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Abstract 
Background and aims Boron (B) deficiency depresses 
grain set and grain yield of wheat and maize while 
having little effect on their vegetative growth. This 
paper describes effects of B deficiency in rice and 
how these vary with planting season and variety. 
Methods Three rice varieties (KDMLJ 05, CNTl, 
SPRl) were grown in sand culture without (BO) and 
with 10 1-1M (BlO) B added to the nutrient solution, in 
the cool season of 2007/08 and 2008/09 and the hot 
season of20ll in Chiang Mai, Thailand (18°47'N, 98° 
59'E). Boron responses were measured in growth and 
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yield parameters, pollen viability and B concentration 
of the flag leaf and anthers at anthesis . 
Results Grain weight was strongly depressed by B de­
ficiency ranging from 28% in SPRl to 79% in CNTI, 
and the yield was much lower in the cool season than in 
the hot season plantings. The variation in grain weight 
was closely associated with grain set and number of 
spikelets but not with shoot dry weight or tillering. 
Grain set was closely related to pollen viability, and 
both were increased with increasing anther B concen­
tration at > 20 mg B kg - I. In addition to its adverse effect 
on grain set, B deficiency also depressed grain filling 
and weight of individual grains in rice. 
Conclusions Boron deficiency depressed rice grain 
yield through adverse effects on reproductive growth, 
panicle and spikelet formation and grain filling , m 
addition to grain set as in wheat and maize. 

Keywords Boron · Grain yield · Male sterility · Pollen 
viability · Rice 

Introduction 

Cereals along with other grasses are considered less 
sensitive to boron (B) deficiency than dicotyledons. 
Critical deficiency concentrations in Graminaceous 
species are within the range of 5- 10 mg B kg- 1 dry 
weight (DW), compared with 4-14 times as much B 
required for maximum growth and yield in dicotyle­
donous species (Marschner 1995). Nevertheless, B 
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Genotypic variation in response to low boron in eucalypt clones 
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Eucalypts are increasingly important in the tropics for meeting growing demand for timber, wood chips, paper 
pulp and biofuel. Many new plantations are planted on low boron (B) soils, with adverse effects on plant growth 
and productivity. Two experiments in sand culture with different levels of added B, from 0 to 10 J.1M B, examined 
the effect of B deficiency on growth, wood yield and morphology of fibres of three commercially available eucalypt 
clones: K7 (Eucalyptus camaldulensis x E. deg/upta), K51 (E. brassiana x E. grandis) and K57 (E. camaldulensis). 
In plant height, dry weight and wood production, K7 was more tolerant of B deficiency, but K57 and K51 were more 
responsive to increasing B. At the level of B that depressed growth by up to 54% and wood yield by up to 65%, 
no significant effect of B deficiency was observed on fibre morphology. However, as the wood:shoot ratio in K51 
and K57 increased with increasing B, there is a possibility that B has a direct effect on wood production in some 
genotypes, in addition to an indirect effect via better growth. These results indicate that attention to B nutrition in 
eucalypt plantations would be beneficial to plant growth and productivity before effects of B on individual wood 
fibres becomes detectable. Selection for B-efficient genotypes could be useful for plantations on low B soils, and 
the full potential of sites where B is not limiting could be better realised with B-responsive genotypes. 

Keywords: boron efficiency, boron response, fibre wall thickness, vessel diameter, vessel wall thickness, wood quality 

Introduction 

Industrial eucalypt plantations are important in the tropics 
for the pulp-wood and other markets. For example, there 
are over 4 million ha of eucalypts in East and South-east 
Asia (Dell et al. 2012) and expansion of the plantation area 
is continuing , often onto degraded soils that are unsuit­
able for food production. Micronutrient deficiencies, most 
notably boron (B), are limiting productivity in some parts of 
Asia (Dell et al. 2008) and elsewhere in the world (Stone 
1990, Bell and Dell 2008). In southern China, for example, 
B deficiency is widespread (Dell and Malajczuk 1994, Dell 
et al. 2001) and application of B with macronutrients has 
enhanced productivity . Boron-deficient eucalypts may 
produce little to no commercial wood, as numerous short­
lived axillary shoots are produced on the upper stem nodes. 
Under severe B-limiting conditions, the main stem becomes 
prostrate in species prone to B deficiency and a bonsai-like 
habit results (Dell and Huang 1997). 

Variation in tolerance to low soil B among tree species is 
well known (Lehto et al. 2010, Mei et al. 2011 ), including for 
eucalypts (Gonc;:alves et al. 2004). Furthermore, genotypic 
variation in response to low B has been reported in 
numerous agricultural and forestry species (Rerkasem and 
Jamjod 1997a). Genotypes that do well in low B soils have 
been termed B efficient and those that do poorly termed B 
inefficient. Within agricultural species, the range of genotypic 
variation in B efficiency-inefficiency may be very wide 

and in some cases B-efficient genotypes may grow and 
yield normally in the same soil where inefficient genotypes 
produce no yield at all (Rerkasem and Jamjod 1997b). To 
our knowledge, definitive information on genotypic variation 
in B efficiency is as yet unavailable for eucalypts. However, 
a planting of eucalypt clones K7, K51 and K57, on an acidic 
(pH 5.6) sandy loam soil with 0.1 mg hot-water-soluble boron 
kg-1 soil at Chiang Mai, Thailand, with a long dry season 
from October to April , showed a B-deficiency symptom of 
terminal dieback on every tree of K57, but rarely on K? and 
K51 (BR unpublished data). 

In addition to reducing the amount of biomass produced, 
B deficiency may also have adverse effects on yield quality 
and this is well understood in many horticultural and agricul­
tural crops. Although B is implicated in lignification (Lewis 
1980), reports on effects of B on wood quality are contra­
dictory. For example, B fertilisation increased lignification in 
extremely B-deficient eucalypts (Dell and Malajczuk 1994), 
but the same effect on lignification was not found in Pinus 
radiata (Turvey et al. 1992). In another study, tracheid 
cross-sectional area and wall thickness in P. radiata was 
increased by B fertiliser (Skinner et al. 2003). Whether 
these findings are the result of differences between species 
in their response to B deficiency, or differences in the 
severity of the B deficiency treatments imposed, is yet to be 
elucidated . In areas of the world where soils low in B remain 
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