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SDGs fieldwork in rural Vietnam and Japan
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I1. Overseas fieldtrips (Vietnam)
2.1. Cau Nhi Village
48501155  Tsubasa Tateishi
Nal?;\leg e

2.1.1. Introduction

bt

Clan system, a social unit, has been important and necessary for farming society

Hanol
-

Hai Phang

in Vietnam since the past. It is related with production activity, which is related with
development of farming villages. On this research, we focused on the function and

structure of clan system in a farming village in Vietnam.

2.1.2. Fundamental information of Cau Nhi Village

Cau Nhi Village in Hai Tan Commune is located on the northwest of Hue City, ) |

the center of Vietnam. It takes 1 hour from Hue City by car. Cau Nhi Village was

Cambodia

founded in 1417. There are historical and traditional buildings in the village, thus it

was registered as the first Cultural Village of Quang Tri Province. 550 households live

in 8 hamlets of the village. There are no industrial estates around the village, thus the
Source : Google Maps

villagers are almost full-time farmers.
Figure 1. Location of

Cau Nhi Village

Table 1. Number of family clans in Cau Nhi Village

Disappeared 4

Original family clans since founding

Exist now 8

Family clans that came later 18

2.1.3. Methodology

We conducted interview to 7 original family clans written on the Table 2 and asked some questions like

the below.
»  Careers of each interviewee » Anniversary days of each family clan and the
»  Number of households of each family clan village
»  Branches of each family clan »  Role of family clans in the village council
Table 2. Timetable of interview in Cau Nhi Village
Date Time Interviewee (Family clan)
28" August AM Mr. Le Chi Ca (Le) Mr. Tran Dang Thoi (Tran)
2019 PM Mr. Nguyen Van Cam (Nguyen) Mr. Bui Xuan Kha (Bui)
29" August AM Mr. Pham Huu Hoa (Pham) Mr. Hoang Tan Lap (Hoang)
2019 PM Mr. Dao Ba Hong (Dao)




2.1.4. Findings
>
>

like the Table 3. As for the village council, all 26 family clans belong to it. However, 4 original family

Communication of policies: Government — Local authority — Clan leaders — Villagers

Family clans have their own anniversary days, facilities and organizations as well as those of the village

clans: Bui, Hoang, Nguyen and Pham have priorities in making decisions.

Table 3. Comparison between family clan and village

Family clan

Village

Anniversary days | Death days of some ancestors

Praying days

Communal house

Facilities Ancestral houses )
Worship hall
Cultural village executive board
Village steering committee
Organizations Executive committee Hamlet executive committee

Village council

Cooperatives

-

.

Cau Nhi Village Council Priority
Original family clans (8)
&~
[ Bui Hoang Nguyen Pham ]
Tran Le Dao Do
Family clans that came later (18)

~

j

Figure 2. Cau Nhi Village Council

» Clan system is divided into some branches. People have close

Figure 3. Family clan tree

relationship with other members at least in their own branches.

2.1.5. Our view

»  Family clans that have priority in the village council are likely to influence the development of farming
villages.

»  Ties of clan system seem strong as well as those of local community or stronger than them.

» Regarding comparison between Vietnam and Japan, both clan system and local community establish

their own anniversary days, facilities and organizations that is peculiar to Vietnam. On the other hand,

only the latter is true of Japan.




2.2. Phong Hien Commune

48501155  Tsubasa Tateishi

2.2.1. Introduction

The fieldwork in Phong Hien Commune was to understand the land consolidation and its effect.

2.2.2. Fundamental information of Phong Hien Commune

Phong Hien Commune is located on the northwest of Hue City, the -
center of Vietnam. It takes 30 minutes from Hue City by car. Phong = 5
Hien Commune have agricultural land areas with 2,400 ha: paddy fields : - TR LANG
(16%), farmland for annual crops (13%) and others (71%). The average Lo e -
area of farmland is 0.5 ha/household. In the commune, farmers grow SOurce: Googlé;;ps‘_ r

crops for 2 times per year. Between 2003 and 2004 and in 2017, the Figure 4. Location of Phong

land consolidation was conducted. Hien Commune
2.2.3. Methodology

We conducted interview about land consolidation, for instance, condition of farmland before and after
land consolidation, how to divide farmland after land consolidation and production system in land
consolidation areas.

Table 4. Timetable of interview in Phong Hien Commune

Date Time Activities

Interview to vice chairman of Phong Hien CPC

30 August Interview to director of An Lo Cooperative
AM

2019 Interview to an organic farmer

Visit to a land consolidation area

Figure 5. Interview in Phong Figure 6. Interview to an Figure 7. Visit to a land

Hien CPC organic farmer consolidation area



2.2.4. Findings
»  Farms after land consolidation were graded and divided by lottery among farmers.

»  Phong Hien Commune has its own production process of land consolidation areas like the Figure 8.

Hue City
» Organic food companies
» Kindergardens

e » Schools
/> lIrrigation \Pavment Sale
‘: S SR \ 1 Sale Products
\. > Fertilizers etc Cooperative K, g
\‘M ( standard
""""""" Provisions Payment Charge
L
Households
ith . Output
withLCarea | Organicstandard
Payment
Products
not
Other merchants i
meeting
standard

Figure 8. Production process of land consolidation areas in Phong Hien Commune

2.2.5. Our view

After the land consolidation, situations of farmers became not only better but also worse than before

like the below. This difference might be a bigger and bigger problem to affect their incomes.

€

As for higher graded land, the enhancement of productivity can be expected. And\
organic farming is successful, thus it may lead to the creation of added value.
»  As for lower graded land, farmers suffer from inconvenient cultivation.

!

Phong Hien Commune and the cooperative should settle measures to support farmers who

\have lower graded land or correct unfairness. J

Regarding production process, the cooperative assists farmers by provisions and mediates sale of

products that meet organic standard. That makes the agricultural production process much easier for farmers.



2.3. Son Trach commune

48430167 MAI Thi Khanh Van
2.3.1. Location

South China Sea,
Vietnam

Figure 9. Map of Son Trach commune
Source : Ziegler et al. (2017') & Son Trach CPC (2019°)
Son Trach commune located in buffer zone of Phong Nha Ke Bang National Park (PNKB NP), Quang
Binh province. The acreage of this commune is 10,138.71ha with the population is 3,060 households /
12,475 people. From figure 9, there is the list of villages in Son Trach commune: 1) Xuan Son; 2) Gia Tinh;
3) Na; 4) Ha Loi; 5) Xuan Tien; 6) Cu Lac 1; 7) Tram Me; 8) Phong Nha; 9) Cu Lac 2; 10) Rao Con.
2.3.2. Timetable of fieldtrip and Methodology

Table 5. Timetable of interview in Son Trach Commune

Date Activities
315t August Visiting Paradise cave and interviewing local employees
2019

Interviewing the leader of Xuan Tien village

1%t September Visiting Mooc spring and interviewing local employees
2019

Interviewing the owner of local restaurant and staffs in local hotel

In two days at Son Trach commune, we met the local tourism employees and local residents, (Table 5)
and interviewed them about: Socio-economic background; Status of tourism development; Changes to local

livelihoods induced by tourism, Issues and concerns and suggestions for the future.

! Ziegler, T., Hendrix, R., Vu, N. T., Vogt, M., Forster, B., & Dang, N. K. (2007). The diversity of a snake community in a karst forest ecosystem in the central
Truong Son, Vietnam, with an identification key. Zootaxa, 1493(21), 1-40.

2 Son Trach Commune People's Committee (2019). Census map



2.3.3. Findings

Figure 10 showed the increase
over the years of the number of
tourists and the number of tourism
destinations. Tourism activities here
have existed for a long time and

flourished from 2013 to the present.
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tourism-based income activities.
(Table 6) Figure 10. Status of tourism development in PNKB NP
Source: People’s committee of Quang Binh province (2010)°; Nguyen T.TH.
(2018)*; PNKB NP Management Board (2019)°
Table 6. Changes in livelihoods of local people
Time Agriculture Forestry Tourism

1975 -1997 | - paddy field - illegal forest logging (wood and

non-wood products)
1997 - 2013 | - paddy field - illegal forest logging (wood and | - tour boat

- cattle raising | non-wood products) - employees for tourism companies
- aquaculture

2013 -now | - aquaculture - acacia planting - tour boat

- illegal forest logging (non-wood | - employees

products) - owners (hotel, motel, restaurant, ...)

- photographer

2.3.4. Our view

Source: Field survey in 2019

- The local livelihoods in center of Son Trach commune were greatly affected by tourism. Tourism and

tourism-related activities became main income-generating activities.

- However, because tourism was majorly dependent on nature, local people had to find alternative jobs

during unfavorable weather period each year. Local government has been endeavoring to design more types

of tourism activities, adapted to the local real situation.

3 People’s committee of Quang Binh province (2010). Sustainable Tourism Development Plan 2010 to 2020 PNKB NP Region. As part of the Nature Conservation

and Sustainable Management of Natural Resources in the PNKB NP Region Project

4 Nguyen, T.T.H. (2018). Participation and the Role of Stakeholders in Tourism Development in the World Natural Heritage Area - Case study of Phong Nha - Ke

Bang (Chapter 8). In “Monograph SCG-ASEAN Initiative Conference 2018”. Institute of Asian Students,Chulalongkorn University.

5 PNKB NP Management Board (2019). Number of tourists and total revenue from 2009 - 2019 in PNKB NP



II1. Domestic fieldtrip (Japan)
3.1. Kagamino town

48430167 MAI Thi Khanh Van

3.1.1. Location

o

S
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Figure 11. Map of Kagamino town
Source: Tourism association of Kagamino town (2019)°

Kagamino town located in Tomata District, Okayama Prefecture, Japan. The acreage of this town is
419.68 km? with the population is 12,245 people.
3.1.2. Timetable of fieldtrip and Methodology

In three days in Kagamino town,we met the local tourism employees and local residents, (Table 7) and
interviewed them about: Socio-economic background; Status of tourism development; Local issues in
tourism; Plan for developing tourism and solving with issues.

Table 7. Timetable of interview in Kagamino town

Time Interviewee

October 24t Staffs of Kagamino town office

Senior manager of Industry Tourism Division, Kagamino town office

Maganer of Okutsu lake general information center

October 25t Employee of Furusato Shiitake village - Shiitake tour

General manager of Okutsu lake general information center

Staffs of Tourism Research Association

October 26™ Host of Tomisanso Hotel

Manager of Utatane-no-Sato Ippuku-Tei Restaurant

Host of Satoyama restaurant Aelu

6 Tourism association of Kagamino town (2019) http://www.kanko-kagamino.jp/access/

Dated: December 28th 2019


http://www.kanko-kagamino.jp/access/

3.1.3. Findings

Table 8. Development process of tourist activities

in Kagamino town

Period of time

1940 - 1989

After 1989 - now

800000 4000
600000 3000
400000 - 2000
200000 - 1000
0 -0
2005 2010 2015 2018
= Domestic International

Figure 12. Number of visitors visited

Kagamino town

Source: Field survey in 2019

Table 8 showed the change in

main type and activities of tourism Types of tourism Number of Number of labors
that took place before and after 1989. destinations destinations Total Female
Next, the data in Figure 12 also The scenery and 7 113 43
demonstrated the change in types of .
experience
tourist to Kagamino town. While the - -
Hot spring and Lodging 11 57 30

number of domestic tourists has

o Local specialty 5 40 29
decreased, the rapid increase of
. . . products/souvenirs
international visitors has been a
promising sign. The role of tourism Restaurants 8 2 19
in this town's economy was Experience history and 4 5 2
undeniable. In the changing process culture
of tourism, the creating new tourist Total 35 240 123
destinations have provided (100%) (51.25%)

employment opportunities for many

local residents. (Table 9)

3.1.4. Our view

Main type of | big group tourism | individual tourism
tourism (company scale) | small group tourism
(family scale)
Activities enjoying hot | trekking; walking to
spring (onsen) sightseeing;  taking
photos

Source: Field survey in 2019

Table 9. Number of labors in tourism sector of Kagamino town

Source: Field survey in 2019

Tourism in Kagamino town has a lots of potential for development, especially for rural tourism and

nature-based tourism. However, the decline in number of tourists in recent years makes hardly to maintain

and develop tourist businesses.

Another problem is that the small scale of the business and the fact that

most of the workers are part-time workers constitute the unprofessional business, arduous to compete with

other localities to attract tourists. In order to improve the situation, the local government focuses on creating

new types of tourism, suitable to the needs of tourists. These efforts are proving its success, especially with

attracting international visitors.

,10,
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Essay through SDGs Project Research
48501155  Tsubasa Tateishi

SDGs Project Research was introduced in the course “Introduction to Social Environment.” By the
time I knew SDGs Project Research, I had been some foreign countries for the training course to study
English or traveling. However, I had never participated in the program for academic research then, thus I
found a good chance to do so. The project that I enrolled in was going to be conducted in Vietnam. I had
never been to Vietnam, so I had just a little background knowledge about Vietnam. I took the course
“Sustainability of Rural System” which was taught by Prof. Kim and read a book about agriculture and
farming villages in Vietnam during the period of rapid economic growth to acquire fundamental information
about that.

On 27" August 2019, I arrived at Hue City. In the evening, I ate pho for the first time. It was quite
delicious and gave me the energy to participate in the research motivationally. I participated in the research
from 28™ August to 1% September. The first study area was Cau Nhi Village. In the village, our project team
visited houses of each interviewee. I thought if [ was traveling individually, I would not have the chance to
visit houses of Vietnamese ordinary citizens and face to portraits of Mr. Ho Chi Minh in each house.
Regarding the main subject, a lot of Vietnamese proper nouns and lack of background knowledge disturbed
me in my understanding about the interview. Although I got information which was not enough, I could
compare the differences of community between in Vietnam and in Japan because I had grown up in a farming
town in Japan. I thought ties of family clans in Vietnamese farming villages were wider and more firmly than
those in Japanese ones. I found this kind of differences between two countries, which was my harvest. As for
the second study area: Phong Hien Commune, I got to know the farming system in land consolidation areas.
Not only that, I saw the plot-to-plot irrigation at the paddy field our project team visited, which was rare to
see if we were in Japan. Regarding the third study area: Son Trach Commune, the difference between
domestic travelers’ taste and foreign one was impressive.

Through this project research, I could understand the sense to research in foreign study area. It was
the first time to participate in this kind of project, so I could also understand my situation without enough
knowledge and technique. I wish I could have a chance to work abroad after graduation from master course,
thus I need more effort to polish my grounding to active abroad.

For the ending of this essay, | want to appreciate to Prof. Kim, Ms. Mai Thi Khanh Van and other
participants in the project research in Vietnam. Especially Prof. Kim gave me the supplementary explanation
clearly during the research and Ms. Mai Thi Khanh Van gave me a lot of information and advice to prepare

for the debriefing session and colloquium. Thank you so much for their helpful support to me.

11
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Essay through SDGs Project Research
48430167  MAI Thi Khanh Van

The first time when my supervisor - Prof. Kim suggested that I should join SDGs Project Research, I
had no idea about its purposes. Next time, I learned regarding it and started to plan my field trips. The research
sites located in both Vietnam and Japan. I have learned that there are the differences between villages in Vietnam
and Japan. However, my personal view was not established until I came to each of these places.

The first field trips of SDGs Project Research started in late August, 2019 in Cau Nhi village. The first
visit took only a few hours, and my impression of this village was only the surprising modern of a rural area in the
central of Vietnam. Coming back this time, I studied more, and I found the cause of that development. It came
from the deep connection between members of a clan family and each family clans in the village. That made Cau
Nhi be easier to implement effectively the policies issued by the Vietnamese government.

The second site was Phong Hien commune. Although the theme still related to the rural development, I
learned about a completely different issue on this trip - land consolidation. At that time, I not only gained at the
knowledge in the new field, but also surprised by the understanding each other between the neighbors.

The third one - Son Trach commune was also the study site of my master's thesis. Because of coming
here many times, I became the guide on that trip. From the questions of my supervisor and the rest of the members,
I was capable to consider familiar issues from a new perspective. This provided me the opportunity to more
considerably improve my thesis.

The last trip was Kagamino town in late October 2019. Although I spent a lot of time preparing, I still
worried. My Japanese has been not good enough to conduct interviews. However, both my supervisor and co-
supervisor translated to me in these interviews, helping me break down the language barrier. The information I
have collected during the 3 days in this town was extremely diverse and fascinating. In addition, the other members
on the trip selected various issues. That allowed me an opportunity to know more about Kagamino. I undoubtedly
experienced a memorable time in this town.

While preparing a report and remembering what happened, I realized how lucky I was to participate in
this program. The knowledge and memories I have received, the ideas and plans that I am working on, all started
from SDGs Research Project.

Because of every great thing, I would like to thank all the members who joined me on field trips in
Vietnam and Japan. After that, I truly appreciate Mr. Tsubasa Tateishi, my project partner. We spent many times
discussing ideas, preparing reports and presenting presentations together. This program helped me to have a good
friend. At the end, from the bottom of my heart, my deepest appreciation goes to Prof. Kim. Whether in Vietnam
or Japan, talking with him and answering his questions allowed me to investigate the issues in many alternative
ways. Thanks to the guidance of my supervisor, all journeys ended well.

Hopefully, in the future, on new trips, I will have the opportunities to collect more wonderful
experiences. At the same time, [ will be able to create back the meaningful things, appropriating to the content of

SDGs.

12
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Farm Practices and Soil Environment Survey in Ifugao, the Philippines towards
Sustainable Rice Terrace Farming
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Assessment of Soil Quality as Affected by Topography
and Farming Practices in Banaue Rice Terraces,
Ifugao Province

Division of Social Engineering and Environmental Management

48501154 Tomoyo Kurozumi

February, 2020
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1. Introduction

1.1 Background history of the Ifugao Rice Terraces
The Ifugao Rice Terraces (IRT) is well known as the world cultural heritage site. The rice
terraces were constructed manually, and they have more than 2000-year history
(Acabado.S, 2015). As the world heritage, it includes five clusters; the Nagacadan terrace
cluster in the municipality of Kiangan, the Hungduan terraces cluster, the central
Mayoyao terraces cluster, the Bangaan terrace cluster in the municipality of Banaue that
backdrops a typical Ifugao traditional village, and the Batad terrace cluster of the
municipality of Banaue that is nestled in amphitheater-like semi-circular terraces with a
village at its base (UNESCO, 2019).
However, the rice terraces face their change such as collapse, and soil degradation
considered to be serious nowadays. On the background, social and other environmental
changes, decrease of the farm population, shortage of the indigenous knowledge (IK), use
of chemical products and climate change, greatly affect the rice terrace destruction
(Sekiguchi, 2014).
In previous studies, which were mainly based on interviews from farmers, they assured
the crisis of rice farming in IRT. Mainly in 2000s, some studies were conducted to raise
the awareness of its vulnerability to social and environmental changes since the site was
listed as endangered world cultural heritage by World Heritage Committee. In 2012, it
was formally removed from the list. However, it did not mean that terraces degradation
ends. UNESCO (2019) reported that storms and other climate change impacts affected
greatly on the rice terraces as they are vulnerable to natural disaster.
Moreover, it should be noted that there is still limitation of scientific data, especially
with regard to soil and water environment in IRT. Few studies assess and ensure the

sustainability of IRT from agricultural and environmental aspects.
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Soil quality and sustainable agriculture

Soil quality is the capacity of a specific kind of soil to function, within natural or managed
ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance
water and air quality, and support human health and habitation. (NRCS Colorado, USDA,
2019)

Soil quality now occupies a pivotal position in this concept, alternative agriculture to the
ultimate goal of sustainable agriculture, and many would agree that soil quality is the
"key" to agricultural sustainability as shown in Figure.1. Further research is needed to
quantify the indicators or attributes of soil quality into indexes that can accurately and
reliably characterize the relative state of soil quality as affected by management practices

and environmental stresses. (J.F.Parr, 1992)

Strategy Linkage Goal

Alternative Agriculture Sustainable Agriculture

Skilled Management Productive/Profitable

Crop Rotatlons Enetgy Conserving

Organic Recyeling Soll Quality >Environmentuuy Sound

Reduced Chemical input Economically Viable

Crop/Livestock Systems Conserved Natural Resources

Integrated Pest Management Improved Health/

Food Quality/Safety

Figure.l A conceptual diagram that illustrates how they attributes of soil quality provide
a link between the strategy of alternative agriculture and ultimate goalof sustainable
agriculture.

Soil and water environment are hardly recognized since few changes are visible.
Sustainable agriculture and agricultural management should be encouraged all over the

world, to achieve the Sustainable Development Goals (United Nations, 2015)
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1.2 Objectives

In Banaue Rice Terraces as a pivotal part of IRT, the scientific data is limited as well as
other areas in IRT. Therefore, the assessment should be more specific to utilize the
information by farmers. Soil quality and affected factors were examined and discussed in
this paper.
The objectives of my study are to assess the soil quality and to clarify the effects of the
farming practices and topography on the soil quality in Banaue Rice Terraces
Specific objectives are:

* to assess the soil quality

* to determine the effects of the farming practices and topography on

the soil quality *
* to identify the farmer’s knowledge in soil and land management
* to propose better farming and land management

in Banaue Rice Terraces, Ifugao
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2. Methodology
2.1 Study area

Bangaan and Batad, Banaue, Ifugao Province shown in Figure.2 were selected as study
areas considered the worse soil condition and the terraces collapse that was shown in

previous paragraph . One researcher revealed that the destruction of the rice terraces

dikes in certain area in Banaue was nine times larger than those in Kiangan.

Figure.2 Map of Banaue (cited from Google Map)

Outline of field survey

Survey was done following the schedule on Table.l and Table.2 Table.3 and Table.4

show sampling schedules.
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Table.1 Schedule of survey in Bangaan

Date and time Activity

October 1 Interview with questionnaire, field
investigation

October 2 soil sampling, field investigation

October 3 Soil sampling, field investigation,
and interview

October 4 Soil sampling, field investigation
and interview

October 5 Soil sampling, field investigation
and interview

December 27 Additional interview

Table.2 Schedule of survey in Batad

Date and time

Activities

October 28 Interview, and field investigation
October 29 Soil  sampling, and  field
investigation
October 30 Soil sampling, field investigation,
and interview,

October 31 Soil sampling, field investigation,
and interview

December 26 Additional interview
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Table.3 Schedule of soil sampling in Bangaan

Date and time

Sampling site (owner name _number of one’s fields)

October 2 Bato 01, Bato 02, James 01, Bato 03, Virginia 01, Virginia 02
October 3 Conchita 01, Leticia 01, Lucas_01, Leticia 02, Ester 01
October 4 Virginia 03, Christina 01

October 5 Jose 01, Maribel 01

October 26 Bato 04, Pio 01

Table.4 Schedule of soil sampling in Batad

Date and time

Sampling site (owner name _number of one’s fields)

October 29 Joseph 01, Madelyn 01, Ana2 01, Elizabeth 01, Tessie 01,
Collapse 01(Tessie), Abandoned 01

October 30 Rodolfo 01, Moises 01, Anal 0I, Moises 02, Linda 01,
Moises 03, Hilda 01

October 31 Anal 02, Collapse 02, Nancy 01, Abandoned 02

All field survey was approved by municipal office of Banaue and barangay captain of

Bangaan and barangay office of Batad.

2.2 Interview

In order to collect necessary data, Interview to the farmers was conducted before and

during the soil sampling. Oral and written interview were done.

17 farmers were interviewed in each Barangay, Bangaan and Batad.

Gathering for interview was in Octoberl in Bangaan and October 28 in Batad as shown

in Figure.3
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Figure.3 Interview to the farmers in Bangaan

Additional interview was done at the same venue or at famers houses after the gathering

Paper questionnaire includes original questions in English, distributed to each farmer

individually.

The questionnaire has 5 sections as follows:

1.

2.

3.

4.

5.

General farm household characteristics
Products description

Crop cultivation

Characteristic and practices unique to the area

Supply chain and facilities

Some farmers could fill up the questionnaire in English, sometimes using their dialect

and pictures while others who could not understand English or do not know how to write

in English was supported by a translator who can use both their dialect and English. He

wrote the answer on the questionnaires instead of them.

In oral interview, concept of soil and soil management were also mentioned.
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2.3 Soil sampling and field investigation

17 fields were selected in Bangaan and 16 fields in Batad considering with the difference
in farming practices and elevation and location shown as Figure.4 and Table5 in Bangaan,

and Figure.5 and Table.6 in Batad, respectively.

Village

(¥irginia

/) A2
f}a _n.l.

830m

Figure.4 sampling sites in Bangaan, Banaue

- (C
L Tevsln 01

Hodolle 01
(Muises01

Al

wasor & 780m

Figure.5 sampling sites in Batad, Banaue

(cited from Google Earth Pro version7.3.2.5776)
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Table.5 Elevation of each sampling site in Bangaan

Group Elevation (m) Sampling site

1039 Maribel 01

A 950 above
1010 Pio 01

B 900 — 949 940 Jose 01
891 Christina_01
886 Bato 03
874 Verginia 02
873 Verginia 01
870 Bato 02

y 0= 867 Leticia 02
865 Bato 01
859 Ester 01
855 James 01
851 Verginia 03
847 Bato 04
840 Lucas 01

P w008 833 Leticia 01
828 Conchita_01
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Table.6 Elevation of each sampling site in Bangaan

Group Elevation (m) Sampling site

987 Ana2 01

A 950 above
972 Joseph 01
935 Elizabeth 01

B 900-949 923 Madelyn 01
900 Rodolfo 01

C 850-899 868 Tessie 01
828 Moises 01

D 800-849 822 Anal 01
802 Moises_02
794 Linda 01
785 Hilda 01

E 750-799 774 Moises 03
772 Anal 02
759 Nancy 01
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Sampling procedure

Soil was taken from three depths: 0 to 10cm, 10 to 20cm depths, using shovel and trowel.
two points were chosen in each field. When the field is small enough, one point in the
center was a representative. Soil was mixed in the plastic bag after the soil sampling.

In addition to soil sampling, information about irrigation facilities, soil condition, other

land use condition was recorded.

2.4 Analysis

The soil brought back were kept air-dried for 7 days to 10 days in soil chemistry
laboratory, pounded and sieved at 2mm.
Following items shown in Table 7 were measured.

Table 7 List of analysis item and used methods

Analysis Methods

Moisture content

Soil pH (1:1=soil:water)

Organic Matter Walkley and Black Method
Total Nitrogen Kjekdahl method

Available Phosphorus contents Bray No.2 method
Exchangeable K, Ca, Mg Quick methods

Available micronutrient DTPA extraction, ICP-OAS

(Cu, Zn, Mn, Fe)

Cation Exchange Capacity (CEC)  Ammonium acetate methods
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3. Results and Discussion

3.1 Interview

Farmers profiles was shown in Table 8. Part of farmers response was shown in Table9.
In Bangaan, the interview was announced by Barangay Captain, in Batad, announced by

Barangay officer in advance and on the morning of the day through radio in the area.

Table 8 Farmers profile

Bangaan (n=17) Batad (n=17)

Average farming

36.1 37.8
experience (years)
female respondents (%) 64.7 82.4
number of family member

3 2.2

(person)
non-farm income (%) 529 52.9

Table 9 Farmers response about field and farming practices (selected basic question)

Bangaan (n=17) Batad (n=17)

Irrigation (%) 70.1 94.1
Rainfed (%) 294 17.6
Stone wall (%) 100 100
Machine use (%) 52.9 29.4
Commercial fertilizer use

59 11.7
(%)
Pesticide use (%) 35.3 35.3
Herbicide use (%) 0 11.8
Sign before collapse (%) 353 58.8
Double cropping (%) 5.9 5.9
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Farmers Characteristic

Women tended to join interview since their husband worked in the fields. In Batad, some
farmers have more than 20 fields, and they also play an major role in an organization or
their traditional role such as “tonaong” who leads the rice planting in the area. Those who
have many fields hire many labors to maintain all fields and they can afford to do that

since they have rice to sell or give to the labor instead of money.

Water management

There are 5 irrigation ways in Bangaan and Batad according to the interview.

1. irrigation from river

2. water from mountain

3. water from spring outside/ inside their fields

4. water from upper fields

5. rainfed
As shown in Table.11, both areas have irrigation. The irrigation from a river in Bangaan
was established few years ago.
In both areas, everyone prefers to keep the water however, upper area in Bangaan which
no irrigation maintained and rely on rainfed and water from the mountain, often
experience shortage of water and cracking soil.
According to previous research, in November or December, farmers distribute water to
each rice terraces, harrow and puddle the field in Ifugao (IFSU,2011). However, interview
revealed that people in Batad and Bangaan seldom drain the water and always keep water
flowing from up to downstream preventing cracking on the soil surface. In Batad, some
of them drain the water only for plowing period while A few those who in Bangaan that

have fields in specific area (just below the village) drain the water before planting because
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the soil is too soft and rice cannot be grown if they don’t drain the water Sowing starts

simultaneously and the seedling are transplanted in December or January.

Stone works

There are two types of the rice terraces in Ifugao, the stonewalled and unstonewalled.
Prior to the introduction of mortar and plasters, stone wall is purely made of stones.
Nowadays, the farmers make the wall with not only the stones, but with mortar that used
for fillers or on the top layer that is expected to be footpath. (IFSU, 2011)

In Bangaan and Batad, almost all the rice fields have stone wall. Some fields which
experienced collapse before, the owner had difficulty to bring needed stones, the wall
would be incomplete.

Only one farmer in Bangaan and two farmers in Batad use commercial fertilizer. The
farmer in Bangaan mentioned that she does not have enough time to take care the rice, so
she thinks better to use chemical to grow rice easily.

Also, it is noted that farmers who have fields not in main portion of the area have different
practices. It seems the indigenous knowledge comes from different person or not inherited

well.

Rice variety

The rice variety grown in two areas are shown in Figure.6 and Figure.7.
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Figure6 Rice variety in Bangaan

“California rice” is commercial rice as they recognized.

“Intan rice” seems also commercial rice originated in India, that is included in “other
varieties”. As well as Intan rice, there is one farmer who produces C4 rice developed by
IRRI.

“Tinawon” as general term referring to their native rice varieties which are produced once
a year, included in “white rice” in this paper.

e 19

“Chayaot” and “bino’gong/ binuhgon/ binuhgpa” included in “sticky rice”, “minnang/

minaangan rice” were included in “red rice”, respectively.

2 (13 % ¢ 99 6y

The characteristics of “ninhgon”, “sipor”, “mayoyao rice”, “inten red rice”, and “inten

white rice” included in “other varieties” were not well identified.
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Figure7 Rice variety in Batad

“California rice” seems only one commercial variety produced in Batad.
“Tinalbok/ tinalbo”, ”pinkitan/pawikan”, “inguna”, “dayakot”, and “tinwon” are
included in “white rice”,

“binugon/ inugon”, “chaga’od”, “dikket/dicket/diket”, and “buyabuy/ pujapuy /puyapuy”
are categorized in “sticky rice”.
“Ingngoppot” is native “red rice”.
They have other varieties “linawang”, “injula”, “tukayan”, “imbu-u”, “’latong”, and
“migapas”. Migaspas was brought from Viscaya and Isabela, stunted variety to be tolerant

to extreme weather.

The main reason why they plant heirloom rice is the accessibility of rice seeds.

Traditionally farmers plant the rice variety and still inherit them.

A part of their testimony is consistent with previous research noted as below.
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According to previous research conducted by IFSU (2011), heirloom rice is preferred by
farmers because of the characteristics: aroma, taste, resistance to pests, disease, and
extreme weather condition, and less fertilizer requirement.

So, it has short height, low yield, and long maturity. Also, the cost, accessibility to
irrigation, and its value as inheritance from ancestor that encourage unity are the reason
why they grow the heirloom rice.

On the other hands, in order to meet increasing food demands, it’s inevitable to cultivate
commercial rice that has high yields and short maturity that enables the farmers to

cultivate the rice twice a year. (Sekiguchi, 2014)

Cropping calendar
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Figure 8 Cropping calendar in Bangaam (n=17)
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Figure 9 Cropping calendar in Batad (n=17)

As shown in Fig.8 and 9 there is a similar trend of both cropping schedule in Bangaan
and Batad.

There is a slight difference in transplanting season. It peaks in February in Bangaan while
in January in Bangaan. Besides transplanting, harvesting period also varies widely since
more varieties of rice are produced in Batad. Most of the farmers in Bangaan and Batad
grow rice only once in a year. It’s somewhat correspondent with previous study; some
farmers cultivate rice twice a year, however, once is still dominant because of the
selection of rice variety, water capacity (IFSU,2011).

Farmers in Batad pointed that few decades ago, they could plant rice twice in a year, but
now due to climate change, double cropping is impossible. More details should be

examined.
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After the rice harvest, the rice straws are left in the fields. Farmers bury them into the soil
and make them rotten as fertilizer for the next cultivation. Some farmers mentioned that

they burn the rice straw if it’s dried.

Pests and pest control

Bangaan

1. rat (dongo/dango ,gehing for smaller,cho’oh for bigger)
Present throughout the year, especially the ripeness period. They often burrow the
hole from inside to the stone wall, which can be water path. In planting season, they
also eat the young rice plants and the damaged plants would be dead.
Control: Farmers make feed mixed with poison and put it on the path way or their
nests. Rice, camote, weeds, or golden kohol are used as their feed.

2. maya bird (red bird, pujang/fujang)
They eat rice fruits.
Control: Farmers hang something on the line to make noise keeping the birds away.
Scarecrows also can be substitutes for the farmers monitoring birds.

3. white bird (terob)
They eat rice fruits.
Control: Farmers hang something (called idro) on the line to make noise keeping the
birds away. Scarecrows also can be substitutes for the farmers monitoring birds.

4. earthworm (kiwit)
Present throughout a year in the moist soil, appear if the soil gets dried. The length is
from 5 to 30 cm. They eat rice and dig the hole into deeper soil (bottom) that make
water comes out from the fields and cause terrace collapse.

Control: Electric apparatus is effective for earthworm (according to one farmer).
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eel (o’lang)

Active during night time.They eat rice and dig the hole as well as earthworm.
Conrtol: Kill with knife during at night.

cricket

They seems damage the rice. Some farmers argue that it also dig some hole in the rice
fields.

fly (change) :

Evrey year appear in ripneness period. The number increase rapidly for few weeks,
golden kohol (biskol)

Eat young rice plants.

Control: Drain the water from the fields

For those pests, some farmers use insecticides, Cymbush (Cypermethrin 25%) and karate

(2.5g/LL Lambda-cyhalothrin) which is a synthetic pyrethroid. Also, changing rice

planting season is effective to avoid flies like change.

Some farmers also mentioned that animal variety including pests are changing from what

they used to be.

1.

Batad

rat (pu-at /mahulatan)

Present from February to May (ripeness period). They burrow the holes.

Control: Same as in Bangaan, put the poisoned feed (called at-tib/binin) to the stone
wall (their nests).

maya birds (red birds, pujang(fujang) billit tukeng)

Present in ripeness period. They eat rice.

Control: Use lanet to keep them away.
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10.

11.

12.

white birds (terob)

earthworm (kiwit)

They burrow the hole in the rice fields that caused terrace collapse.

Control: Kill manually when farmers drain the water to plow the soil/

long earthworm (o’lang)

1-foot-length earthworm. They distinguish regular earth worm and longer earth
worm. In Bangaan, O’lang is considered as an eel, however, People in Batad insisted
that o’lang is big earthworm not an eel.

fly (chango)
insects that eat rice. Some farmers insist it is present every ripeness period while other
say throughout a year.

Golden kohol (biskol)

Present from February to March. It damages rice panicle.

Control: Use insecticides or pick up manually.

ground breath cricket (gwelet/ kol’le/ kul’la )

Present throughout a year, especially February and Murch.Dig holes in the soil.
white butterfly

fly (pho-ew)

Like butterfly.

bag or fly (bu-aw/ puchien,bucheng)

worm (bigis/ peeke/ peleckel)

Present throughout a year especially February, March, May.

Some farmers spray insecticides, Cymbush (Cypermethrin 25%), Karate (2.5g/L

Lambda-cyhalothrin), and Solomon (Beta-Cyfluthrin + Imidacloprid 300 OD

(8.49 + 19.81 % wiw)).
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Perception of climate

Interesting to note that, Farmers in Bangaan regard summer as March and April, while
those who in Batad regard it as during September to November.
Statistically, lowest temperature is recorded in January and highest recorded in May

generally (world weather online, 2019))

Soil character
Cracking

During the field trip, the situation water went into the big crack (can be called rill) was

observed ( groupB, Jose 01), farmers argued that is a cause of terrace collapse.

Dark soil
In both areas, Dark colored soil was observed below the village.
In Bangaan, some farmers argued that soil below the village are different from others;
rice cannot be grown due to the softness of soil. They drain the water before planting
and also, they experienced their skin turned red and many leeches living there and biting
farmers.
In Batad, one farmer mentioned the soil beside the village is easily cracking. white
those below the village are soft, black and the terraces are very deep.
They have some fields but they did not change their farming practices between each
field. The size of the field, direction, rice variety, and altitude are not significantly
different from other fields, so that water quality might affect the soil. In both areas that
kind of soil was observed only below the village, so it’s considered that wasted water
from the village containing a lot of organic material and Phosphorous derived from
detergent and soap they use come into downstream and cause the soil too fertile and

make it suitable for leeches to live.
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Azolla and Blue green algae

Roger.A.P (1986) mentioned that Azolla and Blue green algae are seen on the surface
water in Banaue Rice Terraces. Azolla is a genus of seven species of aquatic ferns in the
family Salviniaceae while Blue-green algae is a type of bacteria called cyanobacteria.
Both have ability of nitrogen fixation but azolla is more available as a fertilizer. Blue
green algae is often considered as a problem caused by eutrophication and takes more

oxygen for other plants and animals in the water.

According to interview and field observation, Azolla was observed in Bangaan and

Batad and Blue green algae was observed in Batad.

Some farmers remove them and others leave them in the fields.
Why some farmers remove them is because it sticks with rice plants and prevent growing

rice plants.

Perception of soil fertility

The farmers judge fertile fields by the amount of fertilizer, yields, accessibility of
irrigation, but not the actual soil condition.

One answered that brown soil in the upper mountain is an example of a fertile soil,
while the other answered, black soil in the lower.

From this, it is said that they do not share a common knowledge, nor do they have a
concrete idea about soil quality.

Also, most of them assumed that any commercial fertilizer and pesticides do harm to

soil physical properties.

Soil sampling and analysis

Characteristics of analyzed soil were shown in Table 10 and 11.
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Table 10 Analyzed soil samples in Bangaan with their characters

Group Elevation (m) Sampling site Character
Maribel 01 DL-1, CF
A 950 above
Pio 01 DL-1, OF
B 900-949 Jose 01 OF
Christina_01 OF
Bato 01 OF
C 850-899 Ester 01 DL-2, OF
James 01 OF, DC
Verginia 03 OF, BS
Leticia_01 DL-2, OF
D 800 - 849
Conchita 01 OF

Table 11 Analyzed soil samples in Batad with their characters

Elevation(m) Sampling site Character
A 950 above Ana2 01 OF
900-949 Rodolfo 01 OF
C 850-899 Tessie 01 OF
Moises_01 CF
D 800-849
Anal 01 OF
Hilda 01 OF, BS
E 750-799
Nancy 01 DL-1, OF

OF: Organic fertilizer CF: Chemical fertilizer BS: Black color soil DC: Double cropping
DL: Different location considered a watershed surrounding a village as a center. (same

number refers to same watershed that separated by river or road) Results of soil analysis
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were shown in Table 12 to Table 17. In discussion, coefficient of determination (R?) to
discuss correlation. C/N ratio was cariculated as OM contains 58% of organic carbon.

Table12 Soil PH, Organic matter, Total Nitrogen in Bangaan

sample
depth oM TN C/N ratio
Group sample site  (cm) pH (%) (%)

A Maribel 01  0-10 4.5 3.03 0.11 10.58
A Maribel 01  10-20 4.8 1.37 0.10 10.20
A Pio 01 0-10 5.0 3.50 0.18 10.74
A Pio 01 10-20 5.1 3.27 0.16 6.62
B Jose 01 0-10 5.6 291 0.15 19.26
B Jose 01 10-20 5.7 0.44 0.06 14.59
C Christina 01 0-10 5.5 2.90 0.16 14.97
C Christina_ 01 10-20 5.4 1.12 0.10 14.53
C Bato 01 0-10 5 3.25 0.18 11.06
C Bato 01 10-20 5.2 2.98 0.17 10.87
C Ester 01 0-10 5.5 7.38 0.29 11.40
C Ester 01 10-20 5.5 6.89 0.27 4.28
C James 01 0-10 6.2 3.82 0.20 12.34
C James 01 10-20 5.8 3.45 0.18 12.35
C Verginia 03 0-10 5.2 8.31 0.42 16.09
C Verginia 03 10-20 5 7.54 0.34 8.08
D Leticia 01 0-10 5.6 5.44 0.26 11.45
D Leticia 01 10-20 5.4 431 0.20 12.86
D Conchita 01 0-10 5.5 6.14 0.18 11.59
D Conchita 01 10-20 6.1 5.42 0.22 12.24
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Table 13 Soil PH, Organic matter, Total Nitrogen in Batad

sample
C/N
depth oM TN )
Group sample site  (cm) pH (%) (%) ratie
A Ana2 01  0-10 5.4 4.08 0.20 11.82
A Ana2 01 10-20 5.5 2.11 0.08 14.47
B Rodolfo 01 0-10 53 2.79 0.13 12.44
B Rodolfo 01 10-20 5.5 1.88 0.12 9.29
C Tessie 01 0-10 5.6 3.90 0.14 16.56
C Tessie 01  10-20 5.6 2.43 0.14 10.44
D Moises 01  0-10 5.8 3.72 0.17 12.84
D Moises 01  10-20 6.0 1.52 0.11 7.70
D Anal 01 0-10 5.8 5.44 0.21 14.83
D Anal 01 10-20 5.4 2.11 0.14 8.90
E Hilda 01 0-10 5.8 6.34 0.41 8.91
E Hilda 01 10-20 6.0 8.01 0.35 13.10
E Nancy 01 0-10 5.4 2.01 0.17 6.76
E Nancy 01 10-20 53 0.85 0.08 6.32

As shown in Tablel2 and 13, pH of the fields with chemical fertilizer (Maribel 01 is
lower than organic one in Bangaan. However, no significant difference was observed in
Batad (Moises_01).

OM showed similar trends as TN (Figure 10 and 11) that is consistent with the results of
Wang (2011). However, unlike the previous study, elevation and these two elements are
negatively correlated (R>= 0.3 in both). This shows that the source of OM and TN are the
same, leaching occurred and they were accumulated at lower.

Black color soil (Verginia 03 in Bangaan and Hilda 01 in Batad) have twice or three

times as much as OM and TN than other fields at the same elevation. It’s probably because
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the effects of wasted water from the village.

In different location, one field in Bangaan (Ester 01) have more OM. It might be because
the field is closest to the mountain and the humus from the mountain easily come and
accumulate into the field.

Compared with different elevation, same watershed, and organic fertilizer application in
Bangaan, (Jose 01, Chiristina 01, Bato 01, James 01, Conchita 01), organic matter
content and average total Nitrogen are relatively higher at higher elevation, while there is
no significant difference in Batad.

Average pH was lower in Bangaan (5.4) than that in Batad (5.6) and generally categorized

0.50 0.50
°
040y~ 0.036x +0.0479 040 Ty=oo0usac+ 0028
030 R? = 08695 & 0.30 R*=0.7945 .
Z o® z
e o
0.20 '.o > 0.20 o .
Joo o
0.10 » 0.10 Pt
.
0.00 0.00
0.00 5.00 10.00 0.00 5.00 10.00
OM OM
Figure 10 OM-TN in Bangaan Figure 11 OM-TN in Batad
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Table14 Soil macro nutrients, CEC, and Base saturated percentage in Bangaan

sample Base
depth AP Ca Mg K CEC saturation
Group sample site (cm) (mg/kg) (cmol/kg)  (cmol/kg) (mg/kg) (cmol/kg) (%)

A Maribel 01  0-10 4.63 14.50 6.87 2.19 29.28 80.46
A Maribel 01  10-20 3.00 14.25 5.01 1.68 29.83 70.21
A Pio_01 0-10 4.93 18.12 13.02 3.70 41.30 84.36
A Pio_01 10-20 4.28 17.23 15.27 2.69 35.02 100.49
B Jose 01 0-10 12.02 24.61 11.78 2.19 40.84 94.47
B Jose 01 10-20 7.53 23.95 15.58 3.20 43.34 98.59
C Christina_01 0-10 5.02 21.54 10.89 2.69 35.51 98.94
C Christina_ 01 10-20 3.42 20.97 14.46 4.21 36.30 109.19
C Bato 01 0-10 5.15 22.47 15.80 5.22 37.13 117.14
C Bato 01 10-20 5.07 22.50 13.86 3.20 41.95 94.30
C Ester 01 0-10 21.95 19.35 11.18 2.19 44 .88 72.90
C Ester 01 10-20 18.56 21.62 11.81 1.68 41.92 83.78
C James 01 0-10 21.81 23.89 14.66 18.86 40.37 142.20
C James 01 10-20 16.44 22.87 15.97 14.81 41.35 129.77
C Verginia 03 0-10 19.51 18.97 13.35 3.20 32.13 110.52
C Verginia 03  10-20 20.81 20.99 9.79 2.19 35.46 92.99
D Leticia 01 0-10 14.14 21.09 8.62 5.72 36.40 97.36
D Leticia 01 10-20 11.92 20.56 9.34 1.68 35.74 88.37
D Conchita 01 0-10 14.31 21.01 11.32 2.69 39.23 89.26
D Conchita 01 10-20 10.62 24.09 10.58 2.19 28.01 131.62
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Tablel5 Soil macro nutrients, CEC, and Base saturated percentage in Bangaan

sample Base

depth AP Ca Mg K CEC saturation

Group sample site (cm) (mg/kg) (cmol/kg) (cmol/kg) (mg/kg) (cmol/kg) (%)

>

M o O m 9 O g9 o o o ® w o

Ana2 01 0-10 20.87 17.03 3.81 12.79 27.95 120.37
Ana2 01 10-20 16.79 14.22 2.12 13.30 20.78 142.62
Rodolfo 01 0-10 10.37 15.03 3.39 2.69 25.81 81.79
Rodolfo 01  10-20 10.37 14.80 543 2.69 25.64 89.40
Tessie 01 0-10 10.72 16.58 4.77 4.21 26.37 96.94
Tessie 01 10-20 6.74 14.72 4.67 1.68 27.22 77.40
Moises 01 0-10 13.48 16.39 7.06 8.25 28.50 111.22
Moises 01 10-20 10.72 14.54 5.96 2.69 25.23 91.91
Anal 01 0-10 18.94 17.25 7.55 10.77 29.77 119.50
Anal 01 10-20 15.33 18.08 5.74 4.71 27.96 102.05
Hilda 01 0-10 10.88 17.35 5.98 4.21 37.45 73.53
Hilda 01 10-20 13.09 16.28 6.34 1.68 30.41 79.89
Nancy 01 0-10 6.01 16.05 6.56 7.24 28.25 105.65
Nancy 01 10-20 5.96 15.20 4.33 3.20 26.95 84.34

As shown in Table 14 and 15, topsoil (0 -10cm) are richer in macro nutrient in general.
Macro nutrients in the fields with chemical fertilizer are relatively lower than organic
farming even they have higher CEC. (Maribel 01 and Pio 01 in Bangaan, Moises 01
and Tessie 01 in Batad).

Field with double cropping in Bangaan (James 01) have relatively larger amount of
nutrient compared to one cropping field (Christina 01 and Bato 01). However, the owner,
James complained that the rice yield is not good at second harvest, so more data are

needed to identify the nutrient change in whole year.
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Fields in different watershed in both areas have certain difference from other fields,
however no consistent trend with them.

Elevation do not affect the trend of macro nutrient on soil in both areas.

Compared with average value, Mg, Ca, and CEC value were higher in Bangaan. CEC
contributes to store more Ca and Mg in Bangaan, mainly decided by parent smaterial.
Based on previous studies shown in Appx.1 (Sigari, A.T, 2005), most fields in both areas
contain larger nutrient than the standard level in the Philippines.

P-deficiency is 34.8%, and 7.14%, Bangaan and Batad repectively. Upper terraces in
Bangaan have less Available P than those of lower, probably upper one was washed away
with soil particle and accumulate them at lower.

K-deficiency is 78.3% and 71.4%, Bangaan and Batad respectively, is almost same as
previous study (Sigari,2003) and high rate. Some There is no trend in K flow in the areas,

so the reason should be identified.
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Group

>
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sample site
Maribel 01
Maribel 01
Pio 01
Pio 01
Jose 01
Jose 01
Christina_01
Christina_01
Bato 01
Bato 01
Ester 01
Ester 01
James 01
James 01
Verginia 03
Verginia 03
Leticia 01
Leticia 01
Conchita 01
Conchita 01

Table 16 Soil micronutrients in Bangaan

sample
depth
(cm)
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20

Fe

(mg/L)
403.98
395.47
272.75
317.17
144.41
150.04
168.46
120.23
275.30
274.73
165.19
148.86
119.42
81.74
192.04
235.89
144.88
225.54
131.456
133.2205
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Mn
(mg/L)

42.64
74.10
79.70
120.52
12.76
21.17
5.93
9.37
32.86
32.49
9.38
8.57
17.91
21.25
20.60
34.03
18.92
26.13
13.887
4.7685

Cu

(mg/L)
39.31
68.95
74.03
113.81
12.78
20.28
6.76
9.86
31.08
30.70
9.75
9.00
17.37
20.09
19.65
31.62
18.20
24.61
13.9125
5.7765

Ni
(mg/L)
1.35
1.55
3.02
3.03
0.15
0.25
0.42
0.70
0.83
0.86
0.87
1.26
0.98
1.02
0.06
0.03
0.93
0.84
1.05
1.12



Tablel17 Soil micronutrients in Batad

sample
depth Fe Mn Cu Ni
Group sample site  (cm) (mg/L) (mg/L) (mg/L) (mg/L)

A Ana2 01 0-10 249.48 44.79 41.41 0.55
A Ana2 01 10-20 324.64 90.75 84.52 0.25
B Rodolfo_01 0-10 319.58 54.94 50.68 0.29
B Rodolfo 01 10-20 275.09 56.23 51.64 0.43
C Tessie 01  0-10 274.46 74.40 69.13 0.48
C Tessie 01 10-20 337.52 71.91 66.37 0.26
D Moises 01  0-10 57.23 7.11 7.62 0.46
D Moises 01  10-20 95.16 8.26 8.54 0.03
D Anal 01 0-10 91.16 291 3.97 0.20
D Anal 01 10-20 101.02 3.78 4.72 0.15
E Hilda 01 0-10 283.27 55.20 50.85 0.30
E Hilda 01 10-20 220.51 96.64 90.28 0.29
E Nancy 01  0-10 364.58 28.16 26.07 0.90
E Nancy 01 10-20 441.48 29.58 27.24 1.19

As shown in Table 16 and 17, General trend that subsoil (10 -20) have more micronutrient
than topsoil (0-10) was observed in both areas. Elevation does not affect the micronutrient
trend so much.

Zn content was also very low in both areas so that ICP could not measure the Zn amount
( resulted in less than Omg/L).

Some fields in different watershed/location showed different contents if seen each
element (e.g. Maribel 01 and Pio_01 which in fferent location in Bangaan, have more

Fe than other fields.)
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Also, farming practices or irrigation water quality might affect the micronutrient (e.g. In
Verginia_03 in Bangaan, there is few Ni compared to others.)

Excess Cu content can be a pollutant if it’s constantly high, so needed to figure out the
source of Cu for proper and possible management. (Appx.1)

There is no specific trend in each element based on elevation, location and farming
practices. However, these results probably illustrate that Parents material mainly affect
the micronutrient contents. also Fe is strongly correlated with pH because pH contribute

to these metal elements mobile (Figure 12)
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Figure 12 pH-Fe in Bangaan
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4. Conclusion and recommendation

This study aimed at figuring out the soil quality in Banaue and how affected by
environment and human activities. Even the number of data was not sufficient, the
analysis had potential to figure out the soil quality at local scale and how they can improve
their farming based on scientific data.

it was confirmed that chemical fertilizer affects the soil pH in Bangaan while double
cropping does not affect the soil properties. Also, it is found that different watershed has
different soil quality, but there is a trend of accumulation of OM, N and P in lower fields.
They increased as the elevation decreased significantly.

Most fields are applied only weeds, sunflowers and rice straw as fertilizer, however, the
nutrient is not enough especially N and K that has high deficient rate. K and N should be
added more. For example, mixing Azolla and Blue green algae with soil is a way to
increase soil nutrient. Also, in order to decompose the rice straw before the seedlings need
nutrient, it is recommended to drain some water and keep the rice straw buried into the
soil so that it decompose easily and make Nitrogen available to the plants.

Some farmers left the rice straw on the fields and clean them before sowing. It might
cause immediate reduction of soil and less nutrient supply to seedlings.

Each area has unique black color soil below villages and the soil was rich in OM and TN.
H>S might be produced that damage rice growth. In Bangaan the black soil was
distributed in small area so if waste water made the soil fertile, proper management of
wasted water can be addtitional fertilizer of the area and also the soil can be a buffer for
contaminated water from households. The temporary solution for this is also to drain the
water sometimes.

Lastly, farming plan should be improved reflecting the trend of the present soil quality.
From the results obtained, certain tendencies were found such as; movement of soil

nutrients downstream, effect of chemical fertilizer on the soil quality, and nutrient
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deficiency of a large portion of the area. Based on these results, farmers can know which
fields to prioritize.
In this way, from soil environment’ s perspective, farming in the rice terraces are gonna

be more productive and sustainable.

Future task

To develop sustainable farming, more data gathering is strongly recommended to assess
the environment properly for crop production and conserve the land.

Interview was not enough to figure out yields and amount of organic fertilizer application.
Soil fertility would change easily during the fallow period influenced by fertilization
practices during plant seeding and growth periods in the plains (Li 1992). Further data
gathering, field survey during specific period such as planting season, harvest season,

typhoon season are necessary.

,51,



References
Acabado.S, 2015 Antiquity, Archaeological Processes, and highkand Adaptation The

Ifugao Rice Terraces

CUI Baoshan, 2010: Temporal and spatial distributions of soil nutrients in Hani terraced
paddy fields, Southwestern China, nternational Society for Environmental Information
Sciences 2010 Annual Conference (ISEIS), Procedia Environmental Sciences 2 (2010)
1032-1042

farmguru: Insecticides/Pesticides, Syngenta Insecticide Cymbush —

https://www.store.farmguru.in/products/agro-chemicals-crop-protection-

insecticidespesticides/syngenta/syngenta-insecticide-cymbush/pid-11552122.aspx

Gomez,A.R, et al., 2005 Survey of the Damage in the Ifugao Rice Terraces and Its
Environmental Dynamics, The Philippine agricultural scientist , vol88, No.1, 133-137

IFSU, 2011; Ifugao Indigineous Knowledge (IK) Workbook

J.F. Parr, R.I et al, 1992 :Soil quality: Attributes and relationship to alternative and
sustainable agriculture, America Journal of alternative agriculture, Volume 7, Numbers
1 and 2,

IRRI, Science of C4rice (http://photosynthome.irri.org/C4rice/index.php/19-about/57-

science-of-c4-rice , https://c4rice.com/the-project-2/ )

Ngidlo,T.R (2014) Modern Farming Technologies: Impact on Farm Productivity and
Food Security in the Rice Terraces of the Cordillera Region, Northern Philippines
American Journal of Experimental Agriculture, ISSN: 2231-0606,Vol.: 4, Issue.: 8 , 913-
921

NRCS Colorado, USDA, 2019

https://www.nrcs.usda.gov/wps/portal/nres/detailfull/co/home/?cid=nrcs144p2 0630

20 (Visit October 15, 2019)

Roger.A.P ,1986, NITROGEN-FIXING'PHOTOTROPHS IN THE IFUGAO RICE

,52,


https://www.store.farmguru.in/products/agro-chemicals-crop-protection-
http://photosynthome.irri.org/C4rice/index.php/19-about/57-
https://c4rice.com/the-project-2/
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/co/home/?cid=nrcs144p2_0630

TERRACES (PHILIPPINES) Phil Agri 69, 599-609
science india,

https://www.cropscience.bayer.in/en/Products-H/Brands/Crop-Protection/Insecticide-

Solomon.aspx (Insecticide-Solomon - Crop Science Indiacrop)

Sekiguchi Hirotaka, 2014: H FLEEZFORDHFH T4UED -4 T7HA OHRE & iz
DEY

Sigari. A.T. et al., 2005: Soil Fertility Limitations of Ifugao Rice Terraces , Crop science
28(1) 39-48, Crop Science Society of the Philipines.

UNESCO, Rice Terraces of the Philippine Cordilleras

(https://whc.unesco.org/en/list/722/ ) Visit on September 3

United Nations,2015: A/RES/70/1 - Transforming our world: the 2030 Agenda for
Sustainable Development

Wang.Q ,2011: Soil Nutrient Distribution in Two Typical Paddy Terrace Wetlands Along
an Elevation Gradient During the Fallow Period, J. Mt. Sci. (2011) 8: 476-483 DOI:
10.1007/s11629-011-1122-y

world weather online: Banaue weather

https://www.worldweatheronline.com/banaue-weather-averages/ifugao/ph.aspx

,53,


https://www.cropscience.bayer.in/en/Products-H/Brands/Crop-Protection/Insecticide-
https://whc.unesco.org/en/list/722/
https://www.worldweatheronline.com/banaue-weather-averages/ifugao/ph.aspx

,54,



A RERERETENE L
T4V A7 HFTOMABICBITHEE L HBEREOHRHE

REAMBFEMABHSEBRESER
48501154 BfFHnfR

,55,



LAEE =

T4V A T HAOW BT ERE & LT H A4 T 2000 LA EOREL & Ff
DEEINTND, LNL2RBBIES, IHORES, HESEAEIMEL TV D
EEZLNTWS, %N T P o —F 2HRLIciTbn CE M oR2T
0, HEOBLENGZNICE K LIEITHRIEIA 720, 22 THENE, HEOE
X —U— NICBMTOERESE HEORERIZOWTEEMICIHAE LB L, *
7o, ERREZ S IR ATRERERICOVWTIRE TS Z L2 RfE LT,
THEOE L%, TREEOTIEO TN HRFE T IE R I N AR OERN THE
HET D REJ) T, MW & B DAEPEME A MERF L, K& RRDOE MR £ 72 1dm B &
B A OREFE & JEEE YR — N 2820 2 & %17, (NRCS Colorado,USDA,
2019)

THEOBEITBE, Frgt vlRE 72 B ORI B W TS CTEERNE 4 DT
5o M1TITRT X DIZ, HEROENEEOFrIREMED T8 Tho, HHEOE
DIEETITEM A, ST A —X 2B L CIERICFM T 28R4 £ Tlid
¥4 <41 T& T35, (J.FParr, 1992)

Strategy Linkage Goal

Altemnative Agriculture Sustainable Agriculture

Skilled Management Preductive/Profitable

Crop Rotatlons Energy Conserving

Organic Recyeling Soll Quality Environmentally Sound

Reduced Chemical Input Economically Viable

Crop/Livestock Systems Conserved Natural Resources

Integrated Pest Management Improved Health/

Food Quality/Satety

2.1 B OE D AOF R OB & Bt v RE /R R DIRTE L &2 oS

LoT, LTFTOHBTARIOREZ I LT,

- Batad, Batad IZ351F % HEED(LFWERME DR

- EO X7 (EEREN - BREEHEN) 23 Bangaan, Batad (28T 5 HED(LFEY)
HMEICHBE KIEL TN DONDBEL
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- Bangaan, Batad OIS 5=, B EEHFIEOERSE

2. AEHEE LA IE

AL, TV EATH DA T AAMND/IF 7 =1, Bangaan & Batad T
ZIToT,

S OWMEHOREIZEICLLTDO 3 S TH S,

- AREZEDNZ N,

s K OLTHFIHANEEIL TV D (B2 GRA, MH, FBEX, #HE)

AR DI BENICAATE L CW D 7o D AETHHEK D ENE 2 s,

21 ABICHWET Vr—hef 0 FZE2—

AU HEa—TiE, EEBIEOT v r— AW, ZOT 7 — i

(1) BROEKRE®R, Q) EHOEANE®R, 3) HRICEATLIER. 4) FEiH
DR L . HlSRr A OBHLICBT 2186 (5) 3774 F=— v LERHD 55D
RIAH CTHERR S v, BRNCE UCL @R RIS & B Btz b,
F7z, BT HEITT 2R OB TRIZR o722 L2 DN T T b—
TT 4 AB v ar LEBOOEA U F B a—E TR TN D,

2.2 BipkE, @y Y S

2 |2 Bangaan O L7V o VLA, 3 |Z Batad O T3EY 7Y T
R R,
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Village

V/rainia . AZ

(1Ml 01

2 Bangaan O 197 o TR

(Miises=n1

Village
Lz 4 © @x
e ;
= Anal 01  ~

;nlda_ﬂl G 780m

[X| 3 Batad O S 7Y o 7l

YTV T OIED, FERERRE O R, RO, 7Y 7 B L
3o T OB O FIZ DN T b B 21T o 72, HEPITHAN TR - BEFD
Tinb b E W, B - B ERE - R - FEMEE - M. BRSO
THIFIC BT 2 BN OE #2157,
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TEEE, 2%E (RIE~10cm, 10~20cm) (23 TH 7V 7 aF LTz, 0
~20cm AFEORBHK CTIELE L B 6N TNH7Z0TH D,

F7o. BENORE A2 EEET 2720, &G CTIEIEARMIC 2 #igs s+
BAERIL, BREEDLETOLIZ1EEE LT,

2.3 TS
FHEHTIEE 1 IRTIEE & %6 L7,
£ 1 FESHIEE & VW Tk

Analysis Methods
K
T8 pH (1:1=1 : k)
A% Walkley and Black %
PER Kjekdahl 75
AlASHE P Bray No.2 ik
AZHAHE K, Ca, Mg Quick 7%
A[#AHE Cu, Zn, Mn, Fe DTPA it} ICP-OAS
[ A A 2 AR B (CEC) Ammonium acetate 7%

3. AERELBLE

#2, 312, HTHIEORMAE T,
# 2 Bangaan O THE{E#H

Group Elevation (m) Sampling site Character

A 950 above Maribel 01 DL-1, CF
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Pio 01 DL-1, OF

B 900-949 Jose 01 OF
Christina_ 01 OF
Bato 01 OF
C 850-899 Ester 01 DL-2, OF
James 01 OF, DC
Verginia 03 OF, BS
Leticia 01 DL-2, OF
D 800 - 849
Conchita 01 OF

% 3 Batad @ 11 FH

Elevation(m) Sampling site Character
A 950 above Ana2 01 OF
900-949 Rodolfo 01 OF
C 850-899 Tessie 01 OF
Moises_01 CF
D 800-849
Anal 01 OF
Hilda 01 OF, BS
E 750-799
Nancy 01 DL-1, OF

OF: Organic fertilizer CF: Chemical fertilizer BS: Black color soil DC: Double cropping
DL: Different location considered a watershed surrounding a village as a center. (same

number refers to same watershed that separated by river or road)

XIZ, pH, OM, TN, CN L Z/R"T, CN ILICH W -G RERITHEY D 58%
CARGE L CEME L 72, (Sparks,1996)
#4  HEORKARE  ( Bangaan)
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sample

C/N
depth OM TN )
Group  sample site  (cm) pH (%) (%) ratio
A Maribel 01  0-10 4.5 3.03 0.11 10.58
A Maribel 01  10-20 4.8 1.37 0.10 10.20
A Pio 01 0-10 5.0 3.50 0.18 10.74
A Pio 01 10-20 5.1 3.27 0.16 6.62
B Jose 01 0-10 5.6 2.91 0.15 19.26
B Jose 01 10-20 5.7 0.44 0.06 14.59
C Christina_ 01 0-10 5.5 2.90 0.16 14.97
C Christina 01 10-20 54 1.12 0.10 14.53
C Bato 01 0-10 5 3.25 0.18 11.06
C Bato 01 10-20 5.2 2.98 0.17 10.87
C Ester 01 0-10 5.5 7.38 0.29 11.40
C Ester 01 10-20 5.5 6.89 0.27 4.28
C James 01 0-10 6.2 3.82 0.20 12.34
C James 01 10-20 5.8 3.45 0.18 12.35
C Verginia 03  0-10 5.2 8.31 0.42 16.09
C  Verginia 03 10-20 5 7.54 0.34 8.08
D Leticia 01 0-10 5.6 5.44 0.26 11.45
D Leticia 01 10-20 54 4.31 0.20 12.86
D Conchita 01 0-10 5.5 6.14 0.18 11.59
D Conchita 01 10-20 6.1 542 0.22 12.24
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#F 5 THEORAKHE (Batad)

sample
C/N
depth oM TN )
Group  sample site (cm) pH (%) (%) ratio
A Ana2 01  0-10 5.4 4.08 0.20 11.82
Ana2 01 10-20 5.5 2.11 0.08 14.47
B Rodolfo 01 0-10 5.3 2.79 0.13 12.44
B Rodolfo 01 10-20 5.5 1.88 0.12 9.29
C Tessie 01 0-10 5.6 3.90 0.14 16.56
C Tessie 01 10-20 5.6 2.43 0.14 10.44
D Moises 01  0-10 5.8 3.72 0.17 12.84
D Moises 01  10-20 6.0 1.52 0.11 7.70
D Anal 01 0-10 5.8 5.44 0.21 14.83
D Anal 01 10-20 5.4 2.11 0.14 8.90
E Hilda 01 0-10 5.8 6.34 0.41 8.91
E Hilda 01 10-20 6.0 8.01 0.35 13.10
E  Nancy 01  0-10 5.4 2.01 0.17 6.76
E Nancy 01 10-20 5.3 0.85 0.08 6.32
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F6 HEIZEENDHcFE (Bangaan)
sample Base
depth AP Ca Mg K CEC saturation
Group sample site (cm) (mg/kg) (cmol/kg) (cmol/kg) (mg/kg) (cmol/kg) (%)

A Maribel 01  0-10 4.63 14.50 6.87 2.19 29.28 80.46
A Maribel 01  10-20 3.00 14.25 5.01 1.68 29.83 70.21
A Pio 01 0-10 4.93 18.12 13.02 3.70 41.30 84.36
A Pio 01 10-20 4.28 17.23 15.27 2.69 35.02 100.49
B Jose 01 0-10 12.02 24.61 11.78 2.19 40.84 94.47
B Jose 01 10-20 7.53 23.95 15.58 3.20 43.34 98.59
C Christina 01 0-10 5.02 21.54 10.89 2.69 35.51 98.94
C Christina_01 10-20 3.42 20.97 14.46 4.21 36.30 109.19
C Bato 01 0-10 5.15 22.47 15.80 5.22 37.13 117.14
C Bato 01 10-20 5.07 22.50 13.86 3.20 41.95 94.30
C Ester 01 0-10 21.95 19.35 11.18 2.19 44 .88 72.90
C Ester 01 10-20 18.56 21.62 11.81 1.68 41.92 83.78
C James 01 0-10 21.81 23.89 14.66 18.86 40.37 142.20
C James 01 10-20 16.44 22.87 15.97 14.81 41.35 129.77
C Verginia 03  0-10 19.51 18.97 13.35 3.20 32.13 110.52
C Verginia 03 10-20 20.81 20.99 9.79 2.19 35.46 92.99
D Leticia 01 0-10 14.14 21.09 8.62 5.72 36.40 97.36
D Leticia 01 10-20 11.92 20.56 9.34 1.68 35.74 88.37
D Conchita 01 0-10 14.31 21.01 11.32 2.69 39.23 89.26
D Conchita 01 10-20 10.62 24.09 10.58 2.19 28.01 131.62
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#£7 HEicEEN5IcE (Batad)

sample Base
depth AP Ca Mg K CEC saturation
Group samplesite (cm) (mg/kg) (cmol/kg) (cmol/kg) (mg/kg) (cmol/kg) (%)

A Ana2 01 0-10 20.87 17.03 3.81 12.79 27.95 120.37
A Ana2 01 10-20 16.79 14.22 2.12 13.30 20.78 142.62
B Rodolfo 01  0-10 10.37 15.03 3.39 2.69 25.81 81.79
B Rodolfo 01 10-20  10.37 14.80 543 2.69 25.64 89.40
C Tessie 01 0-10 10.72 16.58 4.77 4.21 26.37 96.94
C Tessie 01 10-20 6.74 14.72 4.67 1.68 27.22 77.40
D Moises 01 0-10 13.48 16.39 7.06 8.25 28.50 111.22
D Moises 01  10-20  10.72 14.54 5.96 2.69 25.23 91.91
D Anal 01 0-10 18.94 17.25 7.55 10.77 29.77 119.50
D Anal 01 10-20 15.33 18.08 5.74 4.71 27.96 102.05
E Hilda 01 0-10 10.88 17.35 5.98 4.21 37.45 73.53
E Hilda 01 10-20  13.09 16.28 6.34 1.68 30.41 79.89
E Nancy 01 0-10 6.01 16.05 6.56 7.24 28.25 105.65
E Nancy 01 10-20 5.96 15.20 4.33 3.20 26.95 84.34
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Group
A

O U O OO a0 oaooao0a0oa0o0a0o00a0wwoEorop

8 HEIcEHEENLMEITTER (Bangaan)

sample site
Maribel 01
Maribel 01
Pio 01
Pio 01
Jose 01
Jose 01
Christina_01
Christina_01
Bato 01
Bato 01
Ester 01
Ester 01
James 01
James 01
Verginia 03
Verginia 03
Leticia 01
Leticia 01
Conchita 01
Conchita 01

sample
depth
(cm)
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20
0-10
10-20

Fe

(mg/L)

403.98
395.47
272.75
317.17
144.41
150.04
168.46
120.23
275.30
274.73
165.19
148.86
119.42
81.74
192.04
235.89
144.88
225.54
131.456
133.2205
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Mn
(mg/L)

42.64
74.10
79.70
120.52
12.76
21.17
5.93
9.37
32.86
32.49
9.38
8.57
17.91
21.25
20.60
34.03
18.92
26.13
13.887
4.7685

Cu

(mg/L)

39.31
68.95
74.03
113.81
12.78
20.28
6.76
9.86
31.08
30.70
9.75
9.00
17.37
20.09
19.65
31.62
18.20
24.61
13.9125
5.7765

(mg/L)

1.35
1.55
3.02
3.03
0.15
0.25
0.42
0.70
0.83
0.86
0.87
1.26
0.98
1.02
0.06
0.03
0.93
0.84
1.05
1.12



£9 HHICEENIWMETCE ( Batad)

sample
depth Fe Mn Cu Ni
Group sample site (cm) (mg/L) (mg/L) (mg/L) (mg/L)

A Ana2 01 0-10 249.48 44.79 41.41 0.55
A Ana2 01 10-20 324.64 90.75 84.52 0.25
B Rodolfo 01 0-10 319.58 54.94 50.68 0.29
B Rodolfo 01 10-20 275.09 56.23 51.64 0.43
C Tessie 01  0-10 274.46 74.40 69.13 0.48
C Tessie 01 10-20 337.52 71.91 66.37 0.26
D Moises 01  0-10 57.23 7.11 7.62 0.46
D Moises 01  10-20 95.16 8.26 8.54 0.03
D Anal 01 0-10 91.16 291 3.97 0.20
D Anal 01 10-20 101.02 3.78 4.72 0.15
E Hilda 01 0-10 283.27 55.20 50.85 0.30
E Hilda 01 10-20 220.51 96.64 90.28 0.29
E Nancy 01  0-10 364.58 28.16 26.07 0.90
E Nancy 01  10-20 441.48 29.58 27.24 1.19

*¥Zn X0 ICENEEZ L D 1CP CTOHIELRAARESZ o 7-D T, 1 HICTHHIED
72oTF— X7 L,

LANIC, FRETREER2EBET 2,

Bangaan TiX, OM 75 8.70%, TN 2% 52.2%, P 2% 34.8%, K 2° 78.3%, CEC 2%
0%, Batad T3 OM 2% 14.29%, TN 2% 71.43%, P %% 7.14%, K %°71.43%, CEC
25 0 %EIG CHEIEHF A Otz & o 72,

CEC i3I CHHEMZM-L b, HEREXZRNT 2RNBE LD
2%, CEC 2@ o3k Lo OM & TN, 2L TPIIHIEI &I
R2e, Tz ERBEEHEYEMT 2 A2 0 57, Batad TIXHRFICERIA
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RonZanrol, OM B8N ZWA-DIL, &b oo Td BED THE D -
HCh ol HEFKOEVD B W IXEHEOMEE (F5Icw» < ETaEny) 2B
LTwaeFEzbhi,

RiZ, pHICODWTHZ3,

KT, MELEICE T2 pH DO LA E % (Sigari, 2003), HEYIHH Y
AT IRIBIKFZA F v D3, HERD 701 Bk L KFEILYIA F+ v I onfig X
n, BoEHLotEns e FRO—2TH 2, (FH, 2013)

¥ 7= Roger (1984) I Banaue TOMSECEm & pH ICIZBEDOHERH L & %
LI L TWwa, S biESE & pH OB DB L, Bangaan TIE% VR o7,
PIE R Bangaan T 0 .37, Batad T 0.07 T»H - 7z,

¥ 72, Ngidlo (2014) 72D FRL 2L FER O IC X 2 L pH KT IX

Sl SR I Nz, L2 LD, Gomez DFIRE 2EHRIETP & OM B H

BIZL e v AN, RSN, OM O AK/NIEE L b & EEIc X B
HWATHE TH o 77,
0.50 0.50
°
0.40 y = 0.036x + 0.0479 0.40 4 =0.0433x + 0.02% "
0.30 R? = 0.8695 : 0.30 R®=0.7945 .
) o
0.20 ‘.o - 0.20 o .
Joo o
0.10 @ 010 oY%
.
0.00 0.00
0.00 5.00 10.00 0.00 5.00 10.00
OM OM
4 OM-TN ( Bangaan) 5OM-TN ( Batad )
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A ZEa— - BBHFHE COBE

AVERE2—

TV — MERICOWTIE, SERFETXENEUIN AT 5, 22T}, 7
N—TFF 4 A A yavk, OETDOAL VY ZEa—TELNEMEICOWTHE
HICE T 5,
T EEOTBICOWTHTHEER T2 25, BikALHEIcO TR
BRICL->TELEILTH Y, HEIR TR, B2V RERNRAEE o
TWRWI ERHL TR 5 72,

¥ 72, ALEIEE ORI oW, HERL, EMEREOBIRICO RS L v
2FZ SR TH o 7=,
— T, WEXVELBHDTELDORENZ I ABIHA TR WERED 5 &, H
MECTTABEHETE W L LB Z AL T3 REEKD 34 A3
HR N7z,

HhFAE CcOBE
B B8 E LCTid, BolfnwHERENOETIICED b ol tdh A5
N7z, FFIC Batad 3 Pt E CICMIEHA % (. A TR IT W EERR O
720 TIFFERKICERPIKEA LT 3N E L, BB kicE Th
DYEERE L CwEEEZLNS, ¥/, 2oL S bR, HEEEZ D
NZKHDK (BADL ETA) BFEVEZHICHY, HIELTIE, BriE
HOTWBEZ b Hotz, (REBEFHEDTHIO2MLLED D) TKiEED
oTnhWway, HKCEINIWELILEBOREOHBIHE hoTwnwb L
BEZ DT, WEMEROHEE TRNEY R T A F T b vz 328, ZhdH
KTEEPLIC W, TIbLKRORETA X BPE RV EOREIC R > T
HLVHMEDALND Z LY REREZTI>ZLIcL Y, HANTOWE
TEBR %2 X0 RIICE RICTEH T ¥ 2 lREMED S 5.

Zoft, 9 H, 10 HoFERICIE, 2 EF LT 2MHD Hhid, T 7FIERD
AXDOERZDEFIL R oTNDELIALDH o7z, ZOFEDAY— VXL
LEFROROHHICEMMEKFELTCWE L) THotz, BT ToERICRIE%
fToTh, A AEHPRBPICHREINEBRTTIC R o720, 70 S T ICH ICRED
Tt I B H o720 T 50T, NHERD A FEITAEICUE T 2

il
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DERH B, HRTE, H2bKz2HE, [JUROEWKD I bici xbb o %
ANBEATS, Floav "4 vEfisZ A rboEfllr & Ts LD
AETH %, Banaue TdD, HEELZICHD ) I > TR T 325 0T, INHEE
RIS, 1 ADLDTERAREZTIDOREI LWEEZOLNS, $7, EH LD
Wedh, [HERMOTREEP CT-OICHK L TW5, 50, HKLZVA,
KB NDTTE IR\ &I REEfE - 72, BREERG 720 I B K% S
T2, L, HEOWGELY CFERD 2 L v, i, HKE LD 5 L HE
DERT S, M2 T CIMELZEAVICL AT IERS Ao TFHEIEE 22
AR LCHifE3 2 2 L ATRETH B, —HHEOEKL L T 3BTt
BEMPAON, KL TV EEI YV RELRBHEAY, Z T ~KBRILAA T
WEDBHERTE -, MEIER LT wrFoRHE LCHELRES
DAEFEHC L3 abhnk 577,

4. fhim LIS

S, EE PN ER%Z B 2 € Banaue D HEDOHICOWT, Yok H%k
DA ERTH, ZFLTEDLD @R AONE»ZHO AL LS & L, =
HOHL, (BT T <, BREREKEER & HIENFOKAED & DR
FEE) W CTnw2020%2R3db0ThHY, ZoFTdSENTHEO(LAEICERZ
BCTT, M EITWERITR L OB Z R LICERET o7z, ZDFEERT — 28
Y% olzdb o0, LEEROFERIC X 2 28O EEZ I L Ciditiak
TS & FRRDFER MG O N7 28, FATHIRIC R VT2 2 I IE o st o
726

Sl 2 HIK TR 72 5 72D1F, OM PHRLETH W LI L A Y D LN
HERLTWDEZE, NEKBPRNWTE, CECAFVWI ERETLNS, T
72 0M, TN, P FICATICHEVIEIMT 2B Ao &b bki+
EHICHBEILTVD, B0 —F v IrBdRETwb LEX LN,
THEREBEOUMEZUE T 27-01CiF, BN CTKREHOERZMHT 22 LdF
ZB5RNETHY, HHPEEDORED S Azolla & Blue green algae D 3 AR 134
RWTHLLEEZOLNT, 72, A7 71X CNIomwC e, EiEHPKICX 3
WELABRYIONE T OB Rl ch 2 LRI, LEXESIT A
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2 T3 T b, Kz EMMICTT) 2 &, AinlEoEFRB LT, A5
PrazEgEic L, BEITzli L ot RKRTE 2759, ShlptiL7-DiF
LD T — 2 DB D720, LIERTOITLROEE, {LARIGIC DWW TIREA
RDEITD% L, WIFETTENC X o TIEHE & 2 AT LETH 5,

IDICHEHRDORFKE MDYy 7Y v 72T REP B TELGAEIR, BRD
xR D8EE L\,
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