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Abstract

Iron (Fe) deficiency is a major problem in upland rice and also rice grown
without irrigation (non submerged sofil). In these two conditions availability of iron is low
and may be inadequate for the rice plant. Availability of Fe is especially low in alkaline
soils. Iron deficiency causes chlorosis and decreases grain yield. In Thailand, 75% of
rice cultivating area lacks irrigation and water control to keep the soil submerged
through out the growing season, so that iron deficiency may occur. To overcome iron
deficiency, plants have evolved various adaptive mechanisms to acquire Fe from the
soil solution. Iron efficiency is defined as an ability of plant to grow well in iron soil
deficient in Fe for standard genotypes. Genotypic variation in Fe efficiency has been
found in many plant species, but so far no information is available in rice. Therefore,
this study set out to evaluate responses to Fe deficiency in Thai rice, and explore the
physiological and molecular basis for iron efficiency. Four experiments wetre conducted
at Multiple Cropping Center and Department of Agronomy, Faculty of Agriculture,
Chiang Mai University and carried out from September 2000 to February 2004. Plants
were grown in sand culture with Kimura B solution. Experiment 1 evaluated 39 rice
genotypes, with KDML 105 as check, in the nutrient solution without added Fe. In
experiment 2, five rice genotypes, PSL 1, RD 10, Hom-Pu-Pan, Jao-Leaung 11 and

KDML 105 (check) from the preliminarily screening in experiment 1 were grown in sand



culture with two levels of applied iron (0 ppm (FeQ) and 3.5 ppm (Fe3.5)). Experiment
3.1 and 3.2 explored the possibility of the presence of phytosiderophores in PSL1
through transferability of its Fe efficiency to Fe inefficient KDML 105 plants growing near
by. Wheat, a species known to produce phytosiderophores, is included for comparison.
The two rice genotypes, PSL 1 and KDML 105, and one wheat genotype, Fang 60, were
grown together in pairs in the same pot and separately in sand culture with two levels of
applied iron (0 and 3.5 ppm). In experiment 3.1, there were 6 treatments as follows: 1)
PSL 1 2} KDML 1056 3) Fang 60 4) PSL 1 + Fang 60 5) KDML 105 + Fang 60 6) PSL 1 +
KDLM 105. In experiment 3.2, rice varieties were grown in sand culture with two levels of
applied iron (0, 3.5 ppm) in Kimura B solution with 5 treatment as following; 1) PSL 1 2)
KDML 105 3) Fang 60 4) KDML 105 + Fang 60 5} PSL 1 + KDLM 105. In these two
experiments measurements inculded YEB chlorophyll content, titier plant'1, shoot dry
weight plant'1, root dry weight p!ant‘1, Fe concentration in all plant part, Fe content in all
piant part and Fe uptake efficiency.

Rice genotypes grown without added Fe in experiment 1 were found to have a
wide range chlorophyll content in the youngest emerged blade (YEB). Five genotypes,
Siw-Lao, Jon-Dang, PRE 87003-1-3-1-1, PSL 1 and RD 10 had higher YEB chlorophyll
content than KDML 105. In addition, two rice genotypes, Hom-Pu-Pan and Jao-Leaung
11 had lower YEB chlorophyll content than KDML 105.

In addition to the chiorophyll content in their YEB, genotypes also differed in their
Fe uptake and yield responses. The Thai rice genotypes were classified into 3 response
groups as follows: 1. fron efficient non-responder (PSL 1) produced high grain vield at
Fe0 but did not respond to iron addition. 2. Iron efficient responders (Hom-Pu-Pan and
RD 10) produced high grain yield at Fe0 and respond to iron addition. 3. Iron inefficient
responders (KDML 105 and Jao-Leaung 11) produced low grain vield at FeQ and had a
high response to iron addition. The classification as mention related to iron uptake
efficiency and YEB chlorophyll content. PSL 1 had high iron uptake efficiency in Fe0 and

YEB chlorophyil content in FeQ that was similar to Fe3.5.
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The possibility that some phytosiderophores may be the basis for Fe efficiency in
PSL 1 was indicated by the transfer of Fe efficiency to KDML 105 growing in the same
pot in the same way as that from Fang 60 wheat, known phytosiderophores produces, to
the rice. At 30 days after transplanting, it was found that Fang 60 and PSL 1 were able to
increase YEB chlorophyll content and iron uptake efficiency in KDML 105 at Fe0.
Besides, KDML 105 grown with Fang 60 and PSL 1 had YEB chlorophyll content and
iron uptake efficiency in FeQ similar to those in Fe3.5. At Pl stage, the result was similar
to that at 30 days after transplanting. It is clear that the Fe uptake in KDML 105 was
enhanced in the presence of Fang 60 and PSL 1. The presence of phytosiderophores is
strongly suggested, as it has been established in graminaceous. |

This study has identified PSL 1 as the most Fe efficient and most tolerant to iron
deficiency, much more so than the widely grown KDML 105. The mechanisms for
tolerance to iron deficiency include efficiency Fe uptake and utilization efficiency. The
presence of phytosiderophores is strongly suggested as the Fe uptake efficiency,

confirmation with HPLC is highly recommended.



