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The Dragon tree, Dracaena draco (L.) L., is an extremely threatened species. Its
natural regeneration is disturbed and population appears to decrease rapidly. To
design appropriate germination and seedling establishment protocols for a species
conservation and restoration program, we studied the effects of pre-soaking,
substrate and light availability treatment on seed germination for 15-day period. The
condition for light availability corresponded to the sowing depth (at surface or at 2 cm
depth). Germination occurred better in the dark when seeds were sown at 2 cm
depth. Our results showed that D. draco seeds sown in the sand under dark condition
and after 24 hours pre-soaking in warm water germinated better and recorded 82.5%
of final germination percentage (FGP). However, seedlings grew better in potting soil
and recorded 54 mm of length. The maximum FGP of 51.3% was recorded under light
condition. These results indicate that sowing depth and light availability could be a
limiting factor for D. draco seed germination in natural condition. Furthermore, the
establishment of D. draco seedlings (shoot and root length) during an 8-week period in
pots was also assessed and illustrated. More research on seed ecophysiology is
required to understand the mechanisms controlling seed germination of D. draco in
arid and semi-arid conditions viz. salinity and drought.
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1 Introduction

Species of the genus Dracaena are found in subtropical and tropical regions of
the world, but are mainly native to Africa (Lu and Morden, 2014). The regular growth
form has a single trunk and an umbrella-like crown bearing the leaves on the tips of
the branches (Krawczyszyn and Krawczyszyn 2014). The dragon tree, Dracaena draco
(L) L., is a wonderful specimen tree that is hugely popular because of its naturally
strong architectural features. It is a monocot from Asparagaceae, subfamily
Nolinoideae (Klimko et al. 2018). Being evergreen, drought tolerant and able to live for
hundreds of years, it is a good choice of feature plant in homes and gardens (Gideon
2013; Jupa et al. 2017; Lengélova et al. 2020). Some specimens are believed to be up
to 650 years old, the oldest is growing at Icod de los Vinos in Northwest Tenerife
(Krawczyszyn and Krawczyszyn 2016). D. draco is a sub-tropical plant native to the
Canary Islands, Cape Verde, Madeira and Western Morocco (Marzol et al. 2011). It is
so valued in Tenerife that it has been chosen as the natural symbol of the island
(Krawczyszyn and Krawczyszyn 2016).

Natural regeneration of D. draco is destroyed by overgrazing for decades
which causes gradual population decline (Madéra et al. 2019). When grown in perfect
conditions, the Dragon tree can grow to around 10-12 meters in height with a spread
of up to 4 meters (Anonymous 2020). Although widespread in cultivation, the species
is classified in the IUCN Red List of Threatened Species in 1998 as 'Vulnerable' in the
wild where populations have been in decline for a long time (Bafiares 1998). At least
one reason for the population decline is the over-exploitation of the tree as a source
of a medicinal resin (Nair 2000; del Arco Aguilar and Delgado 2018). Dragon’s blood, a
red resin exuding from the stem of D. draco has been used frequently as a “herbal”
remedy in traditional medicine (Bruck 1999). Several studies demonstrated that the
different morphological parts of D. draco species are rich sources of cytostatic and/or
cytotoxic steroidal saponins and antioxidant (Silva et al. 2011; Valente et al. 2012).
Wang et al. (2011) suggested that planting dragon trees is the only way to solve the
resource shortage problem of dragon’s blood.

In view of the radical reduction in the number of individuals and the
consequent loss of Dragon tree genetic diversity caused by absence of natural
regeneration, seed propagation offers many advantages because it potentially can
facilitate large-scale production of valuable specimens and allow plant reintroduction
in its natural ecosystem. Furthermore, recognizing the criteria of seed germination and
seedling establishment for threatened species used in reintroduction projects is crucial
to ensuring artificial seedling propagation (Ren et al. 2014). It has been shown that
imbibition is an important trigger for seed germination and several species require
light for high germination rates (Hegarty 1978; Bell 1999; Saux et al. 2020). Soil type is
also an important factor influencing seed germination and growth (lralu et al. 2019).
This study indicated that substrate, light and pre-soaking can be important
determinants of seed germination and seedling emergence of D. draco. Their potential
interactive effects necessitate a combined assessment. In the present study, we
investigated the effects of these three important environmental variables on seed
germination of D. draco.
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2 Materials and methods

2.1 Collection and seed characteristics

The seeds of Dracaena draco used in the present experiments were collected
in November 2019 from freshly mature and ripe fruits harvested from the only three
dragon trees growing in the Professional Training Centre in Agriculture (PTCA) of
Misserghine (West of Oran, Algeria), located at (Latitude: 35°37'0.00" N; Longitude:
0°43'50.69" W) and 118 m of altitude. These trees are over 50 years old and around
2.5-3 m height. The fruit sample was obtained by mixing the fruits of the three trees.
After harvesting, the seeds were extracted by opening the ripe fruits and removing the
pulp using running water. The seeds were then air dried for one month and then
stored in a glass bottle at 4 °C for one-month period to break possible dormancy, and
then used for the germination experiments in January 2020 (Figure 1).

Tﬂ;[m‘qﬂr;‘mﬁlﬁgmﬂ'lu;\ltl‘l'qmll\nlu|\uul\|2m|

Figure 1. Dracaena draco (L.) L. tree, leaves, fruits and seeds.

A total of 50 fruits and 50 seeds (fresh and stored) were used for biometric
determinations using a digital caliper. The length is a distance between the base and
the apex and the diameter in the median region of both fruits and seeds. The fruit and
seed weights were also estimated on basis of the weight of the 50-unit samples
(Kheloufi et al., 2019). Fruit and seed size are shown on Table 1.

Table 1. Fruits and seeds characteristics of Dracaena draco (n=50).

Parameters Ripe fruits  Fresh seeds Seeds after storage
Weight (g) 1.83+0.19 0.67 £0.06 0.46 £ 0.07
Length (mm) 13.6+0.55 8.97+0.29 8.06+0.79
Diameter (mm) 144+051 10.5+0.32 9.39+0.41
1000-sample weight (g) 1846 672 470
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2.2 Experimental design

We utilized the split-plot design with pre-soaking as main plots and substrate
and light availability as subplots, to study seed germination and seedling length
characteristics of D. draco.

Substrate experiment: Two germination substrates (well washed sand and
potting soil) were tested for their effects on the germination of D. draco seeds. The
sand was collected from the dune of the desert in the region of Biskra (Algeria). The
potting soil contained: 91 g.m3 N, 44 g.m?3, P,0s, 28 g.m3 K,0, with a pH of 6.4 and an
electrical conductivity of 49 mS.m™. The germination experiments were carried out in
growth chamber with a temperature of 27 + 2 °C. The seeds were placed on the two
types of substrate in a plastic container (18 cm length x 8 cm height x 12 cm width)
between two layers of sand or potting soil moistened (with distilled water) at 15%.
The same seed density (50 seeds per plastic container) was used in all treatments. All
treatments lasted 15 days and were replicated four times. The substrate was
maintained relatively constant at 15% over the experiment.

Light availability experiment: The condition for light availability corresponded
to the sowing depth. Seeds were sown either on the surface or at a depth of 2 cm of
sand or potting soil (dark condition), and exposed to a 16:8 h photoperiod (light
condition).

Seed pre-soaking: The control did not undergo pre-soaking. The second batch
underwent 24 hours soaking in warm water at a temperature of 25 °C using a
laboratory hot plate (Stuart SB162).

In summary, we had the following eight treatments (Table 2).

Table 2. List of the various treatments applied to Dracaena draco seeds.

Treatments Pre-soaking Substrate  Light availability
T1 24 h in warm water Potting soil Light
T2 24 h in warm water Potting soil Dark
T3 24 h in warm water Sand Light
T4 24 h in warm water Sand Dark
T5 0 hin warm water  Potting soil Dark
T6 0 hin warm water  Potting soil Light
T7 0 h in warm water Sand Dark
T8 0 h in warm water Sand Light

At the end of the experiment, the final germination percentage (FGP) and
seedling total length (SL) were assessed. Seeds were counted as germinated when the
radicle growth reached 2 mm.

2.3 Kinetic of seedling emergence

In order to study the kinetics of the emergence and the establishment of D.
draco seedlings, seeds were germinated in plastic pot (12 cm top diameter; 9 cm
bottom diameter; 15 cm height) containing 1.2 kg of the same potting soil described
above. Pots were put under greenhouse conditions (25 + 1 °C temperature and 35%
relative humidity). Each week of the eight weeks of the study, four seedlings were
randomly selected from 100 seedlings. The root length (RL), shoot length as well as the
total length were measured using a digital caliper.
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2.4 Data analysis

Data were analyzed by SAS Version 9.0 (Statistical Analysis System) (2002)
software. For each treatment, two-way ANOVA was applied using the tested variable
as a fixed factor and pre-soaking as the random factor. The mean separations were
carried out using Duncan’s multiple range tests and significance was determined at p <
0.05. The graphic was made with Excel 2016.

3 Results and discussion

3.1 Effect of pre-soaking, substrate and light

Substrate and light had a significant effect on seed germination of D. draco
(Table 3). However, pre-soaking had no significant effect on seed germination. The
germination percentage with pre-soaking in sand and under dark condition was
significantly higher than that without pre-soaking by the respective values of 82.5%
and 67.5% FGP (Figure 2). The first step in germination is the absorption of water.
Water is the medium and reactant for many biochemical processes (Welbaum et al.
1998; Rifna et al. 2019). Germination takes place quickly when humidity is provided
(Ali and Elozeiri 2017). Indeed, seed pre-soaking improved the germination
metabolism compared with non-presoaked seeds of D. draco (Figure 2). Since water
comes from the soil, the seed must be in direct contact with moist soil particles.
However, absorption of water by seed cells is influenced by soil solution concentration
of inorganic salts and/or organic substances (Woodstock 1988). If the concentration of
salt is too high, then the seed cannot absorb adequate water for normal germination
(Kheloufi et al. 2016). This explains partly why seeds failed to germinate in fertilizer
zone or in highly saline soils (Maun 1994; Mansouri et al. 2019). Figure 2 showed that
the very low FGP of 10% was recorded under T8. Indeed, seeds sown without pre-
soaking, on the sand and under light condition was the extreme unfavourable
condition for D. draco.

Table 3. Significance of substrate, light availability and pre-soaking on Dracaena draco seed germination.

Factor df SS F-value P
Substrate 1 344.53 8.12%* 0.0089
Light 1 11819.53 278.45** <0.0001
Pre-soaking 1 38.28 0.90" 0.3518
Substrate x Light 1 2907.03 68.48** <0.0001
Substrate x Pre-soaking 1 1313.28 30.94%* <0.0001
Light x Pre-soaking 1 63.28 1.49™ 0.2340
Substrate x Light x Pre-soaking 1 63.28 1.49 0.2340

df - Degree of freedom; SS - Sum of squares; F-value - F-Snedecor; ** - Significant p < 0.01; ns - non significant

Germination occurred better in the dark (Figure 2). The FGP was significantly
lower for non-buried seeds than for buried ones (Figure 2). Compared to 82.5% of FGP
for buried seeds, seed germination percentage significantly decreased to 25% of FGP
for non-buried seeds (Figure 2). The sowing depth of the germinating seed in the soil
also affects the sufficient supply of oxygen and light, and consequently the emergence
and establishment of seedlings (Forcella et al. 2000). The results confirmed the
hypotheses that non-buried seeds have low germination, and few seedlings from
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these seeds emerge from the soil. The maximum FGP of 51.3% was recorded under
light condition (Figure 2). Seeds can use light to detect if they are close to the soil
surface, this is especially important for small seed species since small seeds have
limited resources and if they germinate too deep in the soil, these seedlings will not
emerge successfully (Fenner 1991; Khurana and Singh 2001). It was reported that light
response and seed mass co-evolved as an adaptation to ensure that small seed species
germinate only when they are near enough to the soil surface to emerge (Limén and
Peco 2016).

[ [ I— r 200
a

-L r 180

L 160
L 140
b 120
L 100
I so0
L 60
40
b 20

(wuw) y38ua| Buypass

24h Soaking| Oh Soaking | Oh Soaking |24h Soaking| Oh Soaking |24h Soaking|24h Soaking| Oh Soaking

Sand Sand Potting soil | Potting soil | Potting soil | Potting soil Sand Sand

Dark Dark Dark Dark Light Light Light Light

Germination conditions

Figure 2. Effect of substrate, light and pre-soaking on Dracaena draco seed germination and seedling length after a 15-day
period. Data represent the mean + SD. For each variable, means with similar letters are not significantly different at the

5% probability level using Duncan’s.

On the other hand, pre-soaking, substrate and light had a significant effect (p<
0.0001) on D. draco seedling length of (Figure 2). However, seedlings grew better in
potting soil than in sand (Figure 2). After germination and the end of seed nutritional
reserves, the potting soil contained sufficient nutrient supply for seedling
establishment. Under different treatments, seedling length ranged from 9.47 mm to
54 mm.

Effective germination of a threatened species is important not only for
regeneration maintenance but also for ex situ conservation of the species (Cochrane
et al. 2007; Godefroid et al. 2010). This research is among the first investigations on
seed germination and seedling emergence of the extremely threatened species D.
draco. These data may help support decisions concerning the species' conservation
management and restoration programs. Understanding the needs of a threatened
species for germination and seedling emergence can be useful in planning programs
for germplasm conservation and population restoration (Ashmore et al. 2011; Shen et
al. 2015).

Seed viability and seed size are also additional factors that influence
germination (Murali 1997; Kheloufi et al. 2019). Viability indicates if the embryo is
alive and able to germinate under favourable conditions (Bewley and Black 2012).
Seed size is an indicator of how much nutriments the seedling will receive (Gallardo et
al. 2008). Larger seeds with increased nutrient supply also germinate more quickly,
emerge from higher soil depths and develop a more robust seedling than smaller
seeds do (Harper et al. 1970; Burmeier et al. 2010).
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3.2 Kinetics of seedlings emergence

The study of plant morphology should primarily reflect variations in
environmental conditions (Schneider et al. 2017). Seedling establishment follows
radicle emergence (Maiti et al. 2017). The shoot length, root length and total length of
D. draco seedlings over an 8-week period are shown in Table 4 and Figure 3. By week
1, the radicle had emerged and it continued to elongate throughout the experiment. A
few roots were visible at the 3" week and these had increased in number and length
by week 8 (Figure 3).

Table 4. Shoot length (SL), root length (RL) and total length (TL) of Dracaena draco seedlings over an 8-week period (n=4).

Time SL (cm) RL (cm) TL (cm)
Week 1 0.00+0.00° 1.07+0.12° 1.07+0.12f
Week 2 1.05+0.11° 3.99+0.19®° 5.10%0.10°
Week 3 1.50+0.14° 4.06+0.15° 5.49+0.07¢
Week 4 3.10+0.369 4.14+0.05° 7.24 +0.38¢
Week 5 491+0.55° 4.02+0.06° 8.93+0.60°
Week 6 6.37 £0.90> 4.07+0.07° 10.3 +0.96°
Week 7 6.55+0.81® 4.10+0.05° 10.5+0.80°
Week 8 14.6 +0.72* 11.3+1.09° 25.9+1.50°

F of Fisher 285.67 211.76 400.89
P <0.0001 <0.0001 <0.0001

Upon emergence, 2 to 4 weeks after sowing, the seedling develops a short
3.10 cm SL and 4.14 cm RL (Table 4). According to Table 4 and Figure 3, the root
system continued to develop with secondary roots growing outward and downward
from the taproot. The main root length remained relatively constant from the 2™ to
the 7™ week averaging nearly 4 cm.

Figure 3. Dracaena draco seedlings emergence over an 8-week period.

A root elongation of 175% was observed at the 8" week (Table 4). Root
development is due to cell division and enlargement at the tip of the root. Shoot
length increased from the 3™ week to the 6" week with an average of 1.6 cm and
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remained unchanged at the 7" week with 6.55 cm. An elongation of 122% of SL was
observed at the 8™ week (Table 4). Root and stem growth enhance each other by
adjusting their relative size in response to climatic and soil conditions, to meet the
basic requirements of the entire plant (Sanders-DeMott et al. 2018; Reichardt and
Timm 2020). Three weeks after emergence, the seedling develops its first true leaves
(Figure 3). The plant quickly establishes a rosette with older leaves at the base
increasing in size and smaller, younger leaves developing in the centre.

4 Conclusion

The present research proposes a practical way to reintroduce D. draco by
planting artificial propagation in a specific habitat in order to carry out reintroduction
programs of wild plants with extremely low populations. Thus, the species will
establish a new population. We recommend that seeds should be collected from
various individuals to maintain the genetic diversity of the seedling. Seed germination
should be conducted at a temperature of 25-30 °C and 35% of relative humidity. Seeds
should be pre-soaked and sown at 1-2 cm depth to ensure dark condition only for the
two first weeks of germination. Seed should also be sown in a soil containing a
sufficient supply of nutrients that will be available during seedling establishment. A
further study will be carried out to assess certain abiotic and biotic factors before
integrating D. draco into a reforestation program, particularly in the arid and semi-arid
regions. This makes understanding of the conditions of its establishment essential for
conservation and management.

5 Acknowledgment

The authors express their gratitude to Professor Petr Madéra (Mendel
University in Brno, Czech Republic) for helping them confirm Dracaena draco’s
identification.

6 References

Ali AS, Elozeiri AA (2017) Metabolic processes during seed germination. Advances in Seed Biology: 141-
166. https://doi.org/10.5772/intechopen.70653

Anonymous (2020) Dragon Tree (Dracaena draco). Available at
https://www.designertrees.com.au/trees/dragon-trees/ (accessed on 25 April 2020).

Ashmore SE, Hamilton KN, Offord CA (2011) Conservation technologies for safeguarding and restoring
threatened flora: case studies from Eastern Australia. In Vitro Cellular & Developmental
Biology-Plant 47(1): 99-109.

Bafiares A (1998) Dracaena draco. The IUCN Red List of Threatened Species 1998: e.T30394A9535771.
https://dx.doi.org/10.2305/IUCN.UK.1998.RLTS.T30394A9535771.en

Bell DT (1999) The process of germination in Australian species. Aust J Bot 47(4):475-517.

Bewley JD, Black M (2012) Physiology and biochemistry of seeds in relation to germination: vol. 2:
viability, dormancy, and environmental control. Springer Science & Business Media, 375p.

Burmeier S, Donath TW, Otte A, Eckstein RL (2010) Rapid burial has differential effects on germination
and emergence of small-and large-seeded herbaceous plant species. Seed Sci Res 20(3): 189-
200. https://doi.org/10.1017/s0960258510000127

Bruck M (1999) Dragon’s blood. A glance into the history of pharmacognosy. Bull Soc Sci Med 1:96-101.

Cochrane JA, Crawford AD, Monks LT (2007) The significance of ex situ seed conservation to
reintroduction of threatened plants. Aust J Bot 55(3):356-361. https://doi.org/10.1071/bt06173

Reforesta Scientific Society 27


https://doi.org/10.5772/intechopen.70653
https://www.designertrees.com.au/trees/dragon-trees/
https://dx.doi.org/10.2305/IUCN.UK.1998.RLTS.T30394A9535771.en
https://doi.org/10.1017/s0960258510000127
https://doi.org/10.1071/bt06173

REFORESTA (2020) 9: 20-29 Kheloufi et al.

del Arco Aguilar MJ, Delgado OR (2018) Changes in the Natural Landscape Through Human Influence.
In Vegetation of the Canary Islands (pp. 321-336). Springer, Cham.
https://doi.org/10.1007/978-3-319-77255-4 7

Fenner M (1991) The effects of the parent environment on seed germinability. Seed Sci Res 1(2): 75-84.
https://doi.org/10.1017/s0960258500000696

Forcella F, Arnold RLB, Sanchez R, Ghersa CM (2000) Modeling seedling emergence. Field Crop Res 67(2):
123-139. https://doi.org/10.1016/s0378-4290(00)00088-5

Gallardo K, Thompson R, Burstin J (2008) Reserve accumulation in legume seeds. Comptes Rendus
Biologies 331(10): 755-762. https://doi.org/10.1016/j.crvi.2008.07.017

Gideon S (2013) Succulent Paradise - Twelve great gardens of the world. Penguin Random House South
Africa, 184p.

Godefroid S, Van de Vyver A, Vanderborght T (2010) Germination capacity and viability of threatened
species collections in seed banks. Biodivers Conserv 19(5): 1365-1383.
https://doi.org/10.1007/s10531-009-9767-3

Harper JL, Lovell PH, Moore KG (1970) The shapes and sizes of seeds. Annu Rev Ecol S 1(1): 327-356.
https://doi.org/10.1146/annurev.es.01.110170.001551

Hegarty TW (1978) The physiology of seed hydration and dehydration, and the relation between water
stress and the control of germination: a review. Plant, Cell & Environment 1(2): 101-119.
https://doi.org/10.1111/j.1365-3040.1978.tb00752.x

Iralu V, Barbhuyan HSA, Upadhaya K (2019) Ecology of seed germination in threatened trees: a
review. Energy, Ecology and Environment: 1-22. https://doi.org/10.1007/s40974-019-00121-w

Jupa R, Plichta R, Paschovd Z, Nadezhdina N, Gebauer R (2017) Mechanisms underlying the long-term
survival of the monocot Dracaena marginata under drought conditions. Tree Physiol 37(9):
1182-1197. https://doi.org/10.1093/treephys/tpx072

Kheloufi A, Chorfi A, Mansouri LM (2016) Comparative effect of NaCl and CaCl. on seed germination of
Acacia saligna L. and Acacia decurrens Willd. International Journal of Biosciences 8(6): 1-13.
https://doi.org/10.12692/ijb/8.6.1-13

Kheloufi A, Mansouri LM, Vanbellinghen C (2019) Seed germination of Crataegus monogyna - a species
with a stony endocarp. Reforesta 7:73-80. https://doi.org/10.21750/refor.7.06.68

Khurana EKTA, Singh JS (2001) Ecology of seed and seedling growth for conservation and restoration of
tropical dry forest: a review. Environ Conserv 28(1): 39-52.
https://doi.org/10.1017/s0376892901000042

Klimko M, Nowinska R, Jura-Morawiec J, Wiland-Szymanska J, Wilkin P (2018) Pollen morphology of
selected species of the genera Chrysodracon and Dracaena (Asparagaceae, subfamily
Nolinoideae) and its systematic implications. Plant Syst Evol 304(3): 431-443.
https://doi.org/10.1007/s00606-017-1486-8

Krawczyszyn J, Krawczyszyn T (2014) Massive aerial roots affect growth and form of Dracaena
draco. Trees 28(3):757-768. https://doi.org/10.1007/s00468-014-0987-0

Krawczyszyn J, Krawczyszyn T (2016) Photomorphogenesis in Dracaena draco. Trees 30(3): 647-664.
https://doi.org/10.1007/s00468-015-1307-z

Lengalova K, Kalivodova H, Habrova H, Madéra P, Tesfamariam B, Senfeldr M (2020) First Age-Estimation
Model for Dracaena ombet and Dracaena draco subsp. caboverdeana. Forests 11(3):264.
https://doi.org/10.3390/f11030264

Limén A, Peco B (2016) Germination and emergence of annual species and burial depth: implications for
restoration ecology. Acta Oecologica 71: 8-13. https://doi.org/10.1016/j.actao.2016.01.001

Lu PL, Morden CW (2014) Phylogenetic relationships among Dracaenoid genera (Asparagaceae:
Nolinoideae) inferred from chloroplast DNA loci. Syst Bot 39(1): 90-104.
https://doi.org/10.1600/036364414x678035

Madéra P, Habrova H, Senfeldr M, Kholova |, Lvoncik S, Ehrenbergerova L, Roth M, Nadezhdina N,
Némec P, Rosenthal J, Pavlis J (2019) Growth dynamics of endemic Dracaena cinnabari Balf. f.
of Socotra Island suggests essential elements for a conservation strategy. Biologia 74(4): 339-
349. https://doi.org/10.2478/s11756-018-0152-0

Reforesta Scientific Society 28


https://doi.org/10.1007/978-3-319-77255-4_7
https://doi.org/10.1017/s0960258500000696
https://doi.org/10.1016/s0378-4290(00)00088-5
https://doi.org/10.1016/j.crvi.2008.07.017
https://doi.org/10.1007/s10531-009-9767-3
https://doi.org/10.1146/annurev.es.01.110170.001551
https://doi.org/10.1111/j.1365-3040.1978.tb00752.x
https://doi.org/10.1007/s40974-019-00121-w
https://doi.org/10.1093/treephys/tpx072
https://doi.org/10.12692/ijb/8.6.1-13
https://doi.org/10.21750/refor.7.06.68
https://doi.org/10.1017/s0376892901000042
https://doi.org/10.1007/s00606-017-1486-8
https://doi.org/10.1007/s00468-014-0987-0
https://doi.org/10.1007/s00468-015-1307-z
https://doi.org/10.3390/f11030264
https://doi.org/10.1016/j.actao.2016.01.001
https://doi.org/10.1600/036364414x678035
https://doi.org/10.2478/s11756-018-0152-0

REFORESTA (2020) 9: 20-29 Kheloufi et al.

Maiti R, Thakur AK, Rodriguez HG (2017) Seed priming: A potential tool to improve seedling vigour,
seedling establishment and crop productivity. Applied Botany 85.

Mansouri LM, Heleili N, Boukhatem ZF, Kheloufi A (2019) Seed germination and radicle establishment
related to type and level of salt in common bean (Phaseolus vulgaris L. var. djedida). Cercetari
Agronomice in Moldova (Agronomic Research in Moldavia) 52(3): 262-277.

Marzol MV, Sanchez JL, Yanes A (2011) Meteorological patterns and fog water collection in Morocco and
the Canary Islands. Erdkunde: 291-303. https://doi.org/10.3112/erdkunde.2011.03.06

Maun MA (1994) Adaptations enhancing survival and establishment of seedlings on coastal dune
systems. Vegetatio 111(1): 59-70.

Murali KS (1997) Patterns of Seed Size, Germination and Seed Viability of Tropical Tree Species in
Southern India 1. Biotropica 29(3):271-279.
https://doi.org/10.1111/j.1744-7429.1997.tb00428.x

Nair MB (2000) Sustainable utilization of gum and resin by improved tapping technique in some
species. Harvesting of Non-Wood 293.

Reichardt K, Timm LC (2020) How Plants Absorb Nutrients from the Soil. In Soil, Plant and
Atmosphere (pp. 313-330). Springer, Cham. https://doi.org/10.1007/978-3-030-19322-5 16

Ren H, Jian S, Liu H, Zhang Q, Lu H (2014) Advances in the reintroduction of rare and endangered wild
plant species. Science China Life Sciences 57(6): 603-609.

Rifna EJ, Ramanan KR, Mahendran R (2019) Emerging technology applications for improving seed
germination. Trends Food Sci Technol 86: 95-108. https://doi.org/10.1016/].tifs.2019.02.029

Sanders-DeMott R, McNellis R, Jabouri M, Templer PH (2018) Snow depth, soil temperature and plant-
herbivore interactions mediate plant response to climate change.J) Ecol 106(4): 1508-1519.
https://doi.org/10.1111/1365-2745.12912

Saux M, Ponnaiah M, Langlade N, Zanchetta C, Balliau T, El-Maarouf-Bouteau H, Bailly C (2020) A
multiscale approach reveals regulatory players of water stress responses in seeds during
germination. Plant, Cell & Environment 43(5): 1300-1313. https://doi.org/10.1111/pce.13731

Schneider FD, Morsdorf F, Schmid B, Petchey OL, Hueni A, Schimel DS, Schaepman ME (2017) Mapping
functional diversity from remotely sensed morphological and physiological forest traits. Nat
Commun 8(1): 1-12. https://doi.org/10.1038/s41467-017-01530-3

Shen SK, Wu FQ, Yang GS, Wang YH, Sun WB (2015) Seed germination and seedling emergence in the
extremely endangered species Rhododendron protistum var. giganteum - the world’s largest
Rhododendron. Flora-Morphology, Distribution, Functional Ecology of Plants 216: 65-70.
https://doi.org/10.1016/j.flora.2015.08.006

Silva BM, Santos RP, Mendes LS, de Pinho PG, Valentdo P, Andrade PB, Pereira JA, Carvalho M (2011)
Dracaena draco L. fruit: Phytochemical and antioxidant activity assessment. Food Res Int 44(7):
2182-2189. https://doi.org/10.1016/j.foodres.2010.09.031

Valente MJ, de Pinho PG, Henrique R, Pereira JA, Carvalho M (2012) Further insights into chemical
characterization through GC—MS and evaluation for anticancer potential of Dracaena draco leaf
and fruit extracts. Food Chem Toxicol 50(10): 3847-3852.
https://doi.org/10.1016/].fct.2012.03.050

Wang XH, Zhang CH, Yang LL, Gomes-Laranjo J, (2011) Production of dragon’s blood in Dracaena
cochinchinensis plants by inoculation of Fusarium proliferatum. Plant Sci 180: 292-299.
https://doi.org/10.1016/j.plantsci.2010.09.007

Welbaum GE, Bradford KJ, Yim KO, Booth DT, Oluoch MO (1998) Biophysical, physiological and
biochemical processes regulating seed germination. Seed Sci Res 8(2): 161-172.
https://doi.org/10.1017/s0960258500004074

Woodstock LW (1988) Seed imbibition: a critical period for successful germination. Journal of Seed
Technology: 1-15.

Reforesta Scientific Society 29


https://doi.org/10.3112/erdkunde.2011.03.06
https://doi.org/10.1111/j.1744-7429.1997.tb00428.x
https://doi.org/10.1007/978-3-030-19322-5_16
https://doi.org/10.1016/j.tifs.2019.02.029
https://doi.org/10.1111/1365-2745.12912
https://doi.org/10.1111/pce.13731
https://doi.org/10.1038/s41467-017-01530-3
https://doi.org/10.1016/j.flora.2015.08.006
https://doi.org/10.1016/j.foodres.2010.09.031
https://doi.org/10.1016/j.fct.2012.03.050
https://doi.org/10.1016/j.plantsci.2010.09.007
https://doi.org/10.1017/s0960258500004074

