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ABSTRACT— Permanently frequent utilization of fertilizer posed problems in soil fertility that hinder 

farmers’ crop production due to excessive soil erosion and rapid leaching of essential nutrients. It aimed to 

evaluate the effect of SRF-PB (Slow releases fertilize- Plastic bottles) on the chemical properties of soil and 

the yield potential of green bell pepper. It was assigned as chemical soil samples were organic matter (OM), 

pH, nitrogen (N), phosphorus (P2O5), and potassium (K2O). The experiment was laid out in RCBD with seven 

treatments and three replications, respectively. The results were collected T0-control, T1-water-soluble 

fertilizer application (WSF), T2-commercial controlled-release fertilizers (CRF); and SRF-PB of 25%, 50%, 

75%, and 100% with T3-T6 holed portion in the treatments, respectively. The soil pH of treatments applied 

with control, commercial CRF, and SRF-PB technology ranges from medium acidic (T0 and T2 -T6) and 

slightly acidic (T1). OM content, on the other hand, was found to be low among the treatments (T0-T4 and T6) 

and desired with T5 of the percentage treatments. The N level suggests that all sites reach a relatively low 

range. The phosphorus was high in T1-T5, and sufficient in T0 and T6 observed treatments. The potassium was 

acceptable in decreasing T0 and T2, slowly increasing at high T6, and excessive in swiftly increasing T1 and 

T3-T5. In contrast, the significantly (p <0.05) highest yielding findings revealed that using T2 increased 

fertilizer efficiency, with T6 having a higher root density and a higher harvest yield. In terms of increasing 

green bell pepper yield, T6 might be a viable alternative to commercial T2. 
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1. INTRODUCTION 

The family Solanaceae includes the green bell pepper (Capsicum annuum L.). It was a significant vegetable 

category that was widely produced and cultivated in practically every country on the planet [1]. Temperatures 

between 25 to 35°C were required in general [2]. After tomatoes, sweet peppers were the world's second most 

important vegetable [3]. 

 

Green bell pepper production was both cost-effective and appealing to farmers in this area. This type of 

production, however, necessitates large N-fertilization rates [4], [5]. Groundwater pollution by nitrate was 

becoming more of a worry in areas where intensive agriculture was practiced. Vegetables and other irrigated 

horticulture crops, which receive relatively substantial doses of N fertilizer, have the greatest potential for 

contributing to nitrate pollution of surface and groundwater [4]. The agro-ecological circumstances of a 

specific location must be effectively comprehended in order to bring irrigated agriculture, mineral N 

fertilization, and the environment into harmony. Vegetable production may be improved by employing 

management approaches and technology that do not jeopardize natural soil functions while also safeguarding 

the covering and groundwater. In all cultivars, the amount of water in the soil grew as the amount of shadow 
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rose. Shade may have lowered evaporative demand and reduced transpiration, resulting in a reduction in green 

bell pepper soil water absorption [6- 9]. Growers often skip fertigation because the soil water content was 

sufficient. 

 

Controlled-release fertilizers (CRF) stand for "products comprising sources of water-soluble nutrients, the 

release of which was controlled in the soil by a coating added to the fertilizer" [10]. A consistent nutrient 

supply may be achieved with a single application of CRF [11], [12], which was less reliant on technical 

background and meteorological conditions than fertigation. However, it was difficult to respond to genuine 

changes in the plant's nutritional requirements using this strategy. Although earlier sweet pepper research 

revealed that a single basal application of CRF produced comparable or superior yields to control fertilization 

techniques [13- 16]. CRFs were not compared to fertigation in any of these investigations. Slow-release 

fertilizer (SRF) stands for "low solubility molecules with a complex/high molecular weight chemical structure 

that releases nutrients by either microbial or chemically decomposable substances." [17]. SRFs, on the other 

hand, were N molecules degraded by microbes. The release of nutrients in SRFs was entirely determined by 

soil and environmental conditions. It may be organic or inorganic, and it releases nutrients gradually over 

time. Inorganic SRFs include things like nitroform [18]. Natural and synthetic SRFs were also available. Plant 

manure, animal dung, and compost were examples of natural SRFs [19]. Microorganisms were permitted to 

break down these components before they release nutrients into the crops because of their organic nature. 

These fertilizers may take longer to release nutrients and rely on microbial activity in the soil, which was 

regulated by soil moisture and temperature. Both macro-and micronutrients were found in organic SRFs. N, 

P, and K were the macronutrients. The micronutrients were iron, manganese, and copper. Synthetic SRFs 

were water-soluble to a degree. The availability of these plants was also determined by soil conditions. It has 

a greater concentration of a particular nutrient than natural SRFs. CRF was a subset of SRF that belongs to 

the fertilizer with a physical barrier group [20]. 

 

The purpose of this study was to investigate the chemical potential of soil pH, total N%, OM%, avail. 

phosphorus, exch. potassium; and growth parameters of green bell pepper fruit quality of effects of the 

combined use of water-soluble fertigation (WSF), CRF, and SRFs in intensive open-field sweet pepper 

cultivation. In particular, SRFs were supplied to 25%, 50%, 75%, and 100% of the holed area, respectively. 

 

2. Methodology 

 

2.1 Chemical Soil of Collection, Preparation, and Analyses 

Chemical soil samples were collected and air-dried before being sent to the PRC-RTC, VSU, Baybay City, 

Leyte's Central Analytical Services. For the assessments of organic matter (OM), soil pH, Total N, and 

Extractable phosphorus and potassium, subsamples for initial chemical characteristics were submitted. The 

modified Walkley-Black technique [21] was used to calculate OM. Soil pH, on the other hand, was 

potentiometrically measured using a 1:2.5 soil-water suspension ratio [22]. The Micro – Kjeldahl technique 

[23] was then used to calculate Total N. Furthermore, the Bray #2 technique [22] was used to extractable 

phosphorus. Finally, the ammonium acetate method [22] was used to extract Exchangeable potassium. 

 

2.2 Plant Tissue and Final Soil Analysis 

On a computerized weighing scale, the oven-dried shoot and root samples were weighed and crushed to a 

specific size of 1 mm using a mill grinder. After that, it was packed in plastic bags to be tested for total 

phosphorus. The soil samples that were taken, on the other hand, were treated, processed, and placed away 

for chemical analysis. 
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2.3 Preparation of WSF, CRF and SFR-PB 

As a PB, a 200 mL plastic clear barrier was used. Clean tap water was used to completely wash these PB. 

After that, using a tire wire, it was individually punctured at an equal distance of 2 cm apart with roughly 0.5 

mm diameters. Before planting, 10 g pot-1 Complete Fertilizer (14-14-14), 15 g pot-1 Urea (46-0-0), and 10 g 

pot-1 Muriate of Potash (0-0-60) were used to supplement the appropriate N, phosphorus and potassium 

fertilizer rate for green bell pepper. Fertilizer components with the same rate of application as previously 

specified were mixed in the soil and placed separately within the SRF-PB. Commercial CRF "osmocote" 

fertilizers, on the other hand, were applied in the field at a depth of about 5 cm and a distance of 10 cm from 

the base of the green bell pepper. Meanwhile, WSF-10 g pot-1 of Complete Fertilizer (14-14-14) was applied 

during planting. Green bell pepper was side dress with Urea (46-0-0) at the rate of 15 g pot-1. At the flowering 

stage, 10 g pot-1 of Muriate of Potash (0-0-60) was applied. 

 

2.4 Cultural Management Practices 

2.4.1 Land preparation, seed sowing, and seedling preparation 

A total land area of 200 square meters was plowed and harrowed with carabao-drawn equipment to eliminate 

weeds and pulverize the soil before planting. This was then split into one-meter-wide, three-meter-long blocks, 

each with a 0.25-meter alleyway. Green bell pepper seedlings were seeded in a certified shed house with 

plastic film roofing to protect them from rain. Every morning, the plant was watered. Pricking was carried out 

by transplanting individual seedlings in a seedling tray after 6-8 days of seed germination when the seedlings 

had reached the two-true leaf stage. Before transplantation, the seedlings were gradually exposed to sunshine 

and/or outside settings, and hardening was recommenced for one week. 

 

2.4.2 Crop establishment of transplanting of the seedlings 

Green bell pepper seedlings from the seedling tray were assumed to be sample plants because of their vigorous 

growth. In double row planting, the plants were transplanted at a depth of 15-20 cm, with 75 cm between rows 

and 25 cm between pots. 

 

2.4.3 Harvest Management 

Picking just those that were properly developed or as the green bell pepper transmitted physiological maturity 

was used as the priming technique of harvesting was used. Early in the morning, the harvest was completed. 

After harvest, the green bell peppers were classed or graded and weighed. 

 

2.4.4 General Care and Managements 

The application water was used first thing in the morning, about 6 a.m. Weeding was done manually with a 

trowel or bolo when the weeds sprouted. The roots were hilled up to keep them from being exposed to sunlight 

from above ground. Insect, pest, and disease infestations were constantly monitored. As an organic insecticide, 

mashed garlic with red-hot chili pepper was used to control pests. 

 

2.5 Foliage of Experimental Design and Layout 

The experiment was carried out modified in a Single Factorial-Randomized Complete Block Design (RCBD) 

with six (6) treatments and replicated three (3) times with eight (8) samples. The six treatments were assigned 

as follows: T0-Control; T1-WSF application; T2 -CRF; T3 -25% holed portion of SRF-PB; T4-50% holed 

portion of SRF-PB; T5-75% holed portion of SRF-PB; and T6-100% holed portion of SRF-PB. 

 

2.6 Statistical Analysis 

All data gathered was subjected to Analysis of Variance (ANOVA). Treatments were compared through Least 

Significance Difference (LSD) to determine the level of significance among the different treatments combined 
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using the Statistical Tool for Agricultural Research (STAR) at p <0.05 level of significance.  

 

3. Results 

 

3.1 Initial chemical Properties before Crop Establishment 

The initial chemical soil analysis in Table 1a shows that the soil used was moderately acidic to neutral soil 

(pH 6.43), had a lower level of organic matter content (2.09%), with a minimal amount of total N (0.14%), 

high amount of available phosphorus (59.03 mg kg-1), and high in exchangeable potassium (135.48 mg kg-1). 

Thus, the results of the soil analysis, such as a very low or minimal amount of N content could partly explain 

why yellowing of leaves and stunted growth were observed particularly in those plants without any 

application. 

 

3.2 Chemical characteristics of WSF, CRF and SRF-PB application 

The final analysis of chemical soil characteristics after application of SRF-PB treatments (Table 1b). The soil 

pH of treatments applied with control, commercial CRF, and SRF-PB technology ranges from medium acidic 

(T0 and T2 -T6) and slightly acidic (T1). Slightly acidic that the results of WSF application (T1) responded 

differently was significantly (p <0.05) treatment (5.88 pH) as soil test result. This result corresponds to the 

finding [24] that soil technology was in the range of weak acid to neutral soil. In terms of OM content, results 

showed that among the treatments at low from (T0-T4 and T6). Whereas, desirable with T5 (2.4% OM) of the 

percentage. The N level recommends among all sites comes to a range of very low (0.07-0.12% percent of N) 

results. However, phosphorus was T1-T5 (42 -62 mg kg-1) as high, and in the T0 and T6 (36 and 38 ppm) as 

adequate observed treatments. Besides, potassium was adequately decreased T0 and T2 (105 and 116 mg kg-

1), slowly up to high T6 (151 mg kg-1), and excessive in the rapidly increased T1, and T3 -T5 (276 mg kg-1, 186 

mg kg-1, 199 mg kg-1, and 224 mg kg-1), respectively. 

 

3.3 Green bell peppers produce a large quantity of fruit. 

As shown in Table 2, the yield of green bell pepper was significantly (p <0.05) influenced by the control, 

CFR, and SRF-PB treatments. Furthermore, within the ton ha-1 value, T6 and T2 quality yields were 

significantly (p <0.05) higher, at 12.42 and 11.82, respectively (Figure 1). 

 

Table 1a. Initial chemical soil analysis prior to planting of a green bells pepper. 

Sample pH  Organic matter  Total N  Avail. phosphorus  Exch. potassium  

Soil 6.43 2.09 0.14 59.03 135.48 

Soil pH- (1:2.5 H2O); Organic matter- (%); Total Nitrogen- (%); Available P5O2 - (ppm); and Exchangeable potassium - (mg kg-1) 

 

 

Table 1b. Final pH, OM, N, Avail phosphorus, and potassium analysis of chemical soils. 

Treatments  
Chemical Analysis 

pH (H20) OM (%) N (%) 
Avail. Phosphorus       

(ppm) 
Exch. Potassium  

(mg kg-1) 

T0 6.70  1.7  0.085  38 105  

T1  5.88 1.6 0.080 62 276 

T2  6.43  1.5  0.075 59 116  

T3  6.43  1.6   0.080 43 186  
T4  6.02   1.8 0.090  42  199 

T5  6.30  2.4  0.120  55  224  

T6  6.16 1.4  0.070  36 151  
*T0 – control; T1 – WSF application; T2 - Commercial CRF; T3 - 25% holed SRF-PB; T4 - 50% holed SRF-PB; T5 - 75% holed SRF-
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PB; and T6 - 100% holed SRF-PB. 

 

Table 1c. Characteristics of soil fertility factors for the crop. 

Soil Fertility Factors Class 

High Moderate Low 

pH (1:2.5 H2O) 5.5-7.5 5.0-5.5 < 5.0 & > 8 

OM (%) > 3 1-3 < 1 

Total N (%) > 0.25 0.15-0.25 < 0.15 

Avail. Phosphorous (ppm) > 35 26-35 < 25 

Exch. Potassium (mg kg-1)         > 250 150-250 < 150 

Source: BSWM-ELREP, 1985 

 

Table 2. The yield green bell pepper at 70 DAHs of the soil was used in the experiment. 

Treatments* 

Variables  

Marketable 

 

Cull 

Total Yield 

(ton. ha-1) 

Av. Fruit 

weight  

T0 – control 4.60  0.96 5.79 c 98.73 b 

T1 – WSF application 6.29 1.93 7.76 b 112.75 az 

T2 - commercial CRF 9.07 2.26 11.82 az 117.13 az 

T3 - 25% holed portion of SRF- PB 5.77 1.57 8.85 b 109.78 ab 

T4 - 50% holed portion of SRF- PB 5.56 1.43 7.28 b 111.73 az 

T5 - 75% holed portion of SRF- PB 6.48 1.39 8.22 b 112.26 az 

T6 - 100% holed portion of SRF- PB 9.75 2.16 12.42 az 118.38 az 

CV (%) 49 38 27.32 16.82 
zMean separated within columns (by the main factor and by treatment) by the LSD test (p< 0.05) 

 

 
Figure 1. Green bell peppers have a significant fruit yield (ton ha-1). 

 

4. Discussion 

 

4.1 Soil chemical properties 

Soil pH. This might be owing to the impact of pH, as described by T1 (Table 1b), which has solubility as a 

chemical feature, such as when the dissolving point of water was still salt or when potassium permanganate 

was considered [25]. Nonetheless, soil pH of 5.88 of strongly acid had recorded an increase such as maize 

[26] and a higher value of the mineral contents than those grown on other media of [27], respectively. They 

also feature significant levels of soluble aluminum, iron, and manganese, which may be hazardous to some 

plants' development [28]. Aside from that, the ideal pH range for plant development differs depending on the 

crop. While certain crops (excluding T2) thrive in the 6.0 to 7.0 pH range, others thrive in somewhat acidic 

circumstances [29] and enhance the quick availability of plant nutrients (N, P, K, and so on) [28]. 



D. E. Poliquit and E. V. Gamusa, 2022                                                                                                    JASAE 

 
 

970 
 

Organic Matters (OM). As a result, the acidity of the soil caused by organic acid deprotonation was 

determined by the vegetation [30]. OM does not have a direct role in soil acidification; instead, it functions as 

a cation exchanger [31]. Nevertheless, plants and animals that were living, dead, or in the process of 

decomposition were considered OM [32]. The release of OM into the soil, resulting in an increase in plant 

nutrient absorption capacity, such as the ability to break down OM and release mineral nutrients into the soil 

[33], might speed up nutrient transformation and boost bell pepper development. The content of soil organic 

matter in paddy soils varies greatly between different areas, such as those with higher OM content, ranging 

from 2.5 to 3.0 percent (expect 2.4 percent and OM of research at T5), and those with lower OM content, 

ranging from 1.0 to 1.5 percent [34]. Similarly, OM makes up only 2–10% of most soil bulk but plays a critical 

role in the chemical processes of agricultural soils [35]. Soils with high salt concentration and low OM content 

were more prone to aggregate disintegration and surface crusting concerns [36], [37]. 

 

Nitrogen (N). Conversely, N losses were too high, owing to an oversupply of nitrogen, low plant population, 

inadequate application methods, improper management, and other factors, and can amount to up to 70% of 

total available N or be lost in irrigated areas [38], [39]. Improved N management has been increasingly 

important in recent years; as a result, improper N fertilizer use not only results in financial losses but also 

raises the risk of environmental degradation [40], [41]. In dry and semi-arid places [42], such as the 

Philippines, N was also a limiting issue, along with a lack of water. In general, low pepper yields might be 

attributed to water stress or nutritional deficiencies in the soil [43], [44]. Furthermore, because the application 

rate in many vegetable-growing areas sometimes exceeds crop requirements and was accompanied by intense 

soil washing, the danger of nitrate-nitrogen leakage increases [45]. Plants' growth and development might be 

hampered by a lack of accessible N. Nitrogen can also boost root development by increasing volume, area, 

diameter, total, and main root length, dry mass, and nutrient intake, hence improving nutritional balance and 

dry mass production [46- 49]. Low N levels, on the other hand, lead some plants to convert from growth to 

reproductive mode, hastening Arabdopsis flowering [50]. Additionally, solarized soil technology [24] 

increases plant development while also offering improved management of soil-borne diseases, resulting in 

higher bell pepper and other agricultural plant growth, productivity, and quality [51], [52]. 

 

Phosphorus (P2O5). Despite, because mineralization of this nutrient was sluggish, the T0 and T6 with 36 and 

38 ppm (Table 1b), respectively, of availability phosphorus as appropriate observation treatments were low 

[53]. Phosphorus was never easily soluble in soil, but it was most readily available in soil with a pH of 6.5 or 

above [28]. Because prior years' phosphorus application for the 2016 and 2017 locations was unknown, it's 

impossible to say if a previous year's phosphorus treatment was insufficient to sustain a high soybean yield 

[54]. Healthy levels of phosphorus between 25 and 50 ppm should be maintained with a modest application 

of phosphorus once a year. Apply a beginning fertilizer to soils with levels below 25 ppm, and no fertilizer 

was required after levels reach around 50 ppm [53]. 

 

Potassium (K2O). It signifies that potassium was adequately reduced with T0, T2, and T6 and that the results 

showed that it helps keep water and other nutrients flowing through a pepper plant with macronutrients, which 

were sometimes referred to as the "big three" because of their important role in the life of a healthy plant [55]. 

It also implies that poor pollination might result in peppers or flowers falling off the plant. Furthermore, a 100 

g meal of normal pepper will provide between 5 and 8% of your daily potassium intake [56]. Regardless, 

long-term use of mineral fertilizers in agricultural soils causes plant nutrients (phosphorus and potassium) to 

accumulate in the soil, which was dependent on fertilizer rates [57], [58]. There were studies in the literature 

that show a favorable effect of N and potassium fertilization on bell pepper crop yields, with a linear or 

quadratic response [59- 62]. Leaf potassium responded to rising potassium rates in a linear or quadratic 

manner, as seen in the graph. When compared to leaf sufficiency ranges for bell pepper plants, treatments K1- 
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0.25 and K2-1.25 mM were found to be below the acceptable potassium range of 2.5-5 percent at the 30 DAT 

period [4], and research published in their study from 14 percent of potassium of pepper; carrots and such in 

20 vegetables [63]. Similar results were found by [64] where potassium fertilization did not affect significantly 

the total phosphorus concentration of senescent leaves. Most of the phosphorus fractions reached their highest 

concentrations at the lowest potassium treatment; however, higher potassium concentrations boosted pepper 

plant yield. 

 

Assessment of Agriculture Using Chemical Fertilizers. Although field studies at 10 g pot-1 (T2) CFR (14-14-

14) and 10 g pot-1 Muriate of Potash (0-0-60) in the SFR-PB (T3-T6) were conducted during planting, 

evaluating the influence of potassium treatments (dose) in bell pepper crop produced a maximum of three 

fruits per plant at 10 g pot-1 treatments [59]. Although, the effects of different irrigation levels and potassium 

treatments on bell pepper growth and yield produced an average of 6.5 fruits plant-1 at treatments of 80 and 

120 kg ha-1 [65]. Just from the other hand, a 10 g pot-1 treatment of a bell pepper yielded 117.13 and 118.38 

kg ha-1 of average fruit weight with CFR (T2) and a 100 % real holed portion of SFR-PB (T6), respectively 

(Table 2). Regardless, all three macronutrients (NPK) were rapidly depleted in soil, N was the most quickly 

depleted or slow to become deficient. De-nitrifying bacteria degrade the soil by consuming available N. A lot 

of the available N was also sucked out by excessive agricultural use of the soil. When N levels were high, 

crops that develop roots, branches, and fruits, on the other hand, were the most likely to struggle [38]. Due to 

its nutritional and chemical characteristics, such as convention fertilizer, SFR-PB, and CRF, which were also 

reflected in the production of bell pepper seedlings [66], as well as bell pepper fruits [67], the substrate has a 

high potential as a fertilizer in agriculture, promoting a higher yield and increase in the content of 

photosynthetic pigments in the bell pepper crop [68]. 

 

4.2 Fruit Quality of Green Bell Pepper 

Green bell pepper yields per hectare were evaluated and analyzed using soil fertility characteristics (Table 2). 

It demonstrates that the treatments with SRF-PB application of T6 and T2 yielded 12.42 and 11.82 t ha-1, 

respectively, with a significantly high actual yield. In terms of computed yield, the T6 treatment, followed by 

T2, has a numerically larger value than the other treatments, particularly T3, T4, and T5 (conventional and other 

SRF-PB treatments), and the T0 treatment. T6's computed yield of 12.42 t ha-1 was over double that of the 

average state production of green bell peppers, which was 9.8 t ha-1 or 4 t acre-1, as stated by [69]. This suggests 

that the average yield of green bell pepper produced by using a 100 % SRF-PB treatment could outperform 

conventional and commercial CRF. However, compared to other industrialized countries, the Philippines' 

cabbage yield was relatively poor due to unbalanced fertilizer application or a lack of attention to N, 

phosphorus, and potassium [70]. Farmers may have been confident that the fertilizer they administered was 

being used to its maximum potential during the crop's producing phase. 

 

5. Conclusions 

According to the study's findings, significantly (p <0.05) affected the application of treatment the T6 and T2 

treatments achieve a significantly better impact on yield (CFR and 100 percent of SRF-PB). The soil pH of 

treatments applied with control, commercial CRF, and SRF-PB technology ranges from medium acidic (T0 

and T2 -T6) and slightly acidic (T1). On the other hand, OM content was discovered to be low among the 

treatments (T0-T4 and T6) and desirable with T5 of the percentage treatments. According to the N level, all of 

the locations were in the low range. The phosphorus was high in T1-T5 observed treatments, but not enough 

in T0 and T6. On the other hand, potassium was appropriate when it came to reducing T0 and T2, gradually 

growing at high T6, and excessive when it came to rapidly raising T1 and T3 - T5. 
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