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In order to investigate the effect of temperature and salinity on the germination of the wild leaf 
vegetable Corchorus olitorus L., seeds of two varieties of C. olitorus from ΄Bou Salem΄ and ΄Menzel 
Bouzelfa΄ responses were determined in complete darkness over a wide range of temperatures and 
salinities. The final germination percentage (FGP) and mean time to germination (MTG) were 
measured. Germination was inhibited by either an increase or decrease in temperature. For the two 
varieties, optimal germination was at 30°C. Highest germination percentages were obtained under no-
saline conditions. The final germination percentage and germination rate (estimated by MTG) 
significantly decreased with increasing salt. This study has shown a high degree of variation of these 
characters mainly related to geographical origin. It was observed also that ΄Menzel Bouzelfa΄ variety 
was less affected by the imposed salt stress than ΄Bou Salem΄ variety. 
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INTRODUCTION 
 
Corchorus belongs to the family Malvaceae and genus 
Corchorus consists of some 50 to 60 species of which 
about 30 are found in Africa (Emongor et al., 2004). 
Corchorus is mainly known for its fibre product jute and 
for its leaf vegetables (Imbamba, 1973). Jut is mainly 
extracted from C. olitorius and is most frequently 
cultivated. C. olitorius is a large cosmopolitan tropic. It is 
a green leafy vegetable that is rich in betacarotene, iron, 
calcium, and Vitamin C. The plant has an antioxidant 
activity with a significant α-tocopherol equivalent Vitamin 
E (Leung et al., 1968). C. olitorius is an erect annual herb 
that varies from 20 cm to approximately 1.5 m in height 
depending on the cultivar. The stems are angular with 
simple oblong to lanceolate leaves that have serrated 
margins and distinct hair-like teeth at the base. The bright 
yellow flowers are small and the fruit is an angular 
capsule. The wild forms of C. olitorius grow in the 
savannah,   fallow   or   abandoned   fields,    often    near 
 

swamps, rivers and lakes, at altitudes up to 1250 (-1750) 
m. C. olitorius grows best in hot and humid climates 
where annual rainfall is between 600 to 2000 mm, and it 
prefers sandy loam soils rich in organic matter and 
pushes hard on the heavy clay (Edmonds, 1990). C. 
olitorius seeds show a high degree of dormancy which 
can be broken by means of hot water treatment 
(Schippers et al., 2002a). It has been recorded to 
establish naturally from seeds and tolerates a wide range 
of soils and climates (Oladiran, 1986). 

Seed germination is an important and vulnerable stage 
in the life cycle of terrestrial angiosperms and determines 
seedling establishment and plant growth. Despite the 
importance of seed germination under salt stress 
(Chapman, 1974; Ungar, 1995), the mechanism(s) of salt 

tolerance in seeds is relatively poorly understood, 
especially when compared with the amount of information 
currently available  about  salt  tolerance  physiology  and
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biochemistry in vegetative plants (Hester et al., 2001; 
Garthwaite et al., 2005; Hu et al., 2005; Ren et al., 2005; 
Kanai et al., 2007). Salinity affects seed germination 
through osmotic effects (Bliss et al., 1986), ion toxicity 
(Hampson and Simpson, 1990) or a combination of the 
two (Huang and Redmann, 1995). Plants can be classified 
into two main groups based on their response to saline 
stress, salt-tolerant halophytes and salty-tolerant 
glycophytes. However, this classification is somewhat 
artificial as the implied discreteness of response does not 
exist in reality, with responses occurring along a gradient 
(Greenway and Munns, 1980). Salinity-induced reduction 
in the germination of halophytes is mainly due to osmotic 
effects only, whereas glycophytes are more likely to 
exhibit additional ion toxicity (Dodd and Donovan, 1999). 
The high environmental salinity inhibits germination, the 
detrimental effects of salinity are generally reduced at 
optimum temperatures (De Villiers et al., 1994; Aiazzi et 
al., 2002; Khan et al., 2002), with decreased germination 
noted in various species at either supra- or sub-optimal 
temperatures (Gulzar et al., 2001; Khan and Gulzar, 
2003). Decreases in germination have been attributed to 
increased evaporation of moisture at high temperatures, 
increasing salt concentration by capillary movement (Khan 
and Ungar, 1996). Salinity–temperature interactions may 
have significant eco-physiological implications in terms of 
germination rates and date under field conditions (Ungar, 
1995). Tolerance to salinity during germination could be 
decisive for the establishment of plants  growing in saline 
soil (Ungar, 1995; Khan and Gulzar, 2003). In this way, 
the knowledge of thermal requirement and the salinity 
tolerance of seeds is subsequently necessary; particularly 
with the possible utilization of this species in medicinal and 
in commerce. The aim of this study was to determine 
optimal germination temperature of two C. olitorus 
varieties and to investigate the germination responses to 
salinity. 
 
 
MATERIALS AND METHODS 

 

Two varieties of C. olitorius were used: ‘Bou Salem’ (sub-humid) and 
Menzel Bouzelfa (huper semi-arid). Seeds were stored in a cool, dark 
room prior to the start of the experiment. The seeds in both samples 
were approximately 18 months old when the experiments were 
carried out (April 2011). Approximately 100% of ‘Bou Salem’ and 
‘Menzel Bouzelfa’ seeds were germinable. 
 
 
Germination experiments 

 
Germination studies were conducted in incubators with a 12-h 
photoperiod (Sylvania cool white fluorescent lamps, 25 mmol photons 
m

-2
 s

-1
 photosynthetically active radiation). In an attempt to remove 

germination inhibitors, the seeds were immersed in hot water 100°C 
for 20 min. Seeds were then surface sterilized in 0.58% sodium 
hypochlorite solution for 1 min, washed with distilled solution were 
prepared. Seeds were germinated in the dark in Petri dishes of 9 cm 

diameter fitted with two layers of Whatman No. 1 filter paper 
moistened initially with 5 ml of distilled water. Each treatment 
consisted of four replicates with  25  seeds.  Germination  experiments 

 

 
 
 
were conducted in incubators set at 15, 20, 25, 30, 40 and 45°C in 
darkness (Luminincube II; Analys, Belgium; MLR-350, Sanyo, 
Japan). Seeds were germinated in 0, 50, 100, 150 and 200 mmol 
NaCl solutions under the optimal temperature of germination and in 
dark treatments. Germinated seeds were counted and removed 

every second day over a period of 16 days (Gulzar et al., 2001; 
Khan and Gulzar, 2003; El-Keblawy and Al-Rawai, 2005). Seeds 
were considered germinated when radical appeared (Redondo-
Gomez et al., 2007). Two germination characteristics were 
determined: final germination percentage (FGP) and mean time to 
germination (MTG). MTG was Nichols and Heydecker, 1968) was 
calculated as follows: 
 
MTG = ∑i (ni x di)/N 

 
where ni is the number of seeds germinated at day i, d i is the 
incubation period in days, and N is the total number of germinated 
seeds (Brenchely and Probert, 1998; Redondo-Gomez et al., 2007). 
 
 
Statistical analysis 

 
The original data - the number of germinated seeds per sample was 
transformed so that distribution will be normal and the variances 
homogeneous. The transformation used was the arcsine of the 
square root of the proportion of germinated seeds per sample 
(Jozef et al., 2003). Germination characteristics data were analyzed 
using appropriate procedures of the SAS software 6.12 (version 
1998). Analysis of variance (ANOVA) was performed with the 
statistical program Minitab (Minitab Inc., College Park, PA), 
involving two levels of classification (salinity and population) with 

interactions. A Duncan’s multiple range tests was carried out to 
determine if significant (P < 0.05) difference occurred between 
accessions and treatments. 

 
 
RESULTS 
 
Optimal germination temperature 
 
Figure 1 shows that two C. olitorius varieties ΄Bou Salem΄ 
and ΄Menzel Bouzelfa΄ seeds can germinate under wide 
range of temperature. In distilled water, the seeds 
germinated rapidly in the range 25 to 35°C. The optimal 
temperature of germination was 30°C and the maximum 
percentage (83 and 90% for ΄Bou Salem΄ and ΄Menzel 
Bouzelfa΄ respectively) was achieved after two weeks (14 
days). Germination was completely inhibited at 15, 20 
and 40°C. However, at 10 and 45°C no seeds germinated 
for the two C. olitorius varieties. Germination commenced 
from the 4th day at 20 and 40°C and from the 6th day at 
15°C. The MTG decreased with increasing temperature 
until 30°C (30°C, MTG was only a half of that recorded at 
15°C (data not presented). However, up to 30°C, the 
opposite was observed. Hence, 30°C was chosen for the 
study of seeds germination responses in the two C. 
olitorius varieties. 
 
 
Salinity tolerance 
 
Variance analysis revealed a highly significant population 
and treatment  effects  (Table  1).  Indeed,  FGP  showed 



Mguis et al.           67 
 
 
 

 
 

Figure 1. Cumulative germination percentage of tow C. olitorius varieties  (a) Bou 
Salem and (b) Menzel Bouzelfa seeds incubated for 16 days at different 
incubation temperature (10 to 45°C). The data are means values of four 
measurements. The confidence intervals were calculated at the threshold of 5%. 

 
 
 
significant difference (p ˂ 0.005) indicating a height level 
of genetic variability. But, no significant population effect 
was detected for MTG. the two parameters (FGP and 
MTG) were significantly affected by salt treatment (p ˂ 
0.005). Population x treatments interactions were also 
affected FGP and MTG (p ˂ 0.005). 

Germination of the C. olitorius varieties was 
significantly (p ˂ 0.005) inhibited by NaCl concentration 
higher than50 mM (Table 1 and Figure 4). The effect of 
salinity on FGP was similar in two varieties. Indeed, the 

highest germination percentages were found in distilled 
water (83 and 90% for ΄Bou Salem΄ and ΄Menzel 
Bouzelfa΄ respectively), followed by 50 mM (66 and 72% 
for ΄Bou Salem΄ and ΄Menzel Bouzelfa΄ respectively). 
Higher NaCl concentration (150 and 200 mM NaCl) 
showed substantial reduction in seed germination (Figure 
2). C. olitorius varieties showed the highest germination 
percentage in the non-saline control treatment. At 50 mM 
NaCl, it showed slightly lower germination percentage 
(Figure 3) under high salinity (100 mM or more), this
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Table 1. Analysis of variance (two-way ANOVA) and Comparison of the mean (Duncan test) of germination 
characteristics of tow C. olitorius varieties  (a) Bou Salem and (b) Menzel Bouzelfa seeds in five salinity treatments 
at during 16-day period. 
 

     Population                               Traitement Population and Traitement    

FGP                       47.034* 238.325*** 31.633**   

MTG                     10.012
ns

 25.044* 47.378*   

Population                 Bou Salem Menzel Bouzelfa    

FGP                            
 
52 (5)

b
 58 (3)

a
    

MTG                       6.02 (0.45)
 a
 5.51 (0.25)

a
    

Traitement (mM)      0 50 100 150 200 

FGP               86 (8)
a 

77 (5)
a
 52 (3)

b
 41(4)

c
 17 (3)

d
 

MTG             3.83 (0.22)
 a
 4.43 (0.22)

ab
 5 (0.54)

b
 6.06 (0.59)

 c
 9.52 (1.26)

d
 

 

F-probabilities are indicated by symbols: ns = non significant differences ; * significant differnces at p < 0.05. 
**significant differnces at p < 0.01. *** significant differences at p < 0.001. Values in parentheses are standard errors 
of the mean. For each column, values with the same letter indicate no-significant differences at 5%.  

 
 
 

 
 
Figure 2. Cumulative germination percentage of two C. olitorius varieties (a) 

Bou Salem and (b) Menzel Bouzelfa seeds incubated at different levels of 
salinity over a period of 16 days. The data are means values of four 
measurements. The confidence intervals were calculated at the threshold of 
5%. 
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Figure 3. Effect of salinity on the mean germination percentage of two C. C. olitorius varieties (a) 

Bou Salem and (b) Menzel Bouzelfa seeds incubated for 16 days at 30°C. The data are means 
values of four measurements. The confidence intervals were calculated at the threshold of 5%. 

 
 
 

parameter reached 48% at 30°C. Up to 100 mM NaCl, 
germination started on day 4, whereas, at 150 and 200 
mM, it witnessed a delay of 2 days. Maximum percentage 
in the two varieties was obtained on day 14. Under salt 
stress ΄Menzel Bouzelfa΄ variety had highest germination 

rate and ΄Bou Salem΄ had the least. At 200 mM, FGP 
decreased with 82 and 80% respectively ΄Bou Salem΄ 
and ΄Menzel Bouzelfa΄, compared with the control (Figure 

3). 
Polynomial regression analysis was used  to  determine 
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Figure 4. Regression plot for mean germination percentage of two C. C. olitorius varieties (a) Bou 

Salem and (b) Menzel Bouzelfa seeds at different NaCl concentration at 30°C. 

 
 
 
the relationships between germination percentages and 
salinity at optimal temperature (30°C). There was a 
strong negative relationship between germination and 
salinity with a regression coefficient of 0.95 (Figure 4). 

Nevertheless, a clear distinction between the effect of salt 
on the germination percentage and germination rate is 
evident when examining (Figure 5). Actually, salt stress 
affected significantly germination percentage,  (estimated 
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Figure 5. Effect of various NaCl concentrations on germination percentage and MTG 

of two C. C. olitorius varieties (a) Bou Salem and (b) Menzel Bouzelfa. 

 
 
 
by the increase of MTG). 
 
 
DISCUSSION 
 
Little is known about seed germination seed germination 
of Tunisian leafy vegetable to abiotic stress. The studies 
were carried out to observe the influence of temperature 
and salinity on germination seeds of two varieties of C. 
olitorus. Substantial variation was observed in our study 
for traits related to the adaptation of C.olitorus  to 
temperature and salt stress. The varieties for germination 
traits was mainly explained by geographical origin, 
suggesting that those traits are mainly constitutive and 
result from natural selection pressure exerted by the 
climatic constraints (Soltani et al., 2002). Although data 
were obtained from seeds germinated in Petri dishes, the 
result can be related to in situ performance. ΄Menzel 
Bouzelfa΄ variety, which is better adapted to naturally 
occurring salt stress, was more tolerant to experimentally 
imposed salt stress than ΄Bou Salem΄ variety (Table 1 
and Figure 3). 

Optimal germination percentage occurred at 30°C 
(Figure 1). Germination was inhibited by either an 
increase or a decrease in temperature from the optimum. 
This temperature corresponds to the ecological 
adaptation of natural habitats of C. olitorus where seeds 
reach maturity in summer (Nkomo and Kambizi, 2008). 
Several researches have reported the importance of 
temperature during seed development and maturation as 
an important factor affecting seed germination (Allen and 

Meyer, 2002). Ekstam et al. (1999) has elucidated the 
importance of fluctuating temperature as a requirement 
for germination and that in addition to being a sensor for 
΄exposed΄ seed sites; it is also effective as a germination 
timing sensor. A slight increase or drop in temperature 
may affect a number of processes determining the 
germinability of seeds, including membrane permeability, 
activity of membrane-bound proteins and cytosol 
enzymes (Bewley and Black, 1994). Shimono and 
Washitani (2004) suggest that the higher temperature 
range in the decreasing temperature regime induces 
secondary dormancy. Tolerance to salinity during 
germination could be decisive for the establishment of 
plants growing in saline soil (Ungar, 1995). Seed 
germination behavior in relation to thermal and salt stress 
is very important to determine the colonization capacity of 
the species (Ungar, 1982). Germination of the two C. 
olitorus varieties ΄Bou Salem΄ and ΄Menzel Bouzelfa΄ 
seeds was inhibited with an increase in salinity at the 
optimal temperature (30°C) (Table 1 and Figure 3) and 
little germination was observed at 150 and 200 mM NaCl. 
Similar results were reported for Atriplex griffithii (Khan 
and Rizvi, 1994), and Cressa cretica (Khan, 1991). 
Cymbopogon schoenanthus (Khadhri et al., 2010). Those 
results corroborate several other studies, showing that 
halophytes, as glycophytes, are especially sensitive to 
salt during the germination phase (Khan et al., 2002). In 
fact, Chartzoulakis and Klapaki (2000) demonstrated that 
50 mM salinity in the external medium delayed 
germination in two pepper hybrids, but did not reduce the 
accumulated percentage of germination observed  at  the  
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end of the experiment; whilst the ability to germinate 
became significantly reduced at 100 and 150 mM NaCl 
concentrations. Reduction germination rate under salinity 
conditions have been demonstrated by Murillo-Amador et 
al. (2002) and Soltani et al. (2006). Both osmotic and salt 
toxic effects have been implicated in germination 
inhibition (Machado et al., 2004). Foolad and Lin (1997) 
examined the germination of tomato seeds in different 
ionic and non-ionic germination mediums with identical 
osmotic potentials. They concluded that tomato 
germination rate was mainly affected by the osmotic 
effect of the medium, and just secondarily by its ionic 
effect. Our results reveal important reductions in 
germination rates in those seeds subjected to the highest 
NaCl concentrations 150 and 200 mM. This may indicate 
that seed osmotic adjustment was affected and that 
stress had possibly favoured the entering of other ions 
into the seeds. Smith and Comb (1991) attributed this to 
low humidity content, which may have increased saline 
stress, caused cessation of metabolism or inhibited 
certain stages in the germination metabolic sequence. 
Shokohifard et al. (1989) found two ways in which saline 
stress negatively affected radish seed germination: i) 
osmotically, by reducing water absorption and ii) ionically, 
by accumulating Na

+
 and Cl

-
, thereby altering nutrient 

uptake balance and causing a toxic effect. 
Under such conditions, changes in the incubation 

temperature, particularly at high salt concentration, may 
result in malfunctioning of enzymatic systems. This 
situation would lead to limitations in many physiological 
processes vital to seed germination. The present study 
showed that seeds of two C. olitorus varieties germinated 
better in the intermediate incubation temperature (20, 25, 
30, and 35°C). C. olitorus seeds experienced maximum 
germination at 30°C in darkness for all NaCl 
concentrations tested. Salt stress decreased both 
germination percentage and germination rate (increase of 
the MTG). 
 
 
Conclusion 
 
Results of this study demonstrate that salt tolerance 
during germination exists within C. olitorus varieties 
which represent a genetic material for development of 
salt tolerance of C. olitorus. Further investigations are 
necessary to understand the ecophysiological strategies 
of this species for the survival under natural 
environmental conditions. 
 
 
REFERENCES 

 
Aiazzi MT, Carpane PD, Di Rienzo JA, Arguello JA (2002). Effects of 

salinity and temperature on the germination and early seedling 
growth of Atriplex cordobenisis Gandoger et Stuckert 

(Chenopodiaceae). Seed. Sci. Techno. 30:329-338. 

Allen PS, Meyer SE (2002). Ecology and Ecological genetics of seed 
dormancy in downy borme. Weed. Sci. 50:241-247. 

 
 
 
 
Bewley JD, Black M (1994). Seeds. Physiology of development and 

germination. 2
nd

 ed. Plenum Press, New York, NY. 
Bliss RD, Plattaloia, KA, Thomson WW (1986). Osmotic sensitivity in 

relation to salt sensitivity in germinating barley seeds. Plant Cell. 
Envi. 9:721-725. 

Brenchely JL, Probert RJ (1998). Seed germination responses to some 

environmental factors in sea grass Zostera capricorni from Eastern 
Australia. Aquat.  Bot 62:177- 188. 

Chapman VJ (1974). Salt marshes and salt deserts of the world. 

Stuttgart: J. Cramer Verlag. 
Chartzoulakis K, Klapaki G (2000). Response of two greenhouse 

pepper hybrids to NaCl salinity during different growth stages, Sci. 

Horti. 86:247-260. 
De Villiers AJ, Van Rooyen MW, Theron GK, Van de Venter HA (1994). 

Germination of three Namaqualand Pioneer species, as influenced by 

salinity, temperature and light. Seed. Sci. Techno. 22:427–433. 
Dodd GL, Donovan LA (1999). Water potential and ionic effects on 

germination and seedling growth of two cold desert shrubs, Am. J. 

Bot. 86:1146-1153. 
Edmond JM (1990). Herbarium survey of African Corchorus L. species. 

Systematic and Ecogeographic Studies on Crop Genepools 4. 

IBPGR/IJO, Rome, Italy. P. 284. 
Ekstam B, Johannesson R, Milberg P (1999). The effect of light and 

number of diurnal temperature fluctuations on germination of 
Phragmites australis. Seed Sci Res. 9:165-170. 

EL-Keblawy A, AL-Rawai A (2005). Effects of salinity, temperature and 
light on germination of invasive Prosopis juliflora (Sw.) DC. J. Arid. 

Environ. 61:555–565. 
Emongor VE, Mathowa T, Kabelo S (2004). The effect of hot water, 

sulphuric acid, nitric acid, gibberellic acid and ethaphon on the 
germination of Corchorus tridens. J. Agron. 3:196-200.  

Foolad MR, Lin GY (1997). Genetic potential for salt tolerance during 
germination in Lycopersicon species. Hort. Sci. 32:296-230. 

Garthwaite AJ, von Bothmer R, Colmer TD (2005). Salt tolerance in wild 
hordeum species is associated with restricted entry of Na

+
 and Cl

-
 

into Shoot, J. Exp. Bot.  56:2365-2378.     

Greenway H, Munns R (1980). Mechanisms of salt tolerance in 
nonhalophytes. Ann. Rev. Plant Physiol. and Plant Molec. Biol. 
31:149-190. 

Gulzar S, Khan MA, Ungar IA (2001). Effect of salinity and temperature 
on the germination of Urochondra setulosa (Trin.) CE Hubbard. Seed. 
Sci. Technol. 29:21-29. 

Hampson, CR, Simpson GM (1990). Effects of temperature, salt, and 
osmotic potential on early growth of wheat (Triticum aestivum). 1. 
Germination. Can. J. Bot. 68:524-528. 

Hester MW, Mendelssohn IA, McKee KL (2001). Species and 
population variation to salinity stress in Panicum hemitomon, Spartina 
patens, and Spartina alterniflora: morphological and physiological 
constraints. Envi. Exp. Bot. 46:277–297. 

Hu L, Lu H, Liu QL, Chen XM, Jiang, XN (2005). Overexpression of 
mtlD gene in transgenic Populus tomentosa improves salt tolerance 
through accumulation of mannitol. Tree Physiol. 25:1273- 1281. 

Huang J, Redmann RE (1995). Salt tolerance of Hordeum and Brassica 
species during germination and early seedling growth. Can. J. Plant 
Sci. 75:815–819. 

Imbamba SK (1973). Leaf protein content of some Kenyan vegetables. 
E. Afric. Agric. For. J. 38:246 -251. 

Jozef A, Assche V, Katrien Debucquoy LA, Wouter Rommens AF 

(2003). Seasonal cycles in the germination capacity of buried seeds 
of some Leguminosae (Fabaceae). New Phytol. 158:315-323. 

Kanai M, Higuchi K, Hagihara T (2007). Common reed produces starch 

granules at the shoot base in response to salt stress. New 
Phytologist. 176:572-580. 

Khadhri A, Neffati, Smiti S (2010). Germination responses of 

Cymbopogon schoenanthus to salinity. Acta Physiol. Plant. 33:279-
282. 

Khan MA, Gulzar S (2003). Light, salinity, and temperature effects on 

the seed germination of perennial grasses. Am. J. Bot. 90:131-134. 
Khan MA, Rizvi Y (1994). Effect of salinity, temperature, and growth 

regulators on the germination and early seedling growth of Atriplex 

griffithii var stocksii. Can. J. Bot. 72:475-479. 
Khan MA (1991). Studies on germination of Cressa cretica, Pak. J. 



 
 
 
 
    Weed Sci. Res. 4:89-98. 
Khan MA, Gul B, Weber DJ (2002). Seed germination in relation to 

salinity and temperature in Sarcobatus vermiculatus, Biol.  Plant.  

45:133-135. 
Khan MA, Ungar IA (1996). Influence of salinity and temperature on the 

germination of Haloxylon recurvum Bunge ex Boiss, Ann. Bot. 

78:547-551. 
Leung WTW, Busson F,  Jardin C (1968). Food composition table for 

use in Africa. FAO,  Rome, Italy. P. 306. 

Machado NB, Saturnino SM, Bomfim DC, Custodio CC (2004). Water 
stress induced by mannitol and sodium chloride in soybean cultivars. 
Brazil. Arch. Biol. Technol. 47(4):521-529. 

Murillo-Amador RB, Lopez-Aguilar C, Kaya J, Larrinaga-Mayoral J, 
Flores-Hernandez A. (2002). Comparative effects of NaCl and 
polyethylene glycol on germination, emergence and seedling growth 

of cowpea. J. Agron. Crop. Sci. 188:235-247. 
Nichols MA, Heydecker W (1968). Two approaches to the study of 

germination data. Proc. Int. Seed. Test. Assoc. 33:340-351. 

Nkomo M, Kambizi L (2009). Effects of pre-chilling and temperature on 
seed germination of Corchorus olitorius L. (Tiliaceae) (Jew’s Mallow), 

a wild leafy vegetable. Afr. J. Biotech. 8(6):1078-1081. 

Oladiran JA (1986). Effect of stage of harvesting and seed treatment on 
germination, seedling emergence and growth in Corchorus olitorius 

‘Oniyaya’. Sci. Hortic. 28:227-233. 

Redondo-Gomez S, Mateos-Naranjo E, Wharmby C, Davy CJ, Figueroa 
ME (2007). Bracteoles affect germination and seedling establishment 
in Mediterranean population of Atriplex portulacoides. Aquat. Bot. 

86:93-96. 
Ren ZH, Gao JP, Li LG (2005). A rice quantitative trait locus for salt 

tolerance encodes a sodium transporter. Nature Genetics. 37:1141-

1146. 
Schippers R, Maundu P, Imbuni M, Obiero H (2002a). How to grow and 

use Jew’s Mallow. Horti. Devel. Serv. Baarn, The Netherlands.  

Schippers RR (2000). African indigenous vegetables. An overview of 
the cultivated species. Natural Resources Institute/ACP-EU Technical 
Centre for Agricultural and Rural Cooperation, Chatham, United 

Kingdom. P. 214. 
Shimono A, Washitani I (2004). Seedling emergence patterns and 

dormancy/ germination physiology of Primula modesta in a subalpine 

region. Ecol. Res. 19:541-551. 
Shokohifard G, Sakagam KH, Matsumoto S (1989) Effect of amending 

materials on growth of radish plant in salinized soil. J. Plant Nutr. 

12:1195-1294. 
Smith PT, Comb BG (1991). Physiological and enzymatic activity of 

pepper seeds (Capsicum annuum) during priming. Physiol. Plant. 

82:71-78. 
 
 
 

 
 

 

Mguis et al.           73 
 
 
 
Soltani A, Gholipoor M, Zeinali E (2006). Seed reserve utilization and 

seedling growth of wheat as affected by drought and salinity. Environ. 
Exp. Bot. 55:195-200. 

Soltani A, Galeshi S, Zeinali E, Latifi N (2002). Germination, seed 
reserve utilization and seedling growth of chickpea as affected by 
salinity and seed size. Seed Sci. Technol. 30:51-60. 

Ungar IA (1982). Germination ecology of halophytes. In: Sen DN, 
Rajpurohit KS (eds) Contribution to the ecology of halophytes. W. 
Junk Publishers, The Hague, pp. 143-154. 

Ungar IA (1995). Seed germination and seed-bank ecology of 
halophytes. In: Kigel J, Galili G. eds. Seed development and 
germination. New York: Marcel Dekker, pp. 599-627. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


