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ABSTRACT: Khao Dok Mali 105 rice was planted in greenhouse to study its response to different rates of
iron (0, 2, 4, 8 and 16 mg Fe/kg) and manganese (0, 0.5, 1.0, 2.0 and 4.0 mg Mn/kg) in Tha Tum, Roi Et and

Ubon soils series. Results showed that plant height in these three soils decreased significantly with increasing

rate of Fe while number of panicle in Roi Et soil series (11.0-11.3 panicle/pot) statistically increased with
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increasing rate of Fe except the rate 4 mg Fe/kg. At this rate of 4 mg Fe/kg also resulted in significantly
increased grain weight in Ubon soil series (17.2 ¢/pot) whereas the other rates gave no statistical difference
to that of the control (6.93-8.37 g/pot) with the rate of 8 mg Fe/kg giving the lowest amount of 5.17 g/pot.
Manganese had no impact on rice yield components but induced similar plant height to the control in
Ubon and Roi Et soil series with the except of 2 mg Mn/kg that gave the highest values of 162 and 165 cm,
respectively. Iron and Mn statistically improved nutritional fact of rice grain of which the addition of 2 mg
Fe/kg induced the highest Fe and Zn in brown rice grain while the use of 4 mg Mg/kg increased only Zn
concentration in the grain in Roi Et soil series. The application of 0.5 and 1 mg Mn/kg significantly increased
the uptake of primary plant nutrients and Fe application decreased P and K uptake in Tha Tum and Ubon
soil series. Rates of Fe that induced an increase in N uptake varied among soils, ranging between 4-16 mg/kg.
Iron concentration in plant tissue had no correlation with rice yield components but plant height correlated
with Mn concentration in rice stover (r = 0.73*) and grain (r = 0.88%) as well as number of panicle that
correlated with Mn concentration in rice stover (r = 0.73).

Keywords: micronutrient; plant nutrient management; sodic soils; medium texture soils; jasmine rice
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Table 1 Property of topsoil horizon of Tha tum (Tt), Roi Et (Re) and Ubon (Ub) soil series prior to conducting

the experiment

Soil Properties Tt Re Ub
Texture class Silt loam Sandy loam Sandy loam
Soil pH (1:1 H,0) 5.54 4.48 6.35
FCe! (dS/m™) 0.19 0.97 0.27
CEC? (cmol/kg™) 1.75 3.58 1.25
SAR’® 20.8 34.0 12.0
Organic matter® (g/kg™) 9.61 5.49 6.18
Available P* (mg/kg™) 4.00 2.88 5.38
Exchangeable K°® (mg/kg™) 49.1 65.9 24.6
Exchangeable Ca® (mg/kg™) 475 378 265
Exchangeable Mg® (mg/kg™) 34.6 39.7 37.9
Exchangeable Na® (mgkg™) 85.8 112 98.8
Extractable Fe™® (mg/kg™?) 62.8 31.7 31.0
Extractable Mn"® (mg/kg™) 52.1 327 29.2

ECe = electrical conductivity (saturated paste method); 2CEC = cation exchange capacity (1M NH4OAc at pH 7.0 method);

3SAR = sodium adsorption ratio; *Walkley and Black; °Bray II; 1M NH4OAc at pH 7.0 extraction; "DTPA extraction; éCritical

levels of DTPA extracted Fe and Mn in soils are 4.5 and 1.0 mg kg, respectively (Lindsay and Norvell, 1978)

Table 2 Fertilizer type and application rates for KMDL 105 rice in greenhouse

Application rate (mg element /kg™)

Element Fertilizer Fe experiment (mg Fe/kg™) Mn experiment (mg Mn/kg™)

0 2 4 8 16 0 0.5 1.0 2.0 4.0

N NH,Cl 0.42 0.42 042 0.42 0.42 0.42 0.42 042 0.42 0.42
P (NH,),HPO, 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39
K KCl 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49
Ca CaCl,.2H,0 097 097 097 097 097 097 097 097 097 0097
Mg  MgCl,.6H,0 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21 2.21
S K,SO, 049 049 049 049 049 049 049 049 049 049
Fe FeCl;.6H,0 0.00 0.10 0.19 0.39 0.08 0.27 0.27 0.27 0.27 0.27
Mn  MnCl,.4H,0 0.04 004 004 004 004 000 002 004 0.07 0.14
Zn  ZnCl, 0.03 003 003 003 003 003 003 003 003 0.03
Cu  CuCl,.2H,0 0.02 002 002 002 002 002 002 002 002 0.02
B H,BO,4 0.07 0.07  0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Mo  (NHp¢Mo,0,..4H,0 0.02 0.02 002 0.02 002 002 002 002 002 0.02
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nstadamdniusasiuanssiulifinansadfnedviuiuiiosnneniiuniisesas 50 voe911 (78.7-85.0
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wéan/nn. \udasifsriliruguesinganinluiifuauaunaingdyiaguanodddoddymainninty
137 w1, iudeafumslamanludaniiutudu 4 un/nn. aslibminudadniienuduiosas 14 vesiviludu
flasfianogedfoddqmeadfviiiu 17.2 n/nsgans vasiimiuiudelidwiinudadralduandisainiiy
ATUAN (6.93-8.37 n./n3znn9) snfumsldmdnludam 8 un./nn. Alhmdnudatnsifigregsiifoddyma

|

adfwindu 5.17 n/n3za (Table 3) uazlinandeadsiulugaiuioadaiinislamaniiuunliuduaiulinandn

2
a =

Windu (18.5-21.2 wWisuileuriu 17.0 n/nszan9) lnaanienisldludng 4 un/nn. wilinuannuwnnsieiunig
aa & ! < v ! a ¥ 14 a v < [J Y o a X
add (Table 3) uenantinisldwdnlunndnsdaaiunisadesiwesinlugaiuiesdalneiilisiuiusaiugy

o o aa 1 o’ 1Y o v o 1 ' o w
nsuavaunaifeniunsldminludng 4 un/nn. Aldaliwansaaindrfuaiuau (8 $19/n5019) Lae
Fuusiazdegeaaliuandsiuegluiide 11.0-11.3 sav/nszanafleldidniudnsasds 8 way 16 un/nn.
Tinagenndaaiunmsfnululssmeduieinuinnisladewniismiulemanyiinandnudadraiaduainnisld
Jaailiitesegraiealagaslinaningeandoldmdndannludnsn 4 (Rakesh et al, 2012) uaz 2 nn./1s
(Kulandaivel et al,, 2004) wutienfunisanelulssmaurfaniulae Abid et al. (2002) wiazdasldwmdnludnsn
10 un./nn. Faazgenimanisnaaesiiliainnisfnwiasell windusinidudulunsduaszilusiuiioyly
raslswanad uazidudussuiisenh o, lgnszuiunisadsnaslsiiadiioduasunisia3afivla (Rout and
Sahoo, 2015) agebsAnunisan ndaindevinlimanluwvausdrseduiuarargeanuiuiediy vilianudu

[ I3
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Lfluﬁwiasﬂ’nim&Jﬁﬂﬁsmsﬂ’ngul,l,azﬁﬁifﬂmaLsﬁﬁwuaﬂmi@ﬁﬁmmmi (Dobermann and Fairhurst, 2000;
Fageria, 2014; Xiaoyun et al., 2010) FsdenalvinsenuiBeausion1siasgiivlnresdilagianizadugs wagi
Tnanandinanasludian

wndaiededunsdemeamslaadusideusswing ATP Sueulel sawdinsadrdanfuansaia
Feflunumdrdsenseuiunsdunseiuas duadunisiadgivlaveadns (Mousavi et al,, 2011) wein15ldde

wuanfdaludasiuansrenunduliiinaseiufnesnsie (81.0-87.0 Tundednei) wasd1uiusie (6.33-11.0 539/
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n3zany) vesinmmiesiusEneunandniivie éun dwiinuimedsdnn (29.3-40.8 n/nszany) evaziudnd
(fowaw 63.0-86.3) Uwiin 100 wdn (1.52-2.25 n.) waznarAnLEAT1 (29.3-40.8 n./nTwa19) Tuﬁammgmau
(Table 4) fsilifosnnluanmihdazduadulusmiaazansesnuniutulneamsluiuiiiqrdidunse (Taid,
2550) flauiuiihnsinusorshlifuaniafiemefuanudeinisvesin mmevauswiodouusniaves
dfiugnislsidaian uonaninislfuusnfaduduenahlifinnauorauivtedilasensdeldguiund 2
un/nn. Lesnhlimnugeuestnanadlaonislausmiaynsnlimugeesiniivgnluyauinguuasgniu
Souidamlaiunnsrsannsrfumunsilaglienogluiids 155-156 u. sniiunslaunsnialusng 2 un/an. Al
armgauastiniivgnluduisaesgefignegieditfoddamsadiniiiu 162 way 165 oy, nuddudslinrugees
Tnlugniusesidngiliuandnaninnslauenidalusam 1 un/nn. Selinandendsiulutniivgnlugaiugua
walinuAnuwanaaiunsadalaenistawuanidaludng 0.5 un/nn. ienuawesdign (132 gu.) kagaay
gevestriuualiufiunusasveusaniiafiiutu (123-128 ou.) (Table 4) Milidosanuasmiaifiegunly
ansazanvivazfudimsiyiulnvesindmsutinsuannevildnsiesaivinvesianas (Dobermann and
Fairhurst, 2000; Fageria, 2014)
ﬁqLLﬁiwﬁuﬁﬁwmiﬁﬂmﬁﬂ%mmmﬁﬂLLaxLmeﬁaLﬁuﬁzé’uiﬂqmLwiU%mmmé‘mLazLLM@ﬂqﬁaIuﬁuLméwﬁ
o1adsndlifisamedmiuinunnenuzd 105 ilesndnuanssneuausadsuindemanuazusendaluszeu
wil agulsAmunsladomanviounsnilaotaliausoudlodgmivdnuasiusnidluiuliiemedmiudnld
ilesnndemanviounsnilafilafuiuadluaziinmsazansuasannznousgissindudommnmsiuasuaninms
Lﬂﬁmaaﬁu’tuamwﬁﬁavi'ﬂﬁsﬁwhia’]uﬁm_]ﬂﬁulﬁ (Fan et al., 2012; Fageria, 2014) wiloszeznanstainuiu
Fuardaasulindnudouusniliaararseeninuinauridunsesesind Seldansageiiusinormsiiald
(Xiaoyun et al, 2010) N13@nw189 Duraisamy et al. (2001) waz Kumar et al (2018) Feuuzilideomdnuaz
wnflansluazannsaifiurandatnldfninislimsfuideniniivausageldlilnensssiunislulugui

138771 cuticular pores (Fang et al., 2008)
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Table 3 Effect of Fe fertilizer rates on yield components of KDML 105 rice grown on Tha tum (Tt), Roi Et (Re) and

Ubon (Ub) soil series

Tt Re Ub Tt Re Ub Tt Re Ub Tt Re Ub
Fe rate
Number of panicle Plant height Dry stover wt.
(mg/kg™)  50% Panicle day (DAT)
(panicle/pot™) (cm) (g¢/pot™)

0 81.3 80.7 84.7 9.0 8.0b 9.0 164a 167a 133b 41.9 38.6 29.7

2 80.7 82.3 84.3 11.0 9.0ab 10.0 158bc 164a 137a 38.8 36.9 31.2

4 78.7 81.3 83.7 8.7 8.0b 10.3 162a 158b 130b 36.3 36.8 31.6

8 80.7 81.7 83.3 8.7 11.0a 10.0 160b 162ab 125¢ 38.9 37.3 30.7

16 81.0 81.0 85.0 7.7 11.3a 7.7 156¢ 159b 120d 39.1 37.7 27.0
F-test ns ns ns ns * ns xx x> x> ns ns ns
% CV 1.4 2.2 1.9 12.9 13.0 19.4 0.8 0.0 1.6 7.4 8.6 11.6

Filled grain 100-grain wt. at 14 Grain yield at 14%
(%) (9 (g/pot™)

0 79.7 78.0 82.7 1.58 1.27 1.87 24.6 17.0 8.37b

2 81.3 74.0 87.0 1.43 1.60 1.88 214 18.9 6.93bc

[ 8.7 68.3 84.7 1.49 1.44 211 20.1 21.2 17.2a

8 76.0 71.0 87.0 1.48 1.37 1.39 23.7 14.7 5.17c

16 81.0 9.7 84.0 1.51 1.35 1.78 21.0 18.5 8.10b
F-test ns ns ns ns ns ns ns ns **
% CV 49 59 7.4 9.4 17.8 18.8 14.6 215 15.0

ns=non-significant; *** significant at p < 0.05

according to DMRT at p < 0.05

Table 4 Effect of Mn fertilizer rates

Ubon (Ub) soil series

and 0.01 respectively, different lowercase letters within the same column are significant difference

on yield components of KDML 105 rice grown on Tha tum (Tt), Roi Et (Re) and

Tt Re Ub Tt Re Ub Tt Re Ub Tt Re Ub
Mn rate
Number of panicle Plant height Dry stover wt.
(mg/kg™)  50% Panicle day (DAT)
(panicle/pot™) (cm) (¢/pot™)

0 81.0 83.0 85.0 11.0 10.7 6.33 155b 155b 128 40.8 36.5 28.3
0.5 81.3 82.0 85.3 9.67 11.0 7.33 155b 156b 132 40.3 34.8 29.3
1.0 81.7 81.3 85.3 10.0 9.67 8.67 156b 162a 125 39.2 36.2 29.9
2.0 81.3 84.3 85.3 9.33 10.0 8.33 162a 165a 128 40.6 35.8 29.9
4.0 81.3 83.0 87.0 10.3 7.67 9.00 155b 156b 123 353 34.0 31.0

F-test ns ns ns ns ns ns * ** ns ns ns ns
% CV 2.2 2.2 1.0 20.2 14.6 24.3 1.6 1.2 29 10.9 6.2 11.4
Filled grain 100-grain wt. at 14 Grain yield at 14%
(%) (9 (g/pot™)

0 75.0 81.3 70.3 1.65 1.54 2.08 22.8 17.2 13.4
0.5 e 82.0 68.0 1.71 1.42 2.11 21.5 16.7 14.5
1.0 74.3 67.3 73.3 2.00 1.49 2.16 22.4 14.6 12.5
2.0 74.3 86.3 3.7 1.66 1.61 2.25 20.4 17.7 14.2
4.0 3.7 79.3 63.0 1.42 1.55 1.54 17.9 16.2 10.0

F-test ns ns ns ns ns ns ns ns ns
% CV 3.8 10.0 10.8 22.7 14.4 22.7 9.6 19.9 19.2

ns=non-significant; *** significant at p < 0.05 and 0.01 respectively, different lowercase letters within the same column are significant difference

according to DMRT at p < 0.05
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2. anududunaznisgaldsinemnsudnvasdnurinenusd 105
nslademantunndashlidnluygefuviguianududuvedilasauluaiatuas nunadelunad
Liunnsinsiuoglufids 4.03-6.42 uaz 7.88 8.28 n./nn. FaindwisunIuAuMISEdA (8.40 uaz 12.8 n./nn.
muadiv) Wuieaiuluyeiuguadinrududuresieariesalumdnduas anududuvednunaidonlunedsly
Mfumunuiirngeigaegisidodfameadifniniu 2.99 uaz 11.4 n/nn. uazdimanasuimiiigallunnsiety
defimsldwman snifunisldmanlusng 4 vde 8 un./n. uaz 8 wie 16 un./nn. Mlkarududuvesioaniosa
(3.21-3.84 n./nn.) waglnunalden (11.6-13.1 n./nn.) ladunnseandisuaiuauniuganu (Figure 1a)
nslddemandnaiudniugnlugaiuiosdnazailulasauwasweanasafndulnomsladomsnlusng, 8
uaz 16 un./nn. Wanududuveshulasiaunasrleavosalusdngananesafidoddymeadinuaduiniu 15.4
uaz 5.71 n./nn. enifunslamdnludng 2 was 8 un./nn. Almmduduvediulnsiouuasoaiesadliuansng

NNFTUMIUANANENU (Figure 1a)

20 16

16 @in grain I

Tin stover|

N concentration
(9 /kg?)

P concentration
(9 /kg?)

K concentration
(9 kg™

Rate (mg Fe /kg™)/Soil series Rate (mg Mn /kg")/Soil series

Different lowercase letters accompanying bars representing mean nutrient concentrations in grain or in stover within the

same soil are significant different according to DMRT at p < 0.05
(@ (b)
Figure 1 Effect of fertilizer rates on primary nutrient concentrations in different plant parts of KDML 105
rice grown on Tha tum (Tt), Roi Et (Re) and Ubon (Ub) soil series; Fe fertilizer (a) and Mn fertilizer

(b)

mislatemantudnafiwandnaiurilidngaldsinemsndnuanssiuegalideddynisatfeniunisgn

Tivleaesavesinluyniusondn wdnzduasulidngaldlulasuiuiulnednlugafuitgy gaiudesidn

o o a

wavynAuguagaldlulasugeretliduddgmeadfviniu 110, 137 uar 115 un/nseand sudwudleiinis
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Tamanlusngi 8, 16 uaz 4 un./nn.awEy vasfinislamanludng 2 uay 4 un./nn. insgaldlulnsiauves
TnluyaduiguuazyaAuiendasiimiigaegaiifoddgmaianudidu egslsAmunisldademanndurinla
Fnivgnlugaiuvnguuazyafuguagalivleassa (35.8-61.1 uaz 61.4-105 un./nszans) uaglnunadon (300-
532 uay 148-336 un./nszans) sndmieliuandaifueununisadd winduvinliinluyafues sagald
Inunadesaanageiiivdfyniainegluiide 460-555 un./ns¥as (Table 5)

[

nsladeunsnmilaluynsaslifinasoanududurediulnsiau woavleauaslnunadoslumdnd1n usial
Anuduturess e ImIvaniunediteddideddymeatialaenislddoutanidaludns 1 un/nn. ey
dutuveslulpsiavlunedednlugaiudesidauazyniuguagsaavindu 2.71 wag 1.98 n./nn. Falvinalaiumneing
nmisldludnn 4 un/nn lugnAugua uidleldussnfaanaadu 0.5 un/nn. ndudumiuiivhlidlugaduis
ansavalulpsinusinfian widnadulidniugnluiaoseiuazaunoaetageiignodaiiteddymeadinui fu
5.02 wag 3,57 n/nn. dunnududuvesleanealunedstnlugnfuvinguasiiingsaainiy 2.39 n/nn. eld

Jowwsnidaludnsn 1 un/nn. uenanidnnugnavazaureanesalunedsdnm ngaluisuaiunu (1.96 uag

'
I o

2.33 n/nn.) envinlugeAuviguisiadiian (1.39 n./nn.) Welduwusniiadng 0.5 un/nn. nsladeusaniialy
nnansvilidnluyafusesdauazringuazatlnunadenlunediiliunndminiiumvauegluiids 13.816.6
wag 10.1-12.6 n./An. sniunistdusanidaludng 1 uag 2 un/nn. Aliegegaauaiuminiu 21 uay 18.63 n./

An. (Figure 1b)

Table 5Effect of Fe and Mn fertilizer rates on major plant nutrient uptake by KDML 105 rice grown on Tha
tum (Tt), Roi Et (Re) and Ubon (Ub) soil series

Rate N uptake (mg/pot™?) P uptake (mg/pot™) K uptake (mg/pot™?)
Element
(mg/kgl) Tt Re Ub Tt Re Ub Tt Re Ub
Fe 0 95.3b 107b 62.8C 72.4a 60.6 95.7a 448a 302b 338a
2 59.4d 90.3bc 97.0ab 35.8c 62.7 105a 532a 505a 148b
a4 75.9¢ 79.1c 115a 39.2bc 306 81.4b 300b 555a 228ab
8 110a 89.7bc 113a 55.8abc 60.8 101a 313b 506a 336a
16 89.8b 137a 81.1bc 61.1ab 64.2 61.4c 307b 460a 312a
F-test % % % * ns *x % % x
% CV 6.0 12.6 124 219 9.8 6.8 17.0 114 21.8
Mn 0 61.2 72.6b 40.4b 76.1ab 80.7c 76.3c 517 567b 443
0.5 77.8 27.4d 32.7b 56.0c 171a 107a 361 578b 333
1.0 60.5 94.5a 59.1a 97.6a 70.4c 91.6b arT T74a 320
2.0 62.1 54.4¢ 38.6b 78.0b 94.9bc 103a 349 445¢ 482
4.0 37.1 75.0b 52.0a 63.2ab 124b 99.6ab 385 422c 546
F-test ns > % o *x *x ns wx ns
% CV 28.7 10.7 10.0 13.9 18.1 5.6 22.8 111 22.7

ns=non-significant; *** significant at p < 0.05 and 0.01 respectively, different lowercase letters within the same column are significant

difference according to DMRT at p < 0.05

WeRarsannisaaldsinemsnanvestianuinisladeussnidaduaiulvdngaldsnemisiiudu eniiy

nsgaldlulasuiaglnuadonrestinlugnfuwingy waznsgaldinwadourestnlugnfvguailinuaiiy
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a

wana1aneadn Inenislateunsnialudng 1 un/nn ilidnlugedudesdauasyninguagaldlulasiaugen

9 Y

v
o o o

Wi 94.5 wag 59.1 un./nszanauaisu Sauvadusasvilidnilugeiuiosdagaldinuadenwazd1iluge

o o ]

Aurguaaliveaneagagnetalideddymeatiamindu 772 uag 97.6 un/nszansmuaiiu ualilelduusnila

<

a v < a

anaadu 05 un/nn. nduvilidnlugaAuiesidauas yniuguagalivleanssageiigaviniu 171 uaz 107 un./
nszaemuddy uenanifivgnlunAuguarsealdlulnsinuuaseale fageanoghaiiuddgmnsadfider
nslaunsnlaludns 4 uag 2 un/nn.muadu (Table 5)

lngamsaunuinslauusnidaludng 0.5 89 1 un/nn. szdaasdlidniuninenusd 105 azauuazgaly
smovdniinty snrilunsdveandnnduinlidnivgnlunseiugeldnoae fauasnunadouanas

a '

wuieanudasfiduaulidavanuazgaldsinomsndnuususiululuwdazived luiids 4-16 un.wmdn/nn.

Y

\desnnisazanvendnlufuanimirdiezdenuususunnniussnila (faild, 2550) Ssdsnasoninudu
Usgloniisisiodn egrdlsfnuanududusinomsmdnvesinazanauievhnslamdnuioussnialudnni
dinduisioraduanveivhlininatyiulawasnandnd nanasudareandnuieusnidaiiesansiniis
p1aldanunsagaldsinemisiaiiissmeiuanudesn1svesd s (Dobermann and Fairhurst, 2000; Fageria, 2014;
Xiaoyun et al., 2010)
3. Tnvwinsvestnavestnavianenusd 105

aunmddarunsvesinunaenuyd 105 AnsananUiinamanuardangdlumdadnndoaiosnn
widnuazdangafiunumddysenszuiunisuauedduveayvdlavdiulnguyedlasunnannisuslaasey e
sufedn mslddemdnduadulnrunmsvesinegdnaulasenzluniuguatiosanmsldmanluyndnl
anuutureananluwdndnindes (67.9-74.5 un./nn.) asnddisuauaumneadn (48.9 un/nn.) tngldmdndns
2 un./nn Iegeganindy 82.3 un./nn. warSadusnsiilimmududuveandnlumdninindoduyaiuiendn
gegnldunnseainldwanludns 4 un/nn.egluide 70.9-82.3 un/nn. dwanududuveandnluwdadiindes
TuyaAuvingugean (108 un/nn.) Wlsldwan 16 un./nn. wazfidifunismaassivdelvnaliunnsisainsisy
munulaglienegluiidy 31.9-47.4 uaz 62.80-66.00 un./nn. dmsuyniuiesidauazviigunud iy (Figure 2a)

wamfagdaasulavuinisvestiluyaiuguasgadaaulaenisldusanilalunndnslvinnududuves
wintuwdedindesgeaaliuansneiu (49.4-63.6 Wisuiluiu 21.8 un/nn.) wilugaduigundunuiinisld
wsnidlunndnslianududureavdnluwdndiindes (47.3-59.9 un./nn.) Anddifuaiuaumeaia (68.8
un./nn.) sndumsldusanidasns 0.5 un/nn. AlienududureandnlumdatindosgeansgielidodAgms
affuindu 160 un/nn. winduhlirnududuveandnlumdadnndeduyaduiesidasfigauintu 43.90 un./
nn. dhunslausenidlusanimdoluydudoadalimudutuveandnlusdadnndesiiuandnsanaiuaueg
Tufidey 62.3-62.40 un./nn. snifunistausennialudng 2 un/nn. Alvidrgegaedredioddymsadfmindy 78
un./nn. (Figure 2b) milatamdndaaduludninarandnsAiutuonilugnfuhguillinuaruuansiang
afid (24.96-30.72 un./nn.) Tagaziiusasgsdnaulugaiuguaiiiosnmsldmanlunnsmsliaundutuyes

danzdluwdednindes (38.6-69.0 un./nn.) aandnsumuauneada (21.6 un./nn.) Inenstaludng 2 un. wan/

'
o v a ]

nn. arliAngeanegiivedAynneadn vasiinsldmanludns 2-4 un/nn. ienududuvesdinsdluwdedn
ndeslugnAudosdaiiianliunndeainiisuaaunu (13.7-16.4 un./nn.) udegiiauiutu (23.2 un/nn) devh
nsldwdnlufiiududsludam 16 un/nn. agliengeaaniiiu 3.0 un/nn. (Figure 2a) dnilunsdlvasnisld
e flalidaaiailavuinisvestnndomasunsiiindangdidesnnsldussndalunnsnaluyaiuoodals

pnududuresdingdluwdatindadiuanssaindsuaiuay (11.1-16.4 un./nn.) sniunislawusnialudng
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0.5 un/nn. filsAviiigaogrsdtoddqmeadfvint 6.71 un/nn. uenanidleussnilalifinadeamududy
vosdanzdlumdadnndedugafiuvionu (22.1-28.0 un./nn.) wazyadugua (26.0-33.7 un./nn.) (Figure 2b)
NSIeUUTINANNRBINMSIANLardIngdronsrUIuNSiumUeaTueIrUlneviniU 10 Lag 15 un./
Tu dwsuwene waz 15 waz 12 un./u dmsumeangs (FAO and WHO, 2000) 3saasuslaatnauinnidl 100 waz
200 n. Jagyhlrlaanuazdensdiiisaneronunoinis
4. andunudswinananuazuusniialuiioBeivuazesiusznaunananvasdng
anududuveandnlundauaslunedsimlifianduiusidadunadituesdussneunandnvesin v
aududuvenialuwdednianduiusivanugmesdn (r = 0.73%) wudeiuanududuveuunialy
nodsimanduiusiuaugaweain (r = 0.88%) wagd1uausIawesing (r = 0.73%) (Table 6) Lipsanuusniaas
dededunstemeamslaaduiudousewing ATP fueuley yiufsnsaddnfiunaneeiindsfiunumddey

G]E]ﬂiu‘UTLlﬂ’ﬁ?NLﬂi’]u‘ViLL?N?NLﬁiiiﬂ’ﬁL"\]iﬂJLmUImﬂJaﬂ‘U’T} (Mousavi et al., 2011)

[
13
o

200

§ 120 a 2 160 :
g;; 90 b b | 120
§; 60 8o | ° bc be B
8@%H H qilanndlAl = Rlaamn HHH I
E ﬂﬂ ; ﬂﬂ ] i ﬂ
16 0 16 0 2 4 8 16 0 05 1 0 05 1 0 05 1
Tt Re Ub Tt Re Ub
80 & 40
S 60 b 32
c c
52 40 d 24
2 2 H H 16
= 8 sl H
E OHHHHHHHHH ] ; ]
16| 0 16,0 2 4 8 16 0 051 2 4|0 05 1 0 05 1 2 4
Tt Re Ub Tt Re Ub
Rate (mg Fe /kg™)/Soil series Rate (mg Mn /kg')/Soil series

Different lowercase letters on bars grouped within the same soil are significant difference according to DMRT at p < 0.05
(@) (b)
Figure 2 Effect of fertilizer rates on Fe and Zn concentration in brown rice of KDML 105 rice grown on Tha

tum (Tt), Roi-et (Re) and Ubon soil series; Fe fertilizer (a) and Mn fertilizer (b)

Table 6 Correlation coefficients (r) for linear relationships between Fe and Mn concentrations in different

plant parts and yield components of KDML 105 rice

Correlation coefficients (r)

Nutrient Relative
Plant part Plant Panicle Panicle Filled
concentration Dry stover
Grain yield height No. day grain
wi.
Fe Grain 0.59 0.35 0.23 0.21 0.19 0.36
Strover -0.39 -0.24 0.05 -0.64 -0.19 -0.22
Mn Grain 0.17 0.34 0.73* 0.59 -0.34 0.53
Strover 0.51 0.64 0.88** 0.73* -0.44 0.64

* X%

= correlation are significant at < 0.05 and 0.01, respectively
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dayunan1vaasg

Fundunuiivhnisine Téun gafurign gafufonde uasgaiugualufuioviunatsiiiviiauman
wazussmilageninsediuingiusenadsasliiiivanedmiuinuninenusd 105 Fainuaninisaevausadsuinse
wisnuazunialussduniuandunsesnsinnlugniugualasmislaumdnasduiminudadnuazsuauma
109917 TaalasuinisvestindesiilminuardnsAifiatu wudetunsldundaifislnunsl
wiinlusdndnndoadstudnisdiduaiulidnasauuasgelismemmdnfutusie uinsldamdnlusng a
un./nn. vide wamilaludng 2 un/nn. avdswaidsaudenisasyiiuladrlaeinlfmugaesinanas nitanns
Tawdngailiingaldeanasauar Inuadenanas wandidiuindnaiongunnoufuuliiniliAeaudy
fiwsiodny sadusynaunandndaliufianduiusiumdnuadanduiusiBevindusandaluneduasiudndin
nsfnwassiidunsmeaeuluanimlsuIounaassdsilanmundonfiunnsrsnnaniwliu fasuiasiinng
naasuiudsluaualilddeyaiifinnuudugunntu egrlsinmudnsmdnuasiaeniiaddne wonugd 105
nevauasreudia n1slimaduiaifunuamediivsyansannniinslimefusiuiesseynsasgduled
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