231102

aw A “ [ o . a v . i o a o -4
m3pGEes *© Mmaliulpiimalgnisdmmarznisussinnafiviisahlumsgn
] - w g o - ) a A X i H " & - & A o [
Amdwavsyindinaiiamanfafansulussuninsavhduatedsduuuinnaeatw 14
o pa s, : : A - ; da '
diiumITERiRewEu 2550 - Hwau 2553 uuiuiigniiten 4 wishilidnwazanume
u - - - ' . =l L ] » ]
U plisupauscssdlingmssfinuandrsiy Ao Site A, B usz C Amgjiimialaduazily sahs
y . ] t . ol o ] ]
Uz v.uNdedsau aaoand 3 U uas Site D Inillfl 4 Munan a.ududn 3. 3p9lnd Tasd
- -] " gt - J P LY » d L) -~
Taquszasdfe () nesaunsvaInsiFiagaguiniidenamplariinde 9dm lduluntiom
“ A& d v a A o 4 " o
Infifgeuimzlgn dedszimBawmseyindauuasih use (i) neassuszuuAsaauiiiany
t4 . - . - -~ w o &
wannmanpanliuesline) wszuumalgnindeyindmaunaszauuuuysanms dmiuiiy
. H o [ - [ - o= [
riamwiasRsRaustuuinsanhduuuisedi moldamwaime wasdnwaduiiuandrani

Wununimasssuuy Completely Randomize Design (CRD) 1uuﬂmnﬂamﬁe 4 Uil
%asiwﬂsznaué"ws‘i’m%'ummemfm.lgnﬁﬁﬁ"mmw:ﬁiauawuwnzﬁu 4 5% s 3 4n Ae (i)
malgnuuuinsasnsiianl e (CP) (i) nadgninisssznirunveyindlinanauiniuia
1als (CF-AL) (iii) m‘sﬂgn’lm'aqﬂﬂqu.ﬁm:m’wunum&%‘nﬁlﬁ‘nauauﬁ‘m‘lah moluasinndn
ns'l":tlwf'l'f't_ (Musa acuminata) 1uuyas Site A (CF-BnM-AL) wijr1s¥na1@ (Thysannolaena maxima
Kuntze) lwulsa Site B usz D (CF-BgM-AL) uazwajausin (Vetiveria nemoralis A. Camus) nulas
Site C (CF-VgM-AL) usz (iv) n'mJanmuuumumnmnumamm*mwunuamnﬁ'lﬁ'nanan
muuuuﬁ (i) (Site A, CP-BnM-AL, Site B, CP-BgM-ALUA: Site C, CP-VgM-AL)

nuuwwﬂgnnqunuumanqu 3 ww‘luuna:i'l 8ur F12Twenau (Zea mays Linn.)
Ugniilufimusn sznindu-nanggen 'lm;nm_lmuazqnﬂ danRad 2 ﬂghr:wi'nnma-ﬂmnqg
Hu Rad1213 (Oryza sativa Linn.) i) 25502551 uaz % (Zingiber officinale Roscoe.) il 2552
1ua-seuﬂmmuum|amnm]m muﬂ'seuﬂmmﬂaun mmammammo (Glycine max L./
Phaseolus Vulgaris) W‘.in'zmu (Capsicum fmtescens L) u.a:mam (Arachis hypogaea L.)
wyndouasy Iuuyss site A, B, C usz D i) 2550, 2551 use 2552 mudey dmiuiai 3 Uan
winlmogglu-nangua’ foduyd (Lablab perpureus Linn,) waz02d(Cicer arietinum L.)
Iua‘i'auﬂaaa‘rmnuua"sifmfi'\a-namnuﬂamnﬂ iim'lﬁ'ﬂanau‘luunuau%'nﬁ%oﬁaﬂﬁaﬂﬁumnm?
naa83lulAsIns NRCT-DFG - Phase Il 32WinIN.9. 2547-2550 ua*‘lm]ammmwmnulumqg
dutlusnvasmmasesit dus UTUWAUTAN G (Mangifera indica Linn.), Nzw12l3wda (Citrus



PENUHAMITITBRTUANY I :m:ﬂi'uﬂyﬁii’wmniauun:n'mﬁu|."n'n‘;ﬁ*n'luﬁu'fanm‘sﬂgnﬁ-nmunumﬁnﬂ

WerfumindafwnauluszuinsanbinetfifuunAufimaiu 2 3 l 1 0 2 *

aurantifolia), ¥£\W8IN MW (Averrhoa carambola Linn), 8xAf (Manilkara achras Fosberg) ua..r-ﬁ"\'l
Guaw (Psidium guajava L.) weuiumunsuslala (Stylosanthes guianensis) aguanlaanline

Tihmafudeteamieiinnsiussiasmasna Ju895U 3 ATadel) felusugg nana
goussimpggruvasusdazi suaauimmsialang seduananduninsivesdn (Soil acidity,
pH) UTinmBuniaiagludu (Organic matter, OM) USumweaveTauszInunsdoufianale
(Exﬁaclabl_e phosphorus and potassium, ExtP & Ext.K) m’mnmuﬁuﬂu (Bulk density, BD),
AV (Total porosity, TP), araigayaidiliiasiaii (Field capacity,FC) iy arim i
IENBEINTAR (Aeration porosity, AP) (0-20 cm.) noufiaauiisdusismouiufenszvenie
AniuREIRAnuRIInaG (Stable aggregate based on dry aggrégats, SAD and total ol
mass, SAT) IWIIaADvaTaAuTIERyT (Mean weight diameter, MWD) (0-5 cm.) Tonl$3%
nmgafisulfialunsiienesiauiaawly Jadarmduiudrginaudined (teady
infiltration rate, IR) Tuudaslapaslanlfusmrmdniz (disk permeameter) JaBanminlnathin
AnuszmIgyFofAnlu Site A, C usz D nmdunnnnmamnﬁm‘lﬂau'maaw'nqqr-lu'[nu'li’mﬂn
aznanlapas Saaraiuiuiiszauamadnme ghnaiasdatannudn TOR uszdwimSinm
iy udulugasanudngn 1 a. saanimuiyidulavssizases 3 Ummesss a
m'smtymn'[ﬂ (ﬂ"munummnuﬂ)uamanaamlmhemummnnnnaluﬂmuqaﬂam:am'nuﬂ
asmﬂnmmnmsﬂan

uam'mﬂaaouam'lﬁl.ﬁwi'l’x'ﬁn'nﬂgnﬂm‘ieauﬁ'nﬁmuums:é‘uﬁa 4 %% fa CP, CF-AL,
CF-Bn/BgNVgM-Al usz CP-Bn/BgNgM-Al imlnglifinauandrsiumasdadesmiads pH, OM,
BD, TP, FC uaz AP anaatnqgmgnity ::whoﬁ'uq&ﬂmqudu’luﬂﬁ 1 luutsamansins 4
uid athdlsfiddriadin oM, BD, TP us: AP DA 2 uas#AIARY Ext. P, Ext. K, SAD SAT tat IR
anen 2 1 selidgegalunlsnignfivuuy CF-BrByVgM-Al uaziiindgaluussiiugnuuy cp
Tamawicluuyssvanes Sits A, B une D WaSouifisuiuuyss CF-AL use CP-BVBYVEM-AL
ﬁ'lﬁ'ml.aamwuaﬂ'umnmagotﬂuauanamua-mumuéwu sty lsimunIneuanesaInud
aumo‘] am'ﬁm'sﬂﬁnwwa 473 mna'nmnumwﬂﬂunuuﬂ‘muu‘n'lun'wﬂ'm'm'wmwm's
naney 2 1 Masidunuszoziam dam ua.ﬂ‘immﬂnn'ler nwwsrymu'[mmwwﬂan ARDAIN
Fnm msnsznsuazanuduessiuluuiasd)

ﬂ'immtf'l‘lnﬂﬂ":ﬁ'aﬁmﬁﬂ"srugoqamn'lé' CP winiu dmfiindumsld CF-BrBg/VGM-
AL, CF-AL Uz CP-Bn/BgVGM-AL Tffunathiuandnuuazdeudrsdiisuslusanindifiveiu
ﬂaaﬁ'hmgﬂur?a 3 11 Sunamhnaiiswin 3 ¥ luulamases Sits A, Site C usz Site D
Tn cP Wiingefige 1w 1,111, 555 uax 289 m°ha” oz CF-AL Wmiln 448, 188 uaz 97 m*
ha', CF-Br/BgVGM-AL lauilu 439, 209 usz 103 m°ha' uaz CP-B/BgVGM-AL Seiiln
444, usz 141 m ha” (Site A usz &) Fadumhinliuansreiu ii'mnwgtyt‘&'nﬁua:amﬁn%u
uansvnusiaugaluireduggunnl mu'la'ﬁ'imsﬂgnﬁwfe 453 -‘ﬁnﬁmmﬁugtytﬁﬂa:m



PPN ITEATUAYIN : mafinsidunmsniasussmafimdembludulsomagnfnSuoueying
WaamsudafsnaulusuuneaniisethefiiuuuAndandsu 2 3 1 1 0 2

Toumuvmunnnan 3 1 luwlsmases Sits A, € usz D muld cp fsmugegaiilu 6578, 7010
uaz 4826 kgha ' wmedl CF-BnIBgNGM—ALﬁfi’I?’J&Wi’Iﬁ‘Qﬁ flu 146, 177 usz 443 kgha ' &% CF-
AL lﬁ’ﬁﬁugmtﬁmmﬁnﬂuﬁué'u 2 fin 227, 188 uax 816 kgha ' uay CP-Bn/Bg/VGM-AL 1Wsn
diilududy 3 fa 554, unz 2269 kgha " (Site A Usz C) MudIAL

mynausuasrsniinamataiimirlnaue paimsugnie 4 33 Tuntiamansans 4 un9
fsnuneiiluennmuszadoadeiuatnaann Tas CF-Br/Bg/VgM-AL uas CP Suwaltuldms
ﬁn;ﬁuﬁﬂuﬁu'lwﬂwmwﬁn 1 u.'luﬂ’%n*;mgaﬁégﬁua:éﬁﬁqﬂm:uﬁ'nﬁ'u \isuasaaggmalgnives
ymefl CF-AL  usz CP-Br/BgVgM-AL H‘ﬂ'immnwr‘fmﬁmfﬂuﬁugatﬂué’uﬁ'uaama:mn-
muiay wevasfinamaimdniludndandnlddomslidninadulgniuied 1 uerdals
r';"a_ﬁﬂo Fundes uazwin ﬁ'ﬂgmﬂuﬁﬁﬁ 2 yamadaund Sadiufief 3 Inwlss Site A, B, C uaz D
i'nmr«ﬁty1ﬁn'[nuaz'lﬁ'ﬁauﬁaﬁgeﬁ'qa'luuﬂmﬁﬂgnﬁ'duuu CF-Bn/Bg/VgM-AL uaz_mdﬂqﬁ'luuﬂm
gnuuy CP auSuuifuiuuss CF-AL uszulas CP-Br/BgVgM-AL Fsfuurlsnanndasma
Wnanhfindu 1 udustlndsa |

s ' v [ ' - ol g
HAaNTIMARBIRINEITIA NI ANIN  CF-Br/BgiVgM-AL Hitmmlgnisnyiuyy
o v v dad A, -'lt.._. & 4 ¥ s ' P Ade o
auaaRLaz Iz nIaunaNge Sssasdulilimaiunenhdwdganuennahidmndu
- P o - v [ - 1 w - - -
Viludugenga ibinsldhvssfimdulletsiitseimsnmn sonnlimIsinnaniavesfailgn
fion, - -t A - J -
mula33 CF-Bn/BgVgM-AL gofige vzl CP finalumeassnutufeduwi bl ligoiningn
4‘ » - - » = H A s - '
waulnsuas sasSuldiRemsensanggiddnluliinmgege weziitfnahidmduliludn
o E ) s d - i [T}
weutign YnhinandawesRsiign WenSouifinunyiSnislgnuuy CF-AL nia CP-Br/Bg/VgM
- - -~ | - o 5 W
-AL SaiiwitmalgnAmBayindauumaszaundiiuduay 2 uss 3 musay



231102

Research on “The improvement of anti-erosive and water harvesting practices in alley
cropping to increase sustainable rainfed multiple crop production on sloping land” was carried
out during April, 2007-March, 2010 on the 4 sub-catchments of different slope gradients, soil
morphology and geological structure, which were Site A, B, C at Borkrai and Jabo V;llage,
Pang Mapa District, Mae Hongson Province through the 3 year-trial and Site D in the 4™ year,
at Banthuan, Mae Chaem District, Chiang Mai Province. The experiment aimed to (i) test the
effects of different biodegradable mulching materials and readily available nearby the growing
area, on efficiency of soil and water conservation, and (ii) test the possibility of growing
different mixed varieties of cropping systems (both annual and fruit trees) in the integrated
conservative contour cultural practices for increasing rainfed multiple crop productivity on

‘sloping land under different weather conditions and soils types. '

A completely randomize design (CRD) was conducted in the 4 experimental plots,
comprising 3 replicates of 4 contour anti-erosive cultural practices. (i) conventional planting
(CP), (ii) cultivated furrow in alley cropping (CF-AL) (iii) cuitivated furrow mulched with
banana leave (Musa acuminata) in Site A (CF-BnM-AL), bamboo grass '(Thysannofaena
maxima Kuntze) in Site B (CF-BgM-AL) and vetiver grass, (Vetiveria nemoralis A. Camus) in
Site C (CF-VgM-AL) in alley cropping, (iv) conventional planting mulched with plant residues
as (iii), Site A (CP-BnM-AL), Site B (CP-BgM-A) and Site C (CP-VgM-AL).in alley cropping,

The three rotational relay-cropping systems each year were sweet com (Zea mays Linn.)
grown as the 1* crop during' early-mid rainy season in every plot and every year. The 2™ crops
grown during mid-late rainy season were upland rice (Oryza sativa Linn,) in 2007-2008 and
ginger (Zingiber officinale Roscoe.) in 2009 in the upper half of every subplot, whilst
soybean/red kidney bean (Glycine max L./ Phaseolus Vulgaris), chili (C@szcum frutescens L.)
and peanut (Arachis hypogaea L.) were rotational alternately grown in the lower half of each
subplot in Site A, B, C and D during 2007, 2008 and 2009 respectively. Lablab bean (Lablab
perpureus Linn.,) and chickpea (Cicer arietinum L) were grown as the 3" crop in the upper
half and lower half every plots during the late rainy — mid dry seasons every year.

The hedgerows of mixed fruit-trees in alley cropping treatments contlnucd growing
from the previous Pproject NRCT-DFG — Phase II, and additional fruit trees were planted
during the 1* year early rainy season of this trial. The fruit-trees consisted of different strains of
mango (Mangifera indica Linn), seedless lemon (Citrus aurantifolia), sweet star fruit
(Averrhoa carambola Linn.) and sapodilla (Manilkara achras Fosberg) plus ground cover with
Graham Stylo (Stylosanthes guianensis) under the fruit trees.

Soil sampling and measurements of soil properties were conducted 3 times per year, in
the early, mid and late rainy season each year. The measured soil properties were soil acidity,
(pH), Organic matter (OM), extractable phosphorus and potassium (Ext.P & Ext.K), Bulk
density (BD), Total porosity (TP), Field capacity (FC), and Aeration porosity (AP) (0-20 cm.),
Stable aggregate based on dry aggregate (SAD and total soil mass (SAT), Mean weight
diameter (MWD) (0-5 cm.) using the general conventional standard method of soil analysis.
Steady infiltration rate (IR) were directly measured in the field using disk permeameter.
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Surface runoff and soil loss were measured in Site A, C and D after every effective rainstorm
throughout all the rainy seasons. Soil water contents at different soil depths were measured by
time domain reflectometry (TDR) method, and total stored water within 1 m soil depth were
calculated throughout the crop growing seasons in all 3 experimental years. Crop development
(total dry biomass) and yields were measured and harvested at the end of each crop growing.

The results showed that the 4 contour conservative cultural practices, CP, CF-AL, CF-
Bn/Bg/VgM-Al and CP-Bn/Bg/VgM-Al mainly were not significantly different in affecting the
average values of pH, OM, BD, TP, FC and AP throughout the growing season during the
early-late rainy season in the I year in the 4 experimental plots. However, the mean values of
OM, BD, TP and AP in the 2™ year, and Ext. P, Ext. K, SAD SAT and IR in both years were
highest in CF-Bn/Bg/VgM-Al plot and lowest in CP plot, particularly, in the experimental
plots, Site A, B and D when compared to CF-AL and CP-Bn/Bg/VgM-AL which gave the 2nd
and 3™ high average values of such soil properties respectively. However, the above responses
of different soil properties to the 4 cultural practices were slightly varied during the 2
experimental years depending on times, rates and amount of fertilizer applications, crop
growth, including the amount, distribution and intensity of rainfall each year.

The highest amounts of surface runoff were found under CP only, whilst the runoff
amount under CF-Bn/Bg/VGM-AL, CF-AL and CP-Bn/Bg/VGM-AL were not different and
rather identical with similar runoff rate throughout the 3 rainy seasons. The highest total
amount of surface runoff durmg the 3 experimental years in Site A, C and D, glvcn CP were
1,111, 555 and 289 m>ha”, whilst by CF-AL were 448, 188 and 97 m>ha”, by CF-
anBg/VGM—AL were 439, 209 and 103 m>ha” and by CP-Bn/Bg/VGM-AL were 444 and
141 m> ha (Site A and C), which tended to be non-differences. The cumulative soil loss under
the 4 cultural practices were significantly different during early rainy season every year. The 3
year- total amounts of soil loss in Site A, C and D, found under CP were the highest, 6578,
7010 and 4826 kgha™, whllst CF-Bn/Bg/VGM-AL gave the lowest values, 146, 177 and 443 kg
ha', CF-AL gave the 2™ low values, 227, 188 usz 816 kgha™, and CP-Bt/Bg/VGM-AL gave
the 3™ low values, 554, and 2269 kg ha™ (Site A and C) respectively.

The responses of the stored soil water amounts to the 4 cultural practices in the 4
experlmental plots were identical and very similar to each other. CF-Bn/Bg/VgM-AL and CP
‘tended to give the highest and the lowest amounts of stored soil water within 1 m soil depth
rcspectlvcly, almost tlu‘oughout the growing season. While CF-AL and CP-Bn/Bg/VgM-AL
gave the 2™ and the 3™ high amounts of stored soil water respectively. The above results of
stored soil water had been Ieadmg to the highest crop growth and yields of the l“crop (sweet
corn) and the 2™ crops (upland rice, peanut, soybean and chili), mcludmg the 34 crop (lablab.
bean) in Site A, B, C and D, under CF-Bn/Bg/VgM-AL. Whilst the lowest crop growth and
yields were found under CP, compared to those found under CF-Al and CP-Bn/Bg/VgM-AL
which were closely related to the amounts of stored soil water.

" The above results indicated that CF-Bn/Bg/VgM-AL was the best cultural practice to
improve soil properties and anti-erosion, giving the highest amounts of harvested rain and
stored soil water, leading to the highest crop yields. On the other hand, CP tended to degrade
soil quality, increase the highest amount of soil erosion, giving the lowest amounts of harvested
rain and stored soil water, leading to thc lowest crc:g yields, when compared to either CF-AL or
CP-Bn/Bg/VgM —AL which were the 2™ and the 3™ best respectively.





