BORON INFLUENCE ON CONCENTRATION OF POLYOLS AND OTHER
SUGARS IN Eucalyptus
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ABSTRACT—-Although the functions of the element Boron (B) in plants have not befciesntly clarified,

several hypotheses have been raised. Some of the functions attributed to this element are synthesis and transport
of carbohydratesTo evaluate the é&ct of B on the synthesis of some polyols and sugaEuoalyptus
grandisand hybrids “urograndis”, these species were submitted to situations of supply and restriction of B.
The experiment was carried out in a greenhouse, arranged in a randomized block design in a 2 x 2 factorial
scheme, with 5 replicates of each genotype. The B levels were provided in the form of nutrient solution.
No significant difference was observed in the content of mannitol, sorbitol, myo-inositol and scyllo-inositol

and sugarsa-glucose ang - glucose betweel. grandisand hybridsArabinose was the only one to present

a higher content ik. grandison restriction of B. The effect of the presence of B was very expressive,

but regarding B supplyhe plants showed significant increase in the synthesis of the compounds evaluated.

Keywords: Mannitol, metabolism of sugars in plants and sorbitol.

INFLUENCIA DO BORO NASINTESE DE POLIOIS E OUTROSACUCARES
EM Eucalyptus

RESUMO-Embora a funcao do elemento Boro (B) nas plantas ainda nao tenha sido bem esclarecida, varias
hipéteses vém sido levantadas. Uma das funcdes atribuidas a esse elemento é a sintese de carboidratos.
Com o objetivo de avaliar o efeito do B sobre a sintese de alguns polidis e agcuca&esadyptus grandis

e hibridos “urograndis”, estes foram submetidos a situacéo de suprimento e restricdo de B. O experimento
foi conduzido em casa de vegetacao de acordo com o delineamento de blocos casualizados com cinco repeti¢cdes,
e os elementos nutricionais, assim como o B, foram fornecidos na forma de soluc¢éo nutritiva. N&o se observou
diferenca significativa nos teores de manitol, sorbitol, myo-inositol e scyllo-inositol e dos agiiciasse

e B-glicose entreE. grandis e hibridos. Arabinose foi o Gnico a apresentar maior teoEegrandisem

restricdo de BO efeito da presenca do B foi bastante expressivo, mas em suprimento do elemento as plantas
apresentaram acréscimo significativo na sintese dos compostos avaliados.

Palavras-chave: Manitol, metabolismo de agUcares em plantas e sorbitol.

1. INTRODUCTION hydroxyl group. Thus, mannitol, sorbitol (or glucitol)

The so-called polyols or polyhydroxy alcohols and dulcitol (or galactitol) are the equivalent polyols

f the hexoses glucose, fructose, and galactose,
are reduced forms of sugar that are probably presen . . .
. ) respectivelyand are the most frequent hexitols in
in all species of plants (LOESCHER et al., 1995). The """
. angiosperms (NOIRAUD et al., 2001).

most common polyols are derived from hexose sugars

in which the aldose or ketose group is reduced ina  Mannitol, sorbitol and dulcitol, like other sugars,
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play an important role in several organisms. Mannitol(“urograndis”) hybridsas well as to evaluate possible
is the most abundant polyol in nature, participatingdifferences between these genetic materials.

in thg Franslocatlon ar'ld stor.age of metgbollteg qnd > MATERIAL AND METHODS

providing the plants with resistance against salinity

and osmotic stress AMAMOT O et al., 1997), and To assess the biosynthesis of carbohydrates in
against invasions by pathogens as well (STOOP egituations of supply and restriction of BEucalyptus

al., 1996). Sorbitol is known to be the product of primarygrandisand hybrid betweel. grandisandE. urophylla
photosynthesis transport in many common fruit treegurograndis), 5 different clones of the speé&&gandis
(LOESCHER et al., 1995). In some species, such a# 11 different clones urograndis were used each clone
apple trees and plum trees, sorbitol occurs at approximatelyith 5 replicates (each experimental plot is made up
the same concentrations as sucrose (BOLLARD of a plant). The experiment was conducted under a
1970).Inositol, another important polyol, seems to beplastic tunnel in a randomized block design in a 2 x
involved, together with auxin, in root initiation (K 2 factorial (species / hybrids x levels of B) scheme.
and BOOTH, 1981) and has an important function a€Each plant was kept in a container with a capacity of
a secondary messenger for signal transduction i L in silica.

metabolic pathways, participating in the transmembrane  Tpe plants were irrigated daily with 1 L Hogland
transport of calcium and other compoundsigrand  andarnon’s (1950) modified nutritive solution, with
ZEIGER, 2004). Despite their importance, the occurrenceyne following formulation: 223 mgtCl, 220 mg L*
metabolism, and physiology of polyols are still largely \ 180 mg 1 Ca, 180 mg K, 62 mg L' S, 50 mg L
unknown, and more research work is needed on thesqyg, 25 mg ' P, 5 mg L Fe, 0.67 mg  Mn, 0.5 mg
compounds (BROWN and SHE|LP997). Finally | 1B (0.0 mg L B in B restriction), 0.32 mg'LCu,
arabinose is involved in the regulation of transcription-g 091 mg L Zn, 0.024 mg £t Mo and 0.011 mgtNa.
promoting sites (SAOLA et al., 1998), while glucose  The nutrient solution was prepared in a plastic container
is extremely important for starch synthesis, which isand refreshed every 15 days.

involved in the process of growth and maintenance

of plants during the non-photosynthetic period (at let uti that the plant 1d d |
night, for example) (MADORE, 1994). a complete solulion so that the plants cou evelop
' . _ sufficient leaf areaAfter that period, B was removed
The polyols mannitol and sorbitol also have a crucialfrom the nutrient solution (restriction B treatment) for
role in the mobility of the element Boron (B) within 60 days.In the final 30 days, B was again added to
plants According to studies, the mobility of B allows the solution.
this element to link the compounds which have a cis- .
. ) . SugarAnalysis: Leaves were sampled under
diol configuration. These compounds are polyols (suga{ . . . . .
) . - . wo situations. The first collection was carried out
alcohols) as: sorbitol (tree), mannitol (broccoli) and

dulcitol (DORDAS et al., 2001). The polyols are considered 02 98Ys after the experiment had started, when the
. . plants had already been without B in the nutrient solution
compound of stock formed during the photosynthetic

for 42 days.At this stage, the plants already showed

process and transported by phloem in higher IOlamsl’narked deficiency symptoms of that element. The second

and used as osmorregulator (LOESCHER et al., 1995). - . S
. Collection was carried out 30 days after application
B would move therefore linked to these polyols.

of the complete solution (that is, a solution that supplied
Boron is an essential element for the developmenB) had been restored.

of higher plants (WRINGTON, 1923; CALDEIRA

et al., 2004). There is evidence that B plays variou§Irom

roles within the plants, from primary metabolite

synthesis, (MADORE, 1994) to cell wall biogenesis o sted by Bellaloui et.a11999), with a few

g'fspsoxgnfggg?aztggéfARcIA HERNANDEZ and modifi(_:ations described ahead, was used for sap

’ extraction. Three grams of fresh leaves were ground

The objective of this work was to evaluate the in approximately 10 mL 80% ethanol. The extract was

effect of B on the concentration of some sugars, botltentrifuged and an internal standard in the form of

in Eucalyptus grandiand inE. grandisx E. urophylla ~ 50uL of a 1ug pL* xylitol solution was added to the

During the initial four months, the plants received

Sugar analysis was performed on leaves harvested
the first pair of mature leaves in the distal section
of the upper branches of the plants. The methodology
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supernatant. The samples were dried in a double boiler 3. RESULTSAND DISCUSSION

f'ﬂ 50°C until regluced to_ avery thick paste and stored The influence of the nutritional condition of the

in a freezer until analysis. The samples were prepared . !

for analysis by adding 406L acetic anhydride and plant on the organic compound sypthesm has been
N . . . reported (CARMO et al., 2004). This effect can also

60uiL 1- methylimidazoleAfter 10 minutes, the reaction be observed in the present work

was interrupted by adding 2 mL distilled water and )

2 mLdichloromethane and agitated with a vortex mixer Concentration of the sugars mannitol, sorbitol,

The supernatant was removed and the operation wasrabinosea-glucose ant-glucose, myo-inositol and

repeated twice with the remaining part of the samplesscyllo-inositol, in mature leaves Blicalyptusproved

Again, the samples were dried in a double boiler ato be significantly susceptible to B supplementation,

50°C with an air flowThe samples already containing except for arabinose iB. grandis(Table 1).The

acetylated sugars were dissolved in fiD@cetone and  concentration of these sugars considerably increased

analyzed by means of a Refraction Index in a Perkin-EImefith B supplementation, reaching a 693.68% increase

brand (model 8320) gas chromatograph (G@yitional  jn the case of sorbitol, and 878.29% in the case of Scyllo-
information on the compounds was obtained by usingnositol, inE. grandis

a Hewlett-Packard model 5890 gas chromatograph coupled ) o .

with a Hewlett-Packard model 5970 mass spectrometer ~ BOron is an essential micronutrient in higher plants,
operated as described by Greve and Labavitch (1991§nd its deficiency results in growth inhibition (HU and
The analyses were performed at the Chromatography ROWN, 1994) and in substantial changes at the cell

Laboratory of the Pomology Department of the University'€vel (CAKMAK and ROMHELD, 1994). Parr and
of California at Davis, CA, USA. Loughman (1983) also attributed physiological damages

o . to B deficiencysuch as in the synthesis and structure
Statistical Analysis: The ANOVA model of of the cell wall, membrane integritRNA metabolism,
the SA_‘NEST software program was usedtorunthe analysl%spiration, IAA and phenol metabolism, and also in
of variance for the concgntr_a_tlons of sugars, fOIIOWeo‘the metabolism and transport of sugars. Other functions
by theTukeyTest at 5% significance level.. Due to the ave been attributed to B (LUKASZEWSKI and
factthat some samples presented values equal to 0 (zergy, EVINS, 1996), even though itis still not clear whether

the data were transformed by the equatygw:x + 0,5 some of the physiological changes mentioned above
, as suggested by Banzato and Kronka, 1995, to performvould represent a direct or an indirect function of this
the analysis. micronutrient.

Tabela 1- Concentracao média e desvio padrao da média de agucares em folhas ma&dgmandese hibrido na presenca
e auséncia de Bord/alores seguidos pela mesma letra indicam néo significancia a 5% pelo t€atede

Table 1- Mean concentration and standbdeviation of the sugar mean in magudeaves of E. grandis and hybrids in
the absence and gsence of Ban. \alues followed by a common letter indicate that teatiments (E. grandis
and hybrids) did not differ at 5% level by thekey test

Sugars Boron E. grandis Hybrids
Arabinose Supply 178,63 + 14,58 aA 157,22 + 22,99 aB
Restriction 125,77 + 21,38 aA 57,47 £ 9,26 bA
Mannitol Supply 422,46 + 33,04 aB 325,61 + 25,81 aB
Restriction 132,49 + 9,06 aA 128,57 = 8,59 aA
a-Glucose Supply 3631,73 + 925,07 aB 2815,40 + 538,36 aB
Restriction 879,95 + 166,93 aA 681,92 + 126,39 aA
B-Glucose Supply 1957,09 + 370,56 aB 1519,93 + B221,23 aB
Restriction 540,14 + 80,59 aA 477,63 £ 69,82 aA
Sorbitol Supply 1664,18 + 645,57 aB 1113,12 + 148,66 aB
Restriction 209,68 + 32,65 aA 221,76 £ 33,52 aA
Myo-inositol Supply 2055,19 + 434,73 aB 1664,12 + 289,76 aB
Restriction 487,31 + 88,20 aA 545,41 + 96,26 aA
Scyllo-inositol Supply 1318,24 + 186,25 aB 668,16 + 85,96 bB
Restriction 134,75 + 15,95 aA 92,41 + 10,64 aA

Lower-case letter: comparison of supply and restriction Boron (column). Lower-case letter: comparison of genetic materials (line).
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Reductions in the synthesis of sugars were alsoich is also quite variable. Species suchwsis, Malus
observed by Kastori et al. (1995) in B-deficient sunflowerandPrunus which are considered rich in sorbitol, show
leaves, which were explained as a decrease in thegontent variations from 300 to 1000 mMol (BROWN
ability to assimilate Qand CQ. Due to damage caused and HU, 1996), while transgenic tobacco shows a content
to the photosynthetic process, starches and sugakariation for sorbitol beteen 0.3 and 1Mol g* fresh
were accumulated for a short period in leaves submitteteaf of this polyol (BELLALOUI et al., 1999).
toB def|C|ency|nd|ca_t|ng_a reduction in the translocation Even though the variation found betwéemgrandis
of photosynthates in sink organs. Marschner (1995)a ; ; L

. L . nd urograndis hybrids was not significant under the
attributed the reduction in sucrose translocation from

conditions adopted, the genetic variation between other

sink tissues to the loss of activity in those tls;suesspecieS in the gentucalyptusis quite possibleAs

in roots and apical buds. The increase in the S .
a consequence, the determination of polyols in

concentrations of sugars when the B nutrition statu - g
. . ucalyptuscould be of relevant importance in the
becomes normal again was explained by Dugger (1983 ; . .
L election of plants with higher polyol contents for the
who stated that when the plasitequirements forB . . . .
ifferent purposes they are suitable for, be it B mobility

have been taken care of, the translocation o . . . . .
. L . . (sorbitol and mannitol) or improved rooting of cuttings
photosynthesizeldC is stimulated from its source tissues . - . .
r(‘\‘mosnol). The selection of superior genotypes can

to other parts of the plant, and the synthesis of suga increase the likelihood of success in activities such

and starch is resumed normally . . . .
as cutting propagation and even reforesting with regard
Even though it was not statistically significant, to greater tolerance to B deficiency in soils subject
both under B restriction and a full suppllge sugar to water deficits.
contents were higher on averageEingrandisthan

in the hybrids, and this situation was maintained when 4.ACKNOWLEDGEMENTS

the element was normally suppliedafile 1), except The authors wish to thank Patrick Brown, Nacer

for arabinose. Bellaloui and Hening Hu for their support..
Arabinose was the only carbohydrate that showed 5. REFERENCE

a significant difference betwedéh grandisand the

hybrids, as it presented 125.77 mMol conteriEin  BANZATTO, D.A.; KRONKA, S. N.

grandisand 57.47 mMol in hybrids, on averaggain, Experimentacado agricola. 3.ed. Jaboticabal:
no significant differences were detected between th&eUNER 1995. 247p.

16 genotypes tested, which could indicate low geneti ELLALOUI N.- BROWN. P H.: DANDEKAR A
variability with respect to the expression of genes relateq, Manipulétio.,n of in viv’o .so.r,bitol producti,or;
to the synthesis of these sugars in the tested materialgiiers poron uptake and transport in tobacco.
Intra- and interspecific variations have been reportetb|ant Physiology, v.119, n.2, p.735-741, 1999.
by some authors with regard to responses between

plants submitted to both B deficiency and B toxicity BELLALOUI, N. et al. Transgenically enhanced
conditions (BROWN and SHEL_IP997), and to variations  SOrbitol synthesis facilitates phloem-boron

in the contents of certain polyols in tissues from differentMObility in rice. Physiologia Plantarum, v.
plant species (SHELP et al., 1996), which implies differenced 1 7+ N-1 P-79-84, 2003.

between genotype&mong the sugars here evaluated, BOLLARD, E. G The biochemistry of fruit
sorbitol and mannitol have deserved great consideratioand their products. London: Academic

in the mineral nutrition of plants due to their importancePress, 1970..¢.

for B mobilization (BROWN and HU, 1996; BELLALOUI o

etal., 2003). Species considered rich in sorbitol oBROWN, F; SHELF B. J. Boron mobility in plants.
mannitol have shown mobility of this element within ©'ant and Soil v.193, n.1, p.85-101, 1997.

the plant, which does not occur with most species thasROWN, P; HU, H. Phloem mobility of boron is
do not present these polyols, or synthesize them igpecies dependent: evidence for phloem mobility
small amounts. The contents of these polyols evelin sorbitol-rich species.Annals of Botany,
among species considered sorbitol-rich or mannitolv.77, n.5, p.497-505, 1996.

‘||||||||1||
““I”‘h

R. Arvore,Vigosa-MG v.32, n.5, p.815-820, 2008



Boron influence on concentration of polyols and ...

CAKMAK, |.; ROMHELD, V. Boron deficiency-
induced impairments of cellular functions in plants.
Plant and Soil, v.193, n.1, p.71-83, 1997.

CALDEIRA, M. V.W.; RONDON NETO, R. M;
SCHUMACHER, M.V. Eficiéncia do uso de
micronutrientes e sédio em trés procedéncias de
acacia-negraXcacia mearnsii De W .).

Revista Arvore, v.28, n.1, p.39-47, 2004.

CARMO, E M. S.; PENEDO, FH. S. Influéncia do
aspecto nutricional deucalyptus grandi$V. Hill
ex Maiden na preferéncia alimentar da lagarta
desfolhador&upseudosoma involuta
(Lepidoptera -Arctiidae). Revista Arvore,
V.28, n.5, p.749-754, 2004.

DORDAS, C. et al. Remobilizacao de
micronutrientes e elementos toxicos em plantas
superiores. In: FERREIRA, M. E. et al.
Micronutrientes e elementos toxicos

na agricultura. Jaboticabal: Legis Summa,
2001. p.43-70.

DUGGER,W. M. Boron in plant metabolism. In:
ENCYCLOPEDIAof plant physiologylnorganic
plant nutrition.Heidelbeg: Springe+Verlag, 1983.
v.15. p.626-650.

GREVE, C.; LABA/ITCH, L. M. Cell wall
metabolism in ripening fruity. Analysis of cell

wall synthesis in ripening tomato pericarp tissue
using a D-[U%C]glucose tracer and gas
chromatography-mass spectromefiant
Physiology, v.97, n.4, p.1456-1459, 1991.

GARCIA-HERNANDEZ, E. R.; CASSAB LOPEZ,.G
I. Structural cell wall proteins from five pollen
species and their relationship with boron.
Brazilian Journal Plant Physiology,
v.17, n.4, p.375-381, 2005

HOGLAND, D. R.;ARNON, D. |.The water-
culture method for growing plants
without soil. California Experiment Station.
Berkeley:The College ofAgriculture, University
of California., 1950. (Circular, 347)

HU, H.; BROWN, PLocalization of boron in cell
walls of squash and tobacco and its association
with pectin. Evidence for a structural role of
boron in the cell wallPlant Physiology

v.105, n.2, p.681-689, 1994.

mw‘h

‘||||I||I1||

819

JAVIS, B. C.; BOOTHA. Influence of indole-
butyric acid, boron, myo-inositol, vitamin_D
and seedling age on adventitious root
development in cutting of Phaseolus aureus.
Physiologia Plantarum, v.53, n.3,
p.213-218, 1981.

KASTORI, R. et al. Photosynthesis, chlorophyll
fluorescence and soluble carbohydrates in
sunflower leave as affected by boron
deficiency Journal of Plant Nutrition,
v.18, p.1751-1763, 1995.

LOESCHERW. H. et al. Sugar alcohol metabolism
in source leaves. In: MADORE, M..; LUCAS,

W. J. (Eds.).Carbon partitioning and
source-sink interactions in plants

current topics in plant physiologiRockville:
American Society of Plant Physiologists Series,
1995.v13. p.170-179.

LUKASZEWKI, K. M.; BLEVINS, D. G Root
growth inhibition in boron-deficient or aluminium-
stressed squash may be a result of impaired
ascorbate metabolisnRlant Physiology,

v.112, p.1.35-1140, 1996.

MADORE, M.A. Carbohydrate synthesis and
crop metabolism. In: PESSARAKLI, M. (Ed).
Handbook of plant and crop
physiology. NewYork: Marcel Dekker1994.
p.257-273. MARSHNER, MA. Mineral
nutrition on higher plants. 2.ed. San
Diego:Academic Press, 1995. p.379-396.

PARR,A. J.; LOUGHMAN, B. C. Boron and
membrane function in plants. In: ROBB, B.;
PIERPOINT W. S. (Eds.) Metals and
micronutrients, uptake and
utilization by plants. New York: Academic
Press, 1983. p.87-107.

SAVIOLA, B.; SEABOLD, R.; SCHLEIEFR. E
Arm-Domain interactions i\raC. Journal
of Molecular Biology, v.278, n.3,
p.539-548, 1998.

SHELPR B. J. et al.Translocation and
effectiveness of foliar-fertilized boron in broccoli
plants of varying boron statu®lant and

Soil, v.183, n.2, p.309-313, 1996.

R. Arvore,Vigosa-MG v.32, n.5, p.815-820, 2008



LEITE, S.M.M. et al.

820

WARINGTON, K. The efect of boric acid and borax on

STOOR J. M. H.;WILLIAMSON, J. D.; PHARR,
D. M. Mannitol metabolism in plants: a method the broad bean and certain other plaAtmals of
Botany, v.37, NUMERO, p.629-672, 1923.

for coping with stressTrends of Plant
Science Reviewv.1, n.5, p.139-144, 1996.
YAMAMOT O, Y.T. et al. Subcellular localization

TAIZ, L.; ZEIGER, E. Expressao génica e transducdoof celery mannitol dehydrogenase: a cytosolic
de sinal. In:Plant physiology. 3.ed. Sunderland: metabolic enzyme in nucleRlant Physiology
SinaueAssociates, 2004. p.379-407. v.155 n.4, p.1397-1403, 1997.

‘||||||||1||

R. Arvore,Vi(;osa-MG v.32, n.5, p.815-820, 2008

IIHI”‘h



