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ABSTRACT

The paper shows the floristic species composition, structure, and diversity, including
the ecological importance of the portion of Lower Agno Watershed Forest Reserve.
Through quadrat and transect surveys, this study assessed six forest ecosystems,
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three grassland ecosystems, and five riparian sites. There were 41 tree species, 91
understorey species, 87 ground cover species, and 69 riparian species. Dominant
species include Pinus kesiya Royle ex. Gordon, Chromolaena odorata (L.) King,
Miscanthus sp., Wikstroemia ovata C.A. Mey ex Meisn, Ayapana triplinervis (Vahl)
R.M. King & H. Rob, Leucaena leucocephala (Lam.) de Wit, Saccharum spontaneum
L., and Lantana camara L. Forest ecosystems had secondary growth trees with a
mean diameter ranging from 17 to 43 cm and mean height of 10 to 18 m. Results
showed that the area was moderately diverse, with H’ ranging from 2.26 to 2.90
and having a similarity index ranging from 0 to 50%. The site was ecologically
important, home to 47 natives, nine endemic, nine internationally threatened, and
four nationally threatened species. Regarding soil and plant nutrients, the values
obtained were within the normal range for N, B, and K except for Alnus japonica
(Thunb.) Steud. which acted as an accumulator with very high Cu content (53
ppm), making it an essential species in rehabilitating areas dominated by highly
mineralized soil. Results could serve as baseline information vital in devising
conservation and protection strategies to manage better and preserve the site.

Keywords: Riparian ecosystem, forest ecosystem, grassland ecosystem, flora,
diversity, plant similarity index

INTRODUCTION

The Philippines is one of the world’s megadiverse countries, with 70-80% of
the world’s plant and animal species (Lagat & Causaren, 2019). The country is
also one of the biodiversity hotspots home to a total of 240 national parks and
protected areas as of 2013 under the Republic Act No. 7586 or the National
Integrated Protected Areas System (NIPAS) (Biodiversity Management Bureau,
2015). These areas cover a total of 5.45 million ha, equivalent to 14.2% of the
country’s total area. In addition, another provision extended the coverage by
adding 94 more protected areas from different regions through the Republic Act
No. 11038, also known as the Expanded National Integrated Protected Areas
System (ENIPAS). This provision aims to maintain and protect the country’s
ecologically essential areas and natural resources from human exploitation
(Official Gazette, 2017).

Conservation and protection of natural resources have been a global
problem challenging the environmental warriors and protectors (Prakash Kala,
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2017). Significant factors in declining natural resources, forest cover, and
biodiversity include exploitation, destructive disturbance, and other harmful
human interferences (Slingenberg et al., 2009). On the other hand, some of the
considerable elements of well-preserved biodiversity are the trees and plants that
serve as habitats for other biological beings in the forests (Biitler et al., 2013).
Thus, floristic assessments and ecology studies are vital to know the status of
an area and the factors affecting its conditions for better management and
conservation, especially in protected areas such as Lower Agno Watershed Forest
Reserve (LAWER).

Proclamation No. 2320 of 1983 established Lower Agno as a “watershed
forest reservation to protect, maintain or improve its water yield for hydroelectric,
irrigation and other ecological enhancement purposes and providing restraining
mechanisms for inappropriate land-use and forest exploitation” (Official
Gazette, 1983). The National Power Corporation also manages the watershed
for hydroelectric power. This protection should have conserved the biological
resources within the area. Thus, it is essential to look at the environmental
situations in the area, especially the biodiversity aspect.

OBJECTIVES OF THE STUDY

This current study aimed to determine the floristic species composition and
diversity of the ecosystems within the study site. Specifically, the study wanted to
describe the ecosystems’ structure, compute the diversity indices of flora species
in the area, compare the similarity among ecosystem types, identify ecologically
essential species, and assess the nutrient content of soil and plants thriving in the
area.

MATERIALS AND METHODS

Study Site

The study sites are geographically located within the Lower Agno Watershed
Forest Reserve (LAWFR) (Fig. 1). The LAWEFR area is around 393.04 km2
covering portions of Pangasinan (2 municipalities) and Benguet (4 towns). There
is a total of 40 barangays within the watershed forest reserve comprising 5 from
Pangasinan (San Manuel — 1 and San Nicolas — 4) and 35 from Benguet (Baguio
— 19, Bokod — 2, Itogon — 8, and Tuba — 4). The forest reserve is bounded
by Barangay Loacan, Itogon, Benguet (North); Barangay Camindoroan, San
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Nicolas, Pangasinan (South); Barangay Camp 4, Tuba, Benguet (East); and
Barangay Pito, Bokod, Benguet (West). The sampling sites for the ecological
study was found in barangays Ampucao (yellow part of map) and Camp 3 (pink
part of map) within the municipalities of Itogon and Tuba, Benguet, respectively.

The study covered three major ecosystem types: forest, grassland ecosystem
covered with pioneer species, and riparian vegetation. Forest ecosystems included
six sites which were Dipterocarp Forest, Mossy Forest, Pine Forest Park, POKIS
(Pine-Alnus-Coffee Reforestation), BUMOLO (Pine Reforestation), and
Secondary Forest (Fig. 2). There were three grassland ecosystems: Grassland
1, Grassland 2, and Grassland 3 (Fig. 3). Lastly, riparian vegetation included
the following sites: Bued River, Balog River, Benguet Creek, Albian River, and
artificial waterbody near Grassland 3 (Fig. 4).
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Figure 1. Location map of Lower Agno Watershed Forest Reserve
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Figure 2. Photographs of vertical and horizontal profiles of forest ecosystem sites
in Tuba and Itogon, Benguet. A Mossy Forest (MF) B Dipterocarp Forest (DF) C
Pine Forest Park (PFP) D Bumolo E Pokis F Secondary Forest (SF).
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Figure 3. Photographs of vertical and horizontal profiles of grassland sites in Tuba
and Itogon, Benguet. A Grassland 1 (G1), B Grassland 2 (G2), C Grassland 3
(G3).
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Figure 4. Permanent Sampling Sites for Riparian Vegetation Assessment. A Bued
River, B Balog Creck, C Benguet Creek, D Albian Creek, and E Grassland 3.

Data Collection

In each sampling site, 10x10 meter quadrats were established approximately
along a kilometer transect (Figure 5). The quadrats formed were nested to survey
floral components in the upper canopy (trees), understorey (saplings and shrubs),
and ground cover (regenerants or wildlings and forest litter) across vertical and
horizontal layers in each ecosystem. The sampling dimension for each layer was
10x10m for canopy, 5x5m for understorey, and 1x1m for undergrowth cover.
Sampling plots were established and placed with boundary markers filled with
cement for permanent demarcation in future long-term ecological monitoring.
We also tied in orange tags on the corner of every sampling plot to locate the
boundaries of each quadrat quickly.
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Figure 5. Nested quadrat layout per site for forest and grassland ecosystems

The study recorded at least 10 cm diameter individuals at breast height
(DBH) for tree species. Biometrics like DBH, merchantable and total height, and
location of trees were measured using diameter tape, meter tape, and handheld
GPS, respectively. The researchers tagged each tree with recycled aluminum cans
nailed by a rivet at DBH level within the 10 x 10 m marked plots for better
monitoring.

Individuals of each understorey species were identified, counted to determine
density, and recorded. Understorey species within the 5 x 5 m plot have DBH
below 10 cm with a height of at least 1 m. During the dry sampling, we attached
tags to the understorey species for better monitoring of the area. Ground cover
withina 1 x 1 m plot includes plant species less than a meter in height. Plants were
identified and counted, including seedlings, ferns, herbs, and grass. Percentage
cover of forest litter (leaves, branches, twigs, etc.) were measured, taking note of
soil bareness.

For the riparian vegetation assessment, the researchers laid a 50m transect
parallel to the river on each riparian area. In areas where the laying of the transect
is not feasible, purposive sampling was still carried out following the 50m transect
length. Species were identified in the field based on morphological characteristics.

Diversity Indices Computation

The data were encoded in Microsoft Excel, and parameters for diversity
assessment were computed using Paleontological Statistics Software Package for
Education (PAST v3.14), a free statistical software. Below are the parameters for
diversity indices:

* Number of taxa (S) — number of species

¢ Total number of individuals (n)

* Simpson evenness index (E) — the measure of the evenness of a community
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with values ranging from 0 to 1
e Shannon index (entropy) (H’) — diversity index, which uses the number of
individuals and number of taxa as parameters with values ranging from 0 to 4.
Zero dictates a low value of diversity with a single taxon in a community
Fernando Biodiversity Scale was used as a reference in interpreting the
computed diversity indices (Table 1).

Table 1

Fernando Biodiversity Scale (Fernando, 1998)

Relative Values Shannon Index Evenness Index
Very High 3.5 and above 0.75 ~1.00
High 3.0 - 349 0.5~ 0.74
Moderate 2.5 ~299 0.25 ~0.49
Low 2.0~249 0.15-0.24
Very Low 1.9 and below 0.05~0.14

Similarity and Dissimilarity Indices Computation

A similarity index was used to compare the similarity of plant species
composition between the two sites. The similarity index used was Jaccard
Similarity, which only considers the plant species present and disregards the
abundance of each species. The formula used was:

a
Js = (a+b+c)

Where z is the number of species present in both sites, 4 is the number of
species found in Site A but not in Site B, and ¢ is the number of species found in
Site B but not in Site A (Oluyinka Christopher, 2020). The dissimilarity index,
on the other hand, was obtained by subtracting the Js from 1 or 100%.

Endemism, Indigeneity, and Conservation Statuses Assessment

The species endemism, indigeneity, and conservation status of identified
plants were based on the International Union for Conservation of Nature (IUCN,
2021), DAO 2017-11 (Updated National List of Threatened Philippine Plants
and Their Categories) (DENR, 2017), and Leonard Co’s Digital Flora of the
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Philippines (Pelser et al., 2011 onwards). This series of information will provide
appropriate species for consideration in rehabilitation, conservation, ecological
succession, and other essential values for ecosystem sustainability and resiliency.

Nutrient Analysis

For plant tissue analysis, fully expanded leaves (100 g) from selected species
in each ecosystem were randomly collected at approximately the upper 1/3 of the
crown or tip of the branches. Samples from ten dominant species were chosen in
all sites though only eight were cleaned and processed for oven drying at 60°C
for about 50 hours. Five species were further selected based on their dominance
and indigeneity in the area: Alnus japonica (Thunb.) Steud. Or Alnus, Saccharum
spontaneum L. or Talahib, Anisoptera thurifera (Blanco) Blume or Palosapis,
Pinus kesiya Royle ex. Gordon or Benguet Pine, and Eurya japonica Thunb. or
Bogna. Samples were ground in Wiley mill for acid digestion to analyze nitrogen,
phosphorus, potassium, and copper.

For soil nutrient analysis, about 300 grams of soil samples were collected at
the rhizosphere (1- 20 cm depth) layer using a trowel and adequately labeled for
transport. Samples were air dried, pulverized, and weighed 50 g for pH, OM, D,
K, and Cu analysis. Both soil and tissue samples were brought to the Analytical
Soils Laboratory in the University of the Philippines Los Bafios, Laguna, the
Philippines, for chemical analysis of nutrients.

RESULTS AND DISCUSSION

Tree Species Composition, Structure, and Diversity

The study listed 41 morphospecies belonging to 30 genera and 26 families
with 140 individuals. The most populous families were Pinaceae (43 individuals),
Betulaceae (23 individuals), and Dipterocarpaceae (15 individuals). Pinus Kesiya
Royle ex. Gordon or Benguet Pine was the most abundant and lone species
from Pinaceae with 43 individuals (30.7%). The high number of individuals of
Benguet Pine was expected, given that this species is restricted in the northern
part of Luzon, mainly in Benguet, Philippines. Other research studies, such as
the study in Benguet, also found D. kesiya as the most dominant species in the
forest ecosystem surveyed (Lumbres et al., 2014).

The diameter of tree species recorded varied from 10 cm to 65.4 cm. The
lowest tree DBH was recorded from Buchanania arborescens (Blume) Blume,

while the highest was from P kesiya. The mean DBH per site ranged from 17
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cm to 43 cm, while the mean total height ranged from 10 to 18 meters being a
secondary growth forest. This range of values dictates that the forest ecosystem
had moderately large-sized trees having several species with more than 20 cm in
diameter (Elzinga et al., 2005).

Overall, tree diversity values obtained were generally moderate based on
Fernando Biodiversity Scale (H = 2.90, E = 0.88). However, the evenness of
species in the area must be commended, especially in the mossy forest with the
highest diversity (H’ = 2.12), considering the surveyed area of only 90 m2. There
were several studies in and out of the Philippines on tree diversity. A survey in
Mount Pangasugan, Baybay City, Philippines, revealed diversity values ranging
from 3.09 to 4.53, which were also considered very high, possibly because it
is inside the reservation of the Visayas State University, which prioritizes its
protection (Polinar & Muuss, 2010). On the other hand, a study in Musuan
Bukidnon yielded an H’ value of 1.21, considered very low (Olipenda et al.,
2013). Studies with higher values had more strict and systematic management;
otherwise, the computed values would be the opposite.

Understorey Species Composition and Diversity

There was 91 morphospecies recorded from the sites coming from 74 genera
and 38 families with a total of 614 individuals. Dominant sapling species
(forest trees) found were Miscanthus sp. and Wikstroemia ovata C.A. Mey. Ex
Meisn. Meanwhile, Chromolaena odorata (L.) King and Robinson and Lantana
camara L. were the most dominant shrubs species which is more than half of the
understorey species population listed. C. odorata was found to be an invasive
species, thus, signifying its high individual count (Pelser et al., 2011 onwards).
Notably, S. spontaneum was dominant in grassland ecosystems as pioneer species
withstanding harsh environments.

Overall understorey diversity of the area was also classified as moderate with a
considerably even distribution of individuals per species (H = 2.818, E = 0.83).
The studies computing for the lone diversity of understorey species are lacking.
A study in Sierra Madre Mountain Range computed the overall diversity of trees
and understorey with values from 1.695 to 3.242 (Malabrigo et al., 2014). This
is relatively higher than that of the sampling areas in LAWFR.

Ground Cover Diversity and Composition
A total of 87 morphospecies from 71 genera and 40 families with 1247
individuals were listed. The most dominant species were Ayapana triplinervis
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(Vahl) R M. King & H. Rob in forest ecosystems while the invasive C. odorata for
the tailings storage facilities that are still rehabilitating from the impact of human
disturbance. Ground coverage was mainly done by forest litter (30-50%) which
is essential in soil conservation and organic matter decomposition (Krishna &
Mohan, 2017).

Ground cover diversity was low (H = 2.258) especially in tailing storage
facilities which were also recovering from the impact of human interference.
Thus, pioneering ground cover species are still dominant such as the invasive
species of C. odorara before returning to the old ecosystem form with the help of
rehabilitation activities such as reforestation, protection, and replanting activities.

Riparian Vegetation Diversity and Composition

There were 69 species under 31 families in the riparian flora of LAWFR. Of
the 31 families: 24 are angiosperms, only 1 is a gymnosperm, and six belong to the
pteridophyte group. Bued river was home to Fabaceae species (18%), represented
by the common plants Phanera purpurea (L.) Benth. and Leucaena leucocephala
(Lam.) de Wit. These species are leguminous and reported to have a mycorrhizal
relationship. They were the dominant species since they were the only tree species
in that area; thus, they are more resilient. This study observed that these two
species flower during the wet season. In the Balog River, Lamiaceae (29%) and
Asteraceae (29%) are the most dominant, with the rocky topography of the site
and as prolific seeders, members of this family were able to dominate.

In Albian creek, the species were evenly distributed among families, with each
family represented only by one species. Although as compared to other sites,
Albian had the highest number of plant families represented, that is, about 55%
of the total number of families recorded. In Benguet creek, Asteraceae (26%),
Poaceae (21%), and Urticaceae (16%) were the most represented families in
terms of the number of species. Members of Asteraceae and Poaceae are known
to be pioneer species as they can establish quickly. While the presence of tree
species under Urticaceae indicates that natural succession is happening in this
river, as evidenced by the establishment of tree species along the riverbanks. In
terms of phenology, the majority of the species in Benguet creek flower during
the midyear, at the start of the wet season. In GRASSLAND3, the vegetation
is dominated by Asteraceae (38%) and Poaceae (19%). This indicates that for
this site, vegetation is at the pioneer stage and is still very vulnerable given the
nature of the site. Nevertheless, the establishment of these species indicates that
succession is beginning to happen and that other species will get recruited to
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rehab the site naturally if it is well-maintained.

The area is considered moderately diverse, with a Shannon index (H’) value
of 2.56 and a very high Evenness Index value of 0.91. The obtained diversity
value was relatively higher compared with a study done in Lower Agusan
River, Philippines, with an H’ value of 1.338, which dictates very low diversity
(Sarmiento et al., 2017). On the other hand, a study in Albay, Philippines,
revealed a riparian diversity higher than the present study. It had H’ values
ranging from 2.43 to 3.15 (Naval & Florece, 2007).

Similarity and Dissimilarity Indices of Species

The study computed the similarity indices between sites to know the
differences in species composition. The sampling sites in Lower Agno revealed a
similarity index ranging from 0 to 50% (Table 2). The majority of the sites had no
similarity in terms of tree species present. Only Bumolo had a 50% similarity with
Pine Forest Park and Pokis, which P. kesiya dominated. For understorey species,
the similarity among sites ranges from 0 to 28.6% (Table 3). The areas with
more than 20% similarity were Grassland 1 — Grassland 2 (21.4%), Grassland
3 — Bumolo (25%), and Grassland 2 — Grassland 3 (28.6%). For ground cover,
the similarity index ranged from 0 to 28.6% (Table 4). There were only two site
comparisons with no similarity at all, with a 100% dissimilarity index: Pokis —
Grassland 3 and Secondary Forest — Grassland 3. Most sampling sites have a 0%
similarity or 100% dissimilarity index compared with other sites. Thus, each area
can be highly unique in terms of species composition.

Table 2

Similarity index of tree species composition in LAWEFR sampling sites

Di M Grassl. Grassl
lp‘tCrDCa[‘p " PEP Bumelo POKIS Sccondary rassland rassland
Forest Forest 1 3

Diprerocarp
Forest 1 0.039 0.000 0.000 0.000 0.0435 0.000 0.000
Mossy
forest 0.038 1 0.071  0.077 0.071 0.000 0.000 0.000
PrP 0.000 0.071 1 0.500 0.333 0.000 0.000 0.000
Bumolo 0.000 0.077 0500 1 0.500 0.000 0.000 0.000
POKIS 0.000 0.071 0.333 0500 1 0.000 0.111 0.000
Secondary 0.043 0.000 0.000 0.000 0.000 1 0.000 0.000
Grassland 1 0.000 0.000 0.000 0.000 0.111 0.000 1 0.125
Grassland 3 0.000 0.000 0.000 0.000 0.000 0.000 0.125 1

13



Asian Journal of Biodiversity Vol. 13 January 2022

Table 3

Similarity index of understorey species composition in LAWFR sampling sites

Dipterocarp Sccondary Grassland  Grassland  Grassland
Forest Mossy PFP Bumolo POKIS Forest 1 2 3

Dipterocarp

Forest 1 0.067 0.068 0.077 0.031 0.055 0.047 0.029 0.028
Mossy 0.067 1 0.000  0.040 0.063 0.024 0.036 0.000 0.000
Pine Forest

Park 0.068 0.000 1 0.190  0.000 0.025 0.167 0.188 0.176
Pine Forest

Plantation 0.077 0.040 0.190 1 0.000 0.029 0.095 0.167 0.250
POKIS 0.031 0.063 0.000 0.000 1 0.000 0.000 0.000 0.000
Sccendary

Forest 0.055 0.024 0.025 0.029 0.000 1 0.054 0.000 0.000
Grassland 1 0.047 0.036 0.167 0.095  0.000 0.054 1 0.214 0.125
Grassland 2 0.029 0.000 0.188 0.167 0.000 0.000 0.214 1 0.286

Grassland 3 0.028 0.000 0.176  0.250  0.000 0.000 0.125 0.286 1

Table 4

Similarity index of ground species composition in LAWFR sampling sites

Dipterocarp Mossy DPEP  Bumolo Pokis Secondary Grassland Gn\fsle\nd Grassland

Forest 4 ! 1 2 3
?if::"‘“fp 1 0179 0114 0133 0.083  0.057 0.139 0.105 0.143
Mossy 0.179 1 0.238 0235 0.040 0.043 0.273 0.160 0.188
PEP 0.114 0.238 1 0.286 0.143 0.034 0.259 0.207 0.136
Bumolo 0.133 0.235 0.286 1 0.038 0.087 0.160 0.200 0.176
Pokis 0.083 0.040 0.143 0.038 1 0.034 0.097 0.061 0.000
Secondary 0.057 0.043 0.034 0.087 0.034 1 0.032 0.031 0.000
Grassland 1 0.139 0.273 0259  0.160 0.097 0.032 1 0.233 0.080
Grassland 2 0.105 0.160 0207 0200  0.061 0.031 0.233 1 0.120
Grassland 3 0.143 0.188 0136 0176  0.000 0.000 0.080 0.120 1

Species of Ecological Importance

The area is home to several ecologically essential plants, including the native,
endemic, and threatened species. Identifying these species can help assess a
site’s ecological importance, which can be a baseline information for drafting
conservation and protection plans (Biodiversity Management Bureau, 2015).

Forty-four (47) species of native plants were recorded in sites from 28
families, wherein six species came from Dipterocarpaceae (Table 5). These species
are valuable in preserving the natural ecosystem composition in an area (Rawat

& Agarwal, 2015).
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Table 5

Taxonomic list of Philippine native species found in the area

Family Species Common/Local Mame
Actinidiaceae Sawerawia elagans Bern, SVill, Liyal
Anacardizceas Swobamrnia srborescens | Blunss) Blume Bialinghasai
Anacardizceas Semecarpus ewnedferneis Blanco Ligas
Baraginaceas Eb:dﬁrp.‘a&'énpiwmf: AMC Il.l._pda[.h
Casuarinzccac Ciarnarin equisetifolia L. Agoho
Clusiacess Carrcinia Binncas (Blanca) Choisy Binukawe
Clusiaceas Crataxylam fwrmmosmar {Jack) Diyer Salinggrgon
Commelinaoeae  Commmeling Senphalemsr Lo Alikbangon
Cyperaci Cygrerars rotwenfi L Mutha
Driprerocarpaceas  Stwren comiorna 5. Vidal White Lavan/Lawa-an
Diprerocarpiceas  Shoeen podiperid Merr, Tanguile
Driprerocarpaceac Awbaprera s (Blancel Blume Tabesapls
Diprerscarpaceae Dy e alarwe Fools, Tox G5, Do, 1 hil’:rl-l-\'.-lf Apimang
Diprerocarpaceas Diperravarpes grandifores (Blanco) Blanca Apimng
Iviprerocarpacess  Shoren guie (Blanco) Blume Guijo
Euphnrbisnue M.-mrr.m'gu sraarirer (1) .'\'[i.i.ll_A.rg. |3i.r|.u.|1g;ﬂ.
Fahaceas Cirmmesia cadevereris Azaola ex Blanco Baluai
Hydrangesceae  Dewimia paichea 5. Vidal -

Lamiaceae Callicarpe farmesana Rolfe Tambabasi
Lamiaccac Gimeling ariorea Rooh. GmclinalMdina
Lawraceac Cimratrmenmaen compiora Moo 8 Eberm, Camphur
Malvacsie Carenr rowdigfTona Juss DPranglin
Malvaceae Hibiswer rema-simeniz 1. Gurmamela
Melastomataceae  Melwtona mkabethrioe L, Malatungaw
Menlspermaceae  Pevicampalur glesess (Lam,) Merr, Silong-pupo
Moraces: Areosarpi blawesi [Elmer) Merr. Antipala
Muoraccae Ficus fakete Merr, Falere
Moracess Ficws avpelas Burm., £, Aplas!Upling gubar
Moraceas Ficas metr {Blance) Merr. Tibig,

Moraceas Ficus sepriva Burm. F. Hauili
J‘v.'l'}.mnﬂe Ewm.hp.l‘us -fq{up.hr Blume E:g,n:

Oleavear st ramifloras Boxh, -
Penmaphylacacess  Ewrar fapemiza Thunb. Bogna
Phyllanthaceac Glechidion mdr Blume -

Pinavcac Pimres kesipe Bogde ex Gordon Benguct Pine
Pittosepo s Pittegporur pemtandram (Blance) Merr, Mamalis
Peaaceae Selirontachys e (Blance) Merr, Bl

Pz o deecrplan (L) Pers, Kamae-keswad
Paasag Suvvhurvames sporirsn L, Takahib
Ruhiaoeas Mepnaguriar J:um'r'.ngﬁ () Merr. Tisaki Tileerm
ﬁa[.himbneu Lanivae boetrevteria (Blancn) Merr. Alakan
Sapindaccac Misbavarpar peetapetaler {Raxh.) Radlk. Ambalag
Swrombosizocac  Strasvhoria philippinensis Tamuayuan
Symplacaceae Symiplocas lancifplia Sick. & Zocc., E
Thelypreridaceae  Amphineuron termimans (J.5m.) Holrom Lakda
Thymelazaceae  Wiknrormia orara CoA Mey, Ex Meim, Salago
Urticacea: Leveenpphe capirellata (Poir) Wodd. Alagasi
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A total of nine endemic species of plants belonging to seven families were
recorded. Most of these species were represented by trees and bamboo (Table 6).
Among the species listed were found in dipterocarp, secondary, and mossy forests
which are all ideal for conservation areas.

Table 6

Taxonomic list of Philippine endemic species found in the area

Family Species Common/Local Name
Actinidiaceae Saserania elegans Fern. -Vill, Uyok
Boraginaceae Ehretia phifippinensis A.DC. Dapdap
Clusiaceae Garcinia binucao (Blanco) Choisy Binukaw
Diprerocarpaceae Shorea econtorta S. Vidal White Lauvan/Lawa-an
Diprerocarpaceae Shorea polysperma Merr. Tanguile
Moraceae Artocarpus blaneoi (Elmer) Merr. Antipo]o
Moraceae Ficus balete Merr. Balere
Poaceae &‘/’/Z,O.ffn‘(‘/;-‘liﬁ.’ /w;erm.;ﬂrﬁa {Blanco) Merr. Buho
Rubiaceae Neonauclea bardlingii (DC.) Merr. Lisalk/Tikem

A total of 16 morpho-species from 10 families were on the list of assessed
species based on the IUCN Redlist (IUCN, 2021) and DAO 2017-11 (DENR,
2017) (Table 7). All those species were listed in the IUCN Red List, while only
four were in DAO 2017-11. In the list created by IUCN, nine species had true
threatened classifications, of which two were critically endangered (CR), one
was endangered (EN), and six were vulnerable (VU). In contrast, the remaining
seven have assessments but are not threatened, including one near threatened
(NT) and six with least concern (LC). For the DAO 2017-11, 4 species in the
site were vulnerable (VU). As observed, all threatened species in the Philippines
(DAO 2017-11) found in the area belong to the family Dipterocarpaceae or the
country’s hardwood.
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Table 7

Taxonomic list of threatened species found in the area

Family

Scientific Name

[IUCN Redlist

DAO 2017-11

Berulaceae Afnus japonica (Thunb.) Steud. LC Notin the list
Clusiaceac Cratoxylum formosum (Jack) Dyer LC Notin the list
Commelinaceac Conmelina benghalensis L. LC Notin the list
Cyperaceac Cyperus rotundus L. LC Notin the list
Dipterocarpaceac Shorea contorta 5. Vidal CR VU

Dipterocarpaceac  Shorea pofysperma Merr. CR VU

Diprerocarpaceac  Diprerocarpus grandiflorus (Blanco) Blanco EN VU

Dipterocarpaceac Anisoptera thurifera (Blanco) Blume VU Nortin the list
Dipterocarpaccac  Diprerocarps alarns Roxb. Ex G. Don. VU vu

Diprerocarpaceac Sharea guiso (Blanco] Blume VU Nortin the list
Fabaceae Senna spectabifis (DC) HS. Irwin & LC Notin the list

Barneby

Moraccace Artocarpus blancod (Elmer) Merr. \us Notin the list
Myrraceac Fucalyprus deglupra Blume VU Nortin the list
Poaceac Saceharum spontanewm L. LC Notin the lisc
Utrricaceac Boehmeria beterophylla Wedd. NT Nortin the list
Urticaceae Boelmeria multiflora C.B. Rob. VU Notin the list

Plant and Soil Nutrients

The results of the nutrient analysis in plants showed that Alnus (4. japonica)
had the highest amounts of N (3%), P (0.2%), K (0.94%), and Cu (53 ppm)
(Figures 6 & 7). It was higher than the copper content result of the study in
Marinduque in the Philippines, wherein the Jatropha curcas’ leaves had Cu of
24.66ppm (Aggangan et al., 2017). Alnus exhibited an excluder kind of plant
because of its capacity to accumulate higher copper and, therefore, is vital in
reforestation. The nutrient values of indigenous species sampled, such as
Palosapis, Benguet Pine, and Bogna, were close to the average level, suggesting
their site adaptability. The case of Talahib was far lower than the required level.
However, the species appeared aggressive in all grassland ecosystems, indicating
their role in ecological succession. The study used the guide of the University of
Idaho as the basis for the standard values of N (0.5 - 5%), P (0.1 - 0.5%), and Cu
(2 - 20 ppm) (Maller, 2004). Overall, the mean nutrient levels of all plants were
near the normal amount, which was evident because of the absence of toxicity
and deficiency symptoms being within the norm except for high copper in Alnus.
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Figure 6. Nutrient percentages found in plant tissues tested.
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Figure 7. Amount of copper (ppm) found in plant tissues tested.
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The status of the soil condition in sampling areas showed that Mossy Forest
was the most fertile, followed by Dipterocarps, Pine Forest Park, Grassland 1,
and Grassland 2 (Figure 8). The soil’s copper content ranged from 9 to 108 ppm,
with Pine Forest Park having the lowest value and Mossy Forest with the highest
value. These copper content values were relatively higher than a study conducted
in Brazil, with copper ranging from 10 to 80 ppm (dos Santos et al., 2013).
On the other hand, the copper values were lower than the research conducted
among wild plants with 30 to 250 ppm of copper (Brun et al., 1998). Thus, this
present study in LAWER lies between the median of other studies signifying no
toxicities in the area. The pH values of all sites were within the normal growth
range of 5.5-6.5 except for Pine Forest Park, which is 5.0. The organic matter
content was medium (Pine Forest Park and Dipterocarps to very high (Mossy
Forest), but Grassland 2 and Grassland 1 exhibited low amounts. The amount
of P in soil was higher than 20 ppm, where Dipterocarps and Pine Forest Park
showed the highest values. All other sites were near the standard value, like Mossy
Forest and Grassland 2. The soil’s acidity was within the normal values across
sites favoring the availability of minerals, possibly due to microorganisms that
sustain pH. Except for Alnus, with high Cu indicating its potential as a future
remediator, standard values of elements and organic matter were observed for the

tested plants. Soil pH ranged from 5-6.5, which is favorable for plant growth.
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Figure 8. Soil status in terms of copper (Cu), potassium (K), phosphorus (P),
organic matter, and pH in selected sites of Lower Agno Watershed Forest Reserve.
Note (Standard values: pH (5.5 — 6.5), OM (>6% - very high, <1% - very low), P
(>20 — very high, <10 low), K (>1.20 — very high, <0.10 — very low).
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CONCLUSIONS

The study area was moderately diverse, composed of 41 tree species, 91
understorey species, 87 ground cover species, and 69 riparian species dominated
by P kesiya, C. odorata, Miscanthus sp., W, ovata, A. triplinervis, L. leucocephala,
S. spontaneum, and L. camara. Forest ecosystems were secondary growth which
generally had large trees mainly contributed by Benguet Pine. The area was
ecologically important, with several native, endemic, and threatened species that
shall be a priority for conservation and protection. However, there were also some
invasive plant species needing adequate attention. Regarding soil and nutrient
contents, the results were within the normal range except for A. japonica which
accumulated very high copper and other nutrients. This result revealed the potential
of Alnus as a suitable rehabilitation species in highly mineralized and metallic sites.

RECOMMENDATIONS

The study suggests the importance of intervention measures to improve plant

diversity and protect the native, endemic, and threatened species.

. e T |
v 3 SR

Plate 1. Actual photographs of representative native plant species taken in the area: A. Pinus
kesiya Royle ex. Gordon (Benguet Pine), B. Deutzia pulchra S. Vidal, C. Saurauia elegans Fern.
-Vill. (Uyok), D. Eucalyptus deglupta Blume (Bagras), E. Neonauclea bartlingii (DC.) Merr.

(Lisak/Tikem). E Saccharum spontaneum L. (Talahib). (Photos taken by E.E. Coracero) "
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