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Abstract : Crop diversification is not an option, but a necessity to safeguard our food
supplies, particularly in the context of climate change. Tunisia is among countries vulnerable
to climate change and its agriculture is characterized by a high degree of risk due to a range
of adverse climatic factors such as drought, and soil salinity.
The salt sensitivity of major food crops combined with gradual global climate change
requires investigation of stress tolerant, alternative food crops such as atypical quinoa
(Chenopodium quinoa). It draws attention with its high nutritional value and it is highly
resistant to weather and soil conditions. In Tunisia, little information is known about quinoa
crop characteristics under stress conditions. The aim of this work is to study its germination
and its seedling characters at different level of salinity.
Seeds of quinoa were obtained from Morocco, but originating in Peru. After sterilization, 50
seeds were transferred into 9 cm Petri dishes containing filter paper. The saline treatments
used were 0, 1, 3, 6, 9 g/l NaCl solutions. The Petri dishes were put in an incubator at 25°C in
the dark. Seeds were considered to have germinated with the emergence of the radicle. The
parameters studied were the rate of germination, germination velocity and coleoptile and
radicle length.
The results revealed that the germination of C. quinoa seeds started early in distilled water. In
NaCl, maximum germination occurred later than in control. The germination velocity
decreased in response to the increase of salt concentration in the medium. For germination
rate, results demonstrated that all seeds germinated in the control and both NaCl and was not
affected by salinity. On the contrary, there is a significant germination rate improvement for
medium containing 3g/l NaCl. In this concentration, quinoa had the longest coleoptile while
the longest radicle was obtained under the level of 6 g/l NaCl. It may be concluded that
quinoa proves a great capability of dealing with salinity in this early and critical phase of
development and offer the possibility of being an alternative promising crop under salinities.
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Introduction
Plant genetic resources for agriculture play an increasingly role for food security and
economic development worldwide. These resources, as integrated components of agricultural
biodiversity are crucial for increasing agricultural production in a sustainable way and to
ensure the livelihood of a large number of people dependent on agriculture. In fact, crop
diversification is not an option, but a necessity to safeguard our food supplies.
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diversification becomes more significant under climate change which impacts on ecosystems
and biodiversity are also likely to be devastating (Cox et al., 1998).
Tunisia is among countries vulnerable to climate change (Giorgi, 2006) and its agriculture is
characterized by a high degree of risk due to a range of adverse climatic factors such as
drought and soil salinity (Radhouane, 2013a).
Salinity is one of the most widespread environmental threats to global crop production,
especially in arid and semi-arid climates (Chaves et al., 2003), where land degradation, water
shortage and population growth are already a major concern (Geissler et al., 2010). Hence,
the future of agricultural production will increasingly rely on our ability to grow plants on
salt-affected and marginal lands using low (brackish or even saline) waters (Rozema and
Flowers, 2008; Schmöckel et al., 2017). In this context, the success of germination stage is a
crucial because the first imperative of a satisfactory culture consists of its suitable
establishment and determines the entire period of vegetation. In fact, when establishment
levels are low, higher seedling rates are required, yield is reduced and replanting may be
necessary, all of which reduce financial returns (Radhouane, 2011). Furthermore, the answer
of seeds to salinity could also be an indicator of the tolerance of plants for the later stages of
development. The tolerance of many species to salinity during germination stage constitutes
an advantage because it leads to the establishment of these species in zones where others,
sensitive to salinity, cannot colonize, and permit the fast occupation of the space (Radhouane,
2007).
The salt sensitivity of major food crops combined with gradual global climate change
requires investigation of stress tolerant, alternative food crops such as atypical quinoa
(Chenopodium quinoa).
Quinoa’s tolerance to abiotic stresses is one of the reasons why the FAO declared 2013 as the
International Year of Quinoa and to promote it as one of the crops that alleviate world hunger
and poverty (Bazile et al., 2015).
It draws attention with its high nutritional value (Repo-Carrasco et al., 2003; Bhargava et al.,
2006; Nauta et al., 2013) and more importantly, it is highly resistant to climate, soil
conditions (Geerts et al., 2006; González et al., 2009; Coulibaly, 2013) and salinity (Hariadi
et al., 2011; Razzaghi et al., 2012; Adolf et al., 2012; Rozema et al., 2015; Gordillo-Bastidas
et al., 2016).
Several results also showed that Quinoa possess genetic mechanisms that are triggered in
response to salinity (Orsini et al. 2011; Ruiz-Carrasco et al. 2011).
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In Tunisia, little information is known about quinoa crop characteristics under abiotic
stresses. The efforts focused on evaluation of the seeds collected for their adaptation to the
arid and semi-arid regions, particularly under salinity.
The aim of this work is to study the germination and the seedling characters at different level
of salinity in quinoa seeds in the objective to test if quinoa could replace the wheat crop in
areas from which it has already disappeared due to the degraded conditions.
Material and methods
Seeds of C. quinoa Willd. were obtained from Morocco, but originating in Peru. After
sterilization, 50 seeds were transferred into sterilized 9 cm Petri dishes containing filter paper
and soaked by 5 ml of the saline treatments compared to a control treated with distilled water.
Saline treatments used were 1, 3, 6, 9 g/l NaCl solutions. The Petri dishes were put in an
incubator at 25°C. Seeds were considered to have germinated when the radicle had extended
at least 2 mm. The number of seeds germinated was recorded daily for up to 7 days. The
parameters studied to characterize the salt tolerance were germination percentage,
germination velocity coefficient (Kader and Jutzi 2004) and hypocotyl and radicle length
(Radhouane, 2011).
Data were analyzed with analysis of variance (ANOVA) and means were separated by the
least significant difference (L.S.D.) using P< 0.05.
Results and discussion
Seed germination is a key factor in the life of a plant, especially in the presence of some
limiting factors. The study of the influence of salinity on seedling characters using several
salt concentrations is one of the methods in the study of resistance during the germinal phase.
This investigation monitored changes caused by salt stress in germination rate and velocity
and coleoptile and radicle lengths of Chenopodium quinoa Willd. seeds.
1. Effect of salinity on germination
For germination percentage, results demonstrated that all quinoa seeds (100%) germinated in
the control and both NaCl and was not affected by salinity (Table 1). Similar results were
found by Ruiz-Carrasco et al. (2011) and Panuccio et al. (2014).
Gonzalez and Prado (1992) and Ruiz-Carrasco et al. (2011) found that germination
percentages did not differ significantly between 0 and 200 mM NaCl treated seeds. They
demonstrated that under 200 mM NaCl, germination decreased only for some quinoa
genotypes. The capability of germination and seedling establishment under saline conditions
is dependent on cultivar and probably also on the substrate in which the seeds germinate
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(Bendevis et al., 2013). However, quinoa proves in general a great capability of dealing with
salinity in this early and critical phase of development.
The results revealed also that the germination of C. quinoa seeds started early in distilled
water and reached the maximum in 10~15 h. In NaCl, maximum germination occured later
than in control. However, salinity solution of 3g/l NaCl improved germination velocity but
not significantly relative to control.
Brakez et al. (2014) found that germination percentage reached its maximum in the 3th day
after sowing and there was no significant difference between control and 50 mM NaCl. They
established that above this concentration, germination velocity decreased significantly.
In others studies, Prado et al. (2000) demonstrated that salt concentration of 0.1 M delayed
germination slightly, and higher concentrations caused progressively strong inhibition, with
maximum effect resulting at 0.4 M.
Quinoa plants responded to salinity treatment in a manner typical of halophytes. Its tolerance
to salinity was attributed to several traits well orchestrated, forming several “lines of defence”
in mesophyll cells. In fact, Koyro and Eisa (2008) and Adolph et al. (2013) had found that
quinoa had a highly protected seed interior. Several researchers (Hariadi et al., 2011)
suggested that seed viability was dependent on its ability to exclude toxic Na+ from the
developing embryo in order to avoid ion toxicity. Shabala and Cuin (2008) and BonalesAlatorre et al. (2013) advanced that quinoa had much a better ability to retain K+ in the leaf
mesophyll. Quinoa’s high salinity tolerance is attributed to tight control of ion homeostasis
either by excluding Na+ from the shoot, using it for osmotic adjustment, or by sequestering it
into the vacuole (Adolf et al., 2013).
In ulterior study, Ungar (1996) suggested that quinoa seeds may develop an osmotically
enforced "dormancy" in the presence of NaCl, which is removed once that seeds are
transferred to distilled water.
Table 1. Germination percentage and germination velocity of quinoa seeds after 7 days of
growth under different salinity levels
NaCl
(g/l)
0
1
3
6
9

Germination
(%)
100
100
100
100
100

Germination velocity
(%)
35 a
37 a
39 a
30 b
25 c
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2. Effect of salinity on coleoptile and radicle length
Moderate salinity level (3g/l NaCl) led to 22 and 66% increase, respectively, in the plant
coleoptile and radicle lengths, relative to control. Under this salt concentration, the shoot
length of seedlings decreased with an increase in water salinity (Table 2). In contrast, root
elongation increased with an increase of salinity. Salt level of 9g/l NaCl improved root length
by 111% but decreased shoot length by about 30%.
Moderate salinity level (3g/l NaCl) had improved coleoptile length of quinoa ecotype that
reached longest size in this concentration and then decreased with increasing salinity. Similar
result is corroborate by Jacobsen et al. (2003) and Gomez-Pando et al. (2010).
This result also joined those of Brakez et al. (2012) on quinoa and other species like Glycine
soja (Li, 2008) and Pennisetum glaucum (Radhouane, 2008). Others authors had indicated
that low salt treatment plants was more beneficial than no added salt (Maughan et al., 2009).
Salinity higher than 3g/l NaCl reduced shoot length but increased radicle length. In this
context, Ruiz-Carrasco et al.(2011) had also found that salinity of 150 mM NaCl induced a
slight (approximately 20%) reduction of shoot length relative to untreated controls for some
Chilean quinoa accessions. Hariadi et al. (2011) were demonstrated that germination and
seedling root and shoot length were scarcely affected or unaffected by application of 150 mM
NaCl, or even enhanced (root length), confirming the halophytic nature of quinoa.
Increasing root length under salt stress may reflect an adaptive response involving to reach
deeper water in the soil (Radhouane, 2007) and can be used as useful traits to screen
germplasm collections for salt tolerance in many species (Munns an Tester, 2007).
Growth stimulation under moderate salinities has been reported previously for C. quinoa
(Gómez-Pando et al. , 2010; Shabala et al., 2013; Turcios et al., 2016) and many other
halophytic species (Morales et al., 2012; Radhouane, 2013b). This positive response to
moderate salinities might be largely the consequence of increased tissue water content (Liu et
al., 2002; Khan et al., 2005). Slower growth is a general adaptive feature for plant survival
under stress, allowing re-directing cell resources (e.g., energy and metabolic precursors)
towards the defence reactions against stress (Zhu, 2001; Radhouane, 2013). Maintenance of
favorable plant water status contributes to salinity tolerance of the salt tolerant ecotypes
(Oweis, 2009).
Based on this behaviour under moderate salinity and on previous studies regarding some
physiological parameters related to salinity adaptation in a quinoa cultivars (Koyro et al.,
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2008; Maughan et al., 2009; Orsini et al., 2011; Hariadi et al., 2011; Yazar et al., 2015;
Choukrallah et al., 2016) the specie may be described as a facultative halophyte.
Table 2. Coleoptile and radicle lengths after 7 days of growth under different salinity levels
Salinity level
NaCL (g/l )
0
1
3
6
9

CL
(cm)
4.5c
4.8b
5.5a
3.2d
3.1d

RL
(cm)
0.9c
1.3b
1.5b
2.0a
1.9a

CL: coleoptile length, RL: radicle length
Conclusion
In the Mediterranean region where water is scarse and generally saline, utilisation of
halophytes as crops would help in highly salinized zones. Quinoa had proved a great
capability of dealing with salinity.
Quinoa used in this study is enabling to be a widely distributed on all saline zones especially
near the sea to help the poor agricultural economy of semiarid regions of the Mediterranean
area. Quinoa may be utilized for different applied purposes: production of biomass for
energy, enzymes or antioxidants and phytorremediation programs of saline soils.
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