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INTRODUCTION

Boron is one of the essential micronutrients
for plant growauth. The level of boron re-
quired for the growth varies considerably.
Far example, grass and cereal crops require
low levels, whereas tree crops require sub-
stantially high levels{Crane and Borough,
1987 ; Schon and Blevins, 1990}. There is

*1. B 19914 108 2H Received October 2. 1991

usually no large difference between the upper
limit of its requirement and the toxic level
(Gupta et al., 1985; Will. 1985 Hunter et
al, 1987).

The greater required level of boron for di-
cotyledons than monocotyledons may be due
to the differences in membrane properties be-
tween two plants whether the effect of boron

on plant membrane is a direct or indirect one
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{Pilbeam and Kirkby. 1983}

The funcrion and mode of action of boron
remain unknown and utilization is quess
work.

Boron is quite mmmobile in plant so that
this element to developing sinks may be a
problem{Crane and Borough. 1987. Schon
and Blevins, 1990).

been considered in several aspect. It is

The role of boron has

known to he associated with metabolism,
transport or action of auxin-type hormones
{Robertson and LLoughman, 1974) and regula-
tion of membrane function(Pollard et al.
1977). This information on the effect of boron
on plant growth comes largely from studies
with agricultural and horticultural plants. hut
those with forest trees are limited. The scope
of the roles of boron to plant assess cntically
various roles. From the surveys in the many
beoks. reviews and research paper the {ollow
ing putative major roles may be listed, (a)
cetl wall bonding and lignifcation. (b) cell
diviston. {c) nucleic acid and enzyme regula-

tion and (d) nutrient metabolism.

Cell wall bonding and lignification

A lack of lignification in certain vascular
tissue s frequently observed {rom the stem of
plant grown under inadequate supply of boron
(Mcliath and Skok, 1964). Dugger(1983) has
heen pointed out that horon mayv react with
hydroxvl-rich compounds existing in cellular
membranes, boric acid may be directly in-
slved 1n membrane activity or serve as a
building unit for cell wall polysaccharide hio-
svathesis, This effect of boron is also sup-
ported with the other works(Gauch and Dug-

ger. 1952 Spurr, 1957, Lee and Aronoff,

1906; Starck. 1963: Kouch and Kumazawa

1976; Lewls, 1980).
Cell division and enlargement

Skok(1957) proposed that the functions of

boron are primarily in differentiation and
maturation of plant cells rather than cell divi-
slon,

Poron 1s required for cell elongation rather
than cell division{Starck, 1963). Albert(1975)
reported that under the boron deficient condi-
nons. cell division and root elongation stop-
ped. followed by effects such as reduced
DNA svnthesis, and Cohen and Lepperi1977
noted that the cessation of root elnngation
due to the boron deficiency was caused by a
failure of cell division in meristematic celis,

by the failure of cellular elongation. The

Lot
Limiting effect of boron deficiency on root
growth 1s also associated with both cell divi-
sion and cell enlargement{Kouchi and Kuma-
5 Dugger, 1983)

(Gauch and Dugger. 1952; Spurr, 1957 Jack-

zawa. 19 Some other works
1975:; Middleton et al.,

Pilbeam and Kirkby, 1983: Jar-

son and Chapman,
1975, 1950;
vis, 1984, Gupta et al., 1985) suggested that
the boron acts as a regulator for cell division

and elongation.

Nucleic acid and enzyme regulation

Lew1s(1980) suggested that the potential
role for boron is regulator hvdroxylase and
oxydase activities of the phenolases involved
in the biosynthesis of calfeic and hyvdro-
xvlerulic acids.

Pilbeam and Kirkbv(1983) reported that the
damage of apical meristems occured when

boron was withheld. and involvement of

horon in nucleic acid metabolism was sug-
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gested.

Although beron is not considered to be a
copstitutive component of specific plant en-
zymes; Boron does play as a role in enzvma-
tic regulation and. therefore, is involved in
regulating plant growth and development
(Dugger: 1983). Jarvis et al {1984} reported
that the most significant finding concerning
the interaction between IAA and horon was
that the position of the optimum response to
either variable dependent upon the value ol

the other.

Nutrient metabolism

I

Gauch and Dugger(1952) reported that
boron is involved in protein metabolism. in
fact. boron deficient plants had more soluble
nitrogenous compounds as well as higher
sugar level than control plants.

Boron delicient roots absorbed less phos-
phate with reduced *P-labelling of the nuc-
leotide fraction and increased labelling of the
hexosephosphates when compared with con-
trals (Robertson and Loughman: 1974).

The origin of this role {or boron depended
on the selection of sucrose as a mobile and
storage carbohydrate since, compared with
the acyclic sugar alechols that was accu-
mulated other algal groups, sucrose forms
nnly a very weak complex with boron(Lewss,
1380}

Boron deficiency, as well as possibly caus-
ing an inhibition of uracil biosytheses. s
thought to inhabit the action of uridine dipho-
glucose(UDPG)

sphate pyrophosphorglase.

the enzyme that catolyses UDPG formation

(Pilbeam and Kirkby. 1983). Correction of

horon deficiency enhanced the uptake of pho-

sphorous by the

1984).

rees(Hopmans and Flinn,

Boron deliciency 1n tree crops was first
recognised and described in New Zealand in
1962(Wll et al . 1963: Stone and Wili. 1963).
Raitio’s(1983) description in Pinus  sylvesiris
emphasized abundant resin flow and various
disturbances in apical dominances as the first
external evidences. The terminal bud become
small, malformed. retarded in expansion or
dead. Adjacent lateral bud may or may nct he
Wiil,

1987). The most

similarly  alfected(Stone  and

1965:
Stene, 1987: Borough et. al.,
prominent symptoms of boron deficiency are
resin flow, bud. shoot or tip dre back(Stone
anc Wall, 1965 Wil
LO87,

1985: Stone, 1987

Barough et al, Carter and Brockley,
1087) and discoloration of the leader. swell-
ing of leading shoots and multileadered. bush
crown(Walker et al., 1955; Whittington. 1957,
1958 Stone and Willl 1965, Raitio, 1983:
Stone, 1987). Unopened fascicles are often
sked and rapid dessication often makes the
unlignified stem 1o crook or to curl inte an
inverted 1. T and S- shape(Stone and Will,
1005 Kano, 1983; Will, 1985; Crane and
Borough, 1987).

Browning or red-browning of cells were
often occurred in the pith tissue of the leader
in horon deficient trees{Kolari. 1979 Ratio,
1983: Carter and Blockley, 1987, Crane and
Borough, 1937) and the othar clearly dis-
cermible symptom 1n the pith tssue was the
formation of cell cavities(Raitio. 1983: Stone.
1987,

But the most important function of horon in
tfrees should be conjecturred lignification of
cell division,

ceil wall and enlargement,
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maturation and differentiation(Mcllath and
Skok, 1964; Jackson and Chapman, 1975
Gupta, 1985; Downed and Turvey, 1987; Dug-
ger, 1983; Harris, unpublished).

Anatomical effect of boron were usually re-
duced growth and necrosis(Starck. 1963;
Blaser et al, 1967) and accumulation of mate-
rial and changes in cell wall thickness{Gauch
and Dugger. 1952: Blaser et al., 1967: Kouchi
and Kumazawa, 1976). Extreme development
involved grossly distorted and hypertrophied
ray cells(Downes aud Turvey, 1987: Harris,
unpublished) assoctated with misshapen and
irregular tracheid sometimes traumatic resin
canals(Harns, unpublished).

From time to time, many sawmillers, espe-
cially worked Canturbury area, have been
petitioned for us te overcome the logs that
distort off the saw. and which yield sawn um-
ber that warps severely on drying.

At last, we recognised the presence of com-
pression wood and the area of boron deficien-
cy as a contributing to these problem. (n the
way. the athors were racking their brain to
find a solution to the problem as for the [irst
step, we carried out this study in order to

investigate anatomical differenuces boron de-

ficient and fertilized woord.

MATERIALS AND METHOD

Sampiing

Sixteen radiata pine{Pinus radiata. D. Don.)
trees were felled down to investigate the ana-
tomical properties.

Twelve trees were cut from Ashley forest
and four trees were cut from Nelson forest.

and the discs to investigate anatomical pro-

perties were cut down {rom diameter of breast
height(l 4m from ground) of each trees. Hall
of them were brought from boron delicien:
arca and the other half were fertilized area.

Sample blocks{appr. 1 X 1X1cm) were pre-
pared for measuring the lumen diameter and
cell wall thickness and match siicks(2—3cm
long) for tracheid length from earlywood and

latewood of cach tree.
Measurement

Thit cross sections(30—50#m in thick-

ness)  were  cut with  sliding  microtome.

staned 1o toluidine  blue  solution{(.5%
toluidine blue 0+ 1% barac) and mounted in
glyeercl. Measurement were made using a
microscope (Carl Zeiss, Photomicroscope 1D,
thirty two measurement of radial lumen dia-
meter and radial wall thickness(double wall
thickness). at the each disc. respectively,
were investigated. Earlvwood and latewood
cetls were measured.

The means of each set of thirty two

measurement were used in subsequent analy-

~iS.

“he pleces cut from ealvwood and late-
wood were macerated 1n a 1:1/v:v mixture of
glacial acetic acid and hvdrogen peroxide at
90— 1007T for 8~ 10 hours. After washing the
samples were stained with 1% safranin solu-
tor. and followed by mounting in glveeral.
Tracheid length were measured using digital
measuring wheel(Leitz) {iftv tracheids each.

Status of sampling forest and discs were
shown in table 1

The data were analysed using analvsis of
treatments data and

variance for between

analvsis are shown in table 2 and 3.
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Table 1. Quantitative effect of boron deficien-
cy on cell charactenstics.

2

Samples Length(mm)* Diameter(um}® Thicknes®
B~ B B B B A

A CE 2797 3046 2618 3477 15 118
L 2226 2523 1184 19.11 645 7.08
B E 2762 3149 2076 26.3% 1% 948
L2166 2.340 88 13.72 &% 9.2
C E 1782 2,422 26,14 28.3F .72 6.9
L1668 2.230 1428 15,16 5.72 833
D E 2894 2,939 10.81 29.63 464 630
[ 2267 2618 873 1521 650 829
EOE 2905 4217 20035 30,08 479 680
L2078 2416 9.23 .36 617 &18
FOoE 2,82 2988 24.62 20,03 527 &
L2228 2274 1018 1485 680 532
me E 2,665 2,970 22,98 2074 5.5 754
an L 2106 2400 10.51 15.40 538 B0

¥ Tracheid length

% % Radial lumen diameter

% % % Radial Cell Wall Thickness
B Boron deficient

B Boron fertilizer

E early wood

L : Late wood

Table 2. Average diameter of tested disc.{cm)

B* B*
GL* 34 28
BH" 24 20
B.G.C* 20 18

Remarks

Black 1

GL* 30 26
Block 11 BH™ 20 18
B.G.Cr 17 17
*GL : Ground level
**B.H.: Breast height(1.5m from ground level)
**B.G.C.: Base green crown

RESULT AND DISCUSSION

At the late wood in the breast height, aver-
age tracheid length were 2.1mm in boron defi-
cient wood and 2.4mm in borom fertilized

wood, redial wall thickness were H.dum, and

Table 3. Quantitative effect of boron deficien-
cy on wood cell characteristics

Thick ness of Diameter of
tracherd Wall  tracheids  tracheid lumen

-8B +8 -B +B -B 4B

Length of

Ground level

Summer wood 8.3 8.8 1621 2120 22 17
Spring wood 7.0 9.8 1754 257 17 2

Summer wood 8.7 2662 15 16

2235 2657 22 26

-3
_—
e
[SER
)
=
=
=

Spring wood 6.4
Base green crown

Summer wood 5.4 g0 1508 2478 12 3
Spring wood 3.1 6.3 1711 2614 17 24

Measurement 1n micrometres{ 2 m}
~B=horon deficient
+B=horon ferttitsed

Table 4. Analysis of variance for the differ-
ences between boron deficient and
ferti$lized wood in earlywood

Sowrse  Tracheid length Lumen diameter Wall thickness
d MS F MS F M§S O F
Block 20,0517 31,309 539
Treat 10,1206 0.060% 29,223 ,18% 0,296 (.799
Residual 2 0.0079 6,346 3,498
Total 5

Table 5. Analysis of variance for the differ-
ence between boron deficient and
fertilized wood in latewood

Sourse  Tracheid length Lumen diameter Wall thickness
d MS F  MS F  MS F
Block 20,2148 10,038 0,908
Treat 10,1262 0,010 18,180 0139 0,602 C, 613
Residual 2 0.0013 3,188 L7i3
Total 5

*Significantly difference at 99% confidence level

#%4um. and radial lumen diameter were

10 5um and 15.4um respectively. Much Dif-
ferences between baron deficient and fertil-
ized wood were tound. but analvsis of vari-
ence hetween treatment does not support this
result as shown table 2 for radial lumen dia-
thickness besides

meter  and  radial wall
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tracheid length that shows significant differ-
ence at 99% confidence level.

At the earlywood, average tracheid length
were 2.7mm in boron deficient wood and
3.0mm in fertilized wood, radial wall thicke-
ness were D.6um and 7.5um, and radial lumen
diameter were 5.4um and 8.4um each. Much
differences between boron deficient and fertil-
1zed wood could be found too, but no signifi-
can difference between treatment could be
supported as shown table 3.

The main reason {or the no signilicant he-
tween control and horon deficiency may he
probably depend on the limited samplings.
unfortunately one of the earlier designed
hlock had destructed with the storm in 1980,
therefore, we could not got sampling at there.
Spurr(1957)  reported that the amount of
baron in the plant had a pronounced effect on
cell wall thickness. Under boron deficiency
most of the collenchyma cell walls are
markedly thinner apparentely because of a
localized carbohydrate deficiency. But other
tissues in the same sections showed an oppo-
site response; the cell walls of the phloem
parenchyma and the ground parenchyma be-
come thicker.

Harris(1931) noted the low contrast he-
tween earlvwood and latewood in radiata pine
means that neither tracheid diameter nor cell
wall  thickness dilfers greatly across  an
annual growth laver, It is apparent that
although latewood tracheid are by no means
strongly radialy compressed nor especially

thick  walled

tracheid. Also he assested. in his unpublished

compared  with early  wood

paper. latewood was very weakly developed

in all boron deficient trees with onlv slight

cetl wall thicking, compared with earlvywood.
and little reduction in radial diameter. But.
Knight et al.(1983) reported the opposite re-
sult applied boron had no obvious effect on
the parameters measured.

Harris(1965)

tracheid length of latewood in radita pine

reported that the average
much vary from 3.3mm toc 4.7mm. The re-
gional tracheid length variance. in accor-
dance with Cown and McConchie(1983) were
2.8mm in Canterbury and Nelson district.
Kibblewhite(1982) worked that the tracheid
length was 3.3mm, wall thickness was 8.0 #m
and lumen diameter was 40.0#m in slab
wood of radiata pine. Orman and Harris(1965)
reported that the tracheid diameter in radiata
to pine was 41.4 2#m 1n earlywood and 30.4 ¢
m in latewood, and the cell wall thickness
was 2.6 #m in early wood and 5.0 ##m in late-
wood.

But as vou know, all of these results were

based on the no boron deficient samples, and

radiata pine have a wide range of tracheid
tvpes(Kibbiewhite 19382).

g 1. Different diameter between radiata pines grown boron
fertilized and deficient area at ground level
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Fig. 2. Delaminated tracheid walls were much occured in
radiata Pine grown in boron deficient area (SEM 222

X)

The results shown in table 3 shows similar
or a little bit shorter in tracheid length. but
for smaller in cell lumen diameter on the con-
trary much thicker in cell wall thickness
those previous results.

One of main variance in confirmation of
cell walls between boron deficient and ferti-
lized wood is much occurance of delaminated
cell wall in boron deficient wood as shown in
Fig. 2. Spurr(1957) reported that under boron
defi$ciency the fine structure of the walls be-
came coarse in celery. IN contrast to normal
collenchyma, in boron deficient collenchyme,

there are fewer lamellae. Starck(1963) sug-

gested that the cross section of cell wall of

boron deficient collenchvma. sunflower did
not reveal microfibrilar structure. And also
Slack and Whittington(1964) said horon was
concentrated with cell wall bonding, {ollowed
with many other works which was apparently
a neccessary component of cell wall or cellu-
lar membrane(Jackson and Chapman, 1975;
Dugger, 1983; Gupta et al., 1985).

The delamination of cell wall could be due
to differences in chemical compositions of the
wall, in ultrastructure of the wall and orienta-
tion of wall microfibrils. But there were no
previously published information available on
eht effect of boron deficiency on the chemical
composition and ultrastructure of wood cell
wall of forest trees.

Manv of those works on celery, sunflower,
field bean and so on supported that the cell
wall would he delaminated in the case of
boron deficiency. And also Raitio(1983) sug-
gested that the primary phloem cells 1n roots
were thin walled and swollen. the vascular
cvlindar of the root had developed cavities
and protoxylem was poorly hgnified(Fig 3).

The darkening and formation of cavities in
pith agreed well with the review of Sione
(1987) and Raitio(1983). In bhoron deficient

wood, we f{requently could found the col-

Fig. 3. Thin walled tracheid could be observed in boron

deficient radiata pine

Fig. 4. In boron deficient wood, frequently could be found the

collapsed misshapen irregular tracheid
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lapsed cells shown in Fig. 4.

Spurr(1957) suggested that the boron
apparently' affected{the rate and process of
carbohydrate condensation into wall material.
Cell wall responses to horon deficiency im-
plicate boron as a morphogenetic agent

affecting the development of specific form of

the cell walls of the plants. Pollard et al.
(1977) reported that boron plays an essential
role 1n the regulation of the function of high-
er plant membranes. IN boron deficient vas-
cular plant, the observed quantitative reduc-
rion in lignin should be accompanied by a
qualative change in  composition(Lewis.
1980). Harris(unpublished) found that extreme
development involved distorted and hyper-
tropied ray cells, associated with misshapen
and irregular tracheid and sometimes trau-
matic resin canals.

The wood anatomy of pinus aigra showed no
abnormal features. Latewood was regular, and
strongly developed, indicating a much denser
type of timber than that bring produced by
pinus radiate(Cown and McConchie, 1985; Har-
ris, unpublished).

Exact role of horon in the regulation of

plant metabolism still unclearly(Pilbeam and
Kirkby, 1983). Suggestions have been made
‘that boron effects cell growth and maturation
through its regulaton of enzyme activity of
certain path way and of cell membrane per-
meability.

The trees which grown in boron deflicient
soil grew slowly in height and diameter than
those of fertilized soiles(Fig. 1 and Table 4).
The reason, we supposed, would be based on
the swollen lumen diameter, shorten length
and uneven sized tracheids(Table 1).

Blaser{1967) reported that the abnormality

in structure, cell shape. wall confirmatior and
rigidity are described for both primary and
secondary tissue in boron deficient Thuya.
The abnormal shapes of cells suggest sym-
plastic walls, even in the secondary tracheids
which develop thick pitted walls. In Thyja
Piicata  the short tracheids and abundant
abnormal wood parenchyma probably account
for the weak stems of boron deficient plants.
It boron deficient tomato root tips. cell walls
suffered on irregular thickening, followed by
a rugged or serrated structure(Kouch and
1976). And also Harris{unpub-

lished) reported that the wood Kumazawa.

Kumazawa,

1976}, And also Harris(unpublished) reported
that the wood structure and properties of
trees grown under conditions of boron de-
ficiency relate purely to the stem malforma-
tion associated with that condition. But there
were no obvious differences between wood
from boron deficient tree and wood from
similary malformed trees grown on normal
soils.
Dugger(1983)

suggested that the effect

occurred because the abnormalities in the -

formation of cell walls prevented the cells-

from becoming orgamzed for mitosis.

CONCLUSION

The anatomical differences between boron

dificient and fertilized Pinus radiata . Don,
grown at the Ashley forest in Canterbury and
the Nelson forest in Nelson were investi-
gated. Tracheid length, radial luman diameter
and radial wall thickness in earlywood and
fatewood were measured. Optical. photomic-
roscople and scanning electronic microscopic

characteristics were also observed.
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The results

obtained in bhoron deficien:

wood are summerized as follow;

1.

[ %

(a1

Tracheid length in latewood are shorter
than that in boron fertilized wood.
Delaminated and unlignifed cell walls are
found

Cellapsed. uneven sized and thin walled
cells are found

Broad cell wall cavities were abserved

too.
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