WNUNERS 43 (1) 1 67-78 (2558). KHON KAEN AGR. J. 43 (1) : 67-78 (2015).

v < %4 = a < t4 +4
mﬁ]umuﬁ1@mammzmﬂg:a“lmgmzmwuaﬂmmﬂumn

Iron and zinc partitioning in rice plant during grain filling

v 1 d d U g gk A d o 14 2
TNV I !!ﬁuul“lfﬂ , THINTUA mIiJZWI wIngne™ , AUaUY 9190 7, Bernard Dell

19T IUYDITIVU GREINEN]
Chorpet Saenchai', Chankan Thebault Prom-u-thai'#*, Sansanee JamJod'#,

Bernard Dell? and Benjavan Rerkasem?

undnga: Faflanududuressaudnuasdingdlusdasflediouiudasoyfiaau puduazanudnla
Aenfunisiudeusawinuazdans@lugudnaszminsmsazaniminudcluminas didudeyalunisia
ﬂ?mmmﬁg%mm‘ﬂﬁmiumﬁm“ﬁwiﬁ mﬂnm@m'ﬁﬁ\aﬁ%ﬁ]qﬂixmﬁlﬁ'm_id%mmmum@ﬁ\‘m@hﬂu%q 4 vug 7
szazmsazasiminuisluada 10 Sundensnaainasuazsvazanur lasiudeyanisasoiula meazannng
feaaslu luse lufwae lune Sréuwazninly szud uazindn wuaududuressauinlumaadiniaga
FAuiusiEsuaniuilsz@nEnmnIsganessn (r = 0.74*) uazdnannnisandesainsulldwan (r=0.74) Tu
mmx‘ﬁ'ﬁwé@”\mzawuLm'mmzﬁ”mﬁuﬁ?ﬁqmﬂﬁuﬂizawﬁmwmi@m‘ummﬂ (r = 0.54%) it Tuszrnsifisiadn
nisutleifusngmanianunlstulugousine wessiudnauazssndraiugdnn whnniugiinisudisugieman
anfuligmednalisaiuiiodenss 2 - 3 Wil assiudnuiusadenyaRfianuustsalunisudetha
Tudndunazesing lemudndngaunisutiiuannéuligssdnatiszas 10 Sundouguings agfifenas 12 - 21
waziutuilufenaz 48 - 63 fiszazgnun uazwudn nmavsuBausamanuazdang@lugwandanauanseiu
ludhausiaziug Tmaslum9;mz'“iﬂm@mguﬁmmﬁm%uiuzﬁqumm‘l,um Tu lumne siusazniuly dousisdanzany
Twluse Ty waz sutaznuly m?‘wm@m‘ﬁm%dﬂzii"mmumiﬁu'dqummmﬁ;mﬁﬂu,@zzﬁ”\mzﬁvlﬂzjLuﬁm"ﬁwﬁu G
fumuaNnsnlunsgalduaznisuyuidausinrasinousasiug uazdnanwlunisandessismanainsull

@ @

qudnfidnasanistiudiulilguindon
s .

AdAty: nswiaily, MavywReusIneIwg, 419, s1mwan, sandanzd

a9V ls NAATINTANARTUAZNINENTEITNTNG AUZINEAIANART NuAnenaadeaslual 50200

Division of Agronomy, Department of Plant Science and Natural Resource, Faculty of Agriculture,
Chiang Mai University 50200

Sustainable Ecosystem Research Institute, Murdoch University, Perth 6150, Australia
NANARENINLNIRUGNITNUATEINBIMNINT ADLTINEAIANART NunAnendedeslua 50200

Plant Genetic Resource and Nutrition Laboratory, Faculty of Agriculture, Chiang Mai 50200
AudRaada& U iunAnendedelud

Lanna Rice Research Center, Chiang Mai University

* Corresponding author: chanakan15@hotmail.com



68 WAUINEAT 43 (1) : 67-78 (2558).

ABSTRACT: Iron (Fe) and zinc (Zn) concentrations in rice grain are lower than other cereals. Understanding of Fe
and Zn partitioning in rice plant during grain filling will help to increase grain Fe and Zn concentration. Thus, the
objective of this study was to investigation the accumulation of Fe and Zn in different plant parts during grain filling
among four rice genotypes. Plants were harvested at I0DAA (day after anthesis) and maturity and the samples were
separated into flag leaf, leaves, dead leaf, stem+sheath, branch and grain for evaluation of dry weight and analysis
of Fe and Zn concentration. The un-husked Fe concentration was positively correlated with root uptake efficiency
(r =0.74**) and Fe-HI (r = 0. 74**), while positive correlation between the un-husked Zn concentration and only
root uptake efficiency was found (r = 0.54*). During grain development, Fe and Zn partitioning varied among plant
parts and genotypes. There was a clearly different pattern of partitioning among plant parts between Fe and Zn. In
the case of Fe, only 2 — 3 % of the whole plant Fe partitioned into the panicle both at 10DAA and maturity in all
genotypes while 12 —21% of Zn in the whole plant partitioned into the panicle at IODAA and it increased to 48 — 63%
at maturity. The remobilization of Fe and Zn into rice grain was varied among rice genotypes. The remobilization
of Fe was found in flag leaf, leaves, dead leaf and stem+sheath, while that of Zn was found in flag leaf, leaves and
stem-+sheath for Zn. This study indicated that partitioning of Fe and Zn into rice grain was dependant on uptake and
remobilization efficiency in different rice genotypes. Grain Fe partitioning was also influenced by Fe harvest index.
Keywords: iron, zinc, partitioning, remobilization, rice
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Table 1 Plant dry weight and grain yield of 4 rice genotypes at 10 DAA and maturity

Genotype Above ground DM (g/plant) Root DM (g/plant) Grain yield (g/plant)
10 DAA

KPK 16.1 2.3

IR68144 171 2.2

RD7 23.6 3.3

KDML105 18.2 2.0

F-test ns ns

Maturity

KPK 134 c 1.6b 6.0b
IR68144 25.1 bc 1.6b 81b
RD7 33.3a 26a 1MM1.1a
KDML105 32.1 ab 1.9b 11.2a
F-test o . .

Significant difference in the same column is indicated by different lower case letters by mean of least significant

difference at a probability of 5%.

ns, ** = No significant difference, significant difference at p< 0.01.
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Table 2 Fe and Zn concentration in different grain parts of 4 rice genotypes at maturity

Nutrient concentration (mg/kg)

Un-husked Brown rice Husk
Fe Zn Fe Zn Fe Zn
KPK 10.9 bc 259 ab 79a 30.2b 31.0 29.6
IR68144 14.1a 29.2a 85a 33.7a 23.8 28.5
RD7 94c 22.5 bc 50b 22.8d 28.5 20.7
KDML105 125b 221c 57b 26.7c 21.9 29.6
F-test * > > > ns ns

Significant difference in the same column is indicated by different lower case letters by mean of least significant

difference at a probability of 5%.
ns, *, ** = No significant difference, significant difference at p<0.05 and 0.01, respectively.
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Figure 1 Relationship between root uptake efficiency and un-husked Fe (a) and Zn (b) concentration, harvest

index and un-husked Fe (c) and Zn (d) concentration of 4 rice genotypes at maturity
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Figure 3 Fe content of 4 genotypes at 10DAA and maturity stage in rice plant. ST+LS, stem+leaf sheath

(bars represent standard error of mean, n = 4) KPK and IR68144 are high grain Fe, RD7 and KDML105 are

low grain Fe
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Table 3 Fe content in plant part of 4 genotypes changing at maturity compared with 10DAA

Percentage of increase or decrease after 10DAA

Flag leaf Leaves Dead leaf ST+LS Branch Grain
KPK -64 -7 +18 -5 -92 -10
IR68144 -4 -50 -22 -31 -84 +42
RD7 +96 -84 +33 +75 -76 +149
KDML105 +56 -60 +94 -28 -90 +306
[]10DAA |l Mature KPK []10DAA |l Mature IR68144
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4 200 A 2 2
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£ 150 F 400 o 20
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Figure 4 Zn content of 4 genotypes at 10DAA and maturity stage in rice plant. ST+LS, stem+leaf sheath

(bars represent standard error of mean, n = 4) KPK and IR68144 are high grain Zn, RD7 and KDML105 are

low grain Zn

Table 4 Zn content in plant part of 4 genotypes changing at maturity compared with 10DAA

Percentage of increase or decrease after 10DAA

Flag leaf Leaves Dead leaf ST+LS Branch Grain
KPK -52 -45 +118 -78 +27 +190
IR68144 +21 -3 +68 -76 +36 +130
RD7 +14 -63 +61 -71 +46 +152
KDML105 +325 -36 +54 -82 +136 +265
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Table 5 Analysis of variance on Fe and Zn partitioning rice among 4 rice genotypes
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Fe partitioning

Zn partitioning

Source df P df P
Genotype (G) ns ns
Plant part (PP) 3 <0.001 3 <0.001
Harvest (H) 1 ns 1 ns
G*PP 9 <0.001 9 <0.001
G*H 3 ns 3 ns
PP*H 3 <0.001 3 <0.001
G*PP*H 9 <0.001 9 <0.001
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Figure 5 Partitioning of Fe (a) and Zn (b) at 10DAA and mature in plant parts
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