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Project Code: RDG5200003
Project Title: CLMV-T DSS Graduate Degree Program Research Initiative: 1st Phase
Investigators: Jintrawet, A

Plant Sci. and Natural Resource Dept., and Center for Agricultural Resource System

Research, Faculty of Agriculture, Chiang Mai University

E—mail Address: attachai.j@cmu.ac.th

Project Duration: January 1, 2009 — November 30, 2013.

This research and coordination project (TRF-DSS research and development network) was operated in
Thailand, Laos PDR, and Vietnam during 2009-2013, to develop, create research and development network,
and develop human resources at the graduate level related to Decision Support System (DSS) and ecological
concepts and principles. DSS tools were designed to support collective decisions for efficient and effective
production and service systems in Thailand, Lao PDR, and Vietnam. Khon Kaen University and Chiang Mai
University each supported three graduate students, a total of six students under the Project. There were five
and one graduate students from Laos PDR and Vietnam, respectively.

The students were able to design and develop databases and models of agricultural systems and natural
resources at the individual, household, plot, sub-district, district, provinces and watershed levels. With the
support of the academic staff in both Universities. Students were able to gain better understandings of the
relationships of various system’s components, predict the changes of the systems, and suggested the alternative
practices for sustainable resource management. Research and development network of students and academic
staff poses high integrative capacity in delivering DSS tools and meets the international standard, which was
based on three concepts and principles of DSS and ecology.

The Thailand Research Fund should allocate two continuing funding schemes, i.e. 1) fund to recreate the
TRF-DSS network office as a mechanism to coordinate and further the DSS tools development and applications,

and 2) fund to support research and develop projects to meet the requirements of three DSS’s user groups.

Keyword: TRF-DSS, Agricultural Systems and Ecological System, Thailand, Lao (PDR), Vietham
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from: STV <vilayvong2003@gmail.com>

to: attachaij@gmail.com
date: Sat, Nov 16, 2013 at 2:45 PM
subject:  Thong Thoung Thai Program

Subject: Thong Thoung Thai Program

Dear Prof. Attachai,

I am now working with the Association for Rural Mobilization and Improvement. We are now facing a
problem about database management system. | remembered that | used to practice using the Thong Thoung Thai
Program with you and Aj. Jazz at Kalasin province one time. The program is advanced for database managing
system. We are very appreciated you If you can share us on using this program.

Best regards,

Saythong VILAYVONG

Monitoring, Evaluation and Project Support Officer (MESO)

ASSOCIATION FOR RURAL MOBILISATION AND IMPROVEMENT (ARMI)

House No0.310/21 Nalao village, Kaysone Phomvihan district, Savannakhet province, P.O.Box:1133
Tel/Fax: (856-41) 215017/260191 Mobile: (856-20) 22495119 Skype ID: kob.vilayvong

Email: Vilayvong2003@gmail.com; Office: normai@laotel.com; website http://normai-site.org/en/
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Imperata Grassland Mapping in Northern Uplands of Lao PDR:
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and-Burn Cultivation. Southeast Asian Studies, Vol. 2, No. 2,

August 2013, pp. 383-399

® Forthcoming journal article: Keoboualapha, Bounthanh et al.
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ABSTRACT

In uplands of Lao PDR, major land uses are traditional agriculture known as shifting
cultivation, where forest regeneration is a mechanism to sustain its productivity. Concern about
negative impacts of such cultural practices has been a consistent theme of government agencies.
The agricultural master plan (C.E. 2011 — 2015) of Lao PDR determined a forest strategy to

reduce the shifting cultivation areas by 50% in 2009 and to comnpletely eliminate by 2010.

This study applies the Geo-Informatics technology to amalyze remote sensed data,
covering the period C.E.2008-2010, to identify shifting cultivation and other land use types in the
study area. The study area is located in Sanok Mungkon villége group, Chomphet district, Luang
Prabang province. All 66 households in the village group were interviewed for socio-economic

factors, the driving forees caused the changes of shifting cultivation areas.

/'/

The total area of Sanck Mungkon village group is 12,211.06 rai (1,953.77 ¢
elevations from the mean sea level range between 280-660 meters. Remote sensing da
A

seven land use types, namely; upland rice and field crops, mixed deciduous forest, fa
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abandoned paddy field, teak plantations, dipterocarp forest, and village settlement. The first three
Janduse types are the most dynamic land use types, in 2008, the total areas were 556.6; 4,716, and
2,427 rai, respectively. In 2009, upland rice and field crbps increased by 30% to a total of 1,164
rai, mixed deciduous forest decreased by 34.6% to a total of 4,014.6 rai, and fallow fields
increased by 5.7% to a total of 2,539.2 rai. As compared to 2009, in 2010 upland rice and field

crops and mixed deciduous forest decreased by 3.0% and 7.8%, respectively, whereas fallow

fields increased by 11.8%.

Factors influencing the changes in upland rice and field crops are number of household
members, farming labor forces in 2008, and parcels of upland rice and field crops with r-values of
0.518, 0.813, and 0.770, respectively. The factor is highly correlated with areas under upland rice
and field crops, i.e., increased in number of household members increased upland rice and field

crops areas under shifting cultivation.

These information can support in the land use planning of the study area in Sanok
Mungkon village group, Chomphet district, Luang Prabang province, and can be a case study of

Lao PDR afterward.
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Land Use Change and Some Driving Force Factors
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ABSTRACT

Land uses on upland in Lao PDR are mostly traditional agriculture by conducting shifting
cultivation which is the major problem to forest resource areas of the country. In 2005, the
government of Lao PDR determined the forest strategy to reduce the shifting cultivation areas within
the country to 50 % in 2009 and to completely terminate (100%) within 2010. This study applies the
Geo-Informatics technology to analyze spatially in land use, particularly agricultural and forest
resources on upland, and study the conditions of land use changes occurred within the second half of
the Lao PDR’s forest strategic plan (during 2008 — 2010). In addition, to study the relationship
between land use change particularly the shifting cultivation areas happened in the second half of the
plan (in 2008 — 2010) and some socio-economic factors of communities and households as the

driving forces caused the changes of shifting cultivation areas.

As a result, the study shows that the Lao PDR’s forest strategic plan (during 2005 — 2010) is
still not successful. At the end of the plan (in 2010), in the study area, found that, upland rice and field
crop (Upr/Fc) and fallow (Fa) areas where are the areas in the process of shifting cultivation are still
remain, and conversely, increased from 2008 to 2010, of 78 ha (9.5%) and 59.7 ha (7.3%),
respectively. In addition, also found that, the major driving force factors caused increasing of upland
rice and field crop areas in the study area is the rice sufficiency for consumption in households.
These are to support in the land use planning of the study area in Sanok Mungkon village group,

Chomphet district, Luang Prabang province, and can be a case study of Lao PDR afterward.

Keywords: Land use change, Shifting cultivation, Socio-economic driving forces
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lag?i  Type CR @@ aasnmstUasuuas (change rate) vaimsbtusylosinauadia i
lugsnanfaaunaUasuudad T1 89 T2

A d‘iv A v eda a . . Aa a
A Ao eanvasmsltdszloninausiia i (class i) m LaNGURaawT
SIS
UA, fa afvasmsldusslomindusiia i (class i) Ndsaslaiidfounudas

unchanged) lutaan@aaiunslaswuwlasdh
g

(A - UA) fa iafivesmsltusslomindusiia i class i) Afsuudasly

dq' oa Y o =) v (d'a ' | . .
#anNh mvl@mn’lsﬁﬂwm’;’mﬁ;wnwaamﬂmﬂiﬂwumﬂmma:ﬂ (land use intensity)

o { o {a ' ~
wazszaumIasuudaimslduszlominauluga9aa1nils (degree of land use change) lasainu

(2
@

;mm"naamﬂ‘*ﬁﬂ‘s:‘[%ﬁﬁﬁﬂuu@ia:'ﬂﬁwmmvlﬁmﬂ (Lai et al., 2002; He et al., 2002) a3

n
| = 100x 2 (Gix C) 3)
1=
1
lasfl 1 fe ddrfenusuusiveinslduszloni@u (and use intensity index) 184
WUl 9

G ds sdeuazusumddsuwudasdniumslsyszlominausia |
A % Aly P ¥ eaa a . A e o % A
C,  fie Sewazvenileninlfszlomindusiia i gndadrauazuuunadfouulas
A ° A o eaa
n  fa swurhevesmsltuszlomingn
fnsuszaumalfsundasmsltdszlomindwlusa9ia11ite (degree of land use change)

fummlaannamimesszaumafsuudasmbidszloaingu (Quan, et al., 2006) a9di:
Alpa = lp-1Ij (4)

lagi A, @8 ewnfeesszaumsidsuudasmsladsslomings
-1, fe desfanusuusivainslfdszlomingu o 1981 b uaz a auda

A1, DaiudTIa UM INAIMTaINLA TIRaNIINANUTHLTITBIM T Rs B aIF ML
msldUselomingn o $9a1ms 9 nande win Al,, > 0 nunsaNiI1 Mmlddselaminauues
& A& a A ' oA PN Y A a g 0w | e oA
Aununimadasuudasatnsdaiiias ldaufianmsuesmsnan AN NI Ra N1 A UV BIA AT LaY
lunsassnudny vn Al,, < 0 wursanudn maltysslosdnaulidnmaddouudasldaafiang
YDINMIWAIW

@) mianifadussuinfeniin liiianmsdasuutasmslsuszlomingu

) a [ 1 o 6 . A =& [ o 6 1 A ¥

ANMTAUATZARRFUNUT (correlation) INa@NBIANMUFNNUTIzRIIMTIURsuuaInTlE

IQ ' { 1 { v 1 1 { a J 1 Qs o a

drelominduvasvuilsinenasy @ lsuasials; UprFe) Adadulugrsnasvasnmsdniivuns o (3
2008-2010) NUfad8MIGULATHINI-FIANVDITUTHUAZATITOULNUTEM T Nanadnaziduus

JuLARaw (driving force) vliAamilasuudasvuilsifenass
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NANISAENE

fala Y a
1. gwdayanislriszlaninfnuazdlnagain

° ¥ ¥ eda a Aa & A= v v I
Naﬂ’]i"i]’]LL‘H;ﬂ“llEIHﬂﬂ’lii’ﬁl]iziﬂ‘ﬁ%ﬂ@]%uﬂ:ﬁdﬂﬂﬂE}i&]‘ﬂ@]u"ﬂ BINUNANBINT EI“IJE’]HE‘]J'I’IW@]’TJ tNay

{ = v J { )
MuaziBuags (SPOT-4, THEOS  uaz ALOS) fidufindayazasiunfnmlutisnaimuaisuulas

|

IN¥ATNIINYOIT 2008, 2009 uwax 2010 ANNRIAL Tm*‘ﬂ’agaﬂ 2008 Iﬁ%ﬂﬁi’ﬂo’lLLuﬂLLUUvLﬂﬂ’)UQu
(Unsupervised Classification) LLazﬂTa%laTJ 2009 uaz 2010 Iﬁ%ﬂﬁﬁi’nmmmumUﬂM (supervised
classification) sansautmsliUszlaminaunazfsUnaquiianeenidu 7 dszianlng) fe 1lsuas
Ner'ls (upland rice and field crop; Upr/Fc) ﬁuﬁ’m (abandoned paddy field; Apf) gt ldwn (teak
plantation; Tp) T5inan (fallow; Fa) L6959 (dipterocarp forest; D-for) ﬂ'nmyawssm (mixed deciduous

forest; Md-for) uaz #3j1% (urban; Ur) MWH 1 Lazan35197 1

208000 207000 20000 208000 210000 211000 206000 207000 200000 209000 210000 211000

* SanoKmongkhoun Land Use Map 2010 *

' Sanokmongkhoun Land Use Map 2008 *

2214000
214000
2214000
2214000

: : 3 g :
8 ‘J L4 S ] & H
/
§ Tegend © ‘ e § 8] Tegend + £
& P & & s &
= Upr/'Fe o’ = Upr Fe
g 7R . % g g| S 2
& = apr & |5 H H

Apf
| = Tp
g D-for +
Bl = Md-for
- Ur

=Tp

D-for +
= \[d-for
- Ur

2210000
2210000

2209000
2210000

2208000

2208000

2201000
2201000

200960 207000 208000 203000 210000 211000
a

A = ° o eaa a =
NAN 1 LNUNHANITIN LL%ﬂﬂ’]il‘lTﬂSzIU“ﬁuﬂ@%LLﬂzﬁGﬂﬂﬂi}ﬁJ‘ﬂ(ﬂu

a

A137197 1 Lﬁaﬁmﬂ%ﬂiﬂwﬁﬁauLLazﬁaﬂﬂﬂawﬁ@u 1u1l 2008 waz 2010 ANEAL

Change
Land use type Area (ha) (ha) Remark
2008 % 2010 %
Upland rice and Field crop (Upr/Fc) 89.08 4.56 166.56 8.53 77.48 Increase
Abandoned paddy field (Apf) 17.82 0.91 15.27 0.78 -2.55 Decrease
Teak Plantation (Tp) 56.64 2.90 56.48 2.89 -0.17 Increase
Fallow (Fa) 388.28 19.87 485.54 24.85 97.26 Increase
Dipterocarp forest (D-for) 638.14 32.66 630.02 32.25 -8.12 Decrease
Mixed Deciduous forest (Md-for) 754.56 38.62 590.65 30.23 -163.90 Decrease
Urban (Ur) 9.26 0.47 9.26 0.47 0.00
Total 1953.77 100.00 1953.77 100.00
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HANTIIUUNONATIIFOUAIAUYNABY (accuracy assessment) @T’miagamﬂamu‘[@ﬂ%ﬁ%mi
A1t Confusion Matrix LLas Kappa Statistics (KHAT) (Congalton, 1991; Chust, et al., 2004) AILFA
fatadsmaswinluanaf 2 uszansefi 3 LRAINANNIATIIFAUAIAIINYNABIVBINTIIUUNNT
1ﬁﬁﬂizlm°ﬁﬁﬁauLLa:'§aﬂﬂﬂ§uﬁaumaoﬁv@ 2 1) (2008 waz 2010) NAGL

eda

A13199 2 @l'li']x‘i@li’l‘ﬂﬂﬂu@iﬁﬂ?ﬁugﬂﬁadﬂ’l‘ﬁhLL%ﬂﬂ’]'ﬂ"ﬁ].]'iﬂU‘ﬁ%Y]@% 1 2008

Land use  Upr/Fc Apf Tp Fa  D-for Md-for Ur  Total UA (%) (F::) KHAT
Upr/Fc 70 1 1 0 2 1 0 75 93.33 83.33 0.9201
Apf 1 40 2 0 1 0 0 44 88.89 95.00 0.8771
Tp 0 2 75 3 0 3 0 83 90.36 90.00 0.8820
Fa 0 0 1 65 1 0 69 94.20 96.00 0.9307
D-for 3 0 1 2 60 7 0 73 82.19 89.00 0.7898
Md-for 0 0 4 5 5 55 0 69 79.71 75.00 0.7623
Ur 0 1 0 0 0 15 16 93.75 99.00 0.9354
Total 76 44 84 75 70 67 15 429 Overall ac.  88.58 0.8673

A1319% 3 Nﬂﬂ’]i(ﬂi’)’«lﬁa‘Uﬁﬁﬂ’l’]ugﬂﬁﬂdﬂ’]‘iiﬁ’]LL%ﬂﬂWilfﬂizIU“ﬁﬁﬁauﬂ 2008 uwaz 2010

L e 2008 2010

UA (%) PA (%) KHAT UA (%) PA (%) KHAT

Upr/Fc 93.33 83.33 0.9201 92.39 83.33 0.9072
Apf 88.89 95.00 0.8771 89.55 95.00 0.8796
Tp 90.36 90.00 0.8820 79.78 90.00 0.7603
Fa 94.20 96.00 0.9307 85.14 96.00 0.8255
D-for 82.19 89.00 0.7898 84.75 89.00 0.8238
Md-for 79.71 75.00 0.7623 85.90 75.00 0.8304
Ur 93.75 99.00 0.9354 92.31 99.00 0.9212
Total Overall ac. 88.65 0.8673 Overall ac. 86.81 0.8476

2 n’mﬂ?\'smu,ﬂaam‘s‘lv}’ﬂsz'[ﬂﬁﬁﬁﬁmmzﬁlaﬂnﬂquﬁﬁu (LULC)
(1) madasuudasmslsusslominaulusznindlusreesswasmasmasiiinunn o
wamﬁLﬂi’]zﬁiayjamil,ﬂa;wuﬂmmﬂ%ﬂiﬂmﬁﬁau@ﬁUﬁa“ﬁ'uﬁ Change Detection 89
Iﬂmmu%’@mﬁa;&amwmaLﬁw ERDAS Imagine 9.2 (Leica, 2006) lesaviiluunuiiugasnis
Lﬂ?}lzluu,ﬂaamﬂ"ﬁﬂsﬂwﬁﬁ@u‘lmmdwmwﬁaaﬂ’%mé’waams@ﬁLﬁul,muqmmam?ﬁwumiﬂ”nvlﬁ‘ﬂ
2008— 2010 tadnmnwiia 1Hefi samIasuwulasu (Luse CR) wazdammsiasusesiia

(Type_CR) M 4 ugadmattasuudasnmslidselominaulusasil 2008 — 2010
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206000 207000 208000 209000 210000 211000

_g_ "Land Use and Larid Cover Change 2008-2010° §
8 ]
§| Legend 8
= No Change
81 @uprF * B
S o F_ups N
z Mf_Upf
Y & Df_Upf * H
] S
= Df_Mf
g 5
g L8
§ 8
g g
§ §
§ 365 730" 1460 2150 2820 E

206000 207000 208000 209000 210000 211000

AWA 4 maaswutasmslduszlominawluga9d 2008- 2010

{ v IQ 1 A Q o a
2) masasuudaimslausslominanluansiulusi 905998 289n e R ULHYL o
a 6 v n:ll L% {d'::a U s o & d'
NammLm’]mmayamﬂﬂaﬂuLLﬂadﬂﬁhﬁJizimuwﬂu lavarinduununuaaIny
d' % {d'::a 1 A [ o a 6 v 1 £Z d'
wasuudasmilgslomindulunmwnalutueimasasnmiduisunugnsmaaidunsth ldine
Anwsia e aamIUfewulassiy (Luse_CR) uazaanmsiddsuutasnasiia (Type CR) 189

mslselomifauwlunwsineestl 2008 — 2010 A 4

HANNIILATERA1319MTIApunlad (change  matrix)  Liednunwiiauaziiofivasnis
Lﬂﬁ"ml,LLiJaamﬂ%ﬂsﬂamﬁﬁaﬂumwnwlumaﬂ’%wﬁwaami@‘hLﬁmmquﬁmam%@‘ﬁumsﬂﬂﬁmaa
gUd 817 (@197197 4) wuin Tugaeil 2008 — 2010 Tapnwsaw ﬁmigzytﬁﬂﬁyuﬁﬂﬂﬁgaﬁo 434.71 ha
(2,716.93 13) lasusniluwiwaaluman (iumanssa) 314.56 ha (1,966.0 '13) uaziwaaly 120.15
ha (750.93 'l3) s’ﬁaﬂwLumawssmmﬂmﬂﬁgmﬂﬁﬂuvlﬂLﬂuﬁuﬁﬂgnﬁnvﬁua:ﬁﬂi (Upr/Fc) $117%
83.57 ha (522.31 13) uaziuilsinen (Fa) $1wam 150.81 ha (942.56 13) uaziflugrnvesmsdunsaly
289 laiUN98% 1% 72.36 ha (452.25 19) “?'imﬁagmﬂ?z'zluvlmﬂumﬁ@mﬂ%ﬁau‘é"u 9 thadnies lu
fanzasthudaly (D-for) saulng leiudunsuidutiumanssa (Md-for) $1mm 52.0 ha (325.0 3)
Ll,a:gﬂl,ﬂé"zluvl,ﬂLﬂuﬁuﬁﬂgnﬁﬂﬂma:ﬁﬂi (Upr/Fc) $7%7% 15.60 ha (97.5 13)

ed a

maasuudasnmsldusslominaulumwanlusisesmasmasmaduiiveem 9 (& 2008 —
2010) fiifirdasrumansasnssufiddy leud ﬁuﬁﬂgﬂﬁnvlﬂl,azﬁﬂi (Upr/Fc) %aﬁﬁuﬁag}i@uluﬂ
2008 1JuduIu 89.08 ha (556.75 13) 1udl 2010 ”Lﬁgﬂﬁﬂmﬂuﬁuﬁ"timm 3U7% 50.8 ha (317.5 13)
LLa:ﬁuﬁuLﬂTﬁjﬁmwﬂw&@iu (D-for) uazthuaalunan (Md-for) $112% 13.7 ha (85.6 '13) uaz 15.2 ha
©5.0 '13) mudey uRnATa suwedaslUiud wiunssn 80.1 ha (5006 '13) ilodw s iud
ﬂ’]ﬁﬂi:“l;ﬂ%‘ﬂ’m’]iaulm:ﬂULLﬁG‘H’Iaﬂ%ﬁ 2 Sufl 11-13 WoBNAN 2554
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] [ ]

a9 ﬁLﬂﬁwmuﬂuﬁuﬁﬂgﬂﬁnvliua:ﬁ"nvli’éiu 9 @28UA7 31U 157.61 ha (985.06 13) luil 2010
ﬁuﬁﬂgnﬁn”ﬁua:ﬁmvﬁﬁu 9 ﬁaﬁmsmﬁﬂmmaqqn%ﬁu 77.48 ha (484.25 '13) vi3asanas 11.1 va9
AuAnanua s'fiaLﬁ'aLﬂ%ymﬁsmﬁuﬁuﬁﬂgﬂﬁnvﬁuazﬁﬂi%‘u 5 1ila3) 2008 u§1(89.08 ha) Wui1 Auf}
ﬂ@ﬂi'nvls'uazﬁmvli'é‘u g fisarmadaouudadlugasl 2008 — 2010 ﬁgamﬂ Ao Souas 89.9
(Type_CR)

maasusdaimslduslosifiaulunmansasinsfanilifadyussfioafaatuiui
Uandlsuazfils (UpriFe) fe fufilswsn (Fa) Fofimsifsuudasiuindusruainann nsnde sam
%ﬁa"lﬁgﬂné’uvlﬂlﬁtﬂuﬁuﬁﬂgﬂﬁnvl,il,l,a:ﬁﬂi (Upr/Fc) §1waw 55.8 ha (348.7 13) uasBnsaunits lef
ﬁuﬁmﬁ’nﬁamwﬂwé'ﬂlu (D-for) uazUNNAAlUNEY (Md-for) $117% 19.4 ha (121.2 13) uaz 76.0 ha
(475.0 13) anudau iﬁuﬁuﬁvﬁmﬁ’]ﬁL‘i_]a‘.EluLLl]m;jtyLaﬂvLﬂLﬂu’ﬁ’]WJu 157.7 ha (985.6 1) Liladwim
w9 Mdasuaduiuilsmadiouds s1wam 255.0 ha (1,593.7 '13) ludl 2010 Aufilsiwen

{ a 1 v g { gj A { =
Falimudfsuudasgniiu 97.2 ha (607.5 13) windanaz 13.9 vasiuiininue FudawFouisuiy

¥ 1
= al

Awilsimandatl 2008 ud (388.3 ha) wuin Awilswandsanmadaswutaslug 2008 — 2010
‘ﬁgamﬂ Ao 3awaz 40.6 (Type_CR) M3197 4 ugasanmsiazdmadasuudssnmsliusslomifian
(change matrix) lumwinasiuianmnlus19a3anasvesnmsaiinunms 9 (§ 2008 — 2010) uazAW
7t 4 Ltﬁﬂdﬂ%&l’lmLﬁ/aﬁﬂ’]iLﬂaEJ%LL‘]Ja\‘lﬂﬁilfﬂiﬂf;l’ﬁﬁﬁauﬁy’dluﬁ’mﬁgﬂL‘.Llais;luvl‘ﬂLﬂuﬁﬁ@ﬂﬁilﬁ'ﬁaugu

S R ¢ .
¢ (Losses) ualudiuniiuInan (Gain)

A3191 4 nNSanzimadaswutasmsltyszlomingu (change matrix) 1w T 2008 — 2010

Land land use Loss Land Area Net Type
Use 2008 (ha) Into land use 2010 (ha) into ESE Clizlngles
TyPe 195377 UpFc Apf Tp  Fa  Ddor Mdfor Ur 2010 2010 % (%)
Upr/Fc 80.08 895 021 021 5079 1371 1520 - 8013 1665 774 111 899
Apf 17.82 003 1229 276 - 123 151 . 553 1527 25  -03 310
Tp 56.64 251 038 3777 500 503 594 001 1887 5648 01 -0.02 333
Fa 38828 5588 071 574 2305 1942 7601 001 1577 4855 972 139 406
D-for 638.14 1560 078 326 484 5179 5200 008 1201 6300 81 -1.16 188
Md-for 75456 8357 091 664 1508 72.63 439.99 . 3145 5006 -1639 235 416
Ur 9.26 ; - 0.09 - 001 - 916 010 926 0 0 1.08
Gain into
Total 2010 15761 298 1871 2550 1120 15066 0.10 697.1 1,953.7
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a A

nawaw 5 1 2008 - 2010
[ o a a o Y a a v ¢ a .
3. thdsussduiafawnyiilitian1silaswudasni13lzdselasinaw (Driving Forces)
3.1 998399 ULARDY ¥
tladgusstuiafan 9 i lwaamadaswulasmslddsslomingn laun SuinandaniiFan
LINBANAMILNEAT (farming work forces) WURILNEAINTIN (no. of farm land) NoldvasniiEen
a v o s a @ A . . o
WMBATNT ANUNBLNEIVITIERTUNTUSInaluaTISou (sufficiency of rice for household
consumption) wan®g9ll ulguus1m13mee (public policy) lNNNLAITeIRe Tudfwanef ngrane
U @ o A U o L% (nia dl v & A aicv dl g: 2
Ta19Ay wiatariwua lunslidselumindwdeliiduldanaununionlourvaunsguranasls
ulgunganmsmefinnuineadasnumadouudasmslddssloningu Tu sdd.a1 Spunaladinams
asthi lsiedlasnuh i ldnsdatmualungnanothlad e 29 Tdremsdnanisanstiinls
% ' a a o o @ A A
lagdasmslasanmsuninlouisussszifsunguansineanuih Winudszmsuiunsy iiweadon
ad o 1 d' v &) ) 1 d' 1 =3 o o £ Aa wa
A lsuuuidenssslflunisvinlsuuuan agrslsfiany nmsdauldngnansuwazmsdfifay
a ;:4' = ' v & =S o v a 1 a
uwlsnauazszdounguusineinui lgslddune e ldinsasnsaziiadanlounsuazszday
nHNINY
3.2 mwé’wﬁ'uﬁs:%dnmstﬂﬁﬂuLLﬁJmﬁu‘ﬁﬂgﬂﬁnvlma:ﬁmvliﬁ'uﬂaﬁ'ﬂLm{l'uLﬂﬁau Y
= e o 6 1 4:1' d‘{v d' L2 1 =1 1 > o A
Namsﬂn‘mmmauwuﬁszmwmsmaﬂumJmwumﬂgﬂmavlil,mzwmvlinuﬂwmnwumaau
o WU msLﬁJﬁﬂuu,ﬂawaaﬁuﬁﬂgn%ﬂﬂm:ﬁﬂi FAMUFUNBTLBIVINAUI WIBABIBATIET %
FIWIBUTINWNIANTNEAT bid) 2008 WAz LLﬂaaﬂQﬂﬂTﬁ'svliLLa:ﬁ'*ﬁ"Li' FAIUIULIINUADATITOU LA
o 1 A = |d%’ d'y ' a A oA s a 6 A s ) a v
FwuaudanISon 1ull 2010 LL(?IWWY]‘IJ’YJVLiLLa::‘YIﬂQﬂW%VLS FONMUIFNNUTLTIAUNUI N WINKHANRATD
AMNWBLAN LIV DITIEMTUNIUS At uaTASon Tull 2008-2009 waz s1uldannsyingnsuiinia
A ' ) i A ) v o ¢ ' A A A % '
%38 ALK (river weed income) @1314%1 10 memmwauwuﬁszmwﬂ'm,ﬂaU%LLﬂaawuwﬂgnmﬂs

WA AT IS NUTAuUIITULAR AW 9 luNwNANEA
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c; o @ 6 ' A dq’ A v ' =) 1 o R A
MN1319N 6 ﬂ’)’]&lﬁllwuﬁiﬁﬁ’)’]\?ﬂ’]il,ﬂﬂ&I%LL‘]JEN‘WWV]I]EJIﬂ”IJ’]’JVLiLLﬁZW“EVLiﬂ‘]Jﬂ'ﬂQULL?G"’J.I‘]JL'F]&@% Y

Social-economic factor r

Household members 2008 0.518*
Labour per household 2008 0.813**
Parcel of Upr/Fc 2008-2010 0.770**
Rice Production 2008 -0.441*
Rice sufficiency 2008 -0.593**
Sesame Product 2008 -0.109

River weed income2008-2009 -0.409**
Other Income 2008-2009 -0.227

aytuazanlsena

nan I I TUs lominaunasiamsinmsasundasnsldlss lominauasnunans

v

1 1 ‘d e o a v 1 v
ﬂij‘&lﬂ’]uﬁzuﬂ&l\‘iﬂlm luﬁﬁdﬂidﬁﬂdﬂladﬂ’ﬁﬂﬁL%uLLN%q‘ﬂﬁﬂ’]ﬁ@]g@]’]uﬂqiﬂ']vl,ll"llE]\‘lﬁl]l].a']') (ﬂ 2008 -

2010) Wuin geasdiaamadfsuntadaniuiniweinsth el lasawztuaalunay (Md-for) 14
Lﬂuﬁuﬁﬂgﬂﬁnvﬁua:ﬁﬂi (Uprffor) tHud1wiwann uIEJUWEJLLﬂ:ﬂ’]iﬁ’]LﬁuLLNu&qiﬂﬁﬂ’]ﬁ@]%ﬁ’]uﬂ’]‘iﬂ’]
ldvaszdd.ann @ 2005 - 2010) ﬂ‘avl,ajmmsnmiqwaﬁwﬁamnﬁn wananh g9nuIn mMadfeunlad
miltUslomin@uluiundgndralsuazAls (Uprffor) anusuiusiudidomedwassgin-giay
A o A ' A @ eda [ ° ' o A
AdunsstuinfendamsiUasuudaimsiadsslonindu lastanizfadsduiwinaudaniison
(household member) LIHNIBAIANTILNBAT (farming work forces) WUAILNBATNTIIN (number of farm
land) Te'ldv89ATISaUABATAT ANUNBLALIVBITIIEMTLUNTUSIAA (sufficiency of rice for
_ oA A L e X &
consumption) L% LIBNIIWIBABABATIUION LIHIBAANTITINEAT WURILNBATNTTNLANNNINYWLT B
[ d'o e o qqu’ n:l' v 1 =) 1 n:a' 43’ v v 3 o A =
fhisndmagildnundandliuscfiglimunnniu andanunelduesaiaiton anunaiinsas
dndniumivilaadell dunsainsiingldnndiuides idusmgnazildinsasnineeaiag
dq’ dl [ v & d“’ dl v A ' J dl dl v =1 v >3
ynynduith lildiduduidgndriuazArlsuniuinenizaiisananaiissliivasauaiizes

PNBAINTLAN

naanIsydszn@

28UUA M FIUNINUNBINUIRVIRUNITINY (F72) ﬂﬂﬁaﬁfnagunumiﬁﬂm WHZVIVILA Db
ﬂmﬁmm‘ua:th”mfhﬁ%é’ngmmwmmamﬂ%os:uu gmsj"“aﬁ“fﬂLﬁmﬁuwawﬁmmamsmwm AL
WNEATFRAS WAINeaeLBeglnal

LON&1TD1989

Chust, G., D. Ducrot, and J.L. Pretus. 2004. Land Cover Mapping with Patch-Derived
Landscape Indices. Landscape and Urban Planning 69: 437-449.
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ABSTRACT

Thai Nguyen city is located on the bank of Cau river. It covers 19 wards and 9
communes. In particular, Tuc Duyen ward is the main vegetable growing area of Thai
Nguyen city where has the largest vegetable growing area and highest yield. It
provides a big vegetable production for the needs of fresh vegetables for the city.
Production of vegetables here is done by small farmers. The farmers in Tuc Duyen
ward has grown many kinds of vegetables, use a variety water sources for irrigation,

fertilizers, pesticides to maintain productivity of vegetables. Problem about vegg

quality receives much concern from people and management orgam'zgt' 3
e

especially accumulation of heavy metals such as Lead (Pb) and Hailt
e rd““e
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vegetable products. Production process in many years and quality of vegetables are
much dominated by quality of water and soil contaminated heavy metals, especially
Cadmium (Cd) and Lead (Pb) due to this area has affected by water released from
various sources from many industrial zones, residential areas, central markets and
supermarkets around the study area through Cau river.

This study conducted with the purpose to describe current situation of
vegetable production systems in Tuc Duyen ward. Particularly, to understand the
farmer’s socio-economic characteristics, vegetable production status in the study area
includes situation of using irrigation water, situation of using pesticides and fertilizer
and practice of farmers in vegetable farming. In addition, this study also determines
the accumulation of Cadmium (Cd) and Lead (Pb) in irrigation waters, cultivated soils
and three selected vegetables. Finally to determine the factors affecting accumulation
of Cadmium (Cd) and Lead (Pb) in cultivated soil and three selected vegetables.

This study was conducted between April to June 2010. In this study, 75
farmers who planted three selected vegetables along Cau river at Tuc Duyen ward
were randomly selected in the study. It was composed of 25 households growing jute,
25 households growing basella alba and 25 households growing bitter melon. Primary
data were collected through prepared interview questionnaires and field survey.
Prepared questionnaires were used to understand the social-economic characteristic of

farmers, the status of farming and vegetable production in the target area. Along with

samples.
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The data from field survey and prepared questionnaires were analyzed using
descriptive statistic to describe the situation of vegetable production, and determine
the accumulation of Cadmium (Cd) and Lead (Pb) in irrigation water, cultivated soil
and three selected vegetables in the target area.

To determine the factors affecting Cd and Pb accumulation in cultivated soil
and in the three selected vegetables, four analytical models using factor analysis and
multiple regression were used. Specifically, factor analysis was used to group the
factors, and coefficients correlation and statistical significance in multiple regression
were used to conclude which factors have strong influence and significance to Pb and
Cd accumulation in cultivated soil and vegetables in the research area.

According to study results, the main cause leading to the Pb and Cd
accumulation in vegetables highly due to vegetables absorbed Pb and Cd from
farming environment, especially from cultivated soil environment. Specifically,
cultivated soil environment in the study area effected by the supplement of substances
containing Pb and Cd into cultivated soil environment, such as irrigation water source
contaminated by wastewater sources from sewage sludge, residential waste water,
industrial waste Wgter, etc with frequency and large amounts of irrigation water. In

addition is the mobility of Pb and Cd in the acidic cultivated soil environment.
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FACTORS AFFECTING LEAD ACCUMULATION IN CULIVATED SOIL AND
VEGETABLES IN TUC DUYEN WARD, THAI NGUYEN CITY, VIETNAM

I. INTRODUCTION

Thai Nguyen province is an industrial center in
northern region of Vietnam. It is the headquarters of many
factories, enterprises, many major universities, colleges,
schools and large hospitals. Thai Nguyen city is located
on the bank of Cau river. Tuc Duyen ward is the main
vegetable production area of Thai Nguyen city, with the
largest vegetable producing area and with the highest
yield. Problem about vegetable quality receives much
concern from consumers and management organizations
here, especially accumulation of heavy metals in
vegetable products. Production process in many years
and quality of vegetables are much affected by quality of
water and soil contaminated heavy metals, especially lead
(Pb) due to this area has affected by waste water sources
from many industrial zones, residential areas around the
study area through Cau river. The purposes of this study
were to determine the accumulation of lead (Pb) in
cultivated soil and in the three selected vegetables and to
determine the factors affecting lead (Pb) accumulation in
cultivated soil and the selected vegetables.

Il. METHODOLOGY

Seventy five farmers who planted three selected
vegetables (jute, basella allba and bitter melon) along Cau
river at Tuc Duyen ward were selected for the study by
using a simple random sampling method. Location of the

Content of Pb accumulation in vegetables (mg/kg)

Jute

Basella alba

Bitter melon

Three selected vegetables

Content of Pb accumulation in cultivated soil (mg/kg)

Nguyen Ngoc Son Hai*, Chanchai Sangchayoswat?,

Attachai Jintrawet?, Nguyen Ngoc Nong®

fields where planting selected vegetables was determined
by GPS (Global Positioning System) when collecting
vegetables, water and soil samples. Descriptive statistic,
factors and multiple regression analysis were used to fulfill
both objectives. Statistical Package for Social Science
(SPSS) and LIMDEP, a program for factor analysis and
multiple regression, were used for data analysis.

Ill. RESEARCH RESULTS AND DISCUSSION

3.1. The accumulation of lead (Pb) in three selected
vegetables and in cultivated soil

Average of Pb content in three selected vegetables
is 1.56 mg/kg which ranges from 0.23 mg/kg to 4.06
mg/kg. The standard deviation is about 0.81 mglkg.
Compared with allowed standard of the world FAO (0.5
mg/kg dry), Pb content in vegetables samples were
polluted at a high level. Average Pb content in vegetables
samples is 1.56 mg/kg about 3.1 times compared to
permitted standard (0.5 mg/kg).

Comparing the content of Pb in vegetables found
that jute contains the highest Pb content (75 percentile is
2.27 mg/kg), followed by bitter melon (75 percentile is 1.92
mg/kg) and basella alba (75 percentile is 1.61 mg/kg)
(Figure 1).
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Three selected vegetables

Figure 1. Accumulation of lead (Pb) in three selected vegetables' Figure 2. Accumulation of lead (Pb) in cultivated soil of three

selected vegetables.
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Plants uptake metals at different levels depending
on the species and varieties (HMMVA, 2010). Each plant
is capable of absorbing of heavy metal differently, and
portions of vegetables were also accumulated an
amount of heavy metals differently (Phuong, 2005).
Many researchers had shown that some vegetables are
capable of accumulating high levels of metals from the
soil (Khan and Frankland, 1983).

Comparing the content of Pb in cultivated soils for
planting different type of vegetables showed that Pb
content in soil for planting jute (75 percentile is 86.60
mg/kg) is the highest, followed by bitter melon (75
percentile is 72.21 mg/kg) and basella alba (75 percentile

is 63.28 mglkg) (Figure 2). This showed that cultivated
soils of jute and bitter melon had high Pb contaminated
sign and Pb contaminated in cultivated soil of basella alba
was still lower than threshold content of permissible
standard (Vietnam standard-70 mg/kg).

The correlation between Pb accumulation in
cultivated soil and three selected vegetables showed in
Figure 3. Correlation among Pb content in cultivated soils
and three selected vegetable are high. Specifically, jute
(0.50), basella alba (0.46), bitter melon (0.68).

4.50
y = 0.0328x - 0.5588

4.00 e
_ =06799 s 0.0281x - 0.213
S 3% - R*=0.496
£ * v
= 3.00 A - AA z ¢ Jute
§2 s = Basellaalba
c S 250 e Bi
£ g A iter melon
5 2 200 = 0.0219x - 0.0094 Linear (Jute)
= 0 4 2_
g R” = 0.4568 - - - .Linear (Biter melon)
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g8
< 1.00
o
o
2 0.50
=
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The Pb accumulation in cultivated soil (mg/kg)

Figure 3. Correlation between Pb accumulation in cultivated soil and three selected vegetables

The results showed a favorable/corresponding
correlation between Pb accumulation in cultivated
soils for plating three selected vegetables and Ph
accumulation in selected vegetables. This means that
if Pb content in cultivated soil for planting jute is the
highest so Pb content in jute is also the highest. This
result corresponding with research results of Bride et
al. (2002), the presence of metals in soil is strongly
correlated with its absorption into the plants,
particularly absorption of the plants also has a linear
relationship with the addition of Pb in soil (Bride et al.,
2002). Besides, according to research results of
Kachenko and Singh (2004), the soil metal

44

concentrations appear to influence the uptake of Pb in
vegetables. There is a significant correlation which
was observed between soluble lead (Pb) from soil and
lead (Pb) in some kinds of vegetables such as
tomatoes, carrots.

3.2. Factors affecting lead (Pb) accumulation in
vegetables

Table 1 showed the list of independent and
dependent variables that used in the regression analysis
of Pb accumulation in three selected vegetables (Y1) and
cultivated soil (Y2).



Table 1. Variables and measurements in model of lead (Pb) accumulation in vegetables and soil

Independent variables Measurement
X1= Age of the vegetables grower Years
X2=Schooling years Years
X3= Family size No. of people in family
X4=Total area of cultivated m?
X5= Area of vegetable field m?
X6=Vegetable growing experiences No. of years
X7="Number sources of irrigation water Number
X8=Farmer using irrigation water from public water pond Yes=1,No=0
X9=Average amount of irrigation water/day litre/ m?
X10= Time of watering/day times/ day
X11= Farmer plant and produce vegetables following safe vegetable production process Yes=1,No=0
X12= Farmer know about problem accumulation of heavy metals in vegetables Yes=1,No=0
X13= Accumulation of lead (Pb) in cultivated soil malkg *
X14= Accumulation of lead (Pb) in irrigation water magllitre **
Dependent variables
Y1= Accumulation of lead (Pb) in vegetables maglkg
Y2= Accumulation of lead (Pb) in cultivated soil ma/kg

*, ** Corresponding for Y1
* Corresponding for Y2
Result from the extracton method of Principal

Component  Analysis (PCA) and rotation method of
Varimax with Kaiser normalization to facilitate the interpretation

interpretation of the results presented in Table 2.
Independent variables from Table 1 were grouped into five
components for PCA method.

Table 2. Rotated factors loading of independent variables

Variables Component ~ Component ~ Component ~ Component ~ Component
No.1 No.2 No.3 No.4 No.5
Pb in cultivated soil (X13) 0.81
Average amount irrigation water (X9) 0.78
Time watering (X10) 0.72
Pb in irrigation water (X14) 0.60
Total areas (X4) 0.85
Field area (X5) 0.80
Family size (X3) 0.58
Age (X1) 0.83
Experiences (X6) 0.72
Schooling years (X2) -0.67
Use public pond (X8) -0.78
Following safe vegetable 073
production process (X11)
Number source water (X7) 0.60
Farmer know heavy metals accumulation in vegetables (X12) 0.52
Five components and dependent variables  correlation with component No.1 with highly significant.

(accumulation of Pb in vegetables (Y1) was used to
analyze by multiple regression analysis. Result from the
analysis showed that Pb in vegetables has a very strong

The relationship between accumulation of Pb in
vegetables (Y1) (dependent variable) and all components
(independent variable) showed in Table 3.
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Table 3. Summary of the regression results of Pb accumulation model in vegetables

Variables

Three kind Vegetables (n=75)

Coefficients Standard Error t-radio Sig
H»ng sé 154 0.08 19.93** 0.00
Component No.1 0.64 0.05 12.54** 0.00
Component No.2 0.05 0.05 1.06 ™ 0.29
Component No.3 0.02 0.04 0.53"™ 0.60
Component No.4 0.07 0.05 1.37m™ 0.17
Component No.5 0.01 0.05 0.14™ 0.89

R2=0.73 (73%)
F value 36.71 **

Adjusted R2=0.71 (71%)
Durbin-Watson 2.19

Note: * ** indicate the level of significance at 5% and 1% respectively.

The regression analysis showed that the constant
and component No.1 was significant at 1 percent level of
significance while the other components were not
statistically significant (Table 3). The results of Pb
accumulation in vegetables can be explained by five
components about 71% and the remaining 29% may be
due to error and other factors omitted in the model such
as fertilizer factors. The significance of the model could
reflect almost factors that affecting to Pb accumulation in
vegetables. It can be concluded that Pb accumulation in
vegetables is strongly and positively influenced by four
variables in component No.l which includes Pb in
cultivated soil (X13), average amount irrigation water (X9),
time watering (X10), Pb in irrigation water (X14). They are
variables relate to practices in farming using irrigation
water and characteristic content of Pb in cultivated soil
and irrigation water.

The main cause leading to the Pb accumulation in
vegetables highly due to vegetables absorbed Pb from
farming environment, especially from soil environment.

Cultivated soil environment in the study area affected by
the supplement of substances containing Pb into
cultivated soil environment, including water contaminated
by wastewater source from sewage sludge, residential
waste water, and industrial waste water with frequency
and large amounts of irrigation water (Hai, 2011). In
addition, the acidic cultivated soil environment promotes
high solubility of lead (Pb) (Hang, 2007; Jung, 2008).

3.3. Factors affecting lead (Pb) accumulation in
cultivated soil

The list of independent and dependent variables that
used in the model of Pb accumulation in cultivated soil
was showed in Table 1.

Result from the extraction method of PCA and
rotation method of Varimax with Kaiser normalization to
facilitate the interpretation of the results presented in
Table 4. Independent variables from Table 1 were
grouped into five components.

Table 4. List of independent variables in each component

Variables

Component

Component
No.2

Component
No.3

Component
No.4

Component

No.1 No.5

Total areas (X4)

Field area (X5)

Family size (X3)

Average amount irrigation water (X9)

Time watering (X10)

Pb in irrigation water (X13)

Age (X1)

Experiences (X6)

Schooling years (X2)

Use public pond (X8)

Farmer know heavy metals accumulation in vegetables (X12)
Following safe vegetable production process (X11)
Number source water (X7)

0.87
0.79
0.56
0.78
0.69
0.68
0.84
0.75
-0.69
-0.64
0.64
0.70
0.67
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Five components and dependent variable
(accumulation of Pb in cultivated soil (Y2)) was used to
analyze by multiple regression analysis. Result from
the analysis showed that Pb in cultivated soil has a
very strong correlation with component No.2. The
relationship between accumulation of Pb in cultivated
soil (Y2) (dependent variable) and all components
(independent variable) showed in Table 5.

Result from Table 5 showed that the constant,
component No.1, component No.2 were significant at 1
percent of level of significance while the other
components were non significant.

The results of Pb accumulation in cultivated soil
can be explained by five components about 32%, and
the remaining 68% may be due to error and other
factors omitted in the model such as pH factor.
However, the model has low significance, therefore
the significance of the model could not reflect mostly
factors affecting to Pb accumulation in cultivated soil.
In addition, from the analysis can be concluded that
Pb accumulation in cultivated soil is strongly positive
influenced by three variables in component No.2
which includes average amount irrigation water (X9),
time watering (X10), Pb in irrigation water (X13). They
are variables relate to practices in farming using
irrigation water and characteristic content of Pb in
irrigation water.

Table 5. Summary of the regression results of Pb
accumulation model in cultivated soil

Three kind Vegetables (n=75)
Variables

Coefficients Stz?r(éer\rd t-radio Sig
Constant 65.46 321 20.39*  0.00
Component No.1 5.49 2.03 271*  0.00
Component No.2 1191 211 5.65 ** 0.00
Component No.3 -1.67 191 0.94™ 035
Component No.4 3.33 2.02 174" 0.08
Component No.5 177 0.05 0.87"™ 0.38
R?=0.37 (37%) Adjusted R%= 0.32 (32%)
F value 8.03 *** Durbin-Watson 2.11

Note: *, ** indicate the level of significance at 5% and 1% respectively.

Besides, Pb accumulation in cultivated soil is very
weak positive influenced by three variables in
component No.l. Specifically, component No.1 consists

of total areas (X4), field area (X5) and family size (X3).
They are variables relate to size of vegetables field, size
of total farming area owned by farmers and size of
farmer’s family.

The main cause leading to the Pb accumulation in
cultivated soil is due to cultivated soil absorbed and
accumulated Pb from substances added into cultivated
soil  environment.  Specifically, cultivated  soil
environment in the study area affected by the
supplement of substances containing Pb into cultivated
soil environment, including water contaminated by
wastewater source from sewage sludge, residential
waste water, industrial waste water, with frequency and
large amounts of irrigation water (Hai, 2011). In
addition, the solubility of lead (Pb) in the acidic
cultivated soil environment (Hang, 2007; Jung, 2008).

IV. CONCLUSION

1. Pb content in vegetable samples was polluted at
a high level. Average Pb content in vegetables samples is
156 mglkg, about 3.1 times compared to permitted
standard (0.5 mg/kg). Pb content in vegetable jute is the
highest, followed by in bitter melon and the lastly in
basella alba. Pb content in soil was close to the threshold
content (65.50 mg/kg). Pb content in soil for planting jute
had the highest Pb content, followed by in soil for planting
bitter melon and lastly in soil for planting basella alba.
There is a high corresponding correlation between Pb
accumulation in cultivated soils for plating three selected
vegetables and Pb accumulation in selected vegetables.

2. Pb accumulation in vegetables explained by
independent variables of five components about 71%. Pb
accumulation in vegetables is strongly and positively
influenced by four variables relate to practices in farming
using irrigation water and content of Pb in cultivated soil
and irrigation water. The main cause leading to the Pb
accumulation in vegetable highly due to vegetables
absorbed Pb from farming environment, especially from
cultivated soil environment. Therefore, it is logical to
incorporate farmer groups into the decision making
process to reduce the Pb accumulation in vegetables.

3. Pb accumulation in cultivated soil can be
explained by independents variables of five components
about 32%. Pb accumulation in cultivated soil is strongly

47



influenced by three variables relate to practices in farming
using amount of irrigation water and characteristic content
of Pb in irrigation water.

4. The main cause leading to the Pb accumulation in
cultivated soil is due to cultivated soil absorbed and
accumulated Pb from substances added into cultivated
soil environment. Specifically, cultivated soil environment
in the study area affected by the supplement of
substances containing Pb into cultivated soil environment,
including water contaminated by wastewater source from

sewage sludge, residential waste water, industrial waste
water, etc with frequency and large amounts of irrigation
water. In addition is the mobility of heavy metals (such as
Pb) in the acidic cultivated soil environment. Therefore, in
order to reduce the Pb accumulation in cultivated soils, for
safe production of jute, basella alba, and bitter melon
along Cau river in Tuc Duyen ward, decision making for
planning and implementation must be based on
information and feedback of all stakeholders.
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Toém tat
CAC NHAN TO ANH HUONG PEN Sy TiCH LOY CHI TRONG DAT CANH TAC VA RAU TAI
PHUONG TUC DUYEN, THANH PHO THAI NGUYEN, VIET NAM

NguyOn Ngac S-n Hfi*, Chanchai Sapgchayoswatz,
Attachai Jintrawet?, NguyOn Ng&c N«ng?

Nghién cfu nay dugc tién hanh vdi muc dich xac dinh su tich Ity cla chi (Pb) trong dat canh tac va ba loai rau

dudc chon. Bay mudi ndm chu hd gia dinh trdng ba loai rau (day, ming toi, muép déng) doc theo sdng Cau tai phudng
Tlc Duyén d3 dugc Iua chon ngdu nhién trong nghién clfu nay. D liéu chinh dudc thu thap théng qua phdng vén bang
bang cau hoi phong van chuén va nghién cru thuc dia. DIt liéu tir nghién clru thuc dia va bang cau hoi da dugc phan tich
st dung phan tich nhan t6 va hdi quy da bién d€ xac dinh céc nhan t& anh hudng dén su tich Illy Pb trong dat canh tac
va trong ba loai rau dugc chon. Nguyén nhan chinh dan dén su tich Iy Pb trong rau cao do cac loai rau hdp thu Pb tir
moi trudng canh tac, ddc biét la tir moi trudng dat canh tac. Moi trudng dat canh tac tai khu vuc nghién cu da bi anh
hudng bdi viéc bd sung cac chat cé chira Pb nhw ngudn nudc tudi bi 6 nhiém bai cac ngudn nudc thai tir bun thai, nudc
thai khu dan cu, nudc thai cong nghiép. Thém vao do |a tinh tan cta Pb trong moi trudng chua cla dat canh tac. Ching
toi d8 nghi réng cac bén chinh lién quan phai tham gia trong qua trinh dua ra cac quyét dinh dé giam su tich Iy cua chi
trong ca rau va dat canh tac tai phudng Tlc Duyén.
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Abstract

Rapid land use change has taken place in many regions of the Lao PDR, since
the country initiated economic reforms and open door policies. Land use and land
cover changes that occurred from 1990 to 2010 in the study area of three target
villages namely: Phonsavang, Sanghai and Thinchaleon with the total area of 3,269.94
hectare consisted of 319 households and 1.609 people. 150 households were selected
as the study samples. The study area is a reflection and representative of the Pak Oo
district. The objectives of this study were to assess spatial land use change patterns in
the last two decades from 1990 to 2010 and to determine factors affecting on land use
change and their effects on farmers” livelihood.

In this study. land use change data was derived from satellite images
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geographic information system (GIS). Land use type in 1990 consists of 7 classes and
9 classes in 2010.

Results of land use clagsification in 1990 found that water bodies cover 41.26
ha. deciduous forest 1.138.28 ha. mixed deciduous forest 1.518.75 ha. fallow 200.09
ha, upland ﬁeld 300.03 ha, lowland field 57.02 ha and urban area 14.24 ha constituted
1.27%, 34.81%. 46.45%, 6.12%. 9.18%, 1.74% and 0.43% of the total area
respectively. Land use classification in 2010 found that water bodies cover 57.69 ha
(1.76%). deciduous forest 1.184.44 ha (36.22%), mixed deciduous forest 976.40 ha
(29.86%). fallow 99.56 ha (3.40%). upland field 170.72 ha (5.22%}, lowland field
92.77 ha (2.84%). urban area 62.64 ha (1.92%), teak plantation 514.69 ha (15.74%)
and mixed fruit orchard 111.03 ha (3.40%) of the total area. The results indicate that
severe land use changes from 1990 to 2010 have occurred in teak wood plantation and
mixed fruit orchard increase of 100%. constituted 514.69 ha and 111.03 ha. These
types of land use did not exist in 1990 while mixed deciduous forests, upland and
fallows decreased to 542.35 ha (-35.71%). 100.53 ha (-50.24%) and 129.58 ha
(-43.15%) respectively. The changes of land use in 1990-2010 are highly significant
and be able to map out the distribution of land use change within the two decades.

Factor analysis showed that five spatial variables and five socio-economic
variables influenced and affected land use change. The most important factors were
slope and distance from urban of spatial variables, land size holding and amount of

livestock.

This information can support land use planning in Pak Ou dj t
©

fand use planning and development. 2,4
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Assessment of Spatial Land Use Change in Pak Ou District Luang Prabang
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Abstract

Rapid land use change has taken place in many regions of the Lao PDR, since the
country initiated economic reform and open door policy. Over the last two decades, the
landscape of northern Laos which consists of a continuum of rugged mountainous terrain is
rapidly changing. The study area for assessing spatial land use change was selected 3 villages
with the total area of 3,269.94 hectares in Pak Ou district, Luang Prabang province. In this
study, land use change data were derived from satellite images (Landsat 5 TM) acquired in
1990 and 2010. Land use changes were assessed by using remote sensing and GIS. The study
aimed to assess the spatial land use change pattern from 1990 to 2010. Land use type in 1990
consists of 7 classes and 9 classes in 2010. Supervised and unsupervised classification
techniques were used to classify land use maps with the aid of ground truth control points
obtained from field survey. Land use change analysis was used change detection in ERDAS
Imagine Package accompany with ArcGIS. Accuracy assessment showed that 1990 image
classification is 89.96% and 2010 is 84.38%. The results indicated that severe land use
changes from 1990 to 2010 have occurred in teak plantation and mixed fruit orchard increase
of 100%, while mixed deciduous forest, upland and fallow were decreased of 35.71%,
50.24% and 43.15%, respectively. It can conclude that the changes of land use in 1990 to
2010 are highly significant and be able to map out the distribution of land use change within
the 2 decades, results of the study aim to develop replicable maps and presenting the pattern
of land use change over the last 2 decades of the study area as part a region of Pak Ou district
for further land use planning and development.

Keywords: Land use change, satellite imagery, GIS, remote sensing, Lao PDR

Introduction

Rapid land use change has taken place
in many regions of the Lao PDR since the
country initiated economic reform and open
door policy. Over the last two decades, the
landscape of northern Laos which consists
of continuum rugged mountainous terrain is
rapidly changing. Upland shifting culti-
vation had been considered the root cause
of forest degradation in this region; many
attempts have been made by the central
government of Laos to restrict the
expansion of slash and burn agricultural
practices. Shifting cultivation in Laos has

been on the decline in the last two decades
leading to increase in the areas of degraded
forests (Thongmanivong and Fujita 2006).
Intensification of agricultural land use not
only affects the landscape, but also bears a
significant impact on agricultural producti-
tion with a potential to undermine the long
term  harmonious people environment
relationships. There is an urgent need for
evaluating the magnitude, pattern and type
of land use changes for projecting future
land use planning and development.
Satellite remote sensing in conjunction
with  Geographic Information Systems
(GIS) has been widely applied and been
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in detecting land use and land cover change
(Ehlers et al., 1990 and Treitz et al., 1992).
Satellite remote sensing provides cost

effective multi-spectral and multi-temporal
data and turns them into information
valuable for understanding and monitoring
land use patterns and processes for building
land use and land cover data sets. In recent
years the techniques of satellite remote
sensing and GIS have been increasingly
used to examine the spatial and temporal
patterns of land use and land cover change
(Dai et al., 1996; Yeh and Li, 1996, 1997,
1999; Chen et al., 2000). GIS technology
provides a flexible environment for storing,
analyzing and displaying digital data
necessary for change detection and database
development. Satellite imagery has been
used to monitor discrete land cover types by
spectral classification or to estimate biophy-
sical characteristics of land surfaces with
spectral reflectance or indices (Steininger,
1996). Remote sensing and GIS based
change detection studies have predomina-
ntly focused on providing the knowledge of
how much, where, what type of land use
and land cover change has occurred
(Lambin, 1997). Supervised, unsupervised
classification and change detection are the
most commonly used methods in land use
change classification (Jensen, 1996).

The aim of the study is to analyze and
assessing the spatial land use change pattern
from 1990 to 2010 of the study area in Pak
Ou district, Luang Prabang province, Lao
PDR by combining satellite remote sensing
and GIS to quantify and analyze land use
changes using Landsat5 TM data and field
surveys.

Methods
Study area

The study area is located in Pak Ou
district, Luang Prabang province, Lao PDR.
It lies in the 19° 57> 39°" to 20" 02> 22”° N
latitude and 102° 13’ 01°" to 102° 19 47 E
longitude with elevations ranging from 279

to 659 meters, this area surrounded by high
mountains and rough valleys with an area
of 3,269.94 ha. Located in Pak Ou district,
far from the center point of Luang Prabang
city to the north about 30 Km. The study
site consists of 3 villages: Sanghai,
Thinchaleon and Phonsavang which has
319 families with the population of 1,609
people.
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Fig. 1 Map location of the study area
Data and land use change classification

Changing in land use was derived from
Landsats TM path 129, row 46 taken on
15" January 1990 and on 7" February 2010
and field survey data. Each Landsat image
was enhanced wusing linear contrast
stretching and histogram equalization to
improve the image to help identify ground
control points in rectification. The two
dates of images were rectified to a common
UTM coordinate system based on 1:50 000
scale topographic maps.

Unsupervised computer random was
used for 1990 image and supervised
signature extraction with the maximum
likelihood algorithm employed to classify
the 2010 images. Both statistical and
geographical analyses of feature selection
were conducted and bands 5, 4 and 3 were
found to be most effective in discriminating
each class and thus used for classification.
The feature selection process reduced the
number of bands to be processed in the
database, but should not affect the classify-
cation accuracy (Jensen, 1996).



Land use classes included: (1) water,
(2) deciduous forest, (3) mixed deciduous
forest, (4) fallow, (5) upland field, (6)
lowland field, (7) teak wood plantation, (8)
mixed fruit orchard and (9) urban.

In performing land use change detec-
tion, a cross-tabulation detection method
was employed. A change matrix was prod-
uced. Quantitative real data of the overall
land use changes as well as gain and losses
in each category between 1990 and 2010
can be compiled. The change matrix gives
the knowledge of the main types of changes
(directions) in the study area. In order to
analyze the nature, rate and location of land
use changes, a set of ‘gains’ and ‘losses’
images for each category was also produ-
ced. These ‘change’ images overlaid was
constructed in a vector GIS environment.
This GIS overlay intended to find out land
use change information within each tem-
poral. The reference data were collected
from field survey and Google earth was
also employed as reference for accuracy
assessment when necessary.

Results
Land use change in the study area

The land use map for 1990 and 2010
were produced from Landsat5 TM images

and displayed in Figures 3-5. The overall

Table 1 Results of land use classification.

accuracy of the land use classification for
1990 was determined to be 89.96% and
84.38 for 2010. The kappa indices 0.86%
and 0.79% for 1990 and 2010 respectively.
Overall, the user’s and producer’s accura-
cies were high. The accuracy is therefore
sufficient for evaluation of land use
classification.

Based on information from local
inhabitants, land use type in 1990 can be
categorized into 7 classes and 9 classes for
2010. Results of land use classification
showed that land uses were summarized for
the years 1990 and 2010 in Table 1. From
1990 to 2010 with their relative change in
each class: water bodies, deciduous forest,
lowland field and urban increased 16.43 ha
46.16 ha, 35.75 ha and 48.40 ha the total
area, constituting a 39.82%, 4.06%, 62.70%
and 339.89% increased from 1990, respec-
tively.

From 1990 to 2010 there were 2
classes of land use increased with severe
change occurred in teak wood plantation
514.69 ha and mixed fruit orchard 111.03
ha, both types which did not exist in 1990,
they constituting a 100% increased.

On the other hand mixed deciduous
forest, fallow and upland field decreased
542.35 ha, 100.53 ha and 129.58 ha const-
tuting a 35.71%, 50.24% and 43.15%
decreased from 1990, respectively.

Land use type 1990 2010 Relative Change
Area (ha) (%) Area (ha) (%) ha %
WB 41.26 1.27 57.69 1.76 16.43 39.82
DF 1138.28 34.81 1184.44 36.22 46.16 4.06
MDF 1518.75 46.45 976.40 29.86 -542.35 -35.71
Fa 200.09 6.12 99.56 3.40 -100.53 -50.24
UpF 300.03 9.18 170.72 5.22 -129.58 -43.15
LoF 57.02 1.74 92.77 2.84 35.75 62.70
TP - - 514.69 15.74 514.69 100
MFO - - 111.03 3.40 111.03 100
Ur 14.24 0.43 62.64 1.92 48.40 339.89

Note: WB=Water Body, DF= Deciduous Forest, MDF = Mixed Deciduous Forest, Fa=
Fallow, UpF= Upland field, LoF= Lowland Field, TP= Teak Plantation, M.F.O= Mixed Fruit

orchard, Ur= Urban.



The land use change matrix from 1990 izzz ]
to 2010 was shown in Table 2. From the ] @199
table, it was clear that there has been a 1200 0
considerable change 514.69 ha and 111.03 1000 1 m201
ha (100%) increased of teak wood 800 | 0
plantation and mixed fruit orchard during 600 -
the last 20 years) while there were a 400 -
reduction of mixed deciduous forest, fallow 200 1
and upland 542.35 ha (35.71%), 100.53 ha o ]
(50-24%) and 129.58 ha (43-15%), WB DF MDF Fa UpF Lof Ur TP MFO

respectively.
Fig.2 Changes of land use from 1990-2010.

Table 2 Land use change matrix from 1990-2010 (in hectares).

1990 2010 Total

WB DF MDF Fa UpF LoF Ur TP MFO 1990

wB 36.07 1.53 0.03 - - - 0.7 0.72 2.21 41.26
DF 333 82189 173.12 5.58 15.73 191 - 107.51 9.21 1138.28
MDF 9.98 303.06 610.09 43.49 99.62 56.79 4035 27893 76.44  1518.75
Fa - 11.26 111.92  48.71 22.14 - 0.34 4.28 1.44 200.09
UpF 7.12 44.99 75.59 1.78 30.46 12.16 4.41 107.99 15.8 300.3
LoF 0.88 1.52 5.53 - 2.77 21.65 6.9 12.05 5.72 57.02
ur 0.31 0.19 0.12 - - 0.26 9.94 3.21 0.21 14.24
-ZI—(());_%I 57.69 11844  976.4 99.56  170.72  92.77 62.64 51469 111.03 3269.94

C(ha) 1643 46.16 -542.35 -100.53 -129.58 35.75 48.40  514.69 111.03

C(%) 39.82 4.06 -35.71 5024 4315 6270  339.89 100 100

Note: WB=Water Body, DF= Deciduous Forest, MDF = Mixed Deciduous Forest, Fa=
Fallow, UpF= Upland field, LoF= Lowland Field, TP= Teak Plantation, M.F.O= Mixed Fruit
orchard, Ur= Urban C=Change.

Land Use Map 1990

Land Use Map 2010
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Fig.3 Map of land use classification in 1990. Fig. 4 Map of land use classification in 2010.
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Fig.5 Map of land use change from 1990-2010.

Conclusion

This study describes how the remote
sensing and GIS were combined to assess
the spatial land use change pattern of the
study area in Pak Ou district, Luang
Prabang, Lao PDR during the period 1990
to 2010. It was found that severe land use
change in the last two decades have
occurred in teak wood plantation, mixed
fruit orchard and urban areas while mixed
deciduous forest, fallow and upland was
decreased this was because during period of
1990-2010 those of land use were conver-
ted to teak wood plantation, mixed fruit
orchard and small industrial factories
growth and because of the farmers changed
their job to occupy another job such as

workers in small industrial factories and
private public services.

The use of Landsat5 TM data to detect
land use changes has been generally a
success and the digital image classification
accompany with GIS has demonstrated its
ability to provide comprehensive infor-
mation on the direction, nature, rate and
location of land use changes as a result
shown on the map. Although the land use
change maps have a reasonably high
overall accuracy, the accuracy of different
classes varies. Mixed deciduous forest class
can be mistaken as several other classes
due to their diversity. The integration of
satellite remote sensing and GIS provides a
means of moving the emphasis of land use
change studies from patterns to processes.



Data and computational limits are
becoming less significant due to advance in
remotes sensing for change detection and
in the incorporation of remotely sensed data
and auxiliary data into GIS (Baker, 1989).

The most compelling research issues
may be a lack of appreciation of the power
of the integration and understanding of how
to incorporate existing knowledge in useful
for land use change assessment.
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ABSTRACT

To achieve the goal and objectives of poverty eradication and move beyond
the category of the least developed country, Lao PDR government determines to
increase food security particularly rice which is the country’s stable food. Therefore,
the objectives of this research aimed to study rice cultivation system, to determine rice
productivities by crop cutting method and also to identify its influencing factors of
rainfed lowland rice in Vientiane plain, Lao PDR. Three villages namely; Nongphaya,
Latkouy, Borlex were selected as representative of lowland in Vientiane plain,
according to the villages’ physical characteristics. Information related to general
feature of the Vientiane plain were obtained for secondary data. In each village 3 key
informants were selected for SSI to understand natural resources and livelihood
system of villagers. A total 89 households from three villages were stratified and
selected for interview by using questionnaires to obtain information on rice
production system and identify the influencing factors on rice yield. And total 18
farmers’ fields from three villages were randomly selected for rice crop cut study and
its yield components. Data from SSI were analyzed by content analysis and the
quantitative data were processed by computer using MS Excel, MStatC, SAS
programs.

Almost all farmers interviewed practice similar rice production processes.
Most of rainfed rice is grown in bunded paddy fields, essential to catch and control
uncertain water level. Rice yield from crop cutting in all of three villages varied from
3.00 to 5.46 t ha™', with an average of 4.08 t ha™'(SD = + 0.72). The gap between the
maximum and the average yields was 1.4 t ha™'. While the gap between minimum and

average yields was 0.9 t ha™' and yield components varied widely: number of hills
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(m?%) (25.72), number of panicles per hill (6.9), plant height (134.13 c¢m), number of
filled grains per panicle (86 grains), number of un-filled grains per panicle (12 grains)
and 1000 grain weight (g) (27.28).

The average grain yields in three different villages, Nongphaya Latkouy and
Borlex villages were 4.55, 3.99, and 3.70 t ha respectively. Yields were associated
with condition of the paddy field; topography, fertilizer input, land preparation,
reduction of apple golden snail damage, etc. Therefore, there is much potential to
increase the yield through proper managements. The actual yield from crop cutting
was 30% over-the estimated yield data obtained from farmers interview, the gap was
1.23 t ha'. In terms of agronomic factors (yield component factors), the number of
panicles per hill, hill density and number of filled grain were the most important
factors for increasing rice yield. However, some of management factors were also

important.
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ABSTRACT

This paper aimed to investigate rice production systems in rainfed lowland. Three villages namely Nongphaya,
Latkouy and Borlex were selected as representatives of the lowland in Vientiane plain, according to physical
characteristics. A total of 89 households from three villages were selected for interview by using questionnaires to
obtain information on rice cultivation system. Almost all farmers interviewed practice similar rice production process.
Most of rainfed rice is grown in bunded paddy fields only in rainy season, beginning in May or June depending on timing
of rainfall. Land preparation starts when soil moisture is favorable. Then seedbed is prepared and ready for seedling
transplantation after three to four weeks. Fertilizer application, weeding and snail controlling, etc... are practiced by most
of the farmers. Harvesting and threshing usually occurred during October to early December (depending on varieties
of rice and transplanting date). The rice yield from all of three villages varied from 1.04 to 3.85 t ha™', with an overall
average of 2.50 t ha™ (SD = + 0.59). The average rice yield from each village does not differ much in village (2.53, 2.48
and 2.47 t ha™"), but considered to be as lower yield. However, the highest yield was 3.85 t ha™. Therefore, there is
much potential to increase the yield through proper management such as fertilizers application which is still much lower

than the recommend level, reduction from golden apple snail damage, etc.

Keywords : Rice / Rainfed Lowland / Production / Cultivation System / Vientiane Plain
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Introduction

Lao PDR is primarily based on agriculture for
her economy. The development policy, the government
has been aiming to eradicate poverty and move beyond
the category of least development country by the
year 2020 (NPEP. 2003). To achieve this, the
government has adopted the National Growth and
Poverty Eradication Strategy. The first period of current
strategic objectives of agricultural development are to
improve rural livelihoods, reduce vulnerability of poor
households, and create opportunities for diversifying
livelihoods through market orientation. On the other
hand, agricultural sector has changed rapidly because
farmers are making a transition from subsistence to
commercial farming as the results of this strategy.
(Sithong et al. 2006). At present, the change of this rice
policy helps farmers’ adoption and expansion of intensive
agriculture practices. They grow various economic crops,
including maize, cassava, sugarcane, etc., for sale to

increase their family’s income (NAFRI. 2009).

Moreover, rice is the one of most important
indicators determining the welfare status of the
Lao people. In the past, rice was commonly grown
mainly for domestic consumption only (Schiller et al. 2006).
Presently, rice is becoming the most households’
security crop, which can ensure food security and
improve cash income for the rural households.
(Basnayake et al. 2006). Thus, it is considered as the
core staple food and as economic crop in Lao. Beside
this, rice is major crop grown in all regions of the
country, its cultivation covers more than 80% of the
total cropped area and approximately 80% of the rice is
grown on the seven lowland plains adjacent to the
Mekong River. Moreover, the rice production in Laos
can be divided into 3 systems, including the rainfed
lowland, irrigated lowland and upland rice, 76%, 11%
and 13% respectively (MAF. 2009). Thus, rainfed
lowland rice production is a key strategy of agricultural
planning. Therefore, to achieving full self-sufficiency in
rice at the national level with increasing of population
and to generate exportable surplus by 2015 (MAF. 2010).
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and to respond to the government policy by achieving
increase rice productivities it is necessary to understand

the exiting production in a key area of the country.

Research Method

Information related to general feature of the
Vientiane plain was obtained for secondary data.
The study was conducted in three villages namely
Nongphaya, Latkouy and Borlex, in Xaithani district,
Vientiane plain. Village selection was based on large
planted area of rice and soil texture characteristics. In
each village with 3 Key Informants (Village headman,
long experience and local knowledgeable farmers) were
selected for semi-structured interview in other to
understand the village system. A total 89 households
form all three villages were selected by stratify
sampling (high and low yield households as identified
by village headmen) for interview by questionnaires to
obtain information on rice production system. Data from
SSI| were analyzed by content analysis. Quantitative
data were processed by computer using MS Excel
program such as percentages, mean, maximum-minimum

values, etc.

Results and Discussion

Characterization of Vientiane plain

The Vientiane plain is located between latitude
17°47°00"-18°39'00” N and between longitude 102°22'00”
—103°22'00" E. with 150 to 200 meter elevation above
sea level (SCCL. 1997). Most of the rainfed lowland
rice areas are in two provinces i.e., Vientiane province
and Vientiane capital with twelve districts. Xaithani
district is represents of Vientiane plain, due to largest
area of rice planting and covers three main soil
textures; the major soil texture is sandy with small
amount of clay. There are three classification of paddy
fields; 1) Upper terrace rice field, is facing frequent
drought, uncertain rainfall, having sandy soil covering
about 61.8% of the rice area, 2) Middle terrace
rice field, facing frequent shot duration flood and

drought, having sandy loam soil texture, covering about
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31% of the total rice field. And 3) Lower terrace paddy
rice, facing frequent wet season flood covering quite
high heavy clay of content, covering 6.2% of the total
paddy field. (Table 1)

Rice yield from each village

According to the farmers interview, rice yield
from all of three villages varied from 1.04 to 3.85 t ha™,
with an overall average of 2.50 t ha” (SD = + 0.59)
(Table 2). However, the highest yield was 3.85 t ha™.
Therefore, there is potential to increase the yield through

proper management.

Rice cultivation systems

There are two rice cultivation systems in this
area, rainfed and irrigated rice system. Rainfed rice is
cultivated in the wet season while irrigated rice is
cultivated in dry season. In both systems, rice field is
flooded at least part of the growing season. Cropping
cycle of wet season rice begins at end of May or June
depending on rainfall, with the preparation of the
nursery seedbed. After a month, young seedlings are
transplanted. However, transplanting may be delayed if
the wet season rain is late. Harvesting is starting from
October to early December (depending on the varieties
of rice and planting date). During the dry season, rice

fields are often grazed by livestock. (Table 3)

Rice management practices

Almost all farmers interviewed practice similar
rice production process. Almost all the farmers plow
their main fields when there is sufficient moisture in the
soil, usually 2 to 4 weeks before transplanting. The field
is plowed again to make soil puddle by harrowing.
Farmers apply cow manure with chemical fertilizers; the
amount of fertilizer used and frequency of application

often depend on individual farmers’ financial resources.

Rice cultivar
There are several varieties of rice, used for

cultivation. However, it can be classified into three
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different types, early, medium and late mature varieties,
within each type of variety there are traditional and
improved varieties. Many farmers grow more than two
different varieties in a cropping year, to match the land
types and water availability. Usually early-maturing
varieties (flowering in middle to late September) are
traditionally grown in upper terrace where water supply
is limited and uncertain. Medium and late-maturing
varieties (flowering in middle to late October) are also
typically grown in the lower terrace where water supply
is more available. Table 4 shows that only two farmer
in two villages (Latkouy, Borlex) can grow early and

medium varieties due to the topographical condition.

Land preparation

Normally land preparation starts in May with
favorable rainfall. The farmers used hand tractors for
plowing, usually at about 15-20 cm depth with two time
of plowing. Pand and Bhan9 found that rice yields were
higher and weed dry matter was lower with deep tillage
(21-28 cm) than with shallow tillage (7-14 cm). According
to Boling10 rainfed lowland rice yield can be increased
by the deep tillage because deep plowing conserves
moisture and kill weeds. The first plowing is done to
incorporate rice straw and other plants residues into the
soil to hasten decomposition of plant materials, then
they flood the field for two to three weeks to kill the
insect pests and weeds. The second plowing is done to
turn and mix the soil with water and to harrow at the
same time to produce soil puddling and land levelling.
Thus, timely of land preparation is important to
avoid delay in crop establishment and to enable
decomposition of organic material such as rice straw,

crop residues.

Nursery management

The lowland rice in this area is transplanted,
usually nursery is done in small area (about 5-10% of
total area to be planted) the average quantity of
rice seed sown in ricebed is about 60-90 kg ha™,

seedlings are allowed to grow for 24 to 30 days before
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transplantation depending on the rain. Cattle manure is
applied before or at the same time of land preparation.
Moreover, chemical fertilizer application is done
1 or 2 days before young seedlings are removed for

transplanting, in order to easily pull off the seedlings.

Transplantation

Very few farmers have been trying to plant rice by
broadcasting due to labor shortage. Usually transplantation
is done from the middle to late July with proper stage
of seedling growth (30 days) is preferred. Three to five
of seedlings per hill are transplanted at about 15 x 15 cm
or 20 x 20 cm spacing under normal condition with
average population density of 20 to 25 hills per m’.
Seedling is transplanted manually by using household

or hire labor within the villages.

Fertilizer application

The most common fertilizers available commercially
in the villages are N:P:K 16:20:00 and 46:00:00
(ureas). Based on the farmers interview, about 66% of
farmers use only chemical fertilizer, 28% use chemical
fertilizer with cattle manure and 17% use only cattle
manure in their rice field (Table 5). In their seedbed
they use rice husks or cattle manure.

Initially, 1-2 bags (1 bag = 50 kg) of chemical
fertilizer (16-20-00) is applied about 10-15 days after
transplanting (DAT), Then around 75 DAT 46-00-00
fertilizer is applied. However, some farmers mix different
types of chemical fertilizer with different timing. However,
according to Table 6, average of nutrient inputs in all
three villages amounted 25.65 kg N, 6.09 kg P and
1.49 kg K ha”, illustrates that most of farmers in three
villages apply N at the rate less than recommendation
rate (60 kg N ha™) for the rainfed lowland rice production
of the central part of Laos (Linquist and Sengxua.

2011). This practice might contribute to low yielding.

Pests’ management
The Golden apple snail (Pomacea canaliculata)

is the most recent and common rice pest influencing
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yield in this area (Basilio R. 1991) reported that at 30 days
after transplanting, medium-sizes nails (2-3 cm shell
height) at a density of one and eight snails/m® had
reduced the number of tillers by 19% and 98%,
respectively. Furthermore, 0.5 snails/m” cause 6.5% and
8.0 snails/m” cause 93% missing rice hills. In order to
avoid the damage from the golden apple snail most of
the farmers use more than 30 days old seedlings and
transplant with higher number of plants per hill. This
might provide some protection or reduce damage from
the snail and also increase rice yield. However, 40% of
farmers reduce snail damage by traditional practice
(handpicking), 16% applied insecticide, 4% applied
herbicide and 41% do not control the snail (Table 7).
(Halwart M. 1994) summarized that crop establishment
with different ages of seedlings and different numbers
of seedlings per hill are considered as one of the
major cultural methods for controlling snails. Moreover,
(Sanico et al. 2001) founded that transplanting the of
old seedlings (4-5 weeks) at increase number of
seedling per hill could reduce snail damage in terms

of missing hills and minimized yield losses.

Harvesting

Proper management and timing of harvesting
can reduce rice yield loss. The farmers always observe
when 80-85% of rice grains reach mature stage.
Usually rainfed rice harvesting starts from October to
early December (depending on varieties and planting
date) and most farmers harvest their rice manually
(using sickle) using household or hire labor within their
villages. Harvested rice is dry by the sun in the rice
field for a few days before threshing. And usually
threshing is done by machine, but seed for the next
season planting is threshed manually. After threshing,
rice grains with 12-14% of moisture content are usually

stored in small rice barns to protect rodent damage.

Conclusion

Management practices of rainfed lowland rice in

Asian countries; Cambodia, Thailand, Nepal (Fujisaka. 1990)
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are not differ much from the ones in Vientiane plain
of Laos. However, this paper show that a combination
of physical, methodological, biological and technological
factors influence rice cultivation practices and yield
of the Vientiane plain. Moreover, changed of rice
management practices are observed. Farmers quickly
adapted their farming systems according to the changes
such as mechanizations.

The average yield of lowland rainfed rice (2.5
t ha™) is still low as compared to the neighboring
countries such as Vietnam (5.5 t ha™), China (6.5 t ha™),
etc. (FAOSTAT. 2010) and the yield from each village
is not much different (2.53, 2.48 and 2.47 t ha'1), this
may be related to the fact that most farmers apply cattle
manure or other fertilizers less than recommendation.
Moreover, soil fertility in these villages is low. There
have a potential to increase the rice yield through proper
soil management, pest management and fertilizers

application.
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Table 1 Soil distribution of Vientiane p
Area
Soil text
off texture Hectare (ha) Percentage (%)
High sand Soil texture (SL, LS) 238.39 62
Medium of clay Soil texture (LL,CL,LC) 122.28 31.8
Heavy clay Soil texture (HC) 23.83 6.2
Total 384.44 100
Note: SL= Sandy Loam, LS= Loamy Sand, LL= Loamy loam, CL= Clay Loam, LC= Loamy Clay, HC= Heavy Clay
Table 2 Rice yield in three villages
. -1
Yield t ha
Villages No. of HH SD
average Min Max
| 2.53 3.85 1.04 27 0.70
1l 2.48 3.43 1.60 32 0.47
1 247 3.75 1.04 30 0.62
Total 25 3.85 1.04 89 0.59
Note: Village I, I, Il = Nongphaya, Latkouy and Borlex village respectively
Table 3 Seasonal land-use calendar of lowland paddy field
Month
systems
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Season Dry season Wet season Dry season
Rainfed I I I
Cattle|raising
lowland - SW P /HT/ -—
[ [ [ [
| | | I
Irrigated
SwW TP HT
lowland TP HT @

Note: TP = Transplanting, SW= sowing rice, HT = Harvesting

Table 4 Varieties using in three different villages

Characteristics

Nongphaya village

Latkouy village

Borlex village

Physical

Water resources

Varieties

Low terrace

Rain & semi-irrigation

Early, medium & Late varieties

Low terrace & flat

Rain & Irrigation

Early & medium varieties

Medium terrace

Rain & semi-irrigation

Early & medium varieties
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Table 5 Number farmers’ type fertilizer application in main paddy field

Nongphaya village Latkouy village Borlex village Total
Practices Percentage Percentage Percentage Percentage
No. of HH No. of HH No. of HH No. of HH

(%) (%) (%) (%)
None 0 0 2 6 1 3 3 34
CM only 0 0 1 3 0 0 1 1.1
CF 19 70 5 78 15 50 59 66.3
CM+CF 7 26 4 13 14 47 25 28.1
SN+CF 1 4 0 0 0 0 1 11
total 27 100 32 100 30 100 89 100

Note: HH= Households, CM= Cattle Manure, CF= Chemical Fertilizer, SN= Soil Night

Table 6 Average nutrient inputs in each village

iage Yielcj t Organic f(-;_r1tilizer Chemical fertizer (g ha™") Total 1
ha’ (kg ha ') First period Second period (kg ha ')
N P K N P K N N P K
| 2.53 0.90 0.41 0.82 17.59 4.32 0.64 11.45 29.93 8.60 1.47
1] 2.48 1.35 0.61 1.24 19.22 3.62 0.00 13.92 34.49 7.41 1.34
I 2.47 1.28 0.58 1.18 5.89 0.81 0.27 5.37 12.54 2.28 1.66
Mean 2.50 1.17 0.53 1.08 14.23 2.91 0.30 10.25 25.65 6.094 1.48
Note: Village |, I, Ill = Nongphaya, Latkouy and Borlex village respectively
First period = 1-30 DAT, Second period = 31-90 DAT transplanting
Table 7 golden apple snail control by farmers
Nongphaya village Category Latkouy village Borlex village Total
No. of Percentage No. of Percentage No. of Percentage No. of Percentage
HH (%) HH % HH % HH %
None 5 19 18 56 14 47 37 41.57
Hands catching 12 44 9 28 14 47 35 39.33
Insecticide 8 30 5 16 1 3 14 15.73
Herbicide 2 7 0 0 1 3 3 3.37
Total 27 100 32 100 30 100 89 100
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ABSTRACT

Stabilization of shifting cultivation (SBC), also called as ‘“slash and burn
cultivation”, is one of the most important government policies for the upland
development in Lao PDR. The policy called for completed eradication of the SBC by
the year 2015 through the development of a more diversified, stable, and productive
upland farming system. While links between unsustainable SBC and the formation of
Imperata grassland (IGL) have been well documented, there has been limited research
on the issues with the intention of providing appropriate information to research and
development communities in Laos aiming at better use of natural resources in the
uplands. In Laos, IGL was reported to have the potential to invade 0.8-1 million ha or
about 3-4% of the country’s territory. While there has been a continuous reduction in
SBC area as a result of land use systems changed imposed by the government
development policies, the spread of IGL was expected to be a threat to the
productivity and sustainability of the traditional SBC systems and the already
intensified land use systems.

This research aims to acquire information about the IGL in Nambak district of
Luang Prabang province in northern Laos based on the synthesis of remotely sensed
data from Landsat-5 TM and GIS data, and the possible effects of IGL infestation on
agricultural land uses and the livelihoods perceived by local farmers in the most
Imperata infested area.

IGL in the study area was mapped from Landsat-5 TM imagery with highly

acceptable accuracy. The current IGL cover was estimated at about 2.5% (4,878 ha)



of the district area and characterized as a ‘micro-grassland’ for most patch sizes being
less than half a hectare. The spatial analysis showed that the IGL was unevenly
distributed, ranging from 0.6 % in the least infested zone in the north-east and north-
west to 4.4% in the most infested zone in the south-east part of the district. In
addition, the study suggested that improper SBC intensification into more permanent
crop production systems was a major cause of Imperata infestation in the study areas.

The traditional SBC remains the main agricultural land use system providing an
important source of food and income for the farmers. IGL which was established
about one and a half decades ago was reported to affect the livelihoods of 38% of the
households in the target villages. The positive cause-effect relationships among the
factors of accelerated land clearing, short fallow, and limited land perceived by local
farmers were suggested to be the main cause of widespread Imperata infestation in
Nambak district. Imperata had invaded all types of land uses, and affected their
sustainability as it not only decreased the productivity of the land being cropped but
also reduced the cultivated land as a result of mixed and pure infestation, respectively.
Weeding, fallowing, applying chemicals, exchange labors, and change for new crops
and off-farm activities were the common farmer’s management strategies; the
effectiveness of implementing of such strategies, however, encountered many
problems of lacking labors, capitals, rice shortage, and limited land.

In order to further utilize land resources more effectively to promote economic
growth while maintaining the environment, government intervention is indispensable;
development efforts should initially focus on the most affected areas. However, the
constraints faced and the current technology used by the farmers will make it very
difficult for them to adopt a more intensive agricultural system which is a high
priority of the government upland development policy. To meet this challenge,
knowledge about causes, problems, management strategies, and constraints perceived
by local farmers require a more systematic and integrated interventions combining
technological, social, economic, and political resolutions.

Remote Sensing (RS) and Geographic Information System (GIS) technologies
were proved to be a cost-effective, accurate and transparent tool in determining the
study area driven by the research objectives and their applications in other study areas

would have significant impacts on the natural and agricultural resource management
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in the uplands of Laos. However, the RS and GIS technologies are relatively new, in
particular northern Lao region, and have hardly been utilized to support decision
making in research and development. Therefore, the study suggests that MAF of GoL
should establish an Agrogeoinformatic Center and charged with research and training
activities that aim to apply RS, GIS, and system modeling tools to better understand,

predict, and manage agricultural and natural resources in northern Lao PDR.



Imperata Grassland Mapping in Northern Uplands of
Lao PDR: Area, Distribution, Characteristics,
and Implications for Slash-and-Burn Cultivation

Bounthanh Keoboualapha,* Thaworn Onpraphai,** Attachai Jintrawet,**
Suchint Simaraks,* and Anan Polthanee*

Slash-and-burn cultivation (SBC) is an important food and cash crop production
system in mountainous regions of many countries in Southeast Asia. While links
between unsustainable SBC and the formation of Imperata grassland (IGL) have
been well documented, there has been limited research on the issues with the
intention of providing appropriate information to communities in Laos aiming at
better use of natural resources. This paper reveals the IGL area, distribution, and
characteristics in the uplands of northern Laos, and discusses the importance of IGL
for upland development based on the synthesis of remotely sensed Landsat-5 TM
and GIS data. We have demonstrated the potential use of geoinformation technology
as a set of informatics tools that can be applied in other area studies in Laos. Nine-
teen land uses/land covers of 196,317 hectares in Nambak District in northern Laos
were mapped with an overall accuracy of 92.1% and a kappa statistic of 91.3%. IGL
achieved >90% mapping accuracy. The current IGL was estimated at about 2.5%
(4,878 hectares) of the district area and characterized as a “micro-grassland,” with
most patch sizes being less than half a hectare. About 37% of the district area in
the southeastern part was identified as the most Imperata-infested zone. The study
suggests that improper SBC intensification into more permanent crop production
systems is a major cause of Imperata infestation in the upland areas and that the
spread of IGL can be a threat to the productivity and sustainability of traditional SBC
systems and already intensified land use systems. In order to utilize land resources
more effectively, government intervention is indispensable; and development
efforts should initially focus on the most affected areas.

Keywords: Imperata grassland, slash-and-burn cultivation, land use intensification,
remote sensing, supervised image classification, GIS
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I Introduction

Imperata cylindrica is one of the most dominant, competitive, and difficult weeds to con-
trol in the humid and sub-humid tropics of Asia, West Africa, and Latin America. There
may be as much as 35 million hectares of Imperata grassland (IGL) in Asia, about 24.7
million hectares of which is in Southeast Asia (Garrity ef al. 1997). Common names for
Imperata are nya kha (Laos and Thailand), thetke (Myanmar), co tranh (Vietnam), alang
alang (Indonesia), lalang (Malaysia), cogon (Philippines), #lluk (Sri Lanka), and speargrass.

Links between slash-and-burn cultivation (SBC), also called “shifting cultivation,”
and the formation of IGLs were well understood in Indonesia in the 1930s (Van Noordwijk
et al. 1997). 1GLs have developed mostly on former forestlands after repeated logging
and subsequent treatment by fire, e.g., in shifting cultivation (Eussen and Wirjahardja
1973; Seavoy 1975; Suryatna and McIntosh 1980).

Shifting cultivation is probably the oldest farming system, and its practice is remark-
ably similar throughout the humid tropics (Nye and Greenland 1960). Traditionally,
farmers slashed and burned a hectare or so of primary or secondary forest, grew food
crops in polyculture for one or more years, and abandoned the land to secondary forest
regrowth for 20 to 40 years, then repeated the cycle (Sanchez et al. 2005). This traditional
shifting cultivation—with short cropping periods and long secondary forest fallow periods
—1is now rare, practiced primarily by indigenous communities disconnected from the
market economy. It is socially and environmentally sustainable (Thrupp et al. 1997),
although at low levels of agricultural productivity and at human population densities of
less than 30 people per square kilometer (Boserup 1965).

When population pressure exceeds a critical density—that varies with agro-
ecological zones and inherent soil fertility—traditional shifting cultivation is replaced by
a variety of other agricultural practices that still involve clearing by slash-and-burn
methods. Pedro Sanchez et al. (2005) suggest that the loosely used terminology be
specified as follows: “shifting cultivation” refers to the traditional long-fallow rotational
system, while “slash-and-burn” refers to other farming systems characterized by slash-
and-burn clearing, short-term fallows, or no fallows at all. Both systems include the
shortened fallow-food crop systems and the establishment of tree-based systems such
as complex agroforestry, simple agroforestry, or monoculture tree crop plantations.
Many of these systems are still rotational to some degree, with occasional slash-and-burn
clearing when the productivity of the system declines.

The vegetative fallow phase restores carbon and nutrient stocks in the biomass,
improves soil physical properties, and suppresses weeds (Nye and Greenland 1960;
Sanchez 1976; Andriesse and Schelhaas 1987; Roder ef al. 1997; Watanabe et al. 2004).
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With the reduction of fallow periods to less than 10 years, and more commonly less than
5 years, the fallow vegetation is incapable of restoring sufficient nutrients in the biomass
and suppressing weeds by shading for the subsequent cropping phase. Unlike shifting
cultivation, slash-and-burn systems have less vegetative cover and often have exposed,
compacted soils that increase water runoff and soil erosion rates (Lal ef al. 1986). This
change in vegetation and soil structure caused by shortened fallows results in systems
with declining productivity, depending more and more on less and less fallow biomass.
The frequent use of fire is replacing native species with exotic, aggressive ones and
favoring grasses over woody species, creating treeless landscapes that have minimal
productive and ecological value (Styger et al. 2007). In some cases, the systems reach a
point at which the trees are replaced by other, highly degraded systems such as IGLs in
Southeast Asia and West Africa (Garrity 1997).

Ecologically, Imperata infestation is an interrupted developmental phase in the eco-
system development process. An interrupted ecosystem, or a blocked phase, inhibits
the processes leading to the next developmental phase. The blocked phase can be based
on the absence of viable stumps, depletion of seed banks, and reduced inflow of seed from
the surrounding landscape and/or soil conditions that do not allow for rapid growth of tree
seedlings to a stage where they can replace the grass (Murniati 2002). IGL has many
disadvantages compared to the forest in terms of biodiversity, total biomass for the
maintenance of soil fertility, and carbon capture, and as a producer of useful materials for
human populations. Therefore, efforts toward more productive land uses will contribute
to economic growth, environmental protection, and rural poverty alleviation.

In Lao PDR, IGL has been estimated at about 0.8—1 million hectares (Charoenwatana
1989; Garrity et al. 1997). This Imperata land covers about 3% to 4% of the country’s
territory, which is equivalent to the current cultivated land area of the country. Although
there has been extensive research and development focused toward making better use
of IGLs in the region, limited information is available in Laos. In fact, the IGLs exist—and
are expected to increase—as a result of shortened fallow periods driven by increased
population density and shifting cultivation stabilization policies in many upland areas. To
rehabilitate land infested by Imperata, it is very important to first understand the latter’s
area, distribution, and characteristics. This study was undertaken (1) to map and estimate
the area of IGL in Nambak District of Luang Prabang province in northern Laos, and (2)
to describe the existing IGL in relation to its spatial distribution and relationships with
other land uses, and its importance for upland development using Remote Sensing (RS)
and Geographic Information System (GIS) technologies. The findings of the study will
not only help improve the understanding of IGL dynamics in the study area, but also
provide valuable information to policy makers and resource managers to design and
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develop more integrated research and development aimed at better use of natural
resources in the uplands of Laos.

II Methods

1I-1 Study Area
The study area is situated in Nambak District, Luang Prabang province, in northern Laos
(Fig. 1), about 120 km northwest of the provincial capital. Geographically, it is located
between latitudes 20°58’N and 21°15’N and longitudes 102°09’E and 102°37’E. The
district covers an area of about 200,000 hectares, with a total population of about 65,400
inhabitants in 83 villages.

Nambak District represents a typical mountainous district of northern Laos. The
district has a tropical climate with mild winters during October-March. Average monthly
temperatures range from 20°C to 31°C, and annual rainfall ranges from 1,700 mm to
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Fig. 1 Study Area: Nambak District of Luang Prabang Province, Northern Laos
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1,900 mm. Flat alluvial land area with an altitude of less than 600 m accounts for less
than a quarter, while low hills and mountains with an altitude of 600-1,000 m account for
more than half of the territory. Areas with an elevation of more than 1,000 m form
approximately one quarter of the district area (RDCC1 2002). SBC agriculture continues
to be the main land use system by area, although the areas of upland rice have been
reduced substantially in recent years (Personal communication with district officers).
Local farmers are adapting themselves to cope with reduced fallow periods as a result of
shifting cultivation stabilization policies promoted by the local authorities and increased
population pressure.

[I-2 Remotely Sensed Data

Landsat-5 TM imagery was chosen for this study. The image covering Nambak District
(Fig. 1) was acquired in February 2010. The scene center location (lat/long) is 20.626/102.381
degrees, path/row - 129/46, output bands - 7, and pixel spacing - 25x25m. The Landsat
data was supplied in geo-rectified form and projected to the UTM zone 48N with the
coordinate system referenced on the WGS 84 datum.

February was expected to be the most suitable period of the year for Imperata land
cover detection by the sensor, because wet season crops in the uplands were completely
harvested and burning operations for the next cropping had not yet started, although
slashing may have been almost finished in many areas.

[I-3 Land Use/Land Cover Classes

For this research, land cover/land use categories or classes were defined after consulta-
tion with local communities and observation in the fields during ground truth data col-
lection. Differences in vegetation covers and land use practices were the main criteria
used to distinguish between land use classes. A total of 19 land covers/land uses were
identified for the study area (Appendix Table 1).

1I-4 Ground Truth Data Collection

The supervised image classification method requires ground truth data to help identify
information classes (land use categories), which are then used by the software to deter-
mine the spectral classes that represent them. In the fields, the land use/land cover
classes indicated in Appendix Table 1 were cautiously observed for their characteristics,
such as species, age, density, and land use types. A total of 275 points of the existing
land covers of about 0.5 hectares were collected using a Global Positioning System (GPS)
during November-December 2010, about nine months after the Landsat-5 TM data was
obtained.



388 B. KEOBOUALAPHA et al.

1I-5 Dmage Pre-processing

ERDAS IMAGINE 8.4 software was used as a tool to correct degraded and/or distorted
image data to create a more faithful representation of the original Landsat imagery. The
single-band images of Landsat-5 TM were initially combined into a composite map and
enhanced with false color of bands 5:4:3. The images were also enhanced using a haze-
reduction function to remove the cloud cover. Finally, the image was subset for the study
area and used for the image classification process described below.

1I-6 Image Classification

In this study, the supervised classification method, using the Maximum Likelihood Clas-
sifier (MLC), was used for image classification. The MLC is the most widely employed
classification algorithm for digital image classification (Bolstad and Lillesand 1991;
Forghani et al. 2007).

The ground truth data of 275 points of 19 land use types were imported onto the
Landsat image for creating the training areas, from which numerical signatures for each
of the defined land use/land cover classes were assigned using Signature Editor Tools in
ERDAS IMAGINE 8.4 software. In addition, a high-resolution satellite image from
Google Earth was used to help distinguish the features of different land uses with respect
to their tones, shapes, sizes, patterns, textures, and associations. After closely relating
the Landsat imagery with Google satellite images, in addition to the 19 land uses from
the ground truth data 2 more land uses were identified: clouds and shadow areas. After
the signatures for each land use were identified, image classification using MLC was
performed. A total of 22 land use classes, including 1 class of unclassified area, were
generated. Finally, the resulting classification data were assessed for their mapping
accuracy.

1I-7 Dmage Post-classification

Following the mapping accuracy assessment, the classified image was generalized using
the fuzzy convolution function with a 5x5 moving window in order to eliminate unneces-
sary details and extract a single or a small group of misclassified cells for a more general
spatial analysis. The generalized image of 22 land uses was then reclassified into a
thematic map consisting of 11 land use classes (Appendix Table 2), which is actually a
2010 land use map of Nambak District (Fig. 2). This resulting thematic map was used
for the spatial analysis discussed below.

1I-8 Spatial Analysis
In order to better understand the spatial distribution of IGLs and their relationship with
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other land uses in the study area, a 10X 10 km grid map in shapefile format was created
using the Data Management Tool in ArcGIS 9.2. The generated grid map consists of 30
grids, with each grid cell representing 100 km?. The grid map was overlaid on the the-
matic map, from which land uses for each grid were extracted using the clipping function
(Fig. 3); and then the areas and land use intensity were calculated. Based on this analy-
sis, the Imperata-infested zones were classified into low, moderate, and high intensity.
A purposive random sampling procedure was used to select the 15 odd-numbered grids
for correlation analysis to statistically test the null hypothesis that there was no relation-
ship between the IGL area and some of the main land uses. The sampling resulted in 15
odd-numbered grids: 1, 3, 5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, and 29 (Fig. 3).

III Results and Discussion

MI-1 Land Use/Land Cover Mapping

A total of 19 land use/land cover classes were identified for the study area during the field
visits for ground truth data collection, and three land cover classes (cloud, shadow, and
unclassified areas) were identified during the image classification process. Appendix
Table 3 was used to determine the quality/accuracy of the classified data derived from
the MLC algorithm on Landsat-5 TM dated February 2010. The columns represent
reference data (i.e., ground truth) and suggest how many pixels are classified correctly
by the proposed algorithm. The overall accuracy was estimated at 92.1%, which is well
above the =85% regarded as acceptable in the literature. The kappa statistic was calcu-
lated to be 91.3%, which corresponds to strong agreement, based on =80%, 40-80%,
and <40% for strong, moderate, and poor agreement respectively (Congalton and Green
1999).

IGL, which was the main objective of this study, was mapped with high accuracy:
out of a total of 49 IGL pixels, 47 pixels (96%) were correctly classified into IGL and 2
pixels (4%) were misclassified as orchards and young rubber plantations. Rubber planta-
tions achieved the lowest mapping accuracy: out of a total of 230 rubber plantation pixels,
177 pixels (77%) were classified correctly; and 1, 3, 17, 9, and 23 pixels were misclassi-
fied as teak plantations, IGL, orchards, mixed tree plantations, and young rubber planta-
tions respectively (Appendix Table 3).

The classified land uses with lower mapping accuracy (<90%) were mixed decidu-
ous forest, mixed tree plantations, young mixed deciduous forest, rubber plantations, and
young rubber plantations. Misclassification of these existing land use classes was
expected from the effects of mixed vegetation with unclear boundaries, topography, and
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Table 1 Mapping Results: 2010 Land Use/Land Cover of Nambak District

Area Area Mean Median  Range cv?

Land Use/Land Cover Class  Polygons (ha) %) (ha) (ha) (ha) )

Unclassified areas 47 781 0.4 16.6 1.4 325 337
Rural urban 1,711 2,008 1.0 1.2 0.2 113 450
Upland crop 1,299 2,116 1.1 1.6 0.8 41 171
Shrub forest 3,808 3,108 1.6 0.8 0.3 55 245
Open water and wet lands 3,500 3,149 1.6 0.9 0.3 114 361
Paddy 3,108 3,240 1.7 1.0 0.4 67 251
Orchard 5,023 3,445 1.8 0.7 0.3 25 193
Imperata grassland 5,109 4,878 2.5 0.9 0.4 33 187
Bush forest 8,111 14,647 7.5 1.8 0.7 70 201
Tree plantation 10,737 43,148 22.0 4.0 0.4 6,670 2,030
Natural forest 4,116 115,798 59.0 28.3 0.5 97,360 5,367
Total 46,569 196,318  100.0 - - - -

Note: ? Coefficient of variation.

soil conditions of particular land uses. Increased reference data (ground truth) would
help improve mapping accuracy.

Nambak District has a relatively large area of forest reserves. Natural forest, which
includes bamboo-dominated forest, mixed deciduous forest, and evergreen forest, is the
most important land use, accounting for 59% (115,798 hectares) of the district area. Other
forestlands, including orchards, bush and shrub forest, and tree plantations, account for
33% (64,348 hectares). Annual cropping area, including upland crops (clearing lands) and
paddy, accounts for 2.8% (5,356 hectares). IGL occupies 2.5% (4,878 hectares). Urban
land covers the smallest area: about 1% or 2,008 hectares (Table 1 and Fig. 2). The land
uses were highly variable in patch sizes, with CVs ranging from 171% to 5,367% (Table
1 and Fig. 2). This situation is common in mountainous areas of northern Laos, due to
the variability in topography and soils.

[I-2 Imperata Grasslands in Nambak District: Area, Distribution, and Characteristics
The current IGL in Nambak District can be characterized as a “micro-grassland,” with
most patch sizes being less than half a hectare, distributed throughout the study area.
Large fields of 30 hectares are not common. As evidenced during our field visits, the
Imperata fields were seen within individual fields and/or across fields in tree plantations,
orchards, fallow lands, and upland cropping fields. Due to small field size, the IGLs in
the study area could be managed mainly by local farmers and communities. Based on
infestation level, IGL in Nambak District was classified into three zones.

Zone 1 is located in the northeast and northwest of the district (Fig. 3), occupying
an area of 52,318 hectares or 27% of the district area. In this zone, IGL accounts for 0.6%
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Fig. 2 Land Use Map of Nambak District in 2010, Luang Prabang Province

(308 hectares) of the total area of the zone or 6.3% of the total IGL area in the district.
This zone has larger areas of natural and bush forests—73.1% and 11.7%, as compared
to 65.3% and 6.9% in Zone II, 42.5% and 4.9% in Zone III, and 59% and 7.5% in the dis-
trict (Table 2). There is less land use intensification, with 7.5%, 1.0%, 0.7%, and 0.4%
of the total area being used for tree plantations, paddies, orchards, and upland crops
respectively. Zone I was classified as the least Imperata infested zone or an area with a
low level of land use intensification but rich in natural forest reserves (Table 3).

Zone Il is located in the central lower north and the southwest and occupies an area
of 71,774 hectares or about 37% of the district area. In this zone, IGL accounts for 1.9%
(1,385 hectares) of the total area of the zone or 28.4% of the total IGL area in the district.
This zone has larger areas of tree plantations, paddies, orchards, and upland crops—
18.1%, 1.8%, 1.7%, and 1.1% respectively—as compared to Zone I. This part was clas-
sified as a moderate Imperata infested zone, with moderate intensive land use and mod-
erate natural forest reserves.

Zone III is located in the southeast of the district, along National Road No. 13 from
Luang Prabang to Oudomxai province, and occupies an area of 72,227 hectares or 37%
of the district area. IGL in this zone takes up 4.4% (3,185 hectares) of the total area of
the zone or 65.3% of the total IGL area in the district. This zone has the largest areas of
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Fig. 3 Imperata Grassland Zoning Map of Nambak District

tree plantations, orchards, paddies, and upland crops—36.3%, 2.6%, 2.0%, and 1.6%
respectively—as compared to Zone I and Zone II. This part was classified as the most
Imperata infested area in Nambak District, with the highest land use intensification, larg-
est areas of degraded forest, and less natural forest reserves.

I-3 Implications for Slash-and-Burn Cultivation

Information about areas planted with crops under SBC was not available from local author-
ities, although the SBC method is widely practiced in the study area. While information
on crop species and areas planted to each crop was available, it was unclear whether the
crops were grown under the SBC system. As a result, it was difficult to estimate the
crop areas specific to SBC based on the available crop data. Remote sensing was used
as a means of quickly identifying and delineating various land use/land cover types, a task
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Table 2 Imperata Grassland Zoning®

Zone 1 Zone 11 Zone III All zones

Land Use”  ppeq Area® Area’ Area Area Area Area Area Area Area Area Area
(tha) (%) (%) (ha) (%) (%) (tha) (%) (%) (ha) (%) (%)

UCL 777 15 995 4 00 04 1 00 01 782 04 100
RUB 761 15 379 469 0.7 233 718 11 387 2,008 1.0 100
OWW 935 1.8 297 9%64 13 306 1,250 1.7 39.7 3149 1.6 100
PAD 498 1.0 154 1,278 1.8 394 1464 2.0 452 3,240 1.7 100
ORC 360 0.7 105 1,187 1.7 345 1,897 26 551 3444 1.8 100
UCR 234 04 111 756 11 357 1,126 16 532 2116 1.1 100
SHF 136 03 44 915 1.3 294 2,068 2.8 662 3109 1.6 100
BUF 6,145 117 42.0 4933 69 337 3,569 49 244 14647 7.5 100
IGL 308 06 63 138 19 284 3,185 44 653 4,878 25 100
TRP 3924 75 91 12998 181 301 @ 26226 363 60.8 43,148 22.0 100
NAF 38240 731 330 46,885 653 40.5 30,673 425 265 115798 59.0 100

Alllanduses 52,318 100.0 266 71,774 1000 36.6 72,227 1000 36.8 196,319 100.0 100

«wd»

“wer

Note: * The superscript ““” and “?” are also applied for Zones II, III, and all zones.
b UCL: Unclassified areas; RUB: Rural urban; OWW: Open water and wet lands; PAD: Paddies; ORC:
Orchards; UCR: Upland crops; SHF: Shrub forest; BUF: Bush forest; IGL: Imperata grassland; TRP:
Tree plantations; NAF: Natural forest.
¢ Percent of all land uses.
d Percent of all zones.

Table 3 Descriptions of Imperata Infested Zones

Zone . Infestation .
No. Locations Levels? Descriptions
I Northeast and Low Areas with mainly natural and bush forests; less land use
northwest intensification.
11 Central lower north Moderate Areas with moderate natural and bush forests; moderate
and southwest land use intensification.
I Southeast High Areas with the most intensive land use; more shrub forests;

less natural and bush forests.

Note: * Low, Moderate, and High indicates 0.6%, 1.9%, and 4.4% of the zone’s area covered by IGL, respec-
tively.

that would be difficult and time consuming using traditional ground surveys. For this
study, Landsat-5 TM of February 2010 was used. Ground truth data collection on land
uses was conducted during November—-December of the same year. Mapping results
reveal that in 2010 about 2,116 hectares of forestlands were cleared (Fig. 2). Based on
this data, the area of upland crop under the SBC type of land use was estimated (Table 1
and Appendix Table 2). The results show that the upland crop area was considerably less
than the crop area under tree plantations, orchards, and paddies, indicating that shifting
cultivation stabilization efforts on the part of local authorities were successful in reducing
SBC in the study area.
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Table 4 Relationship between Imperata Grassland and Some Selected Land Uses (n=15)

Correlation Coefficients

Land Use®
PAD ORC UCR SHF BUF IGL TRP NAF

PAD - 0.91%* 0.34 0.42 0.09 0.59* 0.73%* 0.34
ORC 0.91%%* - 0.38 0.63%*  —0.13 0.72%%* 0.847** 0.17
UCR 0.34 0.38 - 0.58%* 0.25 0.67+* 0.25 0.617%*
SHF 0.42 0.63** 0.58* - -0.16 0.90%* 0.70%* 0.17
BUF 0.09 -0.13 0.25 -0.16 - 0.02 -0.09 0.79%*
IGL 0.59%* 0.72%%* 0.67+%* 0.90%* 0.02 - 0.83%* 0.28
TRP 0.73%* 0.84%* 0.25 0.70%*  -0.09 0.83%* - 0.05
NAF 0.34 0.17 0.61%* 0.17 0.79%* 0.28 0.05 -

Note: ? PAD: Paddy; ORC: Orchard; UCR: Upland crop; SHF: Shrub forest; BUF: Bush forest; IGL: Imperata
grassland; TRP: Tree plantation; NAF: Natural forest.
*  Significant at the 0.05 level.
** Significant at the 0.01 level.

Correlation analysis reveals that changes in the upland crop area have no relation-
ship with the area of tree plantations, orchards, or paddies but are strongly correlated
with the area of IGL, natural forest, and shrub forest. The results also show that IGL is
positively correlated with orchards, upland crops, shrub forest, and tree plantations and
has some association with paddies (Table 4). This indicates that an increase in IGL areas
is closely correlated with—or linked to—an increase in the areas of agricultural land use
intensification. As a result, we suggest that improper SBC intensification into more per-
manent crop production systems is a major cause of Imperata infestation in the upland areas.

IV Conclusion

Satellite image classification results show that 19 land uses/land covers of 196,319 hec-
tares of Nambak District of Luang Prabang Province in northern Laos were mapped with
an overall accuracy of 92.1% and a kappa statistic of 91.3%. Imperata grassland (IGL)
achieved more than 90% mapping accuracy.

The current IGL was estimated at about 4,878 hectares or 2.5% of the Nambak
District area and characterized as a “micro-grassland,” with most patch sizes being less
than half a hectare, distributed within individual fields and/or across fields of all types of
land uses throughout the district area.

Based on Imperata infestation level, the study area was classified into three zones.
About 37% of the district area in the southeastern part was identified as the most Imperata
infested zone, characterized as the area with the most intensive land use, larger areas of
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degraded forests, and less natural forest reserves as compared to the other two zones in
different parts of Nambak District. The study results suggest that improper SBC inten-
sification into more permanent crop production systems is a major cause of Imperata
infestation in the upland areas. While there has been a reduction in SBC area as a result
of shifting cultivation stabilization policies, the spread of IGL can be a threat to the pro-
ductivity and sustainability of traditional SBC systems and already intensified land use
systems. In order to further utilize land resources more effectively to promote economic
growth while maintaining the environment, government intervention is indispensable;
development efforts should initially focus on the most affected areas. We have demon-
strated the potential use of geoinformation technology (remote sensing and GIS) with
ground truth data as the basis of area informatics data sets that can be applied in other
area studies in Laos.
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Appendix Table 1 Descriptions of the Main Land Uses/Land Covers in Nambak District,
Luang Prabang Province, Northern Lao PDR

Land Use Classes Label  Definitions
Evergreen forest, bamboo dominant forest, and older mixed deciduous
Evergreen forest EGF  forest are classified as the natural forest. It is densely forested areas
Bamboo forest BAF  which can be both primary and secondary forests with a tree canopy cover
Mixed deciduous (crown density) of more than 20% and tall trees (up to 25 m high). These
MDF g p
forest types of forests are commonly designated for the conservation and protec-
tion areas.
Young mixed deciduous forest refers to young secondary forest with a
Young mixed YMF  Crown density has been reduced below 20% for some reasons (i.e. logging
deciduous forest or shifting cultivation). Dominant vegetations are mainly mixed vegeta-
tions of young bamboo and trees.
Shrub forests are the natural forests with crown density of less than 20%
Shrub forest SHF  because of logging, shifting cultivation or other heavy disturbance. Shrub
Kiam (tiger grass) KLF forests are mainly dominated by herbaceous species such as Chromoleana
and Lao forest dominant forest. Mixed Kiam and Lao dominant vegetations are reclas-
sified as SHF.
Clearing lands CLL It refers to forest lands being cleared mainly for crop production.
Land area of at least 25 m X25 m (625 m?) dominated by Imperata grass of
Imperata grassland IGL more than 80% are classified as Imperata grassland.
Orchards are permanent types of cultivation. They are an agro-forestry
Orchards ORC  system located mainly near paddy fields and villages. The main species
paper mulberry, Kiam (tiger grass), Kha, banana etc.
Cl(;lr'llt(:imuous cropping CCL  Lands being used for annual cropping mainly vegetable production.
Forested areas covered by teak trees with a teak canopy cover of more
Teak plantations TEP than 20% and area of at least 0.5ha. The teak plantations are normally
older than one year.
Rubber plantations RUP  Forested areas covered by rubber trees with a rubber canopy cover of
Young rubber more than 20% and area of at least 0.5 ha. Young rubber plantations (>1-3
: YRP o
plantation years old) are reclassified as RUP.
Forested areas covered by a mixture of timber and/or fruit trees (e.g.
Mixed tree plantations MTP  citrus) of more than one year old. It refers to lands with a tree canopy
cover of more than 20% and area of at least 0.5 ha.
Land areas being bunded and used for crop cultivation, mainly rice, are
Paddies PAD  classified as paddies. In dry season, PAD may be left uncultivated due to
lack of water.
Irrigated paddies IRP PAD fields with water supplied by irrigation systems being cultivated for
rice and/or other annual crops.
Rural urban includes all areas being used for permanent settlements such
Rural urban RUB as villages, towns, industrial areas etc. It also includes roads and lands
opened for development.
Ponds PON  Itis asmall area of still water.
Open water and OWW It refers to water bodies which include streams, rivers, and water logging

wet lands

areas.
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Appendix Table 2 Descriptions of Land Use Reclassification

. Class Reclass .
Classified Land Covers/Land Uses Value Value Thematic Map
Unclassified areas 22 1 Unclassified areas
Clouds 1
Rural urban 7 2 Rural urban
Ponds 18 3 Open water and wet lands
Open water and wet lands 19
Paddies 2 4 Paddies
Irrigated paddies 21
Orchards 10 5 Orchards
Continuous cropping lands 5
Clearing lands 6 6 Upland crops
Shrub forest 4 7 Shrub forests
Kiam and Lao forest 12
Young mixed deciduous forest 15 8 Bush forest
Imperata grassland 9 9 Imperata grassland
Teak plantation 3 10 Tree plantations
Mixed trees plantation 13
Rubber plantation 16
Young rubber plantation 17
Mixed deciduous forest 8 11 Natural forests
Bamboo forest 11
Evergreen forest 14
Shadow? 20

Note: * Shadow (including shade from cloud cover) was found mainly at high elevation areas with dense forest.
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ABSTRACT

The main objectives of this study werel) to examine whether rice production in
the Lao PDR has changed from subsistence to commercial production as a consequence
of rapid economic development and 2) to determine the suitable management practices
for rice production in the Vientiane plain, Lao PDR. For the first objective, the
household survey was conducted in 4 areas in the Vientiane plain, with data collected
from 16 key informants and 139 sample households. The results showed that 57% of
farmers grew rice both for home consumption and for sale, while the remaining 43%
grew rice for home consumption only. The share of rice sold amounted to 27% of the
total rice production in the irrigated areas and 9% in the rainfed areas. New
technologies, i.e., improved varieties, tractors, direct seeding, fertilizers, herbicides and
pesticides were used in all areas, while combine harvesters have just been introduced to
the irrigated area. Differences in the use of new technologies were observed among
areas but not between farmers who grew rice for home consumption or for dual
purposes. It was concluded that rice production in the Lao PDR is still in an early stage
in the transition from subsistence to commercial orientation. As most farmers have
already adopted at least some improved technologies, their further promotion would be
an appropriate strategy for improving rice production in the Lao PDR.

For the second objective, an experiment (planted on July 6, August 5,
September 9, 2010 and January 14, 2011) was conducted at Khon Kaen province,
Thailand in 4 planting dates. In each date, a split-plot in randomized complete block
design with 3 replications was employed. N-fertilizer at 0, 60 and 120 kg N ha‘were

assigned to main-plots and 2 improved glutinous rice cultivars (TDK8 and TDK11)



were arranged in sub-plots. Data on soil and climate, crop phenology, leaf area index
(LAI), above ground dry matter were collected from the experimental fields. The results
indicated that the phenology of two rice cultivars was slightly shorter when planting
date was delayed in the wet season. The suitable planting date for both cultivars in the
wet season was between July and August. It was recorded that increase rates of nitrogen
application have no significant effect on the phenology for both cultivars. Application
of nitrogen fertilizer at 120 kg N ha™ gave the highest LAI, dry matter and grain yield.
TDKS8 had the highest crop growth characteristics in all planting dates.

Data from the crops planted on July 6, 2010 and January 14, 2011 with an
application of 120 kg N ha™ were used to determine the genetic coefficients for TDK8
and TDK11 using the CSM-CERES-Rice model. The remaining experimental data were
used for model evaluation. The results from genetic coefficients determination showed
that the derived genetic coefficients provide simulated values of phenological events,
biomass accumulation and grain yields that were in good agreement with their
corresponding observed values. The model evaluation results indicated that for two rice
cultivars grown under three rates of N-fertilizer application, the differences between
observed and simulated values for time between transplantation and anthesis varied
from 0-6 days, and for time between transplantation and maturity varied from 0-14
days. The normalized root mean square error (RMSE,) values for biomass accumulation
ranged from 0-34% and for grain yield ranged from 2-354%.

The observed data sets from farmers’ fields in the Xaythani district, Vientiane
capital were also used for model evaluation. The phenological events, growth and yield
for the combinations of crop management scenario (8 transplantation dates x 2 levels of
plant densities x 3 rates of N-fertilizer application) for TDK8 and TDK11 were
simulated by the model with historical weather data over 11 years (2001-2011). The
results indicated good agreements between simulated and observed data for harvesting
date with the difference being within four days. The model also gave very good
agreements between observed and simulated yields with the RMSE,values ranging from
1.2-5.6%. The model suggested that plant density of 1 seedling hill™* produced the
highest grain vyields, being 4,243.7 and 4,203.8 kg hafor TDK8 and TDK11,
respectively. The transplanting date at 15 January produced the highest yield for both
cultivars, being 5,023.5 and 4,915.7 kg ha’ for TDK8 and TDK11, respectively.



Vi

Increasing the rate of N-fertilizer from 0 to 60 and 120 kg ha™ could increase yield of
TDKS8 by 55.5 and 90.4%, respectively, and of TDK11 by 53.2 and 79.3%, respectively.
The results from this study suggest that the CSM-CERES-Rice model can be a valuable
tool for determining suitable management practices for rice production systems in the

Vientiane plain and in other rice production areas in Laos and Southeast Asia.
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Abstract

The objective of this study was to evaluate the ability of CSM-CERES-Rice to simulate responses of lowland rice cultivars to
different N-fertilizer applications in a tropical area. Experiments on 4 planting dates (July 6, August 5, and September 9, 2010 and
January 14, 2011) were conducted in Khon Kaen province, Thailand. A split-plot randomized complete block design with 3
replications was used. Three N-fertilizer application rates (0, 60 and 120 kg N ha™) and 2 rice cultivars (TDK8 and TDK11) were
assigned to the main-plots and sub-plots, respectively. Soil, plant, management and climatic data were collected from 4 experimental
fields. The data from crops planted on July 6, 2010 and January 14, 2011 with application of 120 kg N ha™ were used for model
calibration. The remaining experimental data were used for model evaluation. The results for model calibration showed that the
derived genetic coefficients provide simulated values of phenological events, biomass accumulation and grain yields that were in
good agreement with their corresponding observed values. The model evaluation results indicated that for 2 rice cultivars grown
under 3 rates of N-fertilizer application, the differences between observed and simulated values for time between transplantation and
anthesis varied from 0-6 days, and for time between transplantation and maturity varied from 0-14 days. The normalized root mean
square error (RMSE,) values for biomass accumulation ranged from 0-34% and for grain yield ranged from 2-354%. In general,
however, these results indicate that CSM-CERES-Rice can be used as a tool to support decision-making for rice production in
tropical area.

Keywords: Fertilizer, Lao’s rice cultivar, Nitrogen management, Oryza sativa L., Simulation model.

Abbreviations: °Cday_Celsius degree days; CSM-CERES-Maize_Cropping system model-Crop Environment Resource Synthesis-
Maize; CSM-CERES-Rice_Cropping system model-Crop Environment Resource Synthesis-Rice; CSM-CROPGRO-Soybean_The
generic cropping system model for soybean; DAT_Days after transplantation; DSSAT_Decision Support System for Agrotechnology
Transfer; GDD_Growing degree day; h_Hour; KDML_Khao Dok Mali; N_Nitrogen; O_Observed value; RD_Rice Department;
RMSE_Root mean square error; RMSE,, Normalize root mean square error; S_Simulated value; SD_Standard deviation of the mean;
TDK_Tha Dok Kham.

Introduction

Rice is the most important staple food for half of the world’s suitable crop management practices has been studied. For
population, especially in Asia. It is the most important grain example, Soler et al. (2007a, b) applied the Cropping System
with regard to human nutrition and caloric intake, providing Model-Crop Environment Resource Synthesis-Maize (CSM-
more than one-fifth of the calories consumed by humans CERES-Maize) to optimize maize planting dates in Brazil.
worldwide. Rice is the third highest grain produced after Banterng et al. (2010) used the generic cropping system model
maize and wheat with approximately 158 million ha harvested, for soybean (CSM-CROPGRO-Soybean) to determine the
88.9% in Asia (Food and Agriculture Organization, 2010). optimal management practices for soybean in Thailand. In
Today, the need for information to aid decision-making about addition, Ahmad et al. (2012) used CSM-CERES-Rice for
suitable management practices and rice production identifying the optimal combination of plant density and N
improvement is rapidly increasing. The generation of new data levels for rice production in Pakistan. CSM-CERES-Rice is
through agronomic research methods is insufficient to meet widely used as a technological tool to support strategic
these needs. Conducting experiments at particular points in decision-making (Sarkar and Kar, 2006). This model has been
time and space is time consuming and expensive due to the evaluated in a variety of rice-growing areas. For example, in
many years of data collection that are required. In recent India, Timsina et al. (2004) showed that the model performed
years, several dynamic crop growth simulation models have satisfactorily in terms of grain yield and N uptake when
been developed as tools to support decision-making for simulated results were compared to data from field
agronomic research, land-use planning and crop production. experiments from 3 locations in northwest India. In the
These models have been contained within the Decision temperate Kashmir valley in India, Singh et al. (2007) noted
Support System for Agrotechnology Transfer (DSSAT) that the model could be used to estimate crop productivity and
(Hoogenboom et al., 2010). Use of the models to determine optimize management practices. Yao et al. (2005) showed that
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the model could simulate days to anthesis, grain number, yield
and biomass in diverse agro-environments of China. In
Thailand, Cheyglinted et al. (2001) found that the model
reasonably simulated the phenology and yields of the RD23
and KDML105 cultivars. CSM-CERES-Rice was also used to
simulate the influence of the rate and timing of N-fertilizer
application in acid sulphate soils on yields of KDMLI105.
Another study by Kerdsuk (2002) found that the model was
able to simulate suitable planting time and yield potential of
KDML105 under natural rainfall and irrigation in Tung Samrit
area, Nakhon Rachasima province, Thailand. In a recent study,
Ahmad et al. (2012) concluded that the model was able to
simulate growth and yield of irrigated rice in the semiarid
climate of Pakistan. However, studies on the use of CSM-
CERES-Rice have not covered all commercial rice cultivars in
tropical areas, including Laos’s lowland rice cultivar. Thus,
application of CSM-CERES-Rice to Laos’s rice cultivar is
necessary to increase the potential of widely using this model
in tropical areas. Currently, there are 2 improved Lao
glutinous rice cultivars (TDK8 and TKDI11) that are
commonly used by farmers in the Vientiane plain. TDK8 and
TKDI11 account for 73% and 15% of the total rice seed
distribution, respectively (Rice and Cash Crops Research
Center, 2010). The objective of this study was to evaluate the
performance of CSM-CERES-Rice in simulating responses of
2 lowland rice cultivars (TDKS8 and TDKI11) to different N-
fertilizer applications in a tropical area.

Results
Model calibration

The genetic coefficients that determine the duration of
vegetative and reproductive growth are shown in Table 1.
These genetic coefficients are the first new sets of genetic
coefficients for TDK8 and TDKI11 cultivars in Laos. The
growing degree days for the basic vegetative phase to panicle
initiation, the photoperiod sensitivity coefficient, and growing
degree days from beginning of grain filling to physiological
maturity were 415, 195, and 520 Celsius degree days ("Cday),
respectively for TDKS8 and 409, 199, and 400 °Cday,
respectively for TDK11. The critical day lengths of TDK8 and
TDK11 were 10.6 and 11.2 hours, respectively. The potential
spikelet number coefficient was 40 for TDK8 and 42 for
TDK11, while the single grain weight was 0.025 g for both
cultivars. The tillering coefficient for both cultivars was very
similar (0.8 for TDK8 and 0.9 for TDK11). The temperature
tolerance was 0.8 for both cultivars. A perfect agreement
between simulated and observed values was obtained for
phenology of both cultivars planted on July 6, 2010 and
January 14, 2011 (Table 2). There was a difference of only 1
day for the number of days from transplantation to anthesis
and the number of days from transplantation to maturity for
TDKS. For TDK11, the model perfectly simulated the number
of days from transplantation to anthesis and the number of
days from transplantation to maturity for plants planted on
January 14, 2011. There was a difference of 1 day for the
number of days from transplantation to anthesis of TDKI11
planted on July 6, 2010. Simulated and observed values of
above ground biomass dry weights at 4 different growth stages
of 2 rice cultivars grown under treatment with 120 kg N ha™!
planted on July 6, 2010 and January 14, 2011 are shown in Fig
1. The model underestimated and overestimated total above
ground dry biomass of both cultivars planted on July 6, 2010
and January 14, 2011, respectively. For plantings on July 6,
2010, the RMSE values for total above ground dry biomass of
TDKS were 27, 200, 1305 and 273 kg ha™' for the 1%, 2™, 3™
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and 4™ growth stages, respectively; the RMSE, values were
14, 17, 23 and 3% for the 1%, 2™, 3™ and 4™ growth stages,
respectively (Table 3). The RMSE values for total above
ground dry biomass of TDKI11 were 20, 280, 1490 and 1330
kg ha™' for the 1%, 2™, 3™ and 4™ growth stages, respectively;
the RMSE, values were 7, 21, 24 and 13% for the 1%, 2™, 3"
and 4" growth stages, respectively. For TDK8 planted on
January 14, 2011, the RMSE values for total above ground dry
biomass were 13, 28, 232, and 1017 kg ha™" for the 1%, 2™, 3™
and 4™ growth stages, respectively; the RMSE, values were 6,
3, 6 and 11% for the 1%, 2", 3™ and 4™ growth stages,
respectively. The RMSE values for total above ground dry
biomass of TDK11 were 16, 214, 178 and 1296 kg ha! for the
1, 2", 3" and 4™ growth stages, respectively; the RMSE,
values were 9, 30, 4 and 20% for the 1%, 2", 3 and 4" growth
stages, respectively. At harvest maturity, a good correlation
was found between simulated and observed grain yield of 2
rice cultivars grown under treatment with120 kg N ha” and
planted on July 6, 2010 and January 14, 2011 (Table 4). The
model underestimated the grain yield of both cultivars planted
on July 6, 2010 and overestimated the grain yield for plantings
on January 14, 2011. The RMSE values over 2 planting dates
varied from 38-203 kg ha for TDK8 and 571-855 kg ha™ for
TDK11. The RMSE, values ranged from 1-7% and 23-27%
for TDK8 and TDK11, respectively (Table 4).

Model evaluation

CSM-CERES-Rice was evaluated by using the genetic
coefficients in Table 1 and independent data sets of TDKS8 and
TDKI11 grown under N-fertilizer applications of 0 and 60 kg
N ha™! for plantings on July 6, 2010 and January 14, 2011 and
0, 60 and 120 kg N ha' for plantings on August 5 and
September 9, 2010. For both rice cultivars grown under 0 and
60 kg N ha applications and planted on July 6, 2010 and
January 14, 2011, a good correlation was found for most
comparisons between simulated and observed number of days
from transplantation to anthesis and to maturity (Table 5).
However, for TDKS8 planted on August 5, 2010 and treated
with 3 different N-fertilizer application rates, the model
overestimated the time from transplantation to anthesis by 4-6
days and the time from transplantation to maturity by 11-14
days. For TDK11, the model overestimated the time from
transplantation to anthesis by 2-3 days and the time from
transplantation to maturity by 10-11 days (Table 5). For TDK8
grown under 3 different N-fertilizer application rates and
planted on September 9, 2010, the model also overestimated
the days from transplantation to anthesis and to maturity by 3
and 5 days, respectively. For TDK11, the model overestimated
the time from transplantation to anthesis by 1-2 days and the
time from transplantation to maturity by 7-8 days. The average
deviations between simulated and observed anthesis dates
under different N-fertilizer application rates were within 1-9%
for TDKS8 and 0-5% for TDK11, while the average deviations
for maturity dates varied from 1-16% for TDK8 and 1-12%
for TDK11. A comparison between simulated and observed
values for total above ground dry weight at 4 different growth
stages of 2 rice cultivars grown under different N-fertilizer
application rates for plantings on July 6, August 5 and
September 9, 2010 and January 14, 2011 are shown in Fig 2.
Based on visual inspection, the trends indicate that the model
can predict above ground dry biomass of 2 rice cultivars
grown under 3 different N-fertilizer application rates quite
well. The RMSE values for 2 rice cultivars grown under
different N-fertilizer application rates in all 4 planting dates
were in an acceptable range. The RMSE values for TDK8 for
the 1%, 2", 3" and the 4™ growth stages varied from 10-115,



Table 1. The genetic coefficients for the TDK8 and TDK11 cultivars.

Genetic coefficient

Cultivar name

TDK8 TDK11
Phenology coefficient
Growing degree day (GDD) for the basic vegetative phase (°Cday) 415 409
Photoperiod sensitivity coefficient ("Cday) 195 199
GDD from the beginning of grain filling to physiological maturity ("Cday) 520 400
Critical day length (h) 10.6 11.2
Growth coefficient
Potential spikelet number coefficient 40 42
Single grain weight (g) 0.025 0.025
Tillering coefficient 0.8 0.9
Temperature tolerance 0.8 0.8
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Fig 1. Simulated (lines) and observed (symbols) values for total above ground dry biomass (kg ha™) at different growing stages of 2
rice cultivars grown with 120 kg N ha™! applications in plantings on July 6, 2010 and January 14, 2011 in Khon Kaen, Thailand.

33-667, 138-1417 and 23-1653 kg ha™', respectively. For
TDK11, the RMSE values ranged from 1-119, 5-697, 57-1715
and 209-1516 kg ha for the 1%, 2™, 3™ and the 4™ growth
stages, respectively (Table 6). In addition, the RMSE, values
for both rice cultivars grown under different N-fertilizer
application rates in all 4 planting dates were generally low.
The RMSE, values for TDKS8 varied from 4-30, 4-33, 3-26
and 0-23% for the 1%, 2™, 3 and the 4™ growth stages,
respectively. For TDK11, the RMSE, values for the 1%, ond 3rd
and the 4™ growth stages ranged from 1-28, 1-34, 1-30 and 2-
29%, respectively. By comparing simulated and observed
grain yield of both rice cultivars grown under different N-
fertilizer application rates, good correlations were found for
plantings on July 6 and August 5, 2010 and January 14, 2011
(Table 7). The RMSE values were generally in an acceptable
range and varied from 42-390 kg ha™ for TDK8 and 98-420 kg
ha for TDK11. The RMSE, values were generally lower and
between 2-15% for TDKS8 and 4-18% for TDK11 (Table 7).
However, the model provided a very high overestimation of
grain yield for plantings on September 9, 2010.

Discussion

This study is an attempt to evaluate the applicability of CSM-
CERES-Rice for simulating responses of 2 lowland rice
cultivars to different N-fertilizer applications in a tropical area.
The results from model calibration based on the data collected
from the experiments on 2 planting dates indicated that the
derived genetic coefficients related to growth and
development of individual rice cultivar were sensitive enough
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to capture the differences among TDK8 and TDK11 cultivars.
The model simulated most of phenological events total above
ground dry biomass and grain yield of TDK8 and TDKI11
reasonably well with the derived genetic coefficients. The
differences between observed and simulated values for total
above ground dry biomass and grain yield as indicated by the
RMSE, values are in an acceptable range found in the other
studies, which vary from 1 to 27% (Saseendran et al., 1998;
Cheyglinted et al., 2001; Ahmad et al., 2012). For model
evaluation with independent data sets, the results indicated
that the model performed fairly well in simulating
phenological development. The deviation between simulated
and observed timing for anthesis and maturity of both rice
cultivars was similar to a study by Yao et al. (2005) who
found that the simulation deviated 10% from the observed
anthesis duration. The overestimation occurred because the
life cycle of the rice crop in the 2 planting dates used for
model calibration (Table 2) was longer than the life cycle of
plants used for model evaluation (Table 5). The simulated and
observed values for total above ground dry biomass and grain
yield of 2 rice cultivars are acceptable when compared to
previous studies. Ahmad et al. (2012) reported that the
difference between simulated and observed values ranged
from 2-15% for total above ground dry biomass and 2-3% for
grain yield. Yao et al. (2005) also found that the simulation
deviated from observed yield by 15%. In addition, Timsina
and Humphreys (2006) reported that the difference between
simulated and observed values for biomass and grain yield
was approximately 23%. However, we found an
overestimation of grain yield for plantings on September 9,



Table 2. Simulated (S) and observed (O) values for days after transplantation to anthesis and maturity of 2 rice cultivars grown under
120 kg N ha™! application and planted on July 6, 2010 and January 14, 2011 in Khon Kaen, Thailand.

. . Anthesis date (DAT) Maturity date (DAT)
Cultivar Planting date S 0%SD S0 S 0%SD S0
TDK8 July 6, 2010 77 78+1 -1 112 1122
January 14, 2011 75 74+1 +1 107 1082 -1
TDK11 July 6, 2010 70 711 -1 99 99+2 0
January 14, 2011 65 65+1 0 97 9743 0

DAT is days after transplantation. SD is the standard deviation of the mean.

2010. This was the result of a severe flood during anthesis
stage (November 3-15, 2010), and the grain yield was reduced
by at least 45-101% for TDK8 and 36-91% for TDK11 when
compared to the normal observed grain yield from plantings
on August 5, 2010. The variation between simulated and
observed values for grain yield was largely due to
uncontrolled factors that affected rice plants in the
experimental fields such as flood, crabs and diseases, which
were not accounted for by the model. In addition, the observed
data from the experimental fields were variable. Therefore,
future experiments for model evaluation should be performed
in research stations with good management practices to avoid
these undesirable factors. The results from both model
calibration and evaluation in this study illustrated the potential
of CSM-CERES-Rice for simulating the response of 2
lowland rice cultivars to different rates of N-fertilizer
application. In addition, the genetic coefficients of TDK8 and
TDKI11 cultivars derived from experimental data sets from 2
different planting dates are also sufficiently accurate for
further application of CSM-CERES-Rice to support decision-
making. Therefore, the information of this study would
support creditability of the model applicable as a viable
information technology tool in assisting to determine alternate
N-fertilizer management strategies for lowland rice production
in tropical areas such as choosing suitable rate and time for N-
fertilizer application in specific production area.

Materials and methods

Four experiments were conducted in a farmer’s rice field in
the Khon Kaen province, Thailand (16° 28° N, 102° 48’ E, 200
m above mean sea level) during June 2010 to May 2011. Each
experiment was laid out in a split-plot design with 3
replications. The experimental sub-plot size was 5 x 4.5 m.
The three N-fertilizer treatments were randomized in the
main-plots. The rates of fertilizer used in this study were no
N-fertilizer application (control), N-fertilizer application at a
rate of 60 kg N ha™ (the rate recommended by Linquist and
Sengxua (1999) for lowland rice in central Laos), and N-
fertilizer application at a rate of 120 kg ha™' (2 times of the
recommended rate). Two Lao’s rice cultivars (TDK8 and
TDK11) were randomly assigned to the sub-plots. Before rice
transplantation, N, P,Os and K,O were applied as basal
fertilization at the recommended rate of 37.5 kg ha’
(Douangsila et al., 2010). The first three experiments were
conducted under rain-fed conditions, and approximately 30-
day-old rice seedlings were transplanted on July 6, 2010,
August 5, 2010 and September 9, 2010. The forth experiment
was irrigated condition, and 30-day-old rice was transplanted
on January 15, 2011. The plant spacing was 25 x 25 cm and 3
seedlings hill'. Urea fertilizer was applied to the plots
corresponding to the designated fertilizer treatment in 3 split
applications; 30% was applied at 20 days after transplantation,
40% applied at 35 days after transplantation, and 30% more
applied at 60 days after transplantation (Vergana,1979). After
completion of rice transplantation, the insecticide Abamectin
(1.8% W/VEC) was applied at a rate of 40 cc/20 litre of water
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Fig 2. Simulated (lines) and observed (symbols) above ground
dry biomass of 2 rice cultivars grown under 3 N-fertilizer
application rates in plantings on July 6, August 5 and September
9, 2010 and January 14, 2011 in Khon Kaen, Thailand.

for prevention of golden snails and crabs for the first month
after transplantation. 2,3-dihydro-2,2-dimethylbenzofuran-7-y
(dibutylaminothio) methylcarba-mate (20% W/V EC) and
methyl benzimidazol-2-ylcarbamate (50% WP) were often
sprayed at rates of 110 cc and 10 g in 20 litres of water,
respectively, to prevent the rice pests and diseases. Weeding
was often performed by hand, and irrigation was well
managed to minimize water stress on the rice crop. For data
collection, soil samples were collected before conducting the
experiment at 3 spots in the experimental site at different
depths from the soil horizon (0-15, 15-30, 30-45, 45-60, 60-
75, 7590, and 90-105 cm). The soil samples were then
analysed for soil bulk density and soil texture (percentage of
sand, silt and clay) by the hydrometer method (Ashworth et
al., 2001) and for chemical properties including pH, electric
conductivity, organic matter, total nitrogen, available
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Table 3. Root mean square error (RMSE) and normalize RMSE (RMSE),) for total above ground dry biomass at different growing
stages of 2 rice cultivars grown under 120 kg N ha™ application and planted on July 6, 2010 and January 14, 2011 in Khon Kaen,

Thailand.
Cultivar Planting date RMSE (kg hal) RMSE, (%)
Time of sampling Time of sampling

1 st 2nd 3rd 4lh 1 st 2nd 3rd 4th
TDKS8 July 6, 2010 27 200 1305 273 14 17 23 3
January 14, 2011 13 28 232 1017 6 3 6 11
TDK 11 July 6, 2010 20 280 1490 1330 7 21 24 13
January 14, 2011 16 214 178 1296 9 30 4 20

Table 4. Observed and simulated values, root mean square error (RMSE) and normalize RMSE (RMSE,) for grain yield of 2 rice
cultivars grown under 120 kg N ha™! application and planted on July 6, 2010 and January 14, 2011 in Khon Kaen, Thailand.

. . Cultivar
Planting date Crop traits TDKS TDKI11

July 6, 2010 Observed yield+SD (kg ha™) 2958+106 3741£585
Simulated yield (kg ha™) 2904 2532
RMSE (kg ha™) 38 855
RMSE, (%) 1 23

January 14, 2011 Observed yield+SD (kg ha™) 27764441 2121£295
Simulated yield (kg ha™) 3063 2928
RMSE (kg ha™) 203 571
RMSE, (%) 7 27

SD is the standard deviation of the mean.

phosphorus, exchangeable potassium, exchangeable calcium,
and cation exchange capacity by using soil analysis
procedures (Pansu and Gautheyrou, 2006). Daily rainfall,
maximum and minimum air temperature, and solar radiation
for 2010 and 2011 were obtained from the Khon Kaen Field
Crop Center, Khon Kaen province, Thailand. Crop
phenological events included anthesis and maturity dates were
recorded when 70% of the rice plants in each plot had reached
those stages (Yin and Kropff, 1998; Anzoua et al., 2010).
Above ground plant biomass was assayed by a monthly
destructive harvest from 4  hills starting from the
transplantation day to the final harvesting day, a total of 4
sampling times. For each sample, plants were oven dried at
80°C degree for 4 days until a constant weight was obtained
and the above ground dry biomasses were then recorded.
Grain yield was measured by harvesting plants in the yield
sampling area of each sub-plot. Additionally, all management
information of the experiment was recorded.

This included seeding date, transplantation date, row spacing,
crop varieties, time and amount of fertilizer applied, weeding,
and pest and disease controls. For model calibration, the data
from plantings on July 6, 2010 and January 14, 2011 that
included soil, management and climatic data in addition to
plant data for 2 rice cultivars grown under an N-fertilizer
application rate of 120 kg N ha™' were entered into the DSSAT
v4.5. The soil profile information was created and estimated in
the DSSAT v4.5 shell by using the soil data that were
collected before conducting the experiments. There are 8
genetic coefficients that define developmental and growth
characteristics of rice cultivars (Table 1). The phenology
coefficients enable the model to simulate phenological events
such as anthesis and maturity, and the growth coefficients
simulate biomass accumulation and potential grain yield of a
specific variety (Hoogenboom et al., 2010). In calibrating the
genetic coefficients, the model was first run by using the
genetic rice coefficients contained in the DSSAT v4.5. The
values of the 8 genetic coefficients were adjusted until close
matches were achieved between simulation and observation
for phenology, above ground biomass and yield for 2 planting
dates.
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The accuracy of the procedure used to estimate the genetic
coefficients was determined by comparing the simulated
values of development and growth characteristics with their
corresponding observed values. The RMSE value (Wallach
and Goffinet, 1987) was used to test the agreement between
simulated and observed data; a low RMSE value is desirable.
The RMSE, value gives a measure (%) of the relative
difference of simulated versus observed data. The simulation
is considered excellent if the RMSE, value is less than 10%,
good if the RMSE, is greater than 10% and less than 20%, and
fair if the RMSE, is greater than 20% and less than 30%
(Loague and Green, 1991). For model evaluation, the soil,
management, climatic and plant data for 0 and 60 kg N ha™
treatments for plantings on July 6, 2010 and January 14, 2011
and for 0, 60 and 120 kg N ha™ treatments for plantings on
August 5 and September 9, 2010 were entered in to the
DSSAT v4.5. CSM-CERES-Rice was run with the calibrated
genetic coefficients. Model evaluation was also performed by
comparing the simulated values with their corresponding
observed values with RMSE and RMSE, analyses.

Conclusion

The results from this study showed an acceptable agreement
between simulated and observed values for phenological
events, total above ground dry biomass and grain yield of 2
rice cultivars for both model calibration and evaluation. Some
differences between observation and simulation were due to
flood, crabs and diseases which were not accounted for by
simulation as well as a deviation of observed values.
Therefore, in order to increase an accuracy of model
simulation, further experiment should be performed in the
research stations with well managements. However, this is an
initial evidence to show the potential of CSM-CERES-Rice in
simulating development, growth and yield of Laos’s rice
cultivars under different N-fertilizer application and in various
planting dates, and this also indicated the possibility in using
CSM-CERES-Rice as a decision-supporting tool for rice



. . Anthesis date (DAT) Maturity date (DAT)
Planting date Cultivar/N rate S 0%SD S0 S 0%SD S0
July 6, 2010 TDKS8/0 kg N ha’! 77 771 0 111 1101 +1
TDK8/ 60 kg N ha™! 77 78+1 -1 111 111+£1 0
TDK11/0kgN ha! 70 72+1 -2 98 99+2 -1
TDK11/60 kg N ha’! 70 711 -1 98 98+1 0
August 5, 2010 TDKS8/0 kg N ha’! 74 68+1 +6 113 99+2 +13
TDK8/ 60 kg N ha™! 74 68+1 +6 113 98+2 +14
TDKS8/ 120 kg N ha™! 74 68+1 +4 113 99+2 +11
TDK11/0kg N ha! 67 64+1 +3 100 89+2 +11
TDK11/60 kg N ha’! 67 651 +2 100 901 +10
TDK11/120 kg N ha™! 67 64+1 +3 100 90+2 +10
September 9, 2010 TDKS8/0 kg N ha’! 70 671 +3 111 961 +5
TDKS8/ 60 kg N ha! 70 671 +3 110 95+2 +5
TDKS8/ 120 kg N ha™! 70 671 +3 111 96+2 +5
TDK11/0kg N ha™! 64 62+1 +2 98 912 +7
TDK11/60 kg N ha™! 64 62+1 +2 98 911 +7
TDK11/120 kg N ha! 64 63+1 +1 98 90+2 +8
January 14,2011 TDK8/0 kg N ha’! 75 74+1 +1 107 1082 -1
TDKS8/ 60 kg N ha™! 75 75+1 0 107 1082 -1
TDK11/0kg N ha™! 65 651 0 94 97+2 -3
TDK11/60 kg N ha’! 65 65+1 0 94 97+2 -3

DAT is days after transplantation. SD is the standard deviation of the mean.

Table S. Simulated (S) and observed (O) values for days after transplantation to anthesis and to maturity of 2 rice cultivars grown under different N-fertilizer application and planted on July 6,
August 5 and September 9, 2010 and January 14, 2011 in Khon Kaen, Thailand.

Table 6. Root mean square error (RMSE) and normalize RMSE (RMSE),) for total above ground dry biomass at different growth stages of 2 rice cultivars grown under 3 N-fertilizer application

rates and planted on July 6, August 5 and September 9, 2010 and January 14, 2011 in Khon Kaen, Thailand.

. Fertilizer (kg N July 6, 2010 August 5, 2010 . . September 9, 2011 January 14, 2011

Cultivar -1 Time of sampling
ha ) lsl 2nd 3rd 4th lsl an 3rd 4th lsl 2nd srd 4lh lsl 2nd 3rd 4th

TDKS

RMSE (kg ha™) 0 10 33 867 192 110 307 370 1189 115 117 420 1653 30 168 490 1396
60 42 64 1417 252 84 488 383 1040 68 119 138 1460 36 145 663 1266
120 - - - - 65 667 889 23 92 203 432 397 - - - -

RMSE, (%) 0 4 4 22 3 29 22 8 16 27 14 11 23 12 30 22 23
60 30 7 26 3 25 29 7 11 20 9 3 16 13 27 25 16
120 - - - - 22 33 13 0 24 14 7 4 - - - -

TDKI11

RMSE (kg ha™) 0 4 5 1182 936 53 205 133 881 68 128 57 666 1 188 636 957
60 44 82 920 614 79 330 501 669 65 157 491 209 3 202 455 1516
120 - - - - 20 697 1715 767 119 246 1134 553 - - - -

RMSE, (%) 0 2 1 26 12 19 17 3 13 20 15 1 8 1 26 30 20
60 27 8 19 7 25 23 9 8 19 12 8 2 1 28 15 29
120 - - - - 9 34 21 7 28 16 15 5 - - - -
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Table 7. Observed and simulated values, root mean square error (RMSE) and normalized RMSE (RMSE,) for grain yield of 2 rice
cultivars grown under 3 N-fertilizer application rates and planted on July 6, August 5 and September 9, 2010 and January 14, 2011 in

Khon Kaen, Thailand.

Cultivar
. TDK8 TDK11

Planting date ke Nha'

0 60 120 0 60 120
July 6, 2010
Observed yield+SD (kg ha™") 2285+142 2697291 - 2191202 2451212 -
Simulated yield (kg ha™') 2142 2624 - 1881 2281 -
RMSE (kg ha™) 83 42 - 179 98 -
RMSE, (%) 4 2 - 8 4 -
August 5, 2010
Observed yield+SD (kg ha™") 2558+230 4218+1003 3962+382 2092+162 2880+554 2858+552
Simulated yield (kg ha™) 3234 3678 3801 2746 3459 3585
RMSE (kg ha™) 390 312 93 378 334 420
RMSE, (%) 15 7 2 18 12 15
September 9, 2010
Observed yield+SD (kg ha™) 466+201 748+162 734+129 9461230 1023£186 1186+66
Simulated yield (kg ha™) 3323 3679 3875 2787 3185 3250
RMSE (kg ha™) 1649 1692 1808 1063 1248 1192
RMSE, (%) 354 226 243 112 122 100
January 14, 2011
Observed yield+SD (kg ha™) 20504145 23234231 - 1481£103 25444502 -
Simulated yield (kg ha™') 2349 2816 - 1923 1893 -
RMSE (kg ha™) 173 285 - 255 376 -
RMSE, (%) 8 12 - 17 15 -

SD is the standard deviation of the mean. Blanks were used for model calibration.

production in tropical countries such as Thailand and Lao
People’s Democratic Republic.
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