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Abstract: 

Phosphorus (P) fertilizer recommendations for calcareous-sandy soils low in organic matter need 

further investigation. Therefore, the objectives of this study were to evaluate the effects of P and 

manure on corn (Zea mays L.) growth and chemical compositions and P recommendations for 

calcareous sandy soils with low organic matter under greenhouse conditions. Treatments 

consisted of a factorial arrangement of P levels (0, 25, 50, and 100 mg kg-1 soil as KH2PO4), 

manure rates (0, 10, 20 and 30 g dried sheep manure per kg soil) and three soils (Soil 1, sandy 

loam, initial P 10.8 mg kg-1 ; Soil 2, sandy loam, initial P 7.6 mg kg-1 ; and Soil 3, loamy sand, 

initial P 5.5 mg kg-1 ) in a completely randomized design with four replications. Results showed 

that P application in Soil 1 decreased corn dry matter. However, application of 25 or 50 mg P kg 

-1 soil increased corn yield significantly in Soils 2 and 3, respectively. Maximum corn yield was 

obtained when 30 g kg -1 manure was added to sandy loam soils and 20 g kg-1 to loamy sand 

soil. Application of P and manure significantly increased plant P concentration and uptake in all 

three soils. Zinc concentration in plants treated with Phosphorus was higher than in the control in 

soils 1 and 2. Such a trend was not observed in soil 3, but manure application increased it. Iron 

concentration in plants treated with P increased in soils 1 and 2 but was decreased in soil 3; 

however, manure application increased it in all soils. Plant Mn concentration and uptake 

responses to P and manure application was not consistent. Applied P, in general, increased plant 

Mn Concentration in soils 1 and 2, but had no effect on plants in Soil 3. Manure effect on plant 

Mn concentration was not consistent. It seems that addition of manure to sandy soils can improve 

soil productivity and increase corn yield. Due to the low P buffering capacity of sandy soils, 

application of high rates of P can increase P concentration to an undesirable level in soil solution. 

This may depress plant growth and also availability of some micronutrients like Fe and Zn to 

corn plants. Therefore, P fertilizer recommendations for sandy soils should be based on the soil 

test P level. Manure application is recommended for sandy soils, due to its positive effects on 

nutrient uptake and plant growth. Prior to any phosphorus fertilizer recommendations for sandy 

soils the results of this experiment should be verified under field conditions and measuring P 

concentration in soil solution at different stages of plant growth is highly recommended. 
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INTRODUCTION: 

 

Nutrient availability, including phosphorus(P), in soil is essential to plant growth. 

Differentfactors including soil pH, CaCO3 andorganic matter content, affect P availabilityand 

uptake by corn plants in calcareous soils(Fohse et al., 1991; Karimian, 1995; Yrakanand 

Christenson, 1990). Uptake of P byplants decreased as soil pH increased (Guptaet al., 1985; 

Verma and Achroo, 1984). Anotherfactor decreasing soil P availability incalcareous and sodic 

soils is a high level ofCaCO3 and Ca+2 activity, which forms insolublephosphates when in 

reaction with P.Addition of organic matter slowly increasessoil P availability (Dhillon and 

Dev,1986) due to the slow release of organicmatter-associated P. However, a continuous 

 heavy application of manure may saturatethe soil’s capacity to retain manure-P andresult in 

groundwater contamination withexcessive P (James et al., 1996). Overapplicationof P fertilizers 

may decrease 

micronutrients (e.g., Zn, Fe and Mn) uptake and assimilation; and therefore has an undesirable 

effect on plant growth (Pasicha et al., 1986). However, due to surface adsorption and 

precipitation processes, not 

all of the applied fertilizer is available to plants (Afif, et al., 1993). Neither P fertilizer rates nor 

critical soil-test P concentration are commonly adjusted for the CaCO3 content (Westerman, 

1992). Application of organic matter can improve soil physical conditions and also nutrient 

availability including P and 

micronutrients (Sharma and Saxena, 1985). The objectives of this study were to evaluate 

i) the effect of P and manure applications on corn growth and composition under greenhouse 

conditions ii) P recommendations for calcareous-sandy soils with low organic matter content. 

 

MATERIALS AND METHODS: 

Soil samples from the surface layer (0-30cm) of three soils in eastern Iran were collected, air-

dried and passed through a 2-mm sieve. Soil samples 1, 2, and 3 were taken from the 

Amerifariab, Saidabadfariab and Jahadabad series, respectively and all were also classified into 

the family of coarse  

loamy, calcareous, mixed, thermic, Typic Torrifluvent (Soil and Water Research Ins, 1992). 

Some physical and chemical properties of the soil samples were determined (Table 1). Manure 

was used as an organic source. Selected chemical properties of the manure were determined by 

the same procedures as soil samples (Table 2). The experiment experiment was a 443 factorial 

in a completely randomized design with four replications. Treatments consisted of four P rates (0, 

25, 

50, and 100 mg kg-1 as KH2PO4), four manure rates (0, 10, 20 and 30 g kg-1) and three soil 

types. Based on soil tests, 180 mg N kg-1 as CO (NH2)2 (1/2 before planting and 1/2 at 4-6 leaf 

stage), 5 mg Fe kg-1 as Fe EDDHA 10 mg Mn kg-1 as MnSO4.4H2O, and 5 mg Zn kg-1 as Zn 

SO4.7H2O were uniformly added to all pots. Each pot contained 2 kg soil. Six corn seeds (var. 

Single Cross 704) were planted 2.5 cm deep in each pot. Plants were thinned to 3 per pot eight 

days after emergence. Shoots were harvested eight weeks after planting, rinsed with distilled 

water and dried at 65oC, weighed and ground. A portion of plant material was dry-ashed at 550 

oC and used for determination of Fe, Mn, Zn, and Cu concentrations by atomic absorption and of 

P by using the yellow ammonium-molybdate method (Murphy and Riley, 1962). Nutrient uptake 

was calculated by multiplying the nutrient concentration by the dry matter weight. Statistical 

analysis, including F-test and Duncan multiple range test, were used to examine the effects of 

treatments on plant responses. 
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RESULTS AND DISCUSSION: 

The application of P decreased corn top dry matter in Soil 1 (Table 3), probably due to its high 

NaHCO3-extractable P (10.8 mg P kg-1 soil). It seems that P critical level in sandy soils is lower 

compared to fine textured soils, i.e., 18 mg kg-1 soil, which was reported by Karimian and 

Ghanbari (1990). But in Soils 2 and 3 with lower available P (7.6 and 5.5 mg P kg-1 soil 

respectively), soil corn dry matter increased significantly (p0.05) only at 25 mg P kg-1. 

However, higher rates of P, either did not increase or at certain P levels decreased it (Table 3). 

These results are in agreement with the findings of Zia et al. (1988), who showed that corn dry 

matter increased when P was applied up to 92 mg kg-1 but de 

 

creased at higher rates. Farah and Soliman(1987) reported that addition of 50, 100 or 200 mg P 

kg-1 to a calcareous soil with 5.5mg available P kg-1 increased corn top dry matter yield. 

Maximum yield was obtained by a composite application of 90, 30 and 100kg ha-1 of N, P, and 

K, respectively. 

Application of P increased corn dry matter and P uptake (Belcher and Ragland, 1972). 

Karimian (1995) reported that P application to a calcareous soil significantly increased corn dry 

matter. P applied at the 25 mg kg-1 rate to Soil 1 increased plant P concentration and uptake 

significantly (Table 3). In Soils 2 and 3 both P concentration and uptake increased significantly at 

higher P rates, presumably due to lower initial P of Soils 2 and 3 (Table 1). Hagin et al., (1972), 

Schiquning et al., (1994), Sharma and Saxena (1985) and Karimian (1995) reported that P 

application increased both P concentration and uptake 

in corn plants. Application of manure to soil as an organic source at 30 g kg-1 increased corn dry 

matter by 149 % compared to the control in Soil 1 (Table 3). In Soil 2, manure addition at 20 g 

kg-1 soil increased it by 167 %. However, manure had no effect on dry matter in Soil 3 (Table 3). 

Application of 142 Mg ha-1 poultry house litter to a clay soil and 72 Mg ha-1 to a sandy loam 

soil increased corn dry matter in both soils (Gianello and Ernani, 1983). Corn dry matter, N, P, 

and K concentrations 

increased when farmyard manure was added to soil. Manure application increased corn yield 

from 1.2 to 2.72 Mg ha-1. The highest corn dry mater in Soil 1 was obtained with 30 g manure 

kg-1 with no P applied, which shows that in sandy soils, with low buffering capacity, addition of 

P fertilizer should be based on soil test in order to avoid increasing the P concentration in soil 

solution to an undesirable level which may decrease plant dry matter (Table 3). Therefore, 

manure application to sandy soils low in organic matter contents (3.5, 3.6, and 7.1 g kg-1 in Soils 

1, 2 and 3, respectively) seems preferable compared to fertilizer P. However, in Soil 3 with low 

available P, the maximum top dry-matter yield was obtained when P fertilizer was added at 50 
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mg kg-1 soil, however, there was no significant yield difference between P application and the 

application of manure at 10 g kg-1 soil (Table3). 

Due to a low organic matter content in all soils, plant response to manure application was 

expected. Also, Dahiya et al. (1987) demonstrated that farmyard manure application increased 

corn dry matter and P, N, and 

 

 
K concentrations in corn shoots. Furthermore, Asadikangarshahi (1997) reported that manure 

significantly increased corn dry matter in a calcareous soil. Plant P concentration and uptake 

increased in all three soils due to manure application. The highest plant P concentration and 

uptake in Soil 1 was obtained with 20 g kg-1 manure plus 100 mg P kg-1 and in Soils 2 and 3 

with either 10 or 30 g kg-1 manure plus 100 mg P kg-1, respectively. Based on these findings, in 

sandy soils with low P buffering capacity and also a low amount of soil colloidal particles, the 

addition of P fertilizer, particularly in soils with high soil P available, can increase P 

concentration in the soil solution to an undesirable level. This may decrease micronutrient 

availability and uptake and thus reduce corn yield significantly. Whereas, manure application to 
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sandy soils not only can increase micronutrients availability, but also increase organic colloids 

which can adsorb excess P in soil solution. Zinc concentration in plants treated with Phosphorus 

was higher than the control in soils 1 and 2; however, such a trend was not observed in soil 3 

probably due to physical and chemical differences (Table 4). Manure application increased Zn 

concentration in all three soils. The antagonistic effect of excess P on plant Zn concentration has 

been reported by a number of researchers. Karimian (1995) demonstrated that P applied to a 

calcareous soil decreased the Zn concentration in corn plants. Application of P decreased corn Zn 

concentration due to a dilution effect resultant from higher dry matter produced (Lonergan et al., 

1997). Plant Fe concentration increased in Soil 1when P was applied at 25 mg kg-1 soil, but it 

was decreased at higher rates, probably due to a high P concentration in the soil solution (Table 

4). In soil 2, P applied up to 50 mg kg-1 increased plant Fe concentration, but it decreased at 

higher rates. Iron concentration was decreased in plants treated with P in soil 3. These results are 

in agreement with the findings of George and Louchli (1985), who stated that P application 

decreased corn plant Fe concentration due to high P level in soil solution which decreased Fe 

uptake by Also, Kashirad et al. (1987) demon- 

 
started that P application decreased Fe concentration in cowpea (Vigna sinensis L.). 

They concluded that this reduction was due to the high P concentration in root medium. 

However, applied manure increased Fe concentration in the three soils studied (Table4), 

Asadikangarshahi (1997) reported that organic matter application increased corn Fe, Zn, and Mn 

concentrations in a calcareous soil. Press et al. (1996) also demonstrated that organic by-product 

application increased soil Mg, Fe, Zn, and Mn availability. Manure decomposition and 

mineralization increases micronutrient availability due to the release of CO2 and decreasing soil 

pH. The application of P in general increased corn Mn concentration but was decreased at high P 
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rates in soils 1 and 2. Also, manure application increased Mn concentration in all soils (Table 4) 

although at some P rates it was decreased. 

 

CONCLUSIONS:  

Application of organic matter to sandy soils with low organic matter content ( less than 1%) 

which can improve soil physical, chemical and biological characteristics is recommended .pue to 

the low phosphorous buffering capacity of sandy soils, application of high rates phosphorous can  

increase P concentration to an undesirable level in soil solution . this may decrease plant growth 

and also the availability of some micronutrients such  as zinc and iron for plant . therefore , 

phosphorous fertilizer recommendation for sandy soils should be based on soil test P level and 

soil physical and chemical properties such as texture and organic matter content .  
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