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INTRODUCTION

p
The concern of increasing heavy metal concentration in the environment 

and its adverse effect on human health has created global awareness especially 

when inhalation and ingestion have been identified as the most important modes of 

entry. Though heavy metals are widely distributed in the environment the 

concentrations of individual metals in the living tissues are ordinarily very low and 

must be maintained within narrow limits to permit the optimum biological 

performance of most organisms.

Although metal concentration of the soil can occur through a variety of 

process its bioavailability is being regulated mostly through physical and chemical 

characteristics of soil. Once the conditions in the soil favour the uptake of heavy 

metals, it enters the food chain mainly through roots and will be selectively retained 

in the different plant parts. The exact portions of plant at which these selective 

* retention occurs cannot be predicted as it varies with the variations in plant type. 

Such selective retention in the different plant parts open up the necessity to identify 

the exact plant part for each crop where such accumulation occurs and the concern 

attain global dimension especially when such accumulation confines to the 
economic plant parts.

In the present study with chilli {Capsicum annuum L.) as the index crop, 

emphasis is placed on the comparitive evaluation of the uptake of heavy metals 

through fertilizers especially phosphate sources, acidulated rock sources and the 

uptake of heavy metals through soluble sources of heavy metals to re-define the 

following objectives set apart for this study.



1 - To characterise the different P sources for possible level of contamination by 
the heavy metals especially Cd and Pb.

2. To assess the extent of selective retention of these metals in plant parts of the 
test crop chilli.

3. To ascertain whether the contaminants are present in the root, shoot or fruit
portion of the crop. ,
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REVIEW OF LITERATURE

1 Soil factors controlling the heavy metal availability to plants
1.1 Organic matter

9

Andersson and Nilsson (1974) observed that the presence of high organic 

matter content in soil is found to decrease the heavy metal concentration in soil 

solution, possibly because of its high ability to form stable complexes with the 

metals, coupled with the high CEC permittihg high adsorption of the metals.

Haghin (1974) observed that the deleterious effects caused by Cd on 

plants could be reduced by an addition of organic matter, which significantly 

increased the adsorption of heavy metals especially Cd. He further noted that 

whenever the addition of organic matter was reduced in a contaminated soil, the

availability of heavy metals remained high, which according to him was due to 
reduced CEC.

Andersson (1976) analysed a sample of farmyard manure for possible 

heavy metal content and reported that under normal application rates, an annual 
input of 1-4 g Cd ha'1 can be expected in soils.

Alloway et ah (1984) reported that high organic matter content in soils or

fresh addition of organic matter to soils decreased the solution concentration of 
cadmium.

Levi and Petruzzelli (1984) reported that addition of phosphatic fertilizers 

induced variations in the pH values of soil suspensions which intum had influenced 

the solubility o f the heavy metal in the two soils they studied. However, in the



organic matter rich soils they studied, effect of phosphate was less evident on
account of the high buffering capacity of such soil.

Rothbaum el al. (1986) observed that whenever cadmium was 

mcorportated into organic matter its mobility considerably decreased and under 

such conditions, the only factor which controlled the mobility o f cadmium was the

’ ErikS°n (1988) reported * al or8anic components in soil played a 
significant role in absorbing Cd than Cays by virtue of the specific sites for

adsorption. According to him such adsoiption resulted not only the reduced

availability of heavy metals to plants but also in the reduced uptake of such

elements by plants. This report is in line with the finding of He and Singh (1993)

where a deceased concentration of Cd was noted in iye gmss consequent to heavy 
addition of organic matter.

Jones and Johnston (1989) noted that addition of FYM could supply exha

organic matter, which could retain cadmium and other metals against leaching and 
crop uptake.

1.2 pH

Among the various factors that decide the availability o f heavy metals 
fromsoil, pH plays a veiy significant role (Page and Bingham, ,973; Bingham,

Andersson (1976) reported that the exchange acidify caused by fertilizer 
addition, resulted ,n a drop in pH, favouring increased solubility of Cd in soils.



William and David (1976) observed that whevever radish (Raphanus 

sativus) was grown in limed soils, it had lower cadmium content in plant parts than 

those plants grown on unlimed control plots.

Cavallaro and McBride (1978) have shown that acidic soils demonstrated 

much less ability to retain heavy metals when compared to neutral soils. The 

probable mechanism that they had suggested is that, under low pH situations, the 

functional groups attached to soil organic matter retained either proton or Al3+, thus 

reducing the chances of Cu or Cd from getting adsorbed to such sites.

Basta and Tabatabai (1992) observed that at high concentrations the 

metal adsorption by soils was strongly related to solution pH, and that enhanced 

metal adsorption by soils was related to an increased solution pH.

Wells et a l (1993) reported that yield of com had no relation to the 

content of heavy metals in either the soil or in the grains produced. They also 

reported that there was no relationship between soil pH and heavy metal 

accumulation by grain.

1.3 CEC

Haghiri (1974) reported that continuous addition of heavy metal sources 

resulted in the gradual build up of metals, especially cadmium in soil. Wherever, the 

soil accounted for higher CEC, these metals were not immediately available to the 

crop and hence potential for crop damage is minimised in such cases.

He and Singh (1993) observed that plant cadmium was highly but 
negatively correlated with soil CEC.



1.4 Other factors

According to Bingham el at. (1983), in addition to the normal factors that 

are responsible for the availability of Cd in soil, the chemical species of the metal is 
an important factor influencing the availability of Cd to plants.

Basta and Tabatabai (1992) reported that the differences in the metal

adsorption by soil were dependent on the initial heavy metal concentration and that

a. low concentrations all the added metals were adsorbed to soil regardless of 
solution pH. '

Mobility of heavy metals in soil

John et at. (1972) observed that cadmium level decreased progressively 

wtth depth as downward movement o f cadmium in the soil profile may occur only 

at a limited rate. A rapid decrease o f cadmium level in the surface sample with 

increased lateral distance from the source of contamination was also noted by them.

The mobility of Cd2* in soil is identified to be relatively more than that of

as the latter is more strongly adsorbed than the fomter in soils (Cavallaro and
McBride, 1978).

Cu

According to Doner (1978), the relative concentration of chloride was 

served to be higher in irrigated soils and in waste disposal sites. These chloride 

ions are known to foim stable complexes with cadmium which increased the

mobility o f Cd ,n such soils. A similar view regarding the mobility of Cd had been 
reported by Bingham et al. (1984).



Mulla el at. (1980) reported that the mobility of eadmium was less than 

phosphonrs in soil profile, as indieated by a high retention value of 71 per cent of 

the accumulated cadmium in the surface soil (0 to 15 cm), whereas the 

corresponding retention of residual phosphate was only 45 per cent.

According to Khan and Frankland (1983) there was only very little 

movement of Cd and Pb in soil and for this reason they are largely retained in the 

surface soil. However, a contradictory view on the mobility o f Cd had been reported 

by Alloway and Morgan (1986), wherein the relative availability of Cd to plants

was much greater than that o f other potentially harmful heavy metals like lead in
soil.

Bjerre and Schierup (1985) reported that cadmium was more mobile than 
lead and copper in all types of soil they studied.

According to Hargitai (1989), results obtained from a 10 year long-term 

experiment with sewage sludge application indieated that heavy metals (Pb Ni Cd) 

did not have much mobility. He further suggested that the possible reason for this 

could be due to the poly functionality and the chelating character of humic 

substances present in fire soil. According to him the depression effect of humic

materials was much greater for the heavy metals like, Pb and Ni when compared to
cadmium.

According to Mench e,a l. (1994) the maximum decrease in mobility and 

plant uptake of Cd and Pb should mainly related to their solubility and sorption 
mechanism in soils especially to hydrous iron oxide.



Ramos et al. (1994) reported that lead and zinc were associated with the 

crystalline Fe-oxide fraction in soils and their mobility in soil-was in the order of Cd 

> Zn > Pb > Cu.

3 Forms of cadmium and other heavy metals in soil

Williams and David (1973) indicated that Cd in the superphosphate was 

mostly water soluble and usually seen associated with the phosphate and sulphate 

components of the fertilizer.

t
Mortvedt and Osbom (1982) found that the chemical form of Cd 

contained in TSP and DAP is CdfltPO-*):, CdHPO^ or a mixture of these salts.

According to SpositO et al. (1982) the concentrations of exchangeable 

, and water soluble forms of Cd were very low in soils.

Eriksson (1988) reported that in organic matter rich soils, majority of the 

Cd adsorbed to soil remained in a non-exchangeable form, indicating thereby 

presence of strong organic complexing.

A sequential extraction technique for cadmium according to He and 

Singh (1993) will reveal the distribution of cadmium in various chemical forms, its 

solubility, mobility and bioavailability in soils.

4 Phosphatic sources - a potential source of heavy metal contamination

Phosphatic fertilizers are manufactured by using phosphate rock either 

directly or indirectly. Under certain situations phosphate rocks are used for direct



.application to soil as ground mineral phosphate. Phosphate rocks, in general and 

, superphosphates in particular, contain discrete amounts of various heavy metals as 

■ impurities, particularly Cd, leading to a possible enrichment of heavy metals in

agricultural soils, especially when the recipient soils are acidic in nature or rich in 
organic mater.

Very little information is available on the heavy metal contents of Indian 

phosphate rocks and this becomes all the more conspicuous in the context of greater 

diversity that exists in the Indian phosphate rocks which are generally rated as low 

grade materials, consequently necessitating their application in greater quantities. A 

brief review of the heavy metal status of some important phosphate sources around 
the world is attempted.

It is clear from the various reports that no two phosphatic sources can be 

grouped for their relative heavy metal content. Schroeder and Balassa (1963) 

indicated a low analysis for Cd in superphosphate (7.25 ppm). However, when they 

had added extremely heavy doses of superphosphate fertilizer to soil, they 

confirmed that such high doses of superphosphate fertilizers were potential source 

for supply of Cd to plants. On the contrary, Huffman and Hodgson (1973) in a study 

observed that extensive use of superphosphate fertilizers in soils had not resulted in 
any notable increase in Cd levels in plants.

Williams and David (1973) reported a cadmium content of 38-48 ppm in 

another sample of superphosphate elsewhere and, for the phosphatic fertilizer 

manufactured in New South Wales their reported values on the Cd content were in 

the range 18-91 ppm. Further they suggested that more than 80 per cent of the Cd in 

the phosphate rock remained with the P component during the manufacturing 

process resulting in the enrichment of heavy metals in the final product.



II

After examining 21 commercial fertilizer samples, Lee and Keeney 

(1975) reported that Cd concentration ranged from 1.5 to 9.7 mg kg'1, while Zn 

showed a much wider range of 21 to 3290 mg kg'1. Further, they suggested that 

depending on the raw materials and manufacturing process employed the content of 

heavy metals in fertilizers differed. Reuss et al. (1978) also expressed a similar view 

emphasising that phosphate ores used for the manufacture of P fertilizers were 

highly variable especially with regard to heavy metals and more so with cadmium 
content.

Mortvedt and Giordano (1977) showed that concentrations of eight heavy 

metals (Zn, Cu, Cd, Cr, Mn, Ni, Pb and V) in phosphatic fertilizers not only varied 

with the source of rock phosphate but also with the P concentrations in them. 

According to them heavy metals are mere contaminants in phosphate rocks and are 

generally related to the impurities usually seen as co-precipitates along with the 

phosphates at the time of deposition.

William and David (1977) reported that the Cd content of plants was 

affected by the amount of P fertilizer applied to soil.

Jaakkola et al. (1979) reported that vegetables grown on soil heavily 

treated with phosphate fertilizer might have constituted the main sources of 

cadmium pollution in soils and vegetables.

Analysis for Cd in Florida phosphate rock varied from 3 to 15 mg kg'1 

• and the contents were much lower when compared to Western US deposits where 

the range went up to 130 mg kg'1 (Mortvedt and Osborn, 1982).

s,
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Morvedt and Hamphill (1984) noted relatively lower plant availability for 

Cd and Zn observed as containments in P fertilizers even at higher levels of P 
fertilization.

Muramoto and Aoyama (1990) reported that some phosphate fertilizers 

and phosphorite contained high concentration of Cd (4 to 77 pg g '1) and were 

considered to be one of the main reasons for increasing Cd content in rice plants.

’ The water soluble fraction of Cd in soil had been reported to be enhanced 

with increased levels of P fertilization (Kaushik et al., 1993).

Hlusek (1994) found that with heavy doses of superphosphate application 

no appreciable increase in cadmium content of soils was noted. According to him, 

the content of Pb decreased with increasing P levels.

He and Singh (1995) observed that when NPK fertilizer containing high 

Cd and lead or inorganic Cd salt when applied to soil, the DTPA and NH4NO3 

extractable Cd from such soils maintained higher levels.

5 Interaction of heavy metals with other ions

John (1972) had shown that the total and exchangeable Al in soils were 

negatively correlated to Cd2+ adsorption, suggesting that reduced Cu2+ and Cd2+ 

adsorption maxima observed in acid soils might have resulted from the possible Al 
competition for exchange sites.



Mulla et al. (1980) observed that very high levels of P in soil, inactivated 

the Zn and Cd and this reduced their uptake in barley plants, while the control plots 

permitted relatively higher uptake of Zn in barley grains.

Bingham et at. (1984) reported that cadmium/zinc ratio of plant tops of 

Swiss chard was significantly influenced by both cadmium and zinc application to 

soils.

6 BioavaiJability of heavy metals

Alloway and Morgan (1986) reported that relative availability of Cd to 

plants is much greater than that of other potentially harmful heavy metals like lead 

in soil.

Bingham et al. (1986) reported that plant cadmium correlated primarily 

with total concentration of Cd in solution than its Cd activity.

The bioavailability of cadmium was calculated by Mench et al. (1989), as 

the ratio of the cadmium level in the control plants to that in the soil or as the ratio 

of the added Cd taken up from Cd(N03) to the amount of Cd applied.

According to Pierzynski and Schwab (1993), addition of cattle manure 

had a positive influence in reducing the bioavailability of Zn, Cd and Pb grown in a 

metal contaminated alluvial soil. 1

1 Ramos et al. (1994) in a study found that the bioavailable fraction of Cd 

approximates to more than 50 per cent of the total Cd found in soils.



7 Uptake of heavy metals by plants

The influence of pH on the uptake of Cd and Zn by radish plants was 

examined by Lagerwerff (1971). He found that there was a fall in the uptake of Zn 

when soil pH was raised from 5.9 to 7.2. Mortvedt (1985) too had expressed a 

similar view. However, according to him the uptake of Cd was more than that of 
Zn, under the increase in pH.

Plant uptake of Cd from the Cd residue in soil according to Williams and 

David (1973) in subterranean clover was generally small and it was only 0.4 to 7 

per cent of the available quantity in soils. They also indicated that uptake was 

influenced mostly by the type of soils and presence of calcium carbonate.

Johns and Laerhoven (1976) reported that the ability to accumulate Cd in 

lettuce varied considerably with the variation in the varieties.

Mortvedt and Giordano (1977) reported a higher uptake of Cd and Zn 

when treated with commercial DAP (30-50 pg Cd g 1) than those treated with 
reagent grade DAP (1 pg Cd g '1).

r Mortvedt and Giordano (1977) in a study on the crop uptake of heavy

metal contaminants from fertilizers concluded that uptake of contaminants other

than zinc was not significant at the normal rates of phosphorus application in the 
field.

Reuss et al. (1978) found higher Cd uptake by radish {Raphanus sativus 

L.); lettuce {Latuca saliva L.) and peas (Pisum sativum L.) from application of 

commercial TSP containing 174 ppm Cd than from reagent grade Ca(H2P 04)2, the



main P component in TSP, clearly indicating that Cd was taken up along with the 

phosphate.

Street et a l (1978) observed that when the amount of Cd added to soil 

was enhanced, concentration of Cd in the com seedlings registered higher levels 

and that the form of Cd applied in soil had no influence on the uptake.
i

Allen et a l  (1980) observed that plant uptake of Cd and its accumulation, 

leading to phytotoxicity were very much dependent on the activity of Cd in soil 
solution.

Mulla et al. (1980) reported a non-significant increase in the Cd and P 

concentration in barley grains grown on heavily fertilized soil having substantial Cd 

and P content. Further, their experiments with Swiss chard on surface soils which 

permitted heavy additions of N (400 kg N ha'1 through calcium nitrate and 200 kg 

N h a 1 through organic matter) over 36 years, indicated a significant increase in the 

level of Cd in the plant tissue (average 1.6 pg g '1) over control (0,26 pg g'1).

However, under such heavy accumulations of Cd in plants, they failed to register 
any yield depression.

The results obtained by Mortvedt et a l (1981) from a field experiment 

with winter wheat indicated that when DAP fertilizers, were applied in conjunction 

with Cd at three levels, the rate o f uptake of Cd by plant both in grain and straw 

increased proportionally with the amount of Cd in the DAP sources.

Report by Carlton and Davis (1983) clearly indicated that when Cd was 

introduced into the soil through anthropogenic sources, Cd concentrations in plant 
tissues also increased markedly.



According to Khan and Frankland (1983), addition of Cd or Pb to soils

• raiSed their COncentration in Plant tissues to phytotoxic levels leading to reduction in 
plant growth. They also indicated that phytotoxicity was usually seen associated 

. with the reduction of Zn in the plant tissue. Further they reported that o f these two 

metals, Cd was more in the plant shoot while Pb was more in plant root.

An increase in the uptake of Cd by lettuce consequent to the nitrogen 

application in soil was noted by Singh etal. (1988). They reported that when N and 

Cd were applied together, increased uptake of Cd was seen noticed only up to a 

level of 100 mg N k g 1 and beyond which there was a shaip reduction in the

cadmium uptake at all levels o f Cd, especially when the nitrogen levels were 
maintained at 150 mg kg'1 soil.

Enksson (1988) reported that soil acidity, organic matter content, cation 

exchange capacity, redox status and temperature influenced the uptake of heavy 

metals. He further suggested that the antagonistic or synetgistic effects between 

other metals and P must also be taken into account in deciding the uptake.

Mann and Ritchie (1993) concluded that uptake of cadmium by plants 

was generally influenced by the form in which it was present in the soil, and this 

determined the indirect potential toxicity to animals and human beings.

Chien and Menon (1994) reported that as drymatter yield of maize 

increased with enhanced P application, the relative phosphate and cadmium uptake 

also increased. According to them Cd uptake by maize was more related to the 

phosphate solubility and total Cd content of the fertilizer applied.
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8 Translocation of heavy metals by plants

Haghiri (1973) reported that radioactive cadmium applied to a trifoliate 

leaf of a four-week old soya plant, readily got translocated and distributed within 

the plant. Although foliar applied Cd was readily translocated into various parts of 

the soya plant, the uptake of Cd via root system was significantly higher. Results 

indicated that Cd concentration in the radish top ranged from 1.6-2.9 ppm while 

that of Zn was in the range 69,8-152 ppm.

Jarvis et a l (1976) reported that although the roots of several species 

could take up large quantities of cadmium from solution there were distinct 

mechanisms which might have restricted the movement of cadmium through plants, 

and thus to animals. They further reported that the transport and mobility of Pb and 

Cd with in the plant related to the solubility of their phosphate, which was often

affected by the seasonal variation, resulting in the re-distribution of metals with in 
the plant.

Pettersson (1976) assessed the heavy metal uptake by rape, cucumber, 

wheat, oats and tomato from nutrient solution supplemented with certain heavy 

metals viz., Cr3+, Cu2+, Co2+, C r042\  Ni2+, Cd2+, Pb2+, Mn2+, Zn2+ and Ag+. He 

found that only a few metals like Mn, Ni and Pb exhibited greatest mobility in 

cucumber plant which resulted in the highest shoot/root concentration ratio. The

concentration of Ni in general and Cd in particular in plant parts increased with the 
age of the plant.

The variation in the plant metal level could also result from a seasonal 

change or re-distribution of some of essential elements such as phosphorus within



the plant. Pb and Cd in most plants are found in a precipitated form associated with 

' the cell walls (Jarvis et al., 1911).

According to Mathews and Thornton (1982) increased metal burden in 

the aerial part of the plant corresponded to a decrease in the root metal content, thus 

establishing that it was the re-mobilisation of the metal with in the plant part and 

not the increased uptake that was responsible for the observed seasonal variation in 
the plant shoot.

Tobacco plants appeared to be good in the translocation of heavy metals, 

especially cadmium. Results of the experiment conducted by Mench et al. (1989) 

indicated that Nicotiana tabacum took 81 per cent of the total cadmium applied, 

and transported to leaves while the corresponding figures for N. rustica was 75 per 

cent. In contrast they had observed that in maize the root retained five times more 
Cd than its leaves.

Cadmium and copper uptake in raddish was seen more in the shoots, 

while that of lead was more in the roots (Salim et al., 1993). *

9 . Accumulation of heavy metals in plants

Lagerwerff (1971) in a study found that high changes in the levels of Cd, 

Pb and Zn in soil caused only small changes in the content of these metals in radish.

Haghiri (1973) observed that the concentrations of heavy metals found in 

several crops were highly variable and cadmium concentration in vegetable crops 

was in the order of lettuce > radish top > celery stalk > celery leaves > green pepper 
> radish roots.



Addition- of cadmium to soil either through a direct source like cadmium 

chloride or through an indirect source like superphosphate, always helped to 

increase the cadmium content of the grain in cereals or in the edible part of 

vegetables (Williams and David, 1973), According to them plant uptake of 

cadmium from soil was generally small and ranged from 0.4 to 7 per cent of what 

was available. They also reported that plants differed greatly in their ability to 

absorb Cd and vegetable crops generally recorded higher Cd content than cereals 

and grasses. Among the important cereals, Cd was found to accumulate more in the 

roots o f rice plants than wheat or oats. However, according to them when water 

soluble Cd was added to soil, most of the Cd taken up by the rice plants were 

translocated to the plant shoots, where accumulation varied with the rice varieties.

Electron microscopic studies conducted by Malone et al. (1974) on com 

plant exposed to Pb in hydroponic solution showed that the roots initially 

accumulated Pb as surface precipitation and subsequently held the same as Pb 

■crystals in the cell wall. The concentration of Pb deposits usually occurred outside 

the plasmalemma of the cell wall. Similar deposits were also observed in other parts 

of the plant, mainly stem and leaves suggesting that Pb was transported and 
deposited in a similar manner.

Jam s et al. (1977) indicated that Pb and Cd in most plants are found to 

be in a precipitated form associated with the cell walls. Koppe and Miller (1970) 

identified this precipitate as Pb-phosphate complex in com plant.

Jam s et al. (1978) reported that the cadmium content of the roots of rye 

grass was much greater than that of the corresponding shoots. It is concluded that



the roots of rye grass restricted the transport of cadmium to the shoots, leading to a 

relative accumulation of Cd in roots.

Bingham (1979) reported that many vegetables may accumulate large 

amounts of Cd without showing any phytotoxic symptoms.

McBride et al. (1981) and King (1988) indicated that the ability of soils 

to sorb Cd was inversely related to the extent of Cd accumulation in plants.

Matthews and Thornton (1982) noted that the transport of heavy metals to 

the aerial part of the plant was greatly influenced by the amount of the metal present 

in the soil and higher metal content in the shoot was only a reflection of the 

distribution of metals previously bound within the root. According to them grasses 

accumulated least amount of Cd compared to the members of the family 

compositae, with the metal burden in grasses mostly confined to the roots.

Bingham et al. (1983) reported that increased solubility of Cd consequent 

to addition of chloride salt resulted in a greater accumulation of Cd in the test plants 

(Swiss chard), to the extent that the concentration of plant Cd inhibited its growth.

According to Mortvedt (1985) the extent of accumulation of Cd in 

cultivated soils was difficult to determine because of the difficulty in assessing the 

mechanism of addition and removal from soils.

According to Chang et al. (1987) the Cd and Zn concentrations in radish 

tubers were always lower than those of above ground parts of the plant. Seasonal 

variations also resulted in greater accumulation of these elements in plant tissues.



Cd and Zn in radish, grown during spring season recorded higher concentration of 

these metals in than those grown in the fall season. .

Shrivastava and Singh (1989) noted that with the liquid sewage 

applications, cadmium accumulation was higher in roots than in shoots of bhindi 

(Abelmoschus esculentus (L) Moench.). They further observed that with the 

application of solid sewage sludge, cadmium was not seen to be adsorbed by bhindi 

(A. esculentus (L) Moench.). .

According to Alloway et al. (1990) total cadmium in the soil was 

inversely related to plant cadmium accumulation. They had also reported that 

cadmium accumulation by plant grown on sewage sludge amended soils was much 

lower than that grown on inorganically contaminated soils. ,

Bosque (1990) observed the highest concentration of Pb and Cd in the 

soft tissues including bulbs and leaves of chard, parsley, spinach and lettuce in 

contrast to the relative low concentration of these metals in the fruits and vegetables 

like tomato, cucumber and green pepper.

Zawadzka et al. (1990) reported a wide range of variation in the content 

of Pb in plants like parsley, carrot and lettuce (0.055 to 0.380 mg kg'1). The usual 

range of Cd levels seen in the common vegetables was relatively lower (0.004 to

0.070 mg kg *) with the observation that root vegetables were more contaminated 
with Pb than leafy vegetables.

High concentration of lead in the leaves of spinach reaching up to 23.58 

mg kg'1 was observed by Srikanth and Reddy (1991). They also noted that cabbage 

and spinach showed higher uptake of cadmium than amaranthus. They further
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reported maximum Cd concentrations of 4.75 and 9.67 mg kg'1 for cabbage and 

spinach respectively, suggesting that continous intake of leafy vegetables grown on 

sludge was likely to create health hazards to consumers.

10 Effect of plant species on heavy metal accumulation

Williams and David (1973) found that plant species differed greatly in 

their ability to absorb Cd. According to them the vegetable crops generally 

contained higher amount of Cd than cereals and grasses.

Matthews and Thornton (1982) pointed out that the species variation 

existing among the pasture plants permitted variation in the metal content with in 

the plant. A similar observation on this aspect was earlier reported by John and 
Laerhoven (1976).

Vlamis et al. (1985) reported that barley straw accumulated more Zn and 
Cd compared to barley grain.

Kuboi et al. (1986) reported that the concentration of cadmium in plants 
■ varied among species and cultivars.

11 Effect of heavy metals on plant growth and yield

Haghiri (1973) reported that in soybean and wheat the cadmium

concentration of plant tops increased while yield decreased with increasing level of 
applied cadmium.
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Turner (1973) studied the effect of Cd treatment on several vegetable 

species using nutrient solution culture. Results indicated that yields of tops of 

beetroot, carrot, lettuce, radish and Swiss chard were essentially unaffected by Cd 

levels of 0.01 to 0.10 gg Cd ml'1 in nutrient solution. Yield of tomato top, however, 

was severealy reduced at 0.01 g Cd m f1. For all species, there was no apparent

specific visual symptom of Cd toxicity except for obvious yield differences at 
highest rate of Cd addition.

Haghiri (1974) reported that an excessive amount of Zn (5-50 ppm)

resulted in a possible displacement of Cd from soil, which subsequently entered the

plant and resulted in the accumulation leading to suppression of growth of plants.

He also suggested that Cd in many respects resembled the element zinc in its 
behaviour.

Carlson and Bazzaz (1977) noted a reduction in both photosynthetic and 

transpiration rate in American sycamore (Plantanus accidentalis L.), when heavy 

metals like cadmium and lead were applied either alone or in combination.

While comparing the toxicity symptoms o f Cd and Pb on radish, Khan f  

and Franldand (1983)- observed that in the case o f Cd there was progressive *« 

chlorosis, particularly o f the young leaves, followed by necrosis, whereas that of Pb 

was manifested by stunted growth. Further, they observed that in metal 

contaminated soils, root growth was more affected than shoot growth. On molarity 

basis, Cd turned out to be 20 times more inhibiting than lead on radish plants. 

However, they also suggested that, addition of Cd or Pb to soil raised the level of 

metals in plant tissue to phytotoxic concentration and reduced the growth 

considerably. Such phytotoxicity seemed to be associated with some reduction of 

Zn in the plant tissue to near the lower critical level o f deficiency threshold values.



Logan and Chaney (1983) estimated that in plant foliage Zn 

concentrations of 500 to 1500 mg k g 1 were phytotoxic. But according to Davis 

(1993), a zinc concentration of 300 mg kg'1 in tissue is considered to be the toxic 

threshold value in radish {Raphanus sativus L.).

Mortvedt (1985) conducted two green house experiments to know if com 

.and Swiss chard adsorbed significant quantities of Cd, Ni and Pb from the zinc 

fertilizers prepared from industrial byproducts, under two pH situations in a silt 

. loam soil. The results indicated that drymatter yields of several harvests of Swiss 

chard were not affected by Zn application at either soil pH.

Pezzarossa et al. (1993) indicated that in spite of repeated addition of 

superphosphate containing various amount of heavy metals, and consequent 

accumulation of heavy metals in plants, any reduction in the marketable yield of 
radish was not observed.

Mench et al. (1994) reported that plants need not necessarily show 

phytotoxicity symptoms or yield reduction at higher levels of heavy metal uptake.



Mjaterials and Mjethods



m a t e r ia l s  a n d  m e t h o d s

m a t e r ia l s

Phosphatic sources

In °rder to generate maximum variability between and within phosphatic 

sources, a large number o f phosphorus fertilizer samples were collected from 

tfferent t e n o n s  and were analysed for phosphorus and heavy metal content 

After a prehmhuuy screening, four sources o f phosphonrs which maintained 

relanvely htgh content of phosphorus and heavy metals were retained for the major 

study. Among those sources selected for study, three were of indigenous origin and 

the fourth one of exogenous origin. For the punrose of meaningful comparison of 

different P sources both water soluble phosphatic source viz., single superphosphate 

and partially acidulated rock phosphates were also included in the study.

I • U  Phosphatic rocks of indigenous origin

1. Maton rock phosphate

2. Mussoorie rock phosphate

3. Rajasthan rock phosphate

1-2 Phosphate rock o f exogenous

Gafsa rock phosphate

origin

1.1.3 Water soluble phosphatic 

Single superphosphate

sources



1.1.4 Partially acidulated rock phosphates

■ 1- Partially acidulated Maton rock phosphate

2. Partially acidulated Mussoorie rock phosphate

3. Partially acidulated Gafsa rock phosphate

4. Partially acidulated Rajasthan rock phosphate

1-2 Soil samples

Inorder to asses the bioavailability of the heavy metals front the selected 

phosphatie sources through a pot culture, bulk soil samples were collected from 

vegetable research farm, Department o f Olericulture, College of Horticulture, 

Vellantkkara. This soils offered a favourable acidic pH (5,3) required for the study.

Preparation of pots

Earthem pots of uniform size with a capacity of 7 kg were filled with 5

kg seived (< 5 mm) soil on oven dry weight basis after plugging the drain hole at 
the bottom

1.4 Planting materials

Chilli (variety Ujwala) being resistant to bacterial wilt, tolerant to leaf 

curl virus and mosaic disease was selected as the test crop, since it is widely 

consumed by the people not only as a vegetable but also as a spice in relatively 

higher quantities. The crop was raised in the .nursery attached to the Department of 

Olericulture and was transplanted to pots for study in the Kharif season of 1996.
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The seeds for this purpose .were procured from the Keraia Horticulture 

1 Development Programme, KAU, Vellanikkara. .

2 METHODS

2.1 Preparation of acidulated rock phosphate

For the preparation of partially acidulated phosphatic fertilizers samples 

of phosphate rocks were ground to pass through a 100 mesh sieve. Fifty per cent 

acidulation of phosphate rock was carried out by adding pre-determined quantities 

of acids to phosphate rock. It may be mentioned here that for the manufacture of 

single superphosphate, the usual acid to rock ratio is about 60 kg sulphuric acid for 

every 100 kg of phosphate rock [with about 30% P20 5], Using this as the basis, the 

quantities of sulphuric acid required for the partial acidulation were computed. Acid 

required for acidulation was diluted in such a way that the volume of diluted acid 

was just sufficient to wet the phosphate rock to the consistency of a paste. However, 

for the purpose of preparation of the material predetermined quantity of dilute acid 

was added rapidly with constant stirring to ensure contact with all the phosphate 

rock particles (Ashby et al., 1966). This product was then cured at room 

temperature for seven days for the material to dry up to almost constant weight. The 

cured material was then ground to pass through a 100 mesh sieve and used for the 
study.

2.2 Analysis of fertilizer sources

2.2.1 Analysis of phosphate sources for heavy metals

All the fertilizer samples selected were subjected to total elemental 

analysis as per the procedures indicated by Page et al. (1982), and heavy metals Cd



and Pb were estimated in acid digest using an atomic absorption spectrophotometer 

(AAS).

Based on the total elemental analysis three indigenous rock phosphates, 

one exogenous rock phosphate and single superphosphate with maximum loading 

capacity for cadmium and lead were selected for further study.

2.2.2 Analysis of fertilizer materials for phosphate content

. AH the phosphatic fertilizers selected for the study were subjected to

detailed analysis for different fractions of phosphate.

Total phosphate

For estimation of total phosphate, 1 g of fertilizer material was taken in a 

250 ml conical flask to which 25 ml of concentrated HNO3 was added and digested 

over a hot plate to initially oxidise the organic matter, if any. After cooling the 

contents, 20 ml of perchloric acid (60%) was added and further digested till the 

contents became clear. After cooling, 50 ml distilled water was added and the 

contents filtered through Whatman No.l filter paper and made up to 100 ml. 

Phosphate in the aliquots after suitable dilution was determined colorimetrically as 

vanadomolybdo phosphoric yellow complex as described by Jackson (1958).

Water soluble phosphate

For the estimation of water soluble phosphate, I g of fertilizer material 

was placed in a filter cone (Whatman No.l filter paper), leached with distilled



water several times (Fertilizer Control Order, 1957). Phosphate in aliquots was 

determined colorimetrically by the method as stated above.

Citrate soluble phosphate

For the estimation of citrate soluble phosphate, residue left on the filter 

paper after removing water-soluble part was transferred to a conical flask 

containing 100 ml of neutral ammonium citrate solution (sp. gr. 1.09) maintained at 

a temperature of 65°C, digested on a constant temperature water bath for 1 h with 

intermittent shaking and subsequently filtered through a Buchner funnel fitted with 

Whatman No.42 filter paper under suction. The citrate insoluble residue was 

washed 7-8 times with water at 65°C but whenever filterate was turbid a 5% 

ammonium nitrate solution maintained at 65°C was used for washing the residue. 

Residue along with the filter paper was transferred to 250 ml conical flask and 

citrate insoluble phosphate was determined using the same procedure as adopted for 

total phosphate estimation. Citrate soluble phosphate was determined indirectly by 

substracting the sum of watersoluble and citrate insoluble fractions from the total 

phosphate content in the materials. A wide range of methods were used for the 

analysis of the bulk soil sample collected for the pot culture experiment.

2.3 Soil analysis

Particle size analysis
i

Particle size analysis of the soil samples were carried out by the 

International Pipette Method as described by Piper (1942).



Soil reaction (pH)

The pH of the soil samples was measured in a suspension of soil in water 

(1:2.5 ratio) with the-help of combined electrode assembly connected to a pH meter.

Electrolytic conductivity (EC)

, The electrolytic conductivity was measured in the supernatant liquid of

the soil water suspension (prepared for measuring soil pH) with the help of 

. solubridge and expressed in dS m'1 at 25°C.

Available nitrogen

Available nitrogen in all the soil samples was estimated by alkaline 

permaganate method (Subbaiah and Asija, 1956).

Available phosphorus

Available phosphorus in all the soil samples was extracted by Bray No. 1 

extracted (Bray and Kurtz, 1945), and P in the extract was determined 

colorimetrically by using ascorbic acid method of Watanabe and Olsen (1965).

Available potassium .

Available potassium in the soil was extracted using IN  neutral 

ammonium acetate, and K in the extract was determined using EEL flame 
photometer.
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Available cadmium and lead

The DTPA extraction was followed at a soil solution ratio of 1:2 and a 

reaction time of 2 hours (Lindsay and Norvell, 1978) and concentrations of Cd and 

Pb in solutions were determined by AAS as described by Page et al. (1982).

Total elemental analysis ,

Soil (0,5 g) was digested in platinum crucible with perchloric acid, 

sulphuric acid and hydrofluoric acid and digested material taken up in hydrochloric 

acid as described by Page et al. (1982). Cadmium and Pb in the aliquot after acid 

digestion were estimated using AAS.

2.4 Pot culture experiment

The design of experiment was completely randomised with three 

replications. The fertilizer recommendation envisaged for the variety Ujwala in this 

experiment was based on the package of practice recommendations of Kerala 

Agricultural University (KAU, 1993) for chilli (70.40-25 kg ha'1). Since the 

experiment is essentially oriented towards the assessment of bioavailability of heavy 

metals from the different phosphatic fertilizers, a variety of P sources are tried. In 

all the pots, the required doses of N and K were maintained through urea and MOP 

at 10 and 25 kg ha"1 respectively and P at three levels viz., 40, 80 and 120 kg ha'1 

through each source tried irrespective of their heavy metal loads. Separate 

treatments to provide the required NPK to the test crop through chemically pure 

salts have also been laid for proper comparison of nutrient sources for 

bioavailability of heavy metals from them.

To have more meaningful study of heavy metal uptake in this pot culture 

experiment, and to evaluate the influence of organic matter in regulating the heavy



metal availability, both Cd and Pb have been applied at two levels viz., 2.5 and 5.0 

'mg pot’1 through the respective water soluble salts, with and without organic matter 

(quantity of organic matter is worked out based on the package of practice 

recommendation). ,

In order to see if acidulated rock phosphates have better capability to 

release the heavy metals in them, the same set of rock phosphate at the normal 

levels of application (L|) has been partially acidulated to see their heavy metal 

release in soils and the subsequent uptake by the test crop.

A brief description of different treatment is given below:
1

Treatment Details of treatment Level of application
No. (kg ha"1)

N P K

1 2 3 4 5

A. Indirect application of heavy metals through different phosphate
sources applied at three levels

1 Maton rock phosphate PL, 70 40 25-
2 Mussoorie rock phosphate PL, 70 40 25
3 Gafsa rock phosphate PL, 70 40 25
4 Rajasthan rock phosphate PL, 70 40 25
5 Single superphosphate PL, 70 40 25
6 Maton rock phosphate p l 2 ■ 70 80 25
7 Mussoorie rock phosphate PL2 70 80 25
8 Gafsa rock phosphate p l 2 70 80 25
9 Rajasthan rock phosphate p l 2 70 80 25

10 Single superphosphate p l 2 70 80 25
11 Maton rock phosphate PL, 70 120 25
12 Mussoorie rock phosphate PL, 70 120 25
13 Gafsa rock phosphate PL, 70 120 25
14 Rajasthan rock phosphate PL, 70 120 25
15 Single superphosphate PL, 70 120 25

Contd.
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1 2 3 4 5

B. Direct application of NPK through chemically pure salts

16 Urea, KH2P 04> KCI » 10 40 25

C. Direct application of heavy metals through water soluble salts

17 Cadmium chloride @ 2.5 mg pot"1 HCL, 10 40 25
18 Lead nitrate @ 2.5 mg pot*1 HPL] 10 40 25
19 Cadmium chloride @ 5 mg pot'1 HCL2 10 40 25
20 Lead nitrate @ 5 mg pof1 h p l 2 10 40 25
21 Cadmium chloride @ 2.5 mg pot"1 

with OM @ 25 g pot’1
HCL, 10 40 25

22 Lead nitrate @2.5 mg pot'1 with 
OM @ 25 g pot*1

HPLi 10 40 25

23 Cadmium chloride @ 5 mg pot*1 
with OM @ 25 g pot'1

h c l 2 10 40 25

24 Lead nitrate @ 5 mg pot'1 with 
OM @ 25 g pot'1

h p l 2 10 40 25

D. Indirect application of heavy metals through partially acidulated rock
phosphate

25 P.A. Maton rock phosphate 10 40 25
26 P.A. Mussoorie rock phosphate 10 40 25
27 P.A. Gafsa rock phosphate 10 40 25
28 P.A. Rajasthan rock phosphate 10 40 25
29 Control (Absolute)

Abbreviations used

MRP - Maton Rock Phosphate

MUP - Mussoorie Rock Phosphate

RJP - Rajasthan Rock Phosphate

GAP - Gafsa Rock Phosphate

SSP - Single Super Phosphate

P.A. MRP - Partially Acidulated Maton Rock Phosphate



P.A. MUP - Partially Acidulated Mussoorie Rock Phosphate 

P. A. RJP - Partially Acidulated Rajasthan Rock Phosphate 

P.A. GAP - Partially Acidulated Gafsa Rock Phosphate 

CPS - Chemically pure source

Levels of P application

PL, - 40 kg P ha'1

p l 2 - 80 kg P ha’1

p l 3 - 120 kg P h a 1

Levels of Cd application

HCL, - 0.5 mg Cd kg’1soil

h c l 2 - 1.0 mg Cd kg'1soil

Levels> of Pb application

HPLi - 0.5 mg Pb kg'1soil

h p l 2 - 1.0 mg Pb kg'1soil

2.4.1 Fertilizer application

A basal dose of nitrogen and potassium @ 10 and 25 kg ha"1 each were 

given to all pots through urea and MOP. The different combination and levels of 

fertilizer materials envisaged in the experiment were accurately weighed out and 

thoroughly mixed with 5 kg soil in a polyethylene sheet and were filled into pots.



2.4.2 Sowing and after care

The seeds selected were of uniform size and shape. Seeds were sown in 

nursery during the month of June 1996. To prevent damping off the nursery soil 

was drenched with Indofil M-45. Forty days after sowing, the best looking healthy 

seedlings were identified from the nursery and transplanted to experimental pots at 

the rate of one seedling per pot. All through the period of growth only distilled 

water was provided to maintain soil moisture to field capacity. The duration of the 

crop was 153 days and the same was harvested at maturity.

2.4.3 Collection of plant samples and preparation for analysis

Immediately after harvest, the plants were repeatedly washed in distilled 

water to remove all the adhering soil particles and dried in shade for a few days and 

later in a oven at 70°C. The root, shoot and fruit portions were carefully separated 

with a pair of stainless steel scissors and dry weights recorded. Later, the dried

samples were further chopped with a stainless steel cutter and powdered in a glass 
pestle and mortar.

Weighed quantity of ground plant materials were taken in 100 ml conical 

flasks and digested with di-acid mixture of HNO3-HCIO4 in 2:1 ratio on a hot plate 

as per the procedure outlined by Jackson (1958). The digested material was cooled, 

diluted with distilled water, filtered and made up to 50 ml from which the heavy

metals viz., Cd and Pb were determined directly using atomic absorption 
spectrophoto meter.

The phosphorus content in the digested material was determined 

colorimetrically by developing the phospho- molybdo-vanadate yellow complex in



nitric acid system. Potassium content in the digested material was determined using 

EEL flame photometer.

' Nitrogen content of the plant samples was determined by the

microkjeldahl digestion and distillation method as described by Jackson (1958). 

Uptakes of all the required elements by chilli, especially by their root, shoot and 

fruit portions were separately computed using the dtymatter yield and concentration 

of element in their respective plant parts.

2.4.4 Post harvest collection of soil samples and analysis

After the harvest of the crop the entire soil was emptied onto a 

polyethylene sheet, mixed well, a representative sample drawn and < stored in 

polyethylene bags. The post-harvest soil samples were analysed for available 

nitrogen, phosphorus, potassium, cadmium and lead as well as for total cadmium 

and lead. The pH and EC of all the samples were also recorded.

2.5 Statistical analysis

The data generated from the pot culture experiment was analysed 

statistically using standard procedures described by Panse and Sukhatme (1978), A 

computer aided analysis was carried out at the Department of Statistics, Kerala 

Agricultural University, Vellanikkara.



R esu lts and ̂ )iscussion



RESULTS AND DISCUSSION

Characterisation of phosphate sources
Concentration of Heavy Metals

Chemical analysis of a large number of phosphorus fertilizer samples 

collected from different locations within Kerala have been done for the purpose of 

selecting a few phosphate sources which maintained relatively high content of both 

phosphorus and heavy metals. The analytical values for both Cd and Pb in the few 

selected phosphate sources are provided in Table 1 and Fig. 1. Gafsa rock phosphate 

recorded the maximum content of Cd (55 mg k g ')  followed by Maton rock with a 

relatively lesser Cd content of 25 mg k g 1. Mussoorie rock and Rajasthan rock had 

more or less similar Cd content (20 mg k g 1) in them. However, the least

concentration of Cd (15 mg kg'1) was recorded in the water soluble phosphate 
source viz., single superphosphate.

, While assessing the concentration of Pb in fertilizer samples, the

maximum content (230.5 mg k g 1) of Pb was recorded in the Maton rock phosphate. 

■ 7116 min,mum analysis of Pb was noted in Mussoorie rock phosphate (38 mg kg'1). 

The Pb content analysed in SSP was only 106 mg kg'1 followed by Rajasthan rock 

and Gafsa rock phosphate with 51 and 39.5 mg kg'1 respectively.

1.2 Phosphate fractions in Rock phosphate

The total P content of the finally selected phosphate sources (3 

indigenous rock phosphates, 1 exogenous rock phosphate together with a 

conventional water soluble source of P, namely, single super phosphate) was



Table I, Concentrations of heavy metals in some phosphatic sources (mg kg"1)

Phosphatic sources Cadmium Lead

1. Maton rock phosphate 25 230.5
2. Mussoorie rock phosphate 20 38.0
3. Gafsa rock phosphate 55 39.5
4. Rajasthan rock phosphate 20 51.0
5. Single superphosphate 15 106.0

Table 2. Phosphate fractions in some phosphatic sources

Source Water soluble Citrate soluble Total

P20 5(%) P(%) P20S(%) P(%) P20 5(%) P(%)

1. Maton rock phosphate Tr Tr 9.3 4.1 23.2 10 1
2. Mussoorie rock phosphate Tr Tr 4.7 2.1 18.4 8 0
3. Gafsa rock phosphate Tr Tr 19.4 ■ 8.5 30.7 13 4
4. Rajasthan rock phosphate Tr Tr 5.7 ' 2.5 20.6 9 0
5. Single superphosphate 14.9 6.5 0.4 0.2 16.8 7.3

Tr - Trace
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Fig 1. Concentrations of heavy metals in some phosphate sources



fractionated into water soluble, citrate soluble and citrate insoluble parts, details of 

which are furnished in Table 2. Water soluble P was below detectable limit in all 

rock phosphate sources. However majority of the P in SSP was found to be in the 

water soluble form.

i

Citrate soluble P was found to be relatively higher in Gafsa rock 

phosphate than in other rock phosphates. The least content of citrate soluble P was 

noted in Mussoorie rock. The total P content of the rock sources were observed to 

be quite variable (18,4 to 30.7 per cent P20 5). Among the selected rock sources, 

Gafsa rock phosphate recorded the highest total P20 5 (30.7 per cent) content, while 

SSP maintained the least content (16.8 per cent).

2 Pot culture experiment

Some of the important physico-chemical characteri- sties of the soil used 

for pot culture experiment are given in Table 3. The results of pot culture 

experiment have been outlined not only in terms of yield, but also in terms of both 

available nutrient and heavy metal especially in the post harvest soil samples. 

Attempts have been made to compute the uptake of major nutrients and heavy 

metals especially for Cd and Pb, for the root, shoot and fruit portions of the plant.

1 Assessment of different phosphate rock sources 

2.1.1 Effect of different P sources on the dry matter yield of chilli crop

The results of the dry matter yield of chilli (root, shoot and fruit) are 

presented in Tables 4, 5 and 6 respectively. On application of five different sources 

of P having wide variation in the phosphate content, at three levels, it was observed 

that there was apparent difference in the dry matter yield especially for the root,



Table 3. General characteristics of the soil used for pot culture experiment 

Particle size distribution (%)

Coarse sand Fine sand ' Silt Clay

8.90 50.10 34.60 6.40

' Chemical characteristics

pH EC (dS m'1)

5.3 0.13

Available nutrient status (mg k g 1)

Nitrogen Phosphorus Potassium

110 . 19.7 . 120

Available heavy metal status (DTPA extractable (mg k g 1)

Cadmium Lead
0

0.04 ‘ 0.13

Total heavy metal status (mg g"1)

Cadmium Lead

0.79 1.2

I



Table 4. Dry matter yield of chilli root (g pot"1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 1.47 1.67 1.83 1.66
2. MUP 1.20 1.40 1.70 ' 1.43
3. GAP 2.17 2.57 2.70 2.48
4. RJP 1.33 1.67 1.73 1.58
5. SSP 1.53 1.57 1.63 1.58

Mean 1.54 1.78 1.92

Control 0.87
CD (0.05) Source Level

0.20 0.16

Table 5. Dry matter yield of chilli shoot (g pot'1)

Source ’ Level I Level 2 Level 3 Mean

1. MRP 14.8 20.5 21.4 18.9
2. MUP 14.7 19.7 21.1 18.5
3. GAP 21.0 23.9 24.4 23.14. RJP, 15.1 16.1 18.8 16.7
5. SSP 16.4 20.3 21.3 19.3

Mean 16.4 20.1 21.4

Control 4.73
CD (0.05) Source Level

1.02 0.79

Table 6. Dry matter yield of chilli fruit (g pot'1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 4.10 4.20 4.77 4.362. MUP 3.20 3.97 4.57 3.913. GAP 4.73 5.43 5.80 5.324. RJP 3.53 4.13 4.20 3.965. SSP 3.37 3.73 3.83 3.64

Mean ' 3.79 4.29 4.63

Control 1.57
CD (0.05) Source Level

0.19 0.14



shoot and fruit portions, clearly reflecting the effect of P variations noted among the 

sources. This difference in yield was visibly' more pronounced between control 

(absolute) and the remaining five P sources taken as a group.

Between levels of application, any increase in level of application of P, 

had significant influence in increasing dry matter yield of root, shoot and fruit 

indicating the positive influence of higher doses of P on dry matter production. 

Among the five sources of P tried, Gafsa rock was found to the best, in turning out 

maximum dry matter yield. This might be due to the relative high availability of 

citrate soluble P (19.4 per cent P2O5) from it. It was observed that, in general, the 

relative shoot yield of chilli was much higher than its corresponding root and fruit 

yields in all the pots. The comparatively lower dry matter yield recorded from other 

sources might be due to the slow dissolution rate of the rock matrix coupled with 

the relatively lower content of P in them.

The variations in the yield from different P sources could perhaps be 

better understood in view of the finding of Bolland et al. (1988), wherein they had 

indicated that yield of crops was more determined by the P content of the tissue,

which again was an indirect influence of the effectiveness of the phosphate sources 
in soil.

Between levels of application of P, the root dry matter yield o f chilli, 

though could maintain significant difference between level 1 and level 2, it failed to 

record significant difference between level 2 and level 3. However, in the case of 

dry matter yield for shoot and fruit, any level of application of P was significantly 

different from the other. While comparing the different sources and its effect on dry 

matter production, all sources remained significantly different from one another in



terms of root, shoot and fruit dry matter yield. This is more significant when any dry 

matter yield is compared against that of the control.

2.1.2 Phosphorus uptake by chilli root, shoot and fruit

The results of the P uptake by the root, shoot and fruit portions of chilli 

plant from the pots where different P sources have been used at three levels are 

depicted in Tables 7, 8 and 9, respectively.

While assessing the five different sources of P applied at three levels and 

the consequent uptake of P by root, shoot and fruit portion of the plant, it was 

observed that shoot portion of the plant maintained relatively more P content than 

fruit and root at all levels of application, irrespective of the sources. In general, 

Gafsa rock was found to be the best source in providing the maximum P uptake 

followed by SSP, Mussoorie and Maton rock were rated as the 3rd and 4th best 

source respectively in providing the P uptake.

However, Rajasthan rock was adjudged as the least effective source in 

providing the P uptake for the root and shoot portions. Rajasthan rock followed 

Gafsa rock in providing maximum P uptake by fruits. In this connection, both 

Mussoorie and Maton rock phosphates were rated on par while the water soluble 

SSP was adjuded to be the least effective source in providing P uptake to fruits, 

probably because of the inability of the source to provide P for the plant at the 

flowering and fruiting stage due to fixation especially when the soils in which they 
are applied are acidic.

At all levels of application, there had been significant increase in P 

uptake. The P uptake values from the control pots by the root, shoot and fruit
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Source

1. MRP
2. MUP
3. GAP
4. RJP
5. SSP

Mean

Table 7. P uptake by chilli root (mg pot’1)

Level I Level 2 Level 3 Mean

1.0 1.0 1.1 1.1
1.0 1.1 1.1 1.1
1.2 1.6 2.1 1,6
1.0 1.0 1.1 1.0
1.0 1.1 ‘ 1.2 1.1

1.1 1.2 1.3 "

Control 
CD (0.05)

0.2
Source Level

0.13 0.10

Table 8. P uptake by chilli shoot (mg pot'1)

Source Level 1 Level 2 Level 3 Mean
1. MRP
2. MUP
3. GAP
4. RJP
5. SSP

60.0
63.3
87.3 
63.0 
77.7

83.3
87.3

101.7
71.7
94.3

94.0 
93.7

102.3
85.3
96.0

79.1 
81.4
97.1
73.3
89.3

Mean 70.3 87.7 94.3
Control 
CD (0.05)

Source

1.6
Source - Level 

5-39 4.17

Table 9. P uptake by chilli fruit (n

Level 1 Level 2

ig pot'1)

Level 3 Mean
1. MRP
2. MUP
3. GAP
4. RJP 
5 SSP

24.3 
22.0 
29.0
24.3 
20.7

25.3 
26.0
32.0
30.3
25.0

28.3
30.0 
36.7
33.0
27.0

26.0
26.0
32.6
29.2
24.2

Mean 24.1 27.7 30.9
Control 3.3

—
CD (0.05)i Source Level

1.93 1.50

i



portions of the plant were significantly inferior to the respective uptake from any 

source of P applied at any level.

2 .1.3 Cadmium uptake by chilli root, shoot and fruit

The results on Cd uptake by chilli root, shoot and fruit from the different 

P sources applied in soil at three levels are presented in Tables 10, 11 and 12 and 

Fig.2, 3 and 4, respectively.

In general, higher uptake of Cd was noted in the shoot portion of chilli 

plant than its root or fruit portion. The least uptake of cadmium was noted in the 

fruit portion. Presence of the least amount of Cd in the fruit portions of the plant at 

all levels of application could be perceived as a positive indication of the edible 

portion posing lesser health hazards, even when they are consumed in relatively 
larger amounts.

Lagerwerff (1971) and Khan and Frankland (1983) also reported 

relatively lesser content of cadmium in the edible portion of radish when compared 

to its other plant parts.

Among the various sources o f P applied, Gafsa rock appeared to be the 

most significant source causing maximum uptake of Cd by both the root and shoot 

portion of the plant, probably due to the higher Cd content in them. Among the P 

sources, least uptake of cadmium by plants was noted from single superphosphate, 

which again might have been due to the low cadmium load in them (15 mg of Cd 

kg *), especially with the remarks of Tyler and Me Bridge (1982), who suggested 

that uptake of heavy metals from rock sources was reflection of the metal load in



Table 10. Cd uptake by chilli root (pg pot'1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 1.8 2.5 2.9 2.4
2. MUP 1.8 2.4 2.6 2.3
3. GAP 2.1 2.6 3.1 2.6
4. RJP 1.7 2.2 2.4 2.1
5. SSP 1.7 2.2 2.5 2.1

Mean 1.8 2.4 2.7

Control 0.8
CD (0.05) Source Level

0.20 0.15

Table 11. Cd uptake by chilli shoot (gg pot'1)

Source Level 1 Level 2 Level 3 Mean

I.MRP 2.6 3.0 3.8 3.1
2. MUP 2.8 2.9 3.3 3.0
3. GAP 2.9 3.3 3.9 3.4
4. RJP 2.6 3.1 3.4 3.0
$. SSP 2.5 3.1 3.3 3.0

Mean 2.7 3.1 3.5

Control 0.5
CD (0.05) Source Level

NS 0.24

Table 12. Cd uptake by chilli fruit (pg pot'1)

Source Level 1 Level 2 Level 3 Mean

1. MRP ' 1.2 1.3 1.5 1.3
2. MUP 1.1 1.8 2.0 1.6 '
3. GAP 1.7 2.2 2.6 2.2
4. RJP 1.1 1.4 1.5 1.3
5. SSP 1.1 1.3 1.4 1.3

Mean 1.2 1.6 1.8

Control 0.2
CD (0.05) Source Level

0.12 0.09
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Fig 2. Cadmium uptake by chilli root, shoot and fruit
from different P sources at level 1



U
pt

ak
e 

(u
g 

po
t 

-

Fig 3. Cadmium uptake by chilli root, shoot and fruit
from different P sources at level 2
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Fig 4. Cadmium uptake by chilli root, shoot and fruit
. from different P sources at level 3



them. Maton, Rajasthan and Mussoorie rock phosphate had also permitted varied 

cadmium uptake in chilli plants with significant difference between their uptake.

The least amount of cadmium uptake in plants was noted from control, 

suggesting that the uptake of cadmium in plants might have come only from the 

various P sources applied and that the variations in cadmium uptake noted in plants 

might have been a true reflection of the differential heavy metal load in them. 

Between the root and shoot portion of the plant the relative load of cadmium 

appeared to be much lesser in the root portions, irrespective of the sources tried. 

The higher uptake of cadmium in chilli shoot might have been due to the selective 

retention of this element in shoots.

Between levels of application, there had been considerable increase in the 

cadmium uptake especially at higher levels making levels of application quite 

significant necessarily due to the fact that more amount of rock phosphate applied 

to give higher level of P will automatically supply more Cd also.

2.1.4 Lead uptake by chilli Root, Shoot and Fruit

The uptake of Pb from the different sources of P by the root, shoot and 

fruit portions of the chilli plant is presented in Tables 13, 14 and 15 and Fig.5, 6 

and 7, respectively. Among the five different sources of P tried at three levels, it 

was generally observed that the root portion of the plant maintained more Pb than 

the shoot or fruit portion at all levels of application. Similar observation had been 

made by Khan and Frankland (1983) and Salim et al. (1993) in their heavy metal 

uptake studies in radish. The reason for the low Pb content in shoot could perhaps 

be understood on account of the possible redistribution of the metal previously 

bound within the plant especially when the movement of Pb is associated with the 

changes in the phosphate status of the plant (Mathews and Thorton, 1982).



Table 13, Pb uptake-by chilli root (pg pot'1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 14.4 16.2 20.8 17.1
2. MUP 12.4 12.9 13.4 12.9
3. GAP 11.8 12.1 12.9 12.3
4. RJP 12,5 13.2 13.7 13.2
5, SSSP 13.3 15.1 16.3 14.9

Mean 12.9 13.9 15.4

Control 2.9
CD (0,05) Source Level

0,34 0.26

Table 14. Pb uptake by chilli shoot (pg pot'1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 8.4 10.1 12.9 10.5
2 /MUP 6.4 6.9 7.4 6.9
3. GAP 6.3 6.5 6.9 6.6
4. RJP 6.5 7.2 7.7 7.1
5. SSP 7.3 9.1 10.2 8.9

Mean 7.0 8.0 9.0

Control 1.5
CD (0.05) Source Level

0.17 0.13

Table 15. Pb uptake by chilli fruit (pg pot'1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 3.1 3.8 4.5 3.8
2. MUP 2.3 2.5 2.8 2.5
3. GAP 2.2 2.4 2.5 2.4
4. RJP 2.3 2.6 2.9 2.6
5. SSP 2.7 3.4 3.9 3.3

Mean 2.5 2.9 3.3

Control 0.5
CD (0.05) Source Level

0.18 0.14



Up
ta

ke
 (

ug
 p

ot

Fig 5. Lead uptake by chilli root, shoot and fruit
from different P sources at level 1
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Fig 6. Lead uptake by chilli root, shoot and fruit
from different P sources at level 2
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Fig 7. Lead uptake by chilli root, shoot and fruit
from different P sources at level 3



However, Keefer et a i  (1986) had contradicted such an observation where in 

maximum Pb uptake was noted in the shoot portion than the respective root portion. 

Application of Maton rock resulted in maximum uptake ofPb by chilli plants (17.1,

10.5 and 3.8 jig pot"1 in root, shoot and fruit portion respectively). This was 

followed by SSP, Rajasthan rock and Mussoorie rock phosphate. Mussoorie and 

Rajasthan rocks were found to be on par and remained much lower to SSP in 

providing Pb uptake especially to chilli root.

The highest and lowest uptake of Pb from Maton and Gafsa rock by the 

chilli crop is a clear reflection of the relative metal load in them. Like cadmium the 

, lead load in chilli fruit is comparatively much lesser than the corresponding shoot 

and root portion. However, while comparing the uptake of heavy metals especially 

Cd and Pb in the fruit portion, the relative uptake of Pb appeared to be slightly 

higher than Cd under comparable conditions. In this context, though Rajasthan and 

Mussoorie rock remained on par, was much lower to SSP in providing the Pb 

uptake, which might have been due to the relative higher metal load (106 mg kg'1) 

in SSP. The least uptake of Pb was noted in control and this when compared to 

other sources and levels remained significantly inferior.

2 .1.5 Bray-I extractable P from the post-harvest soil samples

The available P status of post-harvest soil samples which had received 

different sources ofP at different levels are presented in Table 16.

Application of all the sources of P at three levels resulted in extracting 

significantly higher content of available P than the unfertilized control. The highest 

amount of available P (21.4 mg k g ') extracted from Gafsa rock applied pots might 

be due to the very high content of total phosphorus in them (30.7 per cent P20 5).



Table 16. Bray 1 extractable P from post-harvest soil samples ‘(mg kg"1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 20.2 20.2 20.2 20.2
2. MUP 20.1 20.1 20.1 20.1
3. GAP 21.1 21.5 21.5 21.4
4. RJP 20.0 20.2 20.5 20.2
5. SSP 20.1 20.1 20.1 20.1

Mean 20.3 20.4 20.5

Control 19.8
CD (0.05) Source Level

0.20 0.16

Table 17. DTPA extractable Cd in post-harvest soil samples '(mg kg"1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 0.05 0.07 0.07 0.06
2. MUP 0.05 0.07 0.08 0.07
3. GAP 0.06 0.08 0.09 0.08
4. RJP 0.05 0.06 0.07 0.06
5. SSP 0.05 0.06 0.07 0.06

Mean 0.05 0.07 0.08

Control 0,04
CD (0.05) Source Level

0.01 0.004

Table 18. DTPA extractable Pb in post-harvest soil samples [(mg kg"1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 0.13 0.14 0.14 0.14
2. MUP 0.13 0.13 0.13 0.13
3. GAP 0.13 0.13 0.13 0.13
4. RJP 0.13 0.13 0.13 0.13
5. SSP 0.13 0.13 0.14 0.13

Mean 0,13 0.13 0.13

Control ' 0.12
CD (0.05) Source Level

0.002 0.002
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' The available P values from all the other sources were on par and

remained much inferior to Gafsa in the post-harvest soil samples.

Increasing levels of P application to soils had very little influence in 

enhancing the extractable P content, in the post-harvest soil samples. This must be 

due to the higher utilization of P sources from soil which indirectly supported the 

production of dry matter yield.

2.1.6 Available Cd in post-harvest soil samples

The content of DTPA extractable Cd in the post-harvest soil samples 

where five different sources of P have been applied at 3 levels, is depicted in Table 

17.

' The highest amount of extractable Cd (0.08 mg kg'1) in the post­

harvest soil samples was recorded from the pots where Gafsa rock had been 

applied. This must be due to the relatively higher content of Cd in Gafsa rock (55 

mg kg'1) and it might be due the higher residual effect of P fertilizer in soils. The 

available Cd status in soils, where in other P sources had been applied remained 

more or less same with no significant difference between them. The least amount of 

available Cd (0.04 mg kg'1) was recorded in the control. However, when all the 

other treatments are taken as a unit and compared with control, there had been 

significant difference. Variation in the content of DTPA extractable Cd due to 

levels of P application was found to be significant.

2.1.7 Available Pb status in the post-harvest soil samples

Table 18 presents the details of the available Pb status (as extracted by 

DTPA) in the post-harvest soil samples which had received different P fertilizers at



three levels of application. The availability of Pb from control pot remained 

significantly lower to all other levels of Pb indirectly attained through the different 

levels of fertilizer P application. Application of Maton rock recorded higher 

availability of Pb in the post-harvest soil samples. All the other sources of P viz. 

Mussoorie, Gafsa, Rajasthan and SSP remained on par in providing the available Pb 

status in the post-harvest soil samples.

The normal variation of Pb content observed in the different P sources, 

had not reflected proportionately in building the available Pb status in the post­

harvest soil samples, even at its higher levels of application.

2.1.8 Total Cd status in the post-harvest soil samples

The total Cd status in soil consequent to the addition of five different 

sources o f P at 3 levels is depicted in Table 19.

The total Cd content of control pot remained significantly inferior to all 

other sources of P tried at three levels. The contents of total Cd in the post-harvest 

soil samples were more or less similar with no significant difference between any 

treatment though there had been marked differences in the Cd load in majority of 
the P fertilizers at the time of application.

Increasing level of P application could not influence the total Cd status of 

post-harvest soil sample, even between the lowest and the highest level of P 

application. This must have been probably due to the differential uptake of 

cadmium from the applied P sources at all levels, through out the growth period,

leaving very low but stable levels of Cd in the soils especially towards the end of 
the crop.
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Table 19.Total Cd in post-harvest soil samples f(mg kg'1)

Source Level 1 Level 2 Level 3 Mean

1. MRP 0.79 0.79 0.79 0.79
2.MUP 0.79 0.79 0.79 0.79
3. GAP 0.79 0.79 0.79 0.79
4. RJP 0.79 0.79 0.79 0.79
5. SSP 0.79 0.79 0.79 0.79

Mean 0.79 0.79 0.79

Control 0.78
CD (0.05) Source Level

0.001 0.0003

Table 20. Total Pb in post-harvest soil samples '(mg kg’^

Source Level 1 Level 2 Level 3 Mean

1. MRP 1.20 1.21 1.25 1.22
2. MUP 1.20 1.21 1.21 1.21
3. GAP 1.20 1.20 1.20 1.20
4. RJP 1.20 1.21 1.21 1.21
5. SSP . 1.20 . 1.21 1.21 1.21

Mean 1.20 1.21 . 1.22

Control 1.19
CD (0.05) Source Level

NS NS
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2.1.9 Total Pb status in the post-harvest soil samples

Total Pb status in soil consequent to the addition of five different sources 

of P at three levels is depicted in Table 20.

Application of Maton rock though recorded highest total Pb content in 

post-harvest soil samples was not significantly different from the other sources in 

providing total Pb content. There had been no significant difference in the total Pb 

status in post-harvest soil samples even when the lowest and highest level of 

application of any source is compared.

On comparison with the control values, all sources and levels maintained 

a significantly higher total Pb status in the post-harvest soils. The wide variation in 

the content of Pb observed in the different P sources at the time of application was 

not reflected properly in the total Pb status in the various post-harvest soil samples. 

The regular Pb uptake by chilli plants as evidenced by its sizable retention in 

different plant parts all through the active periods of growth might have been a 

possible reason for such an observation. ‘

2.2 Assessment of direct sources of heavy metals

2.2.1 Effect of direct sources of heavy metals on the dry matter yield of chilli

The results of the dry matter yield of root, shoot and fruit portions of chilli 

plant from pots receiving application of two direct water soluble sources of heavy 

metals at two levels are depicted in Tables 21, 22 and 23, respectively.

Application of CdCl2 and Pb(N03)2 at two levels meeting the P 

requirements of the plant are met through chemically pure KH2P 04, recorded 

significantly lower dry matter yield in chilli plants. The dry matter yields of root 

due to the application of other fertilizer P sources were significantly higher over this



Table 21.Drymatter yield of chilli root (g pot'1) from direct application of heavy metals 
. • . - in pots with and without organic matter .

Source . . Level Without OM With OM Mean

11 CdCl2 ' L, 1.23 1.43 1.33
2. Pb(N03)2 . L, 1.17 1.27 1.22
3. CdCl2 l2 1.03 1.53 1.28
4. Pb(N03)2 l2 . 1.30 1.50 1.40

Mean 1.18 1.43

Control 0.87
CD (0.05) Source Level

0.09 .0.07

Table 22. Drymatter yield of chilli shoot (g pot'1) from direct application of heavy
metals in pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 Li 14.0 17.4 15.7
2. Pb(N03)2 L, 14.1 17.2 15.7
3. CdCl2 ■ l2 14.8 15.3 15.1
4. Pb(N03)2 •. l2 15.1 15.9 15.5

Mean 14.5 16.5

Control 4.7
CD (0.05) Source Level

0.52 0.37

Table 23. Drymatter yield of chilli fruit (g pot'1) from direct application of heavy metals
*

in pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 L, 3.43 3.43 ■ 3.43
2, Pb(N03)2 L, ' 3.37 3.53 3.45
3. CdCI2 l2 3.47 3.60 3.53
4. Pb(N03)2 l2 3.20 3.53 3.37

Mean 3.37 3.53

Control 
CD (0.05)

1.57
Source
0.12

Level
0.08
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chemically pure source of P applied in conjunction with heavy doses of heavy 

metals, indicating the negative influence of the direct dose of heavy metals in 

suppressing the dry matter yields especially for roots. However, when organic 

matter was applied to chilli plants in conjunction wtih the direct application of 

heavy metals, the relative dry matter yield of root, shoot and fruit portion of the 

plant were significantly higher indicating the positive influence of organic matter in 

retarding the ill effects of heavy metals like Pb and Cd in suppressing the dry matter 

yield. This might have been due to the possible chelating action of organic matter 

on the heavy metals which ultimately mitigated the ill effects of heavy metals on 

growth and uptake. Such a situation in soil also might have permitted improved 

absorption of nutrients leading to higher dry matter production. This observation is 

in conformity with the findings noted in soyaben and wheat by Haghiri (1973).

2.2.2 Phosphorus uptake by chilli root, shoot and fruit from chemically pure
source of P applied along with direct source of heavy metals

The results of the P uptake from chemically pure source of P (KH2P 04) 

under the influence of the application of water soluble sources of heavy metals at 

two levels either alone or in combination with organic matter are presented in

Tables 24, 25 and 26 respectively for the root, shoot and fruit portions of the chilli 
plant. '

The results indicated that the presence of a direct source of heavy metals 

like Cd or Pb when applied with KH2P 04 retarded the uptake of P in all the parts of 

chilli plant. This uptake values were much lower, when compared to the uptake 

values of P from different rock sources, at comparable levels of P application 

(Table 7, 8 and 9). This might have been due to the negative influence of heavy 

metals especially cadmium and lead on the root growth, which ultimately should be 

made responsible for the uptake of any nutrient. Yet another reason for the reduced



Table 24,. P uptake by chilli root (mg pot'1) from direct application of heavy metals in
. - ' pots with and without organic matter

Source Level Without OM With OM - Mean

1. CdCl2 L, 1.0 . 1.0 1.0
2. Pb(N03)2 L, 1.0 1.1 1.1
3. CdCI2 l2 1.0 1.1 . 1.1
4. Pb(N03)2 . l2 1.0 1.0 1.0

Mean 1.0 1.0

Control 0.2
CD (0.05) Source Level

NS NS

Table 25. P uptake by chilli shoot (mg pot'1) from direct application of heavy metals in 
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCI2 L, 58.3 78.3 68.3
2. Pb(N03)2 L, 56.0 77.0 66.5
3. CdCl2 l2 63.7 68.0 65.8
4. Pb(N03)2 l2 64.0 73.7 68.8

Mean 60.5 74.3

Control 1.6
CD (0.05) Source Level

NS 2.15

Table 26. P uptake by chilli fruit (mg pot*1) from direct application of heavy metals in
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 Li 21.0 20.3 20.7
2. Pb(N03)2 Li 19.3 21.3 20.3
3. CdCI2 l2 20.0 20.3 20.2
4. Pb(N03)2 u 16.7 21.7 19.2

Mean 19.3 20.8

Control 3.3
CD (0.05) Source Level

NS 0.97



uptake by P noted from K.H2PO4 application under the influence of heavy metals 

especially in the absence of organic matter might have been due to the enhanced 

fixation of P, which normally should have occurred in the acidic soil used. The 

application of organic matter in conjunction with the heavy metals could not make 

much root uptake of P from KH2PO4. However, the P uptake from this source by 

shoot and fruit portion was significantly higher than its root portions.

' The uptake values of P from the different rock sources (Tables 7, 8 and 9) 

with their indirect supply of heavy metals to soils when compared with that of a 

fully water soluble P source like KH2PO4, were relatively higher. The slow 

dissolution of rock matrix accompanied by the gradual release of a relatively low 

quantity of heavy metals compared to the amount of P release might have had only 

lesser negating effect on P on the root growth and thus favouring enhanced P 

uptake.

2.2.3 Cadmium uptake by chilli root, shoot and fruit from direct application of
heavy metals ■

The results on the Cd uptake by the root, shoot and fruit portions of chilli 

plant from the application of CdCh salt at two levels (2.5 and 5 mg pot’1) are 

depicted in Tables 27, 28 and 29 and Fig. 8 and 9, respectively.

Cadmium uptake by chilli root, shoot and fruit portion from the 

application of CdCb was found to be significantly higher at higher levels of 

application. The organic matter application had also resulted in marginal but 

significant enhancement of the Cd uptake in all the plant parts. This must be due to 

the marginal contribution of heavy metals from organic matter under favourable 

condition. Anderson (1976) had reported that under normal application rates of 

organic matter an annual input of 1 to 4 g Cd ha’1 can be expected in soils. The



Table 27. Cd uptake by chilli root (pg pot'1) from direct application of heavy metals in
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 L, 42.8 43.2 43.0 ’
2. Pb(N03)2 L, 1.1 1.3 1.2

,.3. CdCl2 U 91.2 93.5 92.4
4. Pb(N03)2 U 1.1 1.2 1.2

Mean 34.1 34.8

Control 0.8
CD (0.05) Source Level

0.94 0.66

Table 28. Cd uptake by chilli shoot (pg pot'1) from direct application of heavy metals in
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 L, 77.2 79.4 78.3
2. Pb(NOj)2 L, 1.5 1.7 1.6
3. CdCl2 l2 137.1 140.4 138.8
4. Pb(NO,)2 . L2 1.5 1.7 1.6

Mean 54.3 55.8

Control 0.5
CD (0.05) Source Level

0.83 0.63

Table 29. Cd uptake by chilli fruit (pg pot'1) from direct application of heavy metals in
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 L, 24.1 24.9 24.5
2. Pb(N03)2 L, 0.5 0.5 0.5
3. CdCI2 l2 45.7 47,6 46.7
4. Pb(N03)2 l2 0.6 0.6 0.6

Mean 17.7 18.4

Control 0.2
CD (0.05) Source Level

0,36 0,25
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Fig 8. Cadmium uptake by chilli root, shoot and fruit from direct
application of heavy metals without organic matter
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Fig 9. Cadmium uptake by chilli root, shoot and fruit from direct
application of heavy metals with organic matter



(SO

relative retention of cadmium was found to be least in the fruit portion, followed by 

root and shoot portion even when the metal was applied as a readily available and 

water soluble sources, suggesting that the edible part of plant is relatively less 

loaded with the heavy metals, making them safe for human consumption. Further, 

the low metalic load in fruit portion could be viewed as either due to a 

redistribution of heavy metals within the plant or due to a possible failure to 

translocate the heavy metals to the fruit portion, which had been formed and 

developed towards the final stages of crop growth.

2.2.4 Lead uptake by chilli root, shoot and fruit from direct aplication of heavy
metals

The results on the Pb uptake by the root, shoot and fruit portions of chilli 

plant from the application of Pb(NC>3)2, a water soluble metal source at two levels 

(2.5 and 5.0 mg pot'1) are depicted in Tables 30, 31 and 32 and Fig.IO and 11, 

respectively.

The results indicate that maximum uptake of Pb was noted in the root 

portions of the plant as against the shoot portions and the uptake became more 

conspicous when a direct water soluble source of Pb was applied. However, the 

trend observed here is almost the same as that noted from the uptake of Pb from an 

indirect source like rock phosphate. The least uptake of Pb was noted in the fruit 

portions indicating that the edible portions of the plant is relatively free from this 

metal too, especially when compared to other plant parts. The uptake of Pb and the 

subsequent retention by the different plant parts at higher levels of application were 

found to be significantly higher. Organic matter addition in combination with heavy 

metals had no negating effect on the metal uptake and instead permitted higher 

uptake of Pb in all the plant parts studied. From this, it is clear that a direct source 

of Pb readly permitted higher uptake of the metal to all the plant parts when



Table 30. Pb uptake by chilli root (pg pot'1) from direct application of heavy metals in
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 L, 12.0 12.2 12.1
2. Pb(N03)2 L, 107.1 108.4 107.6
3. CdCl2 l2 12.1 12.2 12.2
4. Pb(N03)2 l2 172.6 174.1 173.4

Mean 75,9 76.7

Control 2.9
CD (0.05) Source Level

0.21 0.15

Table 31. Pb uptake by chilli shoot (pg pot'1) from direct application of heavy metals in
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCI2 L, 6.0 6.2 6.1
2. Pb(N03)2 L, 57.1 58.4 57.8
3. CdCl2 U 6.1 6.2 6.2
4. Pb(N03)2 u 72.6 73.1 72.9

Mean 35.5 36.0

Control 1.5
CD (0.05) Source Level

0.21 0.15

Table 32. Pb uptake by chilli fruit (pg pot'1) from direct application of heavy metals in
pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCI2 Li 1.9 2 2 2.1
2. Pb(N03)2 L, 22.4 23.6 23.0
3. CdCl2 l2 2.2 2.3 2.3
4. Pb(N03)2 l2 34.1 35.3 34.7

Mean 15.1 15.9

Control 0.5
CD (0.05) Source Level

0.26 0.18
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Fig 10. Lead uptake by chilli root, shoot and fruit from direct
application of heavy metals without organic matter
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Fig 11. Lead uptake by chilli root, shoot and fruit from direct
application of heavy metals with organic matter



compared to that from an indirect source like phosphate rocks (Tables 13, 14 and 

15).

2.2.5 Bray-I extractable P from the post-harvest soil samples applied with 
chemically pure source of P along with direct source of heavy metals

The results of the available P status of post-harvest soil sample where 

chemically pure source of P (KH2PO4) (applied to meet the P requirement) had 

been combined with heavy metal sources and applied as such or in combination 

with organic matter are presented in Table 33.

Results indicated that the available P status in the post-harvest soil 

samples was neither influenced by any source of directly applied heavy metals nor 

its levels of application. The results presented in Table 16 (available P status of 

post-harvest soils from rock phosphate application) when compared with this 

indicated that the available P status in the post-harvest soil samples was hardly 

influenced by a direct soluble source like KH2PO4 or a water soluble source like 

any rock phosphate at comparable levels of P application. Application of organic 

matter was found to increase the available P status in the post-harvest soils 

significantly, especially when the organic is applied in conjunction with the heavy 

metals viz. CdCb and Pb(NC>3)2 at the both levels of application.

2.2.6 Available Cd status in post-harvest soil samples from direct application of 
heavy metals

The DTPA extractable Cd status in the post-harvest soil samples where 

direct application of heavy metals were effected at a two levels is given in Table 34.

It has been noted that with increasing levels of application of water 

soluble Cd salts, the extractable Cd status significantly increased in the post harvest



Table 33. Bray I extractable P from post-harvest soil samples £m gkg^  from direct 
application of heavy metals in pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 U 20.1 21.1 20.6
2. Pb(N03)2 U 20.1 21.2 20.6
3. CdCl2 U 19.9 21.0 20.5
4. Pb(N03)2 l 2 20.0 21.0 20.3

Mean 19.9 21.1

Control 19.8
CD (0.05) Source Level

NS 0.22

Table 34. DTPA extractable Cd in post-harvest soil samples (mg kg from direct 
application of heavy metals in pots with and without organic matter

Source Level Without OM With OM Mean

•1. CdCl2 L, 0.37 0.37 0.37
2. Pb(N03)2 L, 0.04 0.04 0.04
3. CdCl2 l2 0.53 0.58 0.55

■ 4. Pb(N03)2 l2 0.04 0.04 0.04

Mean 0.24 0.26

Control 0.04
CD (0.05) Source Level

0.04 NS

Table 35. DTPA extractable Pb in post-harvest soil samples (mg kg"h from direct
application of heavy metals in pots with and without organic matter

Source Level Without OM With OM Mean

1. CdCl2 L, 0.13 0.13 0.13
2. Pb(N03)2 L, 0.49 0.50 0.493. CdCl2 l2 0.13 0.13 0 13
4. Pb(N03)2 l2 0.64 0.64 0.64

Mean 0.35 0.35

Control 0.12 ”

CD (0.05) Source Level
0.003 0,003



soil samples not because of its wafer solubility, but because of the metal load 

offered through them. Application of organic matter along with CdCl2 did not have 

any additive effect in extracting an enhanced available Cd from post-harvest soil 

samples especially when the same is compared with the pots where organic matter 

additiion had not been provided. Direct application of heavy metals in pots 

permitted higher Cd extraction over the indirect application of Cd through the 

application of various rock phosphates.

The available Cd status provided by the control pots was quite 

insignificant and was not much different from the available Cd status recorded from 

the soils where two levels of application of Pb(N03)2 had been provided.

2.2,7 Available Pb status in post-harvest soil samples from direct application of
heavy metals

Table 35 presents data on available Pb (as extracted by DTPA) of the 

post-harvest soil samples, which had received the application of CdCl2 and 
Pb(N03)2 at two levels.

It was observed that the available Pb of post-harvest soil samples 

increased significantly with increase in the levels of application of Pb salt. 

Compared to the extractable Pb content of soil which received application of rock 

phosphates, the direct application of Pb salts to soils readily permitted significantly 

higher levels DTPA extractable Pb. Control pots maintained significantly lower 

levels of extractable Pb when compared to other treatment. Addition of organic 

matter along with the Pb salts led to significant but marginal enhancement of the 

DTPA extractable Pb in the post-harvest soil samples. The marginal enhancement 

in the level of DTPA extractable Pb in organic matter treated pots could be due to 

the very low contribution of Pb from the organic matter
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2.2,8 Total Cd content in post-harvest soil samples from direct application of 
heavy metals

The variations in the total Cd status of soil after the addition of heavy 
metal sources at two levels are presented in Table 36.

Increasing level of Cd application in soils through soluble CdCl2 

enhanced the total Cd status in the post-harvest soils. The contribution of P 

fertilizer, especially rock phosphates towards the total Cd of soil (Table 19) was 

relatively low when compared with that from the direct application of Cd salts 

(Table 36) were much lesser. The decreased level of total Cd observed in fertilizer 

treated pots at the end of the crop might have been due to the higher uptake of these 

metals from soils (Tables 27, 28 and 29). The higher level of total Cd observed in 

the post-harvest soil samples where Cd salts had been directly applied might be 

due to the very high concetration of Cd ions added. Addition of Pb(N03)2 even at 

two levels did not influence the total Cd status in the post-harvest soils and these 

values were comparable with those obtained from the control pots.

2 2 9 ^  P°St~harVeSt Soil Samples from direct application of

Data on total Pb in the post-harvest soil samples after the addition of 
CdCl2 and Pb(N03)2 at two levels are furnished in Table 37.

Increasing levels of Pb application in soils through soluble Pb salts 

resulted in significantly enhanced level of this element in the post-harvest soils. The 

contribution of total Pb through P fertilizers especially through phosphate rock



(Table 20) when compared with that from the direct application of Pb (Table 37) 

was much lower. The apparent variation in total Pb content observed here might be 

due to the higher contribution of Pb from the directly applied heavy metal sources 

where the levels of heavy metals are purposefully maintained at higher levels. The 

low content of Pb in rock phosphates together with a higher dry matter yield, 

might have certainly influenced in lowering the total Pb content in such treatments. 

High uptake of Pb by plants also would have caused a relatively low content of Pb 

in post-harvest soil.

It was observed that addition of organic matter could not impart any 

influence in enhancing the total lead status. The total lead status in control pots was 

significantly lower when compared to any other treatment.

2.3 Assessment of partially acidulated phosphate rock sources

2.3.1 Effect of partially acidulated P sources on the dry matter yield of chilli

The data on dry matter yield of root, shoot and fruit portions of chilli 

plant from the application of partially acidulated sources of P are presented in Table 
38.

The dry matter yield of chilli roots was observed to be lower than its 

shoot and fruit portions on application of acidulated rock sources. But this yield 

when compared to that obtained by the application of different untreated rock 

sources, was higher. The relative increase in the dry matter yield noted for the shoot 

and fruit portions from partially acidulated sources might have been due to a more 

readily available P portions which might have permitted rapid growth. The 

significantly lower dry matter yield observed from the application of chemically 

pure P sources might have been due to a possible fixation of P in soils which must
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Table 38. Drymatter yield of plant parts (g pot'1) from partially acidulated phosphate
rock applied pots

Source Root Shoot Fruit

1. PA-MRP 1.27 15.20 4.33
2. PA-MUP 1.10 15.10 3.67
3. PA-GAP 2.67 24.30 5.80
4. PA-RJP 1.23 16.30 3.77
5, Chemically pure source of NPK 1.20 14.50 3.40
6. Control 0.87 4.70 1.57

CD (0.05) 0.26 1.36 0.26

Table 39. P uptake by chilli in root, shoot and fruit (mg pot'1) from partially acidulated
phosphate rock applied pots

Source Root Shoot Fruit

1. PA-MRP 1.0 70.7 24.0
2. PA-MUP 1.0 70.0 23.7
3. PA-GAP 1.9 114.3 ' 37.7
4. PA-RJR 1.0 75.3 23.7
5. Chemically pure source of NPK 1.0 61.3 19.3
6. Control 0.2 1.6 3.3

CD (0.05) 0.2 7.7 2.8



have negated the dry matter yield by permitting only slow growth. The dry matter 

yield in control pots was significantly lower than any other treatment.

2.3.2 P uptake by chilli root, shoot and fruit from the application of partially 
acidulated phosphate rock

The data on P uptake from partially acidulated sources by root, shoot and 

fruit portions of chilli plant are depicted in Table 39,

The values of P uptake in the root, shoot and fruit portions of the plant 

from the partially acidulated sources were much higher than that from the untreated 

rock phosphate treated pots (Tables 7, 8 and 9). The higher uptake noted from 

acidulated sources might be due to the readily available P portions in these sources.

, Application of the chemically pure source of P could support only a much 

significantly lower dry matter yield possibly due to the high P fixation that must 

have occurred in the acidic soils used thus permitting lower diy matter yield. The 

uptakes of P by root, shoot and fruit portions from the different partially acidulated 

rock sources were much higher when compared to that of the control pots.

2.3.3 Cd uptake by root, shoot and fruit portions of chilli from the application 
of partially acidulated phosphate rock

The data on Cd uptake by root, shoot and fruit portions of chilli plant 

from the application of partially acidulated P sources are presented in Table 40 and 

Fig. 12.

The Cd uptake by chilli plant in the different portions from partially 

acidulated rock sources was much higher when compared to the corresponding 

uptake from the untreated rock source (Tables 10, 11 and 12). This must be possibly 

due to the fact that partial acidulation must have permitted the rapid dissolution of
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heavy metals from the matrix of the rock phosphate which in turn must have 

permitted enhanced Cd uptake from them. It had been observed that fruit portions 

of the plant were relatively less loaded with the heavy metals when compared to its 

shoot and root portions. A similar trend was observed from the use of untreated 

rock source (Tables 10, 11 and 12).

Application of chemically pure source of NPK could not provide 

increased metal loads in plants, possibly indicating the absence of metal loads in 

them. Control values were significantly lower when compared to the corresponding 

uptake of Cd in the root, shoot and fruit portions of chilli from the treated sources.

2.3.4 Pb uptake by root, shoot and fruit portions of chilli from the application of
partially acidulated phosphate rock

Data on Pb uptake from the partially acidulated P sources by the root, 

shoot and fruit portions of the chilli plant are presented in Table 41 and Fig. 13.

The values of Pb uptake by chilli plant in the different portions from 

partially acidulated rock sources were much higher when compared to the 

corresponding uptake from the untreated rock sources (Tables 13, 14 and 15). This 

must be again possibly due to the fact that partial acidulation must have permitted 

the rapid dissolution of heavy metals from the matrix of the rock phosphate which 

in turn might have permitted rapid uptake of Pb from them. It had been observed 

that fruit portions of the plant were relatively lesser loaded with the heavy metals 

when compared to its shoot and root portions. A similar trend was observed from 

the use of untreated rock sources (Tables 13, 14 and 15).

Application of chemically pure source failed to support increased metal 

uptake in plants. Control values were significantly lower when compared to the
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Table 40. Cd uptake by chilli in root, shoot and fruit (pg pot'1) from partially acidulated
phosphate rock applied pots

Source Root Shoot Fruit

1. PA-MRP 1.9 2.7 1.4
2. PA-MUP 1.9 2.7 1.1
3. PA-GAP 2.2 3.0 1.7
4. PA-RJP 1.8 2.8 1.2
5. Chemically pure source of NPK 1.1 1.6 0.6
6. Control 0.8 0.5 0.2

CD (0,05) 0.72 0.75 0.32

)

Table 41. Pb uptake by chilli in root, shoot and fruit (pg pot'1) from partially 
acidulated phosphate rock applied pots

Source Root Shoot Fruit

1. PA-MRP 16.3 10.0 3.9
2. PA-MUP . 13.9 7.9 3.0
3. PA-GAP 13.5 7.5 2.9
4. PA-RJP 14.3 8.3 3.1
5. Chemically pure source of NPK 12.1 6.1 2.0
6. Control 2.9 1.5 0.5

CD (0.05) 0.46 0.29 0.32
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Fig 12. Cadmium uptake by chilli root, shoot and fruit 
from partialy acidulated phosphate rock
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Fig 13. Lead uptake by chilli root, shoot and fruit 
from partialy acidulated phosphate rock
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corresponding uptake of Pb in the root, shoot and fruit portions of chilli from the 

treated sources.

2.3.5 Available Cd and Pb status in post-harvest soil samples from the
application of partially acidulated P sources

The results of the available Cd and Pb status in the post-harvest soil 

samples after the application of partially acidulated P sources are depicted in Table 
42.

No significant difference in the DTPA extractable Cd and Pb status was 

observed between the different post-harvest soil samples where different partially 

acidulated P sources had been tried. These values very much compared with the 

corresponding DTPA extractable metals (Tables 17 and 18) where non-acidulated 

rock sources were applied.

\ '
Though the acidulated rock sources permitted higher uptake of metals by 

plants than non-acidulated sources, the DTPA extractable Cd and Pb status 

remained more or less same in the post-harvest soil samples. This must be possibly 

due to the rapid dissolution of partially acidulated sources which must have 

permitted rapid uptake of metal from them. The gradual dissolution of heavy metal 

ions from the untreated rock sources and subsequent uptake by plants must have 

resulted in the comparable, available metal status in soils. The DTPA extractable 

Cd and Pb in the control pots were only marginally less when compared to the 

■ values furnished by the acidulated sources in the post-harvest soil samples.

2.3.6 Total Cd and Pb status in the post-harvest soil samples applied with 
partially acidulated P sources

The total Cd and Pb status in the post-harvest soil samples after the 

addition of partially acidulated P sources are presented in Table 43.
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Table 42. DTPA extractable Cd and Pb in post-harvest soil samples [(mgJcgT1) from 
partially acidulated phosphate rock applied pots

Source Av. Cd Av. Pb

1. PA-MRP 0.05 0.13
2. PA-MUP 0.05 0.13 '
3. PA-GAP 0.06 0.13
4. PA-RJP 0.05 0.13
5. Chemically pure source of NPK 0.05 0.13
6. Control 0.04 0.12

CD (0.05) 0.03 ' 0.003

Table 43. Total Cd and Pb in post-harvest soil samples l(mg kg"T) from partially 
acidulated phosphate rock applied pots

Source Total Cd Total Ab

1. PA-MRP 0.79 1.21
2. PA-MUP 0.79 1.20
3. PA-GAP 0.79 1.20
4. PA-RJP 0.79 1.20
5. Chemically pure source of NPK 0.79 1.20
6. Control 0.78 1.19

CD (0.05) 0.03 0.26



The contents of total Cd and Pb in the post-harvest soil samples 

consequent to application of the partially acidulated sources were comparatively 

lesser when compared to the corresponding heavy metal status observed in the post­

harvest soils from the application of untreated rock sources, The total Cd status of 

post-harvest soil samples of different partially acidulated sources remained more or 

less similar with no significant difference between them even when control pots are 

also compared. A similar trend could be observed for the total Pb status in the post­

harvest soil samples when partially acidulated sources were applied. However, the 

lower total Cd and Pb status in the post-harvest soil samples where acidulated rock 

sources were tried could be due to the higher uptake of heavy metals from these 

sources by the plants due to the rapid dissolution of rock matrix consequent to the 

acidulation treatment.
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SUMMARY

Different phosphate sources collected from different locations were 

subjected to analysis to quantify the extent of heavy metals in them with special 

reference to cadmium and lead. After a preliminary analysis of ail those sources, a 

few sources which maintained relatively higher concentrations of cadmium and lead 

[Maton rock phosphate, Mussoorie rock phosphate, Gafsa rock phosphate,

. Rajasthan rock phosphate and single superphosphate] were selected for further 

studies employing a pot culture experiment. The test crop chosen was chilli 

(Capsictm annuum L.). To derive meaningful observations.regarding the uptake of 

heavy metals from phosphate source, five sources of P including a water soluble 

source were selected, besides their partially acidulated form for application in pots 

at three levels, with the lowest level conforming to the P requirement envisaged in 

the package of practice for the chilli crop (40 kg P2Oj ha"1).

Direct sources of water soluble cadmium and lead were also included 

(as cadmium chloride and lead nitrate respectively) to assess their bioavailability to 

plants besides getting their comparison. In all the experimental pots N and K were 

supplemented at the required doses as per the package of practices recommendation 

of the Kerala Agricultural University (70 kg N and 25 kg K per hectare). The 

influence of organic matter in regulating the availability of heavy metals was also 

assessed in the present study by applying water soluble sources of heavy metals 

either alone or in combination with organic matter at the recommended doses.

‘ The experiment was conducted in the Vegetable Research Farm,

Department of Olericulture,Vellanikkara during the kharif season of 1996. Acidic 

soils were purposefully used for the pot culture experiment to maintain an



enhanced availability of heavy metals from all the applied sources to the test crop. 

From the ensuing analysis of both plant and soil samples the following observations 
were made.

1. All the phosphatic sources studied namely (1) Maton rock phosphate, (2) 

Mussorie rock phosphate, (3) Gafsa rock phosphate, (4) Rajasthan rock 

phosphate and (5) Single superphosphate contained varying amounts of 

cadmium and lead.

2. Gafsa rock analysed the maximum content of cadmium (55 mg kg'1) followed 

. by 25 mg Cd kg 1 for the Maton rock. Single superphosphate which is a water

soluble source of P analysed the least concentration of cadmium among the 

* five P sources tried.

3. Maton rock recorded the maximum lead content (230.5 mg kg'1), while the 

minimum analysis of lead (38 mg kg'1) was noted in the Mussoorie rock with 

all the other sources registering their lead content between these values.

4. It was observed from the pot culture experiment that in general, the relative 

shoot dry matter yield was much higher than its root and fruit dry matter 

yields, irrespective of the treatments given. It was observed that the dry matter 

yield and P uptake by chilli plant were related to the P content in the 

phosphate sources tried. 5

5. Irrespective of the P sources the shoot portion of the plant maintained 

relatively more P uptake than its fruit or root portions at all levels of 

application. In general Gafsa rock provided the maximum P uptake to the 

chilli crop followed by SSP, a water soluble source of.P. The P uptake in the



root, shoot and fruit portions of the plant from partially acidulated treatments 

was relatively higher than that from its corresponding untreated rock sources. 

The P uptake values resulted from the addition of chemically pure KH2P 04 (to 

meet the P requirements) when combined with the direct application of heavy 

metals like CdCI2 and Pb(N03)2, were much lower when compared to P 

uptake from different untreated rock sources or from their acidulated forms in 

soils.

In general a higher uptake of cadmium was noted in the shoot portion of chilli 

plant than its root portion. The least uptake of heavy metals was noted in the 

fruit portion of the plant from all treatments and at all levels of application. 

However, in the case of Pb, the roots maintained higher uptake than the shoot 

portion. Fruit portion of the plant maintained the least amount of Pb making 

the edible portion relatively more safe than its other plant parts.

Application of direct source of heavy metals (through water soluble salts) 

resulted in a considerable increase in the uptake of cadmium and lead in all its 

plant parts, with relatively lesser load of heavy metals in the edible part of the 

plant (fruit).

Cadmium and lead uptake by root, shoot and fruit portions of chilli from the 

application of partially acidulated sources registered a similar trend with 

slightly higher uptake.

The organic matter when applied along with the direct source of heavy metals 

viz,, CdCl2 and Pb(N03)2 at two levels of application resulted in significantly 

increased uptake of cadmium and lead in all the plant parts. However, it 

maintained the same trend as seen earlier.
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10. An assessment of the available cadmium and lead status in the post-harvest 

soil samples indicated that there was not much build-up of these metals in 
soils.

11. Direct application of higher levels of heavy metals in soils permitted higher 

. cadmium and lead extraction in the post-harvest soils and the quantum of

extracted heavy metals was much higher when compared to that extracted 

from soils where different rock sources had been applied.

12. Application of partially acidulated rock sources though could provide 

enhanced uptake of heavy metals by plants, could not cause higher residual 

effect of Cd and Pb in post-harvest soil samples, as assessed by the DTPA 
extraction.
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APPENDIX-1
Nitrogen uptake by chilli in root, shoot and fruit (mg pot'1)

Treatment Root Shoot Fruit

1 MRP-L, 1.30 360 180
2 MUP-Li 1.03 350 140
3 GAP-Li 1.73 500 200
4 RJP-L, 1.27 370 150
5 SSP-Li 1.23 410 140
6 m r p -l2 1.03 490 160
7 m u p -l 2 1.03 480 160
8 g a p -l2 1.47 570 210
9 r jp -l2 1.07 380 160

10 s s p -l2 1.10 480 140
11 m r p -l 3 1.17 ' 500 180
12 m u p -l3 1.07 490 170
i3 g a p -l3 1.47 580 220
14 r jp -l3 1.10 440 160
15 s s p -l3 1.10 490 140

* 16 Chem. pure source of NPK 1.00 340 130
17 CdCl2-L] 1.03 320 130
18 Pb(N03)2-L, 1.03 330 130
19 CdCl2-L2 1.03 340 130
20 Pb(N03)2-L2 1.07 340 120
21 CdCl2-L]+OM 1.10 420 140
22 Pb(N03)2-L,+0M 1.03 410 150
23 CdCI2-L2+OM 1.27 380 150
24 Pb(N03)2-L2+0M 1.27 390 150
25 PA-MRP 1.07 340 170
26 PA-MUP 1.03 340 140
27 PA-GAP 1.80 550 220
28 PA-RJP 1.03 370 140
29 Control 1.03 90 50

CD (0.05) 0.17 29 3



APPENDIX-2
Phosphorus uptake by chilli in root, shoot and fruit (mg pot'1)

Treatment Root Shoot Fruit

1 MRP-Li 1.00 60.0 24.3
2 MUP-L, 1.10 63.3 22.0
3 GAP-L, 1.23 87.3 29.0
4 RJP-L, 1.00 63.0 26.3
5 SSP-L, 1.23 77.7 20.7
6 MRP-L2 1.00 83.3 25,3
7 m u p -l2 1.00 87.3 28.0
8 g a p -l 2 1.63 101.7 36,7
9 r jp -l2 1.00 71.7 30.3

10 s s p -l 2 1.03 94.3 25.0
11 m r p -l3 - 1.17 94.0 28.3
12 m u p -l3 1.07 93.7 28.0
13 g a p -l3 2.07 102.3 32.0
14 r jp -l3 1.13 85.3 31.0
15 s s p -l3 • 1.07 96.0 27.0
16 Chem. pure source of NPK 1.00 61.3 19.3
17 CdCl2-L, 1.03 58.3 21.0
18 Pb(N03)2-Li 1.03 56.0 19.3
19 CdCI2-L2 1.03 63.7 20.3
20 Pb(N03)2-L2 1,03 64.0 16.7
21? CdCl2-Li+OM 1.00 78.3 20.3
22 Pb(N03)2-Li+0M 1.07 77.0 21,3
23 CdCI2-L2+OM 1.07 68.0 20.0
24 Pb(N 0 3)2-L2+OM 1.00 73.7 21.7
25 PA-MRP 1.03 70.7 24.026 PA-MUP 1,03 70.0 23.7
27 PA-GAP 1.87 114.3 37.7
28 PA-RJP 1.00 75.3 23.7
29 Control 0.20 1.6 3.3

CD (0.05) 0.20 7.7 2.8



APPENDIX-3
Potassium uptake by chilli in root, shoot and fruit (mg pot'1)

Treatment Root Shoot Fruit

1 MRP-Li 7.63 470 100.7
2 MUP-Lj ‘ 5.50 480 75.7
3 GAP-Li 10.00 690 113.0
4 RJP-Lj 8.07 510 82.3
5 SSP-L, 7.77 530 81,7
6 m r p -l 2 6.67 630 96.0
7 m u p -l2 5.47 600 92.0
8 g a p -l2 11.30 710 126.3
9 r jp -l2 5.93 510 96.3

10 s s p -l 2 6.77 640 87.3
11 m r p -l3 8.37 660 112.0
12 m u p -l3 6.97 660 106.0
13 g a p -l3 8.90 760 135.0
14 r jp -l3 7.23 590 98.7
15 s s p -l3 4.54 690 88.7
16 Chem. pure source of NPK 5.27 470 79.3
17 CdCl2-L, 5.50 470 80.3
18 Pb(N03)2-L! 5.33 450 79.3

. 19 CdCl2-L2 4.63 480 80.7
20 Pb(N03)2-L2 5.67 480 75.3
21 CdCl2-L|+OM 6.63 550 82.7
22 Pb(N03)2-Li+0M 5.97 550 85.3
23 CdCI2-L2+OM 7.03 480 86.3
24 Pb(N03)2-L2+0M 7.07 530 85.0
25 PA-MRP 5.70 590 101.0
26 PA-MUP 4.80 480 86.7
27 PA-GAP 11.67 760 133.3
28 PA-RJP 5.30 520 87.3
29 Control 2.90 130 20.7

CD (0.5) 2.32 58 7.0



APPENDIX-4 -
Soil chemical parameters of post harvest soil samples

Treatments pH EC Available N 
mg kg'1

Available P 
mg kg'1

Available K 
mg kg'1

1. MRP-Li 5.1 0.16 111.8 20.2 119.0
2 MUP-L, 5.3 0.16 112.6 -20.1 119.0
3 GAP-L, 5.3 0.18 111.4 21.5 118.2
4 RJP-L, 5.1 0.17 111.7 20.2 118.5
5 SSP-L, 5.3 0.16 110.9 20.1 119.4
6 MRP-L2 5.1 0.11 110.5 20.2 118.5
7 m u p -l2 5.0 0.14 110.6 20.1 118.7
8 g a p -l2 5.2 0.14 110.9 22.5 118.2
9 r jp -l2 5.3 0.11 112.2 . 20.0 119.0

10 s s p -l 2 5.4 0.12 111.6 20.1 118.1
11 m r p -l3 5.1 0.15 110.9 20.2 118.1
12 MUP-L, 5.1 0.12 110.8 20.1 118.2
13 GAP-L3 5.0 0.11 111.7 21.1 118.7
14 r jp -l3 5.3 0.16 111.4 20.5 118.1
15 s s p -l3 5.4 0.13 111.4 20.1 118.0
16 Chem. pure 5.1 0.11 111.4 20.4 118.0

source of NPK
17 CdCIz-L, 5.3 0.11 111.8 20.1 118.3
18 Pb(N03)2-L, 5.2 0.10 111.7 20.0 118.0
19 CdCl2-L2 5.3 0.10 111.7 19.9 118.2
20 Pb(N03)2-L2 5.3 0.10 112.1 20.0 ‘ 118.2
21 CdCl2-L,+OM 5.1 0.16 112.3 21.1 119.0
22 Pb(N03)2-L i +OM 5.2 0.15 112.1 21.2 119.0
23, CdCl2-L2+OM 5.3 0.16 111.9 21.0 119.2
24 Pb(N03)2-L2+0M 5.3 0.17 113.1 21.0 119.8
25 PA-MRP 5.4 0.13 111.1 20.8 119.5
26 PA-MUP 5.4 0.16 110.9 20.8 118.9
27 PA-GAP 5.2 0.13 110.6 21.7 119.3
28 PA-RJP 5.4 0.12 110.7 20.5 119.5
29 Control 5.1 0.10 110.3 19.8 116.3

CD (0.05) 0.2 0.003 1.2 0.4 0.3
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ABSTRACT

Rock phosphate sources collected from different locations were analysed 

for both phosphorus content and heavy metals namely cadmium and lead. Those 

sources which analysed relatively higher content of heavy metals were included for 

conducting a pot culture experiment using chilli (Capsicum annuum L.) as test 

crop. To derive meaningful comparison in the study, partially acidulated rock 

phosphates as well as direct water soluble source of cadmium and lead were also 

applied to assess their bioavailability to plants. The influence of organic matter 

when applied alone or in conjunction with heavy doses of heavy metals was also 

assessed in the study.

The pot culture experiment was conducted in the Vegetable Research 

■Farm, Department of Olericulture, Vellanikkara during the kharif season of 1996, 

with chilli as the test crop. The entire fertilizer management was based on package 

of practice (N, P and K at 70, 40 and 25 kg ha”1) recommendation. Five different 

sources of P selected for the pot culture experiment were (1) Maton rock phosphate, 

(2) Mussorie rock phosphate, (3) Gafsa rock phosphate,. (4) Rajasthan rock 

phosphate and (5) Single superphosphate.

The maximum content of cadmium (55 mg kg'1) was recorded in Gafsa 

rock followed by 25 mg Cd kg 1 for the Maton rock and single superphosphate 

analysed the least concentration of cadmium (15 mg kg'1). Highest lead content of 

230.5 mg Pb kg'1 was analysed in Maton rock while lowest (38. mg kg'1) in 

Musoorie rock. All the other sources maintained their heavy metal concentration in 

between these extremes.
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In general, the shoot portion of test crop chilli recorded highest cadmium 

uptake while root portion noted the maximum lead uptake. The least uptake of 

heavy metals was noted in the chilli fruit, which is the edible part of the plant. This 

indicates that the heavy metal load in the fruit portion is much less when compared 

to other plant parts, irrespective of the sources used. The same trend was evident 

when either partially acidulated P sources or direct source of heavy metals (through 

water soluble salts) were applied. However, the uptake of cadmium and lead from 

those sources remained higher in plant parts.

Application of organic matter in conjunction with a heavy dose of heavy 

metals to soil resulted in a significantly higher uptake of cadmium and lead in all 
plant parts.

Analysis of the available cadmium and lead in the post-harvest soil 

samples indicated negligible build-up of these metals in soils. However, direct 

application of higher levels of heavy metals permitted higher cadmium and lead 

extraction in the post-harvest soil samples. Application of partially acidulated rock 

sources to soils, though could cause enhanced uptake of heavy metals, could not 

show higher residual effects of heavy metals in post-harvest soil samples.


