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ABSTRACT

Yield reductions in cultivated area occur because of either boron (B) deficiency
or toxicity. There is a wide range of genotypic variation in responses to B deficiency and
toxicity in wheat. Boron deficiency primarily affects pollination, resulting from male
sterility and abnormal pollen development, while B toxicity affects the growth at all
stages of development. Boron efficiency is an ability of plant to grow well in soil, which is
deficient for standard genotype. Boron efficiency mechanisms might be due to the
ability to acquire B from soil, the way that B is distributed, and its utilisation within plant,
while B tolerance mechanism is the ability to maintain lower B by B restriction in plant. It
is as yet unclear how mechanisms governing tolerance to B deficiency and toxicity are
related in wheat. This study set out to relate responses to B deficiency and toxicity in
wheat genotypes covering a wide range of tolerance.

To verify clearly responses, three experiments were studied at Multiple Cropping
Center and Department of Agronomy, Faculty of Agriculture, Chiang Mai University and
carried out from September 2000 to February 2003. Three groups of wheat genotypes

were used in these experiments: (1) genotypes known the range of response to B



deficiency (Fang 60 (E; Efficient), CMU 88-9 (ME; Moderately efficient), SW 41 (M(;
Moderately inefficient), Bonza (I; Inefficient)) (2) genotypes known the range of response
to B toxicity (Turkey 1473 (T; Tolerant), Halberd and BT-Schomburgk (MT; Moderately
tolerant), Schomburgk and Tatiara (MS; Moderately sensitive), Kenya Farmer (VS: Very
sensitive)} (3) advanced lines from 18" SAWSN (Semi-Arid Wheat Screening Nursery)
from CIMMYT (191 lines).

The first experiment was conducted to study B deficiency responses in sand
culture with two levels of B added to nutrient solution (0, 10 uM B) on the three groups of
wheat genctypes. Boron deficiency did not affect on tiller p[ant'1. sltraws yield plant’1, ear
emergence complete, spikes plant ', spikelets spike” but affected on grains spike”,
grains spikelet'1, grain weight p!antq, hundred grain weight and grain set index (GSH).
Fang 60 was the most efficient {GSI>80% in 0 uM B) while CMU 88-9, SW 41, Bonza,
Turkey 1473, Halberd, BT-Schomburgk, Schomburgk, Tatiara and Kenya Farmer had
GSti less than 50% and only nine lines from 18" SAWSN were rated as efficient to B in
the same range as Fang 60. Most lines were inefficient to B (GSI<40% in 0 uM B).

The second experiment assessed B toxicity responses in solution culture with
two methods. The first method conducted in filter paper soaked in four levels of B added
(0, 50, 100, 150 mg 8 LY on Fang 60, CMU 88-9, SW 41 and Bonza. It was found that
standard genotype, Bonza, had normal root length when grown at 50 mg B L or higher
compared with 0 mg B L™ while root length of Fang 60 and CMU 88-9 reduced the most.
Increasing B depressed shoot length but not differently similarly in all genotypes. For the
second method, drip tray method, three groups of wheat genotypes were assessed with
three levels of B added (0, 100, 150 mg B L), Increasing B to 100 and 150 mg B L"
progressively depressed root length in all genotypes. Bonza and Turkey 1473 showed
the least root length reduction at 150 mg B L (Relative Root Length; RRL = 46.3 and
48.7% respectively), whereas Fang 60, CMU 88-9, SW 41, Halberd, BT-Schomburgk,
Schomburgk, Tatiara and Kenya Farmer showed most reduction in root length (RRL

<40%). Furthermore, five wheat lines from 18" SAWSN were rated as tolerantto B



toxicity in the same range as Bonza when assessed at 160 mg B L” but none was as
tolerant as Bonza when assessed at 150 mg B L

In experiment 3, Fang 60, Bonza and Turkey 1473 were grown in sand culture
with three levels of B added to nutrient solution (0, 10, 50 mg B L) to compare B
utilisation by tissue B analysis. Grown without added B, deficiency tolerant Fang 60 did
not differ significantly in B concentration and content in the whole plant and specific
parts including YEB, YEB-+1 and YEB+2 from deficiency sensitive Bonza and Turkey
1473. Genotypic variation for B efficiency did not measure by tissue B analysis. At 50
mg B L, Fang 60 had higher B concentration and content in any parts of its plant than
Bonza and Turkey 1473. Tissue B in the three genotypes was closely related to their
toxicity response (necrosis and chlorosis) but not their deficiency response. It also
demonstrated that Fang 60 was not tolerant to B toxicity due to maintain more B in any
parts at high B with resulted in more severity of B toxicity symptom. In contrast, Bonza
and Turkey 1473 remained tolerant to B toxicity due to ability to maintain less B in any
parts at high B.

From this study, the relationship between B deficiency and toxicity responses
categorized into four groups:

1) Genotypes are efficient to B deficiency but sensitive to B toxicity i.e. Fang 60
and few lines from CIMMYT.

2) Genotypes are inefficient to B deficiency and sensitive to B toxicity i.e. CMU
88-9, SW 41, Halberd, BT-Schomburgk, Schomburgk, Tatiara, Kenya Farmer
and advanced lines from 18" SAWSN from CIMMYT.

3) Genotypes are inefficient to B deficiency but tolerant to B toxicity i.e. Bonza
and Turkey 1473,

4) Genotypes are efficient to B deficiency and tolerant to B toxicity, have not been
found yet. However, such genotypes have so far not been identified.

Fang 60 exempilifies the highest tolerance to B deficiency and Bonza and Turkey
1473 the highest tolerance to B toxicity. Tissue B data indicated that their may be some

association between responses to the two extremes of B supply.



