



THE RESPONSE OF PINEAPPLE (ANANAS COMOSUS L. MERRI) GROWTH AND YIELD TO VARIOUS FERTILIZER SOURCES AND TYPES OF PROPAGULES

Abstract
[bookmark: _GoBack]Optimizing propagule type and nutrient management is essential for enhancing vegetative growth and yield under tropical field conditions. This study was conducted at Ogidi Village, Orire Local Government Area, Ikoyi, Ogbomoso, and Oyo State, Nigeria, to determine the effects of nutrient sources and methods on growth and yield of pineapple. The experiment consisted of three propagule types (suckers, slips, and crowns) and five nutrient sources: control (0 kg N ha⁻¹), 800 kg N ha⁻¹, 300 kg N ha⁻¹ supplied as urea, 6 t ha⁻¹ poultry manure, and 10 t ha⁻¹ Tithonia compost. Treatments were arranged in a Randomized Complete Block Design (RCBD) with three replications. Data were collected on vegetative growth parameters, including plant height, D-leaf length, number of leaves, and leaf area, as well as on yield and yield-related traits such as days to flowering, fruit weight, crown weight, and total fruit yield. The data were subjected to analysis of variance (ANOVA). Treatment means were separated using Duncan’s Multiple Range Test (DMRT) at 5% probability level. Growth and yield were significantly (P ≤ 0.05) influenced by propagule type, nutrient source, and their interaction across all sampling periods (4–14 months after planting, MAP). Sucker-derived plants consistently exhibited superior vegetative performance, recording the greatest plant height, D-leaf length, leaf area ratio, relative growth rate, and biomass accumulation compared with slips and crowns. At 14 MAP, suckers produced the tallest plants (123.17 cm under compost), highest total fresh weight (419.03 g), and highest dry weight (591.37 g). Crowns generally recorded the lowest values across growth parameters. Nutrient application significantly enhanced growth relative to the unfertilized control. Early growth was promoted by poultry manure, while Tithonia compost, urea, and 800 kg N ha⁻¹ markedly improved plant height, biomass, and growth indices at later stages. Poultry manure produced the highest D-leaf length (41.94 cm at 14 MAP), whereas 800 kg N ha⁻¹ and urea significantly increased relative growth rate and total biomass. Yield and yield components were also significantly affected by treatments. Sucker-derived plants produced superior fruit length (up to 17.75 cm), fruit diameter (36.86 cm), and highest fruit yield (1.099 t ha⁻¹ under poultry manure), outperforming slips and crowns. Although unfertilized plants flowered and fruited earlier, they recorded the lowest fruit size and yield. Organic nutrient sources, particularly poultry manure and Tithonia compost, performed comparably to inorganic fertilizers in enhancing yield, especially when combined with sucker propagules. In conclusion, establishment of pineapple using suckers in a double row system with the application of 800 kg/ha NPK or 6 t/ha poultry manure were recommended for the study. 
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Introduction
Pineapple (Ananas comosus L.) is a major tropical fruit crop cultivated extensively in humid and sub-humid regions of the world for its high nutritional value and economic importance. Globally, pineapple contributes significantly to food security, rural livelihoods, and agro-industrial development, particularly in developing countries where fruit production represents an important source of income (Food and Agriculture Organization of the United Nations, 2023). Increasing market demand for fresh fruit and processed products has intensified the need for improved agronomic practices that enhance productivity while maintaining environmental sustainability. However, yield performance in many production systems remains below potential due to suboptimal management of planting materials and soil fertility.
Pineapple is propagated vegetatively, and the type of propagule used can markedly influence crop establishment, vegetative growth, and subsequent yield. Differences in physiological maturity, carbohydrate reserves, and root initiation capacity among propagules may lead to variations in early vigor and biomass accumulation. Vigorous planting materials often exhibit enhanced nutrient uptake efficiency, improved canopy development, and earlier attainment of reproductive competence. Studies have shown that propagule characteristics significantly affect vegetative growth traits such as plant height, leaf production, and dry matter accumulation, which are closely associated with final fruit yield (Bartholomew et al., 2003). Consequently, appropriate selection of planting material is fundamental to achieving optimal crop performance.
Nutrient management is another key determinant of pineapple productivity. Nitrogen plays a central role in chlorophyll synthesis, protein formation, and vegetative development, thereby directly influencing photosynthetic efficiency and assimilate production. Nonetheless, excessive dependence on inorganic fertilizers has raised concerns regarding nutrient leaching, soil degradation, and greenhouse gas emissions (Intergovernmental Panel on Climate Change, 2023). In response, recent research advocates integrated nutrient management strategies that incorporate organic amendments to improve soil structure, microbial activity, and long-term nutrient availability (Lobell et al., 2009; Food and Agriculture Organization of the United Nations, 2023). Organic nutrient sources have been reported to enhance nutrient retention and provide gradual nutrient release, supporting sustained vegetative growth and improved crop resilience under variable climatic conditions.
Importantly, the response of pineapple to nutrient application may vary depending on the vigor and physiological status of the propagule. The interaction between planting material and nutrient supply influences nutrient use efficiency, biomass partitioning, and flowering behavior. Despite growing recognition of these relationships, empirical evidence on the combined effects of propagule type and nutrient management across the full pineapple growth cycle remains limited. Therefore, evaluating the interactive effects of propagule type and nutrient management on vegetative growth and yield attributes is essential. Understanding these relationships will contribute to the development of sustainable production strategies that improve pineapple productivity while safeguarding soil health and environmental quality.
Materials and methods
Experimental site:
The experiment was conducted at Ogidi Village, Orire Local Government Area, Ogbomoso, and Oyo State, Nigeria. The study area lies within the derived savannah agro-ecological zone of southwestern Nigeria and is characterized by a tropical climate with distinct wet and dry seasons. The area experiences a mean annual rainfall of approximately 1100–1300 mm, with rainfall distribution occurring mainly between April and October. The average temperature ranges between 25 and 32°C, and relative humidity is generally high during the rainy season. The soil of the experimental site is predominantly sandy loam, typical of the derived savannah zone.
Experimental Design and Treatments
The experiment was laid out in a factorial arrangement consisting of:
Factor A: Propagules type
P1 ------- crown
P2--------Slip
P3------ Sucker
Factor B: Fertilizer Sources
FS1------   0 kg N/ha
FS2-------- NPK 15-15-15 (800 kg N/ha
FS3------- Urea (300 kg/ha)
FS4------- Tithonia Compost (10 tons/ha)
FS5------- Poultry manure (6 tons/ha)
The treatments were arranged in a Randomized Complete Block Design (RCBD) with three replications. Each replicate contained all treatment combinations, giving a total of fifteen treatment combinations per block replicated 4 times
Land Preparation and Planting
The experimental field was cleared, ploughed, and harrowed to obtain a fine tilth. Beds were prepared according to the specified planting patterns. Planting was carried out by inserting the propagules into the soil at an appropriate depth to ensure proper anchorage and root establishment.
Crop Management
Healthy and uniform planting materials were selected. Suckers, slips, and crowns were trimmed and air-dried prior to planting to reduce infection risk and ensure uniform establishment. Weed control was carried out manually as required. Fertilizer application and other management practices were implemented uniformly to avoid confounding treatment effects. Spraying of cypermethrine (40m/15L) was done as the need arises
Data Collection
Growth Parameters: growth data were collected at 4, 6, 8, 10, 12, and 14 months after planting (MAP). The parameters measured included:
· Plant height (cm): measured from the base of the plant to the tip of the longest leaf.
· D-leaf length (cm): measured from the base to the tip of the longest leaf (D-leaf).
· D-leaf width (cm): measured at the widest portion of the D-leaf.
· Number of leaves: total fully expanded leaves per plant.
Reproductive Parameters
Reproductive data recorded included:
· Relative growth rate
· Leaf area index
· Days to flowering
· Days to fruiting
· Total plant dry weight
· Total fresh weight
· Fruit length (cm)
· Fruit diameter (cm)
· Mean fruit weight (kg)
· Crown weight (g) and
· Fruit yield (t ha)
Statistical Analysis
Data collected were subjected to analysis of variance (ANOVA). Treatment means were separated using Duncan’s Multiple Range Test (DMRT) at 5% probability level. Significance levels were determined at where applicable. Statistical analysis was performed using appropriate statistical software.
  Result 
Effect of Propagule Type and Fertilizer Sources on Plant Height of Pineapple
Plant height of pineapple was significantly (P ≤ 0.05) influenced by propagule type, nutrient source, and their interaction across all sampling periods (4–14 months after planting, MAP). Propagule type significantly affected plant height at all growth stages. Plants established from suckers consistently recorded the greatest height throughout the growth period, followed by slips, while crowns produced the least height. At 4 MAP, sucker-derived plants were already significantly taller than those from slips and crowns, and this superiority became progressively more pronounced with time. At 14 MAP, suckers produced markedly taller plants compared with the other propagules. The persistent advantage of suckers suggests superior early establishment and sustained vegetative vigor. The enhanced performance of suckers may be attributed to their greater physiological maturity, larger initial biomass, and higher carbohydrate reserves compared with slips and crowns. These attributes likely promoted rapid root establishment, improved nutrient uptake, and enhanced photosynthetic capacity, resulting in accelerated vegetative growth. Slips, being moderately mature propagules, exhibited intermediate growth performance, whereas crowns, which are generally smaller and less physiologically developed, showed comparatively reduced plant height as shown in Table 1
Fertilizer source significantly influenced plant height at all sampling periods. The control treatment (0 kg N ha⁻¹) consistently recorded the lowest plant height throughout the experiment, indicating that pineapple growth is highly responsive to nitrogen and organic nutrient supplementation. At early growth (4 MAP), poultry manure produced the tallest plants, suggesting its ability to supply readily mineralizable nutrients during early establishment. As growth progressed (8–14 MAP), Tithonia compost and urea resulted in superior plant height compared with other nutrient treatments. At 14 MAP, Tithonia compost produced the tallest plants, followed closely by urea as shown in table 1. 
The interaction between propagule type and fertilizer treatment significantly (P < 0.05) influenced pineapple plant height at 8, 10, 12, and 14 months after planting (MAP), indicating that growth response to fertilizer application depended strongly on the type of planting material used. At 8 MAP, sucker-derived plants exhibited markedly superior growth under fertilized treatments compared with crowns and slips. The tallest plants were recorded in suckers treated with compost (FS4, 72.33 cm), followed by poultry manure (FS5, 66.33 cm) and urea (FS3, 62.00 cm). In contrast, suckers under the control (FS1) produced the shortest plants (33.33 cm), highlighting the strong dependence of vigorous propagules on nutrient supply. Crown and slip propagules showed comparatively modest height increments across fertilizer treatments, with values generally below 50 cm. This suggests that although fertilizer improved growth, the inherent physiological limitations of crowns and slips restricted their vegetative performance relative to suckers. At 10 MAP, treatment differences became more pronounced. Suckers combined with poultry manure (FS5, 93.50 cm) and compost (FS4, 88.50 cm) produced the tallest plants, significantly outperforming other treatment combinations. Nitrogen fertilizer (FS2) and urea (FS3) also enhanced sucker growth but to a slightly lesser extent. Among crowns and slips, urea (FS3) and compost (FS4) substantially improved plant height compared with the control. However, their growth remained significantly lower than that of suckers under similar fertilizer regimes. The relatively lower height observed in unfertilized suckers (FS1, 42.83 cm) further confirms that nutrient availability plays a critical role in maximizing the genetic and physiological potential of vigorous propagules. At 12 MAP, the superiority of sucker–fertilizer combinations became even more evident. Suckers treated with poultry manure (FS5) recorded the highest plant height (112.83 cm), followed by compost (FS4, 103.50 cm) and urea (FS3, 98.83 cm). These treatments were significantly higher than all crown and slip combinations. At 14 MAP, sucker-derived plants consistently produced the tallest plants across all fertilizer treatments. The highest plant height was observed in suckers supplied with compost (FS4, 123.17 cm), followed closely by urea (FS3, 121.00 cm), poultry manure (FS5, 120.17 cm), and 800 kg N/ha (FS2, 119.83 cm). Even under the control (FS1), suckers (110.00 cm) remained taller than fertilized crowns and slips as shown in table 2
 Effects of propagules and nutrient sources on d-length
Highly significant (P ≤ 0.01) difference in D- length of pineapple was recorded at 6, 8, 10, 12, and 14 MAP. Plants established with suckers produced the highest significant (P ≤ 0.05) D-leaf length throughout the sampling period (Table 3). There was no significant difference in D- length among the propagation propagules at 4 months after planting. At 6 months after planting, the crown (20.67cm) was significantly (P ≤ 0.05) higher in D- length than Slip. At 14 months after planting, the highest significant (P ≤ 0.05) D- length of 41.57 cm was recorded from the sucker plants, followed by Slip and Crown with 37.70 cm and 36.40 cm respectively (Table 3). Planting patterns statistically influenced D- leaf length of pineapple. No significant difference was between single and double row as regard the D- leaf length at 4 MAP. However, single row had higher significant effects on D leaf length than double row at 6 to 12 MAP. 
Pineapple amended with poultry manure had the highest performance in D- length throughout the duration of this study. The application of Poultry manure produced the highest significant (P ≤ 0.01) D -length of 25.61 cm, 30.94 cm, 39.00 cm and 41.94 cm at 6, 8, 10 and 14 MAP respectively (Table 3) while the non-amended plant had the least performance throughout the duration of this study 
Interactive effects of propagation propagules and fertilizer type on d length of pineapple 
The highest significant (P ≤ 0.05) D length (32.50cm) was produced by use of Crown + Poultry manure at 8 months after planting (Table 8). Crown + Urea (39.83 cm) at 10 MAP, Crown + Poultry manure (41.50 cm) at 12 MAP, and Crown + Urea (45.00 cm) at 14 months after planting after planting. However, the lowest significant (P ≤ 0.05) D length (18.83 cm) was produced by those plants that received no amendment 
Effects of Propagation propagules on the Leaf Area Ratio of Pineapple 
Suckers (0.62) had the highest leaf area ratio which was significantly (p ≤ 0.05) higher than slip (0.61) and crown (0.51), which had the lowest value at 4 months after planting (table 4). At 6 months after planting, suckers (1.13) had the highest leaf area ratio followed by slip (1.03) and crown (0.96), had the lowest value. At 8 months after planting, suckers (1.52) had the highest statistical leaf area ratio. Crown (1.05) had the lowest leaf area ratio which was significantly lower than all other propagation propagules. At 12 months after planting, suckers (1.31) had the highest leaf area ratio and were significantly higher than slip (1.04) and crown (0.97). At 14 months after planting, suckers (1.08) had the highest leaf area ratio which was significantly higher than slip (0.98) and crown (0.85) as shown in table 4
 Pineapple treated p manure resulted into a significant highest leaf area ratio and there was no significant difference among other treatments except untreated pineapples which had the least leaf area ratio (0.48) at 4 map. All treated pineapple had the same effects on leaf area ratio at 6 – 14 map except pineapple treated with p manure and urea which had lower leaf area ratio. Poultry manure (0.64) and 800 kg n/ha (0.64) had a similar effect and were significantly (p ≤ 0.05) higher than all other fertilizer type except at 12 MAP where 800 kg N/ha (1.20) had the highest average value in leaf area as shown in table 4. 
Effects of Propagation propagules on the Relative Growth Rate of Pineapple
Throughout the experimental trials, (4 – 14 months) sucker had highest significant growth rate closely followed by slip while crown had the least growth rate (Table 5). At 4 months after planting, Suckers (2.75) had the highest relative growth rate and were significantly (P ≤ 0.05) higher than Slip (2.53) and Crown (2.35), which had the lowest value. Also, at 6 months after planting, Suckers (5.17) had the highest relative growth rate and were significantly higher than Slip (3.99) and Crown (3.16), which had the lowest value. At 8 months after planting, Suckers (7.11) had the highest relative growth rate and were significantly higher than Slip (6.03). Crown (4.29) had the lowest relative growth rate and was significantly lower than all other propagation propagules. At 10 months after planting, Suckers (9.12) had the highest relative growth rate and were significantly higher than Slip (8.02) and Crown (6.40), which had the lowest value at 12 months after planting. At 14 months after planting, Suckers (8.11) had the highest relative growth rate and were significantly higher than Slip (5.87) and Crown (5.56), which had the lowest value
At 4 months after planting, 800 kgN/ha (2.81) had the highest relative growth rate and was significantly (p ≤ 0.05) higher than all other fertilizer type (table 5). 0 kg N/ha (1.78) had the lowest relative growth rate and was significantly lower than all other treatments. At 8 months after planting, 800 kg N/ha (6.22) had the highest relative growth rate and was significantly higher than all other fertilizer type. 0 kg N/ha (4.60) had the lowest relative growth rate and was significantly lower than all other treatments. 800 kg N/ha (7.43) had the highest relative growth rate and was significantly higher than all other fertilizer type at 10 months after planting. 0 kg n/ha (5.66) had the lowest relative growth rate and was significantly lower than all other treatments. At 12 months after planting, 800 kg N/ha (8.17) had the highest relative growth rate and was significantly higher than all other fertilizer type. 0 kg n/ha (6.93) had the lowest relative growth rate and was significantly lower than all other treatments. At 14 months after planting, poultry manure (6.86) had the highest relative growth rate and was significantly higher than all other fertilizer type. 0 kg N/ha (5.45) had the lowest relative growth rate and was significantly lower than all other treatments (Table 5).
Effects of Propagules and Fertilizer Sources on Total Plant Fresh Weight of Pineapple
Total plant fresh weight was significantly (P ≤ 0.05) influenced by propagule type, nutrient source, and their interaction at all sampling periods (4–14 months after planting, MAP), indicating strong treatment effects on biomass accumulation throughout vegetative growth. Propagule type significantly affected total plant fresh weight across all growth stages. At 4 MAP, slips (115.43 g) and suckers (115.73 g) recorded significantly higher fresh weights than crowns (99.83 g). This early advantage persisted and became more pronounced as growth progressed. At 8 MAP, suckers (257.37 g) had accumulated substantially greater biomass than slips (188.77 g) and crowns (148.13 g). At 10 MAP and beyond, sucker-derived plants consistently maintained the highest fresh weight, reaching 419.03 g at 14 MAP, compared with 409.20 g (slips) and 406.67 g (crowns). The superior biomass production of suckers can be attributed to their greater physiological maturity, larger initial size, and enhanced capacity for rapid root establishment. These characteristics likely improved nutrient uptake efficiency and photosynthetic assimilation, leading to increased dry matter production and overall vegetative vigor. Crowns, being smaller and less mature propagules, exhibited comparatively lower biomass accumulation throughout the study as shown in table 6.
Fertilizer source significantly influenced total plant fresh weight at all sampling periods. At early growth (4 MAP), differences among fertilizer treatments were moderate, although unfertilized plants (0 kg N/ha) showed comparatively lower biomass accumulation. At 6 MAP onward, fertilizer effects became more distinct. At 8 MAP, 800 kg N/ha (211.56 g) and poultry manure (212.22 g) produced significantly higher fresh weights than other treatments. At 10 MAP, urea (349.17 g) resulted in the highest fresh weight, indicating a strong response to readily available nitrogen during active vegetative growth. At later stages (12–14 MAP), 800 kg N/ha consistently produced the highest total plant fresh weight, reaching 431.06 g at 14 MAP. This was followed by urea (415.11 g) and poultry manure (407.72 g). The control treatment recorded the lowest fresh weight at 14 MAP (400.06 g) as shown in table 6.
Effects of propagules and nutrient sources on total plant dry weight of pineapple
Total plant dry weight was significantly (P ≤ 0.05) affected by propagule type, nutrient source, and their interaction at all sampling periods (4–14 months after planting, MAP). This indicates that both planting material and fertility management played critical roles in dry matter accumulation throughout vegetative development. Propagule type significantly influenced total plant dry weight across all growth stages. At 4 MAP, suckers (137.43 g) recorded significantly higher dry weight than slips (126.87 g) and crowns (122.73 g). This early advantage widened as growth progressed. At 8 MAP, suckers accumulated 461.10 g dry matter, compared with 351.60 g in slips and 248.73 g in crowns. The trend persisted through 14 MAP, where suckers produced the highest dry weight (591.37 g), followed by slips (520.83 g) and crowns (484.80 g). The consistent superiority of suckers reflects their greater physiological maturity and enhanced assimilatory capacity. Their larger initial size likely supported rapid root establishment, improved nutrient uptake, and increased photosynthetic efficiency, leading to greater dry matter partitioning and biomass accumulation. Crowns, being less vigorous propagules, exhibited comparatively lower dry weight throughout the study period as shown in table 7.
Fertilizer source significantly influenced dry weight accumulation at all sampling periods. At early growth (4 MAP), poultry manure (150.28 g) produced the highest dry weight, suggesting early nutrient mineralization and improved soil conditions. In contrast, 800 kg N/ha recorded comparatively lower dry weight at this stage. At 6 MAP onward, fertilizer effects became more pronounced. At 8 MAP, poultry manure (378.72 g) and 800 kg N/ha (376.00 g) produced significantly higher dry weights. At 10 MAP, poultry manure (457.67 g) resulted in the highest dry weight, followed closely by Tithonia compost (446.17 g). At later growth stages (12–14 MAP), urea produced the highest dry weight at 14 MAP (564.67 g), although it was statistically comparable to poultry manure and 800 kg N/ha. The control treatment (0 kg N/ha) consistently recorded the lowest dry weight across most sampling periods, confirming the importance of nutrient supplementation in pineapple biomass production as shown in table 7.
 Effect of Propagule Type and fertilizer sources on yield and yield component of pineapple
Propagule type significantly influenced flowering, fruiting, fruit size, yield, and crown weight (P ≤ 0.05). Crown-derived plants flowered slightly earlier (50.67 days) but required more days to fruiting (82.48 days). In contrast, slip and sucker propagules fruited earlier, indicating improved reproductive efficiency. Sucker-derived plants produced significantly superior fruit length (19.71 cm), fruit diameter (36.86 cm), and fruit yield (0.99 t/ha) compared to slips and crowns. Slips showed intermediate performance, while crowns recorded the lowest fruit size and yield (0.35 t/ha). Crown weight followed a similar trend, with suckers producing the heaviest crowns (327.20 g) as shown in table 8.
Fertilizer application significantly affected all measured parameters (P ≤ 0.05). The unfertilized control (0 kg N/ha) flowered and fruited earlier than fertilized treatments, but produced the smallest fruits and lowest yield, indicating that nutrient deficiency may hasten reproductive transition at the expense of fruit development. Among fertilizer treatments, 800 kg N/ha produced the longest fruits (14.97 cm), while Tithonia compost and poultry manure significantly enhanced fruit diameter (34.62 cm and 34.53 cm, respectively). All fertilized treatments substantially improved fruit yield compared to the control. Poultry manure produced the highest yield among fertilizer sources, while urea resulted in the highest crown weight (293.39 g), reflecting strong vegetative response under inorganic nitrogen supply as shown in table 8.
The interaction between propagule type and fertilizer source significantly influenced reproductive parameters and fruit yield of pineapple (P < 0.05), indicating that the response to nutrient application depended strongly on the planting material used. Crown plants under 0 NPK flowered earliest (48.17 days), while crown plants treated with Tithonia compost flowered latest (52.00 days). Generally, unfertilized treatments across propagules tended to flower slightly earlier than fertilized treatments. This trend suggests that nutrient limitation may accelerate reproductive transition. However, early flowering under nutrient stress did not correspond to improved yield performance. Across fertilizer treatments, slip and sucker propagules showed relatively stable flowering periods (approximately 51–52 days), indicating that propagule vigor may buffer variations in nutrient supply as shown in table 8.

The shortest time to fruiting was observed in crown plants under 0 NPK (70.08 days), followed by slip and sucker plants under 0 NPK. Fertilized treatments generally prolonged fruiting time (81–86 days), particularly crown plants supplied with Tithonia compost (86.33 days). Although fertilization slightly delayed fruiting, this extended growth period likely allowed greater assimilate accumulation prior to fruit development, contributing to enhanced fruit size and yield as shown in table 8.
Fruit length was markedly influenced by the interaction effect. The shortest fruits were recorded in crown plants under 0 NPK (9.02 cm), while the longest fruits were produced by sucker plants supplied with 800 NPK (17.75 cm), poultry manure (17.53 cm), Tithonia compost (17.60 cm), and urea (17.58 cm). These treatments were statistically similar and significantly superior to other combinations as shown in table 8. Slip plants under fertilization also produced relatively long fruits (15.45–16.48 cm), while crown plants consistently produced the smallest fruits regardless of fertilizer type. This pattern highlights the superior sink strength and assimilate partitioning efficiency of sucker propagules when supported with adequate nutrients as shown in table 8.
Fruit yield showed the most pronounced interaction effect. The highest yield was recorded in sucker plants treated with poultry manure (1.099 t/ha), followed closely by Tithonia compost (1.097 t/ha), urea (1.071 t/ha), and 800 NPK (1.066 t/ha). These values were significantly higher than all slip and crown combinations as shown in table 8. Slip plants under fertilization produced intermediate yields (0.649–0.677 t/ha), while crown plants produced the lowest yields across all fertilizer treatments, with the minimum observed under 0 NPK (0.297 t/ha) as shown in table 8
The strong positive response of suckers to both organic and inorganic fertilizers suggests that their greater initial biomass and physiological maturity enhanced nutrient uptake efficiency and assimilate utilization for fruit development. Organic nutrient sources, particularly poultry manure and Tithonia compost, performed comparably to or slightly better than inorganic fertilizers in sucker-derived plants, possibly due to improved soil structure, enhanced microbial activity, and sustained nutrient release as shown in table 8
Discussion
The study demonstrates that propagule type, nutrient source, and their interaction significantly influenced vegetative growth, biomass accumulation, and yield performance of pineapple throughout the growth cycle. These findings highlight the critical importance of planting material. Sucker-derived plants consistently exhibited superior plant height, fresh weight, and dry weight accumulation compared with slips and crowns across all sampling periods (4–14 MAP). The consistently superior plant height, D-leaf length, leaf area ratio (LAR), relative growth rate (RGR), and biomass accumulation observed in sucker-derived plants confirms the critical importance of propagule vigor in pineapple production.
Suckers are physiologically more mature and possess greater initial biomass and carbohydrate reserves compared with slips and crowns. This confers enhanced early root establishment, faster canopy development, and improved assimilate production. Several studies have emphasized that planting material size and physiological status significantly determine vegetative vigor and eventual yield in pineapple (Sanewski et al., 2018; Ma et al., 2022). Research published in Scientia Horticulturae and the Journal of Plant Nutrition reports that larger propagules, particularly suckers, exhibit superior vegetative growth due to higher stored assimilates and stronger root systems, which enhance nutrient uptake efficiency and early photosynthetic performance (Ma et al., 2022; Zhang et al., 2023). Similarly, findings in Horticulturae confirm that sucker-derived plants generally accumulate greater dry matter and produce higher yields than crowns because of improved source–sink relationships during vegetative growth (Nguyen Quoc Hung et al., 2024). The relatively lower performance of crowns in plant height, leaf development, RGR, and biomass observed in this study agrees with reports that crowns require longer establishment periods due to their smaller size and lower reserve carbohydrates (Nguyen Quoc Hung et al., 2024). While crowns may flower slightly earlier under nutrient-limited conditions, their reduced vegetative vigor often limits final fruit size and yield potential (Nguyen Quoc Hung et al., 2024).
Nitrogen plays a central role in pineapple growth because it is a key component of chlorophyll, amino acids, and enzymes responsible for photosynthesis and metabolic activity. The consistently poor performance of the control (0 kg N ha⁻¹) treatment confirms that pineapple is highly responsive to nitrogen fertilization. Nitrogen responsiveness of tropical fruit crops has been widely documented (Food and Agriculture Organization, 2023). The superior early growth observed under poultry manure may be attributed to improved soil structure, enhanced microbial activity, and gradual nutrient mineralization. Organic manures not only supply nitrogen but also improve soil physical properties, water retention, and cation exchange capacity. Studies in the Journal of Plant Nutrition have shown that poultry manure enhances vegetative growth and nutrient use efficiency in tropical fruit crops through sustained nutrient release (Onwuka et al., 2022).
The strong response of plant height, RGR, and fresh weight to urea and 800 kg N ha⁻¹ during later growth stages reflects the importance of readily available nitrogen during active vegetative expansion. Research published in Agronomy and Plants indicates that inorganic nitrogen fertilizers promote rapid canopy expansion and biomass accumulation due to immediate nitrogen availability, which stimulates chlorophyll synthesis and carbon assimilation (Chen et al., 2023; Fageria, Baligar & Jones 2019). Tithonia compost performed comparably to inorganic nitrogen at later stages, particularly in plant height and yield. This agrees with findings by Wassom et al., 2023; Farni, 2024, who reported that Tithonia diversifolia compost improves nutrient cycling, enhances soil organic matter, and supports sustained nutrient release, resulting in improved crop performance comparable to mineral fertilizers.
The significant interaction effects observed for plant height, D-leaf length, biomass, and yield indicate that fertilizer response is strongly dependent on planting material vigor. Sucker–fertilizer combinations consistently produced the highest vegetative growth and yield. This suggests that vigorous propagules are better able to exploit applied nutrients due to stronger root systems and higher assimilatory capacity. Research in Frontiers in Plant Science supports the link between root architecture, initial plant vigor, and nutrient uptake efficiency (Nadeem et al., 2023). Larger propagules with well-developed root initials typically exhibit higher nitrogen use efficiency (NUE), leading to enhanced biomass accumulation and reproductive output.
The observation that unfertilized plants flowered earlier aligns with the principle that nutrient stress can accelerate reproductive transition, although this often reduces fruit size and yield due to insufficient assimilate accumulation prior to fruit initiation (International Plant Nutrition Institute, 2022; Nguyen Quoc Khuong et al. 2024). Sucker-derived plants consistently produced superior fruit length, diameter, crown weight, and total yield, confirming that vegetative vigor directly influences reproductive performance. Improved vegetative growth enhances photosynthetic surface area and assimilate availability during fruit development. Organic nutrient sources, particularly poultry manure and Tithonia compost, performed comparably or slightly better than inorganic fertilizers in yield enhancement. Integrated nutrient management has been widely recommended for improving fruit crop productivity under tropical conditions (Food and Agriculture Organization, 2023; Zheng et al., 2023)
Conclusion
This study clearly demonstrates that propagule type, nutrient source, and their interaction significantly influence vegetative growth, biomass accumulation, reproductive development, and overall yield performance of pineapple. Among the propagule types evaluated, sucker-derived plants consistently outperformed slips and crowns in terms of plant height, fresh and dry biomass accumulation, fruit size, and total yield. Their superior performance can be attributed to greater physiological maturity, larger initial biomass, and higher carbohydrate reserves, which enhanced early root establishment, nutrient uptake efficiency, and sustained vegetative vigor throughout the growth cycle.
Nutrient application markedly improved growth and yield compared with the unfertilized control, confirming the high nutrient demand of pineapple during both vegetative and reproductive stages. Organic nutrient sources, particularly poultry manure at 6 t/ha and Tithonia compost at 10 t/ha promoted strong early growth and performed comparably sometimes superior to inorganic nitrogen fertilizer in terms of fruit yield. Inorganic nitrogen (300 kg urea and 800 kg N ha⁻¹) supported sustained vegetative growth at later stages, reflecting the importance of readily available nitrogen during periods of high nutrient demand.
The significant interaction between propagule type and nutrient source indicates that fertilizer efficiency is strongly dependent on planting material vigor. Sucker-derived plants showed the greatest positive response to nutrient application, especially under organic amendments. The highest fruit yields were obtained when sucker propagules were combined with poultry manure or compost, highlighting the synergistic effect of high-quality planting material and improved soil fertility management. Overall, the findings confirm that integrating physiologically mature sucker propagules with balanced nutrient management particularly organic or integrated nutrient sources enhances vegetative growth, biomass production, fruit development, and sustainable yield performance in pineapple production systems.
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table 1: Effect of propagules and fertilizer sources on plant height of pineapple
	
Treatment 
	
4
	   MAP
6
	
8
	
10
	
12
	
14

	Propagules 
	
	
	
	
	

	Crown 
	24.87c
	32.50c
	41.9c
	62.93c
	75.17c
	82.80c

	Slip 
	26.13b
	34,73b
	44.53b
	66.83b
	78.03b
	85.40b

	Suckers
	27.60a
	37.60a
	57.77a
	77.00a
	95.30a
	118.83a

	Prob. F (0.05)
	**
	**
	*
	**
	**
	**

	
	
	
	
	
	
	

	Fertilizer Sources (FS)
	
	
	
	
	
	

	0 kg N/ha 
	23.94c
	31.28c
	37.78d
	45.39d
	69.11d
	89.78d

	800 kg N/ha
	24.22c
	34.94d
	49.44c
	68.50c
	84.67c
	90.61c

	Urea
	24.33c
	37.78a
	50.78b
	79.10a
	87.78a
	97.11b

	Tithonia Compost
	28.11b
	35.38b
	53.39a
	79.00a
	86.44ab
	98.39a

	Poultry manure 
	30.39a
	35.33bc
	48.94c
	72.67b
	86.17b
	92.50b

	Prob. F (0.05)
	**
	**
	*
	**
	**
	**

	Interactions
	
	
	
	
	
	

	PM x FS
	**
	**
	**
	**
	**
	**





Table 2: Interactive effects of Propagules and Fertilizer Sources on Height (cm) of Pineapples 

	Propagules
	Fertilizer Sources

	
	FS1
	FS2
	FS3
	FS4
	FS5

	
	
	
	8MAP
	
	

	Crown
	39.50g
	45.00f
	45.00f
	40.50g
	39.50g

	Slip
	40.50g
	48.50e
	45.33f
	47.33e
	41.00g

	Sucker
	33.33h
	54.83d
	62.00c
	72.33a
	66.33b

	
	
	
	10MAP
	
	

	Crown
	45.83j
	60.83h
	78.83cd
	71.83e
	57.33i

	Slip
	47.50j
	60.67g
	79.17cd
	76.67d
	67.17f

	Sucker
	42.83k
	81.00c
	79.17cd
	88.50b
	93.50a

	
	
	
	12MAP
	
	

	Crown
	69.50hi
	78.67f
	82.50e
	73.83g
	71.33h

	Slip
	70.67h
	81.17e
	82.00e
	82.00e
	74.33g

	Sucker
	67.17i
	94.17d
	98.83c
	103.50b
	112.83a

	
	
	
	14MAP
	
	

	Crown
	80.33g
	86.17ef
	85.33ef
	84.33f
	77.83g

	Slip
	79.50g
	89.83d
	85.00ef
	87.67de
	79.50g

	Sucker
	110.00c
	119.83b
	121.00ab
	123.17a
	120.17b


Means with the same letters within the same month are not significantly different at P <0.05 using Duncan’s Multiple Range Test (DMRT) 


Table 3: Main effects of Propagules and fertilizer Sources on the D length of Pineapple leaves 
	Months after Planting

	Treatment 
	4
	6
	8
	10
	12
	14

	Propagules (PM)
	
	
	
	
	
	

	Crown 
	19.50a
	20.67b
	23.97c
	28.70b
	33.23b
	36.40c

	Slip 
	15.60a
	20.03c
	25.96b
	29.10b
	34.00b
	37.70b

	Suckers 
	20.33a
	24.23a
	29.97a
	33.80a
	37.83a
	41.57a

	Prob. F (0.05)
	ns
	**
	**
	**
	**
	**

	Fertilizer Sources (FS)
	
	
	
	
	
	

	0 kg N/ha
	13.50b
	17.11d
	21.94d
	27.50d
	30.39d
	33.67d

	800 kg N/ha
	15.61ab
	17.33d
	24.39c
	28.89c
	35.67c
	39.78c

	Urea
	16.06ab
	24.78b
	28.17b
	32.50a
	35.89b
	39.22b

	Tithonia Compost
	19.89ab
	23.39c
	27.72b
	30.94b
	34.17c
	38.17c

	Poultry manure 
	27.33a
	25.61a
	30.94a
	32.83a
	39.00a
	41.94a

	Prob. F (0.05)
	ns
	**
	**
	**
	**
	**

	Interactions
	
	
	
	
	
	

	PM x FS
	ns
	**
	**
	**
	**
	**


Means for each factor with the same superscripts along the column are not significantly different at P < 0.05 using Duncan’s Multiple Range Test (DMRT). ** = significant at 1%, ns = not significant
Table 4: Main effects of Propagules and Fertilizer sources and their interaction on the total plant fresh weight of Pineapple
	Treatment 
	4
	6
	8
	10
	12
	14

	
	Months after planting 

	Propagules 
	
	
	
	
	

	Crown 
	99.83b
	132.87c
	148.13c
	294.30c
	361.13ab
	406.67c

	Slip 
	115.43a
	149.70b
	188.77b
	308.77b
	356.33b
	409.20b

	Suckers
	115.73a
	169.37a
	257.37a
	347.13a
	376.13a
	419.03a

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	Fertilizer Sources (FS)
	
	
	
	
	

	0 kg N/ha
	109.06b
	137.83b
	160.78d
	290.83d
	346.61b
	400.06e

	800 kg N/ha
	111.28ab
	163.00a
	211.56a
	323.44c
	389.39a
	431.06a

	Urea
	108.83b
	159.33a
	198.00c
	349.17a
	372.89ab
	415.11b

	Tithonia Compost
	108.39b
	137.17b
	207.89b
	292.50d
	361.11ab
	404.22d

	Poultry manure 
	111.28ab
	155.89a
	212.22a
	327.72b
	352.67b
	407.72c

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	
Interactions
	
	
	
	
	
	

	PM x FS
	**
	**
	**
	**
	**
	**


Means for each factor with the same superscripts along the column are not significantly different at P < 0.05 using Duncan’s Multiple Range Test (DMRT). 

Table 5: Main effects of Propagules and Fertilizer Sources on total plant dry weight (g)/plant of Pineapple
Months After Planting 
	Treatment 
	4
	6
	8
	10
	12
	14

	Propagules 
	
	
	
	
	

	Crown 
	122.73c
	195.70c
	248.73c
	346.93c
	373.87c
	484.80c

	Slip 
	126.87b
	273.87b
	351.60b
	418.70b
	448.20b
	520.83b

	Suckers
	137.43a
	357.67a
	461.10a
	506.63a
	552.00a
	591.37a

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	Fertilizer sources (FS)
	
	
	
	
	

	0 kg N/ha
	199.22e
	234.67d
	304.94c
	365.06e
	388.83d
	436.11c

	800 kg N/ha
	120.89d
	279.56b
	376.00a
	435.83c
	468.89bc
	552.78b

	Urea
	122.44c
	256.22c
	355.56b
	415.72d
	460.39c
	564.67a

	Tithonia Compost
	132.22b
	281.33b
	353.83b
	446.17b
	473.00b
	552.17b

	Poultry manure 
	150.28a
	326.94a
	378.72a
	457.67a
	499.00a
	555.94b

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	
Interactions
	
	
	

	PM x FS
	**
	**
	**
	**
	**
	**


Means for each factor with the same superscripts along the column are not significantly different at P < 0.05 using Duncan’s Multiple Range Test (DMRT

Table 6: Effects of propagules and nutrient sources on yield and yield parameters of pineapple 

	Treatment 
	No Days to Flowering
	No Days to Fruiting
	Fruit length (cm)
	Fruit diameter (cm)
	Fruit yield (t/ha)
	Crown weight (g)

	Propagules 

	Crown 
	50.67b
	82.48a
	10.57c
	27.50c
	0.35c
	210.82c

	Slip 
	51.33a
	80.86b
	15.36b
	35.14b
	0.63b
	270.93b

	Suckers
	51.43a
	81.10b
	19.71a
	36.86a
	0.99a
	327.20a

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	

	Fertilizer Sources (FS)

	0 kg N/ha
	49.72c
	72.97b
	11.67c
	30.32d
	0.0008e
	225.61e

	800 kg N/ha
	51.56a
	83.56a
	14.97a
	33.94b
	0.0012b
	287.44b

	Urea
	51.11b
	83.56a
	14.74b
	32.43c
	0.0012c
	293.39a

	Tithonia Compost
	51.83a
	   83.89a
	14.75ab
	34.62a
	0.0012d
	272.14c

	Poultry manure 
	51.50a
	83.44a
	14.93ab
	34.53a
	0.0012a
	269.67d

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	Interactions

	PM x FS
	**
	**
	ns
	**
	**
	**

	
	
	
	
	


Means for each factor with the same superscripts along the column are not significantly different at P < 0.05 using Duncan’s Multiple Range Test (DMRT).	


Table 7: Interactive 8: effects of Propagation propagules and Fertilizer type on the Reproductive parameters of Pineapple 
	Propagules
	Fertilizer sources
	No Days 
to Flowering
	No Days to Fruiting 
	
	Fruit length (cm)
	Fruit yield (tons/ha)

	Crown        
	0NPK
	48.17g
	70.08i
	
	9.02g
	0.297o

	
	800 NPK
	51.67ab
	85.33ab
	
	10.68f
	0.371k

	
	POULTRY MANURE
	51.00cde
	85.83ab
	
	11.05ef
	0.365l

	
	TITHONIA COMPOST
	52.00a
	86.33a
	
	11.20e
	0.357n

	
	UREA
	50.50ef
	84.83bc
	
	10.88ef
	0.364m

	Slip
	0NPK
	50.17f
	74.67h
	
	12.93d
	0.479j

	
	800 NPK
	51.50abc
	83.50cd
	
	16.48b
	0.677e

	
	POULTRY MANURE
	52.00a
	81.50g
	
	16.20b
	0.663g

	
	Tithonia COMPOST
	51.50abc
	82.00efg
	
	15.45c
	0.649h

	
	UREA
	51.50abc
	82.67defg
	
	15.75c
	0.671f

	Sucker
	0 NPK
	50.83de
	74.17h
	
	13.07d
	0.610i

	
	800 NPK
	51.50abc
	81.83fg
	
	17.75a
	1.066d

	
	POULTRY MANURE
	51.50abc
	83.00def
	
	17.53a
	1.099a

	
	Tithonia COMPOST
	52.00a
	83.33de
	
	17.60a
	1.097b

	
	UREA
	51.33bcd
	83.17def
	
	17.58a
	1.071c




































Means for each factor with the same superscripts along the column are not significantly different at P < 0.05 using Duncan’s Multiple Range Test (DMRT)

Table 8: Effects of Propagules, and fertilizer type on the Relative Growth Rate of Pineapple 
Months After Planting 
	Treatment 
	4
	6
	8
	10
	12
	14

	Propagules 
	
	
	
	
	

	Crown 
	2.35c
	3.16c
	4.29c
	5.70c
	6.40c
	5.56c

	Slip 
	2.53b
	3.99b
	6.03b
	7.39b
	8.02b
	5.87b

	Suckers
	2.75a
	5.17a
	7.11a
	7.97a
	9.12a
	8.11a

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	Fertilizer type (FS)
	
	
	
	
	

	0 kg N/ha 
	1.78d
	3.09d
	4.60c
	5.66c
	6.93c
	5.45c

	800 kg N/ha
	2.81a
	4.53a
	6.22a
	7.43a
	8.17a
	6.77ab

	Urea
	2.77b
	4.51a
	6.09b
	7.36ab
	8.01b
	6.68b

	Tithonia Compost
	2.68c
	4.33b
	6.07b
	7.33ab
	8.04b
	6.79ab

	Poultry manure 
	2.69c
	4.06c
	6.08b
	7.30b
	8.07ab
	6.86a

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	Interactions
	
	
	
	
	
	

	PM x FS
	**
	**
	**
	**
	**
	**


Means for each factor with the same superscripts along the column are not significantly different at P < 0.05 using Duncan’s Multiple Range Test (DMRT). ** = significant at 1%, ns = not significant 	

Table 9: Main effects of Propagation Propagules, Planting Patterns, and fertilizer type  and their interaction on the Leaf Area Ratio of Pineapple 
Months After Planting 
	
Treatment 
	
4
	
6
	
8
	
10
	`
12
	
14

	Propagules 
	
	
	
	
	

	Crown 
	0.51c
	0.96c
	1.05c
	1.00c
	0.97c
	0.85c

	Slip 
	0.61b
	1.03b
	1.16b
	1.07b
	1.04b
	0.98b

	Suckers
	0.62a
	1.13a
	1.52a
	1.40a
	1.31a
	1.08a

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	Prob. F (0.05)
	**
	ns
	ns
	**
	**
	**

	Fertilizer Sources (FS)
	
	
	
	
	

	0 kg N/ha
	0.48c
	0.86b
	1.02b
	0.93b
	0.91c
	0.85b

	800 kg N/ha
	0.64ab
	1.09a
	1.29a
	1.21a
	1.20a
	0.99a

	Urea
	0.63b
	1.08a
	1.29a
	1.18a
	1.13b
	0.99a

	Tithonia Compost
	0.63b
	1.09a
	1.30a
	1.24a
	1.17a
	1.00a

	Poultry manure 
	0.64a
	1.09a
	1.31a
	1.22a
	1.14b
	1.02a

	Prob. F (0.05)
	**
	**
	**
	**
	**
	**

	Interactions
	
	
	
	
	
	

	PM x FS
	**
	**
	**
	**
	**
	**


Means for each factor with the same superscripts along the column are not significantly different at P < 0.05 using Duncan’s Multiple Range Test (DMRT). 





