

[image: image1]
Phosphorus extractability in relation to soil properties in different fields of fruit orchards under similar ecological conditions of Pakistan













	 
	

	TYPE Original Research
PUBLISHED 04 January 2023
DOI 10.3389/fevo.2022.1077270





Phosphorus extractability in relation to soil properties in different fields of fruit orchards under similar ecological conditions of Pakistan

Sumera Bibi1, Muhammad Irshad1, Farid Ullah1, Qaisar Mahmood1, Muhammad Shahzad1, Muhammad Atiq Ur Rehman Tariq2,3, Zahid Hussain4, Muhammad Mohiuddin5, Ping An6, A. W. M. Ng7*, Asim Abbasi5, Aiman Hina8 and Norela C. T. Gonzalez9

1Department of Environmental Sciences, COMSATS University Islamabad (CUI), Abbottabad, Pakistan

2College of Engineering and Science, Victoria University, Melbourne, VIC, Australia

3Center of Excellence in Water Resources Engineering, University of Engineering and Technology, Lahore, Pakistan

4Department of Development Studies, COMSATS University Islamabad (CUI), Abbottabad, Pakistan

5Department of Environmental Sciences, Kohsar University Murree, Murree, Pakistan

6Arid Land Research Center, Tottori University, Tottori, Japan

7College of Engineering, IT & Environment, Charles Darwin University, Darwin, NT, Australia

8Department of Botany, Kohsar University Murree, Murree, Pakistan

9College of Overseas Education, Fujian Agriculture and Forestry University, Fuzhou, China

[image: image]

OPEN ACCESS

EDITED BY
Awais Shakoor, Universitat de Lleida, Spain

REVIEWED BY
Saeed Rehman, South China University of Technology, China
Varucha Misra, Indian Institute of Sugarcane Research (ICAR), India
Yasir Majeed, Gansu Agricultural University, China

*CORRESPONDENCE
A. W. M. Ng, ✉ anne.ng@cdu.edu.au

SPECIALTY SECTION
This article was submitted to Conservation and Restoration Ecology, a section of the journal Frontiers in Ecology and Evolution

RECEIVED 22 October 2022
ACCEPTED 29 November 2022
PUBLISHED 04 January 2023

CITATION
Bibi S, Irshad M, Ullah F, Mahmood Q, Shahzad M, Tariq MAUR, Hussain Z, Mohiuddin M, An P, Ng AWM, Abbasi A, Hina A and Gonzalez NCT (2023) Phosphorus extractability in relation to soil properties in different fields of fruit orchards under similar ecological conditions of Pakistan.
Front. Ecol. Evol. 10:1077270.
doi: 10.3389/fevo.2022.1077270

COPYRIGHT
© 2023 Bibi, Irshad, Ullah, Mahmood, Shahzad, Tariq, Hussain, Mohiuddin, An, Ng, Abbasi, Hina and Gonzalez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Productivity of an orchard generally depends upon the fertility of the soil and the nutrient requirements of the fruit trees. Phosphorus (P) extractability from soils influences the P sorption, release patterns, and P bioavailability. A study was carried out to investigate P extractability via seven extraction methods in relation to soil properties in three fruit orchards. In total, 10 soil samples were collected from each fruit orchard, namely, citrus (Citrus sinensis L.), loquat (Eriobotrya japonica L.), and guava (Psidium guajava L.), located in similar ecological conditions to the Haripur district of Pakistan. Available P in the soil was extracted using deionized H2O, CaCl2, Mehlich 1, Bray 1, Olsen, HCl, and DTPA methods. Selected soil properties [pH, electrical conductivity (EC), soil organic matter (SOM)], texture, cation exchange capacity (CEC), macronutrients, and micronutrients were also determined. Soils sampled from orchards indicated significant differences in soil properties. Orchards have sequestered more amount of C stock in soil than without an orchard. The extractability of P from soils was profoundly affected by P extraction methods. The average amount of extractable P was relatively higher in those soils where the total amount of P was also higher. These methods extracted different pools of soil P with varying P concentrations regulated by the soil properties. Phosphorus amounts extracted were varied in the order of HCl > DTPA > Mehlich 1 > Bray 1 > Olsen > CaCl2 > water. Among orchards, a higher amount of P was found in soils of loquat followed by citrus and guava orchards. Regardless of the method, subsurface soil got a lower concentration of extractable P than surface soil in all orchards. The extractable P was highly associated with soil properties. DTPA extractable P was related to SOM soil clay content and CEC by R2 values of 0.83, 0.87, and 0.78, respectively. Most of the extraction methods were positively correlated with each other. This study indicated that SOM inputs and turnover associated with orchard trees exhibited a substantial quantity of extractable P in soils. Predicting available P in relation to its bioavailability using these methods in contrasting soils is required.

KEYWORDS
soil quality (SQ), orchard species, nutrient, arid region, phosphorus


1 Introduction

Fertilization of orchards generally depends on the fertility of the soil and the nutrient requirements of the fruit trees. Fruit plants require essential nutrients such as nitrogen (N), phosphorus (P), and potassium (K) for their growth and fruit production. Regular replenishment of nutrient elements is required for the quality of fruit trees. Soil nutrients play a vital role when present in the soil in an adequate quantity for healthy fruit trees. Nitrogen is required for the vigorous vegetative and floral growth of trees (Gul et al., 2006). Phosphorus is important for the normal cell division, growth, and establishment of sugar-phosphate (Zhang et al., 2019). Soil P is an essential nutrient for plant growth and biomass production (Smith et al., 2015). The provision of P is essential for living organisms as it involves major processes of metabolism, e.g., energy transfer in the form of adenosine triphosphate (ATP). During the process of photosynthesis, plants depend on P nutrients to get energy (Ruttenberg, 2003). Therefore, the importance of P for plants is highly recognized. The optimal quantity of macronutrients is essential for quality fruit production (Aggelopoulou et al., 2011). The deficiency of P in soils retards the growth and productivity of fruit trees (Nazarkiewicz and Kaniuczak, 2012). The quality of fruit production is also associated with the availability of P (Li et al., 2021). Phosphorus is essential for the physiological and biochemical processes of plants (Simpson et al., 2011).

The quality of soil is regulated by both physical and chemical properties of soils and their mutual interactions (Carter, 2002). The availability of nutrients from soil depends upon the soil properties in the rhizosphere (Jiang et al., 2009). These interactions are essential for the balance of the agroecosystem (Cataldo et al., 2021). The physical indicators (e.g., aggregate stability, soil texture, bulk density, and soil porosity) and chemical indicators [e.g., soil organic carbon (SOC), electrical conductivity (EC), pH, and cation exchange capacity (CEC)] for the quality of soil have been reported (Zornoza et al., 2015). The productivity of soil depends on several soil physicochemical properties. For instance, soil texture influences soil biophysical properties and is interrelated with soil fertility and soil quality (Upadhyay and Raghubanshi, 2020). The soil pH affects the bioavailability of nutrients (Berbecea et al., 2011). The optimum soil pH controls the microbial activities in the soil and enhances the availability of mineral nutrients (Jarociński, 2005). Plants absorb P in the form of orthophosphate ions H2PO4– and HPO42– (Becquer et al., 2014). The uptake of phosphate decreases as the pH of the soil solution increases (White, 2012).

Besides soil properties, orchard production is also controlled by plant nutrients in the soil (Zia et al., 2006). The deficiency of plant nutrients is a major constraint to the productivity and sustainability of soils (Chaudhari et al., 2012). Poor soil fertility leads to low fruit productivity (Kai et al., 2016). Optimal soil fertility with adequate nutrients is required for better yield (Hoying et al., 2004; Brunetto et al., 2015). The concentration of P in the soil is affected by the interaction of soil properties (Hinsinger, 2013; Messiga et al., 2015). The livelihood and nutritional security of farmers depend on fruit production; therefore, the restoration of the soil is important for the orchard sustainability (Tejada et al., 2006). Nutritional deficiencies in horticultural gardens are common (Urade et al., 2019). The soil of the fruit trees needs to be analyzed for enhancing nutrient management. Average yields of fruit crops in Pakistan are lower than potential yields due to the imbalanced proportion of plant nutrients in soil despite the favorable climatic conditions (Zia et al., 2006). Measurement of available P in soil is required for efficient P use. Phosphorus application to soils is generally based on soil analyses, for which different soil P extraction methods have been used (Wuenscher et al., 2015). In less developed soils, the ranges of average total P are 200–800 mg/kg (Nwoke et al., 2003). Phosphorus characterization in soils is important because P forms influence P desorption/release patterns and their bioavailability. This also depends on the precise measurement of the phyto-availability of P from soil. The average amount of organic P has been reported as 30–65% of the total P (Condron and Tiessen, 2005; Bibi et al., 2022). In soil, major forms of P are as follows: (1) dissolved P in soil water, (2) sorbed P of clay/mineral surfaces or Al and Fe oxides, (3) P in the primary phosphate minerals, and (4) P in living organisms and organic substances. Therefore, numerous extraction methods of soil P have been developed depending on the extracting agents and soil properties. Different methods have been reported for the extraction of distinct pools of soil P, and the extractability of a given pool has been influenced by the soil properties to different extents (Zehetner et al., 2018).

Applications of chemical P fertilizers and animal manure to agricultural land improve the soil P fertility (Shen et al., 2011). Phosphorus in soils is supplied from the weathering process of the primary mineral apatite (Zhou et al., 2018) and the application of both inorganic and organic fertilizers. A small portion of total P in soils is available for agricultural plants and microorganisms (Sayers et al., 2008) because most of the P is strongly bound in soil particles and partially weathered material or occluded in secondary minerals. Application of chemical fertilizers and good crop and soil management can optimize P availability. The relationships between extractable P and plant-available P are predicted by keeping in view soil properties and P forms (Delgado and Torrent, 2001). In total, 16 methods of extraction for the available P have been reported (Tóth et al., 2014). Estimating available P in soils is important for sustainable nutrient management. Therefore, investigating P fertility in soils is desirable for the productivity of fruit orchards. Studies on the availability of P from orchard soil in relation to soil properties for better yield potential and quality of fruit in the Haripur district of Pakistan are lacking. The quality of soil is associated with the mutual interactions of the physicochemical and biological properties of soils (Messiga et al., 2015). Soil quality and restoration of plant nutrients in fruit orchards are important for sustainable productivity.

Several P extraction methods have been utilized to extract the inorganic form of P, which is also considered bioavailable. Soil properties apparently influence the extraction of P from soils; therefore, the availability of P from soil differs with an extracting agent (Haque et al., 2013). Moreover, an extraction method needs to be identified, which may accurately reflect the available P in soils of different land uses. The interrelation of P extractability from soils and major soil properties in field conditions of orchards has not been sufficiently reported. The study hypothesized the differences in P extraction from soils of three orchards. Research on the availability of P in relation to soil properties is necessary for better yield potential of orchards. Therefore, the objective of the study was to investigate P extractability using seven extraction methods in relation to soil properties under the field conditions of three fruit orchards. Investigation of available P in an agroecosystem is important to adopt appropriate fertilizer use and soil management. This study may serve as a guideline for the efficient and sustainable management of fruit production. This would provide an opportunity to attain social and economic security for the poorly resourced farmers of the region.



2 Materials and methods


2.1 Soil sampling and analyses

The soil was sampled from three types of fruit orchards, namely, citrus (Citrus sinensis L.), loquat (Eriobotrya japonica L.), and guava (Psidium guajava L.), located in the Haripur district of Hazara Division, Pakistan (Figure 1). These orchards were selected because of their abundance in the area. The weather of Haripur has relatively high temperatures and precipitation is evenly distributed throughout the year. The average rainfall is less than 550 mm. The average temperature in summer and winter ranges between 2 and 40°C. Loquat and citrus species are evergreen trees, and guava is a deciduous fruit species. These orchards were 12–15 years of age. In each orchard, 10 random subplots (5 m × 5 m) were selected for soil samples from the two layers of soil (0–25 and 25–50 cm depths) as composite soil samples (Sumera et al., 2022). There were ten soil samples from each orchard collected separately from both soil depths. The experiment was a factorial (3 types of orchards × 2 soil depths), resulting in 6 experimental units arranged into a completely randomized block design. There were three fruit orchards. Thus, the total number of soil samples was 60. The land features have been properly considered during the soil sampling. These soil samples were mixed appropriately in plastic bags. Composite soil samples were taken from the adjoining fields of each orchard as control soil. The control fields have been cultivated with cereal crops (wheat and maize rotation) for a longer period. The topography of the orchard and crop land was flat. Soil samples were collected randomly from each core with an auger and kept in polythene bags under moist conditions. The materials (stones, granules, plant parts, and leaves) were carefully removed from soil samples. Samples were air-dried, ground, and passed via a 2-mm sieve. There were three types of orchards and two layers of soil. The adjacent field of the orchard was considered as a control treatment.
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FIGURE 1
Study area of Haripur district, Pakistan.


Soil samples were analyzed for physical and chemical properties, i.e., pH, EC, organic matter, texture (sand, silt, and clay), potassium (K), magnesium (Mg), calcium (Ca), and sodium (Na). The soil organic matter (SOM) was calculated by the dry combustion method (Cambardella et al., 2001). Total N content was determined using the Kjeldahl method. The pH was determined using a pH meter (Model: HANNA HI 8520) and EC by electrical conductivity meter (Model: 4320 JENWAY) at a ratio of 1:5 of soil and water (Chi and Wang, 2010). Soil texture was determined using a hydrometric method (Huluka and Miller, 2014). Soil bulk density was estimated by a core method (Throop et al., 2012) using the mass of soil (g) in relation to the volume of soil (cm3). Concentrations of total macro- and micro-elements (P, Ca, Mg, K, Zn, Cu, Mn, and Fe) in soil were determined after digesting the soil samples in (1:3) mixture of perchloric acid (HClO4) and nitric (HNO3) acid. The contents were determined using an atomic absorption spectrophotometer (AAS) (Model: Analyst 700, Perkin Elmer) (Miller et al., 2013). Calcium, Mg, and K were extracted by ammonium acetate and these exchangeable cations were determined using AAS.

The total carbon stock for the 0- to 30-cm soil layer was estimated based on a hectare.
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where C = carbon (t ha–1); BD soil = soil bulk density (g cm–3); Depth soil = soil depth.

In this equation, C is expressed as a decimal fraction, e.g., 2.2% carbon is expressed as 0.022 in the equation.



2.2 Phosphorus extraction methods

(1) Available P content from soil was extracted using deionized water. During this method, 10 g of soil was added to 50 ml of deionized water. Samples were shaken for 1 h and centrifuged at 10,000 rpm for 10 min and filtered via a 0.22-μm filter paper. The water extraction method determines dissolved or readily soluble P forms in soil (Zehetner and Wenzel, 2000). (2) Calcium chloride (CaCl2): the CaCl2 extraction was prepared following Houba et al. (2000). This is based on the principle of a salt solution (dilute) making some ion exchange process, but it depends on the dissolution of P in extraction solution (Wuenscher et al., 2015). (3) Olsen method: in this method, 0.5 M sodium bicarbonate (NaHCO3) solution (at 8.5 pH) was used for the extraction of P from the soil (Olsen et al., 1954; Otabbong et al., 2009). (4) Mehlich 1 method: for this method, a mixture of 0.05 M hydrochloric acid (HCl) + 0.025 M sulfuric acid (H2SO4) was used to dissolve Fe and Al phosphates and adsorbed P (Mehlich, 1953). (5) By Bray and Kurtz P 1 method: P contents were extracted with extracting solution of 0.025 M HCl in 0.03 M NH4F (Bray and Kurtz, 1945; Sims, 2000). (6) Hydrochloric acid (HCl) method: this method dissolved the inorganic P using 0.5 mol/L HCl (Pagliari and Laboski, 2012). (7) DTPA extractable P method: in this procedure, the P associated with apatite was dissolved and aluminum (Al) and iron (Fe) bound P was extracted (Kuo, 1996; Memon, 2008), using 1 M ammonium bicarbonate (NH4HCO3) + 0.005 M diethylene triamine penta acetic acid (DTPA) solution (at pH 7.6) (Tan, 1995). During each procedure, the soil samples were shaken and centrifuged at 10,000 rpm for 10 min, and then, the supernatants were filtered through a 0.22-μm filter paper. The samples were analyzed for P contents using the phosphomolybdate blue color method via a spectrophotometer (Model: LI-UV-7000) at 710 nm (Murphy and Riley, 1962).

For the determination of the total concentration of P, the soil sample was digested in a mixture (1:3) of perchloric (HClO4) and nitric (HNO3) acids. For wet digestion, a soil sample weighing 5 g was transferred into a flask, treated with 24 ml of concentrated HNO3, and left to digest overnight. After adding 8 ml of HCIO4, the flask was heated gently until the digestion of soil material. Upon cooling, contents were filtered through Whatman No. 40 filter paper and the desired volume was diluted with deionized water. The samples were analyzed for P contents using the phosphomolybdate blue color method via a spectrophotometer (Model: LI-UV-7000) at 710 nm (Murphy and Riley, 1962).

Data were statistically analyzed using a StatView software (SAS, 1999). The analysis of variance (ANOVA) technique was used to differentiate soil properties among three orchards, and the level of significance was determined via the least significant difference (LSD) value at p < 0.05. A summary of a two-way analysis of variance for orchard effects on soil properties is also given (Table 5). The relationship of extractable P using the above methods with selected soil properties was determined using regression plot analysis.


TABLE 1    Changes in soil properties as affected by three types of fruit orchards.
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TABLE 2    Changes in nutrients concentrations (mg kg–1) in soils as influenced by three types of fruit orchards*.
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TABLE 3    Changes in trace elements concentrations (mg kg–1) in soils as influenced by three types of fruit orchards*.
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TABLE 4    Relationship among extractable P using different extraction methods and soil properties.
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TABLE 5    Summary of the two-way analysis of variance (ANOVA) for the effect of orchards on soil properties.
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3 Results


3.1 Description of soil properties

Soil samples collected from different orchards showed significant differences among most of the soil properties (p < 0.05) (Tables 1–3). The different uses of land with fruit orchards significantly affected the soil properties when compared to the control soil, i.e., without an orchard. The orchard trees brought tangible changes in the chemical composition depending on the nature of the soil and the type of orchard. A higher amount of SOM was observed in orchard soil as compared to control soil irrespective of the fruit orchard. Fallen leaf litter of citrus, guava, and loquat orchards have accumulated 2.6, 1.9, and 3.1 times more SOM in the surface soil (0–25 cm) than in the control fields. In subsurface soil (25–50 cm), the SOM contents were 3.3, 2.4, and 3.9 times higher than the respective control soil of fruit orchards. Orchard soil accumulated a substantial amount of C stock (t ha–1) when compared to the respective control fields (Figure 2). Loquat and citrus trees have apparently sequestered more amount of C stock than the guava orchard after comparing with the control soil. This phenomenon could be associated with higher biomass, plant growth pattern, and litter inputs in soil CEC of soil, which was higher in soil planted with loquat trees followed by citrus and guava trees. The bulk density of soil was lower in orchard soil with a higher amount of SOM. The orchard soil exhibited slightly higher pH values than the control soil. The pH of the surface soil was higher than subsurface soil, regardless of the tree species. Under the orchard conditions, SOM, CEC, and essential plant nutrients were found higher in the topsoil as compared to the subsoil.
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FIGURE 2
Carbon stock in soil (0–30 cm layer) as affected by three types of orchards. CC, citrus control; CO, citrus orchard; GC, guava control; GO, guava orchard; LC, loquat control; LO, loquat orchard. “±” Values are standard errors. Significant differences between the treatments at p ≤ 0.05 are indicated by different letters.


Nutrient concentrations (N, P, Ca, Mg, and K) were higher in soils under horticultural trees. The concentrations of nutrients were found as loquat > citrus > guava (Tables 2, 3). Total P contents were enhanced by citrus, guava, and loquat orchards by 9.3, 18.6, and 53.2%, respectively, in the surface soil as compared to respective control soils. The contents were increased in subsoils under the orchard conditions by 11.1, 13.7, and 29.9%, respectively. Total N contents were enhanced by citrus, guava, and loquat orchards by 24.5, 40.1, and 107.6%, respectively, in the surface soil. The N contents were increased in subsurface soils under these orchards by 45.5, 30.0, and 72.2%, respectively. The cationic elements were differentiated in soils among tree species as K > Ca > Mg > Na. Micronutrients in soils were found in the order of Cu < Zn < Mn < Fe (Table 3). Manganese concentration was higher in the soil of the citrus orchard followed by guava and loquat. Copper was higher in the soil after being cultivated with the loquat species and lower in the soil of citrus. Iron concentration was achieved higher in soil under loquat and citrus compared with guava. Zinc was substantially higher in the citrus orchard followed by guava when compared to the soil samples of the loquat orchard.



3.2 Phosphorus extraction methods

The average amount of extractable P was found significantly higher (p < 0.05) in those soils of fruit orchards where the total amount of P was higher. The amounts of extractable P via different extractants were varied in the order of HCl > DTPA > Mehlich 1 > Bray 1 > Olsen > CaCl2 > water (Figures 3–7). Almost all extractants exhibited an identical pattern of P release from soil samples, i.e., higher from orchard soil and lower from control soil. The widest range between the lowest and highest P value was found for Mehlich 1, where the highest P value was 579 mg kg–1 and the lowest value was 268 mg kg–1 (Figure 4A). The narrowest range was observed for the HCl extraction among soils, where the maximum extracted P was 549 mg kg–1, and the minimum value was 425 mg kg–1 (Figure 5B). Irrespective of the extraction method used, the average amount of extractable P was found higher in soils in the order of loquat > citrus > guava orchard. Water extractable P concentrations in the surface soil were achieved as 223, 183, and 181 mg kg–1 in loquat, guava, and citrus orchards, respectively. Adjacent control fields of these orchards exhibited water extractable P in the topsoil (0–25 cm) as 104, 129, and 160 mg kg–1, respectively. The lowest extractable P concentrations in soils were found for the water extraction method, and the highest amounts were extracted by the method used for total P. The P concentrations extracted with CaCl2 in the surface soils were obtained in the control fields of citrus, guava, and loquat as 145, 167, and 164 mg kg–1, respectively. CaCl2 extractable P concentrations in soils sampled from these orchards were 212, 228, and 242 mg kg–1, respectively. Mehlich 1 P was higher in the soil of loquat followed by guava and citrus orchards. Olsen P differed in the order of guava < citrus < loquat orchard. Bray 1 P was enhanced in the surface soil by 6.8, 26.2, and 119.2% in the fields of citrus, guava, and loquat orchards, respectively, when compared to control fields (Figure 5A). Irrespective of the extraction method, subsurface soils gave a lower amount of extractable P than surface soils in all fruit orchards. Extractable P of HCl in soil was increased from 452 to 487 mg kg–1 by citrus plants, from 447 to 528 mg kg–1 by guava, and from 452 to 549 mg kg–1 by loquat orchard as compared to control soil. Similarly, DTPA extractable P concentrations were also higher in soil under fruit trees as compared to control soil (Figure 6). Among the soils, the loquat orchard substantially increased the extractable P in the soils as compared to other orchards. This could indicate that P accumulation in soil occurred due to the addition of P from the plant litter. The extractable P was highly correlated with the SOM, soil texture, and CEC of soils. This also suggested the transformation of organic P into inorganic form in organic matter due to microbial activities. The correlation matrix showed that most of the extraction methods were correlated positively (Table 4). The result indicates that the ability of P extraction was different for different methods, but the pattern of P release from soil was similar. This is in agreement with the findings of Haque et al. (2013). A summary of the two-way analysis of variance for orchards’ effects on soil properties is given in Table 5.
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FIGURE 3
CaCl2 (A) and water (B) extractable P from soil under three fruit orchards. CC, citrus control; CO, citrus orchard; GC, guava control; GO, guava orchard; LC, loquat control; LO, loquat orchard. “±” Values are standard errors. Significant differences between the treatments at p ≤ 0.05 are indicated by different letters.
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FIGURE 4
Mehlich 1 (A) and Olsen (B) extractable P from soil under three fruit orchards. CC, citrus control; CO, citrus orchard; GC, guava control; GO, guava orchard; LC, loquat control; LO, loquat orchard. “±” Values are standard errors. Significant differences between the treatments at p ≤ 0.05 are indicated by different letters.
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FIGURE 5
Bray 1 (A) and HCl (B) extractable P from soil under three fruit orchards. CC, citrus control; CO, citrus orchard; GC, guava control; GO, guava orchard; LC, loquat control; LO, loquat orchard. “±” Values are standard errors. Significant differences between the treatments at p ≤ 0.05 are indicated by different letters.
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FIGURE 6
Diethylene triamine penta acetic acid extractable P from soil under three fruit orchards. CC, citrus control; CO, citrus orchard; GC, guava control; GO, guava orchard; LC, loquat control; LO, loquat orchard. “±” Values are standard errors. Significant differences between the treatments at p ≤ 0.05 are indicated by different letters.
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FIGURE 7
Extractable P across all soil samples (0–25 cm) using different extraction methods. Significant differences between the treatments at p ≤ 0.05 are indicated by small letters.





4 Discussion

In total, seven extraction methods were compared for the extractability of P from orchard soils. Phosphorus amounts extracted through different extractants were varied in the order of HCl > DTPA > Mehlich 1 > Bray 1 > Olsen > CaCl2 > water. Due to the various extraction procedures utilized for available P in the soil, these methods extracted varied P concentrations depending on the soil properties. The efficiency for the extractability of P among all extraction methods significantly differed in soils. This suggests that the extracting efficiency of the contrasting methods is strongly affected by the presence of available P in orchard-covered soils. The differences among the P extraction methods have been related to the extracting agents that may extract P fractions depending on the soil components involved in the P sorption process (Haque et al., 2013). The extractable P in soils was reported as Olsen > Mehlich-3 > Bray-1 by Haque et al. (2013). Diversified methods (i.e., acid oxalate, Bray, and Mehlich 3 methods) have been utilized to analyze available soil P, due to the different soil conditions and their properties as well as different cropping patterns (Khaledian et al., 2018). The extraction methods based on water solubility and ion exchange (using neutral salt solutions) have been considered weaker for the P extraction from soils at pH 6, where P retention in soils was relatively low, whereas calcium acetate lactate, Mehlich 3, Bray II, dithionite, oxalate, and total P methods were reported as the strong P extraction methods for calcareous soils (Zehetner et al., 2018).

In this study, higher levels of inorganic P (Pi) were released from the soil samples of the loquat and citrus orchards. These differences in the P extraction from soils are largely attributed to the biomass pattern of trees, soil fertility, and controlling factors of P transformation in the soil. The occurrence of extractable P in soils may depend on the quantity and quality of leaf litter fall. This could predict that the quantity and quality of litter fall from orchards have affected the decomposition rate of litter and play a significant role in the P dynamics in soils. Wuenscher et al. (2015) also reported the differential extractability of P with different extraction methods and soil properties. Each extracting agent has a different ability to extract the amount of soil P because the reagent is targeted for different pools of soil P (Zhang et al., 2004). Phosphorus in soils may transform and be partially available, while the rest amount of P may either adsorb or precipitate in soils. The presence of total amount of P may not guarantee its availability in the soil. Ahmad et al. (1999) reported that in soils, P may be fixed on the surface of Ca/Mg carbonates as well as in the Ca/Mg phosphate compounds and converted the presence of P contents into insoluble or less soluble and thus retard the P bioavailability. Zhao et al. (2007) reported that the mineralization of organic P and the decomposition of litter were the main sources of available P and associated biological processes.

The available P could be predicted using a number of relatively stable soil properties such as soil texture and soil properties that could change over time periods, i.e., pH, extractable Ca, and total organic carbon (Khaledian et al., 2018). This makes a rapid assessment of P availability. The extractability of P was well correlated with clay percentage and organic matter contents in the soils. Soil texture affects the chemical characteristics of soil, including the formation of Al-organic matter bonded stable P and the leaching of P from soils (Sugihara et al., 2012), which may be related to the available P. Clay content was significantly related to the amount of P in the tested models because P can adsorb on the surfaces of clay minerals (Shen et al., 2011). Soil texture is important in determining P leaching from soils and influence the hydrology of soil (Negassa and Leinweber, 2009). The values of extractable P were related to the total amount of soil P. When the different extraction methods were correlated with each other, this showed that most extraction methods were correlated positively. However, the extent of correlation differs substantially among the P extraction methods used. Zheng and Zhang (2012) reported that texture and distribution of particle size heavily influenced soil P extraction in soils. This study revealed that the significant increase in soil P occurred under the influence of fruit tree species as compared to control soil (i.e., without an orchard). The differences in Pi concentrations in soil under long-term tree plantation may regulate P dynamics in soils. Chen et al. (2008) reported enhanced mineralization of organic P and available P as a consequence of afforestation. Abdu (2006) also reported that the prevailing soil properties, i.e., pH and CaCO3 content, soil texture, mineralogical composition, total surface area, organic matter content, and the presence of Fe and Al(hydr-) oxides substantially affected the solubility, availability, and extractability of P in the soil environment.

Soil organic matter has been considered an important component of soil quality. The amount of C in the soil was markedly affected by the presence of tree species. The C stock in soils differed by orchard species as loquat > citrus > guava. A higher amount of SOC was observed in the soil of a natural forest due to the higher density of the vegetation cover, deeper root distribution, greater size of the trees, larger biomass production, and litter inputs in the soil (Bakhshandeh et al., 2019). The extractable amount of P in the soil under the influence of different tree species followed almost a similar trend such as SOM. This indicates that total C contents in the soil could be linked to the P extractability in the soil. Organic matter contents in soil were also correlated with extractable P via seven extraction methods. Soil OC provides binding sites and influences P availability in soil (Kang et al., 2009), and changes in the organic P can regulate the P bioavailability from soils (Shen et al., 2011). Total P was well related to the amount of extractable P and clay contents, respectively. Yang et al. (2013) reported organic P as a major part of the soil P pool. A weak and inconsistent relationship of extractable P was found with the soil pH during the study.

The changes in the organic P indicated that organic matter inputs associated with tree growth influenced the P dynamics in soil (Chirino-Valle et al., 2016). Mehvish et al. (2011) reported the significance of macronutrients and micronutrients for the improvement of tree health, fruit yield, and quality. Various extraction methods have been reported for evaluating the availability of nutrients from soils (Ure and Davidson, 2002; Naidu et al., 2003). Menon et al. (1989) reported a positive relationship between P extracted with HCl and soil texture. Fernandes et al. (1999) reported that P extracted by Olsen, Fe-oxide Pi, and cation and anion exchange membranes was less dependent on the soil texture. Pueyo et al. (2004) recommended the 0.01 M CaCl2 extraction method due to its feasibility for elemental analysis. This study inferred that fallen plant litter brought tangible changes in the P composition depending on the nature of the soil and the magnitude of SOM.

Plant nutrients were found in higher concentrations in orchards and the concentrations of K, Ca, and Mg in soil samples varied with the kind of plantation. Total K, Ca, and Mg were higher in soil afforested with loquat and citrus trees and lower in the soil sampled from guava. Sufficient amounts of these nutrients in orchard soils could be attributed to the higher values of SOM (>1%) when compared to the control agricultural soil. This research indicated that the soil quality could be attributed to the type of orchard, growth pattern, amount of litter falls, and sequestration of SOM in the soil. Plant biomass production and nutrient cycling due to vegetation influenced the soil properties and plant nutrient availability (Chen et al., 2003). Different tree species have varying effects on nutrient cycling due to the differences in tree size, litterfall, and litter chemical composition (Mlambo et al., 2005). Zeraatpisheh et al. (2020) reported the spatial variations in soil properties and terrain attributes as a possible approach to delineating soil management zone for citrus plantations. Moreover, the higher correlation between soil properties and terrain attributes revealed considerable spatial variability, and a site-specific nutrient management system has been suggested (Zeraatpisheh et al., 2020).

The EC of orchard soils was found higher, which decreased significantly in control soils. An increasing trend in the soil EC was reported after the addition of organic materials of varying nature (Sarwar et al., 2003). Soils planted with orchard tree species were slightly more alkaline than those of adjacent control fields due to the higher concentrations of base cations. The increase in the base elements is likely to alter reactions on exchange sites, soil process rates, and the composition of the soil biotic community (Reich et al., 2005).



5 Conclusion

Land use has a significant influence on the available phosphorus (P). Loquat and citrus trees improved the soil quality more than guava species. SOM, CEC, and essential nutrients have been enhanced under the orchard system. Tree Plant species have varied effects on the P extractability from the soil. Hydrochloric acid (HCl) and diethylenetriamine pentaacetate (DTPA) extractants gave more amount of extractable P than other methods. Extractable P was markedly associated with the total amount of soil P. Topsoil showed more P concentrations than subsoil in all fruit orchards. Orchards have sequestered more amount of C stock than soil without an orchard. A higher amount of C stock in orchard soil as compared to control could be associated with higher inputs of leaf litter. The extractability P was well correlated with soil properties such as clay and organic matter contents in the soil. Therefore, we suggest the application of organic matter in soils for better orchard management. This study could help to address the issues related to P fertility and environmental management. More studies are required on the P extractability in relation to the bioavailability using different extraction methods in contrasting soils for sustainable P management.
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The data are displayed as means, = values are standard errors. Small letters indicate significant differences at p < 0.05 between different treatment types.








OPS/images/fevo-10-1077270-t003.jpg
Soil depth (cm)

CcC 00-25 87.7 £ 5.6a 23.942.3g 98.7 £7.8d 189.9 £ 12.5e
25-50 65.7 +£4.9d 34.5+3.4d 86.8 & 6.5¢ 147.8 £ 9.6g
CO 00-25 68.9+6.7d 37.9:4& 3.5d 188.5 £ 9.6a 217.9+14.7d
25-50 84.8 +5.4a 42.3£3.8¢c 196.8 £ 8.7a 230.7 £ 16.5¢
GC 00-25 76.6 £ 6.5¢ 27.9 £ 2.9f 79.0 £ 4.7f 176.8 £ 9.7f
25-50 54.8 +6.0e 31.2%3.1e 85.7 £ 7.0e 172.8 £+ 13.4f
GO 00-25 62.7+5.4d 45.8 £4.3c 168.8 £9.7¢ 218.9 £ 16.5d
25-50 83.8 £ 4.7ab 51.8+£3.2b 176.4 £ 8.3b 224.3+14.8d
LC 00-25 45.7 £3.4f 27.9 £ 4.3f 65.7 & 6.4g 177.9 £+ 14.0f
25-50 55.7 £ 4.6e 32.1 +4.0de 76.8 £ 6.0f 184.0 £ 15.4e
LO 00-25 547+ 4.7e 56.7 +4.3b 98.8+£7.3d 245.8 £17.8b
25-50 65.9+5.4d 64.8 & 5.8a 102.9 £ 8.3d 258.7 £ 16.0a

*CG, citrus control; CO, citrus orchard; GC, guava control; GO, guava orchard; LC, loquat control; LO, loquat orchard.

The data are displayed as means, = values are standard errors. Small letters indicate significant differences at p < 0.05 between different treatment types.
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Soil depth (cm)

CC 00-25 224+ 12¢g 299 & 23 1,284 £10g 1,093 £ 16d 5,282+ 35¢g 574 £ 12g
25-50 202+ 15h , 133 £ 301 1,127 £ 121 1,100 £ 18¢ 5,520 & 30e 651 % 15f
CO 00-25 279 £ 18e ,347 £33d 1, 444 £ 10e 1, 065 £ 24e 6,649 + 40a 706 £ 22e
25-50 294 + 10d ,259 +£22g 1,430 £ 17e 1,062 £ 22e 6,532 £ 32b 631 % 16f
GC 00-25 226+ 17¢g ,358 £21c¢ 1,317 £ 18f 878 + 12h 4,311+ 32j 655 % 20f
25-50 226 £ 21g ,112 £ 145 1, 390 £ 20e 899 &+ 10g 4,395 £ 261 749 + 12d
GO 00-25 318 & 16¢ ,433 £ 21e 1,847 £ 11c 1,108 £ 18¢ 5,147 £ 26h 779 + 18d
25-50 294 + 16d , 183 £+ 26h 1,744 £ 13d 1,089+ 12d 5,440 £ 25 813 £ 18c
LC 00-25 221+ 24¢g ,016 £27k 1,319 £+ 13f 1,087 £ 22d 4,316 £ 34j 763 +21d
25-50 252+ 13f ,026 £+ 22k 1, 147 £ 1%h 977 + 25f 4, 147 £+ 29k 815+ 19¢
LO 00-25 459 £ 12a ,557 £ 24a 2,440 £21a 1,475 £ 20a 6,440 £ 31c 973 £ 14a
25-50 434+ 10e , 333 £ 20e 2,391 £22e 1, 398 £ 20e 6,280 £ 30d 874 + 18e

*CC, citrus control; CO, citrus orcl
The data are displayed as means, 4

hard; GC, guava control; GO, guava orchard; LC, loquat control; LO, loquat orchard.

E values are standard errors. Small letters indicate significant differences at p < 0.05 between different treatment types.
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Parameter | Orchard (O) | Soil depth Interaction

(S) (O xS)
F-values
Deionized water 17.31% 25.70* ns
CaCl, 80.20* 30.56* ns
Mehlich 1 58.31* 52.78* 12.67
Olsen 51.72* 308.19% 65.49*
Bray 1 115.29* 36.78 24.22*
HCl 253.05* 928.07* 22.27*
DTPA 113.65* 2,194.17* 15.41*
Total P 4838.6* 1, 878.87% ns
SOM 16.89% 22.11* ns
Clay 89.36* 6.92* 3.86*
CEC 10.86* 16.85* 6.10*
pH 0.67* ns ns

The symbol “*” denotes the level of significance at p < 0.05, ns denotes non-

significance values.
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Parameter Water Mehlich Olsen Bray DTPA Total P
CaCly 0.58ns

Mehlich 1 0.91%* 0.56ns

Olsen 0.54ns 0.67* 0.65*

Bray 1 0.64* 0.66* 0.68* 0.67*

HCl 0.54ns 0.58ns 0.65* 0.75* 0.71*

DTPA 0.63ns 0.64ns 0.70* 0.77* 0.81* 0.74*

Total P 0.65*% 0.57ns 0.74* 0.76* 0.87** 0.86** 0.89**

SOM 0.76* 0.67* 0.78* 0.56 0.58ns 0.79* 0.83** 0.57ns
Clay 0.65* 0.67* 0.70* 0.50 0.57ns 0.63ns 0.87** 0.34ns
CEC 0.50ns 0.56ns 0.54ns 0.67* 0.60ns 0.66* 0.78* 0.65*
pH —0.23ns —0.27ns —0.32ns 0.11ns —0.33 —0.21ns —0.30ns 0.11ns

The symbols

o

and “*” denote the levels of significance at p-value of 0.01 and 0.05, respectively, and ns denotes non-significance values.
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