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Abstract When multi-stakeholders in local communities come together to tackle sustainable
development problems, they not only offer solutions to local constituents, but also create impact
to the broader policymaking process at local, regional and national levels. édUNations
University flagship project, namely a network of Regional Centres of Expertise (RCE) on
Education for Sustainable Development (ESD) indicates that local networking for sustainable
development, and in particular for sustainable agriculture, eamkeffective approach for local
communities to employ learning tools in ESD to improve the situation and render positive
influence in policymaking. RCEs on ESD, as an innovative platform for -stakieholder
networking at the local and regional levedshproven to be an effective vehicle for promoting
sustainable agriculture, linking sustainable livelihood and ESD, involving farmers, school
teachers, students, ngovernmental organizations, and other stakeholders in the community.

Keywords sustainablegriculture Educaion for Sustainable Developme®&SD,
RegionalCentre of Expertisesustainability UNU, RCE

UNSUSTAINABLE AGRICULTURE PRACTICES A CASEIN CAMBODIA

Kampong Cham is a rural province of Cambodia with an area of ri&afl90 square kilometers. Due to

the rapid increase in population, the province faces food security concerns. Farmers have resorted to the
use of chemical fertilizers and pesticides, and other unsustainable practices, to increase farm productivity.
These pactices have not only affected the health of farmers and their families, but have contaminated the
soil, jeopardizing the environment and degrading the area as a whole. Specifically in the investigated
target areas, located in the Samroung commune dfah®ong Cham province, the use of agricultural
fertilizers and pesticides has rapidly increaseer the past decade, contributing to a higher agricultural
productivity in the short term. Local farmers that suffered from several ailments such as thraat pai
dermatitis have been eager to shift to a more sustainable farming system, based on natural resource
circulation. However, the lack of knowledge and resources has hampered the shift towards practicing
sustainable agriculture. Government policy to featinsustainable agricultural practices was deemed
imperative.

MULTI -STAKEHOLDER NETWORKING

The RCE networkin Cambodia known as RCE Greater Phnom Penh (GPP) initiated a project on

* A Regional Centre of Expertise (RCE) is a network of existing formal andfiamoral education organizations mobilized to deliver
ESD in the region or locality where it is situatéiccreates a platform for dialogl@mong regional and local ESD stakeholdarsi
for! exchanging information, experience and good practices on ESD. It develegisnaland local knowledge base and assists in

E ISERD
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MBURPRWLQJ 6XVWDLQDEOH $JULFXOWXUH D ¥Wnded By ReQIhp&KDP 3 U
International Cooperation Agency (JICA) and executed by the stakeholders of RCE GPP led by
ERECON and the Royal University of Agriculture (RUA) of Cambodia, with the cooperation of the
local government. The aim of the project, whielm from April 2011 to March 2016, was to promote
sustainable agriculture, based on natural resource circulation in 11 villages in the Samroung commune.
7KH SURMHFW YV JR D O \dinabidJf&tmingRoratlice S\abdindé&se\pblid/awareness on
how a region can achieve acceptable economic benefits together with high and sustained production
levels, while concurrently conserving the environment. The project gave evidence of successful
transformative learning through sustainable agriculture, lshiteg farmers about sustainable practices
without or the use of low chemicals, and integrating sustainable agriculture and ESD in school curricula
LQ WKH UHJLRQ /HVVRQV OHDUQHG IURP UHIRUPHG IDUPHUVY SL
and pradtes were used by the community schools in the area. The school students were themselves
mostly children of farmers, and so learning conversations and practices continued at home. Knowledge
on sustainable agriculture was also passed on from pupils tonteiarming parents. A number of
IDUPHUV DQG IDUPHUVY IDPLOLHY DV ZHOO DV VFKRROV ZHUH LG
community could learn from on sustainable agriculture and ESD.

This project made a case of addressing national paiggrds improving agricultural production,
both in terms of quantity and quality of produce in line with the principles of a Green Economy, resulting
in improved human welbeing and social equity, while significantly reducing environmental risks and
ecobgical scarcitied At the same time, the project addressed several Sustainable Development Goals
such as SD& on Hunger, SD& on Education, and SDE& on Sustainable Consumption and
Production and was implemented in line with the goals of the Stock@olmvention on Persistent
Organic Pollutant$. According to the Rector of the Royal University of Agriculture of Cambodia, the
S U R Miippdies the vision of the Cambodian Ministry of Agriculture, Forestry and Fisheries towards
sustainable natural resoutd PDQDJHPHQW DQG FRQVHUYDWLRQ DQG LQ SDU
agricultural extension. The project has influenced policymaking in the Ministry and created a good
model case for promoting the policy of the Cambodian Government on organic ageicumid ESD
transformative learning

CAPACITY BUILDING OF FARMERS

,Q RUGHU WR HIIHFWLYHO\ FKDQJH DJULFXOWXUDO SURGXFWLR(
series of workshops conducted, explaining the concept and benefits of sustainablausgricul

including technical aspects as well as how to manage farms and distribute their products. The principal
project proponentsRCE GPP stakeholders such as RUA, ERECON, and local government authorities
+worked together to train farmers how to makeaoig fertilizer, organic pesticides, and utilize
techniques that render the use of chemicals unnecessary, including the use of nets to protect plants and
vegetables from various insects. Farmers were also trained how to build and manage composts using
modd composts. Learning by using real examples and demonstration models inside the farms proved
effective. In order to widen the participation of farmers across the region, sharing of experiences
DPRQJ WKH IDUPLQJ FRPPXQLW)\ ZD Vonth@ FIRRKQUJ®Y FGE Dav@iSHAR U N V K
DOUHDG\ SUDFWLFLQJ DJULFXOWXUH VXVWDLQDEO\ ZHUH RUJDC
common pellet compost center built. Training for pellet compost production was condubtdthfier

LN NN TN AN N NN AR NN Ay
promoting vertical alignment of curricufeom primary through university education and in linking formal andfoonal sectors of the
education community.

2 Institute of Environmental Rehabilitation and Conservation, headquartered in Tokyo, Japan, with branch office in Phnom Penh,
Cambodia.

®UNEP, 2011

4 Stockholm Convention, http://chm.pops.int/TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx
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leaders and members of faMJ VY JURXSYV 7UDQVIRUPDWLYH OHDUQLQJ DQG
building and in turn influenced the local government to adopt and promote sustainable practices.

PROMOTING EDUCATION FOR SUSTAINABLE DEVELOPMENT

Food, agriculture and environmenglucation that focuses on sustainable agriculture based on natural
resource circulation was promoted in form of experiential learning using local schools as living
ODERUDWRULHV :LWK WKH VXSSRUW RI WKH IDUPHIystflenrsURXSV \
and compost boxes to teach students on the different practices of sustainable agriculture. Together with
farmers, workshops were conducted at selected schools and students demonstrated learning outcomes
using poems and songs pertaining to ESDadudition, training activities on mixed cropping were
introduced in schools where students shared their experience from a field visit to Thailand as part of
the project ESD learning activities. The stakeholders of RCE GPP, mainly RUA, ERECON Cambodia,
schml teachers and project advisers, developed teaching materials for the schools. The project
transformed the schools in the region to adopt ESD in their curricula. It is important to underscore the
fact that a majority of these elementary school studentsotigpursue secondary let alone tertiary
education, and a vast majority of them become farmers themselves. Thus there is a real need to ingrain
the moral imperative of ESD amongst the Youth, so that they create sustainable lifestyles and
livelihoods and cay these on into adult life.

PROMOTING DISTRIBUTION OF GREEN NO/LOW-CHEMICAL INPUT PRODUCTS

By improving the distribution of products with no or low chemical input, the number of farmers who

sold their products on the green market increased. Market suwese conducted by RCE GPP
VWDNHKROGHUY DQG WKH UHVXOWY ZHUH VKDUHG ZLWK WKH I
encouraged to join the Cambodian Organic Agriculture Association (COrAA) to market chérexcal

and organic products with COrAA ¢#ication. Market research was carried out to develop a plan for
sustainable agriculture product fairs. The Samroung Safe Agricultural Products (SSAP) Shop was
established to serve as the main outlet for green agricultural products. During regulagsnéedin

farmers shared information on trends of sales of different types of vegetables sold at the SSAP Shop.
The shop has great potential to expand as more farmers come on board and consumers become more
aware of the benefits of healthy organic productsal governments were advised to promote these
activities considering the benefit of healthy communities, by drafting policies that encourage the
population to consume chemidate and organic agricultural products.

POLICY RELEVANCE, IMPACT AND SUSTAINAB ILITY

Leading by example is an effective approach to policymaking. Stakeholders of therpl@ignt

initiative were not simply beneficiaries, but were also directly involved in project activities on the
ground. This project is a good example of a ldimded network on ESD, RCE GPP assuming
leadership and demonstrating the important role of communities in shaping national and local policies
on sustainable development, specifically in the area of sustainable agriculture. Lessons learned from
this projectcan be used to shape government policies that can be implemented in other regions across
the country and elsewhere. Farmers have become increasingly committed to sustainable agriculture and
now sell products through the SSAP outlet and other third pastgréuThey have also pledged to
continue the scheme, even beyond the official end of the project, believing wholeheartedly that organic
farming is a pathway to creating sustainable agriculture communities.

E ISERD
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RECOMMENDATIONS

Based on experiences and less@asried from this project, the following policy recommendations to
implement sustainable agriculture may be considered:

i 1 The use of agricultural chemicals is damaging the soil and water environment of farmlands and
has direct impact on the health of notyoof farmers and their families but also the consumers.
Effective policies to reduce and eventually eliminate the use of these chemicals need to be
formulated. This would not only address the relevant goals of the 2030 Sustainable Development
Agenda and Sstainable Development Goals, but also of the purpose of the Stockholm Convention
on Persistent Organic Pollutants.

i 1 Regional challenges need to be addressed in a broader context. This can be achieved by addressing
the issues in a triangular mannessustaimble farming, ESD and the social use of sustainable
lifestyle and livelihood.

i ! To increase the adaptability of local farmers and the understanding of students to sustainable
agriculture, the policy should reflect the need for a naidikeholder networkingpproach that
leads to a series of activities through awaremaising and learning among farmers, curriculum
transformation in schools, and implementing the notion of sustainable livelihood.

i I For promoting sustainable agriculture practices through organic farming at primary schools, field
practices such as vegetable gardening are effective to supplement classroom teachisgilas life
education. Training for primary school teachers are taobeqted.

i/ 7R PRYH WRZDUGYV DVFHUWDLQLQJ WKH TXDOLW\ RI HGXFDWL
understanding, offering ESD knowledge and practices conjunctively and providing materials and
equipment in an organized and coordinated fashion enhamatestion and learning.

i 1 On the local community level, workshops on sustainable agriculture, demonstrating how to make
a compost box, the use of compost and pellet compost, liquigtilizer and liquid biepesticide,
establishing a model garden, ongang leadership training and study tours will increase the
awareness and understanding of sustainable agriculture.

Overall, it is recommended that to aspire for sustainability at the local and regional (subnational)
level, national policy must embracaype of multistakeholder approach, and have a strong evidenced
based, scienesocietypolicy interface. Regional Centres of Expertise on ESD, a global network on
ESD at the local and regional level, can play an important role by bringing all concexkelosders
together and join community efforts to make transformative changes.

REFFERENCES

ERECON. 2015. Grass roots project on promoting sustainable agriculture at Kampong Cham Province in
Cambodia, Institute of Environmental Rehabilitation and ConsemvaBustainable Agriculture Newsletter,

Vol. 4.

Fadeeva, Z., Payyappallimana, U. and Petry, R. (E231R. Towards more sustainable consumption and
production systems and sustainable livelihoadsearning contributions of regional centres of expertise on
education for sustainable development. UM%, Yokohama, Japan.

Fadeeva, Z., Payyappallimana, U., Tabucanon, M.T. and Chhokar, K.B. (Eds.) 2014. Building a resilient future
through multistakeholder learning and action, Ten years of regional centrepesfisx on education for
sustainable development. United Nations University Institute for the Advanced Study of Sustainability.

Tabucanon, M.T. 2010. Education for sustainable development, Challenges for transformative education and
research, Internationdburnal of Environmetal and Rural Developmert,(1), 1-6.

E ISERD



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

UNEP. 2011. Towards a green economy, Pathways to sustainable development and poverty eradication. A
Synthesis for Policy Makers, www.unep.org/greeneconomy.

E ISERD



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

Research articl

#  Studies onReducing CadmiumUptake of Paddy Rice

E ISERD

(Oryza sativa..) by both Soil Dressing andMixing Tillage

KIICHI SASAKI*
The United Graduate School of Agricultural Sciences, lwate University, Morioka, Iwate, Japan
Email: watersapphire091@gmail.com

CHOICHI SASAKI
Faculty of Agriculture and Life Science, Hirosaki University, Hirosaki, Aomori, Japan

CHIHIRO KATO
Faculty of Agriculture and Life Science, Hirosaki University, Hirosaki, Aomori, Japan

AKIRA ENDO
Faculty of Agriculture and Life Science, Hirosaki Universijrosaki, Aomori, Japan

TAKEYUKI ANNAKA
Faculty of Agriculture, Yamagata Universifjsuruoka, Yamagata, Japan

SHIGEOKI MORITANI
Faculty of Agriculture and Life Science, Hirosaki University, Hirosaki, Aomori, Japan

NOBUHIKO MATSUYAMA
Faculty ofAgriculture and Life Science, Hirosaki University, Hirosaki, Aomori, Japan

Receivedl3 Novembe2015 Accepted27 February2016 (*Corresponding Author)

Abstract Though soil dressing is one of the most effective metfard®duéng cadmium (Cd)
uptake in riceplants of Cd contaminated paddy fields, it needs large amount of soil and thus
often requiresa high costand heavy environmental loads. In this studh, investigated any
possibility of minimizing the thickness of soil dressing by utilizimgixing tillage before the

soil dressing15 cmthick mixed contaminated soil and overlying 1Z8rthick soil dressing

(the conventional thickness of soil dressing beingB@@m in Japan) were used to form the
usual stratified paddy field of the threeydas (plow layer, plowsole, and subsoil)Cd
concentration of the contaminated soil was adjusted to approximately 2.0, 1.0 argik®) %y

mixing tillage. Then rice plants were grown ungending conditiorduring the cultivation and

the experiments of eh treatment were conducted under two different water flow sgstgran

and closed system#s a result, Cd concentration in brown rice with water flow in an open
system was 0.0vhg/kg, 0.05mg/kg, and 0.1fng/kg when Cd concentration of soil was 0.5,

1.0 and 2.0mg/kg, respectively. Cd concentration in brown rice of g/kg soil was 5%
significantly higher by 5% than those of other treatments. These results indicated that it was
effective to dilute soil Cd concentration to 1.0 mg/kg for reducing Cdkapsé rice plants.

There was no significant difference in growth and yield a way these treatments. However, we
conclude that mixing tillage may have potential to minimize the thickness of soil dressing to
half of the conventional thickness, 2D cm, unde ponding conditiorduring the cultivation.

Keywords Cadmium, rice, water flow system, mixing tillage, soil dressing



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

INTRODUCTION

Heavy metal contamination of agricultural landsulting from human activitiebas been causing
serious health damagall over the world. Alarmed bthis situationCodex Alimentarius Commission
has decided upon the limits of tisadmium (Cd) contents in food, e.g. O.4hg/kg in rice(MAFF,
2015a) Separately from the international standard, some countrigsemaployed stricter standards
and thus with a view to international trading, it is necessary for any country to reduce Cd
contamination level of agricultural products as much as possible.

Cd health damages in Japarvéeainly resulted frontheintake ofrice,Japanese staple food. Cd
from mine waste watenad accumulatd in the paddy field soil, andhe intake of thehigh-Cd rice
caused the famous [tdai Disease (Kobayshi, 1978). In Japan, soil dressiafj20-30 cmthick has
been employed as thesual countermeasures for Cd contaminated agricultural fields. Though soll
dressing is effective to redutiee Cd uptake of rice, it needsich a large amount of soil and therefore
it costs much andauses heawynvironmerdl loads

The Ministry of Agriculture, Forestry and Fisheryn Japan recommends$at rice should be
cultivatedunderpondingcondition asa treatmentfor reducingthe Cd uptake of ricéd MAFF, 2015b)!
since solubility of Cd is low under reduction conditibfowever, Pongpattanasiri et §2005), Sasaki
et al (2010, 2012) and Paul et al. (20Jbintedout that even undgpondingcondition the plowsole
and subsoil layers showed oxidation condition when water flow in these layers was thsysipen
percolation and thus Cd might be dissal in the soil water and absorbed by ro8tsaki et al. (2010)
and Paul et al. (2011) conducted rice growing experimasitsy paddy field modelsvith 12.5cm-
thick soil dressing andepored that the percolation patteim the plowsole and subsoil afféed the
degree of theCd uptake of rice. In these cases, however, the Cd cwatien of the subsoil was 3.39
mg/kg, which was twice as high as that of the averagmtaminated soils in Japan (Shibuya et al
1980). Other than those mentioned abovieert are few studies which considered the percolation
patterns (Adachand Sasakil999; Sasaki et al., 2001).

In this studyaimingatthe redution of Cd uptake in rice plants, we investigataty possibilityto
minimizing the thickness of soil dressing bipoth utilizing soil dressing andmixing tillage and
cultivation undepondingconditionregulatingthe percolation systems in the subsoil

METHOD OLOGY

Soil Properties

In this studythe soil from plowlayerof the Cd contaminated paddy field, where fiae waste water
had been used #seirrigation water, wasampled for the experiments. Noantaminated sofior soil
dressingand gravel were obtained frothe plow layer of a paddy field anda mountairous districtin
Tohoku region, othenorth-easterrpart of Japan.

Table 1 Physical ard chemical properties of soil samples and gravel

. Soil
Density Texture MgO NaO CaO K0 Cd T-C T-N CIN oM
(g/cn) * * * * * () (%) (%)
Nongé’il"“ted 2.62 LC 120 64 400 120 0.4 207 0.16 1327 36
Polluted Soil 2.44 CL 640 128 2280 288 1.81 530 039 1357 9.1
Gravel 2.68 - 147 18 539 600 013 - 000 - 0.1

Note * mg/kg

E ISERD
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Table 1 shows the physical and chemical properties of thesaoiples and graveThe il
textures of contaminated and nezontaminated soils were CL and LiC, respectively, it contents
of soil organic mattewere 9.2% and 3.%, respectivelyThe Cd concentration of the contaminated,
noncontaminated and gravelere, 1.81, 0.14, and 0.18g/kg, espectively. By mixing thestvo
kinds of soils, the Cd concentration of the experimented soils was adjusted to the aforementioned three
levels.The experimental apparatus was designed #feefashion of paddy fields neariger and thus
gravel wasalsoused for the lower layer.

Experimental Design

Two kinds of stratified paddy field modealvereused forthe experimens (Fig.1). Theair entry values
weredetermined byhe method of Sasaki (1992). Thesedek congsted ofaniron box (30cm! 50
cm! 70 cm)filled with soils and graveln three layersPlow layer (£'layer) wasfrom 0cmto 10 cm
deep(dry densitywas 1.02 Mg/m® ): plowsole (2™ layer) was from 10.0cm to 20.0 cm deep(dry
density at the depth from IDcmto 12.5cm and from 12.8mto 20.0cmwere1.23Mg/m® and 0.75
Mg/m®, respectively) subsoil(3" layer) wasfrom 20.0cmto 62.5cm deep(dry density from 20.@m
to 27.5cm was 0.75Vig/m® and that from 27.&m to 62.5cm was1.4 Mg/m®, those layes were
formed by compaadin). Thethickness of noipolluted soil dressing was 12k deep, and beneath the
soil dressing there lay the polluted soil of 1% depth, the gravel layavas placedbeneath the
polluted soil layer.

In order to make thredifferentlevels of contaminatedoncentration of thelowsole and subsoil
in the stratified paddy field mods| polluted and nomolluted soils weremixed The authas defined
O-1 andC-1 as the setting value of 0mg/kg of the stratified paddy field modehé actual Cd
concentration fser mixture became 0.57 mg/kg). Similarly;Zand G2 were defined as the setting
value of 1 mg/kg of Cd concentratiotné¢ actual Cd concerdtion after mixture became 1.2ig/kg).
Moreover, we defined @ and G3 (the actual Cd concentration 1.&Ig/kg as thepolluted soll
ZLWKRXW GLOXWLRQ 1RW kheWpéByaten 2fdhe QlGseqsys®mPrdolation,
respectively. The ground water lesealf the opersystem andhe closeesystem percolation model
were controlled a&7.5cm and 20.@m deptts, respectively. In the closeystem percolation modgl
the holes i the side walls of iron box werblocked in order to prevent the penetratioihthe
atmosphereOn the other handh) the opersystem percolation modeise holes in the side walls tife
iron boxwere operin the lower part othe 2™ layer and the upper part tife 3 layerin order to aerate
those layes.

e e e X e
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After thetwo types of modelsvere preparedfifteen paddy seedling(plant length and leaf stage
were from 4.0 to 18.0cm and from 5.4 to 6.8 lgas respectivelynamed Dryza satival.. Tsugaru
5 R P DWefe transplanted.The paddy seedling were transplanted by 10.@m intervals.As for
fertilizer, 2.0g of N, 2.0g of B.Os and 2.0g of K,O was put per model and mixed with the whole
plowed layer before transplantingVvhile the cultivationperiod the water ponding condition was
constantly adoptecandthe mid-summer drainage was not done. Transplantingp@paddy seedling
and larvesting were conducted at thad of May andat theend of September, respectivélyhis
experiment s conducted without repetition, and Tukéwmer methods were used to test the
statisticalsignificanceof the data of growth and yields of rice plants.

OHDVXWOWIHWKRG

The ORP meter (Central Kagaku co Ltd, model233) was used for measuring oxidatioaduction
potential(Eh), and itwas set atachsoil layer. We measured plant length, leaf numbeg number of
stens and panicls, theweight of straw, the number and weight of brown ridgefore the quantitative
analyss of Cdconcentrationsn the ¢ems and leaves, roptsrown riceand soils, he samples were
treatedwith HNO; and HCIto extractCd as sample preparation, and then absorbance of extracted
solution was measured with atomic absorption spectroscopy (MAFF, 1979). Other measirement
(density of soil particle, soil texture, grain size analysis, C/N ratire also conductedn standard
method in Japan.

RESULTS AND DISCUSSION

Oxidation-reduction Potential (Eh)

The oxidatiorreduction state in the soil & important factor for Cdhohility. In the oxidizedlayer,
the solubility of Cdincreases in sbsolution (the main form of Cdomponent is CdS{pand so the
uptake of Cdrom plant roo$ is promoted. On the other hand, in the reduagdr, the solubility of Cd
decreases (the maiarm of Cdcomponent is 8S) and so the uptake of @@dm plant roas is limited
(limura, 1981). Fronthese the measurement of oxidatioeduction potential (Eh) is very important
for judging the mobility of CdThe oxidized layer in paddy fiedds defired as the layer whose Eh
value ishigherthan +300mV (Yamane, 1982).

800 4
700 1
001
500 4 & ~—-50cm
400 { 2% ~#--150cm
e s, e | Oxidation_ | _ _ _ _ _ —4-2000m
Reduction ——-275cm
—+—=37.5cm
100 4 —--475cm

0 20430 40|50 60 70 80 190 100 110 120 130
2100 Period of
-200 4 three weeks

before and
-300 4 after heading

Depth form
o1l surface
(cm)

200 1

Eh(mV)

Elapse day

Fig. 2 Oxidation-reduction values in soil layers of the open system percolation model
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The trend of Eh in each soil layer of-O, O-2 and G3, andof C-1, G2 and G3 weresimilar
change from the ansplanting to the harvestherefore, wenave used below the Eh of opgystem
percolation model@®-3) in Fig. 2and the Eh of closeslystem percolation model {8 in Fig. 3 In the
opensystem percolan model, the Eh ahefirst layer (5.0cm depth) had been abca®0mV during
cultivation of paddy rice and so the first layer veagducel layer. The Eh of the second layer (@h
and 20cm depth) and the third layer (2B, 37.5cm and 47.&m deph) had beemigherthan +400
mV and those layers were oxidized layers. On the other hand, in the closed system percolation model,
the Eh of all layers had bedower than-100 mV since20 days after transplanting to harvest and so
those layers were redutkayers.

It is said that Cduptake of pddy rice is relatively highduring three weeks before and after
heading (MAF, 2015b). In the opeaystem percolation model (Fig), the second layer and the third
layer were oxidized layers during three weeks before and after heading. On tHwmaathaall layers of
the closeesystem percolation model (Fig) were reducethyers during the period. From thassults,
it is estimatedthat soluble Cdféectsto paddy rice in the opesystem percolation model.
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Fig. 3 Oxidation-reduction values in soil layers of the closed system percolation model

Table 2!Parameters of rice plantgrowth

Model Plant length No. of stems D{))f/ \SI\;E—R\E“
(cm) (Stems/hill) (9)
0O-1 94.8+4.6° 15.2+2.3 16.1+3.9
0-2 97.5+3.2 14.8+3.2 16.4+3.9
0-3 98.1+3.8 17.1+#2.8 17.3+3.8
C-1 92.5+2.8 17.5+2.8 18.1+4.6
C-2 94.9+2.8° 13.8+3.9 20.9+4.7
C3 98.3+3.8 17.1+#3.2 20.746.3

Note: TukeyKramer test was performed at 5% level; letter
indicates significant difference (n=10). The numerical value of
+ shows standard deviation.

Growth of Paddy Rice

Table 2 shows thergwth of paddy rice in the opesystem prcolation model and the closegstem
percolation model. The average plant length ranged fronc98.50 98.3cm in the two types of
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models. The average number of stem ranged from 131&tb7.5 inthe two types The averge dry
weight of straw ranged from 16dlto 20.99 in two types There were nagignificantdifferences in the
growth parameters betwedhe opersystem prcolation model and the clossgstem percolation
model. Paul et al. (2011) reported that ¢jnewth parameters of the closegstem percolatn model
were significantly higher than those of the ojsgatem percolatiomodel in the case of 3.3ig/kg in
plowsole. Furthermore, Ito and limura (19&)d Asami et al. (1995) reported that the increase of Cd
concentration in the soil caused the decrease of plant length, numbemefastd dry weight of straw.
Those previougesearches hadifferent resultsfrom ours and that in probably because in our
experimentghe root system maiplexisted in the nopolluted soil dressing and the Cd concentration
in the soil was relatively low (less tham®y/kg).

Yield Components ofPaddy Rice

Table 3 shows the yield components of paddy bigth in the opersystem prcolation model and the
closedsystem percolatiomodel. The average humber of panicles ranged from 9.9 to 182 two
types of models. The average glati of brown rice ranged from 15¢to 21.7¢g in thetwo types. The
average number of brown riceagn ranged from 634 to 938 thetwo types. The arage 1000 grain
weight of brown rice ranged from 18g to 19.69 in the two types. There were nsignificant
differences in the wld components between the ofmtstem prcolation model and the closegstem
percolation model. However, Paul et al. (2Ddejported that thgield components of the closagistem
percolation model were significapthigher than those of the opeypstem percolation model. Sasaki et
al. (2010) and Pongpattanasiri et al. (2005) also reported that the avamalger rof paniclesn the
closedsystem percolation modelas significantly higher than ttat of the opersystem percolation
model. Furthermore, Ito and limura (197&)d Asami et al. (1995) reported that the increase of Cd
concentration in the soil caused the decrease ofigtight of brown rice. The reasons why thererev
no significantdifferencesn our experiment the yield components betwetre two types of models
was thought to béhe effecs of soil dressig and the relatively low Cdoncentratiorof less than 2
mg/kgin the plowsole andubsoil.

Table 3 Parameters of rice plant yield

No. of . Weight of Number d 100_0r?traicn
Model ~ Panicles ~ DOUmTEIPEr brownrice - WG
unit hi grain per unit rown rice
(Panicleghill) (@) hill ()
o1 10.1+2.2 15.0+4.2 634+173 19.6+1.4
0-2 10.0+1.9 16.6+4.4° 720+189° 19.3+0.4
0-3 12.9+2.8° 17.4+4.2° 790+189° 18.9+0.4
c-1 10.1+2.2 17.5+3.7° 740+178° 18.7+2.1
c-2 9.9+2.6° 15.9+2.6° 701+116° 18.7+0.9
c-3 13.2+2.F 21.7+6.3 938+260 19.4+1.1

Note: TukeyKramer test was performed at 5% level; letter indicates significant
difference (n=10). The numerical value of + shows standard deviation.

Cadmium Concentration in Rice Plants
Root: Table 4 shows the Cd concentrationraots in each soil layera range of 1.8.7 mg/kg was

observed in the plovwayer, though these values were not appreciably different athemxperimatal
models; in the plowsola range ofl.70-17.00 mg/kg was observed. The result of larger amount of Cd
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concentration in O3 than othercould be explained by thexperimental condition of opesystem
percolation. In thesubsoil, a range of 1-25mg/kg wasobservedwhich was 10 times higher than that
of 0.13 mg/kg in the gravel layer. This resulproved the occurrence of Cd movement from
contaminatedsoil layer in the direction of downward or upward. The similar tenderasreported by
Sasaki (2010, 2012) and Paul et al. (2011). Tais may provide anew perspective regarding the
phytoremediation. The concentration factor, whicdefinedasthe ratio of Cd concentration noots

in eachsoil layer, showed the ranges @2.9-26.4, 2.09.4, and 9.234.6 fromthe plow layer to subsail
respectively. Theoncentration factor ithe plowsolewas lower than botthe plow layerandsubsoil

Table 4!Cd concentration in roots of different soil layers in the
open and closed system percolation models

Plow layer Plowsole Subsoil

Model  Non-polluted soil polluted soil Gravel

(mg/kg (mg/kg) (mg/kg)
O-1 2.90 4.20 1.20
0-2 3.20 2.70 1.60
0-3 3.00 17.00 4.50
C-1 3.00 1.70 1.80
C-2 1.80 6.00 1.70
C-3 3.70 3.60 2.20

Stem and Leaves:Table 5 shows the Cdtoncentration of stem and leavé&xceptfor O-3 (0.86
mg/kg), the range of @ concentration was 0.4833mg/kg inthe rest offive kinds of modelsThus,
there wasa significantdifference between @ andthe othermodels It was inferred thathe obvias
Cd increment instens and leavedecame remarkable at a Cd concentratibove 2mg/kg inthe
contaminated soil layer. The similar tendency @aincrementad beerrecognized in opesystem
percolation(Sasaki et al201Q Paul et al.2011).They eportedsimilar values of Cd concentrations of
stem and leaves under almtst same formation of soil laysexcept for the Cd concentration &89
mg/kgin the contaminated soil layeis Shibuyeet al.(1980) poinédout that, theCd concentratiorin
contaminated soils highénan 1.52.0 mg/kg provides arappropriate lower limit anchay be valid for
our resuls in the stratified paddy fieldnodels

Table 5 Cd concentration in the stem and rice grain

Ri . Stemand

ice grains

Model leaves
(mg/kg) (mg/kg)

O-1  0.07+0.04 0.33+0.13
0-2  0.05+0.0f° 0.28+0.14
0-3  0.17+0.0% 0.86+0.48
C-1  0.05x0.0f° 0.21+0.16
C-2  0.04+0.0%° 0.18+0.08
c-3 0.03x0.0% 0.24+0.138

Note: TukeyKramer test was performed at 5% level;letter
indicates significant differeng@=10). The numerical value
of + shows standard deviation.

Rice Grains: Table5 shows the Cd concentration afe grain.Exceptfor O-3 (0.17mg/kg), the Cd
concentration of rice grains werdess than0.07 mg/kg in the rest offive models. HoweverCd
concentratios in rice grainsharvestedfrom the contaminad soilwith Cd concentration dbelow 1.0
mg/kg weresimilar regardless of percolatidypes. These values were msistent with the value of 0.06
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mg/kg produced in nenontaminanipaddy fieldsin Japan(MAFF, 201%). There was a statistically
significant difference between-®andthe other fivanodels.

Itou and limura(1976 reported thathte value dividing Cd concentration of rice grains by that of
strawwas ranged between 0.1 and 0Qur experimental data brought about the samesult,0.1-0.2.
This suggested that theatio range of 0.10.2 may be common under widely variable cultivation
conditions, such agot experimery, field experiment§Tokunaga et al., 1977) amdodel experiments
for stratified paddy fields (Sasaki et al., 2012)

CONCLUSION

As the countermeaswgeagainst Cgbolluted paddy fields, we experimented with six models of
stratified paddy fieldshat had ponding during cultivatiandsoil dressing (12.8m), thickness being
half of the conventional soil dressing in Japaand also two differentpercolation patteis) closed
system percotion and opersystem percolation of thedowsole andhe subsoil. Those models had Cd
concentration 00.57 mg/kg, 1.21mg/kgand 1.81mg/kgin the plowsole andhesubsoil.

As a result, the opesystem percolation layefsecame an oxidation conditiand the closed
system percolation layefsecame a reduction conditioBut we couldnot recognizestatistically
significant difference in growth and yield in rice plants witloge models. Cd concentration in rice
grains,stens and leaves ithe opersystem percolation modeWith 2.0 mg/kg Cd-polluted soil was
statistically significantand higher tha thosemodelsof the dhers. Consequently, we foutldat with
Cd-polluted soil models of less tharDImg/kg made bymixing tillage we just needed almost half of
the usual amount of soil dressing to significantly reduce the Cd concentration in the rice grains, stems
and leavesThus we found that theountermeasusavhich combinedsoil dressing and mixing tillage
were areffective method with economic and safety merits.
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Abstract The spillways of irrigation ponds in Japan should be repaired to safely pass the 200
year flood event, which is the design criteria set by the government. However, extensive time is
requiredto repair the spillways owing to the large number of ponds and the high repair costs.
Therefore, we developed a lesost early warning system (EWS) to reduce the risk to
households in case of floods, as well as a-¢ost emergency discharging device (EQD)
prevent or mitigate these floods. The Yutani irrigation pond in Tottori, Japan was selected for
this study. The pond stores runoff from the catchment area and has no inflow from other basins.
A siphon tube with a diameter of 20 cm was employed as Bie #©r the pond and the
discharge performance was evaluated. Firstn0rainfalls at return periods of different years
ZHUH HVWLPDWHG 7KHQ WKH SHDN UXQRII DQGmMXEVHTXH
rainfall and the discharges from the spillwaayd siphon were estimated. The water balance of

the pond was calculated using the peak runoff as an inflow element, and the discharges from the
spillway and the siphon were used as the outflow elements. The results showed that the pond
will overflow if a 50-year rainfall event occurs under current conditions; however, it will not
overflow when the siphon is employed even if ayé@r rainfall event occurs. Since the siphon
discharge was not large enough to pass a flood event greater than 60 years, vpedievelo

EWS that informs villagers living near the pond when the water level of the pond reaches these
levels through an alarm lamp and amail. Based on the results of the water balance analysis,
the EWS provided information to judge whether villagersusdh be evacuated or not and the
timing of the evacuation in the case of heavy rainfall events if necessary.

Keywords siphon, probability of rainfall, peak runoff, arrival time, water balance

INTRODUCTION

There are 1,094 irrigation ponds in the Tottorif®care, Japan as of September 2014. Heavy rainfall

increases the risk of floods, which could cause damage to the villages located downstream of the ponds.
Two of the possible countermeasures against floods include facility improvements and management of
flood preparation plans. The purpose of facility improvements is to construct spillways that will safely
pass the flood events, and proper flood management includes the preparation of hazard maps to show

evacuation routes as well as the water levels atrdift places and roads when the flood occurs. The
spillways of most irrigation ponds in Japan require repairs to safely pass the 200 year floddatvent
means the probability of flood occurrence, once per 200 ydach is the design criteria set by the

Japanese governmemMlAFF, 2015). However, due to the large number of ponds and the high repair
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costs, extensive time will be required to repair the spillways of every irrigation ponds. Therefore, we
developed a loveost early warning system (EWS) to reduhe potential risks in the case of floods, as

well as a lowcost emergency discharging device (EDD) to help to prevent the floods and mitigate any
damages that may be caused. The results of our research will assist with flood management plans in
areashat still require spillway repairs.

OBJECTIVE

7KLV VWXG\ DLPHG-WRVEH(Y6H OWRS LHOGREH ULVNV LQ WKIHRADNH R |
(" WR KHOS SUHYHQW RU PLWLJDWMW MWPKIHPIRRIRGRULDRU WRDWW P § JC
L®DQ\ (:6V LQVWDOOHG DW ULYHUV DQG UHVHUYRLUV WKRXJK V
WKDW W\SLFDOO\ UHO\ RQ ZDWHU OHYHO PRQLWRULQJ DQG ZDUC
DQG-RDLWOV ZKHQ WKH ZDWHWV UHRZHRHW FWHEWDHQV OVWWHHROV GR QRYV
UHODWHG WR WKH WLPLQJ RI HYDFXDWLRQ WR YLOODJHUV OLYL(
(:6 WKDW LQIRUPV YLOODJHUV OLYLQJ QHDUPWKEB B3RIPG WKKUZRIX\
OYHO RI WKH SRQG UHDFKHVY FHUWDLQ OHYHOV DQG RQ WKH ED\
(:6 DOVR SURYLGHV LQIRUPDWLRQ GXULQJ KHDY\ UDLQIDOO HY!
HYDFXDWHG DV ZHOO DV WKH DML\ I/KHRX Q@ FWE RDQWUIRDAOQL ("'QHIFH D\
LQ WKLV VWXG\ WR DVVHVV WKH FDSDELOLWLHV RI WKH GHYLF
UDLQIDOO HYHQWYV

METHOD OLOGY
6 WX$IHD

7KH VWXG\ DUHD VHOHFWHG ZDV WK&L WXW-DGFID QU @ KHDWA R Q DSIRIQF:
WKH FDWFKPHQW DUHD RDQWKH SROBVBUHAWLYHO\ 7KH SRQG UHF
UXQRIlI IURP WKH FDWFKPHQW DUHD DQG GRHVY QRW KDYH LQIORZ
YLOODBBWNGRQO\ P GRZQVWUHDP IURP WKH SRQG

:DW K@ ODRFBIO\VLV

7R VLPXODWH WKH ZDWHU EDODQFH DQG ZDW-WUQHDHQIBRO & K H
DW UHWXUQ SHULRGV RI DOYGH ,2BIDPWVEKRE
7KH KRXUO\ UDLQIDOOHDWFRD®IRYHWIV GRZQORDGHG IURP Wi
OHWHRURORJLFDO $JHQF\ -02 DQG WKH WRS UDLQIDOO HYHQ\

7KH SHDN UXQRII DQG DVVRFLIPWE GUD DQHIVID@WWE R H QR | HADKEHK
HVWLPDWHG XVLQJ WKH 5DWLRQDO HTXDWLRQ DQG WKH YDOXHYV

(T DQG #HAERADBKLPD IRUPXODV (TV DQG UHVSHFWLYHO\
0
+L gy " (T
RL%)@#rat (@{I’&JW (T
ML B @ Eq. 3

ZKHUHV WKH UDLQIDOOW @ WHV IGW U DPWPL R QDR QEEMDUID W R D FRIQ/ W L
SDUDPHWHUV UHODWHG WR W} PHKHH B H R § RIILED MERRIWEDICW WR @
SDUDPHWHU UHODWHG W RLW KWK® DFDBN X W A HRRVQ WERHIDRYMR DIH H Il F
UDLQIDOO LQWHG@QNVYWXKRPSKDNDQ®BQRII FRHIILFLHQW
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7KH 5SDWLRQDO HTXDWLRQ IRU GHWHUPLQLQJ WKH SHDN GLVF
HITHFWLYH UDLQIDOO LQWHQVLW\ LV H[SUHVVHG DV IROORZV

5
3L @& ! ! ! ! T A

ZKHOHY WKH SHDNVUXTQKRHIGPVFKDUJHV IURP WKH VSLOOZD\ DQG
GHYLFH VLSKRQ ZHUH HVWLPDWHG XVLQJ WKH K\GUDXOLF IRUP
WXEH ZDV DVVXPHG WR EH FP LQ LQQHU GLDPHWHU

7KH GLVFKDWHKHIWBLOOZD\ ZDV FDOFXODWHG XVLQJ UHFWD
DFFRUGLQJ WR WKH ZDWHU OHYHO 7KH ("' FRPSULVHV D VLSKRQ
WKH DYHUDJH YHORFLW\ RI WKH VLSKRQ W XE HOZDW HW VRIZR QW HAC
SDUDPHWHUV VXFK DV IULFWLRQ DQG WKH FXUYH RI WKH WXE
H[SUHVVHG LQ (TV DQG

3oL %@ @& (if the water level is below 0.54 m) Eq. 5

s L% ®BtCH*PF *gF *5,;58; (if the wate level is over 0.54 m) Eq. 6

whereQ; is the discharge from the spillwag; andC, are the discharge coefficients for the rectangular
weir or orifice condition, respectivelg,is the gravity acceleration (m)sb is the width of the spillway
(m), H is the water level of the spillway (i, is the height from the water surface to the top of the
spillway (m), andH, is the height from the water surface to the bottom of the spillway (m).

7KH ZDWHU EDODQFH DQG UDWH RKH ERHDYHUH AMXHFXDWWH
SHDN UXQRII DV WKH LQIORZ HOHPHQW DQG WKH GLVFKDUJHV IU
HOHPHQWY RQ D VHFRQGDU\ EDVLV 'XH WR WKH DVVXPSWLRQ F
LQILOWUDWIRIG IBRPHWIKIHQBUHG 7KH QHFHVVDUWYYLROR B A DAXIUR/GH V
RI WKH SRQG ZDV VXUYH\HG 7KH IXQFWLRQ RI (‘" ZDV HYDOXDWH
WKH (:6 ZDV VHW RQ WKH EDVLV RI WKH UHVXOWY RI WKH VLPXOL

RESULTS AND DISCUSSION

Estimated Rainfall and the Peak Discharge

The 60min rainfalls at different return periods; the arrival time; the effective rainfall intensity; and the
peak runoff discharge, are shown in Table 1. To meet the design criteria set by the goveéhement,
200year rainfall intensity was estimated to be 85.4 mm/h, and the arrival time of the peak runoff was
estimated to be 34.5 min. The pond was assumed to have a spillway capable of passing discharges at
rates >2.10 fifs.

Table 1Estimated rainfall intensity and the peak runoff

Return Rainfall Arrival Effective rainfall Peak
period intensity time intensity runoff
(y) (mm/h) (min) (mm/h) (m?/s)
10 56.3 415 53.9 1.24
20 62.5 39.6 61.5 1.42
30 66.2 38.6 66.2 1.53
50 71.1 37.4 72.4 1.67
100 78.0 35.9 81.4 1.88
200 85.4 34.5 91.1 2.10

E ISERD
17



IJERD #International Journal of Environmental and Rural Development §2@41!

Function of the Emergency Discharging Device

The water levels of the pond according to the differentsyeérainfall were simulatedbased on the
water balance discharge calculated on a secorosis. Figurel shows the peak water level at
different years of rainfall with and without the EDD. As shown in the figtime, pondwas not
predicted tooverflow whenthe 30-year rainfall event occted, regardless of the presence or absence
of the EDD However the pord was predicted toverflow during the50-year rainfall eventvithout the
presence of the EDQwvhile it was not predicted toverflow until a greatethan 60-year rainfall event
occured wherthe EDD was present

95

90

80

£

870

2 60 H

@

§ 50

g 40

s

S 30

n- -
20 O Without EDD
10 T ® With EDD

O,_
10 20 30 50 60 100 200
Year

Fig. 1 Peak water levels for different years of rainfall events,
where 95 cm refers to the top of the dike

Figure2 shows a comparison of the discharges from the spillway and EDD. The EDD was dliserve
discharge more than the spillway during peak runoff, and when the water level reached the top of the
spillway at 54 cm, the discharge from the spillway exceeded the EDD. When the maximum discharge
occurred, the EDD contributed to approximately 20%hef total dischargelhe result of the water
balance simulation indicated the requirement for an EWS to alert the villagers to be evacuated when a
greaterthan60-year rainfall event occurs.
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Fig. 2 Comparison of thedischarges simulated for the spillwayand the EDD
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Setting Alert and Warning Water Level of the EWS

The EWS has two water sensors at different water levels. The sensor set at the lower water level is
considered as the alert water level to indicate the villagers to start preparing for evacuation, while the
other sensor set to a higher water level is amsid as the warning water level to indicate the timing

of the evacuation. Based on the evacuation route found on the hazard map made by the villagers and
the Tottori Prefectural Federation of Land Improvement Association (2014), the time to evacuate from
the houses to the designated safe places is estimated to be 10 min, with an additional 5 min assumed to
be necessary to prepare for the evacuation. Therefore, the warning water level can be defined as the
water level that is measured 10 min before thedfloocurs (95 cm), and the alert water level can be
defined as the water level that is measured 5 min before the water level reaches the warning level. As
explained above, the pond will overflow when a gredtean60-year rainfall event occurs. If the tam

for the water level to rise from alert to warning is less than 5 min during a gtleaed0-year rainfall

event, then it should take longer than 5 min for the water level to rise from alert to warning during a
lessthan60-year rainfall event. This mea that the villagers can judge whether they need to be
evacuated by the time it takes the water level to rise from the alert to the warning levels. The concept
of setting the warning and alert water levels is illustrated in3-ig.
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Fig. 3 Concept of setting the warning and alert water levels, where A.\W.L. indicates the alert
water level, and W.W.L indicates the warning water level

Table 2 Time required for the water to reach between two different levels

Water level 30cm 40 cm 54 cm 60 cm 95 cm
20 cm 2min8s 4minl19s 7 min 27 s 8min52s 18 min 40 s
30cm - 2minlls 5min19s 6 min44s 16 min 32 s
40 cm - - 3min 8s 4mn33s 14min2ls
54 cm - - - 1min25s 11 min 13 s
60 cm - - - - 9 min 48 s

Table 2 shows the time for the water level to reach 20, 30, 40, 54, 60, and 95 cm ungteaa 60
rainfall event. The distance of 54 cm was selected instead of 50 cm because the top of the spillway is
54 cm, and this distance makes it easier for peoptgatmge the water level immediately. From the
table, the alert water level should be set lower than 54 cm to obtain more than 10 min for evacuation.
Supposing the warning water level is set to 54 cm, the starting water level will be 40 cm to result in a
riseto 54 cm in less than 5 min. However, the preparation time for evacuation is only 3 min and is too
less for people to prepare for evacuation. Therefore, we set the alert water level to 30 cm. Following
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that, if the time of the water level rise from 3054 cm is less than 6 min, we can judge if evacuation
needs to occur.

| nstallation of the EDD and the EWS

The EWSandEDD were installed at the studied irrigation pond (see #igThe opening and closing

of the 26cm diameter siphon tube (KanaLiNeS., Kanaflex Co., Itd.) is controlled by an electric bulb
(Butterfly Valve Electric Actuated Type-37, Asahi Organic Chemats Industry Co., Itd.). The EWS

was settled at the dike and sendmails to registered people such as villagers, local government
officers, and university officials when the water level rises up to the alert and warning water levels and
also informs thevillagers via an alarm lamp.

Alarm lamp

Water sensor Solar panel

4

= b ’ S
&;;Jf s

2 Lo “=S " Modem and controller
S0 = Vodem and controller |

Fig. 4 Photographs of theEDD (left) and the EWS (right)

\

CONCLUSION

An EWS and EDDwere developedb reduce the risk in case of floods and to prevent or mitigate the
floods at an irrigation pond that did not have a sufficiently large spillway to safely pass a discharge
caused by heavy rainfall. The developed EDD could not satisfy the criteria designed by the government
but could prevent against floods caused by-leag60-year rainfall events. The EDD enhanced the
drainage function by at least 20% during flood conditions. The previous EWS had just informed the
relevant people and agencies when the water level reached a certain level, but the newly developed
EWS presented ithis work is a type of epoeimaking device in terms of informing the timing of
potential evacuations. Our results also suggested that multiple countermeasures such as a combination
of EDD, EWS, and hazard maps are required to prevent floods and miliigateldmage to people.
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Abstract This study was conducted to find out the influerafepig breeds on growth
performance and immunity during the preaning period.The experimental designed
consisted of a completely randomized design wad performed with a total of 89fglets
acquired from 105 Thai native (TN), Meishan (MS), and Lasipe x Landrace (LWXLR)

sows. After farrowing, the piglets were weighted daily until weaning at 21 days of age and the
average daily gain (ADG) was calculated. Serum samples were collected from piglets at 12 and
24 h and IgG concentrations were determirad the ELISA technique. The growth
performance of LWXLR piglets measured at birth and at seven days (1.43+0.20 and 2.67+0.20,
respectively) was higher (p<0.01) than TN (0.65+0.15 and 1.12+0.15, respectively) and MS
(1.07+0.02 and 1.97+0.37, respectivelipe growth performance of MS piglets was similar
(p>0.01) to LWXLR piglets at fourteen and twewtye days of ages. The ADG of MS and
LWXLR were significantly (p<0.01) higher than TN during all lactation periods. However, the
piglets of MS showed the hight ADG at fourteen days. ThgG concentrations in all breeds at

12 h were less than 24 but the values were not considered significant (p>0.01) among the
breeds.The present results indicate that different pig breeds did have an effect on growth
performance and ADG. Moreover, this study showed that low birth weight of piglets resulted in
low growth performance, but IgG concentrations were not found to be different among the
breeds.

Keywords piglet, breed, immunity, body weight

INTRODUCTION

The growth potential of pigs is influenced by many facf{breed, sex, and stage of growth), including
housing conditions (floor type, space allowance and group size) and climatic factors (temperature,
relative humidity, air speedBreed is an importarfactor that can affect the growth potential of pigs
(Renaudeawet al, 2006). Indigenous breeds of pigs have lower rates of feed conversion efficiency,
growth rates, and growth potential than exotic brg@dsakpu, 2013 The breeds of pigs display
different characteristics. Certain cross breeds (Landrace, Large white, Bigtoair) have high levels

of growth performance, carcagjuality and meat quality (McClaret al, 2008), but cross breed has
been known to be least adaptable in hot humid climates{[2¢,2013), while certain local breeds
(Thai native, Meishan, Korean native black pigs, Mongcai) possess higher fat toateatoss breeds

and adapt well to hot and humid climates, can tolerate low quality feed, and are resistant to disease
(Rattanaronchart, 1994For example, Thai native pigs display significant genetic differences with
certain cross breeds (Large White, Spotted Large White, and Pietrain) (Chaiwatgralsi2002).
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Meishan is the local pig breed of central Ch{Bazeret al, 198§. The Meishan breed displaj®w~;

growth performance, low muscle conteahd low quality of ham, but thefat percentage was higher

than that of the Large White and Pietrain breeasl Meishan also adapted well with trough feeding
(McLaren, 1990 Van Milgenet al, 199§. Breed is not the only factor that can be related to growth
potential(Gerbenset al, 1999 and disease resistance of p{gamont, 1993. It has been determined

that immunity is also related to growth potential and disease resistance iRPg@igs @nd Hill, 1970
Colostrum provides nutritionFarmer and Quesnel, 200®nergy and maternal antibodies to piglets
(Dividich et al, 2005). Newborn piglets acquired immunoglobulin from colostrum after parturition on

the fifth day after ingesting colostrum and milk for passive immune protectionetXal, 2000).
Immunoglobulin concentrations in the plasma of piglets depend on the amount of colostrum ingested
by the piglet. Immunoglobulin concentrations in the colostraohtae timing of the gut closure (when
intact IgG can no longer be absorbed by the gastrointestinal tract of the piglet) are related. However,
the capacity of the piglets is revealed when they have absorbed adequate amounts of IgG for disease
protection(Rooke and Bland, 2002

OBJECTIVE

The objective of this study was to find out the influence of pig breedgramth performance and
immunity during the preveaning period.

METHOD OLOGY

Experimental Flow

This experiment was conducted at a designated demonstrative and training swine farm at the
Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai Universigy.
experimental design was a completely randomized design involvingtBéeis, and the total piglets

in each breed areused as a replicatio®ne hundred and five sows belonging to Thai native (n=35),
Meishan (n=28), Large white x Landrace (n=42) breeds and their litters (251 piglets from Thai native,
299 piglets from Meisha and 342 piglets from Large white x Landrace) were observed from birth to
weaning at 21 days of age. The day of birth was defined as day 0 of age. During the suckling phase,
piglets were housed in farrowing pens where they were individually pennedvaatiing. Pens were
equipped with nipples, feeders, creep boxes containing a heat lamp and an opening to permit free
access to the piglets. From day 10 of lactation, piglets were offered creep feed but intake values could
not be measured.

During the first12 weeks of gestation, sows were fed 2 kg/day, and during the last 4 weeks, 3
kg/day (formulated to contain 12% CP, 0.53 lysine, 3,190 kcal ME/Kg). After farrowing, sows were fed
the same feed formula, but feed intake was distributed according to litteiSsiws had free access to
fresh water.

The farrowing process was induced on day 114 of gestation with 1 ml of prostaglandins
(Cloprostenol Sodium). Piglets received 2 ml of oxytocin (2 ml of a 10 IU/ml solution; General Drugs
House Co., Ltd) by intramustar route. Parturitions were watched but observers interfered as little as
possible in the farrowing process and manual birth assistance was only performed when the birth
interval exceeded 1h immediately after birth, piglets were dried with the use dépdheir umbilical
cords were clamped, and they were weighed using a general balance. Piglets were weighed again at 7,
14, and 21 days of age. All the piglets were weaned at 21 days. At three days after birth, all piglets
received iron (Ferric oxide de=in solution with phenol) 2 ml/piglet by intramuscular injection.

IgG concentration was determined in the serum. Blood samples were collected from piglets via
jugular venipuncture at 12 and 24 h after farrowing. The blood samples were centrifuged farat0 mi
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1,500 rpm and serum samples were store@GtC until analysis. IgG concentration was evaluated by

Enzyme linked immunosorbent assay (ELISA). A modified method of Devideral (2004) was
HPSOR\HG 7KH SODWHV ZHUH F RS @vibleWidlecule) iO1RINVBBEELW DQ'
sodium bicarbonate solution (pH 9.6) and incubated overnight°&t 4fter that, the plates were

washed 3 times with a washing buffer. Then, TBS containing 1% BSA was added and the specimens
were incubated for h at 20°C. Thereafter, the plates were washed 3 times using a washing buffer.

Then, the serum sample was added to the plates and the standard (pig 1gG) was placed into duplicate
wells and incubated for 2 h at 2G. The plates were then washed 3 times witwashing buffer.
RabbitaniSLJ ODEHOHG SHUR[LGDVH O ZzDV DGGHG WR HDFK ZHOC
1 h at 20°C. After that, the plates were washed again 3 times with a washing buffer. Then, the
substrate OPD was added and the colo@tHiDFWLRQ ZDV VWARMFEG, 808l the O
absorbance was read at 492 nm. Ultimately, the standard curve was calculated for the sample.

Data Analysis

In terms of the statistical method, data were analyzed by using the procedure of SPSS Windows. All
statistical tests were performed with SPSS Statistics 17.0 (SPSS Inc., Chicago, IL). For the analysis of
growth performance, piglets were weighed daily from birth to weaning and the average daily gain
(ADG) and IgG were calculated. The observed mean intipleilcomparisons was based on the
'XQFDQ 3RVW +RF WHVW 8VLQJ WKH 6366 IRU :LQGRZV 3HDUVRQ
for the treatments.

RESULTS AND DISCUSSION

The influence of pig breed on growth performance and average daily gain theimgeweaning
period is presented in Table The body weights of all treatments increased over time. However, the
body weights of TN piglets were the lowest. The average daily gain (ADG) of TN piglets was lower
thanthoseof the MS and LWXLR breeds 44 and 21 days. The LWXLR breed was significantly
higher at birth and at seven days (1.43+0.20 and 2.66x0.20, respectively) compared to piglets of TN
(0.65+£0.15 and 1.12+0.15, respectively) and MS (1.07+0.02 and 1.97+0.37, respectively) breeds
(p<0.01). Havever, in this regard, MS piglets were not found to be significantly different (p<0.01)
from the LWXLR breed at fourteen and tweitye days of age. For the ADG of the MS and LWXLR
breeds, it was found to be significantly higher than the that of the Téd lahering the preveaning
period (p<0.01), but ADG of the MS and LWXLR breeds were not found to be significantly different
during all lactation periods and the piglets of the MS breed (0.20+0.05) had the highest ADG at
fourteen days.

The results of oustudy indicated that there is a significant effect of breed on performance traits.
The body weights of piglets from each breed for all treatments during theepreng period were
both negatively and significantly correlated with birth weight in accoramith previous results
obtained in our study (Skorjarat al, 2007). In our study, birth weights of TN pigs were lower than
those of the crosgred piglets, and TN pigs were also lower in growth potential and ADG than the
crossbred piglets, which werdmilar to the findings of the repodf Skoket al.(2008) who studied
the growth performance of piglets during the lactation period. Their results showed that heavy piglets
at birth were still heavier at the end of lactation in comparison to light piglatéavkovaet al (2012)
reported that low birth weight piglets grew at lower rates than pigs with higher birth weights and that
low birth weight piglets gained less weight during all periods of production, and they also had less
longissimusmuscle(Fix et al, 201Q. The results reported herein are also in agreement with the study
conducted byKaensombath and Lindberg (2Q1that studied the growth performance of exotic and
native breeds and found that crdsed pglets displayed higher growth performance than native breeds.
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The native breed piglets had lower performance and production inputs, but displayed excellent
adaptation traits when compared with exotic bref¢isonouchanhet al, 201). Nwakpu (2013)
studied the characteristics of inbred and clwesl native piglets with regard to preaning and
weaning growth performance levels in pigs. They found that the effects of growth potential among
native pigswere more affected inbred than exotic breeds, and thatvgmeing and weaning
performance values of the creds®d piglets were better than those of the native pig breeds because of
the dominant genes that were acquired from the exotic parent. Thecsighifiifferences observed
among the genetic delivery of four pig breeds in Thailand suggested that Thai native pigs displayed the
highest genetic diversity between Large White (LW), Spotted Large White (SLW), and Pietrain breeds
(there was a great genetiifferentiation observed between Thai native breeds and the other three
breeds) (Chaiwatanaset al, 2002). Leenhouwerst al. (2002) reported that high genetic merit of
piglets could improve the ability to cope with hazards during birth and theldiystof life. Renaudeau

et al (2006) showed that the performance and the feeding records of pigs raised in tropical climates
were affected significantly by their breeds. The native breeds better tolerated hot conditions than the
cross breeds. The best haa@lerance was observed in indigenous breeds and this was associated with a
greater ability to lose heat.

Table 1 Body weight and Average daily gain (ADG) of each breed during lactation period

Variable Age, day TN MS LWXLR SEM P-value
BW, kg
Birth weight ~ 0.65+0.15c(d) 1.07+0.02b(d) 1.43+0.20a(d)  0.065 0.000
7 1.12+0.15¢(c) 1.9740.37b(c) 2.66+0.20a(c) 0.068 0.000
14 1.61+0.15b(b) 3.74+0.48a(b) 3.84+0.18a(b)  0.106 0.000
21 2.20+0.15b(a) 4.55+1.18a(a) 5.05+0.42a(a) 0.134 0.000
ADG, kg
7 0.07£0.00b 0.13+£0.05ab 0.18+0.24a 0.016 0.05
14 0.07£0.01b 0.20+0.05a 0.17+0.01a 0.018 0.00
21 0.07£0.01b 0.17+0.06a 0.17+0.21a 0.016 0.05
a,b,c Means with different superscripts within a row differ, p<0.01
(a),(b),(c), (d) Means with differestiperscripts within a column differ, p<0.01
Breeds: TN=Thai Native, MS=Meishan, LWxLR=Large whitexLandrace
Table 2 IgG concentrations of piglet serum at different times in each breed
Stage of Immunoglobulin G, mg/ml
lactation(h) ™ MS LWxLR SEM P-value
12 16.98+2.98 17.90+2.43 15.28+3.33 0.759 0.388
24 21.323.29 20.90+2.29  20.06+3.73 0.768 0.817

Breeds: TN=Thai native, MS=Meishan, LWxLR=Large whitexLandrace

The concentrations of IgG in each breed at 12 h were less than 24 h of all breeds (Table 2). The
IgG concentration in the serum of piglets increased over time. However, IgG concentration was not
significantly different for different breeds (p>0.01jhe inmunoglobulin is secreted from the
mammary tissue in the mammary gland (Foiseét al, 2010). The transport of maternal
immunoglobulin to the neonate occurs by two routes: the blood stream and colostrum, and
immunoglobulin transfer in quantity in the blostileam or via the colostrum is mainly of the IgG class
and has lower concentrations of IgA and IdBlourne and Curtis, 1973MarkowskaDaniel and
PomorskaMol (2010) reported the average concentrationgAf IgM, and 1gG in sow serum 10 days
before parturition were 1.58, 6.12 and 39.56 mg/ml, respectively. After farrowing 7 days, the average
of 1gG concentrations level was lower (34.94 mg/ml), but concentrations of IgA and IgM level
increased to 2.25 antl25 mg/ml. For the colostrum of sows at farrowing, the IgG concentration was
118.5 mg/ml, the IgA concentration was 23.8 mg/ml and decreased to 7.85 mg/ml at 6 h and to 4.59
mg/ml at 24 h, and concentration of IgM was 12.1 mg/ml and decreased to 428 ah¢l4 h
postpartumCabrea et al (2012) studied the influence oblostrum and serum immunoglobulin G on
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neonatal piglet survivalt was confirmed that the concentration of 1gG in the serum@30 mg/dl

and displayed a 67% piglet survival ratevaganing. Serum IgG concentrations were recorded at
between 2,250 to 2,500 mg/dl and displayed a 91% survival rate at weBamngeret al (2007)
studied the influence of genotype on colostrum and the milk composition of primiparous sows (Belgian
Landrace Duroc, Landrace and Yorkshire). They found that colostrum ane? daik from Duroc

sows contained more protein and less amounts of lactose than sows of other genotypes:bbhe first
piglet had low energy stores and was devoid of serum immunoglodDivdich et al, 2005).
Colostrum samples contained nutrition and immunoglobulin. Both of them are comprised of important
energy and maternal antibodies that are provided for the survival and developmenhafahgiglets
(Devillerset al, 2011). Csapet al (1995) researched the composition of colostrum in porcines. The
results showed that the first colostrum samples contained 1606%6tal protein. The high protein
content in colostrum was largely produced by the immunoglobulin. During the Firaftér farrowing,

IgG accounted for nearly all the protein in the colostrum (Kloleasd, 1987). Kiellandet al (2015)
investigated e association between IgG in sow colostrum and piglet plashey found that the
colostrum IgG and piglet IgG hadstrong association and that when the IgG level in the colostrum
was increased, the levels of IgG in the piglets would improve and this would potentially increase the
survival rates of the pigletSQuesnelet al (2012) andDevillers et al (2007) reportedhat the
consumption of 200 g of colostrum per piglet during the first day after birth significantly reduced the
risk of mortality before weaning, while the consumption of 250 g of colostrum was an indicator of
good health and pr&eaning and posweaninggrowth among piglets.

CONCLUSION

In conclusion, the presented data has demonstrated the breeds of pigs influenced body weight and
ADG during preweaning period. The MS and LWXLR showed better growth performance than TN.
However, the pig breeds did raffect the IgG concentration in serum of piglets at 12 and 24 h.
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Abstract Decomposition of soil organic carbon as well as growth of crops are affected by soil
physical condition such as soil moisture and soil temperature. Thus predicting soil moisture and
temperature condition of arable lands under future climate change istamipdor both
mitigation and adaptation of climate change in agriculture. In this study, we attempted to
predict soil temperature condition in arbitrary arable lands in Japan. Soybean fields of Toyama
city, middle part of Japan facing Japan Sea were chasetihe experimental site. There,
monitoring of soil temperature and measurement ofteeilmal propertiesvhich is a function

of soil moisture, was conducteBor the future applicatioto arbitrary locations, the thermal
properties were alspredictedwith a mathematicaimodel, by using soil physical properties
such as the ratio of sand: silt :clay, soil particle density and dry bulk density in soil physical
database. Then, numerical simulation of soil moisture and temperature was conducted with
predictel soil hydraulic and thermal properties. The model with estimated thermal properties
described the measured soil temperature fairly well especially when the soil condition was wet.

Keywords climate change, thermal conductivity, soil temperature, soil datgb
numerical simulatiot

INTRODUCTION

6RLO LV D IRXQGDWLRQ RI DJULFXOWXUH DQG HFRV\VWHP *URZV
LQVHFW DQG SHVW DV ZHOO DV GHFRPSRVLWLRQ RI VRLO RUJDQ
VXFK DV VRLO PRLVWXUH DRGOVPRUOWHWSBODWXUH6LKYIK DQG '

6LPXQHN DQG 6XDUH] &OLPDWH FKDQJH LQFOXGLQJ WHPSH!|
ZLOO DOWHU VRLO SK\VLFDEDEROWGDWLRQV YRBRZHOPEBKOBW VRLO
R FP KDV LQFUHDVHG DW¥D®HD  YEHHWPDDGEHUDMEP RI WR LQ OR

UHJLRQ LQ 86$ DQG PHQWLRQHG WKDW WKH WHPSRUDO FKDQJHYV
RI DLU WHPSHUDWXUH 7KH DY D LSOHUEOMX B B VIHQG H®R IGD WR LR WWXRIH
VSDWLDOO\ DQG WHPSRUDULO\ FRPSDUHG WR WKH PHWHRURORJL
1XPHULFDO VLPXODWLRQ RI VRLO ZDWHU DQG KHDW PRYHPHC
SURMHFWLRQV DV ERXQGDU\ FRZBLWR RS HG LEEQH | RWWHKH WRIHF \S |
.DWR DQG 1LVKLPXUD SURSRVHG WKH PHWKRGV RI WHPSR
HVSHFLDOO\ WKH UDLQIDOO GDWD IRU SURGXFLQJ ERXQGDU\
PRLVWXUH DVKH BRIQMF® OHG SURMHFWLRQV WR SUHGLFWLRQ R

ODQG LQ -DSbQ .DWR DQG 1LVKLPXUD DWWHPSWHG WR |
QXPHULFDO VLPXODWLRQ RI VRLO PRLVWXWRLQ SK\VILWDODUS URIL
GDWDEDVH 6ROSK\ - (JXFKL HW DO $V IRU WKH VRLO WHP
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FRQGXFWHG WKH QXPHULFDO VLPXODWLRQ RI VRLO WHPSHUDW
WHPSHUDWXUH WHKRRHGEGVRALOVW RPHHIDPDO FRQGXFWLYLW\ )RU WKH
WR SUHGLFW VRLO WHPSHUDWXUH LQ DUELWUDU\ ORFDWLRQV ZL
VRLO WKHUPDO SURSHUWLHY DUH JHQHYDWFHKDDNH VMR HG WHMWRX O
GHQVLW\ HWF VRLO SK\VLFDO SURSHUWLHVY GDWDEDVHV DUH
SURSHUWLHY DQG VXEVHTXHQW VLPXODWLRQ RI VRLO WHPSHUDW
Based on the above, in this study, we investigatedotissibility of estimation of soil thermal
properties by using available soil physical properties databases and prediction of soil temperature
under climate change in arbitrary agricultural lands.

METHOD OLOGY

6 WX&WH

One of the plain agricultural fielth Toyama city, the middle part of Japan facing Japan Sea, was
chosen as the study site (Fig. Hokuriku District, including Toyama city is the representative grain
growing area in Japan and has often been chosen as research sites for effects ofhaingeteon
agriculture (MEXT, 2015). Recently, a multiple cropping system of paddybadeysoybean in two

years has often been employing in the region around our study site. Barley and soy beans were grown
from November 2010 to May 2011, and from JuaeCictober 2011, respectively, at Agricultural
Research Institute of Toyama Prefectural Agricultural, Forestry and Fisheries Research Center in
Toyama City. There, soil moisture and temperature at depths of 5, 10, 20, 30 and 40cm was monitored
continuouslywith ECH20O 5TE sensors (Decagon Devices, Inc., USA) from April to October, 2011.
Undisturbed 100 cfrcore samples and disturbed soil were sampled from a pit in the field and then soil
samples were brought back and their physical properties (soil texdutie|godensity, water retention,
saturated hydraulic conductivity) were measured in the laborét@tp and Nishimura, 2016%5oil
WKHUPDO FRQBas Bl¥d médsWwad with KD2 heat probe (Decagon Deviced 8#).

/
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D#8.:#,.\ 4

‘ ‘* \\‘\ 3
; 2t | g
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} / 7 ';S‘e ’J
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Fig. 1 The location of Toyama City (Kato and Nishimura, 2016, modified)

IXPHUIORIEMHO

HYDRUS-1D model has widely been used for calculation of soil moisture and temperature, and in this
study, the verd.xx (4L P $ QeHal, 2013) was used. Since heat is also transported with water, and soil
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thermal properties often changes with soil moisture condition, both soil moisture and soil temperature

were simulated simultaneously. The governing equation ofdlignd vapor water movement in soils

ZDV DQ HIWHQGHG 5LFKUDGVYT HBXIRY.IRQ ZLWK URRW ZDWHU XSW
wr h wa Vi W °

— K K,(— 1) K K;s —. Sh
W W (_(| vh (\M ) LT vT W i74 (1)

whereh is the pressure heat][ 1 is the total volumetric water content, or the sum of the volumetric
water content of liquid ( and vapor (Y water [L’L™], respectivelyT is temperature [K]K andK r
are the isothermal and thermal hydraulic conductivity of the liquid phaEd, K., andK,r are the
isothermal and thermal vapor hydriautonductivity, respectively[L™].

Heat transfer with vapor transport was described with heat flow equation (Eg. (2)).
Wz,- wa W ©° w WVT

I-O_ CW_ Cv Loﬂ

w
T T« Uy
W w ws w?, W W W @

C, T

whereC is the volumetric heat capacity and subsguiptv, andv mean porous medium, liquid water
and vapor, respectively, is the volumetric latent heat wporization of liquid water [M™T?] andgq,

is the vapor flux density [[*]. is the apparent themal conductivity of the soil [M LPK™] which is
the sum of the thermal conductivity of the porous medium under no flow condition and the
macrodispersivity. The details can be foundaih P $ @tkIN(2013).

Soil Hydraulic Parameters

In this study, van GenuchteMualem ¥G-M) model (van Genuchterl980 Eg. (3) and (4) was
employed for predicting water retention curves and unsaturated hydraulic conductivity.

s =& 1w "
T 7 -

KM KS2 @ s @

where | and  are the residual and saturated volumetric water contéht’[LKs is the sattated
hydraulic conductivity [T, S is the effective saturation [dimensionless]L™], |, m=1-1/n, andn
[dimensionless] are empirical parameters.

Hydraulic parametersf VG-M model for soils of each layer were determined based on the digital
soil map (Takata et al., 2009) and the agricultural-maifile physical properties database, Japan
36 ROSK\-" (JXFKL HW DO +HUH FDOFXaybrsvdceo@inp wHD ZDV
SolphyJ database and dataset of water retention, i.e., volumetric water contents at suctions of 32, 500,
16000 and 320000 cm2 RI HDFK VRLO OD\HU ZHUH SUHSDUHG ,7KHQ 35(
1992), which can predict parameters oil swydraulic functions such as @ model by fitting
observed water retention by nonlinear lesgtares method, was used for determining theWG
SDUDPHWHUV 7KH VDWXUDWHGXKAOGHD2OOL B FHRLGFXNFMG. ZILW\K3D QH
model 35RVHWWD"~ 6FKDDS HW DO 7KH UHFRPRé¢detglsléanY D O X H
be found in Kato and Nishimura (2016).

Soil Thermal Parameters

Volumetric heat capacitC ( ) and thermal conductivity, ( ) vary among soils. Considering the
application to arbitrary locations, bothand , were determined witthe soil properties database.

E ISERD
31



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

Volumetric heat capacityf soil can be describeas the sum of heat capacities of the constituents
as follows(a L P $ @tk 2013)

C.oi C T C T C, 7T Cpa, | 1927 2517 41870¢ (3 kY ®)
whereC means heat capacity and subscriptiom,a, w anda are solid, organic matter, water and air,
respectively and, is the volumetric fraction of air.,can be found in SolphyJ database andanalso
be obtainedssuming that particle density of organic matter is (g&8r°).

Models have been proposed to estimate soil thermal conductivity. In this study, Chung and Horton
(1980) (GH) model and Campbell (1985) model were employed.

Chung andHorton (1980) described soil thermal conductivity as follokc (6)).

@y b b, 7 by #? (6)

whereb,, b, andb; are empirical parameter€hung and Horton (1980) proposed the sample set of
bi~bs FRUUHVSRQGLQJ ZLWK 3VDQG’ eatt&r v® ¢all thes§.as® £ Ry amlQG KHU
clays respectively.

According to Campbell (1985), soil thermal conductivity is describes as folEgvgA)).

Qu A BT A Dexp' CT5
057 1737 0937,
28T1 T, B 28T
1 0747 049F,

C 1267"%, D 003077F° E 4

()

where subscription, m andc represent quartz, minerals other than quartz, and clay, respectively, and
lsand s are ®il dry bulk density and soil particle density, respectively ., and .can be calculated

as equatiosn(8) assumindhat theentiresandfractionis originatedfrom quartz, while silt and clay are
from other minerals

n=lof !, q ol Sand(%)v m: ntqg nl Clay (%) (8)

where singand 5y are the volumetric fraction of sand and clay, respectively. Here, mass ratio of sand
and clay in SolphyJ database were substitutedf@sand .ay, respectivelyThough bothlyand Is can

be found in Solphy J database, héheee different!y( 41, 'a2, and ly3) were employed foEq. (8) as
follows since soil bulk density easily changes vditittivation.

!d2 = !dl +0.10Q !d3 = !d2 -0.10 (9)

wheredry bulk density value in Solphy J database were employedgyfoin this study, 14,=1.02,
112=0.92 and !35= 0.82were used for theimulation Hereafter we call campWhich were predicted with
lan, laz '43@S 1.2 092 082 respectively.

ScenarioStudy

Using determined parameters, scenario study was conducted to predict soil moisture and temperature

of arable lands in Toyama under climate change. ELJPISlizumi et al., 2012) is approximately 20

NP VFDOH GDLO\ *&0 SURMHFWLRQRGDWDWBWVRI7KH WLPWLNFHUWL
represents variability of meteorological phenomena incident to temporal downscaling of GCM
projections (lizumi et al., 2012). Corresponding to Toyama weather station, MIROC 3.2 hires and A1B

of Toyama weather station dateere employed for GCM and IPCC SRES Scenario, respectively.

Since temporal scale of soil water and heat movement in agricultural lands are usually shorter than a
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day, daily ELPISIP dataset was temporally downscaled into hourly or shorter scale by esitigew

generator CLIGEN (Nick et al., 1999)etails of temporal downscaling methods can be fanri€ato

and Nishimura (2015According to the climate scenario of the possible monthly rainfall depth of the
soybean growing period (June, July, August aept&nber), expected maximum values in present
(1981:2000) are 291, 405, 346 and 38®n, respectively, and those values in future (2071 to 2090)

tend to increase to 1.3 ~ 1.6 times of those of present, except August. Average monthly air temperature

of four months from June in present are projected to be 24.4, 28.6, 30.4 an¥ ,2®=8pectivelyand

are likely to rise 3~5¥¢ through a year in late 2Tentury. Here, we attempted to predict soil moisture

and temperature with an assumption of maximum monthy@QdDOO LQ -XQH ERWK LQ 3S
SIXWXUH" .DWR DQG 1LVKLPXUD

RESULTS AND DISCUSSION

Determined hydraulic parameters are shown in Table 1 and Kato and Nishimura (2016) reported that
the model described soil moisture well with RMSE (root meaarsgerror) of 0.01 chem®.

Table 1 Determined soil hydraulic parameters of each layer

Location Level r(cm3 cm’) S(cm3 cm’) . n K/ (0cmd) |

Toyama 1 0.027 0.470 0.043 1.11 18.9 0.5
2 0.029 0.361 0.032 1.11 11.6 0.5
3 0.009 0.468 0.046 1.12 72.0 0.5

1

Soil thermal diffusivity K,, which is calculated by the ratio of thermal conductivityto
volumetric heat capacit§,, is an indicator of the ability of soil to have temperature change with heat
inflow. Hereafter we call the thermal diffusivities calculated Withy 10am clay, 1.02, 092 @nd ggas
Ksand Kioam Keiays K102 Kogz andKg gy respectively. Bure 2 shows the comparison of soil thermal
diffusivities among those determined with (a)HCmodel Ksang Kioam and Keiay) and (b) Campbell
model K102 Kooz andKggy). Both figures alsehowKeas Which were calculated with measured soil
thermal F R Q G X F W.LfitedWiith GH model. Compared with the measured value$] Giodel
overestimated thermal conductivities and thus thermal diffusivities ZFia)). EspeciallylKsangis four
times larger thaieqs. This discrepancy is probably duette difference in soil bulk density and type
of minerals which constitute the soil. Campbell model, which can partly consider some of physical
properties, tended to describe the thermal diffusivities better tHam@del and the predicted values
were impoved by assuming the lower dry bulk density, especially when soil moisture is high (Jury and
Horton, 2004) (Fig2(b)).

ey, o,
- - - -A,<q .. -_'A”‘
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b.%: gy P . g “ Ay
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0 -——--- q R R
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5 v /\ il"# | /\
! ‘ ‘ | ‘ ‘
= ! "# "$ 1"% ! "# "$ "%
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Fig. 2 Estimated thermal diffusivities with (a) Chung and Horton and (b) Campbell models
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Figure 3 shows the comparison of measured and simulated soil temperature at depth of 10cm in
the study field. Simulated values were calculated by using measured thermal condugtiyifijhe
model described the measured soil temperature well with RMSE ¥ 1.7

Figure 4 shows the comparison of the simulated vertical distribution of soil temperature among
those calculated with five different thermal conductivity, Qhs 102 092 os2@nd measON a (a)dry
day (the sunny day after a few sunny days in esgion) and (b) wet day (the day after a rainy day),
and Fig.4(c) shows the simulated vertical distribution of volumetric water content ditlday (a)
and the wet dayb) of Fig. 4. Simulated soil temperature with,,qwas larger than other simulated
results regardless of the soil moisture condition. On the other hand, simulated results with Campbell
model (102 o092 and og) agreed well with that with e, under wet soil condition. It might be
reflected that théhermal diffusivitiesK o5, Kooz andKg g, at high water content are more similar to
Kmeasthan those at low water content (F&). Campbell model gives smaller thermal diffusivity at low
water content due to the exponential function with water corera variableEg.7). Probably this
made it quite difficult to evaluate thermal conductivity of soil under dry condition. Changes in dry bulk
density in the estimation of soil thermal conductivity did not affect predlisbil temperature so much
(<1 ¥) compared to changes in soil moisture condition (Jury and Horton, 2004).Those results
indicated that in wetted seasons or humid regions such as Japan, soil temperature can be predicted with

acceptable preciseness by using soil thermal conductivity whighagst with Campbell model by
using SolphyJ database.

)
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Fig. 3 Comparison of the simulated and observed soil temperature at depth of tén
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Fig. 4 Comparison of the simulated vertical distribution of the soil temperature predicted with
estimatedthermal conductivities on a dry day (a) and a wet day (b), and the simulated
vertical distribution of soil moisture of both days (c)
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Fig. 5 Comparison of the simulated and observed soil temperature at depth of 10cm between
3IXWXUH” DQG 3SUHVHQW’

Figure5 VKRZV WKH FRPSDULVRQ RI VLPXODWHG VRLO WHPSHUDW
D QG 31X Wxdstmployed in this scenario study. In the future, soil temperature may rise three to
five degrees accompanies with rising air temperature. Imidns the quantitative discussion about soil
temperature in the future in arbitrary agricultural lands maybe possible with estimated thermal
conductivity.

CONCLUSION

In this study, we investigated the proper method of estimating soil thermal propertisisidpyligital

soil map and the soil physical database in order to predict soil temperature in arbitrary agricultural
lands. Soil thermal conductivity could be estimated with mathematical model by using soil physical
properties such as the ratio of sandt silay, soil particle density and dry bulk density in the soil
physical database. Soil temperature was well described the past soil temperature records with
numerical simulation by using estimat@arametersespecially when the soil is wethis result
indicated that it may be possible to predict soil moisture and soil temperature quantatively with the
combination of soil physical properties database and downscaled climate model progsyiesially

for the high humid regions such as Asian countries.
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Abstract Relocating isolatediillagers from upland to lowland areas is an important rural
development strategy to eradicate poverty and food insecurity in Laos. However, previous
research found several social and livelihood problems after resettlement, including poverty and
food inseurity. This study investigated the level of food insecurity after resettlement and
identified factors influencing household food security. We surveyed 60 households through a
structured questionnairin Tok Ong Keo village of Lamam district, Sekong proeinrhe U.S.

Food Security/Hunger Survey Module was employed to measure the severity of food insecurity.
In addition, we applied a logistic regression model to examine the factors influencing food
security. The results show that about 55% of the sampleeholds experienced rice shortages

for about 18 months and 61.7% were food insecure with moderate hunger. The education level
of household heads, household size, and livestock ownership all had statistically significant
influences on food security.

Keywords food security, determinants, resettlement, upland areas, Sekong province, Laos

INTRODUCTION

JRRG VHFXULW\ LV GHILQHG DV D VLWXDWLRQ WKDW H[LVWV Z
HFRQRPLF DFFHVV WR VXIILFLHQW VDIH DQG QXWULWLRXV IRRC
remains one of the critical challenges for develomiagntries owing tanultifaceted factors, such as
persistent poverty, rapid population growth, and natural disasters (Snaith 2000).More than 868
million people (or 12.5% of the global population) are estimated to suffer from chronic
undernourishment iterms of dietary energy supplfpproximately 64.8% of undernourished people
(563 million people) live in rural areas in Asia, inclugibao PDR (FAO, 2012). Lao PDR is a poor
country in Southeast Asia with an estimated per capita gross domestic product (GDP) of USD 1,320 in
2012, and with roughly 68% of the population residing in rural aréasording to the Lao
Expenditure and Consumph Survey 2007/08, abo®7.6% of Lao people live below the national
poverty line and 24.6% are classified as food insecure (Government of Laos, 2010). The highest food
insecurity levels are found mostly in mountainous areas, in particular, in Sekoimgcpravhere food
insecurity affects 50.3% of people, about 60% of children less than 5 years of age are stunted, and
nearly half are underweight. The mountainous terrain is a major constraint in eradicating food
insecurity; most upland villagers live inagtered small villages where they are unable to access roads,
markets, and social services, such as education and health care.

In order to improve the livelihood of villagers, the government has combined households from
various ethnic groups and scattexdthges in the remote highlands to lowland areas and along roads.
7TKURXJK LPSOHPHQWDWLRQ RI WKH SROLF\ WKHUH KDYH EHHQ
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including improvement of roads, electricity, education, health services, water, andtiani
Nevertheless, it is expected that the level of food insecurity will remain high at the start of relocation
for various reasons. For example, based on a literature reviewmber of laneuse conflicts and

social and livelihood problems have ocadrin the resettled areas (Douangsila, 2012). High mortality
rates and the prevalence of waberne diseases and malaria have arisen (Roma&fiog). Some
newcomers in resettled villages have had access to less land and a shorter fallow period of shifting
cultivation, resulting in rice deficiency (Evrard, 2004). In addition, there has been inadequate
availability of natural resources and social services (World Food Progra2fid). Even so, there is
limited literature on househol@ével food security aman resettled households. In addition,
understanding the cause of food insecurity at the household lesddgtial to provide information to
local, national, and international organizations in order to eradicate food insecurity and improve the
livelihoodsof rural people.

Our research sought to address the following two questions. Whit,is the food insecurity
situation after resettlement? Second, what are the socioeconomic factors and individual resource
factors that influence food security amongeattled households? Thereforee aims of this study were
to 1) investigate the incidence of food insecurity in resettled villages, and 2) identifiadtoesf
affecting household food security.

METHOD OLOGY

Background Information of the Study Village

This study was conducted in Sekong province, which is located in the southern region of Laos and has
an area of 8,742 I&ncomprising 229 villages, 17,158 households, and a total population of 104,499 in
2012.In this province, people from several small mourgas villages were moved to villages in the
lowland areas, which have more opportunities to access social services. For our study area, we selected
Tok Ong Keo villageof the Lamam district in Sekong province

In 1978, the villagers were relocated frohe toriginal highland areas to a plains area near roads
(about 2 km away from the original highland place). For the first year of resettlement, the local
government provided households with zinc roofing sheets and, in some cases, goats and pigs. All
villagers continued to cultivate upland rice through shifting cultivation methods in their original upland
fields; the total land available for cultivation was about 336 ha with an average fallow perigtDof 6
years. Thereafter, in 2010, all villagers were mosagdin to a larger permanent location, which was
about 1 km away from the previously settled place. This was because the government had selected the
village for implementing the Focal Site Development (FSD) project, and the previous location of the
houseswvas reclaimed for lowland paddy fields. Of the total village area of 2,100 ha, about 48 ha are
used to grow rice in the lowland paddy field, but only 36 households are able to use the areas owing to
insufficient land for development. Consequently, all agkrs continue to rely on upland rice
cultivation for their primary livelihood activities. However, the land available for upland rice has
reduced from 336 ha during 19810 to 220 ha after resettlement in 2010 as a result of the
government policy to proote resettlement, which has led to the reduction of shifting cultivation.
Accordingly, the average fallow period has been shortenedSo/&@ars. Above all, we consider the
data of our study, which was collected in 2013, as the initial stage of resettleezause more than
30 years has passed between the first and second resettlement stage.

OHDVXUHPHQW RI )RRG ,QVHFXULW\ DW +RXVHKROG /HYHO

To measure the severity of food insecurity, a subjective method, namely the U.S. Household Food
Security/Hunger Suey Module (U.S. FSSM) was used. The U.S. FSSM is one of the most reliable
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indicators and has widely used to access food security. It was first developed in the early 1990s by the
federal interagency Food Security Measurement Project (Bickel et al., ZD@®)reliability and
validity of this indicator has been proven by previous research, and a mean score of the U.S. FSSM has
a statistically significant correlation with calorie and nutrient intake, income pamttyeekly food
expenditure (Tarasuk, 1999; Edward et al., 2007).

The concept of the U.S. FSSM is essentially used for 18 items related to experience of food deficit
among adults and children due to lack of resources (money and food) over a specdiop@diaays
or 12 months. Household food security is categorized by ranging a scale score of the affirmative
responses from 0 to 10, with O representing no evidence of food insecurity and scores close to 10
indicating cumulative evidence of the severexjrde of hunger. The answer from 18 items provides a
continuous measure scale score that can be used to classify households into four categories, as follows:

1. )RRG VHEXUH +RXVHKROGVY VKRZ QR RU OHDVW HYLGHQFH RI
2. )RRG LQVHFXUH ZLWKRXW +RXYHKROG PHPEHUV DUH FRQFF
DGHTXDF\ RI KRXVHKROG IRRG VXSSO\ DQG KDYH DGMXVW
LQFOXGLQJ UHGXFHG TXDOLW\ RI IRRG DQG LQFUHDVHG XQX
3. )RRG LQVMWHKXPRGHUDWH: KXQ IBEXOWYV KDYH GHFUHDVHG IRRG
WKH\ KDYH UHSHDWHGO\ H[SHULHQFHG WKH SK\VLFDO VHQVI
4. )RRG LQVHFXUH ZLWK ¥ HYHOB8 KRIVHUROGYV ZLWK FKLOGUH
FKLOGUHQIYWRMP® HJWERRW LQGLFDWLQJ WKDW FKLOGUHQ K

Data Collection and Analysis

The primary data were gathered through a field survey conducted in January 2013. Of the total 82
households living in the village, 22 households were excluded tliemsurvey because they were not
available during the survey; thus, only 60 were interviewed using a structured questionnaire. The
guestionnaire consists of information on household composition, upland/lowland rice areas, rice
production, household incomand experience of food insecurity over 12 months.

We employed a logistic regression model to identify the determinants of household food security.
To set up a dependent variable, the food security status was reorganized from four categories into two.
Households that were food insecure with moderate and severe hunger were combined into a single
broader category and classified as a food insecure or households with hunger (Y = 0). In contrast,
households that were both food secure and insecure without huaegerclassified as food secure or
households without hunger (Y =.1)Vith regard to the independent variableducation, household
size, number of relatives and friends, cultivated upland areas, upland rice yield, cultivatied rain
lowland rice, and ligstock ownership were selected.

RESULTS AND DISCUSSION

The results show that about 55% of households experienced at #asbths of rice shortages, and

38.3% reported longer rice shortage periods of more than 3 months, from July to October (Table 1).
Having said that, only 6.7% households were able toym@dufficient rice to meet the requirements

of their households all year round. The results of the U.S. FSSM reveal that about 61.7% of households
ZHUH FDWHJRUL]JHG DV 3IRRG LQVHFXUH ZLWK PRGHUDWH KXQJH
area fregently experienced the physical sensation of hunger. They employed rationing as a coping
strategy, which includes limiting the amount of food given to each household member at mealtimes

and reducing the number of meals eaten in a day. Moreover, about dfindUseholds surveyed were

3IRRG LQVHFXUH ZLWK VHYHUH KXQJHU "~ LQGLFDWLQJ WKDW WK
these households was reduced owing to lack of food and money to purchase food. Conversely, about
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21.6% and 5% of householdX$J YH\HG ZHUH FDWHJRUL]JHG DV 3IRRG LQVHFXU
VHFXUH ~ UHVSHFWLYHOQO\
Table 1 Riceshortage andfoodinsecurity

Month of rice shortage (month) N =60 %
No experience 4 6.7
1-3 months 33 55.0
More than 3 months 23 383

Food security status (scale score)

Food secure 3 5.0
Food insecure without hunger 13 216
Food insecure with moderate hung 37 61.7
Food insecure with severe hunger 7 117

6RXUFH $XWKRUTV FDOFXODWLRQ E

The anxiety, experiences, perceptions, and adjustment regarding food insecurity and hunger
reported by respondents are illustrated in Table 2. Of the sample households, 96.7% reported that they
could not afford balanced meals for both adults and childudriteey relied on a few kinds of leaost
food for children. In addition, the majority of respondents (93.3%) had worried that food would run out,
about 83.3% stated that the food they bought did not last owing to lack of money to purchase more,
75% had ctuor skipped meals for adults, and 43.3% had felt hungry but did not eat. Moreover,
DSSUR[LPDWHO\ RI KRXVHKROGV ZLWK KXQJHU DFNQRZOHGJH
meals and skipped meals for children (50%). This implies that half oeholas in the resettled areas
relied on nomutritious food for their children and children did not have enough to eat. Declining food
consumption among children can lead to poor health and malnutrition in the future. It was observed
that rice was often é&&n together with chili paste, vegetables, bamboo shoots, and sometimes, fish and
chicken. However, meat was eaten only occasionally, mainly at such events as traditional spirit
sacrifices, wedding parties, and village festivals.

Table 2 Affirmative respmse from the U.S. FSSMjuestionnaires

Household without Household with

‘N?ge(s(g;’;‘ List of 18 questions from the FSSM N(;ASSO hunger® hunger® t-test

) N =16 (26.7%) N = 44 (73.4%)
2 Worried food would run out 56 (93.3) 12 (75.0) 44 (100) 0.00%***
3 Food bought did not last 50 (83.3) 12 (75.0) 38 (86.4) 0.30
4 Could not afford to eat balanced mels 58 (96.7) 15 (93.7) 43 (97.7) 0.45
5 Few kinds of lowcost food for children 58 (96.7) 14 (97.5) 44 (100) 0.02**
6 Could not feed children a balanced meal 58 (96.7) 14 (87.5) 44 (100) 0.02**
7 Children were not eating enough 33 (55.0) 4 (25.0) 29 (65.9) 0.00%***
8 Adult(s) cut or skipped meals 45 (75.0) 6 (37.5) 39 (88.6) 0.00%***
8a Adult(s) cut or skipped meals, 3+ months 0 (0) 0 (0) 0 (0) N/S
9 You ate less than felt you should 44 (73.3) 5(31.5) 39 (88.6) 0.00%***
10 You were hungry but did not eat 26 (43.3) 2 (12.5) 24 (54.5) 0.00%***
11 You lost weight because not enough food N/S N/S N/S N/S
12 Adult(s) not eat for whole day 18 (30.0) 1(6.3) 17 (38.6) 0.02**
12a Adult(s) not eat for whole day, 3+months 0(0) 0 (0) 0(0) N/S
13 &XW VL]H RI FKLOGUHQTYV 29(48.3) 0 (0) 29 (65.9) 0.00%**
14 Children skip meals 22 (36.7) 0 (0) 22 (50.0) 0.00%***
1l4a Children skip meals, 3+months 0 (0) 0 (0) 0 (0) N/S
15 Children ever hungry 21 (35.0) 0 (0) 21 (47.7) 0.00%***
16 Children not eat for whole day 1(1.7) 0 (0) 1(2.7) 0.55
6RXUFH $XWKRUYY FDOFXODWLRQ EDVHG RQ KRXVHKROG VXUYH\

Note : *** and ** denotes significance at 1% and 580The first question (Q1), which is asked whether do you have enough food to

eat or not, is a screening question. This question is not part of the actual scale in the U.S. FSSM so it is excludbtefiyf Ta
%DODQFHG PHDO LV GHILNGHE RVIRRG OUHRX® WXEKBWULFH PHDW:34RXKNHKROGUHHQ
ZLWKRXW KXQJHU” UHIHUV WR WKRVH KRXVHKROGV W KRN \DHKR ORR & LWHF K ¥ B JBQG WK
those households that are food insecwith moderate and severe hunger.
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The results of the logistic regression model show that the education level of the household head is
a positively significant influence on household food security. From Table 3, the marginal effect shows
that a unit increse in education level of the household head, holding all other variables at their mean,
leads to a 6% increase in the probability of the household being food secure. This implies that higher
education levels make household heads more likely to have theityajo use the resources that he or
she owns more rationally, and to learn more idea about how to increase agricultural productivity.
Moreover, those who are educated seem to have the ability to escape from food insecurity through
participating in norffarm income generating activities, such as construction work, petty trade, and
other services. It was reported that there were only five people in the village who go to work in towns
or big cities. Language barriers are a possible explanation as about @8aespondents, especially
those among food insecure households, were unable to read and write the official Lao language. As a
result, their access to ndarm work was limited and their average Hamm income was only USD
190 per household per year, evhas that of literate households was USD 370 per year. In addition, the
impact of education on food security can be viewed as a key factor in accessing public information,
such as agricultural information, concerning health, nutrition, and hygiene becasismformation is
often written in Lao language. It was observed that the majority of villagers lived in unhealthy
environments and lacked health knowledge, such as information about how to avoid and treat illnesses.
Some households did not even bodittdrinking water. As a result, about 69% and 62% of households
that were food insecure with moderate hunger had experienced malaria and diarrhea, respectively, over
the previous 12 months.

7DEOH 'HWHUPLQD Q Weffed 6 Bous6HDdIdf dddGenutty

Variables Mean S.D Coeff. t-value dy/dx t-value
Constant -1.15 -0.95

Education (year) 2.35 2.32 0.43 2.19 ** 0.06 2.48 **
Household size (person) 9.95 5.41 -0.35 -2.88 *** 0.05 -2.96 ***
Number of relatives and friends 18.35 16.30 0.04 129 0.01 142 %
(household)

Cultivated upland size (ha) 1.06 0.44 0.68 0.52 0.11 0.75
Upland rice yield (kg/ha) 747 0.45 0.38 0.85 0.06 0.46
Cultivated rainfed lowland rice(ha) 0.33 0.35 0.57 0.92 0.09 0.53
Livestock ownership (tropical livestock  0.63 0.46 2.42 2.62 *** 0.51 2.45 **
unit, TLU?)

Log-Likelihood: -23.854 Pseudo® 0.314 (Prob.chi : 0.000)

6RXUFH $XWKRUTV FDOFXODWLRQ EDVHG RQ KRXVHKROG VXUYH\

Note : *** ** and * represent significance at the 0.01, 0.05, and 0.10 levels, respectiidly is calculated based on the number
of livestock and the exchange ratio for livestock (e.g., cattle = 0.7, pig = 0.2, and poultry = 0.01)

As expected, household sizeas statistically significant at the 1%. A ennit increase in the
number of household members, computed at sample means, resulted in a 5% decrease in the
probability of the household being food secure. Tihidicates that lagy household size may not
provide more labor for food production but represents more mouths to feed and higher consumption
demand. In the case of the study area, about 51.6% of sample households comprised at least two
families who lived in the same dweltjrand shared food. Of these, about 90.3% were among the food
insecure households. Most were young married couples living with parents and were likely to depend
on their parents because of resource constraints to construct a new house. Moreover, tyedidajorit
not generate any income owing to limited ffarm income activities around the village and lack of
micro credit to start livestock farms.

With regard to livestock ownership, the marginal effect reveals that -arohéencrease in the
livestock ownerkip (TLU), calculated at sample means, resulted in a 51% increase in the possibility of
food security. Livestock production, especially pigs and poultry, contributed to about 88% of farm cash
income (USD 66 per household per year), which was used mambufang rice and other food to
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meet the basic nutritional needs of all household members, resulting in increasitmnsethption.
Another key point to remember is that about 7% of the households surveyed obtained cash income
from selling cattle and budfo, which was used to cover expenses for building houses. The result
shows that the average number of livestock (cattle=1.7, pigs=3, and poultry=25) reared by food secure
households were higher than those of food insecure household (cattle=0.4, pigiseth8ultry=8.3).

The major problems in livestock rearing were insufficient technical knowledge to prevent livestock
disease, lack of funding to purchase young animals, such as calves and piglets, and lack of feed. About
75% of households indicated thaeir poultry had died from disease, while 50% of households that
kept larger livestock, such as buffaloes and cattle, indicated that there was a lack of feed near the
village during the dry season. Insufficient number of female laborers was a constkaiepitog more

pigs and poultry. In the study area, women played a vital role in not only domestic works, such as food
preparation and gathering wild food, but also in productive tasks. According to the survey results,
women had 95% of responsibility for gory and local pig rearing. However, they seem to be
overlooked from agricultural programs because the majority of women did not speak or understand the
Lao language.

It is essential to note that both the cultivated upland farm size and the uplaneidce/gtie not
statistically significant, but positively influenced food security. The marginal effect shows that a one
unit increase in cultivated upland rice areas and rice yields would lead to the probability of food
security increasing by 11% and 6%, pestively. This implies that households that have larger
cultivated upland rice areas and gain higher yields are likely to have higher production levels to
support their home consumption. However, villagers were not allowed to expand upland rice areas
owing to a ban on shifting cultivation, resulting in a shorter fallow peria8 (&ars). The decline in
fallow period was accelerated by land use restriction and resulted in poor soil fertility, a cause of low
rice productivity (747 kg/ha). In addition, weedsdents, wild pigs, ants, and birds were another
important cause of low productivity.

With regard to lowland rice cultivation, the results show that-fiedhlowland areas have no
statistically significant correlation with household food security. Thisbécause many resettled
villagers lacked knowledge on farm management practices, such as methods of land preparation,
fertilizer application, and use of improved rice varieties. They were likely to receive less support from
agricultural officers, especlglon how to increase lowland rice productivity. Accordingly, the average
rainfed lowland yield cultivated by resettled villagers was very low (904 kg/ha). In addition, most of
the resettled villagers from mountainous areas were neweadilowland cultvators, so they could not
suddenly adapt to the new technologies of lowland paddy fields (Douangsila, 2012). The number of
relatives and friends had a negative influence on household food security. A possible explanation is the
tradition and culture of thélak ethnic group, whose people depend highly on relatives and friends
when they face food shortages. It was reported that although the total rice production in resettled
households did not cover their annual needs, they shared their own rice or athsitfioelatives and
friends who experienced food shortage.

CONCLUSION AND RECOMMENDATION

The main aims of this study were to investigate houseeeokl food security in a resettled area in

Laos, and to identify the factors influencing whether househedite food securéaVe concluded that

the prevalence of food insecurity in the resettled villages was enormously high; approximately 61.7%
ZHUH 3IRRG LQVHFXUH ZLWK PRGHUDWH KXQJHU ™ DQG ZHUF
However, our findings didot indicate that the resettlement program had a negative impact on the food
security of the resettled households. Further studies are needed to monitor whether the prevalence of
household food insecurity persists and the living condition improves.
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Other important findings of this study were that the education level of household heads,
household size, and livestock ownership had a statistically significant influence on household food
security in the resettled area. Hence, in order to improve food seigurigw resettled villages, the
education sector should focus on fformal education for uneducated and unskilled household heads
to improve their ability to access information, deal with the markets, and find alternative income source.
These efforts shdd also target women who are unable to read and write in the Lao Language in order
to give them access to healthcare information and nutritional knowledge. Agricultural extension
officers should provide information, in particular, new techniques to inergag and poultry
production and prevent livestock disease. Another key point is that microcredit to start livestock
farming is a vital task that should be considered in the study area.
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Abstract Nitrogen (N) fertilizergplay an important role to increase grain yield and grain quality

in crop production systems. In Western Siberia, predominantly uskedtilkers for cereal
production are urea and ammonu@LWUDWH 6 H O L Wrld kfmate; orly Wh& VHPL
fertilizer application is common, simultaneously with sowing and directly into the seed furrow.
A new kind of slowrelease fertilizer is a modified urea with silicate coating and urease
inhibitor and was developed at the State Agrarian University of the NorthemsuFas
(Russian Federation). In a field trial, the comparative performance of the novel fertilizer type
was tested with spring wheat near the city of Ishim in Tyumen region (Western Siberia) on 3.4
ha under offarm conditions. 4 levels of the slengleasairea (25/50/75/100%) were compared

to 100% of conventional urea, 100% of Selitra and an unfertilized control in randomized
complete block design with 4 replications. Results showed significant differences in soil nitrate
availability but no differences inmmonium release. Differences betweetedls dispersed
during heading, afterwards only plots with Selitra fertilization showed significant higher nitrate
values. Leaf chlorophyll content as indicator for plant Nitrogen supply showed significant
differences from beginning stem elongation on. The harvested grain yield showed no significant
differences between the compared fertilizer types at the 10084dN Even if the grain yield

with reduced dose of slovelease fertilizer was on the same level, it was significantly
higher than the unfertilized control. From the results of this field trial there seems to be no
beneficial advantage of the tested sl@lease fertilizer so far.

Keywords slow-release fertilizer, silicate coating, urease inhibitor,dgjgm use efficiency,
spring wheat, Western Siberia

INTRODUCTION

Nitrogen (N) fertilizers play an important role to increase wheat productivity and grain protein content.
In Western Siberia predominantly ammonk@L WUDWH p6HOLWUD Y -fddtde&ioKk UHD DUH
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Due to the dry subumid climate (Selezneva, 19733 only one Napplication is common,
simultaneously during sowing.

Also from an economic point of view,-fértilizers play a key role in grain production processes
and due to high inputs of energy, they mainly affect the total economic bdlarmewski, 2014)

Urea is the most used Nitrogen fertilizer around the world agriculture, because of the high Nitrogen
content by 46.6%{Trenkel, 1997,Zheng et al., 2009)When urea is applied to a salil, it is almost
immediately hydrolysed into ammonium carbonatbjch breaks down to carbon dioxide (§@nd
ammonia (NH), producing high soil pH and ammonia lo&siksen and Kjeldby, 1987 enn and
Kissel, 1973) The remainder of the ammonium in the soil can be converted to nitrates by the soll
bacteria. Thereforaeducing water solubility of urea granules by physical or chemical inhibitors is
very important and can improve the Nitrogen use efficiency (NUE) by preventing or slowing down
these processes.

6XFK W\SHV PRGLILHG IHUWLOL]HUWW IDHUH \GHMANVILE H]G DWW pAKQK
reduce the risk of nutrient losses to the environment, retain nutrients in a less leachable forms, reduce
solubility and maintain nutrients in the root zone by physical barriers (codflmghkel, 2010)
Furthermore,three different subtypes are characterised: (1) Stabilised fertilizers have a chemical
inhibitor to slow down the hydrolysis of urea with further transformation tq'ldHd inhibitors to stop
the oxidation of ammonium (N to nitrate (NQ?; (2) Slowrelease fertilizers are les®luble and N
is initially not plant available but needs to be converted into plant available N forms; (3) Controlled
release fertilizers are quick soluble fertilizers with a coating of hardly soluble material with a
predictablerate of Nitrogen release when used at the manufacturer specified tempéFasmiee!,
1997;2010)

Prognoses for the development of the fertilizer industry development predict an increase until
2020 to 1.9+2.2 million tons of slowand controlledreleag fertilizer products. One of the drawbacks,
particularly for the currently most widespread polyroeating, is the remaining amount of useless
polymer that is left in the soil after nutrient consumptfdrenkel, 2010) A perspective alternative
althoudh not yet used on a technological scaketo produce slowelease fertilizers by using Calcium
Silicate (CaSi@) as a mineral coating material, which can easily be decomposed by silicate bacteria t
environmentalfriendly inorganic elements. The new &pf such a slowelease urea fertilizer was
developed at the State Agrarian University of the Northern Trass(Ralssian Federation). A
combination of a physical barrier by Cagi€ating and a chemical urease inhibitor was chosen to
delay the releasd plant available Nitrogen.

The objective of this study was wompare the performance of the novel sl@lease urea
fertilizer against common practice ataml evaluate the potentidbr improving of the Nitrogen use
efficiencyunder practical conditions.

METHOD OLOGY

Study Area

We installed a 3.4 ha field trial with spring wheat in Ishim (Tyumen province, Russia, Fig. 1) in RCBD
ZLWK UHSOLFDWLRQV WR FRPSDUH OHYHOV RI FRDWHG XUt
FROQYHQWLRQDO XQFRDRNHG XUWODDu@8Y DQG D XQIHUWLOL]HG FR
kg/ha N (Table 1). The fertilizer was applied directly into the seed furrow. The seed rate was constant

over all variants by 240 kg Hdor 600 plants per mThe plots were sown with the regal variety
pH,NDUXVup RQ 0D\ WK KDUYHVW WRRN SODFH RQ 6HSWHPEHU
usual for the region.
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trial Ishim
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[_]Tyumen province <4 Study site o
-

Fig. 1 Location and mean annual agreclimatic conditions of the study area
SoucesCGIARCSI (2009) GADM (2012) WorldClim (2013)

Table 1 Investigated variants with amountsof fertilizer and Nitrogen applied

variant fertilizer type N level [%] applied fertilizer applied Nitrogen

[kg ha’] [kg ha’]
Control no 0 0 0.0
S100 Selitra 100 203 70.0
Uu100 uncoatedirea 100 150 70.0
CuU100 coated urea 100 153 70.0
CU75 coated urea 75 115 52.2
CuU50 coated urea 50 77 35.0
CuU25 coated urea 25 38 175

Fertilizer Production

7KH ITHUWLOL]JHU ZDV SURGXFHG RQ WKH ODERWDWEtWEDOH E\
Northern Transural Liquid N&SiO; was poured over usual urea in the first step. Secondly, liquid

CaCh was added which induced the drying process. Finally, urease inhibitor was applied on the
coating. The coating material was betweendt¥ 3 % of the total mass of the fertilizer granules.

Analyses andStatistics
Soil Nmin (NO3 + NH,) analysis for 880 cm was done reflectometric (Merck) and for determination of
leaf chlorophyll content a SPAB02 (Minolta) was used at the youngest futlgveloped Iefa

Comparisons among means were carried out in R using the package agricolaBe@t$R0.05) (R
Core Team, 2013Between values with the same letter, there is no significant difference.

RESULTS AND DISCUSSION

Soil Nitrogen
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The results of sil analysis showed significant differences in nitrate content but no significant
differences in ammonium content (Fig. Blomogeneous preconditions were given by a constant level
of both Ny, fractions before fertilization. During leaf development, tlagiants Nitrogen availability
differentiated, but only between the fertilizer types and not among the CU variants. Later in the
growing season, only the S100 plots showed significant highegicbi@@ent in the soil.
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Fig. 2 Soil Niin components NQ-N and NH4-N in 0-30 cm beforesowing/fertilization and at

3 development stages
Boxes show lower and upper quartiles, black line depicts the median, whiskers between min and max.

Even if there were no significant differences between soil ammonium contents,odire t
differences in nitrate levels, a closer look on the proportions was necessary. Table 2 shows significant
differences in the ammonium share, starting during leaf development, where values in unfertilized
control plots were highest. This trend of lowHNproportion in conjunction with high nitrate content
continued until the last measurement.

Table 2 NH,-N proportion of total N, (0-30 cm) at 3 sampling dates for all variants

development stage Control S100 uu100 CuU100 CU75 CU50 CuU25
beforesowing/fertilization 28% a 27% a 21% a 23% a 27% a 26% a 26% a

leaf development 32% a 10% b 12% b 15% Db 14% Db 17%b 19% b
stem elongation 27% a 11%c 15% bc 13%c 16% abc 26%ab 27%a
heading 35%ab 23%b 27%ab 28%ab 33%ab 37%ab 43%a

Leaf Nitrogen

The SPADmeter readings of the leahlorophyll content are known to be a good indicator for leaf
Nitrogen contenfUddling et al., 2007Markwell et al., 1995)The results showed a plausible response
according to the Nevel since beginning stemlongation (Fig. 3). Reduced N levels resulted after
headingn significant lower leaf chlorophyll contents.
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Fig. 3 SPADmeter readings at 4 development stages
Boxes show lower and upper quartiles, black line depicts the median, whiskers betweenmax and
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Yield Results and NBalance

The harvest results confirmed the observed soil and plant parameters, as there were no significant
differences between the 100% variants of the three fertilizer types for all yield parameters (Table 3).
The only significantdifferences occurred between unfertilized control and 0@ fertilized plots for

grain yield and the number of grains per ear.

Table 3 Selected yield parameters

C S100 uu100 Cu100 CuU75 CU50 Cu25
grain yield [dt h&] 26.7c 39.Ca 40.za 39.ta 35.1ab 33.tabc 30.4bc
protein content [%] 9.ca 8.7a 10.ta 9.1a 10.za 9.7a 10.€a
1000 kernel weight [g  38.2abc 40.2a 39.7ab 39.7ab 38.1bc 37.zc 39.1abc
ears perm 356.za 393.:a 398.2a 406.za 361.ia 378.za 357.:a
grains per ear 19.¢c 25.za 25.2a 24.€a 25.4a 23.7ab 21.7bc

All fertilizer types at 100% Nevel resulted in comparable grain yields, among protein contents
there were no differences at all (Fig. 4).

50 14
12 -
40 - T L _ T 1
5 X
< a a = 10 +
> g a a
T 30 bc S 84|a &
o bc s a
2 O ::) 6 -
s
© ° 4
® 90 5
2 -
0 0
C  S100 UU100 CUI00 CU75 CUS0 CU25 C S$100 UU100 CUI00 CU75 CUSO CU25

Fig. 4 Harvest results for grain yield (left) and protein content(right)
Error bars show 1 standard error of the mean

The last stepvas to balance the Nitrogen inputs and outputs for all varamdgo calculate the N
use efficiency (NUE=N uptake/fertilizer NY.able 4 shows a slight advantage for UU100 with an
optimal NUE of 1.0, but also S100 and CUl@@re on a good level. Higher NUE above 1.0 ket
unsustainable soil mining and should be avoided.

Table 4 Nitrogen balance and Nitrogen use efficiency (NUE)

protein yield N uptake fertilizer N soil N balance NUE
[dt ha'] [kg ha'] [kg ha'] [kg ha']

C 25 39.9 0.0 32.9 -6.9 -
S100 35 55.7 70.0 35.2 49.5 0.8
uu100 43 69.2 70.0 335 34.3 1.0
CU100 3.6 57.5 70.0 32.1 44.5 0.8
CU75 3.6 56.9 52.5 33.3 28.9 11
CU50 3.1 49.9 35.0 32.3 17.4 14
Cu25 3.2 51.4 17.5 335 -0.4 2.9
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CONCLUSION

The expected possibility to harvest the same with reduced fertilization by an enhanced fertilizer type
did not fulfil since the grain yield was not significant higher than the unfertilized control for reduced
variants.Therefore, we could not derive beneficial effects of the novel-sbt@ase fertilizefrom the

results of this field trial. More field site years as well as further research on the laboratory scale to
understand the sherrm behaviour of the coated ur@® needed.
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Abstract In the Philippines, there is at present a Soybean Roadmap which has two major
components, namely: Organic Soybean Production and Organic Soybean Utilization,
Processingand Marketing. This research project compliments the Philippine National Soybean
Program by developing appropriate organic technologies especially on its external inputs like
fertilizer. The main objective of this research was to find out the effectgafgneous acid on

the growth and yield of soyhas. Philippine Seed Boasoya 6 (PSB SY6) or commonly
called Tiwala 8 is an approved variety for use in the country which was planted in field
condition of the university research area in 2 x 2 meter.pldis was four (4) times replicated

by using randomized complete block design (RCBD). Coconut shell vinegar (pyroligneous
acid) was used in this study. There were three levels of pyroligneous acid being tested: 10%,
20% and 30% which represented Treatinén Treatment 2 and Treatment 3, respectively.
Treatment 4 served as the control. Statistical analysis revealed that all treatments had not
affected to the growth of the soybean plants. However, it was noted that there was a significant
effect of wood viegar on the yield.

Keywords pyroligneous acid, soybean road map, external inputs

INTRODUCTION

The Philippine government has installed the National Soybean Development program which created
the Soybean Roadmap 2010 FDOOHG 3% XLOGLQJ 6XVWDLQDEOH 6R\EHDQ
7KLV SURJUDP ZLOO HQKDQFH WKH JRNMe abeeBltdr®@ \Anfl thebe@®@ré R F D F \
achieve food security of the country.

According to Rosie Aquino of the Department of Agricult@agayan Valley Integrated
$IJULFXOWXUDO 5HVHDUFK &HQWHU 3IDUPHUV ZLOO KDYH D EHC
productivity, improvement of soil fertility, improvement of household nutrition as a result of product
consumption thats proteinrich, and income augmentation through utilization of soybean meal for
EDFN\DUG VZLQH UDLVLQJ’

$TXLQR IXUWKHU HP& riulihg sogbedhkpibgvam BHives to develop improved
soybean varieties that are resistant to biotic and abiotic stresses, and are favorably responsive to
organic procK FWLRQ PDQDJHPHQOIIRUDFWLFHV =~ *R

In the province of Bohol, the Department ofriculture has launched the Soybean Development
Program to promote soybean production as source of protein and as a crop that can withstand adverse
conditions especially drought as soybean is proven to be resisthaatstress (Cartagenas, Daisy
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personacommunication). Several on site trials have been conducted in collaboration with the farmers
to determine the best performing varieties for mass production.

One of the challenges in organic agriculture program is the availability of organic inpute for th
cultural management of crops. As it is desired to pursue organic soybean production, there is a need to
look for effective organic inputs that could positively contribute to the overall performance of the crop
as soybeans. In a study on peanut, it wasdoout that Foliar application of wood vinegar increased
vegetative growth and this might result in preventing the sunlight reaching the soil surface under the
plant canopy and consequently higher in smisture content (Jothiyankoeh al, 2008).

Mas&i Yokomori, a senior technical adviser of Japan Agricultural Exchange Council has
established a demo farm and introduced the use of Mokusaku (Wood Vinegar) in the vegetable farms
of Benguet, Mountain province. Wood vinegar is accepted by vegetable fagnétsas improved the
performance of their vegetables (Yokomori, 2011).

As there is also a program on Organic Soybean Production, there is a need for organic aputs as
source of fertilizer and pesticides. Wood vinegar, as proven by other researahdys,a good source
of such organic inputs. Hence, there is a need to do research on this aspect with the hope of validating
the usefulness of wood vinegar on the performance of soybeans as a crop for attention in the country as
a source of protein and anaptation to climate change.

METHOD OLOGY

A randomized complete design (RCBD) of 2x2 meter plots was installed in the vegetable research area
of Bohol Island State University by using soybeans as test crops. Soybeans were planted at the
recommended distance by researchers of Department of Agreulseasoned pyroligneous acid
(Wood vinegar) from coconut shell was applied at-aeek interval after planting at the rate of 10%

(T1), 20% (T2) and 30% (T3). T4 served as control. Weekly growth of soybeans was taken and
recorded. Yield parameters weaaken by treatment and all data were subjected to statistical anklysis.

Fig. 1 Research plots laid out in a Randomized Complete Block Design

RESULTS AND DISCUSSION

The study was conducted to evaluate the effectiveness of wood vinegar from coconutaigalhias

input in the performance of soybeans. Specifically, it aimed to identify the impacts of wood vinegar on
the growth and yield of soybeans and identify the effective level of application of wood vinegar for
better performance of soybeans in termigsofjrowth and yield.
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Weekly plant height (cm) of the plants was taken in all treatments as shown in Table 1. It was
found out that there was a difference of height in all treatments compared with the Control. However,
based on the analysis of variandewas found that the difference was insignificant in all treatments
over the control plots.

Table 1 Plant Height of Soybeans (cm)

Treatments I Il Il v Total Mean
T 49.58 56.59 47.69 53.32 207.18 51.79
T2 2% 46.26 48.50 48.08 45.17 188.00 47.00
TS, 30% 53.66 49.73 47.20 49.98 200.58 50.14

T4-Control 45,62 49.08 48.33 51.35 194.39 48.60

Fig. 2 Soybean plants at the maturity stage (A) and the pods (B) ready for harvest

Yield in dry weight for each treatment was tak&® shown in Table 2. Analysis of variance
showed that Treatments 1, 2 and 3 were significant over that of Control. This means that all treatments
of wood vinegar have a significant effect to the yield of soybeans. Treatment 3 (30% WV) got the
highest mearyield of 1.26 0.315 kg/sg.mor 3.1 tons/ha), followed by Treatment 2 (20% WV) with
the mean yield 00.97 (0.242 kgs/sg.m. or 2.4 tons/ha) and Treatment 1 (10% WYV) got the mean yield
of 0.93 (0.232 kgs/sg.m. or 2.3 tofma). Treatment 1 and Treatment 2, however, showed no significant
difference as to yield. Treatment 4 (no application of WV) got the mean yi@l8®f0.1375kgs/sg.m.
or 1.3 tontha).

Table 2Yield of soybeans (kgs)

Treatments | 1 1 [\ Total Mean
T1-10%
WV 0.90 0.88 0.99 0.95 3.72 0.93
T2-20%
WV 1.00 0.94 0.99 0.95 3.88 0.97
- 0,
T3Wf’/° % 1.05 1.15 1.56 1.28 5,04 1.26
T4 - Control 0.65 0.35 0.58 0.65 2.23 0.55
E ISERD
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Table 3 Analysis ofvariance on theyield of soybeans

Source Type lll Sum df Mean Square F Sig. 5% 1%
of Squares
Block .083 3 .028 1.803 217 3.86 6.99
Treatment .999 3 .333 21.727 .000
Error .138 9 .015
Corrected 1.220 15
Total

a. R Squared = .887 (Adjusted R Squared = .812)

Fig. 3 Harvested soybean seeds in all treatments

CONCLUSION

Application of Wood Vinegar has no influenoe the growth of soybeans based on weekly recorded
height of plants. The effect was observed on the yield as all treatments showed the significant
difference over its control plots. Plants treated with 10% and 20% wood vinegar showed no significant
differene as to its effect on yield. It is concluded that the increased percentage of wood vinegar
increased the yield of soybeans.
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Abstract Ecosystems provide marsgrvices not only for the environment, but also for human
well-being. Land use and land cover change caused by development activities, have been
increasing rapidly, and these are recognized as key factors for tiwdomed impac on
ecosystems. During the@ast few decades, ecosystem services (ESs) have deteriorated
especiallyas a result of urban developmeathe global scalgnd changes have been severe
developing countries. For example, in Myanmar, the new capital city was developed on
previouslyrural land during 2006. Consequently, large land use changes took place and many
ESs were destroyed. To compare the loss of ESs before and after the development, spatial
analyses of ESs were conducted in Nay Pyi Taw, Myanmar, as a case study. For dhe spati
analy®s, two satellite images; namely Advance Land Observing Satellite (ALOS) for 2010 and
Landsat 7 for 1999 were used for land classificatioformation onESs vascollectedthrough
literature survey, and existing unit values for ESs wesstimaéd by using simple methods.

Then, priority areas for conservation of ESs were identified by evaluating the spatial analysis
results with the Zonation softwar€inally, the overall changes in ES provisions due to land use
changes were estimated along with thanges in priority areas.

Keywords ecosystem servicekandusegpatial analysisgonservation prioritization

INTRODUCTION

Ecosystenservices(ESs) are the benefithat ecosystems provide peoplebothdirectly or indirectly
andthey can beclassifed into four typesnamely provisioning, regulating,upporting and cultural
services (Millennium Ecosystem Assessm@wid), 2005)During the past fewdecades, ESs have
deteriorateecaus®f extensivdand use changaespiteincreassin economic and societal prosperity
(MA, 2005). Manandhar eal. (2009) demonstratedthat land usechangeis a key driver of
environmental change and influences the provismpof ESs Methods to identify priority areas for ES
conservation neetb be develped (Casalegno &tl, 2014). This study attempts to identify priority
conservation areas in Nay Pyi Taw, Myannkong etal. (2013)evaluaed land use change in Nay Pyi
Taw andfound thatforestshavegradually decreasedue to agriculture expansion, damonstruction,
urban developmengnd so forthNay Pyi Taw is a site of new urban development and thus represents
a good area to analyse the changes in ESs.

OBJECTIVE
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The present study aims to understandsibegtial distribution pattesof ESs inNay PyiTaw, Myanmay
and to identify priority areas for conservation. Comparisons were conducted before andeafter
urbandevelopment in order to understand the changes in ESs throughout the city and in priority areas.

METHOD OLOGY

Study Area

This study was conducted iNay Pyi Tawwhich is the new capital city of Myanmar (Fig). It is
situated at f 24 1 f 8'E (Nay Pyi Taw City Hall) The populationsize of the city was
approximately 56 million as of 2014 (Department of Populati®@14) andthe city covers a total
area of 7,054 kfn

(@ (b)
&
(- 1
M =y
L)‘j\fj)
Fig. 1 Overview map of Myanmar and Fig. 2 (a) Landsat imagery and (b) ALOS
Council and city boundaries of Nay Pyi imagery in Nay Pyi Taw City in red line!
Taw in black and red respectively Source: (a)JUniversityof Maryland, NASA and
Source: Myanmar Information Management Unit GOFGGOLDand (b)JAXA/Distribution RESTEC

(MIMUWY

ResearchFlow

This research study was conducted in four parts. The first part involved the collection of satellite
images and the development of land use classifiabgrsupervised and unsupervised classification
procedures. The second part involvedde&rminatiorof unit valuedor ESs by literature surveys and
estimationof land surface temperatwby using Landsatdata For the third part, spatial analyses of
ESs were conducteénd for the fourth parta comprehensive assessment was conducted by using
Zonationsoftware (Moilanen et. al2012) to determine the priority areas for the conservaifdaS
provisioning potential

Land use / land cover classification of satellite image Land classification was conducted in
ArcGIS10.1. For reference data(oogle Earth and original satellite images were used and as an
ancillary data, Normalized Differendéegetation Index (NDVI), Digital Elevation Model (DEM), and
slopedatg calculated fronthe DEM, were applied. Beforénal land classifications were made, the
NDVI was used to classify forested and fforested areas. As there were overlapping vafoes
forested and ncforested areas in the NDVI dataset, slope data weretadedher refine the data.
After that, unsupervisedtlassification was used fothe Landsat7 1999 imagend supervised
classification was used for tlfelvanced Land Observing Sdird (ALOS) 2010 imageln this study,

land classifications were categorized into rhafour types, forest, water, urban, and agriculture areas.
Then an accuracy assessment fioe 2010 land classificationvas conductedThe overall accuracy

E ISERD
56



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

was94.67%based on the ancillary data, such as, google earth.

Satellite images In this study, two satellite images were used for the analysis. The first satellite image

was taken withthe Advanced Visible and Near Infrared Radiometertype2 (ANX)IRn boardthe

ALOS (dated 2010111 here in after, ALOS2030mage and the second image wdsandsat7 image

(dated 1999123(here in after, Landsatl®99. The source of ALOZ10was cited aS8VDWHOOLWH LPCLC
E\ -$;% 'LVWULEXWLIR @sél(tony&s10mx10m(Fig. 2(b)) The source of Landsat7

1999was 3 VDWHOOLWH LPDJH E\ 8QLYHUVLW-\*RI" amlits @GEoienid$6$ D Q(
30mx30m(Fig. 2(a)) In this study, as the resolution of two satellite images is different, land use
classification and spati analysis of ecosystem services were conducted separately for two images.

After that, the comparison was conducted based on each result of spatial analysis of ecosystem services
and priority maps for two periods.

Types of ESsanalyzedin this study and the unit valuesfor each ES Table 1 shows the types of

ESs and the unit valuesed for theeSs. For the unit values of ESs, exdepttemperature regulation,

datawere collectecthrough literature survey. Because the unit values of ESs for Myanmar were

limited in the literature, much of the data was estimated from other Asian regions to have enough
information for the analysis. These data were based on elevations, forest types and slope conditions
similar to those in Myanmar. In this study, three m&ypes of ESs, namely, provisioning, regulating

and supporting, were used and cultural services were not included in this study due to data limitation.

Table 1 Types of ESs and the unit values of ESs used in this study

Types of ESs Forest  Agricultural area  Urban Water Source
Supporting Services
GPP (t/halyr) 30.7 &KHQHWDO
+ L U DIWIDOH W
Carbon stock (t/ha) 433.7 31.02 2R 7TDNHXFEk
Regulating Services
CO, absorption (t/ha/yr) 2.737 &KHQ HW DO
Soilerosioffiactor (t/halyr) 0.038 3.9 6LGOH HW DO
Water infiltration (mm/h) 100 38.5 15 &KDSORW HW DC
Temperature regulation (jC  3.86 1.14 2 4.73 &DOFXODWHG E\
0 (70
Provisioning Services
Agriculture Products (ttha) - 5.38 - - FAO (2009)
Habitat (GDI) - - - - Li (2014)

*GPP, gross primary production

Estimation of temperature regulation: Estimatiors of land surface temperatsrevere calculated by
using LandsatBEnhanced Thematiglapper PlugETM+) band 6. Firstthe digital number of band 6
was converted to radiance bgingEg. (1) as follows(Kumar etal., 2012)

A;/AzE?A;/du(-‘

L B cazeavazerd&O0FSE . zac )

The value of byax, Lvin, Qcaimax @and Q@aivin Wereobtained from the metadata file of Landsat
imageSecondly, black body temperature was calculdigdising Eq.(2)as follows (Kumar, et.al,
2012)

A
6, L — 2)

jr:5>;

The value of calibration constant, ind K, wereobtained fromthe / DQGVDW GDWD XVHUTV
Finally, land surface temperatswerecalculated based on tii. (3) as follows(Yue, etal., 2007)
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As land surface temperatsrehangedepend on levation level, an adjugment was conducted.
Adjustment wasnade lD VH G R@up J0R0 m verticaly, temperaturggoes down G H J TUhéi ”
the average temperatuie eachland usetype was calculated and the differences @fperature
among land use types were obtained as tempenatguéationunits (Tablel).

Green index (Gl): In this study, the Gl was calculated to determine the habitat distribution. The Gl
was calculated based on the resultsaofl classification maps fotandsté7-1999 andALOS2010 by
using the resample tool in ArcGISLi, 2004). In the GI, green areas and rgmeenareaswere
separated and assigned values of 255 anddpectively In this study, forest and water areas were
determinedo represengreen areas and other land uses wategorized ason-green areas.

Mapping with ArcGIS: Spatial analysis was conductedith ArcGIS to understandhe spatial
distribution of ESprovisiors. Seven ES mapwere developed in totahndthe landclassifcationmap
dataand unit values of ESsere applied Beforeapplyingthe unit valuesa grid with a mesh size of
300 m! 300m was developetbr theland classification magp

Determination of priority areas for conservation Zonation isa softwarethat canbe usedor the
prioritization of conservation areg®oilanen et al, 2012The approach used by this softwdéirstly
sums the value of each ES layer émehdiscards the least valuable salheby-oneuntil all cells are
removed. There arfour cell removal ruls (Moilanen et al., 2012) and the present studysedthe
additive benefit function (ABF). The ABF tends to produce a higher average proportion of feature
distributions.In this study,equalweight was usedor all ESs. By usinghe ABF, the present study
achieved the begierformance on averader all features or ESsThe main result ofthe Zonation
analysis was priority ranking magor the entire landscape.

RESULTS AND DISCUSSION

In the presenstudy,geographic information syste(GIS) based spatial analysis was condudtedhe
assessment of ES provisipotential based on land classificatoRigure 3 shows the results of land
classifications for 1999 and 2010.

(@)

Fig. 3 Land useclassificationfor (a) 1999 and(b) 2010

Based on the results of the land classification, spatial analysis was conducted by using unit values
of theESs on a 500 m mesh. Thesuls are shown in Fig. 4. For food production servites, highest
provisioring of the service was in agriculial areasFor the CQ@absorption service, agricultural areas
had higher levels of service provisioning than the forest areas. Perhaps this was related to the unit value
used for CQ@ absorption, which was from Chen et al. (2013). Chen et al. (2013) mentioned that
agriculturalareas have high unit values becaofthe chemicals used for the crops. Even though many
peerreviewed paperwere collected and studied to defithe unit values, neverthelesssuitable data
for Nay Pyi Taw were difficult tdind. Therefore, we just applied the unit valiee CO, absorption
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from Chen, etal. (2013). For temperature regulation, water areas had the highest regulation rates
followed by forest ared:or the other remaining ESs in this study, forests were the highest providers of
services.

The most important and valuable ardasterms of the potential distribution of ESs and
conservation oESs are shown in Fig. 5, and these data were derivedtfrerfnationanalysis In
Fig. 5, the dark red color representhe top priority areasfor conservationand the violet color
representshe lowestpriority areasThe top priority areaseremostly forestdareaslt is well-known
thatforest ecosystemseathe main providerof ESs Thereforejt makes sense th&dresedareasvere
identified aghe top priority areafor the conservation of ESs. In general, the lowest priority areas were
urban developed areas and bare land.

Comparisos of 1999 and 20l1@ata showed thate amount ofpriority area decreased in some
foresked areas and increased ather areas. In 1999, some parts of agriculture aweai® sparsely
included inthe top priority areas and some partmostly northern pasg of the study areajvere
included inthe least valuable areaSparse priority areais 1999were converted to the least priority
areadn 2010 because of urban developméwmcording totheseresuls, the priority areagentified in
2010 should be protected f&sS sustainability Therefore if infrastructuredevelopment projestare
being plannedthese priority areas should &eoided if at all possible.

D IRRG SURGXF E

+ oy

‘ \ "4'.
~%§

R WHPSHUDWXUI SWHPSHUDWXUH
Fig. 4 Spatial analysisresults ofESsin Nay Pyi Tawin 1999 and 2010
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Fig. 5 Priority rank layer map for (a) 1999 and (b) 2010
CONCLUSION

In this study,a spatial analysi®f ESs wasconductedn Nay Pyi Taw, Myanmar, which is an area of

rapid urbanizationMost of the ESsanalyzeddecreasedver time, butfood productionservices
increaseecause of the expansionagriculture arem ES provisioring was athe lowestievelin the

urban developm@ areas.Priority maps were made to identify the areas most important for ES
conservation; much of this land consisted of forested dieasepriority mapsshouldbe useful for

land use planning, policglevelopment, and protected areas establishriterihe Nay Pyi Taw
regionComparisons betweed999 and 2010data showed that ES provisioning had decreased,
especially in urban development areas, and several high priority areas in 1999 had changed to low
priority areas in 2010 because of urbanization. Tloeegfbefore any new development projects are
initiated, we should seek to avoid construction in priority areas for ES provisioning as much as
possible. In future study, we seek to include cultural services in this study and also the demand and
supply of ES will be estimated to be sustainable use of ESs in Nay Pyi Taw region.
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Abstract Water use facilities such as irrigation and drainage channels, watehygdaulic

drop etc. are constructed to make water supply to paddy field and upland field. In a planning of
irrigation project, it is necessary to obtain elevation value with accuracy and efficiency around
project site. In generally, elevation values ard¢amted by the direct leveling survey with

specific instruments, e.g. digital or auto level, a couple of staffs and turning plates. The direct
leveling survey also needs several benchmarks, which are points of reference with high
accuracy location informatn including latitude, longitude and elevation. There is, however, a
serious problem that survey work of the dirdeveling survey must begin at several
benchmarks. In the case of survey work in mountainous area, surveyors must carry out the
direct levelng survey over several velgng routes, because there are few benchmarks. On the

other hand, in the Global Navigation Satellite Sys(@NSS surveying, elevation values can

be obtained indirectly by observing carrier phase from multi positioning sgedlich as GPS,
GLONASS since 2011. This study started to install the new benchmark on a 920 m high
mountain, about 5 km away from some known benchmarks in Karuizawa Town, Nagano
Prefecture. After surveying the new benchmark by the GNSS and the dirdatgewvee

compared its elevation values. Furthermore, a streamlined survey process, the influence on
PRVW SUREDEOH YDOXH DQG VWDQGDUG GHYLBRMILARQ EQ G/ KH
3*36 DQG */21%$66° ZHUH LQYHVWLJDW BtBe teQultsy suHtests 6ainet X U Y H\L
WKDW GUDPDWLFDOO\ VWUHIRDA\QH® ¢ XREWWD LSU RQHN U H Y 3BW L
consistent with the value from the direct leveling survey. Therefore, the GNSS surveying is
useful to obtain accurate elevatiorues over long distance like very long channels

Keywords GPS, GLONASSrigorous network adjustment, observation duration
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INTRODUCTION

In agricultural irrigation projects, channels are planned to distribute water to the upland and paddy
fields within theproject area. The channels in such project areas tend to be long. For distributing water
in long channels, it is important to use surveying technologies that clarify the elevations of planned
channel locations. Conventional survey techniques are- tand laborintensive. Therefore, the
development of survey techniques that are accurate and efficient has been promoted.

It is difficult for developing countries to prepare expensive surveying equipment and use highly
advance surveying systems. Such counteegiest that advanced nations provide them assistance on
surveying techniques. Japan once conducted a questionnaire survey on the GNSS continuous
observation system in countries receiving overseas development assistance from Japan (Nakagawa el
al.,, 2014). he GNSS continuous observation system uses @MNSE&d control stations (i.e.,
observation stations with GNSS antennas and receivers) for data acquisition, and the system includes
analysis and provision of the obtained data. The survey showed that 1623f toentries surveyed
had already introduced the GNSS continuous observation syblakagawa eal., 2014). Nine of
those 16 countries reported using the system for agricultural purposes (Nakaghw20é&4). Judging
from the questionnaire results,etluse of surveying techniques using GNSS in agriculture is being
promoted internationally. It is predicted that surveying using the GNSS continuous observation system
will become the mainstream technique. The introduction of the GNSS continuous obsesystton
can be expected to drastically eliminate the technical gap between developing countries and developed
countries.

In conventional direct leveling, whereby the elevations of planned locations for channels are
determined, the relative height are dilgsurveyed by using level, vertical leveling staffs amching
plates(Okazawa tal., 2014). Observations are made by repeatedly placing the level and the leveling
staff at certain intervals along the route from the benchmark to the new point (Olazdw2014).

The problem with this method is that considerable work is required to conduct leveling of a route for
planned water channels if the route is in a mountainous area without any benchmarks nearby. The data
used in this method are a series ai®diin the observations from the benchmark to the new point;
therefore, observation errors occurring between the benchmark and the new point greatly affect the
final results.Even one error in the routes is not permissible, and the responsibility ofrifley@uis

always greatThere are other problems, such as difficulties in determining what routes to use to access
the survey points and the problem of traffic density and traffic safety at the survey points.

In GNSS surveying, which started to be use@0t1, the phases of carrier waves from GPS and
GLONASS positioning satellites are observed. All that's required is for the GNSS equipment to be set
at the new point. Thredimensional coordinates of the new point are determined by obtaining the
baseline ector from the GNS®ased control station to the new point. A geoid model is necessary for
determining the elevation, because the datum of GNSS surveying is a reference ellipsoid and the datum
IRU WKH HOHYDWLRQ LV WKH JHRLG*(2Q -D SDKL F-KO $aECIDatflRIIKG P R (
geoid model, was created (Kodama et al., 2014). The new geoid model has made GNSS leveling
possible. GPS and GLONASS are separate systems and the observed data are different. Use of GPS
only or GPS and GLONASS is stiptda for public surveying in Japan. Use of GLONA&SYy is not
authorized. Studies have compared the use of GPS to the use of GLONASS (lkeda and Sada, 2012;
Mylnikova et al., 2015; Yasyukevich et al., 2015).

Based on such circumstances in Japan,-Gisand combination of GPS and GLONASS were
used in this studyThe areas where GNSS leveling is done for agricultural channel planning tend to be
far from the existing benchmark. Therefore, the authors selected a location for a new point at the
elevation of abut 920 m in a mountainous aréhe new point was surrounded by large areas of
paddy fields and of upland fields for cabbage and blueberry cultivation. Even though the target area
already had irrigation channels, the local farmers requested that thatacglevation of the area be
determined.
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To examine the conformity of the elevation values surveyed by GNSS leveling and those
surveyed by direct leveling, both techniques were used in observing the new point. The most probable
value and the standard dation of the elevation obtained by each technique were determined by
rigorous network adjustment and were compatedsSNSS leveling, the influence of the difference
between GP®nly observation and GPS and GLONASS observation on the most probable dhlue an
the standard deviation was clarified. To investigate the improvements in observation efficiency
achieved by GNSS leveling, the work volume of observation by GNSS leveling and by direct leveling
were determined and compared.

METHOD OLOGY

M ethodology of GNS L eveling

The new point location was set near a paddy field area in a mountainous area at an elevation of about
920 m and about 5 km from the fiustder benchmark in Karuizawa Town, Nagano Prefecilable 1
shows the otline of the GNSS leveling and direct leveling done for this study.

Table 1 Outline of the GNSS leveling and direct leveling done for this study

Method Number' of Used known point Used satellite Date
new point
GNSS leveling 1 3 GNSSbased control station{ GPS, GLONASY 23.Sep.2014
Direct leveling 1 3first-order benchmarks None 19-20.Sep.2013

The observation technique used in GNSS leveling was static relative positioning with carrier phase
observable. Becaudhe static is most accurate method in GNSS surveying such as the fast static, RTK
and so on. The GNSS leveling equipment used was Trimble R8 GNSS of Nikon Trimble Co., Ltd. (Fig.

7KH JHRLG PRGHO XVHG ZDV -DSD DheliHaR biGiefiR Glah@or GNSS ( 2
leveling was the ¥Yshaped connected traverddg( 2. The GNSShased control stations used in the
GNSS leveling were the three points N0.960610, N0.950269 and N0.960613. The new point is denoted
as No0.4101. No.4101 is denominated bydhthor to distinguish it from other points. Fig. 3 shows the
GNSSbased control station N0.950269. The provision of GLONASS data, in addition to GPS data, was
started if2013!This study used GR&nly, GPS and GLONASS data from GNB&sed control statien
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Fig. 1 GNSS leveling survey Fig. 2 Map of network plan Fig. 3 GNSSbased control
for GNSSleveling station N0950269
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M ethodology ofDirect L eveling

The direct leveling was done to compare with GNSS leveling. Because the direct leveling is most
accurate method in leveling survey. The equipment used for direct leveling was digital levels-and bar
code leveling staffs of Le&c Geosystems Co., Ltd. or Topcon Corp (Fig. 4). The digital level is
accurate than auto level when reading the staff. Even though different levels used because surveyed at
same time on different routes, there are no different results comparing Leicapwh Tevel. Fig. 5

shows the map of network plan for direct levelifige first-order benchmaskused in direct leveling

were the three points N0.18050 (Elevation 948.8876 m), N0.18049 (Elevation 938.1914 m) and
No0.546 (Elevation 940.1693 m). Three intetgmn points No.1, No.2 and No.3 were set for examining
each section. The new point is denoted as No.4Rigl.6 shows the firsbrder benchmark No.546.

The firstorder benchmark is the benchmark with the highest accuracy. The elevation is marked in units
of 0.1 mm.
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Fig. 5 Map of network plan for direct leveling

L RN

Fig. 6 First-order benchmark No.546

Results ofWork Volume of GNSSL eveling andDirect Leveling

Table 2 shows the work volume for GNSS leveling and that for direct lev&iN&S leveling was

done by one person (the author). The observation hours in GNSS leveling were 5 continuous hours.
The survey manual for elevation surveying by GNSS leveling specifies that the observation hours for
GNSS leveling shall be at least 5 conting hours (Geospatial Information Authority of Japan. 2015).
Direct leveling was done by 24 people, including the author. The 23 people, excluding the author, were
divided into 6 groups of 3 or 4 persons to survey within 2 days. The observation hounedor d
leveling was 11 hours in 2 days. The total observation duration is the observation hours multiplied by
the number of observation persoii$ie total observation duration for GNSS leveling were 5 hours,
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and those for direct leveling were 264 hourke total observatiordurationin GNSS leveling were

about ondfiftieth (1/50) that of direct leveling. Even though the result varies depending on the length
of the route for direct leveling, the examination clarified that GNSS leveling is able to dramatically
improve observation effiency. Based on the experience of conducting both leveling methods, the
author is able to conclude that the use of GNSS leveling helped overcome many problems regarding
direct leveling, including planning for routes to the survey points, problems ot tecaffiditions and

traffic safety at the survey points, and the mental stress on the surveyor in work that does not allow
even one error.

Table 2Work volume for GNSS leveling and that for direct leveling

Method Number of Observation | Total observation
observation perso hours [h] duration [h]
GNSS leveling survey 1 5 5
Direct leveling survey 24 11 264

Rigorous Network Adjustment

To determine the most probable value and standard deviation of the elevation of the new point based
on the observed data (i.e., the relative hemhbaseline vectors), rigorous network adjustment was
done for the data obtained by GNSS leveling and dieseting. In rigorous network adjustment, an
observation equation and a residual equation are formulated for the unknowns of the new point, a
normal equation is formulated by using the leapiares method and that equation is solved (e.g.
Tajima and Komki, 2001).

Eqg. (1) is the formulated observation equation.

AX L (1)

Where A : Coefficient matrix
X : Unknown vector
L : Constant vector
The unknown vector is the unknown to be determined, and the constant vector includes the
observed values and the values for the known pdpmectically, each observed values contains error.
Therefore, a residual equation shown as Eq. (2) is formulated.

V AX L (2)

Where v : Residual vector

Then, a normal equation is formulated based on the-dgastres method such that the sum of
squares of the residual vectgrpy for which the weight is considered is the smallest. Eqg. (3) is the
formulated normal equation. The weight is a function of distance.

ATPAX ATPL 3)

Where P : Weight matrix

Eq. (4) shows the solution for the normal equation, and Eq. (5) shows the reBaltufill the
requirement for high accuracy, the unknown is determined by using the observed value, which is
greater than the unknown, and the lestgtares method. The stoprobable value of the unknown,
which is the most probable value for the elevation of the new point, is determined as a &gju@n
to the normal equation obtained by using the legaares method.

XO ATPA 'ATPL (4)
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Where X Solution of the normal equation obtained by using the-gstares method.
VAL AAT™PA 'ATPL L (5)

Where  \£: Residual of the normal equation obtained by using the-$epstres method.
Eq. (6) shows the standard deviation of unit weidlhte standard deviation of unit weight is the
standard deviation of the observed weight.

\/m (6)
n m

Where  m : Standard deviation of unit weight
n : Number of the observation equations
m : Number of the unknowns

The inverse matrix of the coefficient matrix of the normal equation is shown as Eq. (7), which is
called the weight coefficient matrix.

Q APA’ (7)

Where @ Inverse matrix of the coefficient matrix of the normal equation

Eq. (8) shows the standard deviation of the most probable value of the unknown. This standard
deviation is the standard deviation of the most probable value of the elevation of the new point.

M myo ®)

Where  m: Standard deviation of the most probable value of the unknown
g, - Diagonal line element of

However, rigorous network adjustment uses matrices to determine the many unknowns; therefore,
computer applications amsed in actual situations. Rigorous network adjustment for GNSS leveling
was done by using TOWISE 4.1(Japanese version) of Nikon Trimble Co., Ltd. and that for direct
leveling was done by using BLUETREND XA (Japanese version) of FukuiComputer, Inc.

RESULTS AND DISCUSSION

Generally, theaccuracy ofthe most probable value is evaluated by the standard deviation. The
probability, the observed value vary within the standard deviation around the most probable value, is
known as 68.3 %T'he most probable vae and standard deviation of the elevation of the new point
No0.4101 determined through rigorous network adjustment using the values obtained by GNSS leveling
and those obtained by direct leveling are shown in Tableh&.most probable value determined by
GNSS leveling using GR&nly was 919.928 m. That determined by GNSS leveling using GPS and
GLONASS was 919.946 m. That determined by direct leveling was 919.9PAenstandard deviation
of GNSS leveling using GR&ly was 0.018 m. That of GNSS levelingngs GPS and GLONASS
was 0.21 m That of direct leveling was 0.010 mmhe standard deviation of direct leveling was the
smallest. That for GNSS leveling using G&3y was the second smallest. That for GNSS leveling
using GPS and GLONASS was the third desil

The most probable value and standard deviation of the altitude of the new point No0.4101
determined through rigorous network adjustment of the values observed by GNSS leveling, those
obtained by direct leveling, and thitscrepancybetween the two vaes are shown in Table Zhe
discrepancy was obtained by subtracting the value observed by direct leveling from the value observed
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by GNSS leveling. The discrepancy between GNSS leveling usingo@lp &nd direct leveling was 7

mm. The discrepancy betwe&NSS leveling using GPS and GLONASS and direct leveling was 25
mm. The results can be regarded as mutually consistent, even though the leveling techniques are
different. We can conclude that elevation with high accuracy, i.e., sufficiently consistenthevith
results of direct leveling, was obtained by GNSS leveling using-@®BS The reason for the
discrepancy between the results of GNSS leveling using@BSand the results of GNSS leveling

using GPS and GLONASS is thought to be that GPS and GLONASSlifferent systems. It is
thought that GP®nly observation and analysis is better than GPS and GLONASS when and where
enough satellites are available for GBY8y operation.

Table 3 Most probable value and standard deviation of the elevation of the new point

Method Used satellite Name .Of Most probable Sf[ar.\dard
new point value [m] deviation [m]
_ GPSonly 4101 919.928 0.018
GNSS leveling survey
GPS+GLONASS 4101 919.946 0.021
Direct leveling survey None 4101 919.921 0.010

Table 4 Discrepancy of elevations between GNSS leveling and direct leveling

Name of | Most probable| Standard
new point|  value [m] deviation [m]

GPSonly 4101 + 0.007 +0.008
GPS+GLONASS 4101 +0.025 +0.011

Used satellite

Discrepancy

CONCLUSION

As the conclusions, the poirase summarized in the following.
(1) The total observation duration in GNSS leveling were aboutfiftieeh (1/50) that of direct
leveling. GNSS leveling is able to dramatically improve observation efficiency.

7KH GLVFUHSDQF\ EHWZHHQ*3R® &® \OBIE OGIQUHKEWL OHYHOLQJ Z
GLVFUHSDQF\ EHWZHHQ *166 OHYHOLQJ XVLQJ *36 DQG */21%$66 D
VXIILFLHQWO\ FRQVLVWHQW ZLWK WKH UHVXOWY RI GLUHFW OH)
RQO\

W DXV KWK RVKFIDQMO Y I BEVHUYDWLRQ DQG DQDO\WLY LV EHWWHU W
ZKHUH HQRXJK VDWHOO LWV DRHHIYVWICROEOH IRU *36
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Abstract Poor nutrition andasciolosis have significantly decreased cattle productivity. Flood

is one of the welknown Climate Changes affected cattle production in Camb®dt&present

of permanent water bodies in these inundated areas may lhdegréevorable environment for
lymnaed snail, the intermediate host &fasciola gigantica Therefore, the study aimed to
identify challenges in cattle production and the risk factork.afiganticainfection in cattle

after flood in Ou Tapong, Bakan, Pursat, Cambodia during Decemhért@@une 2015. The

88 households were interviewed on challenges and risks of husbandry practicendy
guestionnaire. The total 171 fecal samples from floodirga (n=108) and noiflood area
(n=63) depend on the number cattle in each area. Age, delteafth status were determined
individually. Fecal were examined by using Modified Balivat Fasciola egg and counting
technique The result found that there was significance (p&0) between the prevalence of
fasciolosis in flooded are§25.00%) and nore flooded areas (1.60%). It was noted that higher
infection rates in female (19.70%) and male (2.90%) were found. The predengighntica

ZDV IRXQG LQ ROGHU FDWWOH +« \HDUV WKDW ZDV VLJQLILF
therates of 23.20 % and 7.90 %, respectively (p<0.01). The preveiegaganticawas highly
different (p<0.001) among emaciated, thin, medium and fat of body condition score of cattle.
Risk factor for cattle fasciolosis infection was demonstrated thée gets fed by cut and carry
water grass derived from inundated area (natural lake) and had significant association
(OR=0.61)with prevalence of fasciolosis in cattle througbistic regression model. Following

by focused group discussions, problems entmed in cattle raising caused flood including

pen flooding, lack of feed and susceptible to disease. However, only 25.00% prepared feed
before flood season and others did as habitation in local. Therefore, flood may be a factor to
contribute tooccurrenceof fasciolosisin cattle Traditional adaptation in cattle raising of
farmers seems to be neglected to improve cattle production.

Keywords Fasciola giganticacattle, pregalence, flood¢limate change, Cambodia

INTRODUCTION

Cattle production plays a vital role in the rural Cambodia economy, providing draught power, cash
incomeand as a source of fertilizedn 2013, livestock accounted for 14 percent of total agriculture
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GDP (MAFF, 2014).Climate changehas various impacts othe livelihoods of rural farmers in
Cambodia as they majorly depend on agriculture for living. Flood, one of thekmeslin climate
changes, is a core factor for low cattle productivity due to the loss of grazing pasture andastelter
occurrence of diseses (MoE, 2014)The presence of permanent water bodies in these inundated areas
provided favorable environment foymnaeéd snail, the intermediate host Bhsciolagigantica The
lymnaéd snail population and its habitat are disturbed by floodinthe aredispersed by floodwater
(Copeman, 2008)Alves et al. (201)] stated that flood might be associated with the presence of
lymnaed snail where prevatee fasciolosis in cattle was higher in flooded areas thasilooad areas.
Cambodia experiences with flood every year, particularly the provinces along Mekong River and Tonle
Sap (Leng, 2014). The anticipated impact of climate change and variabilityricnltage include
frequency increase and intensity of flood and incidence increase of pests and disease (MOE and UNDP,
2011). Flood causes economic loss, crop, and livestock destruction. As consequence, NCDM (2014)
reported that an estimated cost that dlaamaged and lost livestock was about US$3.33 million in
2013. Stock, poultry, and pig losses together with dying cattle during flood also found.

F. giganticais being the major internal parasite of cattle health problem in Cambodia (Soun et al.,
2006).Losses due to fasciolosis are mainly reduced meat produdtaunght performance, and lower
fertility in infected animals (Spithill et al., 1999). The net benefit per head of cattle and buffalo in these
high-risk zones of Cambodia is US$%8.These losseand the costs were taken into account of
implementing control program (Sothoeun, 2007). Tum et al. (2004) developed a geographic
information system model for mapping the risk of fascioliasis in cattle and buffaloes in Cambodia.
Mainly around Tonle Sap Lakand along the Mekong River and Bassac River, estimating that 28% of
cattle Cambodia is potentially at risk of fascioliasis, with areas of high and moderate risk concentrated
in southern and central areas. However, knowledge of the prevalence of parfesition including
fasciolosis in relation to seasonal flood and challenge cattle production cause flood in these selected
study areas is poor documented.

OBJECTIVE

The study aimed (i) to identify problems encountered in cattle and the selisiarers responded to
flood, and (ii) to estimate the prevaleran@ associated risk factors of fasiolosis in cattle in study area

METHOD OLOGY

Study Area

Two villages in Ou Tapong, Bakan, Pursat province were selected for this study and were taken place
from December 2014 to June 2015. Geographically, Ou Tapong commune Bakan district is a
peninsular area situated along Tonle Sap River, and these villages are different from Sdock klouk
situated in the lower plain of Tonle Sap and are susceptible to flaodge in rainy season, while
Robaoh Reang village is a higher land (hitood area).

Survey of Fasciolosis

Fecal samples were samplifipm 63 and 107 of the animals in Robaoh Rang and Sdock Khlouk
villages respectively. Samples were selected out frohcaitle in both villagesTwo cattle were
sampling from household raise least two cattle and a cattle from a household raise onlyTtiey

were randomly collected from male and female cattle with the age of less than 3 years old and above 3
years. Appoximately 510 gfecal samples were collected from rectum.
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Fig. 1 Map of studyarea

The samples were independently labeled with the age, sex, body condition score, and village
name and were stored in a cooled box containing ice. The samples were transported to Parasitology
Laboratory of Research aritktension at Royal University of Agritture and were analyzed using a
Modified Balivat Fasciola egg counting technique to find prevalence of fasciolosis. The association
between the independent factors and the prevalence of fasciolosis was calculated by using the Chi
square and confidence léweas held at 95%. As part of the study, all cattle owners were selected for
interviewing by aset of structued questionnaire that covered aspects of challenges and responses of
farmers to flooding in cattle production and possible risk factors for faséiw example, feeding and
water management, and presencdyainaed snail in particular site. Focused group discussion was
also done for validation. Risk factors associated with case of fasciolosis were analyzed using a logistic
regression model. Alltatistical analyses were conducted using SPSS version 16.0.

RESULTS AND DISCUSSION

General Characteristics of Cattle Production

Cattle production is considered the second major economic activity for smallholders while the main job

is rice production. Thenajority of cattle production in both villages was raised for breeding purpose,

as savings in family. Generally, cattle were grazed together on available pastures in the area, which
was depended on the season and availability of feed. The cattle feedwai@iegrasses, rice straw,

and stubble. After rice harvest, cattle were herded together in the grazing area where pasture and water
are available, especially at floodplain and surrounding natural lake near Tonle sap river. The cattle
were released from onning to evening in Sdock Khlouk. Unlike the cattle in Robaoh Reang, they
were freely released to grass in paddy field or grassland (farm) with additional feed, such as rice straw.

ProblemsFaced byFarmers in Cattle Raising
Cattle raising in Sdock Kloukillage is very sensitive to be impacted by flood. Water grass such as
Brachiaria (buffalo grass) ardryza rufipogorfrom flood plain and flooded natural lake are the main

feeds for cattle in flood events.
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Fig. 2 Percentage of farmers faced by feed angen problems in cattle rising during flooding

The survey result presented in F2gshows that 85% of farmers reported grass availability was far
from household with the distance between 3 and 15 kilometers. Farmers (75%) said that there was no
field grazng for cattle because grass field was flooded and 45% of farneeedagk of feed for cattle,

a part of cattle lack of water grass due to no boat and destroyed grass. Pasture was also a major
challenge to limit cattle productivity after flood becauseewgrass was no longer grow or flower and
that was not a suitable feed for cattle.
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Fig. 3 Percentage of farmers noted disease in cattle during flood

Percentage

Observation of farmers on disease in cattle during flood is shown irBFithere are 82% of
farmers wio found that their cattle had diarrhea during and after flood season. There were 39% of
farmers who observed that cattle had Foot and Mouth disease, Hemorrhage septicemia (18%) and pain
nail (18%) Lastly 9% of farmers reportgubisoningcases on cattle.hibse could be the result from
flood related issues and evacuating conditions were susceptible to infectious diseases. Flood water was
only a drinking so%rceluringflood duration and cut and carry moss grass were the main feed for cattle.
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Fig. 4 Percengage of farmer adapted in cattle production

Adaptation of farmers keeping cattle in study site is illustrated in4=igarmerswere asked to
share their experience of dealing with flood and to describe existing ways to adapt to flood. Up to 75%
of cattle owners did not make any feed preparation while there was 25% prepared rice straw.
Traditional adaptation of villagers, including 41% of farmers built an evacuated site for cattle at home,
36% bought a boat, and 17% repaired their boats before flood ex@ide preparing boat was very
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important to transport water grass. However, at least 7% absence of any adaptation means the farmers
kept and did everything as hormal due to living conditions.

Infection Fasciolosis in Cattle

Out of the total cattle examinded, an ovepkvalence of 28 (16.4%) were recorded in the present
study. The prevalence rate at Robaoh Reang and Sdock Khlouk villages were 1.6% and 25%,
respectivelyTablel). Prevalence of fasciolosis was highecdttle at nofflood areas than in cattle at

flood areas. The study revealed a significant difference (p<0.001) of fasciolosis prevalence in the two
study villages. Sdock Khlouk was higher than RibbReang as it may be defined by the presence of
more lowland or lake, which was the maintenance of flood prone areas. The mollusk dispersion and
maintenance of the life cycle of fasciola are suited for those éraaa et al., 2009). High prevalence

was observed in flood areas as it was supported by the mdudeh wdicated that the area of high and
moderate risk of fasciolosis in the closed distance river and lake (Tum et al., 2004). Moreover, cattle
feeding method in Sdock Khlouk was mainly free grazing at bank of natural lake and the margin of
flooded areass water receded. This inundated areaavagitably permanent habitat for aquatic snails
that were the intermediate hostsFofgiganitca(Tum et al., 2004). The higher in area surrounding
large natural lake or pond was the location wHeymnaea snail waseen by villagers. The overall
prevalence of liver fluke infection (13.4%) is supported by the finding of Dorny et al. (2011) which the
result varied from 5920%. On the other hand, this result is higher than the earlier report of Tum et al.
(2007) who dund 6.2% prevalence &f. giganticain cattle for Pursat province and concluded that
there is a moderate predicted risk of information. The variation in the findings with the early reports
may be due to the difference in sample size, place of studysiied of infection, time of collecting

fecal sample, and availability of infected intermediate hdsgmfiea snail). The present finding was
gradually increased year over year and it might be closely associated to the presence of chronic cattle
infectiondue to no deworming.

Table 1 Prevalence of fasciolosi base on site

Site N examined N infected Prevalence % N P
Noneflood 63 1 1.6 15.92 0.001
Flood 108 27 25
Total 171 28 16.4

As shown inTable 2, there was significant in variation of fasciolosis in male and feragle
:T® L5.59 p=0.018)The infection rate in female was higher (19.7%) than male (2.9%). This finding
was similar to the observation Afdo (2014) Impact to the infection rate could not be explained, but
these infections in female were higher than in male which could also be attributed to thréiqray
more female sample3 éble 2). The prevalence of fasciolosisag higher (23.2%) in old cattle while
lowest prevalence in young cattle was up to three years old (7.9%). It showed a significant difference
among agegroup (T8 L7.18, p=0.007)The lower prevalence rate in young cattle might be due to
short time exposure disease than old cattle. On the other hand, the old cattle were free grazing from
near submergedrea from morning to eveninddble2). Base on body condition, it was significantly
difference (T° L18.81, p=0.000pf prevalencer. gaganticaamong emaciated, thin, medium, and fat
body conditions of cattle. 40% was observed in cattle with emaciated body condition, while the lowest
infection prevalence (1.6%) was observed among cattle with fat body condition which was consistent
with the findirg of Rast et al. (
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Table 2 Prevalence of faciolosis base on sex, age and body condition of cattle

Factors N examined N infected Prevalence % T6 P

Sex Female 137 27 19.7 5.59 0.018
Male 34 1 2.9

Age(years) . 95 22 23.2 7.18 0.007
<3 76 6 7.9

Body condition Emaciated 10 4 40 18.81 .000

Thin 38 11 29

Medium 61 12 19.7
Fat 62 1 1.6

Risk Factors for Fasciolosis inCattle

Fourteen univariables were analyzed for association with the presence of fasciolosis reported by cattle
RZQHUV 21 WKHVH S” VKRZHG VLJQLILFDQW DVVRFLDWLRQ
grass from flood plain, natural lake, ctulsble, free grazing around Tonle Sap, free grazing around lake,

drink water from lake, cannel, dung well, use cattle for ploughing in rice field, and use cattle fecal for
fertilizer. This was eligible for the inclusion of the multivariable logistic resjoes The results from this

analysis revealed that cattle that were fed by cut and carry water grass from natural lake were more likely

to have fasciolosis than cattle that were not feed by cut and carry grass from natural lake. There was a
significant assciation (OR=0.61, P<0.01) with prevalence of fasciolosis in cattle (Table 3).

Table 3 Result of a multivariable logistic regression analysis of risk factors for fasciolosis

Association with Fasciolosis P
Risk factor U OR 95 Cl for OR
Lower Upper
Constant -1.193 0.000
Cut and carry grass from natural lake -2.796 0.061 0.008 0.462 0.007

CONCLUSION

The cattle productions of smdiblder farmers were in the limit productivity in terms of feeding and
occurrence of diseases resulted by flooding. Traditional adaption may be neglected to improve cattle
productivity, hence adaptation capturing good practic enhance community resilience to flood
should be introduced to farmers. Prevalerasciola gigantica was found in cattle and feed
management in the areas that seemed to be exposure to fasciolosis infection. Accordingly, a disease
preventionprogramand a control program are required. Inundated areas may be associated with habitat
of intermediate hosts that contribute to higher prevalence of fasciolosis in flooded areas. It would also
be a role as baseline data in the future study or for the releghiht fi
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Abstract As a number of agricultural labors have shifteditban industry, rice production is

now experiencing labor shortages. Thus making transplanting is deeply unpopular. Despite
producing higher yields, transplanting has dramatically been replaced by direct seeding.
Therefore, this research paper aims toouhiice the rice transplanter model TMRT 2 and to
determine its working performance and efficiency by conducting astadion experiment,
starting from June to August, 2015, at the Royal University of Agriculture (RUA), Cambodia.
The experiment was divideithto 9 treatments with the size of 2 m x 7 m, and two main
factors? plant age and water levelwere studied and analyzed on different periods of 12 days,
18 days, and 25 days in age; an water depths of 2 cm, 5 cm, and 10 cm for water level. The
findings indcate that in the treatme(5 days and + 2 cmidhe hills contained a density of4

plants and suffered low damage during planting operation. Though transplanted at various
water depths, old rice seedlings tended to stand upright at the average of7/680d&grees,
whereas slow transplanting speed might greatly reduce seedling loss@splants per hill.
Additionally, hill-to-hill spacing varied from 21 to 23 cm when the rice seedlings age 18 and 25
days were mechanically transplanted. However, planéing of younger seedlings produced
many missing hills that ranged from 3 to 7 hills in the 2 m x 7 m plot, and this might
substantially decrease the future yields. Planting depths varied from 4 to 5 cm when
transplanting of seedlings age 18 and 25 deys performed at a water level of 2 cm. It might

be concluded that rice seedlings, age 18 and 25 days, should be transplanted at 2 cm water level,
in combination with slow enough operational speed, while transplanting-addyl 8eedlings at
varied water dpths produced greater damage and losses.

Keywords rice transplanter, water level, root growth, hill spacing, operational speed

INTRODUCTION

Rice cultivation is known as traditiond income-generating work pradiced by 60% of rual Cambodian
peopleandas a staple crop consumed in the countrge Rialsorich in vitamin B, which is important
to keep the body runnindAFF, 2012) Recentlyrice has been prioritized as a strategic crop to boost
exports(FAO, 2014) Therefore rice yields have increasedhile workload has decreasedegpite its
tremendoussignificance, rice cultivationis labaious and takes a long time to yield. In generd, the
cultivation time ranges from three to six morths, depending upon the selected rice varieties and
the seasonswhen cropsare cultivated. Rice growth and yields are highly sensttive to variability of land
preparation, climatic conditions, proper care, and water supplies. So,mproper farming techniques
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may obvioudy lead to a waste of invested capital and low outcones. Since rice cultivation requires a
great ded of available laba, ladk of man-power may lead tdate farming or little care whichsignifies
a pressng need for machine aidto boost cop poduction (ADB, 2014)

At the present time, mechanization has stated to appea as a ugful farming method that
acceeratesagricultural work and cut downunnecessay labor use,as well as increasingcrop yields per
yea. After years of globalization, Cambadia has imported hundeds of power tillers to quicken land
preparation proporiondly in the wake of youth out-migration for work abroad. This really
demonstetesa notcedle trend in the Cambodan agricultural evolution, while labor shorages pose a
serious challenge towards the existence of agriculture (Lay, 2009) Seldom introduced into the
Cambodan domesticmarket, hand-powered rice transplnters have been widely marketed and utilized
in the Asian regions to compenste for labor shorbges and fadlitate farming work. Such rice
transganters are of great importance to the rural economies as fewer people are needed to transphbnt
rice cropsthanever, sedallings are uniformly transpbntedfor the purmpse ofbetter field irrigation and
wedling at a later stage. Apart from that,seedling unifarmity results in proper nutrient intakes from
the ground and enough sdar absorption letween rows, which nmeans higher yields. Therefore, this
research aims to introduce the rice transplanter model TMRT 2 and to determine its working
performance and efficiency.

METHOD OLOGY

The experiments werearied out at the Royal University of Agriculture during the period of June
August to testthe performance of a hand-operated rice transpbnter by selecting the nini hand
cranked rice transpblnter (2 row, 20 cm width), which wasimported from China. Moreover,
understanding different water levels in rice fields before, dung, and after transpbenting iscrucial for
the firm starce and survival of newly transpbnted sedlings. Adequate water presence in thefield also
contributes tahe ability of seedlings to takein nutrient disolvedin water, absorboxygen fromtheair,
and consumesufficient amounts of water to pomade growth. Thus, the study was performed by
selecting plats with three water levels above the grourd: 2 cm, 5 cm, and 10cm, which are similar to
the real water levels observed in rice paddy field in Cambbdia.

As the time frame of the pradicd experiment was about three morths, the short-duration rice
variety Sen Pidoawaschasen. The rice wagemminated at the nursery prepared at RUA campus,and
plantedfor the experiment. The age of seeadlings strongly affects proper growth leading to low losses
of transpbnted ®edlings and higher yields at the harvest time. So,experimenting with different
sedlling age categories can prove a premium seedling age thatcan assue high yields for the kenefit of
farmers. Thetesed rice seallings were categorized into three different ages: 12 days, 18 days
recommended in system of rice intensificat{@DA, 2013) and 25 days to meet the optimum rice
age for the rice transplanteBoth weter level and seeadling age affect rice growth. The 9treaments
were created with the size of2x 7 m. Root growth, number of plants per hill, missing hills, damaged
hills, interrow spacing and stem angle were measured and analyzed usingV@XEand TWO
WAY ANOVA from Minitab-17.0 software packages. Transplanting speed was measured whereas
machine deprecimn cost and labor efficiency were calculated.

The ®d rate for one square meéer nursry wasabout 250 gams. Duing sealling preparation,
organic matter was one @ard for 100m? nurseryto obtainfirm sealling stemsadditionaly 0.5 kg
of Ureafertilizer was diluted into water to make seedling healtRice reelsto be fertilized three
times,2-3, 15, and 50 days after seeding, andweedingis needed after transpbnting at 15, 30 ad 45
days to pevent grass growth (GDA, 2013)
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RESULTS AND DISCUSSION

Optimal Transplanting SpeedOperational in Each Treatment

The seedling age and water level were tested to find the optimum transplanting speed necessary to
streamline a whole transplanting process with little damageédlings. The seedlings transplanted at

the age of 12 days tend to be associated with higher operational speed, which significantly variant from
0.24 m.§ in 10-cm depth to 0.36 mi’sin 2-cm depth, while the transplanting of-fl@y seedlings

might retad the machine mobility estimated at around 0.25'rmsdepths of 2 and 5 cm and at 0.30

m.s* in 10-cm depth. It is clear that young seedlings were easy to be picked up and dug into the soil,
hastening the operational speed. Withd2ly seedlings, theansplanter was operated at slow speed of

0.20 m.8 in each water deptfThis shows slowness of the machine. As a result, the operational speed
varies in uniformity to subsequent seedling ages, but may fluctuate due to soil conditions and constant
mechanical pulling force.

0.36
R\ —9— 2cCm
\ —® - 5cm
0.32- AN —-e-- 10cm

Average speed (m/s)
(=)
(]
o0

12-(liays 18- (liays 25-days
Transplanting dates

Fig. 1 Comparison in transplanting speed operated in different seedling ages and water lewgl
with different speed means significant(p < 0.001)in transplanting date factor, norn
significant (p = 0.055) and with significant interaction (p = 0.019)

Transplanting SpeedOperational in Each Treatment

Missing hills and floating rates of transplanted seedlings were examined and counted in each treatment.
This was to discover how significantly the age factor and wla¢erlevel factor affected the
transplanter performance. As shown in Table 1, the difference in seedling damage in each hill is highly
significant(p < 0.001) while the variation in an average floating rate of seedlings is also statistically
significant(p < 0.001) As a result, the findings show that seedling damage in a density ofefdrnto

be greater at high depth and young ag#) theaverages of 3 seedlings in the treatm@2tdays + 5

cm), 4.5 seedlings in the treatmddB days + 5 cmand 75 seedlings in the treatmefi8 days + 10

cm). The damageate was nossignificant in case older seedlings were transplanted, though at various
depths. Water depth had a huge effect on a floating rate of seedlings in the vicinity. ddighmwater

level presengéd on the experimental plot signified a higher rate of seedlings afloat, and transplanting
young seedlings was also influential in this rate. The seedlings age 25 days suffered a low floating rate
at which very few drained seedlings were gathered inf, which other treatments with younger
seedlings had a floating rate of74seedlings.
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Table 1 Effect of different depths and seedling ages on damage and floating rates

Treatment Missing rate Floating rate
12 days + 2 cm 1.70b 4.50 abc
12 days + £m 3.00 ab 4.00 abc
12 days + 10 cm 7.75a 6.00 abc
18 days + 2 cm 2.00b -
18 days + 5cm 4.50 ab 7.00 a
18 days + 10 cm 7.50 a 7.00 a
25days+2cm 2.00b 1.50 bc
25 days + 5 cm - 0.75 bc
25 days + 10 cm 1.50b 0.75c
SE 2.164 2.050
F-test probabilities <0.001 <0.001
CV (%) 19.65 18.18

Effects of Above-ground Water and Seedling Age onRoot Depth

Seedling roots may penetrate as deep as into the ground depending upeailtielity of water on

the ground and the age of the seedlings, which is well illustrated in Fig. 2. The difference in average
root depth penetrable into the soil is very significdiiteroots of the seedlings transplanted at the age

of 12 days showsbvious results as they had the lowest penetrability, but differed across different
levels of aboveground water. In this seedling age category, the transplanter had the ability to dip the
seedlings roots 3 cm into the soil at a water level of 2 cm, isicigghe root depth by 1 cm at water

levels of 510 cm. Deeper root penetrability occurred at higher level of water because the transplanter
was manually adjusted to match the water level; otherwise, the seedlings were unable to be placed into
the soil. Tlough transplanted at the same age categories, older seedlings tend to have deeper root
penetrability, and the roots of the replanted seedlings age 18 days were averaged under 5 cm despite
little depth variation across the water level. However, after réptarthe root depth of seedling age 25

days remained deeper than younger seedlings and was averaged 5 cm. This figure increased due to the
rising level of water presented on the soil. The fact that older seedlings had higher penetrability could
be explaied by three reasons: the height of the seedlings, pulling mechanism, and periodic adjustment
of the transplanter.
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Fig. 2 Combined effects of seedling age and water level on seedlingt depth created during

transplanting. The Mean £ SD of root depths are presented. Different used alphabets
indicate measurement is significantly different(p < 0.05)from each other
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Effects of Above-ground Water and Seedling age

Numbers of seedlings per hill, crop spaces, standing angles of seedlings and seedling losses per hill
were timely measured to identify effects that the transplanter had on rice seedlings (Table 2). Different
age groups strongly affected the ability of the transplanter to pick up the seedlings, being highly
significant(p < 0.001) while the water level might not have any significant effpct 0.964)on its
capability in picking seedlings at a time during tlansiplanting process. Interaction between the water
level and age group factors was also not significantly diffejert 0.147) showing that replanting at
different levels of water, regardless of seedling ages, the number of seedlings transplanteglet a si
time was similar. As indicated above, the seedlings age 25 days were suitable enough for the
transplanter to pick up 4 seedlings per hill, when operateetat ®ater depth. As the water level was
deeper, the number of pickegp seedlings also incres$ by one unit. As the interaction was not
detected, the suitable seedlings for the utilization of the rice transplanter should exceed 20 days in age,
so the machine is capable to firmly grab them. In addition, the water level should be considered to
remah shallow to reduce excessive use of seedlings.

Table 2 Combined effects of seedling age and water level on seedlings transplanted at a time,
inter-row spacing produced, stance of seedlings, and damage rate

Treatment Number of seedlings  Betwesnrow Stem angleY] E:ggﬁggg
Age Water level (stemsthill) spacing (cm) (stemv/hill)
12 days 2cm 9.2% 19.68% 62.75"% 2.65
5cm 7.706° 18.75¢ 65.00% 0.2¢
10 cm 7.25%0¢ 19.15¢ 72.50° 1.40°
18 days 2cm 4.60°™ 16.30 73.46"° 0.78
5cm 4.40° 18.45¢ 53.25 0.90*
10 cm 4.90% 24.8% 57.258° 1.35¢
25 days 2cm 3.9¢f 21.50* 65.65"° 0.80*
5cm 5.20 22.106%° 77.38 0.45
10 cm 5.25 23.70° 78.60° 0.40¢
SE 1.72 2.04 16.68 0.97
F-test probabilities
Seedlingage (S) <0.001 <0.001 <0.001 <0.001
Water level (W) 0.964 <0.001 0.379 <0.001
Interaction (SxP) 0.147 <0.001 <0.001 <0.001

Spacing produced by the manual operation of the transplanter varied significantly at each water
depthg(p < 0.001)and ateach age grotifp < 0.001) This shows that the older the seedlings, the wider
the spacing. The interaction effects of the water depths and age groups on crop spaces wergdetected
= 0.001) showingthat the transplanter teedto produce distinct spawj because the required traction
force for the operation varied. Older seedlings required machine transplanting to spend slightly more
time. This is obvious because deeper water levels tend to be difficult for the transplanting machine to
pull out due to fiiction produced on the water surface, retarding the movement of the transplanter at
water depths of 5 and 10 cm. This explanation is strongly linked to widened crop spacing. Of all the
treatments, seedlings transplanted at the age of 25 days, thoughedtwater depths, remained
highest and varied from 21 to 23 cm compared to others replanted at a younger age.

Plant ages were significantly influential in the ability of plants to stand after transpléptmg
0.001) while different water depths had effect on the standing abilifp = 0.379) This meanstem
heights affects plant verticality. However, the interaction between the age group and water level is
statistically significan{p = 0.001) indicatingthat plant verticality tends to vary duedombination of
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plant age and water depths. Statistically, plants age 25 days were very suitable with the use of the
transplanting machine as they slightly leaned &b8Gaverage when planted at water depths of 5 and
10 cm. Comparing to the replantingaatvater depth of 2 cm, the seedlings of that age leaned.to 65
High water levels seem to keep old and tall plants straight up. Younger rice plants age 12 and 18 days
transplanted at high water levels caused the plants to stand less upright, wtilg sk®dlings
transplanted at a@m water depth stood at%3

Damage to plants per hill was measured in each treatment, while the seedling age and water level
were both strongly influential in the degree at which plants might be bipken0.001) These two
factors interacted closelp < 0.001)and might determine how much damaggs done on seedlings
transplanted when varying age groups and water levels were applied. Plants per hill were seen to suffer
breakage at the age of 12 days more than older glaaitsvere transplanted at different water levels.
Rates of plant damage ranged from 1.40 to 2.50 plants per hill with too young seedlings. However,
plants per hill suffered less damage when older seedlings were used. This damage was mainly caused
by the wg of operating the rice transplanter.

CONCLUSION

In short, it is deductible that the seedlings age 12 days are unsuitable for machine transplanting because
substantial damage and seedling losses are frequently observed. Moreover, at higher wateiblevels of
and 10 cm above the ground, machine transplanting may result in more floating and missing hills.
Therefore, it is obvious that seedlings age 18 and 25 days should be considered for further experiments.
Water depth of 2 cm is preferred as it leads tongieo seedling stance, low seedling density, easy
machine operation, and marginal losses. Therefore, the rice transplanter should be considered as a good
option to accelerate rice farming and reduce workload.
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Abstract Water scarcity has become abnormally serious across the year, so timely irrigation aid
is strongly required for healthy crop growth. Therefore, this paper tomasxplore the
FKDUDFWHULVWLFV RI IDUPHUVY SUHIHUHQFH¥YndR& HU SXP !
analyze their breakven points. The study was performed during the period from January to
June in 2015, by randomly selecting 80 pump owners fronfawmeéng commune in Chum Kiri
District, Kampot Province, Cambodia. The data were collected using household intendews, in
depth interviews and a group discussion. The data were analyzed by utilizing descriptive
statistics and the breaven formula to invegate repair costs, annual pumping hours and
standard farm sizes. The result shows that water pumps were highly in operation during dry
season to maintain the cre@ter balance and were annually operated about 412 hours. The
engine capacity of pumping rclaines, frequently purchased, ranged from 5.5 to 8 horsepower.
The pumps lasted for five futliperational years and depreciated 25 dollars on an annual basis.
Japanesbrand pumps were besglling, still farmers were subjected to have excessive
spending a annual repairs because of less care and little maintenance knowledge. Although
water pumps were widely utilized across the studied area, each household only cultivated on an
average of 1.20 hectafarmland, whereas the breaken land was calculated e at least 6
hectares of cultivated land, so that the pumps were fully operated, economically and effectively.
In conclusion, though operated on a small land, water pumps have made a contribution toward
improvement in crop production. However, they reradiminimally useful in case of scarce
water sources. Therefore, irrigation sources should also be considered and constructed, so crop
production might be double or diversified with the presence of pumping machines.

Keywords dry season, operational hourarrhland, brealeven point

INTRODUCTION

Water is crucial for cropping systems in Cambodia. However, rice is mostly cultivated once a year
largely due to rainfall dependency. Thus, annual rice yields are even low during water scarcity. In
comparison, annuaice crops are cultivated two or three times in Thailand and Vietham because of the

involvement of mechanization making the two nations become leaders in rice exports. In this case,
usage of pumping machines is deemed an effective tool in adequate vigaéoir (MAFF, 2012). In

terms of rural economiesvater for irrigation has nurtured approximately 500 million family farms
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worldwide in the form of rainfall and water sources, while contributing toward securing world food
adequacy for rural householdsa fact, small farm3 either irrigated or nofirrigated? are also
managed by almost 60% of Cambodian farmers who rely mostly upon rice farming. d@hmus, f
mechanization is widely known as a driving force of agricultural transformation and development
(Chhim Ghhum et al., 2015)For this reason, watering innovation in obtaining irrigation water is
required to improve rice production and yield along with technical support on agricultural machinery
(FAO, 2014).

Furthermore, due to high demographic growth in Cambodia, rice cultivated areas have been
expanded enormously and increased from about 2 million hectares in 2003 to roughly 3 million
hectares in 2013. The expansion of farmland has resulted in higher nmpghunghase increasing the
number of power tillers from 13,700 units to 128,800 units and the number of pumps from about
100,000 units to 232,000 units over the same period of time (Saruth et al., 2014). The rising numbers
of purchased pumping machines negther bring benefits to the nation or pose new challenges to rural
mechanization in Cambodia when technical assistance is not widely available. Machines are heavily
imported without providing adequate vocational training on mechanics to local diswil§Qtoinim
Chhum et al., 2015). In this casaral skills including economical operation of farming machinery are
necessarily the best choice in enhancing rural economies (ADB, 2015), as Cambodian people that
reside in the countryside possess relatively kkills and low educational achievement. Besides,
technical skill shortages are largely apparent in countryside peDple.to the importance of
machinery involvement and necessary skills relevant to the operation of machinery, especially small
scale waterSXPSV WKLV VWXG\ DLPV WR H[SORUH WKH FKDUDFWHULYV
machines in rice production and to analyze their beada points. By doing so, the optimum
cultivated farmland may be found out.

METHOD OLOGY

Site Selection andSampling Procedure

Fig. 1 Map of the studied area in Chompouvorn Commune, Chum Kirir District

Farmers who utilized pumping machines for irrigation were randomly selected from Chompouvorn
Commune, Chumkiri District, Kampot Province, where ragegen rice is mostly cultivated. To
understand how portable water pumps are used to suit the current situation of the cropping systems, the
farmers from two different villages were categorized into two low and high pump usages and then were
sampled usingamaQH 7DURYV (IsradeR POR3Y & Bhown below:

C
IL5to (1)
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Where nis a number of selected samplBsiepresents a population of farmers operating pumping
machines in the two villages; ards thelevel of significance and accounts for 10%.

Table 1 Sample of farmers operating water pumps

: Level of pump Number of households Number of samples
Village names

utilization with pumps (person) (person)
Thmey High 246 52
Koun Damrey Low 133 28
Total 379 80

Data Analysis andBreak-evenFarm Size

Efficient operation of water pumps depends greatly upon how often they are utilized and how big the
farmland is. Economically based pump usage is considered important for farm operation as long as
profitability is highly aimed. Annual depreciation cost of machinery and besak farm size, when

one pump is purchased and operated, are calculated based on the following formulae:

ET211
& L— (2)

WhereD is a pump depreciation cost (USD/yed?) represents the initial price of one pump
(USD); SVis known to be the price of pump salvage or 10% of initial price (USD)Laada pump
life span and is up to 6 years.

o Va

L &1, ®)

Source: Patterson and Painter (2011)

Where Be represents breaiven farm size cultivated for efficient pump usage (f&);is an
annual pump ownership cost (USD/yed)is custom pump hired rate per hectare (USD/ha);\&nd
covers all operating costs such as fuel, labor, and repairs (USD/ha).

RESULTS AND DISCUSSION

Agriculture in Cambodia is dominated by paterfamiliases, accounting for 84.27% of farming families
interviewed in the studied area, while only 15.73% represents materfamilias families. Table 2 indicates
that men are still influential in desionrmaking for purchasing inputs and machinery for agricultural
practices. Meanwhile, Cambodian farmers still have low literacy rates as 41.57% of the farmers could
only spend a school period of 9 years, while 35% dropped out of school at young aqurit@ases

are very common in rural areas due to low budget and poor schooling infrastructure. However, 23.60%
could finish high school. The 284 age categories of the rice growers living in the studied area
account for about 57%, while 24.72% fall withine 4560 age category, which means that the
majority of the farmers are considered full labor. It is clear that the average age of the rice farmers
equals to 42 years. The number of family members averages 4.39 persons per household, with 2
persons condered full labor. Because the active labor category-8fpkrsons accounts for almost

90% of the interviewed farmers, this signifies labor shortages. Furthermore, 65% of the rice farmers
cultivate rice on the land that is smaller than 1 hectare, whete38%2 own rice fields varying in size

from 1 to slightly higher than 2 hectares. In general, the cultivated farmland averages 1.15 hectares.
According to the survey, the farmers have had 27 years of farming experience, and by investing an
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average sum of ZBUSD on land preparation, inputs and harvest; they could earn an annual income of
760 USD to cover all the expenses.

Table 2 Household characteristics of Chompouvorn Commune

. . Frequency Percentage
Variable description (n=80) (%) Mean
Gender ohousehold head
Male 67 84.27
Female 13 15.73
Educational level of household he@ua)
No education 2 2.25 9.00
Primary school 26 32.58
Secondary school 33 41.57
High school or higher 19 23.60
Family status of household head
Married 62 77.53
Divorced 18 22.47
Age (yr) (>=25 years old)
25-44 46 57.30 42.32
45- 60 20 24.72
> 60 12 14.61
Household sizéPerson)
1+4 48 59.55 4.39
5-10 32 40.45
Active labor(Person)
143 70 87.64 2
>3 10 12.36
Farmland sizéha)
<1 63 78.65 1.20
12 4 5.62
>2 13 15.73
Family experience in farmingyr) 27
Total expenses in farmin@SD/yr) 250
Total income from farmingUSD/yr) 760

Characteristics of Pump Operation and Its Working Capacity

The pumping machines that farmers commonly use are Japanese brands including Honda, Yamaha,
and Yamasaki. Based on Table 3, braesv pumps aremore preferable as they are relatively
inexpensive and have a long lifespan. Of all the interviewed farmer82%3have utilized the
pumping machines for at least 5 years, while others have owned the pumps for at least 3 years
(p<0.001) The pumps have small engine horsepower from 5.5 to 6.5 horsepower and account for 70%
of the farmers, while 30% select the engitiegat have 8 horsepowgr=0.003) Moreover, the pipes of
50 and 80 mm in diametdp<0.044)are chosen for pumping, representing 61.80% and 38.20%,
respectively. Besides that, the rotary speed of 3,600 rpm is preferred, and ceryfagalmps are
chosen because they are capable to lift water up to 30 m in height. With this height, rice fields that are
far away from the canals can be sufficiently irrigated. In terms of convenience, pumps with gasoline
engine are bestelling, as they are light and eaycarry, so 77.53% of the farmers choose them.
Dieselpumps(p<0.001)arestill in use, representing 22.47% of the interviewees.

Pumps provide advantages during the peak demand for irrigation, but they may also cause farmers
to spend more, when they are broken. The most common pump problems are related to fuel tank,
ballast, spark plug, injection nozzle and wearing ring; as farotéize their pumps with littlecare
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(p<0.010) New pumps break down occasionally throughout the year, and due to inadequate technical
knowledge, farmers have to get them repafp.001)at mechanical shops, with about 80% of them
paying a sum of betwael0 and 20 USD. Around 20% pay less than 10 USD.

Table 3 Preferential characteristics of pump utilization in the studied area

Variable description of pump Fr(er:](l%%r;cy Per(c(:)z?tage Chi square Slg?écce?nce

Type of pump purchase - -
New 80 100.00
Secondhand - -

Years of pump use 24.32 <0.001"
<3 6 7.87
315 39 48.31
>5 35 43.82

Horsepowe(hp) 13.60 0.003"
5.5-6 28 34.83
6.5-8 52 65.17

Pipe diametemm) 04.05 0.044
50 31 38.20
80 49 61.80

Rotary speedRound per min) - -
3600 80 100.00

Total head lift(m) - -
30 80 100.00

Suction distanden) 8.83 0.024
5-7 30 37.50
8 50 62.50

Type of pump blade - -

Centrifugal 80 100.00

Type of consumed fuel 24.20 <0.001"
Diesel 18 22.47
Gasoline 62 77.53

Broken pump parts 09.23 0.010
Fuel tank and Ballast 23 28.75
Spark plug & injection nozzle 29 36.25
Wearing ring 18 35.00

pump breakdown 36.45 <0.001"
Occasional 67 84.27
Often 13 15.73

Repairs of broken pump 51.20 <0.001"
Self-repair 8 10.11
Repairman 72 89.89

Repair spendingUSD/yr) 28.80 <0.001"
<10 16 20.22
10-20 64 79.78

Initial pump price(USD) 182.00

Number of operating houisr) 415.24

Note:™ ,”, and signs mean very highly significant, highly significant, and significant

Analysis of Break-evenFarm Size

Pumps are commonly used during the rainy season. This situation is prevalent in the studied area due
to no irrigation systems for water reservation. Accordingly, there is also no rice cultivation during dry
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season. In consequence, farmers plant rice dtinmgainy season and resort to iarm work during

the dry season. Besides that, the price of a new pump is about 182 USD (Table 3) and is usable for 6
years; thus farmers have to incur an annual depreciation cost that is estimated at 25 USD. When the
pump is operated on one hectare of land, its owner has to spend 90 USD annually on gasoline,
lubricant and repair costs, as shown in Figure 2. So when it is chétednto irrigate farmland of one
hectare, 15 USD may be charged. Thus, the pump is usesdftdl itapacity, only if farmers have to

work on 6 hectares of land per year. This does not mean that they have to possess exactly that size of
land, but they can double cultivation, which leads to double usage of the pump, or they may use it in
other waysfor economic purposes. In terms of farmland, the farm size that each household has
amounts for only 1.20 hectares, while the number of pump operating hours per year averages at 415.24
hours (Table 3). These two numbers shows that pumps are used fopunpdise, not only for
irrigation. They may use up their annual working capacity because in general, a pumping machine may
be used for 500 hours per year. Therefore, it may be efficient when farmers double their cropping
seasons in a case that irrigatiosteyns are potentially available.
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Fig. 2 Calculation of farmland size needed for efficient pump utilization

CONCLUSION

In conclusion, the pumping machines purchased are mostly imported products, but they do not cost
much. The farmers possess snptits of farmland with labor shortages. Rice cultivation depends
solely upon rainy season rice. This situation results in high depreciation costs agfficient pump

usage. Besides that, farmers usually experience occasional breakdowns of the pureps wgyah
repairmen to solve the problem because of little mechanical knowledge. As calculated, the optimum
farm size that is suitable for pump utilization equalsleast 6 hectares, but in reality, available
cultivated farmland remains smaller. Thus tldise problems are solvable if pungpairing training is
provided to target farmers to reduce unwanted cdstaddition more irrigation systems should be

built, so that farmers may access water in each season, thereby increasing their cultivatisn seas
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Abstract Rice is the main diet i€entral Asia Quality of milled rice is good or bad and meets

the international standard in tesmof quantity of head rice as a result of appropriate rice mill.
The objective of this study was timdl out the better rice mill for better milled rice qualitty

this research, two rice species (jasmine and fragrant) were milled by SATAKE and OTAKE
rice mill machines at different conditions. The paddy rice specimens were dried to obtain the
moisture contenbf 14% (recommended milling standard). Physical prig® percentage of

lose, percentage of cracked rice, and capacity of peeling for millstone peel data were collected
and analyzed statically using SPSS version 16.0. The results showed that milling two species of
ULFH E\ 6%$7%.( PLOO EUDQGomavied &QuHIbW (Jd31@ine) and about 94%
(Fragrant) on head rice, while using OTAKE brand at 3970 revolution per minute received
about 84% and 78% of Jasmine rice and Fragrant rice, respectively in terms of head rice. Thus,
milling rice using smalkcale SATAKE rice mill is better than OTAKE machine based on more
guantity of head rice of both paddy rice species.

Keywords ULFH PLOO UR O H&swideDige, ffay@niMisdeagacity of peeling millstone

INTRODUCTION

Rice is the staple foodloPRUH WKDQ KDOI RI WKH ZRMBD Gdmbod&R@aXO® WL R Q
produce 10 varieties of paddy to export and these varieties (some name in Khmer language) includes:
Sen Pidor, IR66, Julasa, Pka Romdol, Pka Romdeng, Jasmine, Pka chanReargpchey, Kha4 and

Kha6 (Chan 2011). Agricultural sector hasreatedjob opportunities approximately &5% to

Cambodian people (Pit Khud991). In recent years, high quality rice of Cambodia has increasingly

and globally been recognized since it wWlBQ@NHG 1R DQG ZRQ WKH :RUOGTV %H
Indonesia in 2012 and in Hong Kong, China in (Hor K2013). At the present, Cambodia can

produce paddy over demand for domestic market, in which the total productiehroflféon tons per

year (Chun2013). Since the official integration in thSIAN association iM999 Cambodia began
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actively working in terms of reforming to be a member of the World Trade Organizatiad) (Meas

2015) An increase of both quantity and quality of milled rice playsugial role in pushing up the
national economy. Due to lack of rice mill, Cambodia exported paddy rice to neighboring countries
without milling stage(AQIP, 2003. With a recent trend of improving rice mill machine program, a
perfect principle has beeneated to develop and reconstruct the economy of Cambodia to enhance
domestic rice production toward international market standriofirhan,2015.

OBJECTIVE

This study aimed to improve milled rice quality in Cambodia to meet an international standard. The
specific objective was to find the better rice mill for better milled rice quality.

METHOD OLOGY

In this research, two rice species (jasmine and fragra)twiere selected to mill using two small scale
mills, made by SATAKE model SBOD and OTAKE model PM 1500N. Six treatments (Tablel) were
designed and done triplicate, containing 3 samples in each replication. Each sample compokegd of 10
of paddy rice wih the moisture content of 14%.

Pre-test of paddy rice standard: 100 gram from each paddy sample was selected randomly to peel by
hand to observe broken or cracked conditions before passing mill. From the amount of broken and
cracked grains, the results were then calculated to find the efficiency of the machinelk theotest

of grain quality.

Peelinglevelsdetermination: Sampleswere milled by SATAKE and OTAKE rice mill machines at
GLITHUHQW U R@HGXm &rgi\0.8nm) and fan rotation speeds (4690n, 3970rpm and
3320rpm).

Dividing sample: There wee 6 treatments in the milling stage. In each treatment, there were 3
replications of selected 100 gram of brown rice. In each replication, it was divided into three times by
using a homogenizer. As a result, 4 samplesdi2bn/sample) were derived from eomeplication.
Finally, only 3 samples were kept for grain quality checking.

Quality control: Checking process of selected brown rice were done to measure peeling millstone
capacity percentage, head rice percentage, broken rice, cracked rice level. dkiregcpecess was
handled manually following the method of OTAKE (2014).

Analysis: All recorded data of peeling millstone capacity, head rice, broken rice and cracked rice level
were collected and analyzed statistically using SPSS version 16.0 for desdrgguencies of mean

value and-test.

Table 1 Experimental design

Treatments Rice species SATAKE OTAKE
5ROHYV JDS Fan speed (rpm)
1 0.6 4620
2 Jasmine 0.7 3970
3 0.8 3320
4 0.6 4620
5 Fragrant 0.7 3970
6 0.8 3320
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RESULTS AND DISCUSSION

PeelingCapacity of Brown Rice
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Fig. 1 Mean value of peeling capacity milled by OTAKE and SATAKE smaliscale
rice mills (treatment 1-3 are Jasmine rice and 4 are Fragrant rice)

Figure 1 shows peeling capacity of the two small scale mills on botlspeeies. The illustrated results

were done by using different operation conditions of the two mills (OTAKE Company and SATAKE
Company) on both rice species. The results show that there was no significant difference of the 3
GLITHUHQW UROH 1 Y49n EBrine rke, Wigerehs the percentage of peeling capacity of brown
ULFH GHFUHDVHG D OLWWOH ZKH@mBRH) to REM ([79%). D86 the@thdt HD V H G
hand, the result of using OTAKE rice mill on peeling capacity showed a decreasidgvinen using

lower fan speed. The mean value declined between #gB2@&nd 332Gpm and fan speed decreased
from 98% to 67% and from 99% to 85% for jasmine rice and fragrant rice, respectively. Therefore, the
obtained optimum percentage of peeling capaeis 87% (milled by SATAKE) and 99% (milled by
OTAKE). The results met the standards, containing 84% and 99% for SATAKE and OTAKE rice mill
(SATAKE, 2014 and OTAKE, 2014).

Percentage oHeadBrown Rice

The results of head brown rice were indicated in Eign the mean percentage value. Referring to this
ILIXUH E\ XVLQJ 6%7%$.( VPDOO VFDOH ULFH PLOO ZLWK GLIITHUH
in ranges of 9PB5% for jasmine rice, and 9% for fragrant rice. The maximum percentage was
obtaired by using 0.7PP UROHYfV JDS RQ ERWK ULFH VSHFLHV +RZHYHU
difference based on the number of standard deviation. Nevertheless, when milling the paddy rice
specimens using small scale rice mill manufactured by OTAKE compang! il 1500N with the 3
sets of fan speed mentioned in Table 1, the achieved head brown rice ranged from 76% to 86% and
from 73 to 76% for jasmine rice and fragrant rice, respectively. It can be concluded that, there will be
more number of obtained headeiwhen applying lower fan speed (Fig. 2). Even though, there is no
significant difference according to the number of standard deviation.

In comparison of the two small scale rice mills, SATAKE gave higher performance than OTAKE
in terms of head brown rigegercentage. The results agreed with the findings of OTAKE Agricultural
Machinery Co. Ltd. (OTAKE, 2014) and SATAKE company (SATAKE, 2014), shown the quantity of
head rice was 73.00% on average for OTAKE PM 1500N, and 85.10% for SATAKE)ISBThe
guantity of head rice after milling showed a marginal percentage difference when comparing to the
&RPSDQ\fV WHVWLQJ UHVXOWY 3URSHU SK\VLFDO FKDUDFWHU
experiment periods of time could influence the results of head rice
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Fig. 2 Mean value of full milled brown rice in percentage

Percentage oBroken Brown Rice

The percentage of broken rice of paddy milled by the two milling machines from different companies
is shown below (Fig. 3). It was no significant differenceamting the jasmine rice and fragrant rice in
WKH VHW UROHYV MSO.REH ahD B/ &R o SATAKE. However, treatment
number 2 (at 0.™m) provided the lowest broken quantity on average of 6%. In contrast, milling the
two rice varieties  OTAKE with fan speed performance of 46&0n, 3970rpm, and 3320mp, the
results showed that the percentage of broken rice decreased when applying less speed on both rice
species.
In terms of the broken rice percentage, milling by OTAKE at 4920 wasabout 3 times higher
than using SATAKE, while milling at 332(pm still obtained about 30% higher than that of SATAKE
for jasmine rice. For fragrant rice, it was much higher in all treatments.

30
25
20

15

O SATAKE

10 N OTAKE

Broken brown rice (%)

H&

4 5 6

1 2 3

Treatments

Fig. 3 Percentage of broken brown rice, as a result of milig jasmine rice and fragrant rice by
SATAKE and OTAKE small scale rice mills

Percentage ofCracked Brown Rice

Figure VKRZV WKDW HYHQ XVLQJ GLITHUHQW UROHYV JdDBV EURZ
consisted about 7% and 18% of cracked rice for jasmine and fragrant species, respectively. Comparing
these findings to the brown rice milled by OTAKE PM 1500N usimtifférent fan speeds, milling the

rice by SATAKE composed more number of cracked milled rice for both of jasmine and fragrant. The
average percentages of cracked rice milled by OTAKE rice mill were in ranges of 2.89% to 5.44% and
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3.22% to 7.44% for jasm@nrice and fragrant rice, respectively. The maximum percentage of cracked
brown rice from OTAKE mill was at treatment 2 (jasmine) and treatment 3 (fragrant rice). Comparing
with the standards of OTAKE Agricultural Machinery Co., Ltd., cracked rice waéatri7average for
OTAKE PM 1500N at 3970 rpm (OTAKE, 2014), and SATAKE-$8D was at 23.33% on average
IRU D UROHTYVm Do frRgrant rice variety (SATAKE, 2014). Accordingly, they were
dramatically lower than the standards.

25.00
20.00
15.00 -

O SATAKE
10.00

0.00 L \ §

Fig.4 Cracked brownrice after milled by OTAKE and SATAKE small scale rice mills

OTAKE

Cracked brown rice (%)
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Table 3 Comparison on efficiency of SATAKE and OTAKE mills on rice quality before and
after milled brown rice

Before milled (%) After milled (%) Efficiency (%)
Mill types Varieties  Treatments

Broken Crack Broken Crack Broken Crack

1
Jasmine 2
3

SATAKE
4
Fragrant 5
6
1
Jasmine 2
3

OTAKE

4
Fragrant 5
6

Table 3 indicates theumber of broken and cracked rice in percentage of both paddy rice species
before and after milled by the two rice mills. Before getting milled is the results obtained from peeling
by hand to check the origin of broken and cracked rice affected by aihimes rather than the
machine. After getting milled illustrates the quantity of the damaged rice as the effect of machine using
DW GLIITHUHQW FRQGLWLRQV GLIIHUHQW UROHYV JDSV IRU 6%$7
Efficiency expresses the percagé of damaged level comparing between before milled and after
milled.
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As shown inTable 3, jasmine rice had 1.33%, 1.33%, and 1% broken rice and 7.33%, 16.33%,
and 14.66% cracked rice before milling, representing treatments 1, 2, and 3 respectivemillifter
by SATAKE, the percentages increased to 7.84%, 6.34%, and 8.98% (broken); 7.00%, 7.00%, and
7.11% (cracked). The efficiencies received by 6.51%, 5.01%, and 7.98%; 0.33%, 9.33%, and 7.55% of
EURNHQ DQG FUDFNHG ULFH U pby atl.Fmnioffér€al\theddqEst pexcehta@elofU R O H
broken rice after milled, but the highest of cracked rice in comparison with other two conditions (0.6
mm and 0.8nm).
For fragrant rice, on the other hand, the rice was brekér66%, 1%, and 1.33%; and ckad at
9.33%, 10.00%, and 16.00%, representing treatments 4, 5, and 6. The efficiencies were 6.54%, 5.75%,
and 5.97% in terms of broken rice and 9.55%, 8.00%, and 2.22% of cracked rice. The results are
similar to jasmine rice mentioned earlier that th@imum of broken rice obtained with Oim of
UROHTV JDS EXW WKH ORZHVW SHUFHQWDJH RI FUDFNHG ULFH U
When milling the same starting specimens of the two rice varieties at the same percentage of
broken and crackedce before milling. The efficiency of rice milled by OTAKE small scale rice mill
accounted in a range of 256% and 411% for broken and cracked rice, respectively. The maximum
percentage of broken rice occurred at higher fan speed used.

CONCLUSION

In condusion, this study compared the quality of rice milled by two different small scale rice mills

made by OTAKE Company and SATAKE Company. The results showed that OTAKE machine is

better than SATAKE in terms of peeling capacity, lower cracked parameter, penecentage of head

rice quantity, and more number of broken rice on both rice types. The maximum of head rice milling

by SATAKE rice mill was up to 95% usingOF P UROHTTV JDS ZKLOH 27%.( REWDLQH:
at 3320rpm of fan speed. However, compay with the standards of the machines, they were higher.

In addition, in terms of efficiency of broken and cracked rice parameters investigated to compare
between before milled and after milled, the paddy milled by OTAKE machine received about 3 times
higher on broken percentage with a slightly higher on cracked rice than milling by SATAKE machine.
Based on the results, therefore, we can conclude that milling jasmine rice and fragrant rice using
6$7%$.( PDFKLQH DW UWinOdd fiyw OTAKE machine at 2B rpm fan speed are the
optimum conditions. In comparison between both machines, SATAKE machine performed better than
OTAKE since it produced higher head rice with lower broken and cracked proportion.
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Abstract Though a green roof has been implemented mainly in city area due to the mitigation

of heat island effect, it can also offer the benefit of energy sawiagouilding in rural area. A

reuse of wastewater for irrigation may be an efficient practice for water conservation, especially
in the waterscarce areas. In this study, we assessed the influence of frequent and intermittent

saline irrigation on evapotnapiration (ET), dry matter yields (DM) and wateye efficiency

(WUE) in crassulacean acid metabolism (CAM) plants used in the green roof program. The
CAM plants Sedum kamtschaticum Fischer and Sedum oryzifolium were evaluated with turf
grass, Cynodon dadon. A sharp reduction in ET with an increase in soil salinity was found in
CAM plants as compared to turf grass; however, the dry matter yield of CAM plants was higher
than that of turf grass at the same amount of cumulative ET. Principle compongsisanal
(PCA) was performed to group the treatments into fewer groups characterized by similar
features. CAM plants were categorized by high DM and WUE. These features were expected to

make green roof management sustainable because they have low watemesgsireith
keeping the higldensity vegetation.

Keywords CAM plants, saline irrigation, evapotranspiration, waise efficiency

INTRODUCTION

As recent climate change has raisedititensistencyf seasonal pattern of rainfall and temperature, it

may caue decreasing precipitation and increasing temperature in som@garernand Austin, 2013).

In case such severe condition for human health continues,-eonglitioning based on the heat pump
would be spread more rapidly for cooling in residential bujdimegardless of their urban or rural

location.
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The growing energy consumption for cooling could adverse effect diotis=holdeconomy. For
reducing the thermal load into buildings, green roof is being used dheitprotection from the solar
radiation KumarandKaushik 2005).Especially the soil used in thisgudyhasa greater effect on the
thermal property of insulatingecause with the large value of for porosity, much of the pore space is
filled with air (Radcliffe and Simunek 2010). However n dry climate regions, green roofs are not
widely adopted because irrigation water for green roof is scarce. The irrigation water availability could
be enhanced through the use of saline water, the recycling of gaimater and the reuse of
wastewate(FAO, 1992; Rhoades, 1998; Owdhmed et al., 2007 A considerable amount of peor
guality water is available in many dryland countries (FAO, 2003). The idea of usingyaldy water
for irrigation to increase foodrpduction has been reported successfully for more than five decades;
however, little study has been conducted with ppaality water with the aim of improvinthermal
performance anthndscapes, such as developing green rddfsifani et al., 2A3).

Succulent plants that have a Crassulacean acid metabolism (CAM) have fleshy leaves. CAM
plants open their stomata during nightteat CQ is fixed into organic acids and eventually stored in
the vacuoles. These characteristics prevent water loss from CAM plants and decrease the uptake of salt
into plant bodies (Gravatt and Martin, 1992). In this studytestedwo kinds of CAM plants Sedum
kamtschaticumand Sedum oryzifolium both natives of coastal areas with turf gra€ynodon
dactylon as the control (Fujita, 209. The purpose of this study was to examine the possibility of
using these plantdor green oofs with saline water in terms of its dry matter yield and waser
efficiency (WUE).

METHOD OLOGY

Table 1 Physical and chemical properties of the experimental so

Fraction (%
| ( Bulk Saturated hydraul pH . L L CEC
Grave  San( Silt Clay density conductivity (H20)
>2.0mn 2.09€.0z 0.029€.00: 0.002: gcm® cms? dSn % % cmok, kg™
48.¢ 32.1 10.€ 8.4 0.4¢ 361107 6.7 0.7C 12.C 0.9¢ 40«

"HVF UL SWR KD RQ W W D QXD WLVRIQU

7KH H[SHULPHQW ZDV SHUIRUPHG LQ D JODVV JUHHQKRXVH JO
$/5& RRWWRUL 8QLYHHBWLWR LM VOBDQ LQ 7DEOH ZDV RYHUODLC
RQ D JUDYHO OD\HU IRU GUDLQDJH LQ D SODVWLF SRW ZLWK I
UHVSHFWLYHO\

,Q WKL WIRWEE®\ S 0D QND\P W V F)KVDAVK HFRUB PRG\ ] L | ROOQLX D W&ZUI JUDV V
GDFW\QRIQFK LV RQH RI WKH SULPDU\ WXUl JUDVVHV KRHIG IRU
WUDQVSLUDW IBR QN IDFEWN. FAKDMW BRXPDWLYHO\ KLIJKHU XQGHU QRUPD
RU\]JLIREAX®VH RI KLJKHU O H®O DIWHDNRPWMFBQ® LFXPOBQWYV R
RU\]LIRIOLX®WY ZHUH WUDQVSODQWHG LQWR HDFK&S R\ FLVD\ WK P
ZKLFK LWYSH:. SODQW ZHUH VRZQ S$LUISBNHW DQ VDIPWH [BEVMRH V|
SUHSDUHG IRU PHDVXULQJ WKH UHIHUHQFH HYDSRUDWLRQ $00
ZHOO EHIRUH VWDUWLQJ WKH H[SHULPHQW RQ $XJXVW 7KH H[S

7KH LUULJDW LR QUAHIBNVENUPZ PMVQ S UWHHDY DWKHREZ @ QREGD W-O6X Y D MGHU

HW DO 7KH UDWLR RI WKH 1D LRQ FRQWHQW WR WKH VXP
DGVRUSWLRQ UDWLR 6835 LYV DQ LPSRUWDQW I®&dHjHVIRQD WALRQV
6$5 LV GHVFULEHG LQ (T EHORZ 86 6DOLQLW\ /DERUDWRU\
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SAR Na [(Ca® Mg?)I2 (1)

where N4 C&" and Md* are ion contents (mmeq™)L of sodium, calcium and magnesium,
respectively The quality of frigation water used in this study wageraged to 12 dS hwith SAR of
50.4, which was classified as the most severe salinity condltiSnSalinity Laboratory. 1954)ith
EC higher than 2.3 dS"hand SAR higher than 15.

Table 2 Chemical composition of irrigation water

Watertypr pH EC Nat Ca2t Mg2+* SAR

T ds m' pprr

apwate g, 07  39¢  95¢ 11z 2.1
_ Saline 12 275 65 48t 504
irrigation wate

Sea water 7.5 38.F 11211 26¢€ 197¢ 104.C

([SHULPRAEWODWLRQV

7KH KXPLGLW\ DQG WHPSHUDWXUH ZHUH PHDVXUHG HYHU\ PLQ
6(5,(6 /2**(5:KLOH WKH UDQJH RI WHPSHUDW XW¥HH DD MiG{ Q B UWD IODW
RI DQ DFWXDO JUHHNHERWIVKHWWLQD/ D VOLWKWWH @® EORZLQJ
JODVVKRXVH WKURXJK RSHQ ZLQGRZV

7ZR GLIIHUHQW LUULJDWLRQ LQWHUYDOV ZHUH XVHG ITUHTXHC
ZLWK DYHUDJHG WR DQG GD\V LOQOWHUYDO IURF SHKRVIYHAI BW W
HYDSRUDWLRQ UDWH IURP WKH EDUH VRLO ( DQG SDQ HYDSRUI
DQG ZLWKRXW SODQWY DQG D VPDOO HYDSRUDWLRQ SD@GLQWHL
( UDWILEHUH FDOFRXIOYDLWGHQJE(7 DQG ( ZLWK SDQ HYDSRUDWLRQ UI

RI LUULIJDWLROQSSMWHG VWR HDFK SRW ZDV WLPHYVY WKH REVH
LQWHUYDO VR WKDW WKBQHEMHHXV HREI WRWOGIRID B K W KGHU D/IDQCDAI HI U R
<DPDPRWR DQGOD&RRIZLQ HW DO 7KH (& Rl WK @UIDNVXDHG 2

XVLQJ D SRUWDEOH (& PHWHU +25, %% &«RPSHWWWERIQERBWRY LW
H[SHULPHQW WKH GU\ PDWWHU \LHOIG EO0 ZRIL HOLFKJI S/ADKH W KROIRW R
WKHP DW z& IRU GD\V 7KH ZDWHU XVH HIILFLHQF\ :8( LV GHI

| DM
TotalET
ZKHUH WRWDO (7 LV WKH WRWDO (7 GXULQJ WKH LUULJDWLRQ H|]

7KH VRLO-RROQWHQ@W DQG VRLO (& ZHUH FDOFXODWHG IURP WKH
GHVFULEHG LQ ORULWDQL HW DO

6 WD W I$\Q\W DR D BV

7KH H[SHULPHQWDO WUHDWPHQW KX QDBW UF /ID\DWLIQ HHIGU DIV AWK HR PR
FRQGLMMVRQHSOLFDWHG PRUH WKDQ WLPHV 7KHVH VDPSOHV
DQDO\VLV XYDOQBIDRIWQH. WK D VLIQLILFDQFB&OHIBY RVHG 3ULQF
FRPSRQHQW DQDO\VLV 3&$ ZDV FDUULHG RXWWPQGHW GILOAK IGU
PDWUL[ IRU UHGXFLQJ WKH GDWD FRPSOH[LW\ DQG H[WUDFWLQJ
FRQGHQVH WKH YDULDWLRQV LQ WKH WUHDWPHQWY E\ ORDGLQJ
XQGHUO\LQJ JUDGLHQW YV 7R DIPGIM®\ HWWIKG®! GLUHFW LPSDEW RI WK
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DQG :8( RQ WKH JUDGLHQWY UHJUHVVLRQ PHWKRGV EHWZHHC
FRUUHVSRQGHQWYV RI HDFK SDUDPHWHU ZHUH FDOFXODWHG OR
WHKVH VWDWLVWLFDO DQDO\WVHYV ZHUH SHUIRUPHG ZLWK 6366 VRIW

RESULTS AND DISCUSSION

Influence of Evapotranspiration on Soil Salinity @ -

N ® FPTAL2C. 64201
ET for all plants decreased with time as sEC Y .. :fif,lzwmf”
: N WL 10'34.2B11%
increased, however ET of C.dactylon was. *m %, * 2 us. +#A 47C1IL
observed with greatest amount. An average parm o ¢ bde . 4
evaporation rate of 4.4 mm dhyvas observed %3 e e m““ N
during the experiment. Fig. 1 shows the decrease &% f’éﬁ% s SR
in evapotranspiration ratio (BTand evaporation Wik %”%;
ratio () with increase in soil water EC (ECThe v .
maximum ET for S. kamtschaticupC. dactylon o
and S. oryzifolium was 2.0, 3.0 and 1.4, & T % i
regectively. While the Eexhibited a unit value of SLEE )
approximately 1.0, a decrease in the, Billas Fig. 1! The relationships between the EC of
observed for all of the plants caused by salt stress. soil water (EC) and the
The EG value when the ETbecame less than the evapotranspiration ratio (ET,) of S.
E, was at 10 dS thfor S. kamtschaticupwhile at kamtschaticum S. oryzifoliumand C.
2 dS nt for S. oryzifolium In the case ofC. dactylonand the evaporation ratio
dactylon the ET moderately decreased, reaching a of the bare soil (E)

value > 0.8 at an EQvalue of 60 dS m The

sharp reduction of the ET, particularly f8r kamtschaticurandS. oryzifoliumwas assumed to be the

result of the sdiosmotic potential, which decreased the water uptake of the roots. Another reason for
decreasing the ET might be the closure of the stomata during the day (preventing water loss from the
plant) under the condition of salinity stress, alternating wittoffening of the stomata duritige night,

when the eaporative demand was low.

Dry Matter Yields andWater-useEfficiency

The total ET ofS. kamtschaticun®. oryzifoliumandC. dactylonin the control pots were 381, 192 and
574 mm, respectively. The 24 % reduction in total ET by soil drought condition under 1l was observed
in S. oryzifoliumcompared to the control while those $ kamtschaticunand C. dactylonwere
averaged to 64 %. TabB shows the total ET, DM, and WUE for all three types of plants under both
saline irrigation methods. The total ET@f dactylonunder FI was the highest among others. However,
this ET decreased by 48.2% under Il that is statistically significant. TWeofDall plants under the
control showed similar values averaged to 15.7 (+0.8) .t Hae DM ofS. oryzifoliumwas the highest,
although the ET was lowest; this led to the highest WUE (Table 3). While the WUE was not affected
significantly by the irrigabn method, the order of the WUE among these plants was as folBws:
oryzifolium> S. kamtschaticum C. dactylon

As mentioned above, CAM plants consume water efficiently when the stress is given however, the
plant biomass decreases. The reductionia@hbss is unfortunately not appropriate for improving the
thermal performance andndscapingA combination ohigh WUE and high DM are thus required for
the highquality green roof management. The quantification of this combination given as follows was
undertaken as a factor of vegetated condition (FVC):
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FVC WUE uDM I I I I I I I ] (3)

The FVC in Table 3 shows the relative value against the control in percentage. While the
difference in the FVC between the Fl and Il conditions in each plant was insignifica@tQ®),<the
FVC can be grouped depending significantly on the plant status. The FVC value was highest in
oryzifolium followed byS. kamtschaticumndC. dactylon
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Fig. 3 Results of the principal component analysis under the frequent irrigatiomethod. @)
Loadings: the enclosed lines indicate the group characterized the by underlyin
component associated with the factor scores. Numerical values indicate the EC of t
irrigation water. (b) Factor scores: EG DM and WUE indicate the EC of the
irrigation water, dry matter yield and wat er use efficiency, respectively

Multivariate Analysis

The PCA resulted in two significant principal components (PC), PC1 and PC2, with eigenvalues > 0.8,
which explained approximately 98&6 the total variance in the dataset. The PCs provide information

on the most meaningful parameters, which describe a whole dataset, affording a data reduction with a
minimal loss of the original information. PC1 and PC2 therefore explain the most sighiiart of

the variance within the variables (Pardini et al., 2003). Figs. 3 (a) and (b) show the loadings and factor
scores from the results of the PCA, respectively, under Fl. The treatments for each plant tended to be
divided into same group, as showy the enclosed lines in the figure. The factor scores indicate that
the higher EGC for example, decreased the DM but increased the WUE. In the loadings, grBup of
oryzifoliumwas distributed in the range of a high positivaxis. From the factor scores, DM and

WUE were gathered in the positiveaxes. This indicateS. oryzifoliummeets the requirement of a

high DM with a high WUE.C. dactylontended to be in the lower DM aMIUE ranges, whiles.
kamtschaticumvas distributed between these two plants. These tendencies were also observed under II.
One of the different results in PCA between two irrigation methods was thatatkie pf EG was

closer to the DM and WUE under [This indicates the influence of the E@h the DM and WUE
decreased, as compared with that under Fl. This is because the drought stress was added under I,
which in turn decreased the influence of the salt stress expresseq eeddiiely.
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Table 3Total ET or E, DM, WUE and FVC of S. kamtschaticumsS. oryzifoliumand C. dactylonin
the two different of irrigation of frequent (FI) and intermittent (1) with saline irrigation

S. kamtschaticu S. oryzifoliur C. dactyloi Bare soi
Fl 1] Fl Il Fl Il Fl Il
ET or E(mm 157.31 91.8¢ 93.3¢ 93.2 ¢ 366.2 189.0t 184.2t 163.91
DM (t ha?) 10.3¢ 9.0¢ 170t 155t 10.4 ¢ 8.2¢
WUE (kg rri3) 6.7 b 9.9 ¢ 18.3 ¢ 16.9 ¢ 29¢ 4.4 al
FVC (%) 133.7b 151.31t 241.8 207.7 « 62.7 75.5¢

Letters indicate significance level at 0.05

The higher WUE observed in the CAM plants, with a little reduction of the DM, highlights the
benefit of using them as green roof vegetation, in terms of low water management requirements and a
high quality of landscape. This study did not account for #da fall that is characteristic d.
oryzifolium during the winter season that may change the WUE and may damage the green roof
landscape. Therefore, a yeaund study needs to be performed in future to evaluate the WUE during
the dormant season.

CONCLUSION

In this study, the performance of two CAM plant spec&skamtschaticurandS. oryzifolium were
evaluated under frequent and intermittent irrigation conditions with saline water. A prompt decrease in
ET with increasing EQwas found unde8. kamtschaticunandS. oryzifoliumcompared to that of turf

grass C. dactylon As a consequence, the dry matter yield showed the following @deryzifoliunt

S. kamtschaticum C. dactylon This is evidence that saline irrigation reduced the dry myitét but
increased the WUE in CAM plants, resulting in a decrease in the amount of irrigation water required.
In other words, saline irrigation to CAM plants saves water. The paradox is that maximum plant
growth would imply maximum dry matter yield, whiavould contribute to carbon sequestration, but
would also require maximum irrigation water. However, the higher WUE seen in CAM plants with a
little reduction of DM makes them suitable for green roofs in terms of low water management
requirements with ke LQJ KLJK TXDOLW\ RI ODQGVFDSH 7KLV NQRZOHG.
saline irrigation, dry matter yield and WUE could help in selecting suitable plants and in designing
optimal saline irrigation systems and scheduling for green roofs.
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Abstract The article discusses the current climatic situations in Cambodia and existing
mechanisms of the country to address climate change (CC) and the level of rural communities
being able to adapt to CC. Reviews of various CC related documents indicate tttatesru

and mechanisms at national level to address CC are adequate but limited at community level.
The existence of the structures is beneficial to local people unless the adaptive capacity is
enhanced with sufficient technological alternatives, implicatiand applications with wider
sector involvement and decentralization system. An emerging barrier to resilient building of
community and the country is limited of fiscal decentralization as the current financial sources
for CC resilient building are sely dependent on external funds for decades while these sources
are declining. Additionally, informational, technical and managerial inputs are still strongly
required for local communities in order to ensure that the least consequences of any occurred
climatic hazards can be obtained. Involving private sector would, therefore, be a good option
for local communities in the future provided that private investors have skills to effectively
manage rural infrastructures, for example irrigation systems

Keywords rural developmentglimate changemechanismenvironment

INTRODUCTION

In the year 2012, Cambodia was ranked as tffen®8st vulnerable country to CC in the workréft

and Eckstein, 2033In 2011, Cambodia was ranked as th®8 hdst affected country in the world with

more than 250 people being killed as a result of floodigft and Eckstein, 2032and 270,000
hectares of cultivated land being destroyed, affecting more than 50,000 housé&tisiels 2012.
Despitebeing a fairy-small country (181,035 ki) the temperature in the year 2030 is estimated to
vary greatly per its geographical location with the average increase of &80(M@E et al., 2011).

The variation irntheseconditions makes the country's level of vulner&ptliiffer as well. Despite being

in a high level of vulnerability, the country has paid attention to the problems aih{yGn the last
decade.Since early 2010, CC concepts have been integrated into several new emerging national
programmes and onto theewklopment agendas of more state institutions and civil societies
development organizations, including National Strategic Development Plan (NSDP), Rectangular
Strategy Phase Il (Pheakdey, 2013), and-[Sational Reform Strategy. These concepts are evéntual

in the Cambodia Climate Change Strategic Plan 2028 (RGC, 2013). These have been added to
the CC resilience building agenda for the country at both national antasiobal levels. Despite CC
concepts being arguably captured and integrated intougapolicy documents at national level with
some tangible accomplishments to be proud of; exposure, sensitivity and adaptive capacity of local
communities to CC have posted continuous questions and doubts.
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OBJECTIVE

The purpose of this paper is égplore the extent to which local communities are ready to face up to
the upcoming repercussions of the esleanging climate. The objectives of the article are to provide

an overall understanding on climate change issues and impacts on rural livelth@ogblare and

assess the existing mechanisms to cope and build rural community capacity and resilience in the face
of CC in rural communities in Cambodia.

METHOD OLOGY

Literature reviews in combination with actual experience workinthe field of climate changis a

method being usefr preparinghis study Various documents including research articles, government
policy documents and project implementation reports of related institutions on climate resilience and
mechanism had k@ consulted.The information relevant to climate change policy, studies, and
decentralization and deconcentration (D&D) policies and mechanisms of three main stakeholders;
Cambodian governments, development partners and civil society organisations; thexedyand
synthesized so that insights of climatic issues and responses can be revealed and appropriate measures
can be suggesteBrior to the analysis, the soei@onomic context, particularly poverty and responses

of rural people was studied to detenmithe relationships of climate change impacts on rural livelihood

and effectiveness of the existing measures can be identified. From these associations, the possible
approaches would be able to propose.

RESULTS

Cambodia Rural Livelihood

Agriculture and natural resources:In Cambodia, there is still a majority of poor inhabitants residing

LQ UXUDO DUHD ZLWK DJULFXOWXUH DV WKHLU PDLQ RFFXSDWL
labour force. Rice production, covering more than 80% of total cidtivéand areas, is the most
dominant crop. Nearly 80% rural families are rice farmers. Rice production contributed 10% of
FRXQWU\fV WRWDO HI[S R Yan# R R&IE.LF&Hing \6 dls an important part of
UXUDO SHRSOHYYV8®haf Cambddian aninrhDpdo@in consumption is from fish (Hortle,
2007). Animal husbandry is one of the key drivers in rural livelihood, contributing to 7.6% of GDP.
Cattle and buffaloes are the biggest share of the sector with nearly 80% of the totd$ amithe

country (FAO, 2004)and number of @malsin 2009 was 29 million being known a®t only the

source of draught forces but alsavings(Bansok et al., 2011). Forestry is a subsistence source of
livelihood for nearly 80% of the population in ruereas. However, the pressure being put on these
forest areas by economic land concessions is gradually putting the livelihood of the rural people under
threat (Bansok et al., 2011).

Poverty and migration: Poverty and inequality are still rampant in Camia. Poverty ratavas
reported to be around 25.8% in 2010 of which 91.1% of them were residing in rural areas (MoP, 2010)
and the figure was 20.5% in the year 2011 (The World Bank, 2013). Despite the small proportion of
the poor, the group that is seng#tito poverty is proportionally large, i.e. a small change in
consumption should bring 41% of the rural people back into the group under the poverty line (The
World Bank, 2013). The vulnerability of the rural people is very high as low income is unaigleto

with natural shocks and migration to other parts of Cambodia and abroad is a kind of an autonomously
adaptive mechanism to disaster events (Bylander, 2013). Floods caused migration as in the floods of
year 2011, which caused around 9% of rural pogratéd to obtain jobs (RGC, 2012). This would be
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greater in the near future because of the upsurge of rural labour forces and less available land for
agricultural production due to economic land concessiBolsdidel, 2013)

Impacts of Climate Change

Direct impacts of natural phenomena such as storms, floods and droughts are significant. Typhoon
Ketsana in 2009 resulted in large damages and losses. For rural road alone, the costs were estimated to
be about USD 28 million (RGC, 2010). The adverse efittite 2011 flood on rural infrastructure was

one of the worstimpactsin Cambodia's recent history resulting in immense damages on rural
infrastructures (Wise, 2012). In addition to floods, droughts have been found to have the most frequent
effect on rual people despite being paid less attention from related state authorities (UNDP, 2010). CC
has a strong association with rural livelihood. Any changes can make profound impacts on food
security and way of life in the rural areas. For example, changednfialls and temperatures have a
significant impact on productivity of rainfed rice@inuddin et al., 2012), resulting in decreasing rice
yield (Johnston et al., 2010). The effect is even wassgricultural production in rural areas generally
depends rinly on rainfallandonly 18% of the cultivated land areas have irrigation systéfusafd

Diao, 201). Animal husbandry is reported to be sensitive to changes in temperature (Jhonston et al.,
2010). Infections and diseases are more likely to occur (S&dandelsohn, 2007), especially during

the hottest period of the year (Bansok, 2011). All of these have made people think that agriculture is
not a good choice (Bylander, 2013). These factors have made rural people greatly vulnerable to the
impacts of CCas their adaptive capacity is wedkallopin, 2006)

Climate Change Adaptation Mechanism

National adaptation mechanism: Adaptive mechanism to CC in Cambodia is complicated with
overlapping roles of institutions. The most walown institution dealing withdisaster and risk
reduction is National Committee for Disaster Management (NCDM), albeit having limited authorities
and budgets for implementation. A number of state institutions have declared that they have the
mandates to tackle the issues. In late 2006 National Climate Change Committee was established
with a coordinating body under Ministry of Environment and a number of state institutions as members
including the Ministry of Agriculture, Forestry and Fishery, Ministry of Water Resources, and
Meteaology, Ministry of Health and Ministry of Planning as implementing agencies. Another agency
is Ministry of Interior that involves mainly with deconcentration and decentralization reform (CCCN,
2014). The Ministry of Interior is leading a nationwide reforgprogramme of the country and is also
involved in the process of integrating CC concepts into local authority plans and budgets. The state
budget has channelled funding to local level authorities through this programme (Kimchoeun, 2011).
Despite havinga coordinating institution, the actual process in coordinating is difficult and time
consuming.

Sub-national level mechanism:There is no specific study spelling out the mechanism anatibnal

level in response to CC, except the common state administrative system; national, provincial, district,
community, and village level. Each administrative area can have a chance t@deesilipn the topic

of CC unless the area has been included in any CC programmes or projects. Apart from this common
administrative structure, the system being used to respond to climatic hazards of the National
Committee for Disaster Management and the €&@acity building of Ministry of Environment is
almost the same to the existing administrative system of the government.

Non-governmental organizations: Non-Governmental Organizations and Civil Society Organizations

are playing a major role in developingral areas and communities. International development
organizations coordinafor financial support, implement climate change related projects and advocate
the establishment of policy documents. These organizations include UNDP, the World Bank, Asia
Dewelopment Bank, DANIDA, IFRERCS, SIDA, Plan Cambodia, and Oxfam (AIT, 2010). The
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organizations provide financial, technical, and policy advocacy in the country. Local organizations
make proposals for financial support from these international developngamtizations to implement
projects at community level.

Community Mechanism and Resilience

Sovacool et al. (2012)ave indicated four domains of CC resilienstitutional, capacity, financial,

and infrastructural; that should be included in any development project implementation. These four
domains have been so far accomplished to some extent. Insight analyses of these domains depicting the
level to which loal communities that are capalteadaptatiorand being resilient to CC are provided

below.

Institutional resilience:Cambodia has made its progress in-sabonal reform. In the year 2001, a
Commune Sangkat Law, was established to decentralize the at#tworities to local authorities.
Another move was made in 2008 as the establishment of Organic Law giving birth to the
deconcentration reform making the district and provincial levels closer to community level rather than
national level (Niazi, 2011). Apt from the administrative reform, the efforts in integrating CC
concepts at grassroot level have already been framed and legalized to some extent. These include the
establishment of livelihood based groups, such as water user groups, livelihood imprtogeups,

and farmer water user groups at community level. However, these groups are not in a good position to
respond to the challenge of climatic events in a broader perspective because their capacities are at the
stage of requiring further supportsclinding technical, managerial and financial. Moreover, these
groups minimally contribute to their livelihoods (Conan et al., 2013; UNDP, 2013a; Silva et al., 2013).

In this regard, a number of established local organizations are unable to survive lotigeafsipport

has ended. Additionally, poor governance in almost all sectors at all management levels is observed
UDPSDQW DQG LV KLQGHUHG WKH FRXQWU\YY VXVWDLQDEOH GHY
Capacity resilience: Institutional and individual cajpéy of Cambodian rural communities is weak.
Cambodia is ranked as the 38 the world Human Development Index (UNDP, 2013b). According

to MoE et al. (2011), the Human Development Index of each province varies greatly based on location.
Knowledge on CCis found to be limited among villagers who find it difficult to define and
information regarding their problems for practical purposes. This has brought another baloesilfor
community to respond to CC as they have limited and irregular sources ohatian about the
comingweather related events from Early Warning System or responsible institutions (CCCN, 2014).
Without proper information and institutional support, the capacity of rural communities tends to be
weak putting them at immense risk, peutarly the poor and the near poor. In addition, the adaptive
capacity of the communities is limited. These require continuous technical support to strengthen the
capacity for both individual and communities.

Financial resilience:As the people of the cotry become aware of the concept of CC and external
funding for providing this issue is more available, there is a shift in conventional development focus of
NGOs toward CC resilience building and adaptation. One major concern of finance is that external
SRXUFHV FRQWULEXWHG QHDUO\ RI WKH FRXQWU\YV GHYHORSF
The current external support of CC finance is reported to be worth about US$ 655.6 million out of
which US$ 338.8 million has been disbursed and US$ 3a#6l®n is for the years 2012020
(Pheakdey, 2013). A decentralized system should have déammgterm source of budget for local
development. However, fiscal decentralization is not in place for implementation (Kimchuen, 2011).
Though, there is room focollective actions for communitiesincluding water user groups, farmer

water user groups and livelihood improvement groufs mobilizing local resources for specific
purposes. However, the groups are either moredsgléndent or rely more on suppaft non
governmental organizations that are themselves generally facing the problem of viability. These have
given the authorities limited financial solutions toward both conventional development needs and
consequences of climatic events.
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Infrastructural resilience:The majority of Cambodian rural infrastructures are designed for normal
situations without consideration for climate hazards or natural phenomenon. As a result, these
infrastructures can be damaged easily. According to RGC (2010), poor afafdyndations and
subgrades, prolonged wet conditions and poor standard of designs, e.g. inadequate drainage systems
are identified as factors contributing to rural roads being unable to withstand bad weather. The concept
of climate resilience infrastruste has been newly introduced into various sector infrastructure
developments. Climate resilient infrastructure projects are being integrated into various related
Ministries with the support of Project for Piloting the Climate Resilience (PPCR) thatteidmadget

Rl 86 PLOOLRQ WR LPSURYH WKH FOLPDWH UHVLOLHQFH RI &D
management, agriculture, and rural infrastructure as well as institutional capacity development (CIF,
2012). There is no other sign of allowing foC integration into the infrastructure development of the
country.

DISCUSSION

Despite availability of provision for good CC structures and mechanisms at national level, and for
decentralization and dmncentration systems at snhtional level, there are still major concerns
regarding financial, capacity and infrastructural resde building. Considering poor governance and
management at all levels, in combination with dependence on external sources of finance, it is hard to
forecast a strong future for Cambodian rural communities (Hill and Menon, RQL$en et al., 2011)

This has become worse with the rural infrastructures being insensitive to environmental shocks and
weak individual capacity. It will be difficult to reverse this situation because external funding is going
to decline over time. The situation could become bettean there are proper financial mechanisms to
provide adequate sources of investment in each community and the introduction and implementation of
fiscal decentralization. By making this reform, communities would be able to mobilize local resources
and beable to respond immediately to the occurrence of any climatic disa3tess.does not
necessarily mean that the problem of making provision for CC in the future is insurmountable.
Administrative reform in enhancing a community based taxation system,ragowusafe migration as

an additional source of funds replacing agriculture, and strengthening the ecological system as a
secondary source of livelihood would mitigate the problem. The concern related to water shortage
could be solved by enhancing smatlake irrigation systems. This would bring back community
capacity to systematically cope with CC nationwide. For example, a government program on micro
finance creditstwith low interest rates to involve more private sector participation to invest in the
water sector+£would help farmers escape from the water shortage which occurs frequently in
Cambodia. Being aware of the possibility of natural disasters happening and being ready to respond to
disasters should be encouraged. Farmers or local people dimtddadequate and accessible to
information and knowledge on how risks can be mitigated. This needs more attention to the existence
of CC and more understanding of the problems by both national anthsabal level of CC related
institutions!

CONCLUSION

Cambodian rural communities are facing barriers in coping with CC with very limited resources
including financial, capacity and infrastructure, albeit institutional mechanism slightly strengthened

lately. Programmes based ad hocsupports will not impree the situation since the financial and

technical capacity of local people varies so greatly from one location to another. Construction and
maintenance of irrigation systems and climatic event information dissemination need to be done
regularly. As migratLRQ LV WKH IDUPHUVY FRSLQJ PHFKDQLVP LQ UHVSF
measures to ensure that migration is safe for them is required. Additionally, natural resources
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conservation is significant because migrants utilize natural resources as phsdirofivelihood
activities. It would, therefore, be better for the farmers to be trained to be resilient so that all livelihood
activities - including agriculture, forestry, animal husbandry, water and provision of climatic
information - can properly inteact and all the farmers and villagers can be reliably informed. In the
face of CC and limited financial resources, fiscal decentralization for creating local sources of funds
and encouraging private sector participation would be optimal for communityepemglive them
freedom in choosing solutions to tackling the issues though technical and managerial supports should
never be left out of the agenda.
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Abstract Soil degradation is a big problem on the hill slopes in the Lao PDR where maize is

the main crop anthtensively grown. Due to this, maize yield was lower than 3.8 ton/ha which
DOVR LPSDFWHG WKH HQYLURQPHQW DV ZHOO DV IDUPHUVY L
are important alternative methodologies for soil conservation on sloping land. Thevebjdé

WKLV VWXG\ ZzDV WR H[DPLQH WKH IDUPHUVY FXUUHQW VRLO
in Paklay district, Sayabouly province. The study employed participatory rapid appraisal (PRA)
methods and data was collected through focus groupsdienis and serstructured interviews

from three villages (Villagéd: Palay 46 households, Village 2: BoumRleakeo 90 households

and Village 3 Senphon 25 households, totaling 161 households). The key informant interviews
were implemented through the $taf the District Agriculture and Forestry Office (DAFO) and

the village headmen. The results showed that 73% of farmers practiced SCP; the major SCP
practices included00% intercropping, 60% crop residue management, 12% crop rotation, 12%
conservation liage and 3% organic fertilizer applicationhe use of SCP showed an increase

in soil fertility, an improvement in the maize yield and soil erosion prevention on hill slopes.

The majority of maize farmers who adopted SCP applied the legume intercromgihrgdnThe

legume (i.e. groundnut, red bean, mungbean and black bean) were planted two weeks before the
maize harvest. Crop residue was used for mulching (conserving soil moisture and soil nutrition).
Furthermore, knowledge of SCP systems such as cheusealresidual crops, intercropping,

mulching, tillage, and chemical soil contamination needed to be provided to farmers by staff of

the DAFO.

Keywords maize, soil conservation practice, crop rotation, intercropping

INTRODUCTION

In Laos, many rural farmefsave traditionally been engaged in subsistence food produSiioce the
middle of 1980s, the government of Laos has publicizsldw liberalizaion of the national economy.
Shifting cultivation was replaced e intensive cultivatiorof cash crop suchas maize, sugarcane,
cassavand rubbe(Viengpasith et al., 2012Amongstthe cash crop, maize has been ranked the first
in terms of volume (Phanvilay et al., 2006). Thereftine,area of maize productiohasincreased
more than 7 times from 20@8 2010 (Thanichanon, 2012).

Sayabouly province is ora the provinces which producése largest amount of maizsmaize
covers more than 98% of thetal areg(Lestrelin and Castella, 2011). However, over the past decade
maize production hasxtende into preserve forest areas. Moreover, plowing practices and increased
applicationof pesticids, herbicidess and chemical fertilizex contributeto soil degradation (e.g. soll
erosion, weedutbreak and chemicatontaminatioi (Lestrelinet al., 2012)In addition, an increase in
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the volume of maize production combined with low productivity wiled more farmland aritlis
tends to cause@hange in land use and land covers.

In the 2000s, conservation agriculture had been promoted in Sayabouly proyirgeplication
6LWH 6RXWKHUQ 6D\DERXO\ RU 3RLQW GT$SSOLFDWLRiIRE GX 6XG
National Programme on Agiiecology or Programme National AgExcologie (PRONAE) in order to
maintain soil fertility for sustainable agrituie in the transitional period foagriculture while
controlling the negative impacts on land .uSenservation agricultural practices such mastillage,
cover crops, crops rotation and/or crop rasithanagement habeen shown to havgositive impacts
on preventing soil erosion, as wakhaving a positive impact on sailaintenance and/ahe renewal
of the soilVhysical, biological andhemical properties and @il moisture estrelinet al., 2012).

Therefore, one of the key faes for improvingthe efficiency ofmaize productn is to increase
the technical efficiency of maize farmers (Southavilay et al., 2012). Moreover, soil conservation
practices are the best wayanhancenaizeproductand sustainable land use.

OBJECTIVE

The objective of this studwaV WR H[DPLQH IDUPHUVY FXUUHQWmMaiZBLO FRQ\
production in Paklay district, Sayabouly province

METHOD OLOGY

Samples were selected from the famers who currently cultivate maize and the famers who had been
involved in the PASS and PRONAE projects in years 2000s in Paklay district. Diatetion was

done through the participatory rapid appraisal (PRA) approach in 3 villages (villagel: Palay, village 2:
BoumlacPhakeo and village 3: Senphon). Village headiméerviews, focus group discussions and
household interviews were conducted. Setnictured interviews were conducted with a total of 161
household representatives, which was made up of 46 households from Village 1, 90 households from
Village 2 and 25 haseholds from village 3The bpics for focus group discussions and interviews

included a histonof IDUPHUVY WUDGLWLRQDO SUDFWLFHVY VRLO PDQDJH
physical characteristics of the study areas. The total numbers of samgpéesalculated by Yamane

(1967) as shown in Tablel.

Table 1 Household interviewesin three target villages

Village Total Household Percentage of household (%) Household interviewed
(HH) Cultivating méze (HH)
Village 1 348 98 46
Village 2 928 95 90
Village 3 295 98 25
Total 161

Source: Field survey, 2015

RESULTS AND DISCUSSION

Background of Conservation Agriculture Promoted in Study Area

For intensive crops production hill dope areas, conservation agriculture (CA) had been promoted
through PRONAE (started 2001) and PASS (started 2005) in the 2000s. The cortbegiroject
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was direct seeding mulebased cropping (DMC) systems. DMC systems are cropping systems that
involve no-tillage and permanent plant cover on the soil. The government had set a policy to spread
CA over all the countryto reducesoil degradation, chemical use aimdprove soil fertility to help
preserve thenvironment.

Main Crops and Soil Characteristic

Farm types: There are various crgpwhich aregrown in these areas. Rice is the main crop for
household consumtion, while maize, legume and other @aaxsommercial crops. Farm types afl

the three villages havea similar pattern becaushe environmenal context andthe livelihoods are
similar in terns of the cropping areas in each village. Village 1, maize production cover&i% of
the planted arearice covered 54%ndthe legume area coverd®%. In Village 2, maize production
was highestt 77%, while therice planted area was 12% atid legume planted area was 8%. For
Village 3, rice covered5% of the planted areamaize covered 58%nd legume covered3% as
shown in Fig. 1.

White

Maize

Villagel: Palay Village 2: BoumlaePhakeo Village 3: Senphon
Fig. 1 Farm types in three villages of study area

Soil charateristics: According to the interviews with farmers, it was found that there are six different
soil types inthe study areas. The majority of soil types are loamy soil. This soil type is very suitable for
cultivation, especially for maize production. The soil characteristics in the three villages are quite
similar. Loamy soil contributes to 67%, 60% and 76%haf agricultural area in villages 2,and 3
respectively. In addition, there is chalky soil at 12%, 17% and 20% for villagesnt] 3 respectively.

Table 2 Soil characteristics of three villages

Physical Village 1 (n=46) Village 2 (n=90) Village 3 (n=25
Soil type f Loamy 67% f Loamy 60% f Loamy 76%
f Sandy - f Sandy 4% f Sandy -
f Clay 8% f Clay 1% f Clay
f Silty 14% f Silty 10% f Silty -
f Peaty - f Peaty 9% f Peaty 4%
f Chalky 12% f Chalky 17% f Chalky 20%

Source: Field survey, 2015

Cropping calendar: In the study areas, most dlfie cropping activities were concentrated durthg
rainy season because theaare sloping land. There werm irrigation systemfor crop production in
thedry season. Table 3 showee duration ofthe cropping season for tkiwree villages.
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Table 3 Cropping calendar ofthe study areas

Month
1 | 2 ]3]4] 5] 6] 7] 8 [9J1wo]11] 12 [1]2] 3 ] 4
Upland rice
Rice
Maize

Groundnu
Black bean
Red bean

Cassava
White sesamé

Source: Field survey, 2015

)DPHUVY 3 luhD/RivelCEIEdtion

Maize production systems In the past maize productiorwas a traditional practicesherefarmers
depended on indiginous knowledge. Since the government has introduced the policy of stopping slash
andburn and shifting cultivation, the area was replaced by intensiegketoriented agriculture.
Maize becamehe first and most importantash cop which generally involved the use of hybrid
varieties, fertilizes and pesticideshe burning of crp residues for land preparatiamd plowing on
steep slopg (even mechanical plowing with tractors). Aftarconservation agriculture project had
beenimprementedthe maize production system has been changedtéocropping androp rotation

so thefamers in the study areas mostly practice maize and legume relay intercrdppng are four
kinds of legumesvhichinclude groundnut, red bean, black beand mungbean in this system.

Soil conservation practices It was found thathe farmers inthe three villages practiced similar
methods ofSCP because theontext of thearea was also similar. In total, 73% of farmers practiced
SCP. The major practice of SCP wi¥0% intercroppindollowed by 60% crp residue management,
12%crop rotation, 12% caervation tillageand 3%organic fertilizer application as shown in Table 4.

Table 4 Soil conservationpractices of farmers in the study areayN=161)

Study area Soil Soil conservation practise

conservation Inter-cropping Crop Crop Conservation Organic

practices residue rotation tillage fertilizer
(%0)

no. % no. % no. % no. % no. % no. %
Palay 30 19 30 25 17 24 5 42 5 42 2 50
BoumlacPhakeo 71 44 71 60 44 62 3 25 3 25 1 25
Senphon 17 11 17 14 10 14 4 33 4 33 1 25
Total 118 73 118 100 71 60 12 10 12 10 4 3

Source: field survey, 2015

The households imtrviewedwere questioned about the methods of SCP that they had applied to
their farmland andvere asked to explaithe deta# of each method. The current practices for SCP in
the study areas had tfalowing processes
Intercropping: The IDUPHUV Y| BhHdwel fhetagtinvs have been used fomercropping with
maize production. Legume cropping stamtarthe end otherainy season becaugé] késistanto dry
conditiors and itis also a short duration crop. lmagticing intercroppig, farmersplantedlegume
within oneor two weeks before thmaizeharvesttheyplantedonly some part athe maize area in one
year and mowe to other pas of the maize area fahe next year. Ashe farmers observedegume
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intercropping could improvsoil fertility. Furthermore, legume production coufdrease the family
income

Crop residues management: In general, crop residuemanagement isot widely practiced yet but
some farmers have used the agricultural residues for controlling soil erosion and suppressnipweed
addition, maize residue can be bean trellis and livestock feetk &l asnall number of farmers who
burncrop residues aftehe harvest for land clearantefore they plough the land to grow maize.
Conservation tillage: In the study areas, only 10% of farmers practiced conservation tillage. The
condition ofthe areas issuitablefor conservation tillage because thpreparation fothe high slops
must considesoil erosion. The conservation tillage methods are practiced fociregdsoil erosion on

the farmland and the plowing is conductadrossthe slope. Moreover, cons@tion tillagemaintains

soll fertility. There were farmerthat do not plough or plough only some yearpreserve soll fertility,
decreasesoil degradation and soil erosion. However, farmanesstill concerred about conservation
tillage as it may caudweardsoil and extreme weegtowth

Crop rotation: Farmersgrewlegume as a part @fcrop rotationprogram,especially groundnut. They
would growgroundnut after maize, but the proportion of groundnut was less than side.from
improving soil fertility, legume rotatioralso has thedvantageof reducingsoil degradationlt could
alsogenerate more income ftrefarmer.

Organic fertilizer: In the study area, not marfigrmers applied organic fertilizer in order to improve
soil fertility, mainly by using manure from livestock. Organic fertilizer has not beel w
acknowledged and livestock production in the study areausgl traditional systems t&amers doot
have much manure from their livestock to appty farmland. Ater the planting season, farmers let
their cattle roam freelyso their farmland gainednanure from frely releasd animals. Although
organic fertilizer is nbenough for crop productioit,canstill help to improve soil fertility.

) D U P Hadaption level on SCP:Depending on thaumber of SCP methods practiced, it was found
WKDW WKHUH ZHUH WKUHH GEF, H1080%R33.60% &éd DNSSIdoGia18arshRIQ R
high, medium and loMevels of adoptiomespectively. In addition, there were 26.71% of farnene

did not a@pt any method of SCP.

Table 5Adoption levels of farmers sampled

Adoption Category Variable Frequency
Number Percentage
0 Nonradoption 43 26.71
1 Low adoption level 45 27.95
2 Medium adoption level 54 33.54
3 High adoption level 19 11.80
Total 161 100.00

Source: field survey, 2015

) D U P Huhddfstanding on SCP: According to focus groups discusstoand semstructured
interviews, it showed thatarmers understood theadvantage and disadvantageof SCPmethods
before the adoption of SCP. In addition, the practices also shtveedarmers understoodsoil
conservation practise

CONCLUSION

This study indicated that about 73% of farmers practiced SCP, which included the five main methods.
100% of farmers practiced SCP by intercropping, 60% by crop residue management, 12% by crop
rotation, 12% by conservation tillage and 3% with organic ieetil Furthermore, it was found that
there were three levelsdfDUPHUVY DGRSWLRQ RI 6&3 DQG
medium and low levels of adoption respectively. In addition, there were 26.71% of farmers who did
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not adopt any methodf SCP. Moreover, farmers understood that SCP is the knowledge, perception
and practice needed for soil fertility improvement. Therefore, in order to improve soil fertility, it is
necessary to improve the knowledge, the perceptions, adoption levelseaméhdlices of famers of
SCP methods.
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Abstract Amylosefree (vaxy), i.e. amylopectin maize has been a vegetablestaple food in

East and Soutkast Asia for centuries, resulting in hundreds of landraces (LR). Eating
preferences could have resulted in the additional selection for different starch properties of
waxymaize, of interest in the food and feed industry. Bittin twenty LR from Vietham and
Thailand, disappointingly no evidence was found for special starch properties. For minority
ethnic groupswaxy LR are still the main staple food, well liked for their soft grains with
favorable cooking properties. But reaiprotein is severely lacking in quality that makes waxy
maize an unsuitable staple food especially for small children. High quality protein maize
(QPM) developed by the International Maize and Wheat Improvement Center (CIMMYT) has
90% of the nutritive &lue of milk protein. We combined the recessiaxyand QPM alleles

into modern high yielding lines resulting in double quality grains. In a second step this double
quality was introgressed into two landraces of the Hmong minority by two backcrosses. Seed
are available now of the two improvegxylandraces, which possess high yield potential, high
protein quality and good eating quality. Consumption of deghhdity waxy maize as staple

food will improve the diets of children, a good reason to produce i

Keywords waxymaize landraces, starch quality, quality protein maize, ethnic minorities

INTRODUCTION

Maize was probably introduced to Asia in its native vijijde form during the 16th century from
Central America. Normal grain starch consists of twacgbe polymers, amylose and amylopectin,
which assemble into serarystalline granules. Amylopectin accounts for 60 to 90% of the granule
ZHLIJKW W LV D KLJKO\ EUDQFKHG SRO\PHU L® ZKO & WKH JOX
glucosidic bonds. INFRQWUDVW DP\ORYV H -1ZR@adLoWedse;, Rmid@long linear
chains inside the starch granule.
Soon after arrival, amylodieee (vaxy) mutants were cultivated as a common vegetable and staple
food from Japan down to Myanmar. This closely follows an old consumer preference for afmggose
rice, also called glutinous or sticky rice, in Asia that dates back 2000 years (Olsen and Puaruggana
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2002). The selection for the recessivaxyallele can be attributed to a strong preference for soft grains
with more desirable cooking and flavor properties (Fergason, 2010). Sequence analysisy of
landraces (LR) from southwest China, suggest inadgeat parallel selection for theaxytrait in this
region (Fan et al., 2008).

South East Asia was successful in reducing hunger and poverty by less rice and more meat and
milk consumption (FAO, 2008). However, in hilly marginal areas the majority ofl@dmdong to
diverse minority ethnic groups. Beside global poverty and low educational level, the main problems of
those minority ethnic groups are the access to land, water and markets (Huynh, 2002). Reatlyem,
maize landraces still remain the stafiled and meat is only rarely consumed (Swinkels and Turk,
2006). This makes an urgent task to improve their protein uptake.

Waxy maize has soft grains that are especially suitable for preparing traditional dishes such as
porridge or for the consumption whmature ears as a vegetable. Sensory acceptanaxgmaize is
mostly determined by the right degree of firmness and the absence of stickiness of cooked kernels. In
turn, both firmness and stickiness are controlled by the structure and compositiarclof Btwaxy
maize, starch basically consists of branched-higihecular amylopectin; the linear amylose is virtually
absent. Protein of maize is lacking both in quality and quantity. For the nutrition of humans lysine is
one of the most important aminoids, followed by tryptophan. But the lysine and tryptophan contents
of zeins, the main protein type in maize, are quite low (FAO, 1992). Therefore it is essential to raise
the protein quality in maize based diets. Breeding for maize with enhanced praikin started in the
mid of the 1960s, when mutants with an increased lysine content, like opaque2 (02) and floury2 (fl2),
were discovered; the increase in essential araoids results from a change of the relative amounts of
different fractions constiting the maize endosperm proteins (Vasal, 2001). An agronomically superior
form of 02 germplasm with hard endosperm was named high quality protein maize (QPM) by the
International Maize and Wheat Improvement Center (CIMMYT, Mexico), in opposition toothe s
endosperm 02, called standard 02. This novel maize type has 90% of the nutritive value of milk protein
for young children (FAO, 1992).

In recent years we were successful in combining two recessive wakgand QPM (w/0), into
one new kernel type Wi normal aspects, i.e. suitable for staple food (Dang,eQi1; Sinkangam et
al., 2012). Those findings were recently confirmed (Zhang e2@13). This provides now a firm basis
to tackle the problem of protein malnutrition in a double approaghroving the staplevaxy maize
agronomically as well as nutritionally: as our new w/o lines are derived from modern agronomic stock,
they should be suitable to upgrade by introgression the protein quality of traditional landraces and to
improve the yield byresidual effectsWaxy maize landraces from the Hmong minority in Vietnam
were chosen as targets that excelled by good eating taste.

OBJECTIVE

The very low indigenous protein quality wixymaize landraces must be improved by incorporating
quality proten (QPM) genes. This requires that two grain mutants are expressed together without
impairing the vitality of the grain. This double quality breeding material can then be implemented into
the food chain of malnourished people in South East Asia. In a sappnobch, the starch quality of a
representative set of Thai and Vietnamesaylandraces was going to be analyzed for the potential of
new types that could be of value for the food and feed industry.

METHOD OLOGY

Starch Quality
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Waxymaize Andraces (LRwere choserfFig. 1) that are or had been used by ethnic majorities and
minorities in Thailand12 LR; Anonymous, 1983nd in Vietnam (8 LR; Maize germplasm section
National Maize Research Institute, 1997) in representative regions of cultivat@mmmercialwaxy
feed grain hybrid (PR38A2RQuPont/Pioneenyvas used as a control.

For amylog quantification,differential scanning calorimetry (DSG)nd starch granule size
distribution was utilized, extracted starch was analyzed for amylose content accordivgjetile et
al. (2017. Starch granule size was quantified by digital image analysis coupled to light microscopy
(Wilson, Bechtel,et al., 2006) Gelatinization temperature and enthalpy of starch suspensions were
determined using a differential scanning calorimeter (DSC 2010) from TA instrufdantpiier, Kar,
et al., 2006)

Pearson produghoment correlation coefficient)(for the relationships between starch properties
and the level of significanc@) for two-tailed test were calcuiad in Excel.

Quality Protein Maize (QPM)

Two waxyHmong landraces of good tasWlite waxyCao Bang 3Highland, North Vietham; WVN 3

and Whitewaxy S2- Highland, North Vietnam; WVN 10), were crossed with twaxyx QPM (w/0)

lines of modern agronomic background, ETH w/o (southern Chinese origin; Dang 2014l) and

Agron w/o (Thai origin; Sinkangam et a2012), w/o types were selected from-gilated plants. The
resulting top crosses were then backcrossed agam to the parentalaxy LR. Field experiments

were conducted at Suwan Farm, Thailand (14.5jN, 101;E, 360 m above sea level; lowland climate) in
2011, 2013 and 2014. For further technical information see Sinkangam et al. 2012. Molecular analyses
were neded to assay for the recesspygaque2 and thewaxy alleles and carried out according to
methods described in detail by Sinkangam et al. (2@&a of the quality and agronomic traits were
analyzed according to a randomized complete block design (RCBD)

Table 1Ear yield, eating and protein quality of improved landrace(LR) S2 after crossing
with ETH W/O and AGRON W/O and back-crossings toLR S2

. QPM = Yes Ear fresh . Tryptophan
Pedigree QPM = No weight Bite test in protein
t/ha (12-9) %
Ratchata IHybrid) No 7.81a 6.7a 0.48b
S2 (LR Vietnam) No 6.41b 5.0b 0.41b
S2waxyx QPM Yes 7.73a 6.3a 0.82a

Rating score of bite test@) = 1 is poor and 9 is good.

Table 2 Ear fresh yield, eating and protein quality of two test hybrids and
a commercialhybrid

. QPM = Yes Ear fresh . Tryptophan
Pedigree QPM = No weight Bite test In protein
t/ha (1-9) %
Big White 852 (commercial No 7.39b 7.0a 1.19b
hybrid)
SW14DB7-105511 x 34 Yes 12.35a 6,3ab 1,75a
SW14DB7-105514 x 34 Yes 12.05a 5,7b 2,04a

Ratingscore of bite test (9) = 1 is poor and 9 is good.
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Fig. 1 Origin and purity of Thai and Vietnamese landraces used in the study
Amylose free landraces/éxy/waxy are shown in yellow, landraces with mixed backgrodd XY /waxy
in green and wileypeplants WAXY/WAXYin black.

RESULTS AND DISCUSSION

Starch

Genetic resources, like the hundreds or more, probably thousandsdfR in SouthEast and East

Asia, cannot be easily accessed for research due to their well protected status. On the other hand, they
never made it to the international genebank of CIMMYT; their conservation unluckily depends on
activities of individual natins. We had access to collections in Thailand and Vietham but no
information existed for tests owaxy purity, and for the maintenance history. The more recent
Vietnamese collection was puneaxy. Within the Thai collection, three LR were wrongly classifees

waxy and some other were mixed or heterogeneoig (§. A practical approach was successfully

taken to regenerate pureaxy genotypes within the LR of mixed status. This was done by iodine
staining for lack of amylose. This experience with natiomallocal conservation of germplasm
highlights the challenge to maintain essential but recessive traits.

For the now purevaxyLR, starch quality tests were done in comparison with a commaevaigl
fodder maize from France for gelatinization fine struetaf amylopectin and starch granule size. No
significant differences existed for these traits within the Asian LR and between them and the
commercial hybrid (data not shown).

The Thai and Vietnamese collections wéxy maize landraces (LR) have probablyt ren
complete, considering the varied traditions in the mountainous are&sutheast Asia. Zheng et al.
(2013) analyzed the genetic diversity of Chinegaxy landraces, and modenvaxy inbred lines
proving a wide genetic diversity.

We identified fourdifferent waxy mutations in our LRs. Two of these are known from South
Chinese genetic resourcgzan, Quan, et al., 2008he other two have been first found here in South
East Asian LR. This suggests a strong and parallel selection for amylosariegies by local farmers
throughout the last centuries, as nowhere else in the world these rare mutations have been targeted for
specialty food before varieties from Asiadhleen described (Collins, 190&eatherwax, 1922), and
later on used for the pdaction of quality feed. We investigated if the remaining amylopectin was also
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targeted by selection rendering its structure to meet the eating preferences. However, we could not
identify alteration in amylopectin in the LRs. Therefore, our hypothesisrafamitant changes in the
branching pattern of amylopectin waxyLR, leading to altered starch traits of economic interest had

to be rejected.

QPM

This work started with collections @faxymaize landraces (LR) from Thailand and Vietnam (Fig. 1).
From 48initial LR, two vigorous Vietnamese of good taste were selected according to field vigor and
excellent taste. They were crossed with tmaxyx QPM lines that had been developed byang et

al., 2011; Sinkangam et ak012), one with a southern Chireand one with a Thai background. Their
offspring was further selected in several generations at Kasetsart University, Thailand. Today, seeds
are available from open pollinated varieties that are close to the original parental LR, but with the
improved preein of QPM and quite some agronomic advantages.

As waxy maize is usually eaten as a vegetable, the right harvest time is at dough stage. In a
tropical climate this was reached three weeks after flowering. On average almost 80% of the maximum
grain yieldwas attained at this time with grain moisture content at about 45%. An example for the
yield and quality potential of the new material is presented in Table 1. The protein content was 11%
without differences between the genotypes. The commaeaveigfhybrid had the highest yield, but the
proteinimproved LR S2 achieved similar values. Despite the good ratings for eating quality in
Vietnam, the original LR was inferior in the test for grain softness by the biting test to the hybrid and
the improved LR. Trymphan is one of the essential amino acids lacking in cereal protein, it is well
correlated with the quality of the whole protein fraction. Its content in protein was doubled in the
grains in the improved LR S2. This is a great success indeed as it wksomot before if two
mutations, waxy and QPM could be combined within one grain without damaging the grain
development.

As waxymaize is still an important vegetable or snack all over South East Asia to South Korea,
we started a second approach on proteiproved (QPM) hybrids that combine agronomic vigor with
excellent agronomic performance. For this we usedwwey x QPM lines that had been originally
developed by udjang et al.2011; Sinkangam et aR012), one with a southern Chinese and one with
a Thailandese background. The lines have been further adapted for a good seed production and a good
combining ability in the last years, providing a promising platform to utilize general breeding progress
in Thailand and southern China. Up to date 44 te&irily have been analyzed for their field
performance. Data are presented for two advanced test hybrids (Table 2). Both protein improved test
hybrids are very high yielding in comparison to a commemgéaty hybrid, though a little bit inferior
to eating gality as indicated by the biting test. However, the goal of fundamentally upgrading the
protein quality was reached, as indicated by very high tryptophan contents in protein.

As both ofour twowaxylines for QPM had a modern agronomic background, aipesisidual
effect on agronomic performance was expected and indeed achieved; which is a plus for convincing the
ethnic minorities to accept new varieties -oetified for high protein quality (Dang et al2011;
Sinkangam et g12012). 7 K HoaL WHLW HV WXDOLW\ WHVW XVLQJ KXPDQ SUHIHUFE
pericarp, a good tenderness and good aroma. It has to be kept in mind that this test has been developed
for vegetable waxy maize, cooked at the doughy stage. Ethnic minorities, however,large a
proportion of their harvest as a staple, therefore the quality requirements for preparing food may vary.
The protein content of mature grains had reached good levels above 11%, without significant
differences between entries. Lysine and tryptophaments are closely correlated in maize grains
(Sinkangam et g12012).The high values in crosses corresponded well \iitdings by Vasal (2001)
and Prasannat al. (2001) who indicated that QPM genotypes had almost double the amount of
tryptophancompared to normal maize, but were similar in overall protein content.
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Based on this new w/o germplasm, the next step must be an introduction to carefully selected
regions of ethnic minorities in Vietham. The Hmong people, as a large minority, are theargain
often eating three times per dagxymaize as a staple. This germplasm has the genetic potential to be
further adapted as it is still genetically broad, due to its Chinese and Thailandese QPM background. A
successful integration afaxyx QPM coud provide an extra advantage for local communities with
new market chances selling healthy snacks.

CONCLUSION

The understanding of the uses and requirementgary maize LR may open new possibilities for its
cultivation of this traditional maize type. & changes had been expected in the structure of
amylopectin as different mutations for thvaxymutation had occurred in Asia in the past; this would
be of high interest for industry or specialty productidocording to our investigations, however, ther
are no indications thavaxy maize with additional new specific starch properties exist for economic
purposes.

On the contrary, we are excited that we have developed two types of QMymaterials,
directly to be used to alleviate the protein deficiefor ethnic minorities depending on a maize diet,
and secondly as higyielding hybrids that can be used as a protein improved vegetable or healthy
snhacks, especially for school kids.
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Abstract Mineralization of nutrients from organic materials is vital for optimum plant growth
and development. Various methods have been used to evaluate the mineralization rate of
different organic substrates. Of these, carbon dioxide release is a reliable toetstichate
mineralization rate. Four different substrates: dry chicken mawa@|a, coconut coir dust
(CCD), andGiliricidia sepiumleaves and the combination diese substrates with SNAP
solutionon their rates of mineralization was determined. The results were significantly different
in the amounts of CfOreleased from the substrates. {@lease from the substrates was
stimulated by SNAP. Among all treatmen®, sepiumwith SNAP yielded the higest amount
while coconut coir dust gave the lowest. Nitrogen mineralized to about fifty percent (50%)
during the first weelof all treatments. Using soil organic materials suclGasepiumleaves
would quickly provide the soil with more mineralized nemtis which are available for plant
growth and development.

Keywords mineralization, CQrelease, organic substrat&iricidia sepium

INTRODUCTION

Mineralization is an important process which regulates the nutrient cycle (Curtin et al., 1997). It is also
a continuous process which is controlled by many factors such as temperature (Curtin et al., 1997,
Crohn, 2004; Gaskel and Smith, 2007; Li and 1012), moisture (Curtin et al., 1997; Gaskel and
Smith, 2007), pH (Curtin et al., 1997; Ouyang et al., 2008), microorganisms (Frankel and Bazylinski,
2003; Allison et al., 2009) or organisms of higher class such as earthworms (Cooceteaux et al., 1995),
herbivores (Schrama et al., 2013), soil properties such as clay types (Deenik, 2006), substrate quality
and quantity (Howard and Howard, 1993; Eiland et al., 2001; Gaskell and Smith 2007; Li and Li,
2014), and the cultivation practices.

Understanding the processes involved in mineralization, and the factors that affect mineralization
rate, would help estimate the right type and amount of mineralized material to guarantee optimum yield
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and minimize the adverse effects of the over apptinadif nitrogen () sources (Pereira et al., 2006;
Hartz et al., 2000; Crohon 2004; Bordilio et al., 2013; Li and Li, 2014).

The contents of carbon dioxide (g@Q@leterminethe rate of mineralization by measuring the
trapped CQin the alkali solution, suchs Ca(OH) NaOH or KOH anditrateit against hydrochloric
acid (HCI) with addition of barium chloride (Baf(Peirera et al., 2006; Hartz and Britton, 2003;
Makende and Ayeni, 2013).

OBJECTIVE

The objective of this studywereto estimatethe mineralization rates of different organic materials
using the CO, releaseas an index and to examine the effects of nutrient additions on the
mineralization rates of these materials.

METHOD OLOGY

Soil samples (Alipit Clay Soil) were collected from anfertilized upland area of the U.P. Los Ba—o0s
Central Experiment Station. The soil was-a@ied, cleaned from vegetative material and passed
through a 2.0 mm sieve. Fifty (50) grams of this sieved soil was placed inside incubation jars and
mixed with 0.25 g of each nutrient source (5 thaComplete Randomized Design (CRD) with three
replicationswas usedin this experiment. The treatmenitgere Control (CT)soil alone with no
additional nutrients, dry chicken manure (CM), coconut coir dust (CGicidia sepium(GS),
Azolla (AZ), simple nutrient addition program (SNAP) nutrient solution, CM + SNAP, CCD + SNAP,
GS +SNAP and AZ + SNAPThe incubation study was conducted from April to May 2014 in the Soil
Fertility Laboratory of the Agricultural $ence Cluster (ASC), College of Agriculture, U. P. Los
Ba-os, Philippines.

The Simple Nutrient Addition Program (SNAP) nutrient solution was formulated by the Institute
of Plant Breeding, College of Agriculture, U.P. Los Ba—o0s. The solution was prepacednbining
20 ml of SNAP A and 20 ml of SNAP B, and adding this to one liter of distilled water. Forty (40) ml of
the prepared SNAP solution mixture was added to each Shaked jar.

Determination of Carbon Dioxide Release and Mineralized Nitrogen

Mineralization rate was measured by determining the amount of r€l@ased from the different
treatments. The incubation jar 4gt was prepared prior to the start of the experiment. Prior to
application, the substrates were grounded and-dvied overnight a#0 . The appropriate amount of
residue was added to 50 g soil at a rate of 0.125"g Rased on thamountof soil, this application
rate approximates to 5 t hathe amount of residue applied in many farming systems. For the control
treatment, no @anic material was added the same amount of soil. The experiment was conducted
for thedurationof approximately 8 weeks.

The mixtures of soil and treatment nutrient sources were supplied with moisture at field capacity.
A 50 nL beaker containing 3thL of 0.3M NaOH was placed in the center of the jar to trap the CO
releagd from each treatmenthe trapped C&was thertransferred to a 100 mheaker, and 3 drops of
phenolphthalein were added before titration withN).RICI.

RESULTS AND DISCUSSION

The incubation experiment examined the mineralization rate of different organic materials alesy a 7
period. Results showed that there were significant differences between treatments. The highest amount
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of CO,released on the first day was measured fromllazand AZ + SNAP with 78.3 and 76.6 mg'kg
soil, respectively. These treatments were closely followe® byepiumand CM + SNAP with 72.3
and 70.9 mg Kg soil respectively. Since the measured,@0®m these four treatments were ranked
closely,differences of the C{eleased were found to be insignificant.

The measured C{n thesecondday showed that soft, fresh materials witigh source of N
continuously exhibitedaster rate of mineralization when compared with other organic materials.
Treatments with Azolla an@. sepiumdemonstrated the highest amount of,@@h 74.2 and 72.7 mg
kg™ soil, respectively. The addition of nutrients hastened the mineralization ratessastshAzolla +
SNAP and GS+ SNAP. Similar effects were observed from Day 3 to Day 7 as those treatments with
SNAP recorded high amount of G&lease. Thes. sepium+ SNAP Treatment dominated other
treatments and their differences were found to be significant. Its performance is clearly presented in
Fig. 1. Treatments with Azolla an@. sepiumalone ranked second and third. It is also interesting to
note that coconutoir dust played second on Day 3 to 4. Fontaine et al. (2003) reported that the
increasein the amount of CQreleased in the first week for all treatments may be attributed to the
activities of microorganisms attacking the labile and readily decomposab#trates such as sugar,
starch,and celluloseThe surge of Céreleased from the soil in the first day (Fig. 1) might due to
rewetting of the soil which allowed the surviving microorganisms to immediately attack SOM and the
substrates (Keift et al., 89). The control, although having a lower total fL€ease, it had a starting
point which was also as high as chicken manure and SNAP solution. The soil had high SOM content
(6.3%) could increase mineralization.

CO, evolution (mg kd')

& < |=hme (Day)F I > J
—— 3+/.:+* —— D:1!3(#,C)/IK-/9:)!143K?
LM+**-14LN? —>¢— 3+,+/9.13+#:1D98.1433D?
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—+—3KIQIE7LP ——LNIQ!E7LP

Fig. 1 Daily carbon dioxide (mg kg') released from different organic substrates
over the period of seven days

Franzluebbers et al. (1994) concluded that N mineralization can be related to the amount of SOM
in the soil. Arother study of Chuwdhury et g2014) on the effect of malic acid addition to £O
release found that treatments with or without nutrient addition had very higpr@dction from 20
to 40 hours after incubatioAccording toChen at al. (2014¥resh materials have faster mineraliaati
rates and release more £06. sepiumtreatment was observed with consistent high amounts ef CO
released, followed b#zolla and chicken manure.

E ISERD
126



IJERD #International Journal of Environmental and Rural Development §2@41!

Haney et al. (2008) also founds&rongrelationship between organic carbon sources angd CO
releasdn the first day of incubation. In their study on the effect of drying and rewetting, the greatest
CO, respirationlasted for three day3 he reason which led to this highest rate of, &®@ase might be
due to the active microbial biomass breaking it downmthey were exposed to dryness.

The incubation experiment also examined the mineralization rate of different organic materials over
an 8week period. The results showed that there were significant differences between treatments. The
highest amount of C{eleased in the first week was measured f@rmsepiumt RR with 375.13ng kg
! soil. It was followed by Azolla and GS with 312.84 and 31249 kg" soil, respectively. Notably,
their values are almost equAkzola + SNAP and CM + SNAP rank next with 2B® and 288.14ng kg
! soil, respectivelyThere is a significant difference of the amount of,G&eased fronG. sepium
compared the succeeding treatments ranked. In a similar study, Pangga et al. (2000) observed that more
than 50% of total C has reksd during the first week of incubation.

A sharp decline in the amounts of C@leased was observed in Week 2. The highest amount of
CO; released during this week was from CM and GS + RR, both yielding 88y28j" soil. This was
followed by Azola and CM + RR with close values of 83.60 and 80086 kg' soil, respectively.
Differences of the C&released among treatments were found to be insignificant since the measgred CO
from these four treatments were ranked closely, From Week 2 to Week 6ndCMS+ RR recorded
high amounts of CoOreleased compared to the other treatments. However, the highest amount of CO
released during Week Td 8 was measured froB sepium.

CO, evolution (mg kd)
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Fig. 2 Weekly carbon dioxide (mg kg) released over the period of eight weeks
from different substrates and with the addition of SNAP solution

Throughout the succession of weeks, the amounts gfda@@red, although several peaks occurred,
yet they were lower after each time. In the third week, there was an irbobgseationin CM+ SNAP
treatment which measured 80.96 to 100.03 my Khen there was another peak in AZ+ SNAP (60.72 to
65.41 mg kg). On the seventh week, there were three rises ofiCGS, AZ and SNAP treatments
(45.17 to 58.66, 38.72 to 55.78 and 41.68%®2 mg kg, respectively)Makinde and Ayeni, (2013)
also observed several peaks of @€&ease in their study. The decomposition of OM can be divided
into three stagex (i) active (:6 weeks), (ii) reduced or slow-&weeks) and (iii) stable or modezbt
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stable (916 weeks) (Ayeni, 2011). In the active stage, the most readily available and easily
decomposed substrates and OM will be decomposed. At the same time, microorganism populations
also increase quickly. When substrate quality was reduced, mgarism population becomes stable
or dead and decomposed to serve as the nutrient source for other microorganisms and plants.
Cumulative CQrelease also showed that addition of substrates increasedhthntof CO, as
comparedwith the treatments withsubstrates only (Figsl and 2). Fresh materials have faster
mineralization rate¢Chen at al.2014) especiallyG. sepiumwhich consistent high amounts of €0
released was observed, followed Byolla and chicken manureAdditional nutrient sources will
increase C®and CH production (Gogo and Pearce, 2008gnerallylow-quality soil carbon limits
microorganism activities as well as carbon mineralizatitdhen additional nutrient sources are added
to the soil, microorgaisms will attack these sources and rapidly increase their population (Fontaine et
al., 2003).

CONCLUSION

Mineralization of organic materials was about fifty percent (50%) in all substrates as compared to the
amountof carbon dioxide released during tlestf week. The highest total G@eleased was produced
during the first week and the peak was between the first two days. The amoun} Hl€z@ed less

and less through time as the quality of the substrates eventually decreased. Using additional nutrient
source (SNAP) to all organic materials resulted in faster rates of mineralization. Overall, the GS +
SNAP treatment has the fastest rate of, fe@ase.
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Abstract Functionalirrigation system is one of the most important mechanisms for preventing
or minimizing crop failure, and increasing crop yie&wl cropping calendart.is functional,

if it is properly designedbuilt, operated and maintained, as et climateproofed. It is
projected that the climate changgects +flood, drought, and temperatuwise *will adversely
affectwater availability, hence impactirige reliability of the irrigation system and its services.
The findings illustrate thathinit Irrigation System faceseveral challenges such as insufficient
budget foroperation and maintenance, especiallyrégairing the broken earthen canals caused
by heavy traffic,cattle, crabs and mice, and floodifter construction, rice yield, land size
and seasonal growing are increased and most of the faitleirs the system coveragmuld
DFFHVV HQRXJK ZDWHU IRU LUULJDW\ed @fteVddmpRting theJ VY] OLY
infrastructure, hR XVHKR O GV {-if2ofrte UhbréasedftbiV 2.44 to 3.14 million riel per
household.There areotherincome sources such as small business, construction and factory
workers, taxidriver and so otthat can be futer diversified as the competition for water use is
expected due to climate change and an increase in water demand in this Watershed

Keywords Stung Chinitjrrigationsystem,effectivenessclimate change

INTRODUCTION

Irrigation system is an artificial ostruction whichideally canstorewater and drain in or out the water
when it is needed. Currently, construction and rehabilitation of irrigation have berm e the top
priorities set by the Governmenhternational organizations, private companisd other donors.
They have actively involveth its developmento supportfarmersand water user® securewater to
irrigate their farming in both rainy seashv VXSS OHP H Q Vel Unet Lsebigdn J(Bakhib&ufp,
2006). Construction of irrigation systs, includingtheir maintenance and operatioae supposed to
contributeto poverty reduction and achievement of the ambitious milledesipert target set by the
Government (CGIR, 2014)According to the Food of Agriculture Organization (FA2010, the
average dry season rice yididsincreasd from 1.39 tons to 2.0%ns per hectaregiowever, their
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prospects may be challenged by therent climate hazards and lotgrm climate changas theyhave

been identified as significant environmental and tgraental issues in Cambodia. Climate variability

and extremes are presently manifested in ways such as floods, droughts, storms, increased coastal
erosion, heat waves, and outbreaks/intensification pests and diseases (MOE 2013). All these changes
have bob positive and negative impacts on the agriculture including the irrigatedland These
challenges affect the irrigation syst§nfy UHOLDE L O L W\ bBcQuse bf Idrblught/ and /kekeasV
overflow and extreme flood can damage the sygt@E, 204). For the lastl5 years, Cambodia has
severdy affected by the climat®ariability andchange V. H YsHo ¥ \éxtreme flopavindstorms,

and droughts These frequent disasters and poor maintenance and operation damaged many
infrastructures sut as road, street and irrigation system (FAO/WFP, 2012). Climate change is
H[SHFWHG WR H[HUW FRPSRXQGHG SUHVVXUH RQ &DPERGLDTV Z
altered by hydropower development and withdrawals for irrigation expansion witdirbeyond
Cambodian borders. Prevailing poor infrastructure conditions and operation and maintenance of the
system also remain a significant factor contributing to current and future vulnerability of systems to
climate change (MOE, 2013).

OBJECTIVE

Theresearch was conducted for the following two nabjectives:
1) To identify the potential and constrainsliofgation System;
2) TOFRPSDUH RI IDUPHUVY OLYHOLKRRG OHY HOnfeastruBtied DQG DI

METHOD OLOGY

The researclvas conducted in 3 villagesamely, KhvaekBanteay Yumreachand Pleyplo village

To collect the data, primary data and secondary data (asking households, key informants, related
institutes and observation) was implemented. 84 households were sdompieterviewsand three

Focus Group Discussionenrealso carried out to validate and obtainrequantitative information. All

the collected data was analyzed by Statistic Package for Social Science (SPSS and Excel).

RESULTS AND DISCUSSION

Changein Rice Cultivation Calendars

The result in Table 1 indicates thafbreirrigation schememost of the farmers in the three villages
cultivated tkeir rice later in rainy season from June to Decemmbecause of concern over the water
availability during the early phase of rainy season, as most of them heavily relied on rainfall for 61%,
82%, and 67% respectively in Khvaek, Prey Phlu, and Banteay Yumreach villages. Whereas after the
Chinit irrigation nfrastructure was put in place, 65% of households in Khvaek and 77% in Prey Phlu
stared to cultivate the rice from Mayo Novemberrelying on water from the irrigation system.
However, the farmers in Banteay Yumreach still continue with old croppingdaaldrom June to
December because of their higher land elevation, and lack of paddy level irrigation canals through
their rice field, and some farmers near ¢th@al do not allow the water to the other fielelstthermore,
because of the canals in thepeplandaredeeper than the paddy fieitthas to operate by more costly

pumping.
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Tablel ) DUPHUVY FDOHQGDU ULFH EHIRUH DQG DIWHU FRQVWUXF

Wet rice before scheme Wet rice after scheme
Villages
May-Nov JunDec JukJan May-Nov JunDec JuRJan
Khvaek 21.70% 60.90% 17.40% 65.20% 34.80% 0.00%
Prey Phlu 11.77% 82.35% 5.88% 76.50% 23.50% 0.00%

Banteay Yumreach 16.70% 66.70% 16.60% 31.80% 61.40% 6.80%

Means for Irrigation

Fig.1 illustrates that there weomly 4.34% ofhouseholds irrigated their farby gravity, 21.73% by
pumping andgravity, and 73.91% by rainflabefore constructing irrigation system. Hateas the
farmersin Prey Phlu village, there wermnly 5.88% of households irrigatintieir farmby gravity,
5.88% by pumping angravity, and 88.25%elying onrainfall while the farmers iBanteay Yumreach
were27.27% bygravity, 18.18% bygravity and pumping, and 55.55% by rainfall. After constrcti
of the Chinitirrigation system, 100% of farmers Prey Phly 52.17% inKhvaek and 72.73% in
Banteay Yumreachrigated theirffarming by gravity, andheystogpedrelying on rainfall.

,_GEJ Rainfall | 0.00

% % Drainage and Pump_— .-~~~ - - 47-83 Ty o R
n Drainage [ -.-5217.".- A e

o2 Rainfall .- -.7392 - P T e P

2 % Drainage and Pump. .. . B P <

D n Drainage .4 o o ]

0% 20% 40% 60% 80% 100%

CKvaek EPreyplo @Banteay Youmreach

Fig. 1 Ways of farmer for irrigating their farming before and after scheme

Farmland Size Before andAfter Constructing Irrigation Scheme

Figure 2 shows the paddy field and cHamd size per hectare per househdidfore and after
constructing the irrigation scheme. The #iaad of the two villages, Khaek and Banteay Yumreach

was slightly increased of 0.04 and 0.12 hectare per household, respectively, whereas the paddy field
size of Prey Phlu remained the samerdasing in paddy field size and production in the two villages
were possible because the farmers could get enough water and reclaim available forest land, and
increase their outputs to generate more income for supporting the everyday lives of theig growin
families. In contrast, the other crtgnd size of three villages has decreased marginally from 0.55 to
0.122, 0.32 to 0.30, and 0.37 to 0.30 respectively in Khvaek, Prey Phlu and Banteay Yuiisach.

was because some of the farmers cawdtigrow vegetabls in the croplandand the fields have too

much water coming from the canal, and some others grow rice instead of cropping.
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Fig. 2 Average farmland sizéhousehold before andafter constructing irrigation scheme

Rice Yield Before andAfter Constructing Scheme

According to the data ithe Table2, farmers do not grow any rice during dry season before irrigation
construction After 8 KLQLW V\VWHPTV FRPSO H Wi kh@ekubivate/ ¢y3&asoK PUH D F K
paddyrice with a higher yield. But Prey Phluvillagers do not grow any drgeasorrice, becausehe

concern over the rampage by domestitmals, insects and so on. Furtherepdbecause of labor

shortage andbw profit from rice cultivationcomparing to other occupations in urban ardactory,
collecting/working in the forestry, or other countriégter completing construction irrigation system,

the average of raimpeasonal rice yield increases only from 0.24 to 0.69 penshectare among the

three villages.

Table 2 Average rice yieldby seasos before and afterscheme

Vil Beforescheme After scheme
'1ages Dry-season rice  Rainy-season rice  Dry-season rice Rainy-season rice
Khvaek 0 1.45 3.95 2.14
Prey Phlu 0 1.59 0.00 1.96
Banteay Yomreach 0 1.66 3.23 1.90

Accesso Water Before andAfter Scheme

Table3 illustrates the accessibility of water d$®/ farmers among the three villages. According to the
table, it showed that after constructimggation scheme, 74% of farmers in Khvaek and 88.20% in
Prey Phlu villages have enough water for irrigating while the water security for farmers in Banteay
Yumreach decrease by 15.90%whs becauseahe lack of paddy field water distribution cdeaand
arrangemends well as, upland areas, and high water evaporation and seepage.

Table3S TKH VLWXDWLRQ RI IDUPHUVY DFFHVVLEOH HQRXJK ZDWHL

Villages Beforescheme After Ssheme Changes
Percent (%) Percent (%) Percent (%)
Khvaek 30.4 73.9 43.5
Prey Phlu 294 88.2 58.8
Banteay Yumreach 61.4 455 -15.9
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Causes oDamaginglrrigation System

Farmers around 88%ought that the irrigation system had been broken by three main factors such as

operating of transportatidncludingtrucks,cattle, miceand crabpr over flow (heavy rain andiéod).
Fig.3 indicateghat the main canal, distributary canal, release camhtelease gates were dramatically
damaged byl6éod and heavy rainfhese canals wel@oken due to havy rain and over flow from the
river andTonle Sap includingcattle stamping, noe and crap digging holesused the canals eroding
and breking. The sukcanals wereseverely affected by cattle, micand crab;flood and heavy rain
while the small suloarals, 50%, wererucialy damaged by cattle, mice and ¢rabcause these canals
seenedasdike through the rice field so they were easily affected by cattle, mice, and crabs.

! . | ;%z

#$9%8&S'(

K-#/13-/-*  D#8.:#R9.-:1 89RS,/-*8 E2-**189RST)*)-8)!,-/-*8 T)*)-8)!0-.)8
-/-*8 -/-*8

03-.%):1K+98)1-/6!3:-R B "*++61-/61()-ULl:-#  B':-/8A+.-#+

Fig. 3 the causes of damagingrigation system after constructing irrigation system
The Efficiency of F D U P H.iv®ifiood Before andAfter Constructing Irrigation Scheme

The farmers generally expended on agriculture produgggeral expense (food, electric gtand
IDUPHUVY LQFRPH D UfadmRPdriEiian\ crop, misbB@ry, fishing et@hd norfarm
income (small business, teaching, wage, factory worker ethg @langes of average net income
increased2.51 million riels/householth Prey Phlu, 2.44 million riels/househpld Khvaek, and 35
million riels/householdn Banteay Yumreach; howevtrere wasno significant differencemong the
three villages duto P-Value is greater than 0.05 (p>0.0%he efficiency of income in Khvaek village
before constructing irrigation system shows thatfarmers invest 1 riel per unit then they gain income
2.75 riel means that theypprofit 1.75 riel.After constructing irrigation system indicated that farmers
invest 1 riel per unit then they recetMacome 2.11 riel which means that they gaiofiprl.11 riel.

Table 4 Comparison of effidency before and after construction irrigation scheme

ltems Prey Phlu Banteay Yumreach Khvaek
Before = After Changes Before After Changes Before After Changes
TR (MR) 92.33 188.11 95.78 285.83 592.40 306.57 113.04 31541 202.37
TC (MR) 33.58 89.17 55.59 101.11 306.37 205.26 49.56 177.08 127.53
1 58.75  98.94 40.18 184.73 286.03 101.30 63.48 138.33 74.85
Aver! Ug# 3.46 5.97 251 2.33 4.77 2.44 2.84 5.99 3.15
E (Riel) 2.75 2.11 -0.64 2.83 1.93 -0.89 2.28 1.78 -0.50

P=0.84>0.05 (Change in the average of net income/household)
*TR (Total Revenue), TC (Total Costt QHW LQFRPH $YHU & DYHUDJH RI QHW LQFRPH
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In conclusion, the research demonstrated that even thoughwvénage net income of farmers
increased in all three villages, but if we look through the efficiency of households decreases 0.64 riel in
Banteay Yumreach, 0.89 riel in Khvaek, and 0.50 riel in Prey Phlu village, because farmers heavily pay
for agricultual input (fertilizers and pesticide, rice broadcasting or transplanting, harvest, plough etc),
on food, children, illness and inflation.

CONCLUSION

Irrigation systemis one of the key tools to boost the agricultural products. Most of the farmers could
access enough water to irrigate their farm, and double their cropping calendar with higher yield, and
cultivate the farm on time. Moreover, after constructing irrigagggtem, it can ensure minimize
vulnerability to flooding and drought. Furthermore, it also susttb UPHUVY OLYHOLKRRG EHFI
the farmers rely on agriculture. But there are several problems such as extremely flood, heavy rain,

over flow, cattlemice, crabs, and transportation, as well as lack of adequate fund for operation and
maintenance.
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Abstract The application of excreta wastes is beneficial for soil conservation, especially in
degraded soils and soils being susceptible to erosion. In this study animal dung was used as a
resource for protecting soils against erosion. The objective of this gutly measure the
effectivity of animal wasteslurry for mitigating soil loss ideptosolfrom Mixteca Region
Mexico. For this purpose, splash erosion model and a surface runaifiel were usedsplash
erosionmodel consisted in stainless steel cores of 1.0 cm long with inside diameter at 1.1 cm.
Soil was placednside at a dry density of 0.1 g/cmi. Fifty drops of artificial rain were
dripped into the soil inside the core and soil loss was measured. @ith#rehandsurface

runoff model consisted of a plot of ¥In x 3.15 cm x 1.4 cm, with a triangular section. Soil
was filled in with the same dry density of raindrop model and 1savh deionized water was
SXSSOLHG GXULQJ RQH #dpexXMisdRdpgeDwas cGlleicidd Evidry en minwted

soil loss was measured. Aatment for both models, animal waste slurry was used. Horse
dung was collected in the Horsemanship Club of Tokyo University of Agriculture and passed
through a sieve at 212 umander to obtain slurrny2 treatments were set up: the finss cattle

slurry incoporated with soil and the secomas crust formed with animal waste slyrand
control. Soil losses were compared among tHeseatments. Raindrop experiment results
showved that the addition of slurry decreased significantly soil loss rate from 6.4% to 1.3% in
slurry incorporated cores and 0.2% in formeddriast cores. The same tendency was observed

in the slope model experiment, where the application of slurry redkigadicantly the soil
losses from 558.6 g/nto around 60 g/fin both plots where slurry was added. Therefore, it
can be concluded that the application of animal waste slurry was effective to reduce
significantly soil losses by protecting the soil agaikisetic energy of raindrops, as well as
DIJDLQVW VKHDULQJ IRUFH RI UXQRII RQ D GHJUHHVY VORSH

Keywords slurry, soil erosion, horse dung, leptosol, Mixteca Region

INTRODUCTION

Several studies point that tlapplication of excreta wastes could be beneficial for soil conservation,
especially in degraded soils and soils being susceptible to erosion (Pinamonti and Zorzi, 1996). The
use of compost or mulch blankets as a soil cover could help control soil erogilopravide
sustainable alternatives to disposal for many biomassirees (Faucette et &009)

Mixteca Region idocated inOaxaca State and has an average annual precipitation of 1988 mm
and an average mean temperature of ¥80(Servicio Meteoreligo Nacional, 2010)Oaxaca States
the main state by numbers of goats (Around 952,000 goats), which represents 10.9% of the national
production (SAGARPA, 2008). Moreover, accordingaarc’a Herntnde@1 996, the majority of units
of production are extesive, where goat dung is left in the croplands. Animal dung was used as a
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resource for protecting soils against soil erosion. For that reason, the objective of diisssto
measure the effectivenes$ animal wasteapplication for mitigation of soildss by raindrop and
surface runoff and taliscuss effective conservation measures with animal waste slurry applicati
based on the amounts of soil aritogen component losses

METHOD OLOGY

For this experiment soil samples from Mixteca Region were used. The samples were collected from a
rainfed corn field located in a slope of 12 degrees. Physical and chemical properties are summarized in
Table 1.

Table 1 Physical and chemical properties afoil experimental design

- Particle size distribution, % Soil
Sail Specific Coarse Fine texture pH EC IL
ravit i #S/cm %
gravity Gravel sand sand Silt  Clay ( ) (%)

Leptosol 2.59 54 25.6 299 195 196 SCL 5381 155 25.76

For this experiment, as animal waste, horse dung was used. It was obtained from the
horsemanship club of Tokyo University of Agriculture. Analysis of total nitrogen, total phosphorus and
coliform bacteria was conducted@igble 2).

Table 2 Properties of soil and animal waste

Sample T-N T-P Coliform bacteria
(mg/kg) (mg/kg) (cfu/g)
Soil 920.20 124.28 0
Slurry 6744.19 13466.06 3.2x1d

The preparation of slurry was carried out through the sieving of the horse dung through a sieve of
212 umto eliminate straw residues. Deionized water was used for this process. Since the slurry had a
high water content after this process, and for redutiiegamount of coliform bacteria (Saito and
Mihara, 2010), slurry was dried up during four weeks (Fig. 1).

Horse dung from Sieve of 212 um
horsemanship club of Air dried for four weeks

Tokvo NODAI

Horse dung slurry

Fig. 1 Animal wasteslurry

For measuring the effectiveness of animal waste slurry, two experiments were carried out. The
first experiment was splash erosion model conducted with the purpose to measure the ability of slurry
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added soil to decrease erosion by kinetic energyaioidrops. The second experiment was surface
runoff model with the purpose of measure the ability of slurry added soil to decrease surface erosion.
For both experiments, two treatments were applied.

SplashErosion Experiment

For this experiment stainless steel cores were used, whicvearagely 1.0 cm long with an internal
diameter of 1.1 cmThey were filled with soil under a dry densityld +0.1 g/cito keep a similar
compaction between samples. Constant water press¢ FRQWUROOHG E\ PHDQV RI D (

(Fig. 2). A needle from the DH6000 rainfall simulator equipment was used for this experiment. The

kinetic energy of raindrops was 2.36 x°IQcalculated based in the equatitk® " m v?.

D &E]} 3+ [90+:!
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Fig. 2 Splash erosion model

For both experiments={g. 2), two treatments were defined. these two treatments, the same
dried mass ratio of soil : slurry was kept at 66:1. The first treatment consisted on incorporating the
slurry into the soil by mixing both materials and placing the mixture into the stainless cores
(incorporated with soil tegment). The second treatment consisted in placing the soil into the stainless
core, compacted under the above mentioned dry density, and then covering completely its surface with
animal waste slurry (formed bigrust treatment).

For each treatment, 10 esrwere used. 50 drops of artificial rain (deionized water) were dripped
into every stainless core. Then, the remaining mass of soil inside the core was calculated (Eqg. 1).

EZalU &adat 0 elegidad ¢ ORaa o
T AAUcBABO =GR D ORAAD | @

Surface Runoff Experiment

In this experiment, a triangulzection plot was used. The length was 91.0 cm and the triangular
section had a height of 1.4 cm and a base of 3.1 cm (Fig. 3). Similar to the previous experiment, the
compaction was keep under a dry densityl@f+0.1 g/cmi. And for this experiment the constant
supply of deionized water (1.2 to 1.3tV ZDV GRQH E\ WKH XVH RI D ODULRWYV
minutes. The slope of this plot was determined as 12 deigreals thesanples.

The percolation water amdnoff water was collected every 10 minutes for analyzing the amount
of soil loss and the contents of total nitrogen.

Similar to the previous experiment, two treatments were defined for the surface runoff experiment.
The first treatment consisted on imporating the slurry into the soil by mixing both materials and
placing the mixture into the plots. The second treatment consisted in placing the soil into the plot and
then covering completely its surface with animal waste slurry. In both treatmentsrdrés ratio of
soil : slurry was kept at 66:1 (equivalent to 10 tons of slurry per hectare with a water content of 5.87).
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Supplied deionized water
(1.2to 1.3 cm?/s)

\ \
LY
e
Percolating

water

Fig. 3 Surface runoff plot model

RESULTS AND DISCUSSION

SplashErosion Experiment

For every treatment ten stainlessres were used. After the 50 drops were applied, the samples were
dried and then the weight inside every can was measure. Figure 4 shows the cores after the experiment.
As can be observed, the cores in control showed a higher dispersion of soil particles.

Control Incorporated with soil Formed bio-crust

Fig. 4 Cores after raindrop experiment

After the fifty drops were dripped into the stainlesses, the soil loss rate was calculated. As can
be observed in Fig. 5, control samples showed a higher dispersion of soil particles caused by the
impact of raindrops compared to the treatments were animal waste slurry was added into the soil.

The averagesoil loss in control was 6.4%. The incorporation of slurry into the soil reduced the
soil loss to 1.3%, and the application of slurry into the surface reduced the soil loss until a 0.2%. It was
found that there was a significant difference between theat@a@mples and the treatment with slurry.
However, there was no significant difference between treatments. This can suggest that either way of
applying slurry, being incorporated into the soil as a mixture or just applied on the surface is effective
for reducing soil loss caused by the raindrop energy.
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Fig. 5 Soil loss rate between treatment
Surface Runoff Experiment

The collection of runoff samples was carried out every ten minutes during one hour in the surface
runoff experiment as shown in Fig. 6.

Formed biecrust

Control Incorporated with soil

Fig. 6 Runoff experiment plots

Figure 7 shows the results of the samples after being analyzed for cumulative soil losses and total
nitrogen.Fig. 7(c) showed that there was no significant difference in the amount of discinaogg a
treatments during the hour the experiment last. However, as can be observe in figure 7(a), control plot
presented a much higher amount of soil losses, compared to the plots where slurry had been added.
Concerning the amount of total nitrogen, in Figb) can be observe that control plot shows a higher
amount of nitrogen released, compared to treatments where slurry has been added. So even if slurry
contains nitrogen, when added to the soil there was a fewer release of nitrogen into the runoff water
samples.

It is considered that betweéme treatments, the addition of slurry, incorporated to the soil as well
as applied in the surface to form a-giwist significantly reduced the amount of soil losses compared to
the control plot, in both the raindrogxperiment and the runoff modeThis could be due tthe
cohesion forceproduced by adding organic materials asfimal waste slurry into thesoil particles
beingbeyond the kinetic energyf raindropsor shearing forcef surface runoff.
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Fig. 7 Analysisof runoff experiment samples

CONCLUSION

Adding slurry into the soail, incorporated or applied on the surface, reduced splash erosion rate
significantly in leptosol of Mixteca Regioas well as soil and nitrogen loss in the surface runisiis

could be beause the addition of organic matter into the soil in the form of slurry improved the soll
aggregation (Six, 1998), making it stronger against the kinetic energy of raindrops or the shearing
forces of surface runoff. However, future research has to be ctudin order to ensure that the
addition of slurry is not harmful for the environment. Furthermanfa view point of nitrogen loss

in the runoff experimentformed biecrust may be recommendable to apply as a conservation strategy
above the incorporiin of slurry into the saoil.
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Abstract In Cambodia, Dai Neang chili pepp&gpsicum annurh) hasmostly grown in areas
around Tonle Sap Lake asdmeother provinces such as Prey Veng, Kandal, Kampong Cham,
and Kampong Thom. However, farmers kgepcticingconventional methods, which do not
get high yield Liquid bio-slurry and rice huskibchar whech oltained from biodigester and rice
productionresidues, could bapplied toimprove soil fertilityfor the chili productionThe key
objectives of this study were (1) to analyze the fertility compositions [nitrogen (N),
phosphorous (RPand potassium (K)] contents in thguid bio-slurry and rice huskibchar and

(2) to investigate the effects afiliid bio-slurry and rice huskibchar on yield of Dai Neang
chili pepper. In the research, different proportions of combination of liqoidltniry and rice
husk biochar were appliesh Dai Neang chili pepper in a total quantity of 1.4Kg/Bata of
total yield, plant height, plants diameter, roots length, number of branches, leaves area, fruit
length,andfruit weight per plant, good fruitand damaged fruitwerecollected as the primary
data. As the results, the percentages #-Kl compositions in th liquid bicslurry and in the
biochar were 0.52%1.22% 0.30% and 0.78%0.73% 3.00%, respectively. The treatment
using liquid bieslurry 2% and rice husk Biochar 75% obtained leisfiyield and more number

of branches compared with othteeatmentsand the controllin conclusion, liquid bieslurry, a
waste of biogas and rice huslothar could improve the soil fertility and yield of Dai Ngan
chili pepper.
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INTRODUCTION

Currently, 80%0of & D P E R @dpDI&tien lives in rural areas and 608epend on agriculte which

makes the government determined that the development of the agricultural sector is a key priority to
reduce poverty and contribute to incgeanacroeconomics (MoP, 201Zhe agricultural secterhave
contributed 31.6%f Gross Demonstrate Products in 2013 (MFAE013).In the Cambodia, egetable

crops arghe mostimportant after rice crops foodfor human consumption. Dai Neang chili pepper is

one of a supplementary vegetablhdsich favored by consumersountrywide It contains highvitamin

C. which helpgo prevent oxidatiorand many other nutrients that are impoceto human(LPI, 201J).

In general fertilizer applicationis a common practice of farmers in crop cultivatinrorderto
add nutrients into soil fagrowingcrops Most ofagricultural production often uses chemical fertilizers
and pesticide As a resultsubstances ahesechemicas remain in fruits and vegetableshieh make
most products to be tainted and affect the K X P D Re§ilth. MeanwhileJong term of chemical
fertilizers application resulted in soil degradatisoil pH fluctuationsandlosing soil microbes which
improve the soil fertility(Kim, 2003). HenceMinistry of Agriculture, Forestry, and Fisheries
Cambodiahasurged farmers to produce crops by apiply natural fertilizer toimprove soil fertility,
obtainhigh yield and lessffect RQ KXPDQYfYVY KHDOWK DV ZHOO DV HQYLURQPHQ

Rich husk biochar is one of the natural fertilizers, a coal derived from burning rice husk (pyrolysis
condition). ts function is to help improvsoil quality by increasing the pH, phosphorasd, porosity
in the soilto let plantroots absorb minerals and wateasier In addition, to increase shift level
between potassium and magnesium to have a strong valid for making photosynthesis. The core of rice
husk biochar contains small holes that absorb liquids Wélklps to increasmicro-organs in thesoll,
reduce the nmber of insects and othbarmful diseases to cropshd rice husk biochar contains other
minerals that plants can absorb into subsistence for rapid growth and healthy. Especially, it helps to
neutralize the acid and alkaline substances stable in thewdwodh contains chemicals that these
IHDWXUHYV KDYH PDGH WKH FRQYHQLHQFH IRU IDUPHUVY FXOWLYI

Meanwhile, considering agricultural waste management, National Biodigester Programme,
Cambodia hasuggested liquid bio-slury, which is fertilizerthat obtainedfrom stocking cattle
manure in anaerobic conditions of biodigesthiat animalwastes werdeptunder high temperatures
in the bialigester for 40 days at least (NBR®13).

Considering the availability of liquid bislurry and rice husk biochar in rural areas of Cambodia,
farmers should pay attention to apply these natural fertilizers to their crops instead of chemical
fertilizers. However, the nutrients component and the suitable amount of liqestlilig and ricehusk
biochar apply in agricultural crops are needed to be determined.

OBJECTIVE

The objectives of this study argt) to analyzethe composition [nitrogen (N), phosphorous (P), and
potassium (K)Jjn liquid bio-slurry and rice husk biochand(2) to investigate the effects of liquid bio
slurry and rice husk biochar on yield of Dai Neang chili pepper

METHOD OLOGY

The Dai Neang chili pepper was grown at faculty of Agricultural Engineering in Royal University of
Agriculture, Cambodia from May to Septemt#915. The experiment was designed in a randomized
block design with applying liquid bislurry and rice husk biochar at different proportion following the
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standard of organic fertilizer application of kg/nt or 14t/ha. There were six treatments itsthtudy.
Each treatment was conducted in four replications. The size of one experimental planfasdall
plots of this experiment covered 80,78

Treatment

-1.T1: RHB(100% 14t/ha

- 2.T2:RHB (75%) with LBS(25%) 14t/ha
- 3.T3:RHB (50%) withLBS (50%) 14t/ha
- 4.T4:RHB (25%) withLBS (75%) 14t/ha
-5.T5:LBS (100%) 14t/ha

- 6.TO: Control(No Fertilizer)

Note: RHB=Rice Husk Biochar, LBS=Liquid Bsturry.

Rk

Fig. 1 Liquid bio-slurry (left) and rice husk biochar (right)

Table 1 Total fertilizer allied for chili pepper

Treatments RHB LBS Rep. Surface Total RHB Total LBS Total
(kg) (ko) (m?) Quantities kg) Quantities kg) (kg)

TO 0.00 0.00 4.00 2.00 0.00 0.00 0.00

T1 140 0.00 4.00 2.00 11.20 0.00 11.20

T2 1.05 035 4.00 2.00 8.40 2.80 11.20

T3 0.70 0.70 4.00 2.00 5.60 5.60 11.20

T4 0.35 1.05 4.00 2.00 2.80 8.40 11.20

T5 0.00 140 4.00 2.00 0.00 11.20 11.20
Total 350 350 24.00 12.00 28.00 28.00 56.00

(RHB=Rice Husk Biochar, LBS=Liquid b&lurry, Rep= Replicates)

After 25 days of seeds sowing, chili pepper seedlings were transplanted wittn X.5.5 m
between rows and plants.

The soil in experimental plotsvas sandywith silt, with pH 7.5, humus 0%, containing total
nitrogen (0.035%), totaphosphoroug0.0197%), totapotassium(0.12%), totalcarbon (0.156 mil/100
g soil), a C/N =5, with organicmatter 0.26% Bona 2007).

In order to get rice husk biochar, rice husk has burned in pyrolysis apparatus for 6 hours. Liquid
bio-slurry and rice husk biochavas determined for some compositions and nutrients such as-pH, N
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K, and moisture contennitrogen has determined bigjeldahl method,phosphorus measured by
spectrophotometer, ampbtassium determined by flame photometer (Latiff et al, 1996).

Chili fruits were harvested manually when they had reached maturity in 3 stages. Data collection
was conducted on 50% flowering day, 100% flowering day, branch of plants, leaves area, fruit length,
roots length, plant diameter, height, weight per plant, godts freeight, bad fruits weight, and total
fruit weight. Data subjected and to analyze of variance in Statistic 8. If interactions were significant,
they used to explain all of data. If interactions were not significant, means have separated with Tukey
test.

RESULTS AND DISCUSSION

The results showed that themK percentage of LBS and RHB wedeb2%, 1.22%, 0.30% and 0.78%,
0.73%, 3.00%,respectively(Fig. 2). Furthermore,total chili pepperyield was shown in Fig. 3.
Moreover, plant growth parametessich @ plant height, plants diameter, roots length, number of
branches, leaves area, fruit length, fruit weight per plant, good fruits and damaged fruits weight were
shown in Table 2.

3.5

3
—~ 3 i
£25 -
(%]
Q2 4
% 157 0.78 1.22 m Liquid Bio-slurry
= . . 0.73
& 11 ospi, O _ _
0.5 - - 03 iRice Husk Biochar
0 . — . .
N P K

Fig. 2 Quantities of NP-K substance in both fertilizers

Table 2Means of plant growth parameters and yield of Dai Neang chili pepper

Treatment T0 T1 T2 T3 T4 T5
50% flowering day 29.00 29.25 28.50 30.00 28.50 28.00
100% flowering day 35.75 36.75 36.00 36.50 35.50 35.00
Plant Heighi(cm) 58.05 62.90 69.45 64.20 65.50 74.55
Plant Diametefmm) 6.28 6.89 8.23 7.23 7.56 8.23
Branch/Plant 6.66 8.35 9.35 8.34 8.72 7.28
Leaf Area(cn) 13.72 19.48 20.39 19.90 18.31 25.06
Fruit Length(cm) 5.18 5.83 5.39 6.32 5.77 5.44
Root Length(mm) 26.20 31.65 35.40 30.60 31.50 31.75
Fruit weight per plantg) 95.45 106.35 129.85 107.75 117.20 113.00
Bad fruit weight(t/ha) 0.18 0.11 0.19 0.11 0.14 0.17
Goodfruit weight(t/ha) 2.43 3.44 4.58 4.02 3.94 4.33
Total fruit weight(t/ha) 2.60 3.55 4.76 4.13 4.08 4.50

The resultobtained from counting days of 50% flowering showed that the treatment that
experienced first flowering was T5=28ys in Table 2, and T3 was the treatment in which 50%
flowering appeared the latest because it used 50% of RHB and 50% of LBS. The differbage
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flowering days was highly significant {@lue < 0.01, CV = 1.70%). Days of 100% flowering were
also counted, and the result indicated that the treatment which first reached full flowering was T5,
which took 35 days, whereas T1 took the longese timtil flowers fully appeared. This difference in
100% flowering days was significant-¢alue = 0.05, CV = 2.03%). In addition, plant diameters
measured in each treatment were significantly differema(pe < 0.01, CV = 6.21%), and the largest
diameterwas 8.23 mm both in T2 and in T5. Moreover, fruit length in each treatment was significantly
different (pvalue < 0.01, CV = 2.86%), and the treatment which had the longest fruit length (6.23 cm)
was T3 and TO had the shortest fruit length (24§. Frut weight per plant in each treatment differed
significantly (pvalue < 0.01, CV = 4.71%), and the treatment that had the heaviest fruit weight (129.85
g/plant) was T2, while TO had the lightest fruit weight (95g#plant). Furthermore, the weight of
damae@d fruit in each treatment did not differ (CV = 34.03%), but the difference in weight of good
fruit was significant (pvalue < 0.01, CV = 2.16%), and the maximum weight of good fruit was 4.58
t/hain T2 and 2.43 t/ha in TO.

As shown in Table 2, plant heigheaf area, branch of chili plant, and root length were also
detected. As a result of the ANOVA test, plant height in each treatment differed significantly, and T5
had the greatest plant height (74.55 cm), followed by T2 with plant height of 69.45 emashiro
was the shortest in height (58.05 cm). Leaf areas in each treatment were significantly different, and the
biggest leaf areas were 25.06°dmT5 and 20.39 cfin T2, and the smallest leaf size (13.72cwas
found in TO. Branches per plant incbareatment differed significantly. T2 had 9.35 branches per plant,
but TO had the fewest branches (6.66 branches). Furthermore, the lowest plant diameter was TO, and
the difference in root length measured in each treatment was very significant. Amarfgtied!
treatments, T2 had the longest root length (35.40 mm). In addition, shortest roots length was T0=26.20
mm.
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Fig. 3 Total yield from each treatment
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Figure 3 showed that total weight of chili from each treatment. The highest yiel@2xds76
t/ha followed by T5=4.50 t/ha and the lowest yield was T0=2.60 t/ha. However, yield of each treatment
were different from previous research as Kbal Koh vegetable research station mentioned-that non
fertilizer application on chili can gain the yididm 2.5 to 2.70 t/ha same as the experiments in Royal
University of Agriculture (KKVRS, 2000).

Furthermore, considering other factors that might affect chili pepper growth that can be observed
in this experiment include soil type in experimental plotsjamng for weed controlling or keeping
PRLVWXUH GLWFKLQJ IRU FURSYV LUULJDW L&detd(3.U IHUWLOL]JHU D
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CONCLUSION

According therice husk biocharRHB) andliquid bio-slurry (LBS) application on Dai Neang chili
pepper, it can be concluded that the fertilizers improved the chili pepper yield effectively. The results
showed thathe N-P-K percentage of LBS anBHB were 0.52%, 1.22%, 0.30% and 0.78%, 0.73%,
3.00%, respectively. And aording to the results, where the criterion for fertilizer selection and its
application rate is based on total chili pepper yield, then the following fertilizer application can be
recommended: T2= rice husk biochar 75% add liquidshiory 25% which obtaed the highest yield

of 4.76 t/ha in this experiment and next suitable was T5= liquiglhioy 100% that obtained yield of

4.50 t/ha.
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Abstract Increasing nitrogen concentration in the river water caused by agricultural activities
was reportedn the Tokachi River basin, Hokkaido, Japan. The water quality conserigtion
required for the compatibility between the agricultural production and th@r@mmental
protection. It is important t@nalyzethe nitrogen load in the watershed for water quality
restorationNitrogenloadis estimatedy the nitrogen concentration in the river water and the
water discharge. However, this model needs frequenpleanof the nitrogen concentrations

and water dischargeflso, many observations at multipoint have been required to figure out
where and how much the nitrogen load occurs in the watershed. Here, we proposed a model to
estimate the nitrogen load by lanskuin a watershed. The land use data such as watershed area
and land use classification could be taken easily from a satellite image. ABoegtimate the
nitrogen load at any investigation point by using land use data for the estimation model. In the
Tokachi River basin, thenitratenitrogen concentration in the river water had a positive
correlation with the proportion of agricultural land in the watersHadther, the water
discharge was proportional to the watershed area. Thus, the estimation model of nitrogen load
could be substituted the nitrogen concentration with the proportion of agricultural land, and the
watershed discharge with theatershedarea. From ths, there is a high possibility to estimate

the nitrogen load in the watershed by the agricultural land area in the Tokachi River basin.
Future subject of this model is how to correct for the variatidnstrogen concentration and

river water discharge different investigation periods.

Keywords nitrogen load, estimation model, land use, nitrogen concentration, water discharge

INTRODUCTION

The Tokachi River basin is a large scale agricultural land located in the eastern part of Hokkaido, Japan.
AlthoughJDSDQfV IRRG VXSSO\ LV KHDYLO\ GHSHQGHQW RQ-LPSRUW®
sufficiency in food production, the Tokachi River basin plays an important role as a major food base of
Japan and has been expected to help develop a sustainalsepbd However, pollution of the river

water by nitrogen caused by agricultural activities has been reported in this basin (Okazawa et al.,
2011; Muneoka et al., 2013; Yamazaki et al., 2013, 2(A)n the investigation in 2007 carried out

by Okazawa eal. (2011), total nitrogen ¢N) concentrations in the rivavater were in the range of

0.307.00 mg/L (mean: 1.81 mg/L), and positive correlations were observed betweenNhe T
concentration in the river water and the proportion of agricultural latitkimvatershed in the Tokachi

River basinMethods to mitigate the nitrogen pollution of the river water in the Tokachi River basin

E ISERD
148



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

include changing the method and amount of nitrogen fertiliser, proper management of livestock
manure and modifying the landsel in the watershed. The development of adequate and effective
measures to determine the source and amount of the nitrogen component runoff into the river is
essential for reducing the amounts of the nitrogen load from agricultural areas.

Estimation of Nitrogen Loads

Different methods exist for estimating loads in rivers. For example, one method is to estimate the
amount of emerging toxic substances by a basic unit and then multiplying by a runoff ratio. Another
method is to calculate the load basedrmwater discharge and the concentration of substances in the
river water. For the first method, we need to validate the accuracy and time variation of the basic unit
and the runoff ratio. The second method, Walling and Webb (1985) introduced a typiehfonmula

for toxic substances. The basic model formula to estimate the river loads was computed by multiplying
the river discharge and the concentration of substances in the river water (Eq. 1).

Nload C Q (1)

where Naq is the base flow of nitrate load in the river water (g&)is the base flow of the -N
concentration in the rivdmg/L), andQ is the river discharge rate {fs).

Walling and Webb (1985) provided some comments regarding the reliability of load estimates
derived using instantaneous water sampling data. They reported that high frequency (i.e. continuously
sampled) and multipoint slervation data was required to obtain correct river loads. However,
extensive work is required to obtain the water sample, investigate the discharge rate and analyse the
water quality at high frequency and accuraclangescalewatersheds.

The nitrogen oncentration present in one of the parameters of the model formula to estimate the
nitrogen loads of the river has been correlated with the land use in the watershed (EqQ. 2). Muneoka et al.
(2012) reported that there is a significant and positive comwalaitween the nitrataitrogen (NQ-N)
concentration in the river water and the proportion of agricultural land in the Tokachi RiverAlssin.
the river discharge has a proportional relationship with the associated watershed area in general (Eq. 3).

C D”—At:p r E ©)

Q JA )

whereA, is the agricultural land area in the watershed’fkmis the watershed area (Rnand .,
DQG DUH WKH FRHIILFLHQW IDFWRUYV

Substituting Eq. 2 and Eq. 3 into the Eq. 1 provides a method to estimatérogen loads (Eq.
4):

Nload DCA,,, r DEA 4

where . and . are the coefficient factors. The agricultural area of the watershed can be calculated
easily from the public land use information or satellite images.

In this study, we examined the correlations between tiNe cbncentration and proportion of
agriculturd land, river discharge and watershed area using a decade of investigation data. Additionally,
we considered the construction of a model formula to estimate the nitrogen loads from the size of the
agricultural area in the Tokachi River basin.
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METHOD OLOGY

The Tokachi River basin is located in the eastern part of Hokkaido, Japan (H#4R2L62iN, 42.5%
43.65jE, 02,077 m altitude), with a stream length of 156 km and a drainage area of 9,b(Fcr).
The annual mean air temperature is 6.8;C, with thedsgand lowest recorded temperatures of 25.2;C
LQ $XJIXVW DQG i f& LQ -DQXDU\n Okl Sity FrakhL 1981 @\ 2000V PHDV X
The annual precipitation is 887.8 mm/year. The soil types in the Tokachi River basin are volcanic,
lowland, pland and peat soils. The upper part of the Tokachi River and the tributaries are forested
areas covered with mixed forests of conifers and bleaeed trees. The lolying areasare usedor
agricultural purposesuch as cropland, grass and pasture.¢Fbp cultivation period of this basin is
from May to November, and the cultieatcropsare rotatedhrough wheat, potato, sugar beet and
beans. Both chemical fertilisers and livestock manure are applied to the agricultural land to provide the
required ntrients for crop growth.

The daily river discharge rates and the total nitrogen concentration of the river weater
obtained from the Water Information System provided by tiMinistry of Land, Infrastructure,
Transport and Tourism, Japan to determine the trends and fluctuations of the water informtitéon o
Tokachi River.Five investigation points on the Tokachi Riveere selectedh the decade between
2004 and 2013However we selected the water information during April to November to exclude the
impact of snow cover in the winter season and subsequent melting.

; I Forestland

E [ ] Agricultural land
i - Urban

; m Others

i w— River '
; . Investigation point E

Investigation ~ Area Proportion of land use (%)
point km®  Agricuture  Forest Urban

1 806 3 92 5

2 858 5 87 8

3 1,531 19 73 8

4 2,686 32 59 9

5 8,224 33 62 5

Fig. 1 Watershed and land use information in the Tokachi River basin
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We analysed the land usethewatershed with GIS software to utilise the watershed information
as aninfluencing factor on the river discharge and water quality. The National Land Numerical
Information provided by the Ministry of Land, Infrastructure, Transport and Tourism, Yagsansed
for basic watershed information. The watershed area of each gatesti point was calculated based
RQ WKH pULYHUY DQG pZDWHUVKHG ERXQGDULHVY Wé aA8KH 1DWL!
FDOFXODWHG WKH DUHD DQG SURSRUWLRQ RI DJULFXOWXUDO
IUDJPHQWHG P 20609 bdddBdtbevevas almost no variation in the cultivation area in the
Tokachi River basin from 2000 to 2015 according to the Census of Agriculture and Forestry provided
by the Ministry of Agriculture, Forestry and Fisheries, Japan.

RESULTS AND DISCUSSON

Correlations Between the FN Concentration and theProportion of Agricultural Land,
River Discharge andWatershedArea

Figure 2 (a) shows the correlation between tHg¢ Goncentration of the river (decade mean values)

and the proportion of agricultural land, and Figure 2 (b) shows the relationship between the river
discharge (decade mean values) and the watershed aréhe [Mokachi River basin, the-N
concentration had a positive correlation with the proportion of agricultural land (y = 0.043x  9.26,
0.96), and the river discharge also had a positive correlation with the watershed area (y =r 3:036x,
0.95) over tle investigation points. Based on these results, tNecbncentration could be replaced by

the proportion of agricultural land and the river discharge could be replaced by the watershed area to
develop an estimation model of the nitrogen load of the riMaus, the nitrogen load of the Tokachi

River basin could be estimated by the size of the agricultural land area in the watershed and the
associated coefficients.

(@ ()
(o]

y=0.043x +0.26
#=0.96

300

200

05 | g 100 |

T-N concentration (mg/L)
River discharge (m3/s)

0.0 N 0 oy
0 10 20 30 40 50 0 2000 4000 6000 8000 10000
Proportion of agricultural land (%) Watershed area (km?)

Fig. 2 (a) and (b) Relationships between the-N concentration and the proportion of
agricultural land (a); the river discharge and the watershed area (b)

However, there were variations in the correlational equations betweenNt=oiicentration and
the proportion of agricultural land and the river discharge and the watershed area &lynasai
values (Table 1). Muneoka et al. (2013) reported variations in the correlational equations between the
NOs;-N concentrations and the proportion of agricultural land from their water quality investigation in
the Tokachi River basin from 2007 to 200@&amazaki et al. (2013) also reported similar variations in
their investigation of the northwestern region of the Tokachi River basin from 1992 to 2012. The
nitrogen concentrations of the river were considered to have been affected by the agricultdud sche

E ISERD
151



IJERD #International Journal of Environmental and Rural Development §2@41!

and the meteorological environment, and the river discharges fluctuated due to daily and seasonal
changes in the precipitation and evaporation in the Tokachi River basin. In other words, we had to set
some parameters that considered the impact diubwiation of the TN concentrations and the river
dischargeso estimate the nitrogen loads accuratshthe agricultural land area in the watershed.

RelationshipsBetween theNitrogen Load and the T-N Concentrations or theRiver Discharges

Table 1 Regression expression and coefficient correlatiom)(between the TN concentration
and the proportion of agricultural land and the river discharge and the watershed
area by annual mean values

T-N and proportion of agricultural land River discharge and watershed area
Regression expression r Regression expression r
2004 y=0.035x+0.21 0.99 y=0.030x 0.96
2005 y=0.040x+0.26 0.99 y=0.032x 0.94
2006 y=0.043x+0.37 0.98 y=0.041x 0.98
2007 y=0.036x+0.15 0.92 y=0.030x 0.88
2008 y=0.043x+0.16 0.91 y=0.021x 0.89
2009 y=0.047x+0.34 0.99 y=0.039x 0.96
2010 y=0.048x+ 0.46 0.99 y=0.043x 0.96
2011 y=0.043x+0.38 0.99 y=0.043x 0.94
2012 y=0.056x+0.31 0.96 y=0.039x 0.95
2013 y=0.041x+0.32 0.99 y=0.041x 0.98
|
@ (®)
1200 1200
[ y=1.73x
= 1000 | — 1000 7=0.89 o
) E
£ 800 f £
< <
< <
= 600 2
g g
S 400 | &
z z
200
0 J 1 1 )
0.0 6.0 0 200 400 600
T-N concentration (mg/L) River discharge (m?/s)

Fig. 3 (a) and (b) Relationships between the nitrogen loaahd the T-N concentration (a)
and the river discharge (b)

We calculated the nitrogen load of the river by thB Toncentrations and the river discharge$ at
investigation points in the Tokachi River basin. Th#l Toncentrations and the river discharges used

for calculation of nitrogen load were investigated once a month for a year from 2004 to 2013. Figures 3
(a) and (b) show the correlations between th@gén load of the river and theN concentrations (Fig.

3 (a)) or the river discharges (Fig. 3 (b)), respectively. From this figure, the nitrogen load had a strong
positive correlation with the river discharge (y = 1.78%; 0.89); i.e. the fluctuationfdahe nitrogen
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load was dependent on the fluctuation of the river discharge more tharNteiicentrations. This
result suggested that the parameters for calculating the river discharge fluctuation were required to
estimate the nitrogen load in the riveater.

CONCLUSION

In this paper, we examined the correlations between thecbncentrations and the proportion of
agricultural land, as well as the river discharges and the watershed area based on a decadal
investigation in the Tokachi River basin lodhi@ the eastern part of Hokkaido, Japan. The decadal
mean FN concentration had a positive correlation with the proportion of agricultural land, and the
decadal mean river discharge also had a positive correlation with the watershédsarehe nitrogn

load of the river, calculated by multiplying theNI'concentration and the river discharge, had a strong
correlation with the river discharge. From the basic model formula of nitrogen load and the results as
discussed above, the nitrogen load of theabbk River basin could be estimated by the agricultural

land area of the watershed. However, the parameter could also be set by considering the impact of the
river discharge fluctuation because the nitrogen load strongly depends on the river dischargke Als
results could potentially be used to verify the nitrogen runoff behaviour during flood conditions as a
future subject.

ACKNOWLEDGEMENT S

This research was supported by JSPS KAKENHI, Grant Number 15304743, 2015.We would like to
express my gratitudéor the research assistance provided by the students, the Obihiro University of
Agriculture and Veterinary Medicine.

REFERENCES

Muneoka, T., Yamazaki, YWakou S,. Shimura, M., Yoshino, K., Tsuji, O. and Tabuchi, T. 2013. The nitrogen
runoff characterigts in agricultural watersheds after enforesof animal waste regulation. IJERD(2),
56-61.

Okazawa, H., Muneoka, T., Kud®,. and Takeuchi, Y. 2011. Effect of langse agglomeration on nitrogen
concentrations in rier water in the Tokachi RivelJERD, 2(1), 37-42.

Yamazaki, Y., Muneoka, T.Wakouy S,. Shimura, M., Yoshino, K., Tsuji, O. and Tabuchi, T. 2013. The
difference of agricultural land use in watershedsland termfluctuation on the rivewater quality. IJERD,

4 (1), 152157.

Yamazak Y., Muneoka, T.Wakou S,. Kimura, M. and Tsuji, O. 2014. Characteristics of ion components in
river water with multivariate analysis apégerdiagram inagriculturalarea. IJERD, %1), 160-164.

Walling, D.E. and Webb, B.W. 1985. Estimating tlischarge of contaminants to coastal waters by rivers: some
cautionary comments. Marine Pollution Bulletin, (1&), 488492.

E ISERD
153



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

Research articl

# Characteristics of the River Water Quality Under Base Flow
Condition in the Tokachi River Basin, Japan

YURI YAMAZAKI
The United Graduate School of Agricultural Sciences, lwate University, lwate, Japan

TOSHIMI MUNEOKA*
Obihiro University of Agriculture and Veterinary Medicine, Hokkaido, Japan
Email: muneoka@obihiro.ac.jp

HIROMU OKAZAWA
Faculty of RegionaEnvironmental Science, Tokyo University of Agriculture, Tokyo

MASATO KIMURA
Obihiro University of Agriculture and Veterinary Medicine, Hokkaido, Japan

OSAMU TSUJI
Obihiro University of Agriculture and Veterinary Medicine, Hokkaido, Japan

Receivedl5 November2015 Acceptedll April 2016 (*Corresponding Author)

Abstract The Tokachi River basin has an important role as a food base of Japan. It is one of the
significant challenges that achieve a good balance between a food production and Water qua
conservation for the sustainable agriculture in this basin. Here, we carried out the river water
monitoring in the Tokachi River basin and evaluated the river water quality under base flow
condition. 37 sampling points in timeain streanand the tributariesrere monitoredn late June,

late August or early September, and late October 2007 to Fddgtyear mean values and
standard deviation of pH, BOD, SS and #&€re evaluatedThe water quality of the Tokachi
River showed variations atach investigation period. However, there were no change trends of
seasons or years. The mean pH values of the Tokachi River basin were the rangeof 7.1
The river water quality was neutrality and stableeach sampling point. The mean BOD
showed comaratively low values in the Tokachi River basin (0.8 mg/L). However,the

BOD values increased gradually with timain streanflow. The mean SS values were less than

25 mg/L at all sampling points. Also, the SS values tended to increase basicallyemithir
streamflow. The mean EC values increased from upstream to downstream rohthestream
(6.8-12.4 mg/L).Also, the EC values in 13 of 20 sampling points of the tributaries were higher
than themain streanvalues (5.22.2 mg/L). There were signifant correlations between the

EC values and the proportion of the agricultural land or forest land. From these results, it was
considered that the dissolved matter in the river water increased with a high proportion of
agricultural land in the Tokachi Rivéasin.

Keywords river water quality, base flow condition, the Tokachi River basin

INTRODUCTION

One of the most important challenges that the world is facing today is the development of a sustainable
food system. The world population is expected to reach 9.1 billion people by 2050, and hence, we have
to double the current food production to accomnedlae world food demand. Japan has a lower self

sufficiency rate than the United States and EU and depends on food from overseas for domestic
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consumption. The Tokachi River basin in the eastern part of Hokkaido, Japatarge area of
cropland and dairy farming and is focused on as a food base of Japan. However, there are large
challenges with not only increasing the crop production such as improving the cultivation method, crop
breed and management of water resources butredswming the environmental load from agricultural
land. For example, hydrosphere pollution caused by agricultural activities has been widely reported
(Parris, 2011). Increasing nutrient runoff from agricultural land causes eutrophication of lakes,
ecosysten collapse and landscape deterioration. In the Tokachi River basin, increasing nitrogen
concentrations in the river water and a positive correlation between agricultural land and nitrogen
concentrations in the river water halseen reporteqOkazawa et al.2011; Muneoka et al., 2013;
Yamazaki et al., 2013Also, the water pollution in the agricultural area is considered to be caused by
materials other than nutrient salts, such as pesticides, minerals, bacteria and metals. Until now, there
was ho report ofvater quality evaluation by indicators other than nitrogen and phosphorus in the
Tokachi River basin.

Here, we report the result of a 5 year observation of pH, biological oxygen deB@myj, (
suspended solids (SS) and electrical conductivity (EC) measute of the river water and evaluate
the current status of river water quality in the Tokachi River basin to improvement of water quality
with a goal of sustainable food system.

METHOD OLOGY

This study was conducted in the Tokachi River basin lodatéke eastern part of Hokkaido, Japan
(142.68444.02iN, 42.5943.65jE, 02,077 m altitude]Fig.1 and Table 1)The basin has a total area
of 9,010 knd and a total stream length of 156 km. The Tokachi River hasiharacterizeds a warm
summer continental climate type (Dfb) according to the KSp@eiger climate classification with an
annual mean air temperature of 6.8{C and an annual precipitation of 887.8 mm/y; measunemgents
performedat Obihiro city from 1981 to 2010. €hsoil types in the Tokachi River basin are volcanic
soil, lowland sail, upland soil and peat soil. In particular, volcanic soil (andosols) is widely distributed
in this basin. The main land uses in this river basin are agriculture and forests, with 6€hés o
agricultural land used as cropland and the remaining 40 % used as pasture. Both daditikeas
and livestock manurare appliedo the agricultural land.

The river water quality was monitored at 37 sampling points located anaimestrean{nos. 1+
17) and each tributary (&) of the Tokachi River basin in Juneither August or September and
October from 2007 to 2011 under base flow conditions. Water samplesanalged for pH, BOD,
SS and EC.

RESULTS AND DISCUSSION

Mean pH, BOD, SS and ECValues and theStandard Deviations in the Tokachi RiverBasin

Figure 2 shows the mean values and standard deviations of the pH, BOD, SS and EC measurements of
the main streamand the tributaries in the Tokachi River basin. The pH values oh#ie streanand
the tributaries ranged from 7.2 to 7.3 and 7.1 to 7.5, respectively, indicating that the pH values in the
Tokachi River basin were neutral and stable. The standard deviations of the pH values were small and
stable.

The mean BOD values of theain streanranged from 1.1 to 1.8 mg/L and gradually increased
from upstream to downstream. The mean BOD values of the tributaries ranged from 0.9 to 1.8 mg/L
and were comparable with the values from ttii@in streamSince there were some variations in the
BOD values by each observation year and season, the BOD in the Tokachi River basin ranged from 0.5
to 3.0 mg/L.
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Fig. 1 Locations and land uses in the Tokachi River basin

The mean SS values of tineain streanranged from Taple 1 Watershed and land use

4.2 to 18 mg/L. Although the values fluctuated at ez information in sampling point
sampling point, there was an increasing trend frow
upstream to downstream. The SS values ohthin stream ey | Riwer Foresthnd  Agricultuwal lnd
fluctuated by observation year and season, resulting ™ «my **#" Proprotion Proportion sC
comparativelyhigh standard deviations. On the other hand (e oo B o)
the mean SS values of the tributaries ranged from 1.1 to 2@-sre==
mg/L, andexcept2 sampling points, the mean SS values , .  o: o X -
ZHUH 7 PJ/ 7KH VWDQGDUG GHYLDWIEKRQVW: RIs R1 WKH
sampling points were small, and the SS values of the; e me e : .
tributaries were stable at these sampling points. 6 s 8 87 5 128
The mean EC values of theain streantanged from [ %5, a0 & " ol
6.8 to 12 n®/m and increased from upstream to downstreams 177 1782 71 21 266
- - 0 1,798 ,801 70 21 272
The mean EC values of the tributaries ranged from 5.0 to 22, 2 669 im P, > s
mS/m. The tributaries located in the upstream area had: 263 267 60 32 427
. 13 2,686 2,679 60 32 421
lower EC values than thenain stream however, the |, ... 1. s i 290
tributaries located in the downstream ahea EC values of 15 soss 4714 54 39 471
approximately 20 mS/m. There were different trends in the;;  goes  seee s 3 o
EC values according to the location of the tributaries. The,
standard deviations of the EC values were small and stable., 23 » o8 0 0
From these results, the river water quality in the ® 48 47 9 2 31
. . . . . C 72 71 7 2 26
Tokahi River basin was at neutrality and stable with a pH ; 137 313 68 23 L34
value of approximately 7, and there were small variationsE 210 255 53 40 361
. . 26 21 11 73 474
between observation periods. However, the BOD, SS and, 35 - s 7 e
EC values showed an increasing trend from upstream tot 180 165 7 16 220
. . I 164 166 7 73 856
downstream. In particular, the EC valugseach sampling | 33 2 M ) ;
point of the tributaries had a different trend according to thex 667 660 4 7 772
L 693 630 61 18 240
upstream area or the downstream area. Based on thesg 107 557 70 ; Pl
results, the river water quality in the Tokachi River basin ~ 704 201 12 30 319
. 316 27 28 65 419
was considered to have been affected by land use and 127 o8 2 5 o017
anthropognic impacts in the watershed. Q 449 333 25 7 899
R 2,850 2,104 76 19 90
S 173 145 73 23 90
T 66 54 51 44 101
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Fig.2 Results of water quality in the main stream (a), (c), (e) and (gdhat of tributaries (b), (d),
(f) and (h); mean pH values (a) and (b); mean BOD values (c) and (d); mean SS values (e)
and (f); mean EC values (g) ad (h).
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Correlation CoefficientsBetween theRiver Water Table 2 Correlation coefficeints
Quality and the Land Usein the Watershed between the river water

quality and the land

We further examined the relationships between the ri . .
uses in the Tokachi

water quality and the proportion of land uses (agricultt

land, forest land and other land us&able 2 shows the River basin
correlation coefficients of the relationships between

mean pH, BOD, SS and ECalues obtained from the Proprotion of land use (%)
Tokahi River basin (i.e. the main stream and the tributar agriculture  forest  urban
and the proportion of the agricultural land, forest land ¢ PH 008 —008 0.00
other land use (such as urban areas) at each sampling| g 026  —0028 021
The EC values had a significant correlation hwithe SS - 028 0.26 0.01
proportion of agricultural land and forest larul < 0.01), EC 078 - 076 0.22

where the EC values of the river water tended to be hic
with a higher proportion of agricultural land and tended to
be lower with higher proportions of forest land. In general, the EC of river water is correlated with
dissolved materials such emic components in river water (de Sousa et al., 2014; Pawlowicz, 2015).
The results indicated that the dissolved materials in the river wagg#tt have increased with the
intensity of agricultural land use in the watershed becauskettilzer comporents, livestock manure
and cropland soil runoff into the river easily in an agricultural watershed.

The mean BOD and SS values of the Tokachi River basin had no correlation with the proportion
of land uses. However, the BOD and SS values in the river wettded to increase with higher
contents of dissolved materials and nutrients in the river water.

CONCLUSION

In this study, the river water quality in the Tokachi River basin, which is the most important area for
agriculture in Japan, was determined toendeteriorated due to agricultural activity in the watershed.

At themain streamthe BOD, SS and EC values tended to increase from upstream to downstream, with
the EC values of the tributaries particularly showing higher concentrations in the downatezam
Since the EC values of the river water had a positive correlation with the proportion of agricultural land,
the increase in dissolved materials in the river water was attributed to the presence of agricultural
activities in the Tokachi River basin.
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Abstract This study assessed the contribution of organic farming to improvements in the well
being of smallholder farmers as measured by crop productivity, profit, and food security among
smallholder farmers in Morogoro Region, Tanzafiae results showed thatganic farmers

had diversified crops and availability of water for irrigation, and they had better selling
situation of their crop productk.alsoshowed significant differences in profit and food security
between organic and conventional/traditional farmétefit among organic farmerswas
revealed to be more than ten times of prafitongconventional/traditional farmers, with less
expenditure fofarm activity and higher income from their crop®od security was anaiyd

using food consumption score and dietary en@gysumedand showed significantly better
results among organic farmers. The factors that significantly influenced produatisditygléd

sex of the household head, number of household member, access to constant markets, and
livestock keeping. The number of years of practising organic farming showed a significant
association with profit, and livestock keeping and age of the housbkbalil had significant
impacts on food security. It was revealed that there are challenges to organic farming, including
difficulty of land preparation, access to markets, getting premium price for organic products,
and contamination from other namganic farms. In conclusion, organic farming has the
potential to improve the webeing of smallholder farmers in disadvantaged areas, especially
with regard to profit and food security. Therefore, it is recommended that more emphasis
shouldbeplaced on the prootion of organic farming by agricultural stakeholders.

Keywords organic farming, smallholder farmedisadvantaged arealternative development

INTRODUCTION

As countries develop, there are always people in the shade of that development who do not benefit, and
DUH WKH RQHV ZKR VKRXOG DFWXDOO\ EH WDUJHWHG $ FRXQW
lower levels, allowing them to remaim poverty There ae approximately 2 billion smallholder
farmersworldwide who depend on themselves for their livelihood. Rural poverty is a problem that has

been discussed for decadéBAD, 2011), and it is generally said that peasants have not benefitted

from developmentefforts thrust upon them by governments, multinational corporations, and
international agencies (Leonard, 2006). In terms of Gross Domestic Product (GDP), Tanzania is
steadily developing by more than 7% as of 2014 (WB, 2015). However, this economigdev@io

does not appear to affect rural citizeasd theyhave not seen improvement in their lives with regard

to economy and food security (NBS, 2014). Dudémited opportunities for agricultural modernization
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and inactive public support, organic farmings beersuggestecs a possible alternative development
PHWKRG WR LPSURYH VP bhén K RgbidalidindasBd tBurdttiegy ZHO O

Organic farming is defined as a system that relies on ecosystem management rather than external
agricultural inputs(FAO, 2014). Although organic farming has the potential to help smallholder
farmers improve their webeing, it has been minimally practised by smallholder farmers in
disadvantaged areas in Tanzania (UN, 2008; Aher et al., 20it2rssonet al., 20)2Therefore the
goal of this study was to assess the contribution of organic farming to improvements in theingell
as measured by crop productivity, profitability, and food security, of smallholder farmers in
disadvantaged areas. Specifically, we wartteéssess this in a n@onducive environmentvhere
farmersare geographically, politically and relationally limited to external advantages as good
markets, financial services and export contracts

Specific objectives of this study were to examivmav farmers implement farming practices and
sell their products; compare productivity, profit, and food security between conventional/traditional
farmers and organic farmers; determine factors affecting productivity, profit, and food security; and
identify challenges of organic farming.

METHOD OLOGY

This study was conductdtbm September 2014p toJanuary 15n Morogoro Region, Tanzania. The
Morogoro Municipality, Morogoro Rural District and Mvomero District were purposively selected for
the study as alldwe smakHscale organic farmers conducting muaitop organic farming for their local
consumption.For quantitative dataa total of 324 farmers including 160 organic farmers and 164
conventional/traditional farmenmsere selected, and a fatteface struairedquestionnairesurvey was
conducted.To collect qualitative data, 2#rganic farmersfrom three villageswith different
environmental conditionswere chosen purposively to participate in focus group discussions.

Frequencies and percentages were useitnmarisdarming practices and products selling.
Productivity, profit and food security were compared between organic farmers and
conventional/traditional farmers by using independent samples Ftest.security was analysed with
indicators offood consumption scorand dietary energy consumgednd compared between two
farming groups by using independent samples T Eemth respondent was asked about food items
consumed at home over a period of previous 7.ddyftiple linear regression was useddetermine
impacts of some variables on productivity, profit and food secutipntent analysis was used to
analyse the challenges of organic farming

RESULTS AND DISCUSSION

,PSOHPHQWHG )DUPLQJ BUDFWLFHV DQG 6HOOLQJ 6LWXDWLRQ

The average number differentcrops grown by organic farmers was 8.54 while that of crops grown

by conventional/traditional farmers was 4.70. More than 70% of organic farmers had water available

for their farms because many were living in mountainous areas with rivers, sha@a than 80% of
conventional/traditional farmers depended on rain. Mountainous areas are disadvaittageghrd to
transportation and marketingHowever, the geographic situation provided the benefit of water
availability for irrigation in organi¢arming. Qut of atotal number otonventional/traditional farmers,

21.3% used chemical fertilizers and pesticides. The low percentage of farmers using agrochemicals
showed that there were many traditional farmers who did not utilize synthetic fer@imbsesticides.

FRU WKLV UHDVRQ IDUPHUV ZHUH FDWHJRUL]JHG LQWR RUJDQLF IL
this study.
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Constant markets were more available to organic farmers. More thafifthgo(43.1%) of
organic farmers had constant masketompared to only 8.5% of conventional/traditional farmers. This
VLWXDWLRQ PD\ UHVXOW IURP D WUHQG LQ FURSV JURZQ DQG
Specifically, because conventional/traditional farmers grow fewer gropsmparisorwith organic
farmers they do not have much crop variety available to sell. Furthermore, since starting organic
farming, organic farmers seemed to be more motivated to sell their crop products specifically as
organic products. Of the organic farmers, 38.19d sb least some of their crop products as organic
products and other organic farmers sold their crop products without mentioning that they are.organic
Among thosewho sold their crop products as organi®.1% sold their crop products, or at least a
portion of them, for a higher, premium price. This implies difficulty in gaining customer attention with
regard to crop status, and connecting that attention to a premium price.

&RPSDULVRQ RI 3URGXFWLYLW\ 3URILW DQG )RRG 6HFXULW\ EHW
ERQYHQWLR®DWLRQDO )DUPHUYV

Maize, cow peas, and pumpkins were the most grown crops in both farming groups. These crops
showed higher levels of productivity among organic farmers, but the differémtegen organic
farmers and conventional/traditidrfarmers' outputsvere not significant, as shown in Table 1 (p >
0.05). Significant differences were seen in some other crops such as tomato, Chinese cabbage, and
amaranth, but these crops did not have enough sarilese three crops are often said thaty can

show immediate changes along with orgdareningpractice such as organic fertilizers and pesticides,

and theyare often used in organic farming training sess{thmsversity of Kentucky, 2007)Therefore,

those results imply that crops that farmers are taught on how to grow more likely show higher
productivity. There ardwo possible reasons for the haglproductivity of organic farmsFirst, organic
farming practices promote high productiviby creating a richer environment for crops. Second,
farming techniques learned in organic farming training, su¢toasto arrange crops in a fapnomote

high productivity.One farmer in Bamba explained that they did not know how to arrange crops in a
farm, and used to plant crops very roughly. After trainimgorganic farmingthey got to know the
necessary length between crops isegdbed, and many of them tdeelings that productivithhad
increased.

Table 1 Crop yields fmean productivity per ha

Crops Farming style n Mean (kg) F Sig.

Maize Organic 141 1156.30
X — 1.251 0.264

Conventional/traditional 162 1039.44

Cow peas Organic 80 207.77
X " 0.250 0.875

Conventional/traditional 92 186.31

Pumpkins Organic 95 409.62
X — 2.436 0.120

Conventional/traditional 81 261.83

The mean profit among organic farmers was significantly higher than that among
conventional/traditional farmers, with a smaller minimum amount and larger maximum amount as
VKRZQ LQ 7DEOH ) . In 2013 Shémean profit of conventional/traditional farmers
was less than orenth that of organic farmers. This large difference was due to a large proportion of
conventiondlraditional farmers experiencing an income deficit. Among conventionalitnaalit
farmers, 44.5% had no income from their crop production, and 58.5% had a deficit. By contrast, only
13.1% of organic farmers had a defitiecauseorganic farmers can lower farby taking advantages
of handmade organic fertilizers and pesticidesdacan bring higher income by making farmers
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connected to markets with more crop varietiE#se mean income among organic farmers was more
than four times that of conventional/traditional farmdisis combination of lower expenditures and
higher income fo organic farming is supported by several studies that showed a reduction in input
costs and an increase in income in organic systems (Peramaiyar2@d9l

Table 2 Profit (Tanzanian Shillings*) among farmers

Farming group n Min Max Mean F Sig.
Organic farmers 160 -391,000 5,4736,000 1,636,608.14

Conventional/traditional farmers 164  -1,879,000 16,625,500 146,970.55
*US $ 1.00 =Tanzanian Shillings (TZ$)165.02 in Septemhe2015

13.652 0.000

The mean food consumption score of orgaféemers was 51.17, higher than that of
conventional/traditional farmer$49.45. Scores were calculated for three categories: poor (1),
borderline (2), and acceptable (3). Scores were compared between the two farming groups, and the
comparison showed higheneans among organic farmers with a significant difference (F = 6.54, p
0.05). With regard to dietary energy consumed, households of organic farmers had a higher mean for
dietary energy consumed (2,976.53 kCal per adult equivalent per day) than sehdids of
conventional/traditional farmers (2,912.25 kCal per adult equivalent per day). Households were
classified as foodhsecure and foedecure based on a gubint of 2,200 kCal, the national caloric
poverty line per adult equivalent per day in Tama (NBS, 2014) Among households of
conventional/traditional farmers, 24.4%ere below the cypoint, whereasonly 19.4% of the
households of organic farmers fell below the-paint. The score of the foeidsecure group, which
consumed below 2,200 kCél), and the score of the fosgcure group, which consumed more than
2,200 kCal (2) were compared, and the difference between organic farmers and
FRQYHQWLRQDO WUDGLWLRQDO 1D U P Erdn A Bodd Securify pétspedtpaN )
organic farmers had better scores. Therefitreguld be said that organic farming contributes to food
security at the household levdlhere are two possible reasons for this better household food security.
First, increased quantities ofopsin organic fams provided increased access to food. Second, the
higher income of organic farmers increased their @sicly power.

Table 3Independent sample T test comparing food security

Variable compared n Mean F Sig.
Food consumption score of organic farmers 160 2.77
: - — 6.514 0.011
Food consumption score of conventional/traditional farmers 164 2.70
Scores of digary energy consumeaf organic farmers 160 1.81
- - — 4.793 0.029
Scores of dilary energy consumeaf conventional/traditional farmers 164 1.76

)DFWRUMO®XHQFLQJ &URS 3URGXFWLYLW\ 3URILW DQG )RRG 6HFXU

Multiple linear regression was performed to determine impacts of several independent variables on

crop productivity, profit, and food securityfable 4) For maize, results showed that ferdaie

housholds had higher maize productivity. This is in contrast to a number of prestiglies (Koru

and Holden, 2010 These results imply that femdkd households no longesuffer from the

traditional disadvantages that have previously led to lower prattydtian maleed households. This

FRXOG EH H[SODLQHG E\ ZRPHQYV KLJK FRPPLWPHQW WR PDL]H
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that those households with more household members had higher maize productivity. We suggest that a
large number of houseltbmembers leads to a bigger labour force. Results also indicate that having a
constant market leads to higher maize productivity. Households with constant markets may have more
motivation to sell and therefore care more about their farms.

For pumpkins, the results revealed that livestock owners tended to have higher productivity. Total
income from livestock keeping was found to have a significant impact on productivity of maize in
regression (p” 0.05). The income from livestock may helprrfeers purchase farm inputs and
equipment and allow them to prepare a separate farm for pumpkams. householdsid not have a
separate farm of pumpldén becausemaize, cow pea and pumpkins are the crops used most for
intercropping It may cause lower pductivity of pumpkins inthis study, since the study did not
consider whether they intercregdor not when calculating productivitin addition, farm yard manure
from the livestock could be utilized to help the pumpkin crop thrive.

Profit was influencedby the number of years practising organic farming. This implies that more
experienced organic farmers tend to have higher profits. One possible reason for this is that
experienced organic farmers easily take advantage of organic fertilizers and pestcig#dizing
local materials instead of purchasing them, whereas some new organic farmers have not yet found a
reasonably priced source of animal manure. Moreover, experienced organic farmers could achieve
higherincomes by establishing markets to selitiseop products.

Factors affecting food security were analysed using aspects of the food consumption score and
dietary energy consumed. Multiple linear regression of food consumption scores showed that scores
were affected by whether the farmer owneceditockand age of the household headbpecifically,
households with livestock had a higher food consumption score, as did households headed by an elder.
The higher food consumptions scores for households with livestock could be related to additional
income associated with livestock ownership. In 2013, about half of the livestock keepers received
income from selling their livestock or livestock products such as eggs and milk. The additional
earnings from crop production may have improved the economiciaituatthose households and led
to better food security. The age of the household head may have a positive effect on food security
because of their richer experiences. Multiple linear regression did not show a significant effect of any
of the variables wit regard to dietary energy consumed.

Table 4 Impact of some of the independent variables to productivity, profit, and food security

Dependent variable Independent variable n B Coefficients Beta T Sig.
Productivity of maize  sex of a household head* 324 -0.337 -0.296  -3.105 0.002
Number of people in a household 324 0.061 0.248 2,599 0.011
Whether they had a constant marke 324 -0.203 -0.216 -2.287 0.024
Productivity of pumpkins  \yhether they owned livestock 324 -0.937 -0.380 -3.384 0.001
Profit Yearsof practising organic farming 324 337206.131  0.375  3.839 0.000
Food consumption score  \yhether they owned livestock 324 -6.377 -0.244  -2.831 0.005
Age of a household head 324 0.169 0.226  2.622 0.010

* This table only shows the independent varialiégch showed significant impacts on the dependent variable

&KDOOHQJHV RI 2UJDQLF )DUPLQJ

Challenges of organic farming were grouped into categories using content analysis (See Box 1).

E ISERD
164



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

Box 1: Difficulties of conducting organic farming
Below are someuotations from farmers with regard to difficulties in conducting organic farming.

1. Difficulty of farm land preparation
3,1 \RX KDYH D IDUP RI KD \RX FDQQRW PDNH WHUUDFHV E\ \\(RXUVHOI
terrace costs TZS 5,000 ,W LV H[SHQVLYH =~ 20G ZRPDQ LQ 5XYXPD

2. No market place
37KHUH LV QRZKH U HtsW&RWPHOW PAHKWH DPWDRI®XQPV KV VW D\ DW IDUP X|IQWLO WK
Kireka)

3. Difficulty of selling for a premium price
33ULFHV RI RXU RUVRRKD G ERIGWKW VDPH DOdwokaNMiKaRize@HLIKERXUV ~

33HRSOH NQRZ RUJDQLF IDUPLQJ EXW WKH\ GR QRW NQRZ YDOXHV RI Kt
bunch of carrots is for TZS 1,500. She/he goes for carrots of TZS 600 whidhHhRZQ ZLWK DJURHKHKHPLFDO
(Old man in Ruvuma)

4. Contamination of soil by conventional farmers
S6RPH QHLJKERXUYV DUH XVLQJ FKHPLFDOV 2XU FURSV JHW FRQWDPLQD!

5. Water requirements
3:KHQ \RX JURZ YHIH¥BEFOBY\ WR KMDYH ZDWHU =~ 20G ZRPDQ LQ 5XYXPD

*US $ 1.00 =Tanzanian Shillings (TZ)165.02 in Septemhe2015

It was revealed that land preparatiwasa big burden on organic farmeMith regard to the
market place, there were organic farmgrgups which could access the organic shop for selling and
some which could not. In addition to this accessibility issue, meagre scale of the organic shop was also
D FRQVWUDLQW 2QH IDUPHU PHQWLRQHG WKDW étrotir¥ &R UGHU |}
ELJ IDUP" 7KH LVVXH RI SUHPLXP SULFH LV LPSRUWDQW WR FRQ
farmer in Ruvuma explained that when they promote organic farming to other farmers, some farmers
are not attracted because the selling pricthé same. Contamination of soil by nearby conventional
farmers is a difficult issue. Even though there were not many conventional farmers using agro
FKHPLFDOV GXULQJ WKH WLPH RI WKLY UHVHDUFK DFFRUGLQJ \
agroechemicals will increase in the futuriéspecially in mountainous areas where no efficient coping
strategies against soil erosion are ysail is likely to sufferserious damagéd.he availability of water
is important. Organic farming organizations po®d hose pipes or sprinklers to farmers when
EHIJLQQLQJ RUJDQLF IDUPLQJ WUDLQLQJ 2QH WUDGLWLRQDO IDI
TZS 200 per bucket for growing vegetables and sell one bunch of them for TZS 200, can | really get
SURILW"watérKitsue is an essential concern for conventional/traditional farmers considering
beginning organic farming.

CONCLUSION

This study found that organic farmers take advantage of organic farming practices including crop
varieties and water availabilitDrganic farmers had a more beneficial market situation for their crop
products, but there were still difficulties in being able to sell their crop products as organic and receive
a premium price due to low awareness of the value of organic products.oféeietreased awareness

of organic branding is key to the practice of organic farming. It was also revealed that organic
farming may be an avenue for higher profit by balancing expenditure and income, and also an avenue
to better food security in ternt food consumption scores and dietary energy consufsedccess to

a constant market significantly influenced productivity of maize, construction of additional market
places would help smallholder farmers achieve higher crop productivity. The number of years
practising organic farming showed significant asdamato profits and supported the contribution of

E ISERD
165



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

organic farming to profitability. Because food consumption scores showed that livestock keeping was a
significant determinant of food security, livestock keeping is an important factor to be taught in farm
training for improvement in socieconomic welbeing. For smallholder farmers to conduct organic
farming smoothly, solutions for challenges of land preparation in mountainous areas that need terraces
are required. Moreover, further support is requireadress the soil contamination problem.

This research demonstrates that organic farming can be an alternative to improving-trengell
of smallholder farmers with respect to profit and food security. It could be said that organic farming,
which is enhanced by accessible local resources, can replace former development efforts as a
sustainable rural development approach.
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Abstract Agricultural cooperativegplay a crucial rolein improving &DPERGLDQ IDUPHU\
participation in vegetable market & D P E R Grédethbe sectois afflicted by the dual

problems of supply and qualitthe country imports huge amowf vegetable from Vietnam
andThailand andmostdomesticvegetableproduction isstill inorganic Thisquantitativestudy

shows the impacts of Svay Rieng AgfBroducts Cooperative (SAC) o WV PHPEHUVT
participation in vegetable marke@ata was collected from surveyof 44 SAC members and

20 nonrSAC members in Svay Rieng provincA. market participation index was used to
measure th level of respondeMfiarket participationBased on the quantity of vegetables sold,

the 64 sample farmergepresentfour levels of marketparticipation across 52 market
participation scoredevel 1 includesscores 416 (35.9% of total respondentsjevel 2 scores

12-32 (32.80); level 3 scores 286 (17.26); andlevel 4 scores 382 (14.26). T-testanalysis

shows that the participationin vegetable market of SAC membershigherthanthat of non

members. Logit modeteveas that variable of growingvegetabls & a primary source of
household income is positively related to the probabdftgelling vegetable to SAC. Tobit

modelis used to determine factoadfectingmarket participatiotevelsof SAC membersThe

study revealedife factorsas critical variables affecting effective market participatidy)

education level of household hed&) receiving market informatigr3) volume of vegetable
production, 4) distance to main markend 5 the extentto which vegetable growesupply

SAC. 7TKH VWXG\ VWUHVVHYVY WKH LPSRUWDQFH RI DJULFXOWX!
participation in vegetable markets. Plus, the results concerning the probability of selling
vegetables and level of participation in vegetable markets can usefully attdbinforming

and improving the royal decree and prakas on agricultoogerative in Cambodia.

Keywords agricultural cooperative, markeapticipation, Cambodi

INTRODUCTION

&DPERGLDTV ¢$2dtorlcbrXributéd abidut 2%bof total GDP in 2012, androp production
alone accounted fob5% of agricultural GDP(MAFF 2013) Although \egetable production in
Cambodia increasebdetween2007 and 2013 (MAFF 2013) Cambodh supplements 480% of its

vegetable consuption with imports from Vietnam and Thailandn 2010, for instance, vegetable
imports amounted t&0 to 80 tones a day (Vietnam Business éWvs 2010). This huge volume of
imports is affecting mst stakeholders irthe vegetable sectorThe Cambodian government is
committed to mproving agricultural developmerdnd promoting smallholddivelihoods through the
establishment of agricultural cooperatives. Agricultural coatpers play an important role imral
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economic development and poverty alleviation (CH2210). Yet few stulies have examined the
LPSDFW RI DJULFXOWXUDO FRRSHUDWLYHV RQ IDUPHUVY SDUWLF

OBJECTIVE

The objectives of the study ate evaluatethe impacts of SAC on m&et participation of SAC
membersand to determinghefactorsaffecting the extent of theimarket participation

METHOD OLOGY

Household survey: A structured questionnaire was used to gather informétoon 44 SAC member
households and 20 nanember household$iousehold headsr other adult family members wee
interviewed faceo-face. Six of the 20 areas covered BAC were selected fosurvey. Thesearea
were chosen because flaemersthere are more likely tgrow the crops of interest, nametycumbes,
Chinese cabbage, Chinese geeauickle cabbage andwarf cabbage, than in the other areas. All
farmers in the six areas who had produced these five ¢nofise previous growingseason &re
engaged in fact-faceinterviews

Data analysis Market participation indexT-test, logit and bbit regression modglwere used.
Following Gani and Adeoti (2011Yhe market participation indewas usedo measure the level of
market participation among respondents in the study sar@able 1 describes the index used in
computing the total market participation index (TMPI).

Table 1 Market participation index

Scores
Market location(X) Period of sal€Y) Buyer(2)
Quantity sold ( Home Farm Village Town City Oon Off- Consu Trader SAC

stead gate market market market season season -mer @2) (23
X1) (X2 (X3) (X4) (X5) (Y1) (Y2) (22)
1

>0 - <450kg(L1) 1 2 3 4 5 2 1 2 3
451-1000 (2) 2 4 6 8 10 2 4 2 4 6
10011450 (3) 3 6 9 12 15 3 6 3 6 9
>1450 (4) 4 8 12 16 20 4 8 4 8 12

Note: * Developed by authors
Source: Ganand Aeoti 2011

The total market participationindex (TMPI)representeach respondefitV V FRaRdUthk score
regulates the level of participation in the market. When the séardéise quantities of vegetalsisold
and other indices including market location, period of produce aatk buyers were computed, the
minimum market participation score 3 indicates the lowest level andh@6highestlevel of
participation.

Minimum Score= X1(L1)+Y1(L1)+Z1(L1)=3

Maximun Score X1(L4)+X2(L4)+X3(L4)+X4(L4)+X5(L4)+Y1(L4)+Y2(L4)+Z1(L4)+Z2(L4)

+Z3(L4)=96

In addition, the differentevels of IDUPHUVY SDUWLFLSDW L€ determindd HWDEO|
using thefollowing formula

RTMPI XA)O
NMPWC™ 1!
E ISERD
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where RTMPI = replication/frequency of tat market participation indices, andMPWC =
number/size of market pattpants within a given category.

T-test as modetk by the tdistribution was used ttest thestatistical difference in the average
market participation scoref SAC members and nanembers. Logit model was usexldetermine the
probability of farmemmembers selling vegetables to SALbit model was used to determine factors
influencingthelevel of SAC member§market participation in the studireas.

RESULTS AND DISCUSSION

Impact of Svay Rieng AgreProducts Cooperative on Market Participation

The four levels of market participati@gnify that althougtthe 64 surveyed farmers participated tine
market, they did so tdifferent degreesThe various levels of market participationtire study ares
and their scores are shownFig. 1; the main features of the data are described below.

At level 1, 23 respondents (3%dof the tota) participaed in the marketscore level 4 (85%)
hasthe fewest and score level 16 the most participdangers (435%). Majority of farmersin this
level fall intoscore leved 8, 10, 13 (13%%6 ateach score level).

At level 2, 21 respondents (326 participaed in the market score level 12 (4.%6) hasthe
fewest and score level 32 the most participating farmers %g.7Blost farmersin this level are
concentrated iscore leved 16 and 20 (195%) and 24 (23.8%).

At level 3, 11 respondents (1% participatedin the market score level 24 (45.4%0) has the
fewest and score level 36 the most participatargners (910%). Most farmersin this level have a
score level of 24 aBO (4545%).

At level 4, 9 respondents (144) participatedin the market score level 32 (222%) has the

fewestand score level 52 the most participatiiagmers (445%) in this level. Most farmers have
score leved of 52 (4445%) or 30 (2222%).

i Score level 4 Score level 5 1 Scorelevel 6 =Scorelevel 8 .~ Score level 9
=Score level 10 -Score level 11 - Score level 12 = Score level 13 =& Score level 14
Score level 16 mScore level 18 .*Score level 20 mScore level 22 - Score level 24
Score level 26 = Score level 30 - Score level 32 = Score level 36 1w Score level 40
aScore level 44 =Score level 48 m Score level 52
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Fig. 1 Four levels ofparticipation in vegetable markets
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The level of SAC membery] PDUNHW S sUhigheFtheh Dhat LoRr@n-members the
difference isstatistically significant athe 5 percent level. The average market participasioore of
SAC members is 23,4vhereaghat of noamembers is 16.8 (Taby).

Table 2 Comparison of market participation level between SAC members and nemembers

Dependent variable Membes Non-membes Difference t-test

Market participation score 23.4 16.8 6.6** 1.97
Note: ** statistically significant at the 5% level

The logit regression model was used to determine the factors influethepgobability of selling
vegetables to SACTable 3 presents the regressienults. The fit of the data is statistically significant
atthe5 percent levelthe concordaris R>=0.22.The resuls indicatethat the specific regressors are 22
percen able to explain the probability ofelling vegetables to SACThe mainincome source
(vegetable area primary source of household income), which is positivatisticallysignificant at
the 10 percentevel, relates to the probability skliing vegetableto SAC. A natural increase in ina
income imples a higher probability afeling vegetable to SAC. Six other variablegositively affect
the probability ofseling vegetabls to SAC butthe resultsare not statisticallysignificant. Ttose
variablesareage, educatiormale household head, family size, farm size and vegetable pilibese
other factors that netjmely affect the probability ofseling vegetablegso SAC, and are also not
statistically significant, arearried status, dependency raind distance to main market.

Table 3 Logit model results for factors influencing the probability of SAC membersseling
vegetablesto SAC

Variable Definition of variables Coefficients Std.Error Z-value P-value
Age Age of household head 0.026 0.038 0.680 0.497

Number of years household head

Education attended schodyears) 0.193 0.121 1.590 0.112
Male Household head is male (dummy) 15.407 1836.572 0.010 0.993
Married Household head imarried (dummy) -16.909 1836.572 -0.010 0.993
Family size Number of family members 0.253 0.183 1.380 0.167
Dependents gg@ggﬂs‘*)"cy ratio (adults aged-15 _; 765 0.827 090  0.355
Farm size Area of cultivated langm?) 0.000 0.000 0.520 0.605
Vegetableproduction iprimary
Major income source of household income 1.221 0.695 1.760 0.079
(dummy)
Vegetable price  Vegetable pricériel per kg) 0.000 0.000 1.190 0.236
Distance Distance to main markékm) -0.136 0.147 -0.90 0.356
Constant -3.293 3.089 -1.0M0 0.286

Note: Number of observations 64?X18.55 (P<0.05); log likelihood =33.54 (P<0.05); concordant®0.22

Factors Affecting Market Participation of SAC Members

In estimating the determinants tife extent of markeparticipation, the dbit model invohed nine
regressorsTable4). Chi-square of 75.2Zb at the 1% level of significance impésa good fit between
the model and data. The log likelihood is137.14 & the 1% level of significance the R* of 0.22
signifies that independent variables account faR% of the variability in the level of market
participation. Education of household head, which hags#ipe sign, is significant at tH& level, a
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unit increase in the level of education will increase the levelarket participation by 80. Recept of
market information, which has a positive sign, is sigalifit at the % level. Members who receive
market information arat least threéimesmorelikely to take market participation more seriously than
those wio receivenone at all Vegetable production, which has a positive sign, is significathied®bo
level, a unit increase in vegetable production will increase the level of market participatio¥.by 1
Distance to main market, which has a positive sign,gaiféitant atthe 5% level, meaning al km
increase in distance will increase the level of market participation ¥y B8cause SAC cannbuy

all the vegetables itmembersproduce, farmers nearlwayshave totravel to sell their producat
more distantmarkets such athe Svay Rieng market another district markets, where they dregher
prices. If memberssell their producdo wholesalersit thefarm gate they receive lower prisghanif
they were tcsell directly on the main market. Supplyirf8AC, which has a positive sign, is sign#ict

at the 26 level. Members whosupply vegetables t8AC areat least sixtimes more likely to take
market participation more serioudlgan those who do noffwo variableshat positivelyaffect the
level of market participation but areot statisticallysignificantare family size and vegetable prige
Four variables thahegativelyaffect the level of market participaticand are also not statistically
significantare malehousehold headnan income source farm experience and number of training

subjects.

Table 4 Tobit model reaults for factors affecting market participation of SAC members

Variable Definition of variables Coefficients Std.Error  Z-value P-value

Education Number of yearsf household head attende 0.605 0283 2140 0.040
school (years)

Family size Number of family membergerson) 0.416 0.492 0.8%0 0.403

Male Household head is male (dummy) -1.718 3.871 -0.440 0.660

Market information  Recept of market information (dummy) 4.666 2.247 2.0 0.046

Main income _Vegetable is primary source of household -0.259 1.984 019 0.897
income (dummy)

Farming experience Years of growing vegetable (years) -0.047 0.105 -0.490 0.657

Vegetable Total ;olmount of vegetable production 0.014 0.001 10.39 0.000

production (kg/m”)

Training Number of training subjestovered -0.246 0.671 -0.30 0.716

Distance Distance to main market (km) 0.681 0.298 2.280 0.029

Vegetable price Vegetable price (riel per kg) 0.000 0.000 0.700 0.490

Supply to SAC Members sellingegetableto SAC 6.479 1.901 3410  0.002
(dummy)

Constant -3.505 5.366 -0.650 0.518

Note: Number of observations 4%%= 75.21 (P<0.01); log likelihood =137.14 (P<0.01); concordant R2= 0.22

CONCLUSION

The study found that theegetable market participation of SAC members is better than that of non
membersVegetables are the primary source of household income, which is positively related to the
probability of selling vegetables to SAC. The study idésgifive factorghat affect effective market
participation: 1) education level of household head, 2) receipt of market information, 3) amount of
vegetable production, 4) distance to main market, and 5) the extent to which farmers supply vegetables

to SAC. 7TKH DQDO\VLV HPSKDVLVHVY WKH LPSRUWDQFH RI

DJULFXOV

participation in vegetable markets. Moreover, the insights into the factors that affect the probability of
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selling vegetables and the level of market participatenm wusefully contribute to improving the royal
decree and prakas on agricultural cooperatives in Cambodia.

REFERENCES

Chea S. 2010Finalreport onpolicy analysis Depatment of Agricultural ExtensigrPhnom Penh, Cambodia.

Ganij B.S. and AdeotiA.l. 2011.Analysis ofmarketparticipation andrural poverty amongarmers innorthern
part of Taraba State, Nigeridournal of Economi¢2 (1), 23-36.

MAFF. 2013.Annualreport ofMinistry of Agriculture,Forestry andrisheries www.maff.gov.kh.

Viet NamNews, 2010An Giang totap CambodianegetablenDUNHW ~ KWWS YLHWQDPQHZV YQ H
angiangto-tap-cambodiarvegetablemarket.html.

E ISERD
172



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

Research articl

# Appropriate Extension Approaches in Disseminating Livestock
Production Technology inCambodia

PUTHEANY UNG*
Centre for Livestock Development StugdiReyal University of Agriculture, Cambodia
Email: vet_theany@yahoo.com

MYRA E. DAVID
College of Public Affairs and Development, UniversityhefPhilippines Los Ba—os, Philippines

ROMMEL C. SULABO
Animal and Dairy Science Cluster, Universitytloé Philippines Los Ba—os, Philippines

AMADO A. ANGELES
Animal and Dairy Science Cluster, Universitytloé Philippines Los Ba—os, Philippines

Receivedl5 Decembef015 Accepted?9 April 2016  (*Corresponding Author)

Abstract Understanding the current local livestedisseminating approaches was very crucial

for the study to present an extension work plan by a technical staff with specific discussion on
the framework in identifying the appropfdH H[WHQVLRQ DSSURDFKHV VXLWDEC
situation Primary data were collected using a structured, comparative crgaried
guestionnaire from 7 interviewees within 4 purposivedjected extension institutions.
Regarding the comparative criteria for applicable and strongly applicable utilization of
extensiorapproachesjiegock technology extension approaches in Cambodia tetodethge

from the topdown general agculture to more bottorup, participatoryapproachebased on its
frequency ofall its charateristics The most applicable livestock extensioppeach was
participatory integrated witfarming systems development, cost sharing, project, amch&dn
institution because the growth in oversdasored development aids created a desire for more
decentralized, participatory extension approach. Toexe the diffusion of livestock
technology from Cambodian local farmers increasing farmer livestock production perhaps
thereby farmer livelihood would be increased using the participatory approach integrated with
others. The planning key points for disseating livestock technology was also based on the
strongly applicable participatory approach.

Keywords extension aproacheslivestock production technologZambodia

INTRODUCTION

To increase livestock production, it seems toex&remely important to keefarmersin updated
information regarding vaous production process andarketing practiceslnadequate accessf
developingcountry farmergo relevant livestock information/technology has effecton all livestock
subsectorsand different stage of livestock productionThe livestock technology dissemination
therefore is very important for improvesinallholder farmetivestock productiorand consequently
increasedfarmily income (Khan et al.,, 2014; Sani et al.,, 2014). In Cati@gopluralisti@ally-
characteried agricultural extension (Mak, 2012; MAFF, 2015) is a key mean to increase farmer crop
and livestock production thereby generating farmer income (Axinn, 1988; Touch, 2000; Millar, 2009;
Christoplos, 2010; Mak, 2012; Khan &t, 2014; Sani et al., 2014). Many approaches to technology
dissemination have also been developed and used in both public and private extension services, and
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those run by noigovernmental organizations in the developing countries (Davis, 2004; Lukaya et
2012; Mak, 2012; Khan et al., 2014; MAFF, 2015) such as Cambodia (Mak, 2012; MAFF, 2015). This
effort could be contributed by technical personnel becoming the subject matter specittistsosin
generatedechnologies (Blalock, 1963; Fetsch et, &010; Patiland Kokate, 2011; Kahan, 2013).
However, if the new specific generated knowledge could not be diffused to the end consumers
especially, livestock farmersvithout any appropriate, efficient extension approach and with
insufficient combined ébrts from all extension provider institutions despite many approaches used in
those institutions (Axinn, 1988; Davis, 2004; Lukuya et al., 2012; Mak, 2012; Khan et al., 2014), such
the technology is not practically applied and has no value. Consequemdlypr more effective
livestock extension approaghs) is required to deliver new technologies to farmers in Cambodia and
thereby the considerable focus of currently local approaches/methods of disseminating the livestock
information to Cambodian farmeis very important to determine if the information of improving
livestock production will be able to be disseminated to the right farmers at the right time.

OBJECTIVE

The study was conducted to present only an extension work plan by the technical baifigiffd the
livestock production institution with specific discussion on the framework in analysing the suitability
of an appropriate extension approach in Cambodia's local situation.

METHOD OLOGY

Data Collection: Secodary and primary data werellected. The latter wasollected at a period of

April 2015using a structured questionnaire fr@rkey informants each of whom it took around 1 hour

for interviewing, within purposivehlsampled 4 extension institutions (Royal University of Agriculture,
Department of Animal Health and Production, Centre for Livestouk Agricultural Development,

and Centre for Study and Developm in Agriculture) based otheir most potentialactivities of

livestock extension and availability in Cambodia. The questiverwas guided b of 7 comparative

criteria introduced by Axinn (1988) in identifying the appropriate extension approach in Cambodia.
The consideredcriteria with their individual indicatorsincluded program{C1), clientele(C2), field
personne(C3), financial requirement&4), organizational structure (C5), and leadrship characteristics
(C6), and 2 key important options (Applicable or Strongly Applicable) to be selected by the
intervieweg(Table 1 andrable 2).

Data Analysis: 8VLQJ $[LQQYV arative RRalySls as framework of the eight extension
approaches (Table 3), analysis of responses indicated which approaches were most likely to fit the condition
of Cambodia. For each comparative indicator (denoting contrasting local conditions), aleviervy
UHVSRQGVY E\ DQVZHULQJ HLWKHU 3$SSOLFDEOH" RU 36WURQJO\ $S.
percentage. The analysis ibfe gatheredinformation was based on the descriptive criteria given. The
highest percentage for each criterion indicated the most likely appropriate extgmioaches that could

be used in disseminating the generated livestock technologiethieoesearch studies.

RESULTS AND DISCUSSION

Table 1shows that all pairs of comparative indicators exception with a few pair of the Axinn's
comparative criteria were practiced in Cambodiable 2shows that best fit extension approaats)

based on the analed indicators of each itgrion should be noticeable in the studit least the
applicable indicator with higher percentage of the study can be considered as one indicator of each
approach given (Axinn, 1988).
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Table 1 Analysed livestock extension approaches using Axinn's desciig criteria considered

Descriptions of Criteria (with comparative sultomponents or indicatgr

Informants' Responses (%)

Applicable  Strongly Applicable
Nationally oriented scope 42.9 42.9
Provincial oriented scop@ncluding district, commune, or village) 14.3 85.7
Goal to increase livestock production for export 28.6 28.6
Goal to increase livestock production for farmer family and national consump 0.0 100.0
% —~ Change the extension messages in resporfeedback from rural villages 28.6 71.4
?g Not Change the extension messages in response to feedback from rural villa 42.9 0.0
a More focused on livestock technology than on lifting social standards of rural 42.9 28.6
Prioritize on lifting sociaktandards and livestock technology also 42.9 57.1
Technical information decided upon by people inside the local rural village 28.6 71.4
Technical information decided upon by people outside the local rural village 85.7 14.3
A simple standardized technical message 71.4 14.3
Wide-ranging extension message to meet local needs and interests 28.6 71.4
Focused on larger, commercial, single livestock producers 42.9 14.3
Focused on broader range of pedpltduding poor farmers 14.3 85.7
2 To likely deal primarily with male farmers 28.6 0.0
*OE’ & To most likely deal with male, female and youth farmers 0.0 100.0
8 2 Most likely focused on limited ethnic and social groups 28.6 28.6
© Likely focused on differengthnic and social groups 28.6 71.4
Target clientele at national level 71.4 28.6
Target clientele in limited areas within Cambodia 14.3 714
Field personnel from outsiders 57.1 28.6
Field personnel from insiders 14.3 85.7
Central government pay the salary 57.1 28.6
Tcu Local government pay the salary 28.6 71.4
2 High level of education of the field personnel 42.9 42.9
& o Lower level of education of the field personfiwhder Bachelor's Degree) 28.6 71.4
_g-&’, Likely to includewomen and men as personnel 0.0 100.0
(o) Not likely to include women as personnel 14.3 14.3
w Extension personnel likely to transfer frequently from post to post 28.6 71.4
Extension personnel likely to remain at post for longer periods of time 57.1 28.6
Personnel with permanent status 42.9 57.1
Personnel with contractor/temporary status 57.1 42.9
" Provide jobs for urban educated unemployed 28.6 71.4
'qc: Provide jobs for rural trained people 57.1 42.9
S = Incur highcost for information support 42.9 14.3
.%’ O Incur low cost for information support 71.4 28.6
gs Provide farmer family high cost for producing livestock 42.9 28.6
= = Provide farmer low cost for producing livestock 57.1 42.9
-8 £ Incur high cost for transportation 57.1 28.6
S © Incur low cost for transportation 57.1 42.9
-LE,_ Major support from central government 85.7 0.0
Support from other sources 14.3 85.7
Tends to fit centralization of control of organization 42.9 0.0
Tg & Tends to fitdecentralization of control of organization 14.3 85.7
© O Emphasize the use of Subject Matter SpeciaSsS) 14.3 85.7
§ % Emphasize less the use of Subject Matter Specialists 42.9 0.0
'g 5 Require little participation of rural people to be served 14.3 0.0
© 2 Require high participation of rural people to be served 0.0 100.0
O “ Use prominently information media support 71.4 14.3
Not use information media support 42.9 14.3
a Leadership of organization to be part of central government/authority 42.9 42.9
c Leadership of organization to be part of local government/authority 0.0 85.7
g © Leadership of organization to originate from professional 0.0 85.7
] e Leadership of organization to originate from clientele 57.1 14.3
g To address a few technidalds 42.9 42.9
To address broader rural development fields 28.6 57.1
E ISERD
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The higherrate ofresponses on the strong applicable indicators of the C1 €raldeindicated
that PA would be commonly used for extesrpoobably due to the limited fun@nddifferent projects
of the institutions and famers' insufficient access &xport businesdt is also caused likelyby the
integration of the tde-disseminatedechnologies generated Isybject matter specialists (SMS) and
the knowledge interest darmers and it requires the masses of extengimssagege.g. specific
livestock knowledge with human health and farmer ne@ihput beirg so far from the planned goal.

Additionally, analyzing the indicators of the C2 and C3 (Tafileand 2), PA, FSD, T&VPR,
and/or CSH would be utilized within the studied institutions due to the more applicable tendency for
the extension dealing with a multitude of stakeholders at limited doeasinsidersemployedas field
personnelboth gender, permanent persongh low qualification;frequertly personnel transferring;
andthe personnel salary from the local governm@rable 1).This may be based on the extension
consideration for poor smallholder farmers at specific areas as priority of projects fundegointlshe
national and international supp®rt

The analyzedndicatorsof C4, C5 and C6 (Table 1) also refered B (as the most common),
GA, T&V, FSD, CSH, CA, El, and/or CS as the commonly used approaches (Table 2) explained by the
strong applicable temahcy for supports of extension finance from other sources (eans,
international funds and projegtgrovision of more job opportunities féme urban educated students
decentrakation control, SMS emphasidiigh rural participation local authority as leadership,
professimal organization, and solutions foroader rural development fiel@§able 1).This would be
alsobased on the more sufficient and efficient international funding projects jointly with the national
fundswhich is not only extensiosupportive source, and the urban educational institutions with more
available facilitiegproduces thenore qualified personnel for the extensi@eing applicablavas more
likely for incurringthe low cost fothe informatiorsupport andarmers produciglivestock (Tablel).

Regardingthe studied criteria, livestock technology extension approaches tended to range from
the topdown general agriculture to morgottomup, decentralizedparticipatory approaches in
Cambodia However, the latter wamore applicably used to disseminate the knowledge to farmers
becausehe extension supports and personnel payment were nfostlylocal government wittother
sourcesandthe growth in development adrom oversea donors createdrare desire forsuch the
appro@hes (Touch, 2000; Racend Millar, 2008; Mak, 2012).The stronglyapplicable livestock
extension approachesdsotended to be the agricultural extension pgvitory and the cost sharing (6
criteria), the farming systems development (4 criteria), theatn institution (3 criteria); and the
general agricultural extension project, the commaodity specialized (1 criterion). This indicated that there
were currentcombination of livestock extension approaches in Cambodia which was similar to the
utilization of extension approaches in Ghana (DAES, 2011) and other st@lié=o§ et al., 2000;
Touch, 2000; Mak, 2012Not only an approach can succésshe livestock technology dissemination,
but at least 2 various approachase jointly usedihe dissemmationis for more than onepecific
circumstance; andhe advantages of onextension approach ima circumstance could provide
disadvantages in another (Axinn, 1988; Rivera et al., 2R¥eraandQuamar, 2008

Understanding the mentioned extension approaghésr to dissemination othe survey and
experimentabenerated livestock technology/knowledge to specific local Cambodiaergthe key
points to be onsidered and planned wegRivera et al., 2001; Millar, 2009; Mak, 2012; MAFF, 2015)
1) conductingpre-study (feasibility study) on a specific areas (national, provincial, district, commune
or village levels) to understand mainkey needs andhterests of local farmer®) using livestock
technology extension participatorgpproaches combinedvith othes; 3 specifying livestock
knowledgefor the respectively specific livestock farmes/groups (e.g. associati@asnonunitybased
organizationgin the specific areas witlsufficientavailabilities and resaces for livestock production;
4) conductingthe disseminatiorwith supports from extenalonors or projects especialin a large
scope of the extension; and ®mpolying thequalified local or outside field personnel with
communication skills and close relationshijh farmers.
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Table 2Matrix of Axinn's descriptive criteria for the 8 extension approaches

Extension Approaches*
CS T&V PA PR FSD CSH El

Criteria for Extension Approaches (with indicators)

Life quality focus X X
Responsive to feedback X X X
= Flexiblemessage X X X X X
g:r Goal to increase farmer familyprasumption X
< | Production goals X X X
o Outside information X X X X
Areaor provincial scope X X X X
National scope X
o) Spread status X X XX
£S | Men,women, youth X X X X
22 | Narrow focus X X X X
© Area target X X X X X X X
= Broad staff base X
5 Temporary X X X X
g ) Frequent transfer X X X X X
22 | High training X X X
E Local salary X X
QOutside origin X X X
- Low information X X X X X
= é Low transport X X X X X
‘S ¢ §| Urban source X X X X
E32| Low cost X X X
L & | Other funds X X X X X X X X
Central funds X X X X X X X X
o High participation X X X
2@ | Media prominent X X
= e Specialists emphasized X X X X X
@ Decentralized X X X
2 o .| Professional origin X X X
& = S| Broad representation X X X X
— * 7| "Local origin X X

* Eight extension approaches identified by Axinn (1988juding General Agriculture (GA), Commodity Specializ
(CS), Training & Visit (T&V), Extension Participatory (PA), Project (PR), Farming System Development (FSD
Sharing (CSH), and Educational Institution (El). Additionally, "XX" is strongly @pplie and "X" is applicable.

CONCLUSION

Livestock production can increase as farmers adogd practice the new introduced knowlediye
livestock extension organizations, at least 2 different extension approaches were used concurrently to
disseminate nevknowledge and technology generated by researchers to Cambodian farmers while
using the participatory approach would be optimum.
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Abstract In 2011, the conflicts over economic land concession (ELE)eWwardened and

EHFDPH PRUH YLROHQW WKDQ EHIRUH +HQFH 2UGHU R (
LQFUHDVLQJ HIIHFWLYH PDQDJHPHQW RI HFRQRPLF ODQG FR(
The ains of this studywerel) to evaluate thetrength and theveaknes®f the land registration

procedure under Order 0dnd 2)to assess the challenges and opportunities for improving land
registration. A qualitative approach, incorporating observations andssertiural interviews

with 96 local families basedn questionnaires survey and 23 key informants, were applied in

WKLV VWXG\ 6HFRQGDU\ GDWD ZHUH FROOHFWHG IURP &D
administration swuisector program (LASSP). The resubbf this study showed that land

conflicts were reduced and solved, measures for preventing land conflicts were taken, illegal

land occupations were regularized and 361,734 titles were provided to the people. The process

was fast. Local peopleeresatisfied ancdconfident on its implementation. Moreover, the local
SHRSOHTTV Qere iMpProve® RGWell as the public awareness of systematic land
registration (SLR)was spread throughout the country. However, the weaknesses of its
implementationwere: technical problem, lack of information and quality control, poor
governance, state land decreased and it impacted on educational institutions and on the
environment, wildlife and indigenous culture. Its opportunities were found that the investment
onlDQG ZLOO EH PRUH DFWLYH IURP QRZ RQ GXH WR WKH LQ
titles. Its challenge was identified that financial support of technical assistances was pulled out

from LASSP. In conclusion, its implementatisasvery useful forthe landless people, and the

poor. Quality control should be included into the process and land occupants should be
seriously identified. SLR should be sped up to register iissae sites.

Keywords Order 01, Systematic Land Registration, effectiverdss|enges andpportunities

INTRODUCTION

In 2005, ondifteenth of the Cambodian householdgereinvolved in land disputes due to the lack of
tenure securitf LHWGC, 2009) In order to improve the land tenure security, a-debree on the
procedures to establish cadastral index map and SLR arakstde on sporadic land registration (LR)
were formulated. In particular, to solve land conflicts,-dabree on organization amanctioning of
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the cadastral commission were established as (R€HC, 2002) However, the land conflicts still
occurred throughout Cambodian territory. Furthermore, accordinbgettdlGO Forum(2011) rural
communities are heavily relied on land and forest resources, but landlessness has become a significant
cause of widespread poverty for rural Cambodians and landlessness has rigén best@e 4% of

rural households haviarms that are smaller than 8 tllenberg, 2009) Moreover, statistics sheaa

that out of 282 land dispute cases, 14% or 39 cases have been rooted in development projects
especially in the granting of Economic Land Concessions (ELCs). Most land disputes triggered by
ELCs can be found in Kratie, Rattanakiri and Kampong C{@0 Forum, 2011)Moreover, it was
estimated that in total about 1.5 million hectares of ELCs wexeated to investors as of April 2010

(Ngo and Chan, 2012).

Hence, OUGHU RQ 3PHDVXUHV IRU VWUHQJWKHQLQJ DQG LQF
HFRQRPLF ODQG FRQFHVVLRQ® ZDV HVWDE O DM& HsG tBqporary 0D\
postponement of granting new ELCs in order to prevent land conflict occufiR@gs, 2012)

Moreover, RCG decided to provide land ownership to people who occupy and use the ELCs land,
forest cover and ptected area within the framework of land distribution reform. The campaign of

SLR in 21 provinces of theountry was established and4tDV FDOOHG 31HZ $FWLRQ RQ ([L
IRU /DQG 6HFWRU™ 9ROXQWHHU \RXWKYV Z HhtkeHthel QidistrytefGand/ R VXU Y
PDQDJHPHQW XUEDQ SODQQLQJ DQG FRQVWUXFWLRQ 0/083& TV
trained only 2 days about how to register and survey the(¥aahg, 2013)

OBJECTIVE

The objectives of thistudy wereto evaluate thetrength and the weeknessl WKH ODQG UHJLVWI
procedure under Order 01 and to assess the challenges and opportunities for improving LR.

METHOD OLOGY

The qualitative and quatdtive approach, incorporating observationsnssturture interviewsand

focus group discussion had also been dbné ZHOO DV UHFRUGHU ZDV XVHG WR UHF
view. Survey with questionnaires had been used to know the respondents ofdihimnesearch study

focused on systematic land registration ur@eter 01 that has been carried out since June, 2012 in Pi

Tnou commune, Snoul disctrict, Kratie province located in forest cover, protected area (National Park)

and economic land concession area. Furtherm®rincal families and 2Bey informants were chosen

WR EH LQWHUYLZHG 6HFRQGDU\ GDWD ZHUH FROOHFWHG IURP &l

RESULTS AND DISCUSSION

Strength of the Procedure of Systematid_and Registration under Order 01 (SLR BBO01)

Land conflict resolution The study showed that there were 39 people among 96 interviewees
involved in land conflicts. Most of land conflicts were happening to LECs companiestiaers
occurred withforest and environmental department. 33 cases out of 39 wasessolved by the
implementation of SLR under order 01 (BBO1). These were because its implementation had cut the
land from ELC company, measured and gave to people who were actual occupants even though the
company claimed that the areas were belonging tost of the land conflict had been solved, but 6
cases were not solved due to in the fact that they encroached environmental land. Accdnfitey
(2013)the implementation of SLR BBO4&asto solve the landonflicts over forest land and ELCs for

the targeted 700,000 parcels in only one year. The campaign had to speed up the normal title
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production levels of 350,000 per year during SLR and went countrywide into 21 provinces where these
types of conflicts exit. MLMUPC opted for staffing up and bringing in extra workforce from outside.

Land conflict prevention: The research found that 15.88% of interviewees expressed their opinion
that tre implementation of directivBBO1 really prevents land conflict occurrences in the future. They
added that its implementation measured the land and provided the titles for them, and no one could
seize their land now.

Regularizing not-yet-legalland occupation andits main achievement: According to Im(2012) the
implementation of SLR BBOhadsolved irregular issues: regularizing +yatt-legal land occupation in

rural areas through donation of completed land ownership, providing a-ssrakdl econorgi land
concessions and social land concession in order to improve and guarantee land tenure security, to
LPSURYH SHRSOHTVY OLYHOLKRRG DQG WR HQKDQFH QDWLRQDO F
for 12 months (June 2012June 2013) was the 3614 3itles with approximatelyp95,534 hectares

have been granted to probaB§0,535 familiegMLMUPC, 2013)

Local peoplesatisfaction and confidences: The study found that 94% of interviewees satisfied with

its procedureand were also confident on the land certificate (title) that government issued to them.
They reported thaincethey have a certificate, no oneuldseize their land anymore. However, 6% of

the respondents were not satisfied with the implementatiotheofprocedure and theyere less
confident in it. This was mostly because thereoccupying the land located in protected area so their

land have not been measured and registered. They further added that if they get the certificate they will
besatisfied with its implementation and they will be confident in the certificate.

Improving local pHR S GdtiflVeconomic The implementation of Order 01 provided the full
ownership to the people as well as securing on their land. As a resultyilagers could be able to

use the land title provided/registered from government to borrow some loan from micro finance or
bank which the interest rate is low (1.292% per month) comparing to the loan borrowing from
money leder which it is high in intest rate. The bankillvnot provide loan for villagers if their land

tittes would not be appropriately registered, so some villagers had to borrow money from other money
lenders with a high interest (79%4.0% per month). The interest rates varies toetdance with kinds of

land certificates and titles (commune, provincial or governmental lefvet) instance, if the land
certificate is certified at commune level (from commune chief), the interest rate would be around 4%
5% per month. ConsequentfE HLQJ LPSOHPHQWHG E\ WKLY 2UGHU WKH SRR
be improved through borrowing loan with low interest rate for their small business or farming such as
buying crop seeds, seedlings, fertilzers and agricultural equipments etc.

Improving and speeding up theprocedure of SLR under LASSP:The research found that it is an
opportunity for the MLMUPC to receive additional modern equipsertd materials for land
administration during and after its implementation. Moreover, 600 out of the ¢oihl yolunteer were
UHFUXLWHG WR EH 0/083&TV QH2018MbBtréngti$eh Fhe qualityQeffetthrRnédd U

of field work management and to continue the smooth and high effective procedure of SLR, the 2
provincial department directors in the department of land management, urban planning, construction
and cadaster have been proposed to readjust and reorganize the SLR team. The team number of SLR
was adjusted from 26 to 15 members per team in orderdicceethe expense and to increase the
number of SLR teasthat can be implemented throughout 25 provinces.

Strengtheningland concessioreconomic management:Concerning the implementation of Order 01,

the Royal Government has decided to abolish economic land concessions which have not followed the
agreements and has given the expropriated lands to the Provincial State Land Management Committee
to manage thoseahds for social land concession programs. Meanwhile, state land in the area where
RGC implemented SLR BBO1, was to be cut off in the form/éf R S D U G fpVexigtihd @nd
occupants using and cultivating it and also to the provincial committee ferlatat management and

be used for social land concession programs. Therefore, this land can be used in the future for land
distribution program of the Royal Government in a larger scale than before.
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Spreading out the public awareness throughcountry: The mplementation of SLR BBO1 was
carried out throughout 21 provinces at one time. So far though the rural areas are, the land registration
teams could manage to reach those places. Previously the LSR under LASSP always avoided to
provide registration in thesareas, yet the donors (world bank, GIZ, Finmaland and CIDA) always
force LASSP to do so. As a result, its implementation is appreciated by all stakeholders including
donors.

Weakness oflts Procedure and their Causes

Technical problem: The weakness of ¢hLR procedure was divided into three categories, losing of
SDUFHO VL]H ODFNLQJ RI QHLJKERUVY SULQWHG WKXPEV DQG
printed thumbs. Fig LOOXVWUDWHYV WKDW RQO\ RI UHVSRQGHQWVY
process and have their thumbs printed while registering the parcels, whereas 37% out of 100% had
some troubles during the land demarcation registration in wt#éh of respondents mentioned that

the area of their parcels showing on the land title Inbatisome compared to the actual area on the
ground due to handheld global positioning system (GPS) and volunteers and land officers probably did
not accurately measure their land as the respondents said, 19% told that their neighbors were absent to
print their thumb and 6% were losing of parcel size as well as figureprint had not been done. The
volunteers had been trained about its procedure and technical work for only 2 days.

mLosing of parcel size
O Lacking of neighbos' printed thumbs
mLosing of parcel size and Lacking of

neighbors' printed thumbs
B Having neighbor' printed thumbs

Fig. 1 Technical problems associated with the land registration procedure

The other weakness of technical problem was that the monument poles have not been installed on
adjudicated boundaries. Instaltlbdundary poles had been done for parcels which were registered, but
the poles were just small sticks to recognize the boundary,asua small wooden stick, digging small
holes on boundary, and using color spray as some villagers and some volunteers said.
Lack of information and poor governance: Due to lackof information that implementation under
directive Order Olould not spread widely across the country, many villagers did not know how to
SUHSDUH GRFXPHQWYV IRU DSSO\LQJ WR UHJLVWHU WKHLU ODQG
regiestered. According tthe survey, it was because of poor governancease villagers said that
they could not find the person who was responsible for this registration; for instance, when they came
to meet land officers or students to certify some documents: residential certificate, widow's certificate
or land occupied cetILFDWH WKH\ ZHUH WROG WKDW LW ZDV QRW WKH
FRPPXQH FKLHITVY UHVSRQVLELOLW\ DQG ZKHQ WKH\ ZHQW WR P|
ZDV QRW FRPPXQH FKLHITV UHVSRQVL E QOEANsiBiKi®E. Mokebve@Q D QG R |
LR was so fast to follow by people as all people could not have thier land registered because some
people were absent due to thier personal tasks while LR team implemented the registration. This was
becaise when the LR teams completed registration of one area they would move to other area and they
would not come back to register the land title of those who were absent during registration process.
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Impact on educational institutions: The implementation oflISR BB0O1 had used approximately 2,000
volunteer youths who were mostly students which 305 students were from Royal University of
Agriculture (RUA). The registration exercise had caused two faculties of RUA to be closed for one
semester namedly, faculty @frid management and land administration and faculty of forestry. While
studnets returned to study, their studies were incomplete because some subjects were taught for less
hours than regular curriculum did.

Stateland loss andnegativeimpact on environment, wildlife and culture: According toCouncil of
Ministers,(2012) the ownership was donated for the requests of people who actually occupy the land
not exceeding 5 hectares. Furthermore, for people occupyang than 5 hectares, whether the land
contains a residence or not, the part of the land that has truly been cultivated shall be donated as
ownership. Parts of the land claimed that has not been developed shall be registered as State private
land andthe d LPDQW VKDOO EH JLYHQ WKH ULJKW RbBclgd DOIndHFRQRP
shall be registered in the name of the Governor as the chairman of the provincial state land
management committee, and the Governor shall be granted the mandasblishetiie contract of
S3VPDOO HFRQRPLF FRQFHVVLRQ ™ ZLWK WKH FRQtha thy adiQDLUH +
implementation has not followed guideline above and the more than 5 hectares land where are not only
the clear land but also forekind have been registered via SLR BBO1 as well as sporadic land
registration. Consequently, some area of forest careeelost during its implementation and the land

cover has changed very fagiccording to Rab&€2013) the Directive BB1 caused numerous issues

for indigenous people in Ratanakiri Province. Moreover, it would cause loss of indigenous land,
livelihoods, identity, and culture anddivides communities. For example, for those who received the
private land during this implemenaiton, will stop doing the slah and burn cultivation because they do
not have the reservation land.

Lack of quality control of the parcel andland owner: The research showed that the quality control

of the implementation o6LR BB0O1 was not mentioned in the guideline. Particularly, most of the
studentswere not skillful in technical and practical work such as, using of GPS, geographic
information system (GIS) and land law. As a result, some people had taken this chaaga thel

state land as their own land. According to the guideline of SLR under LASSP, it claimed that 5% of
parcels which have already been registered, have to be selected to cross check in the field such
resurveying parcels, database of parcels owners.

Opportunity of the Procedure of SLR BBO1

Positive external influences can be taken advantage from this implementation in order to solve land
conflict in city because some development partners provide funding for urban land dispute conciliation.
Furthermore, communal land registration for indigenous people is implemented because of
GHYHORSPHQW IXQG )RU LQVWDQFH *,= QRW RQO\ VXSSRUWYV W|
temporary settlements on state land illegally occupied in the capital, mn@ipDQG XUEDQ DUHD)
also suppod communal land registration for indigenous people. Land policy will be successfully
established because all stakeholders understood about the importance of land. It is still sbpported

the politic and development paer, GIZ. Investing on land will be more active from now on because
investorshave confidencand trust on land title. Hence, land price will be increased mostly in rural

area.

Threat of the Procedure of SLR BB0O1

According to Rabe(2013) in Rattanakiri province, the students and local government officials
threatened indigenous people who said that a regular statement was from the Commune Councils,
District Governors, and Provincial Governor, whotold@ ODJHUV 3,1 \RX GR QRW FKRRVH
DQG LI \RX KDYH D FRQIOLFW ZLWK WKH FRPSDQ\ LQ WKH IXWXUFL
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made villagers believe that dispute resolution mechanisms would be unavailable to them, and that the
BBO1 titling was the only solution to protect their land against the companies.

Financial support from another development partner will be pulled out from Cambodia for
instance, Finnmap, Finland and CIDA, Canada. The government thought that Cambowfiplearent
E\ LWVHOI EXW 0/083& VWLOO QHHGV WKH GHYHORSPHQW SDU\
database of parcels has been stored in Microsoft office Access, so all parcels throughout country
cannot be used as one database because the dateetd pawhole country is bigger than 2 GB while
Microsoft office Access enables to store only 2.GB

CONCLUSION

It could be inferred that the implementation of SLR BB@&isvery useful for landless people, and the
poor. Itwasalso the crucial chance to devide land from the rich and the companies in order to grant to
citizens in the rural areas. The land conflicts were reduced and solved, measures for preventing land
conflicts were taken, illegal land occupations were reguldrirel 361,734 titles were provided to the
SHRSOH 7KH ORFDO Ser&ismaddivasvely ashie EbRcGwareness of Side

spread throughout the country. However, the weaknesses of its implementatientechnical
problem, lack ofnformation and quality contradf the parcel and land owngyoor governance, state

land decreased and it impacted on educational institutions and on the environment, wildlife and
indigenous culture. The opportunities of its implementatieare land policy which will be
successfully established amvésting on land which will be more active from now on due to land title.
Enventually, the financial support of technical assistances was pulled out from LASSP.

ACKNOWLEDGEMENT S

The author would like tahank to Univ.Prof. EOE DrIng. Holger Magel and Dipling. MSc Jorge
Espinozafor their best advice, support and encouragement. Last but not least, | am grateful to DAAD
for the financial support during my study.

REFERENCES

Council of Ministers2012. Request in principle for land registration in targetas to implement the Orda@B01
dated 07 May 2012 omeasuresstrengthening andncreasingeffectiveness of ELOmanagement. Phnom
Penh MLMUPC.

Im, CL. 2012.BB01. Retrieved 12 15, 2013, from MLMUPC: http://www.eddb.gov.kh/cdc/gdcc/nineteenth/
agenda5_gov_en.htm

Men, P.2011. Land acquisition by nctocal actors and congeences for local developmentnpacts of
economic land concession on the livelihoods imfligenous communityies in northeast provinces of
CambodiaPhnom Penh, Cambodia.

MLMUPC. 2012. Manual onimplementation of Order 01 dated 07 May, 2@tP?measurestrengthening and
increasingeffectiveness of ELGnanagement. Phnom Per®ambodia.

MLMUPC. 2013. Report summary of situation and the result bé timplementation of DirectivdBB01
theroughout country (stat from the first day of implementation until 20.06.2013). http://mIimupc.gov.kh/?
page=detail&menul=118&ctype=article&id=118&Ig=kh. Retrieved 1, 2014, from http://mimupc.gov.
kh.

MYller, FV. 2013. Oldpolicies +New action: A surprising political initiative to recognizehumanrights in the
Cambodiarandreform.The World BankWashington DC.

Ngo, S.andChan, S. 2012. Economiandconcessions anbcalc RPPXQLWLHY 7KH 1*2 JRUXP RQ &D
Forestry Rights Project of Land and Livelihoods Progranih@om PenhCambodia.

E ISERD
184



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

Rabe, A. 2013. DirectivBB01 in Ratanakiri Province, Cambodilssues and impacts of private landirig in
indigenous communitie®hnom Penh, Cambodia.

RGC. 2012. Order 01 on Measure to strengthen and increase sufficiency of economicotaesson
managment. Phnom PerBambodia.

RGC. 2002Interimpaper orstrategy oflandpolicy framework. Phnom PenlCanbodia

Sar, S2013. Adjusting the structure of systematic land registration team under LASSP. Phnom Penh.

The NGO Forum2011. Statisticadnalyss onlanddisputes in Cambodia 2010. Research and imédion Centre
(RIC). Phnom PeniCambodia.

tllenberg, A.2009. Foreigrdirectinvestment (FDI) ifand in Cambodia. Eschborn: Deutsche Gesellschaft fYr
Technische Zusammenarbeit (GTZ) GmbH.

Yeang, D.2013. Improving tenure security in urban informal settlements: The case of Baitmizavince in
Cambodia. MunichGermany.

E ISERD
185



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

Research articl

# Farmers Perceptions on the Causes and Effects of Cassava

' LWFKHVY %YURRP &:% RQ &DVVDYD 3URGX|
Provinces of Cambodia

PIN CHANDA *
Faculty of Agriculture, Chea Sim Universitykdmchaymear, Cambodia
Email: chanda_pin@yahoo.com

PIN TARA
University of Heng Samrin Thbongkhmum, Cambodia

JOHN M. SCHILLER
Faculty of Science, School of Agriculture and Food Sciences, University of Queensland, Australia

Received?1 Decembef015 Acceptedl2 May 2016 (*Corresponding Author)

Abstract Cassava production in Cambodia has been increasing due to favorable market and
agroecological conditions. However, damage to cassava crops by pests is posing significant
concerns, due to thenpact on yield and starch quality. Among the most important diseases is
&DVVDYD :LWFKWB)fthét baR By recently been identified in Cambodia which is
increasing in severity, and for which there are limited control. A survey on causefestsl of

CWB was undertaken in 2B8lwith 150 cassava growers in the three provinces of Kampong
Cham, Prey Veng and Svay Rieng. A further 30 cassava farmers participated in a focus group
discussion. The main objectivesthis studywere to get an undsianding of the current level

of damage caused by CWB on cassava production, the causes of the disease, and the control
measures taken by the respondents in relation to the disease. CWB is perceived by cassava
growers as the most serious disease in tlasisava crops, potentially causimgre than 50%

decline in tuber yields (from an average of about 19.5 t/ha in a normal year, to 8.5 t/ha in a year
of CWB infection and damage). From the perceptions of respondents, four reasons were given
for the incidee and damage of CWHhese included, poor soil fertility (28.70%), drought
(28%), the side effects of pesticide use (20%), and the quality of planting materials/varieties
planted (18%). Even though these are the reasons provided by cassava farmeis, ritiey

have the capacity to control the disease, despite the following initiatives: pesticide application
(55%), change to CWB resistant varieties (15%). Farmers reported that pesticide application is
not an effective strategy to control CWB, and recomradnthat improved agricultural
extension services could help them get access to CWB resistant varieties, as well as to address
other production issues, in a timely manner.

Keywords & DVV DY D Brobdhk, &abs¥ dffect, cassavaroduction,poor soil fertility

INTRODUCTION

In Southeast Asia, cassava is the second most widely cultivated crop after rice. The crop supports an
estimated of 40 million people, and underpins steadily growing local starch and biofuel industries
(ACIAR and CIAT, 2013) Cassavas of growing importance, since it is regarded as a food security
crop. It is either consumed directly, processed, or cultivated as a source of income for ithéopbor
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The crosshorder trade of cassava is also well known, since the Cambodisavaagrovides
feedstock for the processing sectors in Vietham and Thailand. The value of cassava products traded
from Cambodia is estimated tover U250 million per annum{El, 2008) However, the rapidly
emerging pests and diseases problems pose 4 s5igf DQW WKUHDW WR IDEPwWU TV \LHO
asto the local industryA key threatof &DVVDYD :LWFKHVY %YURRP GLVHDVH &:%
up to 40 million small holder farmers in Southeast Asia Wwhwve stronglepenénceon cassavao
suppot WKHLU OLYHOLKRRGV ::LWFKHVY %URRP LV D GLVHDVH WKDYV
can also be transmitted by insects. The most common symptoms are the presence of dwarfism in the
plants, small leaves along the stem, and lower guedissava roots. The disease has been detected in
Vietnam, Thailand, Cambodia, Laos, Indonesia, and the Philippines. The iofig@¢{B is clear:it
increaseshe lossmarginbetween 10 and 15% (but as high as 50%), with starch content being reduced
by 25 b 30%(CIAT, 2015a; 2015b)

Even though CWB was first reported in Cambodia as recently as 2009, it has been causing severe
damage in cassava plantings, especially during the early wet season. In Cambodia, CWB is currently
the most serious disaster for cags farmersSince the disease has a direct impact on farmer incomes,
it is very important that action negtb be taken to equip cassava growers with some capacity to
control the diseasén addition to the CWB constraint, cassava is usually cultivejedoor farmers
without havingaccessor knowledgeto fertile their land. These marginalized farmers can often suffer
from crop losses dut their limited capacity to address pest and disease issues. Ultiestely lead
them to become webt, resultingn asset sales and landlessri€ ambodia Daily, 2014)

This study has been conducted with 180 cassava farming households in three provinces of Prey
Veng, Svay Rieng and Kampong Cham to understand the current status of their cassava production,
particularly to identify the causes and effect€W¥B on this crop production.

METHOD OLOGY

Samples for the survey were setgtfromthe three districts of the three provinces named abidwe
survey randomly selecteti50 respondents in the survey areas, with approximately 50 households
being ranlomly selected from each of the survey districts. To engmesentativeness aadcuracy
of the data, the survey employed both quantitative and qualitative methods which allowed information
from both approaches to be cratwecked.From the quantitate side, the questionnaire tool was
designed to accommodate individual interviews with cassava cultivating households in the target area,
while from the qualitative side, group discussion interviews were conducted anitther 30
experienced cassava farmeosthat the discussion could be directed to cowvetdpic of the study.

For the individual interviews, the survey samples were selected from cassava growing households
in the three provinces. A questionnaire involving, 32 questions was designed faubéhold survey.
The questionnaire contains both typical and critical questions ranging from the genetatiabio the
status of cassava production, the causes and effeCi&/Bfproduction, and other technicalities related
to the management of this disease.

Epidata Software was used to build a data entry templadethe data wafsirther exported into
SPSS Software for final cleaning and analyBiasic statistical procedurescinde frequency, cross
tabulation, multiple responses, numeric descriptive statistic, and pair sari@st Which were
appliedin thequantitative data analysis.

RESULTS AND DISCUSSION

Causes of & DV VDY D : LW F KkEcurferidelUrRiiEommunity
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Farmer peceptions on theof CWB disease in the target communitiesrevrecorded in terms of
respondents perceptions as to reasons for the CWB outbreaks in the last two yeaP9120.18he
reasons provided were within the context of the knowledge and observations of farmers. Roughly 28%
of households claimed that among ttontributing factors were poor soil fertility, drought, and other
unknown reasons. Around 20% of respondents mentioned that the outbreaks of CWB might be related
to the use of chemical pesticide and fertilizer, while another 18.7% believed that tlemdecaf the
disease was based on the use of contaminated planting material. A small proportion (ranging from 6%
to 8%) of households reported that the cause of CWB could be due to sources of planting material, and
insect outbreaks (Fig. 1)

35.00%
30.00% 28.70%  28.00% 28.00%
25.00%
~ 20.00%
20.00% 18.70%
15.00%
10.00% 8.00%
6.00%

5.00% I I
0.00%

Cassava  Source of Use Poor Drought Insect Don't know

variety planting  Chemical fertility soil
planted  material pesticide

Fig. 1 Farmer perceptions of the causes of CWB in the survey target areas
Effects of Cassava Witche$Broom Disease orCassavaProduction

'LWFKHVY EURRP GLVHDVH DWWDFNV WKH VWDUFK LQ FDVVDYD U
farmers take actioon time In Cambodia, the disease results ir1B% yield loss when compared

with normal yields(CIAT, 2013) This spells disaster for farmers. The same source also adds that the
disease remains a major problem since Cambodian cassava growers oftencangava planting

material from Vietnam, especially during the planting time in April. The disease is more prevalent in
Vietnam and the use of the Vietnamese planting material is the main source of the disease in Prey
Veng and Svay Rieng provinces which @dorders adjoining Vietnam.

Regarding the impact of CWB on cassava cultivation, each household covered by the survey was
asked to quantify the damage in relation to different aspects of cassava production, including land size,
yield per hectare, price p&g, bunches per hectare, and price per bunch. The level of impact of each
parameter was estimated by comparing the production in normal years with production in years when
CWB has affected the cassava crop on the same unit of land.

To understand the csmva crop production losses caused by the CWB disease, land size, price,
and yield during a normal year were compared to those in a year of CWB infection. Regarding to the
proportion of land infected by CWB, those households that encountered the digeased réhat
nearly all of their land (99%) was affected by cassava witches broom disease. In the years of infection,
nearly all of the respondents (98.7%) received significantly lower cassava tuber yields when compared
to the production in a norrhgear. h reference to pricehe CWB affected cassava was sold at a lower
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price than for the produce from healthy cassava crops, with 84% of households reporting a 40% lower
price than for uninfected crops in a normal ydaomi 200to 280 riel/kg (Table 1).

Table 1 Growing area, yield and price of cassava in normal and CWB affected years

ltems In normal year In affected year Significant
Growing area (ha) 2.22 1.37 0.00**
Yield (kg/ha) 19,591 8,520 0.00**
Price (Riel/kg) 280 200 0.00**

The symbols (**)ndicate a highly difference significant

) D U P HAdtibfis after First Observe Cassava Withe§ % U RiReRse in theirCrops

Cassava farmers have applied many techniques to control the CWB disease after they first ibbserve

in their crops. Those techniqu@s reported by the survey farmers) have included: thefysssticides,

the useof disease resistant varieties, the removal of infected pléngshanges in the planting time,

and othermeasuregFig. 2). The use of pesticides remains the most comstoategy (47.30% of
respondents) since this technique did not require a lot of time and resources. Removing affected plants
was the second most common option of the respondeves. though some farmers perceived that this

is a waste of their capitaésources, more than 20% of the respondents applied this technique in the
belief that the disease can be managed over time, and that they can prevent the spread of the disease to
other healthy plants. A small number of farmers also applied other technigqe&sding the
application of more fertilizer to the crop (10.10%je use of a disease resistant variety (8.80%8,
changeof planting materials (4.70%), artde change to an earlibarvesing period(4.10%), even

though the crops were not fully maguand the yield could be lower whemuggared to that of mature

plants (Fig. 2).

Don't know 22.30%

Quick Harvest

Take out 22.30%

Apply fertilizer

10.10%
Change the source of planting material 4.70%
Change the planting time

Use pesticide 47.30%
Use a disease-resistant variety 8.80%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00%

)LJ J)DUPHUVY DFWLRQV DIWHU ILUVW REVHUYHG WKH &DV\
on their cassava crop

Key Suggestions fromFarmers

From the experience of farmers, CWB is regarded as the most serious yield constraint for their cassava
crops, and it ultimately brings harm to their livelihoods. While being in need of assistance to control
this disease, the support services for cassawvavegs in the study areas remain perceived as
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insufficient. Even though most farmers have made attempts to manage the disease, their knowledge,
capacity, and accessibility to the right products and services remains limited, and thus their control
initiatives have generally not been effectiVe.overcome the constraints, farmers have suggested that
stakeholders, especially the agricultural extension service of the Ministry of Agriculture, Forestry and
Fisheries (MAFF), provide more practical training GWB control (72.50%), training on CWB
symptoms identification (56.49%), training on effective pesticide application (54.40%), and effective
fertilizer application (10.10%). Cassava growers also indicated that they wish to see immediate
interventions from M\FF and from local authorities, in the event of any outbreak of disease, and in
relation to other issues that theylfte need of urgent assistar(€ég. 3).

80.00%
72.50%

70.00%

60.00% 54.40% 56.40%

50.00%
40.00%
30.00%

20.00%
10.10%
10.00%
0.00% .
Provide training to Identify the effective Identify the syptom Fertilizer application
protect CWB of pestiside of CWB

Fig. 3 Key suggestions from farmer survey respondents

CONCLUSION

While more cassava is cultited by Cambodian farmers due to certain selected preferences, the growth

RI WKLV FURS FDQ SRWHQWLDOO\ EH VHYHUHO\ DIIHFWHG E\ &DV
severe crop losses and the downgrading of the quality of cassava rootsrema¢@tdéent. From the

survey on the causes and effects of CWB on cassava production in the survey area, the following
conclusions can be drawn:

Cambodian farmers still do not have a lot of experience in growing cassava, particularly in large
scale productin. In general, farmers still do not have the accessibility to quality cassava planting
materials from within the country. At the same time, the improper application of pesticide does not
enable farmers teffectivdy controlthe pest factors on their cassava. Th#gnhad limited capacity
to address significant issues, such as the probparticularly caused by CWBA lack of access to
local agricultural extension services has also resulted in cassava growers facintjiesficuelation
to getting advice on management and production issues.

The issue of reducing the future ongoing impact of CWB is critical, as most cassava growers are
still committed to growing this crop in the future. Tihéxjuires an improved managaem@@ractice as
well as a timely support to farmers in need. Thus, this falglolights the importance of agricultural
extension services in providing guidance to cassava growers for the management of their cassava crops.
To mitigate the consequences ofngsichemical pesticides, the introduction of the CWB resistant
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cassava varieties is the best option for the futune this could motivate farmers to continue growing
this crop in a more secured environment
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Abstract Climate change poses a major threat to the environment, economic and social
components in agricultural sector in rural communities. If rural agricultural communities are to
respond adequately to future climate change, they will require to develop aceptatisure

and to do so, it is required to assess vulnerability in their communities. One of the most notable
climate change impact in Korean agricultural communities is that fruit cultivation sites are
moving northward. In the past, apple cultivation \mas preferred in the Gyeonggi province.
However, with changing climate, farmers in Icheon and Gapyeong in Gyeonggi province
started to cultivate apple. In addition, governmental support through apple cultivation
promoting projects increased apple cultioatin the province in recent years. This pagars

to assess climate change vulnerabilities of 4 apple cultivation communities in Gyeonggi
province by developing vulnerability indices as functionclifhate exposure, sensitivity and
adaptive capacityJsing zscore normalization, the quantitative analysaswonducted in this
study. The main results of vulnerability assessments are founded as follow: Icheon and
Gapyeong showed higher vulnerability by higher level of exposure and sensitivity to changing
climate than Paju and YeoncheoHowever, adaptive capacity showed that Paju and
Yeoncheon as more vulnerable than the Icheon and Gapyeong. Therefore, the study concludes
that albeit the same crops cultivated in one provirioe,effective locatlevel adptation
measuresidentifying components comprising the vulnerability in the commuisityequired
Vulnerability assessment using indices should provide quantitative backgrtumgelop
appropriate and effective agricultural community adaptation messu

Keywords climate changeJocatevel adaptationyulnerabilityassessmengpple farming

INTRODUCTION

Responding to additional challenges from climate change impacts will require significant adaptation
measures within agricultal communities (IPCC, 2007Agricultural communities in Korea have
already experienced impact of climate change, including crop and livestock loss from severe drought
and flooding, largescale losses from weathexlated disasters, shifts in planninglamarvesting times

and cultivation lands. According to Ministry of Environment (2015), one of the most notable and
critical climate change impact in Korea on agriculture sector is that fruit cultivation sites have been
shifting northward and this impact ideen appeared mostly in apple cultivation. Total area of apple
cultivation in formerly famous southern areas, Daegu and Gyeongsang province, has been decreased
about half from 34,776a in 1995 to 18,88Ba in 2014 (Eashorth Regional Statistics Korea015).

On the other hand, apple cultivation is increasing in provinces in north, such as Gyeonggi and
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Gangwon. Farmers in Gyeonggi province, particularly in Icheon and Gapyeong municipals, adapted

apple crop in their cultivation site since early 2000rédver, regional government started to
UHFRJQL]JH DSSOH DV RQH RI LPSRUWDQW FURSV LQ WKH DUHDYV
'0= DSSOH FXOWLYDWLRQ FRPPXQLW\YT SURMHFW LQ 3DMX DQ¢

farmers who wish to gm apple by providing financial and technical supports. To respond adequately

to future changing climate in relatively new and increasing apple farming communities in Gyeonggi

province, it is required to assess th&siand vulnerabilityThe most mutual wantitative vulnerability

assessment method is the employment of a composite index comprising a set of indicators. These

indicators represent the vulnerability of a studied system and are mathematically combined into a

single composite index (Moss et &001). Although there are studies on quantifying vulnerability

using indicators, most of the studies are done in rHaeel to assess national and regional level of

vulnerabilities (Yooand Kim 2008; Moss et al., 2001). Effective planning for climatengea

adaptation programming in agricultural communities requires an assessment of local vulnerabilities so

as to bridge the gap between community needs and priorities at the local level (Burton €Ral., 20

Not only it is important to assesschi level vulnerabilities but it is vital to have crop specified

vulnerability assessment considering environment, economic and social conditions of the agricultural

communities. This paper will conduct-ttepth analysis of the local level vulnerabilities, to corapar

the differences among apple growing communities by developing vulnerability index and integrating

gquantitative analysis based on the intensive review of previous studies and policy reports.

OBJECTIVE

7KH PDLQ REMHFWLYH RI WKLWDS/DISHU DWVW RVPRIQGX RW FTOXCPOWIH
RI IRXU DSSOH IDUPLQJ PXQUF I3®MXV D QFK KR R Q FIRERHR QB LR K L Q FH
LQ .RUHD %\ GHYHORSLQJ DQG XVLQJ WKUHH LQGLFHV YXOQHL
DQDOWKH YDULDEOHV WKDW GHWHUPLQH YXOQHUDELOLW)\ RI WKH
H[LVW DPRQJ WKH DSSOH IDUPLQJ FRPPXQLWLHV LQ *\HRQJJL SUI

METHOD OLOGY

As shown in Figl, Gyeonggi province is located in the central western part of Korea and it surrounds
the cities of Seoul and is bordereyg North Korea. The province &atypical continental climate that
the annual temperature is between¥ €3 ¥.

N N
A Republic of Korea A Gyeonggi Province

’ (YEONCHEON
N ceiprovINCE SRR 4
IS PAIU GAPYEONG
i -~ Y |

- _

ICHEON

Fig. 1 Study areas
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Table 1Overview of Gyeonggiprovince and 4apple farming municipals

Indicators Gyeonggi Icheon Gapyeong Paju Yeoncheon
Population (persons) 12,793,556 210,908 62,774 426,733 46,180
Population Density (person/in 1,234 457 74 598 69
Agricultural Land (ha) 176,854 17,349 3,706 11,445 9,012
Apple Cultivation Area (ha) 500 80 88 a7 25
Source:Annual Statistics Report of Gyeonggi Province (2014)saatistical year book of each province
, OQWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH GHILC

GHJUHH WR ZKLFK D VA\VWHP LV VXVFHSWLEOH WR RU XQDEOH W
LQFOXGLQYDROIDPEOWHWY DQG H[WUHPHV 9XOQHUDELOLW\ LV D IX
UDWH RI FOLPDWH YDULDWLRQ WR ZKLFK D V\VWHP LV H[SRVHG

ORVV HW DO DQG .IkRR ,Q WKLV JBOLHZRUBHILQHY WKH WH
FOLPDWH H[SRVXUH VHQVLWLYLW\ DQG DGDSWLYH FDSDFLW\ D'
VWLPXOL UHFHLYHGWHHIRFP AKDMKIHHY QRQBOLPDWH FRQGLWLRQV
YDULDELOLW\ PIDQRAXKXGEH DMKXE IUHTXHQF\ RI HIWUHPH HYHQWYV
ZKLFK D VA\VWHP ZLOO EH DLNMNH WHRGF B\L PROUNVE® GWAB RFRHXCL D Q BBL WW
FDQ HLWKHU EH ELRSK\VLFDO HHHRYYRRPQ EPBRKDHIDFEIDSIM BYAENQFD 8 R F
LV WKH FDSDELOLW\ RI D VIVWHP WR DGDSW WR LPSDFWV RI FOL
D VIVWHP WR DGMXVW WR FOLPDWH FKDQJH LQFOXGLQJ FOLPD
SRWHQWLDO GIHP DIG-MWD QWHD JWMDR 1 RS FARWBW X RILWK HAVR OR/BI QMEH Q FH V
:DQGHO $V LQ (T WKLV SDSHU WDNHV ,3&& DSSURDFK
YXOQHUDELOLW\ WKDW D VA\VWHPTV WRWDO YXO QG DVEILGDLLWWM LIN\L W
VXEWUDFWHG E\ DGDSWDWLRQ FDSDFLW\

Vulnerability U (Climate Exposure + SensitivitydAdaptation (2)

3UR[\ YDULDEOHY DUH VHOHFWHG DNQIG& @FANDLR/QL RH HF[CBRIVEKLUAN\
E\ ,3&& DQG LQ VFUXIWMQAWHEDVHIE RPYWHH RI SUHYLRXV VWXGLHV
5HVLOLHQFH ,QGH[ 95, FRPSRVLWH LQGH[ FRFERP\DHNGH RAKD QUE
YXOQHUDELOLW\ DVYVHVMPHQMY RHED WSIBHROYH W FL O O WIRIM R Y H L
SDSHU VLQFH WKH LQGLFDWRUW KBIUB VV H GMEWEIE | RIDRIVOLIF XUWOHDYULG
YDULRXV JRYHUQPHQW UHSRWXDQWLIE® W KRRGDIPREHAWRSR W EB8BO HSUR |
YDULDEOHVY DSSOH FXOWLYDWXBDROJXHGHORMHGWY HORISGIIGY \E U |
UHIHUHQFHG 8QOLNHHBHEB WMWXE LMHD/FURKDW VWX GRPPXYXRBYWHWWO W
DXWKRUV WR VHOHFW WKH YDULDEOHV EDVHG RQ DYDLODELOL
VHOHFRWFOXGH QXPEHU RI \HD WWVHERISW B EDR¥EMDBI0R Y dubnbét
of days withmaximumtemperaturever 26¥; maximum rate of precipitation per day; number of days
with maximum wind speed over 3m/s; damages from storm and flood p#a;carea of apple
cultivation per total area; rate of elderly agricultural households; beneficiaries of national basic
livelihood; Gross Regional Domestic Production per capita, productivity ratppdéper arearate of
household with Speed Spray hetdand rate of cooperative membershi,R DVVHVYV FOLPDWH
YXOQHUDELOLW\ RI IRXU DQHOBARKMHRRLQIDBXHREGLSBDMXLQ QG <H
*\HRQSURYLQFH

6HOHFWHG SUR[\ YDULDEOHYV DUHRVFRLO\ |GIKW PR®IH) FXDW W/ L R@
RWKHU QRUPDOL]DWLRQ PHWKRGV VXFK D\WVD[FDQB WU\DWDN QRUHP &
UHIHUHWOQFRUH LV JHQHUDOO\ DSSOLHG LQ WKH SUHYLRXV YXOQH
DOORZV WR FRPSDHH URKHGG DWW D HVQRAD WOQBRMA R UI7HK IPVH WK R G \ WKR/IHW |\
VXEWUDFWLQJ WKH PHDQ IURP WKH REVHUYHG YDOXH DQG GLYLC
7KLV HQVXUHV WKDW HDFK RI WKH UHVFDOHGU®DEGHDEDWVRIQD R |
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DOORZLQJ WKHP WR EH FRPFRQNG R®IHI IQRW @WBEREHMIMRQOGOHW H U P
SRVLWLYH DQG QHJDWLYH UHODWLRQV RI FRPSRQHQWYV

RESULTS AND DISCUSSION

([SRVXUH LV D OHYHO RI DFTXDLQW D QHWDW R UFHO LR WAV SULIW/INW LIE
LQIOXHQFLQJ SURGXFWLRQ DQG TXDOLW)\ Rl DSSOH IRKDWKLV S
KLIKHU H[SRVXUHQ WORQ FO\JPQWHWVKH UHVXOW RI FOLPDWH H[SR\
YXOQHUDEOH LI LWF KWK RXNHD FBRGXFWLRQ DQG WKH TXDOLW)\
PDQ\ GLIIHUHQW HOHPHQWY GXULQJ D \HDU DURWG®&®8SHR D VWXKHH
PD[LPXP WHPSHUDWXUH GXULQJ $SULO WR $XJXVW SUHFLSLWDW
$SWO WR 2FWREHU $SSPBH RQQLEHM UM®ZQ VDWLVIDFWRULO\ ZLWK
E HW Z HH®G ORUHRYHU MUHPSHUXDWRUH RO WR $XIJXVW FDQ S
HIITHFW RQ WKH VKDSH RI DSSOH 6ZHHWQHVV RI DSSOH LV DII|
2FWREHU :LWK KLJKHU SUHFLSLWDWQ2RDOQ @EGHOW RR B KV OB MW
DEVFLVVLRQ RI DSSOH DOVR LQIOXHQFHV WKH SURGXFWLRQ RI
VSHHG RYH®XULQJ FXOWMYDMRR® MHDMRQH ZLWK UHJDUG WR F
FVFRUHV IRU WKH WRWDQ WK ORW UPEHRQW\ VKRD GRDISWHRQJ
FVFRUHV LQGLFDWH WKDW ,FKHRQ DQG *DUHWRNQV WWHBQPRDMXH
<HRQFKHRRI® VSHFLILFDOO\ ,FKHRQ DQG *DS\HRQJ DUH IRXQG WF
WR EHRWHS WR FOLPDWH ULVNV VXFK DV LQ DGHVXKD®H DWHPSH
VZHHWQHVV RRIEKSHWHZRUGY WKLV- UHVEQW® \kH RGH K BRUH THWX/
YXOQHUDEOH WR EH H[SRVHG WR WKHDRGG.LB\WHALSLWNDW URIQ D R/W
DGHTWKXWHEH DQG VZHHW®REWYHJ BIMXHDQG <HRQFKHRQ VKRZ
YXOQHUDELOLW\ LQ FOLPDILK @K[IS\R VLDQUEH. FZLWHKY VWKIIRQ JDSSOH I
<HRQFKHRQ DUH PR UH IMXOQRKU DEROPH ZWR GDEW\ GHYHORSLQJ SUHY
VWURQJ ZLQG IDUPHUV LQ 3DMX DQG <HRQFKHRQ FDQ LQFUHDVH

Table 2 Result of Z-scores orclimate exposureindex of 4apple farming municipals

Proxy Variables Icheon Gapyeong Paju  Yeoncheon
Number of yrs. with annual avg. tempeena,>: 8 ¥ or><l1 ¥* 0.79 1.14 -1.31 -0.61
Number of days with maximum temperature over¥g 0.00 0.97 -1.62 0.65
Maximum rate of precipitation per day** 1.36 0.35 -1.40 -0.30
Number of daysvith max. wind speed over 3m/s** -0.51 -1.18 152 0.72
Total vulnerability in climate exposure 1.64 1.28 -2.81 -0.0

Source: National Climate Data System (http://sts.kma.go.kr/, accessed October 28, 2015)
*data for 20042014,** data for April to Augustf 2014 ** *data for April to October of 2014

BHQVLWLYLW\ SUR[\ YDULDEOHYV DUH VHOHFWHG WR UHIOHFW
DUHDV ZLOO EH DIIHFWHG E\ RU UHVSRQVLYH WR FKDQGLQJ FOL
E\ VPDOO FKDQJHY MXIF\OLPISHW SUR[\ YDULDEOHV DUH VHOHI
JHRJUDSKLFPHOFRQBPLRPIORHOHPHQWY LQWR DFFRXQW )RU JHRJU
DUHD DQG WRWDO FRVW RI GDPDOH DURPVHORE R P G PR B& SHOQR
DV KLJKHU UDWH Rl VLQJOH KRXVHKROG ZLWK RYHU \HDUV RO
DUH VHOHFWHG WR DQDO\]H KRZ WKH FRPPXQLW\ LV VHQVLWLY!
SRWLYHO\ FOQPWB RKRD QJH KYLYVO PHDQ ¥ LVDARRNW HV WKRZ] SRVLWL)
JUHDWHU QXPEHUV WKHQ WKH YDULDEOHV DUH UHODWLYHO\ F
GHILQLWLRQ VHQVLWLXCH NUDEBRM KWIWR PRAUEDB®M F ,FKHRQ
*DS\HRQJ PXQLFLSD-ONF RKIRZ G RAHQWLLYWH: Y L W D R IGH YHHRDQYF B BIR §
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- VKRZ QHOBRWHYWHSHFLILFDOO\ H[FHSW IRU GDPDJHV IURP VWR
WR EH WKHHRREWHY XBQDWLYH WR RWKHU DUHDV LQ DOO RWKH!
SRVVLEOH WR OHVVHQ YXOQHUDELOLW\ UHODWHG WR VHQVLWL
IRFXV RQ PRGHUDWLQJ ULVNV RIl YXOQHBUMHEIHFEBREIXE U WLR@D WMIO
OLYHOLKRRG OLYLQJ LQ WKH DUHD

Table 3Result of Z-scores orsensitivity index of 4apple farming municipals

Proxy Variables Icheon Gapyeong Paju  Yeoncheon
Damages from storm and flood per capita (won) 1.61 -0.10 -1.11 -0.39
Area of apple cultivation per total area (%) 1.53 0.16 -0.52 -1.17
Rate of elderly (+80) agricultural households (%) -1.00 1.66 -0.45 -0.21
Beneficiaries of national basic livelihood (%) -0.94 1.33 -0.99 0.60
Total vulnerability in sensitivity 0.75 3.05 -3.07 -1.17

Source: Annual Statistics Report of Gyeonggi Province (2014) and statistical year book of each province

$GDSWLYH FDSDFLW\ UHIHUV WR SRWHQWLDO RU FDSDELOLW\
PRGHUDWH SRWHWR/ LWDNEDPOGYBQWDJH RI RSSRUWXQLWLHV R
(FRQRPLF FDSDFLW\ LQFOXGLQJ *URVV 5HJLRQDO 'RPHVWLF 3UR
DSSOH FDQ GHWHUPLQH KRZ WKH V\VWHP FDQ HFRQRPULEP OO\ P
LPSDFW Rl FOLPDWH FKDQJH 3K\VLFDO LQIUDVWUXFWXUH VXFK
IURP LQVHFWY DQG WKLV FDQ HYHQWXDOO\ VXSSRUW SURGXFWL
LQIOXHQFH DGDSWLYH FDSDALIQN\ LRI RURE WREPOEE DEMWU WKDQ QR
8QOLNH H[SRVXUH DQG VHQVLWLYLW\ WR FOLPDWH KLJKHU T
YXOQHUDELOLW\ WKDW - QR B WPKNMKEXB Q GOVMR BIOO R/ VX ORG D S\ L T H'
FDSDFHW®\W WKDW D V\VWHP LV OHVV FDSDEOH RI DGDSWLQJ WF
PRUH YXOQHUDEOH FLUFXPVWDQFHV 7KH UHVXOWV LQQMEOH
<HRQFKHRQ ,FKHRQ DQG *DS\HRQJ LYHDBHSKHFIKKHU $FR QG
DUHDV ,FKHRQ LV WKH KLJKHVW LQ DGDSWLYH FDSDFLW\ DQG W
FRPPYXQLLQ ,FKHRQ WKD® VRKHK RW IPHB KW QG 3DMX DQG <HRQFKH
DGDSWLYH FDSDFLWVHKRDHYNU LREUMBVLQJ JRYHUQPHQW VXSS
SURYLGLQJ 6SHHG 6SUD\ DQG HGXFDWLRQ RQ DSSOH FXOWLYDW]
LQ WKH IXWXUH ZKLFK ZLOO PDNH WKH DUHDV WR KDYH IDYRUDE!

Table 4 Result of Z-scores oradaptive capacity index of 4apple farming municipals

Proxy Variables Icheon Gapyeong Paju  Yeoncheon
Gross Regional Domestic Production per capita (won) 1.37 -0.79 0.53 -1.11
Productivity rate of apple per area (kg/10a) 0.42 1.44 -0.79 -1.06
Rate of household with Speed Spray holder (%) 0.57 -0.16 -154 1.13
Rate of cooperative membership (%) 0.34 0.71 0.66 -1.71
Total vulnerability in adaptive capacity 2.7 1.20 -1.14 -2.75

Source: Annual Statistics Report of Gyeorfggivince (2014) and statistical year book of each province

CONCLUSION

$IJULFXOWXUDO FRPPXHISWMIQREQ QUK XUDIOOUHVRXUFHYV WKDW DU
FKDQJH $GHTXDWH DGDSWDWLRQ PHDVXUHY DUH UHTXLUHG IRU
GDPDJHVY DQG WR WDNH DGYDQWDJH RI RSSRUWXQLWLHYV UHOD)
FKDIQQJ FOBRDWMKH IUXLW FXOWLYDIWULGR VR LWHRQWRRERIRY KQFH
LQFUHDVLQJ GDPDJHV IURP HIWUHPH HYHQWY LQFUHDVHG QHHG

E ISERD
196



IJERD zInternational Journal of Environmental and Rural Development ¢p@41!

FRPPXQLYR HG\H VHIGIRBYGDISWDW LR QUMAUBMY XOBWUDWLOLW\ DVVHVVP
FRPPXQLWLHV ,Q RXU VWXG\ WR LQFUHDVH DGDSWLYH FDSDFLW
YXOQHUDELOLW\ DVVHVVPHQW IRU IRXU DSSOH IDUPLQJ FRPPX
FRQGXBWIDE P DI@JI HFKY XOQHUDELO L WZE DYV \GHIW\HROHR B GE@QIGR-D[MQHF O X
H[SRVXUH VHQVLWLWIBWVVP®WP DS HSVWDWIRQY XOQHUDELOLW\ RI |
DQG <HRQFKHRQ LQ *\HRQJJL 3URYLQFH LQ .RUBDVHWVP RQWY BH
EH JURXSHG LQWR WKUHH GLIIHUHQW SDUWV FOLPDWH H[SRVXU
UHODWHG WR FOLPBW KHH FRPPWXKIELVBBWHHY F R Q G L VG R DX DKAHHN KRHU W
DSSOH FXQRWLYBRMRGIXW DSSOH IDUPLQJ FRPPXQLWLHV ,FKHRQ
YXOQHBDO®RIHG E\ *DS\HRQJ <HRQFKHRQ DQG 3DMX 7KH UHVXC
DQG SUHFLSLWDWLRQ L@ RKIOHR\KHIDGR PESQHR/QHY PRUH YXOQHL
<HRQFKHRQ LV OHWWRWBRO GRHOLPBAMR GEISRRRAUH KLIJKO\ H[SRVHG W
FRPPX@YKW®BOGGEHORS WKH DGDSWLYH PHDVXUHV VXFK DV ZLQGVK
ZLQOGRUHRY HXYO QHKWDE L O L WR XIDIDBH R @ P DWW K H PRR \W ORHPQ@UNY L Y H
IROORZHG E\ ,FKHRQ <HKGOFKHRQR3OWRIMMRUH Y X OZIHW BROW
OLNHO\ UGB RRIA WRKLFD O F@PWIHEFWHULYWWHVRI HOGWUM®G DJULF
EHQHILFLDULHV RI QDWAKRXQYD @ \E D.WL B HFFFAFH&GRR@ WL FWSDO WR |
DJULFXOWXUDO ODERU SURGXFWLYLW\ LQ WKH UHJLRQ WR PDLQ
VHQVLWLYLW\ DBDSWRXBSWRINEHLWY ,FKHRQ DQG *DS\HRQJ FRPS
<HRQFKMHRIQKLIJKHU DGDSWLYH FDSDPBIW\L KD VD0 D'ERMRIDWRG 73 S\
,FKHRQ DQG *DS\HRPQUHIKR KDWBWHG WKHLU RZRQRRRBPXQELWLHYV
GHYHMGRWHFKQRORJLHVY WR FRSH ZLWK FOLPDWH GDPDJHV

7KH UHVXOWV RI WKLV VWXG\ FDQ SURYLGH YLWDO LQIRUPDW
DSSOH IDUPLQJ PXQLFLSDOV WR GHYHORS HIIHFWLYH DGDSWDW|
UHGXHAHGWRDJHV IURP FOLPDWH FKDQJH LPSDFW LQ DSSOH FRP
XQGHUVWDQGLQJ GLIIHUHQW HOHPHQWYV WKDW LQGXFH FOLPDW#F
FDQ LQFUHDVH LWV DGDSWLYH FDSDFLW\ DQGR@HVMHQ DV EHR®E
DSSOLFDWLRQ RI YXOQHUDELOLW\ DVVHVVPHQW LQGH[ VKRXOG
YXOQHUDELOLW\ LQ DSSOH IDUPLQJ FRPPXQLWLHV ORUHRYHU W
WR RWKHU UHJLRQWR &G RWKHUWWBFWRUYWHIUDWHG FOLPDWH |
RI UXUDO DJULFXOWXUDO FRPPXQLWLHYV
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International Societyof
Environmental and Rural Development

Philosophy of ISERD,

Recently, in developing countries, subsistence agriculture is being converted teogigraed moneculture,

and the amounts of agricultural chemicals applied to the farmland are increasing every year. The applied
chemicals infarmland cause serious environmental problems downstream such as eutrophication, unusual
growth of aquatic plants, decrease in dissolved oxygen and accumulation of bottom mud in water resources.
Also, there seem to be many cases in which people applyubigrad chemicals without understanding its
impact to health and food safety. Therefore, it is necessary to promote and enhance understanding of
sustainable rural development among local stakeholders including farmers.

Sustainable rural development aimsnteet human needs while preserving the natural environment. As
it should cover not only social and economic development but also natural environment conservation, no
single organization can achieve sufficiently the aspirations of sustainable rural geestoollaboration
among international, governmental and +gmvernmental organizations, together with the academe and
scientific sector, is indispensable.

The knowledge and intelligence accumulated in universities and research institutions are alsal expe
to make the programs facilitated by the international, governmental angoremmental organizations
more adequately implemented and meaningful to societal development. However, these cases especially
those implemented locally have been scatterdbdont having been summarized well or recorded in annals
academic or scientific societies.

So, the International Society of Environmental and Rural Development founded in 2010, aims to discuss
and develop suitable and effective processes or strategiesstainable rural development focusing on
agricultural and environmental aspects in developing countries. The ultimate goals of the society are to
contribute to sustainable rural development through social and economic development in harmony with the
naturd environment, and to support the potential or capacity building of local institutions and stakeholders in
the rural area with academic background.

Purposes of ISERD
The primary purposes of ISERD are to contribute to sustainable rural developmenthtlsomigi and
economic development in harmony with the natural environment and to support the potential or capacity
building of local institutions and stakeholders in the rural area with academic background.
In order to enhance the realization of the priyraurposes of ISERD, the secondary purposes are;
- to facilitate interaction among international, governmental,-gmrernmental organizations and local
communities,
- to hold conferences or symposia on environmental and rural development,
- to publishthe International Journal of Environmental and Rural Development, and
- to encourage and develop local awareness concerning sustainable rural development.

Membership:
There shalbe two categories of membership
(a) Individual
(b) Organizational
An apgication for membership of ISERD shall be submitted to the secretariat of |SEfRdDeis locatedin
the Research Center #istitute of Environmerl Rehabiitation and Conservatiordgpai by writing or by
other appropriate means.

Also every presenter Wwo attend the International Conference on Environmentald aRural
Development (ICERD) isegistered as an Individual Member of ISERD.

Council of ISERD:
The affairs of ISERD shall be governed and managed by the ISERD Council. The councilors are as follows
President
Prof. Dr. Mario T. Tabucanon, United Nations Universitgstitute for the Advanced Stug of
Sustainability Japan
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Deputy Presiders
Prof. Dr. Bunthan Ngo, Royal University of Agriculture, Cambodia
Prof. Dr. Anan Polthanee, Khon Kaen Uniséy, Thailand
Prof. Dr. Eiji Yamaji, The University of dkyo, Japan
Executive Secretary Editor-in-Chief of IJERD
Prof. Dr. Machito MiharaTokyo University of AgricultureJaparl
Institute of Environmemt Rehabilitation and Conservatiodapan
Managing Editors
Dr. Jeeranuch Sakkhamduaigstitute of Environmeratl Rehabilitation and Conservation
Southeast Asia OfficeAlssociation of EnvironmentaindRural Development, Thailand
Dr. Junaid Alam MemoyPakistan Institute of Development Economicsiftan
Dr. Julian Torillo, Jr., Bohol Island State University, Philippines
Dr. Carlos Onan Tovar MendozdpndurasEmbassy in Japadapan
Treasurer
Dr. Lalita SiriwattananorRajamangala University of Technology Thanyaptihailand
Regional Vice Presidnts
Prof. Dr. Robert J. Martin, Universitgf New England, Australia
Prof.Dr. Mom Seng, Royal Univsity of Agriculture,Cambodia
Prof. Dr.DieterTrautz, University of Applied Sciences, Germany
Dr. Siaw OnwonaAgyeman,African Program on Field Orientddeaders in Environ. Sectors, Ghana
Dr. Sri Wahyuni, Islamic University of Riau, Indonesia
Dr. Hiromu Okazawa, Tokyo University of Agriculture, Japan
Dr. Junaid Alam MemarPakistan Institute of Development Economics, Pakistan
Dr. Elpidio T. Magante, BoholslandStateUniversity, Philippines
Dr. Chuleemas Boonthai Iwadfhon Kaen Univesity, Thailand
Prof. Dr. Murari Suvedi, Michigan State University, USA
Dr. Vo Quang Mhh, Cantho University, Vietham

ISERD Secretariat

Institute of Environmenal Rehabilitation and nservation (ERECON)
29871 Onoji MachidaShi, Tokyo 1950064 Japan
Tel/Fax: 81-427368972
E-mail: iserd.secretariat@gmail.com
Webpagewww.iserdnet

Collaborated with

Association of Environmental and Rurabevelopment (AERD)
93/64 M00.3, Sinsab ilfage 2, Bungyeett Sub-district, Thanyaburi Dstrict,
Pathum Thani 12130, Thailand
Tel/Fax: +662957-8064
E-mail: iserd.secretariat@gmail.com
Webpagewww.iserd.nek
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