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ABSTRACT

Salicylic acid (SA) is an essential plant growth regulator that functions as a signaling molecule in plants. The purpose of this study
was to clarify how the exogenous application of SA counteracts aluminum stress-induced growth and biomass yield reduction in

alfalfa exposed to aluminum (Al) stress. Two-week-old alfalfa seedlings were exposed to a combination of AICl; (0 M, 50 M and

100 1M, respectively) and SA (0.1 mM) for 72 hours. We observed, Al stress-induced plant growth inhibition and forage yield reduction are

Al stress-dependent manner. A significant reduction of plant height (42.0-52.9%), leaf relative water content (13.0-21.4%), root length

(35.4-48.7%), shoot fresh weight (31.2-25.9%), root fresh weight (15.4-23.3%), shoot dry weight (12.7-22.2%), roots dry weight (47.3

-53.5%), were observed in alfalfa. In contrast, SA alleviated the Al-stress and enhanced growth and biomass yield in alfalfa. This

study provides useful information concerning the role of SA that counteracts aluminum stress-induced growth and yield reduction in alfalfa.
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I. INTRODUCTION

Aluminum (Al) toxicity is one of the critical limiting factors
that inhibit plant growth and productivity globally (Jaiswal et al.,
2018). Al is the most abundant metal on earth; it ubiquitously
distributed as the third most abundant element in the earth’s
crust that comprising 7-8% of its mass after oxygen and
silicon (Bojorquez-Quintal et al., 2017). Though the specific
biological function of Al is still unknown (Singh et al., 2017),
but it can be toxic for living organisms (Rahman et al., 2018).
There is a potential correlation among the soil acidity, aluminum
solubility and its phytotoxicity. When soil pH drops down below
at 5.0 Al is solubilized into [Al(H,O)s]*", usually referred
soluble form of Al as AI’" (Kochian et al., 2015). Al-toxicity
not only influences on growth and productivity but also alters
molecular alterations in plants (Rahman et al., 2014). The initial
symptom of Al toxicity is the inhibition of root elongation,
while the toxicity turns into more severe it leads to plasma
membrane injury, generation of reactive oxygen species (ROS)
and lipid peroxidation in roots (Liu et al., 2017).

Plant growth regulator and/or signaling molecules played

pivotal role in physiological and molecular alterations in plants
(Lee at al., 2019). Salicylic acid (SA) is a phenolic compound
plays pivotal role as signaling molecules that modulate plant
growth and development along with enhances abiotic-abiotic
stress tolerances (Liu et al., 2017). Alfalfa is world leading
forage crop. As a legume forage, alfalfa is capable of fixing
atmospheric nitrogen (135-605 kg/ha year) and those have
pivotal role in biomass production (Putnam et al., 2001). The
quality and yield of forage biomass are important to the farmer
in terms of livestock production. Therefore, it is imperative to
clarify how Al-stress negatively affects on plant growth along
with its biomass yield.

A wide range of molecular and physiological and biochemical
studies have been performed in response to salt stress (Rahman
et al., 2015), heat-cold (Li et al., 2013; Lee et al., 2017a,b),
water-deficit (Rahman et al., 2016) stresses in alfalfa. Subsequently,
cold-heat stress tolerant Dnal-like candidate gene has been
characterized from alfalfa (Lee et al., 2018). Despite of these
above progresses in alfalfa, it has not been performed SA-
mediated Al-stress alleviate strategy in alfalfa, along with negative

impact of Al-stress on alfalfa growth and forage yield. Therefore,
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the aim of this study was to determine to clarify how SA
counteracts aluminum stress-induced growth and biomass yield

reduction in alfalfa.

II. MATERIALS AND METHODS

1. Alfalfa growth and treatments

Medicago sativa L. seeds were grown on plastic sieve containing
hydroponic system. Total 1-gram seeds was weighted and
placed to plastic chamber, and covered by black plastic cover
then moved to dark for 48 h. The germination box was un-
covered after 48 h and kept it at light condition. After 7 day-
old alfalfa seedlings were placed with half strength of Hoagland
solution (Phytotech lab). The nutrient solution was changed
after every 2 days interval. Alfalfa seedlings were grown for 14
days in a controlled growth chamber at 25°C, with a photoperiod
16-h light and 8-h dark with intensity of 350 pmol m™ s’
irradiance, and humidity was maintained at 60-70%. Two-week
-old alfalfa seedlings were exposed to four different levels of
aluminum chloride (AICl;.5H,0; Sigma) and sodium salicylate
(C;HsNaOs; Sigma) treatment for 72 h. Note, the experiment
consisted of six treatments viz. (a) aluminum (Al) 0 M or
control, (b) Al 50 uM, (c) Al 100 xM, (d) Al 50 uM+ salicylic
acid (SA) 0.1 mM, (e) Al 100 gM+ SA 0.1 mM, (f) Al 0 uM+
SA 0.1 mM. After 72 h of treatment, seedlings from different
treatments were harvested separately, and data were collected

following standard methodologies.

2. Measurement of growth and biomass yield in alfalfa

Alfalfa seedling height was determined after 72 h of treatment.
Plant height was determined from the root tip to leaf tip of 10
randomly selected seedlings where mean value was considered
as in centimeter (cm) basis. Root length was recorded from the
root tip root-shoot transition zoon of same seedling. Fresh
weight (FW) and dry weight (DW) of roots and shoots were
taken as gram per plant (g/plant) basis, respectively.

3. Determination of leaf relative water content (RWC%)
of alfalfa

Five randomly selected trifoliate alfalfa leaves were weighed

(FW), and submerged into deionized water in a petri dish for

12 h. Then, the water was removed from the leaves with tissue
paper, followed by the leaves were weighed and recorded as
turgid weights (TW). The leaves were kept at 80 °C for 48 h
for achieving DW. Finally, RWC (%) was calculated using the
following formula used previously by Rahman et al (2015):
RWC (%) =[(FW-DW)/(TW-DW)] x 100

4. Statistical analysis

All results related to plant growth and biomass yield were
analyzed using the analysis of variance (ANOVA), and Duncan’s
multiple range test (DMRT) to assess statistically significant
difference at P<0.05. Results of individual index were represented

as mean £S.E. of at least five independent replications.

II. RESULTS AND DISCUSSION

Aluminum (Al) stress significantly influenced on growth
and biomass yield in alfalfa (Figs. 1, 2 and 3). In this study,
we also found that salicylic acid (SA) counteracts aluminum
stress-induced growth and biomass yield reduction in alfalfa.
Exposure alfalfa seedlings with Al stresses (Al 50 and100 M)
exhibited significant inhibition of the plant growth. The height
was reduced significantly by 42.03% and 52.90% at Al 50 and
100 M, respectively, compared with the control (Fig. 2A),
whereas only 6.52% and 21.01% growth reduction observed
while used SA 0.1 mM with those same concentrations (Al 50
and100 xM), respectively. These results indicate that SA counteracts
the Al-stress induced growth inhibition in alfalfa. Relative
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Fig. 1. Morphological changes of alfalfa plants by aluminum
(Al) stress. Photo was taken after 72 h of plant exposure
to Al with or without salicylic acid (SA).
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Fig. 2. Salicylic acid (SA) counteracts aluminum (Al) stress—induced growth and biomass yield reduction in alfalfa. Al stress
and SA-mediated regulation of plant height (A), leaf relative water content (RWC%) (B), root length (C). Data were
represented as mean +SE of at least five independent replications. The different letters above the bar represent
statistically significant (P¢0.05) differences among the treatment groups.
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Fig. 3. Salicylic acid (SA) counteracts aluminum (Al) stress—induced growth and biomass yield reduction in alfalfa. Al stress
and SA-mediated regulation of shoot fresh weight (A), root fresh weight (B), shoot dry weight (C), and root dry
weight (D), Data were represented as mean *SE of at least five independent replications. The different letters
above the bar represent statistically significant (P{0.05) differences among the treatment groups.
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water content was declined in alfalfa leaves by 13.08% and
21.42% at Al 50 and100 M, respectively, compared to Al 50
M +SA 0.1 mM and Al 100 gM +SA 0.1 mM, repectively
(Fig. 2B). Root growth inhibited by 35.42% and 48.78% under
Al stresses compared to the combined treatments (Al 50 M
+SA 0.1 mM and Al 100 £M +SA 0.1 mM), respectively (Fig.
2C). Al-stress also hampered the biomass yield of alfalfa seedlings.
The shoot fresh weight reduced by 31.21% and 25.96% at Al
50 uM and Al 100 M compared to same concentration with
SA 0.1 mM (Fig. 3A). Similarly, root fresh weight reduced
15.45% at Al 50 pM, and 23.33% at Al 100 M compared to
the SA treatments, respectively (Fig. 3B). In case of shoot dry
weight, no significant difference has been observed between
the Al 50 and100 M. In contrast, significant differences have
been found while added SA 0.1 mM with those same treatments,
respectively (Fig. 3C). Root dry weight declined by 47.37%
and 53.57% competed to the treatments of SA 0.0 mM with
50 and100 M Al, respectively (Fig. 3D).

Several reports have been documented that crop growth and
productivity hampered by aluminum stress (Yang et al., 2013;
Rahman et al., 2018). In the present study, we observed the
negative effects of Al stress inhibit the growth and biomass
yield in alfalfa. A significant decrease of alfalfa growth in
terms of seedling height, RWC (%), root length, fresh weight
and dry weight of both shoots and roots were observed, whereas
SA alleviates Al-stress in alfalfa associated with growth and
biomass yield. Several studies have been reported that SA
alleviates Al-stress in plants (Pandey et al., 2013; Liu et al.,
2017). These findings provide support to the role of SA in
response to Al stress in plants. A significant reduction in root
elongation was reported under Al-toxicity due to the high level
of H' toxicity in several crops legumes (Jaiswal et al., 2018;
Rahman et al., 2018). In addition, the reduction of plant growth
and biomass yield might be due to the decrease of root cell
division and development. However, this study would be helpful
for determining negative impact of Al-stress along with role of

SA in Al-toxicity alleviation in plants.

IV. Conclusion

Alfalfa growth and forage yield significantly inhibited by

aluminum stress wherein salicylic acid (SA) counteracts aluminum

stress-induced growth and biomass yield reduction in alfalfa.
This study would be useful concerning the impact of SA for
the alleviation of Al-stress induced growth and forage yield
inhibition in alfalfa.
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