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Abstract

Current study was aimed to investigate the role of exogenous application of proline on physiological
adaptability and flower quality of common marigold (Tagetes erecta L) cultivated using sea water. Salinity beyond
25 dsm severely hindered the growth of marigold and with increasing sea water salinity from 6 to 12 dsm, all of
growth parameter, phytochemicals were reduced. But, the exogenous addition of proline sustained the growth of all
the plants with increasing salinity up to 9 dsm™ beyond that the effects were insignificant. The salinity tolerance
index (STI) increased with increasing salinity up to 6 dsm™ in T2 (74.7%) with the application of 10 mg L™* proline.
Total protein content in leaves varied significantly among the different treatments applied. The lowest and highest
value was observed in T2 (19.3 mg g ), T3 (17.6 mg g}) and control (17.3 mg g*) at 90 DAT. T. erecta under the
treatment of 6 dsm™ sea water and 10 mg L proline showed highest level of alkaloid content (1.356 mg g*) when
compared to control (1.034 mg g*). Highest marketable flower yield was recorded in control (148.7 g/plant), which
was significantly superior to all other treatments. Under sea water irrigation, the highest marketable flower yield
was recorded in T2 (123.3 g/plant) followed by T3 (114.3 g/plant). From the results of this investigation, it can be
concluded that, the seedling treatments of proline at lower dose (10 mg L™) can be used as a good tool in the
enhancement of biomass yield and alkaloid contents in floriculture crops such as marigold under saline irrigation.

1. Introduction

Curtailing crop losses due to various environmental stressors is a major area of concern to cope with the
increasing food requirements (Abbas et al., 2019). According to statistics from FAO (2008), more than 50 % of the
world’s irrigated soils are affected by secondary salinization and/or alkalization and each year, about 10 million
hectares of land are abandoned, mainly due to secondary salinization. Biosaline agriculture is an approach to utilize
the saline barren lands for cultivating plants that could either produce oil seeds, forage, or food. The success of
using saline water for economic crop production can be achieved using best management practices to reduce the
negative effects of salinity on crop productivity. Ghadiri et al. (2006) explored that the barren lands can be
judiciously utilized for raising forestry, forages, agricultural and horticultural crops, and non-conventional crops of
high economic value using sea water for irrigation selecting suitable salt-tolerant species.

Salinity causes many adverse effects on plant developmental stages which are due to many factors such as
low water potential of soil solution, nutritional imbalance, ions toxicity (salt stress) and hormonal imbalance (Abd
El Gayed, 2020). Application of osmoprotectants as seed priming or as a foliar spray can be an economically viable
strategy to enhance stress tolerance under adverse environmental conditions (Ali and Ashraf, 2011; Sako et al.,
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2020). Ali et al. (2008) reported that the exogenous application of proline enhanced the nutrient uptake in roots and
shoots under water deficit conditions and correlated the results with an enhanced plant transpiration rate.
Exogenous application of proline is known to induce abiotic stress tolerance in various plant species (Abdelhamid
et al., 2013; Soroori et al., 2021).

Marigold is an important ornamental plant from the family Compositae which is currently in environmental
management and also evaluated as a flower cut. Tagetes species are reported to have antimicrobial (Gakuubi et al.,
2016), insecticidal (Fabrick et al., 2020), larvicidal (Giarratana et al., 2017) and antioxidant (Sadique et al., 2021)
properties and are used as traditional medicines in different countries as a treatment for colic, diarrhea, vomiting,
fever, skin diseases and liver disorders (Jain et al., 2012). Among the ornamental flowering plants, marigold is
reported to grow well in saline conditions. A number of marigold cultivars used as flowering cuttings or as
ornamental bedding plants in landscaping may be grown with maintained plant quality under salt stress with an
ECw <8 dS -1 (Valdez-Aguilar et al., 2009).

Normally, osmoprotectants protect plants from different abiotic stresses in several ways, including their role
in adjusting cellular osmosis, scavenging reactive oxygen species (ROS), protecting cellular membranes, and
stabilising proteins/enzymes and enzyme activities (Gill and Tuteja, 2010). In contrast, the effect of proline is
dependent on its concentration, as mentioned by Ashraf and Foolad (2007), because an excessive amount of free
proline has negative or side effects on cell growth or on protein functions. Hence, it is also necessary to determine
the optimal concentrations of exogenously applied proline that can provide beneficial effects in economically
important crop plants, such as sunflower when exposed to abiotic stress. Thus the aim of present study was to
investigate the role of exogenous application of proline on physiological adaptability and flower quality of common
marigold cultivated using sea water.

2. Materials and Method

African marigold var. giant orange (Tagetes erecta L.) was chosen for the present study. All experiments were
performed in greenhouse cabins at 30°C and 14 h light and at 25°C in the dark for 10 h/day. The experiment was
conducted in split plot design comprising of 3 levels of sea water (6.0, 9.0 and 12.0 ds/m) in main plot and 2 levels
of proline (10 mg and 20 mg L) in sub plots (Kahlaoui et al., 2013). Sea water dilutions for irrigation were
prepared by mixing fresh water (1.2 dsm™) with sea water (51.2 dsm™) to achieve salinity levels of 6.0, 9.0 and 12.0
dsm™ and applied 2 weeks after sowing. Proline (L — Pro, NICE/AR) was applied as foliar spray at the rate of 10 lit
ha! with the interval of 7 days. Treatments comprised of TO (Control), T1 (6 dsm™), T2 (6 dsm™+ 10mg), T3 (6
dsm™+ 20mg), T4 (9 dsm™), T5 (9 dsm™ + 10mg), T6 (9 dsm™+ 20mg), T7 (12 dsm™), T8 (12 dsm™+ 10mg) and
T9 (12 dsm™ + 20mg).

2.1 Morphological studies

The data on morphological traits including; plant height (PH), number of leaves on main stem (NL), root length
(RL), fresh and dry shoot weight (SFW, SDW), and fresh and dry root weight, (RFW, RDW) after drying at 68°C
for 48 h were measured. The leaf area, relative growth rate (RGR) and the salt tolerance index (STI) were also
calculated (Baci et al., 2003).

2.2 Biochemical analysis:

Physiologically active leaf (3rd and 4th from the top) samples from 3 different plants of each plot were plucked
randomly for determination of different biochemical parameters such as chlorophyll content (Arnon, 1949), protein
(Lowry et al., 1948), reducing sugar (Moore and Stein, 1948),alkaloids (Sreevidya and Mehrotra ,2003) and total
phenols (Lin and Tang, 2007).
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2.3 Flower quality

Flower size, yield, colour, fragrance and marketable quality will be estimated using standard procedures (Augustine
et al., 2016). The results were analyzed by using analysis of variance (ANOVA) and the group means were
compared with the Duncan’s Multiple Range Test (DMRT) (Duncan, 1957). Values were considered statistically
significant when P < 0.05.

3. Results and Discussion

Numerous research results have indicated that exogenous application of osmoprotectants, plant hormones,
antioxidants, signaling molecules, polyamines and trace elements provided significant protection against salt-
induced damages in plants. These protectants enhanced salt stress tolerance by enhancing their germination,
growth, development, photosynthesis, antioxidative capacities and yield. In recent decades exogenous protectant
such as osmoprotectants (proline, glycinebetaine, trehalose, etc.), plant hormone (gibberellic acids, jasmonic acids,
brassinosterioids, salicylic acid, etc.), antioxidants (ascorbic acid, glutathione, tocopherol, etc.), signaling molecules
(nitric oxide, hydrogen peroxide, etc.), polyamines (spermidine, spermine, putrescine), trace elements (selenium,
silicon, etc.) have been found effective in mitigating the salt induced damage in plant (Yusuf et al. 2012). During
the current experiment, the higher sea water concentration beyond 25 ds/m severely hindered the growth of plants
used.

3.1 Growth Analysis

Highest Stem length, root length, shoot fresh weight, root fresh weight, shoot dry weight, root dry weight, and
biomass were achieved under the control and with increasing in sea water salinity from 6 to 12 dsm™, all of growth
parameter, phytochemicals were reduced (Table 1). The plant height increased continuously from 30 DAT to 90
DAT in all the treatments with proline application. A close similarity was observed in plant height with the control
and proline treated plants up to 60mM NaCl (6 dsm™). For Tagetes erecta the maximum mean plant height was
observed at 90 DAT in Control (T0) (26.7 cm) followed by T2 (21.8 cm) and T3 (19.7 cm) beyond that the effects
were insignificant. Though the NaCl salinity hindered the growth of marigold, to certain extent the application of
proline sustained the growth. The highest shoot (18.8 cm) and root length (7.2 cm) was observed in TO (control)
followed by T2, whereas, the lower plant heights were statistically insignificant in higher salinity even with
increasing proline application. Similarly the leaf area showed (Table 2) a maximum value (38.3 cm?) by the control

Table 1. Exogenous application of proline on shoot, root length (cm) and plant
height (cm) of Tagetes erecta under sea water irrigation

Treatments Shoot length (cm) Root length (cm) Plant Height (cm)

30 DAT 60 DAT 90 DAT 30DAT 60DAT 90DAT 30DAT 60DAT 90DAT

TO 6.82 12.82 18.82 3.8 4.3 7.22 11.82 16.82 26.72
T1 4.8° 5.9¢ 7.8° 2.7 2.9¢ 4.2 7.7¢ 9.2¢ 13.3¢
T2 5.4° 7.4° 12.6° 3.3 3.4° 5.8¢ 9.1° 10.8° 21.8°
T3 5.0° 7.0° 10.7¢ 3.12 3.7° 6.0° 8.7¢ 10.2° 19.7¢
T4 3.2¢ 5.2 7.2¢ 2.2¢ 2.2¢ 3.6° 5.2f 7.2¢ 10.8f
T5 3.8 5.8° 8.8¢ 2.8 3.8 3.8 6.3° 9.3¢ 12.4°
T6 3.8¢ 5.8° 7.4¢ 2.8 3.4° 4.2 6.2° 9.2¢ 11.8
T7 3.1¢ 5.19 6.5 2.1¢ 2.7¢ 3.3 5.1f 7.4° 9.79
T8 3.3° 5.3¢ 7.3 2.3 3.3¢ 3.7° 5.6 8.3 10.8f
T9 3.2¢ 4.7 6.6 2.2¢ 3.1 3.2f 5.2f 7.5¢ 10.2f

Values followed by the same letter within treatment are not significantly different at p = 0.05
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Table 2. Exogenous application of proline on Leaf Area (cm?), RGR (g gtdw™) and
STI (%) of Tagetes erecta under sea water irrigation

Treatments Leaf Area (cm?) RGR (g gldw™?) STI (%)

30 DAT 60 DAT 90DAT 30DAT 60DAT 90DAT 30DAT 60DAT 90DAT

TO 16.82 21.32 38.32 0.08? 0.13? 0.162 - - -

T1 8.2¢ 10.9¢ 14.7¢ 0.04° 0.09° 0.11° 42.9° 31.9¢ 37.9¢
T2 9.4P 17.1° 26.6° 0.07° 0.09° 0.13° 61.92 56.5° 74.7%
T3 9.2° 15.4¢ 21.3° 0.06° 0.07¢ 0.12° 54.8P 46.4° 70.1°
T4 6.0° 10.7¢ 11.4f 0.04¢ 0.05¢ 0.09¢ 28.6 26.1¢ 26.4°
T5 7.2d 11.3¢ 12.8° 0.03¢ 0.05¢ 0.07¢ 38.1¢ 29.0° 36.8°
T6 6.7¢ 10.9¢ 12.2¢ 0.04° 0.06° 0.06¢ 35.7¢ 26.1¢ 32.2¢
T7 6.0° 8.2¢ 10.0f 0.02¢ 0.04¢ 0.05¢ 26.2f 23.2¢ 24.1°
T8 6.3° 8.9¢ 11.3 0.04¢ 0.04¢ 0.06¢ 31.0° 27.5¢ 29.9¢
T9 6.2¢e 8.6¢ 10.4f 0.03¢ 0.04¢ 0.05¢ 28.6f 26.1¢ 27.6¢

Values followed by the same letter within treatment are not significantly different at p = 0.05
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plants followed by the plants treated with 10 mg L proline at 50 mM (26.6 cm?) and 100mM NaCl (12.8 cm?). The
data observed on plant height clearly showed that the proline application could possibly alleviate the salinity stress
up to 6ds/m beyond that the effects were insignificant. The plant height under 6 ds/m treatment with 10 mg L*
indicated that the application of proline favour the uptake of nutrient at the root zone level that causes the increase
in the plant height (Abou El-Ftouh et al., 2018). The results on the effect of exogenous application of proline on the
dry matter are presented in Table.3. The dry matter decreased with increasing salinity upto 12 ds/m when compared
to the control (0.87 g g). An increased amount of dry weight was observed in T. erecta (0.65 g g) with the
application of 10 mg L proline at the optimal salinity level (6 ds/m). The highest dry matter (0.87 g) was recorded
at the control TO followed by T2 on 90th day samples.

The results on the effect of exogenous application of proline on the fresh and dry weight are presented in Table.2.
The fresh weight of shoot and root increased with increasing days of treatment whereas the FW increased with the
proline treatment upto 6 ds/m sea water salinity and there after it had decreased. An increased amount of dry weight
was observed in T. erecta with the application of 10 mg L™ proline up to the optimal salinity level (100 mM). The
highest increase in fresh (16.7 g) was recorded in control followed by T2 (12.2g). Similarly the relative growth rate
was high in control (0.16 g g*DW) where as proline application at the rate of 10 mg L-1 showed RGR close to the
control (0.13 g g*DW) at 50 mM salinity (6 ds/m). Banu et al., (2009) stated that proline might have protected cell
membranes against ion toxicity and salt-induced oxidative stress, increased cellular growth, and thus increased the
growth of plants. The enhanced growth characteristics due to exogenous application of proline under low salinity
levels might be attributed to its role in osmoregulation, and maintenance of the tertiary structure of proteins and
enzymes, to help growing plants tolerate drought stress (Abdelaal et al., 2020; El-Nashaar et al., 2020).

The results on the effect of exogenous application of proline on salinity tolerance of T. erecta are presented in
Table.2. The STI increased with increasing salinity upto 6 ds/m and there after it had decreased. An increased STI
was observed in T2 (74.7%) with the application of 10 mg L proline at salinity level (60 mM). The lowest STI
was recorded at 12 ds/m salinity on 90th day samples. Similar to previous reports (Al-Khazrji et al., 2020), in
Tagetes erecta the foliar application of proline enhanced the plant water status and the results also suggested that
the exogenous application of proline enhances membrane stability, thus preventing electrolyte leakage, as
previously documented by Hayat et al. (2012).

3.2 Photosynthetic Pigments

Similar to other crops, deleterious effects of salinity stress on leaf chlorophyll contents have been reported in our
present study on Tagetes erecta. (Abd El-Samad et al., 2011; Abdelhamid et al., 2013; Taie et al., 2013). In
contrast, total chlorophyll content in proline treated plants was sustained to a greater degree than in plants grown
without proline. The chlorophyll a content in
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Table 3. Exogenous application of proline on shoot, root fresh weight (g) and dry
matter (g g"*FW) of T. erecta under sea water irrigation

Treatments Shoot FW Root FW Dry matter
30 DAT 60DAT 90DAT 30DAT 60DAT 90DAT 30DAT 60DAT 90DAT
TO 10.3a 12.5a 16.7a 3.8a 4.0a 4.3a 0.42a 0.69a 0.87a
Tl 6.51d 7.78d 7.91d 2.4c 2.7c 3.1c 0.18c 0.22d 0.33c
T2 8.86b 9.31b 12.2b 3.4b 3.7b 3.9b 0.26b 0.39%b 0.65b
T3 8.14c 8.33c 8.67c 3.4b 3.5b 3.7b 0.23b 0.32c 0.61b
T4 5.51e 7.78d 7.91d 2.2d 2.9c 3.1c 0.12d 0.18e 0.23e
T5 5.62e 7.81d 8.02¢ 2.8¢C 3.2b 3.3c 0.16¢ 0.20d 0.32c
T6 5.43e 7.53d 7.87d 2.6¢C 3.0b 3.3c 0.15d 0.18e 0.28d
T7 5.12e 5.93e 6.12e 2.2d 2.6¢ 2.7d 0.11e 0.16e 0.21e
T8 5.32¢ 5.76e 6.02e 2.4d 2.8¢c 2.7d 0.13e 0.19% 0.26d
T9 5.22¢ 5.56e 5.78e 2.3d 2.6¢ 2.7d 0.12¢ 0.18e 0.24e

Values followed by the same letter within treatment are not significantly different at p = 0.05

Table 4. Effect of exogenous application of proline on photosynthetic pigments (mg g*) of
T. erecta under sea water irrigation

Treatments Chlorophyll ‘a’ Chlorophyll ‘b’ Carotenoids

30 DAT 60DAT 90DAT 30DAT 60DAT 90DAT 30DAT 60DAT 90DAT
TO 8.86a 9.03a 9.26a 4.46a 4.87a 5.06a 0.091a 0.108a 0.122a
T1 6.21d 6.37e 6.54e 3.66e 3.82¢c 408c 0.046d 0.051d 0.057d
T2 7.22b 7.73b 8.07b 4.22b 4.37b 486b  0.066b 0.074b  0.083b
T3 6.43d 6.57d 6.97d 3.81d 4.07c 426c  0.056c 0.061c  0.067c
T4 5.82c 6.06¢ 6.24c 3.13b 3.36b 3.54b  0.041c 0.053c  0.066b
T5 6.21d 6.37e 6.54e 3.66e 3.82c 408c 0.046d 0.051d 0.057d
T6 6.23d 6.31d 6.43e 3.64c 3.77c 406c 0.042d 0.047d 0.054d
T7 5.12c 5.36¢ 5.44c 3.03b 3.16b 3.24b  0.040c  0.052c  0.056b
T8 5.22c 5.66¢ 5.74c 3.03b 3.36b 3.44b  0.041c 0.055c  0.062b
T9 5.22¢c 5.46¢ 5.54c 3.03b 3.26b 3.24b  0.041c 0.053c 0.062b

Values followed by the same letter within treatment are not significantly different at p = 0.05
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the leaf tissue of all the plants grown in salt affected soil decreased, by 8.2, 22.3, 30.2 and 35% compared to
control. The total chlorophyll content in marigold at T2 and T4 were (8.07 mg g -1) & (6.97 mg g -1) with the
application of 10 mg L™ proline (Table 4). These increases in chlorophyll concentrations could be attributed to the
more efficient scavenging of ROS by proline and other antioxidant compounds (Abdelhamid et al., 2013). Our
results are in accordance with findings reported by Jaleel et al. (2007) in Catharantus roseus and in Maize (Ali et
al., 2007). Salinity stress increases the generation of reactive oxygen species (ROS), resulting in oxidative damage
to plants and degradation of chlorophyll pigments (Hasanuzzaman et al., 2020; Mansoor et al., 2022). But, as per
the previous reports (Altuntas et al., 2020; Semida et al., 2020; Tariq et al., 2021; Abdou et al., 2022) the
exogenous application of proline might be responsible for scavenging ROS and other free radicals, enhancing
antioxidant enzyme activity, thus increasing stomatal conductance, facilitating higher CO> diffusion through leaves
and hence, enhance photosynthetic rates. Similar to our results, Islam et al. (2021) found that glycine betaine
exhibited significant potential to improve photosynthetic pigment biosynthesis under salinity stress in mustard.
Alasvandyaria and Mahdavia (2018) documented beneficial effects of exogenous application of glycine betaine on
net photosynthesis, stomatal conductance and the Photosystem 11 (PSI1) efficiency in salt-stressed safflower plants.

3.3 Proximate analysis

The effect of exogenous application of proline on the reducing sugar content is shown in Table 5. The reducing
sugar increased up to 9 ds/m and then declined thereafter with the application of 10 mg L. The highest sugar
content was observed in 6 ds/m sea water salinity with proline 20 mg L in T. erecta (32.3 mg g %) and with 10 mg
L (30.7 mg g?). Proline application in the present study showed sustained sugar level in the leaves of T. erecta.
These findings are in consistent with the findings of Ghadiri et al. (2006) who reported enhancement in sugar
contents of grapes and Thuja orientalis. Application of proline significantly promoted the level of total protein
content in leaves of plants treated with sea water when compared to control initially (Table 5). Total protein content
in leaves varied significantly among the different treatments applied. The lowest and highest value was observed in
T2 (19.3 mg g1), T3 (17.6 mg g) and control (17.3 mg g*) at 90 DAT Proline has been shown to protect protein
integrity and enhance the activities of different enzymes (Abdelhamid et al., 2013). Under salinity stress, proline
has been reported to enhance growth, physiological, biochemical and anatomical characteristics, and improve
antioxidant system defense of plants (Dawood et al., 2014)..

In the present study, the TP content of marigold under sea water irrigation was investigated. The results are given in
Table 6. The TP content varied in plants treated with proline and ranged from 8.9 to 17.3 mg GAE g-1 DW. The
the highest TP content was in T2 (17.3 mg GAE g—1 DW) for and in T3 (15.2 mg GAE g~! DW) indicating that T2
might have the most outstanding antioxidant activity. The TP contents were in the following order: T2 > T3> T0 >
T4 > T5 > T6 for 10 mg L™ proilne. In this regard, phenolic contents protect cells from potential oxidative damage,
increase the stability of cell membranes and mitigate salinity stress injuries (Khattab, 2007). At higher
concentrations of T7 and T8 the TP contents were insignificant. Table 5 shows that total phenolic concentrations
were significantly increased under seawater salinity stress compared with their corresponding controls (T0). In
contrast, Khattab (2007) observed decreased
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Table 5. Effect of exogenous application of proline on reducing sugar, protein and proline content (mg g*) of
T. erecta under sea water irrigation

Treatments Reducing sugar Protein Proline
30 DAT 60 DAT 90DAT 30DAT 60DAT 90DAT 30DAT 60DAT 90DAT
TO 18.3e 20.9¢c 23.8¢C 16.4a 16.8b 17.3b 0.52d 0.62c 0.67c
T1 17.6d 18.3b 17.8b 14.0b 15.7¢c 16.2a 0.82f 0.94e 1.23d
T2 25.6b 27.6a 30.7a 14.7b 15.9c 19.1c 1.74b 1.82b 1.99b
T3 28.5a 29.6a 32.6a 13.6¢ 15.7d 17.6d 1.82a 1.94a 2.02a
T4 20.2d 22.4b 24.6b 14.6a 15.0a 15.9a 1.46e 1.52d 1.61c
T5 22.6C 23.1b 25.6b 15.2b 16.2b 16.7a 1.66¢ 1.82b 1.91b
T6 24.2¢ 20.2¢c 20.9d 15.6b 16.3c 16.3c 1.56d 1.66¢ 1.71c
T7 15.6d 18.1b 18.8b 14.0b 15.7c 15.2a 0.82f 0.84e 1.13d
T8 16.6d 18.3b 18.2b 15.0b 15.4c 16.2a 0.92f 0.94e 1.33d
T9 16.4d 17.3b 18.0b 15.3b 15.4c 15.5a 0.92f 0.92e 1.31d

Values followed by the same letter within treatment are not significantly different at p = 0.05

Table 6. Effect of exogenous application of proline on total phenol (mg GAE g DW),
flavonoids and alkaloids content (mg g*) of T. erecta under sea water irrigation

Treatments Total Phenol Flavanoids Alkaloids

30 DAT 60 DAT 90DAT 30DAT 60DAT 90DAT 30DAT 60DAT 90DAT
TO 8.9e 10.2e 11.2g 0.156c 0.168c 0.187c 1.41la 1l.465a 1.523a
T1 10.8d 11.2d 12.7f  0.143d 0.158d 0.179d 1.023d 1.038e  1.042e
T2 14.0a 15.1a 17.3a  0.20l1a 0.217a 0.223a 1.287b  1.309b  1.356b
T3 13.2b 14.8b 16.2b  0.171b 0.183b 0.201b 1.087d 1.165d 1.223c
T4 10.4d 10.8d 11.9f 0.132e 0.156d 0.171d 1.014d 1.023e  1.034e
T5 11.8c 13.5¢ 15.2c  0.171b 0.186b 0.187c 1.132c 1.212c  1.346b
T6 11.2c 12.8¢c 143d  0.152¢ 0.163c 0.185¢c 1.131c 1.231c  1.332b
T7 9.2¢e 11.8d 12.3f  0.142d 0.146e 0.153e 1.031d 1.110d 1.112d
T8 11.2¢c 11.8d 13.6e 0.151c 0.153d 0.156e 1.130c 1.131d 1.132d
T9 10.2d 10.8d 13.3e  0.148d 0.148¢e 0.154e 1.127¢ 1.131d 1.124d

Values followed by the same letter within treatment are not significantly different at p = 0.05
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total phenolic concentration in Faba bean plants treated with an exogenous application of proline under seawater
salinity. Consistent with the findings of the present study, Tokarz et al. (2020) suggested that the phenol
accumulation may protect membranes against excessive lipid peroxidation under stress.

Flavonoids in leaves of marigold under sea water irrigation showed significant level of variation among the
treatments (Table 6). The proline treated plants at lower dose showed highest level of flavonoids content (0.223
mg g*) when compared to control (0.152 mg g*). Application of proline significantly increased the flavonoids
content up to 6 ds/m salinity but the differences were statistically not significant with increasing level of sea water.
The application of proline may have stimulated the biosynthesis of sucrose and other sugars which is essential for
rapid biosynthesis of flavonoids and thus resulted into enhanced level particularly in treated plants. (Augustine et
al., 2016). The proline application increased the synthesis of alkaloids also (Table 6). T. erecta under the treatment
of 6 ds/m sea water and 10 mg L proline showed highest level of alkaloid content (1.356 mg g**) when compared
to control plants (1.034 mg gt). Application of proline significantly increased the alkaloids content up to 9 ds/m in
but the differences were statistically not significant with increasing level of salinity.

3.4 Ameliorative effect of proline on flower quality

3.4.1 Number of flowers per plant

Growing conditions had significant influence on the number of flowers per plant, since the interaction effect was
significant for all treatment (Table 7). In the present study, control recorded the highest number of flowers per
plant (12.7) and T2 recorded the number of flowers per plant (8.08) which was on par with the control. Regardless
of the treatments, significantly higher number of flowers per plant was observed in plants grown under sea water
irrigation with the application of 10 mg L. The number of flowers was significantly influenced by the number of
branches per plant. At higher sea water salinity (T7), there was no flowering.

3.4.2 Flower length

It was found that, the interaction effect of growing conditions with exogenous application of proline was not
significant with regard to the flower length (Table 7). The mean flower length regardless of treatments was also
found not significant. Highest flower length was recorded in control (7.32 cm).This was followed by T2 (6.22 cm)
and T3 (5.94 cm) which were on par with control.

3.4.3 Pedicel length

The interaction effect of growing conditions with regard to pedicel length was found not significant during the
growing period (Table 7). The plants recorded better pedicel length in the open field condition than under control
condition, even though there was no significant difference between sea water salinity. Irrespective of growing
conditions, the highest pedicel length was observed in control (5.96 cm).
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Table 7. Effect of exogenous application of proline on flower number, flower & pedicel
length (cm) and marketable yield (g/plant) of T. erecta under sea water irrigation

Treatments Flower No. Flower L Pedicel L Marketable Yield

T0 12.7a 7.32a 5.96a 148.7a
Tl 3.21f 3.32d 2.17c 89.2d
T2 8.08b 6.22b 3.82b 123.3b
T3 7.24c 5.94b 3.71b 104.3c
T4 3.14d 3.08d 2.29c 61.3f
T5 4.88d 3.85¢C 3.11c 83.2d
T6 4.02e 3.18d 3.11c 71.4e

Values followed by the same letter within treatment are not significantly different at p = 0.05

3.4.4 Marketable flower yield

The marketable flower yield of marigold was significantly influenced by the growing conditions (Table 7). Highest
marketable flower yield was recorded in control (148.7 g/plant), which was significantly superior to all other
treatments. Under sea water irrigation, the highest marketable flower yield was recorded in T2 (123.3 g/plant)
followed by T3 (104.3 g/plant). The reduction in marketable flower yield obtained might be due to the exposure of
the crop to the external fluctuating salinity. Previous reports are consistent with the current study’s findings that
foliar spraying with proline, methionine, and melatonin increased the yield of potato, corn, and tomato plants under
drought conditions (Ibrahim et al., 2020; El-Yazied et al., 2022). Growing conditions had significant influence on
the number of flowers per plant, since the interaction effect was significant for all the cultivars. The number of
flowers was significantly influenced by the number of branches per plant (Pramila et al., 2011). Higher number of
flowers under rain shelter condition might be due to the more number of branches recorded under rain shelter
condition compared to open field condition. Similar results were also reported in chrysanthemum (Gantait and Pal,
2011). It was found that, the interaction effect of growing conditions on cultivars was not significant with regard to
the flower length. The variation in pedicel length might be attributed to the variation in flower length. Gantait and
Pal (2011) reported higher flower length in Chrysanthemum plants under polyhouse condition compared to open
field condition. The interaction effect of growing conditions on cultivars with regard to pedicel length was found
not significant during the growing period. The marketable flower yield of the cultivars was significantly influenced
by the growing conditions. The reduction in marketable flower yield obtained from open field condition might be
due to the exposure of the crop to the external fluctuating climatic conditions, while a controlled atmosphere is
created inside the rain shelter. Bibliography (Andersen et al., 2011) reported that gerbera plants grown under open
field condition were highly sensitive to the external climatic conditions.

The fresh weight of flower was maximum in the control followed by 10 mg L-1 proline treated plants. Similar
results were observed by Abou El-Ftouh et al., (2018) and Patil et al. (2011) in marigold. Flower yield per hectare
was maximum in the control and the T2 has a similar results. Similar results were observed by Abou EIl-Ftouh et
al., (2018), and Raghuvanshi and Sharma (2011) in marigold. Deivanai et al. (2011) demonstrated that rice seeds
pretreated with Pro (1, 5 and 10 mM) and grown at different NaCl concentrations counteracted the adverse effect of
salt. Yan et al. (2011) found that application of exogenous 0.2 mM Pro to salinized nutrient solution alleviated the
decrease in fresh and dry weights of Cucumis melo seedlings.

3.5 Conclusion
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Earlier studies clearly indicated that development of stable formulations of osmoprotectants is of great importance
and is a promising approach to a sustainable alternative agriculture. The current results have indicated that all
measured traits were significantly affected by using sea water salinity. But the interactions with proline showed
significant increase in growth, dry matter production and certain physiologically adaptive chemicals in all the
plants. From the results of this investigation, it can be concluded that, the seedling treatments of proline at lower
dose (10 mg L) can be used as a good tool in the enhancement of biomass yield and alkaloid contents in
floriculture crops such as marigold, as it provides an eco-friendly approach and can be used as an agent in saline
stress amelioration.

3.6 References

1. Abbas, Rashid Ahmad, Ejaz Ahmad Waraich and Muhammad Qasim 2019. Exogenous Application Of Salicylic
Acid At Different Plant Growth Stages Improves Physiological Processes InMarigold (Tagetes erecta L.) Pak. J.
Agri. Sci., Vol. 56(3), 541-548; 2019

2. Abd El Gayed ME (2020) Influence of foliar application of salicylic acid on growth and flowering of Calendula
officinalis L. under levels of salinity. Menoufia J Plant Prod 5:325-341

3. Abd El-Samad, H.M., Shaddad,M.A.K., Barakat, N., 2011. Improvement of plants salt tolerance by exogenous
application of amino acids. Journal of Medicinal Plant Research: Planta Medica 5, 5692-5699.

4. Abdelaal, Kotb A. Attia, Salman F. Alamery, Mohamed M. El-Afry, Abdelhalim 1. Ghazy, Dalia S. Tantawy,
Abdullah A. Al-Doss, El-Sayed E. El-Shawy, Abdelghafar M. Abu-Elsaoud and Yaser M. Hafez 2020.
Exogenous Application of Proline and Salicylic Acid can Mitigate the Injurious Impacts of Drought Stress on
Barley Plants Associated with Physiological and Histological Characters Sustainability 2020, 12, 1736;
d0i:10.3390/su12051736

5. Abdelhamid, M.T., Rady, M., Osman, A., Abdalla, M.A., 2013. Exogenous application of proline alleviates
salt-induced oxidative stress in Phaseolus vulgaris L. plants. J Horti. Science and Biotechnology 88, 439—-446.

6. Abdou, N. M., El-Saadony, F. M. A., Roby, M. H. H., Mahdy, H. A. A., EI-Shehawi, A. M., Elseehy, M. M., et
al. (2022). Foliar spray of potassium silicate, aloe extract composite and their effect on growth and yielding
capacity of roselle (Hibiscus sabdariffa L.) under water deficit.3: 445 -449

7. Abou El-Ftouh ZA, Mohamed MA, Ibrahim AK (2018) Effect of saline water irrigation on growth and chemical
composition of pot marigold plant. Arab Univ J Agric Sci 26(2A):935-949

8. Alasvandyaria, F. And Mahdavia, B., 2018. Effect of glycine betaine and salinity on photosynthetic pigments
and ion concentration of safflower. Desert, vol. 23, no. 2, pp. 265-271

9. Ali, Q., Ashraf, M., 2011. Induction of drought tolerance in maize (Zea mays L.) due to exogenous
application of trehalose: growth, photosynthesis, water relations and oxidative defence mechanism. JAgron.
Crop Sci 197, 258-271

10.  Ali, Q., Ashraf, M., Athar, H.R., 2007. Exogenously applied proline at different growth stages enhances
growth of two maize cultivars grown under water deficit conditions.Pakistan Journal of Botany 39, 1133-1144.

11.  Ali, Q., Ashraf, M., Shahbaz, M., Humera, M., 2008. Ameliorating effect of foliar applied proline on
nutrient uptake in water stressed maize (Zea mays L.) plants. Pakistan Journal of Botany 40, 211-219.

12.  Al-Khazrji, O. A. R., Al-Saedi, S. A., and Alkhateb, B. A. A. H. (2020). Leaf area, proline and relative
water content in the leaves of maize plant under the effect of soil bacteria, organic matter and water stress. Plant
Arch. 20, 405-412

13.  Altunta,s, C., Demiralay, M., Sezgin Muslu, A., and Terzi, R. (2020). Proline stimulated signaling primarily
targets the chlorophyll degradation

17. Anderson, S.; Andrade, ]J. D.; Lisanea, M. O.; lldo D.; Dias, D. S.; Gheyi, H. R. and Cristiane, G. 2011.
Climate variations in greenhouse cultivated with gerbera and relationship with external conditions. ].
Braz. Assoc. Agric. Eng. 31(5): 857-867.

JETIR2308202 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c21


http://www.jetir.org/

© 2023 JETIR August 2023, Volume 10, Issue 8 www.jetir.org (ISSN-2349-5162)

18.  Ashraf, M. and M.R. Foolad. 2007. Roles of glycinebetaine and proline in improving plant abiotic stress
resistance. Environ. Exp. Bot. 59:206-216.

19. Augustine N, Sobhana A., Geetha C. K., and Krishnan S., 2016. Influence of polyhouse cultivation on
floral characters of african marigold (tagetes erecta 1.) cultivars during rainy season. Int. ] appl. Pure sci.
and agri., 2 (12): 49-54.

20. Baci SA, Hasan E, Yilmaz A (2003). Determination of the salt tolerance of some barley genotypes and the
characteristics affecting tolerance. Turk. J. Agric. For. 27:253-260.

21. Banu, M.N., Hoque, M.A.,Watanabe-Sugimoto, M., Matsuoka, K., Nakamura, Y., Shimoishi, Y., Murata,
Y., 2009.Proline and glycinebetaine induce antioxidant defense gene expression and suppress cell death in
cultured tobacco cells under salt stress. Journal of Plant Physiology 166, 146—156

25. Dawood, H.A.A. Taie, R.M.A. Nassar, M.T. Abdelhamid, U. Schmidhalter 2014. The changes induced in
the physiological, biochemical and anatomical characteristics of Vicia faba by the exogenous application of
proline under seawater stress South African Journal of Botany 93: 54-63.

26. Deivanai S, Xavier R, Vinod V, Timalata K, Lim OF (2011) Role of exogenous proline in ameliorating salt
stress at early stage in two rice cultivars. J Stress PhysiolBiochem 7:157-174

27. Duncan, B.D. Multiple ranges and multiple F-test. Biometrics 1955, 11, 1-42

28. El-Nashaar, F., Hafez, Y. M., Abdelaal, K. A. A., Abdelfatah, A., Badr, M., El-Kady, S., et al. (2020).
Assessment of host reaction and yield losses of commercial barley cultivars to Drechslera teres the causal agent
of net blotch disease in Egypt.
Fresenius Environ. Bull. 29, 2371-2377.

29. El-Yazied, A.A.; lbrahim, M.F.M.; lbrahim, M.AR.; Nasef, I.N.; Al-Qahtani, S.M.; Al-Harbi, N.A;
Alzuaibr, F.M.; Alaklabi, A.; Dessoky, E.S.; labdallah, N.M.; et al. Melatonin Mitigates Drought Induced
Oxidative Stress in Potato Plants through Modulation of Osmolytes, Sugar etabolism, ABA Homeostasis and
Antioxidant Enzymes. Plants 2022, 11, 1151. https://doi.org/10.3390/plants11091151

33. Fabrick, J.A., Yool, A.J. And Spurgeon, D.W., 2020. Insecticidal activity of marigold Tagetes patula plants
and foliar extracts against the hemipteran pests, Lygus hesperus and Bemisia tabaci. PLoS One, vol. 19, no. 5,
e0233511. PMid:32428032.

34.  FAO (2008) Land and plant nutrition management service. htpp:// www.fao.org/ag/agl/agll/spush

35. FAO. The Impact of Disasters and Crises on Agriculture and Food Security: 2021; Report; FAO, Rome,
Italy, 2021.

36. Food and Agriculture Organization [FAO] (2017). Water for Sustainable Food and Agriculture-A Report
Produced for the G20 Presidency of Germany. Rome: Food and Agriculture Organization.

37. Gakuubi, M.M., Wanzala, W., Wagacha, J.M. And Dossaji, S.F., 2016. Bioactive properties of Tagetes
minuta L. (Asteraceae) essential oils: a review. American. Journal of Essential Qils and Natural Products, vol.
4, pp. 27-36.

38.  Gantait, S. S. and Pal, P. 2011. Comparative performance of spray chrysanthemum cultivars under
polyhouse and open-field cultivation at different dates of planting. J. Hortic. Sci. 6(2): 123-129.

39.  Ghadiri, H., I. Dordipour, M. Bybordi, M.J. Malakouti 2006. Potential use of Caspian Sea water for
supplementary irrigation in Northern Iran. Agricultural Water Management 79: 209-224.

40. Giarratana, F., Muscolino, D., Ziino, G., Giuffrida, A., Marotta, S.M., Lo Presti, V., Chiofalo, V. And
Panebianco, A., 2017. Activity of Tagetes minuta Linnaeus (Asteraceae) essential oil against L3 Anisakis larvae
type 1. Asian Pacific Journal of Tropical Medicine, vol. 10, no. 5, pp. 461-465. http://dx.doi.
0rg/10.1016/j.apjtm.2017.05.005. PMid:28647183

41.  Gill, S.S,, Tuteja, N., 2010. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance
in crop plants. Plant Physiology and Biochemistry 48, 909-930.

42. Hasanuzzaman, M., Bhuyan, M. H. M. B., Zulfigar, F., Raza, A., Mohsin, S. M., Mahmud, J. A,, et al.
(2020). Reactive oxygen species and antioxidant defense in plants under abiotic stress: Revisiting the crucial role
of a universal defense regulator. Antioxidants 9:681. doi: 10.3390/antiox9080681

43. Hayat, S., Hayat, Q., Alyemeni, M. N., Wani, A. S., Pichtel, J., and Ahmad, A. (2012). Role of proline
under changing environments: a review. Plant Signal. Behav. 7, 1456-1466. doi: 10.4161/psb.21949

JETIR2308202 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c22


http://www.jetir.org/
https://doi.org/10.3390/plants11091151
http://www.fao.org/ag/agl/agll/spush
http://dx.doi/

© 2023 JETIR August 2023, Volume 10, Issue 8 www.jetir.org (ISSN-2349-5162)

44, Ibrahim, A. M., Abd EI-Mageed, T. A., Abdou, N. M., and Abohamid, Y. M. (2019). Effect of salicylic acid
on growth, physiological responses and yield of maize grown under drought stress. Fayoum J. Agric. Res. Dev.
33, 18-30

48. Islam, S., Parrey, Z.A., Shah, S.H. And Mohammad, F., 2021. Glycine betaine mediated changes in growth,
photosynthetic efficiency, antioxidant system, yield and quality of mustard. Scientia Horticulturae, vol. 285, pp.
110170. http://dx.doi. org/10.1016/j.scienta.2021.110170

55.  Journal of Natural Sciences Research wwuw.iiste.org ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online)
Vol.2, No.5, 2012 84 In Vitro Anti Bacterial Potential of Different Extracts of Tagetes Erecta and Tagetes Patula
Reena Jainl Nidhi Katarel Vijay Kumarl Amit Kumar Samantal Swati Goswamil C.K. Shrotril*

56. Kahlaoui B1., Hachicha M 1., Teixeira J 2., Misle E3., Fidalgo F2., Hanchi B4Response of Two Tomato
Cultivars to Field-applied Proline and
Salt Stress Journal of Stress Physiology & Biochemistry, Vol. 9 No. 3 2013, pp. 357-365

57. Khattab, H., 2007. Role of glutathione and polyadenylic acid on the oxidative defense systems  of two
different cultivars of canola seedlings grown under saline conditions. Australian Journal of Basic and Applied
Sciences 1, 323-334.

58. Lin, J.Y., and C.Y. Tang. 2007. Determination of total phenolic and flavonoid contents in selected fruits and
vegetables, as well as their stimulatory effects on mouse splenocyte proliferation. Food Chemistry 101:140-147.

59. Lowry, O.H., N.J. Rose Brough, A.L. Rarv and R.J. Randall, 1951. Protein measurement with folin phenol
reagent. J. Biol. Chem., 193: 265-275.

60. Mansoor, S., Ali, W. O., Lone, J. K., Manhas, S., Kour, N., Alam, P., et al. (2022). Re active oxygen spe
cies in plants: from source to sink. Antioxidants 11:225.doi: 10.3390/antiox11020225

61. Moore, S. and Stein, W.H. (1948). In Methods in Enzymol (Eds. Colwick S. P. and Kaplan N. D).Academic
Press, New York 3: 468.

65. Pathway and photosynthesis associated processes to cope with short-term water deficit in maize.
Photosynth. Res. 144, 35-48.

66. Patil, V., Kulkarni, B. S., Reddy, B. S., Kerure, P. and Ingle, A., 2011, Yield and quality parameters as
influenced by seasons and genotypes in marigold (Tagetes erecta L.). Res. J. Agric. Sci., 2(2) : 344-347.

67. Pramila, C. K., Prasanna, K. P. and Jayanthi, R., 2011, Assessment of marigold (Tageteserecta) genotypes
for morphologicalcharacters. Mysore J. Agric. Sci., 45(3) : 544-550.

68. Raghuvanshi, A. and Sharma, B. P., 2011, Varietal evaluation of French marigold (Tagetes patula L.) under
mid-hill zone of Himachal Pradesh. Prog. Agric. 11(1) : 123-126.

72. Sadique, S., Ali, M.M., Usman, M., Ul-Hasan, M., Yousef, A.F., Adnan, M., Gull, S. And Nicola, S., 2021.
Effect of foliar supplied PGRs on flower growth and antioxidant activity of African marigold (Tagetes erecta
L.). Horticulturae, vol. 7, no. 10, pp. 378. http://dx.doi.org/10.3390/horticulturae7100378

73. Sako, K.; Nguyen, H.M.; Seki, M. Advances in chemical priming to enhance abiotic stress tolerance in
plants. Plant Cell Physiol. 2020, 61, 1995-2003

74. Semida, W. M., Abdelkhalik, A., Rady, M. O. A., Marey, R. A., and Abd El-Mageed, T. A. (2020).
Exogenously applied proline enhances growth and productivity of drought stressed onion by improving
photosynthetic efficiency, water use efficiency and up-regulating osmoprotectants. Sci. Hortic. 272:109580. doi:
10. 1016/j.scienta.2020.109580

75. Soroori, S., Danaee, E., Hemmati, K., Ladan Moghadam, A. (2021). Effct of foliar application of proline on
morphological and physiological traits of Calendula offinalis L. under drought stress. J. Ornam. Plants, 11, 13—
30

76. Sreevidya N, Mehrotra S. Spectrophotometric method for estimation of alkaloids precipitable with
Dragendorff's reagent in plant materials. J AOAC Int. 2003 Nov-Dec;86(6):1124-7. PMID: 14979692.

77.  Studies on germination, seedling vigour, lipid peroxidation and proline metabolism in Catharanthus roseus
seedlings under salt stress C. Abdul Jaleel, R. Gopi, B. Sankar, P. Manivannan, A. Kishorekumar, R. Sridharan,
R. Panneerselvam x South African Journal of Botany 73 (2007) 190-195

81. Taie, H.A.A., Abdelhamid, M.T., Dawood, M.G., Nassar, R.M., 2013. Pre-sowing seed treatment with
proline improves some physiological, biochemical and anatomical attributes offaba bean plants under sea
water stress. Journal of Applied Sciences Research 9, 2853-2867

JETIR2308202 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c23


http://www.jetir.org/
http://dx.doi/
http://dx.doi.org/10.3390/horticulturae7100378

© 2023 JETIR August 2023, Volume 10, Issue 8 www.jetir.org (ISSN-2349-5162)

82. Tarig, M., Shah, A. A., Yasin, N. A., Ahmad, A., and Rizwan, M. (2021). Enhanced performance of

Bacillus megaterium OSR-3 in combination with
putrescine ammeliorated hydrocarbon stress in Nicotiana tabacum. Int. J. Phytoremediation 23, 119-129. doi:
10.1080/15226514.2020.1801572

Tokarz, B., Wojtowicz, T., Makowski, W., Jedrzejczyk, R.J.J. And Tokarz, K.M., 2020. What is the
difference between the response of Grass Pea (Lathyrus sativus L.) to salinity and drought stress? A
physiological study. Agronomy (Basel), vol. 10, no. 6, pp. 833. http://dx.doi.org/10.3390/agronomy10060833.

Valdez-Aguilar, L.A., Grieve, C.M., Poss, J., 2009b. Salinity and alkaline pH in irrigation water affect
marigold plants: 1. Growth and shoot dry weight partitioning. HortScience 44, 1719-1725.

Yan Z, Guo S, Shu S, Sun J, Tezuka T (2011) Effects of proline on photosynthesis, root reactive oxygen
species (ROS) metabolism in two melon cultivars (Cucumis melo L.) under NaCl stress. Afr J Biotechnol
10:18381-18390

Yusuf M, Fariduddin Q, Varshney P, Ahmad A (2012) Salicylic acid minimizes nickel and/or salinity-

induced toxicity in Indian mustard ( Brassica juncea) through an improved antioxidant system. Environ
SciPollut Res 19:8-18

83.

84.

91.

92.

JETIR2308202 \ Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | c24


http://www.jetir.org/
http://dx.doi.org/10.3390/agronomy10060833

