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Abstract

:

Currently, there is no information available about the spatio-temporal distribution of micronutrients in sandy mulching soils widely used in the southeast of Spain; therefore, in this experiment, we aimed to characterize the spatio-temporal distribution of micronutrients in the wet bulb zone in two sand-mulched soils. Four different factors were considered over the experiment: (a) soil model, (b) time sampling, (c) distance from the emitter, and (d) depth. Each soil was divided into four blocks and the soil sample per block was composed of 20 subsamples. The micronutrient concentration was determined in each soil sample through atomic absorption spectrometry determinations. To establish the relationship between factors, a multifactor ANOVA test analysis was conducted. The results obtained reported a higher micronutrient concentration in the soil profile than in the sand layer. Moreover, in the soil profile, there was a decrease in micronutrient concentration in distance for Fe (from 10.4 to 7.9 mg kg−1), Zn (from 4.0 to 3.5 mg kg−1), Mn (from 23.9 to 16.2 mg kg−1), and Cu forms (from 2.5 to 1.5 mg kg−1). Moreover, there was a decrease in micronutrients with depth for Fe (from 10.5 to 8.0 mg kg−1), Zn (from 4.0 to 3.7 mg kg−1), Mn (22.0 to 17.2 mg kg−1), and Cu (from 2.1 to 1.7 mg kg−1). Higher micronutrient concentration after green bean crop harvest was related to the highest organic matter content, with the following values for Fe (12.3 mg kg−1), Zn (4.0 mg kg−1), Mn (23.6 mg kg−1), and Cu (2.0 mg kg−1) in the soil profile. The fertigation management of the crop did not modify the micronutrient concentrations in distance in the sand layer due to the reduced exchange capacity of the sand with micronutrients.
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1. Introduction


The importance of the horticulture crops is related to economic benefits due to the variety of crops [1,2]. One of the most relevant intensive horticulture areas in Europe is located in Almeria (Southern Spain), with 31,614 ha of greenhouses [3].



Some of the main characteristics of the soils used to cultivate in this area are the following: high levels of CaCO3, basic pH, and a low organic matter content [4]. Due to these characteristics, the development of some crops may be affected by a reduction in yield and length of the root [5]. A common technique in the area to improve the soil is the use of sand-mulched soil, which is composed of a layer of sand, an intermediate organic matter layer usually mixed with the topsoil, and a natural soil with a changing texture, which can differ from clay to sandy loam [6,7]. There are some advantages of using mulches, such as: reduction in evaporation of the soil and some improvements in the root system reviewed by several authors [8,9]. Another important advantage from the mulching is the increase in soil fertility, crop production, soil erosion control [10,11], and the mitigation of post-wildfire erosion [12]. Another common practice in the greenhouse is the solarization that consists in a moisture-thermal process for soil disinfection of pests and pathogens, which also can improve the availability of nutrients and the content of soluble organic matter [13,14,15].



Micronutrients (Fe, Zn, Cu, and Mn) are taken up in a very small quantity for proper plant growth [16]. Nevertheless, they are essential from the metabolic point of view, since they are involved in the enzymatic regulation, playing essential roles in enzymatic activity or participating as coenzyme, as well as in redox functions [17].



The feasibility of micronutrients (Fe, Mn, Cu, and Zn) in soils depends on different aspects that can modify their distribution in the soil profile [18,19]. These factors are the following: clay content [20], moisture of the soil [21], pH, organic matter (OM) content [22], and cation exchange capacity (C.E.C.) [23].



After reviewing the previous literature, some authors have reported that Cu and Zn are immobile in clay soils [20], whereas others pointed out that the variability of Fe, Mn, Cu, and Zn increased with the moisture of the soil [21]. Regarding pH, Malavolta et al. [24] noted that the micronutrient availability decreased under higher pH because of the fact that the pH value determines mobility affecting the plants’ uptake. Sharma et al. [25] reported that the increase in OM resulted in a higher micronutrient availability, since the OM generated soluble chelating agents, which increased the solubility of micronutrients. Soils with high C.E.C. can exchange micronutrient cations between soil solution and the negatively charged surfaces of clay and organic matter, so they protect trace elements from leaching [23].



Considering the micronutrient distribution in distance and depth, Mendieta et al. [26] noted that the highest Fe, Mn, Cu, and Zn concentration was near to the drip, and Gupta et al. [17] reported that the upper part of the soil had the highest Fe, Mn, Cu, and Zn concentration.



In this type of soil, the availability of micronutrients and their distribution in the soil profile have special relevance. Although there is a little information about micronutrients’ distribution in soil, it is necessary to highlight that the knowledge about this topic in sandy mulched soil is rather scarce. Therefore, in this experiment, we assessed the spatio-temporal distribution of micronutrients in the wet bulb zone in two representative horticultural sand-mulched soils fertigated with drippers.




2. Materials and Methods


2.1. Plant Material and Location


The experiment was conducted in two greenhouses in Agrarian Research and Training Institute ubicated in Almería (latitude: 36°47′14″ N and longitude: 02°42′15″ W). The plant material was Phaseolus vulgaris L. c.v. Mantra RZ (Figure 1). The experimental period lasted 90 days (short-cycle crop). The climatic conditions over the experiment were recorded with HOBO Sensors, as well as wet bulb air temperature (HOBO U12 Onset Computer Corp., Bourne, MA, USA). The recordings obtained over the experimental period showed mean, maximum, and minimum temperature ranging from 22 to 30 °C (Figure 1), 40 to 50 °C, and 10 to 15 °C; respectively, and a relative humidity ranging from 60 to 80%.




2.2. Treatments and Experimental Design


To perform the experiment, two representative horticultural soils of the greenhouse production in the southeast of Spain covered with sand (S1 and S2) were chosen. Considering the properties of the soil included in Table 1, both soils were classified as Cumulic anthrosols. The comparison between both soils reported that the soil S1 has lower OM, CEC, micronutrients, silt, stoniness, and apparent density than soil S2.



Both soils in the experiments were composed of sand mulching and original soil profile. This system is based on the incorporation of some materials to the original soil. The system consists of three layers: (1) top layer of grave-sand of 0.05 to 0.10 m (granulometry composed of particle sizes from <1 mm to 5 mm), (2) an intermediate layer of organic amendment of manure (0.01 to 0.02 m) located between the grave-sand layer and the soil, and (3) the soil profile. It is important to highlight that sometimes the sandy mulching soil can be the original soil or an incorporated soil with a texture of clay loam to sandy loam (range from 0.1 to 0.4 m) (Figure 2). Below the 0.4 m, there was a raw soil without tillage [27].



The amounts of fertilizers applied over the experiment were 67 and 189 kg ha−1 of N and K, respectively, following the advice given by other scientists under similar conditions [28]. The fertigation of the crop in both soils was carried out with drippers with a flow of L h−1. The nutrient solution supplied has EC and pH values of 0.92 dS m−1 and 8.02, respectively. The chemical composition of the nutrient solution was the following: 0.20 mM carbonates (CO32−), 3.30 mM bicarbonates (HCO3−), 1.17 mM chloride (Cl−), 3.80 mM sulphates (SO42−), 1.87 mM nitrates (NO3−), 1.75 mM ammonium (NH4+), 3.72 mM potassium (K+), 2.09 mM calcium (Ca2+), 3.40 mM magnesium (Mg2+), and 1.03 mM sodium (Na+). The sources of N and K for the fertigation of the crop were: NH4NO3 (33.5% N, 50% NH4+-N, and 50% NO3−-N) and K2SO4 (52% K2O and 45% SO3). The chemical analysis of the soil showed higher P concentration, resulting in nonapplication of P fertilizers over the experiment. In order to maintain the initial conditions of the experiment, micronutrients were not applied to the soil via fertigation. The irrigation schedule was based on the ETc values and the timing of the irrigation through the use of tensiometers (−20 KPa of matric potential) at different depths (0.15 and 0.30 m). Over the experimental period, the total water volume was 24 L m−2 in preplanting and 134 L m−2 during the cycle of the crop. The yield of green bean in both soils was similar without significant differences, showing values of 2.47 and 2.36 kg m−2 in soils S1 and S2, respectively.




2.3. Soil Sampling


The distribution of micronutrients at spatial and temporal levels were assessed in both soils considering four factors: soil type (S1 and S2 (ST)), time sampling (at the beginning and at the end of the experiment period (90 DAT) (TS)), distance of the sample from the emitter (0.1, 0.2, and 0.3 m (DE)), and depth (D) (0–0.1 m, sand layer; 0.1–0.2, 0.2–0.3, and 0.3–0.4 m (soil profile)), and their relationships (Figure 3). Due to the high variability between samples in soil, each greenhouse was split into four blocks. To obtain a representative soil sample per block, each sample was composed of 20 subsamples corresponding with 20 random points of soil.




2.4. Micronutrient Analysis


The methodology for micronutrient extraction was carried out following the protocol reported by Lindsay and Norvell [29]. Soil sample (10 g) was placed into an Erlenmeyer flask of 125 mL and 20 mL of reagent (5 mM DTPA, 0.01 M CaCl2, and 100 mM triethanolamine (TEA) [(HOCH2CH2)3N] (pH 7.30). Afterwards, it was centrifuged at 120× g rpm for 2 h and filtered under vacuum flask using filter paper. Then, the solution extracted (5 mL) was diluted with 20 mL of deionized water. Concentrations of Fe, Cu, Zn, and Mn were assessed with atomic absorption spectrometry determinations (UNICAM 969 AA) at 248.8, 213.9, 279.5, and 324.6 nm, respectively.




2.5. Statistical Analysis


To determine the relationship between the different factors, a multifactor ANOVA test (least significant difference (LSD) p ≤ 0.05) was carried out. Three different tests were performed: sand layer (2 × 2 × 3 factorial), soil profile (2 × 2 × 3 × 3 factorial), and the last one comparing the sand layer and the soil profile. All the statistical analysis was carried out with Statgraphics Plus v. 5.1 (Statgraphics, Warrenton, VA, USA).





3. Results


3.1. Micronutrient Concentration in Sand Layer


The concentration of Fe, Cu, Zn, and Mn in the sand layer and the interaction between ST, TS, and DE is shown in Table 2. Comparing both ST, the concentration of Fe, Zn, Cu, and Mn in the soil S2 was greater in 30, 29, 33, and 45 % compared with soil S1. Moreover, there was a significant increase in the concentration at the end of the crop with 65, 29, 47, and 60 % for Fe, Zn, Cu, and Mn, respectively, compared to the beginning of the experiment. At the distance from the dripper, no differences in micronutrient concentration were found in the sand layer.




3.2. Micronutrient Concentration in Soil Profile


The interaction (ST, TS, DE, and D) and the micronutrient concentration of both soils are shown in Table 3. All micronutrients studied present similar behavior, being affected by all factors assessed. Soil S2 showed 108, 18, 52, and 18 % higher concentrations of Fe, Zn, Cu, and Mn, respectively, than soil S1 and, also, there was an increase in Fe (from 8.6 to 9.6 mg kg−1), Zn (from 3.5 to 4.0 mg kg−1), Cu (from 18.1 to 21.0 mg kg−1), and Mn (from 1.7 to 2.1 mg kg−1) at the final stage of crop cycle. Moreover, there was a significant decrease in concentration in the DE for Fe (from 10.4 to 7.9 mg kg−1), Zn (from 4.0 to 3.5 mg kg−1), Mn (23.9 to 16.2 mg kg−1), and Cu (from 2.5 to 1.5 mg kg−1). In addition, there was a significant decrease in the concentration of Fe (24%), Zn (15%), Cu (22%), and Mn (19%) in depth.



There was an interaction between TS and D sample in soil Fe concentration (Figure 3). The soil S2 showed higher Fe concentration than soil S1 and a decrease in depth. The depth distribution of Fe in the soil S2 showed similar trends as Zn, Mn, and Cu (decreasing from 13 to 10 mg kg−1); however, the soil S1 showed similar soil Fe concentration at different depths.




3.3. Micronutrient Concentration Comparative between Sand Layer and Soil Profile


A comparison of the soil and sand layer properties in the two different soils at both sampling times is reported in Table 4. At the beginning of the crop cycle, the sand layer showed a lower concentration in both soils. The micronutrient concentration for Fe, Zn, Cu, and Mn in soil S1 (206, 433, 100, and 825 %) and in soil S2 (521, 363, 38, and 1078 %) were higher than the soil profile. Similar trends were found at the end of the crop cycle in all the micronutrients in soil S1 (187, 433, 375, and 632 % higher concentration of Fe, Cu, Zn, and Mn compared to the sand) and soil S2 (294, 310, 33, and 790 % higher concentration of Fe, Cu, Zn, and Mn compared to the sand).





4. Discussion


Fageria et al. [30] reported critical levels ranging from 2.5 to 5 mg kg−1, 0.1 to 2 mg kg−1, 0.1 to 2.5 mg kg−1, and 1 to 5 mg kg−1 of Fe, Zn, Cu, and Mn, respectively, in soils using extractant DTPA. Our values in the soil profiles (S1 and S2) were the following for Fe (6 to 12 mg Kg−1), around 4 mg Kg−1 in Zn, from 16 to 24 mg Kg−1 in Mn and around 2 mg Kg−1 in Cu. The microelements Fe, Zn, and Mn were in the upper part of that the critical levels range proposed by Fageria et al. [30]. These variations reported in our experiment can be ascribed to previous soil management. The low bioavailability of Cu in the soil can be related with two factors: the calcareous chemical composition of the soil and the copper deficiency which can be ascribed to antagonistic interactions with Fe in waterlogged soil, as reported by Hooda [31]. Comparing the critical level ranges mentioned above with the sand layer, our values range from 2.0 to 2.6 in Fe, 0.7 to 0.9 in Zn, 1.8 to 2.4 Mn, and 1.1 to 1.6 mg Kg−1 (S1 and S2). It is important to highlight that all the micronutrients were in critical levels due to the low retention capacity of the Fe, Zn, Cu, and Mn associated to the texture (sandy soil) and the low OM content [31].



In this experiment, the micronutrient concentration increased under higher organic matter (OM) content at the end of the experiment (S2). This can be associated to two factors: the high capacity of the OM in the soil for sorption of trace elements and the formation of strong soluble complexes improving trace element solubility [32] and the cation exchange capacity (C.E.C.) that is the ability to exchange micronutrient cations between soil solution and the negatively charged surfaces of clay and organic matter, protecting trace elements from leaching [23]. According to our results, many researchers have also reported this relationship in different types of soils [22] and that the higher availability of microelements was generated by higher organic matter content and the process of mineralization of the soil. For instance, the values reported by Yaro et al. [33] were the following (r = 0.91, 0.32, 0.41, and 0.39 for Fe, Zn, Mn, and Cu) and they also reported micronutrient concentrations above the critical values (Fe: 4.5 mg kg−1, Zn: 0.8 mg kg−1, Mn: 1.0 mg kg−1, and Cu: 0.2 mg kg−1). Moreover, Rai et al. [34] showed a significant positive correlation of 0.32 (Cu concentration ranging from 0.16 to 1.86 mg Kg−1) and 0.28 (Fe ranging from 6.66 to 34.76 mg Kg−1). It is necessary to mention that the pH shows similar values in the soil profile; therefore, there is no contribution into the modifications in micronutrient distribution associated to it [23]. On the other hand, some authors found negative correlation between pH and Fe, Zn, Mn, and Cu concentrations [35,36,37].



As a consequence of the high micronutrient availability in the soil profile S2, the sand layer also showed a high micronutrient concentration because of the retention of micronutrients by sand in the evaporation process, as reported by Bachmann et al. [38]. On the same hand, similar results were reported by Llanderal et al. [39] with NO3−, NH4+-N, K, and electrical conductivity (EC).



The soil and the sand layer showed different trends in distribution for the micronutrients in distance. A homogenous distribution of the micronutrient concentration in the sand layer could be due to the lateral movement of the water, which develops wet strips. Consequently, these micronutrients are more soluble and, together with the low-capacity retention of the sand layer, allow a uniform distribution of the trace elements [40,41,42]. In addition, the information about the retention and lateral distribution of the micronutrients in the sand layer are limited. Regarding soil profile, there was a decrease in micronutrient concentration in distance showing the highest values near to the dripper. Similar results were found by [19], reporting a decrease in Fe, Zn, Mn, and Cu concentration of 65, 86, 94, and 85 %, respectively [19]. This fact can be ascribed to the highest root density near to the dripper, which results in a higher availability of the micronutrients due to the formation of chelates through root exudates and the exudation of acidic compounds by roots into the rhizosphere [31,42].



As far as micronutrient concentration in depth was concerned, our results showed a significant decrease in both soil profiles. Being in line with our results, Franzluebbers and Hons [43] and Verma et al. [44] also reported higher micronutrient concentrations in the top of a bare soil. Moreover, Nadaf et al. [45] found a similar trend for Zn, Mn, and Cu decreasing the concentration of the micronutrient from 0.52 to 0.34, 4.16 to 2.14, and 5.99 to 4.89 mg kg−1, respectively. The reduction in micronutrient concentration in depth in the soil profile may be due to the decomposition of soil OM and crop residues located in the top layer [46], as most residues are reduced in a short period of time after deposition [47].



Moreover, the CEC of the soil avoids the trace elements leaching [23]. In addition to this, the root distribution and depth has a crucial role in the profile of micronutrients, since nutrients are absorbed by deeper roots, and then translocated to the aerial parts of the plant [48,49].



On the other hand, Fe concentration showed the same values in depth in the soil S1, which may be attributed to the movement of finer fractions to lower horizons during the process of illuviation, as reported Verma et al. [44]. Similar trends were found by Fageria et al. [30], who described that Fe can be leached in sandy soils (S1 have a 75% of sand in the particle distribution size of the soil). On the other hand, the increase in the trace element at the end of the experiment can be related to the different process of above-mentioned in-depth distribution and, also, with organic matter mineralization. Moreover, it is important to mention that the mulching increased the mineralization of the organic matter due to better conditions for mineralization process compared to a bare soil [50].



Comparing the sand and soil layer, it can be reported that the highest micronutrient concentration was found in the soil layer, and this can be due to the high OM content associated to the high cationic exchangeable capacity of the soil compared to the sand layer [44,51].




5. Conclusions


According to these results, the microelements showed a similar behavior. The concentration of the trace elements (Fe, Zn, Mn, and Cu) increased with the content of OM in the soil profile compared to the sand layer. There was also an accumulation of micronutrients closer to the neck of the plant but decreasing in distance and in depth in the soil. The micronutrients showed lateral movement in the sand layer due to the low retention capacity of the sand. There was also a mobility of micronutrients without significant variations in distance. The lower concentration in the sand layer compared with the soil profile can be due to the major C.E.C. of the soil profile. These results suggest more studies on the distribution of micronutrients in the wet bulb to improve its characterization, since the previous information was very scarce. Nevertheless, it is important to carry out experiments comparing the micronutrients’ distribution in a sandy mulching soil with a bare soil, and also considering the application of chelated micronutrients via fertigation.
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Figure 1. Plant material, greenhouse facilities, and mean temperature of two greenhouses (soil S1 and soil S2). 
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Figure 2. Layout of the sampling points in the experiment. 
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Figure 3. Interaction between depth (D) and soil type (ST) for soil Fe concentration (mg kg−1). The comparison between the soil type in each depth is assessed with lowercase letters. The comparison between each type of soil at different depths is assessed with capital letters. 
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Table 1. Physicochemical composition of both soils (S1 and S2) at the start of the experiment.
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	S1
	S2
	





	Chemical soil properties
	
	
	



	pH
	8.1 ± 0.28
	8.0 ± 0.33
	ns



	EC
	1.30 ± 0.14
	1.35 ± 0.11
	ns



	Organic matter content (%)
	1.00 ± 0.08 b
	2.50 ± 0.18 a
	*



	C.E.C. (meq 100 g−1)
	9.80 ± 0.88 b
	14.50 ± 1.17 a
	*



	Nutrients (mg kg−1)
	
	
	



	Fe
	4.71 ± 0.52 b
	10.62 ± 1.14 a
	*



	Zn
	3.54 ± 0.43 b
	4.31 ± 0.51 a
	*



	Cu
	0.52 ± 0.10 b
	1.53 ± 0.21 a
	*



	Mn
	19.21 ± 1.86 b
	25.12 ± 2.32 a
	*



	Physical soil properties
	
	
	



	Texture
	loamy-sandy
	loamy-sandy
	



	Particle size distribution (%)
	
	
	



	Sand
	73 ± 5 a
	58 ± 4 b
	*



	Silt
	12 ± 1 b
	30 ± 4 a
	*



	Clay
	15 ± 1
	13 ± 2
	ns



	Stoniness (g.g−1)
	0.30 ± 0.04 b
	0.51 ± 0.06 a
	*



	Apparent density (g.cm−3)
	1.52 ± 0.08 b
	1.71 ± 0.07 a
	*







The same lowercase letters or ns indicates nonsignificant differences. * indicates significant differences at p ≤ 0.05.
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Table 2. Average concentration of Fe, Zn, Cu, and Mn (mg kg−1) in sand layer and the interaction between the different factors. Soil type (ST), time sampling (TS), and distance of the sample from the emitter (DE).
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	Factor
	
	Fe
	Zn
	Mn
	Cu





	A: ST
	
	*
	*
	*
	*



	
	S1
	2.0 ± 0.2 b
	0.7 ± 0.05 b
	1.8 ± 0.2 b
	1.1 ± 0.1 b



	
	S2
	2.6 ± 0.2 a
	0.9 ± 0.05 a
	2.4 ± 0.2 a
	1.6 ± 0.2 a



	B: TS
	
	*
	*
	*
	*



	
	Initial
	1.7 ± 0.2 b
	0.7 ± 0.05 b
	1.7 ± 0.2 b
	1.0 ± 0.1 b



	
	Final
	2.8 ± 0.3 a
	0.9 ± 0.05 a
	2.5 ± 0.2 a
	1.6 ± 0.2 a



	C: DE
	
	ns
	ns
	ns
	ns



	
	0.1
	2.2 ± 0.2
	0.8 ± 0.05
	2.1 ± 0.2
	1.3 ± 0.1



	
	0.2
	2.3 ± 0.2
	0.7 ± 0.05
	2.1 ± 0.2
	1.3 ± 0.1



	
	0.3
	2.3 ± 0.2
	0.7 ± 0.05
	2.1 ± 0.2
	1.3 ± 0.1



	Interaction
	
	
	
	
	



	
	ST x TS
	ns
	ns
	ns
	ns



	
	ST x DE
	ns
	ns
	ns
	ns



	
	TS x DE
	ns
	ns
	ns
	ns







The same lowercase letters or ns indicates nonsignificant differences. * indicates significant differences at p ≤ 0.05.
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Table 3. Average concentration of Fe, Zn, Cu, and Mn (mg kg−1) in soil profile and the interaction between the different factors. Soil type (ST), time sampling (TS), distance of the sample from the emitter (DE), and depth (D).
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Factor

	
.

	
Fe

	
Zn

	
Mn

	
Cu






	
A: ST

	
*

	
*

	
*

	
*




	

	
S1

	
5.9 ± 0.6 b

	
3.4 ± 0.2 b

	
15.5 ± 1.4 b

	
1.7 ± 0.1 b




	

	
S2

	
12.3 ± 1.2 a

	
4.0 ± 0.3 a

	
23.6 ± 2.2 a

	
2.0 ± 0.1 a




	
B: TS

	
*

	
*

	
*

	
*




	

	
Initial

	
8.6 ± 0.5 b

	
3.5 ± 0.2 b

	
18.1 ± 1.1 b

	
1.7 ± 0.1 b




	

	
Final

	
9.6 ± 0.4 a

	
4.0 ± 0.2 a

	
21.0 ± 1.2 a

	
2.1 ± 0.2 a




	
C: DE

	

	
*

	
*

	
*

	
*




	

	
0.1

	
10.4 ± 0.6 a

	
4.0 ± 0.1 a

	
23.9 ± 1.3 a

	
2.5 ± 0.2 a




	

	
0.2

	
8.9 ± 0.4 b

	
3.6 ± 0.2 b

	
18.5 ± 1.2 b

	
1.6 ± 0.1 b




	

	
0.3

	
7.9 ± 0.4 c

	
3.5 ± 0.2 b

	
16.2 ± 1.4 c

	
1.5 ± 0.1 b




	
D: D

	

	
*

	
*

	
*

	
*




	

	
0.1–0.2

	
10.5 ± 0.4 a

	
4.0 ± 0.1 a

	
22.0 ± 1.0 a

	
2.1 ± 0.10 a




	

	
0.2–0.3

	
9.3 ± 0.5 b

	
3.7 ± 0.1 b

	
19.4 ± 0.9 b

	
1.8 ± 0.04 b




	

	
0.3–0.4

	
8.0 ± 0.4 c

	
3.4 ± 0.1 c

	
17.2 ± 0.9 c

	
1.7 ± 0.04 c




	
Interaction

	

	

	

	

	




	

	
ST × TS

	
ns

	
ns

	
ns

	
ns




	

	
ST × DE

	
ns

	
ns

	
ns

	
ns




	

	
ST × D

	
*

	
ns

	
ns

	
ns




	

	
TS × DE

	
ns

	
ns

	
ns

	
ns




	

	
TS × D

	
ns

	
ns

	
ns

	
ns




	

	
DE × D

	
ns

	
ns

	
ns

	
ns








The same lowercase letters or ns indicates nonsignificant differences. * indicates significant differences at p ≤ 0.05.
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Table 4. Comparison of average concentration of Fe, Zn, Cu, and Mn (mg kg−1) in sand and soil profile at the start and final stage of the crop cycle.
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S1

	

	
S2

	




	
Parameter

	
T. Sampling

	
Sand

	
Soil Profile

	

	
Sand

	
Soil Profile

	






	
Fe

	
Initial

	
1.7 ± 0.2 b

	
5.2 ± 0.5 a

	
*

	
1.9 ± 0.2 b

	
11.8 ± 1.2 a

	
*




	
Final

	
2.3 ± 0.2 b

	
6.6 ± 0.6 a

	
*

	
3.2 ± 0.3 b

	
12.6 ± 1.3 a

	
*




	
Zn

	
Initial

	
0.6 ± 0.1 b

	
3.2 ± 0.3 a

	
*

	
0.8 ± 0.1 b

	
3.7 ± 0.4 a

	
*




	
Final

	
0.8 ± 0.1 b

	
3.8 ± 0.4 a

	
*

	
1.0 ± 0.1 b

	
4.1 ± 0.4 a

	
*




	
Cu

	
Initial

	
0.8 ± 0.1 b

	
1.6 ± 0.2 b

	
*

	
1.3 ± 0.1 b

	
1.8 ± 0.2 a

	
*




	
Final

	
1.3 ± 0.1 b

	
1.8 ± 0.2 a

	
*

	
1.8 ± 0.2 b

	
2.4 ± 0.2 a

	
*




	
Mn

	
Initial

	
1.6 ± 0.2 b

	
14.8 ± 1.3 a

	
*

	
1.8 ± 0.2 b

	
21.2 ± 2.2 a

	
*




	
Final

	
2.2 ± 0.2 b

	
16.1 ± 1.4 a

	
*

	
2.9 ± 0.3 b

	
25.8 ± 2.4 a

	
*








The same lowercase letters or ns indicates nonsignificant differences. * indicates significant differences at p ≤ 0.05.
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