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ABSTRACT

Total and available Boron were determined in surface soils from 56 locations on 5 different parent

materials in Southern Nigeria. Boron concentrations in leaves of Raphia palms growing in the were

also determined.

Total, available and plant Boron ranged from 16.0 to 87.0; 0.08 to 2.31; 3.0 to 25.0mg/kg respec-

tively in crystalline metamorphic and igneous rock soils; 22.3 to 69.4; 0.01 to 1.20; 6.0 to 12.0 mg/

kg; in shale mixed with sandstone and clay soils; 22.3 to 69.5; 0.01 to 3.15; 4.0 to 16.0 mg/kg in

coastal plain sands soils; 20.3 to 96.0; 0.01 to 1.93; 5.0 to 12.0 mg/kg in coastal alluvium soils and

28.3 to 52.6; 0.01 to 0.43; 3.0 to 12.0 mg/kg in fresh water swamp soils respectively. Percent total

boron extractable by hot water varied from 0.46% to 2.5%.
From the available Boron data, there is likely inability of soils in most locations to supply sufficient
Boron to support normal plant growth.
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INTRODUCTION
Boron (B) is an essential plant nutrient for

growth and development; but needed in very

small quantities. It is implicated/important in

plant cell division, cell wall formation, produc-

tion of nucleic acids (DNA and RNA), nitrogen

metabolism and protein formation, maintenance

of balance between sugar and starch, transloca-

tion of sugar and carbohydrate across cell mem-

brane, development of reproductive structures

as pollen tube, fruits and grains and maintenance

of cells internal water balance (Hall 2008). The

roles of boron in oil palm and coconut palm

growth, development and nutrition are well doc-

umented, (Turner & Gillbanks 2003, Carley &

Tinker 2003). However, information on boron

content of Raphia palm is very scanty; if at all.

Information  on  soil  total  boron  and  avail-

able forms generally abound for developed ag-

riculture, because of wide spread report of bo-

ron deficiency and/or toxicity symptoms for a
wide range of arable crops and pastures (Maas,

1984). However, soil testing is considered the

best method for determining the presence of bo-

ron deficiency and/or toxicity as critical limits
in plant cannot be easily determined partly due

to uneven accumulation of boron in plant tissue.

For Nigeria soil and even in most crops, in-

formation on total boron, its availability and

plant tissue concentration respectively is very

scarce. The Raphia palm is native to the humic

tropics (Tuley & Russell, 1966). Twenty species

Nigerian Journal of Soil Science 25 (2015) 102 – 107

Nigerian Journal of Soil Science
Journal homepage:www.soilsjournalnigeria.com



103

Soil boron accumulation Aghimien

of the palm have been identified in Africa; eight
of these are indigenous to Nigeria (Otedoh). The

palms grow naturally in the wild in most wet-

land/hydromorphic soils of southern Nigeria.

Local dwellers in these areas often exploit the

most vigorous wide Raphia hookeri, dominantly

for its sap (palm-wine) and piassava derived

from the apical frond. The study therefore, is

aimed at determining total and available boron

in soils developed on different parent materials

with a common factor of hydro morphism and

adapted Raphia palm grown in them. The essen-

tial role boron plays in cell water management

and sugar/carbohydrate translocation in plants

and expectedly Raphia hookeri exploited for its

sap (palm-wine), further made this work impor-

tant.

MATERIALS AND METHODS

Fifty soil core samples (0-20cm) were collected

randomly from fifty-six locations developed on 5
different parent materials; (Table 1). Fourteen lo-

cations were developed on crystalline metamor-

phic and igneous rocks, twelve locations on shale

mixed with sandstone and clay, thirteen locations

developed on coastal plain sands, nine locations

developed on coastal alluvium and eight locations

developed on fresh water swamps. Waterlogging

and hydromorphism was a common factor to all

the locations. The samples were bulked, sub-sam-

pled and air-dried for analysis.

Ten Raphia Hookeri (wine palm) grown in the

locations were sampled. The middle frond on each

canopy was cut down and leaflets striped from al-
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ternate sides of the petiole was sampled, bulked

and sub-sampled.After removal of the mid-rib, the

leaflets were chopped into pieces and oven dried to
constant weight at 850C and milled.

Total boron was determined using ground soil

sample by the Na2C03 fusion method, (Muir,

1952; Jackson 1958). Available Boron was de-

termined by hot-water extraction (Keren, R.

Nigerian Journal of Soil Science

1996). Boron in plant sample was determined

by dry ashing (Okalebo et al 2002). Boron in

the extract was determined by colorimetric

method using 1:1 diantrimide, (Garfinkel & Pol-
lard 1954). During the analysis, plastic contain-

ers and Boron free glass-wares were used. Also,

blank samples were analysed to avoid Boron in-

terference and contamination.



105

Soil boron accumulation Aghimien

RESULT AND DISCUSSION

The soil parent materials and sample loca-

tions are given in Table 1. The ecology of the

areas range from moist savannah with rainfall

of about 1186mm in the northern fringe to hu-

mid forest with rainfall of over 2105mm in the

southern end, (Greenland 1981). A summary of

the overall physic-chemical properties of the

soils is given in Table 2.

Soil Boron

A summary of boron levels in soils and

Raphia leaf samples is given in Table 3. On

overall  basis,  the  mean  total soil  boron  lev-

el is 39.16mg/kg. The highest levels were in

Coastal alluvium (46.1 Omg/kg) and Freshwa-

ter swamps (40.64mg/kg), while lower levels

were obtained for the other locations. However,

the highest mean available boron level was re-

corded for Coastal plain sand (0.7mg/kg) and

soils on crystalline metamorphic igneous base-

ment complex rocks (0.65mg/kg) and the least

amount (0.16mg/kg) recorded for Freshwater

swamps soils.

Values obtained for total boron and water

extractable/available boron are comparable
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with reported by Nalovic and Pinta (1972) for

some Cameroonian soils, Kanwar and Raund-

hawa (1974) in some Indian soils, Cottenie et al

(1981) for some Nigeria toposequence soils and

Chude (1988) for some cocoa-growing soils in

South Western Nigeria.

Percentage total boron in water extractable

form also varied within soils developed on the

different parent materials. The highest mean

percentage extractable boron was obtained for

soils on crystalline metamorphic igneous base-

ment complex rocks (2.52%) and the lowest for
soils in Fresh water swamps (0.46%) other
loca-

tions fell within the range of (1.40% to 1.97%).
The overall range of percent extractable boron
was 0.01% to 14.44% and this compares to cal-
culated range of 0.14% to 7.33% obtained in
cocoa growing soils of South Western Nigeria

by Chude (1988) and 0.20% to 6.12% calculated
from Nigeria soils toposequence by Cottenie et

al 1981.

Plant Boron

Raphia leaf boron concentrations similarly

vary  with  locations.  It  ranged  from  3.00mg/

kg to 24.90mg/kg for palms in basement com-

plex soils; 5.60mg/kg to 11.70mglkg in palms

on coastal plain sand; 4.60mg/kg to 12.20mg/

kg in palms on coastal alluvium and 2.50mg/kg

to 12.20mg/kg in palms on fresh water swamp.

The lowest mean leaf concentration of boron

of 4.70mg/kg was obtained in palms on coastal

alluvium soils, while the highest mean concen-

tration of 8.80mg/kg was obtained for palms on

shale mixed with sandstones and clay. These

compare  with  boron  concentration  in  leaves

of other palms as Oil palm 4mg/kg to 5mg/kg;

10mglkg to 15mglkg; 25mglkg to 30mglkg;

50mglkg to 250mg/kg depending on locations

(Turner and Gillbanks, 2003) and Coconut palm
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(3.4mglkg to 10.0mg/kg (Jayasekara & Logana-

than 1988); 7.0 mg/kg to 15.8mglkg (Broschat

2011) at different ages and leaflet portions. Plant
boron did not correlate significantly with either
soil total boron or water extractable boron and/

or any of the soil indices. A similar observation

was made by Chude, (1988) for Cocoa and Co-

coa growing soils in south-western Nigeria.

Reisenauer et al. (1973) classified hot water
soluble boron availability as follows:

1.0ppm: Soil may not supply sufficient B to
support normal plant growth

1.0 - 5.0ppm: usually allow normal plant

growth

>5.0ppm: soils may supply toxic concentra-

tions.

CONCLUSION

From this study, there is wide spread boron

deficiency in these soils most especially in areas
that are inherently low in boron, such as those

derived  from  acid  granite  and  other  similar

rocks and fresh water sedimentary deposit that

are predominantly sand. No location fell within

the toxicity range.
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