Effect of salinity and substrate on the
emergence and growth of propagules of the
mangrove species Rhizophora racemosa in the
Sassandra-Dagbego Ramsar complex, Cote
d’lvaire

ABSTRACT

This study aimed to evaluate the behaviour of seeded propagules of Rhirophoraracemosa(R.
racemosa) on different substrates and under different salinity levels. Three substrates
including sand, mud and a mixture of the two were tested together with tree salinity levels
(low 5%, moderate 10% and high 25%). R. racemosa seedlings were more likely to emerge
and grow under moderate and low salinity conditions. The propagules had significant early
growth in mud compared to sand and mud-sand mixture. The combined effect of salt and
substrate influenced significantly propagules performance in nursery (p<0.001). High
propagules emergence and growth were observed in the combination mud and salt
treatments as compared to sand and san-mudmixture substrates. These results provide
valuable information for the management and restoration of mangroves, highlighting the
optimal environmental conditions for the successful regeneration of this species.

Keywords:Climate resilience,Rhizophora racemosa, Mangrove restoration, Early growth,
Céote d'lvoire

1. INTRODUCTION

Mangroves are primarily found in tropical and subtropical coastal areas, usually in sheltered
estuaries and bays where wind and wave energy are lower [1,2]. They provide various
ecosystem funetions and benefits, such as carbon sequestration, storm and wave buffering,
and the preservation of marine and coastal biodiversity [3-5]. Despite the ecological
importance of mangrove forests, their global coverage has been steadily declining. In Céte
d’lvoirej efforts have been made to restore mangroves, albeit minimally [6], by planting
hundreds -of hectares of degraded mangroves using direct seeding techniques and
transplanting;seedlings from nurseries [7]. As mangroves are easy to rehabilitate, restoration
efforts often involve hasty or belated plantations of inappropriate species in unsuitable
locations [8]. These activities are frequently coupled with poor post-planting monitoring [9]
and lack of active involvement of local communities [7]. Consequently, these endeavors
often result in failures characterized by high mortality rates and stunted plant growth [10],
suggesting effective strategy be deployed. The design of effective conservation and
management plans usually requires knowledge of the system's functioning [11]. Beyond the
inefficacy of conservation measures, the failure of rehabilitation or restoration projects
necessitates scientific investigations into the system's functioning and species' physiological
responses to key stress factors, including salinity [9]. Although mangrove forests are
typically located in sheltered coasts with tranquil environments, the establishment and early
root development of seedlings are sensitive to the physical composition of sediments in




mangroves [12]. Recent research suggests that environmental properties (soil and water)
influence mangrove vegetation, specific composition, and structure [13]. According to
Sinsinet al., [14], variations in NaCl also affect mangrove seedling growth. Salinity is one of
the most critical factors influencing mangrove health, distribution, growth, and productivity
[15]. It often exhibits strong spatial and temporal fluctuations caused by freshwater and
seawater inputs, flooding, groundwater infiltration, and evaporation [16-18]. Salinity was
reported to determine the survival and growth of planted mangrove seedlings in restoration
projects across various sites [19-22]. However, these factors are rarely considered in
mangrove regeneration initiatives and their subsequent monitoring and evaluation
operations. In Coéte d’lvoire, numerous studies have previously highlighted the species
richness, anthropogenic pressures leading to mangrove degradation [23,7], mangrove
rehabilitation, and the ecosystem services they provide to surrounding populations [7, 38-
40]. However, little is known about how substrate and salinity affect the emergence. and
growth of mangrove seedlings. Yet, this knowledge is crucial for a sound decision-making
and a better monitoring of nurseries in mangrove restoration program. Therefore, the present
study focusing on R. racemosa nursery production was initiated to_assess the behavior of
propagules sown on different substrates and subjected to varying salinity; levels. More
specifically, the study aimed to (i) identify the appropriate substrate type for:the emergence
and early growth of R. racemosa propagules and (ii) evaluate the effect of different salinity
levels on the emergence and early growth of R. racemosa propagules and (iii) determine the
combined effect of substrate type and salinity level on the emergence and early growth of R.
racemosa propagules.

2. MATERIAL AND METHODS
2.1 Materials

2.1.1 Study site

This study was carried out in _Niéga, located in the town of Sassandra and part of the
Sassandra-Dagbego Ramsar complex (Fig. 1). Niéga has sandy soil, although in mangrove
stands it is mainly silty-clay soil. Salinity varies greatly in the river depending on the
geographical location and the measurement season. The tropical climate with average
monthly temperatures.ranging:from 23 to 28°C [24] and an average annual rainfall of about
1,600 mm [25] is characterized by four seasons: two rainy seasons and two dry seasons.
The main rainy season is from April to July. The short rainy season is from October to
November. The main dry season runs from December to March and the small from August
to September.. Two of the three mangrove species found in the country are present
:Rizophoraracemosa (red mangrove), Avicenniagerminans (white mangrove).
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Fig.1. Map of the study area, showing study site in Niéga,
Sassandra, Cote d’lvoire



2.2Methods

2.2.1 Seedling Production

The nursery was set up near the lagoon at low tide close to brackish water. The experiment
was conducted in a semi-controlled environment for better management of predators and
watering [26,14]. The fruiting peak of R. racemosa species in the region varies between
November and March. Given this, propagules were collected for this study in February. All
propagules were collected on the tree according to different criteria used by Sinsin et al.,
(2021) [14]. The length ranged from (12 cm to 40 cm), circumference (3 cm), colour. (brown
or green) and the presence of a bud. Mature propagules that are still attached to the tree are
identified because they drop off easily on contact. Three salinity levels were. tested : high
salinity (sea water), moderate (lagoon water) and low (mixture lagoon water - drilling water).
The high level (H) corresponds to 25% salinity against 10% and 5% ‘respectively for the
moderate level (M) and low level (L). Propagules were planted in polyethylene pots filled with
one of three types of substrates all taken from the vicinity of the lagoon: sand-mud mixture
(Mi), sand (S), mud (Mu), according to the volumetric ratio of 1:1:(Ml)..One’ propagule was
planted directly in the substrate of each pot.

2.2.2Experimental Design, Sampling, Measurement

The experiment was set in completely randomized and based on a 3 x 3 factors, three
salinity levels and three substrate types with 3 _repetitions. The nursery spanned 8 m?, and
we utilized 270 polyethylene pots (13 cm in diameter and 24 cm in height). We employed 90
pots for each repetition, totaling 30 pots per. treatment.Repetition distance was 50
centimeters, while treatment distance was 43 centimeters,presumably to prevent any
potential cross-contamination or interference between treatments.

2.2.3Statistical Analysis

The collected data were analyzed using the RStudio software. All data were tested for
normality. Descriptive statistics were performed and histograms were drawn to illustrate the
evolution of emergences and growth parameters as a function of time, treatments and
factors. The differences.in :emergence between the three salinity levels and between the
three substrates were.explored by a non-parametric alternative to the single-factor ANOVA
test (the Kruskal-Wallis.test). Dunn test was done to identify different groups. The Dunn test,
a post-hoc procedure frequently utilized alongside non-parametric tests, serves to pinpoint
specific group differences following a significant overall result. After combining and ranking
the data from all groups, the Dunn test conducts pairwise comparisons, calculating rank
differences between each pair. Adjustments for multiple comparisons, often employing
methods like Bonferroni or Holm corrections, ensure control over the family-wise error rate.
By comparing adjusted p-values to a chosen significance level, typically a = 0.05, the Dunn
test determines which specific group differences are statistically significant.The leaf number,
stem height variables were compared between the fixed salinity and substrate factors using
a two-way ANOVA. The outputs are presented as means + standard deviations, while
differences between treatments were considered significant at the 5% (p<0.05) level.

3. RESULTS AND DISCUSSION

3.1Results
3.1.1 Emergence of propagules following the substrate type




For the different substrate types, emergence rates were substantially equal, showing that the
emergence of propagules was not significantly influenced by the substrate type. From the 30
days observation period, the rate of emergence of propagules was higher in mud, followed
by mud-sand mixture and sand (Fig. 2). The emergence on sand-mud mixture and mud
started simultaneously earlier (7th day) to reach respectively a higher rate of 69 and 86%,
respectively at 28 and 25th days. The emergence of sand seeded propagules was low and
reached its maximum (51%) just at 21th day (Fig. 3).
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Fig.3. Evolution of emergence rates of
the seedlings of R. racemosa with
different substrate

3.1.2Emergence of propaqules as afunction of salinity

After 30 days of observation,“the rate of emergence of propagules had varied with the
treatments though no significant ‘between treatments. The emergence of propagules was
lower in high salinity treatment (Fig.-4). The emergence of high salinity propagules began
late and a low rate (34%) was.achieved. On the other hand, moderate and low salinity levels
started a little earlier (6th and 9th days) to reach respectively a higher rate of 82 and 89%,

respectively (Fig. 5).
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3.1.3Combined effect of salinity and substrate on propagule emergence

The emergence of propagules in the sand substrate reached its maximum, 73 and 77% for
low salinity (5%) and moderate salinity (10%), respectively. High salinity gave a very low
emergence rate (3%). The emergence of the propagules began on the 7th and 10th day for
moderate and low salinity levels, respectively. On the other hand, it started only after 14th
day for the high salinity level (Fig. 6a). Similarly, for the mud-sand mixture, the lowest
emergence rate was recorded for high salinity (25%). The emergence rates varied and
reached theirmaximum between 80-100% for the moderate and low salinity: levels. The
emergence was earlier and began on the 6th day for the moderate salinity and 9th day for
low salinity. The emergence rate did not change from the 21st day for the low salinity level
and from 24th day for the moderate salinity level (Fig. 6b). Moreover; the,;mud Substrate
presented remarkable rates of emergence irrespective of the levels of salinity. The
emergence of propagules from low and moderate salinity levels began earlier (6th day).
They reached 90% compared to 73% for the high salinity level that began 7-days later (Fig.
6c). Therefore, sand and a mixture sand - mud, are not suitable for the emergence of
propagules with high salinity. These substrates are suitable only for moderate and low
salinity levels. Conversely, the mud was suitable for all three salinity levels.
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Fig. 6¢c. Evolution of the emergence of R. racemosa propagules in mud
substrates following different salinity levels for 30 days

3.1.4Effect of treatments on propagule height growth

Significant variations were observed for R. racemosaseedlings’ height regardless of the type
of treatment (Table 1). The smallest increase in height were recorded for treatments (HS,
HMi, HM) between 0 and 1.80 cm at 5 weeks. The treatments (LMu and MS) showed the
greatest increases in height, with 9 and 8 cm at 5 weeks (Fig. 7). Thus, a treatment
consisting of low salinity with mud as substrate is more suitable for R. racemosa seedling
growth at an early stage of its life cycle.

Table 1. Results of the ANOVA for effect of duration and treatments;on seedling
height

Source of Df Sum Sq Mean Sq F value Pr(>F)
variation
Weeks 1 103.23 103,23 982,46 < 2e-16 ***
Treatments 8 218.66 27.33 260.12 < 2e-16 ***
Weeks : 8 41.83 5.23 49.77 3.55e-14 ***
Treatments
Residuals 27 2.84 0.11
Signif. codes Q “Hxx 0.001 “** 0.01 ¥ 0.05°’ 0171
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Fig. 7. Height growth of R. racemosa for 5 weeks after
propagule emergence



3.1.5Effect of treatments on propagule height growth

There were significant variations for seedling height among the different treatments (Table 2)
High numbers of leaves (Table 2) were observed for treatments LS, LMi, LMu, MS, MMi,
MMu (up to 4 leaves). Although having given less leaves, the appearance of the leaves
under the treatment HMu, HS happened at the same time as the others. Only HMi treatment
showed late onset of leaves (Fig. 8)

Table 2. Results of the ANOVA for effect of duration and treatments onsseedling
height

Source of Df Sum Sq Mean Sq F value Pr(>F)
variation
Weeks 1 19.6 19.600 63.00 1.57e-08 ***
Treatments 8 30.4 3.800 12.21 3.36e-07 ***
Weeks : 8 5.6 0.700 2.25 0.0551
Treatments
Residuals 27 8.4 0.311
Signif. codes Q “xx¥ 0.001 ** 0.0L.* 0.05 011
4 [ [ 1] [
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Fig. 8. Number of leaves of R. racemosa for 5 weeks after propagule
emergence

3.1.5Effect of treatments on propagule height growth

Emergence of propagules of R. racemosa reduced at high salinities of 25%. Growth (first 30
days after emergence) is possible only for low to moderate (5—-10%) salinities. Seawater
salinities of 25% restrict the emergence and growth of seedlings of R. racemosa. However, a
salinity of 5% is adequate for nursing because it enhances both emergence and growth. Mud
is the best substrate whatever the salinity. He gives best emergence and growth. The best
treatment for seedling is the combination of low salinity and mud. If substrate salinity is low
or high where the seedlings will be transplanted later, water of low or moderate salinity



would be suitable in nurseries to avoid the risk of dieback from osmotic shock after
transplantation. The results may be useful to non-governmental organizations (NGOSs),
governments and institutions engaged in mangrove restoration through plantations.

3.1Discussion

Plant seedling growth can be influenced by the environmental conditions. In this study, we
observed that highest emergence rate was achieved on the mud and mud-sand mixture as
compared to sand substrate. These results are consistent with Clough (2011) [27], who
obtained higher survival rates in the mangrove soil for Aviceniagerminans and Rhizophora
mangle as compared to sand substrate. Similarly, Abrahdo (1998) [28] found higher
emergence rate (up to 82%) of seedlings of A. schauerian grown in a nursery, using a
mixture of sand and compost fertilizer (N, P, K). This suggests that mixture oficomposite soil
may be more suitable for emergence of mangrove plant species seedling in nursery than
sandy soil. Furthermore, our results indicated that with the mud substrate, the emergence
rate was very high even under high level of salinity. This can be explained by the ability of
the mud to retain excess salt in irrigation water thus facilitate the emergence and good
growth of seedlings. Similar to the Sinsin et al., (2021) [14], the best emergence rates were
obtained with low and moderate salinity levels, confirming that the application of salt
nutrients within this range can speed up propagules emergence in_R. racemosa seedling
production. Salinity influences seedling emergence through:its effect on water and osmotic
potential [29-31]. Previous studies have demonstrated «that" high salt concentration
decreased emergence and growth rates in Aegicerascorniculatum (L.) Blanco, Allophylus
cobbe (L.) Reausch, Pemphisacidula J. R. Forst. &G.Forst, and Sonneratiacaseolaris (L.)
Engl. Rhizophora species are considered to be less tolerant to salt than Avicennia [27,30].
Previous studies on Rhizophora showed that propagule emergence is also inversely
correlated with salinity [32,20,33]. Our, results showed that emergence is very low and
almost inhibited under high salinity level (25%).This could be explained by the very low
osmotic potential of propagules compared to that of water [27,34]. The optimal salinity range
observed (5-10%) is not identical to that reported for other Rhizophora species. Biber (2006)
[32], found that R. apiculata, R. stylosa and R. mangle all had optimal growth at 15% and
Khan and Aziz (2001) [18] at 17%. Osmoregulation is generally considered the most
important adaptation against higher salinity of media [34]. Salt tolerance mechanisms may
vary among haplotypes and provenances. This suggests further studies to establish the
interaction effect of provenances and salinity levels on the emergence of R. racemosa
propagule. Differences were also noted between the height and the number of leaves
following the water salinity levels. Reduced growth occurred at higher salinities with
significantly lower plant height and leaf production, which can be interpreted as the result of
an investment in:tolerance mechanisms [16,35]. Thus, adequate salinity for the early stages
of the seedling establishment in nursery life cycle remains uncertain. For many mangrove
species, regardless of salinity tolerance, low salinity is recommended for the first five
months.” Kodikara et al., (2018) [36] suggested that moderate salinity could improve
mangrove plantations after the first 4-5 months of low salinity. Lugo et al., (2007) [37]
reportedin Puerto Rico, in hypersaline lagoons, that tree height was proportional to salinity,
resulting in stunted R. mangle trees.

4. CONCLUSION

As part of the restoration of mangrove ecosystems, this study investigated the effect of
salinity and substrate on the emergence and growth of propagules of the mangrove species
R. racemosa. The results showed that these environmental factors play an important role in
the development of seedlings. In terms of salinity, we found that R. racemosa propagules
are more likely to emerge under low to moderate salinity (5-10%) conditions. The propagules



of R. racemosa had a significant early growth in mud compared to sand and mud-sand
mixture. The combination of the two factors gave a complex interaction between salinity and
substrate. High salinity levels, associated with different substrates, were found to result in
low but remarkable emergence and growth rates for mud.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declare that NO generative Al technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or
editing of manuscripts.

REFERENCES

1.

10.

Friess DA, Rogers K, Lovelock CE, Krauss KW, Hamilton SE, Lee SY, ‘Lucas R,
Primavera J, Rajkaran A, ShiS. The State of the World’'s Mangrove Forests: Past,
Present, and Future. Annual Review of Environment and Resources. 2019;44:89-115.

Romafnach SS, De Angelis DL, Koh HL, LiY, Teh SY; Raja barizanRS,Zhai
L.Conservation and restoration of mangroves: Global status,  perspectives, and
prognosis. Ocean and Coastal Management.2018;154:72-82.

AlongiDM. Mangrove forests: Resilience, protectionfrom tsunamis, and responses to
global climate change. Estuarine, Coastal and:Shelf Science.2008;76(1):1-13.

Alongi DM. Carbon cycling and storage in mangrove forests. Annual Review of Marine
Science.2014,6,195-219.

Lee SY, Primavera JH, Dahdouh-guebas F, Mckee K, BosireJO, CannicciS, Die-le K,
Fromard F, Koedam N, Marchand Cj;- Mendelssohn |, Mukherjee N, Record S.
Ecological role and services of tropical mangrove ecosystems: A reassessment. Global
Ecology and Biogeography.2014;23(7):726—743.

Allassane O, Cecch P. Vulnerability of coastal and estuarine societies and
environments in West Africa. In L’harmattan-Senegal. (Ed.), Status report and
conservation of mangroves in Ivory Coast; 2021. French

Egnankou MW. Rehabilitation of mangroves between Fresco and Grand-Lahou in Ivory
Coast: Important areas for fishing. Nature &wildlife. 2009;24.85—-93. French

RCM (Cameroonian Network of Mangroves). The Mangroves. Matanda News.2015;
9,13.French

Kodikara KAS, MukherjeeN, Jayatissa LP, Dahdouh-guebasF, Koedam N. Have
mangrove restoration projects worked? An in-depth study in Sri Lanka. Restoration
Ecology. 2017;25(5):705-716.

TazoFopi RD, Ngankam Tchamba M, NwutihAjonina G. Physico-chemical
characterization and dendrometry in mangrove regeneration treatments in the
Cameroon Estuary. International Journal of Biological and Chemical Sciences.
2021;15:2701-2714. French



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Maxted N,Kell SP. Establishment of a global network for the in-situ conservation of crop
wild relatives: status and needs. FAO Commission on Genetic Resources for Food and
Agriculture. 2009;1-266.

Jiang J, Zhou C, An S, Yang H, Guan B, Cai Y. Sediment type, population density and
their combined effect greatly charge the short-time growth of two common submerged
macrophytes. Ecological Engineering. 2008;34(2):79-90.

Hossain MD, NuruddinAA. Soil and Mangrove: A review. Journal of Environmental
Sciences and Technologies.2016;9:198-207.DOI: 10.3923/jest.2016.198.207

Sinsin CBL, SalakoKV, Fandohan AB, ZanvoMGS, Kouassi KE, GléléKakai, RL.
Pattern of seedling emergence and early growth in Avicenniagerminans ;and
Rhizophora racemosa along an experimental salinity gradient. African=Journal of
Ecology. 2021;59(4):1013-1022.

Ball MC.Interactive effects of salinity and irradiance on growth: implications for
mangrove forest structure along salinity gradients. 2002:126—1.39.

NaidooG. Relations and on the accumulation of solutes in.three. 1985;22:133-143.

Aziz I, Aimal Khan M.Effect of seawater on the growth,-ien_content and water potential
of Rhizophora mucronata Lam. Journal of Plant Research. 2001;114(3):369-373.

Khan MA, Aziz |. Salinity tolerance in some mangrove species from Pakistan. Wetlands
Ecologyand Management. 2001,9:229=233.

Bosire JO, Dahdouh-guebas F,Walton M; CronaBI.Author’s personal copy Functionality
of restored mangroves: A review. Aquatic Botany Journal. 2008;89:251-259.

Hoppe-speerSCL, AdamsJB;, Rajkaran A, Bailey D.The response of the red mangrove
Rhizophora mucronata.Lam. to-salinity and inundation in South Africa. 2011;95: 71-76.

Kirui BYK, Huxham. .M, Kairo J, Skov ZEM.Influence of species rich-ness and
environmental: context on early survival of replanted mangroves at Gazi bay,Kenya.
2008;171-181.

Krauss. KW, Lovelock CE, Mckee KL, Lo L, Ewe SML, Sousa WP. Environmental
drivers in.mangrove establishment and early development : A review.2008;89:105-127.

de:Almeida JPN, Lessa BF, da T, Pinheiro CL, Gomes FM, Filho SM, Silva CC.
Germination and development of amburana cearensis seedlings as a function of seed
weight, light and temperature. Acta Scientiarum — Agronomy. 2017;39(4):525-533.
https://doi.org/10.4025/actasciagron.v39i4.32786. Portuguese

Kouassi H, N'go A, Zro FGB. Spatio-temporal dynamics of natural habitats of the
Ramsar site of the Sassandra-Dagbego complex by remote sensing. International
Journal of Innovation and Scientific Research. 2020;27:243—-249. French

Marie-Claude AKL. Spatio-temporal monitoring of the mangroves of the Sassandra-
Dagbego complex. Ivorian Review of Geography of the Savanes. 2021;10:1-20. French



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

RavishankarT, Ramasubramanian R. Manual on Mangrove Nursery Techniques. M.S.
Swaminathan Research Foundation, Chennai; 2004

Clough BF. Primary productivity and growth of mangrove forests, in: Robert-son A.l. &
Alongi D.M. (Eds.), Coastal and Estuarine Studies. American Geophysical Union, USA
(Washington). 1992.

Abrahdo RG. A new landscape design in engineering works in coastal regions with
native mangrove plants (Via ExpressaSulllha de Santa Catarina-Brazil). MSc
Dissertation, FederalUniversity of Santa Catarina, Floriandpolis; 1998. Portuguese

HadasA. Water uptake and germination of leguminous seeds under changing external
water potential in osmotic solutions. Journal of Experimental Botany. 1976;27(3):480—
489.

Méndez-Alonzo R, Lépez-PortilloJ, MoctezumaC, Bartlett MK, SackL. Osmotic and
hydraulic adjustment of mangrove saplings to extreme salinity.Tree physiology.
2016;36(12):1562—-1572.

Robertson Al, Alongi DM.Tropical mangrove ecosystems: American Geophysical Union,
Washington, DC; 1992.

Biber PD. Measuring the effects of salinity stress in the red mangrove, Rhizophora
mangle L. African Journal of Agricultural Research.2006;1(1)

SmithSM, SnedakerSC.Salinity Responses. in Two Populations of Viviparous
Rhizophora mangle L. Seedlings. Biotropica. 1995;27:435.

JefferiesRL. The role of organic solutes in osmoregulation in halophytic higher plants.
pp.135-154. In: Genetic Engineering of Osmoregulation: Impact on Plant Productivity
for Food, Chemicals alld, Energy. (Eds. A. Hollaender, D.W. Raijins and R.C.
Valentine). Plenum Press, New.York; 1980.

Suérez N, Medina E:Salinity effect on plant growth and leaf demography of the
mangrove, Avicenniagerminans L. Trees. 2005;19:721-727.

Kodikara A, KedikaraS, JayatissaLP, HuxhamM, Dahdouh-guebas F, Koedam N. The
effects, of salinity on growth and survival of mangrove seed-lings changes with age.
Acta Botanica Brasilica. 2018;32:37—46.

LugoA;. Medina E, Cuevas E, Cintron G, Laboy-Nieves EN,Schaffer-Novelli
Y.Ecophysiology of a fringe mangrove forest in Jobos Bay, Puerto Rico. Carib-bean
Journpal of Sciences. 2007;43:200-219.

Inacio Barros D, Veras Nunes H, Quirino MS, Crispim Da Silva CO, Silva Oliveira RD,
Donizete Da Silva H, De Oliveira LB, Freitas Santos LD, Martins De Abreu TD.
Assessment of Different Substrates used for Seedling Production in Passion Fruit
(Passiflora edulis var. flavicarpa). J. Exp. Agric. Int. [Internet]. 2022 Mar. 4 [cited 2024
May 28];44(2):12-5. Available from:
https://journaljeai.com/index.php/JEAl/article/view/1924



39.

40.

Vennila S, Elangaimannan R, Mathiazhagan P, LubnaArshiya S. Salt Stress Responses
in Early Seedling Growth Characteristics of Blackgram [Vigna mungo (L.) Hepper]
Genotypes . Int. J. Plant Soil Sci. [Internet]. 2023 Oct. 6 [cited 2024 May
28];35(20):1021-37. Available from:
https://journalijpss.com/index.php/IJPSS/article/view/3897

El-Badri AM, Batool M, Mohamed IA, Wang Z, Wang C, Tabl KM, Khatab A, Kuai J,
Wang J, Wang B, Zhou G. Mitigation of the salinity stress in rapeseed (Brassica napus
L.) productivity by exogenous applications of bio-selenium nanoparticles during the early
seedling stage. Environmental Pollution. 2022 Oct 1;310:119815.



