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Abstract

Objective: The objectives of the study were to determine (1) The level of biochemical resistance to drought stress on oil palm using boron
(B) and silicon (Si) applications and (2) The mechanism of B and Si actions in the induction of biochemical resistance of oil palm seedlings
todrought stress. Materials and Methods: Field trial was arranged in the Randomized Complete Block Design (RCBD) factorial using three
blocks as replications. The first factor was the dose of B, namely 0.00, 0.17,0.44,0.87, 1.31 and 1.75 g per seedling. The second factor was
the dose of Si, namely 0.00, 1.15, 2.31, 3.46 and 4.69 g per seedling. The observations were done on the contents of proline and total
phenolic compound, total antioxidant, H,O, activities, dry weight, trunk height and diameter. The data were analysed using analysis of
variance (ANOVA) and the means were separated using Duncan's Multiple Range Test (DMRT) at 5% level. Meanwhile, the optimum dose
of B and Si were determined using regression analysis. Results: The accumulations of proline in leaf tissue reach a maximum at
0.81 g of B per seedling. The application of 1.75 g of B per seedling was significantly able to maximize the rate of total phenolic
compound accumulation, total antioxidant activity and inhibit H,O, activity. On the other hand, the application doses of Si that able to
maximize the rate of proline accumulation, total phenolic compound and total antioxidant activity were 1.15,0.73 and 2.82 g per seedling,
respectively. Hydrogen peroxide activity begins to compress when the application dose of Si was more than 4.29 g per seedling.
Conclusion: The application of B and Si were able to induce biochemical resistance of the oil palm seedlings to drought stress through
the accumulations of proline and total phenolic compound, increase of the total antioxidant activity and inhibition of H,0, activity.
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INTRODUCTION

Qil palm’s response to drought is generally negative.
Previous studies provide information that the drought in the
area of oil palm was decreasing the yield of fresh fruit bunches
up to 26.30%'3. This information suggests that oil palm is a
commodity that is quite sensitive to drought, so it is quite
urgent to be solved”. The next few years, drought becomes
more frequent with heavy intensity due to the phenomenon
of global climate change?®, particularly in the area of oil palm
plantations. Agronomic approaches can be taken to reduce
the sensitivity of oil palm to drought. The approach is
intended to stimulate biochemical character changes in the oil
palm tissue so that the biochemical resistance of oil palm to
drought stress can be realized.

Boron (B) is an essential nutrient that is needed by plants
to grow normally®, especially when the plants are exposed to
drought stress and oxidative damage threatened. Application
of B to the plant that is exposed to drought is able to reduce
the level of oxidative damage because B stimulates the
synthesis of several types of antioxidants that has a role to
eliminate the negative effects of Reactive Oxygen Species
(ROS). Synthesis of proline and phenolic compounds in plant
tissues which exposed to drought also stimulated by the
adequacy of B. Prolineis a simple organic compound group of
proteins that are used by plants in the process of osmotic
adjustment toinduce the biochemical resistance mechanism's
oil palm to drought, while phenol is the result of secondary
metabolites that can act as non-enzymatic antioxidants’®,
Non-enzymatic antioxidants in the form of phenolic
compounds have a role in the inhibition of the synthesis and
activity of ROS.

Silicon (Si) is not an essential nutrient for plants, but it
gives positive influence on the growth and development of
plants, especially plants exposed to drought®'°. Some studies
indicate that Siis able to avoid the crop from damage when it
grown under the environmental that exposed by drought.
These conditions indicate that the application of Si improves
drought resistance' 2. Mechanisms associated with the role
of Sifor resistance to drought are an increase in the content of
several types of solutes in the cytoplasm in the form of
glucose, sucrose, raffinose, total soluble protein and phenol
compounds. This mechanism is often referred to as osmotic
adjustment due to decreased of cell osmotic potential to
compatible with the soil solution osmotic potential, osmotic
potential decrease, however, is not to endanger the life of the
cell3'*, Associated with growth hormone, the application of
Si‘is able to increase the accumulation of auxin, gibberellins
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and cytokinins in the tissue, meanwhile, abscisic acid content
isdecreasing. Itis also a positive effect for the improvement of
drought resistance. The ROS synthesis also encountered in
plants that receiving Si application, so that oxidative damage
to plants in drought conditions can be avoided. In addition,
the application of Si to plants is able to increase the activity of
enzymatic antioxidants such as superoxide dismutase (SOD),
catalase (CAT), guaiacol peroxidase (GPX), glutathione
peroxidase (GSH-Px), ascorbate peroxidase (APX), Glutathione
Reductase (GR), dehydroascorbate reductase (DHAR) and
monodehydroascorbate reductase (MDHAR). The increase of
antioxidant activity capable to decrease oxidative damage
caused by ROS, thus increasing drought resistance 1416,

The study on some previously paragraphs provide an
overview of the potential of Band Siapplications as aninducer
agent of biochemical resistance of oil palm to drought.
Nevertheless, accurate information related to this was still can
not be found. Mechanism of action of B and Si as the inducer
of biochemical resistance of oil palm to drought also remain
unclear. Therefore, the study aimed to determine (1) The level
of biochemical resistance to drought stress on oil palm using
B and Si applications and (2) The mechanism of B and Si
actions in the induction of biochemical resistance of oil palm
seedlings to drought stress.

MATERIALS AND METHODS

Planting materials used in the study were 5 months old
of oil palm seedlings, ready to be moved from pre-nursery to
the main-nursery. Seeds used were uniform in terms of the
size of the seeds, healthy and came from the same progeny.
Seedlings planted in the polybags, 40X40 cm in size were
filled with top soil surface layer. Seeds were arranged at a
spacing of 90 X 90X 90 cm with equilateral triangles pattern.

Experiment was arranged in a Randomized Complete
Block Design (RCBD) factorial with three blocks as replications.
The first factor was the dose of boron (B) and the second
factor was the dose of silicon (Si). In this study, the boric acid
(H;BO5) was used as a source of Band sodium silicate (Na,SiO5)
as a source of Si. The first factor consisted of 6 dose levels,
namely 0.00, 0.17, 0.44, 0.87, 1.31 and 1.75 g per seedling
while the second factor consisted of 5 levels, namely 0.00,
1.15,2.31,3.46 and 4.69 g per seedling. Application of Band Si
were done before drought stress treatment until 4 months
after transplanting, once a month with the same dose every
month depending onthe treatment. The applications of Band
Si were done by sowing in a circular array about 10 cm from
the base of the stem and then covered with soil.
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The plants were also fertilized using NPK fertilizer
(15:15:15), KCl and kieserit. The NPK fertilizer doses at 1st, 2nd,
3rd and 4th months after transplanting were 24.00, 28.00,
32.00 and 40.00 g per seedling, respectively. The KCl doses at
1st, 2nd, 3rd and 4th months after transplanting were 2.50,
2.83, 3.25 and 4.17 g per seedling, respectively, while the
application dose of kieserit at 1st, 2nd, 3rd and 4th months
after transplanting were 10.81, 1269, 13.07 and
3.85 g per seedling, respectively. In addition, the activities of
weeding and pest control were done in accordance with field
conditions. Before the oil palm seedlings get drought stress
treatment, during the first until 4 months after transplanting,
seedlings watered regularly every day as much as
1-3 L per polybag.

Testing the level of resistance of oil palm seedlings to
drought stress was done as soon as the plants were
maintained in ideal conditions for 5 months. Drought stress
treatment was started at the beginning of the 6 month after
transplanting. During the drought stress treatment, no
watering was done until the moisture content of the soil at
seedling media reached permanent wilting point. To
anticipate the possibility of rain during the test, the seedlings
being tested were placed in a plastic house. The oil palm
seedlings with the age of 14 months after transplanting,
with the planting medium was combine of soil:sand:compost
(1:1:1), reached permanent wilting point after 18 days of
drought stress treated with soil moisture content of
approximately 10%.

Proline compounds analyzed from the leaf tissue, 5and
6 months after transplanting or before and after drought
stress treatment. Samples were in the form of leaves as much
as 0.5 g. The leaves were pounded with mortar then putin
10 mL sulfosalisilat acid solution 3%. The solution filtered
using Whatman 2 filter paper. A total of 2 mL filtrate was
treated with 2 mL ninhydrin acid and 2 mL of glacial acetic
acid in a test tube at 100°C for 1 h. The solution was then
inserted into a beaker containing ice, added 4 mL of toluene
and shaken with a stirrer 15-20 sec. Red toluene containing
proline at the top aspirated with a pipette and the solution
absorbance read using spectronic 21D at a wavelength of
520 nm'’.

Analysis of total phenolic was done after the oil palm
seedlings treated with drought treatment. Total phenolic was
analyzed using spectrophotometric method. The samples
were dry leaves, roasted for 48 h at 40°C. Samples were
subsequently smoothed using a leaf grinder and sieved
using a 60 mesh size of sieve. A total of 50 mg of sample
was introduced into a test tube, added with 0.4 mL of
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Folin-Ciocalteu and left for 5-8 min. Then, the solution was
added with 4 mL of Na,CO; 7% and filtered using Whatman
filter paper. The solution was put into the measuring flask and
it was added with 10 mL aquabidestilata (total volume of the
solution reach up to 10 mL after added with aquabidestilata).
After 2 h, the absorbance was read at a wavelength of
765 nm using UV-Vis spectrophotometer (UV-1700 pharma
spec). Asablank was used aquabidestilataand Folin-Ciocalteu
reagent. Total phenolic expressed as gram equivalents gallic
acid per 100 g of dry weight of subfraction (% w/w EAG)'®,

The antioxidant activity was measured after the oil palm
seedlings treated with drought stress, using DPPH method
(2,2-diphenyl-1-picrylydrazyl). A total of 50 mg of oil palm
leaves powder that have been smoothed using a grinder
coupled with 1 mL of DPPH 0.4 mM and 3.95 mL of ethanol.
The mixture was homogenized using vortex and left for
30 min. After that, the absorbance of the solution was
measured at a wavelength of 517 nm against the blank
(consisting of 50 pL ethanol extract and 4.95 mL of ethanol).
The amount of antioxidant activity was determined using the
equation'®

Blank,, — Sample,,

Antioxidant activity (%) = Blank
abs

x 100

Total antioxidant was determined based on ICs, values,
namely the concentration of the extract that provides 50% of
antioxidant activity when compared to control through the
linear line®,

A total of 0.5 g of fresh leaves put into a test tube and
homogenized with adding 5 mL of 0.1% (w/v) trichloroacetic
acid (TCA). A total of 0.5 mL supernatants put into a test tube
and added with 0.5 mL of phosphate buffer 100 mMand 2 mL
of potassium iodida (KI) (1 M KI w/v in double-distilled water)
and then left for 60 min in the dark room. The content of H,0,
was subsequently determined using spectronic UV-Vis 1700
Shimadzu at a wavelength of 390 nm. As the blank was TCA
1% without supernatant of oil palm leaves. The amount of
H,O, was calculated using a standard curve of known
concentration' of H,0,.

Plant dry weight was measured at 5 and 6 months after
transplanting or before and after drought treatment. Dry
weight of the plant was separated into several sections,
namely roots, stems and leaves. Dry weight obtained by
drying the samples using oven at 65°C for 48 h, until the dry
weight was constant. The next, samples were weighed using
a digital balance.
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Height and diameter of oil palm seedling stem were
observed once a week, on the beginning of the 1st week after
transplanting. The instruments which used were the rulerand
digital callipers. Plant height was measured from the base of
the stem above the soil surface to the tip of the highest leaf.
Meanwhile, the trunk diameter measured at a height of
£2 cm above the soil surface.

The data were analysed using the analysis of variance
(ANOVA) at 5% level and followed by Duncan’s Multiple Range
Test (DMRT) if there were significant differences among the
treatments. The optimum doses of B and Si that were able to
induce biochemical resistance of oil palm seedlings to drought
stress were determined using regression analysis. Meanwhile,
the relationship patterns between the parameters were
determined using correlation analysis. All the analysis were
performed using the General Linear Model Procedure
(PROC GLM)®,

RESULTS

The doses of B applications had quadratic regression
relationships with the concentrations of proline in the leaf
tissues of oil palm seedlings, before or after drought stress
period (Table 1). In the drought stress treatment period, the
increase of Bapplications doses up to 1.12 g per seedling were
always followed by the increase of the synthesis of proline
in the leaf tissues of oil palm seedlings, so that the
concentrations of proline become higher (Fig. 1). However,
increasing the doses of B applications after exceeding the
1.12 g per seedling was able to inhibit the rate of proline
synthesis in the leaf tissues of oil palm seedlings. So that,
the lower concentrations of proline, the higher doses of B
(Fig. 1). The doses of B applications that higher than
1.12 g per seedling inhibited the rate of proline synthesis due
to the toxicity of B. The toxicity of B was indicated by the
appearance of chlorosis and necrosis of leaf tissue which was
followed by drying the leaves. Drying leaves that was caused
B toxicity occurred due to oil palm seedlings experiencing
oxidative stress.

The synthesis rate of proline in leaf tissue increases after
oil palm seedlings exposed to drought stress (Fig. 1). The
concentration of proline in the leaf tissue of oil palm seedlings
after drought stress period was higher than the period before
drought stress treatment. The soil's moisture content in
planting medium was drastically decreased due to the impact
of drought stress treatment. The condition was responded by
oil palm seedlings trough the increase of proline synthesis
rate. This mechanism was one of the strategies developed of
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Fig. 1: Regression between dose of B and proline
Table 1: Regression between application dose of B and proline
Regression
Variable Before drought stress After drought stress

Proline (umolg~") y =-439%x%4+9.86x+3.18*  y=-11.96x?+19.32x+45.11*

*Regression

oil palm seedlings to defend themselves from drought stress
through osmotic adjustment mechanism. In such situations,
proline compounds act as osmoregulator that prevent the cell
organelles from damage due to drought stress. At the period
after drought stress, the increase of application B up to
0.81 g per seedling was always followed by an increase
proline synthesis rate in the leaf tissues of oil palm seedlings.
Increasing doses of B applications after exceeding
0.81 g perseedling could inhibit the proline synthesis rate due
to the toxicity of B. The toxicities of B damage the cell
membranes and remodeled proline compounds that had
been synthesized and disrupted the activities of its synthesis.

The increase in doses of B applications before reaching
the optimal dose could increase the proline synthesis rate,
before and after the drought period (Fig. 1). The dose
application of B which closed to the optimal dose could
stimulate the synthesis of glutamate. Glutamate is a member
of amino acid that acts as a precursor of proline. One of the
functions of B in the metabolic processes of plants is closely
related to the metabolism of nitrogen, particularly amino
acids. The rate of synthesis of proline compounds may be
indicated by the presence of glutamate. The increase of
glutamate concentration in the cytoplasm of leaf cell was
followed by an increase in the synthesis of proline, thus
proline concentration becomes higher.

Sillicon application did not have regression relationship
with the concentration of proline in the leaf tissue’s oil palm
seedlings (Table 2). This is consistent with some previous
research which indicates that the plant response to Si



J. Biol. 5ci,, 16 (5): 155-166, 2016

0.49 5
0.48
0.47
0.46
0.45 1
0.44 1

Proline (umol g~*)

0.43 4 ,
y = -0.0091x*+0.0395x+0.4337
0.42 R*=0.8032
041 T T T T 1
0 1 2 3 4 5

Dose of B (g per seedling)

Fig. 2: Regression between Si application dose and proline,
after drought stress

6 -
S o
% [u]
g 44 o
1S ]
8 34
2 y = 0.689x+4.1303
E 24 R = 0.35%4
Q.
T 14
e
O T T T 1
0.0 05 1.0 15 2.0

Dose of B (g per seedling)
Fig. 3: Regression between application dose of B and total
phenolic compounds, under drought stress

40 -
35
30 <
251
20 A
15
10
5

0 T T T 1
0 0.5 1.0 15 20

a
e

y = 3.4336x+29.754
R*=0.6628

Total antioxidant activity (ug mL™)

Dose of B (g per seedling)

Fig. 4: Regression between application dose of B and total
antioxidant activity, under drought stress

application is not significant when it's exposed to the ideal
environmental conditions. In the period after drought stress,
however, doses of Si application has quadratic regression
relationship with proline concentration (Fig. 2). The increase
of Si applications doses up to 1.15 g per seedling were
always followed by the increase in the concentration of
proline in the leaf tissue of oil palm seedlings after drought
stress. The increase of Si applications doses higher than
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Table 2: Regression between application dose of Si and proline
Regression

Variable
Proline (umolg~")

Before drought stress

y =-0.68x+7.98"™

y =-0.128x2-0.081x+7.641"
*Regression, ns: No regression

After drought stress
y =-0.01x%+0.04x+0.43*

Table 3: Regressions between application dose of B with total phenolic
compounds, total antioxidant and H,0, activities, under drought stress
condition

Variables

Total phenolic compounds

Total antioxidant activity

H,0, activity

*Regression

Under drought stress condition
y =0.69x+4.13*

y = 3.43x+29.75%

y =-2.80x+8.37*

1.15 g per seedling inhibited the rate of proline synthesis so
that its concentrations decrease in leaf tissues of oil palm
seedlings after drought stress.

The applications of Si with the doses higher than
1.15 g per seedling changed the orientation of the amino
acid usage, previously used to synthesize glutamate into
chlorophyll change to glutamate into enzymes. Glutamate
synthesis from the amino acids was not a priority at the time
of Si application dose >1.15 g per seedling so that the
concentration of proline in leaf tissue decreased. The
mechanism of resistance of oil palm seedlings to drought
stress changed from the osmotic adjustment mechanisms
into strengthening the capacity of photosynthesis through
higher chlorophyll and enzyme synthesis in Si application
dose >1.15 g per seedling.

On the environmental conditions which were not ideal,
for example during drought stress, Si helped plants to avoid
oxidative damage on the leaf tissue. Leaf cells especially cell
membrane was maintained by Si. It was not damaged during
drought stress exposure. The cell membrane was maintained
to provide a greater opportunity for the cell to synthesize
higher proline compound in the cytoplasm of leaf cell, thus
came the osmotic adjustment mechanism. Based on these
opinions, the role of Siin the synthesis of proline was indirect
through the cell conditioning, so the cells became healthy
although exposed to drought stress. The cells had the
opportunity to synthesize more proline.

There were linear regression relationships between the
dose of B application with concentrations of phenolic
compounds, total antioxidantand H,0, activities in the period
of after drought stress treatment (Table 3). The increase of
doses B application up to 1.75 g per seedling were always
followed by the increase of phenolic compounds
concentration (Fig. 3) and total antioxidant activity (Fig. 4),
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Table 4: Regressions between application dose of Si with antioxidant activity,
total phenolic compounds and H,0, activity, after drought stress
treatment

Variables

Total phenolic compounds (%)
Antioxidant activity (ICs,) (ug mL™")
H,0, activity (%)

*Regression

Regression

y =-0.13x4+0.19x+5.28*
y =-0.44x?4+2.46x+30.16*
y =-0.06x?4+0.59x+4.42*

whereas, the H,0, activity was gradually decreased (Fig. 5)
due to the increase of doses B application that applied to the
oil palm seedlings after drought stress treatment. These
conditions indicated that B was directly involved in the
process of total antioxidant and phenolic compounds
metabolism. Boron played an important role in the
biosynthesis of phenolic compounds and total antioxidant
through its function in hormonal regulation of plant tissue.
The sufficiency of Bin tissues of oil palm seedlings exposed to
drought stress stimulated the hormonal activity that lead to
the synthesis of phenolic compounds and total antioxidant
activity.

Drought stress conditions stimulated the synthesis of
free radicals that caused oxidative damage to plant tissues,
especially photosynthesis organ. The free radical compounds
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in the form of Reactive Oxygen Species (ROS), which one of
them was H,0,. Hydrogen peroxide was one of the most
widely found ROS in plant tissues when exposed to drought
stress and stimulated photosynthesis organ to damage. On
the other hand, the increase in the synthesis of H,0, in plant
tissue instinctively followed by a rise in the rate of synthesis
and activities of total antioxidant and phenolic compounds.
Total antioxidant and phenolic compounds were organic
compounds which important to suppress the synthesis and
inhibit the activity of H,0,, so that oxidative damage of
photosynthetic organs on oil palm seedlings could be
inhibited. The increase in application doses of B were always
followed by the increase in the synthesis of phenolic
compounds and total antioxidant activity (Fig. 3, 4). The
increase of synthesis rate of phenolic compounds and total
antioxidant activity at higher application doses of B would
lead to inhibite the synthesis and activity of H,O, (Fig. 5).
Synthesis and activity of H,0O, were also influenced by the
concentration of proline in the leaf tissue. Higher
concentrations of proline compounds in leaf tissue as a result
of the application doses of B (Fig. 1) were able to inhibit the
synthesis and activity of H,0, (Fig. 5). Therefore, the
relationship between the doses of B application to the
synthesis and activity of H,0, were not direct but through the
activities of proline compounds, total antioxidant and
phenolic compounds.

Results of the statistical analysis presented in Table 4
provided information that the doses of Si applications had
quadratic regression relationship with the concentration of
phenolic compounds, total antioxidant and H,0, activities.
Phenol is an organic compound that is resulted of secondary
metabolism that plays an important role as a detoxifying
agent of free radical compounds, especially in plants exposed
to drought stress. The concentration of phenolic compounds
reached a maximum at 0.73 g Si per seedling. The increase of
Siapplications doses up to 0.73 g per seedling were always
followed by the increase in the concentration of phenolic
compounds in the leaf tissue of oil palm seedlings which
exposed to drought stress (Fig. 6). However, the increase in
the doses of Si applications that were higher than
0.73 g per seedling had lower concentrations of phenolic
compounds in leaf tissue of oil palm seedlings (Fig. 6). The
synthesis rate of phenolic compounds experienced barriers on
Si application doses higher than 0.73 g per seedling.

The application doses of Si also affected the total
antioxidant activity in leaf tissue of oil palm seedlings at
drought stress period. Total antioxidant activity reached a
maximum at a dose of Si application by 2.82 g per seedling.
Theincrease of Siapplications doses up to 2.82 g per seedling
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Table 5: Tegressions between applications doses of B with the dry weight of
stem, shoot, root, total and root shoot ratio

Regression
Before drought stress After drought stress
Variables treatment treatment

Leaf dry weight (g)
Stem dry weight (g)
Shoot dry weight (g)
)
)

y =-3.02x%+3.15x+12.85*
y =-1.18x+1.66x+12.58*
y =-9.27x4+10.16x+24.61*
y =-6.35x4+4.46x+12.69*
y =-6.73x+8.74x+36.37*
y =-0.03x+0.45™

y =-0.01x%-0.01x+0.44"
*Regression, ns: No regression

y =-3.41x>4+4.86x+15.39%

y =-4.55x%4+7.34x+15.16*

y =-9.94x?+16.58x+28.62*
y =-4.52x%4+6.63x+12.83*

y =-12.49x2+18.84x+43.36*
y = -0.06x+0.49™

y =-0.04x%-0.12x+0.51"

Root dry weight (
Total dry weight (
Root shoot ratio

9
9

were always followed by the increase in the total antioxidant
activity, while the increase in the Si applications doses after
passing the 2.82 g per seedling inhibited the total antioxidant
activity (Fig. 7). This condition had a relationship with the
concentration of phenolic compounds in leaf tissue.
Obviously, some types of active antioxidants in plant tissue
are phenolic compounds, especially the non enzymatic
antioxidant. The increase in the concentration of phenolic
compounds as a result of Si application had possibility to
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increase the total antioxidant activity. The concentration of
phenoliccompoundsin leaf tissue of oil palm seedlings began
to show the downward trend in the application dose of Si
>0.73 g per seedling, but the total antioxidant activity of new
applications start to decrease at 2.82 g Si per seedling. The
decrease in the concentration of phenolic compounds after
application dose of Si was >0.73 g per seedling did not
necessarily inhibit the total antioxidant activity. The
application dose of Siin the range of 0.73-2.82 g per seedling,
decreased the antioxidant activity of phenolic compounds.
Types of other antioxidant that free from phenoliccompounds
constituent were still active on applications doses of Si in the
range of 0.73-2.82 g per seedling.

Applications doses of Si had quadratic regression
relationship with the activity of H,0, (Fig. 8). The increase of Si
applications doses up to 4.29 g per seedling were always
followed by the increase in the activity of H,O,, so that the
oxidative damage of leaf tissue of oil palm seedlings were
increased. The applications doses of Si  were
>4.29 g per seedling, the increase in applications doses of Si
were always followed by decrease in the activity of H,0,. These
conditions suggested that the activity of H,0, could be
inhibited by the presence of Si in plant tissues. The
applications doses of Si were <4.29 g per seedling were able
to maintain the activity of H,O, in the higher level even at that
dose the synthesis of phenolic compounds and total
antioxidant activity increase. Although, the concentration of
phenolic compounds and total antioxidant activity increased
at lower dose of Si but the increase of that materials were not
sufficient to withstand the negative effects of H,0, as
indicated by the higher activity of H,0,. The effect of Si
application on the inhibition of the activity of H,0, was direct
at higher doses of Si applications. The higher content of Si in
the plant tissue of oil palm seedlings affected the biosynthetic
process of H,0,, consequently H,0, activity decreased in the
applications doses of Si were >4.29 g per seedling.

The dry weight of leaves, stems, roots and total oil palm
seedlings had quadratic regression relationships with the dose
of B application, but did not so with the ratio of the root and
shoot (Table 5). Dry weight of leaves, stems, roots and total oil
palm seedlings reached maximum at the dose of B
applications in the range of 0.35-0.70 g per seedling, before
the period of drought stress treatment. Increasing doses of B
applications up to >0.70 g per seedling had lower dry weight
of leaves, stems, roots and total oil palm seedlings, because
the availability of B in the soil exceed the needs of oil palm
seedlings. The canopy and root dry weight of wheat decreased
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Table 6: Regressions between applications doses of Si with leaf, stem, shoot,
root and total dry weight and also root shoot ratio

Regression

Before drought After drought
Variables stress treatment stress treatment
Leaf dry weight (g) y =0.38x+12.47" y=-031x+17.37"

y = 0.00x%+0.38x+12.48" y=0.01x>-0.31x+17.37"
Stem dry weight (g)  y=-0.17x+13.54" y=0.15x+13.01™

Shoot dry weight (g)
Root dry weight (g)
Total dry weight (g)

Root shoot ratio

y =0.01x?1-0.17x+3.54"
y =-0.09x+26.03"

y = 0.01x%-0.09x+26.03"
y =-0.058x+11.105"™
y=0.01x-0.06x+11.11"
y =-0.15x+37.13"

y = 0.02x-0.15x+37.13"
y =-0.02x+0.46"

y = 0.002x?-0.02x+0.46™

y =0.19x2-0.76x+13.53"
y = 0.53x+25.49™

y =0.19x%-0.37x+26.01"
y =0.29x+10.79™

y =0.12x2-0.25x+11.10"
y = 0.83x+36.28"

y =0.31x%-0.62x+37.12"
y =0.01x+0.41"

y =-0.01x?4+0.04x+0.43"

ns: No regression

Table 7: Regressions between B applications doses with trunk height and
diameter of oil palm seedlings
Regression

Before drought

stress treatment

y =-11.69%x*+19.24x+53.12*
y =-1.43x*+2.02x+3.16*

After drought

stress treatment

y =-6.21x%+7.96x+62.36*
y =-1.51x*+2.20x+3.29%

Variables

Trunk height (cm)
Trunk diameter (cm)
*Regression

Table 8: Regressions between applications doses of Si with trunk height and
diameter of oil palm seedlings

Regression

Before drought After drought
Variables stress treatment stress treatment
Trunk height (cm) y = 0.16x+59.24" y = 0.09x+63.37"

y = 0.09x%-0.27x+59.49™ y =0.11x*-0.41x+63.66™
Trunk height (cm) y =-0.01x+3.68" y =-0.003x+3.84"

y =0.01x-0.07x+3.72™ y =0.01x%-0.06x+3.87™

ns: No regression

in application dose of B less than 6 mg kg~ soil?'. In the period
of drought stress treatment, dry weight of leaves, stems, roots
and total oil palm seedlings reached the highest level at
0.71-0.83 g of B per seedling. Increasing doses of B
application to >0.83 g per seedling was followed by the
decrease of dry weight of leaves, stems, roots and totals due
to disruption of plant metabolic activity and tissue damage
due to B toxicity.

Based on the results of the regression analysis, there was
no regression between the dose of Siapplications with the dry
weight of leaves, stems, roots, total and the ratio of the root
shoot of oil palm seedlings, in the period of before and after
drought stress treatment (Table 6). The dry weight of all parts
of oil palm seedlings was similar to the varying doses of
Si up to 4.61 g per seedlings. However, the relationship
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between the doses of Si application and dry weight of
plant parts still could not be determined in this study at the
doses of Si application >4.61 g per seedling.

Applications doses of B had quadratic regressions
relationships with trunk height and diameter of oil palm
seedlings, before and after drought stress period (Table 7).
Before the drought stress period, trunk height and diameter
of oil palm seedlings reached the maximum at 0.82 and
050 g of B per seedlings. The B applications were
>0.82 g per seedling caused delays in the increase of trunk
height, while trunk diameter of oil palm seedlings began to
decline at >0.50 g of B per seedling. In the period of after
drought stress condition, trunk height and diameter of oil
palm seedlings reached maximum at 0.64 g of B per seedling
and 0.73 g of B per seedling. The increase of trunk height and
diameter of oil palm seedlings started to inhibit at B
applications doses >64 and 0.73 g per seedling, respectively.

The application dose of Si did not have regression
relationship with trunk height and diameter of oil palm
seedlings, before and after the oil palm seedlings exposed to
droughtstress (Table 8). Trunk height and diameter of oil palm
seedlings were equal among the applications doses of Si, up
t04.61 g of Si per seedling. However, at the applications doses
of Si>4.61 g perseedling the pattern of relationships between
Si applications doses with trunk height and diameter of oil
palm seedlings could not be determined.

DISCUSSION

After drought stress treatment, B applications up to
1.75 g per seedling could increase the antioxidant activity and
phenol content, while proline levels increased up to 0.81 g of
B per seedling. Decreased levels of proline in the doses of B
applications >0.80 g per seedling associated with impaired
metabolic activities due to the effects of B toxicity. The
increase of proline, phenols and antioxidants in plants were
experience to drought could increase the osmotic potential of
cells and suppress the activity of free radical compounds?%,
The application of Bsignificantly affect to the concentration of
H,0, in plant tissue?. The H,0, activity declined consistently
in line with the increase in dose application of B up to
1.75 g per seedling. The decrease in H,0, concentration was
related to the presence of phenols, antioxidants and proline,
because theoretically these three organic compounds have
the ability to detoxify?” H,0,. Nevertheless, no relationship
among the proline, phenols and antioxidants were indicated
by the absence of correlation in these three variables. Under
the drought conditions, proline played a role as a regulator
while the phenol and antioxidants were acts as antioxidant
components.
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Decreased activity of free radical compounds such asH,0,
in plant tissue when exposed to drought stress significantly
inhibited the rate of oxidative damage in plants?®. Plant organ
that was first saved by decreased activity of H,0, was the
inhibition of the aging rate due to the maintenance of leaf
chlorophyll content at high level. The main indicators of
decrease in the rate of oxidative damage in plant tissues were
photosynthetic organs of the plant, especially the leaves. The
leaves were still green for long period because of the high
content of chlorophyll®. As a result, the photosynthetic
capacity of the leaf organs still well preserved even when the
plants were exposed to drought stress. Indicators of
preservation of leaf photosynthetic capacity were the high
production of assimilate3'¢,

Application of B on oil palm seedlings significantly
stimulated the activity of antioxidant that reduces the
negative effect of H,0,. These conditions affected the
photosynthetic activity directly with the positive effect,
because the greenish leaves of oil palm seedlings were
maintained for quite long period under drought stress
condition. High photosynthetic activity significantly increased
the production of assimilates. Assimilates produced
subsequently used for plant growth, illustrated by changes in
the physical volume in the form of trunk height and diameter.
Trunk height and diameter of oil palm seedlings after drought
could improve through the applications of B in the range of
0.64 and 0.73 g per seedling. Doses applications of B greater
than 0.64-0.73 g per seedling tends to hamper the
development of trunk height and diameter of oil palm
seedlings, associated with the poison effect of B on oil palm
seedlings, because in the toxicity level, B actually interfere the
metabolism activity of the plant cell¥,

Performance of plant morphology which was indicated
by the height and diameter of trunk affected the dry weight of
oil palm seedlings. Plants with larger physical volume has a
greater dry weight as well*'*. Trunk height and diameter were
significantly affected by the dose of B application, therefore
the dry weight of the plant must also be influenced by the
presence of these elements. Plant dry weight increased up to
the applications of 0.83 g of B per seedling. There was positive
correlation between trunk height and diameter with total dry
weight (R =0.67 and R? = 0.62), so that the increase in trunk
height and diameter of oil palm seedlings were always
followed by increase in total plant dry weight344.

The application of Si to oil palm seedlings has positive
influence to the activities of proline, antioxidant and
phenol**, Levels of proline, phenol and antioxidant activities
in plant tissue reach maximum at 1.15, 0.73 and 2.82 g of
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Si per seedling, respectively. The increase of proline,
antioxidants and total phenolic activities in the presence of Si
application on a particular dose was indirect.

Oil palm seedlings which were not applied with Si had
thinner cell wall and also did not have layer of silica gel on the
outer surface of the leaf epidermis, compared with seedlings
applied with Si. These conditions result in the decreased of
tissue water content of oil palm seedlings without the
application of Si*?*° The tissue water content decreased
dramatically in the period of drought stress. This major was
cause by lower total phenolic, proline and antioxidant
activities in oil palm seedlings which were not applied with Si.
Proline, phenols and antioxidants were organic compounds
that were responsive to drought stress when synthesized>'.

The H,0, activity was increased if the drought stress
period lasts longer’>>*. The applications of Si up to
4.61 g per seedling tended to increase the activity of H,0,. The
increase was associated with decreased levels of phenol,
proline and antioxidant activities in Si applications doses of
>0.73, >1.15 and >2.82 g per seedling, respectively. There
were negative correlations between proline, phenol and
antioxidantactivities with H,0, concentration (R?=-0.62,-0.54
and -0.51). The increased in proline, phenol and antioxidant
activities in plant tissues were consistently followed by
decrease in the activity of H,0,. The decrease of H,0, activity
was caused by proline, phenols and antioxidants activities in
oil palm seedlings applied with Si. The Si application could
help the oil palm seedlings to avoid severe damage during
drought stress periods.

The increase of oil palm seedlings resistance levels to
drought stress were indicated by increase of proline, total
phenolic compounds and antioxidant activities and also
decrease in the activity of H,0,. However, the increase in the
level of resistance was not expressed on dry weightand organ
size variables of oil palm seedlings. The Si applications doses
up to 4.61 g per seedling have not been able to provide the
increase in size of organ or organ dry weight significantly on
oil palm seedlings exposed to drought stress.

CONCLUSION

Biochemical resistance level of oil palm seedlings to
drought stress may be induced by the applications of Band Si.
The application of Bwas able toinduce biochemical resistance
significantly on oil palm seedlings to drought stress through
the mechanism of accumulations of proline, phenolic
compounds and antioxidant activities and also the increase in
inhibitory activity of H,0,. On the other hand, the application
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of Si was able to induce biochemical resistance of oil palm
seedlings to drought stress through the mechanism of
accumulation of proline and phenolic compounds and also
theincrease of antioxidantactivity and inhibitory H,O, activity.
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