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INTRODUCTION

Droughtis a complex phenomenon, which s difficult to define (Wilhite
et al., 1985). As defined by the World Meteorological Organization (WMQO),
drought is a period of two consecutive years in which precipitation is less
than 60 percent of normal in an area covering af least 50 percent of a
geographical region (Weber, 1998). It is an episode of unusually low
precipitation that causes damage to agriculture, ecosystems, and
freshwater supplies (Heim, 2002). Ordinarily, itis defined as a lack of rainfall.
Its severity would depend on the duration, moisture deficiency, and size of
the area affected. This condition of having less than normal moisture spans
over ayear or two (Jensen, 2003).

Dry lands cover over 40 percent of the earth’s land surface and
support almost 20 percent of the human population (Thomas, 2002). More
than 70 percent of Pakistan (87.80 million ha) is arid or semi arid. In these
arid and semi-arid regions, rainfall is usually insufficient to support dryland
and irrigated crops. Much of the soil is lost because of surface run-off or
rapid evaporation due to high temperature (Suleman, et. al., 1995). This
causes drought, which is coupled with prolonged dry seasons, influences
growth and physiological activities of plants. This probably affects the survival
of indigenous rhizobia (Athar and Jhonson, 1996, 1997a, b).

Drought Situation in the Study Area

The drought prevalent in the country during the last ten to fifteen
years does not owe ifs existence to a single factor; ratheritis the culmination
of a number of elements. However, the single most important factoris the
La Nina, which resulted in abnormal weather conditions that caused
meteorological drought in vast areas of Pakistan. For the last ten years,
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Pakistan has been experiencing this phenomenon that was responsible for
the intense heat and minimal rains the whole winter and evenin the months
of April and May. This situation has impacted negatively on river flows and
resulted in national tensions over supply of water as many canals have
practically dried up and the others are operating with minimal flows.

Most of Pakistan is characteristically arid to semi-arid. The country
embraces an area of about 800,000 square kms and is home to
approximately 130 million people. Annual precipitation is highest (around
1,500 mms) on the southern slopes of the Himalayas and gradually decreases
in the southwest. Only 9 percent of Pakistan receives more than 20 inches
(508 mms) of rain per year. A further 22 percent receives between 10 to 20
inches (254 to 508 mms) and the remaining 69 percentreceivesless than 10
inches (254 mms). Rain falls primarily (70 to 80 percent) in the monsoon
months of July, August and September over most of Pakistan. Unfortunately,
rainfall in 1998 to 2001 all over Pakistan was recorded very less compared
to the previous years (Fig. 1). It caused the greatest threat of droughtin the
major part of Pakistan especially Balochistan and Sindh provinces.

Figure 1. Percentage departure of annual rainfall
January 1998 to April 2001
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METHODOLOGY

Most parts in Pakistan come under the direct threats of prevailing
droughts almost after every four to five years. Balochistan and Sindh
provinces are most vulnerable and drought-affected and these are the
provinces taken intfo consideration in this research. Mean monthly rainfall
data was taken to determine possible effects of drought especially on the
economy in the study area. Data gathered were analyzed using stafistical
methods and fechniques. The major source of data is Pakistan
Meteorological Department (PMD). Drought maps were also derived from
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the PMD to see the possible variations in drought conditions in different
time periods. The loss in the economy and crop production due to drought
is highlighted in tabulated form. The data on economic loss was taken from
Economic Survey of Pakistan and United Nation.

Drought-affected areas in Pakistan

In order to identify the areas vulnerable to drought, a study onrainfall
activity all over the country was conducted for more than 50 percent of
the time. Rainfall periods were winter (December to March) and summer
monsoons (June to September). April to May and October to November
are the fransition periods. Very little rainfall occur in Sindh, Southern Punjab
and Balochistan during these periods.

The Balochistan Province

Balochistan was the worst drought-affected province in Pakistan in
1998-2001. About 88 percent of it was directly affected by drought
worsening significantly its economic situation. The province received almost
50 percent of the normal rains during summer but winter rains turned out to
be only 37 percent of the normal. Since the end of March 2000, the entire
Balochistan province was experiencing drought (Fig. 2a). At the end of June
2000, the drought area further extended toward North West and aft this
fime the whole province is already under severe drought (Fig. 2b), a problem
that affected not only the local people but the whole country. In September
2000, the rainfall in the northern parts of the province minimized the drought
severity in the north but drought in the southern parts remained severe until
March 2001 (Fig. 2c.d). In July 2004, drought again prevailed in the southern
and south western parts of Balochistan. However, drought in March 2004
was not as severe as that in September 2004 (Fig. 3). It was because of this
that almost 1.09 million people and 10.65 million livestock in the province
were directly affected. There were 16 people who died due to shortage of
water, food and diseases. About 2.18 million livestock died due to shortage
of supply of fodder, drying up of waterreservoirs and vanishing of grasslands
in the area. Since livestock is the major source of income of the province
mass killing of livestock due to drought badly affected the economy overa
long period of fime (Table 1). Atotal of 1.973 million acres of cultivable land
were also affected by drought.

The Sindh Province

Almost 18 percent of the area of Sindh Province also experienced
severe drought. Eastern and south eastern parts of the province were badly
affected by its long spell in 1998 to 2001. The Tahr Desert covering most of
the areas in the east and southeast, usually receive less annual rainfall that
is insufficient to the local people (Fig. 2a,b,c,d). Economic loss of 33 Billion
Rupees of the province was mainly attributed to drought. The areas of Sindh
that were worst affected by drought were Tharparkar, Mirpurkhas, Thatta
and Sanghar districts. A total of 1.3 million of the population and 5 million
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livestock were directly hit by it. About 127 people and 0.03 million livestock
were killed due to severe drought in the area (Table 1).

Figure 2. Drought situations in Pakistan (a) March 2000;
(b) June 2000; (c) September 2000; and (d) March 2001.
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Impact to the Economy

The drought that is yet to show its full face already had a sizable
impact on the economy of the counftry. The State Bank has calculated the
effect of drought to the tune of $927 million in the third quarter. As a result
of this blow to the economy, the anficipated GDP growth rate of 4.5 percent
will not be achieved, rather, the GDP growth rate will fall to less than 3
percentresulting to the stagnation of the per capitaincome. As Pakistan is
an agriculture-based economy, the major industries owe their production
to the agricultural output which has significantly reduced due fo the drought
resulting to the country’s increased dependence on imports which in furn
adversely affected the “Balance of Trade” of the country. Another major
setback that resulted from drought is the reduction of the country’s ability
to produce hydroelectricity due to lack of water. To remedy this, additional
furnace of oil has to be imported for the production of thermal electricity
further dwindling the foreign exchange reserves. Itis estimated to cause an
additional loss of nearly $ 1.2 billion to the country.

Impact on Crops Production

According to official sources, the losses in Rabi crops remained more
than Rs. 28.50 billion. Wheat production went down by 2.57 million tons in
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Table 1. Comparative effects of drought in Balochistan
and Sindh provinces

Balochistan Sindh
Affected District 23 (88percent out of the total 26) 4 (14percent out of the total 21)
Affected Population 1.09 million (17percent out of the total | 1.3 million (4percent out of the total 30
6.5 million) million)
People killed 16 127
Affected Livestock 10.65 million (47percent out of the total | 5 million (21percent out of the total
22.5 million) 23.8 million)
Livestock killed 2.18 million 0.03 million
Balochistan Sindh
Short-term Requirements Food: 6,000MT (PKR 450 mill) Food: - (PKR 864 mill)
Fodder: 490,000 MT (PKR2,170 mill) Fodder: 40,350 MT (PKR 325 mill)
Medicines: - (PKR40 mill) Medicines: - (PKR 390 mill)
Tents: 50,000 (PKR250 mill) Water supply: (PKR 25 mill)
Water bowsers: 200 (PKR 20 mill) Repair of tube wells: (PKR 25 mill)
Water tanks & water pumps: 2,000 || Logistic support: (PKR 12 mill)
each (totaling PKR 40 mill)
Transportation, sheds and items of
daily use: (PKR 50 mill)
Total: PKR 3,020 mill (USD 59 mill) Total: PKR 1,641 mill (USD 32 mill)

2001 because of the drought. Wheat production was just 18.53 million tons
in 2000-2001 as compared to 21.1 million fons in 1999-2000. Similarly, the
losses during the Kharif season remained approximately Rs. 29 billion. Among
the Kharif crops, cotton production fell from 10.6 million bales to 9.7 million
bales costing Rs. ? billion in 1998-2003. Rice production went down from 4.8
million tons to 3.9 million fons costing Rs. 10 billion. Sugarcane production
wasreduced to 35 million tons as compared to 44 million tons costing Rs. 10
billion (Table 2).

Table 2. Drought effects on crops production

Crop Production (million tons) Loss (Rs. Billion)
1999-2000 2000-2001*
Wheat 21.10 18.53 28
Gram 0.565 0.54 0.5
Cotton** 10.60 9.70 9
Rice 4.80 3.90 10
Sugarcane 44.00 35.00 9
Total 81.07 66.64 56.50
*Projected figures except for wheat **Cotton production in million bales
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Impact on Livestock Sector

Livestock sector has also been affected very adversely by drought.
Total loss to this sector all over Pakistan was estimated at almost Rs. 15 billion.
Out of this total, Punjab suffered a loss of Rs. 5.5 billion, NWFP Rs. 4.4 billion,
Balochistan Rs. 3.5 billion and Sindh Rs. 1.63 billion (Table 3).

Province Loss (Rs. Million) Affected Livestock
Population (millions)
Balochistan 3,522 10.68
Sindh 1,631 5.08
Total 5,163 15.76

Table 3. Drought effects on livestock
Conclusion

The major occupation of the people of Pakistan is farming so the
counftry is basically an agricultural-based economy. But unfortunately, more
than 70 percent of the country’s land is arid to semi-arid. Any kind of change
in the climate greatly affects the social and economic condition of the
people. During the last ten to fiffeen years, Balochistan and Sindh provinces
remained under the threats of drought. The most severe drought was
experienced in 1998-2001 which killed people and livestock and practically
changed productive lands into barren land. This severe drought also
generated serious and long ferm effects to the economy of the provinces
and the whole counftry. During this period, Balochistan and Sindh provinces
only received 50 percent of the normal rains in summer and 37 percent in
winfter. In Balochistan, almost 1.09 million people and 10.65 million livestock
were directly affected. About 16 people and 2.18 million livestock were
killed. A total of 1.973 million acres of cultivable land was also affected by
drought. In Sindh Province, almost 18 percent of its area experienced it. It
caused an economic loss of Rs. 33 billion in the province. About 1.3 million
human population and 5 million livestock were directly hit causing the death
of 127 people and 0.03 million livestock. The people of Balochistan and
Sindh suffered about Rs. 3,020 million and Rs. 1,641 million economic losses,
respectively. This further caused mass migration of people to nearby areas
hence creating more problems to the government and the populace in
general.

Acknowledgement

We greatly acknowledge PMD Computerize Data Processing Center
Karachi for providing the climate data of Balochistan. Special thanks is also
extended to Gregory B. Goodrich of Western Kentucky University USA and

154



5rd Tuternational Conference on Agnicaltane Education and Environment

Farah Shafig of University of Education Lahore Pakistan for the review,
guidance, assistfance and motivation in carrying out the study.

References:

Athar, M. and Johnson, D.A. (1997q). Effect of drought on the growth and survival
of Rhizobian meliloti strains from Pakistan and Nepal. Journal of Arid
Environment, 3: 335-340.

Athar, M. and Johnson, D.A., (1996). Nodulation biomass production and
nitrogen fixation in alfalfa under drought. Journal of plant Nutrition, 19: 85-
199.

Chaudhry, Q.Z., M. Munir Sheikh, Anjum Bari: History’s Worst Drought
Conditions Prevailed over Pakistan, (http://www.pakmet.com.pk/journal/
historyworstdrought2001report.htm)

Heim, R. R. 2002. A review of twentieth-century drought indices used in the
United States. Bulletin of the American Meteorological Society 83:1149-645.

Jensen, D.T. (2003). Monitoring Drought in the West. Arid Land Research and
Management 17: 449-454.

Pakistan-Drought OCHA Situation Report No. 3, Ref OCHA/GVA 2000/0099,
Pakistan, May 30, 2000.

Pakistan Meteorological Department (PMD), Drought/Environmental Monitoring
and Early Warning Center, (http://www.pakmet.com.pk/drought/
maindrought.htm).

Resident Coordinator of the United Nations System’s Operational Activities for
Developmentin Pakistan. Droughte Pakistan, Update Report No. 12, 8 June,
2001.

Suleman, S., Karl Wood, M., Shah, B.H. and Murray, L. (1995). Development of
rainwater harvesting system for increasing soil moisture in arid rangelands
of Pakistan. Journal of Arid Environment, 31: 471-481.

Thomas, D., Twyman, C., and Harris, F. (2002). Sustainable development in
drylands: geographical conftribution to betfter understanding of people-
environment relationship. The Geographical Journal, Vol. 168(3): 193-194.

Weber, L., and Nkemdirim, L., (1998). Palmer’s Drought Indices Revisited.
Geografiska Annaler, 80A-2: 153-172.

Wilhite, D. A. and Glantz, M. H.: 1985, Understanding the drought phenomenon:
the role of definitions, Water Int. 10, 111-120.

155



Comparison of Carbon Benefits
Between Natural and Plantation Forests

Melba L. Raga-as
Aklan State University
Banga, Aklan

Rex Victor O. Cruz
University of the Philippines Los Banos
Los Banos, Laguna

INTRODUCTION

One of the major concerns in environmental management and
protection today is global warming understood as a phenomenon of
increasing global surface temperature and the potential climate change
of global magnitude due fo the accumulation of atmospheric “greenhouse
gases’”.

Greenhouse gases are atmospheric frace gases that keep the
earth’s surface warm. The most significant greenhouse gas is CO, Recent
investigations show that CO, concentration is approximately 30% greater
than it was in the 18th century (Michaelowa and Koch, 2001). Furthermore,
Intergovernmental Panel on Climate Change (IPCC) second assessment
report confirmed that greenhouse gases in the atmosphere confinue to
rise (IPCC, 1995) and it should be stabilized at the level that would prevent
dangerous effects to humanity.

The influence of forest on climate is very important and well
recognized. The climatic benefits of trees and forests are complex and occur
at several scales. While forests’ fraditional uses have been substantially
evaluatedin terms of their monetary benifits, evaluation of C sequestration
services is sfill limited. Several studies have been undertaken to estimate
carbon dioxide fluxes as a result of land use changes. Other studies
evaluated carbon uptake associated with reforestation and recovering
forest vegetation. However, the uncertainty of the results arises from biomass
and carbon content produced by these different types of carbon sinks in
various regions or areas and differences in age levels, thereby resulting to
varied biomass and carbon contents.

Estimates and measurement of the amount of C sequestered in
different forest types and giving value to such forest services are necessary
for effective management. Furthermore, they are necessary bases for policy
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formulation regarding the preservation of natural forests, to answer the
question of how many hectares should be preserved for carbon
sequestration services and to determine the size of forest to be planted to
maintain desirable carbon balance. Providing monetary estimates of C
sequestration services may help decision makers, resource managers, and
planners to make better decisions with regard to promoting preservation
of natural forests especially watershed reserves that provide benefits aside
from C sequestration/storage services while reducing land use changes. In
addition, providing value for C estimates from plantations is necessary for
C trading, parking, or storage agreement policies that are now in place in
other countries and for justification of expanding the forest plantation
ventures in the country.

Thus, a reliable measurement of carbon sequestered in the forest
biomass of different forest typesis needed and an up-to-date and areliable
estimate of the monetary value of C sequestration services is called for.

Obijectives

In general, the study aimed to estimate the carbon benefits and
potential economic value of carbon sequestration/storage services of the
secondary natural forest and forest plantations in Aurora province.
Specifically, it sought to attain the following objectives:

1. Compare the current amount of biomass and carbon benefits
of a secondary natural forest and an eight-year-old Gmelina
arborea plantation;

2. Compare the projected amount of carbon sequestered in one
production period;

3. Estimate the economic value of C sequestration services of a
secondary natural forest and a Gmelina arborea plantation;
and

4. Provide basis for policy recommendation for the management
and protection of existing natural forests as well as expansion of
investments in plantation forests for their C sequestration services.

METHODOLOGY

The study was conducted in a natural forest in Diap-diapnan sub-
watershed within the proclaimed Bazal-Baubo Watershed Forest Reserve in
the municipality of Maria Aurora, Aurora province.

Other study sites are plantation forests. One is in the municipality of
Dilasag and the other two sites are in Casiguran, Aurora.

Natural forest. In terms of sampling method, for the natural forest, a
reconnaissance survey was done and secondary datfa like maps and
watershed resources profile were gathered from the office of Aurora
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Integrated Area Development Project (AIADP Il) and the CENRO in Maria
Aurora. The study site was divided into two with the Diap-diapnan river in
between. Using the riverbank as baseline, a distance of 100-150m was
measured perpendicularly from both sides of the river. Sampling plots were
laid out, one plot on each side of the river. Succeeding plots were then
established untfil 15th pair of sampling plots was identified.

Each sample plot was laid out on a 50m x 50m square within which
were sets of subplots. A bigger plot size was used since according to Brown
et al. (1992) this will increase accuracy of biomass estimates. The area of
the plot was 0.25 ha and distributed inside the plot was a set of subplots for
measurement of various resource types such as seedlings, saplings, shrubs,
and large trees for biomass determination. The plot sizes for measuring trees
and other resource types are as follows:

50m x 50m plot - trees with diaometer at breast height (dbh) 10
cm and above

10m x 10m subplot - saplings and shrubs with dbh less than or
equal to 9.9 cm

2m x 2m subplot - biomass of herbaceous and small woody
vegetation with less than or equal to 1.5 meter height

1 m x 1 m subplot - litter, roots, and soil samples

In the plantation forest, three contiguous plantation sites with different
age classes were identified for measurement. Establishment and plot
configuration within the plantation forests were done in the same way it
was done for the natural forest (for other biomass components of the forest
aside from stem biomass).

Data Collection

Natural forest. Aboveground biomass estimate for frees with diameter at
breast height of 10 cm and above was done by non-destructive sampling
or non-harvest method and a total of 30 plots was taken. Total height,
merchantable height, and diameter at breast height were measured within
the 50m x 50m plot in the natural forest. All measurements for biomass
determination commenced from the innermost subplot and tree species
were identified. To determine the stem biomass density, two methods were
used:

1. Allometric equation (Brown, 1997) used for wet environment; and

the
2. Biomass density based on inventoried volume

Biomass for understorey vegetation. For vegetation less than or equal to
9.9 cm dbh found within 10m x 10m sub-plots, a strafified free technique of
harvest was used (Rochow, 1973; Negi et al., 1988). Saplings and shrubs
were categorized into small size classes (2.0-6.0 cm and 6.1-9.9 cm dbh).
Trees of different size classes were enumerated and two sample frees having
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parameters (dbh and total height) close to the mean of the class were
harvested. Trees selected for harvest were clipped at ground level and
separated info main stem, branches, and leaves. All components were
oven-dried at 105°C to constant weight and sum of the oven-dry weights
of the whole sample tfree were determined. To get the biomass of all frees
in that particular dbh class, the number of tfrees in a particular dbh class
was multiplied by oven-dry weight of the representative tree harvested.

Biomass from the leaves. Biomass density was taken from secondary sources
due to limited equipment for leaf area index measurement.

Biomass of herbaceous vegetation. Biomass of herbaceous vegetation and
small woody vegetation was determined by harvest method. Vegetations
less than or equal to 1.5 m in height was clipped at ground level. Clipped
materials were weighed to determine fresh and oven dried weight.

Standing litter. Collection of standing litter organic mass was done once.
Fresh and partly decayed organic materials were collected within Tm x Tm
plot. Fresh and oven dried weight was determined.

Roots. Roots were sampled within the innermost plots after litter collection
in one-meter depth. Fresh and oven dried weights were taken. Samples
were collected after oven drying and sent to the laboratory for C analysis.

Total biomass per hectare for natural forest was done by adding the
biomassin every forest component.

Plantation forest. The total number of frees in a hectare was taken depending
on the spacing employed. To determine the biomass density of frees, leaves,
herbage, standing litter and roofts, the same methods used in the natural
forest were used. No understorey vegetation biomass densities were taken.

Soil sampling. Soil samples were collected from both plantation and natural
forests. Four soil samples were collected from the natural forest and two sail
samples for each age class in forest plantation were collected. Soil samples
were taken at 0-15 cm and 15-30 cm depths and mixed to have one
composite sample for organic carbon analysis.

Carbon Content Determination

Carbon content analysis was done for all components. Total carbbon
stored in both forest types at the time of the study was determined by adding
carbon content of each forest components.

Yield Prediction and Amount of C Sequestered After One Production Period

Biomass and amount of carbon stored for one cutting cycle and for
one rotfation period were determined.
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Natural forest. The average number of trees per hectare was taken from
the inventory conducted and used as baseline data to determine the
amount of biomass and carbon in the next 30 years - the cutting cycle
(CC) for climatic type 4. Since volume is the function of diameter and height
(Tandug, 1992) periodic annual increment (PAl) equation of tree diameter
for dipterocarps and non-dipterocarps was determined based on the
equations developed by Virtucio and Uriarte (1999) for climatic type 4. For
the average merchantable height increment for dipterocarps and
nondipterocarps, the formula used was based from Beers (1962) as cited
by Vallesteros (1998). To determine C content the following steps were done:

1. Diameter and height increment were projected yearly for 30 years.
2.Volume and volume increment were computed yearly for 30 years based
from periodic increment in diameter and height.
3. Volume at a given year was determined using the formula
VOB/ha =0.7854 D2 H
Where:
VOB = volume over bark per hectare
D = projected diameterin cm at a given year (Uriarte and Virtucio, 1999)
H = projected height in meters at a given species group and diameter
4. Stem biomass density and carbon sequestered per year were determined
based on the following formula:
Stem biomass density = VOB * WD (0.57t/m3)
Carbon content = Biomass density * % carbon content (53%)

It was assumed that all other forest components would have a
constant value at the end of one production period.

Plantation forest. Data from fifteen-year-old Gmelina arborea plantation
was used for a 15-year rotation period. Stem biomass density = VOB * WD
(0.45t/m3)

Estimation of the Net C Sequestration Monetary Value

The monetary value of the C sequestration services of the two forest
types were estimated using the benefits fransfer method. The value was
based on the assumption that the average value per ton Cis US$ 5.00 (Sedjo
and Solomon 1989; MacNally and Shahwahid (2001) and IPCC (2000).
Data Analysis

Data from the field as well as in the laboratory were tabulated and

summarized for each forest type. Descriptive statistics such as percentages
and means/averages were used.
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RESULTS AND DISCUSSION
Biomass Production and Accumulation

Stem biomass production: Based from the data using allometric equation
method, stem biomass production of natural forest was 81.02 t/ha. The
largest fraction of aboveground biomass was accounted from biomass of
frees in lower diameter that ranged from 10-20 cm.

The stem biomass was 73.21% of the aboveground biomass
component (Figure 1) and 62% of the total biomass. Computed value of
free biomass in the natural forest was lower than the value obtained by
Guillermo (1998) from the secondary forest in Mt. Makiling. Compared to
the natural forest, an eight-year-old plantation forest has aboveground tree
biomass densities of 66.12 t/ha and 86.26 t/ha for allometric and based
from inventoried volume, respectively (Tables 1 and 2). Estimates of tree
biomass were lower in plantation forests compared to the natural forest.
Stem biomass density comprises about 85% of the aboveground biomass
denisity in plantation forest (Figure 2). The trees in plantation sites have lower
average diameter as compared to the natural forest where higher number
of freesinventoried has around 10-20 cm dbh with an average dhb of 13.34
cm.

Table 1. Biomass density (t/ha) of natural and
plantation forests using allometric method.

FOREST COMPONENTS FOREST TYPES
Natural Forest| Eight-Year-Old
Gmelina arborea
Plantation
Stem 81.02 56.38
Leaf 2.84 1.98
Understorey 21.04 0.00
Herbage 0.45 1.36
Litter 5.31 6.41
Aboveground biomass 110.67 66.12
Belowground biomass
Roots 20.61 6.12
Total 131.28 72.24

Figure 1. Relative percentage of aboveground biomass in natural forest.
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Figure 2. Relative percentage of aboveground
biomass in plantation forest.

85%

Table 2. Biomass density (t/ha) based on inventoried volume
for natural and plantation forests

FOREST COMPONENTS FOREST TYPES
Natural Eight-Year-Old
Forest Gmelina arborea
Plantation
Stem 114.39 75.82
Leaf 4.15 2.66
Understorey 21.04 0.00
Herbage 0.45 1.36
Litter 5.31 6.41
Aboveground biomass 145.23 86.25
Belowground biomass
Roots 20.61 6.12
Total 165.84 92.36

Understorey Vegetation. Understorey vegetation in this study consist of frees/
shrubs with diameter lower than 10 cm. For the natural forest, understorey
vegetation biomass density was 21.04 t/ha (Table 1) comprising about 19.01%
of the aboveground biomass that was higher than the results of Guillermo
(1998). Higher understorey biomass density was due to the preponderance
of seedlings and saplings in lower diameter classes. Based from Brown and
Lugo (1990) and Lugo and Brown (1992}, understorey shrubs and herbs in
secondary forests may account for up to 30% of the forest biomass formation.
Understorey biomass in plantation forest in Leyte amounted fo 3.66 t/ha
(Lasco et al., 1999) but estimates for this study cannot be made due to
absence of understorey vegetation.

Herbaceous vegetation. In Table 1 about 0.45 t/ha of herbage for natural
forests was accounted, however, value was lower compared to the findings
of Zamora (1999), whose estimate was 1.12 t/ha of herbs in a coconut-
coffee based multi-storey farm while Castro (2000) found 3.701 t/hain an
agro-forestry farm. Production of herbs and weeds could be aftributed to
canopy structure and management system of the land. Close canopy areas
tend to inhibit growth of herbs and weeds because less light can penetrate.
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Herbage production in the Gmelina arborea plantation was 1.36t/
ha, almost equal to the findings of Zamora (1999) and Lasco et al. (1999).
Apparently, as the canopy closes because of bigger frees, the value for
weed production decreases. The plantation forest has a wider spacing of
3m x 3m, which is favorable for weed growth. Maintenance of forest floorin
well-managed plantation forestis done by underbrushing weeds and other
grasses. Fern species dominate the weed and herbaceous vegetation in
the plantation forest. Cogon and hagonoy with vigorous growth were found
in other parts of the area.

Litter. Biomass density for natural forest was estimated at 5.31 t/ha as shown
in Table 1. The amount of litter biomass was comparable to the data
obtained by Guillermo (1998) in the secondary natural forest. As cited by
Brown (1997) the amount of dead plant materials in the forest composed
of fine litter may range from 2-16 t/ha or less than 5% of the aboveground
biomass. However, for subtropical forests in Puerto Rico as mentioned by
Murphy and Brown (1986), wood and litter account for 22% of the total
biomass.

On the other hand, the Gmelina arborea plantation has higher litter
biomass density of 6.4 t/ha (Table 1), than the natural forests. According to
Lugo et al. (1990), the significant difference between natural and plantation
forestsis the production of litter. However, the values obtained in this study
did not exhibit a significant difference. Plantation forests were regularly
pruned to have a higher production of stem volume. Hence, there was a
lower turnover of organic matter in the area. It was observed during the
study that the lower branches were pruned and cut materials were not
allowed to decompose on the ground as evidenced by the absence of
decomposing twigs or branches in the soil surface.

The aboveground biomass and necromass density of natural forest
was 110.67 t/ha as shown in Table 1. About 73% was contained in tree
biomass while the rest were distributed in other forest components. Tree
biomass density was lower compared to the results of Gillespie et al. (1992)
in Castro (2000) where 96% of biomass was stored in bigger frees. Total
biomass density is within the range of 50-700t/ha, for tropical forests in
Southeast and South Asia (Brown et al., 1991; Murdiyarso and Wasrin, 1995).
The aboveground biomass was still lower than the values obtained by Lasco
et al. (1999) and Guillermo (1998) in natural forests because these studies
were done in old growth forest.

In forest, aboveground biomass density was 66.12 t/ha and 85.27%
was attributed to tree biomass. This value was higher than the estimates of
Castro (2000) for an agroforestry farm dominated by Gmelina with 40.81 t/
ha at year five. The fotal biomass of 72.24 t/ha obtained in this study was
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much lower than the value (187.57 t/ha) reported by Lasco et al. (1999) for
an older plantation studied in Leyte.

Differences in biomass density for the two forest types, based on
Kawahara et al. (1981), could be due to age and stem biomass or volume
increase with forest growth. As trees grow older, their height and diameter
increase resulting to increase in volume and biomass. Gillespie (1992) in
Castro (2000), reported that 96% of the total biomass was found in bigger
frees. According to Zamora (1999), diameter has a strong positive correlation
with biomass where bigger trees produce more biomass. This may explain
why plantation forests with smaller average diameter of only 13.45cm have
lower total biomass density. Density of the stand could also affect biomass
production of the area. The more trees present the more biomass will be
produced. In this study, the plantation forests have a spacing of 3m x 3m
with 1,043 trees measured. Furthermore, the average tree biomass density
varied with plantation age. Mean annual biomass value was found to be
higherin older plantations.

Biomass Density and Amount of Carbon Stored

Natural forest. Total C contentin the natural forest as shown in Table 3 was
149.4 t/ha. Total C stored in above and belowground biomass was 68.7 t/
ha and the remaining amount of 80.68 t/ha was stored in the soil. Soil C
content of the area accounted for 54% of the total C stored. The findings
were in agreement with other studies which reported that soil carbon could
be about 30% or more of the biomass. However, since the area has just
recovered from logging, the soil organic matter could also be in the recovery
process. In addition, soil samples were taken from 0-30 cm depth which is
the portion of the soil where higher disturbances occur.

Plantation forest. As reflected in Table 4, the total carbon content of an
eight-year-old plantation was 125.82 t/ha of which 70% was from the soil
carbon storedin the area. Soil carbon in plantation was higher than previous
studied agroforestry systems. Castro (2000) reported only a total of 107.8 t/
ha of C in a five-year-old agroforestry farm in Nueva Viscaya where
vegetation was dominated by Gmelina arborea. The soil can recover its
soil organic carbon (SOC) in plantation forests. Lasco et al. (1999) reported
that C density of Gmelina plantations in Leyte is 294.16 t/ha and of which,
27.4% are in the biomass and the rest are found in the soil. Plantation sites
selected for this study were previously grassland and coconut plantation
areas. The infensive culfivation prior to the establishment of the plantation
explains why there was low soil C in the plantation area.

Results of this study show that C content of the natural forest was
higher than the plantation forest. Carbon in biomass in natural forests
contributed to a higher proportion of C content in this forest fype. But in
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terms of soil C, there was slight difference between the two forest types.
This was because disturbance in the soil occurred prior to the establishment
of plantation and the natural forest has been subjected to human activities
in the past 15-25 years.

Table 3. Biomass density and amount of carbon stored in natural forest.

CARBON POOL BIOMASS | CARBON | C CONTENT
DENSITY (t/ha) (%) (t’/ha)

Aboveground Component
Trees 81.02 53.39 43.26
Leaf 2.84 40.00 1.14
Understorey 21.04 52.95 11.23
Herbs/Weeds 0.45 49.00 0.22
Litter 5.31 47.80 2.54
Subtotal 58.39

Below ground Component
Roots 20.61 50.11 10.33
Soil 2.83 80.68
Total 149.39

Comparison of C content in natural and plantation forests. Results of
this study showed that the amount of C differs between natural and
plantation forests. Total C in the natural forest was 149.4 t/ha, a little higher
compared to 125.8 t/ha in plantation forest. The natural forest in this case
had justrecovered from logging more orless 20 years ago with dominance
of slow-growing trees. Gmelina arborea is a fast growing species but the
eight-year-old plantation in this study was relatively young with frees mostly
in lower diameter classes. In this case, the number of years after plantation
establishmentwas almost doubled by the number of years that the natural
forest developed afterlogging activity but they have a very slight difference
in C content.

According fo Muora-Costa (1996) the choice of species affects the
potential to sequester C. Gmelina arborea and Acacia mangium are
commonly used for reforestation projects. They accumulate biomass and
C fasterthan slow growing species for the same period of fime. Fast growing
species have lower wood density and therefore contain less C stored in the
wood as compared to slow growing frees. Another factor aside from the
kind of species planted is the site quality prior to reforestation activities,
which could also affect the stored carbon (Lugo and Brown, 1992; Marland
and Marland, 1999).

Both forest types contain significant amounts of C. However, in
plantation forests where trees are harvested atrotation age, the carbon in
the form of carbon dioxide will be emitted back to the atmosphere
depending on the forest product desired after harvest.
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Table 4. Biomass density and amount of carbon stored in plantation forest.

CARBON POOL BIOMASS CARBON (%) C CONTENT (t/ha)
DENSITY (t/ha)

Aboveground Component

Trees 56.38 53.08 29.93

Leaf 1.98 40.00 0.79

Herbage 1.36 49.27 0.67

Litter 6.41 49.35 3.16

Subtotal 66.12

Below ground Component

Roots 6.12 52.41 3.21

Soil 1.38 88.07
Total 125.82

Biomass Density and Amount of C Sequestered After One Production
Period

Natural forest. Plot data obtained from the inventory were used for
stem volume, biomass, and carbon projection for a 30-year cutting cycle
for climatic type 4. It was assumed that all other forest components are
constant after one cutting cycle (30 years) for natural forests or one rotation
(15 years) for plantation.

Results showed that after 30 years, the total biomass density was
381.37 t/ha for natural forests and 369.9t/ha for plantation forests after 15
years (Table 5). In this case, estimated biomass density for both forest types
were almost the same inspite of higher stem volume accumulated in
plantation forest, which contributed a lot to total biomass density. For stem
volume, plantation forests accumulated 753.3cu m/ha while only 566.04cu
m/ha were obtained for natural forests. Data show that there was a slower
stem volume accumulation in natural forest that resulted to lower stem
biomass accumulation for 30 years. Average dbh in plantation forest was
28.59 cm and almost 40% of trees have dbh of 30 cm and above for the 989
frees sampled.

Lower stem biomass density in natural forests was also due to the
less number of trees per hectare. For 15-year-old plantation forest, the mean
annual biomass increase was 24.7 ton/ha compared to 12.71 t/ha for the
30-year-old natural forest. Increase in biomass density was attributed to
the increase in stem volume. Hence, slow growing trees species in natural
forest accumulate less volume even if they have higher density. Plantation
species are faster growing but have lower density compared fo frees grown
in natural forest. Total C sequestered from natural forest was 280.4t/haq,
more than 50% of which is derived from stem biomass and almost 30% of
the total C came from the soil (Table é). For 15-year-old plantation, total C
sequestered was 239.4 t/ha. Itis worth noting that there was a difference of
15 years in age between the two forest types. However, only a very small
difference was observed in terms of the amount of C stored.
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Table 5. Projected biomass density (t1/ha) after one production period

FOREST COMPONENTS
FOREST Stem Leaf Understory Herbs Litter Roots TOTAL
TYPE
Natural 322.64 11.32 21.04 045 5.31 20.61 381.37
Plantation 339.00 11.89 048 7.35 11.17 369.90
Table 6. Projected amount of carbon (t/ha) sequestered
after one production period
CARBON POOL
FOREST Stem Leaf Understory Herbs Litter Roots Soil C TOTAL
TYPE
Natural 171 453 11.14 0.22 2.54 10.33 8068 | 280.44
Plantation 186.90 4.76 0.24 3.59 5.81 3800 | 23947

Assumptions: All forest components are constant except C for stem volumes.

Value of C Sequestration Services

Valuing C benefits or C sequestration services of the forest is
considered in discussing different mitigation options to combat global
warming. Studies conducted in Asia, was done to obtain an estimate of
the monetary value of C using benefits transfer method. The average value
of aton Cis US$ 5.0, to be applied for both forest types. Results of the study
showed that a one hectare secondary forest that serves as a watershed
reserve has a current value of US$ 746.53 (R41,832 ), higher than the value
of an eight-year-old Gmelina arborea plantation, which is US$ 629.10 (R
35,229) due to higher amount of C stored (Table 7).

Table 7. Current amount of carbon stored and its monetary value

FOREST TYPE C CONTENT | MONETARY

(t/ha) VALUE (US$)
Natural Forest 149.4 746.5
Eight-year-old Gmelina arborea plantation 125.8 629.1

Values presented in Table 7 for both forest types were based on
services rendered in capturing C alone without inclusion of other direct
benefits that could be derived from both forest.

A higher amount of benefits is derived from natural forests due fo ifs
higher C content. If other benefits are considered, protecting the natural
forest will still have a higher value. Consistent with the findings of Rivera
(2003), short rotation plantation was the lowest with the assumption that C
in frees will be released upon harvest.

C crediting
For this study, both types of CERs were used using different crediting
periods. C valuation by C crediting assumes that no emissions and no

positive leakage take place for both forest types. Since the natural forest
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was logged in the late 1970s, it is assumed that the actual/current C stock
estimates gathered in the study was about 30 years at the time of data
measurement. Gmelina arborea plantation (15-year- old) frees were planted
in 1985 for a 15-year rotation and it is assumed that the plantation will be
renewed for another 15 years.

The current C stock and CERs for the natural forest as compared to
the eight-year-old plantation under tCERs (fixed, 30 years) were 548 and
462, respectively (Table 8). Higher amount of CERs were derived from natural
forest if the commitment period started 30 years ago.

Table 8. C stock and amount of CERs for natural and plantation forests

FOREST | TYPE of CER| CREDITING NO.OF CREDITING C STOCK CER
TYPE PERIOD YEARS LIFETIME

1 2 3 4 5 6 7

Natural* tCERs Fixed 30 30 149.4 548
ICERs twice

Renewable 10 30 (Yr.10) 49.8 182

(Yr.20) 99.6 365

(Yr.30) 149.4 548

Natural*  [tCERs Fixed 30 30 280.4 1029
ICERSs twice

Renewable 10 30 (Yr.10) 180.9 664

(Yr.20) 223 818

(Yr.30) 280.4 1029

Plantation* [tCERs Fixed 30 30 125.8 462
ICERs twice

Renewable 10 30 (Yr.10) 83.9 307

(Yr.20) 419 153

(Yr.30) 125.8 461

Plantation** [tCERs Fixed 30 30 239 877
LCERs twice

Renewable 10 30 (Yr.10) 176.9 649

(Yr.20) 114.7 421

(Yr.30) 239 877

The projected value of CERs using a 30-year cutting cycle in the
natural forest was 1,029 CERs while for plantation forest, the estimate was
877 CERs on the assumption that the area will be planted again after 15
years.

For ICERs with a credifing lifetime of 30 years, and renewed every 10
years, plantation forest would have 421 CERs at year 20. This is because it
was replanted after the first rotation.

Plantation forests have wider market opportunity especially if they
are managed for a longerrotation. In this case, the government or private
individual could gain monetary return, of US$ 4, 385.6 (US$ 5/ CER) for 877
CERs at the end of 30 years for tCERs with fixed crediting period. If a farmer
opts for long-term CERs renewable every 10 years (30 yrs), the monetary
value is higher in the first 10 years assuming that harvesting occurs after 15
years. The value of C in natural forest was 548 CERs and after 30 years it will
be 1,029 CERs (US$ 5,145/ha) without intention to frade.

168



5rd Tuternational Conference on Agnicaltane Education and Environment

As expired tCERs can be replaced by new tCERs, it is most likely that
a project developer will fry to sell a succession of tCERs over the crediting
period. Credit sales covering only one commitment period will increase
fransaction costs for both sides, and projectrisk is exclusively on the seller’s
side.

Since there is verification of CERs at a regular interval for long-tem
CERs, developing countries engaged in AR projects could be at risk since
uncertain things may happen during the production period that could affect
the C sequestration process of the project and compensation will be
affected since payment is done on the last year of the crediting period.

Expansion of plantations for C crediting opens an opportunity in
developing countries as targets of CDM for AR projects. However, thereisa
risk for natural forests to be cleared and planted to give way to exotic species
and this will have impacts on existing natural forests and biodiversity (Niesten
et al., 2002).

CONCLUSIONS

1. Both natural and plantation forests contain a huge amount of Cin the
free biomass and in the soil. Even if existing natural forests have slower
growth, they are effective in storing C as long as the forests are
adequately protected and managed.

2. Gmelina arborea plantations have faster growth and therefore
accumulate C per unit of time faster in comparison with natural forest,
provided plantations are established in suitable areas.

3. Biomass density and C accumulation capacities of different forest types
vary depending on site quality, degree of disturbance, kind of species
used, rotation period (in the case of plantations) and maintenance or
management activities employed especially on natural forest.

4. There are monetary benefits for C sequestration services for natural and
plantation forests. However, netrealizable benefits should be compared
to the cost incurred for the management of natural and plantation
forests.

RECOMMENDATIONS

The following recommendations are forwarded:

1. Expansion of government reforestation projects especially in
inadequately stocked or open areas can conftribute significantly in

sequestering atmospheric carbon. However, reforestation must be
pursued with a clear understanding of the full costs and benefits of doing
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it considering issues other than-carbon related concerns such as water,
biodiversity, soil conservation and community welfare.

2. The huge amount of C captured and stored by natural forest could be
used as additional justification for the maintenance and protection of
the natural forest in the country.

3. C sequestration potential should be used as one of the bases for
evaluating alternative uses of forestlands particularly those with
remaining forest cover.

4. C trading /market may encourage private landowners and local
communities to increase their involvement in forest plantation
development. This should be complemented with appropriate incentives
and reduction of transaction costs for getting into plantation
development.

5. If the government, private individuals or corporations invest in tree
plantations, the target product should be evaluated and studied given
the concerns on carbon dioxide emissions. Reforestation species that
are used primarily for furniture and construction purposes should be
favored.

6. Creation of a database and other management decision support
systems to improve success of plantation development and increase
effectiveness of monitoring efforts should be given high priority.

7. Studies should be pursued to determine the costs and benefits of the
management of plantation and natural forest for C sequestration. This
willimprove the current understanding of the feasibility of participation
in C market.
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INTRODUCTION

Mangrove forestin Nong Khan Song District, Muang, Trat Province is
a conservation forest, having an area of approximately 3,500 rais, and
located on the east coast of Thailand. Leaders of the community do wish
fo conserve the forest for the younger generations. Local people want to
gain some benefits from this area but they do not want to damage the
forest. People have exerted some efforts to conserve and maintain its beauty
but they lack the management know-how in maintaining the value of the
mangrove forest. It is for this reason that researchers from Rambhai Barni
Rajabhat University conducted participatory action research (PAR) in the
area involving local people and the leaders of the community. The latter
need the basic knowledge to maintain sustainability of the mangrove
ecosystem while at the same time enjoying income benefits from it. The
areais also seen as having potential for ecotourism in the east of Thailand.

Objectives of the study

The general purpose of the study was to gather local people’s
knowledge on the conservation of plant diversity in mangrove forests in
Pak Klong Bang Pra, Koh Chao and Koh Loi, Nong Khan Song District, Muang,
Trat Province. Specifically, the study was aimed tfo:
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1. Gather management know-how as to the conservation of the
mangrove forests in the context of the local people;

2. Study the plant diversity in the area from which to base some
conservation techniques;

3. Encourage responsible use among local people by helping them
conserve and sustain the forest;

4. Establish Mangrove Forest Education Center for primary school
children in the research area; and

5. Strengthen the coordination among primary school
administrators, the local community and concerned
organizations in an attempt to improve the local environment
and natural resource of the research area.

Significance of the Study

Efforts at conserving the plant diversity in the Nong Khan Song District
will be strengthened and made more successful by seeking the participation
of the members of the community. The participation on the other hand of
the latter will be better realized by recognizing their efforts. Local people
do have indigenous knowledge in conserving and protecting the areas
that can be tapped to the advantage of all stakeholders. Furthermore
indigenous knowledge can be used fo complement with existing scientific
techniques which will then be appliedin the establishment of the Mangrove
Forest Education Center. The Center will then serve as laboratory for students
studying ecology and conservation techniques for mangrove forest areas.

Methodology

Participatory Action Research (PAR) was employed in the study. This
is in connection with the Rambhai Barni Rajabhat University's effort to
infegrate environmental conservation into their teaching.

1. Data gathering from the Local Community

Researchers and students from Rambhai Barni Rajabhat University
who reside in Nong Khan Song District interviewed some local
leaders and laypersons fo gather indigenous knowledge
tfechnigues on mangrove conservation in the context of the local
community. Researchers and stakeholders also conducted a
seminar fo exchange views, opinions and knowledge on
utilization and value of mangrove forests.
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Results

2. Data Collection on Plant Diversity

Students who were studying ecosystem of mangrove forest and
its surrounding environment gathered data as to the kind of plants
growing in the area and their botanical characteristics and
scientific names. These were done by laying transect lines on the
seashore and gathering data from 170 plofts.

Setting up of Plan for Mangrove Forest Conservation

Collaboration between researchers and teachers in Wat Nong
Khan Song School was established to formulate lessons on
mangrove conservation for pupils in Prathom Suksa 4-6, Primary
School.

Activities on mangrove conservation for pupils were organized.
These were:

- Activity 1: Replanting for mangrove forest.

- Activity 2: Mangrove forest conservation camp

- Activity 3: Study on successful mangrove forests in other
areas.

Establishment of Mangrove Forest Education Center at Wat Nong
Khan Song School

1. Data Gathering form the Local Community

Data and knowledge gathered from the community include the

need forreplanting of mangroves and medicinal plants growing in the area.
It was also learned that food can be derived from planting mangroves,
and that there are benefits of the mangrove forest to fishing. It was also
learned from the community that there are other products and other dyes
that can also be derived from mangrove trees. These include hats, tannins
extracted from mangrove bark, leaves that are dried and used as tea, and
young mangrove leaves as substitute of tobacco for smoking.

2. Data Collection on Plant Diversity

This part of the study identified many species and families of

mangrove frees. These are as shown in Table 1.
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Table 1. Kinds of Plant and their Frequency

Family
Mo Scientific name Number of plots. | Frequency (%)
U | Brywaria guecifolia FILICINAE 10 .88
2 | Finkaysonia maritime Black | ASCLEPIADACEAE B 471
3 | Dendropthor pentandrna LORANTHAEAE 2 1.18
4 | Deymaglosum pifascloides | FILICINAE 4 2,35
a Cerhopetadem lepidum ORCHIDATEAE 2 1.18
[ Bhanse) Schlir,
6 | Dendrabion crumenasm Sw. | ORCHIDACEAE ) 412
T | Crmbidium finlesomianin | ORCHIDACEAE 2 1.18
Lindl
B | drides fakate Lind, ORCHIDACEAE 1 0.59
9 | Luisia sp. ORCHIDACEAE 1 0.59
10| Dendrobium bifobulanm ORCHIDACEAE 2 1.18
Scidenl,
11 | Rhizophara apicirlata RHIZOPHORACEAE 145 8520
12 | Rhizophora mucronata Poir. | RMIZOPHORACEAE 30 17.65
13 | Agwemivm midhes FILICINAE 2 1.18
14 | Phwchen indica Less. COMPOSITAE B 3,53
13 | Nupa fruticans Warmb, FALMAE o 2.94
16 | Presua ohmeaiika B, Br. VERBENACEAE 1 .59
17 | Xvlacarpus granatm Koen, | MELIACEAE 84 4941
18 | Yidocarpes mofucoensis MELIACEAE 11 6.47
Ko
19 | Ereoccariaqmilocha L. | EUPHORBIACEAE 9 17.06
20 | Derris trifolime Lour. LEGL MINOSAE 15 .62
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21 | Bruguiera cvlindrical BI. RHIZOPRORACEAE 3 1.18
22 | Parthenocissis vilacea VITACEAE 1 0.59
23 | Caevalpinio erina L. LEGLUMINDSAE 1 0.59
24 | Hova kecimosa ASCLEPIADACEAE B 471
25 | Wedelia Mflora (LIDC, | COMPOSITAE 3 1.76
26 | Imnvig bifuge (Colebr) 0, | LEGUMINOSAE 12 7.06
[ A
27 | Bruguicra sevangula Pois. | RHIZOPHRACEAE 27 15.88
28 | Brgsdern pymeorriizn (L) RUIZOPHRACEAE kL 20,00
Sanigmy.
29 | Phornix palwdasa Roxb, PALMAE i 3.53
30 | Mibwscues tiliaceus L. MALVACEAE 7 1.18
A1 | Acrosticthunr aurenm L. FIERIDACEAE 49 28.82
A2 | Aervanichem pecium Willd | PTERIDACEAE 35 20,39
33 | Coriaps decondra Ding RHIZOPHORACEAE 4 2.33
Howu
34 | Coriops mgal iPer) O B Reb. | RHIZOPHORACEAE 31 16,23
39 | Drywario microphia FILKCINAE 17 10,00
36 | Limmnitzcra fitorea Voigl, COMBRETACEAE J8 2235
3T | Lumwitzera racemosa Willd, | COMBRETACEAE 2 2.94
38 | Someraiio casecdaris (L) | SONNERATIACEAE 3 2.94
Erel
39 | Soumeratio ovals Back SONNERATIACEAE s 1.18
A0 | Somneraria grifishii Kurz | SONNERATIACEAE 1 0.59
41 | dvicemaia alfa BL AVICENNIACEAE 29 17.06
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| 42 | dvicemnia officimalis L. AVICENNIACEAE 4 2,35 '
'_I 43 | Dalbergia candematensis 1II.EI:I_.'nll.‘n.l:ln!iic.l: 2 1.18
IH Clerodemdriun iwerme (L) ‘:l};ltl MINOSAE 9 2.3
Ciaerimer .
43 | Flapellaria indica L :I'L\l.'ELLl.ItI.'.I_'E.\E 3 1.76
|46 | Hydrophytum formicaun  MYRSINACEAE 1 0.59
Jack.
| AT | Acomihus eheaciegius Vahl, | ACANTHACEAE 2 1.18
.. 48 | flevitiera liroralis AiL STERCULIACEAE 18 10.59
Number of pls
*** percent of frequency = x 100
Toral plots
Table 2. Density of Mangrove Trees
[hensity
No, | Scientific nam Tree Sapling Seodling
plantplot | plant/ra | plantSplot | plant/rai | plnt/plot | plant /i
1 | Rhizophora T.46 119.36 | 4.12 65.92 0.39 624
apiclaly
2 | Rhizaphora 0.97 15.02 0.55 8.80 0.02 a2
murcraeaia Poir,
3 | Xvlocarpis 2.42 38.72 167 26.72 0.05 80
gramaian Koen.
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4 | Nifocarps 0.29 4.64 0.16 2.56 0.01 16
el koen,

9 | Excoecaria 0.38 6.08 0.19 3.04 0.01 16
apallocha L.

6 | Bruguicra 0.02 0.32 0 0 0 0
cvlindrical BL.

T | Tusia biuga 0.09 1.44 0.06 0.96 0 0
(Colebr.) O. Kize

8 | Brugnicra 0.20 3.20 0.24 3.84 0.01 16
sevamgnla Poir,

9 | Brgdon 0.24 3.84 0.27 4.52 0 0
i (L)
Savigny.

10 | Hibiscus iihacens 0.01 0.16 0,01 0.16 0 0
L.

11 | Ceoriops devandra | 0.07 1.12 0 0 0 0
Dimg How

12 | Ceriops ragal 1.13 18.08 1.38 | 22.08 | 0.68 1088
(Pem. ) C. B. Rob.

18 | feiaiaa 058 | 928 | 026 | 416 | 0329 | 454
titrorea Yoagl

14 | Lummirzera 0.03 .48 .01 0.16 0 0
rincemasa Willd,
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iu pdaiaiss 0.08 | 144 | 002 | 032 0 0
rusendaris L. )

; Engl

| 16 | Sumerntiaovara | 002 | 0.32 0 0 0 i

| Back

i 17 | Comerutia 0.02 0,32 0 0 0 0

i Eriffiinl Bour

! 18 | Avicenmia alba 0.74 12.64 0,36 3.76 0.01 16
B,

: 99 drichasis | 016 | 256 | 0.0 32 | o002 | %2

| kAt | . |

: 20 | Heritiera 0.31 4.96 013 2.08 0.03 48

. litraralis At

Seedling = perimeter of stem is less than 1 cm.

Sapling = perimeter of stem is less than 4 cm. but longer than 1
cm.

Tree = perimeter of stem is longer than 4 cm.

*** 1 plot for free and sapling = 100 m?
*** 1 plot for seedling =1 m?2
*** rai is unit of areq, 2.50rais = 1 acre , 6.25rais = 1 hectare

3. Setting-up of Plan for Mangrove Forest Conservation

Wat Nong Khan Song School is a primary school which had
incorporated lessons on mangrove conservation for pupils in Prathom Suksa
4-6. Theirlessons are based on observations and studies made on mangrove
forests at Pak Klong Bang Pra, Kho Chao and Kho Loi, Nong Khan Song
District.

Interests of pupils in mangrove conservation especially that of Wat
Nong Khan Song School and Wat Lam Hin School, were developed and
stimulated by organizing activities like camping. The students from Rhambhai
Barni Rajabhat University were the leaders and demonstrators in this acfivity.
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Mangrove forest observation and sight- seeing activities were also
organized for community leaders at the mangrove forest conservation
project of the King in Chanthburi Province.

4. Establishment of Mangrove Forest Education Center at Wat Nong Khan
Song School

The teachers, local people, pupils and researchers collaborated to
establish Mangrove Forest Education Center. Grown in the Center are
species like Rhizophora spp.,Lumnitzera spp., Sonneratia sp. Nypa sp.
Bruguiera spp. These are species that can be grown as ornamental plants.

Conclusion and Discussion

This study found that mangrove forests in Pak Klong Bang Pra, Koh
Chao, Koh Loi are successful ecosystems composed of 48 species, and 21
families of plants and mangrove trees grown in the area. These could be
divided into 3 groups: epiphyte, herbaceous plants and frees. A total of 14
epiphytes were found which included 6 orchids. There were also found 14
herbaceous plants and 20 frees. (Table 1). Plant density of saplings and
seedlings were found to be lower than the trees. There therefore is a need
forthe community to culture and replant seedlings because in fime, natural
propagation will be decreased.

Conservation efforts for the mangrove forest ecosystem can be done
in four areas. One is in the area of education. Here, there needs an
establishment of knowledge center for the community, and conduct of
basic research to help solve the problems in their community. Secondis in
the area of economic development. Ecotourism, local fisheries and
propagation of plants from the mangrove forest can be done. Thirdis in the
area of social science like establishment of local organizations, setting-up
of policy to protect the mangrove forest, and management of garbage.
Fourth is in the area of social marketing where promotion of mangrove
conservation efforts can be enhanced through various media like the
electronic media, print media, exhibits and local festivals.

Impact of the study
1. Impact to the community

1.1 Aremarkable level of unity among community members was
obseved. Given leadership from the government, the local
people will be willing and ready to cooperate.

1.2 The local people expressed willingness to collaborate with any
one wishing to study or conduct a research on this natural
resource. They view research studies and projects with the
government as necessary to improve their place.
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1.3 The people showed enhanced awareness on the importance of
mangroves. They were familiar with the use of the plants and
they understood how and why they need to conserve them.

1.4 The local people showed respect for local wisdom. They were
interested to use them for commercial purposes to generate
income for their family and the community.

2. Impact to the students

The students had a good experience in learning by doing by going
out and having hands-on training outside the classroom.
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Agroecosystems Analysis for the Sustainable
Development of Lake Buhi

Binoya, Cely Salazar, Ph.D.
Camarines Sur State Agricultural College
Camarines Sur, Philippines

INTRODUCTION

Lake Buhiis a very essential natural resource being the home to the
smallest fish in the world, Sinarapan (Mistichthys luzonenzis). The population
of this smallest fish, also known as Tabios, is very much endangered with the
massive production of infroduced fish specie, Tilapia, which is being grown
on a commercial scale in the Lake.

The massive denudation of the surrounding watershed also pose a
threat to tabios’ existence. Siltation due to erosion of surrounding areas is
disastrous to the biodiversity in the Lake, including “Sinarapan’. Knowing
the current agro-ecological practices in the Lake and its surrounding areas
can give information on the rate of damage that siltation poses on the
Lake. This then will have to be communicated to the stakeholders (women
and men upland dwellers, farmers and IPs) so the latter can identify and
work out some coping mechanisms fo minimize its impact to the lake
biodiversity.

An inventory of the commercial fish cages and other industrial
activities going on in the Lake was also deemed very important. Essentially,
this activity gave information on whether the principle of carrying capacity
of a given resource was considered. Knowing this can prevent overuse,
pollution and damage to this important resource. This can also ensure
sustainable use of the Lake for the maintenance and survival of its indigenous
biodiversity, including “Sinarapan or tabios”.

The analysis of the local ordinances developed by the Local
Government Unit (LGU) of Buhi for the utilization and management of the
Lake and ifs surrounding environ was also carried out to determine whether
the ordinances are resource friendly and are favorable to the sustainable
use of the Lake.

Finally, the determination of possible sites, which can be developed
into fish sanctuary of “Sinarapan or tabios”, was made to provide it an
additional safe breeding and production ground. Although there is an
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existing ‘Sinarapan’ sanctuary in the site, the local officials feel that the site
was very inadequate to ensure sustainable population of the fish in Buhi
Lake.

OBJECTIVES OF THE STUDY

This research was undertaken to analyze the agro-ecological systems
within the Lake and its surroundings. The following are the specific objectives:

1. Determine the agro-ecological practices in the bufferzone and
agricultural areas surrounding and within the Lake and their
perceived effects on the Lake and on women and men upland
dwellers / farmers and indigenous peoples;

2. Generate awareness and identify coping mechanisms toreduce
if not counter the perceived effects of the agro-ecological
practices among the upland dwellers / farmers and indigenous
peoples across gender;

3. Come up with aninventory of commercial fish cages and other
industrial uses of the Lake;

4. Analyze the present local ordinances related to the agro-
ecological system’s and Lake use and their effect on the Lake
itself; and

5. Determine possible sites to be developed into sanctuaries of
tabios to ensure sustainable population of the smallest fish in the
world.

METHODOLOGY

A combination of traditional and contemporary research
methodologies were used to generate desired information, which include
community survey, PRA, focused group discussion (FGD), fransectwalk and
mapping. SWOT Analysis, IEC for creating awareness and developing
participatory skills, actual inventory of fish cages, and the more technical
methods of determining the bio-physico-chemical properties of the lake
waters, sediments and phytoplanktons, including infiltration rates and stream
flow.

Agro-ecological systems analysis was done through a friangulation
method involving area survey and field observations, field interview of
women and men upland dwellers, fisherfolks and IPs living in surrounding
areas of Lake Buhi and focused group discussions (FGDs) in the surrounding
upland barangays. These were conducted to bring to light current practices,
analyze such practices in terms of its impact to the Lake and with them and
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identify coping mechanisms to minimize the impact of identified agro-
ecological practices on the Lake. To address the problem of poor agro-
ecological practices in the uplands, a fraining on sloping land management,
among others, were conducted for the women and men upland dwellers
and IPs. It aimed to improve their current agro-ecological practices and to
minimize soil erosion and siltation of the Lake. IEC materials were also
developed in support to environmental advocacy and to enhance
understanding of the upland dwellers and IPs on sloping land management.

Actual inventory of commercial tilapia cages and the rate of
production, including production fechnologies were made through actual
count andinterview of cage owners and use of secondary data of registered
cage owners with the LGU and the Department of Agriculture / Fisheries
(DA/F). Some parameters to determine fish cage area vis-a-vis carrying
capacity of the Lake were studied; and water, sediments and phytoplankton
analyses were also made. Interviews about the phenomenal changes
observed in the Lake in the past years and their frequency of occurrence
were also conducted.

Local ordinances were studied using secondary data from the LGU.
Theirimplementation strategies were also analyzed. The process of analysis
was made through an FGD cum workshop. Using the SWOT analysis, the
stfrengths, weaknesses, opportunities and threats were identified in each of
the local ordinance passed related to the Lake’s use and maintenance. A
workshop focused on how to address the weaknesses and how such
weaknesses can be converted to opporfunities was done. On the threafs,
analysis was made on how fo minimize them and on how to cushion their
impact on the Lake and its environs.

Actual observation and analysis of the lakelets in the surrounding
watershed was made fo identify the potential areas to be developed as
fish sanctuary of tabios.

The Study Site

The study covered the barangays surrounding Buhi Lake (Fig. 1). The
seven upland barangaysincluded in the study were Salvacion, Cabatuan,
Tambo, Sta. Cruz, Ipil, Iraya and lbayugan. In ferms of systems boundaries,
these seven barangays are within the watershed ecosystem. The three other
barangays studied, representing the lowland ecosystem, are those situated
within the Poblacion area, which are barangays Sta. Clara, San
Buenaventura and Sta. Elena. Barangays San Ramon and De la Fe, where
the lakelets are found, were also included in the study site because of the
need to identify potential sites to be developed as sinarapan sanctuary.
Figure 2 shows the map of the upland barangays within the Buhi watershed
and Barangays San Ramon and De la Fe which are hosts fo several lakelets
in Buhi that can be developed into Sinarapan sanctuary.
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The Study Population and Sampling of Respondents

There are 25,796 individuals living in the 10 barangays surrounding
Lake Buhi (Table 2). Of this number, around 360 participants were invited o
attend the FGDs conducted with a minimum of 30 participants per barangay
constituting the Barangay officials, upland farmers, fish cage operators, I1Ps
and rural women. Identfification and invitation of participants were made
by the Barangay Captain and the Barangay Secretary. The FGD for local
officials and representatives of relevant agencies was also attended by
some Sangguniang Bayan (SB) members, representatives from the
Environmental Management Service (EMS), Department of Education
(DepEd), Department of Agriculture (DA), Bureau of Fisheries and Aquatic
Resources (BFAR), Women Sector, Religious Sector, NGO, Fisherfolks, and
Farmers’ Sector, among others. Aside from the FDG participants who were
involved in the study, some other Barangay constituents were purposively
sampled for the conduct of community survey to represent the upland
farmers and IP group, fisherfolks and fish cage operators / owners, across
gender. The proportional allocation technique was used to generate
responses from at least 50% of the population of upland farmers, IPs, Fish
Cage Operators and residents along the lakeshore (Table 1).

Instrumentation

Based on the requirements of objective 1 and 2 of this study, three
setfs of inferview questionnaires were developed to generate information
from the targetrespondents. The instrumentincluded questions that would
get data on the socio-economic profile of the respondents, production
profile across gender, farming / fishing systems, fechnologies used in farming
/ fishing, sources of technologies used, perception questions to generate
information on the effects of their practices on the lake resources and its
environs, and on sustainability mechanisms.

The questionnaires were peer-reviewed by the research team and
pre-tested to identify questions that may not be able to generate desired
responses, after which, revisions were made before actual inferview.

On the more technical side of the study, the bio- physico-chemical
parameters were used as fools in the analysis of the properties identified.
Standard procedures for measuring infiltration rates and stream flow of water
from tributaries were also followed.

Data Gathering and Institutionalization Mechanism

Primary data necessary for the research were generated through
FGDs and face to face interview with the respondents. Transect walk was
also conducted fo friangulate results of the community survey and FGDs,
and to observe current farming practices and the existing flora and fauna
in the watershed. Water, sediments and phytoplankton sampling were made
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for laboratory analysis with the aid of a GPS for mapping out collection
sites. Actual inventory of fish cages was also made since this information
could not be generated from secondary data and from the interview with
identified respondents. A fraining on Technology of Participation (ToP) for
Agroecosystems Analysis for Sustainable Development of Lake Buhi was
conducted to bring together all relevant sectors and stakeholders and train
them in using the ToP as facilitation tool for generating people’s
participation. This was with special focus on analyzing Buhi agroecosystems
forits sustainable development.

Secondary data from various relevant sources were also gathered,
particularly the Municipal Socio-Economic and Physical Profile, Barangay
profiles, ordinances, fish operators registry and other necessary data from
relevant agencies operating in Buhi.

Before all research and development related activities started,
however, an audience with the Local Chief Executive was made by the
research team and some graduate students. Rapid rural appraisal of the
study site followed. Strong coordination with the Barangay officials was
developed by the research staff to ensure local participation during the
conduct of FGDs and community surveys. Also, to ensure institutionalization
of the research activities at the LGU for environmental conservation,
including that of sinarapan, the research team participated in all meetings
and activities called for by the EMS and the Sinarapan Sanctuary
Management and Development Council (SSMDC).

Data Analysis

Data were analyzed using descriptive and qualitative tools following
the process framework for agro-ecosystems analysis. The socio-economic
and gender data were analyzed using frequency counts, percentages,
means, modal values and ranks. Water, sediments and phytoplankton
analyses were made through laboratory analysis and results were compared
with standards. Other data gathered were analyzed through qualitative
means.

Framework of the Study

The agro-ecological systems framework of Conway (1986),
supplemented by the Technology of Participation Framework by MToP, USA
were used in this study.

The Agroecosystems Analysis for Development (AAD) as developed
by Conway (1986) was modified and used as the major methodology in
this studly. Itis a participatory research approach, which uses systems analysis
to define behavior of an area or natfural resource in the confext of
relationships and interactions of the assemblage of elements contained
within the boundaries of a given area. It is also a process that builds a
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common understanding and ground for action among major stakeholders
given the state and conditions of an area or natural resource.

Conway (1986) defines an agroecosystems as a complex agro-socio-
economic ecological system. Basically, an agroecosystem is a natural
ecological system such as watershed, forests, or lakes transformed for the
purpose of food, fiber or energy production. The process of tfransformation
involves human interaction with the natural processes to produce a specific
product such as rice, fish or electric power. Consequently, the extent and
maghnitude of the processes of fransformation and interaction produces a
distinct behavior of the natural ecological system. The behavior of the
natural ecological system to most extent defines the level of production of
outputs (e.g. water, timber, fish) of the system. To provide such understanding
of the natural ecological system as modified by human intervention,
Conway (1986) proposed that relationships and patterns of resource use
be identified as bases to assess systems performance in producing outputs.
This process is called the pattern analysis where spatial relationships,
temporal dimensions, flow patterns and decision-making processes are
identified and analyzed.

The patterns and frends asrevealed become the bases for a current
reality assessment that provided an articulation of insights and perceptions
of stakeholders.

Conway and Sqjise (1986) also indicated that in order to make the
analysis meaningful, a systems property assessment should be made to
measure systems performance. This was done with the identfification of
positive and negative factors affecting systems performance. Four systems
properties were idenftified as parameters for assessment: productivity,
stability, sustainability and equitability .

To further discern the interrelationships and assess systems
performance, the Buhi agroecosystems was clustered into three eco-zones:
(1) watersheds and forest/ upland areas, (2) the Buhi Lake and river systems,
and (3) the lowlands and the peri-urban areas.

The unit of analysis was two-fold: household and watershed levels.
In all these analytical processes, it was emphasized that the participation
of local stakeholders s critical and that the activity should be both aleaming
and consensus building exercise. To meet these requirements, the
Technology of Parficipation (ToP) was used as tool fo complement and
enhance the agroecosystems analysis. ToP is a facilitation tool that elicits
stakeholders’ participation in understanding current realities in the Lake and
in the analysis of frends and patterns in resource use. Usually, the ToP is a
tool used in local governance projects to systematically capture
participants’ insights/inputs and cluster such in themes and establish
consensus.

187



Srd Iuternational Conference on Agpicaltune Education and Enviromment

STUDY RESULTS AND DISCUSSIONS

A.1.a Socio-economic Profile of Respondent Farmers and Fisherfolks

Women and men farmers were generally old (51 years and above)
while the fisherfolks were in the middle age (36-50 years) most of whom
were married. The fisherfolks were better educated with majority having
aftained secondarylevel of education compared to the farmers who have
generally attained up to elementary level only. There were also a number
of college graduates among the fisherfolks indicating that the fishing
business requires some degree of skill and competence in entrepreneurship
which they can get through formal education. Income of fisherfolks was
generally higher than those of the farmers. Among the farmer groups, the
upland farmers had higherincome; women IPs reported the lowestincome
among the study groups. Both groups reported to have long experience
(more than 16 years) in their occupation, although quite a big number of
fisherfolks were new (less than 5 years) in the business.

1.b _Farming Practices of Respondent Farmers and Fisherfolks

On agro-ecological practices, findings showed that the farmers
including the IPs were adopfting three major farming systems, which were
infegrated, multiple and monocropping systems depending on crops grown
on mountain slopes. They practically planted all kinds of crops for home
consumption or for the market. In general, monocropping was used in lower
elevations for rice and corn production. Mid-hilly lands were planted to
various crops including plantation crops intercropped with some banana,
abaca, rootcrops and vegetables. High elevation lands were planted with
frees but IPs used to do kaingin and slash and burn activities for root crop
and fruit production. Animal production was usually integrated with crops,
particularly poultry (native chicken and ducks), and carabao was grown
as source of labor. They practice continuous culfivation of sloping lands for
crop production and some, particularly the farmers in the lakeside used
inorganic fertilizers and pesticides to improve soil condition and control pests.
IPs do not use fertilizers and pesticides. There were also a number of
commercial scale growers of swine along the Lakes’ shoreline that drained
theirwastes into the Lake. Households along lakeside were also reported to
be draining their septic and other domestic wastes in the Lake.

Inland fish culture had also grown wide in the Lake covering around
70 — 80 percent of its surface. Fish cage operators were overstocking their
fishcages requiring the use of more commercial feeds. In one cropping
cycle, with the presentinventory of fishcages numbering 15,597 cages and
a stocking density of around 2,500 filapia fingerlings per cage of 100m2,
around 2,837.5 tons of feeds were used per production cycle. This became
a quick source of high nutfrientloading in the Lake. Majority of the fish cage
operators were operating on small scale. Only few were large scale
operators, most of whom were outsiders using dummy operators in Buhi.
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1.c _Gender Roles in Farming and Inland Fishing

Both women and men farmers and fisherfolks were performing similar
work in their respective occupation. For the farmer groups, results showed
that tasks in the farm were becoming a shared responsibility of women and
men, which means that women can also perform tasks that men do, except
for fertilizer / pesticide application, which is mainly men’s task. Young boys
also performed tasks in the farm, but not much of the girls. Women were in-
charge of marketing their farm products and buying theirhousehold needs.
Among the fisherfolks, women and men also shared responsibility, just like
the farmers. However, women's participation were limited to tasks requiring
much care and attention like fish stocking, fransferring of fish to growing
pens, and caring of fingerlings. Young girls’ involvement in the fishing
activities was mainly in the care and maintenance of fish cages. Marketing
is a shared task of women and men.

Comparing the participation of women and men in agriculture and
fishery, it was noted that agricultural or farming activities are more women-
friendly than fishing activities. Farming seemed to be less risky for women
than fishing. Only those activities in fishing that require vital care and
attention are delegated to women; high risks activities are done by men.
Similarly, high risk actfivities in farming, like application of fertilizers and
pesticides were men’s job.

1.d Soil and Water Conservation Practices of Upland Farmers and
Fisherfolks and Effects on the Bio-Physico-Chemical Properties of Lake Buhi

Very few of the farmers had ever practiced soil and water
conservation measures. Among those practicing, their most common
practice were the use of soil barriers, bench terracing and mulching.
Reforestation, riprapping and planting of vetiver as hedgerows were also
revealed during FGDs to be done in some upland barangays of Buhi. The
perceived effects of their non-adoption of soil and water conservation
practices include increase in water hyacinth, decrease in fish biodiversity
and disappearance of sinarapan (highly perceived); algal bloom and lake
degradation (moderately perceived); and chemical pollution, erosion,
shallowing of lake, siltation and sedimentation and flooding (least
perceived).

Validation through the physico-chemical properties indicated that
lake waters have high total suspended solids (TSS) resulting fo turbid waters;
shallow depth; acidic pH; high chemical oxygen demand (COD) due to
high organic matter; and ammoniacal oxygen, nitrate nitrogen and
phosphates are attoxic levels. The depth of sediments across the Lake was
from 1.14t0 2.5m, clay to clayey in texture, highly acidic, with high organic
matter (OM) content but with low nifrogen, phosphorus and potassium (NPK)
contfent. These physico-chemical properties of the water and sediments
from the fributaries and Lake were above the standards for class C lake
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indicating that Lake Buhiis now in the stage of eutrophication. On the Lake's
biological properties, there were 26 species of phytoplanktons identified,
with three polluted water algae and three odor algae, which means that
there are enough phytoplanktons for the fish biodiversity. However, the
presence of polluted and odor algae indicated that the lake wateris now
polluted and is emitting foul odor from decaying organic substances (feeds,
animal wastes, etc.) deposited in the Lake. In essence, the lake quality has
manifested declining trend.

2. Coping mechanisms of Buhinons

The coping mechanisms of local leaders include conduct of trainings,
legislation of ordinances, the organization of the Sinarapan Sanctuary
Management and Development Council (SSMDC) which was envisioned
to develop policies and implement programs, projects and activities that
will ensure sustainable population of sinarapan, and federation of the youth
sector for environmental management.

2.a SEARCA =SFRT Project Interventions

Interventions made through the SEARCA-SFRT project include TNA
and IEC assessment, conduct of FGDs and SWOT analysis, conduct of
frainings including the fraining on Technology of Participation (ToP), Sloping
Land Management Technology, Basic Law Enforcement, and skills fraining
which include Organic Fertilizer Production, Bio-intensive Gardening focused
on Container Gardening for the Urban Barangays, Meat Processing, Fish
Processing and Vinegar Production. Membership to the SSMDC of the CSSAC
SFRT team resulted in the development of better action plans of the council.
IEC materials developed include 2007 calendar, posters and bookmarkers
all carrying advocacy messages for the sustainable management of Lake
Buhi. Ahomepage was also developed posted at the Freewebs.com and
a radio program in Buhi was carried out from March to May 2007 at the
“Radyo Natin” in cooperation with the “Samahan ng mga kababaihan ng
Sta. Clara” for the purpose of disseminating results, creating awareness and
strongly advocating instifutional collaboration for the sustainable
development of Lake Buhi.

3. Inventory of Fish Cages and Other Lake Uses

On the inventory of fish cages, the actual count resulted to 15, 597
cages; 70% measures 10x10m and 30% measures 10x25m. Actual area
occupied was estimated at 226.2 hectares. The current fish cage load
exceeds carrying capacity by 33.7%.

Otherlake usesinclude the generation of hydropower that produces

5.5 mkwh of clean energy from Lake Buhi, irrigation for 12,000 hectares of
ricelands, navigation and tourism.

190



5rd Tuternational Conference on Agnicaltane Education and Environment

4. Analysis of Relevant Ordinances

There were five relevant ordinances passed related to fish cage
operation, sanctuary management and watershed management and eight
(8) enabling resolutions. These ordinances were found to be relevant and
founded on generally accepted principles. However, the LGU officials had
been weak in their implementation since monitoring and evaluation was
not provided for, some ordinances / resolutions were not properly
disseminated, and there was inefficientimplementation due to “compadre
system” and "“utang na loob"” syndrome.

5. Selection of Potential Sanctuary Sites for Sinarapan

On the selection of the potential sites for sinarapan sanctuary,
Lakelets Manapao, Catugday and Pagiriran were compared. Lakelet
Catugday has bio-physico-chemical properties comparable to Lakelet
Manapao. Lakelet Pagiriran is not a potential site due to absence of
phytoplanktons.

ToP training came up with an agroecosystem analysis and
management prescriptions for the sustainable development of Lake Buhi.

B. Agro-ecosystems Analysis

B.1 Current Redlity Assessment

The modified Agroecosystems Analysis for Sustainable Development
(AASD) is an analytical methodology that requires the participation of
stakeholders. The process of discovery, leaming, decision and action are crifical
elements of the methodology of which the stakeholders should actively
partake. The AASD provides a step-wise process of understanding and
establishing critical decisions considering the muliifarious factors in the
environmentwhere the givenresource is located. The curentreality assessment
arficulates the stakeholders’ understanding of the current conditions of
resources and provides insights and perceptions as to why they have the present
scenario.

The following is a synthesis of the current reality assessment provided
by the stakeholders as they have gone through a process of discovering and
learning of patterns and trends in view of the present state of conditions in
Lake Buhi and its peripheries. The presentation is clustered according to the
three major eco-zones present in Lake Buhi and its peripheries:

1. Upland and Forest Ecosystem

a. People
= |ack of Political Will
-Poor enforcement of laws
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-Municipal Ordinances are not properly imposed and
strictlyimplemented
» Lack of personal concern on the status of Lake Buhi resulting
to poor water quality
=  Poor awareness of the community on the effects of water
pollution
Dawn of capitalists
Lack of Basic Services
Resistance to change
Unconcerned aboutlake development

b. Economy

= Potential for local/foreign tourism

=  Low productivity

= Limited livelihood opportunities

= Existence of unlicensed fish cage operators and feed
dealers

=  Absence of diversified livelihood opportunities in the
lowlands

= Lack of capital

= Increased production cost

= High fish cage density

* Low Government Revenue (Tax collectionis low)

c. Environment
= Degradation of Lake Buhi and watershed is at its critical
level
= The forestis now vanishing because of human settlement
= Low adoption of proper soil and water management
technologies
Land use conversions
Soil degradation due to erosion
Use of Chemicals in crop production
Near extinction of Sinarapan
Deteriorating quality of H,O affecting local economy
No concrete local programs for ecological sustainability
No concrete project for the watershed

d. Cross Cutting Issues

Recognition of Indigenous People’s ancestral domain
No land use plan

Deteriorating peace and order condifion

Conflicting Laws

2. Lake and Rivers Ecosystem

a. People
= Majority depends on the Lake for sustenance
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Poor discipline of community especially on waste
management

Lack of education and technical knowledge
Lack of information on agricultural development
Poor management of resources

b. Economy

Lake is no longer productive

Only few persons are gaining economically

There are many fishcages

Sinarapan is Buhi's economic and tourism edge but now it's
nearing extinction

Buhiis known for its high quality filapia

With zoning ordinance but not properly implemented
Fishing technology currently adopted is not sustainable
Abundance of Water Hyacinth

c. Environment

Poor status of Lake such as shallowing

Significant reduction in lake area due to erosion and
siltation

Declining capacity of the Lake for natural production
Poorwater quality

Sedimentation

No regular water quality monitoring

No sustainable agricultural development plan

Slow efforts for an effective sinarapan sanctuary
management

Floatfing cottages in the Lake are contributory to poor quality
of water

3. Lowland and Peri-urban System

a. People

Hard headed

Crab mentality

Lack of concern for the Environment

Lack of concern for others

Poor sanitation

Improper waste disposal

Poor health and sanitatfion practices
Rapidincrease in population

Low literacy among marginal fishermen
Malnourished children and adults (poor health condition)
No political will to implement Laws & Ordinances

b. Economy

Low income especially for marginal fishermen
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Lack of livelihood opportunities

Poor collection strategies for fisheries fees

Poor collection of regulated fees for fish cage operators

No updated inventory of fish cage operators

No local revenue generated from Peoples’ Energy Services,
Inc

» Big Time Operators — Tax Evaders!

= Presence of dummy fishcage operators

c. Environment

Lake is polluted, crowded and congested
Lakeshore is congested with squatters
Polluted and Overused Lake

More lake reclamation

Forest Denudation

Fish cages along tourism area

Dumping of garbage along lake shore
Lake used as toilet

e. Other issues
=  Overlapping of functions / power on the management of the
lake
No comprehensive plan for the conservation of Lake Buhi
No participative planning
More Planning - No Action
No coordinatfion among agencies/sectors/offices
Lack of funding support for tourism/environment
Lack of infrastructure support system

B.2 Systems Properties
Productivity

The Buhi agroecosystems is considered a mulfiple-use natural
resource. Resource use patterns indicate that water is its primary product
and is used by the communifies for fisheries, power generation, irrigation,
navigation and tourism. This shows that the systems’ products and services
is the major economic lifeline of Buhi's communities. Indications show
however, that the ability of Buhi agroecosystems to increase or even sustain
productivity levels is in threat. The systems’ ability to provide adequate
volume and quality water seems to be constrained by many factors such
as forest denudation and its attendant effects such as erosion and siltation,
poor lake management resulting to unregulated number of fish cages,
infiltration of domestic sewerage leading to a eutrophic situation. These
factors lead to a situation where the productive capacity of the system
declines. This becomes more critical as we view the system in a multi-purpose
character. Notwithstanding, the clear limits of resource capacity of the
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resource system and the current resource use patterns tend to be depleting
rather than moving towards resource conservation. In fact, the near
extinction level of “sinarapan” is a warning signal that the current trends
are now putting the resource and the dependent community atits highest
risk.

It seems that development efforts in the past were not fully grounded.
There was rather arush at utilization than at resource conservation. Temporal
patterns indicate that resource productivity was viewed at infroducing
species or infrastructures than at enhancing the natural productive
capacities of the resource. Eventhe hydraulic conftrol structure constructed
in the 1980’s which was claimed to be designed to regulate and manage
water use is now considered to be an "environmental impediment” to the
“natural flushing” of the Lake.

Stability

The resource capacity levels of Lake Buhi and its peripheral resources
are parameters to which clear decisions on resource use must be based.
Presentindications on resource use show that the agroecosystems’ natural
productive capacity and its environmental integrity is of a declining frend
as manifested by (1) loss of the “sinarapan”, (2) unstable water supply
and poor water quality (class C), and (3) heavy dependence of cultured
fish on external source of feeds. These are consequences of several negative
factors which affected the stability of the system like (1) forest
encroachment, (2) siltation, sedimentation and water pollution, (3) endemic
species displacement, and (4) poor management and regulation. Such
factors have caused sfresses to the natural functioning of the resource,
thus, making the productive capacity of the agroecosystems unstable over
fime. This variation in the Lake’'s productive capacity tended to establish a
declining frend line suggesting that the natural resource is now unable to
adequately recover from the stresses. The use of increased amounts of
feed and feed supplements to tilapia in fish cages and the longer fime
required for the fish to reach marketable size are clear indications of the
very low natural and infernal feed sources in the Lake to sustain the current
filapia population. Unfortunately, this coping mechanism has negative
effects on water quality.

Sustainability

Natural resource systems have a distinct capacity to restore itself
and cope with disturbances and stresses to the system. Usually, this is
manifested as the trend of productivity levels goes to normal or even higher
levels after periods of stresses. Sustainability as an agroecosystems property
is viewed in such context. In the Buhi agroecosystems, particularly in the
Lake eco-zone, declining productivity trend and especially the nearloss of
“sinarapan” are indicators of a system experiencing difficulties in coping
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with stresses. Factors such as overcrowding of fish cages, excessive artificial
feeding, and sedimentation negatively affect system’s behavior. The
eutrophic level of the Lake may indicate to some extent that the Lake has
significantly diminished its natural capacity to sustain aquatic life under
normal and natural conditions. These factors unless regulated or totally
eliminated would prove to be environmental impediments to the natural
capacities of the Lake to sustain livelihood.

Equitability

Policy provides a far ranging impact to resource use and to the
overall integrity of a natural resource. In most part, the impact of a bio-
technical solutionrevolveslargely on a policy solution. As such, equitability
of a resource system’s use can be a function of how policy decisions are
carried out to ensure productivity on a long term basis. It may also refer to
the wide spread of participation of stakeholders in the decision making
processes and in the sharing of benefits. In the Buhi agroecosystems, policies
played a significant role in the current situation of the resource. In fact,
there was no lack of laws and policies. This was even matched with an
adequate number of mandated agencies to do development. On the other
hand, this provided a scenario of confusion and conflict. Each agency and
stakeholder pursued its own mandates and interests resulting to a
management overlap that further resulted to a bureaucratic failure. The
basic question of who should rightfully be in control or have management
jurisdiction over the Lake and ifs resources is still unanswered. Essentially,
these issues of equitability hinder the move to a technical solution to the
present environmental problems of Lake Buhi.

Itis dismaying to note that the same questions and issues were posed
20 years ago, which until now remain unresolved.

B.3. Development Issues and Challenges

1. Management and control of Lake Buhi and its resources: Who is in
charge?

This has been a long running issue in which stakeholders should
confront and finally settle. Some sectors complain that the management
overlap and bureaucratic failure created by the conflicting laws and
interests of the key players have hastened the environmental deterioration
of Lake Buhi. Others argue that the Local Government Unit of Buhi who
should be rightfully in control of local resources was not sfrong enough to
assert its power and role amidst many interests and players.

It should be noted that key decisions about water use or lake use
were made without the participation of the local government unit. As
gathered from key informants, it should also be on the record that agencies
provided by law fo have jurisdiction over the resource and those agencies
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who benefited from the lake's resources have noft fully taken responsibility
over the management of the Lake nor have adequately provided local
investments as payments for the resource environmental services.

The question now still remains: Who should be in control and take a
unifying effort to manage and conserve Lake Buhi and its resources?

2. Resource Use Conflicts or compatibilities: Water for irrigation? Water for
power? Water for fisheries? Water for navigation? Water for tourism?

Lake Buhi and its peripheries is a multi-use resource. Water as its major
productis used for (a) energy generation, (b) irrigation, (c) fish production,
(d) water tfransportation, and (e) recreation and tourism. Currentresource
use patterns show the heavy dependence of these uses on water. Assuch,
a wide variety of users depend for livelihood or services on the lake system
and its major product. The variation of water levels or the amount of water
on lake surface area used by a specific user significantly affects the
productivity of other resource users.

In fact, the hydraulic control structure was constructed in the 80's to
serve the purpose of managing and regulating water use. Most of the
stakeholders, however argue that the structure may have hastened
sedimentation resulting to poor water quality.

The guestion is: How should we strike a balance in water use to
equitably serve the needs of other users and establish the best combination
of uses that considers both economic and ecological considerations?e

3. Fish cages: Where have all the municipal fishermen gone?

Research studies on lakes have indicated that a lake has limifs on
the fish stock density it can sustain. It was estimated that only about 10% of
alake’s surface area can be optimally used to sustain fish cages. Anincrease
above the 10% surface area for fish cages may result to the following: (1)
increase external inputs on feeds due to lack of natural food, (2) increase
in OM levels and sediments due to excessive feeds, (3) poor water quality,
(4) significant displacement of endemic fish species, and (5) alteration or
displacement of navigational lanes.

Current estimates show that fish cages had a net covered surface
area of about 70 to 80% of the total Lake’s surface area, impounding an
estimated 2,837.5 tons of feeds per cycle on the Lake. Such stocking pressure
has created significant changes in the lake's natural functions. The “kanuba”
or the sulfur upwelling which was blamed for the massive fish kill in 1998
was ruled out as the cause of such phenomenon. The fish kill was aftributed
to organic matter upwelling brought about by high amount of decaying
feeds and other nutrients loaded on the Lake (Report on 1998 fish kill).
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Findings also showed that fish cage operation is a big business
confrolled by a few big time operators. Key informants revealed that local
fisherfolks act as dummies of these big time operators who are not even
residents of Buhi. In addition, per Municipal Ordinance No. 004 s 1989, a
license fee to operate of only P50.00 is required annually and an annual
waterrental fee of 20 centavos per m? of fish cage must be paid to operate
a fish cage business. With the very minimal fee required o run a fish cage
business, how can Buhi prevent the proliferation of fish cages? What is in
store for the marginal fisherfolks?

4. Sinarapan: Have they left home?

Sinarapan has placed Buhi in the world map. In fact, the LGU has
produced a brochure intfended to promote eco-tourism in Buhi, which
highlights Lake Buhi as the Home of World's Smallest Commercial Edible
Fish. But where is the “Sinarapan”?2 Have they left hhome? Orwere they driven
away from home?

The infroduction of exofic species over the years had been blamed
forthe near extinction of “Sinarapan”. Temporal patterns show that as early
as the 60's, carp, gurami, shrimps and filapia had been infroduced to the
Lake, displacing the Sinarapan population. This was further aggravated with
the infroduction of sakag, a fine mesh push net used in the capture of
sinarapan in the 70's and with the filapia fish cage technology in early 80's
which altered the natural habitat due to the use of arfificial feeds.

Now, “sinarapan” (Mistichthys luzonenzis), is listed in the IUCN's red
list of threatened species.

5. Ecotourism: Is it really a local potential?

Why would a fourist go to Buhi2 There are only two reasons: Sinarapan
and Lake Buhi. Without them, Buhi is just an ordinary town. With the present
condition of Lake Buhi and the vanishing Sinarapan, what is there left as a
local eco-tourism potential?

6. Aetas: Where are they in the development framework?

The Buhi Watershed isidentified as an ancestral domain of the aetas.
The National Commission for Indigenous Peoples (NCIP) has initiated efforts
toward the issuance of a Certificate of Ancestral Domain Title (CADT) to
the indigenous peoples. Several sectors, however have opposed such
moves. They argued that the NCIP's efforts are too encompassing as to
encroach into the rights of the other sectors. They may be right but these
suggest that the recognition of the rights of the indigenous peoples in the
areais not widely acknowledged. Evenin documents of development plans
forthe area, watershed or municipal level, the plight of indigenous peoples
is not adequately addressed.
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CONCLUSIONS

Based on the objectives and the findings of this study, the following

conclusions are derived:

1.

The agro-ecological practices in the upland and buffer zones of Lake
Buhi by the upland farmers and IPs, and the inland fishing practices of
the fisherfolks, across gender are not favorable for the sustainable
development of Lake Buhi. The perceived effects and the results of
actual analysis of the bio-physico- chemical properties of the water,
sediments and phytoplanktons are indicative of lake eutrophication.

The LGU and other sectors have implemented some coping mechanisms
for the sustainable development of Lake Buhi, but efforts are not
concerted. Each major stakeholder - the LGU, the National Power
Corporation / Buhi — Barit Watershed Area Team (NPC-BBWAT), the
National Irrigation Administration (NIA), the National Commission for the
Indigenous Peoples (NCIP), and the local stakeholders carry out
individual programs and projects in the watershed and in the Lake based
on their respective mandates. Such multi-system of governance of a
commonresource led to confusions among the stakeholders and local
constituents that resulted fo ineffective lake system management. The
organization of the Sinarapan Sanctuary Management and
Development Council (SSMDC) was envisioned to develop policies and
implement programs, projects and activities for the sustainable
population of Sinarapan but the council still has to prove its worth to get
funding support and to have ifs policies implemented by concerned
organizations / parties. The coping mechanisms made through the
SEARCA SFRT project, particularly the training on Technology of
Participation for the analysis of Buhi agroecosystems and the other
frainings and IEC activities hope to initiate a concerted effort among
the major stakeholders and even the youth for the sustainable
development of Lake Buhi.

The currentinventory of fishcages of 15,597 occupying an actual area
of around 226 hectares is 33.7% in excess of the Lake's carrying capacity.
The other uses which include generation of hydropower, irrigation,
navigation and tourism are in conflict with one another. Fishcages
occupy navigational lanes which prove to be hazardous to the Lake
fransport sector; the need of water for hydropower and irrigation can
pose a threat to fishcage operation; and massive fishcage operation
that resulted to fouling odor of the Lake is a drawback to the tourism
industry.

Municipal ordinances and resolutions passed are in support to the

sustainable management of the Buhi watershed, the Lake, and the
Sinarapan sanctuary. Its effective implementation can warrant
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sustainable development and management of the rich resources of
Buhi.

Lakelet Catugday has bio-physico-chemical properties similar to Lakelet
Manapao which have favored the growth of Sinarapan population.
The absence of phytoplankton in Pagiriran disqualifies it as potential
Sinarapan Sanctuary.

The ToP was an effective facilitation tool for making an agroecosystems
analysis. The management prescriptions generated can be the basis of
future development interventions for the sustainable development of
Lake Buhi.

RECOMMENDATIONS

From the results and conclusions generated in this study, the

following recommendations are made:

1.
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More favorable agro-ecological farming practices in the uplands and
alongside the Lake should be infroduced to the farmers to lessen their
impact on the Lake, particularly from soil erosion, siltation, chemical
confamination and organic matter loading. Kaingin and slash and burn,
which are the common practice of the upland farmers and IPs in the
hilly and sloping areas of Mt. Asog and Mt. Malinao should be replaced
by Sloping Land Management Technologies, and the Sloping Agricultural
Land Technology is one of them. Sustainable agricultural practices for
clean agriculture should also be infroduced to the farmers. Growing of
swine, particularly in commercial quantities alongside the Lake should
be prohibited by the LGU. Draining of septic and other domestic wastes
info the Lake must also be checked by proper authorities. Strict
implementation of the Inland Fishery Act, that provided for the use of
only 10% of the inland waters for fish production should be strictly
implemented and observed through the strict implementation of the
ordinance on registration of fish cages and regular counting and
monitoring of fish cagesin the Lake by proper authorities - the LGU Police
Force with the personnel of the Lake Development Office. The practice
of some investors of using dummy operators in Buhi should be corrected
by imposing fines and /or take-over of fish cages by the LGU for those
found guilty of such violation, which are also stipulated in Municipal
Ordinance No. 2, series of 1992. Fishing technologies used by the fish
cage operators should also be monitored to minimize nutrient loading
from the use of commercial feeds, otherwise, alternative technologies
in fish production must be infroduced.

Inifiatives and development efforts for the sustainable management
of the rich resources of Buhi, particularly the Lake and its surrounding
watershed should be made concerted. Relevant sectors in Buhishould
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be organized to bring to the attention of the legislators of our government
the need of gathering in an assembly all major stakeholders representing
the National Government Agenciesin the country —the NPC, NIA, NCIP,
the Department of Interior and Local Government (DILG) with the LGU
of Buhi to be able to harmonize the laws that empowered them to have
a stake on said resources and come up with complementation strategies
that can ensure sustainable use of the Lake and the watershed. A
memorandum of understanding should be signed among them to ensure
enforcement of said agreements. External and internal monitoring teams
must also be organized to keep track of the developments that will
happen in the use of said resources.

The prescribed area for use in fish cage operation should be strictly
observed to ascertain that production system in the Lake will not exceed
carrying capacity. Multiple uses of the Lake should also be studied for
better complementation and to ensure sustainability of lake use. The
Solid Waste Management Act and the Municipal Ordinance No.3 series
of 2003 should be strictly enforced to ensure the cleanliness of the
surroundings in Buhi, including the Lake to improve the tourism potential
of the municipality.

All municipal ordinances and resolutions passed relevant to natural
resource management and environmental protection were meritorious
and founded on some constitutional provisions for common good. It is
therefore recommended that stricter implementation of the local
ordinances should be carried out by the LGU. The LGU officials are also
advised to inhibit themselves from engaging in forbidden entrepreneurial
activities, fransactions or confract, i.e. those that would involve their
official interventions and set themselves to their constituents as models
of impartiality, integrity and transparency in public governance. They
must enforce the rule of law in all forms of legislation, administration
and execution without fear and self preservation. These ethical standards
of governance will earn high moral ascendancy to the whole
constituents.

A comprehensive assessment of Manapao and Catugday lakelets as
specialized ecological niche of endemic sinarapan has not yet been
conducted, thus the findings of the study on the bio-physico-chemical
properties of the lakelets can be considered as initial ecological
requirements for determining other possible sites for the sustainability of
sinarapan population. The basic requirement considered in choosing
potential sanctuary is the availability of water in the lakelet year round.
Since other lakelets dry up during summer, lakelet Pagiriran was
considered as potential site. However, the absence of phytoplanktons
in the lakelet indicates that there may not be enough natural food in
the lakelet to support sinarapan and other fish species. It is therefore
recommended that the SSMDC should take seriously its role in ensuring

201



Srd Iuternational Conference on Agpicaltune Education and Enviromment

sustainable population of Sinarapan in Lakelets Manapao and
Catugday. Also, since sinarapan has been infroduced to Lakelet
Makuwaw, the watershed around this lakelet, including Manapao and
Catugday should be protected from continued denudation to ensure
availability of water for the sustainable population of the smallest
commercial fish. The Council must also take active role in the
implementation of Municipal Ordinance No. 053 series of 2005 to prevent
the illegal owning and use of chainsaws to prevent further denudation
of the watershed. Also, since Sinarapan are still being sold not only in
Buhi market but in other markets in Bicol, continues monitoring should
be made by the SSMDC to ensure that no illegal capture of sinarapan
would be done in the sanctuaries. The proposed amendments to
Municipal Ordinance 019, series of 1997, which declared Manapao and
Catugday as sanctuaries, particularly the provision of budget to be taken
from the EDF, to place the sanctuary management under the agriculture
and fisheries program of the LGU, and the deputization of the Bantay
Lawa to be selected from among the members of the SSMDC residing
near the lakelets should be followed through to ensure provision of
budgetin support to the activities of the SSMDC.

6. lItisalsorecommended that any further planning for the sustainable use
of Buhi's natfural resources — the Lake and its watershed, should be
anchored on the management prescriptions that were generated
through participatory analysis made by the stakeholders during the ToP
fraining in Buhi.
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INTRODUCTION
Background and Research Objectives

The human race has enjoyed material abundance due fo the
development of science, technology and the economy. But such growth
has come at the expense of the environment. The ecosystem'’s cycle and
resilience have both begun to deteriorate. Indeed, the humanrace is now
facing an ecological crisis. This is a man-made crisis: human beings have
not cherished and loved but exploited and damaged nature, the basis of
all life. Itis fair to say that the contemporary ecological crisis began when
the link between all creatures and the natural environment began to break,
whichin furn led to the collapse of the dynamic interaction which sustained
the earth itself.

The ecological problems arise from scientific and technological
developments, urbanization, industrialization, population increase and
economic growth. But the fundamental reason lies in a wrong perception
of the environment. To solve the ecological problems, not only
environmental education, but also various other approaches are required,
including those of an environmental engineering, legal and administrative
nature. As ecological problems are so complex, they can be resolved only
through multi-disciplinary and inter-disciplinary approaches. Mostimportant
of allis environmental education, which helps tackle environmental issues
in preventive, fundamental ways in the long term.

In this regard, the quality of teachers currently in charge of such
education is critical fo ifs systematic implementation. Helping feachers
become environmentally knowledgeable and skilled requires pre-service
education for future teachers at teacher fraining centers and in-service
education for current tfeachers. In particular, environmental fraining is
essential to meetf the changing demands of both time and society as well
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as to accommodate academic changes in environmental education.
However, there is a lack of education courses for teachers and
environmental training programs. With inadequate access to both time and
space, even the existing programs do not produce the designed outcomes.

Cyber training can be a good solution to the problems with teacher
education. It improves access to education opportunities as it overcomes
the limitations of fime and space and provides hands-on experience through
multimedia materials that reflect the real world. Against this backdrop, this
study is aimed at developing In-service e-Learning Environmental Education
Content (leEEC) for elementary, middle and high school teachers, which
can be provided at cyber training centers.

Research Content and Methods

The research contents to develop IeEEC for elementary, middle and
high school teachersinclude: i) presenting models for developing IeEEC, ii)
planning IeEEC, iii) designing and developing IeEEC, and evaluating IeEEC.

To develop |eEEC for elementary, middle and high school teachers,
this study employs research methods including a literature review, content
analysis and expert consultation. To evaluate IeEEC, evaluation criteria was
developed as can be seen in Table 1. The research group commissioned
evaluation fo eight experts in environmental education of each school level.
Each expert rated each question from 1 (notf relevant at all) to 5 (highly
relevant).

Table 1. Evaluation criteria of IeEEC

Category criteria

Relevance of Content

Systemacity of content

Difficulty of content

Overall  Content
Difficulty of terms

Fun of content

Allotment of hours

Introduction to learning

Content for learning

Development and structures of content
Summary and Evaluation

Further studies
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Models for developing In-service e-Learning Content for Environmental
Education

Models for e-Learning Content Development

To develop IeEEC for elementary, middle and high school teachers,
this study designed models for developing content as shown in Figure 1.
The models have eight stages: requirement analysis, content planning,
conceptual design, content design, content development, evaluation, e-
Learning service and maintenance. The summary of each step is as follows:

Figure 1. Models of developing In-service e-Learning Content
for Environmental Education

Expert in Environmental Education Content Expert in e- Learning Content Development
(Storyboard Development) (Cyber Training Content Development)

Feedback of Feedback of
Modification Requirements

(O] (@) 3) @ )] (6) (@]

Requiremen Content > Conceptual Content Content [—> Evaluation —> e-Learning
Analysis Planning Design Design evelopmenit Service
l l Evaluation of
Output Output E-Learning Service
(Story- (Cyber

board) Content)

Source : Seo U-seok, Jeong Cheol-youg, and Lee Jae-ho (2006). Development of e-
learning environmental education contents for elementary school teachers.
The Department of Agricultural Education, Human Resources Development,
38 (3). p. 208

First, diverse requirements are collected mainly from users of leEEC
for elementary, middle, and high school teachers and they are applied to
content development.

Second, in the stage of content planning, overall Objectives for the
content of each section are established before the number of hours for the
general content and education sections are decided.

Third, titles for each section, as well as the titles and confent of each
education hour, are made before education hours are allotted, according
to the more detailed content that has already been produced at the
contfent planning stage.

Fourth, the detailed educational content of each educational hour
is laid out in the form of a storyboard, on the basis of e-learning content
teaching-learning models that the research group has developed.

Fifth, in the stage of content development, the IeEEC storyboard,
an output from the design stage, is developedinto e-learning content. The
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Sharable Content Object Reference Model (SCORM) is applied in content
development.

Sixth, in the evaluation stage, the validity of IeEEC, whichis an output
from the content development stage, is commissioned to and confirmed
by expert groups of each section.

Seventh, IeEEC service is provided for learners, after modification
requirements from the evaluation stage are met.

Eighth, various requirements, which might arise during the e-learning
service, are reflected upon and the quality of the service is maintained by
continuously upgrading content.

Teaching-Learning Models of e-Learning Contents

To develop IeEEC for elementary, middle and high school teachers,
this study has developed teaching-learning models. The models have four
stages: i) Infroduction, ii) Learning, iii) Summary and Evaluation, iv) Further
Studies. The features of each stage are as follows:

Table 2. The Structure of the IeEEC teaching-learning model
Contents Implementation Method

= Infroductory step
Introduction| = Consists of simple flash animation to attract the interest of learners | Flash animation, narration
= Suggesting the objectives and content for learning

Uses various methods, such as
pictures, photographs, texts,
clicking, photographing,
dragging, arranging, recording,
experimental and lab flash
animation, and offine activities

= Actual learning activity step(cognitive, psychomotor domain)
Learning = Designed so that learners are encouraged to actually carry
= Considers oftine activities

Summary = Recapping step: Comprehensively organizes all learing contents
and Evaluation step: Uses various methods such as texts and

Evaluation narrations

= In-depth learning step

Further Presents additional details related to a single unit of learning
Studies content or contents that should be learned in-depth through text
and narration

Text(in bullet points)
narration, flash animation text

Text, narration

First, “Infroduction” is an introductory stage, which helps learners
develop inferests through simple illustrations, writings, photos and flash
animations, and suggests the objectives and content for learning.

Second, “Learning” is an actual learning stage where illustrations,
pictures, texts, games and animations are provided in various ways so that
educators can not only provide environment-related knowledge and skills
but also inspire [environment-related] action. Also learners can have
experiences both online and offline.
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Third, "Summary and Evaluation” includes the overall summary and
evaluation of learning. Various methods such as texts, narrations, and games
can be employed. In particular, virtual competitions with computers are
staged in order to increase interest among teachers.

Fourth, “Further Studies” is a further learning stage, which provides
materials and information for additional learning: related literature, websites,
critical thinking, off-line activities, on-the-spot studies and surveys, etfc.

Planning of e-Learning Content
Obijectives of Content

leEEC for elementary, middle and high school teachers should help
teachers not only learn professional skills and knowledge related to
environmental education but also help them acquire basic knowledge,
improve their views of the environment, develop interests in environmental
issues and put the [acquired] knowledge into practice. The ultimate
objective of the IeEEC is to enable school teachers to more effectively and
actively educate students at school by acquiring knowledge for
environmental education. Therefore, the overall objective is to enhance
professionalism in environmental education.

Subsequent targets fo enhance the professionalism of school
teachers in environmental education include: i) helping teachers see and
recognize the relationship between human beings and the environment, ii)
helping teachers have inferests in the environment, iii) helping teachers
acquire and understand detailed information related to the present and
future interactions between human beings and the environment, iv) based
on the information given, help teachers understand responsible ways to
reduce or eliminate negative consequences of the relationship between
human beings and the environment so that individuals and organizations
can change their attitudes and take action. Factors that arise from this can
be divided into awareness, interests, understanding and actions: all these
factors represent the basic knowledge for each section.

Sections of Content and Purpose of Each Section

To develop IeEEC in line with the objectives and targets, this study
uses three sections: i) Basics of Environmental Education, i) Understanding
of the Environment, andiii) Strategies for Environmental Education at School.
Details of each section are as follows:

First, the section of “Basics of Environmental Education” includes basic
knowledge and theories that are required of school teachers in giving
environment education. In this section, teachers will fully understand the
seriousness of environmental problems and the necessity of environmental
education. Also feachers will study the history of environmental education
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and grasp the objectives, targets, content, teaching-learning methods and
evaluation of environmental education at school.

Second, the section of "Understanding of the Environment” helps
teachers explore various themes in relation to the components of the
environment. Representative themes include water, air, soil, animals and
plants, and natural resources and energy. Each section will have social
issues as themes or ones that need understanding. In this way, instructors of
environmental education at school can have a better understanding of
various themes. Also themes that environmental education instructors need
to understand will be developed. Such themes should include more
fundamental and commonly necessary subjects like the history, ethics,
psychology, and policies of the environment, rather than social issues.

Third, the section of “Strategies for Environmental Education at
School” provides practical aid for teachers on how to guide and educate
students at school. According to the conditions of the particular school,
environmental education can be divided into diverse categories like school
activities, discretionary activities and special activities. Each category should
have strategies for curricula, education and evaluation.

Content and Education Hours

Based on the objectives and targets set out above, IeEEC for
elementary, middle and high school teachers was formulated. This is shown
in Tables 3, 4, and 5.

Part 1 - Basics of Environmental Education has five categories:

1. Infroduction to Environmental Education which deals with characters
and problems of environmental problems and the relationship between
environmental problems and education,

2. The History of Environmental Education which covers the history of
domestic and international environmental education,

3. The Goals and Content of Environmental Education which includes the
objectives, targets and content of environmental education,

4. The Teaching-learning Methods of Environmental Education which
includes major teaching-learming methods of environmental education,
and

5. Evaluation of Environmental Education” which deals with major
evaluation methods.

There are ten education hours in Part 1. Although overall systems of
elementary, middle and high schools are basically the same, distinct
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Table 3. Details of In-service e-Learning Environmental Education
Content for Elementary School Teachers

Section Title Content Hours
Characters and problems of environmental
1. Introduction of Environmental problems 2
education Relationship between human beings and
the environment
2. History of environmental History of Korea's environmental education
h History of international environmental 2
Part 1 education }
) ) education
Basics of environmental Objectives and targets of environmental
education 3. Objectives and content of eddcation g 2
envionmental education Content of environmental education
4. Teaching/Learning method M ajor teaching/learning method for 9
for environmental education environmental education
5. Evaluation of environmental M ajor evaluation methods of environmental 9
education education
Concept, functions, and components of the
6. Concept of the Ecosystem ecosystem
Ecosystem 7. Interdependency of the . ! 2
E cosystem Components and interrelations among
them
8. Introduction to Water Circulation and role of water
W ater 9. Water, Source of Life State of water shortage, cause and 5
10. Water Shortage countermeasures
. . Damage of indoor air pollution, cause and
11. Introduction to Air
Air 12. Indoor Air Pollution Bo:nq;eégsfa;r:)ﬁslwarming cause and 5
13. Global Warming countermeasures
14. Introduction to Soil Understanding and protection of living
. 15. Story of Living Creatures in creatures in soil
Soil : . . 5
Soil Damage of soil pollution, cause and
16. Soil Pollution countermeasures
Part2 17. Introduction to Natural
Understandin Natural Resources/Energy Creation and preservation of fossil energy
ofthe 9] Resources and | 18. Story of Fossil Energy sources 5
Environment Energy Sources Ways to use energy rationally
19. Rational Use of Energy
20. Introduction to Plants and Extinct wild flowers, cause and
Plants and Animals countermeasures
Animal 21. Story of Wild Flowers Whatwe get from forestand how we 8
22. Importance of Forest protect it
23. Sufferings of Migratory Birds Why migratory birds are disappearing
: : Story of Easter Island
History of the | 24. Destruction of the ) ) T
Environment environment - Easter Island Rel_atlonshlp between civilization and the 2
environment
Ethics of the : Can rabbits sue?
Environment 25. Nature in court Environmental ethics and animal rights 2
Thsey°h°|°gy of 26. Interesting environmental Interesting story of psychology 2
Environment psychology Case studies of environmental psychology
Policies of the |27. The right environmental Korea’s environmental policies 9
Environment policies International environmental policies
28. Em:ﬁ%ﬁgﬂﬁiﬁfga“on at Strategies for environmental education in 2
elementary school
Elementary Schools
30. Curricula and Environmental : ‘ :
. Part3l E ducation at Elementary Environmental education through curricula 4
Strategies for Environmental atelementary schools
h Schools
Education at School - - — - -
31. Discretionary Activities and Environmental education through
Environmental Education at discretionary activities in elementary 4
Elementary Schools schools
32. Special Activities and Environmental education through special 4
33. Individual Tasks - 2
34. Evaluation - 2
Total 66
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Table 4. Details of In-service e-Learning Environmental Education
Content for Middle School Teachers

Section Title Content Hours
= Cause of environmental issue ?
1. Introduction of environmental issue ? outcome ? 2
Environmental education resolution ? need for environmental
education
= History of environmental education in
2. History of environmental Republic of Korea 2
Part 1 education = History of international environmental
. . education
Basics gg ﬁg;ﬁgﬁmental = Objectives and targets of environmental
3. Objectives and content of education 2
environmental education = Scope and Content of environmental
education
4. Teaching/Learning method | = Educational method according to 2
for environmental education| environmental education content
5. Evaluation of environmental| = Evaluation according to 2
education teaching/learning method
e?;bg nsdtgrmstandlng ofthe = Ecosystem in general ] )
Ecosystem 7 Lgokin for tideland = Advantages and preservation of tideland 5
8 Tri g = Value of the Upo swamp
. Trip to the Upo swamp
9. Whatis water? = Water in general
Water 10. Purification of water = Purification process of water 5
11. Red tide = Understanding of red tide
= Air in general
12. W hat is air? = Problems and countermeasures of
13. Ozone layer, the shield ozone layer
Air from ultra violet rays = Problems and countermeasures of acid 5
14. Acid rain rain
15. Understanding of smog = Problems and countermeasures of
smog
- : = Soilin general
‘ 19 \évor}laér'g;gg? = Problems and countermeasures of soll
Soil 18. Soil pollution and LN 4 count ool |0
Part2 countermeasures p(;(l’lutﬁ)rr?s and countermeasures of soi
gfntﬂgrstandlng Natural 19. W hat are natural = Naturalresources/energy in general
Environment |Resources resources and energy? = Ways of green consumption 5
and Energy 20.Eco-friendly consumption | = Understanding of domestic waste

21. Domestic W aste treatment
22. What are plants and
Plants and [animals?

Animal 23. Our fields and grass

24. Beautiful migratory birds

Plants and animals in general
Beautiful fields and grass of Korea 5
Beautiful migratory birds of Korea

History of . = Story of Easter Island
the eiilirgr?;tgunctt?Egittgrelsland = Relationship between civilization and the| 2
Environment environment
Ethics of the ; = Can rabbits sue?
Environment 25. Nature in court = Environmental ethics and animal rights 2
Policies of ; ; = Tragedy of the Commons
the %t?iéi-grs]e right environmental = Korea’s environmental policies 2
Environment| = International environmental policies
= Interesting story of psychology
Efst)écehology 27.Interesting environmental | = Environmental psychology in general 2
Environment psychology = Case studies of environmental
psychology
29. Strategic Models for St ; ; ;
’ . = Strategies for environmental education
'I\Eﬁ?dv(ljrgnénc?]rgtgllsEducatlon at atmiddle school 2
30. Curricula and = Environmental education through
Part 3 Environmental Education at curricula at middle schools 4
Strategies for Middle Schools
Environmental Education at[ 31, Discretionary Activities ; ;
; . = Environmentaleducation through
School :?&Eﬂﬁr%woegfsa' Education discretionary activities in middle schools 4
32. Special Activities and Envi ;
’ : = Environmentaleducation through
'I\Eﬁ?dv(lirgnéncehrétgllsEducatlon at special activities in middle schools 4
- 33. Individual Tasks - 2
- 34. Evaluation - 2

Total 66
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Table 5. Details of In-service e-Learning Environmental Education
Content for High School Teachers

Section Title Content Hours
= Cause of environmental issue ?
1. Introduction of ) environmentalissue ? outcome ? 2
Environmental education resolution ? need for environmental
education
= History of environmental education in
2. History of environmental Republic of Korea 2
Part 1 education = History of international environmental
Basics of environmental edgcatllon -
education = Objective and targets of environmental
3. Objective and content of education )
environmental education = Scope and Content of environmental
education
4. Teaching/Learning method |= Educational method according to )
for environmentaleducation| environmental education content
5. Evaluation of environmental{= Evaluation according to 2
education teaching/learning method
6. Understanding of the = Ecosystem in general
e;:o_ls_ystemh Baekd . Understandingf, (ri]arrBlagtla(dand
. Trip to the Baekdu preservation of the Baekdu mountain
Ecosystem mountain range range 5
8. Exploration of the Upo = Ecosystem, damage and preservation of
swamp the Upo swamp
9. Understanding of water = Water in general
W ater 10. Sewage treatment = Understanding of sewage treatment 5
11. Understanding of bio- = Damage, causes and countermeasures
accumulation of bio-accumulation
= Airin general
12. Understanding of air = Problems and countermeasures of
13. Understanding of noise noise
Air 14. Understanding of EINifio |= Problems and countermeasures of E| 5
15. Understanding of yellow Nifio
dust = Problems and countermeasures of
yellow dust
16. Understanding of soil o
; ; = Soilin genera
17. Soil pollution and i
: = Problems and countermeasures of soil
paz ol feunlermeasires oy |, poluten . ;
gfntﬂgrstanding resource = Ways to prevent soilresources
) 19. What are natural
Environment Natural r%%%fﬁgii?adn%?nergo)}? = Naturalresources/energy in general
Resources industrial w aste g = Treatment of industrial waste 5
and Energy | "oy Solutions to energy = Solutions to energy problems
problems
22. Understanding of living = Living creatures in general
Plants and |creatures = Extinct trees and countermeasures 5
Animal 23. The giving tree = Understanding and preservation of
24. Looking for extinct species| extinct species
History of = Story of Easter Island
the 28. Story of Easter Island = Relationship between civilization and the 2
Environment environment
Ethics of the | 25. Understanding of nature’s |= Environmental ethics )
Environment|rights = Suits by the nature on its rights
ﬁ]oellmes of 26. Understanding of = Korea’s environmental policies 2
EnvironmentenVironmental policies = International environmental policies
Psychology . = Environmentalpsychology in general
oft¥1e ezn(/'irgr?r%eerr?ttglndsm%hooflo = Case studies of environmenta 2
Environment psy 9y psychology
Ezngv'irsotrzerir:ee%lt%IMEOdduecEtfig; at = Strategies for environmental education )
High Schools at high school
30. Curricula and . ; .
Part3 Environmental Education at Eu”rﬂ[;%?amiﬁTff'heggﬁgé'f;” through 4
Strategies for High Schools 9
Environmental Education at[ 31. Discretionary Activities ; ;
. A = Environmental education through
School :?ﬂigﬂ\grg&'g%”tal Education discretionary activities in high schools 4
32. Special Activities and Environmental education throu
. . . gh
E%vrl]rosr::rrr]l:gltsal Education at special activities in high schools 4
- 33. Individual Tasks - 2
- 34. Evaluation - 2
Total 66
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curricula at each level of the schools are presented based on the kind of
content that should have more weight or be taught at a certain level of
school.

Part 2 - Understanding of the Environment includes the content that has
been developed with different themes at each level of the schools,
according to various groupings including “the ecosystem”, “water”, “air”,
“soil”, *natural resources and energy”, “plants and animals,” all from the
natural science perspective. From the human and social science

perspectives, this part has four categories:

1. Environmental Ethics which deals with ethics and lawsuits in relation to
the environment,

2. Environmental Policies which deal with domestic and international
environmental policies on a basis of the Tragedy of the Commons,

3. Environmental Psychology which includes theories and cases related
to environmental psychology, and

4. The History of the Environment which deals with the relationship between
civilization and the environment, focusing on the story of Chile’s Easter
Island.

Part 3 - Strategies for Environmental Education at School consists of four
categories:

1. Strategic Models for Environmental Education, which are general models
of strategies for environmental education,

2. School Education and Environmental Education,
3. Discretfionary Activities and Environmental Education, and
4. Special Activities and Environmental Education.

In total, there are 66 hours of education including individual tasks (2
hrs) and evaluation (2 hrs), complying with in-service education hours (more
than 60 hrs).

Design and Development of e-Learning Content

Based on the results from the requirement analysis, planning and
conceptual design stages, the research group designed content screens
and storyboards. Figure 2 is an example of the developed storyboards. The
figures illustrate “Understanding El Nino” [of Part 2, Understanding the
environmenft] for high schools. On the left, it shows the teaching-learning
stages of infroduction, content, summary and evaluation and further studies.
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The content part presents major content for learning. At the bottom, there
are buttons to click on: a button that shows the whole IeEEC index for school
teachers, ‘previous/next’ buttons and a ‘close’ button that closes the current
content. Content for learning and major content are placed at the center
of the screen.

Fig. 2 Examples of the developed storyboards
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Based on the storyboards developed from the e-Learning content
design stage, the researchers commissioned the development of IeEEC to
professional content developers. During the process, researchers and
experts were contfinuously examining the content. Figure 3 demonstrates
the developed content.

Fig. 3 Examples of the developed IeEEC
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Evaluation of In-service e-Learning Environmental Education Contents for
Elementary, Middle and High School Teachers

Based on evaluation criteria of IeEEC suggested in the research
methods, the research group commissioned evaluation to eight experts in
environmental education of each school level. Each expert rated each
question from 1 (not relevant at all) fo 5 (highly relevant). Below are the
results of the evaluation, focusing on frequency, mean and standard
deviation of scores for each question in the big category.
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Table 6. The resulis of the evaluation of IeEEC for elementary,
middle and high school teachers
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The mean for content for elementary school teachers is highest at
4.18. In the category of overall content, the mean of systematization of
content is highest at 4.50 while both difficulty of content and terms are
comparatively low at 3.75 and allotment of hours is lowest at 3.64. Looking
atthe development and structures of content, further studies stands at 4.43,
both content of learning, summary and evaluation, 4.50 and infroduction
to learning 4.38 (see Table 6).

The mean of content for middle school teachersis relatively high at
4.15. In the category of overall content, the mean of systematization of
confent is highest at 4.63 while allotment of hours is lowest at 3.38. In the
category of the development and structures of content, summary and
evaluation is 4.63 while infroduction to learning is 4.50, further studies, 4.50,
and content for learning, 4.13.

The mean of content for high school teachers stands at 4.16. Looking
at overall content, the mean of systematization of content is highest at 4.38
while allotment of hours is lowest at 3.50. In the development and structures
of content, the mean of further studies is 4.88, while summary and evaluation,
4.75, introduction to learning, 4.38 and content for learning, 4.13.

In the evaluation, the means of the big categories all score highly
among the differentlevels of the schools, ranging from 4.15-4.18. In overall
content, the means of systematization of content are highest while difficulty
of content, difficulty of terms, and relevancy of content and allofment of
hours are relatively low. In the category of the development and structures
of content, the mean of content forlearning is comparatively low.

Therefore, it is necessary to modify the allotment of hours and
difficulties of content and termsin developing IeEEC for elementary, middle
and high school teachers. Regarding the development and structures of
confent, content for learning needs revising.
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Summary and Recommendations

This study closely examined the objectives and targets of
environmental education, systems of content, and environmental education
for different groups. It was followed by collection and analysis of IeEEC,
provided both online and offline, forlocal and overseas elementary, middle
and high school teachers. For the development of content, the researchers
commissioned detailed examination to experts to confirm validity. Literature
review and hosting of expert forums were also done for this purpose. In
addition, to enhance interest, and relevance fairytale writers were
commissioned to develop easier and more valid scenarios and narrations
of IeEEC for elementary, middle and high school teachers.

By reviewing related literature on local and international
environmental education, the research group established the ultimate
objective ofin-service e-Learning education as “enhancing professionalism
of elementary, middle and high school teachers in environmental
education”. Based on the problems faced by Korea and the systematic
processes for developing and designing IeEEC, the group developed |IeEEC
for elementary, middle and high school teachers. The developed content
was intended for 66 hours of teaching and it had three sections: i) Basics of
Environmental Education, i) Understanding of the Environment, and iii)
Strategies for Environmental Education at School. Since the content has
been developed based on SCROM, it is expected to have re-usability,
relevance, compatibility and durability.

Recommendations for applying the content developed in this study
and furtherresearch are as follows:

First, the developed content should be actively promoted and
provided both online and offline so elementary, middle and high school
teachers may fully utilize them. To this end, the website of the Ministry of
Environment and e-Learning training centers of universities of education
should be used. Since contentrequires interaction not only between learners
of the content but also between learners and operators, additional
administrative and financial support should be provided.

Second, to reinvigorate training for elementary, middle and high
school teachers at the governmental or ministerial level, there should be a
system that can accumulate and systematically provide a database of
existing content as well as the content developed from this study. To this
end, the Ministry of Environment is required to build a U (Ubiquitous)-portal
site that can systematically provide content services for not only learners
but also for teachers.

Third, this study focuses on the development of IeEEC for elementary,
middle and high school teachers. Further studies are needed to develop
content for environmental educators of universities and for adults.
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The Cultivation and Processing of Haskap
in Hokkaido, Northern Japan

Mitsuko Ukai

Department of Chemistry
Hokkaido University of Education
Hakodate, Japan

INTRODUCTION

Haskap (Lonicera caerulea L) is an edible blue honeysuckle (Fig.1).
It is called in various names - Haskap Berry, Blue Honeysuckle, Hascup,
Haskappu, Honeyberry TM, Sweet Berry Honeysuckle, or Swamp Fly

Honeysuckle.

Figure ].Hosk_qe Lonica caerulea

This fruitis native to Hokkaido, the northernmost island of Japan. The
Ainu, the original indigenous people of Hokkaido, have promoted Haskap
for many years as a health food and as the secret Ainu medicine for
achievinglongevity.

Haskap has many significant attributes that should make it a popular
crop among growers. Itis extremely hard (Zone 0 hardiness). It can withstand
weft soil and may be suitable where other crops cannot be grown. Haskap
bushes are best planted in the fall and may yield fruit in the first year after
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planting. They mature quickly, and by the third or fourth year, they may
already be producing four to six kilograms of fruits per bush.

People in Japan have long valued the medicinal effects of Haskap,
with one juice product marketed as the “golden remedy for eternal youth
and longevity.” The fruits are high in vitamin C and antioxidants. A sizable
market exists for Haskap. Although the fruit is highly valued in Japan, its
fraditional growing areas are being reduced by population growth.

Haskap berries can be processed for food in many different ways:
fresh fruit (some varieties), candy, chewing gum, jam, jelly, gelatine, ice
cream, yogurt, pies, fruit cake, tarts, berry bars, juice, juice-concentrate,
soda pop, wine, tea, canned fruit, frozen fruit, and medicinal uses like as an
antioxidant or a health food. Total Japanese production of the fruit is about
100 million tons a year. In Japan, yield from mature bushes of 5 to 6 years of
age is about 1kg per bush.

Breeding and processing for increased health value could further
augment the acceptance of Haskap by consumers. Beneficial compounds
have been identified in Haskap berries as the characterization and
quantification of anthocyanins and polyphenols [1]. But free radicals of
Haskap have not been directly investigated.

The Electron Spin Resonance (ESR) method has been employed as
a method for detecting free radicals in food. However, the analysis of the
ESR signal is not an easy task. Its application to food has been limited [2, 3,
4]. Using ESR method, the existence of free radicals in pepper [5], wheat
flour [6] and a Ginseng [7] has been successfully revealed. In the present
study the same methods fo show the existence of free radicals in Haskap
berries was used.

METHODOLOGY
Materials

The specimens in the study are lyophilized Haskap. The 300 mg
specimenswere sealed in an EPR sample tube (suprasil, 99.99% purity: Jeol)
under either vacuum or air.

ESR spectroscopy

ESR measurements were carried out using a spectrometer (Jeol, JES-
FE1XG). All the ESR spectra were recorded at the X-band (9.3 GHz). For the
careful detection of all the radical species in the specimen, two kinds of
field sweep, 250 £ 250 and 320 £ 100 mT was employed. Magnetic field
modulation and demodulation were operated at 100 kHz, and hence all
our ESR spectra were recorded in the first harmonic mode. The modulation
width was 0.3 mT. All the ESR measurements were made at room
temperature ca. 20 C. The g-values were determined by a DPPH powder
standard using the dual-mode cavity.
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RESULTS AND DISCUSSIONS
ESR spectral features of Haskap

Figure 2 shows the ESR spectrum of lyophilized Haskap. The ESR
consisted of three signal components. The first, a sharp signal found at g =
1.9829, was due to the presence of organic free radicals such as plant
polyphenol. The second, a huge sextet hyperfine line, is attributable to Mn2+
ion centered at g = 2.0020. The third is a Fe3+ ion g = 4.0020. To evaluate the
hyperfine constant (hfc) of the Mn2+ ion, two methods were employed,
either taking the summit or the maximum slope of each peak. These methods
yielded the identical hfc of ca. 7.3 £ 0.1 mT.

ESR signal of Mn (ll)

The ESR signals of plant specimens shows that the sextet pattern due
to Mn (Il) may be broadened by the presence of polyphenol in plant tissues.
In fact, Morsy et al. have reported [8] that the ESR signal from Mn (ll) in leaf
tea indicated such a broadening in the presence of semiquinon. A similar
phenomena has been observed [9] by Rhodes who summarized that the
antioxidant content induced the broadening of the Mn (lI) ESR signal.
Therefore, a similar broadening of the Mn (ll) signal due to the presence of
polyphenol in Haskap would be a plausible hypothesis. According to the
most recent literature, the structure of the Mn signal, besides these other
factors, is strongly influenced by the degree of disturbance of Mn (ll) bonding
in protein complexes. This was revealed through thermal or other freatment
(drying, fermentation, and smoking) with respect to the role of manganese
ions in plant biosynthesis routs [8,10,11].

Figure 2. An ESR specirum of Haskap
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CONCLUSIONS

In order to promote research about Haskap, the researchers, in
cooperation with commercial growers of Haskap and the food processing
industry, established the Northern Japan Agricultural Research Institute in
2004. The head of the Instfitute is Mitsuko Ukai, a professor at Hokkaido
University of Education. The chief aim of the Institute is the promotion of
Hokkaido's agricultural and marine produce. The marketing strategy from
2004 to 2007 is focused on Haskap and includes cooperation with the
Canadian Trade in Japan and the University of Saskatchewan.

Figure 3 shows a meeting at the Institute. In 2006, the researchers
developed new products using Haskap syrup and filtrates. They also
investigated several products (Fig. 4, 5, 6). Using Haskap powder (Fig. 7), a
public tasting test was held at Tomakomai in Hokkaido, in 2006. The taste
tests (Fig. 8, 9) revealed a high acceptance rate among the Japanese
public for processed Haskap products. The ultimate goal is fo educate the
public as to the beneficial health effects of Haskap and develop
commercial opportunities with both commercial growers and the food
processing industry.

Figure 3. Meeting at the Northern Japan Figure 4. Haskap noodle
Agricultural Research Institute
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Figure 5. Sweatend bean paste Figure 6. Rolled sushi made from
(with Haskap powder) cake rice with Haskap juice and
salted Haskap (left). Rolled sushi
made from rice with Haskap
juice added to it (right).
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Figure 7. Powdered Haskap Figure 8. Trial products using
powdered Haskap

Figure 9. Public
tasting event
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INTRODUCTION

The Philippines is considered one of the highly mineralized countries
of the world. Its mining enterprise has contributed to its own share of
environmental problems that needsimmediate consideration. The common
problem associated with these mining operations is the disposal of mineral
wastes. Mine tailings pose pollution hazards and the favorable value of the
natfural environment deteriorates. These wastes cover fertile farmlands
making them unproductive (Lirio and Mercado, 1980). Walker (1978) said
that acidity, lack of nutrient elements and low soil oxygen levels are also
problems in these areas. The Bureau of Saoils (1978) stated that mine tailings
contain high amounts of heavy metals but low in nutrient element essential
for healthy development of plants. Mining may cause environmental issues
ranging from waste rock and tailings disposal, land disturbance, dust and
noise, to water use and pollution. If not managed well, any of this could
affect the health and livelihood of the poor and vulnerable groups living
near the mining operations (Daladag, 1987).

Mineral mining companies in Benguet produce thousands of tons of
mine tailings annually. The solid component of mine failing is contained in
tailing dams constructed for the purpose. The liquid component, however,
is discharged into the river systems. Abandoned tailing dams of mining areas
pose hazard and they become eyesores. Some of these dams are foundin
Benguet, which include the dams of Philex Mine Corporation. (Elegado,
1981).

The Philex Mining Corporation mine site is located at the southern fip
of Cenftral Cordillera, straddling within the communities of Tuba and Itogon,
Benguet. Itis about 17 aerial kilometers south-southeast of Baguio City and
lies at an elevation of 1,500 meters above the sealevel. Land access from
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Baguio City is via 32 kilometer well-paved road (Philex Mining Corporation,
1985).

Philex Mines Corporation, located at Pacdal, Tuba, Benguet is one
of the biggest gold producers in the entire Philippines. This mine adopfts the
downstream method of building up its tailing ponds. This method utilizes the
coarse portion of the tailings themselves to build up the dam body. The
tailing ponds are located at Sitio Banget and Sitio Sal-angan of Ampucao,
lfogon, Benguet. However, pond no. 1 which islocated at Sal-angan is not
functioning at present and itis under rehabilitation process. The use of tailings
pond number 1 (located at Sal-angan, [togon, Benguet) was discontinued
in the early part of 1992 due to the heavy scouring at its downstream portion
(Almogela, 1994). Apparently, the incident was an offshoot of the 1990
earthquake when part of the dam''s drainage was damaged. Were it not
for the immediate availability of dam 3, the corporation could have been
ordered to cease to operate. This is due to the possibility that the tailings
pond will leak with a discharge of about 26,750 tons per day (?.8M tons/
year) of waste sediments (Pandosen, 1996).

The study was conducted to find out the effects of the organic
amelioration of the tailings pond to the selected different test plants such
as green onions, pechay, peanut, potato and vetiver grass. Specifically,
the study aimed to:

1. Determine the performance of selected plants grown in mine-tailed
areas ameliorated with organic fertilizers; and

2. Determine some physical, chemical properties and heavy metal content
of the tailings with organic ferfilizer before and after the application of
organic fertilizer.

Mining is necessary to obtain minerals (Hore - Lacy, 1978). However,
waste from mines must be disposed properly to avoid environmental
damages. Generally, all mine wastes areas are deficient of the amount of
essential nutrients needed by plants (Bureau of Soils, 1978).

There is a need to look for alternative livelihood of employees and
those families who are affected by the impending closure of the mining
corporation. One alternative to decrease the amount of environmental
degradation brought about by the presence of mine tailings is using the
potentials of the tailing ponds as agricultural areas. This was conducted fo
see whetherthe five selected crops planted can thrive in mine-tailed areas
and can be of importance to the local community. This study analyzes the
possibility of growing plants that may have economic value o the
community. Knowing the best suited plants that can thrive in a mine tailed
areq, caninform the people, on what plants are good to culfivate in tailing
ponds. In one way or another, this study helps the people to transform the
tailings info a more productive resource. The study serves as a source of
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information in tfransforming mine tailings covered areas into a potential
agricultural land.

MATERIALS AND METHODS

The materials used in the study were as follows: fertilizers - Giant 8-8-
8, chicken dung, compost; fertilizer materials - 14-14-14 or complete fertilizer,
urea (46-0-0), 16-20-0 or solophos (0-18-0), and muriate of potash (0-0-60);
test plants - green onion, peanut, pechay, potato and vetiver grass; and
garden tools - grab hoes, bamboos and wires.

An area of 150 m? was thoroughly prepared at the dam site identified
prior to planting. There were only two set-ups for the study, the organic
fertilizer ameliorated and non-ameliorated treatment. Sixty plots were
prepared, with each plot measuring 0.5m x 5 m. The plots were divided into
three blocks to represent the three replicates. Each block had 20 plots where
4 plots are allotted for every test plant. The first two plots are free of organic
ameliorants and the remaining two were ameliorated with organic fertilizer
like compost, chicken dung and Giant 8-8-8.

The computed amounts of organic fertilizer were mixed thoroughly
prior to planting. Application of the recommended rate of N-P205-K20 per
hectare for each plant was followed. The fertilizers used for the maintenance
of the plants were 14-14-14, ureq, solophos, and muriate of potash.

The following test plants were used in the conduct of the frial:

C, = Green onion, C, = Peanut, C, = Pechay, C, = Potafo, and
C, = Vetiver Grass

Green onion. Onion leeks were cutinto uniform sizes of 17 cm. These
were planted in two columns and each plot allotted contained 20 onion
leeks. The distances between the rows measured 15cm and 15cm between
hills. This was done in all the replicates.

Peanut. Peanut seeds were used as planting material which was
planted alternately in two columns per plot. Each hole contained three
seeds with a depth of 3-4 cm. On the fourth, muriate of potash (66.67 kg/
ha), sobphos (222.22 kg/ha) and urea (65.22 kg/ha) were applied as
maintenance fertilizers.

Pechay. Pechay seeds were used as planting material which were
spread on the plot surface and covered with a thin layer of grass to prevent
them from being washed away. The maintenance fertilizers used were urea
(391.30 kg/ha) and 14-14-14 (428.57 kg/ha) applied fifteen days after
planting.
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Potato. Planting of potato was done in two columns per plot. One
tuber was allotted to every hole. Aftera month, 14-14-14 (12,000kg/ha) was
applied as maintenance fertilizer.

Vetiver Grass. The vetiver grasses were cut uniformly with a height of
10 inches from roofts. These were planted in plots with a distance of 20 cm
between rows and 20 cm between hills.

When the test plants started to germinate, the measurement for the
weekly growth increment was obtained. Representatives of each plot was
determined by random selection of ten plant stands and marked by a stick
beside them fto ensure consistency. Along with the application of
maintenance, hilling up and weeding were done.

The harvesting of the crop was done through the conventional
method. The total yields were determined by weighing its marketable and
non-marketable yield except for Vetiver grass which was obtained by taking
the biomass.

The performances of the different plantsin the experimental set-up
were determined by measuring the total yield. This was the total weight of
marketable and non marketable plant per plot. The usual practice of
harvesting of the said plants was used.

The characterization of soil was done only in the experimental set-
up ameliorated with organic fertilizer. Two sets of soil samples were collected.
The first set of soil sample was collected from the soil tailings before the
amelioration of organic fertilizer. The second set of soil sample was from
plots ameliorated with organic fertilizers and was collected after harvesting
of the crops. The physical, chemical and heavy metals were analyzed
following the PCARRD Standard Procedures of Analysis for Soil, Plant Tissue,
Water and Fertilizer.

RESULTS AND DISCUSSION
A. Agronomic Parameters
1. Total Yield

Green onions. Table 1 shows the yield response of green onions
planted in mine-tailed areas ameliorated with organic fertilizer mixtures of
compost (20 tons/ha), chicken dung (5 tons/ha) and Giant 8-8-8 (1000 kg/
ha) and the control or without organic fertilizer amelioration. The mean
yield of green onions planted in plots ameliorated with organic fertilizers
was 1.82 kg/plot, while 0.97 kg/plot was the mean yield in plots without
organic fertilizer amelioration. Stafistical data showed that application of
organic fertilizer did not significantly affect the yield of green onions on the
two freatments. However, anincrease of 87.63 % total yield was noted from
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mine-tailed plots ameliorated with organic fertilizers. They were observed
to have more developed roots compared to plots without organic
amelioration. Comparison of harvested green onions of both treatments is
shownin Plate 2. These observations corroborates with the study of Biggs et
al. (1989) which states that addition of organic materials in poor soils
stimulates the development of plants. Brady and Weil (2002) added that
organic fertilizers contain humic materials which have substantial amounts
of nutrient elements. These nutrients are very essential for the guaranteed
growth of vegetative crops.

Table 1. Yield performance of green onions (kg/2.5 m?)
planted in mine tailed areas

TREATMENT MEAN (kg/plot) % INCREASE
With organic fertilizer 1.822 87.62
Without organic fertilizer 0.97a )

Means with common letter are not significantly different at 5 % level DMRT

Plate 1. Green onions stand in plotfs applied with organic fertilizer
showed better performance than the untreated plofts.

Plate 2. Green onion harvested in plots without organic fertilizers
gave lesser yield compared with those from plots applied
with organic fertilizer (87.63%)
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Peanut. Significant yield response of peanuts was obtained in areas
ameliorated with fertilizers using mixtures of compost (20 tons/ha), chicken
dung (5 tons/ha) and Giant 8-8-8 (1000 kg/ha), as shown in Table 2.
Application of organic fertilizers gave significantincrease of 175 % in mine-
tailed areas applied with organic fertilizers over the control plots. Heavier
and more nuts were harvested from plots applied with mixtures of organic
fertilizers compared to the conftrol (Plate 4). Plants coming from the organic
ameliorated soil showed taller stalk and had more nuts per stalk compared
to the peanuts that are planted in soil without organic amelioration (Plate
4).The increase in yield in these plots could be attributed to the total effects
of the different organic fertilizers in crops.

In support for these observations, Jones (2003) said that organic
materials contain nutrient elements which are very useful for the growth
and development of crops. These organic materials contain the basic
elements which are nitrogen, phosphorus, potassium.

Table 2. Yield of peanut (kg/2.5 m?) planted in mine-tailed areas
from both the two treatments.

TREATMENT MEAN (kg/plot) % INCREASE
With organic fertilizer 851.23a 175
Without organic fertilizer 309.472

Means with common letter are not significantly different at 5 % level DMRT

Plate 3. Better growth performance of peanut plants in plots
applied with organic and without organic fertilizer
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Plate 4. Comparison on the yield of Plate 5. Peanut stalks 10 weeks after
peanuts obtained from plofts planting showing the plants grown
ameliorated with organic fertilizers in soil with organic fertilizer having
and the control. Yield was obtained alonger stalk and more nut formed
from those plots applied with the over the other freatment.
recommended rates of compost,
chicken manure and Giant 8-8-8.

Pechay. Table 3 shows the effect of mixtures of compost (20 tons/
ha), chicken dung (5 tons/ha) and Giant 8-8-8 (1000 kg/ha) on the yield of
pechay. Organic ameliorants tremendously increased the yield of pechay
(351.67 %) on the treated plots as compared to those plants grown without
organic maftter application. Statistically the yield of pechay grown in
organic-ameliorated soil is higher than that of the pechay grown in plot
without organic amelioration.

Observations made at harvest showed that plants in freated plots
were heavier and healthier than those obtained from the control plots (Plate
7). The findings confirmed with the statement of Elegado (1981) saying that
application of farm and animal manure produced better growth and yield
of crops in areas affected with mine tailings.

The finding confirms the study conducted by Laurean (1987) that
organic ferfilizeris as effective as chemical fertilizers in increasing crop yields.
If contains humus, which has substantial amount of nutrient elements. Plants
nurtured with organic fertilizers are healthier and more resistant to pest and
diseases. Lardizabal (1981) added that areas covered by mine tailings could
be converted to productive farms if organic fertilizers such as chicken dung
and decomposed plant material are applied to increase organic matter,
N, P, K, and microbial contents of the soil. A study by Kelly and Thompson
(1979), stated that sugar beets grow in soil that require the application of
manure at the rate of 10-15 fons/acre and a fertilizer application supplying
50-60 tons of both nitrogen and potassium nitrate and 100 lbos/acre of 205
of P gives amaximum yield.In 1977, Scholey reported that it is possible only
fo grow crops on mine tailings as long as addifional soil, ferfilizer, and
reasonable care will be given.
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Table 3. Yield of pechay (kg/2.5 m?) planted in mine-tailed areas.

TREATMENT MEAN (kg/plot) % INCREASE
With organic fertilizer 2.172 351 67
Without organic fertilizer 0.06° )

Means with common letter are not significantly different at 5 % level DMRT

Plate 6. Growth of pechay plants in plots applied with

Plate 7. Comparison between pechay plants in plots applied with mixture of
compost (20 tons/ha), chicken manure (5 tons/ha)
and Giant 8-8-8 (1000 kg/ha).

Potato. The response of potato planted in mine-tailed plofts
ameliorated with organic fertilizers is shown in Table 4. Application of organic
fertilizer consisted of compost (20 tons/ha), chicken dung (5 tons/ha) and
Giant 8-8-8 (1000 kg/ha) did not significantly affect the yield of potato.
However, anincrease of 143.67 % was obtained from the yield of potato in
mine-tailed area over the potatoes grown in soil without organic matter.
This shows that organic fertilizer application canincrease the yield of potato
in mine-tailed areas.
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The researchers had observed that potato grown in soil with organic
maftter produce more tubers than those potatoes harvested from plofts
without organic fertilizer. These observations can be seen on Plate 9. Carew
and Work (1955) confirmed the results of this study saying that potatoes like
any other crops, need fertilizers to supply their nutritional requirements.

Table 4. Yield of potato (kg/2.5 m?) planted in mine-tailed areas.

TREATMENT MEAN (kg/plot) % INCREASE
With organic fertilizer 1.73a
Without organic fertilizer 0.71° 143.67

Means with common letter are not significantly different at 5 % level DMRT

Plate 8. Growth of potato plantsin plots applied with organic fertilizer and
potato plants showing wilted leaves eight weeks after plantfing.

Plate 9. Comparison between the yields produced by potatoes planted
in soil without the application of organic fertilizers.
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Vetiver Grass. Table 5 shows the performance of Vetiver grass in terms
of biomass production. Organic fertilizers applied to plots consisted of
chicken dung, Giant 8-8-8 and compost. The biomass of vetiver grass
planted in the soil with organic fertilizers was 65.52 % higher than that of the
vetiver grass grown in the soil without organic fertilizer application.
Application of organic fertilizer of the soil significantly affected the yield of
the Vetiver grass. Vetiver harvested in the soil with organic amelioration
had more biomass than that of control, which had no organic amelioration
(Plate 11). These findings confirm the findings of Lardizabal (1981), saying
that production of quality crops is possible only if tailings are supplied with
commercial or organic fertilizerwhich can give the proper elements needed
by plants. The researchers observed during harvest that the vetiver grass
planted on plots with organic matter produced more stalks, were bushier
and had more developed roots than those planted on plots without organic
matter amelioration.

Table 5. Biomass of vetiver grass (kg/2.5 m?) planted in mine-tailed areas.

TREATMENT MEAN (kg/plot) % INCREASE
With organic fertilizer 0.482 65.52
Without organic fertilizer 0.290 )

Means with common letter are not significantly different at 5 % level DMRT

Plate 10. Growth of vetiver grass in Plate 11. Biomass production of
plots applied with organic Vetiver grass planted in both
fertilizer and plofs without mine-tailed areas applied with
organic fertilizer three weeks after different organic fertilizers and
planting. those without.

Soil Analysis

1. Physical Characteristics

Table 6 shows the physical properties of the soil before and after the
organic ferfilizer amelioration. Chicken dung, Giant 8-8-8 and compost were
mixed together to compose the organic matter amelioration treatment.
Plate 12 shows the farm set up before the application of organic
amelioration. Plate 13 is the photograph representation of the farm set up
after the application of organic fertilizer amelioration.
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Organic matter has profound effect on soil physical condition. Its
influence on the soil aggregation resulted to a bettersoil structure, aeration,
water holding parity, infiltration and permeability (Licudine, 1987).

Table 6. Initial and final bulk density and percent pore space
of the soil ameliorated with organic fertilizer.

TREATMENT BEFORE AFTER
Bulk density, g/cc 1.46 1.22
Pore space, % 43.00 44.00

Plate 12. Farm set up before the application of
organic fertilizers in the mine- tailed area.

Plate 13. Three farm set up after the application of
organic fertilizers in the mine-tailed area.
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Bulk Density. The bulk density of the mine-tailed areas decreased
after application of organic fertilizer. Based on the Soil Science Manual, a
bulk density of 1.33 g/cc and higher is considered compacted soil while
below the mark is supposedly a porous soil. The bulk density of the mine
tailings before the application of the organic matter was about 1.46 g/cc,
which means that the soil was compact. The final bulk density was lowered
to 1.22 g/cc indicating that the cultivation and application of organic
fertilizers conftributed to the lowering of bulk density. This was similar to the
study of Jones (2003) which cited that organic matter decreases the bulk
density of saoils. It can occur either directly by diluting the soil with a less
dense material orindirectly through greater aggregate stability. In addition,
soils with 30% organic matter have low bulk densities (Anonymous, 2001).
According to USDA (1996) bulk densities of several textural classes of forest
soils, for sands, has 1.43 g/cc.

Porosity. The amount of pore space is determined largely by the
arrangement of solid particles. If particles tend to lie close together, as in
sands or compact subsoail, the total porosity is low (Biggs et al, 1989).

The percent porosity of the experimental soil ranged from 43 to 44%,
indicating that the soil media was compacted. The particles tend to lie
close together so the total porosity was low. This is similar fo Donahue'’s
(1997) statement that organic matterincreases soil porosity. Organic matter
loosens the soil which increases the amount of pore spaces. This has several
important effects. As the density of the soil goes down (it becomes less
compacted), the soil structure improves. This means that the sand, silt and
clay particle in the soil stick together, forming aggregates as crumbs.
Organic mafter acts as bonding agent to bind the basic sand, silt and clay
particles into soil aggregates. Soil aggregates are much larger than the
basic particles; therefore, there is usually greater pore space because the
larger aggregates do not fit together as well.

2. Chemical Characteristics

Bureau of Saoils (1979) found out that mine tailings are devoid of NPK
and contains some microelements naturally occurring in normal soils. These
soils are sandy, slightly acidic and have very low water holding capacity.
Anofther study by de Guzman (1986) stated that mine tailings also have
chemical characteristics almost similar fo rocks and in the forms of
concentrates usually found in the host rock type.

The chemical characteristics of mine-tailed areas before and after
organic fertilizer application are shown in Table 7.
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Table 7. Some chemical properties of the mine-tailed area
before and after organic fertilizer application

CHEMICAL PARAMETERS BEFORE AFTER
pH 5.4 7.2
Organic matter content (%) 0.5 3.5
Phosphorus content (ppm) 4 17
Potassium content (ppm) 228 188
Nitrogen content (ppm) 0.025 0.175

pH. The pH of the soil before the conduct of the study showed an
acidic condition having a pH of 5.36. The pH was increased to 7.2 which is
a neutral condition. This is shown in Table 7 above. The observation could
be attributed to the higher organic matter applied increasing the soil’s pH
buffering capacity. The buffering capacity of a soil determines its ability to
prevent pH decline. The buffer capacity of the soil refers to its ability to resist
a change in acidity. Soils having greater amounts of clay and organic matter
have greater buffer capacities (May, 1980). Thus the addition of high organic
matter content is a method to maintain a favorable buffer capacity.

Organic Matter. An increase of 3% organic matter was obtained
after the application of organic fertilizer. Organic matter can be added to
the soil by various methods using green manure crops, cover crops, Crop
residues, animal manures, mulches and composts. In this research, animal
manure, compost and commercialized organic fertilizer (Giant 8-8-8) were
used. These three mixtures significantly increased the low organic matter of
the soil tailings.

Nitrogen Content. Table 12 shows the increase of nitrogen content
from 0.025 % to 0.175%. This is due to the organic maftter added into the sail
minimizing the nitrogen lost by means of leaching and denitrification and
improving the physical and chemical properties of the soil. Anotheris that it
stores and supplies such nutrients as nitrogen, phosphorous and sulfur, which
are needed in the growth of plants and soil organism (USDA, 1996). The
application of urea influences the increase in nitrogen content of the
organic ameliorated soil. Another source for the increase of N is the
application of compost, which is the most organic N source (Hue, 1991).

Phosphorous Content. Table 7 shows an increase in the concentration
of the phosphorus after organic matter was applied. Water soluble
phosphorous added to the fertilizers or manure goes firstinto the soil solution.
From there, P is taken up by the plant roots or remains readily available or
less readily available. Phosphate ions do nofleach, as do nifrate ions, even
in sandy soils. This explains the high amount of phosphorous found in the sail
tailings (Anonymous, 2001). Soil organic matter plays an important role in
Phosphorus availability. Ammonium-based fertilizers increase P availability
(Berton, 2003). Phosphorus contents of chicken manure and compost are
relatively low thus; large amounts are needed to meet the phosphorus
requirement of crop (Hue, 1991). This explains the large amount used on
the research experiment. Another study of Hue (1995) concluded that there
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is a strong competition between plants and soils for Phosphorus in the soil
solution. And the winner usually is soils. Soils contain large amounts of iron
and aluminum oxides or amorphous alumina silicate clays, which tie up
firmly. This explains the increase in the phosphorus content of the soil after
the application of organic fertilizer.

Potassium Content. From an initial measurement of 228 ppm, the
resulting amount went down to 188 ppm after the application of organic
matter (Table 7). The decrease in the amount of K is attributed to the
absorption of potassium from the soluble potassium pool, which is located
in the top soil. This pool gets exhausted pretty quickly due to the absorption
of potassium by plants and soil erosion. Jones (2003) added that most plants
absorb K more than they normally need, thus, resulting to a low K content
of the soil. Another thing is that sandy soils usually are K-deficient soils; the
application of K is always lost frough leaching if not readily taken up by
plants (Dierberger et.al., 1982).

3.Heavy Metals

Table 8 shows the heavy metal content of the mine-tailedarea
before and after the game fertilizer amelioration.

Table 8. Iron and copper content of the soil ameliorated
with organic fertilizer before and after planting.

BEFORE ORGANIC AFTER ORGANIC
HEAVYMETALS | £ERTILIZER AMELIORATION | FERTILIZER AMELIORATION
COPPER (%) 272 2.06
IRON (%) 9.83 8.46

Copper. The copper content of the mine-tailed area before planting
was 2.72%, while after harvest, the concentration of the copper declined
to 2.06%. With the addition of organic maftter, Cu availability can be
significantly reduced (Donahue, 1997). Copper availability decreases as
organic matterin the soil increases. Organic matter binds up copper tightly
than any other micronutrient. This not only reduces fixation by soil minerals
and leaching, but also reduces availability to crops. Organic soils, therefore,
are more likely to be more deficientin copper than are mineral soils (Wong
and Zhou, 2001). Another reason for the decrease in the heavy metals of
the soil is its texture. Being a sandy medium, the water holding capacity is
low, thus the heavy metals are leached together specially during continuous
irigation (Pandosen, 1996).

Iron. There was a decrease of 13.42% on the iron contents of the soil
after harvest. A decrease of the initial measurement on iron content of the
mine-tailed area as shown in Table 8 was from 9.83% down to 8.46%. This is
probably because of the chelatfing ability of organic matter which may
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unite micronutrient cations such as iron, zinc, copper and manganese to
improve their mobility (Dierberger et.al, 1982). This ability will then decrease
the amount of iron or other trace element that would be absorbed by the
plants. Most of the iron in the sails is present as iron oxides. Copper in plants
can bothinterfere with the iron metabolism and lead to iron deficiency. An
organic compound has the ability of chelating compounds. Thisis effective
in retaining certain minor elements. The chelating ability of organic matter
may unite micronutrient cations such asiron, zinc, copper and manganese
to improve their mobility (Dierberger et al, 1982).
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INTRODUCTION

Agricultural activities are usually carried out with different risks such
as natural disasters. To reduce financial loss, crop insurance is one of the
most important mechanisms employed by farmers. This is an innovation
which is relatively new to some farmers in the rural areas especially in the
third world. There are different factors influencing adoption of crop
insurance. The steps, and mechanics of the adoption process have been
explained in different studies (Rogers, 1995). These studies view innovation
as a keyissue related to technology changes and they have been focused
on adoption rate and its level (Rogers, 1995).

Various studies have explained the adoption process in the form of
systematic models. The diffusion model was the most widely used pattern
for adoption of innovations (Rogers, 1983). Based on this model, innovative
farmers adopt the new ideas and these ideas are transferred to other farmers
in fime. The focus of this model is in relationship between awareness and
adoption. Awarenessis perceived as an essentfial condition for adoption of
innovations in the diffusion model (Hooks et al., 1983).

Another necessary condition for adoption is a favorable affitude
foward innovation. The model says that knowledge gained through access
to different information sources is posited to be an important determinant
of adoption behavior (Rogers, 1995). Also, the diffusion model asserts that
adopters’ characteristics are important determinants of adoption process.
It is hypothesized that farmers’ education, age and farming experiences is
related to adoption.
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The diffusion model was criticized (Rogers, 1983), so that the farm
structure model (economic constraint model) was offered. This model
emphasizes access to resources as predictive factors of adoption (Napier
et al., 1984). Also, the farm structure model emphasizes profitability and
economic motives for adoption of innovations. Based on this model, the
socio-economic status of farmers is related to adoption behavior.

Another study provided an alternative model to identify adoption
process. The multiplicity model combines the diffusion and farm structure
models to explain adoption process (Nowak, 1987).

Different studies had been conducted regarding adoption of crop
insurance and its determinants. Mishra (1999) revealed that increasing the
value of insurance, identifying the target farmers, to provide financial
resources and suitable communication with farmers are the major
determinants of adoption of crop insurance. Vandenveer (2001) said that
individual characteristics of farmers, their education and income from the
farm are related to adoption of crop insurance.

A number of studies showed that there is positive and meaningful
correlation between size of land and the value of farm with the demand
for insurance (Goodwein, 1993). Smith and Baquet (1996) concluded that
the adoption of crop insurance is influenced by variables like farmers’
education, the level of risk, and the variation in productivity and the value
of insurance. Baker (1990) emphasized the importance of the farmers’
knowledge. He argued that the more knowledge the farmers have
regarding crop insurance the greater the demand for crop insurance in
rural areas.

Darijani and Ghorbani (1998) revealed that the adoption of insurance
among farmers are related to amount of loans, amount of farm, kind of
agricultural activity and level of risk. The study of Rayatpanah (1995) showed
that access fo communication channels, extension and education methods,
and the rate of employment influence the adoption of crop insurance.
Naimi-Nezamabadi (1998) indicated that attitude and knowledge regarding
the insurance process, and its advantages were the major factors to adopt
crop insurance. Analysis of factors affecting farmers’ adoption of crop
insurance was the major objective of this study.

Methodology

The respondents of the study were farmers producing irrigated wheat
in Khuzestan province. Khuzestan is one of the big provinces and is situated
in south-west of Iran. Khuzestan province has the most number of rivers. It
has warm and humid weather. The province is divided info two: northern
Khuzestan and southern Khuzestan. Respondents from northern Khuzestan
were 1830 and those from southern Khuzestan were 3172, with a fotal of
5002 wheat producer respondents. Proportional stratfified random sampling
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was used to determine the number of sample population. Geographical
division (Shahrestan) was considered in identifying the strata of this study.
Based on proportion of wheat producers’ population in each Shahrestan,
the sample size was determined using the Kucran sampling formula. Table
1 shows the total population of each Sharestan and their corresponding
sample sizes.

Table 1. Total population and sample sizes of each strata determined
through proportional stratified random sampling.

Northern Khuzestan Southern Khuzestan
Shahrestan Population Sample size | Shahrestan Population Sample size
lezeh 182 14 Behbahan 549 42
Shush 600 45 Shadegan 523 40
Shush tar 210 16 Ahvaz 626 48
Dezful 320 24 Hendijan 780 59
Andimeshk 312 24 Dashte-azadegan 282 21
Masjed soleyman 206 16 Ramhormoz 412 3
Total 1830 139 Total 3172 241

Survey was used as research method in the study. The questionnaire
used for data collection, was pilot tested and examined using Chronbach
Alpha test forinternal consistency and reliability. The alpha parameter was
0.88. The data were collected by conducting face-to-face interview with
the farmers.

FINDINGS

In tferms of educational level of the sample respondents, about 24,
25, and 20 percent of them reached primary, secondary, and high school
levels, respectively (Table 2). This means that almost all of the wheat
producers have adequate or desirable levels of educational attainment.

Table 2. Educational level of respondents

Education level Frequency Percent
Literacy 68 18.5
Primary school 88 23.9
Secondary school 90 245

High school 72 19.6
Diploma and higher education 50 135
Without any response 12 -

Total 380 100

Spearman correlation coefficient was executed to determine
correlation rate between independent variables and farmers' acceptance
of crop insurance (Table 3). Age had a significant negative correlation with
insurance acceptance. It means insurance acceptance rate is higher
between younger farmers. If we assume crop insurance as an innovation, it
is natural that acceptance of crop insurance will be least among older
farmers. Farmers with higherlevel of education have better understanding
as far as the crop insurance advantage is concerned. Their adoption
increased with the increase of their educational level.
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Table 3. Correlation coefficients between independent variables
and farmers’ acceptance of crop insurance

Variables r

Age -0.265™
Level of education 0.508"
Farmer's wheat crop area (Hectare) 0.213"
Background on wheat cultivation (Year) -0.106
Income 0.219"
Farmers awareness of goals and advantages of crop insurance 0.598"
Consultation with other farmers 0.373"
Participation in training classes and sessions 0.888™
Frequency of contact with insurance agents 0.626"
Participation in extension lectures 0.857"
Watching films and video clips related to crop insurance -0.012

Study of extension bulletins and journals related to crop insurance 0.079

Visiting of crop insurance company's activities 0.855"
Participation in crop insurance workshops -0.011

Contact with agricultural extension agents 0.678"

* Significant at 0.05 level of probability
* Significant at 0.01 level of probability

Background on wheat cultivation had no correlation with insurance
adoption. However, adoption rate increased with the increase of wheat
crop area and farmers’ income enhancement, significantly. These findings
are justified by the fact that threat of unexpected factors is increased by
increasing crop area and farmers expect to counter these threats through
crop insurance. Besides, farmers with higher income have less difficulty to
pay crop insurance charges.

Farmers’ awareness of goals and advantages of crop insurance;
consultation with other farmers; participation in fraining classes and sessions
on necessity of crop insurance; frequency of contact with insurance agents;
participation in crop insurance workshops; and frequency of contact with
agricultural extension agent all had significant correlation with crop
insurance acceptance.

Multiple regression analysis using the stepwise method was executed
fo determine independent variables’ influence on crop insurance
acceptance (Table 4). The variable “*consultation with other farmers” could
explain 81 percent of dependent variable changes (R?= 0.81). This shows
that consultation and communication between and among farmers is
important for decision making as far as crop insurance acceptance is
concerned. In fact, most farmers feel they had similar conditions, and they
believed that an experience of one farmer can be generalized to apply to
other farmers. Considering that the replicability of an innovation is one
criterion for applicability and adoption, one farmer's experience in crop
insurance will become animportantinput to other farmer’s decision making.
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Frequency of contact with insurance agents explained 15 percent
of changesin the dependent variable (Table 4). It revealed the important
role of insurance agents towards farmers’ acceptance of crop insurance.
Insurance agentsin factranked second information source of farmers, next
to “consultation with other farmers” in relation to their decision to accept
or reject crop insurance. These two independent variables explained 0.96
percent of the changes in the dependent variable.

Farmers’ awareness on the goals and advantages of crop insurance
explained 2.3 percent of change in the dependent variable (Table 4).
Awareness is important because it is the first step towards adopftion of any
intfroduced innovations.

Table 4. Results of multiple regression analysis using the stepwise method
to determine independent variables’ influence on crop
insurance acceptance

R? R2
Independent variables B S.EB Beta _ T Sig.
adjust change

Consultation with other

2.41 0.126 0.579 0.81 0.81 19.15 0.000
farmers

Frequency of contact with

insurance agents 1.01 0.102 0.363 0.96 0.15 9.95 0.000

Farmers awareness of goals
and advantages of crop 1.30 0.207 0.189 0.983 0.023 6.30 0.000
insurance

Size of farmers’ wheat crop

area 0.133 0.044 0.7 0.987 0.004 -3.017 0.006

Dependent variable: Crop insurance acceptance
F=533.36 Sig: 0.000 Constant= 5.50

Finally, size of land which each farmer allocated to wheat cultivation
was the fourth factor considered to influence crop insurance acceptance
(R?=0.004). It explained 98.7 percent of the change in the dependent
variable.

Factor analysis of factors related to adoption of wheat insurance

The correlation of the factors entered for factor analysis was
determined using the Kaiser-Meger-Olkin (KMO) parameters. Only factors
having higher than 1 Eigen values were selected. With 0.99 level of
significance, a fotal of nine factors were extracted which explained 75.03
percent of the total variance. These factors were shown in Table 5.

V a ria b le s’ ¢c onsid e re d foreach fa ctordete rm ine d thro ug h V e rim a x
m e th od are show n in Ta b le 6. It sho uld b e m e ntioned that 24 variab le s
a fte rV e rim a x ro ta tio n w e re e lim in a te d b e c a use o flow fa c torlo a ding (le ss
th a n 1) a nd non sig nific a nc e o f th e ir ¢ o rre la tio n w ith o th e r fa c to rs. Th e

re a son w a stha tthe levelofthese variableshad overlap w ith m ore im p o rta nt
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Table 5. Extracted factors with their specifications

E— Special Amount | Variance Percent | Cumulative Frequency of
(Eigen value) of SA. Variance Percent
First 7.48 22.67 22.67
Second 4.18 12.67 33.35
Third 2.74 8.31 43.67
Fourth 245 745 51.12
Fifth 221 6.90 58.02
Sixth 1.69 5.12 63.15
Seventh 1.53 4.65 67.8
Eighth 1.22 3.71 71.52
Ninth 1.15 3.51 75.03

variables and so the researchers decided to integrate them with the other
variables.

The factors affecting crop insurance acceptance which resulted
from the factor analysis have been classified intfo nine factors. These are
presented in Table 6. They are: 1)Extension-education; 2)Economic;
3)Communication channels; 4)Motivation; 5)Opinion on leadership;
6)Facility; 7)Confidentiality; 8)Supervision; and 9)Diversity factors. These
factors explained 75.03 percent of the total variance, as have already been
mentioned. The extension-education factor which Eigen value was 7.48
could explain 22.67 percent of the total variance. This factoris deemed the
mostimportant factor compared with others. Its’ variables include conduct
of workshops and training classes, distribution of bulletins and leaflets, use
of newspapers, radio and TV programs, to promote the insurance and
persuade farmers, etc.

Economic factor was the second factor that could explain 12.67
percent of fotal variance with value of 4.18. Its’ variables included size of
area orland for wheat cultivation, land revenue system, income, payment
for insurance confract, and discount for insurance of agricultural crops
(Table 6).

The third factor was communication channels. This factor with the
value of 2.74 could explain 8.31 percent of the total variance. Its’ variables
included awareness on advantages of having crop insurance, linkage with
insurance agents, and delivery of information on the insurance to farmers.
Motivation factor was considered as the fourth factor. This factor with 2.45
value could explain 7.45 percent of the total variance. Its’ variables were
three: on time indemnity payment, discount enjoyed by farmers who had
no crop damage, and giving of presents to farmers by insurance companies.

Opinion on leadership was the fifth factor. Its value of 2.27 explained
6.9 percent of the total variance. Arrangement of group discussions on crop
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Table 6. The factors and their coefficients as extracted from rotated matrix

Factors Variables coefficient
Conduct of training classes on advantages of crop insurance 0.857
Distribution of training bulletins and leaflets 0.707
Conduct of workshops 0.875
Extension-e ducation Linkage with agricultural extension agents 0.779
i Distribution of newspapers featuring crop insurance activities 0.699
Use of radio programs to enlighten farmers on advantages of crop insurance 0.843
Use of TV to enlighten farmers on advantages of crop insurance 0.834
Use of films and multimedia to promote crop insurance 0.573
Size of land area devoted to wheat cultivation 0.902
Land revenue system 0.768
Economic Factor Farmers' income 0.803
Payment for primary insurance contract 0.735
Discount on agricultural crops insurance 0.859
Awareness on advantages towards of crop insurance 0.767
gr?m;giﬁzﬁc?gr Linkage of farmers with crop insurance agents 0.897
Information delivery on crop insurance to farmers 0.819
On time payment of indemnity to farmers 0.522
M otivation Factor Discount for farmers who have no crop damage 0.671
Giving of presents to farmers by insurance companies 0.603
Arrangement of group discussions on advantages of crop insurance 0.742
Lea(?epri::i); Iggctor Capacity of local leaders to encourage crop insurance availment 0.877
Capacity of local council to encourage crop insurance availment 0.515
Facility toward indemnity payment 0.877
Discount for farmers who have no crop damage 0.532
Facility Factor

Insurance companies’ capacity to deliver prior commitments 0.712
Ease in the processing of papers/contract for crop insurance 0.591
Satisfaction of farmers of the benefits of having crop insurance 0.940

Confidential Factor
Insurance agents’ capacity to persuade farmers to insure their crops 0.943
Supervision Factor On time payment of indemnity to farmers 0.613
Continuous monitoring for proper processing of insurance by inspectors 0.569
Diversity Factor Diversification of crop insurance options 0.825
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insurance advantages, and capacity of local leaders and local council to
encourage farmers to have crop insurance were among the variables of
this factor. The sixth factor was facility which could explain 5.12 percent of
the total variance with a value of 1.69. Its’ variables were ease in paying
indemnity; discount consideration for farmers who were without crop
damage; capacity of insurance companies to perform and deliver earlier
commitments; and ease in processing the papers or contract for crop
insurance.

Confidential factorwas the seventh factor with a value of 1.53 which
could explain 4.65 percent of the total variance. It had two variables:
satisfaction of insurer farmers of the benefits of crop insurance; and insurance
agents’ capacity to persuade farmers to insure their crops. Supervision factor
with a value of 1.22 was the eighth factor which explained 3.71 percent of
the total variance. This factor consisted of two variables: on time indemnity
payment to farmers; and continuous monitoring for proper processing of
insurance by inspectors. Diversity was the ninth and the last factor with a
value of 1.15. It explained 3.51 percent of total variance and only had one
variable diversification of crop insurance options.

Conclusion and Recommendations

Agriculture is a risky undertaking with natural disasters as its most
common threats. Aimost 31 of 40 types of natural disasters recognized by
the world occur in Iran. In fact, Iran ranked tenth among countries in the
world oftenly visited by natural disasters. Insurance is one of the common
strategies used to counter threats in agricultural production although there
are several factors that farmers cannot control because they are
unpredictable. Crop Insurance in Iran has an important role in agricultural
production. Encouragement of farmers to insure their crops by extension
agents could be an appropriate strategy to counter agricultural risks.

Analysis of factors related to adoption of crop insurance by wheat
farmers was the main objective of this study. Findings revealed that the
farmers with higher rate of crop insurance acceptance were younger with
higher level of literacy, had bigger crop area, had more income, were more
aware on the goals and advantages of having crop insurance, had frequent
consultation with other farmers and had beftter participation in training
classes and sessions. Also, the frequency of their contact with agricultural
extension and insurance agents was higher, and had more participation in
extension lectures and activities organized by crop insurance company.

Multiple regression analysis revealed that fourindependent variables
could explain about 99 percent of farmers, level of acceptance of crop
insurance. These include consultation with other farmers, frequency of
contact with insurance agents, farmers’ awareness of goals and
advantages of crop insurance, and farmer’s crop area devoted to wheat
production.
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The 31 variables affecting crop insurance acceptance were
classified into nine factors and analyzed using the factor analysis technique.
The nine general classifications of factors helped authors to achieve higher
theoretical level inrelation to the factors which influence on crop insurance
acceptance. Consequently, extension-education, economic factor,
communication channels, opinion on leadership, facility, confidentiality,
supervision, and diversity factors all influence the farmers’ crop insurance
acceptance. They could explain about 75 percent of the total variance.
Based on the findings, the following are recommended:

In order to accelerate adoption of crop insurance, identifying the
first adopters from among the farmers is very important. The first adopters
can share experiences; lessons learned and best practices to other farmers.
This is considering the main finding of the study that farmers’ consultation
with each other plays animportantrole in their decision-making especially
on the adoption of crop insurance. Furthermore, extension educational
programs towards crop insurance should be strengthened. This again is
based on the finding that the former do influence acceptance of crop
insurance by farmers through their motivation and supervision, among
others.
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