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Fuanglada Tanachote 2009: Management of Calcium and Magnesium Fertilizers for Continuous
Lettuce Production in Mae Hae Area, Chiang Mai Province. Master of Science (Soil Science),
Major Field: Soil Science, Department of Soil Science. Thesis Advisor:

Mr. Somchai Anusontpornperm, Ph.D. 102 pages.

The experiments were carried out in two greenhouses inside the area of Mae Hae Royal Project
Development Centre, Chiang Mai province. This study was aimed at investigating suitable rates of Ca and
Mg fertilizers for Crisphead lettuce grown on soils with high residual P and K. Randomized Complete Block
Design was used, employing 11 treatments with four replications. Fertilization was split into two times. A
control (T1) contained 15 g of each 15-15-15 and 13-13-21 per plant for the 1% and 2™ applications,
respectively. Treatment 2-11 were applied with the same amount of N as of the control, but without P and K,
with additional 1-3 g Ca for T3-TS5, 0.5-1.5 g Mg for T6-8, and a combination of 1:0.5-3:1.5 Ca:Mg for T9-
T11 at the 1" application. Soil in the 1" greenhouse comprised lower amounts of available P and K than did
soil in the 2" greenhouse with the values of 190.6 and 259.7 mg kg-l compared to 559.4 and 1,782.9 mg kg'l,

respectively.

In the 1" greenhouse, result showed that application of 3 g Ca per plant with N (T5) gave the highest
yield of 5,253 kg rai’ while yield obtained from T2 (N alone) was higher than that from the control with
complete fertilizer applied. For the trial from the 2 greenhouse, it was found that application of Ca and Mg
at the rate of 3:1.5 g per plant with N (T11) tended to give the greatest yield of 4,927 kg rai, which was
higher than that of the control (4,131 kg rai ). In addition, yield of crisphead lettuce tentatively increased
with increasing amounts of Ca when applied with N. This plant showed no response to added Mg.
Nonetheless, fresh yields and major nutrient concentrations in plant tissue were indifferent among treatments
in both trials. Additionally, there was no relationship between nutrient concentration and obtained yield.
Concentrations of N, P and K in plant tissue were at sufficient levels while Ca and Mg concentrations were
lower than critical levels having been reported. Considering the potentially highest fresh yield of crisphead
lettuce gained form this study, critical level of nutrient concentration in plant tissue at mature stage can be
adjusted as followed 26.8-33.9, 3.2-5.3 and 45.7-56.0 g kg'l, respectively, whereas Ca and Mg concentrations

in plant tissue need a further study.

Student’s signature Thesis Advisor’s signature
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Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Asterales
Family: Asteraceae
Genus: Lactuca

Species: L.sativus
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Tunasanudnuieh lasunaadondnsige wazegusnaniinnudundgedie mivwaa
=} . [ 1 ~ 1 . A A dy A A = 9 1 1
928 calcium pectate TUAATIUNNINAIIAT pectic FUADU 1H1DIHONFIIAUNIUADNITIOY

a1y (Elx‘lﬁqlcl/l'ﬁ, 2546)
= [ a a 4 A
2.1.2 Llﬂﬁl“lfﬂllﬂﬂﬂ']ﬁﬁ]ﬁﬂ]umllIﬁllﬁ%@ﬁﬂﬂﬁ%ﬂ@ﬂﬂl@ﬁw%

anudnduvewnaden luisazuanaiumuanmumsilgn  atiauay

D.

@ 4 Ly [ laa A o
WUSNY (Loneragan and Snowball, 1969) lasiladeniianswalumsimuannududun

L]

A %

~ A 1 Y 9 A =
lﬂjJ’]gﬁjJélJ@Qllﬂal“]fﬂinluﬁ'ﬁﬁgaqﬂﬂgﬂwsﬁ YU ﬂ’mJLﬁlJiJleuGUENﬁW;’e) MNULHDNITINUTIAY

Y
=1 v A 9

) A ~ A A 9 % P A
‘ﬁWgﬁ']3J'l§ﬂLﬂJ1LL‘V]1J‘I/ILLﬂﬁL“]fEJ§J@§Qﬁ;ﬂ“l/l‘ﬁW]uLﬂ"lgﬂUWJu@ﬂMGQLSBHML“Hﬁﬁ"lﬂ LASABDIUNY

q
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Y 9 = A A S a @
ﬂ'J']ﬂJLsUiJGU'HGU@\‘lLlﬂaL%8N1Uﬁ13a$ﬂ18ﬂgﬂwcﬁlw'E')GluﬁTﬁﬂgﬁ']ﬂ‘ﬁ"Iﬂ@']ﬂ']5uulliﬁﬁgﬂuﬂ

Tdounan lsanso Tilsnougenininaid (Marschner, 1995)

A Yy 9 ~ A A a ~
ﬂﬁl‘WiJﬂ'NlJIflJllGUuGU'ENLLﬂﬁL“ﬁﬂuﬁluﬁqﬁﬂgf‘ﬂﬂﬂ@‘ﬂwsﬁﬂiﬂﬁﬁﬁ%ﬁ"lﬁlﬂu UHQ
v Y 9 2 s 2 "W 1A ! Y 9 o A A S s
Glﬁmmwwuumaw1@;u1u1ugwumu LL@IﬂJﬂ”lﬂJﬂJWﬁGI@ﬂ'NﬂJHJﬂJ"UUblu@ﬂﬂ'lgﬂuﬂ?ﬁﬂ'lﬂu'm']
A 1 g) 1 ) [ Qaj 1 d’lw =\ 2 A 9
ma"lmmﬁmam HU WALAZ I LNTIEDIYITNNTDITIUUTULADAUFIUHEIUAADUYIYNUIN

1 o

2 d o o A~ Yt A 9 =
MO8 188991115 (phloem) 1fundn Tagna lilfisiina lnaauguldiimsmdeudiouaadounia
9
neduies0IMstios lagmssinansnie Touuaafeudhgoduaesernisluratasiniy
Ay o ~ Y1 Y o A _q9 % o v Y
Wydosnruguszauuaadoy inoudredr e ldiwaalueduizdindnvesuuialaedis
3 A& a Y= yy 1y A v A o = J v "o a
s waziwelanmlidylage uadonnisszlsnestorzimeihdeouddnsimsan lnga
v A d' ! I_) A A = (% QSJ‘ c; ' v A a A A dy v
nlinnudsInoMNauAaFuLrsoliuaaFon lueJorziiudinszduinga nielisgi 1y
= o [ Aa A I Y I Y A = ~ [} 9
iganedmsuasanmiaveute 1318 Wumalidsuaaseinmsnaunafouing wu duka
WLIWBINALLN (blossom end rot) ttazAIWaueiitlalisoatjy (vitter pit) oM TILOU o 13U
4 v
1&17 (black heart) ¥9IVURY (celery) aznzhdiaen Yanalylusiveadnmarienrionse

AnmMav1Ia Ingl (tipburn) (Bangerth, 1979)

o A = =
2.13 ﬂ']ﬁ?;]ﬂI,Lﬁgfﬂﬁﬁnaﬁlﬁllﬂﬂl“ﬁﬁlﬂiuwsﬁ

v =)

uparioudiulnggngadulaonszuiunsina (mass flow) lugilves
= Y Y 091 =y o A A 9 [ a A A
unaFou lopeud lndeui msgauaaiouuazmydudouneidesivusnuimans
tanu/agu (exchange site) AZATTUIUATMLNUDATY (Gardiner and Miller, 2004) Tuduioy
v Y 9

WadasinsgauaaioniuegiuliuaiveesInianun  ANUHUIMHYSIN $I9015

9 E4
RIYAY TAUe931n AINTTNVDITINTUFINTY 9 LazMIUNINITNIBY0IT N TUAY UBNIINT

4 Y

sasmsgauaaFoudaunuanududuunaiountsuensnuazn13A1e1i1 (Clarkson, 1984;

Kirkby and Pilbeam, 1984)

[ A v W = = A 9 9y gz’
TAINIMNNYTUNTLUADLLYY  UAUGYNITIAODUYIYVINTY  cortex Tag
1 . . A A a A A 1 a
NITVIUMNITUNT  (diffusion) Wi@Iﬂﬁlﬂ']iLmUWTHU3L’Ji1!°l’]1lﬂ']ﬁLlﬁﬂlﬂﬂﬂuulﬂ?JBHQBTQ@ﬁﬁZ
9 1
¥3019A0INTZUIUMITINAY MIYALAATENYNTINAAIVTIMTINNRDINUTINYA1851N

@ Jd 4 4 3 & @ o3 @ 31,
(root tip) Tumiuanvoutiowosuluge (endodermis) Felanumziilu unsuberized AU
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1 v i
ndeUIOIAATNINTY cortex JNORUABIRNTINAAIY apoplastic 130 VTIUNFTENI free
A A 9 Y 1 A D) Y1 R Ao .
space pathway ¥i3omnaaude lalusnseummzimiud 1) 1ahwdalidnyae non suberized
o "o A ~ v A A oo A
v1easeluredudes unawen losouoiad T luiieidod udeain (xylem vessel) H1unaNI U
o J ' o c?} .
NaIas lagan parenchyma VOINOR AN (xylem) %30 passive leakage (Ferguson and

Clarkson, 1975; Russel and Clarkson, 1976)

o A . ~ <3| ] Y o A
NILUIUNITAUAYN (translocation) ﬂmmﬂamamﬂu"lﬂamam q NMTIAUAYN
= A a 421 1 1 o = oy 1 = v d’ .
amamaw“luwmmmuwmmammmmm mmmmﬂummamﬂaauﬂizﬁ; (ion exchange) 1u
aaa [ dy d’ d' o . . A d' =
plasma membrane Lmzﬂgﬂﬁmﬁzauﬂmuawamumm (conductive tissue) upalsgungnaa
= v o A oy A Y 9 = a 2+
muaaiumaammmmmsagmmuw"lmaauﬂm%u%aauaﬁiz (Ca )uamﬂ@"laaau

A A =) A 1 Y A cg/ a aan 1 1 A
FUADU Llﬂglﬂﬁ'E]“LJ‘V]Ej:f’f?u°]_l“LJ“U'EN(5]LlWGlfcl,uﬂﬁ3°JJTLJﬂ']5ﬂ']EJL!'II@EJLﬂ@I“]Jg]ﬂﬁEJ']@EJ'NG]’E]LH@Q

(Tibbitts, 1979; Van de Geijn and Petit, 1979; Clarkson, 1984)

v [ Y [ [
unaBonaoun ldlunedudoniv Taeliununleoouniilszquinaes
. . a ﬁ‘ a d’ a d' 1 A A = =S

(divalent cations) AU luvSHAUNNANMsLANYREU 15U LUNTIToN LAAIFouARATINITD
[-3 < ' a . .
dudea 1dsraisnunameudase (Ferguson and Clarkson, 1975; Van de Geijn and Petit,
1979) e13U52nOVAAA (chelating compound) ¥3© malic H30NTAFATN (citric acid) A
v v 1 a A 9 ~ A AR Y ~
WudugeonvdudiunsndoudonaaFouluies uazerniinedesas 50 voanadeyly

xylem sap complex N1 malic %30 citric acid (Shear and Faust, 1970)

9 =) a d' a d' 1 ]
msdeuaaiFon loooussnninusnaiinanisuanasy  ganiazlu
4 { ] J a

amsonaounla (immobile) 819U51ngRIUMslFsz Temivedlosou Tasfanssuuns

dy A a =2 ' S o asR 1
iowensgyuazazay losouluginanves oxalate lussuiisasveuuunioiFunInnly

1 o ng ' =R A I = [ ' . A A

un asiululusoudaunameuazauinn Tasvzimauiadusenig sink luisgadoaning

~ e a2 ~ J A 4 ~ -
Lmamm1umaanammmuazwmimamqq vz Niielu sap funamenlooouuin N9

= v o

9 Y
unsnszaeues losouiisziinnuduius Indsanunisneringunse taguaafousiuau

]
%

] 9
wnvzmaeugluun Tuisiiluginmsmeiwianinnauaz lulugniladen luuenss

o
o v

o A = A A a ' S A o A
AUAYILAQULFYUDDNINNIUDIYDIATTY GluNﬂﬂ1ﬂ1’iﬂiJ1’iE]ﬂﬁ']ﬂ§]’J'l mimaummuiumﬁmmm

a9

= [ 1 @ 9y dy 9y 9 A % = Yy 9 '
UAQLFYUDY AU TR mamquﬂ:mJLEUiJElmma81u1uuaﬂuﬂ%$mmmmmmuqamﬂﬂu

wuReanuanudutuilateluuendnezgeniinadunaisly (midrb) ualulusousy
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Tiwaasatu (Misaghi and Grogan 1978; Collier and Huntington, 1983; Clarkson, 1984; Barta

and Tibbitts, 1991)

2.1.4 Yoduniinaneomsganazindoudonnadon luiy

@ 9 A A = A g d A 1
1) WUTNITY ﬂ'lfﬂ.@]ﬁﬂ']33V]?JLLﬂﬂL"HEJ?JT]LﬂH‘]Jﬁ%IEJ‘KHLWfN‘W@G]'Oﬂ'Ii
a a = a = A [ = a
L’l]ﬁiym‘UIWUENWGIf ﬂﬁiJ']ﬂlLLﬂﬁL“ﬁﬂwﬁluwcﬁﬂggﬂﬂﬂﬂﬂuiﬂﬂwuﬁlﬂiimlmgfﬂ']ﬂLlﬂal“]fﬂiJ‘lJﬁL'Jﬂl
A o a a A S 4 o a ~ Yy Y o A
10 W@ﬁ§1ﬂ1§L‘ﬂ'iiUUL@I‘UI@qqq@ﬂ]@\‘lwcﬁ‘lﬂlﬁﬁl\‘lmEJ'JiJﬂ’1]$3JLLﬂﬁl“]fEliJﬂ'J']iJLsUNﬂlu@Tﬂ'J']WGD'Gl‘U
dy 1A dy 1A 9 IS A dy 1 A
1agae) ‘WGIfGl‘UL'ﬁﬂﬁﬂllﬂ'ﬂiJ@l@ﬂﬂWﬁLlﬂaL‘]ﬂﬂqu@ ’m%m%1ﬂwsﬂmam@,ummﬁ;uamﬂaﬂuLm@l
loou (cation exchange capacity) Y9331 INNNwOU (Mengel and Kirkby, 1987)
'z A a Aa A o w 1 A 9
2) aaﬂuu IAA Wif]ﬂﬁﬂ@uiﬂﬁLL'E')“]W]ﬂNﬂ?TNﬁTﬂ@ﬂ@ﬂ?ﬁLﬂﬁ@uﬁﬂﬂ
=~ A 9 a ~ Y Y o
ALy ﬂ']ﬁLﬂﬁ'ﬁ')uEJ']EJLLﬂﬂL“IffJiJLlﬂgﬂﬂﬂ“ﬁu@l"mllﬁﬁﬂﬁgﬂu°U@QLLﬁQIHNﬂ?QﬂiWﬂQWGiUﬂ@ﬂ
a A a a 9 2 = o3| v o Qa;l A 9 . IS
Hag3mn Gluﬂﬁmﬂlﬂuﬂ?ﬁL%ﬁﬂJUW]‘UI@lﬁlﬂEﬂ$1lll,ﬂﬁL“HEJ?JUJH@'JEIUENﬂTﬁLﬂﬁ@UEﬂEJ auxin LLZ“I&’HJL!

Y
waé’fué’iamiTﬁ’aaammwﬂﬁumwmiaﬂ (Hasenstein and Evans, 1988)

o A A a £ = o q ¥ Y 9
3) uaalooou Taena liilamiunan loourtianilesziinamldanududu
a A o o o'dyd ' 3 a o 1
YoauAn looousiiaduanas ANuduiusiizend mudulgilndiuszniuaaloosu
v
(cation antagonism) (Mengel and Kirkby, 1987) #4171 Tagufiasaudnnududunaaiieonlu
a o 1 1 v o d o
msazawAuiinnudAysemInIuaumMIgaunafsutiosn AN FUNUS YDA AITILAL
F v
ANUUTUINABNILA tazdadruanuduTusy lessusiaduluaisazais (Shear, 1975)
1 ~ = A A . £ 3 3
wu Tnunaion won Tudlon (Battery, 1990) Laziunilideoy (Willumsen, 1984) Fea1amilu
Ay L&Y 3 [} a a
Ugilndnuunadeutazdavnamsgaunaiion uaa leoou 15w 3iRon (Rb) uazezgiiiuy
1 I 3 v W 3 ' o o 4 IKY
(AD) anniudidudimsgauanideusuny (Yamada, 1975) 8a51M3gaunaibouiiuognuy
anududuvenna losouuaazsiialumsazaesigerisne wu TnunaFouzgnga lag
4 3 1 ] 1w
A a 1439153091 W5 12eU150ga 1ad1enazinnua s ouaaiuge (Mengel and Kirby,

1987)

v Y v a % A
4) i%ﬂ‘]Jﬂ’NﬂJlsUiJsUusUﬂx‘lI“IﬂﬂElllﬂﬁfllliﬂ (NaCl) 910N1TNADDUITDINAVDY

msazmenaeaensdudossiquanFeonluuziYoina (Adams and Ho, 1990) HAAIDILNUIN
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= S Y A = I Yy Y d%l I a =
voala@eunan bsa ka1 e Imasuaas lsauanududuniniunag lanlsuauaadey
o . A A vy = v 3 o Y 3 9
NINUA (total calcium) NazauluwavzWomalivosas ualnansiitvmiinuruisuaniioy
{ a [ 4 1 { I 1
Tuvaznusnaluiy udnIsdeuane lsaazinanounadeunazaululufisudniosua
F
Wminudsazanaun aulvglsuanszuiumsagannio (salinization) ludisazaie
=3 4 o A 1 ~ =\
5190111551910 IsiAounae 158 1AZ5190IMITHANDY 15U TWUNTITN uAaiFey tag 1u
- £ I = 1 =\ = A'l 9
M3a (NO,) Fanaliwademyazauuaadoy lagmwizmsgadulunszuiunmsnioudie

AaLTeY (Adams and Ho, 1990)

= d' 9 s 1 a A
ﬂ'liﬂ@"lfilcluﬂﬁzﬂﬁuﬂ'lﬁmﬁ@uEJ'IEJLLﬂﬁL"])'lelE‘T’JLlMiﬂlﬂﬂclul,?]ﬁ1ﬂﬁ'l\1ﬂu

£ 2 ] AA A =\ 9 v 9 A 9 [ ' 1 [
cmnJmnaquﬂmﬁ@,mmm%mmﬂﬂiﬁmmamaauma'lﬂﬁzﬁumwaumﬂ’nmqﬂmnu
= = d'd 9J 9 1 1 v ]

(Adams and Ho, 1990)Lﬂﬁ@T“‘Iﬂ.ﬂEJllV]ilﬂ]?lllﬂl%‘lli!fjlﬁﬁlzﬁﬂWﬁﬂﬁ%%ﬂ@]@ﬂﬂﬂ']ﬂﬁ@%‘l’i@

Taomwiznsaan1sga l9unaifon (Cresswell, 1991; Huett, 1994)

5) Tulasou dmSvuaadeuuds Tulaswunldunsiniislug) lumsa

(NO,) ansagady ladedon/Soumeniulszgavaiadu uaunaden luamsomuszay
VY a J 4

MIUVITUAVNTABUNT S (organic acid) Tumsindouéaly translocation stream (Shear, 1980)

=

29 o ¥ A A A
uaﬂ%mu“lumu“lu a1nu uazimmmmLmagmﬁmﬂgﬂiuﬁWﬁazawﬂwu"1umm—"lu1mmmzu

Y
9

a -4 1A = .
nsaounsdgeannnngnluuenTuiion-1uTasau (Kirby and Mengel, 1967) 151221

d' 1 1 a o = =
Tulaswuneglugl Tumsaduasumsgauazmsduasnaey

{3 o R ]
Tuneas sty Tulasundulsg Temigeoglugduen Tuiioues
1 Y a =y 1 =y A . A J
noldnanNudemenoaoIuzveanamey Ny (Wilcox e al., 1973) Junziomanyii
= Y o a a =\ A A =
nMsgauaaienIzanadlag lasudniwavin NH>Tnunadou>uuniliFou>Tyaon
= =< Y 1 £ I a 9 =% 1Y) ng
wowTudlow lovouainsagadnldioni Tumsa daluanuilusiwdwen Tudionaziugs
% o 0’ .
M3ga lumsa Tagazdaraneanisiiauveson o nitrate reductase 11510 (Shear, 1980;
Y
Faust, 1986) aguon Tudion lopouoinzdava1anisqaiiidndie (Quebedeaux and Ozbun,
dy =} o Y1 a2 a é
1973) wenaniuen Tuiion lossusii 1¥iA e suoeAanad (Shear and Faust, 1970) ¥39

wunnuiuilse Tenivessia Tanzuda llanmsgaunaidonas
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Y J ) J v J
6) ANUAUIIN ﬂwsaﬂfﬁummiﬁqmaanﬁmuw I1NVCDAAANYVDIUT (water
. a A a o q Yt VW A Aa ) 3 4
potential) YDIAUNTDAITALAIYAU mlnianuuanasnuluiyninsaetiduazsi du
- Y A Aa J a I a =<
WaNIINNITAATY 2 LYY Taun luirniinsmeiduaz i1y osmometers UNTIRAVY
P~ . . A S qw 4 a =
HuUeed INAN (osmotic  absorption) Lsz%‘VliJﬂﬁﬂquulﬂi’JﬂL'i’JiJﬂiz‘U’Juﬂ”li@JWMJ
Y 2 = 2 g o A = a =<
medon FIMsauinilunannanuatanamsonnusInnalu xylem sap HAZNITHATY
a £ g Y . 1 {
nuveed luan FudunaunnLsIausIn (root pressure) L0 guttation Haza@IUUINVOIAITN
M) £ o 1 ' [ [ gl a .
YaNN sap Fanuludrdu nannldn ussdusaduwainninininau electro-osmosis 101

Y
osmosis 1A ned RO IN (ANTY , 2538)

[ a Y oy d’ 9 1 ] 1 d’ a .
L!,ii\iﬂLli']ﬂLﬂ@llg’]LWiW%u'lmﬁ@uLﬂJ'Iin'lﬂElEJ'NG]E]L‘LlEN N13LNA hydrostatlc
£ [ g) = ] A [ a 9 ~ 2} 1
pressure magﬂummum memm%wmiuww ﬂ'J'Iil@u5'Iﬂl,ﬂﬂﬂ'IEJGI,G]fTﬂ1’J$1/]ﬂ'I§ﬂ']EJU']]111
I o Y Y A ] A o v Jdo d" v o d
L‘JJU‘]J‘VI‘]J'I‘VIﬁ']ﬂiylmgﬁ'lll'Iiﬂgﬂﬂﬁ%(ﬂunlﬂiﬂﬂmll%?\‘imﬁ'Iﬂﬁ'l\iﬂHﬁiJWH‘ﬁﬂiJﬂ?]']il%HﬁﬂJW”ﬂﬁ
9 d' d' oy d' 9 1A é ] 1Y Y 2’ a 9
Llﬂ%ﬁTﬂﬂﬁﬂ!.ﬁﬂ@]']l!ﬂ']ﬁmﬁ@u%ﬂl@ﬂu'milzlell'lfj'W‘]i GIN"IVJEJ?ﬂ‘]sl'li%ﬂﬂl!ﬂl!ﬂlﬂ‘l’i!‘l’i%'l%ﬁil iag
[} [y a a ° I {
Tugananasduliiussdueea luanvesasazareaud iuaeanadeninag ldiesiinig
gj . Y 3 a 09/} §
@J@‘IUWQQQQ (Weln, 1997) Llﬁﬁﬂlﬁ']ﬂlﬂuﬂiz‘ll?Hﬂ?ﬁ@@ﬁiﬂ@ﬂﬂlﬂﬁﬂg?ﬂ mmsammniu
' 4 v
. 3 ' o @ <3
Xylem sap ﬁ sufficient solutes ﬁ&’ﬁiﬁﬂﬂ’ﬂﬁﬁ@ﬁé{u ﬂTiEW]ZN*U’E‘NLLﬁQﬂu'i"IﬂL‘IJuWﬁll"lﬂWﬂﬂﬁ“ﬁ
. . a0 . e 5 '
1 sufficient aeration, QMUVHNAILLAY respiration inhibitors Wuwaldaamsazauniolune

o A g} YR 1 a = A
mmmuﬂuiwﬂ Llﬂ$ﬂ1'5EJ’E')iJ{l‘Vi“]ﬁJWTHN'JﬂﬂiJﬂﬁlﬂﬁﬂuuﬂﬁﬁ

[ { ' a
wsaaus I uuIn (positive root pressure) M nmﬂmqﬁu%zmmﬁumﬁ

o w A

] k4 v £4
waoudsunaFongiiioionseoielr sz miaehgniine Wenainaisiunay

=2 J

aasAuANududuveIdITaza1esIneIMIsIzIANA1eA Y Taslin1sAnE1 WU mwigaw
Y Y Aq Y A v O A ' Yy v ~ A o A A A
Wutun IeeunaedumiuNaIwansenuaeANUITNT UL AT aN N anentTTailobous Ve
INFl (Brafield and Guttridge, 1984) 1oz 1U00UYDITATOIUDT (Guttridge et al., 1981) NISLNY
y Y a A Yy v A ' Y
anududuunadeuas ) luansazatesigomis ssmuanududuuaadeouludiulndifos

ua iy ludunanarset/asvely aenuazwa'lil (Bradfield and Guttridge, 1984)

A J [ @ 4 A g A
7) gungiitazANuFUURNS MIgauaafonsziiuIuaIugungisn

Yy 9 @ VoA A Ao A (A =
HAZaAadNIuANUIUNUUUDIFITAEAY NﬂﬂWﬂﬁ@Nﬁ@%ﬂQﬂ%Qﬂ!‘Hﬂvwﬂ Hilsuaunazsew

a

9 1 a d' A 1 =Y o
u@ﬂﬂ’ﬂﬂ'ﬁﬂ@.ﬂiuﬂiﬂﬂ!ﬂﬂmﬂlﬁﬁ Taglunanarsauluserang 7-18 DIMUBURYT SN

Q a
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v Y v ~ A 4
Ianuautuvsaunaaenlulumuyy (Knavel, 1981; Tkeda and Osawa, 1984; Clover, 1991)
[ 9 a A A a 1 3’ =\ 1 Y =\ Q'l d‘
‘i‘:lﬁ]’l]EW]']\W]'I'L!fq]ﬂJ@'lﬂ']f"fll@‘l/]'ﬁwa55]f)ﬂ']ﬁﬂ']EJ‘Ll']LlﬂgilWﬂﬂ@ﬂ'lﬁﬂﬂﬁlclﬂlﬂﬁL‘ﬁfﬂﬂJ IﬂEJ‘V]'JUhJUJ@
g o Y] 4 -4 3’ [l
ﬂ??ﬂ%uﬁﬂﬂﬂﬁqx‘léﬁu ﬂ']ﬁﬂ']EJ‘H'Hlﬂ$ﬂTﬁﬂﬂlLﬂﬁL@ﬂNW”Iu“l/l”lﬁcl‘ﬂlmgWﬁﬁ]&’ﬁﬂa\‘] (Barta and
1 3 4
Tibbitts, 1991; Cline and Hanson, 1992; Adams and Hand, 1993) 2819 151 urINANLFY
v o d

1 A < < 1 a A 9 = o o A A
ﬁiJW‘V]‘ﬁq\‘]mW13611!“5’3\‘]L'm']ﬂaﬂﬂu mzzﬂumimLasumima@ummmm%u”lﬂmmmzm

[ o & { @ [ @ 1 .
dasimsmeladm Funervedlasasatuanuausnludnnaeure (Choi et al., 1997)

A A
2.2 HUNULKYY

S A I A =} 3 Aov A
sunthiFeuiluuaa loounidszguindeslszy Dvuaan H5ei lansa looou
WA 0428 w1 Twwas oasimsganunildon lesouluisezanasunninilessu K,
a 4 1 ¥ a g
NH,, Ca”’, Mn™ uaz H ludisazaiodugs iilesnin lesoumafinaasnizijilndaenis
9 S A [ a’/) = s A Y 1 a ]
qalFuuniiBon auindsernnumsviauuniiden Idaueninsigais q meluauliauga

1+

msud luildTaemsldifodns o uanonas msldileunniiFeuiiosedrufen Taeilsvan

3

+

H oa A & woq.t A Y ) A o 1
ﬂﬂ"]ﬂlﬂﬁlu Lla?ﬁ"]]mgiui'!ﬂﬂclﬁﬂﬂ‘ﬁ'lﬁ@u ] VNAU f’]?’lilL“Ull"l]u"l]ﬂﬂllﬂJﬂULcﬁﬂllcluchJ@'ﬁ]ﬂ'lﬂj']

Q

e o

Y

Und uannududuvessigil luwansenai ldanasan lUdae o1ansszaulnansoqed

< £ I .
antfes Faaaslimiunuuniidenluinadeute 1daun (Mengel and Kirkby, 1987)

1

A A a 1 [ a A L) [ A~ a A I
uwﬂuchﬂu“lu@umuumagiugﬂmmwumam AT VLS NULUA TN 111

a 1

pandsznovldun ooled lule'lng iwosmunu uunilleduas Iala'lugd Wonunazus

=1

% 1 S A 3 v A S A = o d! 1
aareadvzilanilassuuniiiieneonit wennntudauNniGeNDATIMIUNIIFI0d 11
a A &2 a 1 o Y 1 A =% v A 1
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AOUAALAY  HAIAALAY NAALAIN nidnegd’  dmtinmay®
NAR0Y
alansw/ls  Alansu/ls  Alansw/ls % ASu/AY ASu/AU
f5uR 1 4,516 3,707 809 78 484 331
Msun 2 4,252 3,886 365 89 456 347
15U 3 4,983 4,547 436 97 534 406
A5uii4 5,476 4,850 626 92 587 433
&3uf s 5,815 5,253 562 89 623 469
&5ufi 6 4,072 3,830 242 83 436 342
AsuR 7 4,542 4278 264 94 487 382
MSun 8 5,377 4,245 1,132 92 576 379
fufi o 5,997 4917 1,080 100 643 439
G157 10 4,190 3,942 248 94 449 352
U7 1 5,693 4,693 1,001 89 610 419
F-test ns ns ns ns ns ns
C.V.(%) 19.6 222 232 22.1 19.6 222
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NOUAALLAN HAINALLAN NAALLONINT HINUNITYT UINUNRAY™
NAADI
alansw/ls  Alansu/ls  Alansw/ls % nsu/AU nsu/du
f5uR 1 7,259 4,132 3,128 87 423 369
fsuiio 6,307 3,707 2,600 83 399 331
fsud 3 6,260 4,154 2,106 88 425 371
fsuii4 5,753 4,430 1,323 98 402 396
SN 5 6,240 4,489 1,751 87 454 401
st 6 7,965 4,396 3,569 90 431 393
MU 7 6,552 4,119 2,433 95 385 368
MU g 6,883 3,693 3,190 92 358 330
fsuii o 6,268 4211 2,057 93 406 376
fud 10 5947 3,730 2218 80 411 333
fTuR 1l 5,633 4,927 706 93 468 440
F-test ns ns ns ns ns ns
CV.(%) 211 2.6 23.8 224 21.1 2.6
HINEHe) ns Lianaesnumaeana
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A5UMS wlaedi 1 wlasdi 2
NAADY ATU/AU Alansu/lg ATU/AU Alansu/ls
Sa5udi 1 13 149 13 149
A5uN 2 16 177 12 132
50N 3 18 202 13 143
M5UN 4 19 209 14 154
M5uN 5 18 202 15 172
A5UN 6 15 165 14 161
M5uN 7 16 179 14 161
M5UN 8 19 216 12 135
A5uN 9 20 221 14 161
15U 10 15 172 12 133
Sa5ud 1 17 196 18 207
F-test ns ns ns ns
C.V.(%) 16.6 16.6 273 27.3

HNELHn

ns THUANAIIAUNIITDA
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A9819NY

N P K Ca Mg
S5 1 437 0.56 9.17 1.74 0.39
A5uN 2 6.03 0.64 9.62 1.85 0.66
A5un 3 3.83 0.49 7.26 1.38 0.48
A5un 4 470 0.57 8.24 1.58 0.46
15U 5 5.06 0.60 8.63 1.66 0.57
A5uN 6 4.89 0.57 7.53 1.44 0.50
Ar5un 7 6.18 0.72 11.01 2.11 0.79
A15uN 8 3.00 0.35 5.16 0.95 0.37
15U 9 5.70 0.54 9.01 1.73 0.65
S5 10 3.75 0.45 8.45 1.08 0.52
S5 11 428 0.50 8.30 1.60 0.53

F-test ns ns ns ns ns

C.V. (%) 17.3 19.4 20.5 23.1 22.9

Lt XAt 1]

ns IuanA1AUNIaTDa
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A9819NY

N P K Ca Mg
S 1 5.04 091 9.04 1.06 0.39
A15uN 2 4.54 0.87 7.62 1.09 0.41
A15uN 3 456 0.80 8.53 1.09 0.40
15U 4 4.93 0.91 8.42 1.06 0.40
A5UN 5 6.11 0.91 8.78 1.60 0.50
A5uN 6 4.99 0.95 9.98 1.57 0.55
A5un 7 5.49 0.95 9.49 1.32 0.55
A5uN 8 4.65 0.82 7.92 1.22 0.49
A15uN 9 5.57 0.90 7.34 1.32 0.53
S5 10 4.42 0.84 6.92 1.13 0.45
f3ud 1 7.00 1.09 11.57 1.84 0.68

F-test ns ns ns ns ns

C.V. (%) 21.3 22.4 22.7 27.1 26.9

Lt XAt 1]

ns IuanA1AUNIIETDa
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d' Y o w 1 d' Y a [ wvAa =1 a
MITNNUINN 7 UDIINAFN 9 mi%iuﬂwsﬂizzuu'imuﬁumwwmu uazmiﬂszmumm
4 a a
QANTUYIUVDIAY (191, 2548; Land Classification Division and FAO

Project Staff, 1973; Soil Survey Division Staff, 1993)

1. 119A381u09AY (Soil reation), pH (AL : 11 = 1:1)

€

521 (rating) Ny (range)
lﬂuﬂﬁﬂﬁquuﬁﬁﬂﬂﬂﬁq@ (ultra acid) <3.5
Lﬂuﬂiﬂﬁqmﬁﬂﬂﬂﬂ (extremely acid) 3.5-4.4
Wunsadanin (very strongly acid) 4.5-5.0
Wunsaia ( strongly acid) 5.1-5.5
Wunsatunand (moderately acid) 5.6-6.0
Wunsadniios (slightly acid) 6.1-6.5
ﬁ’]uﬂmq (neutral) 6.6-7.3
Wuarudntion (slightly alkaline) 7.4-7.8
L‘idjuﬂlN‘ihuﬂaN (moderately alkaline) 7.9-8.4
Wuaada (strongly alkaline) 8.5-9.0
Wuaadaun (very strongly alkaline) >9.0
2. BUM38Ing (Organic matter)
52AU (rating) Ny (g kg_l)y
&0 (VL) <5
& (L) 5-10
Aeushad (ML) 10-15
ihunaie (M) 15-25
ADU19ge (MH) 25-35
qa () 35-45
010 (VH) > 45

Y organic carbon (g kg ) x 1.724




3. Y51au 11 TA519159% (Total nitrogen) (NBINWHUMS 1FNAY, 2535)

99

32A1 (rating) Wil (g kg-l)
&0 (VL) <10
&1 (L) 1.0-2.0
thunae (M) 2.0-5.0
99 (H) 5.0-7.5
g1 (VH) >175

4. Usinaloalesafiiiulse Toan (Available P) (Bray Tn)

52A1 (rating) Weo (mg kg-l)
&0 (VL) <3
(L) 36
AOUTIAT (ML) 6-10
thunae (M) 10-15
ADUL19g (MH) 15-25
43 (H) 25-45
g1 (VH) > 45

5. U5uma TnunanFeuiidluss Tem? (Available K) (NH,0AC)

52AU (rating) Wefe (mgkg')
&0 (VL) <30
1 (L) 30-60
1thunais (M) 60-90
99 (H) 90-120
g (VH) > 120




6. uananald (Extractable bases) (NH,OAc)

100

521 (rating)

Ny (cmol kg-l)

extr.Ca

extr.Mg extr.K extr.Na extr.bases

Giwmﬂ (VL) <2.0 <0.3 <0.2 <0.1 <2.6
Sgh L) 2-5 0.3-1.0 0.2-0.3 0.1-0.3 2.6-6.6
1hunang ™M) 5-10 1.0-3.0 0.3-0.6 0.3-0.7 6.6-14.3
9 (H) 10-20 3.0-8.0 0.6-1.2 0.7-2.0 14.3-31.2
N (VH) >20 > 8.0 >1.2 >2.0 >31.2
HHYLYIR VL = G‘%TﬂJ"lﬂ (Very Low)

L = 51 (Low)

ML = Aoud NGO;W (Moderately Low)

M = AouT1eR1 (Medium)

MH = ﬂlﬁ)ueﬁlﬁ’cj‘ 3 (Moderate High)

H = 79 (High)

VH = U (very Low)



4 v o J ' [
ﬂ'I‘J'IQNu’Jﬂﬁ 8 ANNUTNNUTIZYIN non SI unit NU SI unit

101

Quantity SI unit Conversion equation
Electrical conductivity dSm' 1 mS/em= dSm’
1 wem = 0.001 dSm’'
Cation exchange capacity cmol kg_l 1 meq/100g = cmol kg_l
Anion exchange capacity cmol kg_l 1 meq/100g = cmol kg_1
Exchange cation cmol kg 1 meq/100g = cmol ,, kg
Mass ratio gkg' 1%=10gkg
mg kg 1 ppm=1mgkg
1 mg/100g = 10 mg kg |
ngkg' Ippb=1pgkg'
mg kg 1ppt=1ngkg'
Mass concentration gL’ 1%=10gL"
mg L’ 1ppm=1mgL’
ngL’ 1ppb=1pgL’
Density Mgm" lg/em’ =1 Mgm"
Specific surface m’ kg’ 1 m’/g=1000m’ kg
Pressure kPa, Mpa 1 bar = 0.1 Mpa
Radioactivity Bq 1Ci=37x10"
Rate, Yield kgha' 1kg/10a=10kgha'

Mg ha'

1t/10a =10 Mg ha '
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