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ABSTRACT

Boron (B) deficiency is a widespread problem causing sterility and loss of
grain yield in wheat in sub-tropical Asia including Thailand. Some B-efficient wheat
genotypes, able to grow well in low B soils, have been identified, but the mechanisins
that control efficiency are unknown. The aim of the thesis is to define the mechanism
(s) controlling B efficiency in wheat.

Wheat genotypes were evaluated for B efficiency in sand culture under low B.
Results have clearly shown that boron efficiency classification in wheat genotypes
may be improved by considering other parameters (e.g. flag leaf B at full boot stage,
relative B response in the number of grains spike” and grains spikelet™) as well as
grain set index (GSI) without added B. The genotypes were classified into four B

efficiency classes: these were efficient (E: Fang 60 and Sonora 64), moderately



inefficient (MI: 922-211 and CMU 88-9), inefficient (I. Schomburgk, SW 41 and 922-
276) and very inefficient (VL. Kite and Bonza). In addition, root growth in SW 41
was sensitive to B deficiency, but low B in solution culture had no effect on
vegetative growth 1n Fang 60.

In sand culture at four B rates (0, 0.1, 0.33 and 10 uM B), Fang 60 at low
solution B maintained a higher B concentration (greater than 5.7 mg kg™ B) in the ear.
Inefficient and very inefficient cultivafs had much lower B concentration in the ear
(eg. 1.8-3.9 mg kg in Bonza). CMU 88-9 at low solution B generally retained a
higher proportion of whole plant B in the/ root. This suggests that Fang 60 exhibits B
efficiency because of greater partitioning of B into the ear, allowing it to maintain
high GSI even at low B supply. Poor B transport in CMU 88-9 from root to shoot
may account for its low B efficiency.

In order to examine the role of B 1n anther development, B-efficient (Fang 60)
and B-inefficient (SW 41) genotypes were grown in solution culture with either
adequate supply or withholding B during the critical stage of pollen development
(premeotic interphase to young microspore). Withholding adequate B during the
critical stage depressed pollen viability at anthesis in the B-inefficient wheat cultivar
(SW 41) by 40-70%, produced abnormal pollen wall separation in young microspores,
and resulted in the disappearance of mitotic nuclei. The low B treatment had no effect
on any of these pollen characteristics in Fang 60. Low B did not impair starch
accumulation and the mature pollen contained cytoplasm and organelles.

To determine whether differences in B transport and retranslocation can

explain cultivar differences in B efficiency between B-efficient (Fang 60) and B-
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inefficient (SW 41) genotypes. Plants were grown with adequate 1B (10 uM), until
the premeiotic interphase stage in anther development, then transferred into B at 0.1
or 10 uM B. After five days, ending at the young microspore stage, plants were
returned to adequate ''B. Plants were harvested at 0, 1 and 5 days after transferring
into '“B. When B supply was low, total shoot B did not differ between Fang 60 and
SW 41. By contrast, the proportion of plant B partitioned into the ear of Fang 60 was
almost twice as high as that in SW 41, enabling Fang 60 to maintain B concentration
in the ear at 6.8 mg kg™ dry weight (DW), whereas it dropped to 3.8 mg kg’ DW in
SW 41. Boron accumulation in the ear, when external supply was restricted, did not
come from the ''B previously taken up by the plant. The greater B accumulation in
ears of Fang 60 compared to SW 41, with limited external supply, indicated that B
efficiency was associated with xylem transport of B. The greater increase of '°B:''B
ratio in the ear of Fang 60 compared to SW 41, over the 5 days of B interruption
further indicated that greater B efficiency was associated with a stronger capacity for
long distance transport of B from the rooting medium into the ear via the xylem rather
than from retranslocation of B in the phloem.

The greater ability of Fang 60 to distribute B into the 'developing ear under
low B during the critical stage of microsporogenesis suggest that this ability is the
main mechanism for B efficiency in wheat. By contrast, there was no evidence of
greater B uptake into shoot by B-efficient cultivars, neither was there evidence of B
retranslocation into the ear under low B during the critical stage of
microsporogenesis. Further work is needed to explain how efficient cultivars, like

Fang 60, are able to allocate extra B into the ear.
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