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ABSTRACT

Objective: To evaluate the effect of salinity sources and concentrations, as well as the interaction of these study
factors on the increase in seed mass during imbibition, germination and initial growth of romerito (Suaeda
mexicana) and purslane (Portulaca oleracea) seedlings.

Design/methodology/approach: Seeds of romerito (Suaeda mexicana) and purslane (Portulaca oleracea) from
the agricultural area of Tldhuac and San Gregorio Atlapulco, Xochimilco, Mexico City were used. They were
incubated for 3 h in 15 saline solutions, which resulted from the combination of three sources: NaCl, Na,SO,,
and CaCl,; and five concentrations: 0, 0.25, 0.50, 0.75, and 1.00 M. The seeds were incubated in Petri dishes
at 28 °C in 80% relative humidity. The increase in seed mass gained after the imbibition period, germination
percentage, and radicle and shoot length of the seedling were determined.

Results: The 0.25 M NaCl treatment increased germination in romerito; in contrast, doses higher than 0.25 M
of CaCl, and Na,SO, significantly reduced germination, as well as shoot growth. NaCl causes less inhibition of
romerito radicle growth than the other sources. In purslane, the 0.25 M CaCl, treatment significantly reduced
germination; but, it stimulated radicle growth. The Na,SO, and NaCl sources at doses starting at 0.5 M
inhibited germination in purslane.

Limitations of the study/implications: No certified germplasm was used for this study, since the seed was
obtained directly from producers who maintain semi-domesticated native accessions.

Findings/conclusions: Romerito is tolerant to NaCl and Na,SO,, but sensitive to CaCly; this was also
observed in purslane, although the ranges of tolerance to the concentration vary between salinity sources.

Keywords: Abiotic stress, growth, halophytes, salinity, seeds.
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INTRODUCTION

Glycophyte and halophyte plants respond in a similar way to salinity during
germination [1]. In some species, salt stress causes an inhibitory effect on germination,
so the development of strategies that allow tolerance of salinity during this phase and in
the early stages of growth is essential for plant survival [2]. Facing fluctuations in osmotic
potential, salt concentration, and ionic species represents a high energy cost for the plant,
which translates into decreased seed germination, prolonged dormancy, and decreased
seedling size [3].

The effects and degree of affectation of salinity have been documented to vary
from one species to another, according to the type of salinity and its concentrations.
In peanut (Arachis hypogaea), for example, the increase in salt concentration caused a
decrease in seedling emergence, as well as root elongation and plant length, and also
decreased dry weight [4]. Similar effects were reported in the germination of pigeon pea
(Cajanus cajan) seeds [5]. Likewise, in cabbage (Brassica oleracea var. capitata L.), sugar
beet (Beta vulgaris), amaranth (Amaranthus paniculatus), and pak-choi (Brassica campestris),
a reduction in germination, root and shoot length was observed [6]. In halophytic plants
such as Crithmum maritimum, high salt contents delay the germination of their seeds; also,
the previous imbibition of these in ascorbic acid improves their germination capacity
during saline exposure [7]. In a study carried out on Suaeda salsa populations, the seeds
belonging to a germplasm bank of an intertidal zone with concentrations of 0.6 to 35.1
ppt NaCl favored the germination of the seeds; however, when the seeds were transferred
to a constant saline environment such as a Petri dish, the seeds collected from the same
Place were affected by all saline concentrations causing a decrease in germination. The
above suggests that even facultative halophyte species such as §. salsa are affected by
salinity when it is constant [8].

In their natural environment, some seeds take advantage of periods of low salinity
and high availability of low-salt water to soak and resist the effects of salinity. This is the
case of fenugreek (Trigonella foenum-graecum), whose seeds that were soaked in distilled
water prior to saline treatments and after being placed in these, where the percentage
of final germination, germination speed, and root length increased, compared to
those seeds that were not soaked [9]. In three varieties of beans (Plaseolus vilvaris)
exposed to NaCl and Na,SO,, the latter salt decreased germination and inhibited
seedling emergence compared to NaCl [10]. Carbonates are salts that also affect seed
germination. In purslane (Portulaca oleracea), when evaluating the effect of KHCO,,
NaHCOs;, and (NH,),CO; on germination and root and stem length, the 50, 100,
and 200 mM concentrations of the three salts caused a decrease in the germination
percentage as well as the root length and dry weight; while low doses (25 mM) slightly
increased the stem length and fresh weight [11].

Although there is a gradient of resistance and adaptation to salinity [12], some plants
adopt different seed forms, react differently to dormancy, or may contain different
concentrations of abscisic acid (ABA); this combination of factors makes them better
adapted to environmental changes and enhances their establishment [13]. In a study

on adaptive strategies in the germination phase, it was found that Suaeda physophora,
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Haloxylon ammodendron, and H. persicum produce seeds without endosperm with a highly
developed embryo and covered with a soft testa that facilitates their germination and rapid
establishment in saline environments [1].

In Mexico, romerito (Suaeda mexicana) is a plant generally found in saline environments,
although it can also colonize non-saline sites [14]. It has economic and nutraceutical value
since it is part of the diet of Mexicans [15].

Purslane is a halophyte plant with G4 NAD-ME metabolism (NAD-dependent
malic enzyme) with economic potential and wide consumption worldwide [16,17,18].
Studies on the effect of NaCl on its germination and early development indicate that the
germination of its seeds is not altered at low concentrations (<150 mM NaCl), but at
higher concentrations, a change in the concentration of several organic compounds such
as chlorophyll and proteins [19], flavonoids [20], urea and pinitol [21] is evident, which
give the plant a greater response capacity to stress.

Thus, the objective of this research was to compare the germination response of seeds
and initial growth of two important halophyte plants in Mexico, romerito and purslane,
exposed to different salts and concentrations.

MATERIALS AND METHODS
Plant material

Seeds of romerito (Suaeda mexicana) and purslane (Portulaca oleracea) from collections
from the agricultural areas of Tldhuac and San Gregorio Atlapulco, Xochimilco in Mexico
City were used. These areas are semiarid with soils of the Terric Salic Anthrosol type [22],
with a saturation extract pH between 7.69 and 8.44, which denotes its alkaline character
due to the presence of COE_ ions in addition to the electrical conductivity value of 34.19
dS m™" [23]. The climate is humid temperate C(w2)(w)b(y’), considered the driest of the
subhumid temperate climates with summer rains. Frosts usually begin in October and end
in March. Rains occur mainly during summer and autumn; however, due to the relief of
the area, there are also two climate subtypes: Cwb (plain and low slope region), and Cwc

(temperate with cold winter) which corresponds to the highest areas [24].

Treatment design and experimental design

Two independent experiments were carried out for the species under study: romerito
and purslane . In each essay, the main effects of two study factors were evaluated: salinity
source (CaCl,, NaCl, and Na,SO,) and salt concentration (0, 0.25, 0.50, 0.75, and 1.0 M),
as well as their interaction, in a 3X5 factorial experiment with a completely randomized
distribution. This resulted in 15 treatments in each experiment. The experimental unit
for the treatments with romerito was a Petri dish with 20 seeds; while for purslane, it was
a Petri dish with 50 seeds. Each treatment had three replicates. The salinity sources used
were reagent grade Meyer® (Mexico City) brand and the solutions were prepared using
distilled water.

Prior to applying treatments, groups of 20 romerito seeds and 50 purslane seeds were

weighed to obtain their individual weight. Subsequently, the seeds of each experimental unit
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were incubated for 3 h in 3 mL of the corresponding solution according to the treatment,
shaking for 1 min every hour. After the incubation time, the seeds were removed from the
flasks, dried, and weighed again, then transferred to Petri dishes with medium-pore filter
paper where they were placed, and 10 mL of distilled water was added. The Petri dishes
were placed inside an incubation oven (Thermo Scientific, PR205075G, USA), at 28 °C
and 80% RH.

Variables evaluated

Percentageincreaseininitial seed mass due towater absorption. [twas determined
in each experimental unit before and after imbibition according to Kaymakanova [10],
using the formula:

PIMAW =[(W2-wW1) | W1]x100

where: PIMAW is the percentage increase in initial seed mass due to water absorption; W1
1s the weight of the seeds in each experimental unit before imbibition and W2 the weight
of the seeds after imbibition.

Germination percentage. The germination period was 120 h (5 d) during which time
the seeds were kept at constant temperature and hydration, and seeds were considered
germinated when the radicle reached a length of 2 mm [6]. The evaluation was carried out
every 24 h.

Stem and radicle length. In romerito, length measurements were made 10 d after the
start of germination and in Purslane 8 d after the start of germination. The difference in
days was due to the fact that the romerito seeds took longer to germinate.

Statistical analysis
With the data obtained in each species, analysis of variance and comparison of means
test (Duncan, P<0.05) were performed, using the SAS® software [25].

RESULTS AND DISCUSSION
Water absorption

Halophyte species have different adaptation strategies to salinity, so the germination
response can be as diverse as the micro habitats in which they develop. Hence the increase
in lonic concentration in the soil is closely linked to the increase in temperature and the
decrease in the percentage of humidity [26]. Therefore, most species germinate when such
concentrations are reduced, either by a decrease in temperature or by the arrival of rains
diluting the concentration of salts.

In this study, the results of water absorption in romerito seeds showed a high
coefficient of variation (77.6%), which explains why despite the differences between
sources and saline concentrations evaluated, there were no statistical differences
(Table 1). The percentage of water absorption in these seeds was 26.5 with NaCl,
18.5 with Na,SO,, and 15.3 with CaCl,. Likewise, the percentages of increase in seed
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weight recorded with concentrations of 0, 0.25, 0.50, 0.75, and 1 M were 10.9, 22.7,
20.8, 25.4, and 20.6, respectively; these data show the positive relationship between
salt concentration and water absorption in romerito.

In purslane, neither saline sources nor the interaction of saline source and concentration
had any effect on the increase in seed mass due to water absorption during imbibition
(Table 1). The increases in seed mass due to water absorption were 8.2, 7.7, and 6.4% in
Na,SO,, NaCl, and CaCl,, respectively. On the contrary, after a 3-h imbibition period,
only the saline concentration significantly influenced water absorption in purslane seeds
(Table 1; Figure 1).

Although the effect of the saline source was not significant in either species, the trends
observed in the increase in seed mass due to water absorption during the imbibition phase
allow us to affirm that in romerito the order of osmotic affectation by the saline source was
CaCl,>Na,SO,>NaCl, while in purslane it was GaCl,>NaCl>Na,SO,.

Contrary to what was observed in romerito, in purslane a negative relationship was
observed between the saline concentration and water absorption as shown in Figure 1,
with values of 15.3% in the control without salinity and approximately 4.4% with 1 M.

Both romerito and purslane are species that grow in environmental conditions with
high abiotic stress [15,21], being exposed to salinity and water stress conditions, possibly
one of their adaptive strategies is the production of seeds with permeable testas which
facilitate imbibition in rainy conditions, which is combined with the decrease in the

saline concentration in the soil. The morphology of the seeds of Suaeda salsa and S.

Table 1. Main effects of source, salt concentration, and interaction on the increase in seed mass of romerito
(Suaeda mexicana) and purslane (Portulaca oleracea) due to water absorption during the imbibition phase.

Species Salt source (SS) Salt concentration (SC) SSXSC
Suaeda mexicana 0.1463 ns 0.3749 ns 0.7710 ns
Portulaca oleracea 0.2828 ns <0.0001 * 0.7583 ns

*Significant at 5 %; ns: non significant.
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Figure 1. Water absorption in romerito (Suaeda mexicana) seeds after 3 h of imbibition in different salt
concentrations. Means * SD with different letters indicate significant statistical differences (Duncan, P<0.05).
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mexicana is similar, so it is possible that both species develop the same adaptive strategies
to salinity in response to short periods of rain [1,8]. On the other hand, P. oleracea, being
a G4 species that can shit its metabolism to the CAM type [27], has the capacity to
better tolerate water stress and salinity, so the permeability of its testa in saline conditions

constitutes a representative factor of its adaptation to the environment.

Germination percentage

The germination percentage was evaluated for 120 h at 24-h intervals. In romerito, no
significant effects of the interaction between the saline source and its concentration were
observed in all evaluations; while, after 48 h, the effect of the saline source was significant
and the main effect of the saline concentration was significant in all evaluations. On the
contrary, for purslane in all samples, both the main and interaction effects were significant
in its germination percentage (Table 2).

The main effects that were significant in romerito are shown in Figure 2. NaCl caused
significantly greater germination than the rest of the sources evaluated (Figure 2a). On
the other hand, increasing saline doses significantly reduced germination compared to the
control, with the exception of the 1 M dose, which in all the samplings followed the control
in germination (Figure 2b).

Purslane was less sensitive to sodium salts (NaCl and Na,SO,) than to CaCl,; with
the latter source, no germination was recorded starting from a concentration of 0.5
M (Table 3). It was also reported that only 50% of the seeds germinated in purslane
at a concentration of 106 mM NaCl [28], that with concentrations of 200 mM NaCl
germination was significantly reduced [19] and that with an electrical conductivity of
25 dS m~" induced by NaCl, the germination percentage was reduced by up to 60%
[29].

Stem and radicle length

Table 4 shows the significance values of the study factors and their interaction on stem

Table 2. Main effects of the source, saline concentration, and their interaction on the germination percentage
of seeds of romerito (Suaeda mexicana) and purslane (Portulaca oleracea).

ot Germination time Salt source (SS) Salt concentration SSXSC
(h) (SC)
24 0.2218ns <0.0001 * 0.6491 ns
48 0.0249 * <0.0001 * 0.5657 ns
Suaeda mexicana 72 0.0349 * <0.0001 * 0.5298 ns
96 0.0121 * 0.0001 * 0.4460 ns
120 0.0419 * 0.0022 * 0.6591 ns
24 <0.0001 * <0.0001 * <0.0001 *
48 <0.0001 * <0.0001 * <0.0001 *
Portulaca oleracea 72 <0.0001 * <0.0001 * <0.0001 *
96 <0.0001 * <0.0001 * <0.0001 *
120 <0.0001 * <0.0001 * <0.0001 *

*Significant at 5%; ns: non significant.
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Figure 2. Germination percentage of romerito (Suaeda mexicana) seeds incubated for 3 h with different salt
sources (a) and different salt concentrations (b). Means = SD with a different letter in each figure and sample
indicate significant statistical differences (Duncan, P<0.05).

and radicle lengths in romerito and purslane seedlings. It should be noted that, in both
species, the saline concentration had significant effects, while the single effects of the saline
source were only significant in purslane. Likewise, the effect of the interaction of the study
factors is significant in both species.

Stem length in purslane seedlings was observed to be the variable that experienced
the most changes according to their exposure to the evaluated treatments; therefore, it
is considered the more sensitive crop (Figure 3). Regarding romerito, the stem growth
was statistically lower than the treatment without salinity, with the saline sources CaCl,
and Na,SO, from a concentration of 0.25 M, while with NaCl this occurs from the
concentration of 0.5 M (Figure 3a). It should be noted that the same phenomenon was
observed in purslane seedlings (Figure 3b).

Figure 4 presents the results obtained for radicle length based on the interaction of the

study factors in both species. In general, it was observed that NaCl causes less inhibition of
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Table 3. Germination percentage of purslane (Portulaca oleracea) seeds incubated for 3 h with different salt sources and concentrations.
Salt Salt concentration Sampling time (h)
source (M) 24 48 72 96 120
0.00 88.00+0.50 a 97.00+0.87 a 97.00+0.87 a 97.00+0.87 a 97.00%£0.87 a
0.25 76.00x1.73 ¢ 80.67+0.58 d 83.33+2.08 ¢ 86.00x1.73 b 86.00x1.73 b
CaCl, 0.50 0.00%+0.00 g 18.00+0.00 g 27.33+4.04 33.33+8.02 ¢ 39.33+9.24 ¢
0.75 0.00%+0.00 g 0.00%+0.00 h 0.00%+0.00 h 0.00%+0.00 g 0.00%£0.00 g
1.00 0.00%+0.00 g 0.00%+0.00 h 0.00+0.00 h 0.00+0.00 g 0.00+0.00 g
0.00 88.00+0.50 a 97.00+0.87 a 97.00+£0.87 a 97.00%£0.87 a 97.00£0.87 a
0.25 85.00£0.50 b 93.00+0.50 b 93.33+0.29 ab 93.33+0.29 ab 93.33+0.29 ab
NaCl 0.50 25.67+0.29 ¢ 25.67x0.29 f 52.67x1.15¢ 52.67x1.15d 53.33+1.53d
0.75 3.33x1.44f 24.67x0.29 f 70.67%£0.58 d 93.33x1.15 ab 93.33x1.15 ab
1.00 0.00£0.00 g 0.00+0.00 h 19.33+£6.25 ¢ 24.33+2.02 f 24.33%2.02 f
0.00 88.00+0.50 a 97.00+0.87 a 97.00+0.87 a 97.00%0.87 a 97.00%0.87 a
0.25 86.67x1.15 ab 96.67x1.15 a 96.67x1.15 a 96.67x1.15 a 96.67x1.15 a
Na,SO, 0.50 48.33+1.44 d 84.00x1.73 ¢ 88.67%=1.15 be 88.67x1.15b 88.67x1.15 ab
0.75 26.67+0.58 ¢ 72.67x1.15¢ 72.67x1.15d 72.67x1.15¢ 72.67x1.15¢
1.00 0.00+0.00 g 0.00+0.00 h 0.00+0.00 h 0.00+0.00 g 0.00%+0.00 g

Means * SD with a different letter in each sample indicate significant statistical differences (Duncan, P<0.05).

Table 4. Main effects of the saline source and concentration and their interaction on stem and radicle
lengths in romerito (Suaeda mexicana) and purslane (Portulaca oleracea) seedlings, from seeds incubated in
different saline sources and concentrations.

Species Variable Salt source (SS) Salt cot(lgect;tratlon SSXSC
Stem length 0.0728 ns <0.0001 * 0.0037 *
Suaeda mexicana
Radicle length 0.0770 ns <0.0001 * 0.0010 *
Stem length <0.0001 * <0.0001 * <0.0001 *
Portulaca oleracea
Radicle length <0.0001 * <0.0001 * <0.0001 *

*Significant at 5%; ns: non significant.

radicle growth. Although in particular, it was observed that in purslane the 0.25 M NaCl
treatment stimulates it; compared to the rest of the treatments (Figure 4b). In the same way,
CaCl, reduces radicle growth to a greater extent from 0.25 M, compared to the treatment
without salt stress for both species (Figures 4a and 4b).

One of the effects of salt stress on seedlings is the reduction of stem length (Figure 3) and
radicle length (Figure 4). In this experiment, it was observed that rosemary is more sensitive
to the salt sources and concentrations evaluated, given that the inhibition of the growth of
the radicle and the stem is of a greater magnitude than that recorded in purslane. Since
salinity affects the growth of seedlings and delays the mobilization of reserve substances,
cell division tends to be suspended, damaging the hypocotyls [10].
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Figure 3. Stem length of romerito [Suaeda mexicana (a)] and purslane [(Portulaca oleracea (b)] plants from seeds
incubated for 3 h with different salt sources and concentrations. Means = SD with a different letter in each

figure indicate significant statistical differences (Duncan, P<0.05).

CONCLUSIONS

The germination percentage, and radicle and shoot length are germination variables
that respond to the salinity source, concentration, and interaction of the source and
concentration. Both romerito (Suaeda mexicana) and purslane (Portulaca oleracea) have
different response mechanisms to the source and concentration gradient of salinity.
Purslane is tolerant to sodium salts (NaCl and Na,SO,) but sensitive to CaCl,; this is
also observed in romerito, although the tolerance ranges vary from one concentration
to another and from the type of salt with which it interacts. Both are species that have
evolved in semiarid environments; their anatomical and morphological characteristics
have allowed them to develop very efficient adaptation mechanisms, which allow their

seeds to germinate and the initial growth of seedlings under constant salt concentrations.

REFERENCES

[1] Song, J., Feng, G., Tian, C., & Zhang, F. (2005). Strategies for adaptation of Suaeda physophora, Haloxylon
ammodrendron and Haloxylon persicum to a saline environment during seed-germination stage. Annals of
Botany, 96(3):399-405. https://doi.org/10.1093/aob/mci1 96



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/agrop.v18i1.3210 32
a.

14

12 g
= ab ab ab
E 1.0 T T L
£ 08 [ ' be ¢
g 2 cd i [ g
@ ‘
p 0.6 3 cd ¥ y
E 04
=
& 02

d d
0.0 .

Concentration (M) 0.00 025 0.50 0.75 1.00 0.00 025 050 0.75 1.00 0.00 025 0.50 0.75 1.00

Salt source CaCl, Na,50, NaCl
b.
35
a

-~ 30
£
& 25 b b b
=
2 20
)
")
< 1.5
=
~ 1.0

C de d
0.3 r f ef f
- ‘{_‘ M & 8 |+\ Fh m 8 Fl = -
Concentration (M) 0.00 0.25 0.50 0.75 1.00 0.00 025 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Salt source CaCl, Na,S0, NaCl

Figure 4. Radicle length of romerito [Suaeda mexicana (a)] and purslane [(Portulaca oleracea (b)] plants from
seeds incubated for 3 h with different salt sources and concentrations. Means = SD with a different letter in
each figure indicate significant statistical differences (Duncan, P=<0.05).

[2] Rogers, M. E., Noble, C. L., Halloran, G. M., & Nicolas, M. E. (1995). The effect of NaCl on the
germination and early seedling growth of white clover (Zrifolium repens L.) populations selected for high
and low salinity tolerance. Seed Science and Technology, 23(2):277-287.

[3] Volkmar, K. M., Hu, Y., & Steppuhn, H. (1998). Physiological responses of plants to salinity: A review.
Canadian Journal of Plant Science, 78(1):19-27. https://doi.org/10.4141/P97-020

[4] Mensah, J. K., Akomeah P. A., Ikhajiagbe, B., & Ekpekurede, E. O. (2006). Effects of salinity on germination,
growth and yield of five groundnut genotypes. African Journal of Biotechnology, 520):1973-1979. https://
doi.org/10.5897/AJB2006.000-5098

[5] Waheed, A., Hafiz, I. A., Qadir, G., Murtaza, G., Mahmood, T., & Ashraf, M. (2006). Effect of salinity
on germination, growth, yield, ionic balance and solute composition of Pigeon pea (Cajanus cajan (L.)
Millsp). Pakistan Journal of Botany, 38(4):1103-1117.

[6] Jamil, M., Deog-Bae, L., Kwang-Yong, J., Ashraf, M., Sheong-Chun, L., & Eui-Shikm, R. (2006). Effect of
salt (NaCl) stress on germination and early seedling growth of four vegetables species. Journal of Central
European Agriculture, 7(2):273-282.

[7] Meot-Duros, L., & Magné, C. (2008). Effect of salinity and chemical factors on seed germination in the
halophyte Crithmum maritimum L. Plant and Soil, 313:83-87. https://doi.org/10.1007/s11104-008-9681-6

[8] Song, J., Fan, H., Zhao, Y., Jia, Y., Du, X., & Wang, B. (2008). Effect of salinity on germination, seedling
emergence, seedling growth and ion accumulation of a euhalophyte Suaeda salsa in an intertidal zone
and on saline inland. Aquatic Botany, 88(4):331-337. https://doi.org/10.1016/j.aquabot.2007.11.004

[9] Maher, S., Fraj, H., & Cherif, H. (2013). Effect of NaCl priming on seed germination of Tunisian fenugreek
(Trigonella foenum-graccum L.) under salinity conditions. Journal of Stress Physiology and Biochemistry, 9(2):86-96.



AGRO PRODUCTIVIDAD 2025. https://doi.org/10.32854/agrop.v18i1.3210 33

[10] Kaymakanova, M. (2009). Effect of salinity on germination and seed physiology in bean (Phaseolus vulgaris
L.). Biotechnology and Biotechnological Equipment, 23:326-329. https://doi.org/10.1080/13102818.2009.1
0818430

[11] Patil, N. S., & Karadge, B. A. (2014). Effect of carbonates on seed germination and seedling growth in
Portulaca oleracea L. Journal of Advanced Scientific Research, 5:5-7.

[12] Grigore, N. M., Ivanescu, L., & Toma, C. (2014). Halophytes: An Integrative anatomical study. Springer
International Publishing Switzerland. 584 p. https://doi.org/10.1007/978-3-319-05729-3

[13] Wang, H.-L., Wang, L., Tian, C.-Y., & Huang, Z.-Y. (2012). Germination dimorphism in Suaeda acuminata:
A new combination of dormancy types for hetermorphic seeds. South African Journal of Botany, 78:270-
275. https://doi.org/10.1016/j.sajb.2011.05.012

[14] Lauchl, A., & Epstein, E. (1990). Plant responses to saline and sodic conditions. In: Agricultural salinity
assessment and management, Tanji, K., K., Eds. American Society of Civil Engineers: USA. pp. 113-129.

[15] Noguez-Herndndez, R., Carballo-Carballo, A., & Flores-Olvera, H. (2013). Suaeda edulis(Chenopodiaceae),
una nueva especie de lagos salinos del Ceentro de México. Botanical Sciences, 97(1):19-25.

[16] Teixeira, M., & Carvalho, L., S. (2008). Effects of salt stress on purslane (Portulaca oleracea) nutrition. Annals
of Applied Biology, 154:77-86. https://doi.org/10.1111/j.1744-7348.2008.00272.x

[17] Erkan, N. (2012). Antioxidant activity and phenolic compounds of fractions from Portulaca oleracea L. Food
Chemistry, 133(3):775-781. https://doi.org/10.1016/j.foodchem.2012.01.091

[18] Mulry, K. R., Hanson, B. A., & Dudle, D. A. (2015). Alternative strategies in response to saline stress in
two varieties of Portulaca oleracea (purslane). PLoS ONE, 70(9):0138723. https://doi.org/10.1371/journal.
pone.0138723

[19] Rahdari, P., Tavakoli, S., & Hosseini, S. M. (2012). Studying of salinity stress effect on germination,
proline, sugar, protein, lipid and chlorophyll content in purslane (Portulaca oleracea 1.) leaves. Journal of
Stress Physiology and Biochemistry, 8:182-193.

[20] Alam, M. A., Shukor, J. A, Rafii, Y. M., & Hamid, A. A. (2015). Effect of salinity on biomass yield and
physiological and stem-root anatomical characteristics of purslane (Portulaca oleracea 1..) accessions.
BioMed Research International, 20715:9458681. https://doi.org/10.1155/2015/105695

[21] D’Andrea, M. R., Andreo, C. S., & Lara, M. V. (2014). Deciphering the mechanisms involved in Portulaca
oleracea (C4) response to drought: metabolic changes including crassulacean acid-like metabolism induction
and reversal upon re-watering. Physiologia Plantarum, 152(3):414-430. https://doi.org/10.1111/ppl.12194

[22] FAO (Food and Agriculture Organization of the United Nations). (2008). IUSS Grupo de Trabajo
WRB. (2008). Base referencial mundial del recurso suelo. Un marco conceptual para la clasificacion,
correlacién y comunicacién internacional. Roma, Italia. 130 p. Available at: https://openknowledge.
fao.org/handle/20.500.14283/20510s

[23] Guevara-Olivar, B. K., Ortega-Escobar, H. M., Rios-Gémez, R., Solano, E., & Vanegas-Rico, J. M.
(2015). Morfologia y geoquimica de suelos de Xochimilco. 7erra Latinoamericana, 33(4):263-273.

[24] INEGI (Instituto Nacional de Estadistica y Geografia). (1999). Anuario Estadistico del Distrito Federal.
Available at: https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=702825155940

[25] SAS Institute Inc. (2002). SAS® system for Microsoft® Windows v. 9.00. (Cary, NC, USA: SAS Institute Inc).

[26] Gul, B., Ansari, R., Flowers, T. J., & Khan, M. A. (2013). Germination strategies of halophyte seed under
salinity. Environmental and Experimental Botany, 92:4-18. https://doi.org/10.1016/j.envexpbot.2012.11.006

[27] Lara, M. V., Drinvovich, M. F., & Andreo., C. S. (2004). Induction of a crassulacean acid-like metabolism
in the C4 succulent plant, Portulaca oleracea L.: Study of enzymes involved in carbon fixation and
carbohydrate metabolism. Plant and Cell Physiology, 45(5):616-626. https://doi.org/10.1093/pcp/pch073

[28] Chauhan, B. S., & Johnson, D. E. (2009). Seed germination ecology of Portulaca oleracea L..: An important
weed of rice and upland crops. Annals of Applied Biology, 155:61-69. https://doi.org/10.1111/j.1744-
7348.2009.00320.x

[29] Amini, R., & Abdi, H. (2014). Germination and early seedling growth of common purslane (Portulaca
oleracea L..) affected by salinity and osmotic stress. International Journal of Biosciences, 5:342-349. http://
dx.doi.org/10.12692/ijb/5.12.342-349



	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk48736397
	_Hlk70515936
	_Hlk70515985
	_Hlk140755006
	_Hlk140756197
	_Hlk140755822
	_Hlk177313851
	_Hlk177408162
	_Hlk177314244
	_Hlk177391108
	_Hlk177408979
	_Hlk177912558
	_Hlk177913031
	_Hlk140762088
	_Hlk140762563
	_Hlk140762650
	_Hlk177386268
	_Hlk140762899
	_GoBack
	_GoBack
	_GoBack
	_Hlk158808797
	_Hlk158809247
	_Int_WEkvPb5c
	_GoBack
	OLE_LINK1
	_GoBack
	_GoBack
	_GoBack
	_Hlk173491226
	_Hlk173496106
	_Hlk173493089
	_Hlk174699042
	_Hlk173494530
	_Hlk167795311
	_GoBack
	_GoBack
	_heading=h.3j2qqm3
	_GoBack
	_Hlk181024868
	_Hlk170489974
	_Hlk181012148
	_Hlk169949700

