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HIGHLIGHTS
o M. oleifera is tolerant to the effect of salinity.
e Seed vigor is reduced by salinity.

¢ Germination of moringa seeds lasts 86 hours.

Abstract: Moringa oleifera Lam., is a tree species that has several purposes of use, standing out in the
recovery of degraded areas and the use of seeds as biodsorbents in water clarification. However, ony a little
is known about the behavior of seed germination under saline conditions, common in soils and water in the
Brazilian Northeast. Thus, the objective was to evaluate the increment of water during the soaking and seed
germination of M. oleifera that were submitted to different electrical conductivity of the irrigation water. The
work was developed following a completely randomized design, with stress simulation employing saline
solutions at the concentrations of 0.0; 3.0; 6.0 and 9.0 dS m™. To determine the soaking curve, the water
increment of the soaked seeds in the different saline solutions was monitored at regular intervals with four
replications per treatment. To characterize the physiological quality of the seeds, the percentage, first count,
speed index, average time and average germination speed were evaluated. The M. oleifera is tolerant to the
effect of salinity during the germination phase, however seed vigor is reduced as a function of increased
salinity. Soaking the seeds makes begin the phase Il of the germination process around 10 hours and extends
for up to 50 hours, when phase Il begins, they absorb approximately 0.2 g of water and require 86 hours for
germination. Salinity reduces the absorption and increase of water in the seeds.

Keywords: Forest species; Seed physiology; salinity.
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INTRODUCTION

The Moringa oleifera Lam., is a species of Indian origin that has satisfactorily adapted to the
edaphoclimatic conditions of the semiarid region of northeastern Brazil [1]. It presents a great purpose of
uses, such as the use for food and feed, recovery of degraded areas, in the cosmetics and pharmaceuticals
industry [2]. Its leaves, flowers and fruits have a high concentration of proteins, vitamins and minerals and its
seeds have a high amount of high quality oil [3].

Despite having a great ability to adapt to the climatic conditions of the Northeast region of Brazil, the high
content of salts contained in the soil and waters used in irrigation can compromise the crop development.
The excess of salts is responsible for promoting major biochemical and physiological disturbances resulting
from reduced water availability and phytotoxicity promoted by ions, especially the Na* and CI" [4-5].

Several factors are capable of affecting seed germination and vigor, among them abiotic stresses such
as saline can compromise germination potential and initial plant establishment. Among the phases of plant
development, salt stress causes greater damage during germination, emergence and initial seedling growth
[6-7].

Among the effects promoted by salinity on seed quality is mainly due to the increased osmotic potential
of the substrate, preventing the absorption of water by the seed [8-9]. In addition to the aggressiveness of
specific ions that result in seed deterioration, causing toxicity to the embryonic axis [10].

In this context, this study aimed to evaluate the evaluate the increase of water during the imbibition and
germination of M. oleifera seeds that were submitted to different electrical conductivity of the irrigation water.

MATERIAL AND METHODS

The research was carried out at the Seeds and Seedling Analysis Laboratory of the Center for Agrifood
Science and Technology of the Federal University of Campina Grande (CCTA / UFCG), Campus Pombal,
Paraiba, Brazil (06°46’'13”S, 37°48'06”W and ~242 m of altitude). According to the Képpen classification, the
predominant climate is Bsh (semi-arid), hot and dry, with precipitation of approximately 700 mm year?*[11].

M. oleifera seeds harvested from 10 healthy mother plants were used and sent to the laboratory, where
they were submitted to beneficiation with the removal of wings that involves the seed. Seeking uniformity of
plant material, seeds were selected for color, size and physical purity, and the most uniform were separated
to compose the treatments.

The experiment was conducted using a completely randomized design (CRD), using four treatments
related to different electrical conductivity of water. (ECw = 0.0; 3.0; 6.0 e 9.0 dS m?), with four repetitions of
50 seeds. For the preparation of saline solutions, the following sodium chloride salts were used. (NacCl),
calcium chloride (CaCl;), magnesium chloride (MgCl,) in the ratio of 7: 2: 1, and these were the most
commonly found in Northeastern Brazil [12].

To characterize the water gain by seeds soaked in solutions with different saline concentrations, the
soaking curve was performed. Four repetitions of 50 seeds were used and sown on two sheets of paper.:
Germitest® previously moistened with saline solutions in a volume equal to 2.5 times the dry paper weight
and packed in a germination chamber of the type: B.O.D. (Biochemical Oxygen Demand) at 25 °C and
photoperiod of 8 hours. Initially, the dry mass of the seeds was obtained on a precision analytical balance
and after the installation of the experiment, the weighings were performed every two hours, from the
introduction of the seeds in the germination chamber for 24 hours until the initial stabilization of their water
gain, then weighing every four hours until the resorption of water absorption and beginning of radicle
protrusion.

To evaluate the effect of different electrical conductivities of water on the physiological quality of seeds,
a standard germination test was performed, distributed on two sheets of paper: Germitest® moistened with
saline solutions in an amount equivalent to 2.5 times the weight of dry paper and stored in a germination
chamber of the kind: B.O.D. (Biochemical Oxygen Demand) at 25°C and photoperiod of 8 hours, with the
evaluations extending until the 15th day after sowing, and they are considered germinated those that emitted
the radicle protrusion and the leaf beginnings [13].

In conjunction with the germination test, the first count was performed, evaluating the number of
germinated seeds on the 4th after sowing, with the results expressed as a percentage. The germination
speed index was obtained from daily counts of the number of germinated seeds and calculated according to
Maguire [14]. The average germination time was established by counting germinated seeds and calculated
by the formula established by Labouriau [15]. The average germination speed was determined from the
number of seeds germinated each day and calculated as proposed by Labouriau and Valadares [16].
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The data obtained for seed germination and vigor were submitted to analysis of variance by the F test
and regression analysis using the statistical program. Sisvar® [17].

RESULTS

Figures 1, 2, 3 and 4 represent the changes in the weight (g) and amount of water (g) curves that the
seed absorbs at different salinity until germination. When M. oleifera seeds were soaked in pure water (Figure
1) it required 86 hours of soaking for root emission and total absorption of approximately 0.20 grams of water
by the seed for germination to occur. However, when soaked in the waters of electrical conductivity of 3.0;
6.0 and 9.0 dS m (Figure 2, 3 and 4, respectively), the necessary soak time for root protrusion was 86, 126
and 134 hours, respectively, and a reduction of up to 0.06 grams in the amount of water absorbed by the
seed for germination to occur.
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Figure 1. Amount of water soaked [g seed ( A)] and seed mass [g (¢)] of Moringa oleifera Lam.
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Figure 2. Amount of water soaked [g seed (A)] and seed mass [g (¢)] of Moringa oleifera Lam on the
electrical conductivity of 3.0 dS m™.
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Figure 3. Amount of water soaked [g seed (A)] and seed mass [g (¢)] of Moringa oleifera Lam on the
electrical conductivity of 6.0 dS m™.
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Figure 4. Amount of water soaked [g seed ( A)]and seed mass [g (¢)] of Moringa oleifera Lam on the electrical
conductivity of 9.0 dS m™.

M. oleifera seed water gain in the first phase of the germination process (Phase |I) when soaked in pure
water was rapid, lasting 10 hours after sowing (Figure 1) and reached 22, 26 and 38 hours, when soaked in
the electrical conductivity of the water of 3.0, 6.0 and 9.0 dS m™ (Figure 2, 3 and 4, respectively). In absolute
terms, 0.15 and 0.14 grams of water per seed were absorbed in pure water and saline solution of 0.3 dS m-
1 and 0.09 grams of water per seed in the ECws of 0.6 and 0.9 dS m™,

The second phase (Phase Il) characterized by being stable, was completed in pure water after 50 hours
of soaking and, in saline waters, with each addition of 3.0 dS m™ in the soaking solution, a 24-hour increase
in the time required for Phase Il compliance was observed.
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In M. oleifera seeds the amount of water soaked in Phase Il is greatly reduced (= 0.01 g seed), however,
from this point there is a resumption of water uptake by the seed and beginning of Phase lll, and consequent
resumption of embryonic axis growth.

The salinity had no effect on the germination potential of M. oleifera seeds, regardless of ECw, a final
percentage of 100% germinated seeds was obtained. For the first germination count the values were better
adjusted to the quadratic effect, with the highest percentage of germinated seeds (88%) in the control
treatment, followed by significant reductions of this variable with the increase in salinity, reaching losses of
95.4% over compare the values of the largest and smallest ECw (Figure 5A).
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Figure 5. First germination count (A) and germination speed index (B), average germination time (C) and
average germination speed (D) of seeds of Moringa oleifera Lam., submitted to different electrical
conductivity of the irrigation water.

The rate of germination speed behaved in decreasing manner as the saline levels of the soaking solution
were increased, where the highest value (22.7) was obtained in the control treatment, followed by decreases
that reached 65.5% when comparing the values of the largest and smallest ECw (Figure 5B).

The average germination time of the seeds of M. oleifera was prolonged with increasing salt
concentration in the soaking solution (Figure 5C). On the other hand, the average germination velocity
presented the opposite behavior, that is, it reduced the velocity with the increase of the soaking solution ECw,
promoting 67.8% decreases when comparing the highest and lowest salinity values (Figure 5D).

DISCUSSION

M. oleifera germination under saline conditions presented the three-phase model proposed by Bewley
and Black [18]. The water absorption process and weight gain during M. oleifera seed soaking is reduced by
water absorption process and weight gain during seed soaking is reduced by the excess of soluble salts in
the waters of different electrical conductivities, this happens due to these saline ions that promote reduction
of water potential, and they induce lower water absorption capacity by seeds [19], which can affect the
process of germination and seedling growth. Specifically, in Phase I, there is the beginning of seed hydration,
and consequently of subcellular proteins, structural changes such as membrane and DNA repair, beyond the
beginning and increased breathing, that happens within the first 10 hours.

During Phase Il, it is called stationary and is characterized by a drastic reduction in the rate of hydration
and intensification of respiration [10], with low water absorption by the seeds of M oleifera, occurring an
increase in absorption and respiratory activity in Phase 1ll, culminating in the protrusion of the root, which
occurs when the expansive force of the embryo exceeds the mechanical retention system of the endosperm
and the integument ruptures [20-21].
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The representative scheme of the metabolic events that occur during the soaking of M. oleifera seeds,
and its factor is the amount of water absorbed which is presented in the figure 6. It is possible to highlight the
role of water in the metabolic activity of the seed, from tissue hydration, protein hydrolysis to tegument rupture
and, consequently, root protrusion.
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Figure 6. The representative scheme of metabolic events during seed soaking of Moringa oleifera Lam.
Source: image of the authors.

Studies such as this, which determine the water imbibition curve by the seeds, and these studies are
important to assist the integument impermeability studies, to determine treatments with plant regulators,
osmotic conditioning, seed prehydration and seed behavior evaluation under abiotic stress conditions.

The salinity had no direct effect on the M. oleifera seed germination, such behavior may be a
physiological response of the species when subjected to such stress conditions, allowing, even under
adverse conditions, seedling germination and emergence. Possibly, the species has high rusticity, allowing
a greater survival capacity in saline environments due to its genetic variability and osmotic adjustment to high
salt concentration [22].

In this sense, Nouman and coauthors [23] evaluating the response of the formation of seedlings of M.
oleifera under saline conditions, it was found that they withstood well until the salinity of 8.0 dS m* presenting
a slight reduction in biomass and some changes in physiological parameters related to photosynthesis and
oxidative proteins.

However, the seed vigor presented by the first count, speed index, average time and average
germination speed is reduced with increasing amount of salts contained in water. The high salt content tends
to slow or reduce seed germination and vigor by impairing water absorption kinetics and increasing the
absorption of toxic ions during soaking [24]. The increasing osmotic potential and reducing substrate water
potential reduces the availability of water to the seed and, associated with this, is the fact that the high
concentration of ions, especially Na* and CI, can be toxic to seedlings, causing reductions in their vigor,
abnormalities or their death [25].

The occurrence of these decreases in seed vigor represented by the first germination count and
germination speed index is reported by other authors, as Possas [26] when he metioned the Jatropha curcas
L., where it was found that the salinity of 8.1 dS m* which reduced First germination count by 45% and above
0.6 dS m? losses in seed germination speed occur. In Mimosa ophthalmocentra Mart. ex Benth. the salinity
also reduces the speed of germination, but the species presents satisfactory germination up to 20 dS m*
[27].

This result is due to the high content of salts dissolved in the substrate, promoting the increase of osmotic
potential and, consequently, it decreases the water availability for the seed. Thus, the rate of water absorption
by the seed decreases, resulting in increased time and minimum water content for the embryonic axis growth
to resume and seed germination process [28]. This fact was observed by Dutra [19] in Peltophorum dubium
Sprengel Taubert, Enterolobium contortisiliquum (Vell.) Morong. e Triplaris americana L.
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CONCLUSIONS

The M. oleifera is tolerant to the effect of salinity during the germination phase, but seed vigor is affected
by the increase of salt concentration in irrigation water.

The seeds of M. oleifera start the phase Il of the germination process around 10 hours of imbibition and
extend for up to 50 hours when phase Il begins, they absorb approximately 0.2 g of water and require 86
hours for germination; The absorption and increment of water in the seeds is reduced by the increase of
salinity.
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