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ABSTRACT

Differences in boron (B) mobility in the phloem, especially the ability to
retranslocate B, have been reported among plant species. In the current literature, B
has been reported to be immobile in many species and completely mobile in others.
The pattern of B retranslocation has a significant bearing on the susceptibility of
plants to B deficiency especially in non-transpiring organs and this affects fertilizer
management strategies for the control of B deficiency. Most of the understanding of
B mobility and the underlying mechanism have been in temperate species, and
information on tropical plants is very limited. Thus, this thesis proposes to examine B
retranslocation in tropical crop species.

The preliminary study of B mobility in tropical trees used a simple method to
study 19 species of field-grown trees. Based on the difference in B concentration in
leaves of different ages, in comparison with concentration gradients of potassium (K,
a phloem mobile element) and calcium (Ca, a phloem immobile element), the

possibility of B retranslocation was found in mangosteen, durian, guava, tamarind and
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teak while B was likely to be immobile in cashew, mango, custard apple, cassava,
Indian walnut, cork wood tree, star fruit, passion fruit, lime and lychee. The data
were inconclusive in coffee, jackfruit, longan and papaya.

For further clarification, a set of experiments was conducted to trace the
movement of B from older to younger tissues. A foliar B-application experiment was
chosen for tropical trees because of their long growth period. Plants (coffee, guava
and jackfruit) were grown in sand culture with a complete nutrient solution except for
B. The B content in B-treated mature leaves and younger leaves formed after foliar B
was applied when compared with non-treated trees was used as the indicator of B
retranslocation. The possibility of B retranslocation was indicated for all three
species by the decline in B content of the mature leaf to which B was applied.

A B-withdrawal experiment was conducted to determine the extent of B
retranslocation during vegetative growth in 9 field crop species. The comparison of B
content in tagged leaves, before and after B withdrawal, provided evidence of B
retranslocation in maize, wheat (cv. Fang 60) and black gram, but not in lab lab,
soybean, garden pea, yam bean, rice, wheat (cv. Bonza) and barley. Evidence of B
retranslocation was also found in studies on peanut and green gram which were grown
with different B supply, including B-adequate and B-deficient through the
reproductive stage, and B withdrawal at late vegetative growth. These two species
accumulated B in the youngest fully expanded leaves and reproductive organs after B
withdrawal from the rooting media to a much greater extent than plants grown
continuously without B. However, the source of the additional B in these new organs

could not be ascertained because the B content in old tissues remained high.
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A set of experiments was conducted to provide further evidence of B
retranslocation in peanut. An experiment was conducted with peanut (cv. Tainan 9)
in sand culture to determine the conditions under which B is retranslocated and how B
retranslocation affects vegetative and reproductive growth. Two treatments of B
withdrawal, at two growth stages (flowering and pod set), were compared with plants
that were supplied with B-deficient and B-adequate nutrient mix throughout. Boron
retranslocation was clearly evident in both B withdrawal treatments. Evidence for
this was the increase in B contents laid down in new vegetative and reproductive
organs after B withdrawal and the corresponding decline in B contents in older
tissues. The retranslocation of B was associated with higher seed yield and lower
percentage of hollow heart seed, the typical symptom of B deficiency in peanut.
Further and more precise evidence of B mobility in peanut was provided by using '°B
as a tracer. Evidence of B retranslocation was found when '°B was foliar applied '°B
on mature leaves of peanut cv. Tainan 9. The '°B abundance of treated-leaves
decreased in both B-adequate and B-deficient plants while '°B was detected in non-
treated and new organs. The isotope '°B applied to the roots of peanut (cv. TAG 24)
grown in solution culture also proved the retranslocation of some of the B
accumulated during the first period of growth. The percent abundance of '°B and '°B
content in older plant parts declined and '’B was found in the new tissues that had
developed after the supply of '°B had been replaced by ''B. This suggests that
retranslocation of B had occurred. Moreover, after B was withdrawn plants were able
to use the retranslocated-B for growth of new tissues. The level of B supply to the

peanut plant had no effect on this remobilisation of B from older tissues.
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To reconcile the results from the two tracer experiments that were conducted
on different peanut cultivars, the two cultivars were compared in a sand culture
experiment, in which plants were either grown without B or foliar B was applied to
mature leaves. Tainan 9 had higher total main stem dry weight, greater seed yield and
higher percentage of seed with hollow heart compared with TAG 24. Evidence of B
mobility was found in both peanut cultivars in the elevated B contents in non-treated
and young tissues that had grown since the foliar B treatment. However, genotypic
variation was indicated in the degree to which B was re-mobilized, more in TAG 24
than in Tainan 9.

In conclusion, this thesis provides definitive evidence of B retranslocation in
several tropical field and horticultural crop species. Based on this information,
diagnostic protocols for B deficiency can be refined and management of B fertilizer
can be made more effective. Moreover, the simple procedures used in this research
provide basic tools for the investigation of B retranslocation in other species of
interest. Further research on B retranslocation is needed for numerous economically
and ecological important tropical species, as well as for genotypic variations within

each species.
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