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ASTRACT

It should be extended to study and practice in highland. This research separated in
4 parts, (i) Extension of the integrated conservation cropping (IWAM) to the communities of
study areas. (i) Study on soil water havesting and crop water use efficiency in experiment
plot for planning of agronomic relay cropping (iii) Drip irrigation for the hedgerow- fruit trees
during dry season and (iv) Evaluating of economic on the IWAM cropping by comparison with
the traditional practice. The study areas are in 2 districts of Mae Chaem in Chiange Mai
province and Pang Ma Pa in Mae Hong Son province where have the experiment plots
existing. The results found that farmers, students and local leaders who participated in
training course which performed by the project have accepted the IWAM being the method
to broadly adopt in highland. The project supported the 6 farmers to do the extending plots.
They indicated that the IWAM trended to improve the chemical and physical soil properties,
and increase soil organic matter, soil water harvesting, crop water use efficiency and crop
growth and yields more than conventional practice significantly. For the trial of drip irrigation
for the hedgerow-fruit trees during dry season shows that almost all the planted fruit tree
varieties in the hedgerows similarly responded to drip irrigation during the dry season very
well. Drip irrigation with applied hydrophilic polymer gave the highest amount of stored soil
water, leading to best growth of fruit tree when compared with the methods of applied
hydrophilic polymer and Non drip irrigation. For economic evaluation, the IWAM is the
worthwhile investment with quickly capital-recovery and sustainable in long term.
Additionally, the indirect benefits of IWAM was found such as the improvement of air and
water quality by reduction sediments and nutrients from soil erosion and smog from burning

plant residue.

Keyword : conservative contour cultivations, crop water use efficiency, highland rainfed

agriculture, soil water



@ drinnunuznITuMsITouiand
e | MsveENaIsUgniindvousnduuuysanisuasmslmhlikauvueniiewnyn U g Uiy

Wan

GUEVLAY

AnFNISUUTZAA

UNANYD

aﬂiﬁ@Lﬁaﬁﬂ

A13UQYAITN

a130N N
mesueddnuaiuavanstyfgeildlunside

1. umih

2. ngUszasAvedlasen1sivy
3. NMSNUNIUITIUNTSU/ANSAUNA NN8789

3.1 msdanitvlusessiuiunisrausiumeiandunidssui
fiovaansls

32 syuumsugnitudseusneiuuysanng

33 nmsldamsgamnntulndweslunsfiuufinunsduthuesiu
wazUseavanm nslivedliing

30 mslihuuuneaudlinananiiugnluuaveyindlutamnouds

35  anudesnsinuaznsldinve it
351  @enmNNsAEsTerEeUSIaAIEe IS ve I
352  nsmessmensenisidivesiteiiuiass
3.5.3  NISANIMAIANIAINANTANYTLINAE
354  euduusslovdvesinlunusofia

3.6 FUINTNOUAUDIVBINANER

37 awduiudseninaUSnanidutesUinamanan

38  nsvadeULUUTaeIn s wesiivuavanEaie

39 nadnwiymuaznsudlvdgmnsliifuuuiigauasanduditen

4. WAl

4.1 TBn15veNaIoN1sUgNIuleeus NERUUYIANNISETNTUULNg

4.1.1 M3IARNBUTIBUURANIT WA FIWMLNEATNT LW1ITY kae Fiyuwy
4.1.2 anwugdUTN furd fifs vosudasenena

4.1.3 FBnswseunlaeena

4.1.4 nsUgnldnalusaueusng

4.2 ANSANIUSEANSANAISITULASNAGDULUUIIADINIST LU0 9N

4.2.1 nsneuulagmliunITedmiunmsvanivalsvyuiumieusgg

N

17

17
17
21
22
23
27
28



@ drinnunuznITuMsITouiand
e | MsveENaIsUgniindvousnduuuysanisuasmslmhlikauvueniiewnyn U g Uiy

Wan

4.2.2 MseREuRunaulgniy N1sUgnitsuazn1sQUasn
4.2.3 FmsvaniwlusesUgnieninuaveysng
4.2.4 Bm3ldde miguashuiuasmanisiy

o

4.3 msfnwmaaedliiwuuveaudlinadugnlusaueysng
43.1 msUgnldualuuaueysny
432 msmumaliinandudiiuiemteriesliudi
433 mseonuUULAzRnRstiuLEiy
434 msvenuulLarinsgUnIainslvuuuen
435 wnumsiveuariiulunsldiuvumen fdunTNUALNINAREILUY
8436 MITIMUAMNLEREETRTININEATETANTI R
437 nsldanspaeutilunquuanliia
4.4 msfera uaznsifunusadeyalussesd 1
4.4.1 msiiumegsiulazinaniRnuuialsznis
442 Sausunansindiuiiluiu
4.43 nviansasyivlalaznananvesivlsuazldna
4.5 nsdnwsesentudinnislusamaasmdnluli 2
4.5.1 m’iﬁﬂmmm%ﬂuauiul,l,ﬂanﬂu:uu IWAM Uagihuuinynsnsteuuiun
4.5.2 m'ﬁmﬂaawQﬂﬁﬁzﬁm?{auq@uimﬂqﬂ
453 msvaaeafinanululsglomiveseaneyalufu
454 yeaesgniimaiuselifindnluwoulsina
4.6 MIUTTUNANNAUATYFAIERS
461 FmsUussunaneuLusezay
4.6.2 msUssliuanuduulussezen?

5. NANIIANEUUINY
5.1 M3VIENAITNTUNTITBeYSNHLUUYTINNT (IWAM) guumuuuiigs
5.1.1 wansdnineussfuRnisgviosiu
5.1.2 msbinensnsvaaes fURvaniudeeysnEhuuysannIsmenuLes
52 nsdnsmsiuieninBluiusasdsansamnisidiwesials
IuLLﬂaqwmaamé’mﬁami’mLLmuﬂWiﬂqﬂﬁ%Lwﬁauqa
5.2.1 auUemaaiiuasia@ndvosdiu
522 USinanisinfiuinlufiu
523 mswsuivlauay nandnvosity Usinanisldivesiiy
wazUszavsnmnnsTdiwesite
524 Uszansnmnsldivesiieiiuiasaitinlnensduauny
525 UszAnSnmmsldiiteasnanaianmesit

28
29
30

30
30
31
31
33
34
35
35
36
36
37
38
38
38
38
38
40
40
40
40

43
43
43
46
69

69
7
82

89
89



&) dnnunnsnIIunTITeuiend
S,

e | MsveENaIsUgniindvousnduuuysanisuasmslmhlikauvueniiewnyn U g Uiy

Wan

526 Usvavenmnisldiifieasmananvosite

527 fnenmnsmessmerienudionsivesity uarnsnndeu
Wasuiteulsinansldhuesiiviinlaensawaziiduaeannuuusias

52.8 AUUNITNOUAUDIVOINANEN

529 nafnweudiluiulusesgn

5.2.10 mInmasslgniiumnasugglusesugnitals

5.2.11 nsneassdiur pH Aufiernuduusslovivemeanesadedals

5.2.12 wan1sugnnurluasinuanudfuiimesulusouuaying

5.2.13 msheaunadudy o Tuulameaadlud 2555/56

L%
nUM

91
92

94
98
99

102

104
105

5.2.14 nsnadeuluuiaes SWAT wieldlunms@nwaugauiluiunguiuuigs 107

o

53 msAnwmadeunslithuuuveaudlivafivgnlusaveying
531  authunusenisvesiuduuy (0-20 @)
532  Uumunsinduiiluiu
533 maasyiulavetlinaluloveysny
54 MsUTBHLNAN NI ULATYEAENS
541  nswWSsuiisunelagrzseninnisugniiuiaeysniuy
YSUINSAUUUY inwpsnstenUfiRluszosdy
542  MIUsEliuanuAuuuen1sUgniue usnwuuysnnig
Weudunmsugnuuuinuasnsliexluszend
6 asunanisideuazlalausuuy

7 UIIUIUNTY

[y

8  Usy iRy

111
111
118
128
141
141

144

151

155

163



@ drinnunuznITuMsITouiand
e | MsveENaIsUgniindvousnduuuysanisuasmslmhlikauvueniiewnyn U g Uiy

M54
A9 4.2.1

M9197 5.1.1

M19197 5.1.2

M9197 5.1.3

M191991 5.1.4

51971 5.1.5
51971 5.1.6
51471 5.1.7
57471 5.1.8

M19199 5.2.1

M9197 5.2.2

M9197 5.2.3

A15URYA319

wanwuliinvesulamaaes Site A ogithuniu Suneusludy min
Fedlwsl Site B ogfivuanly sunetisuzin Sminusidesaen
HATBINITUGNINUARUINBUUUYTUINTST (IWAM) kae Luuinunsnstey
URTR (CP) doradaudinianinasiAndursusenisvesiu (0-20 o)
TuuUAmARDIENEHAT 4 UV Tugaenansgaay - AUgAUAS
HATDINITUGN AT YT YUUYIUINT (IWAM) Bazkuuinunsnstey
URTR (CP)  soAuTunaniluavlutaseniudn 1 wasluwameaesuens
wavs 4 wisluthaiiou wauniau 2554 — furau 2555
masuaqﬂ'1'iiJaﬂwmmauiﬂmwwmwmi (IWAM) uazhuununsnstey
UUR (CP) maﬂ'nJiummammwwmmmmmumamuamuu,a NANAAT
uanluuUasuenesa 11 4 ums

Havreen1sUgni Iyt dkuuysansiagldussnuynseatan (WAM-)
WisuisutunsluadeslansiwounUszasdlunmawiouses (WAMHD) uag
uJ'iEJUmaUﬂmﬁiJaﬂqumwmiuauﬂgm (CP) AinadeUTinunTini
ihluiu UsinasmeTnwimuaiiegwiofuuasnandnvesiaiugniudis
faoslunlamanesuenenai 4
uanskamyinTeueisluammenavennuasnsuuiigdluiuiisne
IR EY
uansuanisUssduauamiulusaseneravesnunsnuuiigdluiiud
BN Ay

NsUHURNU nande wag A nAululUasveeravetnynsns tny
Wisuigusgninamsanuuuinuasnsilen (CP) Tusearenmsainam (CF)
nan1seTlesznuluiuiiiulng muathuiu Suneulusudeusasmds
Ugnity

HAYDINITUGNAUTIBYSNYAUULITEAY 3 NTUTT (CP, CF-AL, Uag CF-
BoM-AL) sornadsautfimuniuasidndvasiuluseninanisadayivlaves
Frilwadmlsuaziuud Tuwameaes Site A
HAYDINITUGNAUTIBYSNYAUUITEAY 3 T3 (CP-AL, CF-AL, wag CF-VgM-
AL) siepdsausivnuaivari@ndvosiu lussnisnsasaiulaves
Frilna 41113 fdas uazdudd Tuulameaes Site B
U%mmﬁ"j’]Nuazaﬂmﬁmamﬁqs] (Inst. Cum. Rain) Hunnazad (Cum. Rain)
Ussaslldings (Cum.Eff Rain) wazUSinas msinuiuiluiu (Stored soil
water) Tugsnsiasguaulaszuzeinge vosivlullaimnass Site A 531ie
W.A. 2553 - 2555

27

a3

a7

50

52

54

55

58

59

72

75

79



\@ 7,
Y.
NRCT

dinnuAugnITUNMTIBURIR
NTveIEHaTTUgnTIRe YT UUY TN SUasm smh lduauuuvenioinym U gaguuuiuggs

M3

M3 5.2.4  Usunanduazanlugiaaanniled (Inst. Cum. Rain) fumnageauy (Cum. Rain)

USunamuldnis (Cum.Eff.Rain) uagUSuna nsinuAvdnlufuy (Stored soil
water) Tugasnisiaseiulassuzansesialunlamnany Site B 531ined
W.A. 2553 - 2555

M9 525 USinanhwiinuisvesiivfiegvilefuniaua (Total dry biomass) wag

Usganzannsldinvesity (Water Use Efficiency, WUE) agladsnisuaniie
WUU CP, CF-AL way CF-BgM-AL Tutinenstasgiulasneuastnalng wazd?
uud masntn1sveany 2553/2554 Tullaineass Site A

M7 5.2.6  USinanhwiinuisvesiivfegvilefiuniaua (Total dry biomass) wag

Usgangannsltinvesity (Water Use Efficiency, WUE) agladsnisuanite
WUU CP-AL, CF-AL uag CF-VgM-AL Tutasnisiasgiiulamngguesdnlng way
MuUs aealn1suaass 2553/2554 Tuwlamaaes Site B

M99 5.2.7  USinaniwiinuisvesiiviedmilefuianun (Total dry biomass) hae

Usgangannisldinvesity (Water Use Efficiency, WUE) agladsnisugnine
WUU CP, CF-AL uay CF-BgM-AL Tutinenisiasgiivlasneuasivals naond
NYAABY 2554/2555 lunaimaaeg Site A

M99 528 USinanhwiinuisvesiivfiegwilefuniaua (Total dry biomass) wag

=

Usgangannisltinvesity (Water Use Efficiency, WUE) agladsnisuaniie
WUU CP-AL, CF-AL uay CF-VeM-AL Tutasniasgivlnansguesials nasal
N1INAaeY 2554/2555 TuwlaannaedSite B

M3197 5.2.9  uansAadeal pH wazweanesaniduuselovy noulayrainmaaes
A1919715.2.10  uanstntinuesnut ez UTununeanesa (me/ke) tazUsunameansssa

yanuafidgalUle (P-uptake)

A15197 5.2.11 h@AISEUUNISHAANTIULUAIMAARINEN AU TIUDIU DILNBLULTL

M1599 5.3.1  NaT0IN15INIsiveLinyszdnsnslainlaesufuanuansnsiu ¢ 35 fe Tl

M3 5.3.2  NAT0IN5INISveLiNUsEANSn1slElae s UfuRILANsNeTY 4 35 Ao Tl

1 (N), iﬂﬁﬁj’j’lLLGﬂ?iﬁ’l'i@ﬂﬂ’Jm%uiwama’g (NP)Irfhuuumnen(D) was 1
Llfuwam"mﬁ’umﬂaiaﬁ@mmm%ﬂwﬁtm% (DP) slaAadsautRinuuIs
Usen1s Tudaseesina1eineg seningouas- sugady v0sln1svaasdidy w.e
2554 uaz w.A. 2555 luulamnasmaniil (Site A)

1 (N), iﬂﬁﬁj’j’lLLGﬂ?iﬁ’l'i@ﬂﬂ’Jm%uiwama’g (NP)Irfhuuumnen(D) was 1
Llfuwam"mﬁ’umﬂaiaﬁ@mmm%ﬂwﬁtm% (DP) slaAadsautRinuuIs
Usen1s Tudnaseesnatineg seninegauas dugady vesdnmmeasdiae
W.A. 2556 wag .6, 2555 lunlaaaasmdndi2 (Site B)

81

84

85

86

87

102
104

106
112

113



@ drinnunuznITuMsITouiand
e | MsveENaIsUgniindvousnduuuysanisuasmslmhlikauvueniiewnyn U g Uiy

M3

M9197 5.3.3

M151991 5.3.4

M191991 5.3.5

M19199 5.4.1

M15197 5.4.2

M191971 5.4.3
M191991 5.4.4
M191991 5.4.5

M19197 5.4.6

navasnsIansfeuiiuusyansnslihlneisufoafunndetu 4 35 fe
laflshin, Wliusldansgranudulndiues, Whhuuumen uae Triuuumen
wiouldansgn udulndiwes (N, NP, D uag DP) dedadeuuinnisin
Authluflugasarwdn 1 wns luthsssezinairinag seninemguds- fung
du vestin1smaaeside w.e. 2550 wag 2555 lulamnasmanil (Site A)
navesnsIansfiudszansamnsliilas U oRAuansedtu 4 350
Taflshin, Wliusldansgranudulndiues, ihuuumen uae Tiuuunen
wiouldansgaenudulndiues (N, NP, D waw DP) deriadsusunmunisinidu
ihlufulutaserwdn 1 wes lutssesnasine ssninngudsfungiu
Y03UN1MPaesIde w.a. 2554 Tuulamaaeandni 2 (Site B)
Aedsnsesyiiulavesiianauiivgnlulaueusny (mnwgs way A
nhavemssiuiifindy neld @ ldfinsTsid (Non-imigation, N), (i) Taflsi
LLﬁIﬁﬁﬂi@ﬂﬂ’J’lM%ﬂWﬁLM@i‘ (Non-irrigation with polymer application, NP),
(i) Wiuuunen Orip irrigation, D) waz(iv) Tﬁﬁfﬂwaamiauﬁumﬂdmiam
AuTUlNG oS (Drip irrigation with polymer application,DP) Tunuas
VAa04 Site A Wazulameasd Site B lutissseziiabiou Suiau 2553 -
WOWAAL 2555

AuuLarKanauwuveInIsUanitvlulUamaaeman Site A uaz Site B
MelaTBnsUgniuTaeusngnuwsEau 3 38
FuyuuazsanouLLveINUgnitluuaswetenaia 4 wis meld
TnsUgniiudeeusneuuysang (IWAM) LagkuuNenIng

feuUFuR (CPuUasuenenat 1 wasmenenail 2 waseouai 3
wasvenonai 4
Joyasednguarsesuannsaduiulullamaaeilgniveysntiuy
YIS yUnunIu fuaturiv dnnsusludy Jminledlu
PoyasedteuarsesuannsaidunuluwlameassUgniisiuuinunsns
ey ndtunu duatuiu guneuwivay Jmiaesln
NsAwInyaA1daiugnsveInsUgn v deeusneyinseu I enmInmuLae
fuaulding (IWAM)
nsAmwnyartagiugnsvesnisugniivhuuinunsnsliey NeavauaLLu
Y3N@AN (CP)

2

119

124

128

143

144

147

148

149

150



@ drinnunuznITuMsITouiand
e | MsveENaIsUgniindvousnduuuysanisuasmslmhlikauvueniiewnyn U g Uiy

A15URNN

U 4.1.1 nsussoeiineusBaUjAnisuaziadun nsidsuvuulamaasives
159715338 NsEnUURwS suuUasugnitodiseusnduuuysannis (WAM) Tu
n5daEineusa 6 A

sUfla12  anmiluilaeiiluvesuameenadsnuundugiuig Adanuaiady
outhannitudidiulnalda i fiulnaagu1ad dlosannsilsidevass
waglanyuiou

U413 veunsinowiuddlutomindedul uasiunisosulasuenenain 6 wis

Aolugneawiudn Janiadeslnd 5 uvsds lusvadiuivu vydiuaiu (1,2)

sy tuityniies (3) myjtuit (5) Tusuavinn wjthuensdiu (6) wagdn 1

widlumyUnuualanssaves (4) Muaudivig suneudazises Jwinulgesasy

U 4.1.4 yupmessosuazadunsyaLiieltensesgndmiuitnnsugniiy

lusesseniiaveusng (InRn1 uazame, 2553)

YuInvesTosuazddunsyaLiloln susesUgndmiuisnisugnitaluses

JEUheauaysny (nfn uazane, 2553)

fimmsnnsloyasesugnlneldinieansiufuieundszasd (H3l) uansiianis

nsidusaloynsedluseudl 1 uazrundunniusalolusoud 2 mauuafianig

iiu dunislaynsedlusevil 3 Wumsfusondumsiuluiiuvesseud 1

wag 2

Ua1e  nswlsusesgnanuunsedulae 1Hiesesdnsnavuinidn vieedeslonsu
AutounUszasd”d3lU” vin13uased laun1siAuse 3 5ousiaTed wagyinau
soUAY 2 $09 Anuamuyaiy Uilutsiuliuuuaslumadeaiuluseud 1
uay 2 dawsoudl 3 (¥afuane) Uiuluteuliuanludnmanils silvduuy
dusnausazdudufvaduiuseniefuuy uaz fuan

Ul 4.1.7 Bnsugnlinaluwaveusng Tasnsyanquignuuuusstusulaamsdu
(Individual basin) 1Junguignuuinnieuazdnussuia 50 wufiuns i
TPUENIeTENINRuUUsEII 1.5-2.5 luns auanwusyinvesldng lnedan
adufuwuuituan saenmunaLarAuBAuRLUTIve s UeY TNy

sUfa1s  uansdnunziiuidenlnsuuasnslddfuninamithuity suaduiu sune
wilwdy Ymiadediny lnelinnswlouuuasveenanien1svingeslgnaiuuwud
AU dMFUNSUGN VAR UINBWUUYTUINIS uagvhiafududmsuli
neuakilikaluwauaysny

U 4.19 uansdnueiufinaznslifinuromy 8 fuaviian sSunousliudy i
Wedlny wazniseseulUaivenenanisn1sisesuanaunuiseau d&msunis
UgnitudeeusnuwuuysunIs

&aNl
c
=b.
inN
—
inN

caNl
c
=b.
inN
—
€]



@ drinnunuznITuMsITouiand
e | MsveENaIsUgniindvousnduuuysanisuasmslmhlikauvueniiewnyn U g Uiy

anmlnevilvesuiamnasvdn (a) Site A wag (b) Site B A1emAInIs
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nsvaseyivlaveslinanauyinsieluuaveysnvuaawlamaaswman Site Alu
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AP or AC
AL

ARS

AWCa
AWCo

BD

CF-AL
CF-BgM-AL

CF-BM-AL

CF-Bn/Bg/VgM-AL

CF-IM
CF-M-AL
CcP

Sp
CP-BM

CP-Bn/Bg/VgM -AL

CR
CRP

13
8
13
9
14
0
o a % [ o (% [ 1 3 a o
maﬁmﬂmy@numummsmymﬂam%‘lumsqw
(Symbols and List of Abbreviations)
Aeration Porosity or Air capacity
Alley cropping
Agricultural Research Service
Available water capacity
Available water content
Bulk density
Contour furrow cultivation in alley cropping,
Contour furrow cultivation with mulching in alley cropping
Contour furrow cultivation with bamboo mulching in alley
cropping
nsugniusesmuwiserusenisavlinataziinnsaquinmelunes
Tunguazuin

nsUgnlusosmuuusEiuinguie sz ILmaA

Contour Cultivated Furrow with Mulching in Alley Cropping
Conventional Contour Planting

Air heat capacity
nsUgnuuuinensnseuuazaauiuiessuuslilianidunnane
nsUgnanuIsEAusEnituauinauaziinsaguausiglunedly
YA A

Covered ridge

Covered ridge with plastic covering
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DAW
DEM
DP
€a
Epan
€s
ETca
ETcp
ETo
ETp
Ext.K
Ext.P
FC
FS

G

Y

hrs
INCOPLAST
IR
WAM
Kc
Kp
Ks
Ky
LDPE
MWD
N

NP
NRCT-DFG
PAW
PWP
ra
RAW
RCBD
Rn

rs
SAD, SAT
SMA

Drip irrigation without Polymer application
Decreased available water

Digital Elevation Map,

Drip irrigation with Polymer application
Air vapour pressure

Pan evaporation

Saturated vapour pressure

Actual crop evapotranspiration

Crop water requirement or potential crop evapotranspiration
Reference evapotranspiration,

Potential evapotranspition

Extractable potassium

Extractable phosphorus

Field capacity

Flat soil

Soil heat flux density

Psychometric constant

Hours

Integrated Contour Cultivation, Plastic and Straw Mulch Treatment
Steady infiltration rate,

The Integrated Water-harvest, Anti-erosive and Multiple cropping
crop coefficient

Pan coefficient

Water stress coefficient

yield response factor

Low density polyethylene

Mean weight diameter

Non-irrigation and Nonpolymer application
Non-irrigation with Polymer application

National Research Cooperative Thai-German Project
Plant available water

Permanent wilting point

Aero resistance

readily available water in the root zone
Randomized Complete Block Design

Net Radiation

Surface resistant

Stable aggregate

Soil Moisture Available
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TAW total available water

TP Total Porosity

TSW Total Soil Water

UR uncovered ridge

USDA United States Department of Agriculture

WU Water use of plant

WUE Water use Efficiency

Ya Actual yield

Yp Amount of precipitation during April to October



