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Abstract: Salinity is one of the most severe environmental stresses that negatively limits anatomical
structure, growth and the physiological and productivity traits of field crops. The productivity of
lupine plants is severely restricted by abiotic stress, particularly, salinity in arid and semiarid regions.
Activated yeast extract (AYE) can perform a vital role in the tolerance of environmental stress, as it
contains phytohormones and amino acids. Thus, field experiments were conducted to explore the
potential function of active yeast extract (0, 50, 75, and 100 mL AYE L−1) in mitigating the harmful
impacts of salinity stress (EC = 7.65 dS m−1) on anatomical structure, growth, and the physiological
and productivity traits of two lupine cultivars: Giza 1 and Giza 2. The different AYE treatments
resulted in a substantial improvement in studied attributes, for example the growth, anatomical,
physiological characteristics, and seed yields of treated lupine cultivars compared with untreated
plants. Among the AYE doses, 75 mL L−1 significantly improved plant growth, leaf photosynthetic
pigments, total soluble sugars, total protein, and seed yields, and exposed the best anatomical
attributes of the two lupine cultivars grown under saline stress. The exogenous application of 75 mL
AYE L−1 was the most influential, and it surpassed the control results by 45.9% for 100-seed weight
and 26.9% for seed yield per hectare. On the other hand, at a concentration of 75 mL L−1 AYE there
was a decrease in the alkaloids and endogenous proline under the studied salinity stress conditions.
Promoted salinity stress tolerance through sufficient AYE dose is a hopeful strategy to enhance the
tolerance and improve productivity of lupine into salinity stress. Furthermore, the response of lupine
to salinity stress appears to rely on AYE dose. The results proved that Giza 2 was more responsive to
AYE than Giza 1, showing a better growth and higher yield, and reflecting further salinity tolerance
than the Giza 1 cultivar.

Keywords: lupine; actual salinity conditions; anatomy; yield; yeast extract

1. Introduction

During their lifetime, plants are exposed to different environmental stresses, particu-
larly abiotic stresses, such as high salinity, heat stress, drought, and toxic heavy metals [1–9].
Salinity is one of the most primary limiting factors that can harmfully affect anatomical
structure, growth, physiological traits, and productivity of crops [9–11]. Salinity stress can
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cause significant reductions in growth, chlorophyll deterioration, water status imbalance,
change in stomatal movement, and ion disequilibria [12–14]. It promotes responses in
plants to produce reactive oxygen species (ROS), such as OH·, H2O2, and O2· [10,15,16].
These ROS can cause significant harm to lipid membranes, proteins, and DNA, and they
can interact with different macromolecules. However, plants cope with these types of
oxidants by developing different defense mechanisms, such as antioxidant enzymes and
molecules that scavenge activated oxygen that is potentially cytotoxic [17–19].

Legumes are mostly considered moderately tolerant for salt tress [20]. In Egypt, there
is a focus currently on the utilization of some crops, comprising lupine (Lupinus termis
L.) in newly-reclaimed agricultural lands, nevertheless most of those agricultural lands
are stressed with salinity. Lupine is an important legume field crop grown for food, feed
and bioenergy consumption [21], however it is sensitive to high levels of salinity, which
cause substantial losses in seed. The cultivated area and seed production of lupinus during
2018 were 0.98 million (M) ha and 1,19 Mt, respectively [22]. Several studies have been
conducted to investigate ways of lessening the negative salt stress effects on lupines [11,23],
but most of these investigations have not identified solutions that are viable enough. Hence,
there is a crucial need to investigate uncostly treatments and environmentally-friendly
approaches for avoiding salinity stress and promoting the productivity of lupines.

Yeast extracts are considered a primary source of different essential amino acids,
vitamins, and phytohormones [24,25]. Active yeast extracts (AYE) have been found to
reduce drought stress on pea plants (Pisum sativum L.) and promote their growth and
increased yield [26]). Furthermore, they were found to enhance the growth and improve
the chlorophyll and yield of maize (Zea mays L.), bean (Phaseolus vulgaris L.), and sugar beet
(Beta vulgaris L.) [27]. Consequently, yeast can perform as a vital role in the tolerance of en-
vironmental stress, as it contains phytohormones and amino acids that can enhance growth
and chlorophyll in plants. Moreover, yeast has been reported to stimulate cell division and
expansion, formation of chlorophyll, protein, and nucleic acid synthesis [28–30].

Recently, there has been an increasing demand for organic agricultural products that
are safe for humans and livestock, and economically viable. Thus, we applied a yeast
extract as a source for minerals, vitamins, and growth regulators, which included cytokines,
gibberellin, and auxins, to promote growth and enhance chlorophyll efficiency, enhancing
plant resistance to environmental stresses. The aims of this investigation were to study the
prompting of yeast extracts (0, 50, 75, and 100 mL AYE L−1) as bio-fertilizer to improve the
anatomical structure, growth, and productivity of lupines (cv. Giza 1 and Giza 2) grown in
salty soil (electrical conductivity (EC) = 7.65 dS m−1).

2. Materials and Methods
2.1. Experimental Design, Treatments, and Growth Conditions

Two field experiments were carried out during the 2017/2018 and 2018/2019 growing
seasons at the Experimental Farm, Agriculture Faculty, Fayoum University, Egypt (29◦17′N;
30◦53′E), to examine the influence of yeast extracts (0 as control, 50, 75, and 100 mL AYE L−1)
on the anatomical structure, growth, physiological, and productivity characteristics of two
cultivars of lupine (cv. Giza 1 and Giza 2) grown in salty soil (EC = 7.65 dS m−1). The
lupine plants were sprayed with only tap water for the control and 50, 75, and 100 mL L−1

of AYE at 20, 35, and 55 days after sowing (DAS). The treatments were determined based
on a preliminary trial.

The dry yeast was activated using nutritional media, which included glucose and
casein as a suitable source of C and N at a ratio of 6:1 and other necessary elements, such as
K, P, Fe, Mn, and Mg and the incubation temperature was set according to Barnett et al. [24].
The yeast cells were grown under suitable aerobic and nutritional conditions to encourage
vegetative production of the yeast and the formation of beneficial bio components, such
as amino acids, carbohydrates, phytohormones (auxins, cytokines), vitamins, fatty acids,
protein, enzymes, and minerals. The constituents of the AYEs are described in Table 1. The
AYE was prepared once for both seasons, then it was divided into two parts. First part
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was used in the first seasons, while second part was kept in a deep freezer for the second
season.

Table 1. Constituents of prepared yeast stock solution.

Macro-Elements (%) Value Micro-Elements (%) Value

N 1.00 Fe 0.11
P 0.11 Mn 0.06
K 0.3 Zn 0.05

Mg 0.011 Cu 0.03
Ca 0.02 B 0.014
Na 0.009 Mo 0.0002

Total protein (%) 5.00 Phyto-hormones (mg mL−1)
Total carbohydrate (%) 4.5 Indole-3-acetic acid 0.6

Gibberellins 0.3

The experimental design in the current study was a split-plot in a randomized com-
plete block design. The number of replications was three for each investigated treatment.
The two cultivars were positioned in the main plots, while the AYE applications were
located in the subplots. The experimental plot size was 20 m2 (4 × 5), and the seeds were
sown on the 15th and 18th of November 2017 and 2018, respectively. The agricultural oper-
ations, which included thinning, fertilization, and irrigation, were conducted following the
recommendations of the Ministry of Egyptian Agriculture.

Soil analysis was conducted before sowing in the 2017/2018 and 2018/2019 seasons
(Table 2) following the methods described in [31,32]. The soil was classified as salty soil
based on its EC (7.55–7.75 dS m−1).

Table 2. Physical and chemical properties of soil before the field experiments.

2017/2018 2018/2019

Physical properties
Clay (%) 13.2 12.1
Silt (%) 17.0 16.5
Sand (%) 69.8 71.4
Soil texture Sandy loam Sandy loam

Chemical properties
pH (1:2.5) 7.40 7.70
EC (dS m−1) 7.55 7.75
Organic matter (%) 0.90 0.95
CaCO3 (%) 4.78 4.95
Total N (%) 0.062 0.069
Available P (mg kg−1 soil) 7.56 8.00
Available K (mg kg−1 soil) 176 179
Available Fe (mg kg−1 soil) 6.22 6.28

2.2. Measurements
2.2.1. Growth and Yield Attributes

At 60 days-old, nine plants were randomly collected to measure their shoot length,
number of leaves, branches per plant, and shoot fresh and dry weight. At physiological
maturity (175 DAS), dry pods were collected, and the number of dry pods was counted per
plant. After extraction, dry seeds were weighed to record the 100 seeds-weight and seed
yield per ha. Seed yield per ha was calculated based on the experimental plot area.

2.2.2. Anatomical Characteristics

At 60 DAS of the second season, lupine stem samples (5th internode) were collected
from different treatments of AYE and cultivars, then fixed in Formalin-Aceto-Alcohol
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(FAA), which was formed from 10 mL formalin, 5 mL glacial acetic acid, 35 mL distilled
water, and 50 mL ethyl alcohol 95% for 4 d. The fixed samples were washed in a 50% ethyl
alcohol and dehydrated in a n-butyl alcohol series, and then fixed in paraffin wax at 57 ◦C.
The different samples were cut by a rotary microtome to cross-sections with a thickness
of 20 µ. Then, they were double stained with crystal violet–erythrosine, cleared in carbol
xylene and fitted in Canada balsam. Using a microscope and micrometer eyepiece, the
stem sections were analyzed and micro-photographed [33].

2.2.3. Leaf Pigments

About 200 mg of fresh leaves was homogenized in 50 mL of acetone (80% v/v) to esti-
mate carotenoids and chlorophylls a, b (mg g−1 FW). The mixture was then centrifuged for
10 min at 10,000× g. Finally, using a spectrophotometer (UV−160A, Shimadzu, Japan), the
filtrated supernatant was read at waves length of 665, 649, and 440 nm. The photosynthetic
pigments were calculated following the described method by [34].

2.2.4. Total Soluble Sugar and Proline

The quantity of total soluble sugars was estimated as following [35]. About 0.2 g of
dried lupine leaves were homogenized with 5 mL of ethanol (70%). Afterward, the mixture
was centrifuged x at 3500× g for a period of 10 min. The supernatant (i.e., 0.1 mL) was
then mixed with 3 mL of anthrone. Then, samples were incubated in a warm water bath
for 10 min. Using a spectrophotometer at 625 nm, total soluble sugar (TSS) of each sample
was measured.

Proline leaf content was calculated as described by [36]: ten mL of sulfosalicylic (3%)
was homogenized with 0.5 g of dried lupine leaves. Next, the mixture was centrifuged for
10 min at 10,000 g. Afterward, the supernatant of each sample was mixed with 2 mL acid-
ninhydrin and inserted in a test tube. After that, the tubes were incubated in a water bath
for 30 min at 90 ◦C, and then located in an ice bath. Finally, 5 mL of toluene was inserted
to each sample, and samples were vortex-mixed for 30 s. Using a spectrophotometer, the
proline content was measured at a wave length of 520 nm.

2.2.5. Total Protein

The protein content of lupine seed was analyzed by determining the percentage N
using a conventional micro Kjeldahl following [37]. The percentage protein was calculated
by multiplying grain nitrogen content by 6.25.

2.2.6. Total Alkaloid

The total alkaloid content of dried lupine leaves was estimated following [38]. A
measure of 0.5 mg of dried lupine leaves was extracted in ethyl alcohol (90%). The previous
admixture was filtered using filter paper, concentrated, and dried. Then the sample was re-
dissolved in diluted ethyl alcohol, and hydrochloric acid (3%) was added. After extracting
the admixture three times using separating funnels, hexane was added, and the mixture
was shaken for 20 min. The lower water layers were collected in a beaker, the pH was
changed to 8.5 by adding ammonium hydroxide 3%, and it was cooled at 10 ◦C. The
mixture was extracted three times (20 min each round) via chloroform in a separating
funnel, then it was shaken for 20 min. The lower layers were removed, while, the floating
chloroform layers were poured into porcelain dishes after weighing. The dishes were then
left to evaporate at room temperature until dry. The dishes were weighed again after being
evaporated. The total alkaloid contents were expressed as percent alkaloid contents in the
dry leaves. A part of the analysis, particularly of the dried samples, was conducted at King
Saud University.

2.3. Statistical Analysis

Data were subjected to analysis of variance (ANOVA) using PASW statistics 21.0 (IBM
Inc., Chicago, IL, USA). The homogeneity test of error variance was done as detailed in
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Gomez and Gomez [39]. A combined analysis was used for the data obtained from the two
seasons of the current study as well as Duncan’s range test was used for comparing the
significant differences between different treatments of AYE and cultivars at p ≤ 0.05.

3. Results
3.1. Growth Characteristics

The exogenous application of different concentrations of AYE (50, 75 and 100 mL L−1)
on two cultivars of lupine (Giza 1 and Giza 2) substantially increased the examined growth
attributes compared with untreated plants (Figure 1). However, the concentration of
75 mL L−1 AYE showed the most substantial increases in shoot length (43.7% and 42.7%),
number of leaves (54.8% and 34.2%), number of branches (25.1% and 50.0%), shoot fresh
weight (124.0% and 106.9%), and shoot dry weight (90.9% and 83.3%) for Giza 1 and Giza 2
cultivars, respectively followed by 100 mL L−1 AYE in comparison to untreated plants, as
well as Giza 2 showed higher increases than Giza 1.

Figure 1. Effect of four active yeast extracts (AYE) exogenous applications on numbers of leaves and
branches per plant and plant height (upper graph); and shoots fresh and dry weight (lower graph) of
two lupine cultivars grown in reclaimed-saline soil. For each parameter, treatments followed by the
same letter are not significantly differed at p ≤ 0.05. Error bars are ± Standard Error (SE).

3.2. Anatomical Structure

The readings in Table 3 and Figure 2 demonstrate that the application of different
doses of AYE (50, 75, and 100 mL L−1) improved the anatomical attributes of the lupine
stem. A dose of 75 mL L−1 AYE was found to be most influential, and it ameliorated
the stem anatomical traits. This treatment surpassed the untreated plants by 38.41% and
29.2% for section diameter, 33.33% and 66.66% for cortex thickness, 50% and 28.57% for the
number of cortical layers, 77.77% and 128.6% for the diameter of xylem vessels, 46% and
73.79% for pith diameter, and 16.9% and 14.92% for the number of pith layers of lupine
cultivars Giza 1 and Giza 2, respectively. Additionally, the Giza 2 cultivar showed better
anatomical traits than the Giza 1 cultivar.
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Table 3. Effect of four AYE exogenous applications on stem anatomy of two lupine cultivars grown in reclaimed-saline soil.

Treatment
Section
Diameter (µ)

Cortex
Thickness
(µ)

No. of
Cortical
Layers

Xylem
Vessels
Diameter (µ)

Pith
Diameter (µ)

No. of Pith
LayersVariety AYE

(mL L−1)

Giza 1

0 3775.0 e 300.0 c 6.0 d 22.5 c 2525.0 d 32.5 cd

50 4562.5 c 350.0 b 7.0 c 30.0 b 2662.5 d 31.5 d

75 5225.0 a 400.0 a 9.0 a 40.0 a 3687.5 b 38.0 a

100 5000.0 b 400.0 a 8.0 b 30.0 b 3375.0 c 37.5 a

Means 4640.63 337.50 7.5 30.63 3062.50 34.88

Giza 2

0 4062.5 d 240.0 d 7.0 c 17.5 d 2337.5 a 33.5 c

50 5062.5 b 400.0 a 8.0 b 30.0 b 3312.5 c 36.0 b

75 5250.0 a 400.0 a 9.0 a 40.0 a 4062.5 a 38.5 a

100 5187.5 a 400.0 a 8.0 b 40.0 a 3437.5 c 35.0 b

Means 4890.63 360.00 8.00 31.88 3287.50 35.75

For each parameter, treatments followed by the same letter are not significantly differed at p ≤ 0.05. Error bars are ± Standard Error (SE).
AYE= active yeast extract.

Figure 2. Effect of four AYE exogenous applications on stem anatomy of two lupine cultivars grown
in reclaimed-saline soil. (A) = Control (Giza 1); (B) = Control (Giza 2); (C) = 75 mL AYE L−1 (Giza 1);
(D) = 75 mL AYE L−1 (Giza 2); cx = cortex; xv = xylem vessel; Pi = Pith; Scale bar = 200 µ.

3.3. Chlorophyll a, b and Carotenoids

The exogenous application of AYE increased the concentration of leaf pigments, i.e.,
chlorophylls (a, b) and carotenoids (Figure 3). The lupine plants treated with 75 mL L−1 of
AYE showed the highest increases in chlorophyll a by 44.74 and 30%, chlorophyll b by 46
and 32.69%, and carotenoids by 45.33 and 24.72%, for lupine cultivars Giza 1 and Giza 2,
respectively. Additionally, Giza 2 showed significantly higher increases in chlorophylls
than Giza 1, although there was no significant difference between the effect of 75 and
100 mL L−1 AYE on plants of Giza 2.
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Figure 3. Effect of four AYE exogenous applications on leaf pigments of two lupine cultivars grown in reclaimed-saline soil.
Chl a = Chlorophyll a; Chl b = Chlorophyll b. For each parameter, treatments followed by the same letter are not significantly
differed at p ≤ 0.05. Error bars are ± Standard Error (SE).

3.4. Total Protein, Total Soluble Sugar (TSS), Alkaloids, and Proline

Exogenous application of AYE (i.e., 50, 75 and 100 mL L−1 AYE) on lupine plants
caused a significant increment of total protein and TSS, and a significant reduction of
alkaloids and proline in comparison to untreated lupine plants (Figures 4 and 5). The AYE
concentration of 75 mL L−1 showed the highest increases in total protein (54.6% and 52.7%)
and TSS (49.6% and 49.8%) in Giza 1 and Giza 2 cultivars, respectively, but it showed
reductions in alkaloids and proline by 33.3% and 50.0%, and 40.7% and 45.4% in Giza
1 and Giza 2 cultivars, respectively, compared with the control plants. The application
of 100 mL L−1 AYE resulted in the highest second increment after the application of
75 mL L−1 AYE in total protein and soluble sugars. Notably, the Giza 2 cultivar showed
higher increases in total protein, TSS and decreases in alkaloids and proline than the Giza 1
cultivar.

Figure 4. Effect of four AYE exogenous applications on total protein and total soluble sugars of two lupine cultivars grown
in reclaimed-saline soil. For each parameter, treatments followed by the same letter are not significantly differed at p ≤ 0.05.
Error bars are ± Standard Error (SE).
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Figure 5. Effect of four AYE exogenous applications on alkaloids and proline of two lupine cultivars grown in reclaimed-
saline soil. For each parameter, treatments followed by the same letter are not significantly differed at p ≤ 0.05. Error bars
are ± Standard Error (SE).

3.5. Yield and Its Components

All foliar-applied AYE levels (i.e., 50, 75, and 100 mL L−1) significantly improved the
yield of the two lupine cultivars and its components compared to those obtained from
untreated lupines (Figure 6). The AYE concentration of 75 mL L−1 was the most influential
followed by 100 mL L−1 AYE, and it surpassed the control results for Giza 1 and Giza 2
cultivars by 37.5% and 41.8% for dry pods per plant, 66.9% and 25.0% for average 100-seed
weight and 22.6% and 31.2% for dry seed yield per hectare, respectively. The Giza 2 cultivar
showed a higher increase than the Giza 1 cultivar.

Figure 6. Effect of four AYE exogenous applications on 100-seed weight and pods number per plant (upper graph), and
seed yield per ha (lower graph) of two lupine cultivars grown in reclaimed-saline soil. For each parameter, treatments
followed by the same letter are not significantly differed at p ≤ 0.05. Error bars are ± Standard Error (SE).
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4. Discussion

In the current study, the harmful effect of salinity stress on the growth of lupine plants
and its relationship with AYE were well investigated. Salinity stress substantially decreased
the growth of lupine and this effect was alleviated by the exogenous application of AYE
(Figures 1–6). Also, salinity stress is one of the abiotic stresses affecting agriculture lands
worldwide [3,9,15,16]. Decreases in plant growth as a result of salinity stress might be
endorsed to the reduction of water absorption from the soil that was caused by the hyper-
osmotic stress resulting from a reduction of the osmotic pressure in the soil solution [40–42].
Additionally, salinity causes increases in growth retardants, such as ABA, decreasing
growth stimulators. It also causes disturbance in the water balance of plants, leading to ionic
imbalance, stomatal closure, decreased photosynthesis and the subsequent suppression of
growth [15].

Exogenous application of AYE into lupines significantly improved the growth charac-
teristics of number of leaves/plant, number of branches/plant, shoot length, and shoot
fresh and dry weight/plant (Figure 1), particularly 75 mL AYE L−1, probably due to it
being a natural source of cytokines that can promote cell reproduction and differentiation
or its effect on nutritious signal transduction, producing growth promoters and reducing
the toxic impact of salinity [43]. It is likely that AYE improves growth of lupine since
it contains different nutrients, proteins, and vitamins that have an optimistic influence
on improving growth and inducing plant resistance to stress [43,44]. Additionally, the
components of AYE, which contain the forerunner of indoleacetic acid, played a critical
role. For example, high indole content helps to build flexibility in and induce the section of
the plant cell. The highest application (i.e., 100 mL L−1 AYE) did not cause any additional
beneficial enhancement than the application of 75 mL L−1 AYE, this can be due to the
adverse effect for the highest application of AYE.

Chlorophyll is one of the most important biochemical traits that can indicate plant
health status. Its level is associated with plant nutrition and water accessibility levels [10].
The advantages of the exogenous AYE application, especially 75 mL L−1, are probably
due to its vital role in the enhancing plant chlorophyll content (Figure 3). The salt stress
negative effects on leaf pigments were exposed in the current investigation and in other
studies on different crops [15,16,45]. The lowest chlorophyll content in plant leaves grown
under severe salt stress can be caused as a result of the thylakoid membranes degrada-
tion, with further breakdown than the chlorophyll synthesis by the proteolytic enzymes
formation. For instance, the chlorophyllase enzyme is accountable for the deterioration
of the chlorophyll, which is correspondingly harmful to the photosynthetic [16]. This
decreases the plant photosynthetic rate and suppresses ion accumulation [46,47]. However,
salt-stressed lupine plants treated with 75 mL L−1 AYE demonstrated a significant increase
in photosynthetic pigments. Such increases in chlorophyll content could be because of the
promotion of chlorophyll formation and suppression of its degradation. In addition, these
improvements in chlorophyll concentrations were because of their produced hormones,
such as indole acetic acid (IAA) and providing plants with nutrition, which promotes
the growth of lupine plants and their ability to decay numerous toxic chemicals, such as
ROS [47–49].

Moreover, the application of AYE significantly increased carotenoids, which could be
important in stimulating salinity tolerance in stressed plants. It wes stated that the contri-
bution of carotenoids in the photosynthetic mechanism defense against photo-inhibitory
detriment through the singlet oxygen (1O2) is produced by the excited triplet state of
chlorophyll [17,50]. Carotenoids can diminish the singlet oxygen species formation in a
direct or indirect pathway via the neutralizing singlet oxygen as well as reducing the en-
thusiastic triplet state of the plant chlorophyll [51,52]. In the current study, the application
of AYE to lupine plants decreased their alkaloid content (Figures 4 and 5). Proline was
accumulated in large amounts in response to conditions of salt stress (control or untreated
plants with AYE). This increment in proline was proposed to participate in stress tolerance
in many ways. Proline can entertain as a molecular chaperon, as it is able to preserve
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the protein integrity and promote the enzyme’s activity [16,53]. Several studies declared
proline as an antioxidant, demonstrating its role as a singlet oxygen quencher as well as a
ROS scavenger [54–56].

In contrast, the application of AYE reduced proline content in salt-stressed lupine
plants (Figure 5). Such reduction in proline content could be attributed to the role of one or
more components that are presented in AYE (i.e., amino acids, sugars, gibberellic acid and
IAA; Table 1), which can compensate for the lack of proline content in plants. Amino acids
and sugars can act as upregulate to the osmosis of salt-stressed lupine plants. Thus, it can
protect lupine plants against the salinity stress. In the same context, the formed amount of
proline in the stressed plants is related to the regulation of genes at both glutamate pathway
and ornithine pathway [57,58]. Proline biosynthetic can be catabolized by dehydrogenase
or oxidase enzymes, and converted to glutamate [59]. Moreover, gibberellic acid stimulates
amylase enzyme which converts starch to glucose, therefore up-regulating cell osmosis and
their protection from the damage of ROS. The exogenous yeast application can mitigate the
deleterious influence of salinity stress through the proline accumulation and the defense
system promotion regarding the content of phenol, ascorbic acid, and glutathione [60]. In
the current study, TSSs, which are the main class of favorable solutes that have a crucial
role in relieving salinity stress either by osmotic amendment or granting the plant cells
resistance to desiccation [61]. The application of AYE overcomes the passive impacts of
salinity stress besides cumulating TSS in cells of plant which might enhance the plant
growth as demonstrated in our results (Figure 4).

Application of AYE can stimulate salt tolerance via enhancing antioxidant enzymes
and safeguard photosynthetic activity besides preventing membrane peroxidation [60,62].
Furthermore, mineral element content such as N, P, K, Mn, Fe and B as well as vitamin B5
and high cytokinin can play a significant role in determining the direction and movement
of metabolites from the plant leaves into the productive organs. In addition, it may play a
role in the formation of protein, and nucleic acid [63], enhancing the plant defense system
against oxidative damage, particularly when plants are exposed to salinity stress. As
deduced in this study, salt stress reduced all the studied growth attributes. However, the
application of AYE at concentrations of 75 mL L−1 improved all the measured growth traits.
This finding might increment the internal structure of the stem of lupine plants grown
in salty soil (Table 3 and Figure 2). All promoted traits other than growth traits (i.e., the
concentration of leaf pigments, proline, TSS, and yield) through the application of AYE are
associated with ameliorating the stem anatomy. This result suggests that the AYE recovers
the negative influences of salinity on the stem structure. These increments in internal stem
structure grant a chance for healthy movement of nutrients within cells and thus improve
metabolic processes that enhance internal physiological processes resulting in vigorous
growth and acceptable yield of salt-stressed lupine plants. Our results have shown that the
Giza 2 cultivar had better growth rates, osmoprotectant concentrations, anatomy structure,
and yield than the Giza 1 cultivar. It was concluded that Giza 2 cultivar was more salt
tolerant than the Giza 1 cultivar.

In summary, the highest application of activated yeast extract (100 mL L−1 AYE) in
the current study did not cause a significant enhancement for growth and productivity of
lupine plants grown under salt stress compared with the application of 75 mL L−1 AYE.
Therefore, the application of 75 mL L−1 AYE is considered the optimal dose for lupine
plants grown under salt stress in the investigated area.

5. Conclusions

In summary, spraying lupine plants three times with AYE, particularly 75 mL L−1 of
AYE, stimulated vegetative growth, improved the anatomical structure and increased the
content of chlorophylls, carotenoids, and total soluble sugars. In contrast, the application
of AYE led to a decrease in proline content and alkaloids. Therefore, exogenous application
of AYE on lupine plants improved the tolerance of salinity stress through regulating
antioxidants enzyme activity and osmolytes, which finally enhanced the growth and yields
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of lupines. These findings suggest that yeast extract is beneficial as a bio-fertilizer and that
a dose of 75 mL L−1 of AYE is the best treatment for improving the performance of lupine
plants grown in salty soil.
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