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Abstract

Methyl jasmonate and Epi-brassinolide as plant growth regulators have significant biological effects on plant growth,
including increasing of tolerance to salt stress in plants. In this research, the effects of salinity stress and its interaction with
methyl jasmonate and Epi-brassinolide on chlorophyll concentration, rate of photosynthesis, transpiration, stomatal
conductance and resistance and chlorophyll fluorescence in medical plant of black mustard (Brassica nigra L.) in hydroponic
conditions, were evaluated based on a factorial design in completely randomized design with four replications in 2015, at the
Damghan branch of Islamic Azad University was studied. Plants were treated with various concentrations of sodium chloride
(0, 40, 80 mM), methyl jasmonate (0 and 75 mM) and Epi-brassinolide (0, 5.1, 3 mM) four weeks after germination. The
plants treated with salinity, with increasing concentration of sodium chloride, their chlorophyll concentrations, Hill reaction
rate, transpiration and stomatal conductance decreased but the stomatal resistance and maximum fluorescence (Fm)
increased. At the same amounts of NaCl, with increasing concentrations of methyl jasmonate and Epi-brassinolide all tested
traits were improved, such that by spraying 75 mM of methyl jasmonate, stomatal conductance (90.23 m? mol™) reached its
highest level. With increasing levels of Epi-brassinolide in the same condition, the salinity of maximum fluorescence (Fm)
reached to (559.21). The results of this experiment showed that the use of methyl jasmonate and 24-epibrassinosteroids can
reduce stomatal resistance and increase stomatal conductance, chlorophyll concentration and improve the rate of
photosynthesis and thus reduce the effects of salt stress in black mustard (Brassica nigra L.).
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Introduction

Black mustard (Brassica nigra L.) is, of wallflower
race, herbaceous, annual, 0.5 to 1.5 meters in height,
and its shoots are bluish green, and covered with fluff in
the lower parts of plant. Its leaf blade has cuts. With
yellow flowers and fruits to 1.5 to 2.5 cm long and has
lead to thin and short beak. Black mustard plant has
many uses in traditional medicine and the therapeutic
value of black mustard seeds in external use is much
more than internal consumption. In its external use, its
Round grain is used to relieve neuralgia, rheumatism
and relieve choking (Tawaha and Turk, 2003)

Salinity is the ability to limit the construction of
plants in the soil medium in large areas around the
world. Efforts to expand the plant resistance to stress is
very important. For that purpose it will increase crop
production (Arshad Niji et al., 2016).

Increase in stress resistance in plants treated is seen
with  Brassinolides (Faiduddin et al.,, 2014).
Brassinolides are a group of plant hormones with
significant biological effects on plant growth, including
increasing the resistance of plants to environmental

stresses. Brassinolides can act by reducing the amount
of reactive oxygen produced by the environmental stress
with the help of enzymatic and non-enzymatic
mechanisms and protects the integrity of biological
membranes and increases the yield of vegetable crops
(Marco et al., 2014). Jasmonates (the jasmonic acid and
its methyl ester, methyl jasmonate) are a new class of
plant growth regulators that participate in many
physiological processes of the plant and play a
defensive role (Srivastava, 2002). Application of methyl
jasmonate and NaCl simultaneously to deal with salinity
stress in tomatoes was helpful. Thus, the effects of toxic
ions that have been created by salinity, can cause
damage to the cell membrane and causes the release of
lipids for the synthesis of jasmonate (Seif et al., 2014).
In addition, Parra-Lobato and colleagues (2009)
concluded that the use of external methyl jasmonate
may indicate its function in the oxidative stress
processes regulating internal antioxidant enzymes.
Therefore, due to increasing expansion of saline
land, the purpose of this study, in addition to evaluation
of photosynthesis in black mustard plants, is
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investigation of protection of methyl jasmonate and
Brassinolides and also its interaction against oxidative
stress caused by salinity of sodium chloride.

Material and Methods: In order to evaluate the
effect of spraying of methyl jasmonate and Epi-
brassinolide on photosynthesis, chlorophyll
fluorescence and leaf stomatal traits in black mustard
(B. nigra) under salinity a factorial experiment was
carried out in the Damghan branch of Islamic Azad
University in 2015 in a completely randomized in 3
replications. Culture medium was prepared in a
hydroponic manner. A large number of seeds per pot
were planted that after growth, 7 plant remained for
treatment during two stages of thinning. The treatments
included three levels of salinity (0, 40 and 80 mM),
methyl jasmonate treatments (0 and 75 Mp) and Epi-
brassinolide (0, 1.5 and 3 Mp). 3 weeks after the start of
salinity stress traits were measured.

Chlorophyll fluorescence with GFP device: To
measure the fluorescence of leaves the chlorophyll
fluorescence measurement device (GFP) (GFL-1, OPTI-
SCIENCES, CCM-200, USA) model Plant stress meter
was used. At the appropriate time of evaluating the
parameters after the last stress applied and hormone
spray considered, the last fully mature leaf in about the
same position in each sample was covered by aluminum
foil for 30 minutes and was adapted to the darkness.
Then the sensor of chlorophyll fluorescence device
(GFP) was attached and by turning the device on, the
light at a wavelength of 695 nm radiated to the leaf
through an optical fiber. Fluorescence parameters,
including minimum fluorescence (FO) and maximum
fluorescence (Fm) were measured. The light level was
selected as the photon flux density (PFD) of 400 mmol
photons per meter per second and the light radiation
time was 5 seconds for all treatments which was
repeated 10 times on each treatment. Maximum
quantum vyield of PS (Il) (Fv/Fm) and variable
fluorescence (Fv) were calculated from the following
relationship.

(FW/Fm) = (Fu-Fo)/Fr F=Fn-Fo

Hill reaction measurement in chloroplasts: One
gram of tissue was removed and was homogenized with
3ml of phosphate buffer at pH=7 and at around 5000
were centrifuged for 15 minutes, then sediments were
separated from it and 2ml of chloride Tris buffer was
added to it. After homogenization, 0.5ml of the buffer
was mixed with 0.3ml of dichlorophenol indole phenol
and 0.3ml of distilled water, then changes in absorbance
at intervals of 1 minute at a wavelength of 600 nm were
measured with the spectrophotometer model (Jenway
Genova) and the mean absorbance changes are
expressed as Hill reaction rate (Trebst, 1872).

Stomatal traits (stomatal conductance, transpiration,
stomatal resistance) were studied with the help of Lcpro
device. For this purpose, five fully mature leaves with
the same age were sampled from each pot and stomatal
conductance, transpiration, stomatal resistance were
calculated by Lcpro device.

Measurement of chlorophyll concentrations: To
measure chlorophyll concentration chlorophyll meter
SPAD-502 (OPTI-SCIENCES, CCM-200, USA) was
used.

Results

Chlorophyll meter value: The results showed that in
terms of chlorophyll meter value there was a significant
difference between different levels of salinity at the
level of 1% (Table 1). In this case, the average
concentration of chlorophyll in a state of extreme
salinity stress (80mM) reached to 39.61, in the medium
salinity (40mM) it had the value of 47.69 and, in non-
stress conditions 39.59 (table 2). The effect of
Jasmonate levels on chlorophyll concentration was
significant at 1% level (Table 1). So that the application
of 75uM of methyl jasmonate with 60.27 had the
highest concentration of chlorophyll and the non-
application of methyl jasmonate had the lowest with
37.52 (Table 2). Effect of different levels of
Brassinolides on chlorophyll meter value was
significant at 1% level (Table 1). In this case, the
average concentration of chlorophyll in the case of
using Brassinolide with the concentration of 3uM had
the highest number of chlorophyll-meters (58.86), at a
concentration of 5.1uM reached 47.13 and in case of
non-application of Brassinolide 40.69 (table 2).
Interaction of salinity and methyl jasmonate and salinity
stress and Brassinolide on chlorophyll concentration
was not significant (Table 1). Interaction of Brassinolide
and methyl jasmonate on chlorophyll meter value was
significant at 1% level (Table 1). Comparison of
interaction of these two factors on the discussed trait
showed that applying the conditions of using
Brassinolide and application of 75uM methyl jasmonate
had the highest concentration of chlorophyll with the
value of 76.18 (Table 3). Triple interaction effect
(salinity x methyl jasmonate x Epi-brassinolide) on the
chlorophyll content of a + b was not significant (Table
1).

Hill reaction rate: The results showed that, in terms
of Hill reaction rate, between different levels of salinity
stress significant difference at 1% level was observed
(Table 1). In this case, the average rate of Hill reaction
in a state of extreme stress (80mM) reached 0.55 (%0OD
min™), in medium salinity stress had (40mM) 0.064
(%OD min?), and in no stress conditions it had the
value of 0.69 (%OD min™), (table 2). The different
levels of jasmonate on Hill reaction rate was significant
at 1% level (Table 1). So that the application of 75uM
methyl jasmonate with 0.75 (%OD min™) had the
highest Hill reaction rate and the non-application of
methyl jasmonate with 0.50 (%OD min™) had the
lowest Hill reaction rate (Table 2). Effect of different
levels of Brassinolide on the Hill reaction rate was
significant at 1% level (Table 1). In these conditions
average Hill reaction in the case of using Brassinolide
with the concentration of 3uM had the highest rate of
xanthophyll (0.83 (%OD min'")), at the concentration of
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Table 1. Analysis variance of salinity stress, Epi-brassinolide and methyl Jasmonate on experimented traits
(]
§ (%) o W 3 S S E
w o g L5 a (=3 I — M
S S §3 23 <. 23 28 I = oy =
< =8 gE 2 22 g :
3 S s = 3
Salt 2 3522** 1392577 27317 2374.15" 0.137 32415™ 235487  424.1™  0.02™
Ja 1 9734**  22432718™  1819™ 9319.77™ 1.06™ 32511™  37779*  454.9™  0.04™
Br 2 5447** 20663589  3186" 2035.15™ 1.30™ 65584"  4339™  2451™  0.05™
Jax Sa 2 38" 505044 207" 76.21™ 0.0002™  5544™ 79544  5422"  0.01™
Brx Sa 4 77" 3276750™ 607" 12.67™ 0.006™  41895™ 13602  455.4™ 0.1™
Br x Ja 2 2278** 6556697 43.25™ 669.43™ 0.032  25485™ 93479  555.4™  0.071™
Brz JaxSa 4  101™ 1947267 249™ 35.17™ 0.007™ 5444™ 59116  585.9™  0.07™
Error 54  66.89 20887 19.93 25.28 0.004 5554.75  4638.12  547.12 0.08
CcV 10.37 5.53 10.62 10.28 9.60 7.35 15.58 9.01 8.48
ns, * and **: Nonsignificant and significant at %5 and %1 level of probability respectively
Table 2. Mean comparison simple effect of salinity stress, Epi-brassinolide and methyl Jasmonate on experimented traits
Stomatal Hill
Stomatal - chlorophyll -
conductan resistance Transpiration meter value reaction Fo Fm Fv F/Fm
ce rate
0,
m?s mol* Sm* mmol m’?*  SPAD value r{;ﬁ?
Salinity
0 mmol 89.30° 2356.79° 29.87° 59.39 0.69 96.09°  350.87° 25458 0.73%
40 mmol 81.81° 2649.67° 25.48° 47.69° 0.64° 105.65°  403.91° 298.26°  0.74°
80 mmol 65.60° 2834.50° 9.59° 39.61° 0.55° 127.65°  442.69° 315.04% 0.71°
methyl asmonate
0 pumol 67.24 3171.83° 16.62° 37.52 0.50° 135.69°  45540° 319.71*  0.70°
75 umol 90.23% 2055.47° 26.67° 60.272 0.75° 73.62°  409.58°  335.96° 0.85°
Epi-brassinolide
0 umol 61.85¢C 3672.63° 8.74° 40.69° 0.38° 99.09°  434.68° 33559° 0.82°
1.5 pmol 84.67h 2225.29° 25.31b 47.13° 0.67° 124.67°  418.08° 293.41* 0.70°
3 umol 90.39a 1943.04° 30.88° 58.86° 0.83? 159.21%  444.71*° 28550° 0.64a

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test in 5% level of

probability

Table 3. Mean comparison of double interaction effects Epi-

brassinolide and methyl Jasmonate on experimented traits

S T
8 - = =) =
o =] o 0 8 S =
; = Fs ¢ 53 » o n 2
@ g2 58 3 §= g ° ? - 3"
= Qo =, S
o = @ = =) 3 =
@ =] @ I
3 &
m?s mol* Sm? mmol m%? ?/ZQE %0D min’*
JaOmMMxBrOpM 38.99° 4834° 2.349 33.46° 0.229 7468 5297 454 0.86°
JaOmMxBr1.5uM 77.76° 2497° 20.35" 37.56° 0.58° 96.18™  402* 306" 0.76°
JaOmMxBr3uM 85.07% 2184 27.17% 41,53% 0.70° 104.00°  433®  329*  0.76°
Ja75mMxBrouM 85.70% 2511° 15.13° 47.93° 0.50° 21250°  339° 127 0.38°
a ab c c
J'\j75m|v|xBr1.5p o1 18° 1953 30,30 56.70° 0.74" 280.17° 433 153°  0.35
Ja75mMxBr3uM 95.71° 17017 34.60° 76.18°% 0.97% 314.42°  455® 158  0.36°

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test in 5% level of probability

1.5uM and in case of non-application of Brassinolide, it
reached the value of 0.67 and 0.38 (%OD min™),
respectively (table 2). Interaction of salinity and methyl
jasmonate on Hill reaction rate was significant at 1%
level (Table 1). Comparison of average interaction of

these two factors on the discussed traits showed that
application of salinity conditions and 75uM methyl
jasmonate with 0.67 (%OD min™) had the highest Hill
reaction rate (Table 4). Dual interaction effect between
salinity stress x Brassinolide was not statistically
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Table 4- Mean comparison of double interaction effects salinity stress and methyl Jasmonate on experimented traits

8 - = 39 I
S Q o 0 = D = =
g s E % E -3 g % 8 @ n n n <
é g8 55 = 5% s 8 © : - =y
g5 8% s &= g
7 -
m?s mol* Sm? mmol ms ?/Zﬁ;lej %O0D min’!
Sa0OmMxJaOpM 76.75° 279258 23.06%® 45.97° 0.67¢ 05.66°  324.15° 228.49° 0.70°
Sa0mMxJa75uM 101.84°  1921.00° 36.68° 72.81¢ 0.81° 128.42% 377.58% 249.16° 1.94°
Sa40mMxJaOuM 69.66°  3368.08™  23.85® 37.13% 0.52° 193.92° 41332 219.40° 1.13°
Sad0mMxJa75pM  93.96®  1931.25° 27.12° 58.26° 0.76° 212.42% 39450° 182.08° 0.86°
Sa80mMxJa0uM 5541°  3354.83°  20.96%® 29.46" 0.44° 221.28% 628.72% 407.44* 1.84°
Sa80mMxJa75pM  75.79°  2314.17° 16.23° 49.75° 0.67° 238.75° 456.67® 227.97%° 0.95°

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test in 5% level of probability

Table 5- Mean comparison of double interaction effects salinity stress and Epi-brassinolide on experimented traits

8 = o 39 L
S W @ U = D = =
g =] z 8 2 T 9 33 - &
% S 3 5 2 =2 s 58 9 s " T
% 85 S & 5 23 2 ’
8~ ® T S &= e
7 =
m“s mol 1 mmol SPAD 0 L
1 Sm m2st value %OD min
Sa0mMMxBropuM 75.87°°  2662.38" 7.14° 50.36™  0.46° 64.60° 222.73° 158.13°  0.71°
Sa0mMMxBr1.5uM 93.25%¢  227850™  37.27®  56.91*  0.70°  137.64%  407.87° 270.23°  0.66"
Sa0mMxBr3uM 97.78° 212950  42.20° 70.89°  0.91°  183.88%  422.00° 238.12°  0.56"
Sa40mMxBropM 61.24° 442275 12.30° 39.34%  039%®  172.88°  371.98° 199.90°  2.15°
Sa40mMxBr1.5uM  88.74%¢  1897.50° = 29.19°  46.46°¢  0.68°  193.50®  408.62° 21450°  0.52°
Sa40mMxBr3pM 95.44%  1628.75° 34.96° 57.28%  0.85®  175.88% 43113 255.12° 0.59°
Sa80mMxBrOpM 4843  3932.75° 6.77° 3239  0.28°  151.88h°  709.33% 557.12°  0.79°
Sa80MMxBr1.5uM  71.42%  2499.88™ 9.51° 38.01% 062 106.88%  737.75° 630.87*°  0.86°
Sa80mMxBr3pM 76.95°  2070.88°  12.50° 4841 075  108.88°  481.00° 372.12®  0.77°

Similar letters in each column shows non-significant difference according to Duncans Multiple Range Test in 5% level of probability

significant (Table 1). The dual interaction effect of
jasmonate x Epi-brassinolide on Hill reaction rate had a
significant effect on the at 1% level (Table 1). The
highest rate in methyl jasmonate with a concentration of
75uM and Brassinolide in the concentration of 3uM was
0.94 (%OD min™) (Table 3). Triple interaction effect
(salinity x methyl jasmonate x Epi-brassinolide) on the
Hill reaction rate was not statistically significant (Table
1).

Stomatal conductance: The results showed that, in
terms of stomatal conductance between the different
levels of salinity stress significant difference at 1% level
was observed (Table 1). In this situation average
stomatal conductance in a state of extreme stress
(80mM) reached to the value of 65.60 (m”s mol™), in
the medium salinity (40mM) was 81.81 (m’s mol™) and
in non-stress condition it was 89.30 (m°s mol™) (table
2). The effect of different levels of jasmonate on
stomatal conductance was significant at 1% level (Table
1). Application of 75uM methyl jasmonate with the
value of 90.23 (m’s mol™) was the maximum stomatal
conductance and non-application of methyl jasmonate
with the value of 67.24 (m? mol™) 24/67 was the lowest
stomatal conductance (Table 2). Effect of different
levels of Brassinolide on stomatal conductance was
significant at 1% level (Table 1). In this condition the

average stomatal conductance in the case of the use of
Brassinolide with the concentration of 3uM had the
highest xanthophyll concentration (90.39 (m?s mol™)),
and at a concentration of 1.5uM had the value of 84.67
(m? mol™) and in the case of not using Brassinolide it
was 61.85 (m?s mol™) (table 2). Interaction of salinity
and methyl jasmonate and salinitystress x Brassinolide
was not statistically significant (Table 1). The dual
interaction of jasmonate x Epi-brassinolide had a
significant effect on stomatal conductance at 1% level
(Table 1). The highwst speed in the case of methyl
jasmonate with a concentration of 75uM and
Brassinolide at the concentration of 3uM had the value
of 95.71 (m?s mol™) (Table 3). Triple interaction effect
(salinity x methyl jasmonate x Epi-brassinolide) on
stomatal conductance was not statistically significant
(Table 1).

Stomatal resistance: The results showed that, in
terms of stomatal resistance there was a significant
difference at 1% level between different salinity levels
(Table 1). In this condition, the average stomatal
conductance in the case of extreme stress (80mM) was
2834.50 (s m™), in the case of medium salinity (40mM)
it was 2649.67 (s m™) and in non-stress condition it was
2356.79 (s m™) (table 2). The effect of different levels
of jasmonate on stomatal resistance was significant at
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1% level (Table 1). The use of 75uM methyl jasmonate
had the highest stomatal resistance of 2055.47 (s m™)
and non-application of methyl jasmonate has the lowest
stomatal resistance of 3171.83 (s m™) (Table 2). The
effect of different levels of Brassinolide on stomatal
resistance was significant at 1% level (Table 1). In this
condition the average stomatal resistance in the case of
using Brassinolide with the concentration of 3uM had
the highest xanthophyll concentration (1943.04 (s m™)),
and at a concentration of 1.5uM had the value of
2225.29 (s m™) and in the case of not using Brassinolide
it was 3672.63 (s m™) (table 2). Interaction effect of
salinity and methyl jasmonate was significant at 1%
level (Table 1). The highest stomatal resistance was in
the condition of non-stress and the non-application of
methyl jasmonate with the value of 2792.58 (s m™)
(Table 4). Effect of Salinity stress x Brassinolide on
stomatal resistance was significant at 1% level (Table
5). At 40mM salinity condition and non-application of
Brassinolide the stomatal resistance was 4422.75 (s m™)
(Table 5). Dual interaction effect of jasmonate x Epi-
brassinolide on stomatal resistance was significant at
1% level (Table 1). The greatest resistance in the
condition of methyl jasmonate with concentration of
75uM and Brassinolide with the concentration of 3uM
was 1701.92 (s m™) (Table 3). Triple interaction effect
of (salinity x methyl jasmonate x Epi-brassinolide) on
stomatal resistance was also significant at 1% level
(Table 1). However, the highest stomatal resistance in
80mM salinity conditions and non-use of methyl
jasmonate and Epi-brassinolide reached the value of
5304.25 (s m™) (Figure 1).

Transpiration: The results showed that, in terms of
transpiration between different levels of salinity,
significant difference was observed at 1% level (Table
1). In this condition, the average transpiration in the
case of extreme stress (80mM) was 9.59 (mmol m’s™),
in the case of medium salinity (40mM) it was 25.48 (s
m™) and in non-stress condition it was 29.87 (mmol
m?s™?) (table 2). The effect of different levels of
jasmonate on transpiration was significant at 1% level
(Table 1). The use of 75uM methyl jasmonate had the
highest transpiration of 26.67 (mmol m?™) and non-
application of methyl jasmonate had the lowest
transpiration of 16.62 (mmol m’s™) (Table 2). The
effect of different levels of Brassinolide on transpiration
was significant at 1% level (Table 1). In this condition
the average transpiration rate in the case of using
Brassinolide with the concentration of 3uM had the
highest xanthophyll concentration (30.88 (mmol m?s™)),
and at a concentration of 1.5uM had the value of 25.31
(mmol m?s™) and in the case of not using Brassinolide,
it was 8.74 (mmol m?s™) (table 2). Interaction effect of
salinity and methyl jasmonate was significant at 1%
level (Table 1). The highest transpiration rate was in the
condition of 80mM salinity stress and application of
75mM methyl jasmonate with the value of 16.23 (mmol
m?s™") (Table 5). Effect of Salinity stress x Brassinolide
on stomatal transpiration was significant at 1% level

(Table 5). In the condition of non-salinity and
application of 3mM Brassinolide the transpiration rate
was 42.20 (mmol m?s™) (Table 5). Dual interaction
effect of jasmonate x Epi-brassinolide on transpiration
was significant at 1% level (Table 1). Triple interaction
effect of (salinity x methyl jasmonate x Epi-
brassinolide) on stomatal transpiration was also
significant at 1% level (Table 1). However, the highest
transpiration rate was observed in the condition non-
salinity and application of methyl jasmonate with
concentration of 75uM and Brassinolide with the
concentration of 3uM with the value of 53.60 (mmol
m?s™?) (Table 3).

The initial fluorescence (F0): The results showed
that, in terms of fluorescence (F0) there was no
significant difference between the different levels of
salinity, brassinolide and jasmonate (Table 1). Dual
interaction effect of salinity x methyl jasmonate, salinity
x prassinolide and jasmonate x Epi-brassinolide was not
significant (Table 1). Triple interaction effect of
(salinity x methyl jasmonate x Epi-brassinolide) on
terms of fluorescence (FO) was not significant (Table 1).

The maximum fluorescence (Fm): The results

showed that, in terms of maximum fluorescence (Fm)
there was a significant difference at 1% level between
the different levels of brassinolide and jasmonate but the
difference at different levels of Brassinolide was not
significant (Table 1). In this condition, the maximum
fluorescence rate (Fm) in a state of extreme stress
(80mM) increased to 552.52 (Table 2). The simple
effect of methyl jasmonate on maximum fluorescence
(Fm) was 535.65 and for brassinolide with the
concentration of 3uM it was 559.21 (Table 2). Dual
interaction effect of salinity x methyl jasmonate, salinity
x prassinolide and jasmonate x Epi-brassinolide on
maximum fluorescence (Fm) was significant at 1% level
(Table 1). At conditions of 80mM salinity stress with
3uM brassinolide the maximum fluorescence (Fm) was
580.88 (Table 5). Dual interaction of 75uM methyl
jasmonate and brassinolide on the maximum
fluorescence (Fm) reached the value of 614042 (Table
3). Triple interaction effect of (salinity x methyl
jasmonate x Epi-brassinolide) on the maximum
fluorescence (Fm) was also significant at 1% level
(Table 1).
Quantum yield of photosystem Il (Fv): The results
showed that, in terms of quantum yield of photosystem
Il (Fv), there was no significant difference between the
different levels of salinity, brassinolide and jasmonate
(Table 1). Dual interaction effect of salinity x methyl
jasmonate, salinity x brassinolide and jasmonate x Epi-
brassinolide was not significant (Table 1). Triple
interaction effect of (salinity x methyl jasmonate x Epi-
brassinolide) on quantum vyield of photosystem Il (Fv)
was not significant (Table 1).

Maximum quantum yield of photosystem Il in the
conditions adapted with darkness (Fv/Fm): The
results showed that, in terms of maximum gquantum
yield of photosystem Il in the conditions adapted with
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6000 - M Sa=0

Stomatal resistance

0 Sa=40 £15a=80

Sa= Br=1/5 Br=3

Ja=75 Br1/5+Ja75 Br3+Ja75

Fig 1. Interaction of salinity stress, epi-brassinolide and methyl Jasmonate treatment on the Stomatal resistance, Con
(Control), Sa (salt), Br (Epi-brassinolide) and Ja (methyl Jasmonate). Results for Mean Mean + SE by Duncan test (P<0.05) is

shown. Joint letters no significant difference in the level of 5%.

darkness (Fv/Fm) there was no significant difference
between the different levels of salinity, brassinolide and
jasmonate (Table 1). Dual interaction effect of salinity x
methyl jasmonate, salinity x brassinolide and jasmonate
x Epi-brassinolide was not significant (Table 1). Triple
interaction effect of (salinity x methyl jasmonate x Epi-
brassinolide) on maximum quantum vyield of
photosystem 1l in the conditions adapted with darkness
(Fv/Fm) was not significant (Table 1).

Discussion

Sodium chloride reduces the concentration of
chlorophyll which is essential for the main stages of
photosynthesis and growth of cells and its rate. The
lowest rate of photosynthesis and chlorophyll meter
value in plants under NaCl = 80mM have been observed
(Table 2). Although stomatal closure and increased
stomatal resistance in stress conditions (Table 2) are
conducted in order to reduce water loss and
transpiration but it could reduce photosynthesis to less
than the compensation by preventing the entry of CO2
(Ashraf and Harris, 2004). Turan et al. (2009) and Cha-
um (2009) in the investigation of the corn plant under
salinity and Capsicum (Bettaieb et al., 2008), stated that
the entire content and concentration of chlorophyll
treated, the salinity and stomatal resistance decrease
and, photosynthesis increases. It has been shown that
salinity stress leads to destruction, and changes in the
number and size of chloroplasts. Reduced intensity of
photosynthesis is caused by salinity stress that is due to
several factors such as dehydration of cell membrane
and thereby reducing the permeability of CO2, salt
toxicity, reduced amount of CO2 due to stomatal
closure, accelerated aging process as a result of salt, the
change in activity of enzymes due to structural changes
in the cytoplasm and negative feedback due to lower
activity of the source. Salinity also prevents the
photosynthetic electron transport, stomatal conductance
reduction and increased production of active oxygen
species that causes oxidative damage to photosystems

(Munns, 2002). Reduced quantum vyield in corn
seedlings under salinity stress causes a decrease in net
photosynthesis, which leads to a significant reduction in
growth (Turan et al., 2008). Brassinolides can reduce
active oxygen produced by the environmental stress
with the help of increased enzymatic and non-enzymatic
mechanisms causing the protection of the integrity of
biological membranes and increase in the
photosynthetic pigments and, thereby photosynthesis
(Munns, 2002). Therefore, in accordance with Table 2
chlorophyll concentration and photosynthesis rate
increase. In maize (Cha-um, 2009), vica faba (Bettaieb
et al., 2008), canola (Kaouther et al., 2012) and vitis
viniferal (Seif et al., 2014) at the time of oxidative stress
in the cell they can be adjusted in the presence of
Brassinolides. Brassinolide acts opposite abscisic acid
(ABA). Brassinolide is able to inhibit the production of
ABA. Abscisic acid is known as a stress hormone that
reacts to environmental stresses associated with changes
in water activity through the metabolic and
developmental mechanisms. Plants react to the
environmental stresses such as drought and salinity by
varying the concentration of ABA. After its
concentration exceeded the threshold level, it causes
complete closure of stomata and changes in how genes
are expressed. Therefore, the stomatal resistance
increases and stomatal conductance and transpiration
rate decreases. ABA has been increased due to salinity
and as a signal in response to stress causes stomatal
closure, which is as a defense mechanism to protect the
water. ABA’s negative effects can be removed by using
Epi-brassinolide and stomatal resistance is reduced
(Zhang et al., 2006). Brassinolide treatment under salt
stress, increased stomatal conductance compared to the
control and will help to enhance photosynthesis (Zhang
et al., 2006). More than 99 percent of water absorbed by
the roots of plants through transpiration, especially
through leaf stomata is lost. Treatment of Robinia
Pseudo avvacia with 0.2 mg of Brassinolide (Julie et al.,
2011), leaves of wheat at two levels of Brassinolide
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(Fariduddin et al., 2014) and in corn (Rezaei, 2015),
stomatal conductance and transpiration rate under
salinity stress were improved using Brassinolide. The
effect of this growth regulator on stomatal conductance
is heavily dependent on species, type and severity of
stress, as well as its concentration and application
method (Rezaei, 2015). 75 micro-molar concentration of
methyl jasmonate increases the amount of chlorophyll
in B.nigra (Table 2). In the case of the effect of methyl
jasmonate on the value of photosynthetic pigments
different results have been listed. For example, it had no
effect on the chlorophyll and photosynthesis of pine
(Sadeghi Pour and Bonakdar Hashemi, 2015). While
Jung in 2004 showed that in the Arabdoisis plant, 7 days
after treatment with methyl jasmonate at a concentration
of 100uM, chlorophyll a and b contents decreases and
the electron transport of photosystem Il is also affected.
The presence of light and methyl jasmonate in tulips
stimulates the formation of chlorophyll a and b
(Qayyum et al., 2007). Weidhase and colleagues (1987)
have also shown decreased chlorophyll content,
photosynthetic dye degradation and reduced amount of
RuBisCO in barley leaves treated with methyl
jasmonate. Methyl jasmonate involved in the expression
of a series of key enzymes in the biosynthesis of
chlorophyll through the formation of lowelinik amino
acid. However, this has been observed at low
concentrations of methyl jasmonate (Qayyum et al.,
2007). In the algae Chlorella vulgaris, jasmonate has
caused the aggregation of chlorophyll (Anju metal,
2011). During the survey on black mustard plant, it has
been shown that methyl jasmonate (75uM) has
increased  concentrations  of  chlorophyll  and
photosynthesis rate (Table 2). In another study it has
been reported that jasmonate at a concentration of
0.1uM, repaired the photosynthetic pigments such as
chlorophyll a and carotenoids in a blue Duckweed (Babs
et al., 2005) and barley under the herbicide Paraquat
(Jung, 2004). Methyl jasmonate at concentrations up to
100 micromolar increases the ABA and ethylene in
plants. Therefore, it can indirectly cause stomatal
closure resulting in increased stomatal resistance and
reduced transpiration rate. On the other hand, lead to
activation of mitogen-activated protein kinase (MAPK)
that impact stomata and an increase in the ABA in
response to biotic and abiotic stresses. This MAPK is
activated by upstream mitogen-activated protein kinase
(MAPKK). Methyl jasmonate leads to activation of the
MPK4 by inducting stress response genes. MPK4
causes to activate the MAPKK. MPK4 is expressed in
the epidermis and stomatal sensitivity to changes in the
environment. So spraying methyl jasmonate causes
activation of MPK4 and thereby activation of protein
kinase cascade pathway in the stomatal guard cells can
lead to activation of stomatal movement. However, at
concentrations of less than 100 micromolars it has no
effect on stomatal movements (Gomi et al., 2016).
Assessment of indicators of chlorophyll fluorescence
and flavonoids in stressed plants shows that reducing

the the amount of chlorophyll a in the salinity treatment
has been the major cause of reduction in excitation
capacity of photosystem I, the amount of chlorophyll a
in the reaction center is one of the factors determining
the efficiency of operation with a excitation capacity of
photosystem Il (protein D1) (Kaouthet, 2012). The
chlorophyll fluorescence rate could show the plant's
ability to withstand environmental stresses and the
damage that stress applies to the plant. Salinity stress
increases Fv, Fm, Fo and reduces Fv / Fm (Table 2).
Reports about the effect of salinity on chlorophyll
fluorescence are contradictory. In cotton (Brugnoli and
Lauteri, 1991), vica faba (Mishra et al., 1991) and in
Rose (Jimenez et al., 1997), it has been reported that
changes in Fv / Fm in different levels of salinity are not
significant. The researchers concluded that the
maximum Fv / Fm can not be raised as an indicator in
the salinity stress. In contrast, in the family Brassicaceae
(Bongi and Loreto, 1989) and olives (Misra et al.,
2001), they stated that it is the maximum quantum yield
of PSII is and its value for plants that are not under
stress conditions, is in a range of 0.85-0.65. If plants are
under drought stress, salinity stress, heat and radiation,
their rate will decrease (Akram et al., 2006). Salinity
stress may be the main cause of changes in the ratio Fv /
Fm in wheat (Li et al., 2008) and Capsicum (Gayyam et
al., 2007). Epi-brassinolide increases biosynthesis rate
of chlorophyll and chlorophyll fluorescence rate which
is considered as an operation indicator of PSII (Samira
et al., 2010). With the help of activating Osmolytes of
antioxidant system, this material causes a wisp of ROS
caused by environmental stresses and, prevents the
decomposition of light reaction center and PSII (Tuna et
al., 2008). So it can be concluded that Epi-brassinolide
can protect the photosynthetic system against salinity
stress. The main cause of the stresses are chloroplast
membrane and pigment and reduce the amount of PSII
and Fv / Fm, but by using Epi-brassinolide, ROS are
swept membranes of chloroplasts will be preserved
from damage and will therefore the efficiency of PSII is
maintained and chlorophyll fluorescence rate returns to
its normal state, that is observed in vica faba (Rafael
and Esther, 2009) vitis viniferal (Zhizhen et al., 2014) It
has been reported that, Jasmonic acid improves the
chlorophyll fluorescence in Cucumis sativus L. under
environmental stresses and changes in the rate and
ability of PSII (Stepien and Klobus, 2006). Reduction in
the amount of Fv / Fm and PSII efficiency may be due
to destruction of pigments that act as antenna and
limition of QA and reduced electron transfer from PSII
to PSI (Jung, 2004). Program for using of external
methyl jasmonate increased Fv / Fm (Figure 2),
indicating increased photosynthetic resistance and
decrease membrane damage at the plant (Jung, 2004)
Under several environmental stresses, increased NPQ
along with Photoinactivation can cause damage to the
light reaction center and increase FO at the PS Il
reaction center (Figure 3) (Jung, 2004). The role of
methyl jasmonate on chlorophyll fluorescence recovery
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Fig 2. Interaction of salinity stress, epi-brassinolide and methyl Jasmonate treatment on the maximum quantum yield of
photosystem 11 in the dark acclimated (Fv/Fm), Con (Control), Sa (salt), Br (Epi-brassinolide) and Ja (methyl Jasmonate).
Results for Mean Mean + SE by Duncan test (P<0.05) is shown. Joint letters no significant difference in the level of 5%.
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Fig 3. Interaction of salinity stress, epi-brassinolide and methyl Jasmonate treatment on the Initial fluorescence (F0), Con
(Control), Sa (salt), Br (Epi-brassinolide) and Ja (methyl Jasmonate). Results for Mean Mean + SE by Duncan test (P<0.05) is
shown. Joint letters no significant difference in the level of 5%.
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Fig 4. Interaction of salinity stress, epi-brassinolide and methyl Jasmonate treatment on the chlorophyll meter value, Con
(Control), Sa (salt), Br (Epi-brassinolide) and Ja (methyl Jasmonate). Results for Mean Mean + SE by Duncan test (P<0.05)
is shown. Joint letters no significant difference in the level of 5%.

has not yet been studied, however, the role of this chlorophyll concentration (Figure 4). Also, methyl
substance in protection of pigment systems from jasmonate will be useful in trapping ROS for the health
oxidative damage and protection of chlorophyll and maintenance of cell membranes, including the
biosynthesis. Thus jasmonate help to increase membranes of chloroplasts by increasing plant cells
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capacity (Jung, 2004)

Conclusion:

In this study, information on the effects of methyl
jasmonate and Epi-brassinolide were presented salinity
tolerance in black mustard. Increased maximum
fluorescence (Fm), stomatal resistance and reduced
transpiration from the leaves are proposed as solutions
to deal with salinity. On the other hand, methyl
jasmonate and Epi-brassinolide can be considered as an

reaction rate. Further research in this area can lead to
increased recognition of anti-stress effects of methyl
jasmonate and Epi-brassinolide and the role of plant
hormones in increasing the medicinal properties of
plants that are under stress.

Acknowledgements

Hereby we are thanking honorable officials of Islamic
Azad University of Damghan branch, honorable
officials of Shahr-e-Rey and Damghan laboratory which

anti-stress combination by increasing stomatal
conductance, chlorophyll concentration and Hill

provided all facilities of the research.

References

Akram, M. S., Ali, Q., Athar, H. R. and Bhatti, A. S. (2006) lon uptake and distribution in Panicum antidotaleretz under
salt stress. Pakistan Journal of Botany 38(5): 1661-1669.

Anjum, S. A, Xie, X. Y., Wang, L. C., Saleem, M. F., Man, C. and Lei, W. (2011 b) Morphological, physiological and
biochemical responses of plants to drought stress. African Journal of Agricultural Research 6: 2026-2032.

Arshad Naji, A., Ahsan Kadhimi, A. Anizan, I. Azhar, M. Febri, D. Wan MohtarWan, Y. Che Radziah, B., and Zain, M.
(2016) Effect of Irradiation and Polyethylene Glycol on Drought Tolerance of MR269 Genotype Rice (Oryza sativa
L.). Life Science Journal 11: 913- 920.

Ashraf, M. and Harris, P. G. C. (2004) Biochemical indicators of salinity tolerance in plant. Plant Science 166: 3-16

Babst, B. A., Ferrieri, R. A, Gray, D. W., Lerdau, M., Schlyer, D. J., Schueller, M., Thrope, M. R. and Orians, C. M.
(2005) Jasmonic acid induces rapid changes in carbon transport and partitioning in Populus. New phytologist 167:
63-72.

Bettaieb I, Zakhama N, Wannes WA, Kchouk ME, Marzouk B (2008) Water deficit effects on Salvia officinalis fatty
acids and essential oils composition. Horticultural Science 120: 271-275.

Bongi, G., and Loreto, F. (1989) Gas exchange properties of salt-stressed olive (Olea uropea L.) leaves. Jornal of Plant
Physiology 90: 1408-1416.

Brugnoli, E., and Lauteri, M. (1991) Effect of salinity on stomatal conductance, photosynthetic capacity and carbon
isotope discrimination of salt-tolerant (Gussypium hirsutum L.) and salt sensitive (Phaseolus vulgaris L.) C3-
nonhalophytes. Journal Plant Physiology 95: 628-635.

Cha-um, S., and Kirdmanee, C. (2009) Effect of salt stress on proline accumulation, photosynthetic ability and growth
characters in two maize cultivars. Pak. J. Bot. 41: 87-98.

Czerpak, R., Piotrowska, A. and Szulecka, K. (2006) Jasmonic acid affects changes in the growth and some components
content in alga Chlorella vulgaris. Acta Physiologia Plantrarum 28:195-203.

Dhriti, K., Amandeep, R., Vandana, G., Nitika, K. and Renu, B. (2014) 24-Epibrassinolide Mediated Changes in
Photosynthetic pigments and Antioxidative Defence System of Radish Seedlings under Cadmium and Mercury
Stress, Journal of Stress Physiology & Biochemistry, Vol. 10 No. 3, pp. 110-121

Fariduddin, Q. Yusuf, M. Begum, M. Ahmad, A. (2014) 28-homobrassinolide Protects Photosynthetic Machinery in
Indian mustard Under High Temperature Stress. Journal of Stress Physiology & Biochemistry. Vol. 10 No. 1 2014,
pp. 181-194

Gomi, K., Yamasaki, Y., Yamamoto, H., Akimitsu, K. (2005) Characterization of a hydroperoxide lyase gene and effect
of C6-volatiles on expression of genes of the oxylipin metabolism in Citrus. Journal of Plant Physiology. Volume
160, Pages 1219-1231.

Jimenez, M.S., Gonzalez-Rodriquez, A.M., Moralez, D., Cid, M.C., Socorro, A.R., and Cabollero, M. (1997)
Evaluation of Chlorophyll fluorescence as a tool for salt stress detection in roses. Photosynthetica, 33: 291-301.

Julie, C., Fanny, L. Benoit, D. and Maria-Grazia, M. (2011) 24-Epibrassinolide, a Phytosterol from the Brassinosteroid
Family, Protects Dopaminergic Cells against MPP+-Induced Oxidative Stress and Apoptosis. Journal of Toxicology.
Article ID 392859, 13

Jung, S. (2004) Effect of chlorophyll reduction in Arabidopsis thaliana by methyl jasmonate or norflurazon on
antioxidant systems. Journal of Plant physiology and Biochemistry 42: 231-255.

Kaouther, Zh., Ben Fredj, M., Fardaous, M. and Cherif, H. (2012) Impact of salt stress (NaCl) on growth, chlorophyll
content and fluorescence of Tunisian cultivars of chili pepper (Capsicum frutescens L.) Journal of Stress Physiology
& Biochemistry, Vol. 8 No. 4, pp. 236-252.

Li, K. R., Wang, H. H., Han, G., Wang, Q. J. and Fan, J. (2008) Effects of brassinolide on the survival, growth and
drought resistance of Robinia pseudoacacia seedlings under water-stress. New Forests 35: 255-266.

Marco, A. Teixeira, Z. and Gunter, A. (2002) Brassinosteroid phytohormones- structure, bioactivity and applications.
Brazilian Journal of Plant Physiology 14: 143-181.


https://jispp.iut.ac.ir/article-1-929-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-12 ]

62 Journal of Plant Process and Function, Vol. 7, No. 25, Year 2018

Mishra, S.K., Subrahmanyam, D., and Singhal, J. S. (1991) Interrelationship between salt and light stress on primary
processes of photosynthesis. J. Plant Physiol. 138: 92-96.

Misra, A. N., Srivastava, A., and Strasser, R. J. (2001) Utilization of fast Chlorophyll fluorescence technique in
assessing the salt ion sensitivity of mung bean and Brassica seedlings. Journal Plant Physiology 158: 1173-1181

Munns, R. (2002) Comparative physiology of salt and water stress. Plant Cell Environment 25:; 239-25

Parra-Lobato, M. Fernandez-Garcia, C. Olmos, N. Alvarez-Tinauta, E. Maria C. (2009) Methyl jasmonate-induced
antioxidant defence in root apoplast from Sunflower seedlings. Environmental Express Botany 66, 9-17.

Piotrowska, A., Bajguz, A., GodlewskaZylkiewicz, B. and Czerpak, R. (2009) Jasmonic acid modulator of lead toxicity
in aguatic plant Lemnaceae (Wolffia arrhiza). Environmental and Experimental Botany 66:507-513.

Popova, L. P., Ananieva, E., Hristova, V., Christov, K., Georgieva, K., Alexieva, V. and Stoinova, Z. H. (2003)
Salicylic acid and methyl jasmonate induced protection on photosynthesis to paraquat oxidative stress. Bulgarian
Journal of Plant Physiology 12: 133-152.

Qayyum, B., Shahbaz, M. and Akram, N. A. (2007) Interactive effect of foliar application of 24-epibrassinolide and
root zone salinity on morpho-physiological attributes of wheat (Triticum aestivum L.). International Journal of
Agriculture and Biology 9(4): 584-589.

Rafael, P. and Esther, S. (2009) Effect of 24-Epibrassinolide on Chlorophyll Fluorescence and Photosynthetic CO2
Assimilation in Vicia faba Plants Treated with the Photosynthesis-Inhibiting Herbicide Terbutryn. Journal of Plant
Growth Regulation 28: 97-105.

Rezaee, H. (2015) Receptors in regulation of plant growth. Ordibehesht Publications, pp, 95-104.

Sadeghi Pour, O. and Bonakdar Hashemi, N. (2015) Effect of Drought Tolerance epibrassinolide in cowpea (Vigna
unguiculata L. Walp), Journal of Crop Physiology, Ahwaz, 7(26).

Samira I. M. H., Mounir, D., Bouthaina D. M., (2010) Effects of 24-epibrassinolide on growth, chlorophyll, electrolyte
leakage and proline by pepper plants under NaCl-stress. EurAsian Journal of BioSciences 4: 96-104.

Seif, N., Tafazzoli, E. Talaii, A. R., and Aboutalebi, V. A. (2014) Evaluation of two grape cultivars (Vitis vinifera L.)
against salinity stress and surveying the effect of methyl jasmonate and epibrassinolide on alleviation the salinity
stress, International Journal of Biosciences 5: 116-125.

Srivastava, L. M. (2002) Plant growth and development. Hormones and the environment. Oxford: Academic Press.
£105°00 (hardback). 772 pp.

Stepien, P., and Klobus, G. (2006) Water relations and photosynthesis in Cucumis sativus L. leaves under salt stress.
Biologia Plantarum 50: 610-16

Tawaha, A. M. and Turk, M. A. (2003) Allelopathic Effects of Black Mustard (Brassica nigra) on Germination and
Growth of Wild Barley (Hordeum spontaneum). Journal of Agronomy and Crop Science 189: 298-303

Trebst, A. (1872) Measurement of the Hill reaction and photoreduction. Methods Enzymol 24: 146-165

Tuna AL, Kaya C, Dikilitas M, and Higgs, D. (2008) The combined effects of gibberellic acid and salinity on some
antioxidant enzyme activities, plant growth parameters and nutritional status in maize plants. Environmental and
Experimental Botany 62, 1-9.

Turan, M.A., Awad Alkarim, A.H., Taban, N., and Taban, S. (2009) Effect of salt stress on growth, stomatal resistance,
proline and chlorophyll concentrations on maize plant. J. Aferi. Agric. Res. 4: 893-897.

Ueda, J., and Saniewski, M. (2006) Methyl jasmonate—induced Stimulation of chlorophyll formation in the basal part of
tulip bulbs kept under natural light conditions. Journal of Fruit and Ornamental Plant Reserch 14: 199-210.

Wang, Zh. ZhengAffiliated P. Meng, J. Zhumei, Xi. (2015) Effect of exogenous 24-epibrassinolide on chlorophyll
fluorescence, leaf surface morphology and cellular ultrastructure of grape seedlings (Vitis vinifera L.) under water
stress. Acta Physiologiae Plantarum 37:1729

Weidhase, R., Kramell, H. M., Lehmann, J., Liebisch, H. W., Lerbs, W. and Parthier, B. (1987) Methyl jasmonate-
induced changes in the polypeptide pattern of senescing barley leaf segments. Plant Science 51: 177-186.

Zhang, J., Jia, W., Yang, J. and Ismail, A.M. (2006) Role of ABA in integrating plant responses to drought and salt
stresses. Field Crop Research 97 111-119.

Zhao, G., Ma B., Ren C. (2007) Growth, gas exchange, chlorophyll fluorescence, and ion content of naked oat in
response to salinity. Crop Science 47:123-131.

Zhizhen, W., Peng, Z., Jiangfei, M. and Zhumei, X. (2015) Effect of exogenous 24-epibrassinolide on chlorophyll
fluorescence, leaf surface morphology and cellular ultrastructure of grape seedlings (Vitis vinifera L.) under water
stress. Acta Physiologiae Plantarum 37:1729.


https://jispp.iut.ac.ir/article-1-929-fa.html
http://www.tcpdf.org

