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Foliar application of 28-homobrassinolide mitigates salinity stress
by increasing the efficiency of photosynthesis in Brassica juncea
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ABSTRACT

Prior to sowing, seeds of Brassica juncea Czern and Coss cv. Varuna were soaked in water (controls) or in 50, 100
or 150 mM of sodium chloride (NaCl) for 6 h. The resulting plants, at 15, 30 and 45 days after sowing (DAS) were
either not treated (controls) or were treated with aqueous solutions of the hormone 28-homobrassinolide (HBL),
which was applied to their foliage in concentrations of 10, 10~* or 10~ M. The concentration of NaCl showed an
inverse correlation with the activity of nitrate reductase (EC 1.6.6.1), the activity of carbonic anhydrase (EC 4.2.1.1),
chlorophyll content at 60 DAS, the rate of photosynthesis at 60 DAS, and seed yield at 140 DAS (at harvest), all of
which decreased in parallel with increases in NaCl concentration. However, treatment with HBL attenuated those
decreases and neutralized the ill effects of salinity stress, completely at the lowest NaCl concentration and partially
at the higher NaCl concentrations. The seed yield of the crop can be increased by the foliar application of HBL, even

under conditions of salinity stress.
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Introduction

Soil salinity is a major environmental problem and poses
an ever-increasing threat to the growth of plants and their
productivity (Koca et al. 2007). In the affected plants, soil
salinity reduces the photosynthesis rate by decreasing the
level of chlorophyll (Chaves et al. 2009), as well as inhibiting
Rubisco activity and causing the closure of stomata, thereby
decreasing partial pressure of CO, (Soussi et al. 1998). Even
NaCl alone decreases the level of nitrate reductase (Aslam
et al. 1984), which is the primary enzyme involved in the
assimilation of nitrate (Solomonson & Barber 1990). All
these and other related processes will naturally lead to poor
plant growth and productivity.

Among the various compounds employed in order
to alleviate plant stress, the brassinosteroids (BRs) are
recognized as a novel group for regulating plant growth
and productivity. Studies conducted to date have revealed
that BRs elicit a wide range of various morphological and
physiological responses in plants (Hayat et al. 2010a; Bajguz
& Hayat 2009). In addition, BRs are recognized as regulators
of transcription and translation (Bajguz 2000), mechanisms
by which they improve the levels of total proteins and en-
zymes (Fariduddin et al. 2004; Hasan et al. 2008), as well as
increasing the seed yield at harvest (Fariduddin et al. 2004).
The BRs not only play a regulatory role in plant growth

but are also involved in establishing defense mechanisms
to counter various biotic and abiotic stresses (Hayat et al.
2010a). However, it would be premature to assign specificity
to their effects, under such conditions, before additional
work is undertaken within this line of research.

Brassica juncea is an oil seed crop whose susceptibility to
disease, salinity and drought results in poor growth and pro-
ductivity. Therefore, the aim of this study was to explore one
of those aspects: to identify remedial measures for overcoming
the negative effects of salinity stress through BR treatment.

Materials and methods

The seeds of Brassica juncea Czern and Coss cv. Varu-
na, were surface sterilized with 5% sodium hypochlorite
solution and washed repeatedly with double-distilled water.
The seeds were immersed in water (controls) or in 50, 100
or 150 mM of sodium chloride (NaCl) for 6 h (duration
based on the experience gained in earlier experiments).
These treated seeds were subsequently sown in earthen
pots (25 cm diameter) filled with sandy loam and farmyard
manure mixed in a ratio of 9:1. Pots were irrigated regularly
with tap water. Aqueous solutions of 107%, 10~ or 107 M
of the BR 28-homobrassinolide (HBL) were applied to the
leaves at 15, 30 or 45 days after sowing (DAS). The plants
were sampled at 60 DAS to assess leaf chlorophyll content,

! King Saud University, Department of Botany & Microbiology, Saudi Arabia

2 Author for correspondence: hayat_68@yahoo.co.in



Foliar application of 28-homobrassinolide mitigates salinity stress by increasing the efficiency of photosynthesis in Brassica juncea

activities of carbonic anhydrase and nitrate reductase, rate of
photosynthesis and leaf proline content. Mature plants were
harvested at 140 DAS to assess seed yield. Each treatment
was applied in quintuplicate. Chlorophyll content was esti-
mated according to Mackinney (1941). Carbonic anhydrase
and nitrate reductase activities were determined following
the procedure of Dwivedi & Randhawa (1974) and Jaworski
(1971), respectively. The photosynthesis rate was measured
in fully expanded leaves by a portable photosynthesis system
(LI-6200; LI-COR, Lincoln, NE, USA). Leaf proline content
was estimated following the method of Bates et al. (1973).
The data were analyzed by ANOVA. Mean differences were
compared by the least significant difference test, at a signi-
ficance level of 5% (Gomez & Gomez 1984).

Results and discussion

At 60 DAS, the plants raised from the seeds exposed to
pre-sowing soaking in NaCl (at 50, 100 or 150 mM), in com-
parison with those raised from the control seeds, showed
lower chlorophyll content (Fig. 1), a lower photosynthesis
rate (Fig. 1), less carbonic anhydrase activity (Fig. 2), less
nitrate reductase activity (Fig. 2), and lower seed yield (Fig.
3), and higher proline content (Fig. 3). Moreover, the im-
pact of the salinity stress became more pronounced as the
concentration of NaCl was increased from 50 to 150 mM.
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Figure 1. Effect of foliar application of 28-homobrassinolide (HBL) on the
chlorophyll content (mg g™') and photosynthesis rate [uM (CO,) m™'S™'] in
mustard plants under conditions of salinity, at 60 days after sowing.

-d - days (of application, n of days after sowing); LSD - least significant
difference (test).
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The activity of the enzyme chlorophyllase, which brings
about the degradation of chlorophyll pigments, increases
during salinity stress (Reddy & Vora 1986). Therefore,
the contents of the pigments exhibit a sharp decline as
the salinity stress intensity increase (Zhao et al. 2007), as
depicted in Fig. 1. The other enzyme, carbonic anhydra-
se, which determines the reversible interconversion of
CO, and HCO,, is regulated by photon flux density, CO,
concentration, availability of zinc (Tiwari et al. 2005) and
the transcriptional state of the genes encoding its protein
(Kim et al. 1994). In addition to other factors, salinity stress
brings about the closure of stomata, thereby decreasing the
partial pressure of CO, (Soussi et al. 1998), as well as a drop
in the activity of carbonic anhydrase (Fig. 2). The reported
decrease in the activity of carbonic anhydrase by NaCl is in
agreement with Hayat ef al. (2010b). All of these restrictions
(i.e., light harvesting centers and lower CO,) imposed by
salinity stress have a direct impact on photosynthesis, the
rate of which declines (Fig. 1). Nitrate (NO,), the inorganic
form of nitrogen that makes its way into the plants through
the roots, has to be converted to its organic form (NH,)
before being incorporated into a keto acid. The nitrate
reductase enzyme initiates the process of reducing NO, to
NO,, the very first step, which is found to be the limiting
factor for the rest of the process. The nitrate reductase is
induced to be synthesized by the substrate, which is NO,
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Figure 2. Effect of foliar application of 28-homobrassinolide (HBL) on nitrate
reductase (NR) activity [n M NO, g'h™' leaf fm.) and carbonic anhydrase
(CA) activity [mol (CO,) kg™'S™" leaf f.m.] in mustard plants under conditions
of salinity, at 60 days after sowing.

-d - days (of application, n of days after sowing); LSD - least significant
difference (test).
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Figure 3. Effect of foliar application of 28-homobrassinolide (HBL) on the
proline content (mg g~'f.m.) at 60 days after sowing and seed yield (g plant™) at
140 days after sowing (at harvest) in mustard plants under conditions of salinity.
-d - days (of application, n of days after sowing); LSD - least significant
difference (test).

(Solomonson & Barber 1990), and its level is also affected
by a number of internal and external factors (Campbell
1999). In the present study, the plants have been exposed to
stress at the seed stage; therefore, the following are factors
that could have changed the pattern of the inducibility of
nitrate reductase in the plants: the competitive nature of the
relationship between chloride ions and nitrate ions, which
reduces the level of the inducer of nitrate reductase at the
site of action; the fact that chloride ions act at the level of
the membrane bound proteins to change the integrity of the
plasma membrane (Cramer et al. 1985), imposing certain
restrictions on the nitrate flux, resulting in the loss of the
inducer and the enzyme protein (Solomonson & Barber
1990); and the fact that stress-generated signals might act
directly on the degradation or inactivation of the existing
proteins or the repression of gene expression (Ferrario et al.
1998). The observed decrease (Fig. 2) in the level of nitrate
reductase is, therefore, an expression of any one of those
factors or a combination of multiple factors.

The stress-induced marker protein (proline) is produ-
ced from glutamate, catalyzed by A'-pyrroline-5-carbo-
xylate synthase (A'P_CS) to A'-proline-5-carboxylate (P,C),
which is subsequently converted to proline by the enzyme
A'-pyrroline-5-carboxylate reductase (A'-P,CR). However,
as the situation demands, proline may undergo degrada-
tion to P,C by proline dehydrogenase (ProDH) and finally

to glutamate by pyrroline-5-carboxylate dehydrogenase
(P.-CDH) (Hong et al. 2000). A direct relationship between
the metabolic and catabolic enzymes of the proline has
been reported by Sumithra & Reddy (2004) in cowpeas
grown under water stress. They observed that the activity
of the two enzymes (A'P_CS and A'P,CR) responsible for
the synthesis of proline increased and that of ProDH si-
multaneously decreased. This relationship has been further
explored, in transgenic plants, by Kishor et al. (1995), who
identified a relationship between the increased activity of
P.CS and a decrease in that of ProDH, with the overexpres-
sion of genes for the former and suppression for the latter.
Proline accumulation is, therefore, a highly regulated phe-
nomenon, determined by the genes. In the present study,
the physiological drought caused by exposing the plants to
NaCl (Hopkins 1995) activated the synthesis of proline and
inhibited its degradation, resulting in higher proline levels
in the tissues (Fig. 3). Similar observations were previously
reported for Brassica juncea under salinity stress (Hayat
et al. 2010a). This higher proline level is somehow involved
in the regulation of plant mechanisms of protection against
the stress by restoring cell volume and turger; controlling
damage by free radicals; and protecting/stabilizing enzymes
and membrane structure (Timasheff & Arakawa 1989).

Spraying the leaves of the plants with HBL improved
the values for all of the parameters studied—in those raised
from the seeds subjected to NaCl stress and in those rai-
sed from control seeds. This gives the impression that the
hormone overrode the inhibitory effect of NaCl, albeit to a
limited extent, as determined by the concentration of NaCl
and that of HBL. The best interaction between the HBL and
the plants, if supplemented with either of the two higher
concentrations (10~% or 10° M), was observed at 60 DAS.
Other plants have also been found to exhibit a similar res-
ponse to BRs (Eleiwa et al. 2011; Yu et al. 2004). To improve
the values for certain proteins, such as Rubisco (Yu et al.
2004), nitrate reductase (Fig. 2), carbonic anhydrase (Fig. 2),
and proline (Fig. 3), BRs involve transcription, translation,
or both (Bajguz 2000). It is of note that HBL and NaCl had
a synergistic effect on proline content, thereby making the
plants more tolerant to stress.

The productivity of any crop is determined by a number
of factors borne within and without the plants, in particular
water balance; nutrient availability; assimilation and trans-
location rates; hormonal balance; and life span of physio-
logically active photosynthesizing organs. In the present
study, it was evident that certain physiological activities of
the foliage have been retarded by the salinity stress (Fig.
1-3). In addition, stress is known to induce the synthesis of
additional quantities of abscisic acid and ethylene (Nilsen
& Orcutt 1996), which disrupts the translocation of assi-
milates (Sultana et al. 1999) leading to plant senescence.
However, as was observed here, the use of BRs, with or
without salinity stress, not only has a constructive effect
on the physiological activities of the plants but also extends
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the life span of the organs and facilitates the translocation
of assimilates (Hayat ef al. 2010a), thereby ameliorating the
detrimental effect of salinity stress on the seed yield (Fig. 3).
Our findings are in agreement with those of Eleiwa et al.
(2011), who demonstrated that the seed yield of wheat and
chickpea grown under NaCl stress was improved by BRs.

Conclusion

On the basis of our results, we can conclude that the
foliar application of HBL improves crop performance and
increases seed yield under salinity stress.
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