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Studies on the Boron Metabolism of Orchid

——Influences on the Cell Wall Structure and its Components—-
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(Dept. of Biology, Yonsei University, Seoul)

ABSTRACT

The present investigation has been made to study the deficiency symptoms of
boron on the formation of cell wall and the development of the individual compo-
nents of the orchid cell wall.

Analytical samples were taken from two sources; one from the individual orchid
plants started from an apical meristem culture followed by the generation of the
protocorm-like body which was developed into a plant, the other from the plant
cultivated in water for 30 days. The amount of boron in the cultures were control-
led and the deficiency symptoms were observed under the electron microscope,
optical microscope with samples taken from the zones of elongation of leaves and
compared the dry weight of cell walls and finally the various fractions of the cell
wall components. The following results were obtained: (1) The growth of roots
and leaves was hampered in the boron deficient plants. (2) In the boron-deficient
leaves a severe necrosis and cracks were developed in the tissue of zone of elonga-
tion besides the decrease in growth. (3) under the electron microscope the cell walls
of boron-deficient plants showed rough wundulated structures unlike the smooth
control cell walls. (4) the dry weight of total cells and cell walls of boron deficient
plants were higher than the contrel plants. (5) In the boron deficient plant the
amount of pectin and hemicellulose isolated from cell walls were higher and the

the amount of protein was lower than the controlled plots.
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Table 1. Media Composition for the Culture of Meristems from Mature Orchid

Kang ef al. —Boron Metabolism of Orchid

(mg/l)

Compound Medium V-H Medium L-H Medium H-H Water Culture Medium
Ca(NQ,).4H,0 500mg + + -
MgS0,7H,0 250 -+ + +
KH,FO, 250 - + +
KCl 250 - + +
Fe-EDTA. 50 + + +
MnCl1,4H,0 2 + + +
H:JBO;; 1 + _|L' _l_
ZnS0, 7H,0 0.1 + + +
Na,Mo0Q,2H,0 0.02 + + -+
CoCl,6H,0 0.02 + + +
Thiaminehydrochloride 10 - - -
Pyridoxinehydrochloride 1.0 + + -
Nicotinic acid 1.0 + + -
Casein 1, 000 -+ + —
Inositol 200 + -+ -
Glysin 20 -+ + -
Naphthalene acetic acid 0.5 1.0 1.0 -
6-Benzylamino purine 1.0 1.0 0.5 -
Sucrose 2,500 -+ + -
Agar 7, 000 - + -
pH value 4.8~5.5
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Materials ]

Water grinding
1000 x g(15 min)

Washing

80% Ethanol
99% Ethanol
99% Ethyleter

Cell Wall

glagss filter
Wash

h.w. sol. Pectin J

Residue

Residue
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80°C hot water (100ml)

0-25% Oxalic acid
0.25% Ammonium oxalate

glass filter
Wash

Water 100ml
filtration (85°C, 4 hours)

4 0xi. sol. Pectin i

Wash Residue
Na-hypochloride dialysis 24% K-hydroxide
acetic acid filteration for
3 hours
[ oxid. Lignin
Residue Wash
Water washing Acetic acid
90% Ethanol 99% Ethanol
Residue glass filter

Cellulose

l discard

’ Hemiellulose

Fig. 1. A Summary of Cell wall Extraction and the Fractionation of the Cell wall Component.
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Kang et al.——Boron Metabolism of Orchid

Plate 1. Agar media culture of Orchid on Boron: left B-deficient, right Normal.
2. Water culture of Orchid on Boron: left B-deficient, right Normal («new roots).
3. Photographs of leaf extension region 1n Water culture of Orchid:3A. Noermal, 3B.
B-deficient, (ne) necrosis part.
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Table 2. Variation of the Leaf growth rate on Boron of Orchid (%)

—— day
3 6 9 12 15 18 21 24 27 30
growth rate
+ Boron 2.8 3.4 5.3 6.3 7.7 5.5 4.7 2.5 2.4 1.9
— Boron 2.1 2.8 4.0 4.5 4.9 4.1 3.4 2.2 1.6 1.1

Table 3. Variation of the Root growth rate on Boren of Orchid (%

—— Tay
T 6 12 18 24 30
growth rate ™
+ Boron 3 5.5 9.1 10.7 9.5
-- Boron 2.9 5.6 6-6 3.7 3.6
(cm) et B
22y —t— —-B
(em)
11 —O—o—+f8

10§

~1

: A

o 6 12 18 24

30 (days)

Fig. 2. Eftect of Boren on the Leaf growth of
Orchid. ’
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Fig. 3. Effect of Bron un the Root growth of
Orchid.

Az 23 x4 =z pectin®} proteine] 4 -
o] Hylvh. Fig. 4¢]4 8 o] of 27l 4 hot water-
soluble pecitn, oxalo soluble pectinzl hemicellulo-
sed] =z Au st A 2.9%, 6.7%. 5.9%ald Wity
AYFIAE 3.7%, 11.4%, 8.6%= oxalate-
soluble pectine] AL Fofl 4 Z71% ngw L

=
77 6.9%, 2.4%=2 AHTAA ZAF e 2o

%4



Mar.—~June 1979

Kang et @l.——Boron Metabolism of Orchid

Plate 4. Bectron micrographs of cell wall (cw) in lcaf extension region (Agar nsdia culture):

4A. Normal, 4B. B-deficient (25, 0006).

5. Electronmicrographs of cell wall (cw) in leaf extension region (Water culture): 5A.

Normal, 5B. Bdefxcxent( 122, 000).

Table 4. Dry weight and cell wall percen-
tage of leaf tissue

+-Boron —~Boron
dry weight of leaf % 13.95 14. 05
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F, : oxalate soluble pectin F, : lignin £ =
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Fig. 4. Cell wall Components of leaf tissue. A= Gk A % dgom g e ARG

Table 5. Vairation of the Orchid leaf growth on Boron (qm)**

% 0 3 6 9 12 15 18 21 24 27 30

+Boron 14. 2 14. 6 15.1 15.9  16.9 18. 2 19.2 20.1 20. 6 201 2l. 3
S.E. +0.79 £0.84 £0.87 £0.87 £1.04 +1.05 +£1.24 £1.12 £1.06" :=0.92% +0.87

—Boron 12.4 12.6 13.0  13.5 14.1 14.7 15.3 15. 8 16. 2 16.5 16. 6
S.E. +£2.82 :£2.80 +£2.81 £2.85 £2.90 £2.92 £2.94 £2.92 2.05% -2.95% £2.93%

RV —

Table 6. Variation of the Orchid root growth on Boron (cm)**

‘ day 0 5 12 18" 24 30 -
+Boron | 7.0 7.3 7.7 8. 4 9.5 10-4
S.E. - . +0.88 +0.79 +0.67 +0. 75* +0.75* +0. 95%
—Boron : 5.6 5. 8 6.1 6.5 6.7 6.9
S.E. +1.04 +1.07 +1.14 +1.18* +1.17* +1.10%
:Mean +S.EM.

1 0. 01 <P <0.05 : compared with the control group (leaf and root) by the student’s t-test. Othe,
values are not significant (P> 0.05) compared with the control group.
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