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ABSTRACT

Rice is the staple food for over half of the world’s population. In recent years,
rice production has been increasing as the result of the release high yielding varieties,
improving of production conditions and cultural practices. In Thailand, a unique
characteristic of rice production and trade is the emphasis placed on grain quality. This
has brought benefits to farmers, rice traders and the country’s export earnings in the
form of higher prices and the capture of a major share of the world market in high
quality rice. Rice grain quality is determined by genetic control and environment
conditions. Plant breeders continuously try to maintain or improve grain quality
characteristics by manipulation of the genetics so that new varieties will have the high
grain quality to meet market standards and requirement of consumers. However,
environmental factors are difficult to control or predict so it can only be partially
managed. To achieve uniformity in grain quality characteristics, it is necessary to
understand factors affecting variations in key quality characteristics. Therefore, the
effects of environmental conditions on grain quality of different rice genotypes have

been examined in this thesis.

To evaluate the effect of different cropping seasons on rice yield and quality,
selected popular Thai rice varieties, Suphan Buri 1 (SPR1), Chai Nat 1 (CNT1),
Pathum Thani 1 (PTT1) and RD21 were grown in 3 cropping seasons; rainy, cool and

summer at Chiang Mai University. The timing was chosen in order that temperature
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conditions during grain filling would differ substantially between seasons. Grain yield
was lowest in the cool season crop due to a lowered number of filled grain. The number
of the standard grain weight of each variety was decreased while the numbers of
unfilled and partially filled grain were increased in the cool season crop. For grain
quality, all 4 varieties had highest number of chalky grains in summer season crop.
Moreover, the head rice yield of SPR1, CNT1 and PTT1 in summer was about 20-30%
lower than in the rainy season. The gelatinization temperature (GT) was increased in all
varieties in the summer compared to the others season. For nutritional qualities, the
concentration of Fe in brown rice of all four varieties was higher when grown in
summer while the N, P and Zn concentrations were higher the cool season. It would be
useful if rice grain quality could be improved in every cropping season especially in the

summer season which is the normal off season for rice grown under irrigation.

From previous studies, nitrogenous compound was reported to increase Fe and Zn
concentration in rice grain when foliar applying with Fe and/or Zn fertilizer. However,
there is still a lack of information whether the use of nitrogen fertilizer together with Fe
and Zn by foliar spraying will be able to improve grain Fe and Zn as well as milling
quality. Therefore, to investigate this an experiment was conducted to examine the
effects of foliar spraying with urea and Fe or Zn on rice grain quality using the same 4
rice varieties as in the previous experiment. The following treatments were applied 1)
Zn (0.5% ZnS0,4.7H,0); 2) Fe (0.5% FeS0O,.7H,0); 3) urea (1%); 4) urea (1%) + Zn
(0.5%); 5) urea (1%) + Fe (0.5%), and 6) control (distilled water). Treatments were
sprayed over the rice panicles at day 7 after flowering. Foliar treatments increased grain
Fe and Zn in both brown and white rice, however, head rice yield was decreased when
sprayed with Fe or Zn containing solutions, but the effect of foliar Zn on head rice yield
disappeared when Zn was combined with urea. Foliar Fe fertilizer alone only increased
the Fe concentration in brown rice of one variety, PTT1. However, when combined
with urea, the Fe concentration in brown rice of all varieties was significantly increased

over the control, but not in white rice.

Application of foliar Zn increased the grain Zn of both brown and white rice in all

varieties but urea did not show the effect on grain Zn in all varieties except RD21, in
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which the brown rice Zn concentration was increased when Zn combined with urea but
this effect was disappeared in white rice. There was genotypic difference in the
response to foliar Zn with CNT1 showing less response to foliar Zn than the other
varieties. The identification with a variety with a high ability to absorb and
translocation foliar-applied Zn to the grain is suggesting for further study.

Although, grain breakage was not affected by foliar application of nutrients, a
preliminary investigation established that the Fe density in broken rice of both
unfortified and Fe-fortified parboiled rice was higher than that in the full grain. Uneven
distribution of Fe along the grain length would contribute to different concentrations of
these nutrients in broken and full grain. As there is currently no available information
on the Fe and Zn composition of different broken rice components, this was evaluated
in 6 common Thai rice; SPR1, PSL1, CNT1, KDML105, PTT1, CNT80 varieties and a
high Fe and Zn genotype IR68144-2B-2-2-3 by measuring the concentration of Fe and
Zn in 3 transverse fractions (basal, middle and distal fractions) along the grain length.
Samples of broken rice from the market were also examined for the proportion of the
different grain fractions and the Fe and Zn concentrations. This study revealed strong
variation in the Fe and Zn concentrations along the grain length both in brown and
white rice. The Fe and Zn concentrations of most varieties were higher in the basal
and/or distal than the middle fraction depending on the rice variety. The basal and/or
distal grain fraction made up the major proportion by weight and number of the broken
rice samples from the market. Therefore broken rice grain can sometimes be higher Fe
and Zn concentrations than whole grain rice depending on the proportion of grain
fractions that make up most of the broken rice as well as the variety differ in the nutrient
concentration in different grain fractions would determine concentration of the nutrients

in broken rice.

In conclusion, rice grain qualities were influenced by environmental conditions
and it varied among varieties. Cropping season affected rice grain yield and quality and
it is hypothesized that this was due to the difference in temperature during flowering
and grain filling. Improving rice grain qualities by foliar Fe and Zn application was

success in term of improving nutritional quality but not milling quality. Iron and Zn



were distributed unevenly along the rice grain length. Most varieties had higher Fe and
Zn concentrations in basal and/or distal fractions than the middle depending on rice
varieties. Improving rice grain quality may offer a mean to increase farmer’s income
and bring benefit to rice consumers, however environmental factors controlling grain
quality are difficult to control or predict, therefore, there is a need for further research
into increasing grain quality such as milling quality and nutritional quality by selecting
varieties with a high ability adapt to growing environment and/or absorb and translocate

Fe and Zn into the grain.



