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Abstract

The decline in soil fertility is considered the primary degradation process in major abaca-growing regions, as
prolonged intensive cultivation has occurred without the application of fertilizers, leading to nutrient depletion in
the soil. Abaca (Musa textiles, Nee) is cultivated alongside with anii, narra, coconut, fruit trees, and various forest
trees. As a shade-loving plant, there is a wide area for possible abaca production expansion in the Zamboanga
Peninsula. However, the soil fertility status of established abaca under different agroecosystems were not
determined. Assessment of soil fertility status of the major abaca agroecosystems can help draw sound nutrient
management strategy. The results indicate that the abaca agroecosystem possesses favorable soil texture, bulk
density, and water-holding capacity. As far as the result of analyses after assessment, abaca agroecosystems
demonstrate low levels of organic matter, soil organic carbon, nitrogen, phosphorus, exchangeable bases, and
available manganese, zinc, and copper, while exhibiting high levels of available iron. An inverse relationship
between soil pH and water holding capacity (WHC); soil pH and available zinc; and bulk density and soil organic
carbon content were observed. The addition of organic matter or fertilizers is essential for sustaining soil fertility
and ensuring long-term productivity.
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INTRODUCTION

Soil, a crucial natural resource, is currently grappling with numerous environmental challenges.
Soil is responsible for critical functions within the ecosystem, such as supporting plant growth,
largely regulating the flow of water through the hydrologic cycle, recycling waste products
from society and nature, modifying the composition and properties of the atmosphere,
providing habitat for a vast array of organisms, and serving as construction material and support
for building foundations in built environments. (Brady, N. & Weil, R., 2008). Soils are
indispensable for the existence of life on this planet. Although people may not realize it, their
dependence on the ecological functions of soil is growing. The decline in soil fertility is a
problem in many tropical countries. Therefore, protection from this important resource is
necessary.

Intercropping is recognized as a sustainable technique that helps preserve and enhance the
health, quality, and fertility of soil (Oelbermann et al., 2015; Chapagain and Riseman, 2014;
and Dyer et al., 2012), and often boosts production and provides ecosystem benefits (Zhi et
al., 2007). The implementation of intercropping in farming systems can yield substantial
ecological and economic advantages, thereby augmenting the resilience and sustainability of
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the agricultural sector resulting in enhanced long-term profitability and yield stability (Glaze-
Corcoran et al., 2020).

Abaca (Musa textiles, Nee) known worldwide as Manila hemp, is endemic to the Philippines
and grown primarily for its fiber (Bande et al., 2013). About 97.0% of the total abaca
production in the country is exported which generated an equivalent of more than Php8 billion
revenue in 2019 (PhilFIDA, 2019). As a shade loving crop, it has good potential as intercropped
into agroforestry systems. On Leyte Island, abaca-based agroecosystems are concentrated in
mountainous areas where abaca is usually planted in the shade beneath tall trees or coconuts
(Armecin and Gabon, 2008). The abaca farmers employed the multistorey cropping system,
and commonly cultivated alongside abaca are anii, narra, coconut, fruit trees, and certain forest
trees (Armecin, et al., 2011), and offers potential sources of income for small-scale tree farmers
(Gonzal, 2005).

Abaca is one of the champion commodities in the Zamboanga Peninsula, alongside rubber,
coconut, mango, seaweeds, and fish and fish products. Approximately 51% of the terrain is
characterized by undulating topography, which includes sharp inclines and altitudes varying
from 100 to 1,000 meters above sea level (Department of Trade and Industry, n.d.). A total of
400,000 hectares of land is potential for abaca plantation expansion (BSWM, 2019). Soil
fertility decline is believed to be the predominant degradation process occurring in the most
abaca growing areas. Intensive abaca cultivation in these areas has been done for years without
applying any fertilizer as supplement to the crop (Lacuna-Richman, 2002).

This would lead to the depletion of the nutrient reserve in the soil that would cause significant
reduction of the fiber yield. In this particular plant part (i.e., harvested fiber) some of the
essential nutrients, such as potassium (k) and iron (Fe), predominate, which could be
considered as potential risk of nutrient depletion due to crop removal (Armecin, 2008).

Nevertheless, combining abaca to other perennial crops like coconut, falcata, rubber, and fruit
trees is believed to have an impact on soil fertility. Planting of native tree species to
rainforestation rehabilitate degraded lands is an effective approach in restoring the functions of
an abaca-based agroecosystem by improving soil quality suitable for the crop (Bande et al.,
2016). However, there is limited information of soil fertility across different abaca
agroecosystem. Assessment of soil fertility status of the major abaca agroecosystems in
Zamboanga Peninsula can help draw sound nutrient management strategy. This will also serve
as guide for government institutions in formulating programs for sustainable abaca production.

MATERIALS AND METHODS
Study Site

This study was conducted in Zamboanga Peninsula particularly in municipalities of Aurora and
Molave in Zamboanga del Sur; Kalawit, Zamboanga del Norte; and Naga, Zamboanga Sibugay
where major abaca plantations of different agroecosystem is located. The Zamboanga
Peninsula region is located at the southernmost part of the Philippine archipelago, at the
western tip of the island of Mindanao.
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Approximately 51% of the terrain is characterized by undulating topography, featuring sharp
inclines and altitudes ranging from 100 to 1,000 meters above sea level. While about 310,000
hectares of coconut land offer potential for multi-cropping and grazing, about 60,000 hectares
of agricultural land remain idle. The region experiences climates classified as Types 3 and 4.
Year-round rainfall occurs, but dry weather dominates from December to May. The mean
annual precipitation is 2,372 millimeters, making it advantageous for agricultural activities
(Department of Trade and Industry, n.d.).

The abaca agroecosystems considered in the study were the following: abaca under coconut,
abaca under falcata, abaca under rubber, and abaca under mixed trees (fruit trees and other
trees). The study had an area of not less than 1.0 hectare each agroecosystem. Identification
and validation of sites was coordinated with Philippine Fiber Industry Development Authority
Regional Office IX. The study was conducted from May 2024 to September 2024.

Soil Sampling Collection

We established three (3) 200-meter sampling plots in each agroecosystem. We collected
composite samples from various points within each plot. Soil samples were collected to the
same depth of 30 cm. Samples were air-dried, ground with a mortar and pestle, sieved to <2
mm mesh size, and submitted to Central Mindanao University- Soil and Plant Analysis
Laboratory (CMU-SPAL) in Musuan, Maramag, Bukidnon, and in Regional Soils Laboratory
in Butuan City, Caraga, for analysis. Table 1 provides brief descriptions of the sampling areas.

FIGURE 1. Map of sampling sites under different agroecosystem.
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Soil Laboratory Analyses

Bulk density was determined by driving an improvised metal canister (6 cm diameter and 10
cm height) into the 10-20 cm soil and was dried in drying oven at 105° C for maximum of 48
hrs (DPRID, 2021). The hydrometer method was used in the soil texture determination.

The soil pH was determined using pH meter following 1:1 soil to water ratio. The organic
matter (%) was determined following the Walkley-Black Method. The measure for available
phosphorus was determined through Olsen Method.

The exchangeable basic cations (K*, Ca**, Mg?*, and Na") were extracted with M ammonium
acetate at pH 7. The CEC of the soil was determined from ammonium acetate saturate sample.
The available Mn, Fe, Zn, and Cu was determined using the DTPA (Diethylenetriamine Penta
acetic acid) extraction- Microwave Plasma-Atomic Emission Spectrometry method.

Pearson correlation is used to determine the relationship between soil physical and chemical
properties using the Statistical Tool for Agricultural Research (STAR).

Table 1: Descriptions of the Sampling Areas of Different Abaca Agroecosystem in
Zamboanga Peninsula

Type of Location Altitude Elevation Land Use History
Agroecosystem (masl)
Brgy. Romarate, Abaca were planted 14 years ago
Abaca under Aurora, 7°56'53.42"N 3152 under a 40 years old coconut
coconut Zamboanga del 123°35'30.05"E ‘ trees. Some weeds such as
Sur kudzu, lantana, ferns, etc.
Brgy. Bag-ong
Abaca under Argao, Molave, 8°11'39.93"N 4163 F:li:t: treeshylveriplanted 7
falcata Zamboanga del 123°30'7.45"E ' Y ago Whlle abaca was
Sur established 3 years ago.
Brgy. Poblacion,
Abaca under Kalawit, 7°55'31.22"N 1972 Abaca were glﬁnteg more 15
mixed trees Zamboang del 122°32'51.11"E ' years ago and hias beeh grown
under fruit trees and other trees.
Norte
Rubber plantation was
Bray. Sulo, Naga es'tablishec'l about 2 decades ago
Abaca under Zaml.)oang;l > 1 7°51'1.65"N 1333 with planting distance of 3m x
rubber Sibuca 122°41'0.95"E ‘ 2.5m x 23m. Abaca was
gay established 6 years but did not
harvest since 2020.

RESULTS and DISCUSSION
Soil Physical Properties of the Different Abaca Agroecosystem

The soil's physical characteristics directly influence its supporting capacity, the flow, retention,
and availability of water and nutrients to plants, the ease of root penetration, and the passage
of air and heat. Physical characteristics also influence chemical and biological characteristics
of the soil (Phogat et al., 2015). Previous studies have shown that agroforestry has good bulk
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density values (0.78—1.05 g cm™) that allow roots to penetrate (Dori et al., 2022). These values
are much lower than those soil found in agriculture cropping fields (Rawat et al., 2018).
According to Hailie et al. (2021), increased soil organic matter supported moisture
conservation, resulting in a higher soil moisture content below the tree canopy compared to
open areas. In line with the fact that agroforestry has a positive effect on soil properties, we
focused on how the different abaca-based agroecosystems affect soil physical properties in this
section (Table 2).

Soil texture

Two soil textural classifications predominate in this study. The abaca cultivated in coconut,
falcata, and rubber agroecosystems has a loamy soil texture, whereas the abaca in mixed
agroecosystems has a sandy soil texture. Loam soil is better for farming because it holds more
water and nutrients. Sandy soils, on the other hand, lose water and nutrients more easily, have
less organic matter, don't swell or shrink as much, and let more nutrients and pollutants wash
away (Phogat et al., 2015).

The abaca plants require fairly rich, well-drained, loamy soil for cultivation. Meanwhile,
falcata can grow on a wide range of soils; it does not require fertile soil; it can grow well on
dry soils and damp soils as long as the drainage is adequate (Lemmens and Soerianegara, 1995).
On the other hand, according to Khan et al. (1979), as cited by Thomas et al. (2018), palm trees
can thrive in a wide variety of soil types, including clayey soils and poorly drained low-lying
areas.

Although the practices of agroforestry do not directly change the texture of the soil, they can
affect the properties of the soil that interact with the texture. In agroforestry systems, for
example, organic matter inputs can enhance nutrient retention and water holding capacity in
sandy soils, while in clayey soils they can decrease density and improve aeration
(Hombegowda et al., 2022).

Bulk density (BD)

Bulk density is a measure of soil compaction. While low bulk density points to a well-structured
soil with sufficient pore spaces, high bulk density can limit root development and water
absorption. The bulk density of the various agroecosystems in this study varied from 0.99 to
1.24 g/cm?. Values obtained in all agroecosystems are considered good since they do not exceed
the critical limit for such soil parameters.

The amount of organic matter, its management, particle size, and soil texture determine the best
and worst levels of BD in soil (Reichert et al., 2009). Agroforestry systems usually have less
bulk density because of the activities of soil animals like earthworms that break up organic
matter and the addition of organic matter through litter fall, fine root recycling, and twigs
(Cardinael et al., 2019). For instance, Tshepiso et al. (2005) found that agroforestry systems
result in lower bulk densities than non-agroforestry areas.

Bulk densities were lower in rubber tree plantations compared to annual cropping systems, as
reported by Araujo et al. (2004). This may result from reduced soil disturbance caused by tillage
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and equipment usage, as well as the establishment of multi-crop systems with varying rooting
depths to soften compacted soil layers.

Water Holding Capacity (WHC)

The estimation of a soil's water holding capacity (WHC) is crucial in agriculture, providing a
clear method for assessing the required moisture content for optimal plant growth and water
infiltration (Viji and Rajesh, 2011). Management decisions regarding crop types, plant
populations, irrigation scheduling, and nitrogen fertilizer application are influenced by the
moisture availability for the crop during the growing season. Understanding the physical
characteristics of soil allows for an improved understanding of the advantages and
disadvantages associated with various soil types.

This study shows that abaca cultivated within a falcata agroecosystem exhibits the highest
water holding capacity, followed by abaca in coconut, rubber, and mixed agroecosystems. This
could potentially be attributed to a higher percentage of clay particles and organic matter in the
soil of abaca within the falcata agroecosystem. Soil texture influences the water retention
capabilities of soils of different locations, as soils with high clay percentage or both (high clay
percentage and organic matter content) tend to have high WHC (Ogunkunle, 2010).
Meanwhile, tree species add litter, which acts as a protective layer to maintain soil physical
properties like soil moisture conservation, shield against soil compaction, and reduce soil losses
from erosion or leaching (Xiong et al., 2008).

Table 2: Soil physical analyses result of the different abaca agroecosystem

Type of Agroecosystem Soil Texture Bulk Density (g/cm?) WHC (%)
Abaca under Coconut Sandy Loam 1.19 74.44
Abaca under Falcata Sandy Clay Loam 1.02 90.32
Abaca under Mixed Loamy Sand 1.24 54.77
Abaca under Rubber Sandy Clay Loam 0.99 64.96

Soil Chemical Properties of the Different Abaca Agroecosystem

Understanding the interaction of chemical properties in soil is essential for assessing its
capacity to store and release nutrients, ensuring sustainability, and maintaining nutrient cycling,
plant biomass, and organic matter (Schoenholtz et al., 2000). Soil chemical indicators include
soil pH, cation exchange capacity (CEC), organic matter, and nutrient levels (Kelly et al.,
2009).

Cropping pattern is found to have influence on the chemical composition of the soil. In
agroforestry system, previous studies have shown synergistic effects and changes in the soil
chemical properties. These changes include increased agricultural productivity and improved
soil fertility, nutrient loss reduction, soil organic matter increment, and make nutrient cycling
easier. This can also lead to higher levels of nitrogen, phosphorus, and potassium in the soil
(Dori et al., 2022; Hailie et al., 2021; Aschalew and Zebene, 2018; Zebene, 2016).

In the study of Niu et al. (2021) with the Quercus leucotrichophora-based agroforestry system,
they observed that this system was superior in enhancing soil fertility compared to other
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agroforestry systems and open cropping systems. Considering the importance of agroforestry
in the Philippine economy, this section examines the impact of various abaca-based
agroecosystem on soil chemical properties. Results on soil chemical properties are shown in
Table 3.

Soil pH

The soil's pH affects nutrient availability, microorganism activity, and overall health.
Decomposing tree litter and root exudates releases organic acids and other compounds into the
soil, which can affect soil pH. Soil pH serves as a critical indicator, as it directly correlates with
nutrient availability and solubility, while also influencing microbial activity. Consequently, pH
assessment enables the prediction of nutrient availability potential within a specific production
system (Sousa et al., 2007).

The result of this study indicates that soil pH in abaca under different agroecosystems varies
from medium acidic (coconut), strongly acidic (mixed trees and rubber) and very strongly
acidic (falcata). The chemical processes in legumes like falcata, which produce ammonium,
could explain the strong acidity in abaca under the falcata agroecosystem. The conversion of
ammonium to nitrate allows it to combine with basic cations, such as calcium, magnesium, and
potassium, which then leach from the topsoil into the subsoil. Soils become more acidic as H
ions replace these bases.

Rhoades and Binkley (1996) also observed a decline in soil pH from 5.9 to 4.6 in stands of
Albizia falcataria (L.) Fosberg, which they attributed to increased acidification of the soil
exchange complex. However, in the study of Sileshi et al. (2020), adding leguminous trees to
agroforestry systems can help neutralize soil acidity and make more nutrients available, which
makes the soil more fertile. Nevertheless, several studies show similar results indicating that
an area in agroforestry system has significantly lower soil acidity (pH) than an area without
one (Solanki, 2011; Kumar et al., 2008; Newaj et al., 2007).

Cation Exchange Capacity (CEC)

Soil CEC quantifies the soil's capability to retain and exchange cations, including calcium,
magnesium, sodium and potassium. A higher cation exchange capacity (CEC) signifies
enhanced nutrient retention and accessibility for plants. The abaca under coconut recorded the
highest cation exchange capacity (CEC) value at 20.21 me/100g. The abaca under falcata has
a CEC of 14.51 me/100 g, while the abaca under rubber has a CEC of 10.67 me/100g. The
abaca under mixed agroecosystem has the lowest CEC of 9.36 me/100g.

This may be associated with its soil texture, where coarse-textured, sandy soils have relatively
low CEC because they have low clay content and typically low organic matter content.
Agroforestry systems can improve cation exchange capacity (CEC) by incorporating organic
matter, thereby augmenting the number of exchange sites in the soil. Trees in agroforestry
systems provide a consistent supply of organic residues, thus preserving and improving soil
cation exchange capacity over time (Fahad et al., 2022).
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Soil Organic Carbon

Organic carbon (OC) improves soil physical properties and nutrients, making it one of the most
important soil quality evaluation indices (Lal, 2004; Hammad et al., 2020). The SOC content
of abaca under mixed agroecosystem (1.22%) has the lowest SOC content; followed by abaca
under coconut (1.39%); and abaca under falcata (1.59%). The SOC content of abaca under
rubber has the highest with 1.89%. It is the only agroecosystem in this study that has a little
more than the critical concentration suggested for crop production in low-input tropical soils
(Okalebo et al., 2002). Research has shown that agroecosystems possess comparatively low
soil organic carbon (SOC) levels and exhibit sensitivity to environmental fluctuations (Minasny
et al., 2017; Sanderman et al., 2017).

The high temperatures in the Philippines allow for rapid decomposition of organic matter aside
from not applying any fertilizer to the crops, resulting in generally low levels of soil organic
carbon in all abaca agroecosystem. In the study of Rawat et al. (2018), SOC content was
significantly higher under the tree species (0.93 — 1.07%) as compared to agriculture field
(0.75%). Effective management of crop residues can improve soil organic matter content
(Singh et al., 2005). Some of the things that may help increase the SOC content of soil in tree-
based systems are the addition of litter, the yearly recycling of fine root biomass and root
exudates, and the slower oxidation of organic matter when trees are nearby (Gill and Burman,
2002).

Additionally, trees typically contain lignified cells in their litter, small branches, bark, roots,
and other plant parts that may help biochemically in stabilizing the soil's organic carbon, thus
raising the soil's SOC content (Six et al., 2002). In tropical regions, the incorporation of trees
into agricultural systems has demonstrated an increase in soil organic carbon levels, thereby
enhancing soil fertility and productivity (Lorenz & Lal, 2014).

Available Nitrogen

Abaca under rubber agroecosystem has the most available N of 0.1633%; followed by abaca
under falcata with 0.1367%; abaca under coconut with 0.1200%; and abaca under mixed
agroecosystem with 0.1050%. The available nitrogen (%N) in all agroecosystem is considered
low. Although there is an addition of organic residue in the form of tree litter and fine root
biomass in the soil in all abaca agroecosystems, the deposition is merely not enough to increase
the soil's available N to a sufficient level. This may also be caused by the extreme heat
experienced in the past months in all areas, resulting in low organic matter levels and
consequently affecting the soil’s available N.

In addition, farm owners do not apply any fertilizer or organic matter sources in their areas.
Despite the low availability of N in all agroecosystems in this study, it still surpasses the amount
found in agriculture alone by 0.0485% (Rawat et al., 2018). Moreover, Osman et al. (2001)
found that the soil with an agroforestry system had a higher available N content than the soil
without one. In the study of Chaudhry et al., (2007) in a polar-based agroforestry system,
surface organic wastes decomposed more actively resulting in the highest concentration of
available nitrogen in the surface layer.
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Similarly, studies have shown that integrating Faidherbia albida into cropping systems
increases soil nitrogen levels and improves crop yields in African agroecosystems (Yengwe, J.,
2017). Conversely, Dori et al. (2022) found no significant difference in available soil nitrogen
when comparing parking land, home garden, and forest system soils. This result is also similar
to the previous studies of soil available N of the different agroforestry (Karki et al., 2021;
Thiago et al., 2016; Zebene and Goran, 2007).

Extractable Phosphorous

Phosphorus is a critical macronutrient essential for plant growth and metabolic processes. Plant
activities, including growth, respiration, and reproduction, are largely dependent on the
phosphorus levels present in the soil (Wagh et al., 2013). Abaca under the falcata
agroecosystem has the most exchangeable phosphorus with 4.33 ppm, followed by abaca under
coconut with 4.00 ppm, abaca under mixed with 2.33 ppm, and abaca under rubber with 2.00
ppm. All abaca agroecosystems exhibit low exchangeable phosphorus in their soil. This result
could potentially be caused by the low organic matter content of the soil in all abaca
agroecosystems. The phosphorus content in the soil was greater in higher topographic positions
compared to soils in lower topographic positions (Singh and Rathore, 2013). Adequate
phosphorus availability enhances early plant growth and accelerates maturity (Solanki and
Chavda, 2012). Soil exhibiting minimal leaching is recognized to have a higher concentration
of phosphorus relative to soil with extensive leaching (Ashraf et al., 2012). The abaca plant's
leaves exhibit significant phosphorous concentrations during the vegetative and flagleaf growth
stages (Armecin, 2008). Miller and Donahue (2001) indicate that soils with high organic matter
content provide greater supplies of organic phosphate for plant uptake compared to soils with
low organic content. Researchers Dori et al. (2022) and Hailie et al. (2021) observed higher
levels of available phosphorus in home gardens, while parkland and ficha systems recorded the
lowest values. Amanuel (2022) demonstrates that the levels of available phosphorus were
higher beneath the canopies of Acacia abyssinica and Albizia gummifera trees than in open
areas. Hailie et al. (2021) demonstrated that fruit-based agroforestry practices in the Amhara
region of Ethiopia showed increased levels of available phosphorus and exchangeable
potassium. Fruit crops, characterized by their perennial nature and prolonged growth periods,
act as important nutrient sinks that require replenishment to sustain production over time
(Srivastava, 2017).

Exchangeable Bases

Exchangeable base cations are crucial for sustaining soil nutrients (Collingnon et al., 2011),
supplying vital nutrients for plant development (Luo et al., 2017), and mitigating soil
acidification (Lucas et al., 2011). Abaca under coconut contained the greatest exchangeable
K, exchangeable Ca®', exchangeable Mg?* and exchangeable Na® with 137.33ppm,
824.00ppm, 417.00ppm, and 36.17ppm, respectively. This may result from the incorporation
of high organic matter during the frequent harvesting of both coconut and abaca. Armecin
(2008) says that Mg was found in large amounts in the abaca plant's leaves during both the
vegetative and flagleaf growth stages. He also says that calcium is the most common element
in the pseudostem tissue during both the seedling and vegetative growth stages, and K is most
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common in the same tissue during all the growth stages that were studied, which means that
there is a lot of this element in the fiber that was harvested.

In addition, Bajpai et al. (2006) reported increased potassium content in soil due to elevated
organic matter levels. As reported by Hasan and Ashraful Alam (2006), agroforestry increases
potassium availability when compared to treeless farming systems due to improved nutrient
recycling through biochemical processes. Moreover, in the study of Miah et al. (2001), the
available soil potassium was higher under alley cropping system as compared to the agriculture
field as a result of release of organic acids due to organic matter accumulation under
agroforestry and ultimately resulting in higher mineralization of potassium. Meanwhile, most
fruit crops are nutritionally more efficient than annual crops due to their woody framework
(nutrients locked therein), extended physiological stages of growth, differential root
distribution pattern (root volume distribution), growth stages in terms of nutrient requirement,
and preferential requirement of some nutrients by specific fruit crops (Scholberg and Morgan,
2012). In addition, higher K removal rate is recorded for fruit crops (Srivastava, 2017).

Micronutrient Analyses

Micronutrient analyses results of all abaca agroecosystem are shown in Table 3. The abaca
under coconut and falcata has medium available manganese content of 134.33 ppm and 66.20
ppm, respectively. Abaca under rubber has low available manganese (5.83 ppm) while abaca
under mixed agroecosystem has the very low available manganese (2.57 ppm). Meanwhile, all
agroecosystems have low availability of copper (Cu) ranging from 0.98 ppm to 4.94 ppm
(abaca under mixed < abaca under rubber<abaca under falcata< abaca under coconut). In terms
of available Zn, abaca under falcata has the most content (3.03 ppm), followed by abaca under
coconut (1.16 ppm), which are both considered medium content. The available Zn in abaca
under rubber (0.63 ppm), and abaca under mixed agroecosystem (0.18 ppm) are both
considered low. On the other hand, an opposite observation has recorded where available Fe
has high to very high content across all agroecosystem under study. The abaca under rubber
has a very high content of available Fe (104.0 ppm) while abaca under coconut, mixed, and
falcata has high amount (99.67 ppm, 65.47 ppm, and 37.17 ppm). Despite the low soil content
of available Mn, Zn and Cu in all abaca agroecosystem under this study, the addition of tree
litter may contribute to their availability. The quality of litterfall deposits differed among tree
species, potentially resulting in changes in soil nutrient content across various agroforestry
system soils (Yadav et al., 2008). A study by Armecin (2008) found a significant concentration
of manganese in the leaves of the abaca plant during the vegetative and flagleaf growth stages.
Regardless of the abaca plant's growth stage, the most abundant essential elements in its root
are Fe and Zn, with Fe emerging as the most abundant micronutrient in the harvested fiber.
Costa et al. (2018) discovered that agroforestry farms had elevated soil iron levels compared
to non-agroforestry fields. This may be due to the substantial quantities of Mn, Fe, Zn, and Cu
present in tree litter (Singh et al., 2013). Forest tree-based agroforestry systems recycle more
plant nutrients than fruit tree-based agroforestry systems like lichi. With its deep rhizosphere
and significant litter fall, agroforestry recycles plant micronutrients more effectively than
conventional agriculture (Sarkar et al., 2020).
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Table 3: Soil chemical analysis result of the different abaca agroecosystem

DOI: 10.5281/zenodo.14785040

Typeof | soil | SFC | soc | oM | Total | Ext.P | Exch.kx | EXCh- | Exch. | Exch. | Av. o p ] AV Cu
Ecosystem | pH | M| %) | (%) | N©&) | ppm) | pm) | (G2 | M& o Na o Mn oy b 20 o)
(1] (1) 0
Y P7 | 100g) PP PP™ | (ppm) | (ppm) | (ppm) | (ppm) (ppm)
Abaca
5.62 2.40 4.00 137.33 134.33 99.67 1.16 4.94
d 20.21 1.39 0.1200 824.00 | 417.00 36.17
Coconut | MA) (ML) ® | o) o | ®m | o | W
Abaca
4.89 2.73 4.33 61.00 66.20 37.17 3.03 2.76
d ) 14.57 1.59 0.1367 391.00 | 176.67 | 32.50
e (VSA) (ML) L (D) VIR (VR Y R (D
Falcata
Abaca
5.45 2.10 2.33 38.33 2.57 65.47 0.18 0.98
unfier (SA) 9.36 1.22 (ML) 0.1050 (L) (D) 351.33 101.97 | 24.73 (VL) (H) (VL) (L)
Mixed
Abaca
5.18 3.27 2.00 26.67 5.83 104.03 0.63 1.64
d 10.67 1.89 0.1633 815.33 | 342.67 | 33.93
Rubn (SA) (ML) (L) (D) © | vB | © | W
Rubber
Legend:
MA — Moderately acidic SA — Strongly acidic VSA — Very Strongly acidic
L—Low ML — Moderately Low MH — Moderately High
H — High VH — Very High D — Deficient
MD — Moderately Deficient MS — Moderately Sufficient S - Sufficient
M — Medium
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Correlation between Soil Physical and Chemical Properties

The results of Pearson’s correlation (Table 4) indicated moderate, significant negative
correlations between soil pH and water holding capacity (WHC), as well as between soil pH
and available zinc (Zn). The findings suggest that an increase in soil pH correlates with a
decrease in the availability of these parameters. A notable negative correlation was observed
between bulk density and soil organic carbon (SOC), suggesting that an increase in bulk density
results in a decrease in soil organic carbon content. This result is also reported in the studies of
Rawat et al. (2018) and Gupta and Sharma (2008). An increase in the cation exchange capacity
(CEC) of the soil corresponded with a significant rise in exchangeable potassium (K), as
indicated by a high positive correlation coefficient.

Table 4: Pearson correlation coefficients between physical and chemical properties of
soil under different abaca agroecosystem

Soil properties Soil pH BD oC CEC
Soil pH 0.5841% -0.1827™ 0.2291™
BD 0.5841* -0.7632%*
WHC -0.5854* -0.4910™ 0.2307 ™ 0.4029™
CEC 0.2291™ 0.1145™ -0.2458 ™
oC -0.1827™ -0.7632%* -0.2458 1
N -0.1827 ™ -0.7632%* 1.0000%** -0.2458 ™
P -0.1396™ -0.2160™ -0.2374"s 0.5315™
K 0.4806 ™ 0.0787 -0.0991 0.7231%*
Ca 0.3743 ™ -03180™ 0.5673 ™ 0.2528™
Mg 0.3751 ™ 4025331 0.4523 ™ 0.5206 ™
Na 0.1511™ -0.4991 ™ 0.5456 ™ 0.4819 ™
Mn 0.2768 ™ 0.1287 " -0.1743 0.8317**
Cu 0.2919 0.1187™ 0.0386™ 0.7479**
Zn -0.6386* -0.4643 ™ 0.1771 ™ 0.2908 ™
Fe 0.5723 ™ -0.0665 ™ 0.3011 ™ 0.1378™

Arbitrary rating is modified from Rumsey (2011) as cited by Torred, 2017

Legend:

+/-1 = perfect (positive+negative)
+/-0.70 — 0.99 = Strong positive+negative
+/-0.50 — 0.69 = Moderate positive+negative
+/-0.30 - 0.49 = Weak positivet+negative
+/-0.10-0.29 = Very Weak positive+negative
+/-0.10—0.09 = No linear Relationshipn

ns = non-significant

* = significant

*x = Highly Significant
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CONCLUSION

Abaca cultivated in various agroecosystems demonstrates soil physical properties, including
soil texture, bulk density, and water holding capacity, that are conducive to crop production.
All abaca agroecosystems exhibit low content levels of organic matter, soil organic carbon,
nitrogen, phosphorus, exchangeable bases, and available manganese, zinc, and copper, while
maintaining a high concentration of available iron. An inverse relationship was observed
between soil pH and water holding capacity (WHC) as well as available zinc and between bulk
density and soil organic carbon content. The study indicates that this region is capable of
cultivating abaca together with coconut, falcata, mixed tree species, and rubber. However,
nutrient management practices must incorporate the addition of organic matter or fertilizers to
maintain soil fertility and ensure long-term sustainability in production, as frequent harvesting
has depleted soil nutrients without such applications from farmers.
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