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Abstract

This study was conducted for the first time in nursery treatment in order to pioneer forest trees of the species
Elaeagnus rhamnoides and also to determine the effects of different treatments on seed germination in Iran. This
species is resistance for plantation. Seeds originating from Qazvin province were placed in the nursery.
Treatments comprised three factors including seed pretreatments (control, cold, ice water, hot water, lime juice
and Gibberellin acid), soils (control, Stockosorb, sand and compost) and irrigation (control and supplementary
water). These treatments were accomplished in CRD experimental designs with five replicates. At the end (65st
day) we evaluated the number and percentage of germination, the number of days until germination, the mean
germination time, germination rate, germination energy, the maximum germination and germination value.
Results show that the means of germination percent in control irrigation were 7.5, 23.75, 21.25, 0, 15, and 42.5.
Average germination percentage of pretreatments and the same attributes with supplementary irrigation were
1.25, 43.75, 35, 1.25, 8.75, and 46.25. Mean of germination in soil factor were 0.83, 3.54, 8.12 and 8.02.
Germination in all treatments and at whole levels was on average 20.52 percent. The highest germination
percentage and the highest average germination were observed in the sand and in the Gibberellin treatment,
respectively.
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Introduction

Researchers need on strategies to increase the success
rate of afforestation and tree production and
provision of appropriate application of the
multipurpose seedlings due to increasing forest
degradation in recent years (Ranal and Santann,
2006). Early plantation species in arid and semiarid
regions is essential. The sea-buckthorn (Elaeagnus
rhamnoides (L.) A.Nelson) is one of the pioneer and
medicinal species which is famous for its stabilizing
effect of soil nitrogen (Marvi Mohajer, 2005). In this
study this Irano-Turanian indigenous species
(Mozaffarian, 2005; Sabetti, 1993, Ghahraman, 1995)
was used to examine its seed germination and
establishment. The sea-buckthorn is a shrub-
deciduous species, resistance to cold, drought and low
coverage regions (Zhang et al., 2010). The Hippophae
plants, the sea-buckthorns, are deciduous shrubs in
the family Elaeagnaceae The exact number of species
within the genus is still unclear. However, there are
considered to be seven species. The male bud consists
of four to six apetalous flowers, which produce wind-
distributed pollen whereas, the female bud usually
consists of one single apetalous flower with one ovary
and one ovule (Geetha and Asheesh, 2011). The
Genetic Resources of Hippophae are very rich.
Hippophae includes 15 species and subspecies that
are widely distributed in Europe and Asia (Lu and
Ahani, 2013). The species has been used for
inflammation of the mouth, stomach ulcers, radiation
injuries and burns in traditional Chinese medicine
and Russia (Lu, 1992). Moreover, the fruit and leaves
of this species are used as anti-bacterial and
antioxidant materials (Geetha et al., 2002). The oil
extracted from the berries is used for treatment of
gastritis, stomach ulcers, erosion of uterus and
inflammation of genital organs. The sea-buckthorn
leaves contain nutrients and bioactive substances
which mainly include flavonoids, carotenoids, free
and esterified sterols, triterpenols, and isoprenols.
The leaves comprise an equally rich source of
important antioxidants such as carotene, vitamin E,

catechins, elagic acid, ferulic acid, folic acid and

significant values of calcium, magnesium and
potassium (Geetha and Asheesh, 2011). The bone-
breaking fever virus in the blood is inhibited using
substances extracted from the sea-buckthorn leaves
(Jain, 2008). Total phenolic content of root and seed
extracts were significantly higher than that of the leaf
and stem. On the other hand, there are no significant
differences between root and seed, or between leaf
and stem (Michel et al.,, 2012). In order to start
germination, embryos of dry seed need special
conditions such as humidity, temperature and oxygen
(Vilela et al., 2001; Kuriakose and Prasad, 2008).
Using effective treatments such as hydrolyzing
enzymes which increase metabolic activities in seed
will change the synthesis of plant hormones such as
cytokinin and tryptophan, and ultimately prepare
physiological conditions for the development of the
embryo (Benito et al., 2005 and Elsayed et al., 2009).
These enzymes increase the resistance of plants
encountering drought, cold deceases (Oliet et al.,
2009). Furthermore, they improve the survival of
seedlings (Farooq et al., 2006). An essential condition
to produce good seedlings is edaphic nutrition,
because seedling production efficiency is increased
with improvement of biological, chemical, and
physical characteristics (Jocobs et al., 2005). Seeds
soaked in water or potassium nitrate solution at room
have germinated 34.5% more in comparison with
gibberellin and hot water treatment (Li and Wardle,
1999). In contrast, pre-soaking seeds of Sea
buckthorn with KNO3 showed negative effect on seed
germination comparing to the water treatment
(Korekar et al., 2013). Mean germination percentage
of pretreatment with GA3 was 37.5 in green house
reproduction (Ahani et al., 2014). GA; significantly
improved germination in two populations of India of
Elaeagnus rhamnoides. mean germination time was
also reduced by GA; treatments in all the populations
as compared to control. A high degree of variation
with regard to the germination percentage in different
populations is recorded (Vashistha et al., 2013). Then
this is necessary for us to find germination of native

Sea buckthorn in out of green house condition. This
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work aims to provide data on plantation forest species
with special focus on the issues affecting the
successfulness of the sea buckthorn germination in
the nursery in Iran. This study was attempted to
improve Iranian sea buckthorn germination
percentage to reduce its mean germination time and

other germinated factors.

Materials and methods

Study area

The area of this study was located in the nursery
Department of Natural Resources and Watershed
Management of Khorasan Razavi, Iran. In the nursery
the average temperature and the humidity were 30 °C
and 60%, respectively. In this work, after examining
various queries (due to the lack of knowledge
concerning the species name which is confused with
Chinaberry), sea buckthorn fruit was prepared from
the Department of Natural Resources of Qazvin
(Figure 1). After winnowing the weight of 1000 grains

was measured 12 grams.

Treatments

Then six pretreatments with four different irrigation
treatments were implemented based on two types of
soil (Table 1) to form a factorial experiment in a
completely randomized design. Seeds were sown in
plastic pots by using 4 types of soil including, 1)
control soil (normal nursery soil); 2) control soil +
water absorbent by stockosorb 0.3% (Zangoee Nasab
et al., 2012) ; 3) sand; and 4) control soil : litter (3:5).
Nursery irrigation was performed with tap water
(control) and it was supplemented with 1:5000
(Saeed Afkham Shoara, 2013). The supplementary
water was made by using macro and micro elements.
Four seeds and each with five replicates were sown
for each treatment per pot for a total of 960 seeds. At
the same depth seeds were sown on 15 Jan 2013. To
disinfect the seeds the fungicide carbendazim was
used with a ratio of 2 to 1000. Counting the
germinated seeds was started 10 days after planting
and it was continued for 35 days. Data were collected

before and after the germination.

Analyses

Finally, we evaluated the number and percentage of
germination, mean germination time, germination
rate, germination energy, maximum germination, and
germination value each calculated by the formula as

follows:

The

germinated seeds/the number of seeds planted x 100

Percentage of germination: number of

(Panwar and Bahardwaj, 2005).

Mean germination time: Total (number of seeds
germinated per day x day count)/the total number of
germinated seeds during germination (Kulkarni et al.,

2007).

Germination value: Maximum germination x Mean

germination daily (Czabator, 1962).

Germination rate (speed): The sum of the total
number of germinated seeds per period/the number
after the and

of days germination (Panwar

Bahardwaj, 2005).
Maximum germination: Cumulative germination
percentages/the number of days during drilling

(Czabator, 1962).

Germination energy: The number of germinated
seeds in a sample with maximum germination (the
highest number in a given day) (William, 2005).
Furthermore, a graph was drawn for a cumulative 65-
day germination period (to ensure that all seeds have

been germinated).

Data were analyzed using the SAS software. Diagrams
were drawn using the EXCEL software. The normality
test was used using Ryan-Joiner (similar to Shapiro-
Wilk) and then the homogeneity of variance was
carried out using the Dunnet method. In order to
statistical

determine significance of differences

between germination characteristics we used the
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variance analysis. When differences were significance
the SNK test was used to compare the means.
Moreover, the grouping was applied separately for
replications, pre-treatment, soil and irrigation. The
Pearson correlation was used to determine the
correlation between parameters using the Minitab

software (Mesdaghi, 2011).

Table 1. Pretreatments of Seeds

Treatment Characteristics

16 days in 0°c and every 5 days set
Ice water to 24 hours in 30°¢
Cold 20 days in 4°c
Lime water 5% lime in water at 8 hours
Gl})berellln s500mg per litter for 40 hours
acid
Hot water water at  90°c by 15 minutes
Control pure Seed

Results and discussion

Germination

All of the data taken (240) were analyzed by the GLM
procedure. So powerful parametric test method even
for the data analysis of variance was performed
(Mansoorfar, 2006). Average germination percentage
of pretreatments was respectively 7.5, 23.75, 21.25, 0,
15, and 42.5 in control irrigation and same attributes
were 1.25, 43.75, 35, 1.25, 8.75, and 46.25 in
supplement irrigation. Germination percentage of
days, the division of irrigation, soil types, and
treatments are presented in Figure 2. Results of traits
in all repeats by irrigation types are presented in
Table 2. Relationship between indices: The indexes of
germination are correlated with each other Table 3.

Statistical parameters are presented in Table 4.

Germination rates were near zero in control soil, only
in supplementary irrigation in pre-treated with cold
and ice water little germination was observed. In hot
water and lime water pretreatments, germination
observed in all soils and two irrigations were minimal.
Pretreatment of germinating gibberellin and cold in
sand (3) and compost (4) showed the highest
germination rate. There was no significant difference
between the supplementary irrigation with control

water.

Mean comparison

Comparisons of results SNK mean separation at 5%
level replication, irrigation, soil and pretreated are as
follows: 1) Grouping all iterations for all parameters
in group A was the one, 2) Grouping for irrigation: a
group for all indices except days to germination index
was in the 2 group, 3) Grouping soils: all were
classified in four groups except germination energy
and germination values were in the 3 groups and 4)
Grouping in Pretreatments: in Table 5 it is indicated

that some groups have similarities.

5

Fig. 1. Sea buckthorn berry (Left), seeds in pots in

winter season

Table 2. Results of all of repeats and pretreatments by irrigation types

Soil Supplement irrigation Normal irrigation
Traits 1 2 3 4 1 2 3 4
Number of germination 7 23 41 39 1 13 37 36
Percent of germination 3.55 11.67 20.81 19.79 0.50 6.59 18.78 18.27

Mean of germination percentage in all of treatments
was obtained 20.52%. The earliest germination was

seen on 47% day and the final germination of seeds

was observed on 65 day. Mean of germination in soil
factor in all of treatments were 0.83, 3.54, 8.12 and

8.02 respectively.
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Table 3. Correlation Pearson results between traits

Traits 1 2 3 4 5 6 7
1. Number of germination 1
2. Percent of germination 0.99"
3. Day to germination 0.72" 0.72"
4. Mean time to Germination 0.99™ 0.99” 0.75"
5. Rate of germination 0.78" 0.78" 0.45" 0.72"
6. Energy of germination 1 0.99™ 0.72" 0.99™ 0.78"
7. Maximum of germination 0.78" 0.78" 0.45" 0.72" 1 0.78"
8. Value of germination 0.82" 0.82" 0.38" 0.81" 0.81" 0.82" 0.81"

** significant at 0.01 level

In this study the correlation between indexes is significant. If the correlation coefficient is near 1, the population

is likely to be normal.

Table 4. Statistics characteristics of traits

. Standard Determination .. Root
Trait Mean . Significance
Error coefficient MSe
Number of germination 0.82 0.08 0.61 0.0001 0.84
Percent of germination 20.52 1.94 0.62 0.0001 21.02
Day to germination 23.5 1.68 0.71 0.0001 15.89
Mean time to Germination 0.22 0.02 0.61 0.0001 0.22
Rate of germination 0.01 0.002 0.53 0.0001 0.02
Energy of germination 2.85 0.32 0.43 0.0001 4.14
Maximum of germination 0.33 0.04 0.53 0.0001 0.51
Value of germination 0.22 0.04 0.42 0.0001 0.52
. germination 16 .
g sty Soil 1 e Soil 2
14
12 —a—Gibberellin acid 12 =—4—Gibberellin acid
10 == Lime water 10 —fli—Lime water
3 =e—Hot water 8 =e—Hot water
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p
3 —@—Control 2 —&—Control
0 dm Day of 0 A Day of
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14 - aggregated’ SOll 3 14 aseresated% & SOll 4
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—@~— Control =0—Control
2 2
0 Day of 0 Day of
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Fig. 2. Percentage of germination in control irrigation (1, 2, 3, 4 are soil treatments) Pretreatments of seeds are

shown by color of curves
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Figure 2 showed the aggregated germination compared with day of germinated seeds for all repeats of
pretreatments by soil treatment for control irrigation divided.

Table 5. SNK test grouped for pre treatment

Trait Group

A (6) B(2-3) .C(5-1) .D (4-1)
A (6) B(2-3) C(5-1) .D (4-1)
A (6-3-2) B(5) . C(1). D(4)
A (6) B(2-3) C(5-1). D(4-1)
A (6-2-3) .B(5-1-4)

A (6-3-2) B(5-3-2) .C(2-1-4)
A (6-2-3) .B(5-4-1)

A (6-2) B(3-2) .C(5-4-3-1)

Number of germination
Percent of germination
Day to germination

Mean time to Germination
Rate of germination
Energy of germination
Maximum of germination

Value of germination

A, B, Cand D are groups. 1, 2, 3, 4, 5 and 6 are pretreatments.

16 — 16
ermination . . . -
» s aremtedt Soil 1 l j::"'"a"q" Soil 2
12 —4—Gibberellin acid 12 g‘ =4—Gibberellin acid
10 —W—Lime water 10 —-Lime water
8 =de=—Hot water 8 == Hot water
6 = |ce water 5 = |ce water
4 == Cold 4 T == Cold
)\ —&—Control 1% —e—control
2 T 2
0 Day of 0 Day of
nati -
1 6 1116212631364146515661 germinatian 1 6 1116212631 364146515661 germination
16 . 16
germination 80113 germination Soil 4
14 - agaregatedis 14 | agan 1 v 01
12 =4=Gibberellinacid | 12 Gibberellin acid
10 - == Limewater 10 E =—Llime water
A f
8 == Hot water ] == Hot water
6 == |ce water 6 ) === ce water
] —Cold . =de=Cold
7 =&~ Control 5 &= Control
0 Day of 0 Dayolf .
15 913172125293337414549535761 germination 1 5 913172125293337414549535761 germination

Fig. 3. Percentage of germination in supplementary irrigation (1, 2, 3, 4 are soil treatments) Pretreatments of
seeds are shown by color of curves

Figure 3 showed the aggregated germination in The least square mean difference test for germination
comparison to day of germinated seeds for all repeats percentage showed the significant difference between
of pretreatments by soil treatment for supplementary soil types 3 and pretreatment type 2, 3, 5 and 6; in
irrigation divided. In control soil (type 1) there has addition between soil types 4 and pretreatment type

been more germination than in control irrigation. 2,3,5and 6.
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In supplementary irrigation LS mean showed the
significant difference between soil types 1 with
pretreatment type 6; also between soil types 2 and
pretreatment type 2, 3, 5 and 6. Furthermore between
soil types 3 and pretreatment type 2, 3, 5 and 6.
Results showed significant difference between soil

types 4 and pretreatment type 2, 3 and 6.

Final assessment of germination in both irrigation in soil
types 3 and 4 was significant. Least squares means for

interactive effects have been shown in table 6.

Table 6. Least squares means for effects of IRRxSOILxPTRT (Pr > |t|)

Trait

Control irrigation*

Supplement irrigation*

Number of germination
Percentage of germination
Day to germination

Mean time to Germination
Rate of germination
Energy of germination
Maximum germination

Value of germination

S2P6, S3P2356,54P236
S2P6, S3P2356,54P236
S2P56,S3P12356, S4P236
S2P6, S3P2356, S4P236
S2P6, S3P2356, S4P236
S3P2356, S4P2
S2P6, S3P2356, S4P236
S3P256, S4P236

S2P36,S3P12356,54P236
S2P36,S3P12356,54P236
S2P356, S3P12356, S4P2346
S2P36, S3P12356, S4P236
S2P36, S3P12356, S4P236
S2P3, S3P12356, S4P236
S2P36, S3P12356,S4P236
S2P3, S3P236, S4P26

*Soil type: S, Pretreatment: P, For example S2P56 means: between soil type 2 and pretreatments 5 and 6 are

significant difference.

Least squares means for mutual effect of
pretreatments and soil in traits of germination
between soils types 3, 4 and pretreatments 2, 3, 5
were significant. Then the best treatment is
gibberellins and the best soil is sand, but soil types 4

and ever pretreatment except 4 are good.

The results can be seen in Table 5 which indicated
that most of the parameters measured (except value
of germination) in the sand soil and control
pretreatment in supplement irrigation has been

significant.

Regardless of the type of soil in conventional
irrigation, rapid germination, early in treatment,
gibberellin, cold and ice water (47th day) and highest
for the treatment of hot water to start germination
was observed. Furthermore supplemental irrigation
caused faster initial germination through gibberellins
treatment (47th day) and the maximum term to
initiate germination was in hot water pretreatment.
Percentage, vigor and germination rate are the main
factors affecting seed germination and plant
establishment (Pederson et al, 1993). Comparison of

the obtained means with those of the control type

showed that most of the parameters in cold and
gibberellin treatments were different. The highest
germination percentage was observed in the
treatment of cold and gibberellins which is the same
as result of Sasani et al., 1386 in humid cold and

gibberellin in Carum carvi.

Cold treatment for seed germination of Calloginum
was the most significant for germination (Ren and
Tao, 2004). Treatment of Rubia tinctorum seeds by
hot water showed contradictory results to our study.
Hot water, Wear paper and sulfuric acid cause
increasing of germination percentage in Rubia

tinctorum (Farhoudi et al., 2006). Result of study in
Acacia by hot water lead to increasing of germination
(Ibrahim Mohamed et al., 2004) which might be for
the hard seed coat. To overcome dormancy,
Scarification treatments and layering of hot and cold
water and acid is effective in the short term (Ertekin
and Kirdar, 2010) but in our study hot water did not
gave good results. Conventional treatments were used
in this study that the gibberellin and cold
pretreatment, soil sandy and soil with compost is the
best answer and supplemental irrigation had little

effect on germination. It seems that the type of seed
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dormancy is Thermo dormancy because of Thermal
fluctuations (Heating and cooling swing) lead to
germination improvement. Hot water treatment
makes seed recession; so seeds were permeable and
did not have physical dormancy (Schmidt, 2007).
Lines that begin to germinate at low temperatures are
able to be useful if planted late in autumn (Zeinali et
al., 2010). Removing barriers to seed which stop
water and nutrients to reach the seed will increase its
metabolic function. The more the embryo nutrient
rich reserves, the faster the germination will be.
(Marcano et al., 2005; Kuriakose and Prasad, 2008).
The seeds require a cold period to break the
dormancy that is naturally found within them, this is
easily achieved by placing the prepared bag of seeds
and compost mix in the fridge (4 Celsius or 39F) for
around 12 weeks. It is quite possible for the seeds to
germinate in the bag at these temperatures when they
are ready to do so, if they do, just remove them from
the bag and carefully plant them up (Tree Seed Online
Ltd, 2013).

The effect of moist chilling treatment-by itself- on
breaking seed dormancy was remarkable in this plant
as germination increased up to 89%. Effect of
combined chilling and gibberellin treatment was not
so remarkable. On the other hand, other applied
treatments had no effects on breaking seed dormancy
in Rheum ribes which indicates that the type of seed
dormancy in Rheum ribes is not physical or is due to
the accumulation of inhibitory substance in seed coat.
We might conclude that the reason had been
physiological dormancy of the seeds (Nabaei et al.,

2011). Seven seeds pretreatments; soaking in boiling
water, 98% sulfuric acid for 5, 10 and 15 min, chilling,
potassium nitrate and 0.2 and control of the
Zygophyllum species was done and germination after
14 days were measured. Comparison means showed
the best result obtained by hormone (potassium
nitrate) pretreatment (Soltanipour et al., 2012) and in
our study hormone had the best result. Gibberellin,
Thiourea and potassium nitrate are THE same
hormones approximately, that research on doze of

these hormones is suggested for future studies. In the

present study the effect of cold and gibberellin
treatments on survival was significant. The plant
hormone stimulates the absorption of nutrients and
increases crop yields and increased enzyme activity
and metabolism of carbohydrates, proteins, organic
acids, and mineral elements in plant tissue and by
this way makes plant vigorous and increases growth
(Zhao

Determination coefficient is a measure of the ability

and survival rate and Liu, 2009).
to model and predict the parameters of an

appropriate assessment that this study was good.

Conclusion

Result of this study and other research could be
announced that Gibberellin and cold pretreatments
and light sandy soil with compost and litter via
physiological conditions improvement by overcoming
embryo dormancy, will facilitate germination of Sea
buckthorn seeds. In our study hormone had the best
result. Factors affecting the germination of seeds
increase the chances of seedling in terms of quality
and quantity as well as the establishment of forest
areas. The highest germination percentage was
observed in the sand soil. Then we conclude for better
reproduction using of sand soil and Gibberellin
treatment for seed can ascendant our success. This
research was the first study on multispecies and
valuable plant Sea buckthorn, in Iran. Further studies

for habitats of our country are suggested.

Acknowledgement
We would like to appreciate administration of Natural
Resources and Watershed Management of Khorasan

Razavi Province, Iran on our research.

References

Ahani H, Jalilvand H, Vaezi V. 2014. Greenhouse
Treatments on Elaeagnus rhamnoides Seed
Germination, Research Journal of Environmental
Sciences, 8(4), 215-224, DOI: 10.3923/rjes.2014.

215.224

Aref IM, El Atta HA, Al Shahrani T, Mohamed
Al 2011. Effects of seed pretreatment and seed

15 | Ahani et al



J. Bio. & Env. Sci.

2014

source on germination of five Acacia spp. African
Journal of Biotechnology, 10(71), pp. 15901-15910,
Available online at http://www.academicjournals.
org/AJB, DOI: 10.5897/AJB11.1763, ISSN 1684-5315
© 2011 Academic Journals.

Benito M, Masaguer A, Antonio RD, Moliner A.
2005. Use of pruning waste compost as a component
in soilless growing media, Bioresource Technology,

96, 597-603.

Czabator FJ. 1962.Germination value: An index of
combining speed and completeness of pine seed

germination. Forest Scienece, 8, 386-396.

Elsayed MT, Babiker MH, Abdelmalik ME,
Mukhtar ON, Montange D. 2008. Impact of filter
mud applications on the germination of sugarcane
and small-seeded plants and on soil and sugarcane
nitrogen contents. Bioresource Technology, 99 (10),

4164-4168.

Ertekin M, Kirdar E. 2010. Breaking seed
dormancy of the strawberry tree (Arbutus unedo).

International Journal of Agriculture and Biology., 12,

57-60.

Farhoudi R, Makyzadeh Taftey M, Sharifzadeh
F, Naghdibadi HA. 2006. Breaking methods of seed
dormancy in Rubia tinctourum, Pajouhesh va

Sazandegi, 19 (1), 70, 2-7.

Farooq M, Barsa SMA, Wahid A. 2006. Priming
of field-sown rice seed enhances germination,
seedling establishment, allometry and yield, Plant
Growth Regulation, 49, 285-294.

Ghahraman A. 1995. Plant systematic, cormophytes
of Iran. Volume 2: second printing, Iran  university

press. 943 p.

Geetha S, Asheesh G. 2011. Review Medicinal and
therapeutic potential of Sea buckthorn (Hippophae
rhamnoides L.), Journal of Ethnopharmacology 138,
268- 278.

Geetha S, Sai Ram M, Singh V, Ilavazhagan G,
RCJ.
Ethnopharmacology; 79:373-378.

Jocobs DF, Salifu KF, Seifert JR. 2005. Growth

and nutritional response of hardwood seedlings to

Sawhney 2002. Journal of

controlled-release fertilization at outplanting. Forest

Ecology and Management. 214, 28-39.

Korekar G, Dwivedi SK, Singh H, Srivastava
RB, Stobdan T. 2013. Germination of Hippophae
rhamnoides L. seed after 10 years of storage at
Research

ambient condition in cold arid,

Communication: Current Science 104 (01), 110-114

Kulkarni MG, Street RA, Staden JV. 2007.
Germination and seedling growth requirements for
propagation of Diosscorea dregeana (Kunth) Dur.
and Schinz-A tuberous medicinal plant, South African

Journal of Botany, 33, 131-137.

Kuriakose SV, Prasad MNV. 2008. Cadmium
stress affects seed germination and seedling growth in
Sorghum bicolor (L.) Moench by changing the
activities of hydrolyzing enzymes. An International
Journal on Plant Growth and Development, 54(2),
143-156.

Li TSC, Wardle DA. 1999. Effects of Seed
Treatments and Planting Depth on Emergence of Sea

Buckthorn Species, Horthechnology. 9(2), 213-216.

Lu R, 1992, Seabuckthorn. A multipurpose plant
species for fragile mountains. Katmandu, Nepal:
ICIMOD Publication unit.

Lu R, Ahani H. 2013. The Genetic Resources of
Hippophae genus and its utilization, Adv. Agri. Biol.
1(2), 27-31©PSCI
Agriculture and Biology www.pscipub.com/AAB

Publications. Advance in

Mansourfar K. 2007. Statistics in the Social

Sciences, Payam Noor Publishing, in Persian). 235

pages.

16 | Ahani et al



J. Bio. & Env. Sci.

2014

Marcano V, Matheus P, Cedeno C, Falcon N,
Palacios-Pru E. 2005. Effects of non-carbonaceous
meteoritic extracts on the germination, growth and
chlorophyll content of edible plants, Planetary and
Space Science, 53, 1263—1279.

Marvi Mohajer R. 2006. Silviculture, Tehran

University, Tehran (in Persian). Pages 387.

Mesdaghi M. 2011.

regression, Imam Reza University Press, (in Persian).

Statistical methods and

421 pages.

Michel T, Destandau E, Floch G, Elisabeth
Lucchesi M, Elfakir C. 2012. Antimicrobial,
antioxidant and phytochemical investigations of sea
buckthorn (Hippophaé rhamnoides L.) leaf, stem,
root and seed. Food Chemistry 131:754—-760.

Mozaffarian V. 2004. Trees and shrubs of Iran,

Contemporary Culture Press, in Persian). 1003

pages.

Nabaei M, Roshandel P, Mohammadkhani A.
2011. Effective techniques to break seed dormancy
and stimulate seed germination in Rheum ribes L.,
Iranian journal of medicinal and aromatic plants,

27(2 (52)), 212-223.

Oliet JA, Planelles R, Artero F, Alverde RV,
Jacobs DF, Segura ML. 2009. Field performance
of Pinus halepensis planted in Mediterranean arid
conditions: relative influence of seedling morphology

and mineral nutrition, New Forests, 37 (3), 313-331.

Panwar P, Bhardwaj SD. 2005. Handbook of
practical forestry, Agrobios (INDIA), 191p.

Pederson L, PE Jqrgensen, Poulsen I. 1993.
Effect of seed vigor and dormancy on field emergence,
development and grain yield of winter wheat
(Triticum aestivum L.), Journal seed science

Technology, 21, 159-178.

Ren J, Tao L. 2004. Effects of different pre-sowing
seed treatments on germination of 10 Calligonum
species, Forest Ecology and Management, 195(3),

291-300

Ranal MA, Santann DG. 2006. How and why to
measure the germination process? Revista Brasileira,

de Botanica, 29(1), 1-11.

Sabeti H. 1976. Forests, trees, and shrubs of Iran.
Ministry of Agriculture and Natural Resources, Yazd

publication university, in Persian). 874 pages.

Saeed Afkham Shoara MR, Samadzadeh AR,
Amiri A. 2013. Water resources management by usage
of irrigation water supplementary (Case study: Southern
Khorasan). Journal of Tosee Paydar (Sustainable

Development), ISSN: 2322-12509, 4, 33-40.

Sasani SH, Tavakkol Afshari R, Poustini K,
Sharifzadeh F. 2007. Effect of stratification,
hormonal treatments and storage period on breaking
dormancy and induce germination of caraway,

Agricultural sciences of Iran; 1-38 (2), 287-294.

Schmidt L, 2007. Tropical Forest Seed, Springer,
ISBN:978-3-540-49028-9. P.409

Sheikh AH, Abdul Matin MD, 2007. Seed
morphology and germination studies of Dalbergia
sissoo Roxb. at nursery stage in Bangladesh, Journal

of Agriculture and Biological Sciences, 3(1), 35-39.

Soltanipour MA, Asadpour A, Bagheri R. 2011.
Study of pretreatments on seed germination of
Zygophyllum atriplicoides, Environmental erosion

researches; 1(2), 69-82.

Tree Seed Online Ltd, 2013.Sea buckthorn,

http://www.treeseedonline.com.

Vashistha RK, Chaturvedi AK, Gairola S,

Nautiyal MC. 2013. Seed germination improvement

17 | Ahani et al



J. Bio. & Env. Sci.

2014

in Elaeagnus rhamnoides (L.) A. Nelson (Sea
Buckthorn) by  Gibberellic acid

International Journal of Medicinal and Aromatic

treatment.

Plants, 3(3), 382-385

Vilela AE, Ravetta DA. 2001. The effect of seed
scarification and soil-media on germination, growth,
storage, and survival of seedlings of five species of
Journal of Arid

Prosopis  L.(Mimosaceae),

Environments, 48, 171-184.

Zangooei Nasab SH, Emami H, Astaraei AR,
Yari AR. 2012. Stockosorb hydro gel effects on some
soil hydraulic properties and seedling establishment
and growth of Atriplex, First National Conference on

Water Management in the Field, 6 pages. Karaj, Iran.

Zeynali A, Soltani A, Sadati SJ. 2009. Cardinal
temperatures, germination response to temperature
and temperature tolerance in wheat (Triticum
Journal of Electronic

aestivum L), generate

agricultural Plants, 3(3), 23-42.

Zhang HQ, Tang M, Chen H, Tian ZQ, Xue YQ,

Feng Y. 2010. Communities of arbuscular
mycorrhizal fungi and bacteria in the rhizosphere of
Caragana korshinkii and Hippophae rhamnoides in

Zhifanggou watershed, Plant and Soil, 326, 415—424.

Zhao C, Liu Q. 2009. Growth and photosynthetic
responses of two coniferous species to experimental
warming and nitrogen fertilization, Canadian Journal

of Forest Research, 39(1), 1-11.

18 | Ahani et al



