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NUTRIENT STATUS AND ENZYME ACTIVITY ALTERATION
IN CUCUMBER SEEDLINGS AS RESPONSED
TO BORON DEFICIENCY

[33]

Amal A. Mohamed' and M.M. Shaaban®

ABSTRACT

Cucumber (Cucumus sativus L. var. Beit alpha) seedlings were grown in two
groups on boron-deficient (traces of boron) and boron-sufficient (10.0) uM boron)
hvdroponic media for 30 days under controlled conditions. In harvest, concentra-
tions of magnesium (Mg}, iron (Fe), manganese (Mn), zinc (Zn), copper (Cn) in ad-
dition to boron (B) were determined in the dry tissues of roots and leaves. Concen-
trations of phenolic compounds in the roots were also determined. Peroxidase (POD)
and catalase (CAT) enzyme activitics were assayed in the fresh plant material. In
addition. changes of peroxidase and catalase isozyme patterns were also identified.
Results showed that vegetative growth of cucumber plants was negatively affected
by boron deficiency. Decrease of biomass accumulation reached 24.3 % and 49.1 %
shoots and roots respectviely. Nutrient concentrations in both leaves and roots of B-
stressed plants were lower drastically. Phenolic compounds were accumuiated in
significant amounts in the roots of the deficient plants. Peroxidase and catalase en-
Zvme activities increased significantly in the tissues of deficient plants and new iso-
zvmes were induced or activated, Irregular biochemical changes occurred in the B-
deficient plants were explained as a plamt physiological response to adnpt with B-

hunger conditions.
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INTRODUCTION

Boron is an essential element for
higher planis as it was established by
Warington (1923). Recent studies, how-
ever. showed that most of boron localized
in the cell wall especially in case of boron
deficiency (Hu and Brown, 1994, Ma-
toh ez al 1996). Boron deficiency affects
on most of nutrient concentrations, i.e.
uptake and balance inthe plamt tissues.

Boron effects on plasma membrane,
Cakmak erf al (1995) suggested that the
primary effects of boron deficiency led to
an increase in membrane permeability,
which leads to nutrient leakage from the
cells, Muehling et al (1998} cbserved
that bound cellular calcium waz low in
the boron-deficient faba bean plants.
Nitrate content in tobacco lgaves de-
creased dramatically in the boromn-
deficient plants (Camacho-Cristobal
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and Gonzalez-Fontes, 1999). On the
other hand. Zude et al (1997) found that
boron foliar application ‘led to increased
concentrations of calcium, potassium and
magnesium in apple leaves.

Boror plavs a key role in carbohy-
drate transport (Lewis, 1980) and me-
tabolism through controlling amylases,
reductases and dehydrogenases in the
plant tissues (Goldbach, 1997), It was
also hypothesized that boron stimulates
IAA-oxidase and reduces the auxin level
tc the limit, which allows the subsequent
growih of the roots (Jarvis et al 1984).
Plants deficient in boron were found to
accumulate polyphenolic compounds as a
resull of phenolic oxidation and forma-
tion of free radicals (Cakmak et al
1995). However, increases of peroxidase

(Mittler ¢ al 2001) and catalase activi-

ties (Willekens e al 1997) were reported
as an carly response to stress that pro-
vides resistance against the formation of
free radicals. :

The present work aimed to study the
behavier of some nutrients and the related
enzyme activity in cucumber scedlings as
2 result to boron deficiency in hydroponic
growth medium,

MATERIAL AND METHODS
Plant material and growth conditions

Seeds of cucumber (Cucumus sativus
L. var. Beit alpha) were germinated on
filler paper moistened with 0.2 mM
CaSQ, Afier 5 days incubation at 24°C
in dark, sesdlings were transferred into
2.0 L voiume plastic aerated culture ves-
sels filled with full strength nutrient
solution as described by Cesco (1994)
with the following composition: 0.7 mM
K-SO.. 0.1 mM KCI, 2.0 Ca (NOs); 5.0
Mm MgSO;; 0.1 mM KH:PO,; 0.5 uM

MnSO,; 0.5 uM ZnSO,; 0.2 uM CuSOy;
0.01 uM (NH;)s Mo- O,,. with or without
addition of 10.0 uM boron (B) as boric
acid.

pH of the nutriemt solution was
adjusted at 6.2 using NaOH and the
whole culture nutrient solution was re-
newed every three days.

The plants were maintained for 30
days under conirolled conditions of 16/8
light/dark hours, Light intensity used was
200 pM. m’s’. Relative humidity was
65 %.

Sampling and sample preparation

At the 30" dav growth. cucumber
plants were harvested. Plant samples
were divided into roots and shoots,
washed with bidistilied water and oven
dried at 65° C for 24 hours, then weighed
and grounded. At the same time, fresh
samples were taken to assay phenolic
compounds and enzvme activity.

Determinations
I- Elements

One-gram sample was dry-ashed in a
muffle furnace at 350°C for 6 hours us-
ing 3.0 N HNO;. The residue was, then,
suspended in 0.3 N HCL

Magnesium (Mg), iron (Fe), manga-
nese (Mn), zinc (Zn) and copper (Cu)
were measured using Atomic Absomption
Spectrophotometer (Zeiss PM(Q3;. Boron
was extracted according to Wimmer and
Goldbach (1999) and measured using
UV-VIS-Spectrophotometer (Perkin-
Elmer Lambda 2).

2-Phenolic compounds

Total phenols were extracted from
root tissues according 1o Swain and
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Hillis (1959} using methanol 80 %, and
detected according to Lam and Street
(1971). The developed blue color was
measured at 725 nm using UV-VIS-
Spectrophototneter

3-Enzyme activity

Extraction procedure and Enzymes
assay

Extraction was cammed out according
to Polar (1976). The plant tissues were
excised and homogenized in 250 mM
sucrose, 0.2 mM DTT, 2 % polyvinyl
polypyrolidine (w/v) and 0.1 mM EDTA.
pH grinding buffer was adjusted at 7.2
and the homogenate was filtered through
four layers of cheese cloth and centri-
fuged at 12,000 r.p.m. for 20 min.

Peroxidase (POD) activity was deter-
mined in the supemnatant according to
Amako et al (1994). The reaction mix-
ture consisted of 1.5 ml (100 mM K.
phosphate buffer pH 6.8); 1.0 mi (60 mM
pyrogallol); 0.48 ml (0.6 mM H.0; 30%)
and 20 pl of the crude enzyme extract.
The increase in absorbance at 430 nm
was recorded  using  UV-VIS-
Spectrophotometer,

Catalase (CAT) activity was assayed
at 240 nm according to Chance and
Maehly (1955) in a total volume of 1.0
ml of 25.0 mM K-phosphate buffer (pH
6.8), 10 mM H;0, (30%) and a diluted
enzyme extract.

Isozyme electrophoresis

Isozyme electrophoresis was made
according to Davis (1964) using 7.5%
polyacrylamid. Activity stain for enzymes
was carried out as follows:
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For peroxidase (POD), gels werc
stained with O-dianisidine as described
by Amako et al (1994). The appearance
of dark brown bands was due to peroxi-
dase activity of the respective isozymes
in the gel.

Catalase (CAT) isozymes were de-
tected according to the method of
Woodbury et af (1971). The gel was
soaked in 5 mM phosphate buffer (pH
7.0), then transferred into 5.0 mil H.O,
30%. After 10 min the gel was washed
with water and stained with a reaction
mixture containing 2% (w/v) ferric
chloride and 2% (w/v) potassium-
ferricyanide. The enzyme appeared in
yellow bands on the dark green back-
ground, The reaction was then stopped by
water and the gel was photographed.

Data anatysis

Data were statistically analyzed using
Costate Statistical Package (Anonymous,
1989).

RESULTS AND DISCUSSION
* Dry biomass accumulation

A considerable decrease in dry bio-
mass accumaulation of the untreated plant
shoots and roots was lower and reached
24.3% and 49.1 % respectively in com-
parison to boron sufficient plants (Fig 1)
In this concern, Boron was assumed to
play a role in carbohydrate transport
(Lewis, 1980) and metabolism (Gold-
bach, 1997). Thus, boron deficiency was
interpreted as less dry biomass accumu-
lation. On the other hand, lower
shoot/root ratio of B-deficiem plants
showed that roots are more severely af-
fected than shoots. Similar findings were
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found by Dell and Huang (1997) and
Camacho-Cristobal. and Gonzale-
Fontes (1999) on different plants.

¢ Tissue nutrient concentration

Detected boron and other nutrients
(Mg, Fe, Mn, Zn and Cu:) concentrations
in the plant tissues showed that boron
deficiency led to low the amount of such
elements in the untreated plants than the
treated ones (Table, 1). It is also cbvious
that some nutrients like Mn are accumnu-
lated in the roots of boron-deficient
plants. Amount of copper in the roots is
the same, but its translocation to the
lecaves of boron-deficient plants was
negatively affected. Low boron concen-
tration in the hydroponics medium of the
untreated cucumber plants led to its def -
ciency in both roots and leaves. The Low
concentrations determined for other nu-
trients (i.e. Mg, Fe, Mn, Zn and Cu), were
considerd as reflections of boron insuffi-
ciency in roct cell membrang, that caused
a disturbance in membrane permeability
for such nutrients, creating nutrient im-
balance within the plant tissues. Cakmak
et al {(1995) even found nutrient leakage
from sunflower tissues in case of severe
boron deficiency.

¢ Phenols and enzyme activity

Significant amounts of phenolic com-
pounds accumulated in the roots of bo-
ron-deficient cucumber plants (Fig. 2).

Specific activities of peroxidase (POD)

and catalase (CAT) in the leaves or roots
of boron«ieficient plants were signifi-
cantly higher than that of the boron-
sufficient plants (Table, 2). The highest
activity of both POD and CAT was found
in the roots of boron deficient plants.

- Amal and Shaaban

Boron deficiency was aiso postulated to
increase oxidation reactions in the plant
tissues (Marschner, 1995). Thus, in-
crease in concentration of phenolic com-
pounds in roots of B-deficient plants,
proved that roots are suffering from
boron deficiency, which ied to oxidation
of phenolics.

o Isozyme expression
- Peroxidase (POD)

Expression of POD was detected in
water-soluble protein fraction of roots
and leaves of cucumber plants (Fig. 3).
Electrophoretic analysis showed that four
distinct bands were appeared in roots of
boron-deficient plants (lane 1), whereas
in roots of boron-sufficient plants {lane
3}, only two bands with different intensity
were “observed. Also four bands with dif-
ferent RF values were exhibited in boron-
deficient leaves (lane 2), while two bands
different in mobility were observed in the
leaf tissue of the plants grown at suffi-
ciency level (lane 4). It isalso obvious
that POD increased under boron defi-
ciency and that stimulation was more
expressed in roots than Jeaves.

- Catalase (CAT)

CAT isozyme patterns are shown in
Fig.4. Only one band was exhibited for
roots or leaves of B-deficient and B-
sufficient plants. Boron deficient roots
showed a faint band with a slow mobility
(RF =0.18) (lane 1), while roots of boron-
sufficient plants showed also a faint band
(lane 3) but with different RF value
{0.21). Bands of boron-deficient and bo-
ron-sufficient leaves (Lanes 2&4 ) were
exhibited one band with same intensity
but different in RF values (0.08 and
0.06).
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Table 1. Boron and other nutrient concentration in leaves and roots of 30 days age
cucumber as affected by boron level in the growth medium (Dw. basis)

Boron Magnesium Iron Manganese Zinc Copper
(ppm) % {ppm) (ppm) {(ppm) {rpm)

Trealment
Root. - Leaf Rodt Leaf Root Leaf Root Leaf Root Leaf Root Leaf
+B 48.0 55 1.04 1.01 110 175 318 925 225 230 50 10.0
L -B 30 16 075 08t 700 750 600 230 120 140 5S¢ 6.0

Table 2. Peroxidase (POD) and catalase (CAT) specific activity in roots and leaves of
30 days age cucumber planis as affected by boron level in the growth medium

| Peroxidase activity Catalase activity
Treatment (EU/mg (uM H,O; consumed mg
protein/min.) protein/min.)
\ Root Leaf Root Lzaf ‘\
l +B 2727a 11855 a 3114 a 989 a
( 688.4b 14564 b 4771 b 2213 b
| L.D.S (003) 638 11.33 . 90.96 1262

Columns with the same letters are not significantly different
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Fig. 1. Dry biomass accumulation in roots-and shoots of 30 days age cucumber plants as
affected by boren level in the growth medium

Phenolic
compounds
(mg/g Fw.)

-B +B

Treatment

Fig. 2. Phenolic compounds {CsH;OH cquiv. mg/g Fw.) content of the 30 days age cu-
cumber’s root as affected by boron level in the growth medium
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Fig. 3. Isozyme banding patterns of peroxidase (POD) in the 4 weeks age cucumber
roots and leaves as affected by boron level in the growth medium
Lane 1 = Boron deficient root
Lane 2 = Boron deficient leaf
Lane 3 = Boron sufficient root
Lane 4 = Boron sufficient leaf
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Fig. 4. Isozyme banding patterns of catalase in the 4 weeks age cucumber roots and
leaves as affected by boron levels in the growth medium
Lane 1 = Boron deficient root
Lane 2 = Boron deficient leaf Faint
Lane 3 = Boron sufficient root
Lane 4 = Boron sufficient leaf
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Different isoperoxidases in root and
leaf cells were formed in B-deficient
cucumber plants. Four distinct bands
in different intensities, with RF values
of 0.035, 0.54, 0.73 and 0.80 were present
in the rcot cells of B deficient plant,
while only two bands with the same
intensity with RF values of 0,035 and
0.63 were present in the root cells of
sufficient plants. In the B-deficient leaf
cells, there were also four distinct bands
differing in intensity with RF values
0.035, 0.51, 0.66, 0.73 versus two inten-
sity different bands with RF vaiues 0,057
and 0.58 in the leaf cells of B-sufficient
plants. Catalase bands were completely
different in numbers, intensity and
mobility ir B-deficient roots and leaves
from B-sufficient plants. Increase in
numbers and higher intensity bands were
found in the B-deficient plants. This
means that an induction or activation of
differem isozymes on the gene level took
place as the plants responded to boron
deficiency. This may also explain the
additiona! amounts of peroxidase and
catalase svnthesized to protect the plants
against the harmful effects of excess
hydrogen peroxidase. Similar results
were reported by Palavan-Nsal et al
(2002).

In conclusion, boron deficiency
caused reduction in dry biomass accu-
mulation in shoots and roots of cucumber
plants. Morever free radicals formed as a
result of low boron level in the plant
tissues, phenolic compounds are accu-
mulated in the roots. As the plants
responses 1o boron deficiency, peoxidase
and catalase enzyme activities in roots
and Jeaf tissues are increased and induc-
tion or activation of both peroxidase and
catalase isozymes took place.
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