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EFFECT OF DIFFERENT MULCHING MATERIALS AND ORGANIC AMENDMENT ON  OIL PALM SEEDLINGS GROWTH IN THE MAIN NURSERY USING SANDY SOIL

ABSTRACT
The effects of mulching materials on the growth of oil palm seedlings in sandy soil amended with empty fruit bunch (EFB) compost was carried out at the Nigerian Institute for Oil Palm Research screen house, Benin City from December 2024 to August 2025. The study aimed to evaluate the effects of EFB, sawdust and black polythene mulches on growth parameters in oil palm seedlings. Moisture management is essential in oil palm seedlings production. The experiment was laid out in Completely Randomized Design (CRD) consisting of four mulching materials in 32 pots/polybags replicated three times giving a total of 96 pots/polybags. Three months old oil palm seedlings were then transplanted. Plant growth parameters were obtained at 6, 9 and 12 months after planting (MAP). The data collected were subjected to analysis of variance and the means separated using Duncan multiple range test. The findings showed that plant height, stem girth and leaf number in EFB mulch had no significant difference with black polythene but differ significantly (p<0.05) from sawdust and control at 12 months. However, significant difference in leaf area was observed in all the mulching materials at 12 months. The highest plant height, stem girth, leaf number and leaf diameter was observed with EFB mulch at 12 MAP with means of 139.05 cm, 16.89 cm, 13 leaves and 0.52 respectively. The lowest plant height, stem girth, leaf number and leaf area at 12 MAP was recorded in the control with a mean values of130 cm, 14.08 cm, 12 leaves and 0.25 cm2 respectively. At every MAP, EFB and black polythene had the highest effects(p<0.05) on oil palm seedlings growth while the control had the least. While the growth of oil palm seedlings using the different mulching materials was relatively good probably due to amendment of the soil used with EFB compost, for optimal growth of oil palm seedlings, EFB and black polythene mulches are best recommended for use. 
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1. INTRODUCTION
Mulching is widely recognised as an effective agronomic practice for conserving soil moisture and nutrients, while simultaneously enhancing crop productivity (Nyasapoh et al., 2024). It involves covering the soil surface around the base of crop plants with a layer of mulching material, typically 15–20 cm thick. Various materials such as dry grass, empty fruit bunches, leaves, polythene sheets and other organic residues may be used for this purpose. The application of mulch helps to retain soil moisture, suppress weed growth and improve the overall physical condition of the soil.
In oil palm cultivation, particularly during the establishment phase, mulching of polybag-grown seedlings in the nursery with materials such as bunch refuse, shredded polythene, sawdust, grass, wood shavings and kernel shells during the dry period has been reported to reduce soil temperature and promote improved seedling growth (Iremiren, 2009). Furthermore, mulching has been shown to positively influence several plant growth parameters, including number of leaves, plant height and stem girth, while also reducing the incidence of blast-affected seedlings at six months after sowing (Iremiren, 2009).
Plant productivity is fundamental for sustainable palm oil cultivation (Ibragimov et al., 2019). Nutrient availability significantly influences oil palm growth (Kamal and Manan, 2020). The significant impact of mulching on plant production is mostly determined by the soil nutrient concentration (Dong, et al., 2017). Mulching practices improve soil moisture and enzyme activities in dry lands, and also enhance enzyme activity related to nutrient cycling (Song et al., 2024). With the gradual release of nutrients, such as N, P, and K in the soil, and organic mulch materials, soil nutrients are absorbed and transformed by plants increasingly, and therefore the effect of mulch technology to increase productivity can be apparent (Ni, et a 2016; Renáta et al., 2020). Soil properties may show varying effects to the different mulch treatments (Ni, et al., 2016). 
Agriculture is the world’s largest water user, accounting for about 70 % of total consumption. Water scarcity during dry season constraints oil palm seedlings production. As a result, water management is critical in oil palm seedlings production. Mulching using both organic and inorganic materials conserve soil moisture and can increase soil condition. Different organic mulches such as bark(hardwood), bark(softwood), leaf mulch, grass clippings, compost manure and municipal tree waste (Orji et al., 2024) increase soil fertility, improve soil physical condition, prevent soil erosion and increase growth when applied. The incorporation of organic amendments can improve the distribution of soil pore sizes, thereby enhancing soil water-holding capacity. This improvement increases the availability of soil moisture, enabling plants to utilise water more efficiently over an extended period (Hartatik et al., 2017; Ichsan et al., 2012). In oil palm cultivation, particularly during the nursery phase, the optimisation of compost application together with appropriate determination of irrigation volume and frequency plays a critical role in ensuring successful crop establishment. The application of fortified organic fertiliser at a rate of 200 g per plant in the main nursery has been reported to enhance plant growth and improve soil fertility, representing a viable alternative to inorganic fertilisers commonly used during the nursery stage (Shampazuraini et al., 2016).
Mulching materials also influence crop productivity and economic returns. For instance, the use of film-based mulches, such as black or blue polythene, under zero-tillage conditions has been reported to produce higher yields and benefit–cost ratios compared with straw mulch in coastal lowland environments (Mollah et al., 2025). Similarly, Xu et al. (2023) observed that plastic film mulching increased potato yield by 27% and improved water use efficiency (WUE) by a comparable margin. These improvements were attributed to favourable modifications in soil hydrothermal conditions, including a reduction in cumulative temperature ≥10°C. Furthermore, Zahed et al. (2025) reported that plastic mulches, particularly black polythene mulch, reduced soil pH, electrical conductivity and bulk density, while enhancing soil moisture retention and improving soil thermal regimes.
The nursery stage represents a critical preliminary phase in oil palm cultivation, requiring approximately one year of preparation prior to field transplantation. Consequently, effective nursery management is essential for ensuring the successful establishment of seedlings (Ariyanti et al., 2017). Oil palm nurseries are generally divided into two distinct phases: the pre-nursery phase, which lasts for approximately three months, and the main nursery phase, which extends for about nine months (Sulardi, 2022). During these stages, appropriate seedling management practices, including the provision of optimal fertilisation, are necessary to promote vigorous growth and healthy development (Santi and Goenadi, 2016). Oil palm is a major cash crop that makes a substantial contribution to the economies of many countries, particularly in tropical and subtropical regions where it is extensively cultivated. Oil palm is the world’s leading oil crop. It produces two types of oil: palm kernel oil and palm oil which used for human consumption and industrial purposes. However, successful establishment of oil palm plantation is currently facing challenges due lack of vigorous and sufficient oil palm seedlings. Overcoming these challenges requires proper nursery management that conserve moisture and keeps nurseries moist for optimum seedlings growth. Consequently, evaluating the potentials of different materials as mulches in conserving moisture in oil palm nurseries has become necessary. The objective of this study was to evaluation the effect of different mulching materials on oil palm seedlings growth in sandy soil amended with EFB compost. 
2. MATERIALS AND METHODS
 2.1 Description of study area: 
The experiment was carried out in a greenhouse at the Nigerian Institute for Oil palm Research (NIFOR), near Benin City, Edo State of Nigeria. NIFOR is in the rainforest agroecological zone of Nigeria. The experimental site lies on longitude 5°41 and 5°87'E and latitude 6°66' and 6°60'N and altitude 149 m above sea level. The area has a bimodal rainfall pattern with two distinct seasons. The wet season is between April and October while the dry is between November and March respectively. The soil in the study area has been classified as Orlu series (Ogunkunle, 1983).
2.2 Experimental procedures 
The study used pots in the form of polybags measuring 30 cm x 33 cm filled with 7 kg of dry soil and 0.5 kg of empty fruit bunch (EFB). The experiment consists of four treatments/mulching materials: empty bunch refuse (EFB) mulch, sawdust mulch, polythene mulch (black) and control (no mulch) applied in 32 pots/polybags replicated three times in Randomized Complete Design (RCD) giving a total of 96 pots/polybags. The oil palm seedlings from the pre-nursery aged 3 months were then transplanted into the prepared pots. Prenursery seedlings were acquired from NIFOR at four-leaf-stage. Seedlings were maintained in the main nursery phase for 12 months in the screen house. The distance of the plants between the pots is 45 cm by 45 cm distance apart. EFB was sourced from NIFOR oil palm plantation and broken into smaller sizes before use. After obtaining the soil used for the experiment, it was pulverised to break any larger soil clod and the non-soil materials were removed.   
2.3 Data collection
Growth parameters measured during the experiment include plant height (cm), stem girth (cm), leaf number and leaf area (cm²). The growth data were collected at 6 months, 9 months and 12 months after planting(MAP). Oil palm seedling height was measured with a graded metre rule from the palm base to the tip of the grown up leaf. The girth or circumference of the palm base was measured using a thread and then placed on a graduated metric ruler for reading and recording. The number of leaves was counted on those that have completely open. The leaf area was measured on the third leaf that had completely opened, as described by Corley and Fairhurst (2003). In this method, leaf area is obtained as:
Leaf Area(cm2) = AfxNfx/10,000
Where:
Af= Total leaf area per frond(cm2)
Nf= Number of green leaves per palm
	
2.4 Statistical analysis 
All data collected were subjected to analysis of variance (ANOVA) and the means separated using Duncan Multiple Range Test at 5 percent level of probability. 
3. Results	
3.1 Mean plant height of oil palm seedling at 6, 9 and 12 months after planting as affected by mulching materials
Table 1 showed the mean effect of different mulching materials on the growth of oil palm seedlings in the screen house. The different mulching materials had a significant effect (P<0.05) on oil palm seedlings height at  6, 9 and 12 MAP. The results revealed that at all the MAP, EFB consistently gave the highest oil palm height which was significantly (p<0.05) different from other mulching materials including the control. The control consistently gave the least plant height. The oil palm height was in the order of EFB>polythene mulch>sawdust>control in all the MAP. The plant height increase steadily with increase in time period or months. The means of plant height at 6 MAP in EFB, polythene mulch, sawdust and the control were 60.04 cm, 58.83 cm, 55.92 cm and 53.59 cm respectively while in 12 MAP, the mean values of plant height obtained were 139.05 cm, 137.75 cm, 130.84 cm and 130.42 cm in EFB, polythene mulch, sawdust and the control accordingly. 
3.2 Mean stem girth of oil palm seedling at 6, 9 and 12 months after planting as affected by mulching materials
Table 2 shows the results of oil palm seedlings stem girth at different months after planting. The results showed that at 6 MAP, there was no significant difference(p>0.05) in stem girth between EFB, polythene, sawdust and the control soil seedlings. Conversely, at 9 MAP, stem girth was significantly higher(p<0.05) in EFB than polythene mulch sawdust were not significantly different(p>0.05) from other while the control had the least stem girth value. Similarly, at 12 MAP, EFB and polythene significantly (p<0.05) had the highest stem girth values which didn't differ significantly from each other but completely different from sawdust and control. The means of stem girth at 6 MAP were 8.73 cm, 8.17 cm, 7.92 cm and 7.77 cm in EFB, polythene, sawdust and control soils, at 9 MAP, means we're 12.83 cm, 11.9 cm, 11.04 cm and 9.58 cm in EFB, polythene, sawdust and control while at 12 MAP, the average stem girth values were 16.89 cm, 16.21 cm, 15.31 cm and 14 .08 cm respectively. 
3.3 Mean leaf number of oil palm seedling at 6, 9 and 12 months after planting as affected by mulching materials
The results oil palm seedlings leaf number as affected by different mulching materials are presented in Table 3. The table revealed that only EFB and polythene mulches significantly (p<0.05) increased oil palm number of leaves. While EFB and polythene mulches were not significantly (p>0.05) different from each other in leaf number, there were significantly (<0.05) higher and different from sawdust and the control. Sawdust mulch soils and the control soils didn't vary significantly(p<0.05) in their leaf number. The number of leaves increased with the number of months. The means of number of leaves was 8 in EFB and polythene, and 7 in sawdust and control at 6 MAP, 12 in EFB and 11 in polythene, sawdust and control at 9 MAP and 13 in EFB and polythene mulches, and 12 in sawdust and control at 12 MAP. 
3.4 Mean leaf area of oil palm seedling at 6, 9 and 12 months after planting as affected by mulching materials 
Table 4 shows the results of leaf area of oil palm seedlings at different periods after planting as affected by different mulching materials. The results obtained indicated that at 6 MAP, the different mulching materials didn't have effects on oil palm seedlings leaf area as there was no significant difference(p>0.05) in leaf area between the different mulching materials. Contrarily, at 9 MAP, EFB had significantly. (p<0.05) the highest leaf area followed by polythene and sawdust while the control had the least leaf area. Furthermore, at 12 MAP, EFB had highest leaf area and significantly(p<0.05) higher than other mulches. Polythene and sawdust were not significantly(p>0.05) different from each other in their leaf area but different and higher than the control at 12 MAP. No significant difference between leaf area among the mulching materials may be due to fact that 6 months is not long enough for impacts of these materials to manifest. 
At 6 months, each of the treatment had the same mean value of 0.03 cm2.. At 9 MAP, the means of leaf area were 0.31, 0.21, 0.21, and 0.19 cm2 in EFB, polythene, sawdust and unmulch respectively whereas at 12 MAP, 0.52 cm2 , 0.46cm2, 0.40 cm2 and 0.25 cm2 in EFB, polythene, sawdust and control.
 Table 1: Mean height of oil palm seedling at 6, 9 and 12 month after planting as affected by mulching material
	Mulching material
	Height (cm)
	Sig dif

	
	6 months
	9 months
	12 months
	

	EFB
	60.04a
	95.83a
	139.05a
	**

	Black polythene 
	58.83b
	96.84b
	137.75b
	**

	Sawdust 
	55.92c
	94.15c
	130.84c
	**

	Control 
	53.59d
	89.29d
	130.42c
	**


Means with the same superscript letter on the same column are not significantly different (p > 0.050). ** significantly different on the same row, NS: not significantly difference, EFB = Empty fruit bunch
Table 2: Mean stem girth of oil palm seedling at 6, 9 and 12 month after planting as affected by mulching material
	Mulching material
	Girth (cm)
	Sig dif

	
	6 months
	9 months
	12 months
	

	EFB
	8.73a
	12.83a
	16.89a
	**

	Black polythene 
	8.17a
	11.9b
	16.21a
	**

	Sawdust 
	7.92a
	11.04b
	15.31b
	**

	Control 
	7.77a
	9.58c
	14.08c
	**


Means with the same superscript letter on the same column are not significantly different (p > 0.05).** ).** significantly different on the same row, NS: not significantly difference, EFB = Empty fruit bunch
Table 3: Mean leaf number of oil palm seedling at 6, 9 and 12 month after planting as affected by mulching material
	Mulching material
	Leaf number
	Sig dif

	
	6 months
	9 months
	12 months
	

	EFB
	8a
	12a
	13a
	**

	Black polythene 
	8a
	11b
	13a
	**

	Sawdust 
	7b
	11b
	12b
	**

	Control 
	7b
	11b
	12b
	**


Means with the same superscript letter on the same column are not significantly different (p > 0.05). ** Significantly different on the same row, NS: not significantly difference, EFB = Empty fruit bunch



Table 4: Mean leaf area of oil palm seedling at 6, 9 and 12 month after planting as affected by mulching material
	Mulching material
	Area (cm2)
	Sig dif

	
	6 months
	9 months
	12 months
	

	EFB
	0.03a
	0.31a
	0.52a
	**

	Black polythene 
	0.03a
	0.21b
	0.46b
	**

	Sawdust 
	0.03a
	0.21b
	0.40b
	**

	Control 
	0.03a
	0.19c
	0.25c
	**


Means with the same superscript letter on the same column are not significantly different (p > 0.05). ** significantly different on the same row, NS: not significantly difference, EFB = Empty fruit bunch

4. DISCUSSION 
Similar to the results of this present study, Imogie et al, (2022) reported a plant height of 138 cm in 12 months oil palm seedlings when 28 g of NPK Mg fertilizer was applied to the soil amended with EFB compost in NIFOR. In the way, Ekhator et al. (2019) recorded a plant height of 119.9 cm and 127cm in a related study NIFOR main nursery. However, in this study, at 12 MAP, EFB mulching material recorded the highest plant height mean value of 139.05 cm while the control plot had the lowest mean value of 130.42 cm respectively. This study clearly showed that mulching material contributed to the growth of oil palm seedling in the screen house in soil treated with 0.5 kg of empty fruit bunch (EFB) before planting. The observed increase in plant height in the present study may be attributed to the incorporation of organic matter into the soil prior to planting. In addition, the greater height of oil palm seedlings recorded in the mulched treatments compared with the control could be associated with the beneficial effects of mulching materials in reducing soil temperature and improving overall soil conditions, thereby facilitating enhanced seedling growth. These findings are consistent with the observations of Nyasapoh et al. (2024), who reported that the utilisation of agricultural residues, such as empty fruit bunches (EFBs) derived from oil palm (Elaeis guineensis Jacq.), either as mulch or incorporated into the soil as an organic amendment, can enhance soil moisture and nutrient retention, ultimately leading to improved crop growth and yield.
[bookmark: _GoBack] Adnan et al. (2015) also found that the application of mulching materials significantly increased oil palm seedlings growth in their study. Since the nursery phase is a preliminary stage requiring one year of preparation before field planting, proper nursery management is essential for oil rapid growth and full establishment in the field (Ariyanti 2017). Bakar et al. (2011) reported that application of EFB to soils led to approximately 49.2% increase oil palm seedlings growth parameters. Hapsos et al., (2020) suggested using empty oil palm bunches in combination with biological fertilizers to reduce NPK doses. The application of organic amendments to replenish soil nutrients has been widely recommended, particularly for resource-poor farmers (Oppong Danso et al.). Organic amendments contribute to the improvement of soil organic matter content, enhance soil fertility, and assist in the restoration of degraded soils (Rickson et al., 2015). In resource-limited regions, the utilisation of locally available bio-wastes, such as empty oil palm fruit bunches (EFBs), has been identified as a sustainable strategy for improving soil water retention and nutrient availability, thereby promoting soil conservation and enhancing soil fertility (Sung et al., 2010; Moradi et al., 2015).
Mulching practices have also been reported to influence crop productivity and economic returns. For example, the use of film mulches, particularly black or blue polythene mulch under zero-tillage conditions, resulted in higher yields and benefit–cost ratios compared with straw mulch in coastal lowland environments (Mollah et al., 2025). Similarly, Xu et al. (2023) reported that plastic film mulching increased potato yield by 27% and improved water use efficiency (WUE) by a comparable proportion. These improvements were associated with favourable modifications in soil hydrothermal conditions, including a reduction in cumulative temperature ≥10°C. Furthermore, Zahed et al. (2025) observed that plastic mulches, particularly black polythene, reduced soil pH, electrical conductivity and bulk density, while simultaneously enhancing soil moisture retention and improving soil thermal conditions.
Several studies have also highlighted the beneficial role of organic mulching materials in oil palm nurseries. Hariyadi et al. (2019) reported that the use of organic mulches produced superior results in improving the growth performance of oil palm seedlings during both the pre-nursery and main nursery stages. The findings of the present study are consistent with those reported by Hastuti (2021), who indicated that the application of organic mulch can indirectly increase seedling stem girth, as it provides essential nutrients that support early-stage growth and development of oil palm seedlings.
The use of EFB mulch could now serve as promising means of moisture conservation in nurseries for production of healthy and vigorous oil palm seedlings. 
 
5. Conclusion 
The results obtained revealed that soil mulched with EFB gave the highest growth parameter values compared to other mulch materials. The influence of mulch materials on oil palm seedlings was in the order of EFB>polythene >sawdust>control. It recommended that better soil moisture conservation and the growth of oil palm seedlings, EFB and polythene mulches should be used. 
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