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ABSTRACT

Iron (Fe) deficiency anemia is the most serious malnutrition problem. Most of people’s
Fe intake comes from staple cereals. Among the cereals, rice has the lowest grain Fe
concentration. Therefore, the increasing Fe concentration of rice grain may solve this problem.
Fe concentration in rice grain has been reported to vary among different rice varieties, with
Thailand popular varieties such as KDML105, RD6, CNT1 and SPR1 among the lowest. On the
other hand, local Thai rice varieties with high grain Fe have been identified. These could be used
as parents in breeding programs aiming to increase Fe in rice that people consume. Local rice
germplasm, however, can be genetically variable. This study aimed to examine variation of Fe
concentration in the grain of local rice varieties, and to investigate how the accumulation of Fe
differ in the grain of high and low Fe varieties.

Two experiments were conducted at Multiple Cropping Center and department of
agronomy, faculty of agriculture, Chiang Mai University. Seed of 66 accessions with 17 named
varieties of upland rice (Oryza sativa) were collected from Tee Cha village, Sob Moei District,
Mae Hong Son, Thailand (17°51° N and 97° 54" E). Each accession was separated into three
parts, the first for staining with Perl’s Prussian blue, the second for chemical analysis, and the
third for evaluation of genetic variation by progeny testing. The Perls’ Prussian blue reaction was
determined on individual grains of brown rice and reaction rate as intense (+++), medium (++),

low (+) and none (0) under a stereo microscope. Average Fe concentration of each accession



(over about 50 seeds) was determined by dry-ashing and atomic absorption spectrophotometry
(AA), in mature whole grain brown rice complete with embryo (palea and lemma removed).
Variation in qualitative characters was assessed with the Shannon-weaver index (H’), high A’
value indicating high diversity within population. Variation in quantitative characters was
determined with mean, standard deviation (sd), coefficient of variation (CV, %) and analysis of
variance.

Chemical analysis found up to 3 folds difference in average Fe concentration of
accessions sharing the same name. The average Fe concentration was also closely correlated with
mean intensity of Perl’s Prussian blue staining for each accession (r = 0.74*). Variation in grain
Fe within each accession was indicated by variation in the intensity of the stain among individual
grains of the same seed lots. Diversity analysis conducted on 2 accessions each of 3 named
varieties found the Shannon-Weaver index to vary from 0 to 3.3258 and coefficient of variation
(CV) for plant height between 4-6%, and flowering date 7-15 %. Variation in grain Fe within
accessions was confirmed by chemical analysis of grain from individual plants that grew from the
same seed lots. Brown rice Fe concentration in BGU#5 which the H” value = 0 covered the range
of 10-16 mg Fe/kg, which was the same as in the other 5 accessions, which showed much more
morphological and physiological variation.

To study the pattern of Fe accumulation, a pot experiment was conducted in a factorial in
randomized completed block design with three replications. Four rice varieties, 2 with high
concentration of grain Fe (IR68144, improve rice variety from IRRI and CMU122, local rice
variety) and 2 with low grain Fe concentration (UBON2, new variety and KDML105, population
variety) were grown in sand culture with complete nutrients (Yoshida, 1976) except for Fe. Iron
was applied to the nutrient solution at 2 levels, 2 ppm of FeSO, (Fe2) and 7 ppm of FeSO, (Fe7).
Plants were harvested at 10, 20 and 30 days after anthesis and separated into root, shoot, leaf,
youngest emerged blade and spikelets (husk, brown rice, and unhusk). Samples were analyzed
for Fe by dry-ashing method and spectrophotometer. Data were analyzed with analysis of
variances and means compared with least significant difference (LSD) at P < 0.05.

Iron concentration in the brown rice grain differed among the varieties as expected, with
no effect of Fe levels in the nutrient solution. This difference showed no association with total
plant Fe content at maturity, which was highest in CMU122, slightly lower in KDML105 and
UBON2, and lowest in IR68144, which was less than half that in CMU122. Very small fraction

of the total plant Fe, 0.8-2.5%, was partition into the grain. In KDML105 and UBON2 even less
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(0.2-0.6%) ended up in the endosperm as almost half of the Fe that was sent to the grain went to
the husk.

At maturity, high Fe varieties have grain Fe in brown rice higher than low Fe varieties (0.35
pg/seed in high Fe varieties and 0.28 pg/seed in low Fe varieties). Fe concentrations in brown
rice are decrease at the same time of grain development; IR68144 has high Fe concentration in
brown rice, it has 27.0 mgFe/kg at maturity. High Fe varieties accumulated Fe in brown rice
much faster than low Fe varieties. At ten days after anthesis IR68144 and CMU122 had already
accumulated at maturity low grain Fe varieties has higher grain yield than high grain Fe varieties.
Increasing Fe in the nutrient solution had no effect on total dry weight at maturity of all 4
varieties, but while KDML105 and UBON2 had accumulated less than half.

This study has shown that there is considerable variation of grain Fe concentration within
some of the seed lots of the local upland rice varieties as well as between the different varieties,
different seed lots with the same name. This variation was found in an accession that exhibited no
apparent variation as well as those that showed some morphological and physiological variation.
Findings that high grain Fe varieties accumulate Fe in the grain more rapidly and partition much
lower proportion of grain Fe into the husk may be useful to consider when looking for rice

genotypes with high grain Fe concentration.
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