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INTRODUCTION

Farmers need to use fertilizers to insure profitable crop yields, yet, this may also result in crop contamination. In effect, phosphate rock contains variable amounts of cadmium as an impurity. Since Cd and Zn are chemically similar, they can compete for binding sites in the soil and for uptake into the plant. Hence, soil factors influencing Cd or Zn solubility, including phosphate fertilizer application, will also affect the bioavailability of Cd and the contamination of plant tissues.   
The aim of this study is to investigate the changes in soil solution concentrations of Cd and Zn in newly-fertilized soils as a function of the rate of application and Cd concentration of phosphate fertilizer. We will focus on the chemical relation between Zn and P in soils and on the possible correlation between soil chemical changes produced by fertilizers and Cd solubility. Different types of soils have been used in order to evaluate the influence of different physico-chemical soil factors. A comparison will also be made between results obtained from laboratory-spiked soils as well as in situ field experiments.   

METHODS

The laboratory experiment used five soils. We used three types of monoamonium phosphate (MAP) fertilizers (0.38 mg Cd/kg, 7.3 mg Cd/kg, 211 mg Cd /kg). Three rates of application 0.656, 1.312 and 2.624 mg MAP/g of soil were employed (corresponding to 20, 40 and 80 kg MAP/ha/yr, for 15 years). After spiking, the soils were subjected to four cycles of drying/wetting (at 100% water holding capacity) with deionised water in a forced-air oven at 30±5°C. The supernatant (1:5 soil:water ratio) was then analyzed for pH, conductivity, Cd, Zn and anions in solution, and DOC. 
The second part of the experiment consisted in measuring the same chemical parameters following a water extract of the soils collected from the seven sites of the field study where MAP has been applied in a similar experimental design for three years prior to sampling. 
RESULTS and discussion

The Cd levels were generally different from control, especially for 7.3 and 211ppm fertilizers treatments. Likewise, for the lab study, results obtained from soil E show a clear relationship between treatments and Cd solubility. Nevertheless, the relation was not as clear for the other soils. Our results concur with those obtained by other authors whom did not see much concordance between Cd added to soils and Cd in plants. We suspect the solubilisation of cadmium in the soil to be responsible for both results. In effect, even if the amounts of Cd added vary by 4000-5000 times, we can only see a small increase in the solution cadmium concentration for most of the soil samples. This could be due to a soil’s sites of adsorption trapping effect. Figure one shows the trends in soil solution cadmium concentrations as a function of total cadmium for three soils and illustrates that sorption and the resulting solution concentration of cadmium are quite variable among the soils studied. We also observed a clear trend of a pH decrease concomitant with increased rates of fertilizer application.  
We can observe a reduction of solution Zn concentrations following P applications, especially in two soils. The reason for this decrease is not clear since it is concurrent with a simultaneous increase in the phosphate and Cd concentrations in solution. For the other soils, the Zn in solution does not seem to be related to fertilizer treatments. 
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Figure 1: Concentration of Cd in extracted soil solution as 

a function of total Cd concentration  in soil. 
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Figure 2: Concentration of Zn in extracted soil solution as 

a function of total Cd concentration  in soil. 
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CONCLUSIONS

Adding the equivalent of 15 years of fertilizers to soils does not result in a drastic increase in cadmium in solution, even when using large application rates of a fertilizer contaminated with 211 mg Cd/kg, indicating only a modest effect of fertilizers on soil chemistry. Solution Zn is not clearly affected by fertilizer applications. The application of contaminated fertilizers would not represent a major risk in a 15-year period but possibly over the long term. Yet, the limits inherent to our experiment should be kept in mind, we are using a water extraction which is not a perfect indicator of phytoavailable cadmium and a laboratory spike experiment that is a poor surrogate for field experiments. Nevertheless, the comparison of laboratory and field data is in progress and will address this issue. 
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INTRODUCTION

Cadmium concentration in crops is influenced by management practices, including fertilizer application and crop sequence (Grant et al., 1999).  This study was initiated to assess the impact of alternative input use and cropping strategies for arable crop production on the Canadian Prairies on (i) biodiversity, (ii) insect, weed and disease dynamics, (iii) farm level profitability, (iv) soil quality, and (v) food safety, including crop Cd concentration

METHODS

The study was established in 1994 at Scott, SK, Canada (520 22';1080 50') on a Dark Brown Chernozemic soil on the transition between the semi-arid and sub-humid prairies. The experiment is a 4 replicate split plot design.  Main plot treatments were 3 inputs levels i.e. Organic (ORG) with no inputs of chemical fertilizers or pesticides, Reduced (RED) using integrated pest and nutrient management to reduce chemical inputs, and High (HIGH) with pesticides and fertilizers applications based on pest thresholds and soil tests.  The P source was monoammonium phosphate (MAP) and N source was urea. Sub-plot treatments were 3 levels of crop diversity each on a six year rotation. Crop sequences were low diversity (LOW: fallow-wheat-wheat-fallow-canola-wheat with lentil green manure instead of fallow in the ORG), Diversified Annual Grains (DAG: canola – fall rye - pea - barley - flax - wheat with RED and HIGH inputs and GM fallow-wheat-pea-barley-GM fallow-canola with ORG inputs) and Diversified Annual and Perennial (DAP canola-wheat-barley-oat forage undersown to brome/alfalfa- brome/alfalfa - brome/alfalfa with partial fallow after the first cut on third year forage stands.  The major difference between input levels was the exclusion of pesticides and chemical fertilizers and heavy reliance on tillage in the ORG system
Wheat (Triticum asetivum L.) from the 2001 harvest was analysed to determine the cumulative effect of six years of management on seed Cd concentration. Seed was digested in nitric and perchloric acid and the Cd concentration determined with a Varian 300/400 atomic absorption spectrophotometer using a graphite furnace with deuterium correction.  Statistical analysis was conducted using the Mixed procedure of SAS.

RESULTS and discussion
Within an input level, crop yield, Cd concentration and total Cd uptake (data not presented) were generally most influenced by available soil moisture.  Moisture conservation under fallow increased wheat yield on fallow as compared to canola or flax stubble in the RED and HIGH input systems, but extreme weed competition severely reduced yield on fallow in the ORG system (Table 1).  Cadmium concentration was lower in wheat grown on fallow than on stubble, possibly due to biological dilution, but Cd uptake was higher except in the ORG system.  Transpiration and mass flow may increase with higher moisture, increasing total Cd accumulation in spite of biological dilution (Salt 1995). Wheat yield on canola in the DAP system was reduced and grain Cd concentration increased due to low moisture (27 mm water available in spring to 90 cm as compared to trial average of 63 mm).  

Grain yield, Cd concentration and hence total Cd accumulation were higher with RED or HIGH inputs than in the ORG system (Table 1).  Low yield in ORG was associated with weed competition and low fertility. The RED and HIGH input wheat received an average of 42 kg N and 15 kg P ha-1 in 2001.  Nitrogen and P fertilizers can increase Cd concentration and uptake in the year of application (Grant et al 1999).  Since the initiation of the study, about 15 g Cd ha-1 was applied to the RED and HIGH systems in MAP, which could increase Cd content of wheat.  When ORG was excluded from the analysis, Cd concentration tended to decrease (r=0.71) and Cd uptake increase (r=0.85) with increasing grain yield.  
Table 1: Effect of cropping system diversity and input level on wheat grain yield and Cd concentration 

	
	
	Yield (kg ha-1)
	Grain Cd (microg kg-1)

	Preceding crop
	Diversity
	ORG
	RED
	HIGH
	MEAN
	ORG
	RED
	HIGH
	MEAN

	Fallow
	LOW
	691
	1941
	2171
	1601
	43.3
	73.4
	71.2
	62.6

	Canola
	LOW
	802
	1322
	1123
	1082
	55.9
	92.3
	99.6
	82.6

	Flax1
	DAG
	959
	1221
	892
	1024
	62.7
	97.9
	101.6
	87.4

	Canola
	DAP
	557
	774
	806
	712
	68.1
	98.4
	116.2
	94.2

	Mean
	752
	1314
	1248
	1105
	57.5
	90.5
	97.1
	81.7

	Contrasts
	 
	
	

	ORG vs HIGH
	0.0047
	
	0.0001

	ORG vs RED
	0.0022
	
	0.0001

	SE for Inputs
	94.2
	
	3.01

	LOW-  wht on fallow vs canola 
	<.0001
	
	0.0003

	DAG vs DAP-flax vs canola       
	0.0016
	
	ns

	DAP vs LOW - canola vs canola
	0.0003
	
	0.0237

	SE for Diversity
	76.9
	
	3.48

	SE for Diversity * Inputs
	133.12
	
	6.03


1Lentil green manure was substituted for flax in the ORG system.

CONCLUSIONS

Moisture availability had a major influence on crop yield and Cd dynamics. Wheat grown on fallow had higher grain yield, lower Cd concentration and higher Cd uptake than wheat grown on stubble, while low moisture availability to wheat grown after canola in a diversified perennial rotation led to low crop yield, high Cd concentration and low Cd accumulation.  With similar input levels, increased crop yield was associated with lower Cd concentration but higher total Cd uptake.  Crop Cd concentration and total Cd uptake in this study appeared to be influenced by both biological dilution and transpirational effects. However, application of chemical fertilizer and pesticides increased both wheat yield and Cd concentration so total Cd uptake was much higher than with organic production.  
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