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Terrestrial plant toxicity

Official
INTRODUCTORY NOTE: use only

Boron 1s an essential micronutrient for normal growth of plants and yet
1s phytotoxic at higher concentrations. At low boron concentrations,
plants will show adverse effects and much of the research into boron
and terrestrial plants has been to determine when boron deficiency 1s of
concern. Consequently, the dose-response pattern should be imagined as
a U-shaped curve, with adverse effects observed at both low and high
boron concentrations.

The concentrations where deficiency and toxicity begin vary
significantly among plants, and the ranges overlap such that
concentrations which are toxic to some plants result in deficiencies to
other species.

Investigations into plant/boron interactions date back to the 1940’s so
much of the available data do not resemble current ecotoxicity study
designs. The studies typically extend longer than current terrestrial plant
toxicity tests, such as the OECD 208 protocol, because the symptoms of
boron deficiency and toxicity were seen in harvested yield or fruit/seed
production. Data have been summarized and reviewed by a number of
independent scientists and the following information relies on the
published summaries, rather than detailed evaluation of a single
laboratory study.

Three studies are described in detail as these studies involve replicated
test units at several treatment levels. While such studies resemble
toxicity-study designs, the other data must also be considered.

434/497



EBA Consortium

Boric Acid August 2004

Section 7.5.1.3
Annex Point IITA XTIT 3.4

Terrestrial plant toxicity

References

Data protection

Data owner

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

No

Aitken, R.L, and L.E. McCallum, 1988. Boron toxicity in soil solution. Aust. J. Soil
Res 26(4): 605-610.

Borax 2002. Boron in Soils and Plant Nutrition — A Practical Guide to Boron
Fertilization. Valencia California. 60 pp.

Brown, P.H., N. Bellaloui, R.N. Sah, E Bassil, H. Hu. 2002. “Uptake and Transport
of Boron” pp. 87— 101 in: HE. Goldback, P.H. Brown, B. Rerkasem, M. Thellier,
M.A. Wimmer and R.A. Bell {eds.) Boron in Plant and Animal Nutrition. Kluwer
Academic/Plenum Publishers. New York.

Butterwick, L., N. deOude, K Raymond, 1989 “Safety assessment of boron in
aquatic and terrestrial environments.” Ecotox and Environ Safety 17: 339-371

Crommentijn, G.H., R. Posthumus and D F. Kalf (1995) Derivation of the
ecotoxicological serious soil contamination concentration (Substances evaluated in
1993 and 1994). Report nr 715810 008. National Institute of Public Health and
Environmental Protection, Bilthoven, The Netherlands.

ECETOC, (1997) Ecotoxicology of some Inorganic Borates. Special Report No. 11.
European Centre for Ecotoxicology and Toxicology of Chemicals, Brussels.

Eisler, R. (1990) Boron hazards to fish, wildlife and invertebrates: A synotptic
review. Biological Report 85 (1.20). U.S. Fish and Wildlife Service, Patuxent
Wildlife Research Center, 32 pp. (Available at www .pwrc.usgs.gov/contaminants/
under “Contaminant Hazard Reviews On-Line.”)

Eisler, R., (2000} Ch. 29 Boron, In: Handbook of Chemical Risk Assessment,
Volume 3 Metalloids, Radiation, Cumulative Index to Chemicals and Species. Lewis
Publishers, Boca Raton. Pp. 1567-1612.

Goldberg, S, SM Lesch and DL Suarez 2000. “Predicting boron adsorption by soils
using soil chemical parameters in the constant capacitance model.” Soil Sci. Soc.
Am. J. 64:1356-1363.

Gupta, U., and J.A. Cutcliffe, 1984. Effects of applied and residual boron on the
nutrition of cabbage and field beans. Can J Soil Sci 64(4): 571-576

Gupta, U., Y.W. Jame, C.A. Campbell, A.J. Leyshon and W. Nicholaichuk (1985)
Boron toxicity and deficiency: areview. Can J Soil Sci. 65: 381-409.

Keren R., and F.T. Bingham (1985), Boron in water, soils, and plants. J Soil Sci. 1:
229-276.

Mortvedt, 1.J., F.R. Cox, L. M. Shuman and R.M. Welch (eds) (1992), Micronutrients
in Agriculture (2nd Edition}. Soil Science Society of America Book Inc., Madison,
Wisconsin.

Riley, M.M., A.D. Robson, G.A. Dellar, I W. Gartrell (1994). Critical Toxic
Concentrations of boron are variable in barley. J. Plant Nutrition 17(10): 1701-1719.

Sprague, R.W. (1972). The Ecological Significance of Boron._

Van de Plassche, E, M v.d. Hoop, R. Posthumus and T. Crommentuijn, 1999 Risk
limits for boron, silver, titanium, tellurium, uranium and organosilicon compounds in
the framework of EU Directive 76/464/EEC. RIVM report 601501 005.
Rijksinstituut voor Volksgezondheid en Milieu, Brussels.

Wongmo, I, S Jamjod & B Rerkasem, (2004) Contrasting responses to boron
deficiency in barley and wheat. Plant and Soil 259: 103-110.

Authors

435/497



EBA Consortium

Boric Acid August 2004

Section 7.5.1.3
Annex Point IITA XTIT 3.4

Terrestrial plant toxicity

Criteria for data
protection

Guideline study

GLP

Deviations

No data protection claimed

GUIDELINES AND QUALITY ASSURANCE

No. The TNsG 1dentifies the relevant guideline for Acute Toxicity to
Plants is OECD 208, which is intended to determine possible toxic
effects of soil-incorporated solid or liquid chemical substances on the
emergence of seedlings and the early stages of growth of a variety of
terrestrial plants after a single application.

Because of the essentiality of boron to plants, available studies go
bevond short term (acute) evaluations and typically involve continuous,
not single, application. Also, available studies typically focus on yield,
total biomass, or other measures of phytotoxicity in mature plants, rather
than seedling emergence and early growth. Finally, available studies
seldom attempt to determine an EC50 but rather report threshold values,
i.e., exposures where decreases in yield or biomass or phytotoxic
symptoms are initially observed. (This is comparable to the
NOEC/LOEC endpoints used in chronic studies.)

No — GLP not available when most studies performed or study not
designed as standard toxicity test.

No — Not guideline studies

METHOD
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Sampling

Method of analysis of
the plant material

Quality control

Statistics

Results test substance

Applied initial
concentration

Phvtotoxicity rating

Plant height

Plant dry weights

Hordeum — harvest index, leaf necrosis, plant growth form

Samples taken at harvest (beans, cabbage), after 14 d (sunflower) and at
maturity (barley)

Samples typically dried, ashed and analyzed for boron by ICP-AES or
azimethine-H method.

Not reported

Varied with test design; typically analysis of variance with LSD
cOmparisons.

RESULTS

Non-entry field

Gupta and Cutcliffe: See Table A7 5 1 3-6a. Application rates were 0,

2.2, 4.4 and 8.8 kg-B/ha. Soil concentrations were measured after
harvest.

Aitken and McCallum: See Table A7 5 1 3-6b. Application rates were
0,0.25,05,1,2, 4,6, 8 and 12 kg-B/ha. Soil in containers was
measured after harvest

Riley et al.: See Table A7 5 1 3-6¢. Exposure rates in containers were
0,0.5,,1, 2, 4 and 8 mg-B/kg soil. Measured values were <0.5, <0.5,

<0.5, 1, 2.1 and 4.9 mg-B/kg using mannitol/CaCl2 extraction
procedure.

Gupta and Cutcliffe: Not reported
Aitken and McCallum: Not reported
Riley et al: Not reported

Gupta and Cutcliffe: Not reported
Aitken and McCallum: Not reported
Riley et al: Not reported

Gupta and Cutcliffe: See Table A7 5 1 3-6a. For cabbage, no decrease
at any application rate up to 8.8 kg-B/ha, approximately equal to 6.3
mg-B/kg soil. For beans, no decrease at 2.2 kg-B/ha application were
observed, approximately equal to 1.6 mg-B/kg-soil, and application
rates of 4.4 kg/ha reduced bean yield at two of four sites. No decreases
were observed during a second year at any site

Aitken and McCallum: See Table A7 5 1 3-6b. For sunflower, toxicity
was observed in some, but not all, soil types at application rates up to 12
kg-B/ha. In most cases, decreased yield was observed at 4 kg-B/ha
application. By measuring soil porewater concentrations, a bi-linear {or
broken-stick) pattern of soil solution B and relative yield was identified.
Fitting that model to the data, a threshold of 2.4 mg-B/1. was found,;
above that value, yield reduction due to toxicity occurred. Fitting an

alternative model gave a threshold of 1.9 mg-B/L.
Riley etal et al: See Table A7 5 1 3-6¢. For barley, toxicity was

observed in harvest index (relative grain yield) only at the highest boron
addition (8 mg/kg).
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work and that only at the highest test concentrations (application 8 pg-
B/g-soil) was the harvest index reduced.

ECx

ECso

ECgo
The essentiality of boron to plants means that extremely low

Conclusion concentrations of boron can be problematic to the environment. Boron

has been added as a critical micronutrient for decades, at rates that
reflect the needs of the species being cultivated. Recommended
application rates have been published (Borax, 2002) that suggest what
range of rate might be suited to address boron deficiency in particular
species, as shown in the accompanying table (Table: Estimated Boron
Concentration in Soil with Fertilization). However, practitioners rely on
measures of boron concentration in plant tissue, as well as soil
measurements, to determine the need for boron application.

Application of boron could increase the amount of boron in soil. To
estimate potential soil boron calculations, recommended application
rates for various products were used with an assumed soil density (1400
kg/cubic meter) and a mixing depth of 20 cm. These factors were used
by van de Plassche et al. {1999) to estimate soil additions of boron from
agricultural applications.

As shown in the accompanying table (Table A7 5 1 3-X d), boron soil
concentrations could range from 0.2 to 2.7 mg-B/kg-so1l following a
single broadcast application of a typical product at recommended rates.
These values slightly exceed those calculated (0.16 to 2.0 mg-B/kg) by
Mortvedt et al. (1992) for several crops with application rates of 0.45 to
5.7 kgha.

These values exceed, without exception, the Maximum Permissible
Addition (MPA) of 0.1 mg-B/kg presented by van de Plassche etal.
(1999). The MPA 1s intended to be a concentration that can be added
without concern for ecotoxicological effects. Unfortunately, the scheme
fails to accommodate essential elements by attempting to set very
conservative standards. Restriction of micronutrient concentrations to
the MPA would be expected to impart adverse effects on the relevant
biota — not from toxicological effects, but from deficiency effects.

The data for terrestrial plants represent chronic or subchronic studies,
extending over all or most of the species’ life-cvcle. In many cases, the
studies involve field plots rather than laboratory studies. Using standard
approaches, the data could generate a “PNEC” value. However, given
the tolerance and even requirement of some species, that value would
not be without its own adverse effects from deficiencies. Consequently,
the conclusions reached by numerous reviewers remains valid: boron is
essential to plants, but is phytotoxic at higher concentrations. The
thresholds for deficiency and toxicity vary between species and even
within species and may be quite narrow {e.g., less than 10x), making
generalizations dangerous.
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A7 5 1 3-X Survey and Review Articles

Studies of boron effects on terrestrial plants have shown that the ranges of deficiencies and toxicities overlap,
as illustrated in the Figure A7 5 1 3-X.a from Sprague (1972) below. Reviews have characterized plants as

sensitive, semi-sensitive, or tolerant, as shown in the tables A7 S 1 3-Xb below from Sprague (1972) and

A7 5 1 3-Xc from Eisler (1990).

Agricultural practices apply boron in many areas. Shorrocks (1997) reports that boron
deficiencies have been reported in over 80 countries and on 132 crops. Table A7 5 1 3-Xd
shows recommended boron application rates, and the probable resulting soil concentrations,
assuming standard soil density and depth of tillage.

Figure A7 5 1 3-X .a. Boron Effects on Plant Growth (Fig. 3 from Sprague, 1972. Plant
weight relative to growth in trace boron concentrations is shown. Data from Eaton, 1944.)
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Table 47 5 1 _3-%h

Terrestrial Plants: Relationship of Boron to Growth and Injurny.

{(From Sprague, 1972, using data from plants in sand cultures using nutrient solutions
containing trace horon (0.03 to 0.04 mg-B1), 1, 5 10, 15, and 25 mg-B/L. Data from Eaton 1944.)
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Plart GGrowth as Affected by Horan
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Section A7.5.5

Annex Point IIA7.5

Bioconcentration in terresirial organisms

Liver
Brain
Blood

Mean tissue

level, day 32
29.75 mg/kg
37.5 mg/kg
67.57 mg/kg

Depuration was begun on day 48. Boron was detected in only two blood
samples and no liver samples at 1 day after depuration was begun.
Consequently, no loss equations could be estimated.

The following graphs were in the publication. The legend appears to be
in error: Points labeled “AS” should be “B”.

BORON (PPM) IN LIVER

BORON (PPM) IN BLOOD
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Fig. 3. Accumulation curves and data points for boran in the liver.
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Fig. 4. Accumulation curves and data Points for boron in the blood
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