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ABSTRACT

Maize (Zea mays L.) is one of the world’s three most important crops.
Utilization of maize has been increasing over the years in Thailand as a direct result of
expanding livestock industry, rising urban income, increasing in the consumption of
meat and diary products and particularly rising export of meat have caused a rapid
growth in demand for maize as feed. Boron (B) is the nutrient that is most often
deficient for crop production among all of the micronutrients. Boron deficiency is a
treat to maize yield in many parts of the world including Africa where maize is grown
for food on soils are often infertile. Boron deficiency has been reported to depress
grain yield in many cereals, such as wheat, barley and triticale by causing male
sterility. A wide range of genotypic variation in the response to B deficiency has also
been reported in these crops. However, knowledge about B responses in maize is
limited. Thus, this thesis proposed to determine the response of maize to B during
vegetative and reproductive growth and evaluate genotypic variability in response to
B deficiency. Findings are expected to contribute towards management of maize on

low B soils, to maize breeding programs serving such areas.
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A field study found that soil B application increased B concentration in
different parts of the maize plant, but had no effect on biomass or seed yield. Maize
(cv. NS72) was examined in sand culture at two levels of B added to the nutrient
solution (0 and 20 uM B, designated B0, B20). B deficiency depressed grain yield,
from 72 g plant™ in B20 plants to <1 g plant™ in BO plants. Withholding B had no
effect on plant growth at vegetative stage (5-leaf stage). The effect of B deficiency on
grain yield was associated with depression in the number of grains per ear and
malformation of some reproductive parts. B-deficient plant had 3-5 small abnormal
ears, with short silks, at the first ear node. Some tassels in BO were small and emerged
dead, containing very small, shrivelled and empty anthers. B0 tassels contained about
4 mg B kg DW and silks 4 mg B kg™ DW compared with B20 tassels that contained
>8 and silks 15-18 mg B kg™® DW. Moreover, BO-pollens were mostly sterile, and
lacked starch deposit. The silk from the upper and lower part of young ear showed
different responses to B in their appearance, but not their function. From the upper
part of young ear, the BO silk was poorly developed and thin, whereas B20 silk
appeared normal and thick. In the lower part of the baby corn, the silk from BO and
B20 both appeared normal and thick. However, grain set in BO plants failed
throughout the whole ear.

The symptoms of B deficiency in maize found in this study were on both the
male and female flowers. In B-deficient male flower, symptoms included smaller
tassel that was depressed in dry weight, with some branches degenerated into white,
papery dead tissues. Tassel branches were more severely affected by B deficiency
than main axis. Moreover, B deficient tassel had fewer and mostly sterile pollen

grains, that lacked starch deposit and failed to germinate. Sterility of the pollen was



vii

especially severe in the lower floret of the two staminate florets on each spikelet of the
tassel. Boron deficiency symptoms were associated with tassels that contained 4-5 mg
B kg™* DW and pollen that contained 3 mg B kg™ DW, whereas normally function
tassels contained 18 mg B kg™ DW and normally function pollen contained 7 mg B
kg™ DW.

In case of the female flower, B-deficient plant may develop multiple ears at the
same node in which these ears may no longer have the typical morphology of the
maize ear, but develop into branches that look more like tassels. Some B-deficient
ears that keep normal morphology of the maize ear may not show any adverse effect
of B deficiency on the ear dry weight, but may produce silk threads that are much
shorter, much fewer in numbers, and appear to be thinner, with collapsed interior that
can be seen under the microscope. B-deficient silk may not function properly; grain
set may still fail when healthy pollen is applied to these, as healthy pollen requires
sufficient external B supply to germinate fully. B-deficiency symptoms were
associated with silk that contained 4 mg B kg™ DW, whereas normally function silk
contained 15-18 mg B kg™ DW.

Seven maize genotypes, including NS1, Pioneer A33, CM, Glutinous Corn
(GC), Sweet Corn 7101 (SC), White Sweet Corn (WSC) and NS72, were evaluated
for their response to B. Highly significant genotype x boron interaction was observed
for their effect on grain yield and various reproductive processes. The genotype most
tolerant to B deficiency was SC, which had about the same grain number in B0 and in
B20. This was followed by WSC with grain set in BO at three quarters of that in B20.
By contrast, NS1, NS72 and CM can be considered most sensitive to B deficiency,

because they set almost no grain in BO compared with completely filled ears in B20.
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GC and Pioneer were some where in between, with grain number in BO at 51% and
20%, respectively, of those in B20. The grain number in BO relative to B20 (B0/B20)
was closely correlated with the concentration of B in the silk (r = 0.84, P < 0.01),
pollen (r=0.72, P < 0.01), flag leaf (r= 0.72, P < 0.01) and ear leaf (r=0.70, P <
0.01). It is therefore postulated that maize genotypes may differ in their B response
by the ability to supply B to the critical reproductive tissues.

In conclusion, this thesis has shown how B deficiency can depress maize yield
by impairing reproductive development and function of the reproductive organs,
especially the silk. Genotypic variation in the response to low B has also been
demonstrated. These new pieces of information should be useful for management of
the maize crop on low B soils and contribute to maize breeding programs that include

B efficiency as a breeding objective.
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