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Abstract

Micro irrigation such as drip irrigation is becoming popular for crop production.
However, the recommendation of its application is limited especially in the
Northeast of Thailand which has hot and dry climatic conditions. Under these
conditions, plants require high amount of water and to meet the plant water
requirement, high amount of water has to be applied. However, most soils in the
Northeast are sandy textures with low water holding capacity (WHC), if the amount of
applied water is greater than the soil WHC, there will be water and nutrient loss due
to leaching. Therefore low amount of water (less than soil WHC) has to be frequently
applied which may lead to high labor cost and water loss from irrigation system. Soil
organic amendments can improve soil structure which directly and indirectly
increases the soil WHC and may reduce the frequency of water application. Two
experiments were conducted in a low water holding capacity soil with the objective
of studying the effects of micro irrication methods, fertigation and soil amendment
on tomato and chili yield, quality, water and fertilizer used efficiency. In the first
experiment, 3 types of soil organic amendments (coconut coir, rice husk charcoal
and sawdust), 2 methods of drip irrigation (surface and subsurface drip irrigation) and
microrhiza inoculation and uninoculation were arranged in the Split Plot Design
experiment. The results showed that drip irrigation methods and microrhiza
inoculation had no effect on growth, yield, quality and water used efficiency of both
crops. Coconut coir incorporation produced the highest yield and water used
efficiency in both crops, while the application of sawdust resulted in the lowest yield
and water used efficiency. In the second experiment, the effects of fertigation, water
application frequency and soil amendment (coconut coir) on tomato and chili yield,
nutrient and water use efficiency were studied. The treatments included three water
application frequencies (1. at cumulative crop evapotranspiration (ETc) = 15 mm, 2.
ETc = 25 mm and 3. ETc = 35 mm); two fertilized methods (fertigation and soil
application); and two soil amendments (with and without soil amendment). The
results indicated that fertigation produced greater tomato and chili yield and nutrient
use efficiency than soil fertilizer application regardless of water application frequency
and soil amendment. Without soil amendment, water application at Etc 15 mm had
significantly greater tomato and chili yield and water use efficiency than those of at
ETc 25 and 35 mm. With soil amendment, the effect of water application frequency

on both crops was smaller i.e. all water application frequencies produced similar high



tomato and chili yield. It can be concluded that soil amendment could improve soil
water holding capacity and reduce the frequency of water application without any
effects on crop yield.

Key words: Tomato, Chili, Micro irrigation, Fertigation, Soil amendment, Water
used efficiency, Fertilizer used efficiency
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1.1 anuduun wazanuddgyvaslyn

N3N LLazmL%mm’ﬂLﬂuﬁﬂUL?iumgiﬁ%’@agiumzqa solanaceae fifAINLEIFYNNS
WSYFNI kaTanAIMNTINVRIUTEMALNY (8159 1ATBYUNE, 2551) fransuslnean wazusgy
Jundndoeisingg awnsasaydulaldlufuuunnie veufusiudunsie dunieingas
svuretha anudunsmdudig (pH) vosAulutls 6.0-6.8 WAL AL T SAUNDLNLY
Fosmsuasuanfuiinaeniu Pregumgiifimnzaulunisadqduln sening 21-25 semm
waldea darututeseinia uarguvgias Anuduluusasyinlinandn quniwanas
uazsilvilAnlsn (USveyn SATlsssused, 2551)

nsUgnnan wazuzdemelunanyfueendsaniiotnuszautymiluiosi
desnUSnanieluiiiives nsnszaemliaiiase Ussneufuivdnlngiduiunse 1
anmnsofniulAldluuinasnn Yssneufuanimeniafifigamndauilvinn uazuzdo
wedianudesnisthgs fedundn warusdemasinuszauiunnnsaiauaauiilunadag
voamaLaiyiule vlinanaaildlaidulumudnenn uazanagmunim uasdagtunsli
gounuasnsiaeiluindnslmimuianu ﬁﬂﬁﬁﬂ%mmﬂﬁqmﬁaﬁjﬂmn UszANSaINNIg
T waglumensfusenideanilefihwausemudin fdunslmidaianudidudos
T38nsliddivssansam uarldilutiinuiifogessiriaiiolildnanauunugagn
wunsliuuulsendn (micro irgation) dwianefis msliirludasnisinas waznis
nsgeivesiogluasdnin armnie uazanudn AsounqEiuiien 60-80% 13l
3%%%1'38@%13@@LﬁamaaﬂfﬂmﬂmﬁmaﬁﬂLﬁuizé’mm (percolation) nstuaullumuimu
(run off) WaENITILLNEINNIAU (soil evaporation) wonaninsliiuuuyszndnds
annsolieluszuuild Fansliteluszuuih annsadiuussdnsamnslddenesia
wszannsamuauUTInumsilelfaiaue Wilonsstuaaifivgaldliine wazaunm

Y
a a IS

aruuldimngay vlinisgaldsmemnsvesinduluogsiiussaviam uasiinisgade
lUfunseednetion dafumaianisliduuulsenin uagnslvdelussuu dnaed
Anenmgedmiuiiviivgnlulnvayszniu

Pagiudvlifduuzirfmuigan faiumnislid anuivesnislidadi
UseAvEnm uazlunmeny fusenidsamiedeilanmeniadou uazuiouds vilvifuiiuzunm
mﬂﬁé’fﬁquq snfugedinilulsmadion winvdnlnaifuiunseifianuannsalunis
gutie defunislithluuiaza$sdniunnuanmsolumsguiiveshu asianisgayded
MnnsBusudnaniuniissduressiniie uenangydeindsgaidsinomsieiild



$auffurh luanmuindoudendnd Jsdndudeddidunfivvosadsluiuadliiy
mmmm'ﬁmaaauﬁ%@jm%ﬁ (water holding capacity) wn1sldihaiauluidunis
Audeiusiunazian LLazﬁiamaquLﬁsﬁwmﬂmﬁ'%"ﬂﬁammzwﬁw NIDTLNYANGT
A miLLﬁlﬂuawﬁﬂﬁimﬂeﬁ’mﬂ%’wiﬁuﬁLﬁumi%uw%éaﬂﬂiuau wu Jepen Jevidn vse
wwndeniia BuvFeTnqumaniiinasensy wumsneg luiu uasiinadenisiaiyiiule
vosiy setieUuUsilasadrsvesiu vilinisduthAtu nisssuiedh wavenedity
(nsufauniifu, 2527)

uananiymiiesih nslidevedulufuiifinisduin wagsiemisdn dnd
UseAnsnmnslddes nsudletymannsavildlaenslidelussuuih isgaans
nsgaenslieldvansads Suheanmagaidedeannisvedne uazn1seievasoymanu
Tngazshliseansnmnislioastu nslidemailaemlulfmusuusiesuidnae
Ul Falailfddedsmnuenuanysaivesiuiisleg dwalvinislisigemsuisienaiuai
froamsvasiis VinliAuwUFoarts uasinannéndlumu viliauwdy viofnmisliaunaves
smosiiy dswalinidnliiaudiiu fduieeasinisfnvnagesnisliiuuy
Usendn unzmslidelussuuihdenandn uazamnmuomin uazuzdeme Tnessusziiu
sy Uaasesan sl maudlunisgaded wesmdnsnisTideluszuutiaue
Aasziau lngnaaeudunin wazugidowma daduiunuvesiivinegenn uazd
namauunuiige wieldiiudeya wasundsauiludososnisldthuuuusenda uaznisld
{Jeluszuuih

1.2 IngUszaeAn1sIeY
(1) Anwinadanislihuuulseniadeuszansamnislét wawda uazaanmues
WIN Uavuzllome
) ﬁﬂmm{lﬂé’fi’aﬂﬂ%’UﬂgaauﬁiamammmﬂﬁﬁfﬂmeJiwé’m WATHANAAUBININ LAY
UgLYaLne
3) Anwinsliemiussuuih deussansnmnslive nandaveanin wazusdowme
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2.1 ANUFIAYVINEANIN wazuziWamdalulszmalng

win uazuzdowmduivlubssgiidneglunszna solanaceae \ufieiifiaudidynis
WSYFNA waanaIMNIINVRIUTEWALNG (8139 ATOYUNA, 2551) an1susloaan wazguUsguilu
nAnSueirngg uzilomaiarssmanualsiivesd dolalafiu (lycopene) Fnduansdunt way
Infunaneuia iy Indiud 1 3endud 2 Fendiue Insawiziaiue waziniud JluuTuu
49 dnsANdA LagnIATAIn Falwsadien waziingmde (glutamic) Fudunsaesilu dreviiv
samilviomns uenaniifeszneudeansiudiualsiiu uazussmmarssia 1wy unaldou
woamlasa an Wusu dwuninAdaldinduiividarsemsgaruiu lasuszneuseinniy
LazussInrng Afiuselovtsequain Tagnuinlunin 100 n3u Windsau 72 Alaunae’
Uszneusieth 84.0 nsu Wsdu 2.8 nfu lasfu 23 ndu anslulewnsm 10.1 n3u uweadeu 3
fadnsu ezdiu 0.16 fadnsu InTul 1 0.16 Jadnsu Indud 2 0.24 fadnsu luszdu 3.5
1a8n3u warIniiug 168 Jaansy (naslnvuns, 2535)

Lﬁaﬁmwﬂgn HANGN wasnanandals

uwndawdanin uazuzilemaiiddny Ae Fwminuassvdun fogd nuesay 1Toslny
anauAs uaziigasaey (d1nauAsygianIsnms, 2553) Imﬁﬁaﬁmwﬂqmmw%ﬂ uaz
uifemeriaUsvnelud 25482553 sauanslumsnedl 2.1 way 2.2 anudsy

AN9197 2.1 LieTAULAe) wanden waznandnmalsvesnsnlulssialng U 2548-2553

{ Wefiuies (19) NAKAR (A1) nanansals (nn.)
2548 148,535 41,886 282
2549 148,813 42,858 288
2550 148,997 43,656 293
2551 149,844 45,702 305
2552 150,379 46,166 307
2553 151,131 46,854 310

7: AInULATYENINITNYAS, 2553



AN9197 2.2 LieTAULAeN nanden wasnandnnalsvesuzidamalulsemelne U 2548-2553

{ Wadiudea (19) NAKAR (A1) nanansals (nn.)
2548 48,791 196,322 4,098
2549 38,737 122,849 3,245
2550 39,591 122,324 3,163
2551 38,229 140,437 3,797
2552 38,741 145,957 3,883
2553 39,250 126,945 3,310

7: AnULATYENINITNYNS, 2553

wulgninsn uazuzWewmanddgedlunenyJusenideunile FalnUszavdynses
ANuLiasluggaUan Yseneuiuseuuvausenuddndndainlinandansn uazuzidoma
Lidulumudnenmuesiie

2.2 Jymn1suannsn wazuzamalunianzuaanidgamile

mangTueendsanie Wunafinsudmdn uazuzdomanian uidnandni waz
finnuuusuriuduseneuin Lﬁawﬁﬂﬂizauﬁ’uﬂzymwmwigmiﬁqGifﬂ:df’j

1. fu wInuazuzomAaIu1saRsyAvlalaluAuwnunntn wiveuAusIUUNIIY
dunieInguin svuethi fenundunse-ene (pH) vesiulugie 6.0-6.8 (Usway Saflsssuasd,
2551) wagaudureshunay uilunsUgnian uasundomeluniang usenidsanieds
Uszautgmludesiv Lﬁmf\maudaﬂmgﬂuaumﬁaﬁﬂ%mmaum%i’mqﬁﬂ Fadosriafitinase
nssguiulavesiia #o anuanmnsalunisdudie Locascio (2012) meswhduidensiy
(coarse-textured sand) fananuamnsalunsduiiveshiudssanm 8-15% lasu3ums Faiu
L{T@azL'SEJm‘]mmmmmiumié:mquqﬁq 40% lagUsunns kariunsedadidymnisgadesig
p1m75# Tnsanglulasion Ssgnesdnsadldulding iosinnsiedeud (Iva) venii
A viedudeanden Fsannsomuauldlaensuusdldlelulasiauvosads vie
faziufldeazaneth uadldtaniifiauanunsaluniswaniuBeuyszq (CEQ) w1 Wy wifu
wileaning unseing vivewinduszates uilinsaady wazAee UanUdousineinisian
USnaBuvidengistegludu (soil organic matter) 1udvsuenlsimsuiduiiszduaugay
auysal vieUTumsmemsfimunndesifiodla Tnsamglulnnau uenaniuieadest
AnANTANIINENIW WU ATIsIugy ansadiesvedaAuivuniusonisianslngvuiunis
vo911 nsdutvesiu udu sauiaduidiaifenssuesqdunididuuselovinig
nmanuasluiuiinntosiiodls dsiulaevhluasiidadiuszninaivousolulnsiou (C : N
ratio) Usganal 10 : 1 Lyvamnsaiisinaduniengludulivansds wu nisldledunid
Ussuamilaon denstn uaztefivan udu udlussmmasfoutuuuuysemdlneiduniseind
Izunszaudunseingluiu nszanvelug Buvseinglidnsinisaaadisinss uazhuine
Sawamanegs uaziidfnyde Auluniansueenidsaniiofesay 80 sziusunudunIoingi



Fndudedlddunising nietanuiuugsdudiuuinn edsuuulassairsvesiu uaziiiy
m’mamﬁﬂumié@ﬁwmau

2. ¥ n1sUanunin wazuslainalunianzTusanideaumnile fnuszaviymiludei
losananmennafiseu wasuiauds ﬁqﬁﬂﬁmL%mﬁﬁﬂmué]’mﬂﬁiﬂi’fﬁﬂqq uszUUYaUTENIY
fisniin savinudnlngduiunse ldawsafnduiBilaluusmennn safuiisinannuaan
dluunstresmsasaivia ilnananilald duldmudneamaesits aannisvnassaes
Nuruddin et al. (2003) ﬁwmiﬂqﬂmm%mﬂﬁizﬁu 65 waz 80% vestluRuTiiwau1se
ilulduslenils Wnefinisldiduusdome 5 uuu fe lilvusdemeldsuanimeaiami 165
anmesentnsaussraziasyiulameusdu Iesuanmmaienidudsyezeennon Tasu
aniaiomiiludisiane uarldsuanmaintilonadngsrosnaan nuiil 65 uay 80%
gosilupuiifvaunsailuldusslendls lidwaliuSinanandauanseiu uiduusdome
Asuammaieaindousszeziasayivianedudifu asiluunananansi wazuaradn
Tuvasiiduusdomaildsuanmaionifusssorsonnenaziivuanalug ninanmlieien
ih uazasiivosudefiazasldsh uardunadleanunnninszesiA3endu Delfine et al. (2000) ¥
nwaﬂqmw%niuamammﬁw wiemuTulufiuanas wui1 tiinuded vunena warnanansau
anas Taganizegidailofinaniisiaseninlutianisiesaiulanididu (vegetative
erowth) warusnanidieiinaneeieminlutasianenszdwaliiminuasn wazsuIuna
AORUARNAY

3. nsldde esnnduluniaaziusenidsaniodulng dufunseniviuim
SuvdeTngeiliianuannsalunisdid uavsmenslities nslitemsdulufudiidnisdy
ih wagsmomnendindussarsnmnsldtes mautlatiymenavinldlasnislideluszuud
FaduiBnsflaunsanszaremsliflglinansnss drfuarannisgadedennmseedns wasns
psvesaymaiu Tnsazshlvssavsnmnislilogetn

2.3 Yanuiudgenu

fanuiuussaude Yanladnuildadlulufuuds vilianmmiaed menenm waz
Finmvesdumngansonisiaiyivinvesiis Sse1adisnemisfinuzdusglutagiu us
InquszasAnslifaguivugeiu arliviumaiiufiusnevnsiy Sefanuiuugefuanunsous
ponidu 2 Uszanlugq fe

2.3.1 TanUiuugsanmniaaiivesiu loun anudunsa-A1swediu wazAuhuvesmiu
Fethegluanmiilivanzan fvdliannsoeigdvlndulndld vieesgavlnlifsdnenind
msazlu lnwansildusuussanmmaniivesiu wu Yuvn (ime)

2.3.2 Januiudssanimmenienmuesiu oA auaudinisiuauluse anusiuge
vomnauuiiu Seialaenssdenisdemennie wagn1sdutvesiy msinwanutulufy
nsUTuURan MIIenwYesRuiivatesle 1w n1sUTUUTINSARALLD (crust) VURINT
A sTfaLﬂuﬂzym@iaﬂﬁﬂgﬂﬁﬂmawumﬂiuﬁuﬁumLLﬁQLLé’a waziinds fnansenudofia



Toonss Ao Lduguassadenissonvesudn uagnisunsluavesfundieoniniuiafu
Inquszasimdnvesnsliianuuussiu ieantamninAnuiundsuuionihiu fe

1) uanuadesvestoufulidaruamuliuangedhedelnudaduriotvatssyui
WiHaAuRNNTZUNN

2) ilvoymaruiiurauaeslutiiAnnisilinszane (dispersion) fowas silfeuniafu
Tnglannzegnadseynmaiumininnisduiudunguanaiu (flocculation) ¥inliileusaslsl
AnnnsauedeuRafulunquinadiu viegagoinidluAuuinainuiliamnsedesiuvioan
YJaymnsiiauaundsuuimennu

nslddanusuugsaulinnezs duduniedng aunseudlatyminisiiauiuudsuuiifiu
Tonad Sldludsinaiivinwe uidesifaddedyninisdaniieliliun wavaldtielunisld
desannisvuds waguTuunslddoslduianuunn fufu SsannsadenldTanudoldnis
nainuasTiinaaNTRnudesiin il

Faifindunaiia
%faﬁydqm?‘immzauﬁqmmmﬁﬁ’aﬁaﬁmﬁ@mamﬁ’aﬁaﬁf
- dovarlesfieuaniisnwsandweni wagenalimngaunaannslgn
Snmdnumoni1 : pImAflvanzay AwogUsran = 50 : 50
- dedldfinmssadmiesuiuilolieniviaidelluuug
- llaanedtamaad wagvisdanm
- ynfivannsaunsnszagldazmniyndiuvesianugn
- biffasdufvsiofimieUuet
- fpendRdesnaad Aelivifitenduansazarsmerms
- fanwansalunisuandoulsey (CEO mudehifias ieazldlifinasde
p9AUsENEUYRIANIAYAN5IHD ST TRgluAY
- lduunasazauvedlsn wasuua
- Guthl#A
MnauantRmand Seldifanusuussiurialafifinuaudiasudsiinanun visasion
1B fanidauaudfiifudasegnanauiu Wil fanu vl ssdulinaaudinagy udly
suneaesilldannsalifanuiuustuudassiinnantuieliliauau Thesufiinginn
Jownazdwmalimuinvesnmsmnassiivualvgifuly feduiddndnnslunisdentaguiuuse
FunssmaringUszasdlunislivsslond fofamaudflunisduhiia

Fadinf1usIAn
- amesianUiuUsAuiialY wagsamferuds
- Anldaeiudug wWu Sanufuussiuunsiadesnsifuifidufivey deesaud
AlssFoulunsifivinm desfiansanisengnisliau anldarglunisindnlsn uazunaailoasih



~

a da

Fanuld (BvSauns dunia, 2544) Fs¥anuiuugeiundunldlunisnaasuluianusulaund
AanURluN1TuN AR Belaun
1. yeuzwi1y Wudagainlssnwiwuig wasiiveu nedauaudfiniuadl wasiidnd

D

28

- pH 67

- femuautFlunisduihinn auenanniddldeuiitymisatumsszuigeinia

- pruandlunsuanidsulszaiisgs WeysnsndkiuruIunsaaed

- ALl

- uaLdusingudnansiily

- ANUNTUES

- ANUAIUYRAlATIATIS anansaaatemile uildszesiiaiuiu

-ldvilendin uazldiduianuan

- ggnsldann 2-3 ade

Jon

- dwniundreenistnanld

- e solunsuTRLn

- 57PN

Jade

- onfidymiAetunisssuigeiniafisiniiy

- finsaanefimaantiunld waziinnsdauuunainstosaany

- 91N bUNMIANINLIA WasKLAY

JagiudszsmaridinilainisndageuznindaduwisTanugnesnualusisssine

iioldgnuzifoma unanan 1a% annsAnwIves Lal et al. (2002) nnsldyeusniraludu
AUT0AANTIENE VBN warsnwiauvailudy LAZUBNIINHHIAIT0ARAY
yuudusa eudunsa fsanamy AN tuau L sfiusgUTEUaniianasn
waniUaguls

2. Ddwnav utanunlseddnn fenaudfmand uasitdnd il

- pH 7-8.5 faruuusUiunnn usgfuegueanasiidiunay drilonguinasd
N3BEANIAENUNIN pH Azanag

- prsaulunsdunia

- puvMLUT BT s

- ANAUNTUE

- ANUAMUYRAlATIATINA dnsaaneiitey usvziin1sdnditnmaan

- duvanugniannudionils

- gngnsldann 2-4 ade

=

an

e



- dwiniundesenistnanld

- arwannsalunsutha

- fimsaaemnasaininlddes uaziinnisdadalduinin

- 51A19N

dade

- 91N bUNIANINLIA WasLLAY

- Aputhanldfosudseonsnseuneuiioand pH Toguszana 6

21NN13ANIT84 Sinkevicien et al. (2009) nut A unavannsalfiutanuiuuss

AnsanAnsMenwvesRuliilasiadeia Inewiuarmyu awnsaufuusslassairsvesduly
Fau Taevhlawanunsolumainzfududefuldfty wazannisilsnssansveadaiu ul
Wuwnadismeimsuniiy wazainnisfnwves ensde eusnAnug uazame (2551) vin1s
WisuiisunsldTanuiudseiu 3 ¥iin fe Jefivan Jonen uaziidunay lunlasadauiiowiiy
nanAnd ey aluiuiinudy nuiwandndnenuraedsiiduanmauegrediTeddymig
atin Ineshiuilisrenliinandngsiian 678 nn./ls sesasun fo msldefivan onsziunandn
$17l¥3e 508.58 nn. /s wagnslddiiunay 2 fudels snszdunandadld 456.33 nn./ls

o

3. Adew WUulanainlsadessneg danuuandaiunusinvedly Inediamaudinig

- pH 4.2-6 faruulsUssnniuegfurinvedldl uazeguestiden

- pruautRlunsduinfiann aueremnifuliauidgmifsdunmsssuiseinie

- pruautFluniswaniBeulszaiidngadetidosuauiunisaaisd

- PuvULUT B oW

- ATUNTUEA

- ANUAIUYRALlATIATI AasaaaTERale

- évindevsin wadliidutaguan TneunfnouthunldidutanugnagUdeslvid
\dogameinouuszana 6 \ieu

- gngnsldann 2-3 ade

Jon

- dwiniundredenistnanld

- arwaansalun1sduihiunn

- 51A19N

Yoy

- fianuwdsusaluiuesdusenauun

- finsaanefmasanntiinld wasinnsondiuuy

mnmsfnelitdeniduiannauiu wuhannsadnweamailuduldfidesan T8ans

uiidlelddesinisdanisdelulasiaudia (wssd nedtes uagamey, 2505) fosaniidesd
damauvesmiususelulngiau (C : N ratio) gudleldludu 9dunidazudilulasauluaululd



Turvaunsges fwavihlifvenalulasiautinsn Slifinislddelulnsauiivazainaunia
QauvIdudriasiifanssuanas Searldlulanaundufugiu (ssgns Teanan, 2546) uas
uonnTanuivlauiinanudrsfudiifanguivugedusinduiaunsadenldlanig
TaguUszasalunisltd wu Jedun3d Jemen Jendin

uaﬂmﬂﬁ{]@maﬂummi’uaaﬂLammﬁadau‘tmgl,ﬂuaumw Felgymvesiunse
1$un mswwdeimasvesiudulymiisuusslufiufuney nsvedrsimarsvesiuriiliia
dyvn 1wu msgadesinesiunniuldie esanfunsedaianuaiunsolunis
wanasuuszq (CEO) i villhAnnsvzddlding funsiodn szdanugauanysaliuiunm
duniefng s1nlnunaifon uazveanesa  MIuuszlovddofivegluinueididadiuin
anuannsalunisuanasusimensinann Wuwelinislidendlinaneuaussiofius ua
Dunalvnandademheiuiianas wazanauifinanienneesduldd Wun fuwduiiv 8
duveinquiuesdusznaum axdnailvidudasuuuii ernuinisveulvvessinfivdanali
Uszansnmmsgaldsigemsen

2.4 AMufeInITINvaRY

aantivasthiiiatosiuanudasnsihvasiio

2.4.1 dnwazvastludu tiegluiulfinszananifvedianavestiiannsadain
fuadld wazanunsanziatuivesanseuld fransiinsfntuiiiaszneusisesnenves
pondiau wazaiaiusyliAnnsBamienssvinlanaveniuaziaing iesannisiifaves
auNATRsAULarnaNYRIRRNTLIURL ALTBULEN ﬁammaaa%fwﬁuﬁwiaimLf\mﬁ’u‘[,maﬂammﬁf’j’]
uay mmszmht,ﬂmmﬂ Imaiauaummaqmu memmmmwmmu (absorptive force) s¥winath
AuBUMARUAULUSAUTZEEN9INRIBLUNIA NE1IAE mmwawwmﬂmaummua aNAATY
shoussitesasnidwiegindtiseyniedu muuimLaqaﬁuaqmmnmauuaﬂmqigmalﬂlmw
dlenulgsumnuduiasdudldludosnesewiadaiu wazdafnsudinudesusdamilen
iwmwﬂmaﬂamaaﬁﬁﬁ’mﬁmau nsiiazsldinlunuadoud ‘vﬁamﬁwaaﬂmﬂau%aﬁaﬂﬁm
mnm’]LLiqwmmmﬂuaummamu GummeuaaLLiqmw%asimﬂmaummmmmmqﬂu GE
muﬂuﬂimmmwmumaﬂum namFe dAubelinnuuunn thilnie agfuidinAunaziina
MUINNLNTY IaJLaqammumagmqmﬂmeumﬂwiﬂmuamwamﬂLLiwmmummﬂIuLaqa
VOIAUY é’fﬂﬁ?wfwﬁasujmqmnLﬁmauazgﬂﬁﬂﬁm?{auﬁé’wLLiﬁa@maﬂaﬂ M%@imaiﬂét,ﬁmauﬁﬁfw
1zAAUINNIlEaY LLG}'Lﬁammﬂﬁu‘LuauammLmﬁmmﬁmmﬂLm@jm%’wmau%ﬁ@wﬁwammﬁu
dfuusafsenuiuite ussillisnnuiniouuinudminly wesduusefiazdoddifiefiazge
eutugainaySeduund (bar) #39UT3810A (atmosphere)

2.4.2 ¥finvasinluiu wwinvesinuauannsavesiuiisainls uweendu 3
(g

1) ¥hdasy (gravitational water %138 free water) ﬁaﬁ’lﬁgmwﬂ%mﬁm%ﬂau

11N -0.33 bars teeniussisgaveslanyiiliirlvaasgfisnninesiedass lufunseail og
58 -0.1 83 0.2 bars (1 bar = 0.1 J/n¥u = 0.987 atm = 0.1 MPa) ¥vdiail fneglufu
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waziludunsesefiy Ao virliivaneiniedmiumela uaziinn1sszdauwssigeimnsiialy
NAY

2) thifu (capillary water) ﬂau’mmmﬂuamwmaﬂwmmﬂ V3 ONEA AU
ey mmivmaamumwﬂﬁzﬁ,’;awiwmm 24-48 3l mmmmuuu%ammm ganuayniA

q
=

Auazgniafefuusiifissdesinsvunadnmensigaduiigannnefiayfefulsignusiusisge
vodlan arutureshdusynmavesRuiussiiotiuszana 0.33 bars uazidenanututaiii
“aruturaUsny m%mmqmm%ﬂuamm (field capacity)”

3) duile (hygroscopic water) Juthilinazdia NI0TANUDUNIAVBIRIFU Larg
1J'iﬂﬂgiu%uﬁ?iuNmmﬁﬁﬂajmmﬁaﬁﬂﬂ%’lﬁ ussandnaunAvesRulA1UTENIM 31 bars

mﬂmauawmaquﬂumu FilinswibiiAtestunmseenuuunislihudfvann
fian fio thdy ihdase mumLEJauumﬂmmmmmmuﬂﬂ%’lmmlﬂmammmmﬂm
2.4.3 srRuAMuTuiiddgyuadiu smsveslufurnsafissassdumadly

Funudnuzrenit visanuduiioglutesissniindeiu ifeusslovdlunissmuanio
funaUsinaniluiuitsesumudy seq fe

1) ammm%uéuﬁw w%af\;mmm%mﬁaﬁu?jmﬁw (water saturated) Anduiile
Uhinatesivsshadiafuiimungnunuiidaedt envazdornaegtnslurosinadng uidu
USmnaudesunn dAudanuannselunisseniedldd vsinahieglusesitmualngjas
\ndouiiassimans Lﬁaqmmmﬁmmaﬂaﬂ

2) maBuraUsyny mamwmmwmuiuaum (field capacity) Dumnuduly
Pufimdesgndsnmindasylfgnszursaindesinwuslng vioduuimuhgeaaiifuaunse
9uld Aumaussfegavadlan ImaimamwmmmaﬂmmaqLmJ LLaummmmaqLmﬂu%aqmwmm
Tng) 19u Uhinmeutundsniiduanudn videnealid 2-3 u dadumudurausenu Tae
usaRagARTILTimLgeLTuTaUsELTen 0.33 UssEInIA uiAEUAsuuaemudnue
voudlofu 1wu Audevervasdidwssisanutuussun 0.1 vssene wagAuniemdonu
Aoutamiiedianf 0.6 UsTBINIA TeseduAnuTuTaUsENY (0.33 UsTBTne) Wusedugegn
voenutuluAud Lﬁuﬂiimjﬂsiaﬁﬂj (available water)

3) wmsmmmai (permanent W|Lt|ng point) Lﬂuﬂaﬂu%uiumuwwmiuaﬂuﬂia
anuldlfifissnedmiunsmeth uasindufionnaiifenatedaans Boend “gaudieanns”
Jufitndsgavesmutlufuiiiulsylovdioiy lnefussfnnudusihdy 15 vssena

1
o

2.4.4 avwanansalunsduivesiu wanefamuannsaiiauannsafvii viogini
WHudfiegald nieanuiufiogsenineseduanuduludusefuanutulufuiianuiy
yausEuAvaaLieInnas niearmduluaniniifugad alidioussiannududoud 0.33
usIENA 89 15 Ussena Wueutuiiuusslonivuugegauesautuiifuudazsin
annsagadnliluusylemisediv

auanansalumsdutvesiu (msduiidulsslonidofi) = audulufufinnuty

YaUTENIU - PALTURINNIT
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amatuiiulselomidefivnsfadu Wosiwudlaedwiin Weswudlneusias viewdu
AmudnveshrenuEnvesiu

2.4.5 andunusseuhailoduiifinadensdutivasiu odudanuduiuslnenss
somuanmnsolunsdu viefnifvinilelifivldusslovdlnefudeveiuiinnuansalu
nsguihehnidudeanden lnaanzAunmedadivinamedunisingi vilsinadenisdy
ihweshu 1ngaINNITIATIEIUSHNBUNIEIngluAuNIIY ¥ Shedeed (2009) WuinuFum
Suvdeinglufiunse e 0.120ewus waellmeuanunsaluduiivesiu 6.1 Wedlwudlng
U393 waznmsned 2.3 nutnieduiiieruasiBengeiidiautuiifenluldldgendtu
doveu 1y WeFeudisuserintune uasiunilen nuhdumdendenuduiifsiluld
Ustlomdldgeaniiunae Tasfumdeaddarudsdumeusing 1.25 arwiufiaavadseniy
35 Wesiaud thwiinfiuusts anutuinauiisnnnns 17 Wedeus dviinAuuis wagArautud
iU 18 Wesiwud dhwiinfiuuss vde 23 Woeswudlneusuns m%ﬁmﬁ]ummawmfﬂ
ludiu 2.3 wn/audiu mumumnsmmmmmqmwwyﬂinﬂgm‘wam 1.65 Araitiufigaause My
9 Wosiwud thwiinAuuks Amnuduiigaiiieanins 4 wWosigusd dwidnfuuks uag FAFuT
failuldladadnifumien Taedien 5 wWedisud divdnAuuis vie 8 wWesiaud Loy
UFums viFeddarugevestiilusedu 0.8 uu/eu fu Ssdiddosninfiuniends 2,875 wh uas
Tumsedt 2.4 wansfsmnuannsalunisduivesiu vonundruifvannsth U4l wagld
Lilgvosiurindine 91nm397 2.4 uansrauieiuased 2.3 Fowieaiden axwuany
awasUSunsthlufuimuagenilufudonsiu wu funsedanuannsolunisduivesiiu
o Tt 0.65-1.50 wial./wa Ay tiifeirluldldoglugas 0.35-0.85 wudvas fu wagiifie
THlall#lurae 0.30-0.65 ww/aa.fn dawfundedauannsalunisduiwesdurimunludig
3.80-0.15 w1/ fu A Adiwi UL 1.50-1.6 wm /e fu uiasiuTunani ifwdluldlildge
Tnsaglutng 2.30-2.55 uu /e fiu iesanfumdeafonmaiin Seiliiiuifdutaunni
Fuiloneuisgedaiililuiulfiduedied driuisenafintinadunistnglufunsis e
aruanunsolunsduiivesiu uavannisliiesasslufunse



a

A13199 2.3 anaudAnisnigainvesduiiigifuanuduiiydiluldle neaiuduiieg
FENINTEAUANNTUTAUTEMUAUIATEINT (ALSN NB3831U UazAny, 2545)

AnuTunNsin lU1gle

Wofu AS FC PWP (% uu. A (% lag  (UU. /9.71)
LLIAS) Usunsg) D
PAW (1) PAW (2) D=PAW(1)xAs
100
(1) (2) (3) (d)=(2)-(3) (5)=(@x(1)  (6)=(d)x(1)x10
100
AUNIE 1.65 9 4 5 8 0.8
(1.55-1.80)  (6-12)  (2-6) (4-6) (6-10) (0.6-1.0)
AUTIUUUNTY 1.50 14 6 8 12 1.2
(1.40-1.60) (10-18)  (4-8) (6-10) (9-15) (0.9-1.5)
AUIIU 1.40 22 10 12 17 1.7
(1.35-1.50)  (18-26)  (8-12) (10-14) (14-20) (1.4-2.0)
AusulUAY 1.35 27 13 14 19 1.9
witlen (1.30-1.40)  (23-31) (11-15) (12-16) (16-22) (1.6-2.2)
Auntleu 1.30 31 15 16 21 2.1
ATNBUNIY (1.25-1.35)  (27-35) (13-17) (14-18) (18-23) (1.8-2.3)
AUl 1.25 35 17 18 23 2.3
(1.20-1.30)  (31-39) (15-19) (16-20) (20-35) (2.0-3.5)

AL

3

MBWR AS : ANANTUNIUTING, FC ANNTUIAUTZNIY (% UU. AUwAY), PW: A1y

7
815 (% WU, AULTA9), PAW (1): anuduinsslulels (% Ingtividnaunia), PAW (2): anudunieildlsla
(% lagU3uns), D: anugeestlufiunaudn 1 au.

M19197 2.4 Aaanunsalunsguinvestunnduivaunsatlulele uagldlilovessiu
usiazlle (ALSn 0993 UavAMg, 2545)

ANAINNTTUNITIUUIVDIAY (NN, /BU.AL)

odu SUNIAUA Ny lUlgla nlalaila
AUNIIY 0.65-1.50 0.35-0.85 0.30-0.65
AUTIUUUNT Y 1.50-2.30 0.75-1.15 0.75-1.00
AUTIU 2.30-3.40 1.15-1.70 1.15-1.50
AuTauUuAuwilen 3.40-4.00 1.70-2.00 1.70-2.00
fumtelvunznaunsiy  3.60-4.15 1.50-1.80 2.10-2.35
ALY 3.80-4.15 1.50-1.60 2.30-2.55

2.4.6 AwUsNNINTNARDNIT YU VDINY
1. aNWAY WU Aunsiedimnuaiunsalunisinuin el glateaninfumien
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2. Wy U Wywavilla 81y szeensiasyiule geudaanisuilulSuameneiy
3. ANMHTDINIATEUIAUNY LU aaumnll uasuan anudulueInia wavay
4. M3IANSNzUgn

2.4.7 ausudRvasiiviiieadasiuanudesnsihvasiiy

Usinanmsldvesity (evapotranspiration %38 consumptive use) AM3AETEMET
LﬂuﬂémmﬁwﬁmumﬁqiglﬁalﬂmﬂﬁuﬁwazUQﬂQjUiimﬂwﬂugﬂmaﬂaﬁw

Usinanslidhwesii (evapotraspiration) = N133¢M8ANGU (evaporation) + N1FAE
ooty (transpiration)

2.4.8 MmstuuansTsiundi

nsfmuanshunfisdomsuienuannsolunisduivesiu anutulufudiay
soulifivgaolUIdld Snvurnnsgeduthwesiu waganuannsolunisszunedvesiu uas
uenanifssududemsuicmauasaunmiivadseniu enislidundis fe n1slid
dioauguansduludulunsnfivliegludisszningaiisnainns (PWP) fuaruiu
Yauseu (Fo) videaglutnsmuduiifisgaotluldls Taonsliduafudulhdernuiulufy
anaslndgaiiieaarning lasnisdmuaszdunislidifidlndgaiionainnnstuegiv
auanansalumsdutnvesiu mnuanansolunsvuidavesiis uazanmgiennia Tnsviluas
souliarudulufuanas 50-70 iWesiwud vesnrmiuiifiugaluldle Gsewa feauysy, 2549)
Femnutulufufivenlianasdewhnislidinfitell Fond1 arwiufiveslifiegalulsls
(allowable soil moisture deficiency) %39 allowable depletion ?i?umm%uﬁasﬂuauﬁﬁﬂmﬂ
fifwgaariuiivenlvifisgaluldldun 3ondt amdufiyeings (critical moisture level u3e

critical point)

seuATNSuTeUsENY (Field Capacity; Fc)

A g .
auduigenlvn i lUTEle

- & da . o {Allowable Depletion)
szAuAINtuiRva L sednluTels <

(Available Moisture Content; AM or AC) mw%uﬁa‘ﬂf‘mqm (Critical Point)

o A 4o
5=ﬂUﬂ’l'1!JTﬁ-WIQ‘ﬂWTEI’ILQ"|ﬂ'1’IS
{Permanent Wilting Point; PWP)

JUN 2.1 uamsanuduiusseninanusuluauiunisimuanisiidiundiy
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2.4.9 MswdSananisidthvesiia nsmusinanstdiwesiivanunsausesnldidy
2 39019 Aw

1) nsmvsunsTdivesiinlnedsnisianss § 3 dnwar Ae nsAnwIaInUsuNw
auTuluiy nsAnwainulameans waznisinaindeianisldiivesiia (lysiometer) 358
Tinafignées uazannsahluliusslovdlalaonss udsldediin Aoliteyafigniosiuanin
Nuiivinismsaatawindu roduAnldaneas ldiatuu Laslssuun

2) MsUSnansd e site nnsanalegliteyaanaliennia anunsadenty
19 375 Ao

2.1 1¥feyadndnisszimethuesiis niouimmnslddinesiindreds (ETp) uazen
Fulseavisnastawesity (KO) Taefiudnnis uwazuwidn e Usuanisidinvesfivasiiusuna
wnviietiontuegfuasdusznau 4 ag1s Ao anmvosiu vlin wavenguasiiy anmgiionie
59U 9 AUNY UazN1SIANITINNEUN Festamsomusinanisldiwesisluanmitudisneg
fuldsaniE uazazmnninismusinanisidivesiinlagnsialaonss

ETC = KC X ETPurrrvveecieieerereeenns (@un13n 1)
Ftc = Usunanisldinvesiunsdesn1snsiu
KC = duuszansnsldinvesiveg
FTp = Usunaunislduivesiven9ds wse potential evapotranspiration

AduUszANSY (crop coefficient; KCQ) nuneds Aasivesfiaiildannainuduiug
seminesdSinamsidiaesiie (ET) fivinisnnaes wazasafaldaindeinnislddhvesiie
(lysiometer) furansiuamusunanisldimesiivdeda (ETp) Tnarn KC Lﬂuﬁﬂﬁsﬁuagﬁu
¥iln uarorgveiviieat1ungl (Allen et al. 1998; AiLgn NBIDIIW WavANE, 2545) \ilosan
ET way ETp LWunislihildannistalutianaifiontu lavanwnieonnia auauifivesdiu
waredrUsynoudug Adnemdeiu

KC = ET/ETPurrroesoeeesssene (aunsfi 2)

ﬂ%mmmﬂ%ﬁ’mmﬁ%é”m%@ (reference crop evapotranspiration ETo) %39 potential
evapotranspiration; ETp mﬂamﬂimmmmmLaaiﬂmﬂwumww ﬂaﬂmmwmﬂﬁauaaama
e Tnefinuae GlENiJﬂ’J’lmjuEJEJEJEJ’NL‘W‘EN‘WEJﬂ‘Uﬂ’J’l?,JGIENﬂ’li“UENW“UGIaEJﬂL’Ja’l waziumg Uan
uummammwmmwﬂmgwamﬂmﬂwmssuLWJ LaznsAEivesfidensEnuaInVENa
AWUDN YU NITWANIUYDIAN Lﬁaéfaamﬂﬁﬂ%ummﬂ%’ﬁmaaﬁ%é’w5@6?7uagjﬁ’umm
Wasuuawesanmglienaseuinausiiiesegnafien wu SvdwadiAnannisunsed gamad
AL TudTS AnuiSaan gy msfwamuSiamsidivesiivdnds asdunnine
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o

anmgiienni o Fasian wazaauiiilinaaes wisaauiiiazthensldivesiivdredeluly
U

2.2 TngldAuSunamssemethananinnisssmeuuuie (epan) duUszansanatanis
sumpdmsunaianuute (Kp) warduussavanislidwesiiy (KO

ETc = Kp X Epan X KCevvooeoooeeeeeveccceee (@un1si 3)
ETc = USuansldunvesiy
Kp = AuUszdAvsnImInnIssEmedInIunIAInLuULe

Epan USUIUNITILMEUIIINAINIANTTLLALWUULD

2.3 Inglddayausunnun1ssemeunnnaIninn1ssemewuue (Epan) kazduusednson
INTTENBUUULD (K'p)

ETC = K'P X EPaN. oo (aunsi 4)
ETc = USuanislduivesie
K'p = duUszdAvsn1mInnIIsEmudINIuUNIAIALUULD
Fpan =  USuaN1T38MguIINgInInNITIeLAgwuULD

2.5 nsToiuuuusevdn uaznnslsemeszuut

nslhuuudsenda (micro imgation) Wunslhuuudenos thuies wazdmeaiild
wsesusn fensintsnszaneen dusy ﬁw%mwm'ﬂ%ﬂf’m #adnethazdunuy minisprinkler,
mlcrosprlnkter mlcrOJet microspray, mlstspray hay mﬂ%mu‘u‘uuam (drlp irrigation) N5l
thadsastiony uwivesads daesnsnsiiiniien ”meamammuwuwwmﬂﬂmwm UTunaves
aulenegluidiin waglifinisdeusiu (overlap) o nrsliiegldusunaituides waydl
Iamaqwﬁaﬁwﬁaamﬂ (Misn e03 wazAme, 2545) nslidiisdmunsdmsulidudy wu
ldluan1ee forn wayiuls

dmsuliitusurdaiivanzauazduwuu minisprinkler wag microsprinkler #3azdnns
PUALNTINTEETRshAguUTIINT NSV 60-80 Wasiwusd wagdnainisnszatsthdedl
Auemuauselumsudutimesiu dmiuiivlsuasiiann ssuumsiihilmnzaudusuust
hwen lnefndnnis Aolvmnufuudiulusunsedaudlinninasyivinegaslunse
AU

2.5.1 msWiiluszuuimen

4oh

1. Usgndatunnnimng 3 ldhsadedevdeldauiaunaes viesdulafiniu uas
LLﬁﬂfgmmaﬁﬂqmmimmLmauﬁﬂqua?}qL?fmﬁﬂ%uiuﬁ%;ﬁ’i;
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2. Yszmdadunilunsusmsdnns nanfte asuadadsuslinadualuszeren ns
Andagunsalliigesn Aaksadaiior uarldauldnaeney aunsnauauninda-Tnt Tngld
$¥UU manual k&g automatic 3e micro controller IABAMIZUURLIAMAZATITUATIAY
yilwUsevinAiuss fsenunsliuseugua uasizsnuszuulundasequissundeside
andy wuh 14usaan 1 uss dedtul 50 1ewmed (100 19) dotu

3. TolafuiuAnnUsetnnliinfusiu Aunsie vsefumnilen IUNPULAL Auane wazl

q
I aa

a¥aNgLNANINNANBYTIRIAUUY

Y
=

0. ansaldfuiivdssnneag Idfeunnedn sndufiviidgesninid

5. wanvdmduiiuiivauaaui deanisldiegiasenda

6. Tsiuszavsnnlunislithasiian 75-95 Wosiwud dailiimagadeitosiian was
idleflufunisudestiwihuds ssiiusvansamiiios 25-50 wWesteus Tussuvausanass wuy
Aamesilussansnm 70-80 Wesiaus uarlussuualsunassuuuindouineiussansnim 65-
75 Wasloua

7. Usgudananiheu lddesaesid Matluiauegrduldduilunsens dunisln

8. aAN13sEUIAYRAnINvuviialaf 1 Tsaily wag vty (Locascio, 2005)

9. Ifnandngeninisldssuuvadszniunuudu vaduuima wezqmuan  lu
UuzFerufUsendadunuih ilidAlsgendn (Locascio, 2005)

10. szvutmen awnsalitsuazarseiiuasaislusuimdouy fu uazvilvisng
gInInTEIwegluuTIn NGy waglimuanudeinisvesiiglanie (Or and Coelho 1996;
Boyhan and Kelley, 2001) mwalmawamwsﬂm hag ammiamLaaﬁmmmﬂﬂmﬂmu (Bar-
Yosef, 1977) wagyiblisaaudsiianldde viueidn ﬁaummmmaﬂmmmwa (injector) 1WAy
YUY

Jownszuvtmeadumeluladlmidwmiunmsing Jeidesiinde feddfunuadly
ILYLLIN n’1iam&gwﬁmmﬁa;g’j’Lﬁ?j'a’m']zuumﬂﬁﬁ’]LLuzﬁw LLazmwmm%éfmﬁmmiﬁaqﬂ%mmmﬁ
‘lﬁi’fﬂfwmaaﬁﬂzﬁmawﬁmﬁﬂqﬂ U usidewmeiiaudeinisinasaszezinaininaiyivla vie
naamsrezUgn 500-650 aua/ls wiedosdanugeesitlufufisedyu 31.25-40.62 wu. (@isn
N899 LagAug, 2545) ﬁQﬁéunﬁﬁmu@m{lﬁﬁﬂLLﬂ'ﬁﬁqé’faq%’wwazé’uﬁﬂuﬁﬂﬁagﬂuwﬁu
ANNGIRINGT? %nag‘tummmﬁm uam]wmfmwmméfmﬁmiﬁuﬂ%mLmdﬁa;ﬂaﬁluﬂ Fdedos
wiothuusegndldluniseanuuufings uasuimsssuvazdosiidaienisdanisssuy g
szoznailid nslile viiale nrenaudesiiifstadoundendun indanyldle vioasad
Iagnaiiieanannyransiasaiule

Tneszuumslidmenil 2 svuu Ae szuuitliuuiiaiu (surface drip irrgation) uas il
A (sub-surface drip irrigation) GszuuldAudussuuiiusuugsnmslsiuuiofu lasnns
Hartovmen5laAamu Lﬂua%‘ﬂﬁiﬁﬁ’lﬁﬂhﬂaﬂﬂ’li@fy,l,g&‘j’lﬁ]’mﬂ’lﬁzLMEJ“UEN%E’] waz iy
Uszansnmlunisldihuesit wazdazaINluNIsInNITguaine W n1sugnlual wien1siidn

v A

Figszninauadlidnludessooousyuui waslinsfnwinuiniinaneuwnuiidueattufisvane
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%0 (Ayars et al, 1999) usdoidevesnisldssuuliildaanude nsiisinwouludrlulussuy
T uausatesiulalneld phosphoric acid Ainanududu 13-15 me/L (Horwell et al,
1997)

2.5.2 msleluszuuih (fertigation)

nslideluszuuih (fertigation) AensTiilelnenauiefianunsoazansiinldvuaadluly
szuuth dudlefiagaiiluldfesdinsgasnemnstuluge Wunsliiah uasdslundousuly
a1 uazudnuiifiudosnts mmmamwmﬂumﬂﬁﬂﬂ anN13¥EaNYulaslunsINNY 13
undnszneloatiaueuiiniisiniivey (e fng, 2538; Or and Coelho 1996; Boyhan and
Kelley 2001) ivuuummmaﬂmaiauiuivuua maaLUumﬂmeLuwivmma svuuimen
w3 minisprinkler m3litgluszuuindunsliefiiiussaninmgaan (o thuaou, 2540)
ALl zAnnensINMsagdsdearnnisveasdednadluiiundisedusin wazlinisnszatesivesde
asiaue mmiaamwwumﬂmﬂ oy miJﬂ’]iﬁﬁ%ﬂ’in‘UU’]@EJLLEﬂﬂﬂ’J'iﬂJﬂ’l'iiﬁ/i‘tJEJ‘UEN'iuUUUW
lundoufiu msreinsfiunisasudfisadntesiniy uilinafnatefufe a1u1snantssay
nslie uUszAvBamnslitels 10-50 Wesiaud andninannnduveslelmadu Ll
soshsailulddewdasity vilvandnsinisuuuvesiu (sgns leanani, 2546) aunsausy
ansdelasamsaiuannudeanisvesiia (Locasio, 2005) @usaltdilesineinis gasmasivlu
SYUULA Iugﬂmmmﬁaazmsﬁﬁdw LU ZnSOq, MNSO, wae CuSO, vililseundanisananule
ety wazdianunsowuslideliniunnudensvesivy Hartz et al. (1993) s189U3105wUSA
Jounninvinlinandansnifiutu Tnsamizsgilanau uasluunadey Afnsedoudeldily
Au ibiiAnnsgedelulufuiiundissezsin Tnowowzlupuileneu (Orost and Koening
2001; Hanson et al. 2006) Hebbar et al. (2004) $1891UIMHANBANLLUBLNA ﬁimuimwu
weanlasa uarluunadonluluszuuih Sevganimslitensiu 33% waznisudldlulnsiau
warluunadeslutasnsaigivisvosivlussuuiiluiunse dwalinondnudomegs ua
faunmindnislienmsiu (Locasio et al. 1997) mslslamaszuuthannisgydelulnsiay
warluunadennnuinasinivluiunig uasiinuszansamnnsliolulasiau weanesa
uarluunaBen (Badr et al. 2010) uiteidsnslitamaszuuihie Jedesdivesivudnisazane
ﬁ"jﬂam LLauﬁﬂ’J’lmU%ﬁWﬁgm (@ndguns, 2550) dau‘tmﬂmﬁiwmqu witanunsanaudeLesann
waide m{]awum%dmwmu fazannsavilidesagnas usigTiazvilaaz viesiimugAI
dlaludesvestoifueened uenainduudaas maqwﬂﬁmmmammamuua 217 N9
anautRvesiu wasiidushmsddyiinelmandgmlussuunslilenish mslideluszuy
ihagliuafduamiolitusgfudafeiiieatomansusens lasiamzdssinnuesszuunslii
fagiimsldvonmudiuly slntaniiiedld siaiu enmeediedaUssanidedu auninaes

(%
o

WwaUsenu wiaiiy wazdsnisugniia Wusiu Tey aaeing, 2538)

1581579 warns ARy wazi Wy fafiavrilrnnsiiiuuuusenda wasld
Jevsszuutusravarmdnia mreanasathaldlunsuivanweeshlfinnumanga
o19edosinisthdathdeuhuld msdenlduiiavess uarsnsveselinang funmauds
yasiu waztdudndiddy wWu gl pH ae nslidelulasiau wasneaneda onaazlylugy
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[

Y0INTA HNO3 Waig H,PO, LLazﬁwﬁfwﬁﬂ‘%mmﬁmmmiﬂwua&ﬁf&’ﬂLﬂué’mamm@mmmﬁmﬁ?uﬂ
Tuteiildasly

nsfgyilssruumsliiuuulsendn wagnsliemaiiuszauanudiiaasdios
AuALUTIIM warAwivesnslvith elinveatdefiangay gas waednainislvide seazinan
nslde Bedlaifiduugiiinnmissanis fudu Ssarsfinsfinuduat fenisTideluszuud
Tufiviidfny wazinaneuunugs 1wy uzi@ema mideasazsuliuliladitnig uagduugi
ogsheuninunsnszannsailuldlnglidosdamuirnutlafiunnin
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unil 3
ASA UL

3.1 naaaesii 1 kavasisnisliiuuulsevin uasnislddaauiuussduia
F9) FONANEN LATAMATNYBINGN LaTUZIYBLNA
¥msneassfunsnuazuzidoma Tnevia2 fvldununisnaasazisnisnaasd
Willounu
1. WHUNISVNAADY
MIUHUNINARDIUUY split plot design $1uau 4 91 Tneiinssudasasolud
Main plot fie 38n1sTvii 4 2 szdu e
- nslvdmeauuiiog
- nsldmeslafinnu
Sub plot i 2 Uade Taednsts 2 a9 ludnwasy combination treatments
Jadei 1 Ao viavesTanuiuussdu I 4 sedfu Téun
- EUUENIN

[
a

- AN NAU

- Udey
- liinsldianuiudseiu

=

Ua9eh 2 Ae nastaeslumasisan 4 2 seau lawn
- Tdweslurasisa
- laildweslumaslsan

2. 3N1NAABY

2.1 MIwssuwlameass wseuaulaenslandnutnfy wagainuanuseuiu 1
dand Liteshidielsn uazindn vty lawsaudtedesiuliazden snuameassuuinning 1
U, srogiesEninaulas 1 u. luudazuuasdestl 3 ulasiiflvuin 135 n3.a. ndansiasoufu
Tafanusuussiunsiazi$unismaass 3,000 nn./l3 agniadlvidrfuAuisesu 0-15 . 19
szuumenuuiy uadldfufiszduanudn 15 vu. Tngldinudmeedfisnsnisina 2 ans/
2l upeilsvevneszarinegioven 30 su lnenandimen 2 Euluusiazulas 9anduld
wiunaaRndmaauulas imsinggnatafneauudatduwuuiaigdunineinaiu 70 gy,
wiazvquluunuReaiusheiu 50 oy, lawudesluaeslsen 1 nfusedu QunsaBilddon
lupaslsgn)

2.2 nsUgn thndmanivyiudetiledson warusdemagniiewusinesininlnad
91 30 Ju Ugn 1 fu/vau (Ugniudl 17 uns1au 2553)
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2.3 mslith Ihhmuanudesnisiwesfielpemnufvesnislminglinnedadle
FazauAUGDIN1TRsiiY (ETC) wiiiu 15w, venishiuuiu wasldiu Imﬁmmmu
g3 ETc = ETpxKc Tneen ETp (Fndnsldihuosiia) Tuu,ma maumm,l,mﬂmﬂmumamw
919 daumduuszaninsliiinesiin (k) Fetufugasengfia udnamanesi
fvupenduusyansnisliivemsnuazusidomaien 0.67 naeAnAuan Wszllsreeng
sEwiaunaan (1.0 wng) uwilimsnquiu uasdnusmsajmsihlinisldihdefiuiivgniariios
SowSeuilousuiindreds @ndnmsiiiwesiin) msduamsiiduanddumsd 3.1

A197199 3.1 ANADINTITUIOINY  (Etc = ETp X Ko)

Jaya UNIIAY NUAWUS funau WWEY WO EANAN
ETp 3.86 5.11 5.25 5.61 5.10
Kc 0.67 0.67 0.67 0.67 0.67
ETc (9./71) 2.59 3.42 3.52 3.76 3.42
anuanistoi () 5 i q 3 q

2.4 n15bdglvimudiwuzdinislddeniuainsenaueInsuidvInisinymns
(m319anwIny 1) Inedeneaneasa ldwseudgnasuses dw Jolulasiau uasliunaidey
wUalvi 2 A3S Ao 1) wiauuan uae 2) 1sueennen (Uszuna 30 )

3. maiudaya

3.1 ’Jmiﬂvmmammuﬂauﬂaﬂ Iﬂ&JVI’]ﬂ’]'ﬁ’JLﬂi’]”Mi”ﬂUﬂ’J’]ﬂJLﬂuﬂ’imﬂum\i (pH)
fiu ;1 wmmJ 1: 1 fewA3es pH meter Siasnzdanisiilniihweciu (EQ) A : 1 wiiu
1:5 #eLA3es electrical conductivity meter AT IERUTIIUBUNSETRY (OM) Mg
Walkley and Black (Black, 1965) aseRUSInueane e dulselownd (available P) gae
33 Bray I (Bray et al, 1945) SasizvivSunaldnuwnadey uaafey wazuunideoud
wanidsuls (exchangeable K Ca Mg) Tneafmfiusie NHOAC Wudu 1.0 M Sasieiades
atomic absorption spectrophotometer (Jones, 2001) LLaﬁLﬁiwﬁU%mmﬁmmﬁﬂ
wnanfla dangd uasnadund (available Fe, Mn, Cu war Zn) afnfudie DTPA Yadaeinsos
atomic absorption spectrophotometer (Lindsay et al., 1978)

3.2 Anugedu hmsTarnugsdunn 7 fu Buindsiheugn 1 dawi Tnennsdu
%fmmﬂéfuﬁasujmmawuamaw'aa 13U 10 susslUadges InAuaIInifuliaudate
anvnevesweniigfign udhanmeaade

3.3 NaWAn LagAMAMHANAR LAUIAgmanEn 2 Ju (WiazuiAvlduszam 4-6
p%e) winifuluszeediuAeud dmusifemafiuife 2 szoy Aoszuziiuan (oreaker, pink)
wazszezan (red ripe) lnoduiAvannduilegasinatsvosidastes S1uru 10 dudeutasdes
Tufinnanansiols twtiniadesona wWesiwudraids lunzidemminislnsziuiunmnsa
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(tritratable acidity, TA) amuuuile wazUSinamewdfiazanelu (total soluble solid,
TSS)

- Aapuutuile deniesinileduia TA-XT2i 19 ¥auuy needle (P/2N)
A3In 1.0 w. srazvnading 12 uu laoguinnssidSnsmeastas 5 Ha

- U3una tritratable acidity Tnsthuzidemeunduinnsesdaedd thvhdusn
10 wyu. vem phenolphthalein 1% 2-3 weadududiaines wdtantunlasmsniu
a1savane lodieulansonlen (NaOH) 0.1 N A1UIUNT %TA Auans

%TA = (N NaOH) (ml NaOH) (meg.wt.tartaric acid) x 100

USunaueui ke

N NaOH fi@ normality veda135azaien19 NaOH
ml NaOH Ao USunawesansazatemadildlunslamsnmiuiiadans
meqg.wt UINIA tartaric = 0.075
~ USa total soluble solids naninmunzdomeluusaznssuianis
VRaes $8 hand refractometer Tnemtineiialgiiu Brix
3.4 shaudsdumiienu fnduitssezeanmendias 3 fu Yundradaetiazen
awnfuﬁﬂﬂauﬁqmmﬁ 70 permaldua Uiy 48 vy, wazthundatminuste
3.5 Awnenusunasgtulesiau Weanesauaslnunageululuiissezeanaan 1
Fag1aipuLAILa Lualraziden Lariaszuilulnsiau aedd kieldahl Jpsizvineanesa
#1875 vanadomolybdate (barton) LLazmﬁLﬂiﬂzﬁﬁwﬂwLLMﬂL%EJiJIﬂEJI%Lﬂ%IQQ flame
photometer (tassnsdnmaiasetevesuiifinsn1slinseinuuasiiv, 2546)
3.6 ﬁ’uﬁmﬂ%mmmﬂﬁﬁ%aamwzL’Jmmiﬂqﬂ

4. IATITARANTNAADY
AaTzaNuLUTUTIUNsadanaelusinsy SPSS for Window (version 13.0)
WIHULTBUANLANANVRIALRREMETS duncan’s new multiple range test (DMRT)

3.2 nMsvaaesfi 2 navesTagUiuUsAy arudveanisliin waznisliienis
ﬁﬁdawawamttazqmnﬂwwaaw%ﬂ HAZUZLYDLNA
1. LNUAIINAADY
9N UNIINAARLUU split plot Tu randomized complete block design (RCBD)
$1uu 3 91 Taedn main plot 3 2 Jads Tnedaii 2 Jade ludnwae combination
treatrents Inefishuntsmaass fwieluil
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Main plot

Jaded 1 A Brnsliide 1 2 sudty

- nsdensAumLATILATIEAY (S)

- aslitemsssuuti (F)

Hadudl 2 Ao Usinas uazanudvesnislvih & 3 e

- Whilenudesnisivesity (ET0) 15 ww.

- Wihilanudesnisivesity (ET0) 25 ww.

- Wihilenudesnisivesity (ET) 35 ww.
Sub plot Aia Nsladanuiuuyedu & 2 sedu fie

- laildgenenin

- Tdypugnin

(Fenyuuzwiinliifutaguiuusedvlunismeassi 2 iesannismeased 1

nsliyegniruduiaguivlgsiudlinadiign)

2. F/NINAADY

2.1 MamssuwUamaass wssndulagnislandnutinu wazainuandssunn 1
ek ilesiidielsn uasiiniuity lowsrufeodosiuliaziden snuvameasdliidaug
wUasgosndne 1 u. 813 5 . seeerinesendnudas 1.0 w. luwsdasudasdosiidiuiu 3 wlaq
Tayeuendn 3,000 nn./ls eanuedlidnfufudisedu 0-15 gu. Meszvuimeavuiulasld
wiweaifsnsnsiva 2 das/Aalus wasdiszesraseninegimen 30 u laenandi
wen 2 wdulunsazulas mﬂﬁ'jui%lwiuwmaaﬂﬂqmLL“LJm nsnzgnataineauwlas u
WUULAIAFUNIMNNAY 70 9y, uiazvadluwaafediuiieiy 50 gu.

2.2 msuUgn imsugniudl 9 unsian 2553 Iasldndwinsiusguiveseen uaz
UziWaina fugiwasinnlnas 18 30 Tu laeugn 1 Audevay

2.3 mslith Whheuanudesnisiwesfielnefirnufvesnislimunssuisneass
wagAMaATIRBINIsweRY (Etc = ETp x Ko) imflounsnaassiil

2.4 mslilevinnslidensiu wasmassuuthmuaieseiau Tneatinsginud
UsinadunIetegludiu 1.28% Usunameanefailudsslond 564 un/nn. uagen
Tnunadonfiuandeuld 74.0 un/nn. famsedt 11 Tatmuanslidertomaiu wazmna
szuvtilugng o N 24 nn/ls Jo P,0s 4 nn/ls wazds K0 16 nn/ls welumsnedi 3.2
fialusinsunsTsemaiu uazysszuuin nslidemsiuliide P,0s 4 nn./lsndouugnads
e dau o N uazk wisl 2 ass Ao 1) wieuugn uay 2) senaen (1 30 Yundadig
Ugnilaglade N uaz K agrsazaia (N 12 nn./ls wag K0 8 nn./ls ) daunnslidenisszuy
ihllasduiounuy ventury widls 8 adsmuanuiiveanisli wiimuslviuTuaedean
wihiunnads uastiinarlssuiomaviniunslateonsiu nnsdanislsn uazuuas oy
wumsszuInveslsa uazuaas Iansiedviunadnuasing
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3. maiudaya

3.1 A5 mmammuﬂauﬂaﬂ Tngvnsiasigiseaunadunse - (51’1\1 (pH)
fiu ;1 wrmu 1: 1 fewn3es pH meter Siasrzdanisiilnfihvesiiu (EQ) A : 1 wiiu
1:5 ¢eLATes electrical conductivity meter AATIERUTIIUBUNSETRY (OM) feds
Walkley and Black (Black, 1965) Bins1zvivsunameanasaiiiuusslon (available P) fae
33 Bray I (Bray et al, 1945) SasizvivSunaldnunadey uaafey wazuunideoud
wanwasule (exchangeable K Ca) lawafinfuaiay NH,OAC LUu9u 1.0 M Jame1A309
atomic absorption spectrophotometer (Jones, 2001) Naﬂﬂﬁt,ﬂiwﬁ@mamﬁamﬂ‘] YDIHUY
riouvgnlumsnedl 4.1

3.2 dannugadiu mn 7 Yu Buendadieugn 1 dasi nenisduinainduilegnsg
nansvesuUadgen $1uau 10 Fusioudastes Tamnugsaninpulleudstogavheveseniias
flgn udhanmeniade

3.3 WanAn uazAMNKANAR LURENANER 2 Ju (WiazguiAuliuszana 4-6 ady)
winAuluszeruasud drunziemaiuifier 2 szoy Aeszeziugn (oreaker, pink) Waz
sxevgn (red ripe) Insduiivanduiiegasinaisvesutasdos S 10 fuseutasdes
Tuiinwandasiels vindniaderena % naide  luuzidomarinisinsiziusanansa
(tritratable acidity, TA) auuuile wazysinamewdfiazanelu (total soluble solid,
TSS) Wisloun1snaaasd 1

3.4 dnthuisduniiedu faduilssezosnnondiaz 3 fu thurdreieiazenn
awnfuﬁwiﬂauﬁqmmﬁ 70 asrniwaLdod Uy 48 B, uasandaimnu

3.5 Aasziinusnlulasiau weanedauaglnunadeslulufiszozoanneon 1
Fag1aipuLAILa Lualraziden Lariasizurlulnsiau aaedd kieldahl Jpsizvineanesa
A1835 vanadomolybdate (barton) wayn133tAT1EMEI9LNLNEALTYY Tneldin3as flame
photometer (tassnsdnnaiasetnevesuiifinsnisinseinuuasiiv, 2546)

3.6 YuiinuSuashitli LLamJ%mmﬁwNumaamzammmiﬂqn

3.7 Amsenaunaalan Inednseiauaudfinieadl waznienin lokn Anuauise
‘Lumaé’mﬁwaaau (water holding capacity) AuMUILUUVDIAY (bulk density) Lay
auanasalumsTusiuvesiuAy (permeability) (ngu3dennuns waziadl, 2551)

4. IATITARANITNAADY
AaTizaNuLUTUTIUNsadanaelusinsy SPSS for Window (version 13.0)
WIHULTBUAMNLANG1NVEIALRRSETS duncan’s new multiple range test (DMRT)
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unN 4
NANISNAADY

4.1 Mvnaasdl 1 wavasisnisiiuuuuszuda uaznslifanuiuussausiin
7199 ABNANERN LAZAMATNVBININ UATUZIYBINA
1. AENUAYRRY LazTanuFulTeAunauNIsNaaag
anautfivesiu uandlumsnsd 4.1 TneAuilddadudefuimunse lugniu

o o A

30389 (Chatturat soil series: Ct, Fine, mixed, active isohyperthermic Typic Haplustalfs)
A1 pH  6.03 Buniginguiunans (1.98%), available P (27.47 un./nn.) HAnas
exchangeable K (92.0 un./nn.) AA1UUnNa18, exchangeable Ca (1,340 un./nn.) JA1Uu
na19, exchangeable Mg (88.34 wn./nn.) fA78n, available Fe (13.38 un./nn.) fA1Uau
nan4g, available Mn (7.03 un./nn.) ﬁﬁ']ﬁ‘]l’ﬁ, available Cu (0.23 un./nn.) ﬁﬂ'w‘]"'], available
Zn (0.71 un./nn.) fenen Taglunmsmdndufuiiinnugeuanysaluunans uaznaaud

Tanusuu i uanslunisnei 4.2

M19197 4.1 AandivesiuluwUameasinoulannsn uasuzawme

AMENUAYBIAU A1ILATIZY ilanzau Jones, 2008)
pH 6.03 6.5-7.5
EC  (lulasTuud./u.) 120 -
Organic matter (%) 1.98 -
Available P (un. /nn.) 27.48 60-70
Exchangeable K (un. /nn.) 92.0 60-700
Exchangeable Ca  (un. /nn.) 1340 1,000
Exchangeable Mg (un. /nn.) 88.34 350-700
Available Fe  (un. /nn.) 13.38 -
Available Mn  (un. /nn.) 7.03 5-20
Available Cu  (un. /nn.) 0.23 -
(

Available Zn  (un. /nn.) 0.71 -
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A15199 4.2 AauauTRvesTanUSuUTInu

AnLENUR U317 Adwnau fidey
pH 6.01 9.79 7.33
EC (lulasud/va.) 1417 293 524
N (%) 0.36 0.08 0.27
P (%) 0.034 0.109 0.025
K (%) 1.889 0.710 0.252
Organic matter (%) 59.68 6.02 73.06
Organic carbon (%) 34.7 3.5 42.48
C:N 96:1 44:1 157:1

2. MmaRsgAuln N5IIRAKER LAZAMATNNAKER

2.1 wW3n suggUiesaen

MnnTesgidayanuitiinisliihidnetu (nsliimeauuiu uagld
fu) waznsldiesiluneflad dwalianugs diniinusedu dwidn 100 wée uas
nanARLANATUN19adA winudslnvesfanufuussAudenaliaiugs dindnuedy
thwiin 100 wén wassardnianuuansefuedsiidedAybmnaain lnenwuinisldy
szndndamalinindnugs dvdnuiedu tvtn 100 win wosnandngaiian Tnedien
winfu 91.93 . 21.25 n¥u 193.1 n¥u uag 2.03 fu/ld muddu uaznuinslddides
dawalindndinnnugs dwdnuiediu dvidn 100 win wezkandaiiiian Tnedauviaty
92.59 w31, 16.83 n3u 186.2 n¥u uay 1.7 fw/ls muddy (ms1edi 4.3)
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M13197 4.3 NaTaIIoN1TIIN wavianUsuUTsAuion1sSuAUle NaREs LazAMAINYBY

wWInwugguiasaen
A/NINAADY GRHGN dwtinusieduy dwtin 100 NANAR
(931.) (n3) Wwan (n5%) @u/ls)
385l
dvenuuiahu 89.16 17.57 182.2 1.66
ﬁ"j’mamiéiau 92.54 17.85 177.5 1.74
vliavaelanuiulse
Au

‘ZJEJ@J%W’%’]’J 91.93 a 21.25 a 193.1 a 2.03 a
‘chﬁ’]LLﬂaU 91.59 a 1791 b 185.3 a 1.76 b
‘?TL%EJEJ 87.79 b 1441 c 158.0 b 1.29 c
Lyild¥an 92.59 a 16.83 b 186.2 a 177 b

Jolunadlse
Tdide 90.79 18.38 177.4 1.75
laildde 90.90 17.20 181.8 1.67
CV (%) 2.95 6.65 5.42 6.93

1 . { o & @ { v o = o ' | o aaa @ { o a
Aadslureduilnedfufinumeisneswiloutuliwanasiuneadfinseauaudatiu 95% 1ne3s DMRT

2.2 uslowa gniiefiuginesivnlnan

Mnmsieneideyanuin Baslihietu (msliimeauuiu uagld
A1) uazmsldifoslumeslslidsnalimangs dmdnuisiu dutniodesens uaskanan
uanAnsAuneada dunslavanuiulssiurineine dmalinnugs dhwiinuisdu davin
\ndesiona uaznandnuaniaiuogsitodfyBmnaatin lnowuinsldyeugnindsnali
A (95.56 W) Ymtinuiasy (25.99 n¥u) dwiiniadesena (83.75 n3u) uasnandngs
fian (7.9 #u/l3) sosan Fomsldtidunavdunisladidosyinlianugs diniinuredy
ihniniadesona wazwandndiiian Taedadniisauauildiinisldaguivugedu
(19797 4.9) wagwuhmsliifidnstu wlatanusulgaRuieiu uaznisldideslunesls
41 laldamalimUSnamesdaiiazargluth Usinunse anuuiuile uaziedidudnalde
LANFSTUNIERR (11571971 4.5)
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M13197 4.4 HavedIMsi uaglanUsuusAuion1sRSuAULe wasHandnTasLTawmeA
anvie ugimesiinlnan

AW/N1TNAADY GRRHER dwtnudisdy  swidnieds  wawda
(%1.) (n3w) sona (NJu)  (Ausials)
333l
drvenuuiom 92.58 23.09 75.85 6.52
11;’1‘12189116’@14 92.95 23.24 73.38 6.57
vlnvaeianuiuueny
“QEJ?,JwN%’]’J 95.56 a 2599 a 83.75 a 7.49 a
ggLﬁ’]LLﬂaU 95.03 a 2307 b 7550 b 6.88 b
%Lgaﬂ 87.79 b 20.78 c 67.08 c 5.48d
Laild3an 92.59 ab 2251 b 69.66 C 6.13 c
Wolunadlsen
1?“,%}@ 92.67 23.97 22.06 6.70
laildde 92.83 2256 2257 6.47
CV (%) 5.59 591 5.38 4.85

1 . { o & o A v o o ' | o aaa o A O a
Aadglureduilnedfufinumeiidnuswilsuiuliwanssiunisadafsesuaudiatiu 95% 1ne3s DMRT

M19197 4.5 HareeIsnNTsIvi TaRUTUUTIAY AoRuATINANENTRINLIUBImNARNYID

Wugwesinnlnas
"“J%'n'ﬁmaaa maeLLG‘fjaﬁazaﬂﬂTuﬁﬂ U%&ﬂmﬂiﬂ ﬂ’NﬁJLLﬂUL‘ﬁB watﬁa
(%) (%) (H2du) (%)
3ennslvii

dveauuiafnu 4.00 0.47 22.18 2.12
Yrenlgau 3.95 0.46 2251 213
vlavaeianuiulsau
YULNI1? 4.01 0.46 22.48 2.12
Fdunav 4.03 0.47 22.67 2.13
o 3.92 0.47 22.04 2.11
Lyild¥an 3.88 0.44 22.05 2.15

\Wolunaslsen
1o 4.19 0.48 22.06 2.12
Lfldide 3.81 0.45 2257 213
CV (%) 9.54 6.78 5.74 2.96

1 1 { L '3 % { 1 % o o 1 1 U aa { U 9 0'1 a
Aadslureduilnedfufinumeisneswiloutuliwandsiuneadfinseauaudatiu 95% Ine3s DMRT
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nmsnedeuisnsliimeauuiu wazdmesldau %ﬂumiUQﬂW%ﬂ LasNLD
WA U AN lANISRTYAULY wasNEn LazAMAIMNLANAINAUNIEDR wHIINNaIEY
mmaaqwudﬁ%mﬂﬁﬁmaﬂéfauﬁﬂiz?ﬁn%mwgqﬂdwmﬂﬁﬁmamuﬂaau LUIIUNAADIVDY
Karimi et al. (2012) ¥msideusiteudansiimenuuingu uagldnusonisiasaivin
UAZNISIANANARUDINTLUDLNA wudwmﬂﬁﬁmamiéfauﬁﬂﬁmﬁLﬂ%ﬁij@UImqmdw wazdl
mamamqmdﬂmﬂﬁﬁmamuﬂﬁu 7 6u/ls Abdulrasoul et al. (2010) wuinstitmenls
Aulun1sugnuzemealul 2005-2006 v‘fﬂﬁ’wawamqmdwmﬂﬁﬁmﬂmuﬂaau 9.8 tay 7.9
fu/ls mushdy Fetuannansnunnaesisasuimaninvesiinfivgniessuuimealdn
ﬁﬁ"]qqnjwmiﬂqﬂimzwﬁfmamuﬂa (A-Omran et al, 2005; Ayars et al, 1999;
Machado et al., 2003; Phene et al., 1987) LANISNAADIVD Miguel et al. (2007) 51897
nsliimenldiu wazvuivluanneilid 100% vesnnudesnisiivesiivaylaivili
NSLASYLAULR LaTHANARTDINZLTDINALANANAUNIEDR wAluan1IzLASEN (F2AU 50%
YosmufeIIthvesiin) nuauuansesERR Inenuiwananvesmzidemedilingae
izuuﬁmmié’ﬂaauﬁmqmdﬁmﬂﬁﬁwuﬁaauﬁq 66.5% vilasarnnstiimenldaud
mm%uu%nmwmmqqﬂ’hmﬂﬁfﬁmmuuﬂaau Fansafun3finw1ved (Ben-Asher and
Phene, 1993; Phene et al.,, 1989) ﬂ1ﬂﬁﬁmami&’awﬂumiammiqiyLﬁsﬁwmﬂmsm'i
'izmﬂﬁmmﬂ?auﬁluam’azm%mﬁ’] (Ayars et al., 1999; Oliveira et al., 1996; Phene, 1995)
LLazLﬁuﬂszﬁm%mwmﬂﬁﬁﬁquqnfjwmﬂﬁﬁwuﬂaﬁu (Ayars et al., 1999; Machado et al,,
2003; Enciso-Medina et al, 2002) ilwannsaanusunanisiii uassnusedures
nanAnuziemnd (Kirda et al, 2004: Zegbe et al, 2006) uslunisanwaded daustlainy
AULANAININIADAVDINITLATYLAULA LaznITIANANAAUDINTN LazuzITLNA 919
deswnniinsliiiiflemedeninudesnisvesndn wasuvidemed Ysuaninaen
sgppnanaUgnUssana 900 au.u/ls dufisanaromufieanisvedn uazuzideimaii
nsliimenuuinnu wegldnu lneflssauimgn LLazmL%aL%ﬁﬁmmé}’mmsﬁmaamq@,
Ugn 500-650 au/l3 (Aisn nesesu wagAnie, 2545) LagupnaninnIsn1maaeaiinig
ﬂqué’aswmaaﬂﬁﬁwﬁﬂﬁammsszmwaaﬁwmﬂﬂaau war¥nwianutuludu uazaiunsn
muaniivluunIugnla (Maged, 2006; Mata et al., 2002) Lamm and Trooien (2003)
swnuhmsliimeauuiahu uaslinsequinewatainds ildfeannislddias 25%
Lﬁaamﬂmiqiyﬁaﬁﬂmﬂﬂ’ﬁuﬁﬁaa Feilisnsldimenuuianu wazléau laidawals
NSLATYLAULN HANEN LAZAMNNNANGRTBINGN WATNELTDMALANANAUN9EADA

nsldyeuzninlufudwalinisaiqiiuln nandnvesmdn uazuzidemagaiian
Taovhlugeuznininduianfifenldiuesnaunivansdmiuduianugnlulsaieu ezl
AnuanTRlumMIgings il fisundnszangld fe CEC g9 uasfianuanunsalumsden
aaeldenn Tngliifidymnisfanszuiunis N immobilization Wiesniniusunames lignin
a1 Taevinluil lignin 65%-70% waz cellulos 25%-30% (Meerow, 1994) 4910M1519MNT
Anszinuauiivesianuiuusedu (M3 6) wuhnuauiives yougnin iunay
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uay Udendidnunrdunnatu Instanzegiadedn C : N wuihdidosdien C: N nfafian
(157 : 1) s0sa93n70 gouzni1n C: N (96 : 1) uagdidunau (44 : 1) Memgideihlitag
uazalnisnsnisdesaatefiuandieiu ane C : N Tidestnsdutaniiisnnisdes
anneiniian sesaen Ao geugnin uastidunauaudidy Seogslsfauen C: N al#
Budladeiferiiidvinadenisdosanevesiandunid wituegfuvaistiads Faldun
paAUsEnoUNINLAlivesiag (chemical  composition) Inefanfiddiuuszneuves
polyphenol ~ ga8u1niian se9a3u1 Ae lignin  Lazdesdteiign Ao cellulose
(Mtambanengwe and Kirchmann, 1995; Tian et al.,, 1995) Guumsuaﬁa@ (particle size )
mnuansalunslenii (ease of wetting) Usunaimnsuausialulasiau (C : N ratio) uaz
Arufeanslulnaiau (added N) (Michael et al, 1998) lunsfnwadsiinuimasgn
uziBeina 45 Yu Budaunaiiuens chorosis 3nnsunlulnsiauvesiiunIaaesiil
nsldtidos wenanil Michael et al. (1998) nutfisiiugnlutaguaniitidosnaurilsing
91115 chlorosis 1nnsnalulnsaunniian ieswintidesiian C: N n¥e udfivsunm
andusi Imeundslan 20%-30% (Glennie and Mc carth, 1962) finsegesaansuazyinly
9RIINTLAA N immobitizationqﬂuau (Prasad, 1997) Allison (1973); Roberts and
Stephenson (1948) $1891u31N15gsdELULATLAY (available N) Safintu 40 Tuusn
nrnlatidendiiien C : N nfsaslulufiu widhil C : N wavassuiinisgaudelulaauain
fufl 160 Fu wazmswelulasiauenaniniulusse 14 9 viewnndmninisldtides
Tudnsnfige Mlkdidesliduivuzdlunisldlulufudeld duduniengluszeedy
\flesanniinnszuun1s N immobilization szeze1a uagyinliivualulasiauls (Abd-el-
malek and others, 1979; Allison and Anderson, 1951; Armson and Sandreika, 1974;
Cogger, 2005; Davey, 1965; Williams and Hanks, 1976) mﬂ‘fi}%ﬁaﬁmﬁmﬁﬂ’lﬂﬁﬂs
lulasiauaslulufugandtuni Alison and Clover (1959) snssudndiofimsladidesadlulu
fiu aslddelulasioufienududu 0.75%-1% wituegiuuiinuvestidesiildasiuluiu
Locascio et al. (1961) Senuindlofinisfiusnvesdidesillaadivlufu silfnandnvos
uziBeimadiias uiilodinmaifindnrveselulasiauadulufuieyilinandnvesioma
iugetu wansinisldds 15-15-15 §n1 100 Alanfu/ls Tunsnaaesdl liifisanesenns
vheuesgiunad Suhliiinnsguaunis Nimmobilization g wazvirliiivuinlulasiou
Jadinsiasayiiule LLaﬂmamammmmuamamumsumﬁmaawimamwma SULmLLﬂa“U
uarlilldtanuiuusein uazuananil Beardsell et al. (1979); Prasad (1979) s9uiY
deosfiesidud airfilled porosity g4 waedl available water content @1 vilsifiafia
m’mm‘%ammﬂmimmfﬂmmmm%@@ﬂm (Allaire et al., 2005; Dorais et al., 2005 ) 11
TinsiAvsnuniilufud Sadesliirluuiinms wazdesads (Favaro et al, 2002)
drugeugndnlinudymlunisiin N immobilizationlutissseziiainisugnusiomne
\iesanivsuaves lisnin GR Tnesialudl lisnin 65%-70% uaz cellulose 25%-30%
(Meerow, 1994) wagfarwanunsolunisdutn uay A1 CEC ge Savhlsiusidamadinns
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W3iule waenslinondngedian wastidunauiien C : N dhilaavillfiAnnisdesaaisdne
nmeugndT wartides uinstosaaietaqiia C: N s n13iAa N immobilization il
ffosnin¥agiid C : N fige Feviilvinisenn N luifunisveaesilddidunauligunss
wiloufun1slddides warusmamests N flddrludizifisamesdsoanudosnisves
QAunISAslivilRAANsEUILNT N immobilization uaza1nnsnwiafadnuiinisldide
lupeslsdliinasenisiadyiulavemdn uazuzdowme owinwin warusdemalildsu
ANNHATIATINANTIENTTIAAAUEN Fensuasine1msla 1 lursresnisiaiquivln
wedinislith wagsmemssghaiiomennmunsvanes Ssdmalilinudvinavoade
slumeslsen

3. UsgAnsnmmsldtn uazanududurassinensluluuzidowme

31NNTAATIEVTBLANUI FBnsliiienaiu (mslddmeauuiy wagldau) Tl
dewaliuszansamnisldin uandnefunieada (n19199 4.6) uilun1s@nuwives
Abdulrasoul et al. (2010); Ayars et al. (1999); Kirda et al. (2004); Machado et al. (2003),
Zegbe et al. (2006) WudﬁmﬂﬁﬁmamiﬁﬂaaudqmaiﬁmL%aLﬂﬁﬁﬂﬁzﬁm%ﬂWWﬂﬁii’fﬁfﬁqq
AnsiddeauuRafy Tne Abdulrasoul et al s18erudnmsivimenldauviale
UsyAvEnmnsliimesusnidomaganimslidwenuuiiafu 2% T 2005 uay 33.7%
Tud 2006 MmuE1AU wanuIHUTIIN soil water content geluuTianuunsin Iuinlusnd
Asunsnszaeled Zotarell et al. (2009) wudn fiszsuAudnvesRu 0-15, 15-30, 30-60
way 60-90 wl. LLaziﬁﬁwmsmiﬁauiwﬂmzL%@LmﬁmmwmLLLiuqqﬂ’jwm'ﬂﬁﬂfmmuuﬁuau
MANaNEn Uizaw%mwmﬂ%’ﬁﬂqq waranUsuunisTiin uwalunisdnwededlinuany
uanansfitaa iesnniimsagquitenanainde dearunsnannisgadetnaniafuldd
I@EJmﬂiwamuwudwmmmammimLﬁaﬂfwmnﬁﬁﬂé’ﬁq 25% (Lamm and Trooien, 2003)
wagdanstsheetulddaaldnnududures N, P uazk Tuluwansnsiunisads iesain
faaosiinamuauUTinunsnfivinfu fdunisfuthasin nissednele warlontalu
nsgeyidedeaiivinduy

HaveInslaTanusul et demaliussansaimnisld uansnadueened

'
v a

Heddyaneada Inenuinislayeusnindwaliussansamnislduigsiian (10.16 nn./

o

AU.L) 09841 FD TkUNAY (9.33 nn/av.a) daunislatidesvilfusBomaiusyaninm
sl (7.43 nn/ava) sndehsuitlifiniglafanuiuuseiu (8.31 nn/aua. ) (9ed
0.6 ) Gensldyeuznin vietidunavenariliiududlas Lifinsfuasiudnniisedusn
ylduseAnsnmnslii wasnondngs luvnefitidesenaarannsoduiildd udifinnng
gogaanaisdeiliiinnszuiunis N immobilization dewanenisiasaivls nandn uag
Usvdvsnmmsliiwesiia dudimnaenududuressineims N, P uask veslu fiany
uanshauegeditfoddnyBoneada Tnewuinmslagenznim uastidunay demalyium

ANUNTUYRd N, P uag K lululinuiuvuleisuiuisnldinisldianusudsediu lny
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wunislayeuzninfianududuves N, P uazk Tulugeiige S 2.37%, 0.30%, 2.93%
pdU UTinasmensiigaislunisléyengning eradesnannisdiminlufuiigedu
binisvzanwesleatiuannitseausinvesiislidesasdavilisgensdulsslevisens
1t drudidesdamalinnududuees P uask luluifistudleifivutusfuilaidngld
Fanufuussau walanudutures N Tuludinindgiliinnslaaguivdsedu tnedle
1.87% wazdidninnasgu mnelastndnnududuves N Tuluuzidemanisoglurig
2.00-3.00% & P uag K oglugiau1nsgiu e P 0.20-0.35% uag K 2.50-4.00% (Burt et
al, 1998) iflosainnslatidesyinlsiinnszuaunis N immobilization Savilsinnslade
Tulpsiaudnlulufu liigamesaniudesnisvesgdunid Jalinsaslulasiauainaululy
dwalst N lafismedennudesnsvesiia wandiifiuihdiimslitidesfioduianusulss
A soslinisdnnisdelulasauliliivmedeqdunidau uasiisnadonisiaiaaulnveaiy
#rdazliuantonisvinlulasiau Fog (1988) nuinisldde N fidvsnalaensesienistes
aangdunseTngludn Allison (1973); Roberts and Stephenson (1948) 57891U3115UgN
faildTananidoldl dosdinsdanisuimadelulasaulifsmedeanudesnis N veq
BUN3S uazanudosnsvesity ilelilinsznudenisaiyivlnvesiiy uazdeatunisuia
s sluiu Handreck (1991) wuiiinitugnlutanugnilldanideld fuwltiunisva N
21nNszUILUNT N immobilization iiesnTandiléannidelsl \duundsifdmysznaures
A3UBLEs WATUSIAL nutrients available 1 fionnsla3nyuesqgdunie vinliqaun3daa
NO; way NH, a1narsazarglufu vlvmnududuyes inorganic N ldilesnesoiiy diwna
Tiiwwm N (Gumi, 2001) uazdniinislade N liifismenasiindgymfiven N ograguuss
(Bodman and Sharman, 1993; Handreck, 1993)
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M13197 4.6 NavYISN1TU TanUsuusau sieUsednsaimnisldin wasusunneg
anshuluvesuziewmagniie Wugmesinlnas

. UsanEnnwnnsleen Yanasnarmnsluly (%)
9NT1INAA DN
(nn./au.y.) N p K
Sennslvii
dveauuiafnu 8.84 2.14 0.24 2.82
Yrenldau 8.92 2.06 0.24 2.76
vlavaeianuiuueny
YULNI1? 10.16 a 237a 030a  293a
Bdunau 9.33 b 209b  023b  291a
o 7.43 d 187c  020c 268D
Laild3an 8.31 ¢ 204b  022b  257c
\Wolumaslsen
1o 9.09 216a 025  290a
Lfldide 8.72 205b 023  273b
CV (%) 4.85 6.71 5.98 2.76

1 . { Y o A P YY) & o ' | o aaa o { O A
Aadslureduilnedfufinumeisneswiloutuliwnnaisiunisainnsesuaudiniu 95% 1ne3s DMRT

4. AUENUAYIIRUNEINITNARDY

namIlaTzinsaifvesanautimaedvesiunudt nasliihdidnatu fe n1s
Thimenuuianu wazdmenldnulddwaldmenudunsa-se (pH) sl E0)
Unaduneing (OM) woarleaidulselowilufiu (available P) wagUTunalnunaidoy
FwaniUasuls (exchangeable K) fiAnuuanssiunnsadn (m15197 4.7)
dutaguivlgsiudsnalyinuauiBnaadvesiu farmuandistuseedidodinds

'
a

meadd Tnewunslatidunau waztidesdwaliie pH maqamﬂluqﬁu dlowleuiuis
LilaldTanusuuseiu waedsildysuenim endesanauantfmaaivestidunay &
audusedaunn Tnee pH > 9.0 (nediasgviny, 2540) Faflen 9.79 dawtidesilen 7.33
Fefianauifdunans (medt 4.2) ddudefimsldasiulufuiednalunisifiue pH lufu
drugeugnindlen pH 6.01 Fehifnalunisiiiuen pH i wasTanuuussunnvieiinalu
nstiuenshlniih Suvdengludu eavesailuussloniluiu wazmalnuvaideou
fuanasuls Weiflsuiuiduiliinslataguivussiu uansliiduinnislédaguivuge
Auvih lidiinusunadunieofngluiu wasiivanuaiunsalunisgadusinomisludiu
uenanidafiveuanasalunsduthnesiu wegnainziududeiulfiduedid  nns
WuUnasunieTnglufudmaliiudenuanmsolunisduihueshufindy (Alison, 1973;
Bollen, 1969; Christopher, 1996; Cogger, 2005; Jacobs et al., 2003; Riley and Steinfeld,

2 =
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2005; Rose et al, 1995) fsifumdnnislunisdontaniionisufuussiu Feduagiv
InquszasAlunslivsslond mndeanslildsnomnsadlufuasidentaniidean C : N uay
ogluting 20 : 1 TagllaitAu 30 ¢ 1 19U Mnfivmszgam Jeaeniiieliliinisfssineimsain
funld waziiegosaasanudessmemisliuniu uidudentanuivugaduiiieia
aruanunsolunsguivesiumsdutandidan C . N nie wazlosdusznouiindunidau
dogaanalasnn wu lignin viielinuandmlunislesiunisdesaasvesqdunsd

M13197 4.7 Havaion1shiin Tanuiuuienu renuaudiniAlivesfuna N snnaes
EC oM P K

35n151AaDY pH - .
(ulasudn) (%)  (un/nn)  (un./nn.)
385l

dvenuuihu 6.55 60.91 2.04 11.42 68.45
5’1%89\1@@‘14 6.67 60.45 2.05 12.01 68.18
vlavaeianuiuueny
Gqsmw%fn 6.03 b 67.24 a 217a 1081 bc 7081 a
‘?TLi’TWLLﬂaU 7.07 a 56.66 c 1.90 b 13.47 a 72.71 a
‘?EJJL?{EJEJ 7.02 a 62.68 b 218a 12.12ab 6692b
Lyild¥an 6.03 b 51.60 d 1.83b  9.18c  5734c

\Wolunaslsen
Tdide 6.68 62.26 207 1234 7114
aildide 6.56 59.49 2.03 11.24 66.2
CV (%) 3.48 6.88 9.25 14.7 5.51

1 . { o & @ { v o N o ' | o aaa @ { o a
Andglunadutienfuisumesidnuswilouiuldunndreiunsadffsesuanudedu 95% 1ng3s DMRT

4.2 N15NAAIN 2 NAYLIERUIUUTIAY ANAYaInIsill wazn1sidenig

ﬁﬁdawawﬁmLLazqmnﬂwwaaw%ﬂ LazusLvaIwmea

1. AENUAYRRY LazTanuFulTeAunauNIsNaaag

AnuauUAvesfuLanslunseil 4.8 Imsﬁuﬁi%’%’mLf]ut,ﬁaauﬁ";uﬂumw Tugasiu
amawum pH ﬂauﬂmm (7.8) aummmmaumqm (1.23%) sdsualimipnuanuisaly
m'iaumﬂuaqmum FafAwindu 11.4% Tneu3unns @ available P (54.4 un./nn.) mmqq
exchangeable K (74.0 un./nn.), exchangeable Ca (1,240 un./nn.) JA1UUNa1e  Wag
AnanUAvesyENzndN uanslumssil 4.8 wudlugeugninilddunieinggs wiidy
59.6% wardiAarmannsalunsduthesiuganitlufuds 7.75 wh Taedaity 88.35%
TaeU3unng
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AnLENUR Q! U317

oH 7.81 6.01
EC (alasTuug/aL) 113 1,417
Organic matter (%) 1.28 59.6
Organic carbon (%) 0.74 34.7
N (%) 0.06 0.36
C:N 12:1 96 : 1
Available P (un./nn.) 54.4 -

Exchangeable K (1n./nn.) 74.0 -

Field capacity (% lagU3unng) 28.5 119
Permanent wilting point (% lasu3uns) 17.1 30.6
Water holding capacity (% lagu3uins) 11.4 88.3

2. arwiiwaamsliih waztBuanslindonds muanudosninivasiiy

et 4.9 wudnslihil ETc 15 wu. Sauivesnislihiian 3-5 Yu/ads
wazdUsinansllugag 113-10.1 uu/ade ETc 25 . fanudvesnislidiegluda 6-9
Yw/eds waediviununsli eglutg 22.6-23.9 u/as uaedl ETc 35 uu. Sanufivesnis
Tiwieftandeagludag 9-13 Su/asa uaziiuiinamsliivienageiian eglutag 31.7-33.8
31./As

AN5199 4.9 ANUDVBINISEUN LAz USUNINTLA

SEAU ETc UNIIAY UG fiunau LY NOEAIAN
anudvassisiin (Su/ass)

ETc 15 wy. 5 4 4

ETc 25 wy. 9 7 7

ETc 35 . 13 10 9 9 10

Vanahiily (uu./adq)

ETc 15 wy. 13.0 13.7 14.1 11.3 13.7
ETc 25 . 23.3 23.9 24.6 22.6 23.9
ETc 35 . 33.7 34.2 31.7 33.8 34.2

3. NIRYLAULA HER LATAMNITWHAKER
3.1 w3n sugyUiesaen
Mnmsieneidoyanut Bnnslidedivneiu (slilensssuuih way
nsltevnadin) Tadsnalinugs fuilu dndnuieiu wndrsfunsadn widsaals
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Wwidn 100 wén waznandndanuuanssiuegfided Ayt lnonislidenisssuy
Wdsalimindumiin 100 wan uarnandngendinislideniaiu
Audvasnsiihfisiulidwalianugeveminuansisiunisadin udidanal

'
a

Nuitlu dhondnustediu dmidn 100 wan uazHANARIAMNLANAN Ut E AR BINIg
A nenuiinisnisliid ETc 15 wu. daalfituily dimdnusiedy dndn 100 wén
LazHanAngaTian tnedanyindy 3.29 wu, 24.51 nfu, 218 n3u uay 2.17 du/ls awddy
wagnudnsliiminadian vie 7 ETc 35 uu. dwalviiuiily dwidnuisdiu davidn 100
\wan uaznawdnsifan Tnedawviifu 2.18 wa. 1641 n¥u, 156 n¥u uay 1.42 fu/ls
AUAAY

dumislataquivugaiulifinalianugaunnssiunisada usdssaldtuifly
thviinuadu vntn 100 whn waznanAnuana1sun1eadd Tnenslayeusninidemals
winituiily damiinuedu dvin 100 win wasnandngandinislilayeugninn Andy
23%, 19%, 19% uag 22% MUy (31971 4.10)

M19197 4.10 NavedIsn1slide anudvesnslyiul uazdanuiuusediu senugs wuily
ywidnuitssu Wi 100 wie wazkandnvewin wugguiUesaen

Wnsveaes  anuge  avllivuily UNRUNLLIA UTN 100  WAKAR

(w31.) (LA (N3Fu/f) whn (n30)  (@w/ls)
35n5lide

Y3TEUUTH 79.63 2.74 21.47 206 a 1.93 a
VIR 77.83 2.63 19.38 182 b 1.84 b
anudnislvith
ETc 15 uyl. 81.12 329 a 2451 a 218 a 217 a
ETc 25 w. 78.52 2.58b 2035 b 207 b 2.07b
ETc 35 uyl. 76.56 2.18 ¢ 16.41 c 156 c 1.42 c
YaauTuUIeRu
Tdyeugning 80.01 3.04 a 22.56 a 215 a 212 a
Lildyeuenin 77.45 2.33b 1829 b 173 b 1.66 b
% CV. 4.51 6.85 11.50 5.10 5.05

1 1 { L '3 % { 12 % o o 1 1 U aa { U 9 0'1 a
Aadslureduilnedfufinumeisneswiloutuliwandsiuneadfinseauaudatiu 95% 1ne3s DMRT

3.2 ug\laine

MnmsieTesinuh nslidemnsszuui uasneiu shlvuzidemadiany
a9 uazkananuaneatuogelitoddyBemnaada laenisTidennaszuu vinldusdo
wAlANEs wagnandnaandinstidenisiiu lnedanvindu 83.44 gy, uaz 7.64 fu/ls
MUAU wagAsAlRdovnaRudauvinty 6638 v uay 6.83 Au/ls muddy udlidanali
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1 ' [ [%
=] s

fuiily dhunuiedu wansafuneedi uasuenanimuiinisliemsszuui uasms
Fudwmaliriadeimindenadaunnatunsadn lnonislidemsssuuinhlvetmin
\ipsenadien 8233 niw/ua fennniiBnslidensiuiiiininededona 76.65 nfw/
M

nsbiduflern ETc 15, 25 uag 35 ww. fwaldituiily Sanuuansisiuegned
Todhdnynaadd taensliiil ETc 15 ua. shlviuily Sevgefian (3.58) Turnedinasliin
ETc 25 uaw ETc 35 uadanviiu 2.21 war1.38 aud1siu uenanissdwalidmiin
\desions warnananiiAuansstueeeiiteddryBemneadn Tnewuin nsliing ETc 15
uy. fenthwiiniadedena LazHaNARgsaninty 88.13 n3u/ma waz7.95 du/ls awdidy
sesaun fio 71 ETc 25 wy. dwaliiminiadesona uasnandnilen 83.32 n3u/na wav7.47
fu/ls muddu wazd ETc 35 uu. daaliiminiadesona uasnandnviiiu 67.01 n3u/
A haz6.33 fu/ls audieu asJN"Liﬁ’mmmﬂﬁﬁ“jﬁﬁmm?ﬁmﬁuwdqma‘lﬁmmga IGE
dnihuistuvewsdoma Sanuuanseifunieadn wiiwulduinnistidd ETc 15w,
v lviugomainug iy wazmTnuAasy gmdﬁmﬂﬁﬁ’]ﬁ ETc 25 1y, wag 35 yyl.
AUAINY
dunslafaquivugsiudamalininasyduladuanugs Audly dminuiedy

U
Wl

thwiiniedena uaznandn wnsstuegtedideddyBamneada Tnonislageugninadiulu
Audwmaliinrugs Aufily dudnusdu dwiniadesons uasnandnddganinislailays
uzwi Anndu 3.78%, 91.48%, 42.78%, 6.39% waz 27.97% muddiu vz AIsdlalldye
sgwimiianugaindu 73.04 su. ity 1.41 dmdnuisdu 12.5 nfu/sdu dindniadede
WA 79.49 N$1/HA UavHARAN 6.36 fiu/ls (197l 4.11)

AmaHARAANUTTIEMSe ludmaliiuTinuewdsfiazarsluth Usinanen
At Yintniadona uasdediduinaids wndatuneedn aonrdostfunisnaaes
94 Hebbar et al, 2004 F3n1slihlddsnaliadimavendeiiazarsluiyiuunsn
At Wedidudnaidefiinanuuasuandnatuneadi winvividnedena uag
Wesidusnalde (blossom end rot) dAuuanA19AUNIeEiA ETc 35 uy. JA1 blossom
end rot gefign 1.81% ETc 25w, Wihdy 1.30% ETc 15 ual. Wirdyu 1.23% uaznislasan
Usuusamulidssaliusinameaudsiiazandlui Ysinmnse enuuduile Anadedhiinug

naztlos S unaldsnanaaTunIeE@ds (15799 4.12)
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M19197 4.11 wavesIsmstide Anudveansvitn uavlagusulsedu searugs wunlu
Wntinuisdu dvinedesiens wasnandnvewslamanugnamnlnan

— GRRHER futiuiily  thvdnussdy  dwiinede/ma  wanda
99N1INANABY o o .
(g1.) (LAI) (n3/Au) (n3u) (nn./13)
35nlide
MUV 83.4a 2.2 14.4 82.3 2 7.6 2
M9FY 66.3b 1.91 12.56 76.6 b 6.83 b
auanslhin
ETc 15 3. 76.5 2.58 a 17.47 88.1 a 7.95 a
ETc 25 w3, 75.4 2.21b 11.83 83.3 a 7.47 a
ETc 35 w3, 73.9 1.38 b 11.12 67.0 b 6.33 b
YaauTuUIeRu
Tdyeusning 76.2a 2.70 a 17.77a 84.6 a 8.14 a
Laildyeuenin 73.4b 141 b 12.45b 79.5 b 6.36 b
CV (%) 2.97 43.9 42.26 8.3 10.47

1 . { o & @ { v o P o ' | o aaa @ { o a
Adglunadutifenfuinumesidnuswileuiuliunnmireiunsadinseduanudosiu 95% Tngis DMR

M13197 4.12 navedIsnside Anudveinisiitl waglanuiuuseiu donunnKanEs
ugWamaiuglaminlnas

PININUIY vowudeftazansluth  Usunaunse mwiJLLj:iumfa i mlaL?w (%)
(%) (%) (UR) UL VN
35n5lide
NITLUULN 3.85 0.55 22.34 146 221
NAY 4.2 0.49 23.2 1.45 2.14
Anudnslvhin
ETc 15 1. 4.11 0.51 25.69 1.23 b 2.19
ETc 25 1. 4.07 0.5 22.32 1.30 b 2.17
ETc 35 uu. 3.9 0.54 20.31 1.81 a 2.16
YaauTuUTeRu
Tdyeusning 3.81 0.53 20.43 1.43 2.13
Laildyeuenin 4.25 0.51 25.11 1.46 2.22
CV (%) 16.62 13.52 15.11 10.98 18.3

1 1 { L '3 % { 12 % o o 1 1 U aa { U 9 0'1 a
Aadslureduilnedfufinumeisneswiloutuliwandsiuneadfinseauaudatiu 95% 1ne3s DMRT

IINMTIATITeyan1saTAule warnshinandanslunsn uasuziama wudi
nsidemeszuuindanalvnin wasuzlomealinandnaininnsiidenieiu uazsduwildy
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Pnsaiydvlevemin uesnsdomaitnslidemsssuuidnivgduualduganiing
Tdennafu FamsefunInAanives Shedeed et al, (2009) wu3Isnstadesienu Tled
paviliiuily wasdwiinuias wansefunaadd wiluualdudinisTidennaszuuti
Tituiily uazdainuisdu degendinislvidenisiu Ssaenndosiunisinyines Bar
Yosef and Sagiv (1982); Hebbar et al. (2004); lbrahim (1992); Lara et al. (1996);
Locascio et al. (1997); mmolawa and Or (2000) WUﬁ’lmﬂﬁﬂstﬂﬁzuuﬁ’l Mlrusendn
{Jo uaziiunandnvosziomea uazann1sgadsts Badr et al. (2010) Anwinn3geldsng
0113 uaznanAnvepdomangl#iEn1s1Hy wagsesunslieluszuuluiiuiius
uds Tnemuinnistidemaszuuiin 100% dsualiduaunadedu anadetwiingg wands
wazUszansnwnnslidegsiian Weifsudunslidensiu 100% wagaslidennsiu 50%
LAZYINATZUUL 50% Hebbar et al. (2008) 9189w manAnvesugdamavoensli N, P
way K Tuszuuingandnisisuumiudunniiis 33% Midluszuvtmen wagnnslin
$0 uansliFiuhnmsliensssvuhidlifedinaasyiuln waenslinandngeninisly
Jovsiu iflesanmslitemsszuuihannsouiimslitgldnasnss Ssanisaydelsly
9ndu MlAfinUszansamnisldde (Malik et al, 1994) Tastamnz N uay K #inns
\ndouiilarluiu uazianisgaidsldine Aramini et al. (1995) wudndefinsifiunislie
N wae K Tuszuuthunnndt 75% vinlsinandsvesusidomaiiutu Hebbar et al. (2004)
srwnuhmslienisszuuihannisgasds NOSN wae K asdniuszdusn Tasnslide
yasEUUTY N, P uay K iduusslonidefivegluuiiiaiunsin (Shedeed et al, 2009)
Fadunslielussuuihisanansaannisgaudenislienisssuuihld Gardenas et al
(2005) Tsnuinsidennaszuuiviliinsgadedellanauludnsnis dldsude
Tnonsanfouiuih wasfinisnszanevestsaguinannani vilifvannsogaldels
0819flUs¥An3n10 Phene and Beale (1976) misliiluszuutveaundiy Sn1s¥nw
AuduogUsnaims Iy fivdsaunsogalitenlilusuiildfninislieneiu denals
nstTuLAulawaznsNaREngeN I

dunslatanuIuusaiuiilingn uasuzWamalinisaiaauln wagnisinandng
ninsladldvanuivuseadu Feannisiiensinuaniiniaainuiigeuzniraduian
Usudgsiuiaduedl uazninin wu msiuauannsolunisdinivesiu esandu
nsiudunIdingadlufu findn CEC Tufu anAnnunuiuvuesiu (Cresswell, 2006)
Thampan (1981) s1eswinislanisldyeusndnasiulufiu 2% vesimidnannsoiiy
amuanunsolumsgutihvesiu 40% fedunislagenzniniailinisaiydiuln wagnns
Tinandnvesuzdemaganimsldldgenendn faaenadostunisvaasdluadal osn
U fduiusseninenslatanuulgeiu uazanufiveanslii denandn uasUseansnm
nslhmesmin uazusBowma (3UTl 4.1 uar 4.2) Tasnuddeinisldgeusniasiuluiu
Tunnseduarudesnisiwesiia (ET) dswaliussaninmnisli uaswandn ganinlad
nsldyeugnin Tnsamedl ETc 35 uu. wionisliivisiigariilviseansamnisld
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Wiy 60.49% Fedewaliuandn Wfindu 64.519% wuty Seasdiulddnslvdming nied
ETc 35 1y, LLavﬁm'{la'ﬁusmW‘w%f’mwﬁﬂﬁﬂ5vaw%mwmﬂ%’ﬁwﬁLU@%L&?jusﬁmiLﬁwﬁumﬂﬂ’jn
nsldyauznirilussoiilsnd 4 £Tc 15 way 25 u. Iﬂawmm ETc 15 aia. Luaumﬂa%
sgniravhliuszansamnsldiuiindu 19.51% uasnandaiuty 19.48% uay 1/1 ETc 25
u. nslayeuzniviliuszansamansliinfiuty 12.79% wasnandaifiatu 11.76%
wardliifinslageusndnussavsnmnslii wasnandnuesdn wavusBemed ETc 35
ust. (I 9-13 Yw/ady) Teditan idesannnslidtlussunismanesd agliduilosesu
Uhinalufundesgesnit 50% vesanuannsolunisduiiveshu daudlndgauiie:
a3 Seilifwgaldiinlden wasdlefinisliidediluuinngs delvifisamedenin
foamsvasiiy uazsnwuTinauhliogsedusatsenu uianmiudufunsefiinisgu
# (11.4% Vol.) ﬁﬂﬁiﬁaﬁmﬂﬁﬁﬂué’mwﬁgﬁqLﬁ@ﬂﬁiquﬁaﬁﬁ%maaﬁﬂ Fa1nn1sAIuI
watlUBnAuntssezsn fisesu 80 wa. shlfanyTuasiidussleniluudnuensn
i worehlmAnnisgydesinomsluduinde Tnaewigsin N was K Afimsiedoude
¥ludu Seiliuszansnmnisldd Uszansamnislide uasuandnansiiag Santos et
al. (1997); Shedeed et al. (2009) 518971UANITLAADUTIVEY NOS G‘z’gjjuasujﬁ’uﬂ%mmﬁﬂuau
uaznaindouiveni drduidefnnsgydietnasin NO; fasdeuilufuiiogneing
Tuanedinislihdl E7c 15 . iAansTaruudlusedu 35 wu. 3dldfinisgadedouiilod
nsldyeuzniadufueiuanansalunissuiweshiudistudu 17.4% dsmalinislihi
ETc 35 wy. annsnanmsduasanvesiadluliiiu 40 ou. vl uasloidudselowide
flmndu annismeaesitsaguiddtlufuiidanuaninsalunisdune iefinsldye
sgwimadlulufuannsovilviiuinnuanmsalumsduduiindy wagannsagaduiilily
Uinnmasniidldunundiund fdunmsldgeusndnasivlufuannsoananuivesnisle
ihuanin wazuzdomdldain 3-0 Ju 1fu 0-13 fu Tnelinsenuseyszansaimnisldd
UsednSnmnislile uasnandnuesnsn wasusilome
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2.5

2.0 A

Yield (ton/rai)

1

1.

.0

-4 \WWith soil amendment

————— = Without soil amendment

}

T T T T T
15 mm. 25 mm. 35 mm.

Water application frequency (ETc)

UM 4.1 navesnslaianusuuseiu renandnvenin
MUGWe : | = standard deviate

Yield (ton/rai)

15 -
14
13 ]
12
11
10 -]
9]
s
7

5]
4
3

—&— With soil amendment
~m Without soil amendment

it
e
-

T T T T T
15 mm. 25 mm. 35 mm.

Water application frequency (ETc)

JUN 4.2 navesnsldianusuuseiu renandnveusieina
MBI : | = standard deviate
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4. UszAvsnwnisTldh UszAnsniwnisldle uazanududurassig
awnslulu

4.1 W3n

21nNsIAsIEEnudt n1slidenisszuud wagnnafu sinldngnd
Uspavsnwnsli wazUsednsnmnistade N, P uay K uanaeiuegaditudfynieata
Tnemuhmslitensszuuihdsmalininiussannmnslith uasdssavsamnisléle N,
P uay K aandnishidenishiu

nslididledr ETc 15, 25 uay 35 wu. fwavhliuszAndamnisli ua

1%

UszdnSamnislade N, P uazk dauuansisiuegiesitedidgygmieads Inenislvin

7
ETC 15 13, vhldn3ndiuseansnmnisli wasUsedniamnsléle N, P uay K gefian
TnefiaUseansninanslddusintu 3.90 an/aua. wazdseansamnslide N, P uag K
whitu 3.7, 135 uag 15.0 nn/nn. Jo musiu sesasnite sl ETc 25 uu. Taedian
UsgAvsninnsléiniiiu 372 nn/ava. wasdseansamnsléle N, P uag K wiifu
3.58, 129 waw 14.3 nn./nn. 18 nuddu wagnsliing ETc 35 uu. yilvndniiuszansnm
sl wagUszAnBamnisldde N, P ua K diflan Tnedddsednamnisldiuiy
2.57 nn/av. wavdsednsamnmsidde N, P uag K iy 2.46, 88 war 9.85 nn./nn. U
AUERY
dunslataguiuussiudmaliuszavsnmnisli uasussansnwnisléle N, P
war K dfanuuenaduedisidedidndomneai Tnenisldigeuznirivilining
UsgAnsninnsliin wazdseansamnisléle N, P uas K gendinisldldyeusndn lae
wuhnslayeugnirvilinindussansnmmslddsinty 3.81 nn/aua. wazdsyansnm
nslide N, P uag K ity 3.66, 132 waz 14.6 nn./nn.de muddu TuvngAasiliing
Tdpugniniidussansnmnisliiuingu 2.99 nn/aua. wasUszavsnimnsléle N, P

uay K Wiy 2.88, 103 uag 11.5 nn./nn. g muadiu (msedi 4.13)



M13197 4.13 Havesionsile Anudvesn1siiin wavianusulaRu deusesdnaninng
19 wagUsgansninnisidleveminiudyuivaseen

_ WUE FUE (nn./nn. Je)
I/N1INNABDN
(hn./au.a.) N P K
35n5lide
Y3TEULTH 3.43 a 336a  120a 13.4 a
N19FUY 331D 3.18 b 114 b 127b
anudnislvith
ETc 15 w. 390 a 377 a 135 a 150 a
ETc 25 w. 372b 358 b 129 b 14.3 b
ETc 35 w. 257 ¢ 2.46 C 88.0 9.85 c
YaauFuUIeRu
Tdyeugning 381 a 3.66 a 132 a 14.6 a
Lafldyensnin 2.99 b 2.88 b 103 b 11.5b
CV (%) 5.08 5.08 5.05 5.05

1 . { Y o A v YY) & ) ' | @ aaa o { O A
Aadslureduilnedfufinumeisneswiloutuldwanaistunisainnsesuaudiaiu 95% 1ne3s DMRT
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--4&-- With soil amendment
4.5 — ---m--- Without soil amendment
404 & I,
—3s54 - : ; A
E
S ]
=
— 3.0+
[&]
[ - -
Q0
O 254
9=
[} i
(b}
B 204
§ ]
©
= 1.5
1.0 H
T ' I T T
15 mm. 25 mm. 35 mm.
Water application frequency (ETc)

UM 4.3 navesnslaianusuusedu reussansnmnisliduiveansn
MBI : | = standard deviation

4.2 ULLIBINA
Bnsidednaliussangaimnigla U zAnsnmnslede wavyUSunn

o w

Aduduves P uag K ulufienunnsnsiuegnatdodndnyBonnsedia wazusununnuidudy
vs N Tuly Sdwansnsfuegefideddynisads lnsdsnislidenessuudiiien
UsyAvEnmnsliin Usedvsnmnislile Wanumnmdudures N, P uay K S1gendins
TiJonaiu Tneuszavsamnisldihiian 13.8 nn/aua. YszAnsnmnisldde N, P uaz K
wiriu 319 an./nn. N, 1915 An/AN. P wag 638 nn./nn. K kazd3unannuiduduuessis
o1nslulu N, P ua K fiAn 4.18 %, 0.26 %uay 3.46 % awandu dussuilionisiud
AdszAvsnmnslih 12.3 nn./au.a. UssAvBawldde N, P uag K wihtu 285 nn/nn. N,
1711 nn./nN. P wag570 nn./nn. K dwannududuued N, P uag K lulu dd1 3.81%, 0.19%
LAy 2.82% muEIFU (A5197 4.14)

nslsinidledn ETc 15, 25 uay 35 uu. dswaliuszansninnsli UssAndam
nsl#s arundudures P luluvesugidomaunnsinsiuegnaiifodfyBmeada wazany
Waduwes N luluwansnsfuegnaditoddymeadn Tnenwuimsldig ETc 15 wu. demasie
UsyAvsnmnsliin Usedvsnmnislile uasmnududues P Wlugedian Tnefiauvindy
14.29 nn./avl. wagdszdnSamnislade N, P uag K widu 331 nn./nn. N, 1987 an./an.
P wag 662 NN./NN. K auddu anudutdueed P ouag N Tuluiid 0.25% way 4.15%



aq

addy F09R3Ae ETC 25 wi. UszAvSnmnislih 13.49 nn/au.a. Ussdndamnnsld
Jg N, P uag K wihiu 311 an/nn. N, 1867 An./nn. P wag 623 An./nn. K A1uainu A
uduves P uag N Tulu 61 0.23% wag 4.21% mwuddu wagdl ETc 35 wuu. wui
UsyAvEnmnsldin 11.47 nn/aua. YssAndnwnisldde N, P uazk wirfu 264 nn./nn,
N, 1584 nn./nn. P wag 528 nn./nn. K wazadusduduwes P wag N Tuluiidn 0.20% uag
3.62% FAEU (1191971 4.10) wagnuinslWnd ETc 15, 25 uax 35 ual. laddsualianny
Wutuvae K Tuluuand1aiunieada lneanududuves K Tululien 3.31%, 3.21% uag
2.89% MRV

nsldvanusuugsiuiliiseansamnisldh Yseansamnisldde unneeiu
ogailifoddnyBevneadin Taonsldeusndnadlufudussansnmnslid wasdegani
nslailagouendn FafaUseAnsainnslih 14.69 nn/ava. uaz11.48 nn/av..
PEIU (1319 18) uenandldssaliuiinamnmdudures P fen 0.23% Fegendinasl
Tageauznsn agnlshmunislayeuzndnldvilianududuves N waz K luluwansngain
nslallduuznirinislidnd £Tc 35 uu.

M13197 4.14 favesionsivide Anudvesnsiin wavianusulaRu deusesdvaninng
T Ysgansninnslede wazUsunasineimsiuluvesusome

WUE FUE Ysuausinemsiuly
WNINAADY (nn./nn.Je) (%)
(nn./av.a.) :
P K N P K

35n5lide
M'lﬁ'izuuﬁﬂ 138 a 319a 1915a 638a 4.18a 026a 3.46a
N9FUY 123 b 285b 1711b 570b 3.81lb 0.20b  282b
audnslvith
ETc 15 u. 143 a 331a 1987a 662a 4.1b5a 0.25a 3.31
ETc 25 u. 134 a 311a 1867a 623a 42la 0.23b 3.21
ETc 35 u. 114b 26db 1584b 528b 3.62b 0.20c 2.89

YaauTuUsau
Tdyeuening l46a  339a 2036a 678a 408 023  3.17
Laildyeuenin 114b  265b 159b 530b 39  02lb 311
CV (%) 10.45 10.46 10.47 1047 14.17 14.08 9.11

1 1 { L '3 % { 12 % o o 1 1 U aa { U 9 0'1 a
Aadslureduilnedfufinumeisneswiloutuliwandsiuneadfinseauaudatiu 95% 1ne3s DMRT
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---4-- \With soil amendment
--m--- Without soil amendment
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12 - | L

©
1
i

Water use efficiency (kg/m’)

T v T T T J
15 mm. 25 mm. 35 mm.

Water application frequency (ETc)

UM 4.4 navesnslaianusuusedu Aeussansnmnislduivesusiome
MUBLAe : | = standard deviation

31NA5ANINTINUNITANYIVEY Hebbar et al. (2004); Shedeed et al. (2009);
Vasane et al. (1996) FsnuinUSuianis uptake, recovery (%) %aﬁﬁﬂﬁgaﬁﬁﬂiiuau GH
UsyAvEnmnslitevessndemalunslionsssuuirdanganinislidomanudi
Fesvuuimemniioutu Hebbar et al. (2004) nuarandudures N, P uaz K Tuly
undomaluifuilidensssuuifidigendinislidenisiu Inenslidemessuui
Joatunisagids NO; 31nUSIMLUATIA (Li et al., 2004; Shedeed et al., 2009) Ben-Gal
et al. (2003) Meeuhnsuislidenoanedanisszuui luanuidudus udlivosnds
anunsaiiumsiedeuiivesrloaniesaludu uaziiunsgelivieans Savesiiy uazyinlvinandn
ity v flansasnsladereanesaluiu vlfauyssansamnislideganiinasl
Jen1anu

waznmsAnyInaTesauaveIn sl nudinslidsinedian viedl ETc 35 uu.
ylsuszavsnmnislih Usedvsnmmslievemin uasusidewma ditan deldnanily
udrithundwendudnifunhsindie Sailiilussdunniisdiedien uaveramiony
Tndyaiienomsfiniageliihaniuldoin Ssdinadeussansamnislah wasies i1l
nanAnanas Nuruddin et al. (2003) Anwinavesnrana3saaInnsvIainveszdoIma
lugasnseanaen (il 65% vesaufuvsslenivesiluiu) Weusuilminfuiiae
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100% field capacity WUITNANARTDIULLUDINAAAAININNGT 50% WazUszansninnisigun
8na3 56%

5. AMANUAYRIAUNEINITNARDY
5.1 ARUENUANIINIENTN
nslilemnsszuut waznnslitenisiu lidwalian n1sduihvesiu

(permability), AINuWwILLuRY (bulk density) waziUesidudusumsiriinedlldle
(ptant Available water content) (%) Ya3RukANANTUN1EER (115197 4.15) TaedA1nIs
Fuhwoshiu Ay wesesidudusinanidiie gl Sawiiu 64.69 wu./
W, 1.23 NF0/aU.90. waz15.06 (%) MuaIfu mmﬁﬂﬂﬂmqammummmwmmamu
61.69 ual./Aa. AuVUILLLAY 1.18 nu/avau. warUSuasindiieiluldle 13.93 %
AUAPU

nslidhil ETc 15, 25 way ETc 35 . lddenalinnsfudiwesiv aumuiwiuiu
Wosiudusumsin i UlEle unnseiumeadn (nsieit 4.15)

nsldvanuiulgshudsaaliinnisfuiweshu, aumuutuiu uas%uiuiasti
ot WL feunndnaiuogadiddgdemnsaia (5197 4.15) nenuildyeuznin
asaiuAnsfuivesiuldidu 2 wh Tnedfiuann 40.58 wu. /v, Hu 85.79 uu./au.
LAYAAATUILLLLYRIAY A0 1.44 n§u/av.au. 1u 0.97 n§u/aU.ou. wavaIusaLfiua
USanmsthiie U9l an 11.6% Hu 17.39 % Fs91ngui 4.5 LLamU%mmﬁwﬁﬁa&ﬂuau
dleldusefeingg Favseuiiouludnfuiilayenzniin uaylildysusninn nuiisgduany
W viFespiuussRefiviudmaliusinasiiluiiu %vol) Tudufiinnsldyouzniniiaigs
nifilafldveuendn wansiinsldgeusndnadufuannsnifiuaruaiuisalunisgaduii
maqau‘lﬁqﬁuﬁ



ar

M13197 4.15 navedisnside anudvesnisivitn waglanusuusenu renuaudfnienim
VDIRUNAWGNNTN UazulTome

4
o

= g a 1 a d'd 47
NMIFUAY  AnuvuulLAY  dhinvanansagalUldla

R GEN -
(uu./va.)  (n3u/av.u.) (% agU3uns)
35n5lide
MU 64.69 1.23 15.06
195U 61.69 1.18 13.93
anuanslvin
ETc 15 wy. 70.74 1.16 14.89
ETc 25 wy. 70.57 1.26 14.46
ETc 35 . 48.26 1.20 14.13
YaauFuUTeRu
Tdyeugning 85.79 a 0.97b 17.39 a
Ladldyenenin 40.58 b 1.44 a 11.60 b
CV (%) 16.62 9.12 32.83

1 . { Y o A v YY) & ) ' ' o aaa o { O A
Aadslureduilnedfufinumeisneswiloutuliwanaistunisainnsssuaudiaiu 95% Ine3s DMRT

Water content (Vol%)
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Extraction pressure (kPa)

UM 4.5 navesnslaianusuuseusdeysunani Welinnsldusaduisieiu
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5.2 AnuaNUANIaLAll

Bslipdamaliraudunse-es ruiu (EQ) Viinaumeanledaidu
Uselewd (available P) USualnunaidou wazwraideudivaniUdeuld (exchangeable
K.Ca) danuunneeiun1eadia walddanaliuTuiasuniding (%0OM) uanaeiunieada
(M15197 4.16)

sl laivialeren pH, EC, %OM, exchangeable K Way exchangeable Ca
WANFNAUNNEDR LANUIIAT available P dAMULANANAUNISATRA Tae Etc 35 U, fA
available P‘luauqqﬁ'qﬂ (18.30 un./nn.) $04a331 Aefl Etc 25 33, (10.40 un./nn.) uag
ETc 15 uy. (10.40 1n./nn.) (1151991 4.16)

Tanusuugeaulivinlvian EC pH va3fu wane13iun19ads widsnaliien organic
matter, available P, exchangeable K Wag exchangeable Ca UansinaiuagNLTuEIAY NI
atd lnensldyeugningen %OM, available P, exchangeable K uag exchangeable Ca
Wiy 1.55%, 10.38 un./nn., 74.26 14n./nn. wag 813.7 un./nn. arudinulagnisldye
NgW31vI AT %OM, exchangeable K lag exchangeable Ca Lﬁuqaﬁu%ﬁﬂﬁﬂ§Uﬂ3U@m
onLiu available P AluAudilsifinislayeuznin (15.58 un/nn. ) danganitlusisudilaldye
NzW312 (15.58 un./nn.)

M13197 4.16 HavesIanTile AudvesnIsiin wavianuiulianu dernaaudmniuadl
YDIRUNAIUGNNTN UazuzLlaine

EC oM P K Ca

FonN1sneang pH o .
(ulas@uwd/a) (%) (uu/nn)  (uu/nn)  (as/nn.)
35n5lide

‘Vl’N’izUUijjﬂ 6.26a 55.06b 1.23 9.77b 57.57b 723.2b
NIHUY 5.93b 68.04a 1.02 16.1%a 71.84a 829.2a
a3l
ETc 15 ua. 6.14 57.59 1.09 10.19b 60.73 733.4
ETc 25 w. 6.19 67.10 121 1040b  69.44 777.1
ETc 35 ua. 597 59.95 1.08 18.34a 63.94 818.1
YaauTuUIeRu
Tdpnzndn 6.00 62.91 1552 1038b  7426a  813.7a
Ldldyeuenin 6.19 60.19 0.71b  1558a  55.14b  738.2b
CV (%) 4.3 22.38 40.75 33.74 41.17 9.11

1 1 { L '3 % { 12 % o o 1 1 U aa { U 9 0'1 a
Aadslureduilnedfufinumeisneswiloutuliwandsiunsadfinseauaudatiu 95% 1ne3s DMRT
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unil 5
dyUnan1InNnasy

nmsAnwransliihuuusenda Jenisszuuih wagaguiuugaau denande
uazAuA MmN uaztzidemalufusiunse aunsoaguldead

1) nsliimenldianu wazvuihu dmaliusyansamnislai nsieSaiivie
warn1sinandnvensn wasuziawmealiiinnuuandediuni1eada  wazlulinasons
LﬂﬁauLLUaa@mmwwawam

2) yeuzninidutaniivazaviianlunslidutaguivsdudodiousu i
wnau wartiaos iosnndwaliszansamsléth msasaiivla mslinandnvensn
uazszdome uavanauiimaaivosiuifian was Tasaueinliinalunisddsuuas
AMANNANER

3) msld warldlddoslunedlsdn dmaliuszavsammsidi msesaduln was
nslvnandnvemdn uazuzdomaliinrmuandneiunsada uazlifinadenaiudsunlag
AMNNHANARINTN UazNzLToLmneA

0) msliieveszuuih Mlfusdomaivssansnmnsldi vssansnmnislide
nstaTeAule uaznsnananveInsn wazuzeinaginINsilenisiau nshidens
szuuth uarmsduliifnaioniaudsunasmmuamussrandanin warusdowme

5) mslihfiausosmsthuesits (ETc) 15 wag 25 fadiuns silinin wazuzde
wafiuszansnwnslih Yssavsnmnsldde maaiaiuln weznslinandnvesuzde
wiagandnisTiindl ETc 35 fadiuns n1sliiusaganudesnsvesiiglddnadenmnim
HANAANTN hazuziawme

6) msldengnimadlufvannsadiiuauanansolunisduiivesi ifiunisduh
fu uazanAuIuLLTesiy wavilfnsesyiule Ussansnmnisldi Jssansam
n15ldde wagn1slinandnveansn wasuzilomaiarganinisidldveusning nslddan
YFulganuluiinadonaunmaasmin wasuslama

7) nuUfAsenduiusvesenuiiveanslin wagnslageuznin teewuindesing
Taysugndnaduiuanansoanaruivesnistihld (9-13 fu) Teglinsznusonislinanae
WAZAMAINYDINGN LazUBUBINe



50

LONE159199 4

s fifu. (2527). gilardmthilvessy arufiesduAunianzJusanideanile.
drtinauariyng. naiaLniiau. ngamm.

NoIlABUINTT. (2535). AMAMNSLABUINITVRIBIMISINE. NTUBWNLTY NTENTWEAITITUA.
159UHDIANIIIMTHIUAN. NTUVNUMIUAT

nguIdeinuasiadl. (2551). AdadsAwAs1znay. dunideiauitadenisudnnianis
NEAT. NTNIVINITNYAT. NTENTIUNNYAT LazannTal

Tassn1sdadaaioteresufuiinisnisiinsizdiunasfiv.(2546). gliasuinsgiu
d1USUN1TIATIZRAULATY.

Fian viesesu, Inen deana, ud 35597 waedvSquus Tunfia. (2505). NTEBNLULLAS
walulaBnsliuifis. 11sansievnisinenas. 4708.

3R Trunou. (2540). maluladszuutin. nsansiAnnIainYRg. 21: 157-165.

Fawwa saawygy. (2549). nsldtnvasiia. lanansusznaunisusIsIendngnanisUiulge
sTuUMSEANTAUN YA STAU SN L. ﬂﬁjmm%’amﬂ%’ﬁwaﬂszmu. dinann
e uazuivsih

$199 LATBYUNA. (2551). WIN. YIUNUNBINITAUA. NTUNN-.

UFweyn Sallsssuded. (2551).n15Uanuazuengwugnin AYiATegnasafounseasiadu
a1, ddnasinesnesn. ngaunne.

Jog Aansn. (2538). nsludeniassuuradseniu. wann1s wazisnaslddeiad.
AAIPIUFAINGT AUBINEAT UNINSIRENWATAIENT. NTUNN. N 273-276.

W358 nedilee. (2545). maﬂ%’uﬂgaaulﬁﬂumﬂﬂmqLﬁaﬂqmmmqﬂ. NM5UsEYUIVINTG
VoI AINEFBINUNTAERST ATe 37,

uA3 hgﬂsg. (2538). ¥ANN1ITVAUTENIULUUNEA. A1ATYNIAINTTUVAUTENIUY ANY
AINTTUANAAT UNINGITELNYATAEAT. NTHNNL,L

gty puINFANUG, WT udlissa, wisdld waddey wavesal gizllew. (2551). Wisuiigy
nsld¥aquinuseiu 3 viin TuulasanSaiiofiunandadvouusalufiufifuiy
leou-laul. 1aa1n. www.ldd.go.th/Lddwebsite/web_ord/.../R4203A124.pdf.

gagNs laanani.(2546). §191MNTNY. NMAIYUFININGT. ANLINYATUMNINGIRLLNYAT
A1ENT. NTINN. 424 wiln.

dnuLATEENINITINYAT. (2553). %agaﬁugwmwgﬁamnnws U 2553. d11n
LATYEAINITINYAT. NTENTANYAT Wazannsol. lenansadfiavil 416,



51

anBauns dunia. (2544). n1sugnivyludanlan. LENA15UTENBUAITUTTENENITANNUING
gnsn1saAn1ssIne nIsnegieladiisefu. naTuiUgiinen ams
walulagnisineens anrtumalulagnszasunaigummsaianseds.

Budauns tunAa. (2550). msliteluszuuth. wnansUsznaunsusIBIEMIENNUINAYNS
nsdan1ssaneIvsivgeldfidsdu. aadvugianet auzimaluladnisinuas
an1du walulagnszavunainummsaiansed.

Abd-el-Malek, Y., Monib, M., Hosny, I. and Girgis, S.A. (1979). Effect of organic matter
supplementation on nitrogen transformations in soils. I. Chemical and
bacteriological changes. Zentralbl Bakteriol Naturwiss. 134 : 209-216.

Abdulrasoul, M.A., Harbi, A. R., Mahmoud, A., Nadeem, M. and Ali, A.E. (2010). Impact
of irrigation water quality, irrigation rates and soil amendments on tomato
production in sandy calcareous soil. Turk J Agric. 34 : 59-73.

Allaire, S.E., Caron, J., Menard, C. and Dorais, M. (2005). Potential replacements for
rockwool as growing substrate for greenhouse tomato. Can. J. Soil Sci. 85 : 67-
74,

Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. (1998). Crop evapotranspiration.
Guidelines for computing crop water requirements. FAO. Rome.

Allison, F.E. and Anderson, M.S. (1951). The use of sawdust for mulches and soil
improvement. Washington (DC): USDA Agricultural Research Administration.
Circular. 891.p 1-19.

Allison, F.E. and Clover, R.G. (1959). Rates of decomposition of shortleaf pine sawdust
in soil at various levels of nitrogen and lime. Soil Sci. 89: 194-201.

Allison, F.E. (1973). Soil organic matter and its role in crop production. New York
(NY) : Elsevier Scientific.

Al-Omran, A.M., Sheta, A.S., Falatah , A.M. and Al-Harbi, A.R. (2005). Effect of drip
irrigation on squash (Cucurbita pepo) yield and water use efficiency in sandy
calcareous soils amended with clay deposits. Agric Water Manage. 73 : 43-55.

Aramini, G., Catania, F., Colloca, L., Oppedisano, R. and Paone, R. (1995). Fertilizer
trial on tomatoes for fresh consumption. Colture-Protette. 24 : 83-86.

Armson, KA. and Sandreika, V. (1974). Forest tree soil management and related
practices. Toronto (Ontario): Ontario Ministry of Natural Resources, Public
Service Center.179 p.

Ayars, J.E., Phen, R.B., Hutmacher, K.R., Davis, R.A., Schoneman, S.S., Vail and Mead.,
R.M. (1999). Subsurface drip irrigation of row crops: a review of 15 years of
reswarch at the Water Management Research Laboratory. Agric Water
Manage. 42: 1-27.



52

Badr, M.A., Abou Hussein, S.D. and El-Tohamy, W.A. (2010). Nutrien uptake and yield
of tomato under various method of fertilizer application and levels of
fertigation in arid lands. Gesunde Pflanzen. J. 62 : 11-19.

Bar-Yosef, B. (1977). Trickle irrigation and fertilization of tomatoes in sand dunes: water, N
and P distribution in the soil and uptake by plants. Agron. J. 69 : 486-491.
Bar-Yosef, B. and Sagiv, B. (1982). Response of tomatoes to N and water applied via a

trickle irrigation system. I. Nitrogen. Agron. J. 74 : 633-639.

Beardsell, D.V., Nichols, D.C. and Jones, D.L. (1979). Physical properties of nursery
potting mixes. Sci. Hort. 11 : 1-8.

Ben-Asher, J. and Phene, C.J. (1993). The effect of surface drip irrigation on soil water
reging, evaporation and transpiration. In: Proceedings, 6" International
Conference on Irrigation, Tel-Aviv, Israel, 1993. 35-42.

Ben-Gal, A. and Dudley, M. L. (2003). Phosphorus availability under continuous point
source irrigation. Soil. Soc. Am. J. 67 : 1449-1456.

Black, C.A. (1965). Method of soil analysis In: the series Agronomy American Society
of Agronomy Inc, Medison, Wisconsin, USA.

Bodman, K. and Sharman, K.V. (1993). Container media management. Queensland
Department of Primary Industries. Cleveland.

Bollen, W.B. (1969). Properties of tree barks in relation to their agricultural utilization.
Portland (Or): USDA Forest Service, Pacific Northwest Forest and Range
Experiment Station. Research Paper PNW-77. 36.

Boyhan, G., Granberry, Darbie and Kelley, T. (2001). Onion production guide, Bulletin
1198. College of Agricultural and Environmental Sciences, University of
Georgia, p. 56.

Bray, R.H. and Kurtz, L.T. (1945). Determination of total organic and available forms of
phosphorus in soil. Soil Sci. 59 : 39-45.

Burt, C., Connor, K. and Ruehr, T. (1998). Fertigation. The irrigation training and
research center. California Polytechnic State University (Cal Poly).

Christopher, T.B.S. (1996). Stabilizing effect of organic matter [On-line]. Available:
http://www.agri.upm.edu.my/chris/as/om_stable.html

Cogger, C. (2005). Home gardener’s guide to soila and fertilizers. Pullman (WA):
Washington State. University[Online].Available:
http://www.ci.olympia.Wa.Us//media/Files/PublicWorks/PDFs/WaterResources/
Guideto Soils-and-Fertilizers.ashx (accessed 1 Dec 2009).

Cresswell, D.C. (2006). Coir dust-a viable alternative to peat. Biological and Chemical
Research Institute. 25 : 5-11.



53

Davey, C.B. (1965). Functions and management of organic matter in forest nursery
soil. In: Leaf AL, editor. Proceedings nursery soil improvement sessions;
1965 Jan 25-28; Syracuse, New York. Syracuse (NY): State University College of
Forestry at Syracuse University, Department of Silviculture.

Delfine, S., A. Alvino., F. Loreto., M. Centritto and G. Santarelli. (2000). Effect of water
stress on the yield and photosynthesis of field-grown sweet pepper (Capsicum
annuum L.). Acta Hort. 537 : 223-229.

Dorais, M., Caron, J. and Begin, G. (2005). Equipment performance for determining
water needs of tomato plants grown in sawdust based substrates and
rockwool. Acta Hort. (ISHS). 691 : 293-304.

Drost, D. and Koenig, R. (2001). Improving onion productivity and N use efficiency with a
polymer coated nitrogen source. In: Presented at the Westerm Management
Conference, Salt Lake City, UV March. 8-9.

Enciso- Medina, J., B.L. Unruh, J.C. Henggeler and W.L. Multer. (2002). Effect of row
pattern an spacing on water use efficiency for subsurface drip irrigation cotton.
Transactions of the ASAE, 45 : 1397-1404.

Favaro, J.C., Buyatti, M.A. and Acosta, M.R. (2002). Evaluation of sawdust-based
substrates for the production of seedings. Investigation Agraria production
vegetables, 17 : 367-373.

Fog, K. (1988). The effect of added nitrogen on the rate of decomposition of organic
matter. Biolog. Rev. Camb. Philos. Soc. 63 : 433-462

Gardenas, A., Hopmans, J.W., Hanson, B.R. and Simunek, J. (2005). Two dimensional
modeling of nitrate leaching for difference fertigation strategies under micro-
irrigation. Agric Water Manage 74 : 219-249.

Glennie, D.W. and Mc carthy, J.L. (1962). Chemistry of lignin. In libby, C.E. (ed). Pulp
and paper science and technology. New York: Megraw-Hill Book company,
Inc, DP. 82-107.

Gumi, N. (2001). Toresa and other wood fiber products: advantages and drawbacks
and drawbacks when used in growing media. In Proc. Int. Peat Symposium,
Peat in Horticulture, Peat and it’s alternative in growing media (G. Schilewski,
ed.). Dutch National committee, International Peat Society, pp. 39-44.

Handreck, K.A. (1991). Nitrogen drawdown key to optimum growth. Austral. Hort.
89b: 38-43
Handreck, K.A. (1993). Use of the nitrogen drawdown index to predict fertilizer

nitrogen requirements in soilless potting media. Commun. Soil Sci. Plant anal.
24 : 2137-2151.



54

Hanson, B.R., Simunek, J. and Hoppmans, J.W. (2006) Evaluation of urea-ammonium-
nitrate fertigation with drip irrigation using numerical modeling. Agric Water
Manage. 86 : 102-113.

Hartz, T.K., M. LeStrange, and May, D.M. (1993). Nitrogen requirements of drip-irrigated
pepper. Hort Science. 28 : 1097-1099

Hebbar, S.S., Ramachandrappa, B.K., Nanjappa, H.V. and Prabhakar, M. (2004). Studies
on NPK drip fertigation in field grown tomato (Lycopersicon esculentum Mill.).
J. Europ Agronomy. 21 : 117-127.

Howell, T.A., Schneider, A.D. and Evett, S.R. (1997). Subsurface and surface micro
irrigation of corn: Sourthern high plains. Trans. ASAE. 40 : 6336-641.

lbrahim, A. (1992). Fertilization and irrigation management for tomato production
under arid conditions. Egyptian J. Soil Sci. 32 : 81-96.

Jacobs, D.F., Rose, R., Haase, D.L. and Morgan, P.D. (2003). Influence of nursery soil
amendments on water relations, root architectural development, and field
performance of Douglas-fir transplants. New Forests. 26 : 263-277.

Jones, J. B. (2001). Laboratory guide for conducting soil tests and plant analysis. CRC
Press LLC, Boca Raton, Florida.

Jones, J. B. (2008). Tomato plant culture: in the field, greenhouse, and home
garden. printed in the United States of America on acid-free paper.

Karimi, M. (2012). Effect of difference water level and plastic mulch on yield and
water use efficiency of tomato in surface and subsurface drip irrigation
methods. Agric Scien. J. 1 : 1-5.

Kirda, C., Cetin, M., Dasgan, Y., Topcu, S., Kaman, H., Ekici, B., Derici, M.R. and
Ozguven, A.l. (2004). Yield response of greenhouse grown tomato to partial
root drying and conventional deficit irrigation. Agric Water Manage. 69 : 191-
201

Lal, R. and Unger. (2002). Soil temperature, Soil moisture and maize yield from
mulched and unmulched tropical soils. Plant and Soil. 40: 129-143.

Lamm, F.R. and Trooien, T.P. (2003). Subsurface drip irrigation for corn productivity: a
review of 10 years of research in Kansas. Irrig. Sci. (22) : 195-200.

Lara, D., Adjanohoun, A. and Ruiz, J. (1996). Response of tomatoes sown in the non-
optimal season to fertigation on a compacted red ferralitic soil. Cultivar
Tropicales 17 : 8-9.

Li, J., Zhang, J. and Rao, M. (2004). Wetting paterns and nitrogen distributions as
affected by fertigation strategies from a surface point source. Agric Water
Manage. 67 : 89-104.



55

Lindsay, W.L., and Norvell, W.A. (1978). Development of a DTPA soil test for zinc,
manganese and copper. Soil Sci. Soc. Amer. J. 42 : 421-428.

Locascio, S.J., Nettles, V.F. and Neller, J.R. (1961). The effect of sawdust incorporation
in a soil on growth of irish potatoes and sweet corn. Florida Agriculture
Experiment Station Journal. 1343 : 197-201

Locascio, S.J., Hochmuth, G., Rhoads, F.M., Olson, S.M., Smajstrla, A.G. and Hanlon,
E.A. (1997). Nitrogen and potassium application scheduling effect on drip-
irrigated tomato yield and leaf tissue analysis. J. Hort. Sci. 32 : 230-235.

Locascio, S.J. (2005). Management of irrigation for vegetables: past, present, and
future. HortTechnology. 15 : 477-481

Locascio, S.J. (2012). Fertigation in Micro-irrigated Horticultural Crops: Vegetables.
Horticultural Sciences.146-155.

Machado, R.M.A., Rosario, M., Oliveira, G. and Portas, C.A.M. (2003). Tomato root
distribution, yield and fruit quality under subsurface drip irrigation. Plant and
Soil. 255. 333-341.

Maged A. E. (2006). Effect of mulch types on soil environmental conditions and their
effect on the growth and yield of cucumber plants. J. Applied Sciences
Research. 2(2) : 67-73.

Malik, R.S., Kumar, K. and Bhandari, A.R.(1994) Effect of urea application through drip
irrigation system on nitrate distribution in loamy sand soils and pea yield. J.
Indian Soc. Soil Sci. 42 : 6-10.

Mata V. H., Nunez, R .E. and Sanches, P. (2002). Soil temperature and soil moisture in
Serrano pepper (Capsicum annuum L.) With fertication and mulching.
Proceeding of the 16th International Pepper Conterence Tompico,
Tamaulipas, Mexico, November 10-12.

Meerow, A.W. (1994). Growth of two sub-tropical ornamental plants using coir
(coconut mesocarp pith) as a peat substitute. Hort. Sci. 29 : 1484-1486.
Michael, B. T. and Mervyn, I. S. (1998). A review of Factors Influencing Organic Matter
Decomposition and Nitrogen Immobilization in Container Media. Combined

Proceedings International Plant Propagators’ Society. 48, 1998.

Miguel, A. and Fracisco, M. (2007). Reponse of tomato plants to deficit irrigation under
surface or subsurface drip irrigation. Journal of applied horticulture 9 : 97-
100.

Mmolawa, K. B., and D. Or, (2000). Root zone solute dynamics under drip irrigation: A
review. Plant and Soil. 222:161-189.



56

Mtambanengwe, F. and Kirchmann, H. (1995). Litter from a tropical savanna woodland
(miombo): Chemical composition and C and N mineralization. Soil Biol.
Biochem. 27 : 1639-1651.

Nuruddin, M.M., C.A. Madramootoo and G.T. Dodds, (2003). Effect of water stress at
difference growth stages on greenhouse tamato yield and quality. Hort
Science. 38 : 1389-1393

Oliveira, M.R.G., Calado, A.M. and Portas, C.A.M. (1996). Tomato root distribution
under drip irrigation. J Am Soc Hort Sci. 121 : 644-648.

Or, D. and Coelho, F.E. (1996). Soil water dynamics under drip irrigation: transient flow
and uptake models. Trans. ASAE 39 : 2017-2025.

Phene, C. J. and Beale, D.W. (1976). High-frequency irrigation for water nutrient
management in humid regions. Soil Sci. Soc. Am. J. 40 : 430-436.

Phene CJ., Davis, K.R., Hutmacher, R.B. and Mc-Cormick, R.L. (1987) Advantages of
subsurface drip irrigation for processing tomatoes. Acta Hort 200 : 101-113.

Phene, C.J., R.L. Mccornic, K.R. Divis, J. Pierro and Meek, D.w. (1989). A lysimeter
feedback system for procise evapotransspiration measurement and irrigation
control. Transactions ASAE. 32 : 477-484.

Phene, C.J. (1995). The sustainability and potential of subsurface drip irrigation. In:
Microirrigation for a Collaborative Research and Development Applications in
Arid Lands, Santa Barbara, California, USA, pp 93-110.

Prasad, M. (1979). Physical properties of media for container-grown crops. New
Zealand peats and wood wastes. Sci. Hortic. 10 : 317-323.

Prasad, M. (1997). Nitrogen Fixation of various materials from a number of European
countries by three nitrogen fixation tests. Acta Hort. (ISHS). 450, 353-362.

Riley, L.E. and Steinfeld, D. (2005). Effects of bareroot nursery practices on tree
seedling root development: an evolution of cultural practices at J Herbert
stone Nursery. New Forests. 30 : 107-126.

Roberts, AN. and Stephenson, R.E. (1948). Sawdust and other wood wastes as
mulches for horticultural crops. Corvallis (OR): Oregon State Horticultural
Society Proceedings. Annual Report 40. p 28-35.

Rose, R., Haase, D. and Boyer, D. (1995). Organic matter management in forest
nurseries: theory and practices. Corvallis (OR): Oregon State University,
Nursery Technology Cooperative. P 20-24.

Santos, D.V., Sousa, P.L. and Smith, R.E. (1997). Model simulation of water and nitrate
movement in a level-basin under fertigation treatment. Agricultural Water
Manage. 32 : 293-306.



57

Shedeed, S.I., Zaghloul, S.M. and Yassen, A.A. (2009). Effect of method and rate of
fertilizer application under drip irrigation on yield and nutrient uptake by
tomato. Ozean Journal of Applied Sciences. 2 : 139-147.

Sinkeviciene, A. (2009). The influence of soil amendment on soil properties and crop
yield. Agronomy Research. 7: 485-491.

Thampan, P.K. (1981). Hand Book of Coconut Pal. Oxford and IBH Publishing. New York.
Tian, G., L. Brussaard, and B.T. Kang. (1995). An index for assessing the quality of
plant residues and evaluating their effects on soil and crop in the sub-humid
tropics. Applied Soil Ecol. 2 : 25-32.

Tian, T., Medina, V., Mayhew, D. E., Maeda, S. & Falk, B. W. (1995). Beet western yellows
luteovirus capsid proteins produced by recom-binant baculoviruses assemble
into virion-like particles in cells and larvaeof Bombyx mori. Virology. 213,
204+212.

Vasane, S.R., Bhoi, P.G., Patil, A.S. and Tumbar, A.D. (1996). Effect of liquid fertilizer
through drip irrigation on yield and NPK uptake of tomato. J Maharashtra
Agric Univ. 21 : 488-489.

Williams, R.D. and Hanks, S.H. (1976). (slightly revised 1994) Hardwood nursery guide.
Washington (DC): USDA Forest Service. Agriculture Handbook. 473. p 5.
Zegbe, J.A., Behboudian, M.H. and Clothier, B.E. (2006). Yield and fruit quality in
processing tomato under partial rootzone drying. Euro J of Horti Scie. 71 :

252-258.

Zotarelli L, Dukes MD, Scholberg JMS, Munioz-Carpena R, Icerman J. (2009). Tomato
nitrogen accumulation and fertilizer use ef fi ciency on a sandy soil, as
affected by nitrogen rate and irrigation scheduling. Agr Water Manage. 96 :
1247-1258



67

1. %8 - #na uIBgAYA UUs2LE35 (Mr. Sodchol Wonprasaid)

9 9

ALLAUS 97191589Us 2@ IALUlagnSNARNY

v a

dindyvalulagnmsinuns wvninedemalulagasuns
wﬂ'mmuﬁagjﬁamialﬁ
grunsalulagnisnaniis  drinivmalulagnisinums
winerdewalulagasu’s A, asuns
9. o9 9. UATIIWENT 30000
nsdwd 044-224161, Insars 044-224281

e-mail sodchol@sut.ac.th

UszifmsAne
, . LU | InwIYD o
Yaaa1Uu B | Baan ULy Unay
UAINYIS LN YATANERNS 73 B.Sc. Agronomy | 1983
University of Western Australia, v M.Sc. Crop 1992
Australia Science
University of Kentucky, USA. Lan Ph.D. Soil Science | 2003

#1913V IM TNAAMUTIU QYA
1.1153nn156U Y 519813y
2.1153AN15U"

Uszaumsaifiiisadetiunisuimsendse wazeniddenemelusaznieuanyszmne:
1 gSrunenisununsdde: - waluladnnsdanishu th uazsmoimsiiy dwsuns
BRI GG RN
2 Wmthlasinside:
1) Organic matter residue management in lowland rice in northeast
Thailand. ACIAR
2) Integrated nutrient management for rainfed lowland conditions. IRRI
3) mﬁmmiﬂf’]LLazm@mmiﬁﬂuﬁ’amﬁm
3 UATeTiEI g : Tounuauite war/melnsin1side TARNW NsHeuns was
anunnlun1syinidy




68

1) n3esslulnsiauresduvdeuasnanneninnsnss N vesiafifivenandn 4171y
szuunMsUgnitvudeudn-dundes Tag N-15 madla. (2505)  Nsansauuazie. 24:
1-21 . g33d

2) msldedanimainamaredidounuiiiuiutuloeidefiunandndn.
(2536)31891uUsEAUAUITeII0UAT ¥R NTIYINISINYAT. Vit 109-115. {53398

3) amalalunsneuauesesiit inaun nvesiutents Sanishukarssuuiia.
(2506) euNTUsEgATINSTIMAeunisnd asafi 9. 5uih sndhlasens

4) UszAvsnwnsldthuesduvdos. (2539) sieeunisUssgaivinisduvios
wiend a6, 36 Auneu 2539, wih 172 - 179. Wawihlasins

5) Effects of Fe-Amino Acid Chelate Foliar Application on Nutrient Uptake,
Growth and Yield of Chili (Capsicum annuum L.). In 16th Asian Agricultural
Symposium and 1th International Symposium on Agriculture Technology. 25-27
August. Bangkok. Thailand #3339

6) Control release and split fertilizer application for rainfed lowland rice in
sandy soils.(1992) RLRC Final Report IRRI. 40. #ui1lAs9n1s

7) Effects of Ethephon Application on Grape Fruit Quality and Yield. In 16th
Asian Agricultural Symposium and 1th International Symposium on Agriculture
Technology. 25-27 August. Bangkok. Thailand .;:JI’i"Jﬂ,fJ"ffEJ

8) Effects of Rice Growing Systems and PGPR on Nitrogen Fixation and Rice
Yield. In 16th Asian Agricultural Symposium and 1th International Symposium on
Agriculture Technology. 25-27 August. Bangkok. Thailand.% 2tilasinns

9) Gas Generation from Anaerobic Fermentation of Animal Manures and Their
Liquid Residue Applications on Organic Hydroponics. In 16th Asian Agricultural
Symposium and 1th International Symposium on Agriculture Technology. 25-27
August. Bangkok. Thailand.. #3339

10) Improved water conservation and nutrient-use efficiency via subsoil
compaction and mineral fertilization. (1998) In: Rainfed Lowland Rice : Advances in
Nutrient Management Research, Ladha JK, Wade LJ, Dobermann A, Reichardt W, Kirk
GJD, Piggin C (editors).  International Rice Research Institute, Los Bafos, Laguna,
Philippines 245-256. . {33137

11) Integrated nutrient management on sesbania-rice systems. . (1993)
RLRC Final Report IRRI35-37. #1111111A53013

12) Nitrogen Fixation Efficiency of Azospirillum largimobile in System of Rice
Intensification: SRI. In The ASA-CSSA-SSSA 2010 International Annual Meetings. 31 Oct.
- dNov. Longbeach CA. USA #mninlasinis



69

13) Nitrous Oxide Emissions from Fertilized Upland Fields in Thailand. (2001)
Nutrient Cycling in Agroecosystems. 57:55-65. . @j’i?ﬁﬁa

14) Organic matter residue management in lowland rice in northeast
Thailand. (1995) ACIAR Proceedings No. 56. 98-103. WIntlATINIT

15) Performance of contrasting rice cultivars selected for rainfed lowland
conditions in relation to soil fertility and water availability. (1996 ) Field Crops
Research. 47: 267 #uilAsanig

16) Screening aquatic legumes for potential use as pre-rice green manure on
unproductive sandy soil. (1992 ) RLRC Final Report IRRI. 36-39. #111i1lA33n13

17) Stimulation of Nitrogen Release from Organic Fertilizer for Organic
Vegetable Production. In 16th Asian Agricultural Symposium and 1th International
Symposium on Agriculture Technology. 25-27 August. Bangkok. Thailand. @j’i?ﬁﬁa

18) The management of rice straw, fertilisers and leaf litters in rice cropping
systems in Northeast Thailand. 2. Rice yields and nutrient balances. (1999) Plant
and Soil. 209, 29- 36 . {33

19) The management of rice straw, fertilisers and leaf litters to enhance the
sustainability of rice cropping systems in North-east Thailand. 1. Soil Carbon Dynamic.
(1999) Plant and Soil. 209,21-28. . #3338

U .



70

2. W1® 8150 558 MU (Mr. Arak Tira-umphon)

ALY

igauiedn

97191589Us 2@ IALUlagnSNARNY

Sa

fnsiale

drindyvalulagnmsinuns ivinendemalulagasuns
WInedemAlulagasuns 111 a.uningnde f.g3un3 a.4iled
3.UATIIYELT 30000

Insfiwnt 044-224152-3 Ingens 044-224150

E-mail address: arak@sut.ac.th, arakkorat@yahoo.com

UszaAn1sAnen - Ph.D. (Biology-Health-Biotechnology),

Toulouse University (INP/ENSAT), FRANCE qunisfnen U 2551
- sEAuUSyaly W INeISuInNERTANENS
(nermaniuUagia: Waiu) aunsnel U 2537
- szAuUSQIRs InMIedureuLnY (MIAmanTUnen: Nvaiu)
UASANY U 2533

#1913 5NNAUTIUNY
UFuuseiugin uazmalulagdanm

Uszaun15alineg2989nun15USNIS9IUIL

NUIFNNES

WA

9159 536, 2540, VINADUNATDY chitin foN1SIaT L AUlALATNANER
YOINAN. (HInTN1lATINIT)

015 $58mu. 2541, yeaeuusImAnsilnaniivanzandmiudgnlu
M IAUATIIVEN. (HntlaTinag)

p15nY BB mu.  2547. maamzwmiﬂqﬂLLazqmmiazmammiﬁ'
wingandmiunisugnuaanalaglaldsiu szeEdl 1. (nthlasenis)
p15n% S8y, 2548. maamzwmiﬂqﬂLLazqmmiazmammiﬁ'
wingandmiunisugnuaanalagladldsiu SzeEdl 2. (Fnthlasenis)

) o

913n¥ 3381mu. 2549, nNadeuRuIuALnAlugaHy. (Fntilasanis)

913n% B3, 2550. NskARRNAvTAueNTEgIRAlAeIENaNNEATW.
(Fmthlaseng)





