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Abstract  

A pot experiment was conducted to investigate the impact and implication of source and rate of phosphatic 

fertilizer i.e. Diammonium phosphate (DAP) and single superphosphate (SSP) at different levels on the enzymes 

activity, P - uptake and yield of chillies during year 2012 at Department of Soil and Environmental Sciences, 

Faculty of Agriculture, Gomal University, Dera Ismail Khan (Pakistan). The results of the experiment revealed that 

the activity of acid phosphatase enzymes was significantly influenced by the application of treatments, whereas 

effect on alkaline phosphatase activity was non-significant. Effect of treatments showed significant effect on the 

yield attributes and yield of chilli. Plant height, number of branches per plant, number of fruits per plant and fruit 

yield was significantly increased by the application of fertilizers at different rate, while the sources of fertilizers 

showed non – significant effect on the yield component and fruit yield of chilli. The treatments also showed a 

significant (p < 0.05) effect on soil pH, extractable phosphorus content and P - uptake. The correlation studies 

showed non – significant association (0.424) between P – uptake and acid phosphatase activity with pots having 

DAP as a source. Likewise, alkaline phosphatase and P – uptake interdependence was non-significant with pots 

receiving SSP. Hence, it may be concluded that chilli fruit yield and its related attributes were not the only factors 

influenced by the rate and source of fertilizer but enzymes activity may also be considered and further studied. 
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Introduction 

Phosphorus (P) is an essential plant nutrient required 

by the plant to perform various vital functions including 

energy transfer, seed formation and transformation of starch 

to sugar in flowering and fruiting stages.  Use of P fertilizer 

in Pakistan has increased during the last few decades (Khan 

et al., 2010). Soils of Pakistan are moderate to severely 

deficient in Phosphorus (Memon et al., 1992; Alam et al., 

1994). This has ultimately raised demand for P and resulted 

in increased prices of the fertilizer. Phosphorus fertilization 

is essential for utilizing maximum yield potentials of 

various crops (Rashid et al., 1994). Supplying vegetable 

crops with organic and inorganic fertilizers has proved to be 

very effective for production of higher yields and for 

improving its quality (Mengal and Kirkby, 2001). 

Diammonium phosphate (DAP) and single super phosphate 

(SSP) are the most common phosphatic fertilizers used in 

Pakistan.  

Phosphorus availability is considered as one of the 

major growth limiting factors for plants in many natural 

ecosystems. Plants have developed several adaptive 

mechanisms to overcome P stress (Marschner, 1995). The 

solubility of both the organic and inorganic phosphate 

compounds is very low and only small amounts of soil 

phosphorus are in solution at any one time, which is 

available to plants. Through adequate use of P fertilizers 

and better management of soil, the soil solution content of P 

can be made enough for the optimum crop production. 

Holford (1989) considered soil solution as an instant source 

of P for plant uptake. The available P in the soil solution, 

either from fertilizer or any other source reacts with iron, 

aluminium, calcium and clay to form less available 

compounds by the process of phosphorus adsorption or 

fixation. 

Besides phosphorus fertilizers, enzymatic activity too 

is important in numerous reactions available for life 

processes of soil microbes, cycling of nutrients and 

formation of organic matter and soil structure (Dicks et al., 

1994). There is a significant association between nature, 

amount of fertilizers upon the enzymatic activity (Saha et 

al., 2008). Similar coincidence is noted between phosphatic 

enzymes and phosphatic fertilizers. Soil enzymes play 

major role in transformation of organically bound nutrients 

into inorganic plant available nutrients. Enzymes 

accumulated in soils are present as free enzymes, such as 

exoenzymes released from living cells, endoenzymes 



P fertilizer influencing soil enzymes and chilli yield 

 

28 

Soil Environ. 34(1): 27-33, 2015 

released from disintegrating cell constituents (Kiss et al., 

1975). Saha et al. (2008) reported that the nature and 

amount of applied organic fertilizers to the soil significantly 

influence the activity of phosphatase enzymes and available 

phosphorus. Among the soil phosphatases, 

phosphomonoesterases and to lesser extent 

phosphodiesterases, have been the most widely studied. The 

phosphomonoesterases are further classified as acid and 

alkaline phosphatases (Dodor and Tabatabai, 2003). The 

current study was carried out to investigate the effect of 

inorganic P fertilizer i.e. DAP and SSP on soil properties, 

growth and yield of chilli and establish a correlation 

between the inorganic P fertilizers, enzyme activity and P–

uptake. 

Materials and Methods 

To investigate the impact of different phosphatic 

fertilizer on phosphatase enzyme activities, yield and P 

uptake of Chillies (Capsicum annum), an experiment was 

carried out in pots at Department of Soil and Environmental 

Sciences, Faculty of Agriculture, Gomal University, Dera 

Ismail Khan (Pakistan).  

The experiment was laid out in complete randomized 

design with two factors. The chemical fertilizers 

diammonium phosphate (DAP) and single super phosphate 

(SSP) were applied at different rates (P2O5: 30, 90 and 120 

kg ha
-1

). Each pot was filled with 20 kg of sandy loam soil.  

Local chilli variety was grown and the nursery was 

transferred to the pots. Initially three plants per pot were 

grown, but after the establishment of the plant it was 

thinned to a single plant. A basal dose of nitrogen and 

potassium were applied to all the treatments at 120-60 kg 

ha
-1

, respectively. The plants were irrigated with tap water 

on weekly basis.  

Soil analysis 

Soil samples were analysed for physico–chemical 

characteristics of soil before sowing (Table 1). Soil 

texture (Ryan et al., 2001); pH (Richard, 1954); ECe 

(Richard, 1954); SAR (Richard, 1954); bulk density 

(Blake and Hartage, 1986); organic matter (%) (Nelson 

and Sommer, 1982); nitrogen (Bremner, 1996); 

phosphorus (Olsen et al., 1954); exchangeable potassium 

(Richard, 1954) and soil acid and alkaline phosphatases 

(Tabatabai, 1994) were determined in the soil samples. 

Growth attributes 

Growth and yield parameters as plant height (cm); 

number of branches per plant, number of fruits per plant 

and fruit yield (kg ha
-1

) were determined. Phosphorus 

uptake by the plant was measured by acid digestion 

followed by P analysis on spectrophotometer (Cottenie, 

1980). 

Table 1: Physico – chemical characteristics of the soil 

Particular Value 

Soil texture Sandy Clay loam 

Bulk density  1.29 (g cm
-3

) 

Total N  0.027 (%) 

 Olsen P  6.09 (mg kg
-1

) 

Available K 152.6 (mg kg
-1

) 

pH 8.09 

ECe  281 (μS cm
-1

) 

Organic matter  0.78 (%) 

Statistical analysis 

After obtaining the primary data it was subjected to 

analysis of variance by software Statistix 9.1. and 

correlation coefficient was determined by using the 

procedure described by Fisher and Yates (1953).   

Results and Discussion 

Phosphatase activity 

The results of phosphatase activities showed that by the 

application of inorganic fertilizers the activity of acid 

phosphatase was significantly changed. The highest activity 

was recorded in the pots receiving SSP fertilizers as 

compared with the DAP fertilizers (Figure 1). Alkaline 

phosphatase activity was greater in the treatments receiving 

DAP fertilizers. The various rates of P fertilizers have 

shown influence on the activity of alkaline phosphatase 

than acid phosphatase (Figure 2).  

 

Phosphorus level of two fertilizer sources 

P0: Control; P1: P2O5 at 30 kg ha-1; P2: P2O5 at 60 kg ha-1; P3: 

P2O5 at 90 kg ha-1; P4: P2O5 at 120 kg ha-1  

Figure 1:   Effect of fertilizer sources and rates on soil 

acid phosphatase activity (µ mole PNP g
-1
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Phosphorus level of two fertilizer sources 

P0: Control; P1: P2O5 at 30 kg ha-1; P2: P2O5 at 60 kg ha-1; P3: 

P2O5 at 90 kg ha-1; P4: P2O5 at 120 kg ha-1 

Figure 2: Effect of fertilizer sources and rates on soil 

alkaline phosphatase activity (µ mole PNP g
-1

 

soil hour
-1

) 

Different researchers have considerable data suggesting 

that enzymic activity of soil can be used as an important 

indicator of soil nutrition and microbial biomass activity 

(Badiane et al., 2001) and also help in determining its effect 

on land use and soil characteristics (Saggar et al., 1999). In 

the present study it has been found that soil acid Phosphatase 

enzymes activity was higher in the soil deficient in 

extractable P. Muhammadi et al. (2011) reported 

significantly higher activity of acid phosphatase over control 

by the application of inorganic fertilizers, they have also 

reported non – significant influence of the inorganic fertilizer 

over control for the Alkaline phosphates activity. Abou-Aly 

(2006) reported that phosphatase activity decreases when 

soluble P-fertilizers are used. This may be due to the P cycle 

that enzyme activities are inversely related to P-availability 

and when P is a limiting nutrient its demand increases, 

resulting in an increase in phosphatase activity in the 

presence of P - solubilizers (Vazquez et al., 2000). 

Growth and yield attributes 

A non-significant effect of fertilizer sources was 

observed on the growth and yield of chillies (Table 2). 

Different rates of phosphorus applied to the pots showed 

significant influence on plant height, number of branches 

per plants, number of fruits per plants and yield of chillies. 

Plant height was found significantly higher (18.40 cm) in 

the pots receiving SSP at 120 kg P ha
-1

, which was at par 

with the treatments receiving DAP at 120 kg P ha
-1

. 

Number of branches per plants showed a similar pattern for 

the type and rates of fertilizers. Maximum numbers of 

branches were observed as the rate of P increased to 90 kg 

ha
-1

, over  the control.  It was found maximum where DAP  
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was applied at 90, 120 and 60 kg ha
-1

, respectively, over the 

control. The number of fruits per plants were recorded non 

significantly different however, the highest number of fruit 

(36.7) in the treatments with DAP at 90 kg P ha
-1

. All the 

growth and yield relating factors have supplemented 

towards the yield of chillies. The yield was recorded 

significantly higher in the treatments receiving maximum 

dosage of phosphorus SSP at 120 kg P ha
-1

 (T5), which was 

at par with T4 (P at 90 kg ha
-1

).  Naeem et al. (2002) have 

reported significantly higher plant height by the application 

of nitrogen and phosphorus over control. They have 

concluded that the maximum height might be due to 

increase in vegetative growth by the application of N and P. 

Rehman et al. (2012) reported that NPK fertilizers alone 

and in combination with organic compost significantly 

increased the number of branches per plant than the control 

with none of the fertilizers and manures. 

Soil pH and phosphorus in relation to plant P 
- uptake 

The phosphatic fertilizers applied to the soil have also 

showed profound effect on the properties of soil, i.e. soil pH, 

extractable phosphorus and P - uptake (Table 3). Application 

of fertilizers at different rates significantly reduced the pH of 

the soil. While the phosphorus uptake by plants (p < 0.05) 

was significantly increased. The highest uptake was observed 

(7.26 mg kg
-1

) in the treatment receiving P2O5 at 120 kg ha
-1

. 

The extractable P content of the soil was significantly 

enhanced by the application of P fertilizers. The highest P 

was observed in the soil receiving maximum dosage of P. 

Effect of different fertilizers viz. SSP and DAP was non - 

significant for all the soil properties studied. Increase in the 

soil P content by the application of P fertilizers at different 

levels has also been observed by various researchers 

(Vadhana, 2003; Kattimani, 2004; Naik, 2006). Rahim et al. 

(2010) investigated P – uptake of wheat and reported 

significant increase in the P – uptake by the increment in the 

rate of P fertilizer. 

Correlation between Phosphatase enzymes 
and plant P – uptake 

The correlation between acid phosphatase enzymes and 

P uptake in the pots receiving single super phosphate (SSP) 

fertilizer showed negative correlation (r = -0.1028). This 

might be due to the fact that as the concentration of 

phosphorus in the soil increased the acid phosphate activities 

decreased. While in case of diammonium phosphate (DAP) 

positive correlation was found (r = 0.424). The correlation 

between alkaline phosphatase activity and P – uptake as 

affected by the SSP and DAP fertilizers was non - significant 

with r =0.478 and r = 0.0031, respectively (Figure 3, 4, 5 and 

6).  
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Acid phosphatase activity (µ mol PNP g-1 soil hour-1) 

Figure 3:  Correlation between acid phosphatase and P 

uptake as affected by SSP fertilizer 
 

 

Acid phosphatase activity (µ mol PNP g-1 soil hour-1) 

Figure 4: Correlation between acid phosphatase and P 

uptake as affected by DAP fertilizers 
 

 

Alkaline phosphatase activity (µ mol PNP g-1 soil hour-1) 

Figure 5:  Correlation between alkaline phosphatase and 

P uptake as affected by SSP 

 

Alkaline phosphatase activity (µ mol PNP g-1 soil hour-1) 

Figure 6:  Correlation between alkaline phosphatase and 

P uptake as affected by DAP 

Conclusion 

It may be concluded from the study that alkaline 

phosphatase was non significantly influenced by the 

application of sources and rates of phosphatic fertilizers, 

however, the acid phosphatase was significantly higher in 

the treatments receiving SSP fertilizers as compared with 

the DAP. Effect of different rates of fertilizers on the soil 

properties showed significant effect on soil phosphorus, soil 

pH and P – uptake. The highest soil P content and P – 

uptake was found in the treatment receiving P2O5 at 120 kg 

ha
-1

. Negative correlation between acid phosphatase activity 

and P – uptake showed that acid phosphatase activity is 

higher in the soil deficient in soil P. 
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