko et al. 1996). Khamis et al. (1990) showed that 
accumulation of sucrose increased in the root of maize plants due to phosphorus deficiency. In 
potato accumulation of non-reducing sugar in the root was increased at low -P (Mc-Arthur and 
Knowles1993). Li et al. (2004) reported that phosphorus deficiency resulted in an increase in C12 
assimilates in rice and more assimilates were distributed to the root. Omission of P from the 
growth medium caused an increase in the fructan concentration in barley. But there was little or no 
effect on the concentrations of starch, sucrose, glucose and fructose (Wang et al. 1997).  
 Usuda and Shimogawara (1995) reported that in phosphorus deficient maize, soluble and 
insoluble protein contents decreased as compared to that of control plants. In many plants, P-
deficiency enhanced production and root exudation of phenolic compounds (Dinkelaker et al. 
1995). Phosphorus deficiency caused an increase in anthocyanin pigment content in the leaves of 
barley (Hamy 1983). 
 Reports on effects of phosphorus deficiency stress on biochemical changes in lentil are very 
rare. Therefore, the present investigation was undertaken to study the effects of phosphorus 
deficiency on the accumulation or distribution of reducing sugar, insoluble protein, proline, 
phenolic compounds and anthocyanin in lentil. 
 

Material and Methods 
 Seeds of lentil (Lens culinaris Medik. var. Barimasur-4) 2n=14, were collected from 
Bangladesh Agricultural Research Institute, Joydebpur, Gazipur. Plants were grown in with or 
without phosphorus culture solution for biochemical study. Seedlings were subjected to 
phosphorus deficiency for 7, 14, 21 and 28 days in  triplicates.  Reducing sugar was determined by 
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Somogyi-Nelson method (Nelson 1944, Somogyi 1952). Insoluble protein estimation was done 
according to Lowry et al. (1951), while proline was estimated following the method of Bates et al. 
(1973), total phenolic compounds according to Malik and Singh (1980) and anthocyanin according 
to Sims (2003). 
 
Results and Discussion  
 Phosphorus deficiency decreased accumulation of reducing sugars in the stems and leaves but 
increased in roots of lentil (Fig. 1a,b,c). The increase in the amount of reducing sugar in the roots 
with concomitant decrease in the stems and leaves might be due to increased translocation of 
reducing sugars from the leaves to roots. The decrease is  more  pronounced in leaves. Phosphorus 
 

 
 
 
 
 
 
 

Fig. 1. Effects of phosphorus deficiency on the accumulation of reducing sugar in (a) roots, (b) stems and         
(c) leaves of lentil plants grown in solution culture. Solid symbols indicate with P and open symbols 
indicate without P.  Each value is the mean of three replicates and bars represent standard error. 

 

is indirectly involves in synthesis of protein. Therefore without P protein accumulation declined 
(Witham et al. 1971). These results are in conformity with Rychter and Randall (1994) who also 
found that in Phaseolus vulgaris, phosphorus deficiency increased reducing sugar in the root with 
concomitant decrease in the shoot. Sa and Israel (1995) reported that phosphorus deficiency 
caused a decrease in hexose and sucrose concentrations but an increase in the starch content in the 
root nodule of soybean due to impaired carbohydrate utilization. 
 Phosphorus deficiency inhibited the accumulation of insoluble proteins in the roots and the 
stems of lentil (Fig. 2a, b). Usuda and Shimogawara (1995) showed that low-P level decreased 
soluble protein contents in maize. Accumulation of reducing sugar declined in leaves (Fig. 1c) and 
that of insoluble protein also declined in the root and stem of lentil (Fig. 2a, b) at 14 days of 
treatment in both control and phosphorus deficiency. The decline of reducing sugar and insoluble 
protein may be due to increase in growth having rate of accumulation of these compounds 
constant. 
 
 
 
 
 
 
 
 
 
Fig. 2.  Effects of phosphorus deficiency on the accumulation of insoluble protein in roots (a) and  stems (b) 

of lentil plants at different period of treatment. Symbols as in Fig. 1. 
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 An increase in proline accumulation in the roots of lentil was observed from seven to 28 days 
of phosphorus deficiency treatment (Fig. 3a). Similar stimulation of proline accumulation was 
observed in the stems of phosphorus deficient lentil seedlings (Fig. 3b). This result is an agreement 
with that of Al-Karaki et al. (1996) who reported increased proline accumulation in the leaves of 
sorghum and bean under phosphorus deficiency stress. 

 
 
 

 
 
 
 
 
 
 
 
Fig. 3. Effects of phosphorus deficiency on the accumulation of proline in roots (a) and  stems (b) 

of lentil plants at different period of treatment. Symbols as in Fig. 1. 
 
 Phosphorus deficiency resulted in an increase in total phenolic-compounds in intact lentil and 
more phenolic compounds were distributed to the root (Fig. 4a, b). This result is consistent with 
that of Neumann et al. (1998) who reported that in white lupin, phosphorus deficiency increased 
secretion of phenolic compounds in the root. Phenolics formed relatively stable chelates with Fe3+ 
and Al3+, thereby increasing the solubility Fe-P and Al-P releasing P for absorption by plants (Ae 
et al. 1990). 
 
 

 
 
 
 

 
 
 
 
Fig. 4.  Effects of phosphorus deficiency on the accumulation of total phenolic compounds in roots 

(a)  and stems (b) of lentil plants at different period of treatment. Symbols as in Fig. 1. 
 
 Accumulation of total anthocyanin was increased in the leaves of lentil from seven to 14 days 
of phosphorus deficiency treatment and this stimulatory effect was sustained up to 28 day of 
treatment (Fig. 5).  Earlier, Raise (2002) reported increased anthocyanin pigment accumulation in 
the leaves of apple and pear following phosphorus deficiency. It is suggested that phosphorus-
deficiency induced-stimulation of anthocyanin may act as an indicator of P-deficiency stress.  
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Fig. 5. Effects of phosphorus deficiency on the accumulation of total anthocyanin in leaves of 

lentil plants at different periods of treatment. Symbols as in Fig. 1. 
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